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FOREWORD 

Syncrude Canda Ltd. has commissioned a series of 

studies concerning the revegetation of disturbed areas in the 

Athabasca Tar Sands. The following report deals with experiments 

carried out on a dike on Great Canadian Oil Sands Ltd.'s Lease, 

and with experiments performed in a growth chamber by University 

of Alberta researchers. 

It is Syncrude's policy to publish its environmental 

consultants' final reports as they are received, withholding only 

proprietary technical information or that of a financial nature. 

Because we do not necessarily base our decisions on just one 

consultant's opinion, recommendations found in the text should 

not be construed as commitments to action by Syncrude. 

Syncrude Canada Ltd. welcomes public and scientific 

interest in its environmental activities. Please address any 

questions or comments to Syncrude Environmental Affairs, 9915 - 
108 Street, EDMONTON, Alberta, T5K 2G8 
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INTRODUCTION 

One of t h e  major environmental  problems which a r i s e s  w i t h  s u r f a c e  

mining of t h e  o i l  sands  i n  t h e  F o r t  McMurray-Fort MacKay a r e a  of A l b e r t a  

i s  t h e  permanent l o s s  of t h e  n a t u r a l  v e g e t a t i o n  and t h e  d r a s t i c  change i n  

t h e  s o i l s  t h a t  suppor ted  i t .  It h a s  been e s t i m a t e d  t h a t  w i t h  a p r o d u c t i o n  

t a r g e t  of one m i l l i o n  b a r r e l s  of c r u d e  o i l  p e r  day approx imate ly  two 

thousand a c r e s  o f  l a n d  w i l l  have t o  be  c l e a r e d  e v e r y  y e a r .  Most of t h e  

d i s t u r b e d  a r e a s  e v e n t u a l l y  must be  v e g e t a t e d  a g a i n ;  t h e s e  i n c l u d e  t h e  over-  

burden p i l e s  and t h e  t a i l i n g s  sand.  I n  v e g e t a t i n g  such  a r e a s  s e v e r a l  

problems such  a s  s a l i n i t y ,  o i l ,  low f e r t i l i t y ,  e r o s i o n  and u n f a v o r a b l e  s o i l  

r e a c t i o n  have t o  be  contended w i t h .  There  h a s  been some s u c c e s s  i n  t h e  

g e n e r a l  v e g e t a t i o n  program on t h e  Great  Canadian O i l  Sands L td .  l e a s e ,  b u t  

t h e  problems l i s t e d  above s t i l l  have t o  be s t u d i e d  and s o l u t i o n s  f o r  them 

found. The f o l l o w i n g  r e s e a r c h  p r o j e c t s  were under taken t o  s o l v e  some of 

t h e s e  problems. 



SUMMARY AND REC OMMENDAT IONS 

Surface mining of t h e  Alber ta  o i l  sands r e q u i r e s  t h e  c l e a r i n g  of 

n a t u r a l  vege ta t ion  from thousands of a c r e s  of land .  Under o t h e r  c ircumstances 

these  c l ea red  a r e a s  should p r e s e n t  few problems f o r  r evege ta t ion  programs, 

bu t  major problems a r i s e  i n  mined a r e a s  and i n  a r e a s  where mine was tes  a r e  

depos i ted .  The wastes  i nc lude  t a i l i n g s  sand, overburden m a t e r i a l s  (which 

may conta in  o i l -bear ing  m a t e r i a l s  and may p re sen t  s a l i n i t y  and a l k a l i n i t y  

problems), and coke and s u l f u r  (by-products of t h e  upgrading process  which 

could damage vegeta ted  a r e a s  through wind-blown d u s t  d e p o s i t s ) .  A l i k e l y  

problem i n  the  f u t u r e  i s  t h e  damage t h a t  would be caused over wide a r e a s  t o  

t he  s o i l  and vege ta t ion  by t h e  s u l f u r  d iox ide  emissions from t h e  process ing  

p l a n t s .  The only  ope ra t ing  p l a n t  i n  t h e  a r e a ,  Great Canadian O i l  Sands Ltd 

(GCOS), has embarked on a program t o  v e g e t a t e  t he  t a i l i n g s  pond d i k e ,  whose 

o u t e r  s h e l l  c o n s i s t s  of t a i l i n g s  sand, and a l s o  t h e  overburden p i l e s .  

Inves t iga t ions  c a r r i e d  ou t  over  a one-year per iod  examined some of t h e  

m a t e r i a l s  a t  hand and techniques a v a i l a b l e  f o r  so lv ing  some of t h e  e x i s t i n g  

known problems i n  vege ta t ing  t h e  mine wastes .  A number of p l a n t  s p e c i e s ,  bo th  

c u l t i v a t e d  and n a t i v e ,  were grown i n  growth chambers on t h e  waste m a t e r i a l s  t o  

determine t h e  performance of t h e  s p e c i e s  under d i f f e r e n t  s a l i n i t y ,  s o i l  

r e a c t i o n ,  f e r t i l i t y ,  s o i l  mix, and o i l  cond i t i ons .  A second major s tudy ,  a 

f i e l d  t r i a l  on an a l r eady  vegeta ted  a r e a  on t h e  GCOS t a i l i n g s  pond d ike ,  was 

conducted t o  determine responses  of t h e  a l r e a d y  e s t a b l i s h e d  v e g e t a t i v e  cover  

t o  d i f f e r e n t  f e r t i l i t y  l e v e l s ,  and t o  determine t h e  f a t e  of added f e r t i l i z e r  

n u t r i e n t s .  The m a t e r i a l s  used i n  prepar ing  v a r i o u s  " s o i l  mixes" were 

cha rac t e r i zed  chemical ly and b i o l o g i c a l l y .  



The problercs o u t l i n e d  r e q u i r e  long-term s t u d i e s  t o  come up with 

conclus ive  recommendations. The fo l lowing  main conclus ions  a r e  based on 

t h e  r e s u l t s  ob ta ined  over a one-year per iod only ,  and must, t h e r e f o r e ,  be 

c o n s i d ~ r e d  as tentat ive : 

(1) 2'0 vegetate areas where hecvy o i l  saads Ray be present, it i s  
recommended t ha t  the  o i l  sand-bearing m ~ t e r i a l s  be mixed wi th  
f e r t i l i z e r  and a good s o i l  material and l e f t  for a growing 
season before seeding, a t  wh;ch time f e r t i l i z e r s  should again 
be applied. 

Several  p l a n t  spec i e s ,  both n a t i v e  and c u l t i v a t e d ,  were demonstrated 

t o  grow we l l  on the  o i l -bea r ing  m a t e r i a l s  under a c o n t r o l l e d  growth 

chamber environment i f  s u i t a b l e  cond i t i cns  such a s  proper  f e r t i l i z a t i o n  

and proper  s o i l  mixes a r e  provided. 

(2) In areas where s a l i n i t y  l e v e l s  are extreme, normal chemical means 
of reclaiming sal ine  s o i l s  b e f ~ r e  sowing may be the  only solut ion 
t o  t h i s  problem. h%.ere s a l i n i t y  is low t o  moderate, to lerant  
plant species could be seeded wfthout chemical recZamation. 

S a l i n i t y  problems t h a t  may be  encountered i n  such mining ope ra t ions  

a r e  of two types .  The f i r s t  i s  where a l r eady  vegeta ted  a r e a s  of t h e  

t a i l i n g s  pond d i k e  p rog res s ive ly  inc rease  i n  s a l i n i t y ,  a s  through 

water seepage, and t h e  second i s  where h igh  s a l i n i t y  l e v e l s  e x i s t  

before  a vege ta t ion  program i s  i n i t i a t e d .  This  i s  mainly a s soc i a t ed  

wi th  s a l i n e  overburden m a t e r i a l s .  (There a r e  r e p o r t s  pnbl.%shed 

elsewhere which o u t l i n e  chemical procedures  f o r  rec la iming  s a l t - a f f e c t e d  

s o i l s . )  Several  legume and g r a s s  s2ec i e s  were t e s t e d  under a c o n t r o l l e d  

growth chamber environment a t  s a l i n i t y  l e v e l s  which s imulated those  

t h a t  would be encountered in t he  two types  of s a l i n i t y  problems t o  be  

expected. One n a t i v e  g r a s s  spec i e s  and one c u l t i v a t e d  g r a s s  s p e c i e s  

were found t o  grow f a i r l y  we l l  a t  r e l a t i v e l y  h igh  s a l t n i t y  l e v e l s  on a 

s o i l  mix composed of mine wa.ste m a t e r i a l s  mixed wi th  pea t .  



(3) In  areas of  high pH (about 1 0 )  it i s  recornmended t ha t  ac id i f i ca t i on ,  
and correction o f  sa l i n i t y  problems where they may a l so  e x i s t ,  be 
carried out before seeding. 

I n  t h e  s o i l  pH range t h a t  may b e  normal ly  encounte red  ( s l i g h t l y  a c i d i c  

t o  s l i g h t l y  a l k a l i n e )  i n  a v e g e t a t i o n  program, any of t h e  p l a n t  s p e c i e s  

cou ld  h e  grown s u c c e s s f u l l y .  Where v e r y  h i g h  pHs were a r t i f i c i a l l y  

c r e a t e d ,  t h e r e  was no germina t ion  of p l a n t  s p e c i e s  seeded on t h e  s o i l  

mix composed p r i m a r i l y  o f  mine w a s t e  m a t e r i a l s .  

( 4 )  Although the adv i sab i l i t y  of using Zegwnes during the i n i t i a l  p h s e  
o f  dike vegetation requires .further study, they can be grown 
success ful ly  i f  the mix i s  near neutral  and the seeds are inoculated 
with proper inoculants,  assuming plant nu t r ien t s  are provided i n  the 
mixes. 

Nit rogen  f i x a t i o n  i n  s o i l  mixes,  made up o f  mine w a s t e  m a t e r i a l s  and 

p e a t ,  a p p a r e n t l y  o c c u r r e d  i n  t h e  legume s p e c i e s  t e s t e d  when conducive 

c o n d i t i o n s  were c r e a t e d  o r  a l r e a d y  e x i s t e d  i n  t h e  s o i l  mixes.  

(5) To enssure baZanced stands of  legwnes and grasses it i s  recommended 
t ha t  seeding mixtures cons i s t  o f  species o f  grasses and legwnes 
which would compete on an equal basis ,  or t o  use a larger percentage 
o f  legwne seeds i n  the  seeding mixture, and t o  ensure s o i l  conditions 
favoring legwnes i n  c o m e t i t i o n  u i t h  gmsse s .  

P l a n t  growth (legume and  g r a s s  m i x t u r e s )  was good on s e v e r a l  s o i l  

mixes c o n s i s t i n g  of t h e  mine w a s t e s  mixed w i t h  p e a t  w i t h  a d e q u a t e  

f e r t i l i z a t i o n ,  a l t h o u g h  n o t  n e a r l y  a s  good a s  growth o b t a i n e d  on a 

good a g r i c u l t u r a l  s o i l  (Malmo s i l t y  c l a y  loam).  I n  t h e  few months 

t h a t  t h e  legume-grass mix tures  were grown, t h e  g r a s s e s  appeared  t o  

b e  more c o m p e t i t i v e  a s  they gave h i g h e r  y i e l d s  t h a n  legumes. The 

p resence  o f  adequa te  m i n e r a l  n i t r o g e n  supp ly  i n  t h e  s o i l  f avored  

g r a s s e s  over  legumes when they  were grown t o g e t h e r .  

(6) One f e r t i l i z e r  application per growing season may be a l l  the f e r t i l i z e r  
t ha t  would be required i n  a vegetation program. I n i t i a l  f e r t i l i z e r  
ra tes  should not be l e s s  than 80 l b  N,  40 l b  P and 80 l b  K per acre 
per year a f t e r  the establishment o f  vegetation.  Linring would be 
necessary i f  the s o i l  b~came more acid, as from f e r t i l i z a t i o n  and 
su l fur  dioxide emissions from the processing plant. 



F e r t i l i z e r  l o s s e s  through run-off w a t e r  were a p p a r e n t l y  n e g l i g i b l e  where 

v e g e t a t i v e  cover  was a d e q u a t e .  Significant l e a c h i n g  l o s s e s  of f e r t i l i z e r  

n i t r o g e n  were  n o t  d e t e c t e d  w i t h  normal r a i n f a l l  i n t e n s i t y .  Although a 

complete n i t r o g e n  b a l a n c e  h a s  n o t  been  drawn, r e s u l t s  t o  d a t e  i n d i c a t e  

t h a t  most o f  t h e  f e r t i l i z e r  n i t r o g e n  a p p l i e d  d u r i n g  t h e  growing season  

can b e  expec ted  t o  b e  u t i l i z e d  by t h e  v e g e t a t i v e  c o v e r .  

( 7 )  A seedbed allowing for deeper roo t  penetrat.ion i s  ~f high pr ior i t y  
i n  establis7zing greater slope s t a b i l i t y .  

Root p e n e t r a t i o n  of t h e  d i k e  xas r e s t r i c t e d  a l m o s t  e x c l . u s i v e l y  t o  

t h e  s u r f a c e  p e a t  l a y e r .  A l t h o ~ g h  t h i s  was enough t o  m a i n t a i n  s l o p e  

s t a b i l i t y  w i t h  normal s u r f a c e  run-of f ,  s e r i o u s  e r o s i o n  and washouts 

occur red  w i t h  heavy s u r f a c e  run-off  dus  t o  zbove a v e r a g e  r a i n f a l l s .  

(8) lrnder appropriate rnanagament any o f  the t e s t ed  species could be 
grcwn on several s o i l  mixes cox-posed af ta i2 in .g~  s a d ,  peat and 
overburden materials .  

(9) The cu l t i va ted  species grew a t  l ea s t  as  well  as the  na t ivz  species 
i n  the  short term exper>iments. 

(10) The capacity o f  s o i l s  t o  withstand acidieficat7:on w i l l  be arL important 
consideration i n  revegeta1;ion i n  the area,  2'ailings sand, Lean and 
heavy o i l  sands weye e3cti.zrneZ.y poorZ.9 bxffered against  acid7:ty. 
Under the  condit ions l i k e l y  t o  prevaBZ near an extract.ion plant they 
could be expected t o  be acid-ified t o  l e ve l s  a t  which plant growth 
would be eliminated with t en  yeans exposure. b%en mixed ~ 6 t h  peat 
and overburden materials  the  buf fer ing capacikg of t a i l i ~ g s  sand 
could be imp~oued t o  acceptable l e ve l s .  

(11) The study o f  general micx~obial populations, spec i f i c  types  of  organisms 
and enzyme a c t i v i t i e s  provided a baseline of  b iological  information 
and enabled an assessment o f  the potential. o f  mine materials  t o  cyc le  
nu t r ien t s .  IVo material was devoid o f  microbial a c t i v i t y .  The high 
input of  su l fur  i n t o  the  soiZs r e s ~ i t t e d  i n  tow ary l  sul fa tase  
a c t i v i t i e s  and high 2opulations of  su l f a t e  reducing organisms. Low 
phosphatase and protease exzyme a c t i v i t i g s  iirsked wi th  low ZeveZs o f  
organic ni trogen indicated a l.imited a b i l i t y  o f  the  t a i l i n g s  materials  
and overburdens t o  supply available n f trogen a d  phosphcrus t o  p lants .  
Natural l e ve l s  of  atmospheric ni trogen f i xa t ion  by f ~ e e - l i v i n g  rnicro- 
organisms was extreme Zy low. 



PART I d 

ANALYTICAL METHODS ~ r )  

( a )  Rout ine  s o i l  and p l a n t  a n a l y s i s  

S o i l  samples and o t h e r  m a t e r i a l  c o l l e c t e d  from t h e  mine leases were 

a i r  d r i e d  and screened w i t h  a 2m s i e v e  b e f o r e  b e i n g  ana lysed .  S o i l  samples L 

t aken  from t h e  exper imenta l  p l o t s  on t h e  G . C . O . S .  t a i l i n g s  pond d i k e  and 
d 

t h o s e  from p o t s  i n  t h e  growth chambers were s i m i l a r l y  t r e a t e d .  The heavy o i l  

sand was t h e  o n l y  m a t e r i a l  t h a t  was main ta ined  f i e l d - m o i s t  f o r  a l l  a n a l y s e s .  r.; 

The h a r v e s t e d  p l a n t  m a t e r i a l s  from b o t h  t h e  f i e l d  and growth chamber 

exper iments  were d r i e d  i n  a  f o r c e d - a i r  oven a t  70 C f o r  48 h r s .  b e f o r e  d r y  m 

w e i g h t s  were determined.  Dried p l a n t  samples were  ground t o  p a s s  a 20-mesh 

s i e v e  b e f o r e  t h e y  were chemica l ly  ana lysed .  

Chemical and mechanical  a n a l y s e s  of samples were c a r r i e d  o u t  by s t a n d a r d  
r. 

methods a s  d e t a i l e d  i n  "I$ethods o f  S o i l  Analysis1 '  (Agronomy Monograph No. 9  

P a r t s  I and 11, 1965) .  

Mechanical  a n a l y s i s  o f  s o i l s  and r e l a t e d  m a t e r i a l s  were done by t h e  

hydrometer method. S o i l  pH was measured i n  a  2 :5  s o i l / w a t e r  p a s t e  w i t h  a 

g l a s s  e l e c t r o d e .  E l e c t r i c a l  c o n d u c t i v i t y  was de te rmined  i n  a  s a t u r a t e d  p a s t e  
d 

e x t r a c t .  T o t a l  n i t r o g e n  c o n t e n t s  o f  s o i l s  and p l a n t  samples were de te rmined  

by micro-Kjeldahl wet o x i d a t i o n .  Minera l  n i t r o g e n  was determined by s team UB 

d i s t i l l a t i o n  a f t e r  e x t r a c t i o n  w i t h  po tass ium c h l o r i d e .  The o r g a n i c  ca rbon  c o n t e n t  

I 
of s o i l s  was e s t i m a t e d  by t h e  Walkley-Black wet d i g e s t i o n  method. S u l f a t e - s u l f u r  

was measured by t h e  Johnson-Nishi ta  method. C a t i o n  exchange c a p a c i t i e s  were 

determined by ammonium s a t u r a t i o n  and exchangeable  c a t i o n s  were measured by 

a tomic a b s o r p t i o n  spec t roscopy  of  t h e  ammonium a c e t a t e  l e a c h a t e .  A v a i l a b l e  rl 



phosphorus was e x t r a c t e d  i n  an H ~ S O ~ / N H ~ F  e x t r a c t i n g  s o l u t i o n .  Carbonates 

were determined by t h e  a c i d  n e u t r a l i z a t i o n  method. O i l  c o n t e n t s  were measured 

g rav ime t r i ca l ly  by e x t r a c t i o n  i n  c e l l u l o s e  thimbles  i n  a  Soxhlet  e x t r a c t o r  

us ing  methylene ch lo r ide .  O i l  was weighed a f t e r  t h e  methylene c h l o r i d e  had 

been d i s t i l l e d  o f f .  O i l  con ten t s  were expressed a s  a  percentage of oven d ry  

o i l - f  r e e  s o i l .  

(b) Spec ia l  methods 

( i )  Chemical 

To ta l  n i t rogen  was determined by t h e  method of Bremner (1965a). The 

procedure f o r  a c i d  hydro lys i s  and subsequent a n a l y s i s  of d i f f e r e n t  forms of 

n i t rogen  is  s i m i l a r  t o  t h a t  descr ibed  by Bremner (1965b). 

The b u f f e r i n g  c h a r a c t e r i s t i c s  of t h e  s o i l s  were s tud ied  by measuring 

the  change i n  s o i l  pH a f t e r  t h e  a d d i t i o n  of d i f f e r e n t  amounts of a l k a l i ,  a s  

calcium hydroxide, o r  a c i d ,  a s  s u l f u r i c  ac id .  For i n c r e a s i n g  t h e  s o i l  pH, 

30 rnl of d i s t i l l e d  water  was added t o  small  d i sposable  cups con ta in ing  l o g  of 

dry s o i l ,  weighed amounts of Ca(0H) were added and t h e  s o i l  p a s t e  s t i r r e d  
2 

i n t e r m i t t a n t l y  over  t h e  next  t h r e e  days. The pH was checked u n t i l  i t  reached 

a  cons tan t  va lue .  A s i m i l a r  procedure was followed t o  s tudy  pH reduc t ions  

al though here  d i f f e r e n t  volumes of 0.05N H2S04 were added t o  t h e  s o i l  and t h e  

t o t a l  volume of l i q u i d  added kep t  cons t an t  a t  30 m l  by a d d i t i o n  of d i s t i l l e d  

water.  From t h e  r e s u l t s  bu f fe r ing  curves  were produced by p l o t t i n g  meq of 

+ 
H o r  OH- added a g a i n s t  s o i l  pH. 

( i i )  Microbial  

Numbers of b a c t e r i a  and fung i  p re sen t  i n  t h e  s o i l s  and mixes were de t e r -  

mined by p l a t e  count methods. Bac te r i a  were counted on s tandard  P l a t e  Count 



Agar (Difco).  Fungi were counted on Rose Bengal Streptomycin Agar. Organisms 

capable  of  growth on f a t t y  a c i d s  were counted on Ammonium S t e a r a t e  Agar. The 

composition of each medium i s  given below. 

Dif co P l a t e  Count Agar: 

l n g r e d i e n t s / l i t r e  

Bacto Tryptone 5 g 

Bacto Yeast e x t r a c t  2.5g 

Bacto Dextrose 1 g 

Bacto Agar 15g 

Rose Bengal Streptomycin Agar: 

Glucose 1% 

Pep tone 5 g 

KH2P04 l g  

MgSO . 71-120 
4 0.5g 

Agar 15 !2 

Rose  Bengal 33i3 

Water l O O O m l  

um 
Medium was s t e r i l i z e d  and when cooled,  bu t  n o t  set ,  f i l t e r  

s t e r i l i z e d  s t reptomycin was added t o  g ive  a f i n a l  concen t r a t i on  .. 
of 30 ~ g l m l .  

Ammonium S t e a r a t e  Agar: 

Yeast e x t r a c t  

Tryp tone 

Sodium a c e t a t e  

Agar 

Water 

2.50g 

2.  oog 

0.20g 

15  g 

l0OOml 



The pH was a d j u s t e d  t o  8 .0 .  Ammonium s t e a r a t e  was 

added a t  a  r a t e  o f  3g/L a s  an  u l t r a s o n i f i e d  p a s t e  and 

t h e  medium s t e r i l i z e d . P l a t e s  were poured v e r y  h o t  and 

a l lowed t o  r a p i d l y  c o o l .  

The s o i l s  were incuba ted  a t  f i e l d  c a p a c i t y  f o r  two weeks a t  25 C b e f o r e  

t h e y  were p l a t e d .  Appropr ia te  d i l u t i o n s  were made o f  e a c h  s o i l  u s i n g  s te r i le  

d i s t i l l e d  w a t e r  as t h e  d i l u e n t .  Two r e p l i c a t e s  o f  e a c h  s o i l  o r  mix were used  

and 4 r e p l i c a t e  p l a t e s  a t  each  o f  3 d i l u t i o n s  were p l a t e d .  A  0 .1  m l  a l i q u o t  

of e a c h  d i l u t i o n  was spread  p e r  p l a t e .  A f t e r  i n c u b a t i n g  t h e  p l a t e s  f o r  1 0  

d a y s  a t  20 C t h e  number o f  b a c t e r i a l  and ac t inomyce te  c o l o n i e s  t h a t  had 

developed on t h e  P l a t e  Count Agar p l a t e s  were counted.  Rose Bengal and 

Ammonium S t e a r a t e  p l a t e s  were counted a f t e r  1 4  days .  

Most p r o b a b l e  number c o u n t i n g  methods were used t o  s t u d y  s o i l  a l g a l  

p o p u l a t i o n s  and s u l f a t e  reduc ing  and n i t r a t e  r e d u c i n g  o r g a n i s z s .  

I n  e a c h  c a s e  t h e  s o i l s  o r  mixes were i n c u b a t e d  f o r  2 weeks a t  f i e l d  c a p a c i t y  

p r i o r  t o  t e s t i n g .  A  t e n  gram sample o f  e a c h  s o i l  was t a k e n  i n  d u p l i c a t e  and 

s o i l  d i l u t i o n s  were p repared  u s i n g  s t e r i l e  d i s t i l l e d  w a t e r  a s  t h e  d i l u e n t .  The 

range used i n  e a c h  c a s e  was 1 : 1 0  t o  1:100,000. The d i f f e r e n t  l i q u i d  media used 

f o r  e a c h  exper iment  i s  g iven  below. A  l m l  a l i q o t  o f  e a c h  s o i l  d i l u t i o n  was 

a s e p t i c a l l y  t r a n s f e r r e d  t o  t u b e s  c o n t a i n i n g  9 m l  o f  t h e  medium. F ive  r e p l i c a t e  

t u b e s  o f  e a c h  d i l u t i o n  were used.  

S u l f a t e  Reduction Medium: 



Yeast  E x t r a c t  1 . 0 g  

FeSO , 7H20 4 0. l g  

Na c i t r a t e . 2 H  0 2 C.3g 

The pH was a d j u s t e d  t o  7 .5  and t h e  nedium d i l u t e d  t o  1000 m l  

and s t e r i l i z e d .  A f t e r  d i s p e n s i n g  i n t o  t u b e s  one s t e r i l e  n a i l  

was added t o  each.  

N i t r a t e  Reduct ion Medium: 

NaC 1 0.50g 

NaNO 
3 

Glucose 

2 .  oog 

10.  oog 

Pep t o n e  0.50g 

Yeast  E x t r a c t  1. oog 

The pH was a d j u s t e d  t o  7.8,  t h e  medium d i l u t e d  t o  1000 m l  

and s t e r i l i z e d .  



Algal  Medium ( B r i s t o l s )  

NaC 1 

FeC13. 6H 0 
2 

Make t o  1000 m l  and s t e r i l i z e .  

For count ing  a lgae ,  t e s t  tubes  were incubated a t  20 C f o r  6 weeks under 

f l uo rescen t  l i g h t  i l l umina t ion .  A f t e r  6 weeks the  tubes  were examined and 

scored e i t h e r  p o s i t i v e  o r  hega t ive  f o r  a l g a l  growth by the  presence o r  absence 

of green c o l o r a t i o n  wi th in  t h e  tube. By re ference  t o  s t a t i s t i c a l  t a b l e s  

(Cochran, 1950) t he  r e s u l t s  can be converted i n t o  t h e  most probable number of 

a l g a l  c e l l s  contained wi th in  each p a r t i c u l a r  s o i l  o r  s o i l  mix. 

The tubes  of innoculated s u l f a t e  reducing medium were allowed t o  

incubate  f o r  6 weeks a t  25 C.  A f t e r  t h i s  t ime t h e  tubes  were examined. The 

growth of s u l f a t e  reducers  was i n d i c a t e d  by a  b l ack  depos i t  of i r o n  s u l f i d e  

on t h e  m a i l .  Using the  same t a b l e s  a s  were used f o r  a l g a e ,  t h e  numbers of 

s u l f a t e  reducers  could be determined. 

Innoculated tubes  of t h e  n i t r a t e  reduct ion  medium were allowed t o  

incubate  f o r  2 weeks a t  25 C .  Small samples of c u l t u r e  f l u i d  were then removed 

from each tube and analyzed f o r  t h e  presence of n i t r i t e  and n i t r a t e .  A 

s u l f a n i l i c  a c i d /  1-naphthylamine reagent  was used t o  semi-quant i ta t ive ly  d e t e c t  

n i t r i t e  while  diphenylamine was used t o  d e t e c t  n i t r a t e .  S t a t i s t i c a l  t a b l e s  

were aga in  used t o  c a l c u l a t e  t h e  most probable number of t h e s e  organisms 

p re sen t  i n  t h e  s o i l  mixes. 



The n a t u r a l  l e v e l  o f  n i t r o g e n  f i x a t i o n  o c c u r r i n g  i n  t h e  s o i l s  and 

mixes was determined by a c e t y l e n e  r e d u c t i o n  u s i n g  a  method s i m i l a r  t o  t h a t  

d e s c r i b e d  by Rice  and Pau l  (1971) .  About lOOg of  each  s o i l  was incuba ted  

a t  15.5 C f o r  two weeks a t  f i e l d  c a p a c i t y .  D u p l i c a t e  20g samples of each  s o i l  

I 
w e r e  weighed i n t o  smal l  g l a s s  b o t t l e s  w i t h  a  c a p a c i t y  of 60 m l .  B o t t l e s  were 

capped t i g h t l y  w i t h  serum s t o p p e r s  and 20 m l  o f  a i r  was removed w i t h  a  s y r i n g e  
I 

and r e p l a c e d  w i t h  a  s i m i l a r  volume o f  p u r e  a c e t y l e n e .  The b o t t l e s  were 

incubated a t  20 C f o r  90 minutes .  A 1 m l  gas  sample was removed from e a c h  and I 

t h e  amount of e t h y l e n e  produced determined by gas  chromatography u s i n g  a  

m 
Beckman GC 4 ins t rument  equipped w i t h  a  hydrogen flame i o n i z a t i o n  d e t e c t o r .  

The column was packed w i t h  Poropak R and was r u n  a t  55 C w i t h  n i t r o g e n  c a r r i e r  
II 

gas  a t  a  f low r a t e  o f  50 ml/min. I n j e c t i o n  and d e t e c t o r  p o r t s  were main ta ined  

a t  80 C and 65 C r e s p e c t i v e l y .  Mix tures  o f  N / e t h y l e n e  were p repared  t o  
2 I 

produce a  s t a n d a r d  c u r v e  t o  c a l i b r a t e  t h e  machine. 

To de te rmine  s o i l  r e s p i r a t i o n ,  a i r  d r y  s o i l  (100g) was weighed i n t o  I 

l i t r e  c a p a c i t y  g l a s s  c o n t a i n e r s  and t h e  s o i l  mois tened t o  f i e l d  c a p a c i t y .  Samples 
II 

were m a i ~ t a i n e d  mois t  and s t i r r e d  d a i l y  f o r  two weeks. A f t e r  t h i s  p r e i n c u b a t i o n  

p e r i o d  a  smal l  g l a s s  v i a l  c o n t a i n i n g  2  m l  o f  0.48M NaOH and a  f i l t e r  paper  wick 
r+ 

was p laced  i n s i d e  t h e  f l a s k  on t h e  s o i l  s u r f a c e .  The c o n t a i n e r s  were s e a l e d  

and incuba ted  a t  15 .5  C f o r  24 hours .  The v i a l s  were removed, t h e  sodium I 

hydroxide c a r e f u l l y  washed i n t o  a  125 m l  er lenmeyer  f l a s k  and an  e x c e s s  of 

barium c h l o r i d e  added. Sodium c a r b o n a t e  produced by t h e  r e a c t i o n  o f  sodium 

hydroxide and t h e  C O  produced by t h e  s o i l  i s  conver ted  i n t o  i n s o l u b l e  bar ium 
2 II 

carbona te .  The amount of NaOH remaining was de te rmined  by t i t r a t i o n  a g a i n s t  



0.1M HC1. Dupl ica te  s e t s  of each s o i l  were used and measurements of  CO 
2 

evolu t ion  cont inued u n t i l  t he  va lues  obtained were cons t an t .  

( i i i )  Enzyme as says  

Sulphatase a c t i v i t y :  

S o i l  t h a t  had been preincubated f o r  a t  l e a s t  two weeks was weighed o u t  

i n  amounts of 1-2g i n t o  screw capped t i s s u e  c u l t u r e  tubes.  1 m l  of t h e  sub- 

s t r a t e  p-nitrophenyl su lpha te  was added t o g e t h e r  w i th  4 m l  of 0.5M, pH 5 .8  

sodium a c e t a t e  b u f f e r .  The c u l t u r e  tubes  were incubated f o r  30-60 minutes 

a t  35 C i n  a  shaking water  ba th  s e t  a t  120 o s c i l l a t i o n s  per  minute.  The 

r e a c t i o n  was terminated by t h e  a d d i t i o n  of 1 m l  of 0.5M CaCl and 1 m l  of 0.5M 
2 

NaOH. A s i m i l a r  c o n t r o l  s e t  of tubes  was prepared which rece ived  t h e  same 

treatment  wi th  t h e  except ion t h a t  s u b s t r a t e  was n o t  added u n t i l  t h e  end of t h e  

incubat ion .  Each r e a c t i o n  was c a r r i e d  o u t  i n  t r i p l i c a t e .  For t h e  most a c t i v e  

s o i l s  a  more p r e c i s e  e s t ima t ion  of a c t i v i t y  could be gained by us ing  a  range 

-4 -3 
of s u b s t r a t e  concent ra t ion  (5 x 1 0  M t o  6 x 10  M). S o i l s  w i th  low a c t i v i t y  

-2 
were t e s t e d  a t  one s u b s t r a t e  concent ra t ion  of 10  M. A f t e r  t h e  a d d i t i o n  of 

sodium hydroxide and calcium c h l o r i d e  t h e  tubes  were cen t r i fuged  and t h e  

absorbance of t h e  superna tan ts  measured a t  400 nm. The amount of p-ni t rophenol  

r e l ea sed  from t h e  s u b s t r a t e  was determined by r e fe rence  t o  a  s tandard  curve  

us ing  p-nitrophenol s o l u t i o n s  of d i f f e r e n t  concen t r a t ions  t h a t  had been given 

t h e  same t rea tment  as t h e  s o i l .  With t h e  l e s s  a c t i v e  s o i l s  t he  v e l o c i t y  of  

r e a c t i o n  us ing  1 0 - ' ~  concent ra t ion  of s u b s t r a t e  was assumed t o  approximate t o  

t h e  r e a l  maximum v e l o c i t y .  



Phosphatase:  

A  s i m i l a r  procedure  was fol lowed a s  f o r  s u l p h a t a s e  a c t i v i t i e s .  Amounts 

of s o i l  v a r i e d  from 0.5-2.0g and t h e  t u b e s  were  i n c u b a t e d  f o r  30-60 minu tes  

a t  25 C .  The s u b s t r a t e  used was disodium p-n i t rophenol  phosphate  hexahydra te  

a t  t h e  same c o n c e n t r a t i o n s  t h a t  had been used f o r  measurement o f  s u l p h a t a s e  

a c t i v i t y .  The b u f f e r  used was Modified U n i v e r s i t y  B u f f e r  (pH 6 .5 )  made up as 

fo l lows :  

T r i s  

Male ic  a c i d  

C i t r i c  a c i d  

Bor ic  a c i d  1.570g 

Disso lved  i n  100 m l  d i s t i l l e d  w a t e r ,  a d j u s t e d  t o  pH 6.5  

w i t  1 N  NaOH and t h e n  d i l u t e d  t o  250 m l .  

P r o t e a s e :  

Yrotease  a c t i v i t y  was determined by s l i g h t  m o d i f i c a t i o n  o f  t h e  method 

of  Ladd and B u t l e r  (1972).  S o i l  was i n c u b a t e d  a t  f i e l d  c a p a c i t y  f o r  two weeks 

and t o  a  sample of 1-2g was added 1 m l  of  sodium c a s e i n a t e  (25 mg/ml) and 

4 m l  o f  0.02M Tris-HC1 b u f f e r ,  pH 8 .1 .  D u p l i c a t e  s e t s  o f  t u b e s  were incuba ted  

a t  50 C f o r  60 minutes  and shaken l e n g t h w i s e  a t  120 o s c i l l a t i o n s  p e r  minute .  

Enzyme a c t i v i t y  was s topped by t h e  a d d i t i o n  o f  1 m l  17 .5  p e r c e n t  t r i c h l o r a c e t i c  

a c i d  '(TCA). A f t e r  c e n t r i f u g a t i o n ,  a  1 m l  sample was r a p i d l y  mixed w i t h  1 . 5  m l  

2.8N Na CO and 1 m l  of  a s i x - f o l d  d i l u t e d  F o l i n  r e a g e n t  ( F i s c h e r  S c i e n t i f i c  
2 3  

s t a n d a r d  r e a g e n t ) .  Absorbances were determined a t  700 nm and r e l a t e d  t o  t h o s e  

o f  s i m i l a r l y  t r e a t e d  t y r o s i n e  s t a n d a r d s .  C o n t r o l  t u b e s  were i n c l u d e d  i n  t h e  

a s s a y  t o  a l l o w  f o r  any TCA-soluble m a t e r i a l  p r e s e n t  i n  t h e  s u b s t r a t e  and s o i l .  

A c t i v i t i e s  were expressed  i n  ,uFl t y r o s i n e  e q u i v a l e n t s  producedlg  oven d r y  s o i l l h r .  

No measurements o f  Km o r  Vmax a r e  p o s s i b l e  w i t h  t h i s  method. 
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PART I1 

- -  - - 

FERTILIZER EXPERIMENT ON VEGETATED DIKE, 

GCOS TAILINGS POND - FORT MCMURRAY 

SITE 

e 
The s i t e  chosen f o r  t h e  f e r t i l i z e r  experiment occupies  t h e  bottom 

p a r t  of t h e  s lope  of t he  Great Canadian O i l  Sands (GCOS) t a i l i n g s  pond d i k e ,  
j, 

which i s  s i t u a t e d  on t h e  western bank of t he  Athabasca River  approximately 

m 22 mi les  n o r t h  of Fo r t  McMurray. The experimental  s i t e  i s  on t h e  e a s t e r n  

0 
s lope  of t h e  d i k e  and ranges between a  23 and 28' i n c l i n a t i o n .  

L, 

EISTORY 

The s i t e  i s  one of t he  a r e a s  on t h e  d i k e  which f i r s t  received t a i l i n g s  

sand from t h e  GCOS o i l  e x t r a c t i o n  p l a n t .  It t h e r e f o r e  r e p r e s e n t s  t h e  o l d e s t  

s u b s t a n t i a l  accumulation of t a i l i n g s  sand from o i l  sands e x t r a c t i o n .  A 

vegeta t ion  program was f i r s t  s t a r t e d  i n  t h i s  a r e a  by GCOS. Pea t  was f i r s t  

moved onto t h e  s i t e  i n  t h e  win ter  of 1970-1971 and mixed wi th  t h e  t a i l i n g s  sand 

t o  depths  gene ra l ly  ranging from two t o  s i x  inches.  The s i t e  ( e l eva t ion  827 

f e e t )  was s o i l  sampled i n  September 1969, a f t e r  t h e  sand had been accumulated 

f o r  some time, t he  s o i l  t e s t  r e s u l t s  given i n  Table 1 were obta ined .  

The r e a c t i o n  of t h e  t a i l i n g s  sand was a l k a l i n e  b u t  t h e  sodium l e v e l  was 

low and t h e  e l e c t r i c a l  conduc t iv i ty  ( s a l t )  measurement i nd ica t ed  no p o t e n t i a l  

problems of damage t o  p l a n t  growth by s a l t .  P l an t  n u t r i e n t  l e v e l s  of n i t r o g e n ,  

phosphorous and potassium were very  low. 





In t h e  sp r ing  of 1971 t h e  genera l  a r e a  of t h e  experimental  si te was 

seeded wi th  a mixture having t h e  fol lowing composition: 

Seed mixture (percent  by volume) 

1. Bromegrass (Bromus inermis)  33% 

2. Crested wheat g r a s s  (Agropyron c r i s t a tum)  24% 

3. Creeping red f e scue  (Festuca r u b r a )  15% 

4. Sweet c love r  (Mel i lo tus)  14% 

5 .  Als ike  (Tr i fo l ium hybridum) 14% 

(Both legumes were inocula ted  wi th  commercial 
i nocu lan t s . )  

Seeding was accomplished by us ing  a hydroseeder,  a t  a seeding  r a t e  of 30 l b  

per  ac re .  

In May 1971 t h e  f i r s t  f e r t i l i z a t i o n  was done, us ing  a hydroseeder.  

Between May 1971 and J u l y  1974 GCOS made six a p p l i c a t i o n s  of commercial 

f e r t i l i z e r s  on t h e  vegetated a r e a  (Table 2 ) .  

EXPERIMENTAL OBJECTIVES AND PROCEDURES 

On November 14,  1974 t h e  experiment was l a i d  o u t  i n  a randomized block 

design wi th  each a n t i c i p a t e d  t rea tment  r e p l i c a t e d  t h r e e  t imes.  S o i l  samples 

were taken a t  dep ths  of 0 t o  6 inches ,  6 t o  12 inches  and 12  t o  24 inches ,  from 

e i g h t  sampling c o r e s  from each a n t i c i p a t e d  t rea tment  a r e a ,  a s  i nd ica t ed  i n  t h e  

plan (Figure I ) ,  excluding the  GCOS t rea tment  r a t e  (T ). 5 

The o b j e c t i v e s  of t he  f e r t i l i z e r  experiment on t h e  vegeta ted  t a i l i n g s  

pond d i k e  were t o  determine (a )  t h e  f a t e  of f e r t i l i z e r  n u t r i e n t s  appl ied  on t h e  

d i k e  by determining p l a n t  uptake,  t h e  e x t e n t  of l o s s e s ,  and t o  f i n d  ways t o  

minimize such l o s s e s ,  and (b) t h e  type  of f e r t i l i z a t i o n  program requ i r ed  a f t e r  

t h e  i n i t i a l  es tab l i shment  of g r a s s  cover  ( t h i s  i s  a n t i c i p a t e d  t o  he lp  so lve  

s e v e r a l  e x i s t i n g  problems).  



T a b l e  2. F e r t i l i z e r  amounts a p p l i e d  and methods o f  a p p l i c a t i o n  on a v e g e t a t e d  G . C . O . S .  t a i l i n g  pond 
d i k e  between s e e d i n g  i n  May 1971 and J u l y  1974. 

N u t r i e n t  Ra te  p e r  a c r e  N u t r i e n t  e q u i v a l e n t ,  
Date Method of a p p l i c a t i o n  r a t i o s  ( l b )  l b s .  p e r  a c r e  

May 19 71 hy droseeder  10:30:10 400 40 52.3  33.3 

September 1971 b r o a d c a s t  6-24-24 200 1 2  20.9 39.9 
33.5-0-0 200 6 7 - - 

J u n e  1972 b road cas t 6-24-24 100 6 10.5 20.0 
33.5-0-0 100 33.5 - - 

May 19 7 3 b r o a d c a s t  15-15-15 200 30 13 .1  24.9 I 

k.4 

Augus t 19 7 3 b roadcas t 15- 15- 15 200 30 1 3 . 1  24.9 co 
I 

J u l y  19 74 b r o a d c a s t  15-15-15 200 30 1 3 . 1  24.9 

- - - - - -. - 

TOTAL 248.5 123  167.9 

- 



Fig.  1. O r i g i n a l  f l e l d  p l a n  of f e r t i l i z e r  experiment on a vege t a t ed  
a r e a  of  t h e  GCOS t a i l i n g s  pond d i k e .  



F i g .  1 (Cont 'd.)  

F e r t i l i z e r  Treatments :  

To 
= No f e r t i l i z e r  o r  l i m e  ( N i l )  . 

1 = 8 0  l b  . N, 20 l b .  P,  80 l b  . R and 8 l b .  S p e r  a c r e  p e r  v e a r  (WKS) . 

T2 = Same as T p l u s  5 t o n s  p e r  a c r e  o f  l i m e  i n  t h e  f i r s t  y e a r  on ly  1 
(NPKS + l ime)  . 

T3 
= 160 l b .  N ,  40 l b .  P, 160 l b .  K and 16 l b .  S p e r  a c r e  e v e r v  o t h e r  

y e a r  (N2P2K2S2) 

4 
= Same a s  T p l u s  5 t o n s  p e r  a c r e  o f  l i m e  i n  t h e  f i r s t  y e a r  o n l y  

3 
(N2P2K2S2 + l ime)  

T5 = G.C.O.S. 1975 f e r t i l i z e r  r a t e s  ( l b .  p e r  a c r e )  (GCOS r a t e )  

S p r i n g  ( June)  S urnmer (August ) T o t a l  

Sources :  N = Ammonium n i t r a t e  

Ammonium phospha te  

P = Ammonium phosphate  

K = Potass ium s u l p h a t e  

Po tass ium c h l o r i d e  

S = Potass ium s u l p h a t e  

Lime = F i n e l y  ground a g r i c u l t u r a l  l i m e  

and f o r  t r e a t m e n t  T 
5 

N = Ammonium s u l p h a t e  and 6:24:24 

P & K = 6:24:24 

S = Ammonium s u l p h a t e  



It i s  a n t i c i p a t e d  t h a t  most of t he  answers t o  t h e  s t a t e d  o b j e c t i v e s  

can be found i n  t h e  d a t a  co l l ec t ed  from these  experiments i n  t h e  next  t h r e e  

t o  f i v e  years .  Information on s e v e r a l  a d d i t i o n a l  a s p e c t s  of o b j e c t i v e  (b) 

i s  a l s o  expected inc lud ing  ( i )  t imes (da t e s )  of f e r t i l i z e r  a p p l i c a t i o n ,  ( i i )  

i n t e r v a l s  between f e r t i l i z a t i o n s  (yea r ly ,  e t c . ) ,  ( i i i )  b e s t  n u t r i e n t  r a t i o s ,  

( i v )  l iming  program under a system t h a t  may become p rog res s ive ly  more ac id  

wi th  t ime, (v) ensur ing  a good s tand  of mixed spec i e s  under a s p e c i a l  f e r t i l i z a t i o n  

program, and ( v i )  t h e  es tab l i shment  of s e l f - s u s t a i n i n g  p l a n t  cover  on t h e  d ike .  

