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ABSTRACT 

I n  e i g h t  f i e l d  experiments d r i e d  municipal  sewage 
s ludge  was app l i ed  t o  forest  sites before p l a n t i n g  of 
seedlings, In  a l l  cases, tree growth was faster on 
sludge-amended p l o t s  t h a n  on p l o t s  t h a t  received fer- 
t i l i zer  and lime or no amendment, 

I n  a l l  s t u d i e s ,  concentrations o f  t o t a l  nitrogen 
i n  t h e  s o i l  were higher  on s ludge p l o t s  than on 
control o r  f e r t i l i z e r  plo ts ,  even on good forest 
sites.  I n  seven of  the e i g h t  studies, concentrations 
o f  phosphorus a lso  were higher  on sludge plo t s  than on 
control or  fer t i  1 i zer  pla ts ,  Ni t rogen and ghssphoros 
tended  t o  be higher  i n  f s l  i a g e  from trees growing on 
s ludge  p l o t s ,  

Deep subsoiling was beneficla1 regardless of sofl  
amendment, Where weeds were p l e n t i f u l  a t  the outset ,  
t h e y  became serious competitors on p l o t s  secei v i  ng 
sludge* 

Keywords: Kecfamatian, borrow p i t ,  t r e e  growth, P j f lus  
so i l  nut r ien ts ,  

Muni c i  pal sewage sl udge con ta i  ns 
abundan t  p l a n t  n u t r i e n t s  and i s  an 
e f f e c t  i ve 1 ong-1 a s t  i ng amendment f o r  
improv ing  normal f o r e s t  s i t e s  and f o r  
reclamation o f  d i s t u r b e d  s i t e s  i n  the 
Southeast, That  consf u s i  on i s demon- 
s t r a t e d  by e i g h t  studies o f  the e f f e c t s  
o f  d r i ed  sewage s l u d g e  on so i l s ,  t r e e  
growth, and element eoncent rations i n  
tree foliage i n  the Southeastern United 
States, O f  these s tud ies ,  four  were on 
borrow p i t s ,  one on a kaol i n spoi 1 , and 
one i n  t he  Tennessee Copper B a s i n ,  Two 
studies were on rout1 ne r e f o r e s t a t i o n  
st'tes i n  South Caro l ina,  Although i n  
some cases ear ly  results were published 
p rev ious l y ,  this  paper con ta ins  updated  
i n f o rma t i on  and draws c e r t a i n  conclu- 
s ions  no t  possible i n  the ear l ie r  
reports, 

The use and e f f e c t s  o f  sewage sludges 
and e f f l u e n t s  f o r  reclamation s f  surface 
coal mines and other d i s tu rbed  s i tes ,  as 
we1 1 as e f f e c t s  o f  s ludge  disposal  on 
1 a n d ,  have been s tud ied  e x t e n s i  vef y 
(Bledsoe 1981; Cole and others 1985; 
National ASU&LGC 1973; Page and o thers  
1983; Sopper and Kardos 1973; Sopper and 
K e r r  1979; Sopper and o the rs  1982). 

The e f f e c t s  s f  sewage s l u d g e  and 
other organic  wastes on soi 1 s a re  d i s -  
cussed by E l  l i o t t  and Stevenson ( 1 9 7 7 ) ,  
and many aspecLs o f  recl amati on i n c l  ud i  ng 
t h e  use o f  sewage s l u d g e  a r e  discussed 
by Schai l e r  and Su t ton  (1978). Two 
recent  guides t h a t  deal speci  f lea l  l y  
w i t h  revegetation o f  coal mine s p o i l s  
a r e  by Vogel (1981) and Sopper and 
Seaker (1983), Pnssi b1 e hea l th  r7" sks 
a s s o c i a t e d  w i t h  sewage s ludge  have a l s o  
been reviewed ( B i t t o n  and o the rs  1980). 