SITE CONDITIONS 

The s o i l  samples taken i n  November 1974 were analyzed t o  e s t a b l i s h  t h e  

n u t r i e n t  s t a t u s  of t h e  a r ea .  A summary of t h e  s o i l  chemical p r o p e r t i e s  i s  

given i n  Table 1. The r e a c t i o n s  of t h e  t h r e e  sampling depths were n e u t r a l  t o  

s l i g h t l y  a c i d .  No l ime has  eve r  been app l i ed  t o  t h i s  s i t e ;  i t  would thus  appear  

t h a t  t h e  pea t  used i n  vege ta t ing  t h i s  s i t e  was a near  n e u t r a l  pea t .  

A t  t h e  t ime of s o i l  sampling i n  November 1974 a v i s u a l  survey of t h e  

p l o t s  was made. Each p l o t  had almost 100 percent  g r a s s  cover ,  w i t h  an es t imated  

composition of 90 percent  c reeping  red fescue ,  9 percent  bromegrass and 1 percent  

o t h e r s .  There were v i r t u a l l y  no legumes, e i t h e r  seeded o r  vo lun ta ry ,  p re sen t  

i n  t h e  p l o t s .  The t o t a l  disappearance of t h e  legumes fou r  yea r s  a f t e r  seeding  

could t h e r e f o r e  no t  be due t o  an unfavorably low pH; i t  most l i k e l y  i s  due t o  

t h e  g r e a t e r  competi t ion from t h e  very  vigorous c reeping  red fescue ,  which has  

a l s o  v i r t u a l l y  e l imina ted  t h e  c r e s t e d  wheat g ra s s  and diminished t h e  percentage 

of t h e  bromegrass s t ands .  Nitrogen f e r t i l i z a t i o n  has  probably reduced t h e  

competi t ive a b i l i t y  of t h e  legumes wi th  t h i s  fescue.  

S a l i n i t y  l e v e l s  i n  t he  s u r f a c e  12  inches  a r e  h igher  than  those  of any 

o t h e r  t a i l i n g s  sand o r  p e a t s  encountered i n  t h e  p l o t s .  The h igh  s a l i n i t y  is 



perhaps  due  t o  t h e  f e r t i l i z e r s  t h a t  have been a p p l i e d .  Su lpha te  s u l p h u r ,  ww 

which accumulates  i n  t h e  6 t o  12 i n c h  d e p t h ,  i s  most p robab ly  t h e  main c a u s e  

.r) 
of t h e  h i g h e r  s a l i n i t y  l e v e l  observed a t  t h i s  dep th .  The l e v e l  o f  phosphorus 

i n  t h e  s u r f a c e  f a l l s  w i t h i n  t h e  moderate range o f  c rop  requ i rement  b u t  i s  s t i l l  
r* 

much lower t h a n  should normal ly  r e s u l t  from t h e  t o t a l  amount a p p l i e d ,  t a k i n g  

i n t o  account  t h a t  which was p robab ly  t aken  up by t h e  seeded p l a n t s  a t  t h e  s i te .  r* 

EXPERIMENTAL DESIGN AND PROCEDURES 

I n  June 1975, when f e r t i l i z e r  t r e a t m e n t s  were t o  be imposed on t h e  p l o t s ,  

an a d d i t i o n a l  t r e a t m e n t  was added t o  t h e  1974 t r e a t m e n t s .  T h i s  t r e a t m e n t  II 

r e p r e s e n t e d  t h e  f e r t i l i z e r  rate GCOS was t o  u s e  on t h e  su r rounding  v e g e t a t e d  

111 
a r e a s  o f  t h e  d i k e  i n  1975. The p l o t s  were sampled a g a i n  and a n a l y z e d  f o r  m i n e r a l  

n i t r o g e n  c o n t e n t  i n  June 1975,  j u s t  p r i o r  t o  f e r t i l i z e r  t r e a t m e n t s .  R e s u l t s  o f  
r* 

t h e  s o i l  a n a l y s e s  (Table 3 )  i n d i c a t e d  t h a t  a t  t h e  t ime  o f  f e r t i l i z e r  t r e a t m e n t s  

i n  June t h e  m i n e r a l  n i t r o g e n  l e v e l s  a t  t h e  sampled d e p t h s  had i n c r e a s e d  somewhat 111 

a s  compared w i t h  l e v e l s  i n  November 1974 ( s e e  Tab le  l ) ,  b u t  t h e  l e v e l s  s t i l l  

.L 
remained v e r y  low. 

Each p l o t  was boarded o f f  a t  t h e  t o p  t o  p r e v e n t  any downslope movement o f  
I) 

f e r t i l i z e r  i n  t h e  run-off w a t e r  from t h e  upper  p l o t s  t o  t h e  lower  p l o t s  ( s e e  

F i g u r e  2 and P l a t e  1 ) .  I n  a d d i t i o n ,  c o l l e c t i o n  p o i n t s  were s e t  up t o  c o l l e c t  run- J 

o f f  w a t e r  from t r e a t m e n t s  T O ,  T2,  T and T ( F i g u r e s  1 and 2 )  and from a n  a d j a c e n t  4 5 
II 

a r e a  where f e r t i l i z e r s  were a p p l i e d  by GCOS p e r s o n n e l  u s i n g  a h e l i c o p t e r  ( F i g u r e  3 ) .  

The o b j e c t i v e  o f  t h e  w a t e r  c o l l e c t i o n  was t o  measure s u r f a c e  run-off  and 
d 

f e r t i l i z e r  n u t r i e n t  l o s s e s  i n  t h e  s u r f a c e  run-off w a t e r .  Run-off w a t e r  

c o l l e c t i o n s  were made on J u l y  1 8  and August 1 7 ,  1975. am 

A f i r s t  c r o p  was h a r v e s t e d  on August 17 ,  1975, a t  which t i m e  t h e  p l o t s  

m were sampled a t  f o u r  d i f f e r e n t  d e p t h s ,  0-6 i n c h e s ,  6-12 i n c h e s ,  12-18 i n c h e s  

and 18-24 i n c h e s .  S o i l s  were analyzed f o r  m i n e r a l  n i t r o g e n ,  pH and e l e c t r i c a l  
.II 

c o n d u c t i v i t y .  Y i e l d s  o f  t h e  p l a n t  m a t e r i a l s  were recorded  and p l a n t  samples  



Table 3. Mineral n i t rogen l e v e l s  on t h e  dike a t  t i m e  of f e r t i l i z e r  
t reatments  on June 19,  1975. 

N E ~ +  ~ 0 ~ -  N H ~  p l u s   NO^- 
Dep th  ppm ppm p p m  

0 - 6 i n .  

6 - 12 i n .  

12 - 24 i n .  

24 - 36 i n .  



Fig.  2 .  Sur face  run-off  c o l l e c t i o n  se t -up  f o r  t h e  v a r i o u s  t r e a t m e n t s .  

, 

2 ' wide 
a r e a  f o r  

w a t e r  

0 5 g a l l o n  c o n t a i n e r s  I3 
Treatments :  To, T,, & T5 Treatment  : 

L T4 

Treatments :  T and T3 
1 



Fig .  3 .  S u r f a c e  w a t e r  run-off c o l l e c t i n g  p o i n t s  from -areas f e r t i l i z e d  by 
GCOS p e r s o n n e l  w i t h  t h e  a i d  o f  h e l i c o p t e r s  r e l a t i v e  t o  f e r t i l i z e r  
exper iment  a r e a .  
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Fig .  4. Modified f i e l d  p l a n  of f e r t i l i z e r  exper iment  on a v e g e t a t e d  
t a i l i n g s  pond d i k e  -- a s  of August 1 7 ,  1975. 

F e r t i l i z e r  Treatments 

Rep 1 

Rep 2 

Rep 3 

No f e r t i l i z e r  o r  l ime  ( N i l ) .  

80 l b  . N and 8 l b .  S  p e r  a c r e  a n ~ l i e d  i n  August (17 th)  . 
NPKS ( s e e  F ig .  1 )  i n  June ( 1 9 t h ) .  

Same as  T  p l u s  80 l b .  N and 8 l b .  S  p e r  a c r e  a p p l i e d  in August ( 1 7 t h ) .  .I 

1 
NPKS + l ime  ( s e e  F i g .  1 )  on June (19 t h )  . 
Same as  T p l u s  89 l b .  N and 8 1b.S p e r  a c r e  a p p l i e d  i n  August ( 1 7 t h ) .  I 

2  - 
N P  I' S ( s e e  F ig .1 )  on June ( 1 3 t h ) .  

2  2'2 2  
Same as  T  p l u s  150 l b .  N and 16 13. S p e r  a c r e  a p p l i e d  i n  A u g u s t ( l 7 t h ) .  

3 ..I 

N P  K S + l ime ( s e e  F ig .1 )  on June ( 1 9 t h ) .  
2 2 2 2  

Same a s  T p l u s  160 l b .  Pi and 1 6  l b .  S  p e r  a c r e  a p p l i e d  i n  A u g u s t ( l 7 t h ) .  
4 

GCOS r a t e  ( s e e  F i g .  1 )  -- S u m e r  a p p l i c a t i o n  made (August 1 7 t h ) .  

Same as  T p l u s  e x t r a  N added t o  b r i n g  t o t a l  N f o r  s p r i n g  and summer 5 
a p p l i c a t i o n s  t o  80 l b .  N p e r  a c r e  ( e x t r a  N was i n  t h e  form of 
amLonium n i t r a t e ) .  



analyzed f o r  n i t r o g e n  content .  F ie ld  observa t ions  ind ica t ed  apparent  N 

de f i c i ency  symptoms i n  a l l  t h e  t rea tments  l e s s  than two months a f t e r  

f e r t i l i z e r s  were appl ied .  Therefore t he  experimental  p l an  was modified. Th i s  

involved f u r t h e r  a p p l i c a t i o n s  of n i t r o g e n  and su lphur ,  which were added as 

sub-treatments w i t h i n  t h e  e x i s t i n g  p l o t s  (see F igure  4  f o r  t h e  modified f i e l d  

p lan  and f e r t i l i z e r  t reatment  des igna t ions ) .  A second crop was harves ted  on 

October 7 ,  1975, and s o i l  samples were a l s o  taken a t  t h a t  time. Yie lds  of t he  

second crop a r e  included i n  t h i s  r e p o r t .  

OBSERVATIONS AND RESULTS 

Surf ace Water Run-Of f  

To ta l  r a i n f a l l  f o r  t he  period June 19 ,  1975 t o  August 19 ,  1975 was 

6.75 inches (171.4 mm). Run-off water  c o l l e c t e d  on t h e  grass-covered vegeta ted  

t a i l i n g s  pond va r i ed  cons iderably  from almost no th ing  i n  some p l o t s  t o  over  24 

l i t e r s  i n  o t h e r s  (Table 4 ) .  

Almost a l l  of t he  run-off water  f o r  each c o l l e c t i n g  a r e a  was t h e  r e s u l t  

of a  24-hour per iod ( Ju ly  13)  when 3.50 inches  (88.9 mm) was recorded.  E a r l i e r  

f i e l d  observa t ions  ind ica t ed  a b s o l u t e l y  no run-off water  was be ing  c o l l e c t e d  

from the  moderate amounts of r a i n f a l l  observed p r i o r  t o  t h e  heavy downpour on 

J u l y  13. 

An o v e r a l l  i n spec t ion  of t he  p l o t s  on J u l y  18 showed c l e a r l y  t h a t  i n  t h e  

heavy downpour micro-channelling occurred i n  t he  p l o t s  and t h i s  probably 

explained t h e  o v e r a l l  uneven run-off and t h e  heavier  run-off observed i n  some p l o t s .  

Slope l e n g t h s  d id  n o t  seem t o  bea r  any r e l a t i o n  t o  t h e  amounts of run-off 

water  c o l l e c t e d  (Table 4 ) .  This  again i n d i c a t e s  t h a t  t h e  amount of run-off 

would depend cons iderably  on t h e  amount of channel l ing  i n t o  t h e  c o l l e c t i n g  a r e a s ,  

which i n  t u r n  i s  dependent on r a i n f a l l  i n t e n s i t y .  



.I Table  4 .  q u a n t i t y  of run-off  w a t e r  c o l l e c t e d  and m i n e r a l  n i t r o g e n  c o n t e n t  of 
run-off w a t e r  f o r  t h e  p e r i o d  June  1 9 t h  - August 1 9 t h ,  1925 on aovege- 
t a t e d  p o r t i o n  of t h e  GCOS t a i l i n g s  pond d i k e .  S lope :  23 t o  28 . 

m 

S l o ~ e  C o l l e c t -  
+ - 

NE! 4  and NH 
3  

Length i n g  Area T o t a l  Water C o l l e c t e d  C o l l e c t e d  
( f t . )  (Sa .F t . )  l i t r e s  a .  g a l / a  ug/ml l b . / a  

I 

T  N i l  
0 

1 8  36 4.057 0.89 1 , 0 8 1  0.32 0 .003 
u 

T2 XPKS + l i m e  
(80 lb .N/a)  1 8  36 4 . 6 2 0  1.02 1 , 2 3 1  9 .88  9 .011  

T4 N2P2K2S2 + l ime 

T5 GCOS Rate ,  Spr ing  - 
(13.5 l b  .N/a) 1 8  

Upper Slope,  Spring- 
(13.5 lb .N/a)  75 

Lower Slope,  Spring- 
(13.5 lb.M/a) 75 

F u l l  S lope ,Spr ing  - 
(13.5 l b  .X/a)150 



I n f i l t r a t i o n  measurements i n  t h e  p l o t s  showed t h e  i n f i l t r a t i o n  rate i n  

t h e  d ike  t o  be very  h igh  (Table 5).  Thus, under normal r a i n f a l l  i n t e n s i t i e s  

t he  vege ta t ive  cover  and t h e  pea t  on t h e  su r f ace  would a l low f o r  very  l i t t l e  

0 
run-off even on t h e  s t e e p  s lope  (23 t o  28') of t h e  p l o t s .  Sur face  run-off on 

t h e  vegeta ted  d i k e  under a r a i n f a l l  i n t e n s i t y  normal f o r  t he  F o r t  McMurray 

region should n o t  be  a major problem a s  long a s  t h e r e  i s  good g r a s s  cover  on t h e  

pea t  which is  spread over  t he  t a i l i n g s  sand. Under heavy r a i n f a l l  i n t e n s i t i e s ,  

where run-off water  c o l l e c t s  on t h e  berms of t h e  d ike  where channels  c o l l e c t  

t oge the r  s u b s t a n t i a l  i nc reases  i n  water  flow through channels  l e a v i n g  each berm 

occur .  The e ros ion  hazard i s  g r e a t l y  increased  and e r o s i o n  damage becomes 

expensive and dangerous (see s e c t i o n  on e ros ion ) .  

Loss of F e r t i l i z e r  Nitrogen through Run-off --- Water 

F e r t i l i z e r  n i t r o g e n  appl ied  t o  t h e  p l o t s  ranged from 13.5 l b  N pe r  a c r e  

(GCOS s p r i n g  r a t e  T ) t o  160 l b  N per  a c r e  (T ). T o t a l  minera l  n i t r o g e n  content  
5 4 

of t he  run-off water  c o l l e c t e d  f o r  any of t he  t rea tments  was, however, s m a l l  

(Table 4) i n  r e l a t i o n  t o  the  amount appl ied .  Although t h e  amounts of run-off 

water  c o l l e c t e d  were h i g h l y  v a r i a b l e ,  t h e  n i t r o g e n  concen t r a t ion  was low and 

even i f  ou r  e s t ima te  of t he  run-off water  i s  low by a f a c t o r  of 1 0 ,  l o s s e s  by 

su r f ace  run-off would n o t  appear t o  exceed 2-3 l b l a c r e .  This  sugges ts  t h a t  most 

f e r t i l i z e r  n i t rogen  removal on t h e  vegeta ted  d i k e  occurs  by means o t h e r  than  

run-of f water.  

F i e ld  obse rva t ions  showed t h a t  t h e  p e l l e t s  o f  n i t r o g e n  f e r t i l i z e r  w e r e  no 

longer  v i s i b l e  on t h e  p l o t s  48 hours  a f t e r  a p p l i c a t i o n ,  a s  i t  d i s so lved  i n  t h e  

morning dews on the  g r a s s e s  and had soaked i n t o  t h e  s u r f a c e  l i t t e r  and pea t .  

It may t h e r e f o r e  be s a f e l y  assumed t h a t ,  w i t h  moderate r a i n f a l l s ,  f e r t i l i z e r  

n i t rogen  l o s s e s  i n  run-off water  on vegeta ted  d i k e s  of t h i s  s l o p e  w i l l  l i k e l y  b e  



Table 5. I n f i l t r a t i o n  r a t e  and bulk  dens i ty  of  t h e  vegeta ted  G.C.O.S. 
t a i l i n g s  pond d ike  (experimental  a r ea )  . 

Area 
I n f i l t r a t i o n  r a t e*  

(cm/h) Bulk Density (Db ) 
I* 

1 min. - 
6 min. 32.85 

11 min. 25.50 

21  min. 21.70 

31 min. 20.55 

46 min. 19.76 

6 1  min. 19.56 

76 min. 19.14 

91  min. 18.84 

121 min. 18.72 

136 min. 18.72 

151  min. 18.72 

O -  3 i n .  ( 0 - 7.5 cm) N.D.*** 

3 - 6 i n .  ( 7.5 - 15 cm) 0.85 t o  1.29** - 
6 -  g i n .  ( 1 5  - 23 cm) 1 .43  

9 - 12 i n .  ( 2 3  - 30 cm) 1.46 

15 - 18 i n .  ( 3 8  - 45.7cm) 1.47 

21  - 24 i n .  ( 5 3  - 60 cm) 1.52 

33 - 36 i n .  ( 84 - 9 1  cm) 1.52 

45 - 48 i n .  (114 - 122 cm) 1.56 

* Percent  moisture a t  i n f i l t r a t i o n  r a t e  determinat ions.  

O -  6 i n .  ( 0 - 15 cm) 38.9 
6 - 12 i n .  (15 - 30 cm) 8.5 

12 - 24 i n .  (30 - 60 cm) 6.5 
24 - 36 i n .  (60 - 9 1  cm) 7 .7  

** Bulk dens i ty  i s  v a r i a b l e  depending on the  th ickness  of the  s u r f a c e  pea t .  

I *** The dens i ty  and content  of t h e  pea t  was too  v a r i a b l e  t o  make measurements 
poss ib le .  



minimal. The l o s s e s  would be s i g n i f i c a n t  on ly  i f  a p p l i c a t i o n s  of f e r t i l i z e r  

n i t rogen  a r e  immediately followed by a  heavy r a i n f a l l .  These l o s s e s  would be 

dependent on t h e  degree of channel l ing  t a k i n g  p l ace .  Visua l  observa t ions  of 

t h e  growth of t h e  g ra s ses  on t h e  p l o t s  c l e a r l y  showed minimal downslope 

movement of t h e  f e r t i l i z e r s .  

Loss of F e r t i l i z e r  Nitrogen through Leaching 

A d i k e  b u i l t  of t a i l i n g s  sand has a  very h igh  i n f i l t r a t i o n  r a t e  and it 

would be expected t h a t  leaching  l o s s e s  of f e r t i l i z e r  n i t r o g e n  appl ied  t o  such 

a  d ike  may be l a r g e .  Once t h e  n i t rogen  g e t s  below t h e  s u r f a c e  pea t  l a y e r  i n t o  

t h e  t a i l i n g s  sand it would be expected t o  move quickly beyond t h e  r o o t i n g  zone 

of t h e  g r a s s  cover .  Mineral n i t r o g e n  l e v e l  a t  t h e  four  depths  Sampled two 

months a f t e r  f e r t i l i z a t i o n  (Table 6) i nd ica t ed  t h a t  t h e  g r e a t e s t  amount of 

f e r t i l i z e r  n i t r o g e n  remained i n  t h e  s u r f a c e  0 t o  6 inch  l a y e r ,  a l though t h e r e  

was very l i t t l e  s t i l l  t o  be de t ec t ed .  

For t h e  n i l  t rea tments  and t h e  160 l b  N per  a c r e  t r ea tmen t s ,  s o i l  

samples taken  a t  d i f f e r e n t  t imes between f e r t i l i z a t i o n  i n  mid-June and i n  

mid-August ( t a b l e  6) i nd ica t ed  some i n c r e a s e  i n  n i t r o g e n  l e v e l s  i n  depths  

I below t h e  s u r f a c e  0 t o  6 inches twenty days ( Ju ly  9)  a f t e r  f e r t i l i z e r  was 

app l i ed  and a f t e r  a  t o t a l  r a i n f a l l  of 1 .70 inches (43.2mm). F e r t i l i z e r  

u n i t rogen  l e v e l s  i n  another  sampling n i n e  days l a t e r  ( J u l y  1 8 ) ,  which was one 

month a f t e r  t h e  i n i t i a l  n i t rogen  a p p l i c a t i o n ,  showed marked d e c l i n e s  e s p e c i a l l y  
I 

i n  t h e  s u r f a c e  0 t o  6 inches.  The n i t r o g e n  l e v e l ,  a l though low i n  t h e  t h r e e  

I 
lower depths  of t h e  f e r t i l i z e d  p l o t s ,  was s t i l l  h igher  t han  i n  t h e  n i l  p l o t s .  

The t o t a l  r a i n f a l l  from f e r t i l i z a t i o n  t o  sampling was 6.75 inches  (171.4 

.I m). This  included t h e  3.50 inches  (88.9mm) recorded on t h e  d i k e  on J u l y  13 .  

The r ap id  d e c l i n e  i n  t h e  n i t rogen  content  of t h e  vegeta ted  d i k e  does n o t  
1 

n e c e s s a r i l y  i n d i c a t e  heavy leaching  l o s s e s ,  a s  t h e  lowest sampling depth  d id  



T a b l e  6 .  b l ine ra l  ( amon ium and n i t r a t e )  n i t r o g e n  (ppm) l e v e l s  a t  d i f f e r e n t  depth'; on n i l  and f e r t i l i z e d  p l o t s  a t  d i f f e r e n t  s o i l  s amp l ing  d a t e s  on  a 
v e g e t a t e d  G.C.O.S. t a i l i n g s  pond d ike .  

--- -- ---- ---- -- 
F e r t i l i z e r s  a p p l i e d  Harves t  d a t e  

J u n e  1 9 ,  1975 J u l v  9 ,  1975 J u l v  1 8 ,  1975 August  1 4 ,  7.9 75 

Y i n e r a l  h' l l i n e r a l  9 X i n e r a l  N ?fincr;l N 
N i l  80 ppm N due t o  N i l  80 ppm N dde t o  N i l  80 ppm N due t o  N i l  80 ppm N d.ue t o  
(TO) 0 3 ) "  f e r t i l i z e r  (To) (T3)* f e r : i l i z e r  (To) (T3)* f e r t i l i z e r  (To) (T3)* f e r t i l i z e r  

0 - 6  i n .  

6  - 24 i n .  

12  - 24 i r ~ .  

2 4  - 36 i n .  

C u ~ u l a t i v e  
p r e c i p i t a t i o n  on d i k e  0 i n .  (0 rm) 1.70 i n .  ( 4 3 . 2  ~ m )  

03 
7 .88  i n .  ( 2 3 G . 2  3)  c\3 

I 

Tj* = 160 l b .  X ,  40  l b .  P ,  160 l b .  K and 16 l b .  S  p e r  a c r e  



no t  show marked i n c r e a s e s  i n  t h e  n i t r o g e n  l e v e l  i n  any of t h e  previous  s o i l  

samplings. The l a s t  sampling (August 14)  showed some f u r t h e r  d e c l i n e  i n  

n i t rogen  l e v e l s  i n  t h e  t h r e e  upper sampling depths.  The a d d i t i o n a l  r a i n f a l l  

of 1 .13  inches  (28.7 mm) between samplings i s  ha rd ly  enough t o  exp la in  t h e  

d e c l i n e  a s  being due t o  leaching  l o s s e s .  The h igher  amounts of minera l  

n i t rogen  de t ec t ed  i n  t h e  s u r f a c e  6 inches  on a l l  sampling d a t e s  suggest  t h a t  

a l though t h e r e  may be some leaching  l o s s e s  t h e  g r e a t e r  p a r t  of f e r t i l i z e r  

n i t rogen  w a s  used up by t h e  g r a s s  cover .  

F e r t i l i z e r  E f f e c t s  on Growth of t h e  Grass Cover a t  F i r s t  Harvest 

A t  t h e  t ime of f e r t i l i z e r  t r ea tmen t s  of t h e  p l o t s  on June 19 ,  1975 

s p r i n g  growth of t h e  cover was poor and was dominated by creeping  r ed  f e scue  

wi th  patches of brome-grass. Nitrogen and phosphorus de f i c i ency  symptoms 

were c l e a r l y  ev iden t  on both g ra s ses .  Three weeks a f t e r  f e r t i l i z e r  t r ea tmen t s  

t h e r e  was a  marked improvement i n  t h e  growth of t h e  f e r t i l i z e d  p l o t s  a s  

compared t o  t h e  n i l  p l o t s  ( P l a t e  1 ) .  No marked d i f f e r e n c e s  were observed 

between t h e  higher  (N P K S ) and lower (NPKS) f e r t i l i z e r  r a t e s .  There was 
2 2 2 2  

no v i s u a l  d i f f e r e n c e  i n  growth between t h e  limed and unlimed p l o t s  ( P l a t e  1). 

Brome-grass appeared t o  be showing up more v igorous ly  than  be fo re  f e r t i l i z e r  

t rea tments .  The growth on t h e  GCOS s p r i n g  r a t e  t rea tment  was poor and was 

only margina l ly  b e t t e r  than  t h e  n i l  t rea tment .  

New growth of t h e  brome-grass on t h e  p l o t s  and i n  surrounding a r e a s  

appeared t o  have rece ived  moderately s eve re  damage, perhaps from t h e  SO 
2 

emissions from t h e  p l a n t .  This  may be expected t o  happen anytime t h e  dew is  

heavy and SO concen t r a t ion  above t h e  d i k e  i s  high.  However, no v i s i b l e  damage 
2 

was observed on t h e  creeping red  fescue .  

F i e ld  observa t ions  made one month a f t e r  f e r t i l i z e r  t r ea tmen t s  were imposed 

ind ica t ed  t h a t  t h e  h igher  (N P K S ) f e r t i l i z e r  r a t e s  had improved growth more 
2 2 2 2  



than t h e  lower (NPKS) r a t e s ,  bu t  t h a t  no d i f f e r e n c e  e x i s t e d  between t h e  limed 

and unlimed p l o t s .  The GCOS s p r i n g  r a t e  was on ly  marg ina l ly  b e t t e r  i n  growth 

than t h e  n i l  p l o t s .  By August 1, p l a n t  growth on t h e  lower f e r t i l i z e r  r a t e  

p l u s  l i m e  (NPKS + l ime)  appeared t o  be b e t t e r  than  t h e  s a m e  f e r t i l i z e r  r a t e  

without  l i m e  (NPKS). The bromegrass and c r eep ing  red  fescue  were beginning t o  

show n i t rogen  de f i c i ency  symptoms on t h e  lower f e r t i l i z e r  r a t e  p l o t s  and d i d  

n o t  show a s  vigorous growth a s  f o r  t h e  h ighe r  r a t e s  (N2P2K2S2). Grass  growth 

f o r  t h e  h ighe r  r a t e s  was t he  same on t h e  limed and unlimed p l o t s ,  and n i t r o g e n  

de f i c i ency  symptoms were t o  some e x t e n t  ev iden t  i n  t h e  bromegrass, e s p e c i a l l y  

i n  t h e  t rea tment  i nc lud ing  l i m e .  

A t  ha rves t ,  two months a f t e r  f e r t i l i z e r s  were app l i ed ,  n i t r o g e n  

de f i c i ency  was marked i n  t h e  lower f e r t i l i z e r  r a t e s ,  w i th  and wi thout  l i m e ,  on 

bo th  c reep ing  red fescue  and bromegrass, and t h e  bromegrass was showing 

phosphorus de f i c i ency  symptoms on both  limed and unlimed p l o t s .  I n  t h e  p l o t s  

w i t h  h igher  f e r t i l i z e r  r a t e s  t h e r e  had been no marked change from e a r l i e r  

observa t ion  except  f o r  new symptoms of  n i t rogen  de f i c i ency  i n  t h e  c r eep ing  red 

fescue.  Phosphorus de f i c i ency  was becoming ev iden t  i n  t h e  bromegrass on bo th  

limed and unlimed p l o t s .  Growth on t h e  GCOS s p r i n g  r a t e  and t h e  n i l  t rea tments  

was poor and both n i t rogen  and phosphorus d e f i c i e n c y  symptoms were s t r o n g l y  

ev ident  i n  both grasses .  

Dry Mat te r  Yields  a t  F i r s t  Hatvest  

Dry mat te r  y i e l d s  of t h e  g ra s se s  f o r  t h e  f i r s t  h a r v e s t ,  two months a f t e r  

t h e  f e r t i l i z e r s  were app l i ed ,  a r e  summarized i n  Table  7. Yie lds  were sepa ra t ed  

i n t o  bromegrass and c reep ing  red  fescue ,  and t h e  o ld  g r a s s  (pre-1975 growth, 

1971 t o  1974) was separa ted  from the  new (1975) growth. Two 6 by 20 f o o t  s t r i p s  

were harves ted  pe r  p l o t .  



Table  7. Dry matter y i e l d s  of bromegrass and c r e e p i n g  r e d  f e s c u e  i n  the 
f i r s t  h a r v e s t  i n  August ,  1975,  a s  a f f e c t e d  by f e r t i l i z e r  and 
l i m e  t r e a t m e n t s  on a v e g e t a t e d  GCOS t a i l i n g s  pond d i k e .  

T1 , NPKS 

T,, NPKS + l i m e  
L 

N P K S  
T3' 2 2 2 2 

T4, N P K S  + l i m e  2 2 2 2 

T,, GCOS R a t e  (Spr ing)  

Pre-19 75 growth = 2.13 t o n s  / a c r e  

Y i e l d  ( t o n s  / a c r e )  Average of 3 r e p l i c a t e s  
Bromegrass C 

C. R.  Fescue Bromegrass Creeping Red Fescue 



Pre-1975 d r y  m a t t e r  y i e l d  averaged 2 .13 t o n s  p e r  a c r e ;  v i s u a l  examina t ion  

o f  t h e  m a t e r i a l  sugges ted  t h a t  p robab ly  most o f  t h e  g r a s s  growth produced 

between 1971  and 1974 s t i l l  remained.  

Bromegrass y i e l d  f o r  a l l  t r e a t m e n t s  average  0 .11 t o n  p e r  a c r e ,  and 

c r e e p i n g  r e d  f e s c u e  y i e l d  f o r  a l l  t r e a t m e n t s  average  1 .39 t o n s  p e r  a c r e .  

P e r c e n t  bromegrass w i t h i n  t h e  h a r v e s t e d  a r e a s  v a r i e d ,  s o  t h a t  any e f f e c t  o f  

f e r t i l i z e r s  on t h e  composi t ion o f  t h e  g r a s s e s  i n  t h e  f i r s t  h a r v e s t  c o u l d  n o t  

be a c c u r a t e l y  a s s e s s e d ,  a l t h o u g h  f e r t i l i z e r s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  GCOS 

s p r i n g  r a t e  (T ), g r e a t l y  i n c r e a s e d  bromegrass y i e l d s .  I n  each  o f  t h e  
5 

f e r t i l i z e r  t r e a t m e n t s ,  c r e e p i n g  r e d  f e s c u e  y i e l d s  averaged n e a r l y  t h r e e  o r  

more t imes  h i g h e r  than  t h e  n i l  t r e a t m e n t ,  w i t h  t h e  e x c e p t i o n  of t h e  GCOS s p r i n g  

r a t e  (T5). 

The combined y i e l d s  o f  t h e  g r a s s e s  showed a remarkable  e f f e c t  from t h e  

f e r t i l i z e r  t r e a t m e n t s .  The h i g h e r  f e r t i l i z e r  r a t e s  (T and T ) gave a g r e a t e r  
3 4 

y i e l d  i n c r e a s e  than  t h e  lower  r a t e s  (T and T2) .  Yie ld  i n c r e a s e  w i t h  t h e  GCOS 1 

s p r i n g  r a t e  (T ) was minimal. The t r e a t m e n t s  i n c l u d i n g  l ime  (T and T ) were 
5 2 4 

n o t  much h i g h e r  i n  average  y i e l d  than  t h e  p l o t s  w i t h  t h e  same t r e a t m e n t s  

w i t h o u t  l i m e  (TI and T j ) .  Lime was b e n e f i c i a l  a t  t h e  lower  f e r t i l i z e r  r a t e ,  

b u t  gave an a p p a r e n t  d e p r e s s i v e  e f f e c t  a t  t h e  h i g h e r  f e r t i l i z e r  rate. 

Ni t rogen Content  o f  Grass  Tops a t  F i r s t  Harves t  

P e r c e n t  n i t r o g e n  i n  t h e  bromegrass was h i g h e r  i n  a l l  t r e a t m e n t s  t h a n  i t  

was i n  t h e  c r e e p i n g  r e d  f e s c u e  (Table  8) .  F e r t i l i z e r  i n c r e a s e d  t h e  p e r c e n t  

n i t r o g e n  o f  t h e  bromegrass,  and t h e  h i g h e r  r a t e s  gave h i g h e r  p e r c e n t  n i t r o g e n  

than  t h e  lower r a t e s .  Lime tended t o  lower  t h e  p e r c e n t  n i t r o g e n  a t  b o t h  low 

and h i g h  f e r t i l i z e r  r a t e s .  The c r e e p i n g  r e d  f e s c u e  fol lowed e s s e n t i a l l y  t h e  

same p a t t e r n  as t h e  bromegrass  w i t h  r e s p e c t  t o  p e r c e n t  n i t r o g e n ,  e x c e p t  t h a t  

l i m e  i n c r e a s e d  t h e  p e r c e n t a g e  a t  t h e  h i g h e r  f e r t i l i z e r  rate. 



Table  8. P e r c e n t  n i t r o g e n  c o n t e n t s  o f  bromegrass and c r e e p i n g  r e d  f e s c u e  
as a f f e c t e d  by f e r t i l i z e r  and l i m e  t r e a t m e n t s  on a v e g e t a t e d  
G. C.O. S. t a i l i n g s  pond d i k e  -- f i r s t  h a r v e s t .  

P- 

Z N i n  h a r v e s t e d  p l a n t  m a t e r i a l  

Erome g r a s s  + 

Brome g r a s s  creep in^ l i ed  Fescilt? C. R. Fescue 

To, N i l  1 . 4 1  1.02 1.07 

TI, NPKS 1.90 1 .79  1 .80 

T2, NPKS + Lime 1.64 1 . 6 1  1 .61  

T 3 9  N2P2K2S2 2.84 2 .11 2.18 

T4, N2P2K2S2 + Lime 2.58 2.28 2.30 

T5, G.C.O.S. R a t e  (Spr ing)  1 .51  1.19 1 .21  

MEAN 1 .98  1 .67 1.70 

P r e  - 1975 growth = 1.39% N 



Tota l  n i t rogen  content  of t h e  tops  of t h e  g r a s s e s  averaged h igher  i n  

t h e  brome-grass than  i n  t h e  c reeping  red  fescue ,  cons ider ing  t h e i r  percent  

y i e l d  compositions i n  t h e  harves ted  a r e a s  (Table 9 ) .  I n  t h e  brome-grass t o t a l  

n i t rogen  content  of t h e  n i l  t rea tment  was very low. T o t a l  n i t rogen  content  

was higher  a s  t h e  f e r t i l i z e r  r a t e  increased .  Lime, e s p e c i a l l y  a t  t h e  higher  

f e r t i l i z e r  r a t e ,  depressed t h e  t o t a l  n i t rogen  content  of t h e  crops.  I n  t h e  

c reeping  red fescue  and t h e  combined brome-grass and creeping  r ed  f e scue ,  t h e  

higher  f e r t i l i z e r  r a t e s  gave higher  t o t a l  n i t rogen  content  than t h e  lower r a t e s .  

Lime increased  the  n i t rogen  content  a t  t h e  lower n i t rogen  r a t e  but  it 

had no e f f e c t  a t  t h e  higher  r a t e .  I n  t he  combined g ra s ses  t h e  amounts of 

f e r t i l i z e r  n i t rogen  recovered i n  t h e  tops  were r e l a t i v e l y  high. Grasses a t  

t he  lower f e r t i l i z e r  r a t e s  (T and T ) contained a  s l i g h t l y  higher  percentage 
1 2 

of t h e  n i t rogen  appl ied  than  was contained i n  t h e  g ra s ses  a t  t h e  h igher  

f e r t i l i z e r  r a t e s  (T and T ) .  Grass on t h e  GCOS sp r ing  r a t e  (T ) contained an  
3 4 5 

even lower percentage of t h e  f e r t i l i z e r  n i t r o g e n  i n  t h e  tops ;  however, t h e  

appl ied  r a t e  was very low. 

F e r t i l i z e r  E f f e c t s  on Growth of t h e  Grass Cover a t  Second Harvest 

Af t e r  t h e  f i r s t  harves t  t h e  experimental  p lan  was modified s o  t h a t  t h e  

p l o t s  received an  a d d i t i o n a l  n i t rogen  and sulphur  a p p l i c a t i o n  ( s e e  F igure  4 ) .  

One of t h e  two 6 x 2 f o o t  a r e a s  of f i r s t  ha rves t  w i th in  each p l o t  rece ived  t h e  

a d d i t i o n a l  n i t rogen  and sulphur  and t h e  o the r  a r e a  rece ived  nothing.  These 

a r e a s  were aga in  harvested seven weeks (October 7)  a f t e r  t h e  a d d i t i o n a l  n i t rogen  

and s u l f u r  were appl ied .  I n  t h e  case  of t h e  GCOS r a t e  (T ) a second f e r t i l i z e r  
5 

a p p l i c a t i o n  (summer) was made, according t o  p l ans  l a i d  out  by GCOS personnel ,  

t o  one a r e a  and t h e  o t h e r  a r e a  rece ived  t h e  same GCOS f e r t i l i z e r  r a t e s  p lus  

a d d i t i o n a l  n i t rogen  t o  r a i s e  t h e  t o t a l  t o  80 l b  N pe r  ac re .  One n i l  t rea tment  

a r e a  received only n i t rogen  and sulphur  a t  t h e  lower r a t e s ,  t h e  same a s  app l i ed  

i n  t rea tments  T and T ( s ee  P l a t e  2 ) .  
1 2 



Table 9. T o t a l  n i t rogen  contents  p e r  a c r e  of bromegrass and c reep ing  red fescue  tops  a s  a f f e c t e d  by 
f e r t i l i z e r  and lime t rea tments  on a vege ta ted  G . C . O . S .  t a i l i n g s  pond d i k e  -- f i r s t  h a r v e s t ,  
l b . / a .  

B romexras s Creeping Red Fescue Bromegrass + C .  R. Fescue 

Tota l  ;\J Increase*  To ta l  N Increase*  T o t a l  N I nc rease*  

To N i l  1.69 - 8.77 - 10.46 - 

1 
NPKS 

T2 NPKS + Lime 3.61 1.92 60.53 51.76 64.14 53.68 

T4 N2P2K2S2 + Lime 6.71 5.02 87.10 78.33 93.81 83.35 

5 G.C.O.S.  Rate (Spring)1.51 -0.18 14.28 5.51 15.79 5.33 

MEAN 4.94 3.90 51.63 51.43 56.57 55.33 

P r e  - 1975 growth = 59.21 l b / a  

* - OR n i t r o g e n  from f e r t i l i z e r  



Fie ld  observa t ions  a t  ha rves t  t ime, seven weeks a f t e r  t h e  n i t r o g e n  

and sulphur  a p p l i c a t i o n s  w e r e  made, showed very  poor regrowth i n  t h e  n i l  

t rea tments  (T ), e s p e c i a l l y  of the  bromegrass. Growth i n  unharvested a r e a s  
0 

i n  the  n i l  t reatment  cont inued t o  look poor and e a r l i e r  growth appeared t o  

be dying. Nitrogen and phosphorus de f i c i ency  symptoms were very  ev iden t  

throughout t he  p l o t s .  Areas i n  t h e  n i l  t rea tments  r ece iv ing  only n i t r o g e n  and 

s u l f u r  i n  August (T ) had good regrowths i n  the  f i r s t  ha rves t  a r e a s ,  and 
OA 

t h e r e  appeared t o  be no major n u t r i e n t  de f i c i ency  symptoms - no t  even of 

phosphorus. In  the  unharvested a r e a s  growth was good, e s p e c i a l l y  of t h e  

creeping red fescue ;  phosphorus de f i c i ency  was ev iden t  i n  the  bromegrass; 

and t h e r e  was l i t t l e  evidence of t he  1975 growth dying. 

The lower f e r t i l i z e r  r a t e  t reatment  (T ) i n  t he  unharvested a r e a s  which 1 

received no a d d i t i o n a l  n i t rogen  and s u l f u r  i n  August, showed marked n i t r o g e n  

de f i c i ency  symptoms i n  both  g r a s s e s ,  and phosphorus de f i c i ency  symptoms i n  t h e  

bromegrass. Regrowth i n  the  f i r s t  ha rves t  a r e a s  was only  f a i r ,  and t h e  g ra s ses  

lacked n i t rogen .  In the t rea tment  (T ) r ece iv ing  a d d i t i o n a l  n i t r o g e n  and 
1 A  

s u l f u r  i n  August, regrowth i n  t he  f i r s t  ha rves t  a r e a s  was good and no marked 

n u t r i e n t  d e f i c i e n c i e s  were observed on the  regrowth. Growth i n  t he  unharvested 

a r e a s  continued t o  be good and t h e  g ra s s  showed very  s l i g h t  n i t rogen  de f i c i ency  

symptoms i n  only one of the r e p l i c a t i o n s .  

In  t h e  unharvested a r e a s ,  growth i n  t h e  lower f e r t i l i z e r  r a t e  t rea tments ,  

which a l s o  received f i v e  tons  of l i m e  pe r  a c r e  (T2),  i nd ica t ed  a need f o r  

n i t rogen  i n  both grasses  and a need f o r  phosphorus i n  the  bromegrass. Regrowth 

i n  t he  f i r s t  harvested a r e a s  was f a i r  and both g ra s ses  i nd ica t ed  a need f o r  

bo th  n i t rogen  and phosphorus. The t rea tment  (T ) r ece iv ing  a d d i t i o n a l  n i t r o g e n  
2A 

and s u l f u r  i n  August continued t o  g ive  good growth, bu t  phosphorus de f i c i ency  

symptoms had appeared on t h e  bromegrass. In  t h e  f i r s t  ha rves t  a r e a s ,  regrowth 

was good and t h e r e  appeared t o  be no need f o r  any n u t r i e n t .  



I n  t h e  unharves ted  a r e a s ,  i n  t h e  h i g h e r  f e r t i l i z e r  r a t e  t r e a t m e n t  

which r e c e i v e d  no a d d i t i o n a l  n i t r o g e n  and s u l f u r  i n  August (T ), t h e r e  was an 3 

a d d i t i o n a l  need f o r  n i t r o g e n  by b o t h  g r a s s e s  and a n  a d d i t i o n a l  need f o r  

phosphorus by bromegrass.  The f i r s t  h a r v e s t  a r e a s  had a moderate  regrowth 

and t h e  g r a s s e s  a l s o  showed a need f o r  a d d i t i o n a l  n i t r o g e n .  I n  t h e  unharves ted  

a r e a s ,  i n  t h e  t r e a t m e n t  t h a t  r e c e i v e d  a d d i t i o n a l  n i t r o g e n  and s u l f u r  i n  

August (T ), t h e  g r a s s e s  cont inued t o  make good growth. Regrowth i n  t h e  f i r s t  
3A 

h a r v e s t e d  areas was good and t h e r e  appeared t o  be no need f o r  a d d i t i o n a l  n i t r o g e n .  

I n  t h e  unharves ted  a r e a s ,  t h e  l imed p l o t s  o f  t h e  h i g h e r  f e r t i l i z e r  r a t e  

t r e a t m e n t s  which r e c e i v e d  no a d d i t i o n a l  n i t r o g e n  and s u l f u r  i n  August (T ) had 
4 

developed a need f o r  a d d i t i o n a l  n i t r o g e n ,  a s  i n d i c a t e d  by t h e  growths o f  b o t h  

g r a s s e s ,  and a l s o  a need f o r  a d d i t i o n a l  phosphorus i n  t h e  bromegrass .  I n  t h e  

f i r s t  h a r v e s t  areas regrowth was f a i r  t o  good and some need f o r  n i t r o g e n  was 

e v i d e n t  i n  b o t h  g r a s s e s ;  t h e  bromegrass  a l s o  e x h i b i t e d  some need f o r  phosphorus.  

Growth i n  t h e  unharves ted  a r e a s  i n  t h e  t r e a t m e n t  r e c e i v i n g  a d d i t i o n a l  n i t r o g e n  

and s u l f u r  i n  August (T ) con t inued  t o  b e  good and no marked need f o r  n u t r i e n t s  4A 

was e v i d e n t .  I n  t h e  f i r s t  h a r v e s t  areas regrowth was good and b o t h  g r a s s e s  

e x h i b i t e d  no need f o r  a d d i t i o n a l  n u t r i e n t s .  

I n  t h e  GCOS r a t e  t r e a t m e n t  (T ) p l o t s  which had r e c e i v e d  b o t h  s p r i n g  5 

and summer f e r t i l i z e r  a p p l i c a t i o n s ,  t h e  g r a s s e s  showed a need f o r  a d d i t i o n a l  

n i t r o g e n  i n  t h e  unharves ted  a r e a s .  The bromegrass  growth a l s o  i n d i c a t e d  a need 

f o r  phosphorus.  Regrowth i n  t h e  f i r s t  h a r v e s t  areas was f a i r  and a need f o r  

n i t r o g e n  was e x h i b i t e d  by t h e  g r a s s e s .  The GCOS rate t r e a t m e n t  i n  which 

a d d i t i o n a l  n i t r o g e n  was a p p l i e d  t o  b r i n g  t h e  t o t a l  f o r  s p r i n g  and summer 

a p p l i c a t i o n s  t o  80 l b  N p e r  a c r e  (T ) have f a i r  growth i n  t h e  unharves ted  a r e a s  
5A 

and t h e  g r a s s e s  con t inued  t o  e x h i b i t  some need f o r  a d d i t i o n a l  n i t r o g e n .  A need 

f o r  phosphorus was observed i n  t h e  bromegrass.  I n  t h e  f i r s t  h a r v e s t  a r e a s  re- 

growth was good and b o t h  g r a s s e s  i n d i c a t e d  no need f o r  a d d i t i o n a l  n u t r i e n t s .  



Dry Matter Yields  a t  Second Harvest 

Bromegrass y i e l d s  of t h e  regrowths were h ighe r  wi th  a d d i t i o n a l  n i t r o g e n  

and s u l f u r  t rea tments  than wi thout  a d d i t i o n a l  n i t rogen  and s u l f u r  (Table 10 ) .  

Yields  were a l s o  h igher  a t  t h e  h igher  a d d i t i o n a l  n i t rogen  and s u l f u r  r a t e s  

than a t  t he  lower a d d i t i o n a l  r a t e s .  Lime gave lower y i e l d s  i n  bo th  f e r t i l i z e r  

r a t e s  w i th  the  a d d i t i o n a l  n i t rogen  and phosphorus. Treatments r ece iv ing  no 

a d d i t i o n a l  n i t rogen  and s u l f u r  gave no improvement i n  y i e l d s  of regrowths 

wi th  l iming.  The bromegrass regrowth i n  t h e  n i l  t rea tment  (T ) was e s s e n t i a l l y  
0  

non-exis tent ,  suggest ing t h a t  wi th  continued low s o i l  f e r t i l i t y  t h e  bromegrass 

may d i e  ou t .  

Regrowth of t h e  c reeping  red fescue  was achieved i n  each t r ea tmen t ,  

and y i e l d s  were h igher  i n  t rea tments  r ece iv ing  a d d i t i o n a l  n i t rogen  and s u l f u r  

than i n  t rea tments  where no a d d i t i o n a l  a p p l i c a t i o n s  were made. Yie lds  from 

the  a d d i t i o n a l  h igher  n i t rogen  and s u l f u r  r a t e  t rea tments  were e s s e n t i a l l y  

t he  same. This  was probably because of t h e  coo le r  temperatures  and t h e  

r e l a t i v e l y  s h o r t  time between ha rves t s .  With a d d i t i o n a l  n i t rogen  and s u l f u r  

the  presence of l ime improved y i e l d s  of the  regrowths a t  both low and h igh  

n i t rogen  and s u l f u r  r a t e s .  Rais ing t h e  GCOS n i t r o g e n  r a t e  t o  80 l b  N pe r  a c r e  

(T5A) almost doubled t h e  y i e l d  of t he  creeping red fescue  a s  compared wi th  t h e  

s tandard GCOS r a t e  (T5) f o r  1975. Regrowth y i e l d s  of t rea tments  r e c e i v i n g  no 

f e r t i l i z e r  a t  any time were very  much lower than when only  n i t rogen  and s u l f u r  

were appl ied  i n  August. The higher  f e r t i l i z e r  r a t e  t rea tment  i n  t h e  p l o t s  t h a t  

received no a d d i t i o n a l  n i t rogen  and phosphorus gave h igher  regrowth y i e l d s  than 

t h e  lower r a t e  t rea tment ,  and l iming  had no in f luence  on t h e  y i e l d s  of t h e  

regrowths. The combined bromegrass and creeping  red  fescue  regrowth y i e l d s  

were e s s e n t i a l l y  of t he  same p a t t e r n  a s  those  of c reeping  red f e scue ,  discussed 

above. 
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S o i l  Nut r ien t  Levels  a t  F i r s t  Harvest 

Analyses of t he  s o i l  samples taken from t h e  p l o t s  a t  ha rves t  of t h e  

g ra s ses  (two months a f t e r  f e r t i l i z e r s  were app l i ed )  a r e  given i n  Table 11. 

S o i l  pH of the  n i l  t rea tment  remained unchanged from the  sampling of  November 

1974; the  0 t o  24 inch  depths  a l s o  remained unchanged. In a l l  t rea tments  

t h e  24 t o  36 inch  depth approached n e u t r a l i t y .  The a d d i t i o n s  of f e r t i l i z e r  

d id  n o t  appear t o  have changed t h e  pH much i n  t h e  four  sampling depths.  

Liming r a i sed  the  pH l e v e l  of t he  su r f ace  0 t o  6 inches  only very  s l i g h t l y .  

An examination of the  limed p l o t s  i nd ica t ed  t h a t  t he  l ime had n o t  moved deeper 

than t h e  su r f ace  0 t o  % i nch  depth. S a l t  ( e l e c t r i c a l  conduc t iv i ty )  l e v e l s  

i n  t h e  n i l  t reatment  remained a t  a s a f e  l e v e l  a s  was observed i n  t h e  November 

1974 sampling. The 1974 sampling had ind ica t ed  a s l i g h t l y  e l eva t ed  s a l t  l e v e l  

a t  t h e  6 t o  12 inch  depth;  a l though t h i s  was s t i l l  t h e  case  i n  1975 i t  was 

not  a s  high a s  i n  1974. F e r t i l i z e r s ,  e s p e c i a l l y  l ime,  very  s l i g h t l y  r a i s ed  

the  s a l t  l e v e l s  i n  t h e  s u r f a c e  0 t o  6 inch  depth  bu t  they  remained a t  very  

s a f e  l e v e l s .  

Mineral n i t rogen  l e v e l s  on t h e  n i l  t rea tment  remained very low a t  a l l  

t imes of sampling f o r  a l l  depths  sampled (Tables 6 and 11 ) .  F e r t i l i z e r  

n i t rogen  was l a r g e l y  accounted f o r  i n  t h e  s o i l  i n  t h e  f i r s t  t h r ee  weeks a f t e r  

app l i ca t ion  (Table 6) bu t  i t  disappeared very r a p i d l y  a f te rwards ,  u n t i l  a f t e r  

two months very l i t t l e  of i t  was t o  be de tec ted  i n  t h e  mineral  form. Nitrogen 

l e v e l s  i n  t he  s o i l ,  r e g a r d l e s s  of the  r a t e  of a p p l i c a t i o n ,  w i th  o r  wi thout  l i m e  

(Table 11)  had dropped c l o s e  t o  t h e  l e v e l s  of t h e  n i l  t rea tment  i n  t h e  f i n a l  

s o i l  ana lyses  f o r  n i t rogen .  

S o i l  samplings a t  d i f f e r e n t  d a t e s  of t rea tment  T (Table 6 ) ,  ana lyses  
3 

of t he  run-off water c o l l e c t e d  (Table 4 ) ,  and t o t a l  n i t rogen  con ten t s  of t h e  

tops  of t he  c reeping  red fescue  and bromegrass (Table 9) i nd ica t ed  t h a t  most 

of t he  n i t rogen  appl ied  was absorbed by t h e  bromegrass and c reep ing  red fescue.  

It could s a f e l y  be assumed t h a t  most of t h e  app l i ed  f e r t i l i z e r  n i t r o g e n  n o t  



Table 11. pH, e l e c t r i c a l  conduc t iv i t y  ( s a l i n i t y )  and minera l  n i t r o g e n  
l e v e l s  i n  s o i l  samples taken  two mon ths . a f t e r  f e r t i l i z e r s  
and l i m e  were a p p l i e d  on a vege t a t ed  GCOS t a i l i n g s  pond d ike .  

To, N i l  
0 - 6  
6-12 

12-24 
24-36 

TI, NPKS 
0- 6 
6-12 

12-24 
24-36 

T2, NPKS + Lime 
0- 6 
6-12 

12-24 
24-36 

T-3, N P K S 
0- 6 
6-12 

12-24 
24-36 

T4, N P K S + Lime 
0- 6 
6-12 

12-24 
24-36 

Tg, GCOS Rate 
0- 6 
6-12 

12-24 
24-36 

- 
pH Cond. NH4+ N03 

NH p l u s  
(mholcm) (ppm) 

4 
( P P ~ )  NO3 ( P P ~ )  

6.4 0 .51  2 . O  0 .3  2.32 
6.4 0.58 0.9 0.5 1.36 
6.7 0.36 0.5 0 .3  0.79 
7.0 0.44 0.7 0.6 1.35 

6.3 0.58 3.0 1 .O 3.95 
6.6 0.54 0.7 1.1 1 .81  
6.8 0.42 1.1 1.1 2.20 
6.9 0.39 0.3 1.1 1.35 

6.7 0.83 3 .1  0 .5  3.50 
6.7 0.67 1.2 0.7 1.97 
6.9 0.47 1.0 0 0.96 
7.4 0.46 1.1 0.1  1 .13  

6 .2  0.58 4 .1  1.1 5.20 
6.4 0.69 1.9 0.2 2.15 
6.7 0.52 0.2 0.2 0.46 
6.8 0.42 0.2 0.5 0.62 

6.7 0.76 5.6 1 .2  6.83 
6.4 0.71 1 .0  0 0.96 
6.9 0.39 0.5 0.5 0.96 
7.4 0.42 0.2 0.5 0.74 

6.5 0.53 2.0 0.6 2.65 
6.6 0.63 0.6 0.5 0.74 
7.6 0.55 0.2 0.6 0.79 
7.9 0.54 0 0 0.28 



accounted f o r  i n  t h e  run-off water ,  s o i l  samples and con ten t s  of t h e  g r a s s  

tops  is  t i e d  up i n  the  r o o t s  of t he  g ra s ses .  

F e r t i l i z e r  E f fec t s  on the  E n t i r e  Season's Growth i n  t he  
S ingle  Harvest 

The d ry  mat te r  y i e l d s  of a s i n g l e  ha rves t  of the  e n t i r e  growing season,  

f o r  both bromegrass and creeping  red fescue  r ece iv ing  t h e  i n i t i a l  f e r t i l i z e r s  

and lime t rea tments  i n  June and t h e  a d d i t i o n a l  n i t r o g e n  and s u l f u r  t rea tments  

i n  August, a r e  summarized i n  Table 12. The ha rves t  was c a r r i e d  o u t  on October 

7 and each harvested a r e a  measured 2 by 2 f e e t .  

Bromegrass y i e l d s  were gene ra l ly  h igher  wi th  f e r t i l i z a t i o n ,  b u t  t h i s  

probably was g r e a t l y  inf luenced by the  i n i t i a l  bromegrass compositions i n  t h e  

harvested a reas .  Yields  of t he  c reeping  red fescue ,  and t h e  combined brome- 

g ra s s  and creeping  red fescue ,  give more c l o s e l y  t h e  o v e r a l l  y i e l d s  a s  

a f f e c t e d  by the  f e r t i l i z e r  and l ime t rea tments .  The a p p l i c a t i o n  of 80 l b  N 

and 8 l b  S alone (T ) a s  l a t e  a s  mid-August more than doubled t h e  d r y  mat te r  
OA 

y i e l d  of t he  combined grasses .  Both h igher  and lower f e r t i l i z e r  r a t e s  i n  

t h e  limed and unlimed t rea tments  gave about t h e  same y i e l d s  of combined g ra s ses .  

The s l i g h t l y  h igher  y i e l d s  i n  some t rea tments  make l i t t l e  d i f f e r e n c e  i n  t h e  

ground cover thus provided. Yield obtained by apply ing  only  80 l b  N and 8 l b  S 

per  a c r e  (T ) even i n  mid-summer provided almost a s  much y i e l d  o r  ground cover 
OA 

a s  t h e  e n t i r e  GCOS r a t e  f o r  1975 (T5) ,  appl ied  once i n  June and once i n  August. 

Addit ional  n i t rogen ,  r a i s i n g  the  1975 GCOS n i t rogen  r a t e  t o  80 l b  N p e r  a c r e ,  

gave an 11 percent  h igher  y i e l d  than t h e  o r i g i n a l  GCOS r a t e .  In  comparison 

wi th  the  combined t o t a l  y i e l d s  of t h e  f i r s t  and second h a r v e s t s  (Table 13)  t h e  

s i n g l e  ha rves t  a t  t he  end of t h e  growing season gave c o n s i s t e n t l y  lower y i e l d s  

f o r  t he  same t rea tments ,  except  f o r  t h e  n i l  and t h e  unlimed lower f e r t i l i z e r  



Table  12 .  Dry m a t t e r  y i e l d s  ( f o r  e n t i r e  growing season)  o f  bromegrass  
and c r e e p i n g  r e d  f e s c u e  as a f f e c t e d  by f e r t i l i z e r  and l i m e  
t r e a t m e n t s  on a v e g e t a t e d  t a i l i n g s  pond d i k e .  

Bromegrass I ~ e s c u e - - 1  C.  R. Fescue  
( y i e l d  ( t o n s  / a c  .) Ave. 3 r e p l i c a t e s )  

T 
0 

N i l  

* 
Pre-1975 growth = 2.13 t o n s  p e r  a c r e  (Tab le  6 )  

 to^ N i l  p l u s  NS 

T 1 ~  
NPKS ? l u s  NS 

2~ 
NPKS + l i m e  p l u s  NS 

T N P K $ p l u s  N2S2 
3A 2 2 2 ' 2  

N P K S + l i m e  p l u s  N2S2 
T 4 ~  2 2 2 2 

5 
GCOS Rate  ( s p r i n g  and summer) 

T 5 ~  
GCOS Rate  ( s p r i n g  & summer)plus N 

Pre-1975 growth and dead 1975 growth = 2.51 t o n s  p e r  a c r e .  The d i f f e r e n c e  
of 0.38 t o n s  p e r  a c r e  i s  i n c l u d e d  i n  t h e  y i e l d  o f  t h e  c r e e p i n g  
r e d  f e s c u e  -- t h i s  r e p r e s e n t s  dead 1975 growth accumula t ing  
between t h e  f i r s t  and second h a r v e s t s .  

0.08 

0.08 

0.05 

0.34 

0.08 

0.08 

0.05 

1 .29 

1.98 

2.30 

1 . 9 3  

2.07 

1 .42  

1.62 



Table  1 3 .  A comparison of g r a s s  t o n s  i n  t h e  1975 ~ r o w i f i g  season .  

Harves t  

Y i e l d  
Second 

Harves t  
(Oc t o b e r )  

t o n s  / a c r e )  

T N i l  
0 

*1A 
NPKS p l u s  NS 

T 2 ~  
NPKS + l ime  p l u s  NS 1 1.99 

T3A N P K $ p l u s  N S 
2 2 2 ' 2  2 2 1 2 . 3 1  

N P K S + l i m e  p l u s  N2S2 1 2 . 3 4  T 4 ~  2 2 2 2 
I 

Table  14 .  Changes i n  y e r c e n t  bromegrass and c r e e n i n g  r e d  f e s c u e  com?osi t ion 
between tuo  h a r v e s t ?  i n  Aueust and October under d i f f e r e n t  f e r t i -  
l i z e r  and l ime  t r e a t m e n t s .  

X d i s t r i b u t i ~ n  \'by ~ . r e i g h t )  

- Bromegrass 
F i r s t  1 

Harves t  Harves t 4- 
T N i l  

0 

 to^ N i l  p l u s  NS 

T1 NPKS 

T 1 ~  NPKS p l u s  NS 

NPKS + l ime  

NPKS + l ime  p l u s  NS 

N2P2K2S2 
N P K S ~ l u s  N2S2 2 2 2 2 
N2P2K2S2 + l ime  

N P K S + l i m e  p l u s  N2S2 2 2 2 2  
GCOS r a t e  ( s p r i n g  & summer) 

T 5 ~  
GCOS r a t e  ( s p r i n g  & summer) + 



r a t e  t rea tments .  A danger of major e ros ion  may, perhaps,  be a d e t e r r e n t  t o  

t ak ing  a hay crop,  a s  t he  only cover provid ing  assurance a g a i n s t  run-off 

would be temporar i ly  removed. 

Rela t ionship  of F e r t i l i z a t i o n  and Grass Composition 
i n  t h e  F i r s t  and Second Harvest Areas 

Percent  compositions of t h e  bromegrass and t h e  c reeping  red fescue  f o r  

t h e  two h a r v e s t s  i n  each of t he  2 by 6 f o o t  a r e a s  i n  August and October seemed 

t o  have changed depending on the  f e r t i l i t y  l e v e l  of t he  s o i l .  I n  t h e  n i l  

t reatment  t h e  bromegrass regrowth was e s s e n t i a l l y  n i l  a s  compared wi th  n e a r l y  

11 percent  i n  t h e  f i r s t  ha rves t  (Table 1 4 ) .  The d e c l i n e  was only  p a r t i a l  

where only n i t r o g e n  and s u l f u r  were appl ied  i n  mid-August (T . In a l l  o t h e r  0 A 

t rea tments  where f e r t i l i z e r s  and l ime were appl ied  i n  June and no a d d i t i o n a l  

n i t r o g e n  and s u l f u r  were appl ied  i n  August, t h e  percent  composition of brome- 

g r a s s  dec l ined  somewhat. The a d d i t i o n a l  n i t rogen  and s u l f u r  appl ied  i n  

August e i t h e r  maintained t h e  same percent  bromegrass composition o r  increased  it .  

In t h e  GCOS r a t e s  (T and T ) percent  bromegrass dec l ined .  Th i s  perhaps was 
5 5A 

due t o  t he  gene ra l ly  lower f e r t i l i z e r  r a t e s ,  e s p e c i a l l y  of n i t rogen .  It 

appears  t h a t  w i th  d e c l i n i n g  f e r t i l i t y  t h e  bromegrass w i l l  probably d i e  ou t  and 

t h e  c reeping  red fescue  may even tua l ly  be t h e  s o l e  s p e c i e s  remaining. 

OBSERVATIONS RELATING TO -- FUTURE VEGETATION 

PROGRAMS ON DIKES 

Erosion 

The t a i l i n g s  sand i s  very e a s i l y  eroded by water  and i s  r e a d i l y  d i spe r sed  

by small wind gus t s .  Erosion i s  c l e a r l y  ev iden t ,  even a f t e r  a r a i n f a l l  a s  low 

a s  0 .1  i nch  (2.54 mm), i f  t he  s u r f a c e  of t h e  sand i s  ba re .  Although t h e  

i n f i l t r a t i o n  r a t e  of t h e  sand i s  expected t o  be h igh ,  t h e  dry  s u r f a c e  t ends  



t o  w e t  slowly and water t ends  t o  move downslope very  r e a d i l y ,  s t a r t i n g  e r o s i o n  

channels .  With a  s l i g h t l y  heav ie r  r a i n f a l l  e r o s i o n  becomes seve re  and becomes 

s e r i o u s  w i th  h igh  i n t e n s i t y  r a i n f a l l s  of 1 inch  (25.4 mu) o r  more. With pea t  

spread on t h e  sand o r  mixed i n  wi th  t h e  sand,  s u r f a c e  water  run-off is  g r e a t l y  

reduced, a s  is  t h e  e ros ion  hazard.  I n  a  more r e c e n t l y  vege ta ted  a r e a  where 

t h e r e  a r e  a r e a s  wi th  l i t t l e  s u r f a c e  p e a t ,  e ro s ion  channels  e x i s t  and w i t h  t ime 

they could become major problems. 

With h igher  r a i n f a l l  i n t e n s i t y ,  such a s  occurred on Ju ly  1 3  -- 3.50 

inches  on t h e  d i k e  w i th in  24 hours  -- s u r f a c e  water run-off w i th  accompanying 

e ros ion  becomes a  major problem, even on t h e  vege ta ted  a r e a s  on t h e  d i k e  ( P l a t e  3 ) .  

Run-off water and seepage water  ( P l a t e  4) tend t o  c o l l e c t  on t h e  berms and t h e  

water e i t h e r  channels  downslope ( P l a t e  3)  o r  moves a s  a  t a i l i n g s  sand bear ing  

shee t  over wide a r e a s ,  f l a t t e n i n g  t h e  v e g e t a t i v e  cover  and burying i t  under sand. 

Severe e ros ion  may occur on t h e  s lopes  and deep e ros ion  channels  may form on t h e  

berms. I n  most i n s t ances  such downslope movement of t h e  water r e s u l t s  i n  washouts 

o f t e n  more than  15  f e e t  deep a t  t h e  f o o t  of t h e  d i k e  ( P l a t e  3 ) .  Repair  of t h e  

e ros ion  damage caused could be very  expensive a s  t h e s e  channels  have t o  be r e f i l l e d ,  

peat  moved onto t h e  s i t e  and t h e  s i t e  f e r t i l i z e d  and reseeded.  A s  t h e  t a i l i n g s  

pond d i k e  i s  supposed t o  be a  permanent s t r u c t u r e  t h e  des ign  of such f u t u r e  d i k e s ,  

e s p e c i a l l y  t h e  engineer ing  of t h e  berms, should probably be recons idered  t o  

minimize seepage and massive downslope movement of water  from t h e  berms, a s  

cons iderab le  damage o r  s eve re  environmental degrada t ion  could r e s u l t  from a h igh  

i n t e n s i t y  r a i n f a l l .  

Coke was employed t o  s t a b i l i z e  t h e  lower p a r t  of t h e  t o e  of t h e  d ike .  

The coke has  been h ighly  s u s c e p t i b l e  t o  e ros ion  and a t t empt s  t o  v e g e t a t e  t h e  

a r e a s  have m e t  wi th  l i t t l e  success .  



Erosion on t h e  overburden p i l e s  e x i s t s  on both unvegetated and 

vegetated a r e a s .  Seepage i n  some a r e a s  could r e s u l t  i n  slumping which could 

damage s e r v i c e  roads  and s e t  back a vege ta t ion  program. 

Presence of S a l t s  

Evidence from a s i t e  on t h e  d i k e  where the  t a i l i n g s  sand was probably 

over  two yea r s  o ld  a t  sampling, i n d i c a t e s  (Table 15)  some downward movement 

of s a l t s .  S a l i n i t y ,  pH and sodium l e v e l s  a l l  i nc rease  wi th  depth ;  f o r  pH t h e  

s i g n i f i c a n t  i nc rease  appears  t o  be a t  t h e  12-inch depth ,  whi le  f o r  sodium and 

s a l i n i t y  t h e  s i g n i f i c a n t  i nc rease  i s  a t  t h e  36-inch depth.  

S a l t  l e v e l s  i n  t h e  su r f ace  0 t o  36 inch  l a y e r  on t h e  t a i l i n g s  pond 

d i k e  a r e  no problem a s  f a r  a s  t h e  g r a s s e s  growing on i t  a r e  concerned (Table 1 1 ) .  

The t o e  of t h e  d i k e ,  however, shows some evidence of s a l t  concen t r a t ions  which 

may i n  t h e  f u t u r e  be a problem so  long a s  water cont inues  t o  seep on t h e  d ike .  

Along t h e  t o e  of t h e  d i k e  evidence of h igh  salt concen t r a t ions  i s  t o  be found, 

a r e s u l t  of seepage water f i nd ing  i t s  way i n t o  dra inage  water  ( P l a t e  6) i n  t h e  

d i t c h .  Estimated average depth of t h e  concen t r a t ion  of s a l t s  a t  t h e  t o e  of t h e  

d i k e  i s  about 30 t o  36 inches and i s  concent ra ted  i n  t h e  w e t t e r  zones ( P l a t e  7 ) .  

On t h e  overburden p i l e s  s e v e r a l  a r e a s  have h igh  s a l t  concen t r a t ions  

which could hinder  what should normally be a r e l a t i v e l y  e a s i e r  vege ta t ion  program 

( P l a t e  5 ) .  While some of t h e  s o i l  on t h e  s u r f a c e  may i n i t i a l l y  be s l i g h t l y  h igh  i n  

sal t ,  t h e  main problem i s  t h a t  t h e  s a l t  is  cont inuously being brought t o  t h e  s u r f a c e  

by seeping water .  With continuous seepage from t h e  p i l e s ,  t h e  s a l t  concen t r a t ion  

on t h e  s u r f a c e  may p rog res s ive ly  i n c r e a s e ,  t hus  posing a cont inuous problem. 

Vegetat ion a l r eady  e s t a b l i s h e d  on t h e  p i l e s  may even tua l ly  d i e  o f f  a s  t h e  s a l t  

concen t r a t ion  cont inues  t o  i nc rease .  



Table 15. E l e c t r i c a l  conduct iv i ty ,  ?H and sodium l e v e l s  of a  t a i l i n g s  
pond a t  d i f f e r e n t  depths w i t h i n  a n  u n v e ~ e t a t e d  a rea  of t h e  
GCOS t a i l i n g s  pond d ike .  

Depth Conduct ivi ty  PH Na 
( i n >  (mmho /cm) (ppm) 

0-6 0.203 7.65 5 .C 

6-12 0.178 8 .10  5 .2  

12-18 0 .225 8 . 6 5  5 .0  

18-24 0.243 8 .75 20.0 

24-36 0.269 8 .95 15 .0  

36-48 0.377 8 .95 40.1) 

48-60 0.708 8.90 50 .O 

60-72 0.608 8.85 50 . O  



Lean O i l  Sand Areas 

Severa l  a r e a s  on the  overburden p i l e s  have smal l  accumulations of l e a n  

o i l  sand m a t e r i a l .  These a r e a s ,  a l though they  may be considered problem a r e a s ,  

could be r e a d i l y  vege ta ted  wi th  t h e  proper  s o i l  mixes and f e r t i l i z a t i o n  program 

( see  s e c t i o n  on t h e  Bitumen Experiment, P a r t  111).  

Rooting Depth 

Rooting of t h e  g ra s ses  on t h e  vegeta ted  t a i l i n g s  pond d i k e  i s  confined 

almost exc lus ive ly  t o  t h e  s u r f a c e  (Table 16  and P l a t e  7 ) .  About 86 percent  (by 

weight) of t h e  r o o t s  a r e  concentrated i n  t h e  peat  l a y e r .  Ferhaps a g r e a t e r  

percentage and a deeper pene t r a t ion  i n t o  t h e  sand may improve upon t h e  s t a b i l i t y  

of t h e  d i k e ,  t hus  minimizing washouts ( P l a t e  3 ) .  A s tudy  aimed a t  improving upon 

t h e  shal low roo t ing  on t h e  d i k e  may be t h e  only answer t o  t h e  problem. 

Range of Temperatures a t  D i f f e r e n t  Depths of 
Overburden and Dike 

On November 24, 1974 t h e r m i s t o r s  were p lan ted  a t  d i f f e r e n t  depths  on 

an  unvegetated a r e a  on t h e  southern  c r e s t  of t h e  GCOS t a i l i n g s  pond d i k e  and a t  

s e v e r a l  l o c a t i o n s  on unvegetated overburden p i l e  No. 7 t o  determine temperature 

changes over t h e  seasons. On both t h e  d i k e  and t h e  overburden p i l e  t h e  ho le s  

were b a c k f i l l e d  wi th  t a i l i n g s  sand and on t h e  overburden p i l e  b e n t o n i t e  was 

used t o  s e a l  o f f  t h e  su r f ace  t o  precent  t h e  p e r c o l a t i o n  of water  through t h e  

sand. Temperatures were read on about two days dur ing  each week. 

Temperature readings  f o r  one day i n  each month between January and 

October 1975 a r e  summarized i n  Table 17. I n  gene ra l ,  t h e  d i k e  s tayed warmer than 

t h e  overburden p i l e ,  down t o  t h e  g r e a t e s t  depth f o r  which temperature measurements 

were taken on t h e  d ike .  On t h e  overburden p i l e  t h e  tempera tures  on t h e  southwest 

f ac ing  s l o p e  averaged almost two f u l l  degrees  h igher  than  those  taken 



* 
Table 16. Root d i s t r i b u t i o n  on a vegeta ted  a r e a  on t h e  t a i l i n g s  pond di!.:e 

- 
Depth Root ** 
( i n >  Dry w t .  (g) Percent  

* 
The a r e a  had a complete g ra s s  cover and >;as dnmi.na.ted 
by creeping  r ed  fescue  (about 98 pe rcen t ) .  D ~ p t h  o f  

t h e  pea t  va r i ed  between 0 and 5.5 inches .  

** For a 2" x 2" s o i l  core  



Table  17.  Mean s o i l  t empera tu re  (C)  a t  d i f f e r e n t  dep ths  on g iven  days from December t o  October  on unvege ta ted  
overburden p i l e  No. 7 and unvege ta ted  s i t e  on t h e  t a i l i n g s  pond d i k e .  

C r e s t  
( s i t e  1 )  



on t h e  n o r t h e a s t - f a c i n g  s l o p e  i n  t h e  0  t o  230 cm d e p t h .  

S o i l  t empera tu res  remained above f r e e z i n g  a t  a l l  d e p t h s  on t h e  

southwest- facing s l c p e  a s  l a t e  a s  December 19 ,  w h i l e  f r e e z i n g  t e m p e r a t u r e s  

had been encountered as deep a s  t h e  90 cm d e p t h  i n  o t h e r  a r e a s  on t h e  over -  

burden p i l e .  On t h e  d i k e  f r e e z i n g  was l i m i t e d  t o  t h e  s u r f a c e  90 cm;  on t h e  

overburden p i l e  f r e e z i n g  o c c u r r e d  as deep a s  230 cm on t h e  c r e s t  and n o r t h e a s t -  

f a c i n g  s l o p e ,  w h i l e  on t h e  sou thwes t - fac ing  s l o p e  f r e e z i n g  was l i m i t e d  t o  t h e  

s u r f a c e  90 cm,  as on t h e  d i k e .  During t h e  c o l d e r  months (December t o  A p r i l )  

snow cover  ranged between 0 and 15 cm. 

At t h i s  t ime t h e  d i k e  was c o l d e r  a t  t h e  30-cm d e p t h ,  and c o n s i d e r a b l y  

warmer a t  t h e  90-cm d e p t h  (Table 1 8 ) .  The n o r t h e a s t - f a c i n g  s l o p e  and t h e  

c r e s t  o f  t h e  overburden p i l e  were c o l d e r  than  t h e  sou thwes t - fac ing  s l o p e  a t  

b o t h  d e p t h s .  I n  t h e  warmer months (May t o  August;  Table  1 8  and F i g u r e  5 ) ,  

when p l a n t  growth is  g r e a t e s t ,  t h e  d i k e  was t h e  warmest. The sou thwes t - fac ing  

s l o p e  and t h e  c r e s t  o f  t h e  overburden p i l e  were o f  about  t h e  same tempera tu re  

and t h e  n o r t h e a s t - f a c i n g  s l o p e  remained c o l d e r .  Between August and October ,  

when t e m p e r a t u r e s  normal ly  b e g i n  t o  f a l l  i n  t h e  r e g i o n ,  t empera tu re  r e a d i n g s  

(Table  1 7 )  a t  30-cm d e p t h s  i n d i c a t e  t h a t  t h e  s u r f a c e  o f  t h e  d i k e  c r e s t  c o o l s  

f a s t e r  t h a n  t h e  c r e s t  o f  t h e  overburden p i l e  s u r f a c e .  Temperature d r o p s  o v e r  

t h e  s a m e  p e r i o d  i n  t h e  overburden p i l e  i n  d e p t h s  o f  up t o  30-cm a l s o  i n d i c a t e  

t h a t  t h e  n o r t h e a s t - f a c i n g  s l o p e  c o o l s  o f f  more s lowly  t h a n  t h e  c r e s t  o r  t h e  

southwest- facing s l o p e .  

I n  a v e g e t a t i o n  program t h e  d i k e  cou ld  b e  seeded about  mid-May (Table  17), 

0 
when sand t empera tu re  a t  t h e  30-cm d e p t h  i s  expec ted  t o  b e  above 5  C ,  even 

though t h e  minimum a i r  t empera tu re  may be  s l i g h t l y  below f r e e z i n g ,  assuming 

t h a t  t h e  s i x  i n c h e s  o f  p e a t  s p r e a d  on t o p  warms up j u s t  a s  f a s t  a s  t h e  sand .  

The e x c e p t i o n  t o  t h i s  i s  perhaps  t h e  n o r t h - f a c i n g  s l o p e s ,  where t e m p e r a t u r e s  

may remain lower p a s t  t h i s  d a t e .  On t h e  overburden p i l e s ,  w i t h  t h e  e x c e p t i o n  

o f  t h e  n o r t h - f a c i n g  s l o p e s ,  t e m p e r a t u r e s  a t  t h e  30-cm dep th  are a l s o  h i g h  
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Table  1 8 .  Comparison o f  s o i l  t empera tu res  (C) a t  two c r i t i c a l  d e p t h s  
d u r i n g  t h e  c o l d e r  months (December t o  A p r i l )  and t h e  warmer 
growing season  months (May t o  August) on unvege ta ted  over-  
burden p i l e  No. 7  and unvege ta ted  t a i l i n g s  ~ o n d  d i k e .  

Overburden P i l e  No. 7  
N.E.  f a c i n g  s l o p e  

Average Temperatures (C) - - 
Colder  months Warmer months1 m ~ ~ ~ ~ f i s O f f s o f  
(Dec. t o  A p r i l )  

Crest 
( s i t e  1 )  

30-cm dep th  
90-cm dep th  

( s i t e s  4 and 7) 
301cm dep th  
90 cm d e p t h  

S  .W. f a c i n g  s l o p e  
( s i t e s  2  and 3) 

30-cm dep th  
90-cm dep th  

(Fhy t o  Rug.) 

- 2.5 
- 2.7 

( S e p t . - ~ c t . )  

A i r  temperatureL 
Maximum 
Minimum 

T a i l i n g s  Pond Dike 
Crest 

30-cm dep th  
90-cm d e p t h  

Snow cover  I O l5 

- 3.3  
- 0.9 

a 
October 21  r e a d i n g  on ly  

b ~ e p t e m b e r  29 r e a d i n g  o n l y  

C GCOS Top Gate 

n i l  n i l  



enough f o r  seeding  t o  be s t a r t e d  a s  e a r l y  as mid-May. On t h e  nor th- fac ing  

s lopes  seeding may have t o  be delayed u n t i l  June. 

TENTATIVE PRACTICAL IMPLICATIONS 

(1) It would appear t h a t  good v e g e t a t i v e  cover  can be maintained on t h e  

d ike  i f  t he  f e r t i l i z e r s  a r e  appl ied  a t  n o t  l e s s  than 80 l b  N ,  40 l b  P 

and 80 l b  K pe r  a c r e  per  year .  

( 2 )  One f e r t i l i z e r  a p p l i c a t i o n  i n  June may be s u f f i c i e n t  i n  view of t h e  

s h o r t  growing season of t h e  a r e a .  However, two f e r t i l i z e r  a p p l i c a t i o n s  

appeared t o  be more e f f e c t i v e  than one. 

(3 )  Lime is  p r e s e n t l y  n o t  r equ i r ed ,  b u t  t h e  p o s s i b i l i t y  e x i s t s  of t h e  

d ike  becoming a c i d  over  t he  yea r s  a s  a  r e s u l t  o f  SO emissions from t h e  
2 

e x t r a c t i o n  p l a n t  and s u l f u r  d u s t ;  t h e  pH of t h e  d ike  should be 

monitored yea r ly .  

(4) Removal of t he  g ra s ses  a s  hay crop i s  poss ib l e ,  a s  regrowth gene ra l ly  

was good, bu t  would appear  t o  be q u i t e  undes i rab le  a s  removal of a  

crop means t h a t  even h igher  amounts of f e r t i l i z e r  n u t r i e n t s  would be 

requi red .  A hay crop removal a l s o  c a r r i e s  w i th  i t  the  increased  danger 

of e ros ion  a s  t h e  g ra s s  cover  which minimizes run-off is  temporar i ly  

removed. 

(5) Our r e s u l t s  i n d i c a t e  t h a t  s o i l  n u t r i e n t  s t a t u s  has  an important  e f f e c t  

on p l a n t  spec i e s  d i s t r i b u t i o n .  Bromegrass was favored over  c reeping  

red fescue  by high f e r t i l i z e r  app l i ca t ions .  

( 6 )  The v e g e t a t i v e  cover p r e s e n t l y  on t h e  experimental  s i t e  appears  t o  be 

capable of prevent ing  e ros ion  i f  l a rge - sca l e  channe l l i ng  of run-off 

water  could be prevented. 



(7) Root p e n e t r a t i o n  o f  t h e  d i k e  i s  v e r y  sha l low.  Roots  a r e  c o n f i n e d  

a lmos t  e x c l u s i v e l y  t o  t h e  p e a t  l a y e r ,  which i s  g e n e r a l l y  n o t  d e e p e r  

t h a n  6 i n c h e s .  A s t u d y  i s  r e q u i r e d  t o  de te rmine  ways o f  improving 

r o o t i n g  dep th  t o  beyond t h e  p e a t  l a y e r .  T h i s  may c o n s i d e r a b l y  

improve s l o p e  s t a b i l i t y .  

(8) L i t t l e  o f  t h e  f e r t i l i z e r  n i t r o g e n  was l o s t  i n  t h e  s m a l l  s u r f a c e  run- 

o f f  w a t e r  c o l l e c t e d .  There  was l i t t l e  e v i d e n c e  t o  s u g g e s t  t h a t  

l e a c h i n g  l o s s e s  of t h e  f e r t i l i z e r  n i t r o g e n  was a  problem. 

(9)  There  was no ev idence  t h a t  any o f  t h e  n a t i v e  p l a n t s  i n  t h e  a r e a  had 

v o l u n t a r i l y  e s t a b l i s h e d  themselves  on t h e  e x p e r i m e n t a l  p l o t .  The 

seeded c u l t i v a t e d  s p e c i e s  form t h e  e n t i r e  cover .  E f f o r t s  shou ld  be  

made t o  e v e n t u a l l y  deve lop  a  s t a b l e  n a t i v e  cover  on t h e s e  s l o p s  and 

t o  de te rmine  t h e  most a p p r o p r i a t e  t i m e  d u r i n g  t h e  r e v e g e t a t i o n  

program t o  i n t r o d u c e  n a t i v e  p l a n t  s p e c i e s .  









PART 111 

GROWTH CHAMBER EXPERIMENT S 

MAT ERIAI, S 

Overburden m a t e r i a l s ,  t a i l i n g s  sand, pea t  and heavy and l e a n  t a r  sand 

m a t e r i a l s  c o l l e c t e d  from the  Syncrude and GCOS l e a s e s  were used i n  a s e r i e s  

of growth chamber s t u d i e s .  These experiments were conducted between December 

1974 and September 1975. Some chemical and phys i ca l  p r o p e r t i e s  of t h e s e  

m a t e r i a l s  a r e  given i n  Table 19. The m a t e r i a l s ,  whose p r o p e r t i e s  vary  widely,  

a r e  descr ibed  below. 

T a i l i n g s  Sand 

This  m a t e r i a l ,  which was s t o r e d  i n  t h e  open from s i x  t o  twelve months 

a f t e r  pass ing  through t h e  o i l  e x t r a c t i o n  p l a n t ,  was n e a r  n e u t r a l  and non- 

s a l i n e  i n  s p i t e  of t h e  f a c t  t h a t  NaOH i s  used i n  t h e  bitumen e x t r a c t i o n  process .  

The e l e c t r i c a l  conduc t iv i ty  i s  s i m i l a r  t o  t h a t  of t h e  Malmo s o i l  and t h e  

sodium content  on a weight b a s i s  i s  s l i g h t l y  lower. Sodium, however, dominates 

t he  exchangeable c a t i o n  s i t e s  i n  t h e  sand t o  a much g r e a t e r  e x t e n t  than i n  t h e  

high y i e l d i n g  Malmo s o i l .  Fresh  t a i l i n g s  a r e  t o  be expected t o  be  much h ighe r  

i n  sodium. Levels  of major p l a n t  n u t r i e n t s ,  however, a r e  extremely low and t h e  

t a i l i n g s  would r e q u i r e  heavy f e r t i l i z a t i o n  i n  o r d e r  t o  suppor t  any vege ta t ion .  

The s u l f a t e  s u l f u r  l e v e l  i s  h igh ,  and t h e  h igher  l e v e l  i n  a n  o l d e r  sample of 

t a i l i n g s  i n d i c a t e s  t h a t  e x t r a c t i o n  p l a n t  emissions i n c r e a s e  s u l f a t e  l e v e l s  w i t h  

time. No carbonates  a r e  p re sen t  b u t  b icarbonates  a r e .  The c a t i o n  exchange 



Table 19. P r o p e r t i e s  of s o i l s  a d  o t h e r  r e l a t e d  n ~ a t z r i a l s  from Syncrude and 
G.C.O.S. l e a s e s  a t  For t  :!cYurray, used i n  the  growth chamber s t u d i e s .  

T o t a l  /. 
P a r t i c l e  s i z e  reistu.e Y t  .. . 

- - 
Cond. :iH + NO - m i n e r a l  Org. Organic CaC03 T o t a l  S u l f a t e  Exch;u?jie complex, nr /100 R d i s t r i b u t i ~ d  fiPld ,.- 

S a;.;c:x . ,,!,. r h o  4 3 N  C mat te r  P K Sa  Ca equiv.  N 
-- 

'Laterials p!i p e r  cn ppm. ppm ppm % % ppm ppm ppm ppm % % qpm CEC l: Ca Na ME Sxid  S i l t  Clay ( l i 3  i d r . ?  > ~ i l )  
---- -- -- - 

S : . n c r ~ d e  o v e ~  
! 8 burl.:n 7.40 2.46 3.18 t r a c e  0.18 1.24 - 3.5 32.5 65  i;170 4.48 O.Oi9 278.4 3.9 0.6A 12.00 0.43 1.70 b4.8 18.4 16.8 - . c  

1 8  
GCCS overburden 7.75 1 . 5 1  t r a c e  t r a c e  t r a c e  1.89 - 3.5 60.0 75 1555 3.53 0.024 232.0 3.9 1.30 13.25 0 .43  2.80 59.9 21.0 14.1 

:a. 5 

>:s::.,7 o i l  sj:.'! 
(CCC3 r i n e  ; i* . , ,  

s i t e i  5.70 0.19 t r a c e  t r a c e  t r a c e  10.70 - 2.5 12.5 50 90 - 0.049 48.0 2.9 0.h4 0.25 0.43 0 . 4 8  66.0 30.4 1.6 
_..... 

ir;-. oil s a i d  
( a i r - d r i e d )  6.75 0.15 t r a c e t r a c e  t r a c e  6.12 - 2.0 7.5 $5 145 - 0.037 6 . 3  2.9 0.26 5.00 0.22 0.35 96.2 0.6 3.2 i < ;C .3  

P e a t  (GG?S, 
d r a i m a j  4.10 6.16 t r a c e  t r a c e  t r a c e  56.75 97.60 4.0 130.0 230 3250 - 0.863 460.0 127.1 3.80 33.25 0.65 9.OA - - - .'SO*+ 

** on sn - i r  d r y  bas i s  I 



c a p a c i t y i s  t h a t  t o  be expected f o r  a sand, and t h e  dominant c a t i o n  i s  sodium. 

Residue of o i l  i n  t h e  s ieved (2 mm) sample i s  low (0.15 p e r c e n t ) .  The t a i l i n g s  

sand, once a i r -d ry ,  does n o t  re-wet r e a d i l y  and evenly without  inanual mixlng; 

on t h e  o t h e r  hand, when wet i t  tends  t o  hold more water  than would be 

expected of any m a t e r i a l  whose sand f r a c t i o n  i s  n e a r l y  97 percent  of t h e  

p a r t i c l e  s i z e  d i s t r i b u t i o n .  

Overburden Materialg-, Syncrude and GCOS 

The overburden p i l e s  would be expected t o  va ry  i n  t h e i r  p r o p e r t i e s  

because of d i f f e r e n c e s  i n  t h e  m a t e r i a l s  comprising each p i l e .  The two p i l e s  

sampled, however, d id  no t  e x h i b i t  wide d i f f e r e n c e s  i n  t h e i r  p r o p e r t i e s .  Thei r  

r e a c t i o n  i s  s l i g h t l y  above n e u t r a l i t y ,  and al though t h e  s a l i n i t y  l e v e l  is  

h igher  than i n  most a g r i c u l t u r a l  s o i l s  t h e  l e v e l  a s  i s  wo~lld have ha rd ly  any 

de t r imen ta l  e f f e c t  on most c rops .  Movement of t h e s e  s a l t s  and t h e i r  

accumulation a t  t h e  s o i l  su r f ace  o r  i n  l o c a l i z e d  s p o t s  w i th in  t h e  p i l e  w i l l  

cause some problems i f  t h e  p i l e  i s  t o  be vegeta ted  o r  used i n  v e g e t a t i n g  mined 

sand. Major p l a n t  n u t r i e n t  l e v e l s  a r e  low, and t h e r e f o r e  f e r t i l i z e r s  would be 

requi red  t o  ensu re  r ap id  p l a n t  growth. S u l f a t e  s u l f u r  l e v e l s  a r e  high,  and t h e  

p i l e s  a r e  s l i g h t l y  ca lcareous .  The low c a t i o n  exchange c a p a c i t i e s  a r e  due t o  

t he  high sand content  and r e l a t i v e l y  low organic  carbon con ten t .  The h igh  l e v e l  

of calcium i n  t h e  exchange complex aga in  emphasizes t h e  presence of some f r e e  

carbonates  ( so lub le  i n  1 N  - ammonium a c e t a t e ) .  Bitumen content  i s  about  one percent  

i n  t hese  two samples; however, t h i s  l e v e l  (which i s  s a f e  i n  terms of p l a n t  growth) 

i s  exceeded i n  s e v e r a l  small  a r e a s  w i th in  a l l  overburden p i l e s ,  i n  which a r e a s  

they could be c l a s s i f i e d  e s s e n t i a l l y  a s  l e a n  o i l  sand. 



Heavy and Lean O i l  Sands 

These two sandy m a t e r i a l s  were found t o  be h igh  i n  crude bitumen 

content  and genera l ly  low i n  p l a n t  n u t r i e n t s :  e i t h e r  of t hese  condi t ions  would 

c o n s t i t u t e  a  major problem i n  vege ta t ing  these  m a t e r i a l s .  S o i l  r e a c t i o n  and 

s a l i n i t y  l e v e l s ,  a s  measured i n  t h e  presence of bitumen, a r e  w i th in  accep tab le  

ranges f o r  p l an t  growth. The s u l f a t e  s u l f u r  l e v e l  i s  h igh  i n  t h e  heavy o i l  

sand..  The bitumen content  i s  h igh  i n  t he  heavy o i l  sand, so t h a t  t h e  m a t e r i a l  

when used a s  a  growth medium would probably be de t r imen ta l  t o  t h e  growth of a  

wide range of p l a n t s ,  inc luding  many p l a n t s  adapted t o  t h e  e c o l o g i c a l  environ- 

ment of the  o i l  sands a rea .  

Pea t s  

Peat  samples taken wi th in  the  Syncrude and GCOS l e a s e s  range i n  

r e a c t i o n  from very a c i d  t o  n e a r  n e u t r a l .  A dra ined  sample (whose p r o p e r t i e s  

a r e  given i n  Table 19) from t h e  GCOS mining a r e a  has a  pH of about 4 .1  and a  

low s a l i n i t y  l e v e l .  P l an t  n u t r i e n t  l e v e l s  a r e  low compared wi th  a  minera l  

s o i l  equiva len t .  It i s  a low-lime and high-organic pea t .  A s  a  medium f o r  crop 

production t h i s  peat  would r a t e  a s  very  poor. 

Agr i cu l tu ra l  S o i l  (Malmo) 

Samples of t h i s  s o i l  were obta ined  from t h e  Department of S o i l  Science 

farm a t  E l l e r s l i e .  It has a  s i l t y  c l a y  loam s u r f a c e  t e x t u r e  and i s  considered 

t o  be a  very product ive s o i l .  Samples of t h i s  s o i l  were included i n  t h e  

experiments a s  a  s tandard s o i l  f o r  comparison wi th  t h e  m a t e r i a l s  c o l l e c t e d  from 

t h e  mine a r e a s  a t  For t  McMurray. 



GROWTH OF A RANGE OF PLANT SPECIES ON BITUMEN 

CONTAINING MATERIALS 

In t roduct ion  

Mined a r e a s  which a r e  high i n  bitumen content  and which become exposed 

would have t o  be vegeta ted .  The overburden p i l e s  a l s o  have s c a t t e r e d  a r e a s  

on t h e  s u r f a c e  which may range i n  o i l  conten t  from t r a c e s  t o  l ean  o i l  sands 

l e v e l s ,  and may i n  some a r e a s  approach heavy o i l  sands. In  s e v e r a l  p l aces  i n  

t h e  Syncrude and GCOS l e a s e s  a t  F o r t  McMurray some n a t i v e  s p e c i e s  have been 

found n a t u r a l l y  e s t a b l i s h e d  i n  a r e a s  h igh  i n  o i l  sand con ten t ;  however, 

observa t ions  have ind ica t ed  t h a t  w i th  mining a c t i v i t i e s ,  which d i s t u r b  t h e  

e s t a b l i s h e d  system, i t  becomes very  d i f f i c u l t  f o r  vo lun ta ry  n a t i v e  s p e c i e s  t o  

r e - e s t ab l i sh .  

The o b j e c t i v e  of t h i s  experiment was t o  measure t h e  amount of growth 

of both n a t i v e  and c u l t i v a t e d  g ra s ses  and legumes on l e a n  and heavy o i l  sand 

m a t e r i a l s  i n  t he  growth chamber. The growth of t h e s e  s p e c i e s  on t h e  l e a n  and 

heavy o i l  sand was compared t o  t h e  growth on t h e  a g r i c u l t u r a l  s o i l  (M~lmo) 

t o  determine t h e  e f f e c t  of bitumen on each spec i e s .  

Experimental Procedure 

The experiment i n  t he  growth chamber was s e t  up i n  a randomized b lock  

des ign  wi th  each t rea tment  r e p l i c a t e d  two t imes.  P l a n t  s p e c i e s  grown and s o i l  

m a t e r i a l  mixes used ( t rea tments )  a r e  a s  fol lows:  

(1) S o i l  mixes: 

(a )  Malmo ( a g r i c u l t u r a l  s o i l ) :  1 ,200 g per  po t .  Limed wi th  do lomi t i c  

l imestone ( r a t i o  of 10:1, CaCO :MgCO ) a t  a r a t e  of 2 g pe r  po t .  
3 3 

(b) Malmo-heavy o i l  sand mix: 1 ,300 g per  po t .  Limed wi th  do lomi t i c  

l imes tone  a t  a r a t e  of 1 g pe r  po t  (700 g of a i r -d ry  llalmo and 

600 g of f r e s h  heavy o i l  sand; 3:2 r a t i o  by volume). 



( c )  Lean o i l  sand: 1 , 5 0 0  g  p e r  p o t .  Limed w i t h  d o l o m i t i c  l i m e s t o n e  

a t  a  r a t e  o f  0 .5  g  p e r  p o t .  The m a t e r i a l  had been exposed f o r  

s e v e r a l  y e a r s  and t h e r e f o r e  was p robab ly  d i f f e r e n t  i n  composi t ion 

from a  f r e s h  l e a n  o i l  sand.  

(2) Spec ies :  

( a )  Saximontana f e s c u e  (Festuca saximontana) 

(b)  S lender  wheat g r a s s  (Agropyron trachycauZwnl 

(c )  Bromegrass (SPOT?RAS inerm$s) 

(d) A l k a l i  g r a s s  (PuccineZZia nuttaZziana) 

( e )  Hairy  wi ld  r y e  (EZymus innovatus) 

( f )  Creeping r e d  f e s c u e  (Festuca rubra) 

(g) C i c e r  m i l k  v e t c h  (AstragaZus cicer) 

(h)  S a i n f o i n  (Gnobrychis sp. ) 

( i )  A l f a l f a  (Medicago sp. ) 

(3) R e p l i c a t i o n s :  two. 

The growth chamber environment was s e t  t o  d u p l i c a t e  a s  c l o s e l y  a s  

p o s s i b l e  t h e  summer c o n d i t i o n s  a t  F o r t  McMurray. Daytime tempera tu re  was 

0 
set a t  20 C and n i g h t t i m e  tempera tu re  was s e t  a t  10' C .  Day l e n g t h  was 1 6  

hours .  Cont ro l  of t h e  humidi ty  was somewhat l i m i t e d  i n  t h e  b u i l d i n g  i n  which 

t h e  growth chamber was l o c a t e d .  Humidity i n  t h e  b u i l d i n g  was a lways s e t  a t  

55 p e r c e n t .  The humidi ty  d u r i n g  t h e  growth of t h e  p l a n t s ,  t h e r e f o r e ,  was 

n e v e r  l e s s  t h a n  55 p e r c e n t .  

Two c r o p s  were grown, t h e  f i r s t  from December 30,  1974 t o  May 1 8 ,  1975 

and t h e  second from May 29 t o  September 27,  1975. 

Each t r e a t m e n t  r e c e i v e d  f e r t i l i z e r s  a t  s e e d i n g .  I n  t h e  f i r s t  s e e d i n g  

t h e  f e r t i l i z e r ,  which was a p p l i e d  i n  a  s o l u t i o n ,  was p laced  two i n c h e s  below 



t h e  su r f ace ;  i n  t h e  second seeding i t  was added t o  t h e  t op  of t h e  s o i l .  

A t  t h e  seeding of  t h e  f i r s t  c rop  20 l b  N, 40 l b  P,  68 l b  K and 7.5 l b  S  p e r  

a c r e  on an a r e a  b a s i s  were app l i ed  a s  NH NO KH PO and K2S04. Micro- 
4 3 '  2 4  

n u t r i e n t s  were a l s o  app l i ed  two months l a t e r ,  a t  t h e  same t i m e  t h a t  an 

a d d i t i o n a l  40 l b  N,  1 0  l b  P, 49 l b  K and 1 5  l b  S pe r  a c r e  w e r e  app l i ed .  An 

a d d i t i o n a l  40 l b  N was app l i ed  on A p r i l  24, b r ing ing  t h e  t o t a l  n u t r i e n t s  

app l i ed  t o  t h e  f i r s t  crop t o  100 l b  N, 50  l b  P, 118 l b  K and 22.5 l b  S p e r  

a c r e  p l u s  n i c r o - n u t r i e n t s .  The same micro-nut r ien t  s o l u t i o n  was used i n  a l l  

t h e  growth chamber s t u d i e s .  I ts  composition i s  given below. 

Micronut r ien t  s o l u t i o n :  

(a )  I ron  s o l u t i o n  

6.71 g  F e r r i c  c i t r a t e  

8 .43  g  EDTA 

Dissolved i n  250 m l  d i s t i l l e d  water  and au toc laved  f o r  

20 minutes .  

1 . 0  g  NaCl 

Dissolved i n  1500 m l  d i s t i l l e d  water ,  50 ml of  s o l u t i o n  (a )  

added and made t o  2000 m l  Micronu t r i en t  s o l u t i o n  app l i ed  a t  t h e  

rate of 4  m l  pe r  po t .  



I n  t h e  second seeding i n  May, 40 l b  N ,  10 l b  P ,  49 l b  K and 1 5  l b  S 

per  a c r e  p lus  micro-nutr ients  were appl ied  a t  seeding.  An a d d i t i o n a l  60 l b  

N ,  20 l b  P and 50 l b  K were app l i ed  two months l a t e r ,  b r inging  t h e  t o t a l  

n u t r i e n t s  appl ied  t o  100 l b  N ,  30 l b  P, 99 l b  K and 15  l b  S per  a c r e  p lus  

one a p p l i c a t i o n  of micro-nutr ients .  

The percent  moisture content  f o r  each s o i l  mix a t  f i e l d  capac i ty  was 

determined and each pot  was watered t o  f i e l d  capac i ty  by weighing i n  t h e  f i r s t  

two months of growth. P l a n t s  i n  each pot  were thinned t o  a  maximum of f i v e  

p l a n t s  per  pot  a t  t h e  app ropr i a t e  t imes. 

Observations and Resu l t s  

Growth of t h e  D i f f e r e n t  P l an t  Species  

Germination on a l l  t h r e e  s o i l  mixes w a s  achieved i n  both seedings  and 

some form of growth was maintained on a l l  t rea tments  throughout t he  d u r a t i o n  

of t h e  experiments. I n  t he  f i r s t  seeding ,  growth of each spec i e s  on t h e  Malmo 

s i l t y  c l a y  loam was good, and growth on t h e  l e a n  o i l  sand was only about  ha l f  

a s  good a s  on t h e  Malmo. Growth of each spec i e s  on t h e  Malmo-heavy o i l  sand mix 

was poor throughout t h e  f i r s t  seeding. With t h e  except ion of t h e  Creeping Red 

Fescue, growth d id  not  advance beyond the  l e v e l  achieved i n  t h e  f i r s t  few days 

a f t e r  germination. About t h r e e  months a f t e r  seeding,  i nd iv idua l  p l a n t s  were 

dying out .  On t h e  l e a n  o i l  sand t h e  p l a n t s  i n i t i a l l y  grew we l l  bu t  a t  about t h e  

beginning of t h e  f o u r t h  month a f t e r  seeding growth seemed t o  have slowed down i n  

t h e  brome-grass, a l k a l i  g r a s s ,  s a i n f o i n  and h a i r y  wild r y e ,  and t h e  a l f a l f a  and 

s a i n f o i n  s t a r t e d  t o  d i e .  Germination of t h e  c i c e r  milk ve tch  was very  uneven. 

Germination d a t e s  f o r  a l l  spec i e s  ranged between four  and s i x  weeks a f t e r  seeding;  

t h i s  caused a  de lay  i n  t h e  e a r l y  establ ishment  of p l a n t s  and thus  growth even on 

the  Malmo appeared t o  be delayed considerably.  



I n  t h e  second seeding on May 29,  growth of each s p e c i e s  was achieved 

on a l l  t h r e e  s o i l  mixes. On t h e  Malmo, germinat ion of each s p e c i e s  was very  

good, inc luding  c i c e r  mi lk  vetch.  Growth of each s p e c i e s  was much b e t t e r  than  

i n  t h e  f i r s t  seeding on t h e  l e a n  o i l  sand,  except  f o r  t h e  saximontana fescue  

of which, a l though i t  showed very  good growth i n  t h e  f i r s t  t h r e e  months, s e v e r a l  

p l a n t s  d ied  out  i n  both r e p l i c a t i o n s  and those  remaining probably would a l s o  

have d i ed  w i t h i n  another  two months. The growth of each s p e c i e s  i n  t h e  Malmo- 

heavy o i l  sand mix was cons iderably  improved over t h e  growth obta ined  i n  t h e  

f i r s t  seeding. None of t h e  s p e c i e s  appeared t o  be dying a t  h a r v e s t .  

Nodulation by Legumes 

An examination of t h e  legumes a t  t h e  ha rves t  of both seedings  showed 

no nodula t ion  i n  any of t h e  t h r e e  legumes i n  t h e  Malmo-heavy o i l  sand mix, 

and r o o t  d i s t r i b u t i o n  was only p a r t i a l  i n  t h e  pots .  I n  t h e  l e a n  o i l  sand,  

nodula t ion  was absent  i n  t h e  f i r s t  seeding but  a  few t i n y  nodules  were 

produced by a l l  t h r e e  legumes i n  t h e  second crop.  The c o l o r s  of t h e  nodules  

were creamy t o  whi te  and i t  i s  t h u s  doub t fu l  i f  much n i t r o g e n  were being f ixed .  

Re la t ive ly  l a r g e  amounts of f e r t i l i z e r  n i t r o g e n  may have had an in f luence  on 

t h i s .  On t h e  Malmo each legume produced nodules but  t h e  c o l o r  of t h e  nodules  

aga in  ind ica t ed  l i t t l e  i f  any l i k e l i h o o d  of n i t r o g e n  f i x a t i o n .  I n  t h e  second 

seeding each legume a l s o  produced nodules ,  bu t  t h e i r  c o l o r  i nd ica t ed  no c l e a r  

i n d i c a t i o n  of n i t r o g e n  f i x a t i o n .  

Root D i s t r i b u t i o n  

Root d i s t r i b u t i o n  i n  t h e  p o t s  was r e s t r i c t e d  wi th  t h e  Malmo-heavy o i l  



I 

sand mix i n  a l l  t h e  legumes and g ra s ses  except t h e  c reeping  r ed  f e scue ,  which 

had i t s  r o o t s  d i s t r i b u t e d  throughout t h e  e n t i r e  pot .  I n  t h e  Malmo and l e a n  
I 

o i l  sand t h e  r o o t s  were d i s t r i b u t e d  throughout t h e  e n t i r e  p o t s ,  t h e  only 

except ion being t h e  a l k a l i  g r a s s  grown on t h e  l e a n  o i l  sand. I n  t h e  second 

seeding t h e  r o o t s  of each spec i e s  were d i s t r i b u t e d  throughout t h e  e n t i r e  pot 

f o r  t h e  malmo and l ean  o i l  sand. On t h e  Malmo-heavy o i l  sand mix t h e  s l ende r  

wheat g r a s s ,  bromegrass, h a i r y  wild r y e  and creeping  red  fescue  r o o t s  were 

d i s t r i b u t e d  throughout t h e  mix; t h e  d i s t r i b u t i o n  of t h e  r o o t s  of t h e  o t h e r  

g ra s ses  and legumes i n  t h e  mix was f a i r l y  r e s t r i c t e d .  On washing t h e  r o o t s  

i t  was found t h a t  r o o t s  of n e a r l y  a l l  t h e  spec i e s  had penet ra ted  t h e  lumps 

of t h e  heavy o i l  sands i n  t h e  Malmo-heavy o i l  sand mix. This  d i d  n o t  occur 

i n  t h e  f i r s t  seeding where t h e  few r o o t s  produced were confined t o  t h e  

pockets of Malmo i n  t h e  mix. 

Dry Matter Production 

Tops 

I n  the  f i r s t  seeding (Table 20) each of t h e  spec i e s  gave i ts  bes t  

y i e l d  on t h e  Malmo s i l t y  c l ay  loam, which averaged t h r e e  t imes a s  g r e a t  a s  

on t h e  l e a n  o i l  sand and about seventy t imes a s  g r e a t  a s  on t h e  Malmo-heavy 

o i l  sand mix. With t h e  except ion  of t h e  saximontana f e scue ,  which gave a 

higher  y i e l d  on t h e  Malmo-heavy o i l  sand mix than  on t h e  l e a n  o i l  sand,  t h e  

same genera l  y i e l d  p a t t e r n s  were observed i n  t h e  second seeding (Table 21) a s  

i n  t h e  f i r s t .  Yield on t h e  Malmo-heavy o i l  sand mix, however, averaged 22 

t imes g r e a t e r  i n  t h e  second seeding than  i n  t h e  f i r s t ,  whereas y i e l d  on t h e  

Malmo s o i l  remained r e l a t i v e l y  cons t an t .  

I n  l ean  o i l  sand a r e a s  a l l  t h e  spec i e s  grown wi th  t h e  except ion  of 

Saximontana Fescue could be expected t o  surv ive  i n  a vege ta t ion  program (Table 

21). From t h e  above r e s u l t s  i t  would appear t h a t  where heavy o i l  sands 



Table 20. Yie lds  of tops and roo t s  of t he  spec i e s  groTqn on two o i l  sand-bearing m a t e r i a l s  a s  
compared wi th  y i e l d s  on a good a g r i c u l t u r a l  s o i l  (Malmo) , f i r s t  seed ing  ( g r a m  p e r  p o t ) .  

TOPS ROOTS TOPS AVD ROOTS 

Malmo + Lean Malmo + Lean Malmo + Lean 
heavy o i l  o i l  heavy o i l  o i l  heavy o i l  o i l  

Malmo sand sand Malmo sand sand Malmo sand sand 

Saximon t a n a  f e s  cue 4.98 0.03 2.66 1.40 * 1.68 6.38 * 4.34 

S lender  wheat g r a s s  6.08 0.05 1 . 9 1  4.84 0.03 2.01 10.92 0.08 3.92 

Bromegrass 
1 

4.97 0.10 1.60 4.10 0.09 1.43 9.07 0.19 3 .03  

A l k a l i  g r a s s  
1 

3.78 0.01 0.29 1 . 2 1  * 0.14 4.99 * 0.43 

Hairy w i l d  rye  4.24 0.07 1.42 2.08 0.03 0.79 6.32 0.10 2.21 

Creeping r ed  fescue  11.01 0.27 3.66 5.63 0.24 2.68 16.64 0.51 6.34 

C ice r  mi lk  ve tch  
1 

1.56 0.01 0.92 0.95 * 0.99 2.51 k 1.91  

Sa in fo in  
1 

3.99 0.05 0.77 1.69 0.04 0.55 5.68 0.09 1.32 

A l f a l f a  5.40 0.06 1.22 6.30 0.01 1.65 11.70 0.07 2.87 

* Root y i e l d s  were too  low t o  recover  

1 Reseeded 23  days a f t e r  the  o t h e r s  

2 A cons ide rab l e  percentage of t he  f i n e  roo t s  could n o t  b e  recovered i n  t h e  Malmo 
A 



Table  21. Y i e l d s  o f  t o p s  and r o o t s  of t h e  s p e c i e s  grown on two o i l  sand-bear ing m a t e r i a l s  a s  
compared w i t h  y i e l d s  on a good a g r i c u l t u r a l  s o i l  (Malmo), second s e e d i n g  (grams p e r  p o t ) .  

TOPS ROOTS TOPS AND ROOTS 

Malmo + Lean Malmo+ Lean Malmo + Lean 
heavy o i l  o i l  heavy o i l  o i l  heavy o i l  o i l  

Malmo sand sand Malmo sand  sand  Malmo s a n d  s and 

Saximont ana f e s c u e  4.85 0.84 0 .43  1 .70  0.39 0 .46 6 .55  1 . 2 3  0.89 

S l e n d e r  wheat  g r a s s  5.75 2.83 3 .58 6 .10 1 . 8 8  6 .30 11.85 4. 71 9 .88  

Bromegrass 6 . 3 3  2.45 4.85 8.55 2.24 4.64 14.88 4.69 9.49 

A l k a l i  g r a s s  5 .78 0 .48 4.20 2.52 0.12 3.55 8.30 0 .60 7.75 

Hairy  w i l d  r y e  4.31 1 .85  2 .93  3.23 1 . 3 3  2.34 7.54 3.18 5.27 

Creeping r e d  f e s c u e  11.75 4.16 6.77 7.53 3.07 8.69 19 .28  7.23 15.46 

C i c e r  milk  v e t c h  4.14 0.06 2.89 4.79 0.07 3.53 8.93 0 .13  6.42 

S a i n f o i n  6.36 0 .48  2.22 5 .23 0 .17 2 .93 11.59 0 .65 5 .15  

A l f a l f a  6.02 0.44 3.96 8.60 0.22 4.53 14.62 0 .66 8.49 

- - - - -- -- - - 

1 
A c o n s i d e r a b l e  p e r c e n t a g e  of t h e  f i n e  r o o t s  could  n o t  b e  recovered  i n  t h e  Malmo. 



Table 22. Root y i e l d s  i n  r e l a t i o n  t o  top y i e l d s  of t h e  spec i e s  grown on 
l ean  o i l  sand and Malmo-heavy o i l  sand mix i n  t h e  second seed- 
i n g  ( r o o t s / t o p s )  . 

Malmo + Lean 
Heavy o i l  o i l  

s and sand 

Saximontana f e s  cue 

Slender  wheat g ra s s  

Bromegras s 

Alka l i  g r a s s  

Hairy wi ld  r y e  

Creeping red  fescue  

Cicer  mi lk  ve tch  

Sa info in  

A l f a l f a  



may be  exposed, t h e  mixing of a good s o i l  (such a s  Malmo) wi th  t h e  heavy o i l  

sand, t o  achieve  a t  l e a s t  a  1:l mixture i n  t h e  s u r f a c e  four  t o  s i x  i nches ,  

would enhance t h e  es tab l i shment  of a  su r f ace  cover.  The f i r s t  seeding (Table 

20) i nd ica t ed  t h a t  none of t h e  spec i e s  t e s t e d  could provide a  quick s u r f a c e  

cover.  A wai t ing  per iod  of a t  l e a s t  four  t o  f i v e  months wi th  warm tempera tures  

is  requi red  between mixing of t h e  heavy o i l  sand wi th  a  good s o i l  and seeding ,  

before  a  good vege ta t ive  cover could be succes s fu l ly  e s t a b l i s h e d  wi th  any of 

t h e  t e s t e d  spec i e s .  Further  work is  needed t o  determine i f  t h e  o the r  overburden 

m a t e r i a l s  can be mixed wi th  heavy o i l  sands t o  produce s i m i l a r  r e s u l t s .  Slender  

Wheat Grass,  Bromegrass, Hairy Wild Rye and Creeping Red Fescue (Table 21) appear 

t o  grow reasonably we l l  i n  t h e  growth chamber. Although t h e  legumes t e s t e d  were 

succes s fu l ly  grown, excluding c i c e r  mi lk  ve t ch  (Table 21) t h e  covers  provided 

could not  be considered adequate.  From t h e  work on t h e  b i o l o g i c a l  a s p e c t s  of 

t h i s  m a t e r i a l ,  i t  appears  t h a t  t he  a d d i t i o n  of a  s o i l  innoculum t o  a heavy o i l  

sand markedly enhances t h e  b i o l o g i c a l  a c t i v i t y  w i th in  t h e  o i l  sand. 

There were evidences of a probable non-nu t r i t i ona l  t o x i c  cond i t i on  

e x i s t i n g  i n  t h e  o i l  sand m a t e r i a l s ,  t h e  source of which r e q u i r e s  f u r t h e r  

research  t o  e s t a b l i s h .  The l e a n  o i l  sand contained more o i l  per  weight b a s i s  

than  t h e  o i l  sand-Malmo mix.' It  t h e r e f o r e  appears  t h a t  some components no t  

present  i n  t h e  l e a n  o i l  sand but present  i n  t h e  heavy o i l  sand may i n  t h e  c a s e  

of t h e  heavy o i l  sand be adding t o  t h e  a l r eady  e x i s t i n g  t o x i c i t y  of t h e s e  

ma te r i a l s .  The l ean  o i l  sand had been exposed f o r  s e v e r a l  yea r s  p r i o r  t o  

sampling and was not  t y p i c a l  of any f r e s h l y  exposed l e a n  o i l  sand; i t  was a i r -  

1 
On a pot volume b a s i s  t h e  l e a n  o i l  sand contained 19.91 percent  more 

o i l  than t h e  heavy o i l  sand. On a weight b a s i s  i t  contained 38.36 percent  

more o i l .  



d r i e d  be fo re  p o t t i n g .  The heavy o i l  sand had l i t t l e  exposure; i t  came from 

t h e  GCOS bucketwheels a t  t h e  mine s i t e  and was mixed without  a i r -dry ing  

wi th  the  a i r -d ry  Malmo. Pretreatment  of t h e  sample i s  expected t o  have had 

an  e f f e c t  on t h e  r e s u l t s .  

The b e t t e r  growth obtained wi th  each spec i e s  i n  t h e  second seeding 

on t h e  Malmo-heavy o i l  sand mix suggested a  major d e c l i n e  i n  t h e  t o x i c  

components i n  t h e  heavy o i l  sand m a t e r i a l  i n  t h e  per iod  between t h e  f i r s t  and 

second seedings.  Micro-organism breakdown of t he  o i l  i n  t h e  f e r t i l i z e d  'Malmo- 

heavy o i l  sand mix may have reduced t h e  content  of t o x i c  components of t h e  

f r e s h  heavy o i l  sand. In  t h e  l e a n  o i l  sand t h e  improved y i e l d s  of t h e  

spec i e s  i n  t h e  second seeding a l s o  suggested some d e c l i n e  i n  t h e  t o x i c  com- 

ponent o r  d e c l i n e  i n  r e a d i l y  decomposable components which l e a d  t o  n i t r o g e n  

immobilization. V o l a t i l i z a t i o n  may have been important i n  ame l io ra t ing  the  

apparent  " toxic"  cond i t i ons  i n  t h e  h e a w  o i l  sand b u t  no t  i n  t h e  l ean  o i l  

sand. Since t h e  l ean  o i l  sand had been exposed s e v e r a l  yea r s  p r i o r  t o  

sampling, t h e  mechanism f o r  improvement i n  growth cond i t i ons  i n  t h i s  

m a t e r i a l  i s  expected t o  be b i o l o g i c a l .  

Roots. Root y i e l d s  i n  t h e  s o i l  mixes va r i ed  w i t h  t h e  spec i e s .  I n  

gene ra l ,  r oo t  product ion on t h e  Malmo was h igher  than t h e  Malmo-heavy o i l  sand 

mix o r  t h e  l e a n  o i l  sand. A cons ide rab le  percentage of t h e  f i n e r  r o o t s  i n  

t h e  Malmo were l o s t  i n  s epa ra t ing  t h e  r o o t s  from t h e  s o i l  and t h e r e f o r e  cannot 

be f a i r l y  compared wi th  t h e  r o o t s  recovered from t h e  o t h e r  two s o i l  mixes. 

In  t h e  f i r s t  seeding (Table 20) r o o t  y i e l d s ,  a s  w i t h  t h e  y i e l d s  of t h e  t o p s ,  

were very  poor i n  t h e  Malmo-heavy o i l  sand m i x  f o r  each of t h e  spec i e s .  In  

t h e  l e a n  o i l  sand, r o o t  y i e l d s  were r e l a t i v e l y  h igh  i n  a l l  g r a s s e s  except  

a l k a l i  g r a s s  and h a i r y  wild rye .  Of t h e  t h r e e  legumes only  a l f a l f a  gave a  

s u b s t a n t i a l  r o o t  y i e l d .  I n  t h e  second seeding r o o t  y i e l d s  (Table 211, a s  w i th  



t h e  t o p s ,  were h i g h e r  on t h e  Malmo-heavy o i l  sand mix and l e a n  o i l  sand 

t h a n  i n  t h e  f i r s t  seed ing ,  t h e  o n l y  e x c e p t i o n  b e i n g  t h e  saximontana f e s c u e .  

The same g e n e r a l  e x p l a n a t i o n s  given f o r  t h e  d i f f e r e n c e s  between t h e  y i e l d s  

of t h e  f i r s t  and second h a r v e s t s  of t h e  t o p s  a l s o  a p p l y  f o r  t h e  y i e l d s  o f  

t h e  r o o t s .  G e n e r a l l y  t h o s e  s p e c i e s  g i v i n g  good r o o t  y i e l d s  would be  

expected t o  improve s l o p e  s t a b i l i t y  on overburden p i l e s  on which t h e s e  

bitumen-bearing m a t e r i a l s  would be encounte red .  T o t a l  y i e l d s  of t h e  t o p s  

and r o o t s  (Table 21) and t h e  y i e l d s  of t h e  r o o t s  i n  r e l a t i o n  t o  t h e  y i e l d s  

of t h e  t o p s  (Table 2 2 )  from t h e  second s e e d i n g  i n d i c a t e  t h a t  on t h e  l e a n  

o i l  sands  any of t h e  s p e c i e s  t e s t e d  i n  t h e  growth chamber would be p o s s i b l e  

c a n d i d a t e  s p e c i e s  f o r  f i e l d  tests. They may prove p r a c t i c a l  f o r  improving 

s l o p e  s t a b i l i t y  i n  bi tumen-r ich m a t e r i a l  s i n c e  t h e y  w i l l  grow i n  t h e s e  

m a t e r i a l s .  I n  a r e a s  where bitumen l e v e l s  on overburden p i l e s  a r e  h i g h  enough 

t o  approach l e v e l s  found i n  heavy o i l  sand m a t e r i a l ,  mixing t h e  m a t e r i a l  w i t h  

a  good s o i l  and seed ing  t o  s l e n d e r  wheat g r a s s ,  bromegrass ,  h a i r y  wi ld  r y e  

o r  c r e e p i n g  red f e s c u e  would w a r r a n t  f u r t h e r  f i e l d  t e s t i n g  of t h e i r  u s e  i n  

improving s l o p e  s t a b i l i t y .  

O i l  Content  of t h e  S o i l  Mixes 

Bitumen c o n t e n t s  o f  t h e  s o i l  mixes a r e  shown i n  Tab le  23 .  F r e s h  heavy 

o i l  sand had an  o i l  c o n t e n t  of 14.14 p e r c e n t  (141 mg p e r  gram of  oven d r y  s o i l ) .  

O i l  c o n t e n t  of t h e  l e a n  o i l  sand a t  s e e d i n g  was 7.83 p e r c e n t .  

I n  n i n e  months of c ropp ing  o f  t h e  l e a n  o i l  sand i n  p o t s ,  t h e  bitumen 

c o n t e n t  had d e c l i n e d  by less t h a n  8 p e r c e n t .  Bitumen l o s s  from t h e  heavy o i l  

sand was, however, more r a p i d  and abou t  25 p e r c e n t  o f  t h e  bitumen had been l o s t  

o v e r  t h e  nine-month p e r i o d ,  when i t  was mixed w i t h  Malmo s i l t y  c l a y  loam. 

I n d i v i d u a l  heavy o i l  sand lumps were s t i l l  r e c o g n i z a b l e  a f t e r  t h e  two s e e d i n g s ,  



Table  23. O i l  c o n t e n t  of l e a n  and heavy o i l  sands  b e f o r e  and a f t e r  
two s e e d i n g s  (December 30,  1974 t o  September 28,  1975) .  

O r i g i n a l  Amount o f  
Bitumen O r i g i n a l  O i l  
Content  (%) Decomposed(%) 

Pre - seed ing  (Dec. 30, 1974) 

F r e s h  heavy o i l  sand 14.14 -- 

Lean o i l  sand  7.83 -- 

Malmo-fresh heavy o i l  sand  mix 6.53 - - 

A f t e r  two s e e d i n g s  (Sep t .  28,  1975) 

Lean o i l  s a n d  7.22 7.79 

Malmo-fresh heavy o i l  sand  mix 4.80 26.49 

Decomposing heavy o i l  sand  
1 

10.67 24.54 

E q u i v a l e n t  of o r i g i n a l  heavy o i l  
sand  remain ing  10.40 

'I,urnps s t i l l  r e c o g n i z a b l e  a s  heavy o i l  sand i n  t h e  mix w i t h  Malmo. 

' ~ a s e d  on 4.80% o i l  l e f t  i n  t h e  Malmo-heavy o i l  sand mix i n  r e l a t i o n  
t o  t h e  p re - seed ing  bitumen c o n t e n t  of t h e  f r e s h  heavy o i l  sand .  



b u t  t h e i r  o i l  c o n t e n t  had decreased  by approx imate ly  25 p e r c e n t .  Mixing 

of good s o i l  w i t h  t h e  l e a n  o i l  sand would p robab ly  have c o n t r i b u t e d  f u r t h e r  

towards a  more r a p i d  decomposi t ion of t h e  l e a n  o i l  sand .  

T e n t a t i v e  Conclusions  

(1)  As compared w i t h  a  good a g r i c u l t u r a l  s o i l  (Malmo), growth of t h e  

s p e c i e s  on t h e  o i l  sand-bear ing m a t e r i a l s  was poor .  Growth on t h e  

a i r - d r y  l e a n  o i l  sand m a t e r i a l  was b e t t e r  t h a n  on t h e  Malmo-heavy 

o i l  sand mix. 

(2)  F e r t i l i z a t i o n  and i n c u b a t i o n  a t  warm t e m p e r a t u r e s  f o r  a t  l e a s t  f o u r  

months improved growth of s e v e r a l  s p e c i e s  on t h e  Malmo-heavy o i l  sand 

mix. It a p p e a r s  t h a t  some t ime i s  r e q u i r e d  f o r  t h e  a t t e n u a t i o n  of t h e  

I I  t o x i c "  c o n d i t i o n  i n  t h e  heavy o i l  sand.  The p r o c e s s e s  by which 

growth c o n d i t i o n s  i n  t h e  o i l  sand improved appeared t o  have been 

p h y s i c a l  and b i o l o g i c a l .  

(3)  Rate  of bitumen l o s s  was v e r y  slow i n  t h e  l e a n  o i l  sand a s  compared w i t h  

t h e  Malmo-heavy o i l  sand o v e r  t h e  nine-month p e r i o d  of t h e  exper iment .  

Mixing t h e  l e a n  o i l  sand w i t h  a  good s o i l  w i l l  p robab ly  a c c e l e r a t e  

decomposit ion o f  t h e  bitumen. F i e l d  t e s t s  u s i n g  a v a i l a b l e  overburden 

m a t e r i a l s  i n  p l a c e  of A g r i c u l t u r a l  s o i l  a r e  war ran ted .  

( 4 )  With t h e  e x c e p t i o n  o f  t h e  saximontana f e s c u e ,  which tended t o  d i e  a f t e r  

a good i n i t i a l  growth, t h e  s p e c i e s  t e s t e d  i n  t h e  growth chamber may prove 

s u c c e s s f u l  i n  f i e l d  t r i a l s  on t h e  l e a n  o i l  sand a r e a s  o f  overburden p i l e s .  

Only f o u r  g r a s s e s  ( s l e n d e r  wheat g r a s s ,  bromegrass ,  h a i r y  wi ld  r y e  and 

c r e e p i n g  red  f e s c u e )  o f  t h e  g r a s s e s  and legumes t e s t e d  grew w e l l  on t h e  

Malmo-heavy o i l  sand mix i n  t h e  second s e e d i n g .  These f o u r  g r a s s e s  



t hus  hold t h e  p o t e n t i a l  f o r  providing a good v e g e t a t i v e  cover  i n  

a r e a s  where t h e r e  i s  a h igh  concen t r a t ion  of heavy o i l  sand, 

assuming cond i t i ons  such a s  optimum f e r t i l i z a t i o n  a r e  c r e a t e d  so  

t h a t  o i l  l e v e l s  can d e c l i n e  through decomposition. They warrant  

f u r t h e r  f i e l d  t e s t i n g .  

GROWTH OF VARIOUS PLANT SPECIES ON A 

TAILINGS SAND AND A PEAT-OVERBURDEN 

M I X  ARTIFICIALLY SALINIZED 

Introduc t ion  

Some overburden m a t e r i a l s  sampled randomly on t h e  overburden p i l e s  

a r e  high i n  s a l i n i t y  and wi th  continued seepage on t h e  d i k e , s e c t i o n s  on t h e  

vegeta ted  d i k e  r ece iv ing  t h e  seepage water may a l s o  i n c r e a s e  i n  s a l i n i t y ,  

wi th  t h e  p o s s i b i l i t y  t h a t  t he  v e g e t a t i v e  cover  may d i e  ou t .  (See S a l t s ,  P a r t  

I . )  Vegetat ing such a r e a s  o r  ensur ing  t h e  s u r v i v a l  of an  a l r e a d y  seeded 

cover r e q u i r e s  a s p e c i a l  s tudy t o  minimize t h e  problems i n  such a reas .  

The main o b j e c t i v e  of t h i s  s a l i n i t y  experiment was t o  e s t a b l i s h  t h e  

a b i l i t y  of s e l e c t e d  spec i e s  t o  wi ths tand  very  high s a l i n i t y  l e v e l s  i n  two 

d i f f e r e n t  s i t u a t i o n s :  

(1) Where t h e  s a l i n i t y  of t h e  s o i l  p rog res s ive ly  i n c r e a s e s ,  a s  through 

seepage i n  a r e a s  where a v e g e t a t i v e  cover has  been e s t a b l i s h e d  

( f i r s t  seeding)  ; and 

(2) Where t h e  s o i l  i s  a l r eady  h igh  i n  s a l i n i t y  and an  a t tempt  is  made 

t o  e s t a b l i s h  a v e g e t a t i v e  cover (second seeding) .  



Exper imental  Procedure  

During t h e  coilrse of t h e  exper iment  two s e e d i n g s  were made i n  a growth 

chamber. The f i r s t  s e e d i n g ,  whose main a i m  was t o  f i n d  answers  t o  o b j e c t i v e  

( I ) ,  was seeded on December 20, 1974 and h a r v e s t e d  on May 16 ,  1975. The 

second seed ing ,  whose main a i m  was t o  f i n d  answers  t o  o b j e c t i v e  (2) ,  was 

seeded on May 29 and h a r v e s t e d  on September 27,  1975. 

Each p o t  i n  which t h e  s p e c i e s  chosen f o r  t h e  exper iment  were grown 

c o n s i s t e d  o f  t h e  f o l l o w i n g  mix: t a i l i n g s  sand (1 ,050 g ) ,  GCOS p e a t  (80 g )  and 

GCOS overburden s o i l  (470 g )  i n  approx imate ly  a 2 : l : l  r a t i o  by volume. (The 

p r o p e r t i e s  of t h e s e  m a t e r i a l s  a r e  given i n  Table  19 . )  The exper iment  was set 

up i n  a randomized b lock  d e s i g n  w i t h  each  t r e a t m e n t  hav ing  two r e p l i c a t i o n s .  

The f o l l o w i n g  s a l i n i t y  t r e a t m e n t s  were imposed: 

(1)  S a l i n i t y  ( s a l t )  l e v e l s .  

( a )  So = e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  o r i g i n a l  mix (check) .  

(b)  S = low s a l i n i t y  (5.29 mmho/cm a t  s t a r t ) .  
1 

( c )  S2 = medium s a l i n i t y  (9.52 mmho/cm a t  s t a r t ) .  

(d) S = h i g h  s a l i n i t y  (18.73 mmho/cm a t  s t a r t ) .  3 

S o i l s  were s a l i n i z e d  u s i n g  Na SO 
2 4 '  

(2)  Species :  

( a )  Kentucky b l u e g r a s s  (Poa pratensis) 

(b) Saximontana f e s c u e  (Festuca saximontana) 

( c )  S lender  wheat g r a s s  (Agropyron trachycauZwn) 

(d) Bromegrass (Broms inemis) 

( e )  A l k a l i  g r a s s  (PuccineZZia nuttaZliana) 

( f )  Hairy  wi ld  r y e  (EZyms innovatus) 

(g) Creeping r e d  f e s c u e  (Festuca rubra) 



(h) Cicer  milk v e t c h  (AstragaZus c icer)  

( i )  Sa info in  (Onobrychis sp. ) 

( j  ) Wolf willow (Elaeagnus c o m t a t a )  

(k) A l f a l f a  (Medicago sp. ) 

(3) Repl ica t ions :  two. 

In determining t h e  amounts of sodium s u l f a t e  t o  add t o  o b t a i n  s a l i n i t y  

l e v e l s  i n  t r ea tmen t s  S S2 and S t h e  s a l t  s o l u t i o n  (142.04 g l l )  was added 
1 ' 3 ' 

i n  d i f f e r e n t  volumes t o  samples of t h e  s o i l  mix t o  make a  p a s t e  and was 

e q u i l i b r a t e d  f o r  72 hours.  E l e c t r i c a l  conduc t iv i ty  (EC) of t h e  s o i l  mix 

samples were made; t he  l e v e l s  ob ta ined ,  which were c l o s e  t o  4+, 8+ and 16+ 

mho/cm, were a r b i t r a r i l y  s e t  t o  r e p r e s e n t  low, medium and h igh  s a l i n i t y  l e v e l s .  

A sample of t he  o r i g i n a l  s o i l  mix was a l s o  e q u i l i b r a t e d  w i t h  water  and t h e  EC 

l e v e l  (S ) determined. EC l e v e l s  a f t e r  72 hours  e q u i l i b r a t i o n  were S = 5.24 
0 1 

mmho/cm; S2 = 9.52 mnholcm; S3 = 18.73 mmholcm. These va lues ,  w i th  t h e  

except ion of S were lower than the  mean va lues  measured on t h e  samples taken 
3 ' 

from the  p o t s  a f t e r  t h e  second seeding (Table 29). Th i s  sugges t s  t h a t  i t  took 

longer  than 72 hours  f o r  the  s o i l  mix t o  come t o  equ i l i b r ium wi th  t h e  sodium 

s u l f a t e .  

The same sowing, f e r t i l i z a t i o n ,  environmental c o n t r o l  of t h e  growth 

chamber and water ing  programs descr ibed  under t h e  s e c t i o n  e n t i t l e d  Bitumen 

Experiment ( P a r t ~ ~ d  were a l s o  followed i n  t h i s  experiment f o r  bo th  seedings.  

In t h e  f i r s t  seeding,  when each s p e c i e s  was w e l l  e s t a b l i s h e d  (two 

months a f t e r  germinat ion) ,  predetermined amounts of sodium s u l f a t e  s o l u t i o n  

were added t o  t h e  p o t s  before  water ing  every  o t h e r  day over  a  21-day per iod .  

In  t h e  second seeding  the  s a l i n i t y  l e v e l s  t e s t e d  a l r e a d y  e x i s t e d  i n  t h e  mix 

before  t h e  seeds  were sown. 



Another s tudy wi th  dawn a l s i k e  (Tr i fo l ium hybridum) and t h e  s p e c i e s  

used f o r  t h e  s a l i n i t y  experiment was conducted t o  determine germinat ion of 

t h e  seeds  i n  sodium s u l f a t e  s o l u t i o n s  i n  p e t r i - d i s h e s  over  a six-week per iod .  

Levels  of s a l i n i t y  f o r  each s p e c i e s  i n  d u p l i c a t e s  were: check ( d i s t i l l e d -  

deionized wa te r ) ;  2 mmho/cm; 4 mmho/cm; 8 mmho/cm; and 16  mmho/cm. Each 

t rea tment  was r e p l i c a t e d  two t i m e s  us ing  15-50 seeds  per  r e p l i c a t e  depending 

upon t h e  spec i e s .  Germination was recorded i f  a r a d i c l e  of a t  l e a s t  2 mm i n  

l e n g t h  was produced by a seed.  Rad ic l e  damage was a l s o  r a t e d  a s  s l i g h t ,  

moderate o r  severe .  

Observat ions and Resu l t s  

Growth of t h e  P l a n t  Spec ies  

I n  t h e  f i r s t  seeding a r e l a t i v e l y  good growth of each s p e c i e s  was 

maintained on t h e  t a i l i n g s  sand-peat-overburden mix be fo re  s a l i n i t y  t r ea tmen t s  

were imposed on t h e  p l a n t s .  Germination of t h e  c i c e r  mi lk  ve t ch ,  a s  mentioned 

under t h e  bitumen experiment,  was slow and uneven. With t h e  impos i t ion  of 

s a l i n i t y  t r ea tmen t s  s e v e r a l  of t h e  s p e c i e s  stopped growing, e s p e c i a l l y  a t  t h e  

h igh  s a l i n i t y  leve ls ,and  e v e n t u a l l y  d i ed  ou t .  A t  ha rves t  t h e  Kentucky b lueg ra s s  

was dead i n  t h e  h igher  two s a l i n i t y  l e v e l s  ( S  and S ) and a t  t h e  low s a l i n i t y  2 3 

l e v e l  (S ) t h e  o lde r  l eaves  were dying. The saximontana f e scue  was dead i n  a l l  
1 

t rea tments  i n  which t h e  s a l i n i t y  l e v e l s  were e l eva t ed .  Growth i n  t h e  s l ende r  

wheat g r a s s  ceased wi th  t h e  a d d i t i o n  of s a l t  and t h e  p l a n t s  had s t a r t e d  t o  show 

s i g n s  of dying,  expec i a l l y  i n  t h e  h igh  s a l i n i t y  t rea tment .  Also, t h e  bromegrass 

growth had slowed down cons iderab ly  and a l though most of t h e  p l a n t s  were s t i l l  

l i v i n g ,  growth was expected t o  s t o p  and t h e  p l a n t s  even tua l ly  d i e  ou t .  The 

a l k a l i  g r a s s  seemed t o  have been l e a s t  a f f e c t e d  by t h e  h igh  s a l i n i t y  l e v e l s  of 

t h e  mix; none of t h e  p l a n t s  r e a l l y  showed any s i g n s  of dying except  f o r  a few 



l e aves  on the  high s a l i n i t y  t rea tment .  The a d d i t i o n  of s a l t s  r e s u l t e d  i n  t h e  
m 

death  of t h e  h a i r y  wild r y e  i n  t h e  two h igher  s a l i n i t y  l e v e l s .  Death a l s o  

111 
occurred i n  t h e  low s a l i n i t y  t rea tment ,  except  f o r  one p l a n t  which w a s  s t i l l  

a l i v e  a t  ha rves t .  Growth of t h e  c reeping  red  fescue  was n o t  a f f e c t e d  much a t  

I t h e  low s a l i n i t y  l e v e l ,  however, a t  t h e  medium and high s a l i n i t y  l e v e l s  p l a n t s  

were showing s i g n s  t h a t  they  might d i e  ou t  l a t e r .  The c i c e r  mi lk  ve t ch  had 
Cr 

s t a r t e d  dying by ha rves t  a t  t h e  high and medium s a l i n i t y  l e v e l s ,  but  s a l i n i t y  

t o l e r a n c e  a t  t h e  low l e v e l  appeared t o  be high.  The s a i n f o i n  was dead a t  ha rves t  
I 

i n  t h e  h igh  s a l i n i t y  l e v e l  and was only beginning t o  show a s a l i n i t y  e f f e c t  a t  

am t h e  medium l e v e l .  Growth was near  normal i n  t h e  low s a l i n i t y  l e v e l .  Growth of 

t h e  wolf willow was slowed by t h e  presence of t h e  s a l t s  and i t  showed s igns  of 

m 
dying out  e a r l y  i n  t h e  high s a l i n i t y  l e v e l .  Growth of t h e  a l f a l f a  was r e l a t i v e l y  

poor i n  t h e  check. The p l a n t s  were dead i n  t h e  o the r  s a l i n i t y  t r ea tmen t s ;  however, 
m 

i n  t h e  low s a l i n i t y  t r ea tmen t ,  a l though t h e  o l d e r  stems were dead,  new growth 

m had s t a r t e d  a t  ha rves t .  

I n  t h e  second seeding i n  which t h e  p l a n t  spec i e s  were grown on t h e  s o i l  mix 

II) 
a t  four  s a l i n i t y  l e v e l s  a l l  throughout t h e  d u r a t i o n  of t h e  experiment,  t h e  growth 

p a t t e r n s ,  wi th  t h e  except ion of t h e  check s a l i n i t y  t r ea tmen t ,  were d i f f e r e n t  from 
Cr 

t h e  f i r s t  seeding. Almost a l l  t h e  s p e c i e s  d i d  n o t  germinate a t  t h e  high s a l i n i t y  

c l e v e l  and of t hose  germinat ing i n  t h e  medium s a l i n i t y  l e v e l  very  few survived 

a f t e r  t h e  s i x t h  week. There was germinat ion of a l l  s p e c i e s  a t  t h e  low s a l i n i t y  

I 
l e v e l ,  a l though growth i n  two of t h e  s p e c i e s  was very  poor.  Germination i n  n e a r l y  

a l l  spec i e s  was s l i g h t l y  delayed by t h e  a l k a l i n i t y  i n  t h e  mix. A t  ha rves t  t h e r e  was 
II 

growth of Kentucky b lueg ras s  and bromegrass only  on t h e  check (S ) and t h e  low s a l i n i t y  0 



at 

t reatment .  The g r a s s  had grown more slowly w i t h  s a l i n i t y  and a s  such d i d  

II) 

not  l a c k  n u t r i e n t s  a t  ha rves t ,  a s  d id  t h e  check treatment. .  Saximontana 

fescue growth was almost non-exis tent  even a t  t h e  low s a l i n i t y  l e v e l .  Growth 
..I 

of t he  s lender  wheat g r a s s  was maintained a t  low and medium s a l i n i t y  l e v e l s ,  

a l though growth a t  the  medium s a l i n i t y  l e v e l  was poor. Growth a t  t h e  low a 

s a l i n i t y  l e v e l  was much b e t t e r  and p l a n t s  seemed t o  have dep le t ed  t h e  n u t r i e n t s  - 
aw 

a t  ha rves t  a t  a more r ap id  r a t e  than the  check. The a l k a l i  g r a s s  was t h e  only  

spec i e s  t h a t  maintained some form of growth a t  a l l  s a l i n i t y  l e v e l s  throughout 
I) 

t he  second seeding.  Growth a t  t h e  h igh  s a l i n i t y  l e v e l  was comparat ively poor. 

Growth on the  s a l i n i t y  t rea tments  was slow a s  compared wi th  t h e  check, which w 

grew f a s t e r ,  became n u t r i e n t  d e f i c i e n t  and produced seeds a t  ha rves t .  The 

J 
h a i r y  wild rye  and creeping red fescue  grew we l l  on t h e  check b u t  had deple ted  

t h e  n u t r i e n t s  supply by ha rves t  time. A t  low s a l i n i t y  l e v e l  t h e  p l a n t s  grew 
m 

more slowly and a t  medium s a l i n i t y  l e v e l  on ly  one r e p l i c a t e  had good growth; 

a very poor growth was maintained i n  t h e  o t h e r .  The c i c e r  mi lk  ve t ch ,  s a i n f o i n  rr 

and wolf willow gave very  poor growth even a t  t h e  low s a l i n i t y  l e v e l .  A t  

I) 

ha rves t  of t h e  wolf willow a l l  p l a n t s  bu t  one had d i ed .  Some growth of t h e  

a l f a l f a ,  a l though poor,  was maintained on t h e  low s a l i n i t y  t rea tment ;  i n  one 
*II 

r e p l i c a t i o n  a very poor growth was obtained on the  medium s a l i n i t y  t rea tment .  .. 
Dry Matter Production 

Tops. Dry mat te r  product ion i n  t h e  f i r s t  seeding was b e s t  i n  t h e  check - 
s a l i n i t y  t reatment  f o r  each spec i e s  (Table 2 4 ) .  In  s e v e r a l  s a l i n i t y  t rea tments  

t he  p l a n t s  died before  h a r v e s t .  The y i e l d s  shown i n  b racke t s  i n  Table 25 may d 

be taken t o  r ep re sen t  t h e  e x t e n t  of growth be fo re  dying; where some p l a n t s  s t i l l  
J 

survived the  s a l i n i t y  e f f e c t ,  t he  f r a c t i o n s  of t h e  dead p l a n t s  a r e  i nd ica t ed .  

The spec i e s  wi th  any degree of s a l i n i t y  t o l e rance  (Table 2 7 )  showed a wide range - 



Table  24.  Dry m a t t e r  y i e l d s  of d i f f e r e n t  s p e c i e s  on a  s o i l  mix of d i f f e r e n t  s a l i n i t y  l e v e l s  -- 
s a l i n i t y  p r o g r e s s i v e l y  i n c r e a s e d  bv adding sodium s u l f a t e  s o l ~ ~ t i o n  L O  t h e  s o i l  mix s u r f a c e  
a f t e r  s p e c i e s  were w e l l  e s t a b l i s t l e d  ( f i r s t  s e e d i n g )  -- grams p e r  p o t .  

Ha i ry  w i l d  r y e  

C i c e r  m i l k  v e t c h  

Wolf w i l l o w  

A l f a l f a  

' ~ e s e e d e d  33 days a f t e r  o t h e r  p l a n t s  

* 
F i g u r e s  i n  b r a c k e t s  i n d i c a t e  y i e l d s  f o r  b o t h  l i v e  and dead p l a n t s  -- see T a b l e  25 f o r  

p e r c e n t a g e s  of dead p l a n t s  i n  each  t r e a t m e n t  a t  t h e  t i m e  o f  h a r v e s t .  



Table 25. Percent  of dead p l a n t s  i n  each s a l i n i t y  t rea tment  
l e v e l  a t  h a r v e s t  -- F i r s t  seed ing .  

Check Low Medium High 
(So) (S1) (SZ) (S3) 

Kentucky b luegras  s 0 20 100 100 

S aximont ana f  e s  cue 0 100 100 190 

Slender  wheat g rass  0 2 0 4 0 80 

Bromegrass 0 0 0 0 

A l k a l i  g rass  0 0 - 0 0 

Hairy w i ld  rye  0 81) 190 100 

Creeping red fescue 3 0 0 9 

Cicer  milk ve tch  0 0 5 0 100 

Sa in fo in  

Wolf willow 

A l f a l f a  0 4 9 G 0 19 9 



of v a r i a b i l i t y  i n  t h e i r  t o l e r ance .  Overa l l ,  t h e  a l k a l i  g r a s s  was most 

t o l e r a n t  t o  s a l i n i t y  a t  t h e  l e v e l s  t e s t e d .  The creeping red  f e scue  gave t h e  

b e s t  y i e l d  (Table 2 4 )  i n  t h e  low s a l i n i t y  l e v e l ;  a l k a l i  g r a s s  and bromegrass 

were the  next  b e s t .  Yie lds  of t h e  o t h e r  s p e c i e s  su rv iv ing  low s o i l  s a l i n i t y  

were poor. These same t h r e e  g ra s ses  gave p rog res s ive ly  lower y i e l d s  a t  t h e  

medium and h igh  s a l i n i t y  l e v e l s .  

I n  t h e  second seeding (Table 26), i n  which t h e  s o i l  mix was a l r e a d y  

t r e a t e d  t o  d i f f e r e n t  s a l i n i t y  l e v e l s  be fo re  sowing t h e  v a r i o u s  spec i e s ,  aga in  

the  check s a l i n i t y  t rea tment  (S ) gave comparat ively much b e t t e r  y i e l d s  than 
0 

the  o the r  s a l i n i t y  t rea tments ,  except  t h e  s l ende r  wheat g r a s s  which gave a  

higher  y i e l d  a t  low s a l i n i t y  than d id  t h e  check. A s  compared wi th  t h e  check, 

y i e l d s  dropped by more than 100 percent  a t  t h e  low s a l i n i t y  t rea tment  f o r  each 

spec i e s  except  i n  t h e  s l ende r  wheat g r a s s  and a l k a l i  g r a s s ;  y i e l d s ,  however, 

remained r e l a t i v e l y  high i n  t h e  c reeping  red fescue  and bromegrass. A t  t h e  

medium s a l i n i t y  l e v e l  t h e  only spec i e s  g iv ing  a  s u b s t a n t i a l  y i e l d  was t h e  

a l k a l i  g ra s s .  P r a c t i c a l l y  every s p e c i e s  gave no y i e l d  a t  t h e  h igh  s a l i n i t y  l e v e l .  

Roots. Root y i e l d s  (Tables 24 and 26)  a s  a f f e c t e d  by t h e  d i f f e r e n t  

s a l i n i t y  l e v e l s  i n  both  seedings e s s e n t i a l l y  followed t h e  same y i e l d  p a t t e r n s  

a s  t h e  tops ,  d i scussed  above. 

S a l i n i t y  Tolerance 

Re la t ive  s a l i n i t y  t o l e rance ,  expressed a s  a  percentage of  t h e  check 

y i e l d s  (Table 2 7 ) ,  showed t h a t  of t h e  s p e c i e s  wi th  any degree of t o l e r ance  t o  

i nc reas ing  s a l i n i t y  t h e  a l k a l i  g r a s s  has  t he  h ighes t  s a l t  t o l e r ance .  Brome- 

g ra s s  and creeping  red  fescue  were nex t  b e s t  among t h e  g ra s ses .  None of t h e  

remaining g r a s s e s  and legumes t e s t e d  i n d i c a t e d  much s a l i n i t y  t o l e rance .  Sa in fo in  

had t h e  h ighes t  s a l i n i t y  t o l e rance  among t h e  legumes t e s t e d .  Although t h e  c i c e r  
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Table  27. Y i e l d s  of t h e  s p e c i e s  w i t h  some degree  of s a l i n i t y  t o l e r a n c e  
e x p r e s s e d  as a p e r c e n t a g e  of t h e  check (S ) -- i n  a s i t u a t i o n  

0 
where s a l i n i t y  p r o g r e s s i v e l y  i n c r e a s e s .  ( F i r s t  s e e d i n g )  

Tops Roots Tops + Roots 
Low Med. High Low Med. High Low Med. High 

(S,) (S,) (S3) (S,) (S2) (S3) (S1) (S2) (S3) 

Bromegrass 80.8  80.8 66.9 74.6 93 .0  93.0 78.1  86.0 7 8 . 1  

A l k a l i  g r a s s  117.6 88.0 70.4 162 .3  96.2  88.7 132 .3  90.7 76.4 

Creeping Red 
Fes cue 78.2 35.6 35.0 40.9 40.3  52.2 66.0 37 .1  40.4 

C i c e r  mi lk  v e t c h  100.0 nd nd 142 .1  nd nd 120.0 nd nd 

S a i n f o i n  51.4 55.4 nd 77.8 77.8 nd 60.0 62.7 nd 

Wolf wi l low 39 .1  3Q.9 nd 45.5 30.9 nd 41.9 30.6 nd 

nd - n o t  de te rmined ,  p l a n t s  dead a t  h a r v e s t  



m i l k  v e t c h  i n d i c a t e d  a h i g h  t o l e r a n c e  a t  low s a l i n i t y  i t  d i e d  o u t  a t  medium 

s a l i n i t y .  

I n  t h e  second s e e d i n g ,  where t h e  s a l i n i t y  l e v e l s  a l r e a d y  e x i s t e d  i n  
m 

the m i x  b e f o r e  sowing (Table 28), e v e r y  s p e c i e s  showed some degree  of s a l i n i t y  

t o l e r a n c e  a t  t h e  low l e v e l .  To le rance  d e c l i n e d  v e r y  s h a r p l y  a t  t h e  medium rl 

s a l i n i t y  l e v e l  i n  each  s p e c i e s ,  and a t  t h e  h i g h  s a l i n i t y  l e v e l  t h e  o n l y  

s p e c i e s  s t i l l  e x h i b i t i n g  any form o f  t o l e r a n c e  was t h e  a l k a l i  g r a s s .  The 

o n l y  s p e c i e s  w i t h  any form o f  g e n e r a l l y  h i g h e r  s a l i n i t y  t o l e r a n c e  were  t h e  
m 

s l e n d e r  wheat g r a s s  and a l k a l i  g r a s s .  

..) 

S a l i n i t y  Leve l s  o f  t h e  I4ix 

The r e a c t i o n  of t h e  s o i l  mix i n  a l l  f o u r  s a l i n i t y  l e v e l s  remained m 

s l i g h t l y  above n e u t r a l i t y  a t  t h e  h a r v e s t  of t h e  second s e e d i n g  (Table  29) .  

T h i s  is  t o  be expec ted ,  c o n s i d e r i n g  a n e u t r a l  s a l t  was used t o  a c h i e v e  t h e  ..) 

d i f f e r e n t  s a l i n i t y  l e v e l s  on t h e  mix. S a l i n i t y  l e v e l s  on t h e  s o i l  mix as 
(I.I 

determined a t  h a r v e s t  of t h e  second s e e d i n g  (Table  29) were,  w i t h  t h e  e x c e p t i o n  

o f  t h e  h i g h  s a l i n i t y  (S3) l e v e l ,  h i g h e r  than  t h e  l e v e l s  measured on samples m 

e q u i l i b r a t e d  w i t h  sodium s u l f a t e  s o l u t i o n  f o r  72 hours .  

I n  t h e  f i r s t  s e e d i n g  t h e  sodium s u l f a t e  s o l u t i o n  was a p p l i e d  t o  t h e  13 

s u r f a c e ;  o b s e r v a t i o n s  i n d i c a t e d  t h a t  n e a r l y  a l l  t h e  s a l t  a p p l i e d  remained n e a r  
m 

t h e  s u r f a c e  of t h e  mix. A f t e r  t h e  s u r f a c e  o f  t h e  mix d r i e d ,  s u b s t a n t i a l  

accumulat ion o f  t h e  s a l t ,  a s  i n d i c a t e d  by i t s  c o l o r ,  occur red  on t h e  s u r f a c e .  
1 

Under t h e  exper imenta l  c o n d i t i o n  of t h e  f i r s t  s e e d i n g ,  s a l t  damage t o  t h e  s p e c i e s  

was p robab ly  mos t ly  t h e  r e s u l t  o f  damage t o  t h e  crowns and t o  t h o s e  r o o t s  c l o s e r  1 

t o  t h e  s u r f a c e .  I n  t h e  second s e e d i n g  s a l i n i t y  was e v e n l y  d i s t r i b u t e d  i n  t h e  
d 

s o i l  mix and was, t h e r e f o r e ,  e v e n l y  d i s t r i b u t e d  i n  t h e  p o t s  by hand mixing t h e  

c o n t e n t s .  I n  t h e  course  o f  t h e  second c ropp ing ,  s a l t  was observed t o  accumulate  
I 



Table  28. Y i e l d s  of t h e  s p e c i e s  a t  d i f f e r e n t  s a l i n i t y  l e v e l s  e x p r e s s e d  
a s  a p e r c e n t a g e  of t h e  check (So) -- i n  a s i t u a t i o n  where t h e  
s a l i n i t y  a l r e a d y  e x i s t e d  (Second s e e d i n g )  . 

* Root y i e l d  was t o o  low t o  r e c o v e r .  

Kentucky b l u e g r a s s  

Saxirnontana f e s c u e  

S l e n d e r  wheat  g r a s s  

Bromegrass 

A l k a l i  g r a s s  

Hairy  Wild Rye 

Creeping Red Fescue 

C i c e r  m i l k  v e t c h  

S a i n f  o i n  

Wolf wi l low 

A l f a l f a  

Tops 

6.9 

* 

101.9 

15.7 

64.4 

17.2  

14 .0  

7 .8  

4 .5  

* 

6 . 1  

S3 

-- 

- - 

-- 

-- 

0.9 

-- 

-- 

- - 

-- 

-- 

-- 

S 
1 

4.6 

* 

71.6 

1 3 . 3  

52.3  

16.4  

7 .5  

9 .2  

2 .5  

* 

4.7  

1 

3.4 

0 . 5  

138.3 

18.9 

75.4 

17.9 

27.9 

5 . 8  

8.0 

7 . 1  

8.2 
1 

Tops 

2  

-- 

-- 

19 .3  

-- 

38.5 

0 . 5  

0 .6  

-- 

-- 

-- 

1 . 4  

+ 
S2 

-- 

-- 

12.3  

-- 

27.4 

0 .9  

* 
-- 

-- 

-- 

0.9 

Roots 

2 
S  

-- 

-- 

6 .5  

-- 

15.0  

1 . 4  

J( 

-- 

-- 

-- 

0 . 6  

Roots  

S3 

- - 

-- 

-- 

-- 

0.6  

-- 

- - 

-- 

-- 

-- 

-- 

3 

- - 
-- 

-- 

-- 

0 . 4  

-- 

-- 

-- 

- - 

- - 

-- 



Table  29. Mean pH and s a l i n i t y  l e v e l s  o f  s o i l  mix a t  h a r v e s t  of the 
second s e e d i n g .  

Check Low Medium H i  ah  

PH 7.29 

Conduc t iv i ty  (mmho / cm) 1 .40 

Conduc t iv i ty  (mmho /cm) * 
0-1" nd 

( r e s t  of p o t )  2-4" nd 

Mean by dep th  - - 

* 
f o r  a l k a l i  g r a s s ,  c r e e p i n g  r e d  f e s c u e ,  and a l f a l f a  

nd -- n o t  determined 



on t h e  su r f ace  between water ings;  a t  ha rves t ,  t h e r e f o r e ,  t h r e e  s p e c i e s  were 

chosen and the  mix on which they grew was sampled a t  t h r e e  depths  -- 0 t o  1 

inch,  1 t o  2 inches  and 2 t o  4 inches  ( r e s t  of po t )  -- t o  measure t h e  s a l i n i t y  

l e v e l s  a t  t hese  depths.  In  the  low s a l i n i t y  l e v e l  (S1, Table 2 9 ) ,  al though 

t h e  lowest  depth  was h ighes t  i n  s a l i n i t y ,  t he  su r f ace  depth was h ighe r  i n  

s a l i n i t y  than the  immediate depth below. In  t h e  medium and h igh  s a l i n i t y  

t rea tments ,  t he  h ighes t  s a l i n i t y  l e v e l s  were measured a t  t h e  su r f ace ,  and t h e  

immediate depth below was t h e  lowest .  Under cond i t i ons  where t h e r e  i s  s a l t  

movement t o  t h e  su r f ace  on dry ing ,  s a l i n i t y  damage t o  t h e  s p e c i e s  may be 

s i m i l a r  t o  where s a l t  was added t o  t h e  s u r f a c e  of t h e  s o i l ,  a s  i n  t he  f i r s t  

seeding.  

Germination a t  D i f f e r e n t  S a l i n i t y  Levels  

The germination of each spec i e s  i n  pe t r i -d i shes ,  w i th  s a l i n i t y  l e v e l s  

ad jus t ed  wi th  sodium s u l f a t e  s o l u t i o n  was, w i th  t h e  zxcept ion of t h e  wolf willow, 

not  a f f e c t e d  by l e v e l s  up t o  8 mmho/cm (Table 30).  S a l i n i t y  l e v e l s  of 8 mmho/cm 

and above decreased germination of t h e  Kentucky b luegrass .  S a l i n i t y  l e v e l  a t  

16 mmho/cm decreased germination of a l l  s p e c i e s  except  t h e  h a i r y  wild rye .  

Damage t o  t h e  r a d i c l e s  was ev ident  a t  d i f f e r e n t  s a l i n i t y  l e v e l s  i n  t h e  d i f f e r e n t  

spec i e s .  Severe damage t o  t he  r a d i c l e  a t  t h e  h i g h e s t  s a l i n i t y  l e v e l  occurred 

i n  a l l  spec i e s  except  t h e  a l k a l i  g r a s s  and dawn a l s i k e ,  which sus t a ined  a  

moderate damage. A t  t h e  8 mmho/cm l e v e l ,  s eve re  damage occurred only  on t h e  

saximontana f e scue  and c i c e r  milk ve tch .  Although germinat ion occurred i n  most 

spec i e s ,  a t  a  s a l i n i t y  l e v e l  a s  high a s  16 mmho/crn s a l t  damage was seve re  enough 

t o  prevent  much f u r t h e r  growth. A t  a  s a l i n i t y  l e v e l  of 8 mmho/cm most of t h e  

spec i e s  could be expected t o  cont inue  growing, a s  damage t o  r o o t s  was moderate 

o r  s l i g h t .  The damage t o  r a d i c l e s  observed he re  exp la ins  t h e  poor germinat ion 

and growth of t h e  second seeding a t  s a l i n i t y  l e v e l s  g r e a t e r  than  medium. 



Table  30. R e l a t i v e  p e r c e n t  ge rmina t ion  of t h e  d i f f e r e n t  s p e c i e s  i n  p e t r i  
d i s h e s  a t  d i f f e r e n t  sodium s u l p h a t e  s a l i n i t y  l e v e l s .  

D i s t i l l e d  w a t e r  
,005 nrmho/cm 2 mmho/cm 4 mmho/cm 8 mmho/cm 16 mmholcm 

Kentucky b l u e g r a s s  

S aximon t ana f e s  cue 

S l e n d e r  wheat g r a s s  

Bromegrass 

A l k a l i  g r a s s  

Hairy  w i l d  r y e  

Creeping r e d  f e s c u e  

C i c e r  m i l k  v e t c h  

S a i n f o i n  

Wolf wi l low 

A l f a l f a  

Dawn A l s i k e  

* 
Root damage: v s  = v e r y  s l i g h t  

s = slight 
m = moderate 

se  = s e v e r e  



Ten ta t ive  Conclusions and P r a c t i c a l  Impl ica t ions  

(1) Germination of s e v e r a l  of t h e  spec i e s  t e s t e d  was gene ra l ly  high,  wi th  

the  s a l i n i t y  l e v e l s  no t  g r e a t e r  than 8 mho/cm. Although germination 

of s e v e r a l  of t h e  spec i e s  occurred a t  a much reduced percentage a t  

s a l i n i t y  l e v e l s  a s  high a s  16  mmho/cm, roo t  damage was seve re  and, 

under such cond i t i ons ,  growth would normally be expected t o  be very  poor. 

(2) In  a s i t u a t i o n  where the  s a l i n i t y  of t he  s o i l  i s  slowly increased  by 

seepage t o  t he  su r f ace ,  t h e  e x t e n t  of damage o r  even tua l  dea th  of any 

spec i e s  a l r e a d y  we l l  e s t a b l i s h e d  i s  dependent upon t h e  eventua l  s a l i n i t y  

a t t a i n e d  and on t h e  s a l i n i t y  t o l e rance  of t h e  i n d i v i d u a l  spec i e s .  The 

a l k a l i  g r a s s ,  bromegrass and creeping  red fescue  were found, a t  t h e  age 

of two months, t o  withstand s a l i n i t y  t o  l e v e l s  a s  high a s  almost 18  

mmho/cm. (At t h i s  s t a g e  of development p l a n t s  were subjec ted  t o  varying 

l e v e l s  of s a l i n i t y . )  

( 3 )  In  a s i t u a t i o n  where t h e  s o i l  s a l i n i t y  was a l r eady  e s t a b l i s h e d  be fo re  

t he  s p e c i e s  were seeded, germination of t h e  seeds  a t  s a l i n i t y  l e v e l s  of 

12  mrnho/cm o r  more was poor and growth i n  most ca ses  was poor,  even i f  

t he  spec i e s  even tua l ly  became e s t a b l i s h e d .  A l k a l i  g r a s s ,  and t o  a 

l imi t ed  e x t e n t  s l ende r  wheat g r a s s ,  grew comparatively we l l  a t  s a l i n i t y  

l e v e l s  a s  high a s  12 mho/cm. 

( 4 )  S a l i n i t y  l e v e l s  i n  t he  mix t r e a t e d  wi th  sodium s u l f a t e  s o l u t i o n  i n d i c a t e d  

t h a t  w i t h  inc reas ing  s a l i n i t y  t h e  s a l t  moved from t h e  middle of t h e  po t  

( 1  t o  2 inch  depth)  t o  t h e  s u r f a c e  (0 t o  1 inch  depth) .  Th i s  s a l t  

gene ra l ly  accumulated around t h e  crown of t h e  p l a n t s ,  perhaps c o n t r i -  

bu t ing  s i g n i f i c a n t l y  t o  t h e  s a l t  damage done a t  t h e  ground l e v e l .  



THE SOIL REACTION (pH) EXPERIMENT 

I n t r o d u c t i o n  

The main s o l i d  was te  from t h e  s o i l  e x t r a c t i o n  p r o c e s s  i s  t h e  t a i l i n g s  

sand which comes o u t  of t h e  p r o c e s s i n g  p l a n t .  It h a s  a h i g h  a l k a l i n e  r e a c t i o n  

due t o  t h e  sodium hydroxide used f o r  e x t r a c t i n g  o i l .  Some m a t e r i a l s  i n  t h e  

overburden p i l e s  may a l s o  be v e r y  a l k a l i n e  i n  r e a c t i o n .  The p o s s i b i l i t y  a l s o  

e x i s t s  t h a t  t h e  a l k a l i n e  l i q u i d s  which have passed th rough  t h e  p l a n t  i n  t h e  

e x t r a c t i o n  p r o c e s s  could  a c c i d e n t a l l y  f i n d  t h e i r  way i n t o  areas where t h e y  may, 

due t o  t h e i r  h i g h  pH, c a u s e  a  c o n s i d e r a b l e  problem i n  a  v e g e t a t i o n  program. 

The f r e s h  t a i l i n g s  sand can have a  pH of o v e r  9 ,  and s l i g h t l y  o l d e r  t a i l i n g s  

sand v a l u e s  of around 8.5 a r e  n o t  uncommon ( s e e  Tab le  1 ) .  

It a p p e a r s  t h e  a l k a l i n i t y  o f  t h e  t a i l i n g s  sand d e c r e a s e s  v e r y  r a p i d l y  

when s t o r e d  i n  t h e  open, s o  t h a t  w i t h i n  two y e a r s  i t  i s  o n l y  v e r y  s l i g h t l y  

a l k a l i n e .  However, i n  v e g e t a t i n g  t h e  t a i l i n g s  sand ( a s  on t h e  d i k e ) ,  t h e  pH 

of t h e  seedbed depends g r e a t l y  on t h e  pH of t h e  p e a t  used w i t h  t h e  sand.  The 

t a i l i n g s  sand e f f e c t  on t h e  f i n a l  pH of t h e  seedbed i s  a lmos t  n e g l i g i b l e  a s  i t  

is  v e r y  poorly b u f f e r e d  i n  comparison t o  w e l l  b u f f e r e d  p e a t  o r  overburdens  

( s e e  F i g s  6-8 ). P e a t s  on t h e  GCOS and Syncrude l e a s e s  c o l l e c t e d  i n  t h i s  s t u d y  

have been found t o  range from v e r y  a c i d  (pH of  abou t  4 .0 )  t o  n e a r  n e u t r a l  (pH 

of abou t  6.5) b u t  more a l k a l i n e  p e a t s  a l s o  e x i s t  i n  t h i s  r e g i o n .  Under c o n d i t i o n s  

where t h e  a c i d  p e a t  is  used f o r  v e g e t a t i n g  t h e  t a i l i n g s  sand,  l i m i n g  may b e  a  

requirement  a t  seed ing .  

The o b j e c t i v e  o f  t h i s  exper iment ,  which was conducted i n  a  growth chamber, 

was t o  de te rmine  t h e  e f f e c t s  of pH l e v e l s  t h a t  may be encountered i n  a  v e g e t a t i o n  

program on mine w a s t e s ,  on t h e  performance o f  a  number of p l a n t  s p e c i e s .  

Although t h e  o r i g i n a l  i n t e n t  was t o  produce a low s o i l  pH v a l u e ,  t h e  s low b u t  



s u b s t a n t i a l  b u f f e r i n g  o f  t h e  mix used r e s u l t e d  i n  t h e  f i n a l  pH v a l u e s  b e i n g  

o n l y  s l i g h t l y  a c i d i c .  See Page 144 f o r  r e s u l t s  o f  b u f f e r i n g  p r o p e r t i e s .  

Exper imental  P rocedure  

In t h i s  exper iment  two c r o p s  were grown. The f i r s t  c r o p  was grown from 

December 23, 1974 t o  May 1 8 ,  1975 and t h e  second from May 29 t o  September 27,  

1975. The exper iment  was s e t  up i n  a randomized b l o c k  d e s i g n  w i t h  e a c h  

t r e a t m e n t  r e p l i c a t e d  two t i m e s .  The p l a n t  s p e c i e s  grown and t h e  d e s i r e d  pH 

of t h e  s o i l  mixes  are as fo l lows :  

(1)  Des i red  s o i l  mix pH: 

(a) pH 3.5  (Level  A) 

(b)  pH 5.0 (Level  B) 

( c )  pH 7 . 0  (Level  C) 

(d)  pH 9 .5  (Level  D) 

(2) S p e c i e s :  

(a) Saximontana f e s c u e  (Festuca saximontana) 

(b) S lender  wheat g r a s s  (Agropyron trachycauZwn) 

(c )  Bromegrass (Bromus inermis) 

(d)  A-Lkali g r a s s  (Pucci.neZZia nut tal iana)  

( e )  H a i r y  w i l d  r y e  (EZymus innovatus) 

( f )  Creeping r e d  f e s c u e  (Festuca m b r a )  

(g) C i c e r  m i l k  v e t c h  (AstragaZus c i cer )  

(h) Sa in f  o i n  (Onobrychis sp. ) 

( i )  A l f a l f a  (Medicago sp. ) 

(3) R e p l i c a t i o n s :  two 

The s o i l  mix on which e a c h  s p e c i e s  was grown was composed o f  1050 g o f  

t a i l i n g s  sand ,  80  g o f  GCOS a c i d  p e a t  and 470 g of Syncrude overburden  material 



p e r  p o t .  On a  volume b a s i s  t h e  mix had a  r a t i o  of 2 : l : l .  S u l f u r i c  a c i d  

was used i n  o r d e r  t o  a t t a i n  the two lower pH l e v e l s  (A and B) and sodium 

c a r b o n a t e  was used i n  a t t e m p t s  t o  a t t a i n  t h e  two h i g h e r  pH l e v e l s  ( C  and D ) .  

Samples of t h e  s o i l  mix were e q u i l i b r a t e d  w i t h  v a r y i n g  amounts of s u l f u r i c  

a c i d  and sodium c a r b o n a t e  f o r  48 h o u r s  and pH measurements were made. Measured 

pH v a l u e s  a f t e r  e q u i l i b r a t i o n  which were c l o s e s t  t o  t h e  d e s i r e d  l e v e l s  were 

s e l e c t e d  and t h e  pH l e v e l s  of t h e  mix i n  t h e  p o t s  were a d j u s t e d  a c c o r d i n g l y .  

The i n i t i a l  a d j u s t e d  pH l e v e l s  were 3.40,  5.10,  7 .50 and 9.62.  At h a r v e s t  of 

t h e  f i r s t  seed ing ,  t h e  pH and s a l i n i t y  l e v e l s  of t h e  mix were checked and t h e  

two lower pH l e v e l s  were found t o  be much h i g h e r  t h a n  t h e  a d j u s t e d  l e v e l s  a t  

seed ing .  The pH l e v e l s  were n o t  r e a d j u s t e d .  

Cont ro l  of t h e  growth chamber environment ,  f e r t i l i z a t i o n ,  and c a r e  o f  

t h e  p l a n t s  i n  b o t h  s e e d i n g s  were t h e  same a s  o u t l i n e d  under t h e  s e c t i o n  en- 

t i t l e d  Bitumen Experiment.  

Observa t ions  and R e s u l t s  

Growth of t h e  P l a n t  S p e c i e s  and Nodulat ion by t h e  Legumes 

Good germina t ion  o f  e a c h  s p e c i e s  was ach ieved  i n  e a c h  o f  t h e  a d j u s t e d  

pH l e v e l s  o f  t h e  s o i l  mix e x c e p t  a t  t h e  h i g h e s t  pH (Level D) i n  t h e  f i r s t  s e e d i n g .  

The o n l y  s p e c i e s  which p r e s e q t e d  a  ge rmina t ion  problem was t h e  c i c e r  m i l k  v e t c h .  

The reason  f o r  t h i s  h a s  been d i s c u s s e d  under  t h e  Bitumen Experiment.  Through- 

o u t  t h e  e n t i r e  f i r s t  seed ing ,  m a l f u n c t i o n i n g  o f  t h e  env i ronmenta l  c o n t r o l  sys tem 

of t h e  growth chamber c r e a t e d  some problems. Humidity and t empera tu re  were 

o f t e n  h i g h  enough t o  a u t o m a t i c a l l y  s h u t  down t h e  system. T h i s  a f f e c t e d  t h e  

growth o f  t h e  p l a n t s  which were poore r  t h a n  t h e  same s p e c i e s  grown i n  t h e  

exper iments  i n  o t h e r  growth chambers. The a l f a l f a  and t h r e e  g r a s s e s  grew 

p a r t i c u l a r l y  p o o r l y .  Growth of e a c h  s p e c i e s  a t  t h e  l o w e s t  pH l e v e l  was g e n e r a l l y  



slow i n  the  f i r s t  t h r e e  months, b u t  was f a s t  towards t h e  end of t h e  growing 

per iod ,  so t h a t  a t  ha rves t  v i s u a l  d i f f e r e n c e s  i n  growth between t h e  t h r e e  pH 

l e v e l s  i n  which germination was achieved were almost non-exis ten t .  The 

a l f a l f a  and c i c e r  milk ve t ch  produced no nodules  a t  t h e  lowest  pH (Level A ) ;  

t h e  s a i n f o i n ,  however, produced a  few small  yellowish-white nodules  which 

were mostly whi te  i n  c o l o r .  

In t h e  second seeding a  much more s a t i s f a c t o r y  s e t  of p l a n t s  was grown 

a s  t h e  mechanical problems wi th  t h e  growth chamber appeared t o  have been 

co r rec t ed .  There was s t i l l  no germinat ion i n  t he  mix a t  t h e  h i g h e s t  pH (Level 

D ) .  In  gene ra l ,  t h e r e  were no c o n s i s t e n t  v i s u a l  growth d i f f e r e n c e s  i n  each 

spec i e s  between p l a n t s  growing on t h e  mix a t  d i f f e r e n t  pH l e v e l s  ( P l a t e s  75 t o  

83) .  V i sua l ly  t he  c reeping  red fescue  and bromegrass grew s l i g h t l y  be t . te r  a t  

t h e  lowest pH (Level A ) ,  t h e  a l f a l f a  and s a i n f o i n  a t  t h e  next  h igher  pH (Level 

and t h e  h a i r y  wild rye  and s l ende r  wheat g r a s s  a t  t h e  next  h igher  pH (Level C )  

By ha rves t  time g ra s ses  were showing n u t r i e n t  de f i c i ency  symptoms while  t h e  

a l k a l i  g r a s s  had a l r e a d y  gone t o  seed.  

Dry Mat te r  Product ion 

Tops. Yie lds  of t h e  tops  (Table 31)  were e s s e n t i a l l y  unaf fec ted  by t h e  

pH l e v e l s  of t h e  s o i l  mix wi th  t h e  saximontana fescue ,  c i c e r  mi lk  ve t ch ,  s a i n f o i n ,  

s lender  wheat g r a s s ,  a l k a l i  g r a s s  and creeping  red fescue ,  y i e l d s  increased  wi th  

inc rease  i n  s o i l  mix pH. Yields  of a l f a l f a  and bromegrass were low a t  t h e  

lower pH (Level A ) .  

In t he  second seeding (Table 32) t h e  pH l e v e l  of t he  s o i l  mix d i d  n o t  

have much e f f e c t  on t h e  y i e l d s  of saximontana fescue ,  s l ende r  wheat g r a s s ,  

a l k a l i  g ra s s ,  s a i n f o i n ,  a l f a l f a  and creeping  red  fescue .  Yield of t h e  brome- 



T a b l e  31. Dry matter y i e l d s  of  legume and g r a s s  s p e c i e s  a t  d i f f e r e n t  pH 
levels* a d j u s t e d  w i t h  N a  CO and H SO -- f i r s t  s e e d i n g .  

2 3 2 4 

Drv Matter Y i e l d  ( e / ~ o t )  
Tops Roo t s  Tops + Roots  

pH pH pH pH pH pI-I pE yH pH 

Saximontana  f e s c u e  3 . 1 1  3 . 4 1  3.66 3 .89  6 .32  3.82 7.00 9 . 7 3  7 .48  

S l e n d e r  whea t  g r a s s  2 .54  3 .04  3 .23  3 .99  6 .55  3.20 6 . 5 3  9 . 5 9  6 .43  

Bromegrass 
1 

1.69  2 .52  2.19 2 .32  2 . 8 3  3 .04  4 . 0 1  5 .35  5 .23  

A l k a l i  g r a s s  
1 

1 . 5 6  2.00 2.72 0 .77  0 .86  1 . 4 0  2 .33  2 .86  4.12 

H a i r y  w i l d  r y e  2.67 1 . 9 5  2.96 3 .47  2 . 9 8  2 .87  6 .14  4 . 9 3  5 .83  

C r e e p i n g  r e d  f e s c u e  4.06 4.69 5 . 8 1  5 .86  8.79 5 .10  9 .92  1 3 . 4 8  1 0 . 9 1  

C i c e r  m i l k  v e t c h  0 . 4 4  0 . 5 5  0 . 5 1  9 . 7 9  1 . 3 1  0 .64  1 . 2 3  1 . 5 6  1 . 1 5  

S a i n f  o i n  
1 

0 .80  1 . 0 1  9 0 .80  1 . 5 9  1 . 1 7  1 .60  2.60 2 . 0 8  

A l f a l f a  0 .95  1 . 6 2  1 . 4 6  1 . 6 4  3 . 0 1  2 .76  2.59 4 .63  4.22 

* 
:lone o f  t h e  s p e c i e s  ge rmina ted  i n  t h e  f o u r t l l  o H  level  

(pH 10.50 ,  l e v e l  3). See  T a b l e  34.  

' ~ e s e e d e d  30 days  a f t e r  o t h e r  p l a n t s  



T a b l e  32 .  Dry m a t t e r  y i e l d s  o f  legume and g r a s s  s p e c i e s  a t  d i f f e r e n t  pH 
l e v e l s *  a d j u s t e d  w i t h  N a  CO and H SO -- s e c o n d  s e e d i n g .  

2 3 2 4 

D r y  Matter Y i e l d  ( g / p o t )  
Tops R o o t s  Tops + Root s  

pH pH pH pH pH pH pH pH pH 
6.56 6.76 7.06 6.56 6.76 7.06 6 .56  6.76 7 .06  

A* B* C* A* B* C* A* B* C* 

Saximontana  f e s c u e  3.02 3 .25  3 . 1 1  1 .32  0 .89  1 . 4 1  4 .34  4.14 4.52 

m S l e n d e r  wheat  g r a s s  3.80 3 .23  4.05 2 .72  2.47 5 . 4 3  6 .52  4 .70  9 .48  

Bromegrass  6 .03  5 .02  4 .63  5 . 8 8  4 .37  6 . 1 1 1 1 . 9 1  9 .39  10.74 

A l k a l i  g r a s s  3.69 4.00 3 . 5 1  1 . 9 2  2 .16  2 . 2 1  5 . 6 1  6 .16  5 .72  

H a i r v  w i l d  r y e  3.40 2 .93  3 .77  1 . 7 3  1 . 3 8  2 .57  5 .13  3 . 4 1  6 .34  

C r e e p i n g  r e d  f e s c u e  8 . 4 3  7.40 7 .35  9 .06  9 .39  12 .24  17 .49  16 .79  19 .59  

Cicer m i l k  v e t c h  1 .07  2.42 1 . 7 9  1 . 2 8  2 . 8 5  2 .67  2 . 3 5  5 .27  4.46 

S a i n f o i n  3 . 1 1  3 .25  3 .15  2 . 8 1  3 .89  4.20 5 .92  7 .14  7 .35  

A l f a l f a  3.42 3.90 3 . 3 5  3 .80  4 .96  5.00 7.22 8 .86  8 .38  

-9- 

None o f  t h e  s p e c i e s  g e r m i n a t e d  i n  t h e  f o u r t h  pH l e v e l  
(pH 10 .12 ,  l e v e l  D) . S e e  T a b l e  34. 



g r a s s  was poor a t  t h e  h i g h  pH (Level C )  and y i e l d  o f  t h e  c i c e r  m i l k  v e t c h  was 

poor a t  t h e  low pH (Level A ) .  As i n  t h e  f i r s t  s e e d i n g  t h e r e  was a  y i e l d  

d e p r e s s i o n  a t  t h e  medium pH (Level  B) i n  t h e  h a i r y  wi ld  rye .  

Roots.  With t h e  e x c e p t i o n  o f  t h e  a l k a l i  g r a s s ,  t h e  r o o t  y i e l d s  were 

much h i g h e r  t h a n  t h e  t o p  y i e l d s  i n  t h e  f i r s t  s e e d i n g .  There  was no d e f i n i t e  

t r e n d  i n  t h e  y i e l d s  of t h e  r o o t s  i n  r e l a t i o n  t o  t h e  pH of t h e  mix (Table  3 1 ) ,  

o t h e r  t h a n  t h e  h i g h e r  r o o t  y i e l d s  a t  t h e  a lmos t  n e u t r a l  pH (Level  B) i n  t h e  

saximontana f e s c u e ,  s l e n d e r  wheat g r a s s ,  c r e e p i n g  red  f e s c u e  and t h e  legumes. 

I n  t h e  second s e e d i n g  o n l y  t h e  legumes and c r e e p i n g  r z d  f e s c u e  gave 

r o o t  y i e l d s  h i g h e r  than  t h e  y i e l d s  of t h e  t o p s .  With t h e  e x c e p t i o n  o f  t h e  

c i c e r  mi lk  v e t c h  t h e  h i g h e s t  r o o t  y i e l d  (Table  3 2 )  occur red  a t  n e a r  n e u t r a l  pH 

(Level C ) . 
I n  g e n e r a l ,  y i e l d  d i f f e r e n c e s  i n  e a c h  s p e c i e s  were n o t  e n t i r e l y  a t t r i b u t a b l e  

t o  t h e  s l i g h t  d i f f e r e n c e s  i n  t h e  pH of t h e  mix. Other f a c t o r s  such  a s  e x c e s s  

sodium o r  e x c e s s  s u l f a t e ,  and t h e  r e s u l t a n t  chemical  changes caused i n  t h e  mix 

due t o  t h e i r  p resence ,  more p robab ly  accounted f o r  t h e  d i f f e r e n c e s  i n  t h e  y i e l d s  

of each  s p e c i e s  observed.  It i s  p o s s i b l e  t h a t  i n  t h e  c o u r s e  of t h e  f i r s t  

s e e d i n g ,  e s p e c i a l l y  i n  t h e  f i r s t  two o r  t h r e e  months of growth,  t h e  pH l e v e l s  

i n  t h e  mix were c l o s e  t o  t h e  a d j u s t e d  l e v e l s .  I n  t h i s  c a s e  t h e  pH of  t h e  mix 

g r e a t l y  a f f e c t e d  t h e  growth of t h e  s p e c i e s  through t h e  e f f e c t  i t  had on t h e  

p roper  ba lance  and a v a i l a b i l i t y  of p l a n t  n u t r i e n t s  i n  t h e  mix. Although no 

v i s u a l  ev idence  was r e a d i l y  r e c o g n i z a b l e  a t  h a r v e s t ,  n u t r i e n t  d e f i c i e n c i e s  o r  

t o x i c  c o n d i t i o n s  c r e a t e d  by one o r  more e lements  i n  t h e  mix p robab ly  a f f e c t e d  

y i e l d s  a t  t h e  d i f f e r e n t  pH l e v e l s  i n  t h e  f i r s t  seed ing .  



The pH L e v e l s  o f  t h e  Mix 

Although t h i s  was an  exper iment  p r i m a r i l y  t o  de te rmine  t h e  e f f e c t s  of 

s o i l  mix r e a c t i o n  on t h e  growth of s e v e r a l  p l a n t  s p e c i e s ,  s a l i n i t y  a l s o  

played a  r o l e  i n  t h e  s o i l  mix. S a l i n i t y  l e v e l s  of t h e  s o i l  mix a t  h a r v e s t  

(Table  33) r e f l e c t  t h e  amounts o f  s u l f u r i c  a c i d  and sodium c a r b o n a t e  used f o r  

a d j u s t i ~ g  t h e  pH l e v e l s  of t h e  mix ( s e e  Tab le  1 9  f o r  i n i t i a l  s a l i n i t y  l e v e l s  

o f  m a t e r i a l s  i n  t h e  mix) .  I4ki.lc s a l i n i t y  l e v e l s  were low enough n o t  t o  a f f e c t  

t h e  growth of t h e  s p e c i e s  a t  t h e  t h r e e  lower  pH r e v e l s  ( A , B  and C) ,  s a l i n i t y  

was h i g h  enough a t  t h e  h i g h e s t  pH l e v e l  (D) t o  have k i l l e d  a l l  of  t h e  s p e c i e s  

w i r b  t h c  except ior?  of t h e  a l k a l i  g r a s s .  Thore was no germina t ion  i n  any of 

t 3 c  s p c c i e s  a t  t h e  h i g h e s r  pR l e v e l ,  n o t  even of t h e  a l k a l i  g r a s s .  Thus i t  

a p p e a r s  t h a t  pH played t h e  m o s t  impor tan t  r o l e  i n  s t o p p i n g  germina t ion .  

v7 
L?Y pIJ l e v e l s  of c h ~  s o i l  mix, a d j u s t e d  b e f o r e  t h e  f i r s t  s e e d i n g ,  had 

r i s e n  by  harve.sZ t ime.  A t  h a r v e s t  o f  t h e  f i r s t  s e e d i n g  (Table  33 ) t h e  two 

lower pH Levels  (A and B) had increases by between approx imate ly  two t o  t h r e e  

t i n i t s ,  an3 t h e  h i g h e s t  pH l e v e l  had i n c r e a s e d  by 0.9 u n i t .  A t  h a r v e s t  o f  t h e  

seco2.! s e a l i n g ,  pH l e v e l s  were s t i l l  k i g h e r  than  the  o r i g i n a l l y  a d j u s t e d  l e v e l s ,  

a l t h o u g h  t h e  t l ~ r e e  h i g h e r  l c v e l s  had shown s l i g h t  decre.-ises of betweer, 0.3 and 

0 .5  u n i t .  The 3 i f f i c u l t y  i n  m a i n t a i n i n g  t h e  a d j u s t e d  pH a t  one l e v e l  o v e r  t h e  

nine-month dara t lo -1  of t h c  exper iment  demons t ra tes  t h e  dynamic n a t u r e  o f  s o i l  

chemical  c o n d i t i o n s .  

A s  i n d i c a t e d  e a r l i e r ,  e a c h  s p e c i e s  g e r n i n a t e d  and grew b e l l  a t  t h e  t h r e e  

n e a r  n e u t r a l  pH l e v e l s  (A,B and C).  A t  t h e  h i g h e s t  p9 l e v e l  (D), however, t h e  

s p e c i e s  germinated i n  s p i t e  of two a t t cmpted  s e e d i n g s  d u r i n g  each  exper iment .  

D i s p e r s i a  o f  o r g a n i c  m a t e r i a l  p r e s e n t  i n  t h e  p e a t  and overburden by h i g h  sodium 

l e v e l s  was a l s o  observed .  The o r g a n i c  m a t e r i a l  moved t o  t h e  s u r f a c e ,  whereupon 



Table 33. pH and s a l i n i t y  of t he  t a i l i n g s  sand-peat-overburden m i x  
ad jus t ed  w i th  Na CO and H SO 

2  3  2 4 '  

pH pH pH pH 
l e v e l  l e v e l  l e v e l  l e v e l  

A B C D 

Desired pH 3.50 5.00 7.00 9.50 

Adjusted pH ( a f t e r  48 h r s .  
e q u i l i b r a t i o n )  3.40 5.10 7.50 9.62 

pH a t  h a r v e s t  ( 1 s t  seed ing)  6.56 7.05 7.64 10.50 

pH a t  ha rves t  (2nd seeding)  6.56 6.76 7.06 10.12 

E l e c t r i c a l  conduct iv i ty  
(mrnho / cm) 



d r y i n g  ic f o r ~ e d  a b l a c k  c r u s t  ( s e e  P l a t e  7 ; : .  b ~ i  exarnjnation 0: t h e  s o i l  

i n d i c a t e d  t h a t  s e e d s  o f  t h e  s p e c i e s  sown had a l s o  brera physical1.y damaged i n  

t h e  p resence  of t h e  sodium c a r b o n a t e .  

Although t h e  pH l e v e l s  of t h e  mix a t  h a r v e s c  of t h e  second s e e d i n g  

(Table  33) i n  t h e  two lower  pH l e v e l s  (A and B) were much g r e a t e r  t h a n  t h e i r  

i n i t i a l l y  a d j u s t e d  l e v e l s ,  t h e y  were c l o s e  t o  what nay  be e n c o a n t e r e i  under  

f i e l d  c o n d i t i o n s  i n  a  v e g e t a t i o n  program. The pH l e v e l  A (6.56) i s  c l ~ s e  t o  

t h e  l e v e l  i n  t h e  s u r f a c e  0 t o  6 i n c h  l a y e r  on a  v e g e t a t e d  a r e i  of t h e  d i k e  

(Table  11, a l l  t r e a t m e n t s  w i t h o u t  l ime;  mean pH = 6.35)  and pli 'Level B (6.7E) 

i s  c l o s e  t o  t h e  l e v e l  i n  t h e  s u r f a c e  0 t o  6 i n c h  I ~ y e r  on a v e g e t a t e d  a r e a  which 

was t r e a t e d  w i t h  f i v e  t o n s  of l i m e  p e r  a c r e  (Table 11; mesn pH = 6.71 ). The 

pH l e v e l  C ,  which i s  about  n e u t r a l  (pH 7.06), i s  a n  a c c e p t s b l e  pH Level a t  w h i ~ h  

t o  a t t e m p t  v e g e t a t i o n  of s t o r e d  t a i l i n g s  sand .  The t h r e e  pH l e v e l s  (A.  B and 2 )  

used i n  t h i s  s t u d y  t h e r e f o r e  r e p r e s e n t  t h e  p r a c t i c a l  r a g e  of pH a t  which & 

v e g e t a t i o n  program would normal ly  be  a t t e m p t e d .  Lime should i n v a r i a b l y  n a i n t a i n  

t h e  pH w i t h i n  range  even i f  t h e  d i k e  o r  overburden p i l e  seen1 t r  b e c o w  

p r o g r e s s i v e l y  a c i d  th rough  f e r t i l i z a t i o n  o r  s u l f u r  d i o x i d e  e m i s s i o n s  from t h e  

p r o c e s s i n g  p l a n t s .  The f a i l u r e  t o  e s t a b l i s h  growth o f  any of t h e  s ~ e c i e s  a t  

t h e  v e r y  h i g h  pH l e v e l  i l l u s t r a t e s  t h e  problems to  be  encounte red  i n  a r e a s  

where h i g h l y  a l k a l i n e  w a s t e s  may o c c u r .  Recla iming such  a r e a s  would i n v o l v e  a c  

expens ive  a c i d i f i c a t i o n  and d e s a l i n i z a t i o n  program. 

T e n t a t i v e  Conc lus ions  and P r a c t i c a l  I m p l i c a t i o n s  

(1 )  I n  t h e  pH range  t h a t  may normal ly  be  encounte red  ( s l i g h t l y  a c i d  t o  s l i g h t l y  

a l k a l i n e )  i n  a  v e g e t a t i o n  program on t a i l i n g s  sand and overburden p k l e s ,  

any o f  t h e  s p e c i e s  t e s t e d  could  b e  grown s u c c e s s f u l l y .  



(2) Small  a r e a s  of h i g h  pH (about 1 0  and above) which a r e  t o  b e  v e g e t a t e d ,  

no germina t ion  of any o f  t h e  s p e c i e s  would o c c u r .  I n  a d d i t i o n  t o  t h e  

a l k a l i n i t y  i n  t h e s e  areas, s a l i n i t y  would a l s o  be h igh .  V e g e t a t i n g  

such  a r e a s  would i n v o l v e  r e c l a i m i n g  t h e  s o i l  from any s a l i n i t y  damage 

and a c i d i f y i n g  t h e  a r e a s  i f  t h e  pH remained h igh .  

(3)  I n  a r e a s  which a r e  n a t u r a l l y  h i g h l y  a c i d ,  o r  i n  a r e a s  where s u l f u r  

d i o x i d e  emiss ions  o r  e l e m e n t a l  s u l f u r  d u s t  may damage t h e  s o i l ,  a  

c o n t r o l l e d  l i m i n g  program would be  n e c e s s a r y  t o  r e c l a i m  t h e  a f f e c t e d  

a r e a s .  

Our d a t a  do n o t  i n d i c a t e  whether  o r  n o t  any o f  t h e  t e s t e d  s p e c i e s  

would t o l e r a t e  a c i d i c  s o i l  c o n d i t i o n s  w i t h o u t  l i m i n g .  Perhaps  i n  

d i s c u s s i n g  and a s s e s s i n g  a c i d i t y  problems i n  t h e  f u t u r e ,  t h e  concen- 

t r a t i o n s  of Al, Mn, Fe,  e t c .  should  be  manipula ted r a t h e r  t h a n  j u s t  pH. 

Th is  would probably  p rov ide  more a c c u r a t e  i n t e r p r e t a b l e  and u s e f u l  

in fo rmat ion .  



GROWTH OF NITROGEN FIXING PLANTS ON TWO 

SOIL MIXES WITH AND WITHOUT ADDED LIME 

I n t r o d u c t i o n  

A g e n e r a l  s u r v e y  o f  t h e  a r e a  o f  t h e  GCOS t a i l i n g s  pond d i k e  where 

v e g e t a t i v e  c o v e r  w a s  e s t a b l i s h e d  a b o u t  f o u r  y e a r s  ago i n d i c a t e s  t h a t ,  a l t h o u g h  

legumes were i n c l u d e d  i n  t h e  s e e d i n g  m i x t u r e ,  g r a s s e s  ( e s p e c i a l l y  c r e e p i n g  

r e d  f e s c u e )  dominate and t h e  legumes have a l l  b u t  d i s a p p e a r e d .  I n  r e c e n t l y  

v e g e t a t e d  a r e a s  legumes,  e s p e c i a l l y  y e l l o w  and w h i t e  sweet c l o v e r  (MeliZotus) 

a r e  s t i 1 . l  t o  be found. Although t h e  sweet  c l o v e r  i s  growing w e l l  and 

producing s e e d ,  t h e  e x p e r i e n c e  is  t h a t  i t  may e v e n t u a l l y  d i e  o u t  and g r a s s e s  

w i l l  predominate  . 
Two p o s s i b l e  r e a s o n s  t h a t  legumes d i e  o u t  i n  t h e  o l d e r  v e g e t a t e d  a r e a s  

of t h e  d i k e  a r e :  (1 )  n i t r o g e n  f e r t i l i z a t i o n ,  and (2)  u n f a v o r a b l e  pH i n  t h e  

t a i l i n g s  sand-peat  growth medium on t h e  d i k e ,  w i t h  t h e  p o s s i b i l i t y  t h a t  t h e  

legumes a r e  n o t  f i x i n g  any n i t r o g e n .  

The o b j e c t i v e  of t h i s  exper iment  was t o  measure t h e  amount o f  growth 

and n i t r o g e n  c o n t e n t  o f  s e l e c t e d  n i t r o g e n  f i x i n g  p l a n t  s p e c i e s  i n  t h e  growth 

chamber u s i n g  two t y p e s  of growth media s i m u l a t i n g  m a t e r i a l s  on which v e g e t a t i o n  

i s  t o  be e s t a b l i s h e d :  (1)  a t a i l i n g s  sand-peat  seedbed,  as i s  p r e s e n t l y  found 

on t h e  GCOS t a i l i n g s  pond d i k e ;  and (2)  a t a i l i n g s  sand-peat-overburden seedbed.  

Exper imental  P rocedure  

Two s e e d i n g s  o f  t h l e g u m e s  were  c a r r i e d  o u t  under  growth chamber c o n d i t i o n s .  

The f i r s t  s e e d i n g  was grown from December 2 3 ,  1974 t o  May 1 6 ,  1975, and t h e  

second s e e d i n g  from May 29 t o  September 27,  1975. The exper iment  was set  up i n  

a randomized b l o c k  d e s i g n  w i t h  e a c h  o f  t h e  t r e a t m e n t s  r e p l i c a t e d  two t i m e s .  

The t r e a t m e n t s  imposed are as  f o l l o w s :  



Irl 
(1)  S o i l  mixes:  

( a )  T a i l i n g s  sand (1 ,050 g)-GCOS p e a t  (80 g)-GCOS overburden (470 g ) ,  
I d  

i n  approx imate ly  a  2 : l : l  r a t i o  by volume. 

(b) T a i l i n g s  sand (840 g)-GCOS p e a t  (160 g ) ,  i n  approx imate ly  a 1:l d 

r a t i o  by volume. 

(2) Lime ( d o l o m i t i c  l i m e s t o n e ,  1 0 : l  r a t i o  by weigh t  of CaCO and MgC03): 
3  

(a )  N i l .  

(b)  Lime ( 2 : l : l  s o i l  mix, 1 .08 g  l ime  p e r  p o t ;  1:l s o i l  mix, 4 .05 g  

p e r  p o t ;  s e e  s o i l  mixes above) .  m 

(3) Ni t rogen- f ix ing  p l a n t  s p e c i e s  used:  

( a )  C i c e r  milk  v e t c h  ( A s t r a l a g u s  c i c e r ) .  

(b)  S a i n f o i n  (Ozobryehis sp. l 
m 

(c)  Dawn a l s i k e  (-?if0 Ziwn hybridwn) . 
(d) Wolf wi l low (EZaeagnus c o m t a t a ) ,  a  shrub which f i x e s  n i t r o g e n .  m 

( e )  A l f a l f a  (:.ledicago SF. ) 

II 
( 4 )  R e p l i c a t i o n s :  two. 

Maintenance o f  t h e  exper iment  was i d e n t i c a l  t o  t h a t  d e s c r i b e d  f o r  t h e  ~ i ~ ~ -  
1 

men Experiment excep t  t h a t  f o r  f e r t i l i z a t i o n  o n l y  a  s i n g l e  a p p l i c a t i o n  o f  20 l b  

of n i t r o g e n  p e r  a c r e  was made a t  sowing i n  each o f  t h e  two s e e d i n g s .  1 

The t o t a l  n i t r o g e n  c o n t e n t  of t h e  t o p s  and r o o t s  was measured and 

.I 
r e l a t e d  t o  t h e  amount of m i n e r a l  n i t r o g e n  i n  t h e  s o i l  mix. 

ObSeivat ions  and R e s u l t s  wd --- 
Growth of t h e  Ni t rogen- f ix ing  p l a n t s  

r* 

In t h e  s a i n f o i n ,  growth d i f f e r e n c e s  between l imed and unlimed t r e a t m e n t s  

on t h e  s o i l  mix i n c l u d i n g  overburden were smal l  i n  t h e  f i r s t  seed ing .  I n  t h e  
1 

t a i l i n g s  sand-peat  mix ( 1 : l )  l i m e  g r e a t l y  improved growth; some p l a n t s  i n  a  



r e p l i c a t i o n  which r e c e i v e d  no l i m e  were dy ing  ou t  by h a r v e s t .  With l i m e ,  

growth on t h e  S : l  s o i l  mix was as good as o r  b e t t e r  t h a n  on  t h e  2:1:1 t a i l i n g s  

sand:peat :overburden s o i l  mix. Growth o f  t h e  dawn a l s i k e  on t h e  1:l s o i l  

n i x  was g e n e r a l l y  b e t t e r  t h a n  on t h e  2 : l : l  s o i l  mix; growth on t h e  unlimed 

1:l s o i l  mix even appeared t o  b e  b e t t e r  t h a n  growth on t h e  l imed 2:1:1 s o i l  

mix. Lime g e n e r a l l y  improved growth on b o t h  s o i l  mixes  and on t h e  l imed 1:l 

mix t h e  deep g r e e n  c o l o r  of t h e  l e a v e s  i n d i c a t e d  t h a t  n i t r o g e n  supp ly  was 

adequa te  whether th rough  f i x a t i o n  o r  m i n e r a l i z a t i o n  from t h e  s o i l  materials. 

The b e s t  growth of t h e  a l f a l f a  o c c u r r e d  on t h e  l imed 1:l s o i l  mix; on t h e  

unlimed 1:1 s o i l  mix growth was poor and s e v e r a l  of t h e  p l a n t s  were dead by 

h a r v e s t  t ime .  I n  t h e  2 : l : l  s o i l  mix a l f a i f a  growth was abou t  t h e  s a m e  i n  

t h e  l imed and unlimed t r e a t m e n t s ;  i n  b o ~ h  t r e a t m e n t s  s e v e r a l  of t h e  o l d e r  

b ranches  were dead a t  h a r v e s t  t i m e .  

I n  t h e  second s e e d i n g  growth of c h e  c i c e r  m i l k  v e t c h  was g e n e r a l l y  

poor.  On b o t h  t h e  l imed and unlimed 2 :1 :1  s o i l  mix t h e  c o l o r  o f  t h e  l e a v e s  

i n d i c a t e d  n i t r o g e n  d e f i c i e n c y  i n  t h e  p l a n t ,  t h u s  implying t h a t  v e r y  l i t t l e  

i f  any n i t r o g e n  was be ing  f i x e d .  On t h e  1.:1 s o i l  mix t h e  o l d e r  l e a v e s  were 

dy ing ,  e s p e c i a l l y  i n  t h e  unlimed t r e a t m e n t .  T h i s  might  have been a d i s e a s e  

o r  r e l a t e d  t o  a micro-element problem r a t h e r  t h a n  a pH problem as i t  a l s o  

appeared t o  a l e s s e r  e x t e n t  i n  t h e  2:1:1  s o i l  mix t r e a t m e n t s  where t h e  pH 

l e v e l s  were  above n e u t r a l i t y ,  Growth of t h e  s a i n f o i n  i n  b o t h  mixes was good 

i n  t h e  l imed t r e a t m e n t s ,  e x p e c i a l l y  t h e  1:l s o i l  mix. S e v e r a l  p l a n t s  on t h e  

unlimed i:l s o i l  mix were dead by h a r v e s t  t ime .  Of t h e  s p e c i e s  grown, dawn 

a l s i k e  produced t h e  g r e a t e s t  growth i n  each  of t h e  t r e a t m e n t s .  Lime improved 

growth,  e s p e c i a l l y  on t h e  1:l s o i l  mix. Growth of t h e  wolf wi l low 

was b e s t  i n  t h e  l imed 2 : l : l  s o i l  mix. Although t h e  p l a n t s  i n  t h e  



unlimed 1:l s o i l  mix appeared t o  be  much b e t t e r  t h a n  i n  t h e  l imed 1:l s o i l  

mix, t h e y  appeared t o  l a c k  n i t r o g e n .  Liming t h e  1:l s o i l  mix gave as  much 

a l f a l f a  growth a s  d i d  b o t h  o f  t h e  2 : l : l  s o i l  mix t r e a t m e n t s  ( P l a t e  57). 

Although no p l a n t s  were dead a t  h a r v e s t ,  a s  i n  t h e  f i r s t  s e e d i n g ,  p l a n t s  

grown on t h e  unlimed 1:l s o i l  mix were poor.  Dead l e a v e s ,  a s  obse rved  on t h e  

c i c e r  m i l k  v e t c h ,  were common throughout  t h e  t r e a t m e n t s .  

Nodule Product  i o n  

Nodulat ion,  examined v i s u a l l y  on t h e  r o o t s ,  occur red  i n  n e a r l y  e v e r y  

t r e a t m e n t  excep t  i n  one r e p l i c a t i o n  i n  t h e  f i r s t  s e e d i n g  where t h e  unlimed 1:l 

s o i l  mix was seeded t o  s a i n f o i n  and a l f a l f a .  I n  t h e  l imed t r e a t m e n t s  i n  t h e  

s a i n f o i n  t h e  nodules  were o f  medium s i z e  and r e l a t i v e l y  abundant .  The c o l o r  

ranged from y e l l o w i s h  w h i t e  t o  ye l low and brown. I n  t h e  unlimed t r e a t m e n t s  i n  

t h e  dawn a l s i k e  t h e  nodules  were r e l a t i v e l y  few, mos t ly  brown t o  w h i t e ,  and 

s m a l l  i n  s i z e .  The nodules  i n  t h e  a l f a l f a  were r e l a t i v e l y  abundant i n  number, 

mos t ly  s m a l l ,  and ranged i n  c o l o r  between w h i t e  and p ink .  

I n  t h e  second s e e d i n g  each  s p e c i e s  produced nodules  i n  each  t r e a t m e n t  

excep t  t h e  c i c e r  mi lk  v e t c h  and wolf wi l low grown on t h e  unlimed 1:l s o i l  mix. 

Nodulat ion of t h e  c i c e r  m i l k  v e t c h  was low i n  t h e  2 : l : l  mix and moderate i n  t h e  

l imed 1:l mix; most of t h e  nodules  were w h i t e  and of a  medium t o  l a r g e  s i z e .  

The s a i n f o i n  and dawn a l s i k e  produced r e l a t i v e l y  l a r g e  number of n o d u l e s  i n  e a c h  

t r e a t m e n t ,  w i t h  t h e  excep-on of t h e  s a i n f o i n  grown on t h e  unlimed 1:l mix. I n  

t h e  s a i n f o i n  most of t h e  n o d u l e s  were p i n k  t o  ye l low and medium t o  l a r g e ,  

w h i l e  i n  t h e  dawn a l s i k e  t h e y  were mos t ly  s m a l l  t o  medium i n  s i z e  and ranged i n  

c o l o r  from w h i t e  t o  a lmos t  d a r k  brown. Nodules produced by t h e  wolf wi l low were  

r e l a t i v e l y  few, mos t ly  w h i t e  and ranged i n  s i z e  between medium and l a r g e .  I n  

t h e  a l f a l f a ,  nodu les  were low t o  medium i n  number, m o s t l y  w h i t e  t o  p i n k  and 



small  t o  most ly medium i n  s i z e .  Although i t  was sometimes d i f f i c u l t  t o  

d i s t i n g u i s h  t h e  c o l o r s  of the  nodules  produced by t h e  i n d i v i d u a l  spec i e s ,  t h e  

genera l  i n d i c a t i o n  was t h a t  t h e  p r o b a b i l i t y  of n i t rogen  Z ixa t ion  was low i n  

many cases .  Since nodula t ion  was gene ra l ly  poss ib l e ,  more work should be  done 

t o  a c c u r a t e l y  a s s e s s  t h e  amount of n i t r o g e n  f ixed  i n  each s p e c i e s  and t o  

i nc rease  i t  i f  poss ib l e .  

Dry Matter  Production 

Tops p l u s  Roots. - Dry ma t t e r  y i e l d s  of t h e  e n t i r e  legume p l a n t s  i n  t h e  

f i r s t  seeding (Table 34) were h ighes t  on t h e  limed t a i l i n g s  sand-peat mix ( 1 : l ) .  

I n  t he  s a i n f o i n  and a l f a l f a  t h e r e  was no b e n e f i t  der ived  by l iming  t h e  t a i l i n g s  

sand-peat-overburden mix ( 2 : l : l ) ;  i n  t h e  dawn a l s i k e ,  however, l ime gave a  

s u b s t a n t i a l  y i e l d  i nc rease  on t h e  same mix. Yie lds  on t h e  unlimed 1:l mix were 

very  poor i n  t h e  s a i n f o i n  and a l f a l f a  and comparat ively good i n  t h e  dawn a l s i k e ;  

l ime f u r t h e r  improved y i e l d s  s u b s t a n t i a l l y .  

In  t h e  second seeding (Table 35) l iming the  2 : l : l  mix r e s u l t e d  i n  l i t t l e  

o r  no b e n e f i t  t o  y i e l d s  of t h e  e n t i r e  c i c e r  milk ve tch ,  wolf wil low and a l f a l f a  

p l a n t s .  Lime improved y i e l d s  of t h e  s a i n f o i n  and dawn a l s i k e .  Liming of t h e  

1:l mix was b e n e f i c i a l  t o  a l l  s p e c i e s  except  wolf willow. Liming t h e  1:l s o i l  

mix gene ra l ly  improved y i e l d s  t o  c l o s e  t o  t h e  same l e v e l s  a s  y i e l d s  obta ined  

on the  2 : l : l  s o i l  mix. 

Nitrogen Content of E n t i r e  P l a n t s  

The percent  n i t r o g e n  and t o t a l  n i t r o g e n  content  of t he  combined t o p s  and 

r o o t s  of t h e  legumes i n  t h e  f i r s t  seeding (Tables 36 and 3 7 )  averaged h ighes t  

i n  t h e  dawn a l s i k e  and lowest  i n  t h e  a l f a l f a .  Liming t h e  2 : l : l  s o i l  mix had 

no e f f e c t  on t h e  percent  n i t r o g e n  content  of t h e  e n t i r e  p l a n t s  of each s p e c i e s .  







T a b l e  36.  P e r c e n t  n i t r o g e n  c o n t e n t  o f  legume s p e c i e s  grown on  t a i l i n g s  sand-pea t -ove rburden  ( 2 : l : l )  mix  
and t a i l i n g s  sand-pea t  ( 1 : l )  mix w i t h  and  w i t h o u t  l i m e .  F i r s t  s e e d i n g .  

% N i t r o g e n  a v e r a g e  o f  2  replicates 
Tops R o o t s  Tops + Roots  

2 : l : l  Mix 1:l P e a t  Mix 2 : l : l  Mix 1:l P e a t  Mix 2 : l : l  Mix 1:l P e a t  Mix 
N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime 

S a i n f o i n  
1 

2.12 1 .89  2 .15  2.02 1 . 6 4  1 .87  2 .15  1 . 7 0  1 . 8 8  1 . 8 8  2 .15  1 . 8 6  

Dawn A l s i k e l  2 .05  2.04 2.22 2.62 2.29 2 .66  1 . 4 0  2 . 3 1  2.17 2 .35  1.81 2.46 

A l f a l f a  1 . 7 4  1 . 5 3  1 . 1 3  2.05 1 .66  1 . 7 3  2.17 1 . 2 9  1 . 7 0  1 . 7 5  1 . 6 5  1 . 6 7  

I 
Reseeded 30 d a y s  l e t e r  t h a n  t h e  a l f a l f a  



T a b l e  37 .  T o t a l  n i t r o g e n  c o n t e n t  o f  legume s p e c i e s  grown on t a i l i n g s  sand-pea t -ove rburden  ( 2 : l : l )  m i x  and 
t a i l i n g s  sand-pea t  ( 1 : l )  mix  w i t h  and w i t h o u t  l i m e .  F i r s t  s e e d i n g .  

T o t a l  N i t r o g e n  C o n t e n t  (mg/pot )  a v e r a g e  o f  2 r e p l i c a t e s  
Tops R o o t s  Tops + Root s  

2 : l : l  Mix 1:l P e a t  Mix 2 : l : l  Mix 1:l P e a t  X ix  2 : l : l  Mix 1:l P e a t  Mix 
N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime N i l  + L i m e  

S a i n f o i n  21.20 15 .69  7.10 33 .53  2 0 . 0 1  23.00 7.96 29 .58  41 .21  38.69 15 .06  6 3 . 1 1  

D a w n ~ l s i k e ' 3 0 . 7 5  47.53 53.95 1 2 1 . 8 3  20.15 1 8 . 6 2  27.86 1 8 . 4 8  50 .90  66 .15  81.81 1 4 0 . 3 1  

A l f a l f a  34.45 35.64 3.28 76.47 40.34 43 .35  7.16 6 2 . 3 1  74.79 78.99 10.44 1 3 8 . 7 8  

I 
Reseeded 30 days  l a t e r  t h a n  t h e  a l f a l f a  



On t h e  1:l s o i l  mix, l i m e  d e p r e s s e d  t h e  p e r c e n t  n i t r o g e n  c o n t e n t  i n  t h e  

s a i n f o i n ,  i n c r e a s e d  i t  i n  t h e  dawn a l s i k e  and had no e f f e c t  i n  t h e  a l f a l f a .  

T o t a l  n i t r o g e n  c o n t e n t  of t h e  e n t i r e  p l a n t s  ( t o p s  p l u s  r o o t s ,  Tab le  3 7 ) ,  i n  

each  s p e c i e s  ( e s p e c i a l l y  t h e  a l f a l f a )  w a s  v e r y  g r e a t l y  i n c r e a s e d  by l i m e  i n  

t h e  1:l s o i l  mix. I n  t h e  s o i l  mix c o n t a i n i n g  t h e  overburden material ( 2 : l : l )  

l i m i n g  r e s u l t e d  i n  minimal o r  no i n c r e a s e  i n  t h e  t o t a l  n i t r o g e n  c o n t e n t  of 

t h e  e n t i r e  p l a n t s  of each  s p e c i e s .  

I n  t h e  second s e e d i n g  t h e  p e r c e n t  n i t r o g e n  c o n t e n t  of t h e  e n t i r e  p l a n t s  

( t o p s  p l u s  r o o t s ,  Tab le  38) of each  s p e c i e s  grown i n  t h e  2 : l : l  s o i l  mix was 

n o t  markedly a f f e c t e d  by l ime .  I n  t h e  1:l s o i l  mix o n l y  t h e  wolf wi l low and 

a l f a l f a  showed a  marked i n c r e a s e  i n  n i t r o g e n  c o n t e n t  w i t h  l ime .  I n  t h e  2:1:1  

s o i l  mix t h e  t o t a l  n i t r o g e n  c o n t e n t  o f  t h e  e n t i r e  p l a n t s  ( t o p s  p l u s  r o o t s ,  

Table  39) was g r e a t l y  i n c r e a s e d  by l i m i n g  i n  t h e  s a i n f o i n  and dawn a l s i k e ;  i n  ..I 

t h e  c i c e r  mi lk  v e t c h ,  wolf wi l low and a l f a l f a ,  l i m e  made no d i f f e r e n c e  on t h e  

.p t o t a l  n i t r o g e n  c o n t e n t .  I n  t h e  1:l s o i l  mix, t o t a l  n i t r o g e n  c o n t e n t  o f  t h e  

e n t i r e  p l a n t s  was g r e a t l y  i n c r e a s e d  by t h e  l i m e  i n  e v e r y  s p e c i e s  b u t  t h e  wolf 
II 

wil low.  

The r e a c t i o n s  of t h e  two mixes measured a t  h a r v e s t  o f  t h e  f i r s t  s e e d i n g  .L 

were s l i g h t l y  a l k a l i n e  i n  b o t h  t h e  l ime  and unlimed 2 : l : l  mix, w h i l e  t h e  l imed 

1:l mix was s l i g h t l y  a c i d  and t h e  unlimed 1:l mix remained h i g h l y  a c i d  (Table  40). rl 

Good growth and n o d u l a t i o n  i n  t h e s e  legumes would normal ly  b e  expec ted  on t h e  
m 

mix i n c l u d i n g  overburden ( 2 : l : l )  and on t h e  l imed t a i l i n g s  sand-peat  mix ( 1 : l ) .  

I n  t h e  unlimed 1:l mix t h e  low pH would be  expec ted  t o  h i n d e r  n o d u l a t i o n .  The 
d 

combined y i e l d s  ( r o o t s  p l u s  t o p s )  o f  e a c h  legume s p e c i e s  i n  b o t h  s e e d i n g s  

i n d i c a t e d  t h a t  w i t h  i n c o r p o r a t i o n  of t h e  overburden m a t e r i a l  i s  w e l l  b u f f e r e d  111 

and s l i g h t l y  above n e u t r a l ,  good growth could  b e  expec ted  o f  any of t h e  legume 
II 



T a b l e  38.  P e r c e n t  n i t r o g e n  c o n t e n t  o f  legume s p e c i e s  grown on t a i l i n g s  sand-pea t -ove rburden  ( 2 : l : l )  m i x  a n d  
t a i l i n g s  sand-peat  (1: 1 )  mix w i t h  and  w i t h o u t  l i m e .  Second s e e d i n g .  

% N i t r o g e n  a v e r a g e  o f  2 r e p l i c a t e s  
Tops R o o t s  Tops + R o o t s  

2 : l : l  Mix 1:1 P e a t  Mix 2 : l : l  Mix 1:l P e a t  Mix 2 : l : l  Mix 1:l P e a t  M i x  
N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime N i l  + Lime 

C i c e r  m i l k  
v e t c h  

1 . 7 1  1 .64  3.22 2 . 8 1  1 .68  1 . 3 3  1 . 5 8  1 . 8 3  1.70 1 . 4 8  2 .40  2 . 3 2  

S a i n f o i n  2.46 2.50 2.64 2 .56  2.55 2.54 2.20 2.59 2.50 2.52 2 .42  2 . 5 7  

Dawn A l s i k e  2 .75  2.44 2 .36  2.59 3 .39  3.32 2 .55  2.89 3 .07  2 .88  2 .47  2 . 7 4  

W o l f w i l l o w  2 .03  2.27 1.13 2 .27  2 .10  2 . 2 3  1 . 6 8  2 .28  2.06 2 .25  1 .40  2 .27  I 
t 4  
Cu 

A l f a l f a  2 .47  2.39 1 . 9 6  2.45 2 .70  2 . 4 3  ~ 2 .68  1 . 7 1  2 . 4 1  2 .58  2 .53  1 . 8 3  
I 





Table 40. pH and e l e c t r i c a l  conduct iv i ty  i n  t he  s o i l  mixes on which legume 
s p e c i e s  were grown. 

Ta i l i ngs  sand-peat-overburden T a i l i n g s  Sand-Peat 
2 : l : l  mix 1:l mix 

N i l  Lime N i l  Lime 

pH 7.41 

Conduct ivi ty  ( d o /  cm) 1.26 



spec i e s  wi th  o r  without  l i m e  on t a i l i n g s  sand and pea t  mix. In  t h e  peat-  

t a i l i n g s  sand mix used i n  this experiment,  t he  r e s u l t a n t  low pH r e q u i r e s  

t h a t  t h e  medium be limed t o  ensure  good n u t r i e n t  balance f o r  a  good growth of 

legumes. The r e l a t i v e  abundance of nodules was t o  a  degree dependent on the  pH. 

The t o t a l  n i t rogen  content  of t h e  p l a n t s  ( t ops  p lus  r o o t s )  of each 

spec i e s  i n  both seedings was an i n d i r e c t  measure of t h e  p r o b a b i l i t y  of n i t rogen  

being f ixed  by the  spec i e s  i n  each t reatment .  On t h e  b a s i s  of a  comparison 

of t h e  mineral  n i t rogen  app l i ed  per  pot  ( 2 5 . 5 ~ ~ w N )  a t  each seeding and t h e  

mineral  n i t rogen  content  of t he  m a t e r i a l s  (Table 19)  i n  t h e  two s o i l  mixes, and 

al lowing f o r  t h e  amounts of each m a t e r i a l  used i n  formulat ing t h e  mixes,  t h e  

amount of n i t rogen  i n  the  harves ted  p l a n t s  could be accounted f o r  i n  t h a t  

added f o r  t h e  s a i n f o i n  o r  a l f a l f a  i n  t h e  low pH 1:l mix (unlimed) i n  t he  f i r s t  

seeding. In t h e  second seeding the  same s i t u a t i o n  was observed f o r  bo th  the  

c i c e r  milk vetch and wolf willow i n  a l l  t h e  t rea tments .  Dawn a l s i k e  contained 

much more n i t rogen  a t  ha rves t  than was appl ied  i n  a l l  t rea tments .  With 

s a i n f o i n  t h i s  was t h e  case  i n  each t rea tment  except  i n  t h e  unlimed 1:l mix; 

and wi th  a l f a l f a  i n  each t rea tment  except  t h e  unlimed 1:l mix, where t h e  

d i f f e r e n c e  was small .  With s a i n f o i n ,  dawn a l s i k e  and a l f a l f a ,  l iming  of t h e  

1:l s o i l  mix t o  a  pH of 6.30 o r  above gene ra l ly  r e s u l t e d  i n  r e s u l t s  s i m i l a r  t o  

those obtained by incorpora t ing  a  s l i g h t l y  a l k a l i n e  overburden m a t e r i a l  ( 2 : l : l )  

i n t o  t h e  mix. 

A s p e c i f i c  inoculant  f o r  t h e  c i c e r  milk ve tch  was n o t  a v a i l a b l e  a t  

seeding, and t h i s  perhaps exp la ins  t he  poor r e s u l t s  f o r  t h i s  experiment.  The 

wolf willow i s  a  pe renn ia l  shrub,  and al though t h e  s p e c i f i c  i nocu lan t  was 

app l i ed  a t  seeding perhaps t h e  experiment d id  not  l a s t  long enough f o r  t h e  

p l an t  t o  begin f i x i n g  n i t rogen .  



Ten ta t ive  Conclusions 

(1) Good growth f o r  t h e  n i t rogen- f ix ing  p l a n t  s p e c i e s  t e s t e d  can  occur  

on t h e  o i l  sand mine waste m a t e r i a l s  i f  conducive cond i t i ons  a r e  

c r ea t ed .  Dawn a l s i k e ,  a l f a l f a  and s a i n f o i n  would seem t o  be the  most 

l i k e l y  t o  f i x  n i t r o g e n  under t h e s e  cond i t i ons  and f u r t h e r  s t u d i e s  

i n t o  t h e i r  f i x a t i o n  capac i ty  on these  m a t e r i a l s  i s  warranted.  

(2) In  a  t a i l i n g s  sand-peat n i x ,  s i m i l a r  t o  t he  p r e s e n t l y  vege ta ted  

a r e a s  on t h e  GCOS d i k e ,  a nea r  n e u t r a l  r e a c t i o n  is  a p r e r e q u i s i t e  

condi t ion  f o r  ensur ing  good growth by legumes. In  a  s i t u a t i o n  where 

a  s t r o n g l y  a c i d  peac is  used t o  prepare  a  seedbed t o  v e g e t a t e  t h e  d ike ,  

l iming t o  a t t a i n  a  near  n e u t r a l  r e a c t i o n  would be t h e  major s t e p  i n  

ensur ing  optimum cond i t i ons  f o r  n i t r o g e n  f i x a t i o n  by legumes. Mixing 

a  s l i g h t l y  a l k a l i n e  overburden m a t e r i a l  wi th  t h e  pea t  and t a i l i n g s  

sand would a l s o  c r e a t e  cond i t i ons  s u i t a b l e  t o  ensure  good growth of 

n i t rogen  f i x i n g  p l a n t s .  



THE FERTILITY, SOIL MIXES AND GRASS-LEGUME MIXTURES EXPERIMENT 

wm 

I n t r o d u c t i o n  

V e g e t a t i n g  t h e  GCOS t a i l i n g s  pond d i k e  h a s  so  f a r  o n l y  invo lved  t h e  J 

mixing of t h e  t a i l i n g s  sand w i t h  p e a t ,  which i s  normal ly  t r a n s p o r t e d  and 

spread  on t h e  d i k e  d u r i n g  t h e  w i n t e r  months. The t y p e s  of growth cover  

provided,  t h e  composi t ion o f  t h e  seeded s p e c i e s  remaining a f t e r  t h r e e  o r  .L 

f o u r  y e a r s ,  t h e  p o s s i b i l i t y  o f  more v o l u n t e e r  n a t i v e  s p e c i e s  e s t a b l i s h i n g  

themselves ,  and t h e  p o s s i b i l i t y  of a s e l f - s u s t a i n i n g  cover  be ing  more ma 

r e a d i l y  e s t a b l i s h e d  by t h e  i n c l u s i o n  of overburden m a t e r i a l  i n  p r e p a r i n g  a 
J 

seedbed on t h e  d i k e ,  a r e  some of t h e  many unknown f a c t o r s  i n  v e g e t a t i n g  d i k e s .  

The r o l e  o f  f e r t i l i z e r s  and l i m e  i n  t h e  d i f f e r e n t  p o s s i b l e  seedbed mixes 
.LI 

a l s o  r e q u i r e s  i n v e s t i g a t i n g ,  e s p e c i a l l y  i n  mixed legume-grass s e e d i n g  m i x t u r e s .  

The o b j e c t i v e  o f  t h i s  growth chamber exper iment  was t o  o b t a i n  some u 

p r e l i m i n a r y  in format ion  on how w e l l  two rn ix t l~ , ' e s  of g r a s s e s  and legumes grow 
I 

a t  d i f f e r e n t  f e r t i l i t y  l e v e l s  on d i f f e r e n t  mixes of m a t e r i a l s  o b t a i n a b l e  i n  

t h e  o i l  sands  l e a s e s ,  i n  a t t e m p t s  t o  v e g e t a t e  t h e  d i k e .  A comparison of p l a n t  
e 

growth was made between t h e  s o i l  mixes and an  a g r i c u l t u r a l  s o i l .  Y i e l d s  o f  

t h e  p l a n t s  grown under d i f f e r e n t  f e r t i l i t y  l e v e l s  were used a s  t h e  b a s i s  f o r  .II 

comparing t h e  d i f f e r e n t  s o i l  mixes.  
1.11 

Exper imental  Procedure  

m There were two s e e d i n g s  conducted i n  t h i s  growth chamber exper iment .  

The f i r s t  seed ing  w a s  grown from January  24 t o  May 1 6 ,  1975 and t h e  second 
r) 

seed ing  from May 29  t o  September 27, 1975. A randomized b l o c k  d e s i g n  was used 

i n  t h i s  exper iment ;  e a c h  t r e a t m e n t  was r e p l i c a t e d  two t i m e s .  The s o i l  mixes,  II 

t h e  grass-legume m i x t u r e s  and t h e  d i f f e r e n t  f e r t i l i t y  l e v e l s  used were  as f o l l o w s :  

1111 



(1) S o i l  mixes: 

(a )  T a i l i n g s  sand (1,690 g per  p o t ) .  

(b) T a i l i n g s  sand (840 g)-GCOS pea t  (160 g)  mixed i n  an approximate 

r a t i o  of 1:l by volume, per  p o t .  

(c)  T a i l i n g s  sand (850 g)-GCOS overburden (750 g)  mixed i n  an 

approximate r a t i o  of 1:l by volume, per  po t .  

(d) T a i l i n g s  sand (1,050 g)-GCOS pea t  (80 g)-GCOS overburden (470 g )  

mixed i n  an  approximate r a t i o  of 2 : l : l  by volume, per  po t .  

(e) A g r i c u l t u r a l  s o i l  (Malmo; 1.,200 g per  p o t ) .  

( 2 )  F e r t i l i t y  l e v e l s :  

(a) N i l  (no f e r t i l i z e r s  o r  l ime) .  

(b) NPKS (same a s  descr ibed  i n  The Bitumen Experiment bu t  excluding 

nicro-elements) .  

( c )  NPKS p l u s  micro-elements ( a s  desc r ibed  i n  t h e  Bitumen Experiment).  

(d) NPKS p l u s  micro-elements ( a s  descr ibed  i n  t h e  Bitumen Experiment). 

(3 )  Grass-legume mixtures  (seed mix tures ) :  

(a)  Bromegrass (Bromus i n e m i s ) - A l f a l f a  (Medicago s p . )  mix ture .  

(b) Slender  wheat g r a s s  (Agropyron trachycauZum)-sainfoin (Onobrychis 

s p . )  mixture.  

( 4 )  Rep l i ca t i ons  : two 

The c o n t r o l  of t h e  growth chamber environment was e x a c t l y  a s  o u t l i n e d  

under The Bitumen Experiment, f o r  bo th  seed ings .  Each pot  was sown w i t h  t h e  

same number of legume and g r a s s  seeds  and were thinned one month a f t e r  germinat ion 

t o  t h r e e  p l a n t s  of legume and t h r e e  p l a n t s  of g r a s s  pe r  po t .  Nit rogen,  phosphorus, 

potassium, s u l f u r  and micro-element r a t e s  were t h e  same a s  i n  the other nxper5msnts; 

t h e  l i m e  r a t e  (where a p p l i c a b l e )  was, however, six t o n s  of f i n e l y  ground 



dolomi t ic  l imestone per  a c r e .  Times of f e r t i l i z e r  a p p l i c a t i o n ,  water ing ,  

and t h e  genera l  c a r e  of t h e  experiment were e x a c t l y  a s  ou t l i ned  f o r  t h e  

Bitumen Experiment. 

Yields  of legume tops ,  g r a s s  t o p s  and t h e  unseparated r o o t s  of both 

legumes and g ra s ses  were ca l cu la t ed  and used as a b a s i s  f o r  e s t ima t ing  t h e  

performance of t h e  p l a n t s  on t h e  d i f f e r e n t  s o i l  mixes. A s o i l  mix sample 

from each pot  was taken a t  harves t  and analyzed f o r  pH, s a l i n i t y ,  minera l  

n i t rogen ,  phosphorus, potassium, s u l f a t e - s u l f u r  and sodium. 

Observations and Resu l t s  

Growth of Grass-Legume Mixtures 

I n  both seedings each s o i l  mix, wi th  t h e  except ion  of t h e  a g r i c u l t u r a l  

s o i l  (Malmo), produced poor growth i n  both seed mixtures  i n  t h e  u n f e r t i l i z e d  

t rea tments .  Phosphorus de f i c i ency  was ev ident  i n  t h e  a l f a l f a  on t h e  s o i l  mixes 

made up of ma te r i a l  from t h e  GCOS l e a s e  and a l s o  i n  t h e  brome-grass grown on 

t h e  a g r i c u l t u r a l  s o i l .  Nitrogen was lacking  i n  t h e  brome-grass i n  a l l  s o i l  

mixes. The s lender  wheat g r a s s  and s a i n f o i n  mixture  gene ra l ly  grew b e t t e r  than  

t h e  a l f a l f a  and brome-grass mixture.  The s l ende r  wheat g r a s s ,  which dominated 

t h e  s a i n f o i n  i n  t h e  t a i l i n g s  sand, was very  d e f i c i e n t  i n  n i t rogen  and t h e  111 

s a i n f o i n  grew very poorly.  I n  t h e  t a i l i n g s  sand-overburden mix t h e  g r a s s  was 

.I.) g r e a t l y  dominated by t h e  s a i n f o i n .  

Both grass-legume mixtures  showed a very  good improvement i n  growth 
rl 

with  f e r t i l i z e r s  (NPKS and NPKS p l u s  micro-elements) on t h e  s o i l  mixes. The 

g ra s ses  dominated i n  a l l  s o i l  mixes; the legumes, however, were s t i l l  s t r o n g l y  1 

evident  on t h e  a g r i c u l t u r a l  s o i l .  Micro-element de f i c i ency  symptoms were no t  

II) c l e a r l y  ev iden t ,  even on t h e  s t r a i g h t  t a i l i n g s  sand r ece iv ing  no micro-elements. 



Lime i n  a d d i t i o n  t o  NPKS and micro-elements d i d  n o t  appear  t o  have 

much improved t h e  growth of t h e  p l a n t s  i n  t h e  s o i l  mixes. On t h e  t a i l i n g s  

sand-overburden mix, l ime a c t u a l l y  depressed growth i n  both grass-legume 

mixtures .  On t h e  t a i l i n g s  sand, a l though both legumes germinated and grew 

w e l l  i n  t h e  f i r s t  few weeks, they were most ly  dead by h a r v e s t  t ime i n  t h e  

f i r s t  seeding and they  grew very  poorly i n  t h e  second seeding.  The s l e n d e r  

wheat g r a s s  a l s o  grew very  poorly i n  t h e  f i r s t  seed ing ,  but it  showed good 

improvement i n  t h e  second seeding.  

Growth comparisons of t h e  legume-grass mix tures  a t  d i f f e r e n t  f e r t i l i t y  

l e v e l s  on t h e  t a i l i n g s  sand showed t h a t  a l though f e r t i l i z e r s  (NPKS) improved 

growth t h e  l ime  was no t  r equ i r ed .  F e r t i l i z e r s  wi th  l i m e  tended t o  lower t h e  

compet i t ive  a b i l i t y  of both legumes i n  both seed ings .  I n  t h e  t a i l i n g s  sand-peat 

mix, f e r t i l i z e r s  improved growth cons iderab ly ;  w i th  l ime ,  growth was even b e t t e r .  

The percent  growth of t h e  legumes i n  each t rea tment  d i d  no t  appear t o  have been 

inf luenced  by e i t h e r  t h e  f e r t i l i z e r s  o r  f e r t i l i z e r s  and l i m e .  F e r t i l i z e r s  

improved t h e  growth of both legume-grass mix tures  on t h e  t a i l i n g s  sand-overburden 

mix, e s p e c i a l l y  t h e  a l fa l fa -bromegrass  mix ture ;  t h e  s a i n f o i n  grew p a r t i c u l a r l y  

we l l  on t h e  u n f e r t i l i z e d  s o i l  mix. Lime w i t h  f e r t i l i z e r  tended t o  depress  growth 

s l i g h t l y  i n  t h e  same s o i l  mix ( t a i l i n g s  sand-overburden). Although micro-elements 

improved growth no d e f i n i t e  micro-element d e f i c i e n c y  symptoms were observed i n  t h e  

t rea tments  t h a t  rece ived  no micro-elements. I n  t h e  t a i l i n g s  sand-peat-overburden 

mix ( 2 : l : l )  f e r t i l i z e r s  improved growth and n e i t h e r  t h e  a d d i t i o n  of l ime  nor  t h e  

a d d i t i o n  of micro-elements seemed t o  have improved growth beyond t h e  l e v e l  

achieved wi th  t h e  s t r a i g h t  f e r t i l i z e r .  F e r t i l i z e r s  d i d  n o t  r a i s e  t h e  

percent  of legumes i n  t h e  t rea tments .  I n  every t r ea tmen t  t h e  a g r i c u l t u r a l  

s o i l  gave b e t t e r  growth than  any of t h e  o t h e r  s o i l  mixes. Although t h e  n i l  



rl 

t rea tment  gave a comparat ively good growth, f e r t i l i z e r s  gave f u r t h e r  improve- 

ments i n  growth. Lime and micro-elements appeared t o  have improved growth d 

beyond l e v e l s  observed on t h e  NPKS t r ea tmen t s  i n  t h e  second meeting. 

Nodulation by t h e  Legumes 

There was almost no nodula t ion  i n  both legumes on t h e  t a i l i n g s  sand 

and t a i l i n g s  sand-peat mix a t  a l l  f e r t i l i t y  l e v e l s ,  even i n  t h e  presence of 

.3 
l ime. I n  a l l  f e r t i l i t y  t r ea tmen t s  on t h e  t a i l i n g s  sand-overburden mix, nodules  

i n  t h e  s a i n f o i n  were few t o  moderate,  mostly yellowish-brown i n  c o l o r  and 
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ranged from smal l  t o  moderately l a r g e .  I n  t h e  a l f a l f a ,  nodula t ion  was p r a c t i c a l l y  

non-exis tent .  On t h e  t a i l i n g s  sand-peat-overburden mix ( 2 : l : l )  a l f a l f a  1 

produced no nodules i n  any of t h e  f e r t i l i t y  t r ea tmen t s ,  except i n  one r e p l i c a -  

d 
t i o n  where l ime was app l i ed  wi th  f e r t i l i z e r s ;  t h e  nodules  were very few, t i n y  

and mostly white.  Nodules i n  t h e  s a i n f o i n  were few i n  t h e  f e r t i l i z e d  t rea tments  
d 

and moderately abundant i n  t h e  u n f e r t i l i z e d  t r ea tmen t ,  and were most ly  ye l lowish  

brown and ranged i n  s i z e  from medium t o  l a r g e .  I n  t h e  a g r i c u l t u r a l  s o i l ,  r.l 

nodules i n  t h e  a l f a l f a  were few and t h e  nodules  were most ly  whi te  and smal l  i n  

s i z e  a t  a l l  f e r t i l i t y  l e v e l s .  I n  t h e  a g r i c u l t u r a l  s o i l ,  nodula t ion  i n  t h e  rl 

s a i n f o i n  was very  s i m i l a r  t o  t h e  nodula t ion  p a t t e r n  i n  t h e  2 : l : l  s o i l  mix. 
.II 

Drv Matter Product ion i n  TODS P lus  Roots 

I n  t h e  f i r s t  seeding t h e  combined average y i e l d s  of t h e  t ops  and r o o t s  1 

(Table 41) on t h e  2 : l : l  mix were t h e  h i g h e s t ,  a s i d e  from t h e  y i e l d s  on t h e  

I 

a g r i c u l t u r a l  s o i l .  Average y i e l d s  on t h e  remaining t h r e e  s o i l  mixes w e r e  lower 

and averaged about t h e  same. Yie lds  of t h e  two seed mixtures  a l s o  averaged 
i 

about t h e  same on each s o i l  mix. On each s o i l  mix t h e  NPKS a lone  gave a 

s u b s t a n t i a l  y i e l d  i nc rease  above t h e  n i l  t rea tment .  Micro-elements gave f u r t h e r  m 





y i e l d  i n c r e a s e  above t h e  n i l  t r e a t m e n t .  Micro-elements gave f u r t h e r  y i e l d  

i n c r e a s e s  o n l y  on t h e  t a i l i n g s  sand and t a i l i n g s  sand-overburden s o i l  mix 

and made l i t t l e  o r  no d i f f e r e n c e  on t h e  y i e l d s  on o t h e r  s o i l  mixes.  Lime 

g r e a t l y  improved y i e l d s  on t h e  t a i l i n g s  sand-peat  mix, g r e a t l y  d e p r e s s e d  

y i e l d s  on t h e  t a i l i n g s  sand and g e n e r a l l y  made l i t t l e  o r  no d i f f e r e n c e  i n  

y i e l d s  on t h e  o t h e r  s o i l  mixes.  

I n  t h e  second seed ing  t h e  combined average  y i e l d s  of t o p s  and r o o t s  

were b e s t  i n  t h e  a g r i c u l t u r a l  s o i l  fo l lowed by t h e  2 : l : l  mix and t h e  1:l 

t a i l i n g s  sand-overburden mix (Table  42) .  Average y i e l d s  on t h e  t a i l i n g s  sand 

and t h e  t a i l i n g s  sand-peat  mix were t h e  l o w e s t .  Y i e l d s  f o r  t h e  s a i n f o i n -  

s l e n d e r  wheat g r a s s  m i x t u r e  and a l f a l f a - b r o m e g r a s s  m i x t u r e  averaged  abou t  

t h e  same on t h e  t a i l i n g s  sand .  On t h e  t a i l i n g s  sand-peat  mix, however, t h e  

average  y i e l d  o f  t h e  s l e n d e r  wheat g r a s s - s a i n f o i n  m i x t u r e  was s l i g h t l y  b e t t e r  

t h a n  t h e  a l f a l f a - b r o m e g r a s s  mix ture .  On t h e  t a i l i n g s  sand-overburden mix, t h e  

2 : l : l  mix and t h e  a g r i c u l t u r a l  s o i l ,  average  y i e l d s  of t h e  a l f a l f a - b r o m e g r a s s  

m i x t u r e  were c o n s i d e r a b l y  h i g h e r  t h a n  t h e  s a i n f o i n - s l e n d e r  wheat g r a s s  mix ture .  

A s  w i t h  t h e  f i r s t  seed ing ,  NPKS a l o n e  gave a  v e r y  h i g h  y i e l d  i n c r e a s e  on each  

o f  t h e  f i v e  s o i l  mixes,  even on t h e  a g r i c u l t u r a l  s o i l ,  whose y i e l d  on t h e  n i l  

f e r t i l i z e r  t r e a t m e n t  was compara t ive ly  h igh .  Micro-elements gave no  f u r t h e r  

y i e l d  i n c r e a s e s  i n  any of t h e  mixes.  Liming i n  a d d i t i o n  t o  t h e  f e r t i l i z a t i o n  

depressed  y i e l d s  of t h e  s a i n f o i n - s l e n d e r  wheat g r a s s  m i x t u r e ,  a l t h o u g h  n o t  t o  

t h e  same e x t e n t  a s  was observed f o r  t h e  two legume-grass m i x t u r e s  i n  t h e  f i r s t  

seed ing .  Lime was p a r t i c u l a r l y  b e n e f i c i a l  i n  t h e  t a i l i n g s  sand-peat  mix seeded 
d 

t o  t h e  a l f a l f a - b r o m e g r a s s  m i x t u r e ;  b o t h  legume-grass m i x t u r e s  b e n e f i t e d  from t h e  

l i m e  on t h e  a g r i c u l t u r a l  s o i l .  11.1 

The lower combined y i e l d  o f  t o p s  and r o o t s  of t h e  legume-grass m i x t u r e s  
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Table  42. Dry m a t t e r  y i e l d s  of legume-grass m i x t u r e s  grown on d i f f e r e n t  s o i l  mixes as a f f e c t e d  by 
f e r t i l i z e r  and lime. Second s e e d i n g .  

Y i e l d  ( g / p o t )  average  o f  2 r e p l i c a t e s  
Tops Roots Tops + Roots 

NPICS NPKS NPKS 
+ + + 

NPKS Micro NPKS Micro NPKS Micro 
+ + + + + + 

N i l  NPRS Micro Lime N i l  NPKS Micro Lime 1 NPKS Micro Lime 

T a i l i n g s  Sand 0.36 3.15 3.28 2.92 0.60 3.14 3.19 2.32 0.96 6.29 6.46 5.24 

T a i l i n g s  - 
Sand:Peat 0.13 2.34 2.25 2.97 0 .38 3.72 3.50 4.15 0.50 6.06 5.75 7.12 

(1:  1 )  

T a i l i n g s  - 
Sand:Over- 0 .63  4.39 4.44 3.88 1 .02 4 .08 3.94 3.81 1.64 8.46 8.37 7 .68 
burden(1:  1 )  

T a i l i n g s  - 
Sand: Pea t :  
Overburden 

0.47 4.02 3.88 4.04 0.63 4.33 4.89 4.80 1 .09 8.34 8.77 8.84 

A g r i c u l t u r a l  
S o i l  (Malmo) * 2.40 4.75 5.15 5 . 6 1  2 .83 5.08 5.20 6.13 5 .23 9 .83 10.35 11.74 

* 
A h i g h  percen tage  of t h e  f i n e  r o o t s  i n  t h e  Malmo cou ld  n o t  b e  recovered .  



on t h e  n i l  f e r t i l i z e r  t r e a t m e n t  on each  s o i l  mix i s  a t t r i b u t a b l e  t o  t h e  

i n i t i a l  low f e r t i l i t y  l e v e l s  of t h e  m a t e r i a l s  i n  t h e  mixes ( see  Tab le  1 9 ) ,  

wi th  t h e  e x c e p t i o n  of t h e  a g r i c u l t u r a l  s o i l .  The h i g h e r  y i e l d s  i n  t h e  

f e r t i l i z e d  t r e a t m e n t s  a r e  a t t r i b u t a b l e  t o  t h e  f e r t i l i z e r  n u t r i e n t s  a p p l i e d .  

By h a r v e s t  t ime n u t r i e n t  l e v e l s  i n  t h e  s o i l  mixes ,  i n c l u d i n g  t h e  a g r i c u l t u r a l  

s o i l  (Table 4 7 ) ,  i n d i c a t e d  t h a t  w i t h  t h e  e x c e p t i o n  of s u l f a t e - s u l f u r ,  which 

was i n i t i a l l y  h i g h  i n  t h e  m a t e r i a l  used f o r  t h e  s o i l  mixes,  t h e  legume-grass 

mix tures  had absorved h e a r l y  a l l  t h e  major f e r t i l i z e r  n u t r i e n t s  a p p l i e d .  A 

con t inued  h e a l t h y  growth of t h e  legumes and g r a s s e s  beyond h a r v e s t  t ime  would 

have r e q u i r e d  a t  l e a s t  a d d i t i o n a l  n i t r o g e n ,  phosphorus and po tass ium 

a p p l i c a t i o n s .  I n  t h e  unlimed t a i l i n g s  sand-peat  s o i l  mix t h e  low y i e l d s  i n  

t h e  two f e r t i l i z e d  t r e a t m e n t s  a r e  a t t r i b u t a b l e  t o  t h e  l o w  pH of t h e  mix. I n  

t h e s e  same t r e a t m e n t s ,  t o t a l  m i n e r a l  n i t r o g e n  i n  t h e  mix remained r e l a t i v e l y  

h i g h  a t  h a r v e s t .  

P e r c e n t  of Legumes and Grasses  i n  Y i e l d s  of Tops 

I n  a l l  s o i l  mixes i n  b o t h  f i r s t  and second s e e d i n g s  t h e  g r a s s e s  

g e n e r a l l y  formed t h e  h i g h e r  p e r c e n t a g e  of t h e  combined y i e l d s  where y i e l d s  of 

t h e  t o p s  were s u b s t a n t i a l  ( a l l  f e r t i l i z e d  t r e a t m e n t s )  ( s e e  T a b l e s  43  and 44) .  

In t h e  n i l  f e r t i l i z e r  t r e a t m e n t  i n  t h e  s o i l  mixes i n  which overburden m a t e r i a l  

was inc luded ,  t h e  legumes i n  b o t h  s e e d i n g s  c o n s t i t u t e d  g r e a t e r  p e r c e n t a g e s  o f  

t h e  y i e l d s  than  t h e  g r a s s e s .  

The i n c l u s i o n  of overburden m a t e r i a l  w i t h  t h e  t a i l i n g s  sand ,  e s p e c i a l l y  

i f  p e a t  was a l s o  p r e s e n t  i n  t h e  mix, g r e a t l y  improved t h e  y i e l d s  of t h e  

legumes t h a t  t h e  p e r c e n t  of legumes r e l a t i v e  t o  t h a t  of t h e  g r a s s e s  (Table  45)  

approached t h a t  of t h e  a g r i c u l t u r a l  s o i l .  P e r c e n t  legumes i n  t h e  y i e l d s  o f  



Table  4 3 .  P e r c e n t  g r a s s e s  and legumes i n  t h e  d ry  m a t t e r  y i e l d s  o f  t h e  t o p s  i n  s e e d i n g  m i x t u r e s  grown 
on d i f f e r e n t  s o i l  mixes a s  a f f e c t e d  by f e r t i l i z e r  and l ime .  F i r s t  s e e d i n g .  

- GRASSES (%) LEGUMES (%) 
NPKS NPKS 
+ + 

NPKS Micro NPKS Micrc  
+ + + + 

N i l  NPKS Micro Lime Nil- NPKS Micro Lime 
- -- 

T a i l i n g s  Sand A* 75 .0  9 1 . 5  40.0 9 8 . 9  25 .0  8 .5  10 . O  1.1 

Mean 64.7 9 1 . 7  -- 9 3 . 2  9 6 . 8  3 5 . 3  8 . 3  4.8 3 . 2  - --- 

T a i l i n g s  S a n d : P e a t ( l : l )  k 85.7 86.6  80.6  8 8 - 6  1 4 . 3  13 .4  39.4 1 1 . 4  

E 6 5 . 5  87 .4  94.5 85.9 34.5 1-2.6 ------ 5 .5  ----- 1 4 . 1  - 
-- Mean 7 5 . 6  87 .0  8 7 . 5  87 .2  24 .4  1 3  . O  1 2 ' 5  .---------------------- - - 12.8 

T a  I l i n g s  Sand:  Overburden (I: 1 )  A 55.0 8 7 + 6  85 a 5 87.6 4 4 . 4  1 2 . 4  14 .5  1 2 . 4  

B 21.9 --- S 0 . G  8 2 . 8  8 5 . 8  - 7 8 . 1  20.0 ----.- 17 .2  1 3  "2 

Mean 38.7 8 3 . 8  84.1  8 8 , 2  61.3 15.2  - 15.9 11.. - 8 ---.--------- 

T a i l i n g s  Sar,d:Peat:Overburden(2:1:1) A 0 . 9  8 0 . 8  56 .5  83.7  50.0 1 9 . 2  1 3 . 5  1G,3 

B 2 5 . 7  86.6 9 1 . 3  88 .1  7 4 . 3  13 .4  8.7 11 .9  -----. 

--- --.--.. 83.7 Mean 37 .8  ____ 85.9 b2.2 C 8 , 9  -_______. i5,3 --.. 11.1 - 1 4 . 1  - - 

A g r i c u l t u r a l  S o i l  (Malmo) A 66.7 75.9 78.6 83.3 33.3 2 4 . 1  21.4  16 .7  

Mean 57.1  b9.6 73.0 68.3 4 2 . 9  3 0 . 4  2 7 . 0  31.7 - --- -- - 

* 
A, Grass  is  bromegrass B ,  Grass i s  s l e n d e r  wheat g r a s s  

Legume i s  a l f a l f a  Legume i s  s a i r ~ f o i n  



T a b l e  44 .  P e r c e n t  g r a s s e s  and legumes i n  t h e  d r y  matter y i e l d s  o f  t h e  t o p s  i n  s e e d i n g  m i x t u r e s  grown on  
d i f f e r e n t  s o i l  mixes as a f f e c t e d  by f e r t i l i z e r  and  l i m e .  Second s e e d i n g .  

GRASSES (%) LEGUMES (%) 
NPKS NPKS 
+ + 

NPKS Micro  N PIG Mic ro  
+ + + + 

N i l  NPKS Micro  Lime N i l  NPKS Micro Lime 

T a i l i n g s  Sand A* 3 8 . 1  74 .8  8 8 . 8  93 .4  6 1 . 9  25.2 11 .2  6 . 6  

B 24.0 92 .5  9 6 . 8  99 .6  76.0 7 .5  3 .2  0 .4  

Mean 31 .0  83 .6  9 2 . 8  9 6 . 5  69 .0  16 .4  7.2 3 . 5  

T a i l i n g s  Sand: P e a t  (1:  1 )  A 100.0  50 .4  4 9 . 8  80.0 0 . 0  49 .6  50.2 20 .0  I 

Mean 77 .8  71 .9  6 8 . 8  75 .4  22.2 28 .1  31.2 24 .6  I 

T a i l i n g s  Sand: Overburden(1:  1 )  A 1 9 . 1  75.6 82.9 76 .8  80.9 24.4 1 7 . 1  23.2 

B 24.6 90 .4  8 7 . 6  83 .2  75.4 9 . 6  12 .4  1 6 . 8  

Mean 21 .8  83 .0  85 .2  80 .0  78.2 17 .0  1 4 . 8  20.0 

T a i l i n g s  Sand:Peat:Overburden(2:1:1) A 24.0 56 .3  7 5 . 3  58 .2  76.0 4 3 . 7  24.7 4 1 . 8  

B 7.4 8 7 . 1  85 .9  8 1 . 3  92 .6  1 2 . 9  1 4 . 1  1 8 . 7  

Mean 1 5 . 7  71.7 80 .6  6 9 . 7  8 4 . 3  28 .3  19.4 3 0 . 3  

A g r i c u l t u r a l  S o i l  (Malmo) A 1 7 . 9  71 .5  62 .0  72.7 8 2 . 1  28.5 38.0 27 .3  

B 1 3 . 0  62 .0  70 .8  68 .1  87 .0  38.0 29.2 31 .9  

Mean 1 5 . 4  66 .7  6 6 . 4  70.4 84 .6  33 .3  33.6 29 .6  

* 
A ,  Grass is  bromegrass  B y  Grass is s l e n d e r  whea t  g r a s s  

Legume is  a l f a l f a  Legume is  s a i n f o i n  



Table  45.  P e r c e n t  composit ion of g r a s s e s  and legumes grown on d i f f e r e n t  s o i l  mixes (d ry  y i e l d s  of t o p s )  

Grasses  (%) Legumes (%) 
1st Seeding 2nd Seed ing  Mean 1st Seeding 2nd s e e d i n g  Mean 

T a i l i n g s  Sand 86.6 76.0 81.3 13.4  24.0 18.7  

T a i l i n g s  Sand: P e a t  (1: 1 )  84.3 73.5 78.9 15.7 26.5 21.1  

T a i l i n g s  Sand: Overburden (1: 1 )  73.7 67.5 70.6 26.3 32.5 29.4 

T a i l i n g s  Sand: P e a t :  Overburden (2: 1: 1 )  74.1  59.4 66.8 25.9 40.6 33.2 

A g r i c u l t u r a l  S o i l  (Malmo) 67.0 54.7 60.9 33.0 45.3 3 9 . 1  



T a b l e  46. P e r c e n t  c o m p o s i t i o n  o f  g r a s s e s  and  legumes grown o n  d i f f e r e n t  
s o i l  mixes  as i n f l u e n c e d  by t h e  f e r t i l i t y  l e v e l s  o f  t h e  s o i l  
mixes .  ( d r y  y i e l d s  o f  t o p s )  

Grasses (%) Legumes (%) 
1st 2nd 1st 2nd 

S e e d i n g  S e e d i n g  Mean S e e d i n g  S e e d i n g  Mean 

N i l  54 .8  32.3 43.6 45.2 67 .7  56 .4  

NPKS 83.2 75.4 79 .3  1 6 . 8  24 .6  20 .7  

NPKS + micro  85 .3  78 .8  8 2 . 1  14 .7  21 .2  17 .9  

NPKS + m i c r o  + l i m e  85 .3  78.4 81.9 1 4 . 7  21 .6  18.1 





t h e  t o p s  i n  t h e  s t r a i g h t  t a i l i n g s  sand and t h e  t a i l i n g s  sand-peat  mix were  

compara t ive ly  much lower t h a n  on t h e  a g r i c u l t u r a l  s o i l .  T h e r e f o r e  t h e  over-  

burden m a t e r i a l  inc luded  i n  t h e  mixes could  i n  g e n e r a l  be  c o n s i d e r e d  t o  have a 

improved t h e  r e l a t i v e  c o m p e t i t i v e  a b i l i t y  of t h e  legumes grown w i t h  t h e  
d 

g r a s s e s .  F e r t i l i t y  l e v e l s  i n  t h e  s o i l  mixes could  have some i n f l u e n c e  on t h e  

p e r c e n t  legumes and g r a s s e s  o f  y i e l d s  o f  t h e  t o p s  i n  any seed ing  m i x t u r e .  

F e r t i l i z e r s  tended t o  reduce  t h e  p r o p o r t i o n s  of legumes i n  t h e  t o t a l  

t o p  growth. I n  t h i s  exper iment  f e r t i l i t y  t r e a t m e n t s  d i d  n o t  a l l o w  f o r  t h e  

assessment  of d i f f e r e n c e s  i n  s p e c i e s  composi t ion r e s u l t i n g  from t h e  i n c l u s i o n  

o r  e x c l u s i o n  of one o r  more major  p l a n t  n u t r i e n t s .  I n  a l l  t h e  s o i l  mixes ,  

micro-elements o r  micro-elements p l u s  l ime  d i d  n o t  i n f l u e n c e  t h e  p e r c e n t  of 

legumes and g r a s s e s  i n  t h e  s e e d i n g  m i x t u r e s  (Table  4 6 ) .  I n  t h e  n i l  f e r t i l i z e r  

t r e a t m e n t s  t h e  s l i g h t l y  h i g h e r  p e r c e n t  of legumes i n  t h e  m i x t u r e  i n d i c a t e d  

t h a t  t h e  legumes could  t o l e r a t e  t h e  lower n u t r i e n t  s t a t u s  b e t t e r  t h a n  t h e  

a s s o c i a t e d  g r a s s e s .  Lack of legumes i n  t h e  f i e l d  i s  l i k e l y  n o t  a s  a r e s u l t  of 

low n u t r i e n t  s t a t u s .  These r e s u l t s  would i n d i c a t e  t h a t  low pH and n i t r o g e n  

f e r t i l i z a t i o n  combine t o  improve t h e  c o m p e t i t i v e  a b i l i t y  of g r a s s e s  o v e r  legumes. 

T e n t a t i v e  Conclusions  and P r a c t i c a l  I m p l i c a t i o n s  

(1)  The e s t a b l i s h m e n t  of a v e g e t a t i v e  cover  composed of grass-legume 

m i x t u r e s  on a  t a i l i n g s  sand-peat  s o i l  mix i n  which overburden m a t e r i a l  

i s  inc luded  would p o s s i b l y  produce a s  good a s  i f  n o t  b e t t e r  v e g e t a t i v e  

cover  t h a n  t h a t  produced on t h e  o r d i n a r y  t a i l i n g s  sand-peat  mix. 

(2) The i n c l u s i o n  of t h e  overburden m a t e r i a l  of t h e  t y p e  used h e r e ,  i n  

p r e p a r a t i o n  o f  a  t a i l i n g s  sand-peat  mix would f a v o r  t h e  legumes t e s t e d  i n  

a legume-grass s e e d i n g  m i x t u r e .  



(3 )  In  e s t a b l i s h i n g  a grass-legume cover on a seedbed i n  which t a i l i n g s  

sand i s  t h e  major component, f e r t i l i t y  has  t o  be maintained a t  a 

high l e v e l  a s  t h e s e  mixtures  seem t o  r e q u i r e  cons ide rab le  n u t r i e n t s  

t o  produce good growth. 

(4)  With h igh  s o i l  f e r t i l i t y ,  percent  (by weight) g r a s s e s  i s  g r e a t e r  than  

percent  legumes on a l l  s o i l  mixes i n  t h e  f i r s t  few months of growth. 

Where t h e  primary aim i n  a vege ta t ion  program on t h e  d ike  i s  t h e  

es tab l i shment  of n e a r l y  equal  percentages  of legumes and g ra s ses ,  t h e  

seeding mixture  would have t o  c o n s i s t  of spec i e s  of g r a s s e s  and legumes 

which would compete on an equal  b a s i s ,  t oge the r  w i th  s o i l  cond i t i ons  

favor ing  competi t ion by legumes. 

(5) In a s i t u a t i o n  where pea t  may be l ack ing ,  t h e  overburden m a t e r i a l  could 

be used i n  v e g e t a t i n g  a t a i l i n g s  pond d i k e .  One d isadvantage  of u s ing  

the  overburden m a t e r i a l  is  t h a t  i t  would n o t  provide t h e  same p r o t e c t i o n  

from e ros ion  a s  would the  pea t  i n  e a r l y  s t a g e s  of p l a n t  growth ( t h a t  is ,  

before  t h e  t o t a l  v e g e t a t i v e  cover i s  achieved) .  

(6) P l a n t s  could be grown on t h e  s t r a i g h t  t a i l i n g s  sand i f  a good f e r t i l i z a t i o n  

program i s  followed. The major problems would be ensur ing  adequate  

germination, and t h e  c o n t r o l  of bo th  water  and wind e ros ion .  



THE ROOT DISTRIBUTION EXPERIMENT .I 

In t roduct ion  
II 

Severa l  ' p r o f i l e s '  examined on t h e  vegeta ted  a r e a s  of t h e  t a i l i n g s  pond 

d ike  showed t h a t  t h e  r o o t s  of t h e  v e g e t a t i v e  cover were mostly concent ra ted  i n  mm 

t h e  peat  zone. Actual percent  d i s t r i b u t i o n  i n  t h e  ' p r o f i l e '  ( see  Table 15) 

i nd ica t ed  t h a t  86 percent  of t h e  r o o t s  a r e  i n  t h e  s u r f a c e  pea t  zone. Other than  

providing e f f e c t i v e  e ros ion  c o n t r o l  on the  s u r f a c e  of t h e  s lope ,  s t a b i l i t y  i n  

t h e  immediate t a i l i n g s  sand below i s  not  much improved by r o o t  pene t r a t ion .  

This  simple experiment i n  t h e  growth chamber was planned t o  determine 

t h e  ex t en t  of roo t  d i s t r i b u t i o n  i n  two types  of t a i l i n g s  sand-peat seedbeds. 

Experimental Procedure 

A mixture of c reeping  red  fescue ( f e s t u c a  rubra)  and a l f a l f a  (Medicago sp . )  

w a s  seeded i n  p o t s ,  us ing  t h e  fol lowing two seedbeds: 

(a )  Ta i l i ngs  sand-peat mix ( 1 : l  r a t i o  by volume); and 

(b) Peat  (1%-inch depth over ly ing  t h e  t a i l i n g s  sand i n  t h e  po t s ;  pea t  

was near  n e u t r a l ,  w i th  a pH of 6.25) .  

A t  seeding,  100 l b  N ,  40 l b  P and 160 l b  K per  a c r e  were appl ied  i n  

s o l u t i o n  t o  t h e  su r f ace  of t h e  mixes. Control  of t h e  growth chamber environment 

and t h e  genera l  ca re  of t h e  experiment were t h e  same a s  o u t l i n e d  i n  P a r t  111, 

The Bitumen Experiment. The experiment,  which was r e p l i c a t e d  t e n  t imes ,  l a s t e d  

four  months. A t  harves t  t ime t h e  dry  ma t t e r  y i e l d s  of t h e  tops ,  t h e  r o o t s  i n  

t h e  su r f ace  1% inches and t h e  r o o t s  i n  t h e  remaining lower t h r e e  inches  w e r e  m 

recorded. 

Irl 



Observat ions and Resu l t s  

Growth 

I n  t h e  course  of t h e  experiment v i s u a l  e s t ima t ions  i n d i c a t e d  t h a t  growth 

on t h e  thoroughly mixed t a i l i n g s  sand and pea t  appeared t o  be  b e t t e r  t han  

growth where t h e  pea t  was placed on t h e  t a i l i n g s  sand wi thout  t h e i r  being 

mixed. By ha rves t  t ime r o o t  d i s t r i b u t i o n  i n  t h e  p o t s  showed very  c l e a r l y  

t h a t  wi th  mixing of t h e  pea t  and t a i l i n g s  sand , roo t ing  appeared t o  be evenly 

d i s t r i b u t e d  throughout t h e  pot and t h e  r o o t s  he ld  t h e  s o i l  mix t oge the r .  With 

t h e  pea t  l e f t  on top  of t h e  sand,  t h e  r o o t s  remained most ly  i n  t h e  pea t .  On 

emptying t h e  p o t s  i t  became ev ident  t h a t  t h e  r o o t s  could n o t  hold t h e  sand 

toge the r .  

Dry Matter  Product ion  

Dry m a t t e r  y i e l d s  of t h e  t o p s  and of t h e  r o o t s  were cons iderab ly  

h igher  on t h e  t a i l i n g s  sand-peat ( 1 : l )  mix t han  when t h e  pea t  was p laced  

over t h e  t a i l i n g s  sand without  t h e i r  being mixed (Table 4 8 ) .  Nearly 84 pe rcen t  

of t h e  r o o t s  i n  t h e  unmixed medium remained i n  t h e  pea t  l a y e r .  I n  t h e  mixed 

s o i l  medium a g r e a t e r  percentage of t h e  r o o t s  pene t r a t ed  t h e  lower h a l f  of t h e  

mix. 

Consider ing t h a t  f e r t i l i z e r  n u t r i e n t s  were added a t  t h e  s u r f a c e  of both 

t ypes  of mixes a t  seed ing ,  concen t r a t i on  of t h e  r o o t s  i n  t h e  s u r f a c e  l a y e r  

could n o t  be a t t r i b u t a b l e  t o  t h e  method of f e r t i l i z e r  a p p l i c a t i o n .  The p e a t  

was simply a  b e t t e r  medium f o r  growth than  t h e  pure t a i l i n g s  sand.  

Ten ta t i ve  P r a c t i c a l  Imp l i ca t i on  

I n  prepar ing  a seedbed wi th  p e a t  f o r  v e g e t a t i n g  a  t a i l i n g s  pond d i k e ,  

mixing pea t  w i th  t h e  t a i l i n g s  sand a s  deeply  a s  p o s s i b l e  would be  expected t o  

ensure  t h a t  a  cons ide rab l e  percentage  of t h e  r o o t s  would p e n e t r a t e  t h e  lower 



Table 48. Dry ma t t e r  y i e l d s  of c reep ing  r ed  f e s c u e - a l f a l f a  mix ture  on 
two types of t a i l i n g s  sand-peat mixes i n  po ts .  

Yie ld  (g lpo t )  
Peat  p laced  on Pea t  mixed i n  w i t h  
s u r f a c e  of sand t h e  sand ( 1 : l  v/v) 

Tota l  Yield 

Tops 

Roots: Top 4 cm. 

Bottom 4 cm. 0.66 4.18 

% D i s  t r i h u t i o n  of Roots 

Top 4 cm. 83.9 43.3 

Bottom 4 cm. 1 6 . 1  56.7 



depths  of t he  d ike .  Depth of roo t  pene t r a t ion  would depend cons iderably  
sr 

on the  th ickness  of t h e  mixed pea t  l a y e r .  The v e g e t a t i v e  cover produced 

Lr on t h e  peat  mixed w i t h  t h e  sand i s  b e t t e r  than  t h a t  produced on t h e  pea t  

spread o v e r t h e  t a i l i n g s  sand without  mixing. 

I 



PART I V  

BIOLOGICAL STUDIES AND FURTHER CHEMICAL 

CHARACTERIZATION OF SOILS AND MIXES 

I n t r o d u c t i o n  

The o b j e c t  o f  t h i s  s t u d y  was t o  supp ly  b a s e l i n e  i n f o r m a t i o n ,  p r i m a r i l y  

of a  b i o l o g i c a l  n a t u r e ,  concern ing  t h e  m a t e r i a l s  and mixes of p o s s i b l e  use  i n  
2 

v e g e t a t i o n  programs. Inc luded  i n  t h i s  s t u d y  was an  assessment  of t h e  I 
materials a b i l i t y  t o  w i t h s t a n d  a c i d i f i c a t i o n  l i k e l y  t o  a r i s e  from SO 2 

emiss ions ,  s u l f u r  d u s t  and heavy f e r t i l i z e r  a p p l i c a t i o n s .  

Microb ia l  s t u d i e s  c e n t r e d  upon t h e  measurement of t h e  numbers o f  

organisms p r e s e n t  i n  broad m i c r o b i a l  groups  such  a s  b a c t e r i a ,  f u n g i  and a l g a e  I 
a s  w e l l  as s p e c i f i c  m i c r o b i a l  groups  invo lved  i n  key t r a n s f o r m a t i o n s  such a s  ; I  
d e n i t r i f i c a t i o n  and s u l f a t e  r e d u c t i o n .  An i n n o v a t i v e  approach was t a k e n  i n  4 

ma 
t h e  d e t e r m i n a t i o n  of v a r i o u s  enzyme a c t i v i t i e s  w i t h  t h e  purpose o f  e s s e s s i n g  

t h e  p o s s i b l e  e x t e n t  o f  n i t r o g e n ,  phosphorus and s u l f u r  m i n e r a l i z a t i o n  i n  t h e  
J 

s o i l s .  The composi t ion of the s o i l  mixes usdd is shown i n  Tab le  49. 

d 

Hydrolysable  Ni t rogen 

Ni t rogen i s  one of t h e  major n u t r i e n t s  r e q u i r e d  by p l a n t s  and o c c u r s  4 

l a r g e l y  i n  t h e  o r g a n i c  form i n  s o i l s .  Organic n i t r o g e n  must b e  m i n e r a l i z e d  I 
i n t o  i n o r g a n i c  forms such a s  ammonium and n i t r a t e  b e f o r e  i t  can be  r e a d i l y  I 
t aken  up by p l a n t s .  Organic n i t r o g e n  o c c u r s  i n  such  compounds i n  s o i l  a s  amino I 
a c i d s  (about  20-40%), hexoseamines (5-10%) and p u r i n e s  and p y r i m i d i n e s  ( l e s s  * I 
than  1 % ) .  However, a  s u b s t a n t i a l  amount can n o t  be i d e n t i f i e d  (Bremner, 1 9 6 5 ~ ) .  d l  
It is  p o s s i b l e  t h a t  h e t e r o c y c l i c a l l y  bound n i t r o g e n  may comprise  a  p r o p o r t i o n  1 
of t h e  u n i d e n t i f i e d  f r a c t i o n .  Some n i t r o g e n  may occur  i n  s o i l  humus a s  amino I 
a c i d s  t h a t  a r e  combined i n  s u c h  a  way t o  t h e  a r o m a t i c  components of s o i l  

(I* 



Table 4 9 -  S o i l s  s t u d i e d  and composition of mixes. 

% of each component 

Ma te r i a l  by volume by weight  

GCOS Pea t  

T a i l i n g  Sand 

Malmo S o i l  

GCOS Overburden 

Spncrude Overburden 

Heavy Tar  Sand 

Lean Tar Sand 

Pea t  + T a i l i n g  Sand 

Malmo + Heavy Tar Sand 

Pea t  + T a i l i n g  Sand + GCOS Overburden 

Pea t  + T a i l i n g  Sand + Syncrude Overburden 

T a i l i n g  Sand + GCOS Overburden 

A l l  weights  r e f e r  t o  t h e  m a t e r i a l  i n  t h e  a i r  dry s t a t e .  P e a t  was 
p a r t i a l l y  a i r  d r i e d  and heavy t a r  sand was used f i e l d  moist .  



o r g a n i c  m a t t e r  t h a t  t h e y  can n o t  b e  r e l e a s e d  by c o n v e n t i o n a l  i s o l a t i o n  

methods. P a r t  of t h e  o r g a n i c  n i t r o g e n  i n  s o i l s  i s  thought  t o  be more l a b i l e  

than  t h e  r e s t .  Acid h y d r o l y s i s  p robab ly  releases t h e  m a j o r i t y  of n i t r o g e n  

i n  t h i s  " a c t i v e  f r a c t i o n "  from s o i l  o r g a n i c  m a t t e r .  Thus t h e  amount o f  a c i d  

h y d r o l y s a b l e  n i t r o g e n  c o n t a i n e d  i n  a  s o i l  may g i v e  u s  an  i n d i c a t i o n  o f  t h e  

p o t e n t i a l  n i t r o g e n  supp ly ing  power of t h a t  s o i l .  

T a b l e 5 0  shows t h e  amounts of t h e  t o t a l  s o i l  o r g a n i c  n i t r o g e n  t h a t  was 

recovered  a f t e r  a c i d  h y d r o l y s i s  a s  NH -N, amino acid-N o r  hexoseamine-N. It 4 

should be no ted  t h a t  d u r i n g  t h e  h y d r o l y s i s  a  c e r t a i n  amount of ammonia i s  

r e l e a s e d  through deammination r e a c t i o n s ,  so t h a t  much of t h e  ammonia recovered  

a f t e r  h y d r o l y s i s  i s  n o t  i n i t i a l l y  p r e s e n t  i n  t h a t  form i n  t h e  s o i l .  Of t h e  

s o i l s  and mixes s t u d i e d  o n l y  t h e  p e a t ,  Ia lmo s o i l  and t h e  Malmo/heavy o i l  

sand mix con ta ined  l a r g e  amounts of o r g a n i c  n i t r o g e n .  

It i s  d i f f i c u l t  t o  draw any f i r m  c o n c l u s i o n s  from r e s u l t s  i n v o l v i n g  

t h e  t a i l i n g s  m a t e r i a l s  and overburdens  due t o  t h e  v e r y  low amounts o f  o r g a n i c  

n i t r o g e n  t h a t  t h e y  i n i t i a l l y  c o n t a i n e d .  It was e v i d e n t  however t h a t  i n  

m a t e r i a l s  such a s  t h e  l e a n  and heavy o i l  sands  t h a t  con ta ined  s i g n i f i c a n t  

amounts of hydrocarbons t h e r e  was a  h i g h  p r o p o r t i o n  o f  t h e  o r g a n i c  n i t r o g e n  

t h a t  was n o t  a c i d  h y d r o l y s a b l e .  Thus most of t h e  n i t r o g e n  t h a t  t h e y  c o n t a i n  

would probably  n o t  be e a s i l y  made a v a i l a b l e  t o  p l a n t s .  

B u f f e r i n g  Capac i ty  

The s o i l s  used i n  r e v e g e t a t i o n  shou ld  be w e l l  b u f f e r e d  a g a i n s t  r a p i d  

f l u c t u a t i o n s  i n  s o i l  pH. Most p l a n t s  grow w e l l  o n l y  w i t h i n  a  r e a s o n a b l y  

r e s t r i c t e d  pH range.  P l a n t s  a s  a  whole t o l e r a t e  a  pH range  o f  4 .0  t o  8.5 a l t h o u g h  ,, 
t h e  e f f e c t s  of o t h e r  p l a n t  c o n s t i t u e n t s  a r e  v e r y  i m p o r t a n t .  B u f f e r i n g  i s  

impor tan t  i n  view of t h e  a c i d i f i c a t i o n  l i k e l y  from SO emiss ions  and t h e  
II 

2 



r Table 50. Nature of  hydro lysable  n i t r o g e n  i n  s o i l s  and mixes. 

*I Acid hydro lysable  n i t r o g e n  Tot a 1  

S o i l  o r  s o i l  mix 

s o i l  
NH4-N Hexoseamine-N Amino-N Nitrogen 
(mg/ g> (ng/g> (mg/ g> (mglg) 

Pea t  (GCOS) 
m 

T a i l i n g s  Sand 

Malmo S o i l  
I 

GCOS Overburden 

*r Syncrude Overburden 

Pea t  + Ta i l i ngs  Sand 0.074 0.032 0.077 0.266 

I 
Lean O i l  Sand 

Malmo + Heavy O i l  Sand 
I 

Pea t  + Ta i l i ngs  + GCOS Overburden 0.111 0.041 0.103 0.259 

r Pea t  + Ta i l i ngs  + Syncrude Overburden 0.022 0.074 0.063 0.168 

Ta i l i ngs  Sand + GCOS Overburden 0.098 0.026 0.032 0.140 

m 
Heavy O i l  Sand 



p o s s i b l e  u s e  of l a r g e  a d d i t i o n s  o f  f e r t i l i z e r s .  S o i l s  a r e  n a t u r a l l y  b u f f e r e d  

a g a i n s t  changes i n  pH by t h e  p resence  of s o i l  o r g a n i c  m a t t e r ,  s o i l  c l a y s  

and v a r i o u s  salts.  The Malmo s o i l  t y p i f i e s  a  w e l l  b u f f e r e d  a g r i c u l t u r a l  s o i l  

( s e e  F i g u r e  6 ) .  It h a s  an  o r g a n i c  m a t t e r  c o n t e n t  of o v e r  10% and a c l a y  

+ 
c o n t e n t  of about  16%. It t a k e s  abou t  3 meq H /100g t o  lower i t s  pH by one 

u n i t  and s l i g h t l y  over  3  meq 0 ~ - / 1 0 0 ~  t o  r a i s e  i t  by one u n i t .  It i s  w e l l  

b u f f e r e d  over  t h e  e n t i r e  r a n g e  e s p e c i a l l y  between pH 4.5 and 9 .0  which 

encompasses t h e  range f o r  p l a n t  growth. Organic s o i l s  a r e  a l s o  w e l l  b u f f e r e d  

due t o  t h e i r  a c i d i c  n a t u r e  and accompanying h i g h  c a t i o n  exchange c a p a c i t y .  

The GCOS p e a t  h a s  a  pH of a b o u t  3 .6 ,  an  o r g a n i c  m a t t e r  c o n t e n t  o f  98% and i s  

w e l l  b u f f e r e d  over  t h e  e n t i r e  a c i d i c  range .  

M a t e r i a l s  t h a t  c o n t a i n e d  h i g h  c o n t e n t s  of sand such a s  t a i l i n g s  sand,  

l e a n  o i l  sand and heavy o i l  sand were e s s e n t i a l l y  unbuf fe red  ( s e e  F i g .  E&7).  

The two overburden m a t e r i a l s  i n v e s t i g a t e d  were remarkably  w e l l  b u f f e r e d  a g a i n s t  

a c i d i f i c a t i o n  (F ig .  7  ) .  I n  b o t h  t h e  GCOS and Syncrude overburden samples  and 

b u f f e r i n g  i s  p r i m a r i l y  due t o  t h e  p resence  of h i g h  amounts of c a r b o n a t e  and 

t o  a  c e r t a i n  e x t e n t  s u l f a t e  a n i o n s  i n  a s s o c i a t i o n  w i t h  calc ium.  Clay  p robab ly  

p l a y s  a minor r o l e .  

The e f f e c t  of mixing v a r i o u s  components t o g e t h e r  may be  seen  by 

+ 
r e f e r e n c e  t o  F i g u r e 7  . Addi t ion  of 3 meq H /100g s o i l  t o  p u r e  t a i l i n g s  sand 

(an amount t h a t  reduced t h e  pH of Malmo s o i l  by one pH u n i t )  r e d u c e s  i t s  pH 

from 7.5  t o  abou t  2.7 .  Mixing e q u a l  volumes o f  p e a t  and t a i l i n g s  sand h a s  two 

e f f e c t s .  F i r s t l y  t h e  a d d i t i o n  of p e a t  r e d u c e s  t h e  pH i n i t i a l l y  t o  4 . 4 .  

+ 
Secondly t h e  pH can be reduced t o  abou t  pH 2.7 by t h e  a d d i t i o n  of 3 meq H /100g 

of t h e  mix a s  b e f o r e .  However, c o n s i d e r a b l e  b u f f e r i n g  is  observed above pH 4. 

Mixing t a i l i n g s  sand and overburden h a s  a s i m i l a r  b e n e f i c i a l  e f f e c t  upon t h e  



F i g u r e  6. B u f f e r i n g  c a p a c i t i e s  of an  a c i d  p e a t ,  a n  a g r i c u l t u r a l  

s o i l  and ovcrburdcn m a t e r i a l s  . 
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Figure  7. 3uf';ering c.?pacj.ties of t a i l i n g s  sand 

end t a i l i n ~ s  pand s o i l  mi.xes. 

12- 

11 - 

W 
a 

10 - 

9 - 

- - -e 
-a'- ,. 

?' a . - ;-' 0 ,": 0' 
I , . .o 

a 
I ,$' p-,==Q 

I 
I .* 

r A- 
' & ## 

/ 
'I Mm I 

e ,:I j 
I' ct' l 1  

1 # I  +---A,' 
I I 

I 

I 1  
I ,  :: 1 

I 1 I ' 
S,' I r: ,I 

# f "  ; ; 
I1 I 

1,' , : 1 1  

1: f 0' 

I. 
P' , 

I 

I 

, I 
I 

, I  I 

,o' , I I 

, .' I' 

I I . .  P' ,t8 ,P: 1 )  

, , 0 , I ,  
0' , 1 @ Tailings sarad 

, , ,/' 1 1  

0 5 , Tailings sand 4- Feat , I 

, I I , 
I I 1  

I #  
o Tailings sand + GCQS Overbuxsden 

,.A' 
I' I 1  

.A= a Taillings S;EAM~ + Peat 
A. -- ? ;- 

I I 
8 , r 

+ Syocsude Overb?.xrde= 

A Tailixzgs sanc? c Pest 
# I F  + GC0S 069verb1, r-tle?i! 

4 

,p 
.n'r . - ,a' 

-0' . 
IL.IT'- -8"'. 

Des:::g--- -@- - -  2-  



Figure  8 .  Buffer ing c a p a c i t i e s  of l.ean an3 heavy o i l  sands 

and a  heavy o i l  sand-Pkilmo s o i l  mix. 

Boil 



b u f f e r i n g  c a p a c i t y .  For example a mix of 1 p a r t  t a i l i n g s  sand and 1 p a r t  

GCOS overburden c r e a t e s  a  " s o i l "  w i t h  a  pH of  7 .6  and a  d rop  of o n l y  0 .5  

of t h e  pH u n i t  by t h e  a d d i t i o n  o f  3 meq of  a c i d i t y  p e r  100g. A m i x t u r e  o f  

p e a t ,  t a i l i n g s  sand and overburden h a s  even more d e s i r a b l e  p r o p e r t i e s  i n  

t h a t  i t  c o n t a i n s  t h e  b u f f e r i n g  c a p a c i t y  d e r i v e d  from t h e  p e a t  as w e l l .  I n  

f a c t  i n  many ways t h e  b u f f e r i n g  c a p a c i t y  of t h i s  mix i s  s u p e r i o r  t o  t h e  

Malmo s o i l .  

The heavy o i l  sand sample i s  v e r y  p o o r l y  b u f f e r e d .  T h i s  p r o v i d e s  some 

concern s i n c e  i f  a r e a s  c o n t a i n i n g  a p p r e c i a b l e  amounts o f  r e l a t i v e l y  r i c h  o i l  

sand a r e  t o  be r e v e g e t a t e d  t h e  more l a b i l e  m a t e r i a l  i n  t h e  o i l  sand w i l l  be 

degraded by t h e  s o i l  organisms by t h e  a d d i t i o n  o f  f e r t i l i z e r .  I n  a  m a t e r i a l  

such a s  o i l  sand t h a t  h a s  a  h i g h  s u l f u r  c o n t e n t  t h i s  would r e s u l t  i n  t h e  

r e l e a s e  of r e l a t i v e l y  h i g h  amounts of mineral-S.  P o s s i b l e  a c i d i f i c a t i o n  by 

s u l f a t e  could  o c c u r .  Addi t ion  of Malmo s o i l  was found t o  s i g n i f i c a n t l y  

improve t h e  b u f f e r i n g  c a p a c i t y  and reduce  t h e  danger  of a c i d i f i c a t i o n  (Fig*8) Other 

b e n e f i c i a l  e f f e c t s  o f  r e v e g e t a t i o n  of heavy o i l  sand through s o i l  amendment 

have a l r e a d y  been d i s c u s s e d .  The u s e  of overburden m a t e r i a l s  should  b e  a 

p r a c t i c a l  method of producing a  w e l l  b u f f e r e d  system.  Also n o t e  t h a t  t h e  

b u f f e r i n g  c u r v e s  may b2 used i n  t h e  p r e d i c t i o n  of l i m e  a d d i t i o n s  needed.  
I 

The d a t a  may be  used t o  demons t ra te  t h e  p o s s i b l e  e f f e c t s  of SO2 e m i s s i o n s  

i n  t h e  l e a s e  a r e a  on t h e  pH of s o i l  s u r f a c e s  composed of d i f f e r e n t  m a t e r i a l s  m 

o r  even t h e  e f f e c t  of a c i d i c  f e r t i l i z e r s .  The i n f o r m a t i o n  p r e s e n t e d  i n  Tab le  51 
d 

i s  c a l c u l a t e d  by c o n s e r v a t i v e l y  e s t i m a t i n g  t h a t  i n  such a n  a r e a  40 l b  of 

s u l f u r / a c r e  may e n t e r  t h e  s o i l  a n n u a l l y  from a e r i a l  con tamina t ion .  The 
111 

d e p r e s s i o n  of s o i l  pH i n  t a i l i n g s  sand and p e a t  i s  c o n s i d e r a b l e .  S a t i s f a c t o r y  

b u f f e r i n g  can be o b t a i n e d  by t h e  i n c o r p o r a t i o n  of overburden m a t e r i a l s .  I 



TABLE 5 l  

PREDICTED pH CHANGES I N  SOILS AND MIXES AS A CONSEQUENCE 

* 
OF HYPOTHETICAL SULFUR EMISSIONS 

S o i l  o r  mix bulk p red ic t ed  pH 
d e n s i t y  t ime (y r s )  0 5 10 25 

glcm 

Malmo s o i l  1.1 6.5 5.9 5.6 4.9 

Peat  0 .1  3.6 2.3 1 .5  

T a i l i n g s  sand 1 .4  7.5 4.9 3.3 2.7 

Syncrude overburden 1 .4  7.8 7.7 7.6 7.4 

T a i l i n g s  sand:peat:  1.1 
Syncrude overburden 

2 : l : l  mix 

* 
Based upon 40 lb -S lac re ly r  uptake by t h e  s o i l  and assuming 
t h a t  a l l  t h e  s u l f u r  is  r a p i d l y  oxid ized  and t h a t  no l o s s e s  
by leaching  occur .  

The degree of a c i d i f i c a t i o n  would be p red ic t ed  t o  be the  same by the  annual 
a d d i t i o n  of 65 l b - N / a ~ r e / ~ r  a s  34-0-0 f e r t i l i z e r .  

Numbers and Types of Organisms 

Two p l a t i n g  media were used t o  s tudy  t h e  numbers of b a c t e r i a  i n  each 

of t h e  s o i l s  and mixes. A s tandard p l a t e  count was used t o  g ive  an e s t ima te  

of t o t a l  numbers. A more s e l e c t i v e  medium, ammonium s t e a r a t e  a g a r ,  was used 

t o  e s t ima te  numbers of organisms capable of growth on a f a t t y  ac id  s u b s t r a t e .  

Such organisms occur  n a t u r a l l y  i n  s o i l  i n  q u i t e  l a r g e  numbers where they  may 

degrade n a t u r a l l y  occurr ing  f a t t y  a c i d ,  f a t t y  a c i d  e s t e r s ,  waxes, e t c .  i n  s o i l s .  

They may be enriched i n  s o i l s  t h a t  con ta in  s a t u r a t e d  p a r a f f i n i c  hydrocarbons. 

Resu l t s  showed t h a t  t h e  Malmo a g r i c u l t u r a l  s o i l  contained about l o 8  b a c t e r i a l g  

( s ee  Table 52) .  The remaining s o i l s  and mixes contained between l o 6  and 
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Table 52. Numbers of b a c t e r i a ,  fung i  and a l g a e  i n  s o i l s  and mixes 

Numbers of organisms 

Bac te r i a  Fungi Algae 

PCA ASA 

S o i l  o r  s o i l  mix /g x lo6  /g  x 10 4 lp l o4  i g  10 2 

Pea t  (GCOS) 2.2 21.5 130 9.75 

Ta i l i ngs  Sand 9 .1  3.9 0.1 0 

Malmo S o i l  70.5 130 14 .O 2.40 

GCOS Overburden 1 . 3  0 .3  0 .2  6.20 

Syncrude Overburden 14 .O 0.7 0 .2  0 

Pea t  + T a i l i n g s  Sand 1 .O 6 .5  0 . 5  49 .O 

Lean O i l  Sand 2.5 3 .5  3 .O 0 

Malmo + Heavy O i l  Sand 2400 1490 20.0 2.40 

Pea t  + Ta i l ings  Sand + GCOS 
Overburden 

Pea t  + T a i l i n g s  Sand + 
20.0 8.0 115 1 .90 

Syncrude Overbur den 

Ta i l i ngs  Sand + GCOS 2.2 4.6 0 .3  2 .OO 
Overhurden 

Heavy O i l  Sand 27.5 20 .O 135 0 



7 
s l i g h t l y  over 1 0  b a c t e r i a l g .  An except ion was the  Malmojheavy o i l  sand 

7 
mix. Unamended o i l  sand contained 2.8 x  1 0  b a c t e r i a / g  but  when mixed w i t h  

9 
t he  Malmo s o i l  and incubated,numbers increased  d rama t i ca l ly  t o  2 .4  x  1 0  /g.  

This  s i m i l a r  p a t t e r n  i s  observed i n  o t h e r  s t u d i e s  t h a t  we have conducted 

where crude o i l  has  been added t o  s o i l .  

None of t h e  s o i l s  could be considered low i n  b a c t e r i a .  This  was 

e s p e c i a l l y  n o t i c e a b l e . w i t h  t h e  t a i l i n g s  sand t h a t  contained n e a r l y  10  m i l l i o n  

organisms per  gram. It was ev ident  however, t h a t  t h i s  number was made up of 

a  r e l a t i v e l y  small  number of d i f f e r e n t  types  of b a c t e r i a .  It seems poss ib l e  

t h a t  many of t he  organisms p re sen t  i n  t h e  t a i l i n g s  sand a r e  engaged i n  t h e  

decomposition of t h e  r e s i d u a l  o i l  p r e sen t  i n  t h e  sand. No counts  were made 

on f r e s h l y  depos i ted  t a i l i n g s  sand. 

'Ihe numbers of organisms capable  of growth on t h e  ammonium s t e a r a t e  aga r  

were lower by a  f a c t o r  of about 100 except  i n  t h e  pea t  where t h e r e  was only  a  

ten-fold d i f f e r e n c e .  This  i s  probably due t o  t h e  r e l a t i v e  g r e a t e r  abundance 

of hydrocarbons n a t u r a l l y  present  i n  t h e  pea t .  It was n o t i c e a b l e  t h a t  mixing 

pea t  wi th  poorly buf fered  m a t e r i a l s  t h a t .  would tend t o  reduce t h e  mix pH 

r e s u l t e d  i n  lower b a c t e r i a l  counts .  An example was t h e  comparison of t a i l i n g s  

sand a lone  wi th  t a i l i n g s  sandlpeat  mix. Also d i f f e r e n c e s  between the  bulk  

d e n s i t y  of pea t  and sand w i l l  tend t o  favour t h e  sand i n  enumerations based on 

weight.  

The pea t  contained a  h igh  fungal  populat ion.  Th i s  i s  p r e d i c t a b l e  s i n c e  

fung i  compete more favourably than b a c t e r i a  a t  low pH. However, mixing of 

pea t  and t a i l i n g s  sand d id  not  i nc rease  t h e  numbers of f u n g i  over those  found 

i n  t a i l i n g s  sand a lone  al though i t  decreased b a c t e r i a l  numbers. Inc reases  i n  

fungal  numbers probably r e q u i r e  t h e  presence of v i a b l e  fungal  spo res  i n  t h e  



s o i l  as a p r e r e q u i s i t e .  The p e a t  + t a i l i n g s  sand + Syncrude overburden mix 

d i d ,  however, have a  s i z e a b l e  f u n g a l  p o p u l a t i o n .  Unamended heavy o i l  sand d 

con ta ined  a  l a r g e  number of f u n g i .  P o s s i b l y  t h e  f i l a m e n t o u s  growth h a b i t  of 
II) 

f u n g i  is  more a d a p t a b l e  t o  t h e  d e g r a d a t i o n  o f  o i l  components i n  such  a s o i l  

w i t h  tough impene t rab le  s o i l  a g g r e g a t e s .  d 

4 

Algae a r e  p r i m a r i l y  l i m i t e d  t o  s u r f a c e  s o i l  h o r i z o n s  s i n c e  t h e y  r e q u i r e  

s u n l i g h t  t o  grow. Consequently i t  was n o t  s u r p r i s i n g  t o  f i n d  t h e  h i g h e s t  w 

numbers i n  p e a t  and p e a t  and t a i l i n g s  sand mixes.  Moderate numbers were found 
d 

i n  t h e  Malmo s o i l ,  GCOS overburden,  Malmo/heavy o i l  sand mix, t a i l i n g s  sand/  

GCOS overburden mix and t h e  p e a t ,  t a i l i n g s  sand and Syncrude overburden 
J 

mixture .  Algae could  n o t  b e  d e t e c t e d  i n  t h e  t a i l i n g s  sand,  Syncrude overburden,  

heavy o i l  sand and l e a n  o i l  sand.  II 

S u l f a t e  reduc ing  organisms 1111 

I n  a  w e l l  a e r a t e d  s o i l ,  organisms a r e  a b l e  t o  u s e  oxygen as t h e  t e r m i n a l  

..I 
e l e c t r o n  a c c e p t o r  i n  t h e i r  metabolism. I n  an  a n a e r o b i c  s o i l  o r  i n  a n a e r o b i c  

s i t e s  i n  a l a r g e l y  a e r o b i c  s o i l ,  a l t e r n a t e  e l e c t r o n  a c c e p t o r s  may b e  used.  
d 

S u l f a t e  may be used as a  t e r m i n a l  e l e c t r o n  a c c e p t o r  and r e s u l t s i n  t h e  

accumulat ion of reduced forms of s u l f u r  such as s u l f i d e .  High s u l f i d e  con- J 

c e n t r a t i o n s  may be  t o x i c  t o  p l a n t  growth. 

Large numbers of s u l f a t e  reduc ing  organisms o c c u r r e d  i n  many of t h e  J 

s o i l s  and mixes (Table  53) .  This  would b e  e x r e c t e d  f o r  p e a t  which may b e  c o n s i d e r e d  
.II 

p r i m a r i l y  a n a e r o b i c .  S i m i l a r l y  l a r g e  numbers of s u l f a t e  reduc ing  organisms 

would be  expected i n  sub-sur face  s o i l s  such a s  t h e  overburden,  e s p e c i a l l y  i n  mn 

view of t h e i r  h i g h  s u l f a t e  c o n t e n t s .  S u l f a t e  l e v e l s  were low i n  t h e  Malmo s o i l  

which had t h e  lowes t  c o u n t s  of s u l f a t e  r e d u c e r s .  Numbers of s u l f a t e  r e d u c e r s  II 



Table 5 3 .  Numbers of d e n i t r i f y i n g  and s u l f a t e  reducing organisms. 

S u l f a t e  Reducers Den i t r i f i e r s  

number p e r  g oven dry s o i l  

Pea t  (GCOS) 

Ta i l i ngs  sand 

Malmo s o i l  

GCOS overburden 

Syncrude overburden 

Heavy o i l  sand 

Lean O i l  sand 

Pea t  + t a i l i n g s  sand 

Malmo + heavy o i l  sand 

Pea t  + t a i l i n g s  sand 
+ GCOS overburden 

Pea t  + t a i l i n g s  sand 
+ Syncrude overburden 

Ta i l i ngs  sand + GCOS 
+ overburden 



were s u r p r i s i n g l y  high i n  t h e  t a i l i n g s  sand. Numbers were a l s o  l a r g e  i n  

hydrocarbon-containing m a t e r i a l s .  This  has  a l s o  been observed i n  s o i l s  

conta in ing  crude o i l  (Rowell & McGill, unpublished) .  

We may conclude t h a t  t h e  h igh  l e v e l s  of s u l f a t e  reducing organisms .II 

i n  t he  McMurray der ived  m a t e r i a l s  i s  e i t h e r  a  consequence of t h e  h igh  inpu t  

d 
of S i n t o  t h e  s o i l s  from t h e  atmosphere o r  due t o  h igh  n a t u r a l  l e v e l s  of 

s u l f a t e  i n  t he  s o i l s  a s  was the  case  wi th  t h e  overburden m a t e r i a l s .  Under 

app ropr i a t e  cond i t i ons  they  may lead t o  t h e  accumulation of s u l f i d e s  o r  

product ion of H S i n  s u l f a t e - r i c h  overburden m a t e r i a l s  where organic  sources  
2 d 

of energy a r e  no t  l i m i t i n g .  

II 

Deni t r i fy ing  Organisms 

D e n i t r i f i c a t i o n  occurs  where n i t r a t e  i s  used a s  the  e l e c t r o n  acceptor .  crl 

This  r e s u l t s  i n  the  l o s s  of n i t rogen  from t h e  s o i l  i n  t h e  form of gaseous 

ml 
oxides.  However t he  numbers of d e n i t r i f i e r s  recorded d id  no t  fo l low the  

p a t t e r n  found f o r  s u l f a t e  reducers .  This  tends  t o  support  t h e  content ion  t h a t  
d 

s u l f a t e  reducers  a r e  high i n  numbers i n  McMurray s o i l s  due t o  t h e  h igh  s u l f a t e  

l e v e l s  from n a t u r a l  sources  o r  from a e r i a l  S-contamination. D e n i t r i f i e r s  were I) 

highes t  i n  t he  Malmo s o i l ( T a b l e  5 3 ) .  Low numbers occurred i n  t a i l i n g s  sand, heavy oi 
d 

sand, and peat  + t a i l i n g s  sand + GCOS overburden mix. The remainder contained 

3 over 10  d e n i t r i f i e r s l g .  Again t h e  number should be regarded p r i m a r i l y  a s  

compar i ta t ive .  

The importance of d e n i t r i f i c a t i o n  i n  r e l a t i o n  t o  reclamation concerns d 

t he  f a t e  of added f e r t i l i z e r  n i t rogen .  In a  p o t e n t i a l l y  a c t i v e  d e n i t r i f y i n g  

u 
s o i l  l a r g e  amounts of f e r t i l i z e r  n i t rogen  may be l o s t  from t h e  s o i l  r a t h e r  

than being used f o r  p l a n t  growth and inco rpora t ion  i n t o  t h e  s o i l  system. The 
m 

numbers observed i n  t hese  m a t e r i a l s  a r e  s u f f i c i e n t  t o  provide an innoculum 



t h a t  could develop i n t o  a l a r g e  a c t i v e  populat ion i f  t h e  s o i l  environmental 

cond i t i ons  were t o  favor  them. 

Enzyme A c t i v i t y  

The need t o  apply p l an t  n u t r i e n t s  a s  f e r t i l i z e r s  depend p r i n c i p a l l y  

on how much a s o i l  can supply from t h e  n a t u r a l  r e s e r v e s  w i th in  t h e  s o i l .  The 

ma jo r i t y  of soil-N and cons iderable  amounts of S and P occur i n  organic  forms 

i n  t h e  s o i l .  To be made a v a i l a b l e  t o  p l a n t s  they must normally be converted 

i n t o  inorganic  forms. S o i l  microorganisms a t t a c k  organic-N a s  p r o t e i n  f o r  

i n s t ance  and break i t  down i n t o  amino a c i d s  and even tua l ly  ammonium. Enzymes 

involved i n  t h e  degrada t ion  of p r o t e i n s  and pept ides  a r e  c a l l e d  p ro t eases .  

S imi l a r ly  o r g a n i c a l l y  bound P and S may be converted u l t i m a t e l y  i n t o  phosphates 

and s u l f a t e s .  We can poss ib ly  a s s e s s  t he  p o t e n t i a l  of a s o i l  t o  mine ra l i ze  

organic  N ,  P and S by measuring c e r t a i n  enzyme a c t i v i t i e s  i n  t h e  s o i l .  We 

have looked a t  t h e  a c t i v i t i e s  of p ro t eases ,  s u l f a t a s e s  and phosphatases i n  t hese  

s o i l s .  The r e s u l t s  a r e  shown i n  ~ a b l e 5 4 .  The s p e c i f i c  s u b s t r a t e s  used t o  

e s t ima te  phosphatase and s u l f a t a s e  a c t i v i t i e s  were p-nitrophenyl phosphates and 

p-nitrophenol s u l f a t e s  r e s p e c t i v e l y .  These a r e  no t  n a t u r a l l y  occurr ing  s o i l  

compounds bu t  a r e  convenient t o  use a s  organic  phosphate and s u l f a t e  analogues 

of s o i l  compounds. The s u b s t r a t e  used t o  measure p ro t ease  a c t i v i t y ,  ca se in ,  

a l s o  does no t  occur i n  n a t u r a l  s o i l s  a l though i t  has t h e  gene ra l  b a s i c  s t r u c t u r e  

found i n  any p r o t e i n  molecule. The enzyme parameters measured were the  maximum 

v e l o c i t y  and t h e  Michae l i s  Constant (K ). The maximum v e l o c i t y  t e l l s  u s  i n  a 
m 

compar i ta t ive  way how much enzyme i s  p re sen t  i n  t h e  s o i l .  The K va lue  t e l l s  u s  
m 

how e f f i c i e n t  t h e  enzymes a r e  o r  how quickly  they a r e  a b l e  t o  perform t h e  

r e a c t i o n s  i n  ques t ion .  With t h e  more a c t i v e  s o i l s  i t  was p o s s i b l e  t o  measure 

vmax, t h e  maximum v e l o c i t y  and K by convent ional  enzymological methods. With m 



Table 54. Enzvme a c t i v i t i e s  of  s o i l s  and mixes 

Enzyme a c t i v i t y  

Phosphatase S u l f a t a s e  P ro t ea se  

p-YP/g/hr) ()IF! p - ~ ~ / g / h r )  (y  t y r o s i n e  
e q u i v a l e n t s  
/ g /h r )  

Pea t  (GCOS) 

T a i l i n g s  Sand 

Malmo S o i l  

GCOS Overburden 

S yncrude Overburden 

Heavy O i l  Sand 

Lean O i l  Sand 

Pea t  + T a i l i n g s  Sand 

Malmo + Heavy O i . 1  Sand 

Pea t  + T a i l i n g s  + GCOS 

Overburden 

Pea t  + T a i l i n g s  + Syncrude 

Overburden 

T a i l i n g s  Sand + GCOS 

Overbur den 

p-NP p-ni t rophenol  
nd n o t  d e t e c t a b l e  

The fol lowing K va lues  were obtained:  
m 

Phosphatas e  Sulf  a t a s e  

Pea t  4.76 x ~ o - ~ M  5.19 x ~ o - ~ M  

Malmo S o i l  5.19 x 2.44 x ~ o - ~ M  

Malmo Soil/Heavy O i l  Sand 4.60 x ~ o - ~ M  1.19 x 10-~1.1 



most of t he  s o i l s  a c t i v i t i e s  were so low t h a t  t h i s  was n o t  p o s s i b l e  and in s t ead  

t h e  v e l o c i t y  obta ined  a t  a  high s u b s t r a t e  concent ra t ion  was assumed t o  

approximate t o  V . 
max 

(a)  Phosphatase 

The r e s u l t s  c l e a r l y  showed t h a t  only t h e  pea t ,  Malmo s o i l  and t h e  Malmo/ 

heavy t a r  sand mix have h igh  phosphatase a c t i v i t i e s ( ~ ~ b 1 e  5 4 ) .  Aryl phosphatase 

a c t i v i t i e s  may be expected t o  be h igh  i n  we l l  ae ra t ed ,  o rganic  r i c h  s o i l s  which 

do not  con ta in  l a r g e  amounts of a v a i l a b l e  phosphate. It has  been found t h a t  

t h e  a d d i t i o n  of phosphate f e r t i l i z e r s  t o  s o i l  depresses  phosphatase a c t i v i t y  

(E.A. Paul ,  personal  communication). It i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  K 
m 

va lue  f o r  t h e  Malmo/heavy o i l  sand mix i s  a  power of t en  lower than f o r  t h e  

Malmo s o i l  a lone .  This  may i n d i c a t e  t h a t  d i f f e r e n t  phosphatase enzymes a r e  

a c t i v e  i n  t he  mix than a r e  found i n  t h e  Malmo alone.  No phosphatase a c t i v i t y  

could be de t ec t ed  i n  t he  heavy o i l  sand a lone .  

(b) Su l f a t a se  

Su l f a t a se  a c t i v i t y  could only be de t ec t ed  i n  t h e  p e a t ,  Malmo and Malmo/ 

heavy o i l  sand samples (see Table 54). By analogy t o  our  knowledge of phosphatase 

we may specula te  t h a t  s o i l s  n a t u r a l l y  r i c h  i n  s u l f a t e  would n o t  be expected t o  

have enzymes a c t i v e  i n  t h e  degradat ion of a r y l  s u l f a t e s .  The observa t ions  of 

a r y l  s u l f a t a s e  a c t i v i t y  seem t o  be c o n s i s t e n t  wi th  t h e  counts  of s u l f a t e  

reducing organisms recorded previous ly .  It i s  a l s o  noteworthy t h a t  while  t h e  

genera l  a c t i v i t y  of t he  Malmo/heavy o i l  sand mix i s  g r e a t e r  than f o r  Malmo a lone  

( a s  determined by CO product ion) ,  t h e  s u l f a t a s e  a c t i v i t y  i s  l e s s .  Th i s  could 
2 

be a  consequence of mine ra l i za t ion  of s u l f a t e  from organic  S-containing components 

i n  t h e  t a r  sand. 



(c )  Pro tease  a c t i v i t y  

Pro tease  a c t i v i t y  may be d iscussed  i n  a  s i m i l a r  manner t o  measurements 
II 

of t h e  hydrolysable  n i t rogen  content  of a  s o i l .  The l e v e l  of p ro t ease  

a c t i v i t y  i s  a  measure of t h e  a b i l i t y  of t h e  s o i l  t o  degrade p r o t e i n s  and m 

pep t ides  i n t o  amino a c i d  u n i t s .  This  is  t h e  f i r s t  s t e p  i n  t h e  m i n e r a l i z a t i o n  

II 

of p r o t e i n s  t h a t  even tua l ly  r e s u l t s  i n  t h e  formation of inorganic  n i t r o g e n  

a s  ammonium, a  po r t ion  of which may be a v a i l a b l e  f o r  p l a n t  growth. Highest 
1111 

protease  a c t i v i t i e s  were recorded f o r  s o i l s  t h a t  had t h e  h ighes t  t o t a l  

n i t rogen  con ten t s  (see Table54). However, d e s p i t e  t h e  very  low n i t r o g e n  md 

con ten t s  of some samples, a c t i v i t y  could be de t ec t ed  i n  a l l  t h e  s o i l s .  The 

Id 
t a i l i n g s  sand, heavy o i l  sand and the  overburden samples contained t h e  lowest  

a c t i v i t i e s .  In  t h e  mixes conta in ing  pea t  o r  Malmo s o i l  t he  a c t i v i t y  observed 
m 

seemed t o  be due almost e n t i r e l y  t o  t h e  presence of t h e  pea t  o r  a g r i c u l t u r a l  

s o i l .  Therefore it  seems t h a t  a v a i l a b l e  n i t rogen  w i l l  be  r e l ea sed  from rl 

organic  n i t rogen  f r a c t i o n s  i n  t h e  unamended l e a s e  m a t e r i a l s  i n  very  small 

r3. 
amounts. Only when they  a r e  mixed wi th  amendments such a s  pea t ,  t op  s o i l  o r  

f e r t i l i z e r s  w i l l  t he  l e v e l s  of a v a i l a b l e  n i t rogen  be maintained a t  concen t r a t ions  
m 

adequate t o  support p l a n t  growth. 

I 

Nitrogen F ixa t ion  

Two types of spec i a l i zed  microorganisms can f i x  atmospheric n i t r o g e n  
1.11 

f o r  growth. Symbiotic n i t r o g e n  f i x i n g  organisms e x i s t  i n  a  m u t u a l i s t i c  

r e l a t i o n s h i p  wi th  a  p l a n t  while  non-symbiotic n i t r o g e n  f i x i n g  microbes l ive  II 

f r e e  i n  t he  s o i l .  Non-symbiotic f i x a t i o n  i n  temperate s o i l s  is  l a r g e l y  due t o  

II 
t h e  ae rob ic  bacter ium Azotobacter though i n  c e r t a i n  i n s t a n c e s  t h e  blue-green a l g a e  

Nostoc and Anabaena may a l s o  be important .  Under anaerobic cond i t i ons  

Clostridiurn spp. b a c t e r i a  a r e  a l s o  a c t i v e  i n  n i t r o g e n  f i x a t i o n .  



From t h e  r e s u l t s  presented i n  Table 55 i t  i s  apparent  t h a t  very  l i t t l e  

f i x a t i o n  was occurr ing  i n  t h e  s o i l s  and mixes s tud ied .  The h ighes t  rates 

measured would have accounted f o r  only 0.2 lb-N/acre/yr.  However, through 

t h e  use of n i t rogen  f i x i n g  p l a n t s  i n  a  reclamation p r o j e c t  t h e  process  of 

n i t rogen  f i x a t i o n  may poss ib ly  be used t o  advantage i n  t he  es tab l i shment  of 

a  s e l f - sus t a in ing  p l a n t  community. In  s o i l s  under severe  n i t r o g e n  de f i c i ency  

such a s  occurs  a f t e r  an o i l  o r  n a t u r a l  gas  s p i l l ,  q u i t e  l a r g e  inc reases  of 

t o t a l  n i t rogen  have been recorded (Harper, 1939).  It i s  concluded t h a t  t hese  

inc reases  a r e  due t o  f r ee - l i v ing  n i t rogen  f i x i n g  organisms. Such a  s i t u a t i o n  

may have e x i s t e d  i n  s o i l s  conta in ing  t a r  sand. No e f f o r t s  were made t o  a s s e s s  

p o t e n t i a l  n i t rogen  f i x a t i o n  by Que-green a lgae .  

Carbon dioxide product ion 

Carbon d ioxide  product ion o r  oxygen uptake a r e  probably t h e  most p r a c t i c a l l y  

u s e f u l  o v e r a l l  i n d i c a t i o n  of t o t a l  microbia l  a c t i v i t y  i n  a  s o i l .  Table 56shows 

the  amounts of CO evolved from s o i l s  and mixes a f t e r  a  two-week pre incubat ion  
2 

per iod.  A c t i v i t y  of t he  t a i l i n g s  sand, l ean  t a r  sand and unamended heavy t a r  

sand were low. The a c t i v i t y  of t he  va r ious  mixes was gene ra l ly  c o n s i s t e n t  w i t h  

the  observed a c t i v i t y  of t he  components a lone .  Addition of Malmo s o i l  t o  heavy 

o i l  sand caused a marked inc rease  i n  a c t i v i t y .  The Malmo s o i l  p rovides  

n u t r i e n t s ,  b e t t e r  a e r a t i o n  and an a d d i t i o n a l  s u i t e  of microorganisms. A l l  t h e s e  

f a c t o r s  enable  l a b i l e  hydrocarbons i n  t h e  o i l  sand t o  be r e a d i l y  decomposed. The 

overburden m a t e r i a l s  were more a c t i v e  than would be expected from t h e i r  low 

organic  carbon con ten t s .  However, t h e  r e l e a s e  of some CO from carbonate  can 
2 

no t  be ru led  o u t .  

A s  was noted i n  t h e  d i scuss ion  of the  t o t a l  microbia l  numbers p r e s e n t ,  

none of t he  m a t e r i a l s ,  no t  even t h e  t a i l i n g s  sand, can be considered s t e r i l e .  



Table 5 5 *  Nitrogen f i x a t i o n  r a t e  i n  un t r ea t ed  s o i l s  and mixes. 

e thylene /h /g  a i r  
Ma te r i a l s  dry s o i l  

GCOS P e a t  3.05 

Ta i l i ngs  Sand 2.25 

Malmo Soi  1 2.95 

GCOS Overburden 

Syncrude Overburden 

Heavy O i l  Sand 

Lean O i l  Sand 

Pea t  + Ta i l ings  Sand 

Malmo + Heavy O i l  Sand 

Pea t  + Ta i l ings  Sand + GCOS Overburden 

Pea t  + Ta i l ings  Sand + Syncrude Overburden 

Ta i l i ngs  Sand + GCOS Overburden 2.85 



Table 5 6 *  Carbon d ioxide  product ion  from un t r ea t ed  s o i l s  and mixes. 

C02 r a t e  
pg C02-C/h/100 g 

M a t e r i a l  a i r  dry s o i l *  

GCOS P e a t  

Ta i l i ngs  Sand 

Malmo S o i l  

GCOS Overburden 

Syncrude Overburden 

Heavy O i l  Sand 

Lean O i l  Sand 

P e a t  + T a i l i n g s  Sand 

Malmo + Heavy O i l  Sand 

P e a t  + T a i l i n g s  Sand + GCOS 
Overburden 

Pea t  + T a i l i n g s  Sand + Syncrude 
Overburden 

Ta i l i ngs  Sand + GCOS Overburden 

* Heavy t a r  sand  was f i e l d  mois t ,  p e a t  w a s  p a r t i a l l y  a i r  d r i ed .  



The r e s u l t s  of growth chamber experiments a l s o  i n d i c a t e  t h a t  a  b i o l o g i c a l  

mechanism i s  involved i n  amel iora t ion  of some of t h e  undes i rab le  p r o p e r t i e s  

of t h e  o i l  sand ma te r i a l s .  
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