E f f e c t s  o f  sewage s ludge on t r e e  
growth on normal f o r e s t  s i t e s  i n  the 
Southeast were reported by wells and 
athers (1985) and McKee and &hers 
(1986). Hinkle (1982) used s l u d g e  t o  
r e d  aim abandoned p y r i t e  mines, and 
s l u d g e  has been used on o t h e r  d is turbed 
sites (Berry 1977, 1979b, 1982, 19YSb; 
Berry  and Marx 1977,  1980; Kormanik and 
Schul  tz 1985; and Ruehle 1980). Spot 
a p p l  i c a t  i on o f  sf udge ,  a teehn i  que s f  
p o t e n t i a l  value i n  sough  t e r r a i n ,  has 
been found to a i d  i n i t i a l  q rowth o f  b o t h  
loblolly pine ( P i n u s  t a e d a - l . )  and hard- 
woods (Berry 1 

A Word About Sewage Sludge 

Sewaye s l u d g e  i s  obta ined  from the 
process ing  s f  domestic or industrial 
wastewater, The i n i t i a l  o r  pr imary 



t rea tment  o f  wastewater i s  u s u a l l y  
designed t o  remove s e t t l e a b l e  s o l i d s  by 
some form o f  phys i ca l  separa t ion  (screen- 
i ng o r  g r a v i t y  s e t t l  i n g ) .  Next, t h e  
wastewater i s  subjected t o  chemi cat o r  
b i  01 og i  c a l  processes des i  gned t o  remove 
d i sso l ved  and c a l l  o i d a l  m a t e r i a l ,  There- 
a f t e r ,  wastewater ( o r  e f f l u e n t )  may 
rece i ve  var ious  combinat ions o f  phys ica l  
and chemical t reatments.  The so l  i d s  
removed du r i ng  these processes a re  
u s u a l l y  h i gh  i n  o rgan ic  mat te r ,  are 
b i o l o g i c a l  l y  unstab le ,  and are charac- 
t e r i z e d  by o f f e n s i v e  odors. These 
m a t e r i a l s  may be s t a b i  1  i z e d  by aerobic  
o r  anaerobic d i ges t i on .  When sludge i s  
removed from d iges te r s ,  i t i s  i n  l i q u i d  
form ( con ta in i ng  3 t o  6 percen t  s o l i d s )  
and can be t r anspo r ted  i n  pipe1 ines,  
tank cars,  o r  tank t rucks ,  With proper  
equipment, i t  can be d i  r e c t l y  appl i e d  t o  
land  i f  S ta te  and Federal EPA reyu la -  
t i o n s  are met. Usual l y ,  however, some 
form o f  dewater ing process such as sand- 
bed d ry ing ,  vacuum f i l t e r i n g ,  o r  c e n t r i -  
f ugat i on i s  employed be fo re  d i  sposal t o  
produce a d r y  o r  semidry, semi so l  i d  
m a t e r i a l  t h a t  can be t r anspo r ted  i n  open 
t r u c k s  and app l i ed  t o  l and  w i t h  stand- 
a r d  a g r i c u l t u r a l  equipment. I f  t h e  
dewater ing i s  c a r r i e d  out  by vacuum 
f i l t r a t i o n  o r  c e n t r i f u g a t i o n ,  a chemical 
f l o c c u l a n t  i s  employed t o  improve sepa- 
r a t i o n  o f  l i q u i d  from s o l i d  m a t e r i a l .  
The f l o c c u l a n t  g ives t h e  sludge a semi - 
l i q u i d ,  g e l l i k e  charac te r  t h a t  makes 
a p p l i c a t i o n  t o  land  d i f f i c u l t .  McCalla 
and o the rs  (1977) d iscuss t h e  phys ica l ,  
chemi c a l  , and b i  01 og i  c a l  p r o p e r t i e s  o f  
sludges i n  d e t a i l .  

The method o f  hand1 i n g  sewage sludge 
depends on s o l i d s  content ,  Sludge con- 
t a i n i n g  up t o  10 percent  t o t a l  s o l i d s  
can be pumped w i t h  spec ia l  equipment. 
S l u r r i e s  w i t h  up t o  5 o r  6 percent  t o t a l  * 

s o l i d s  hay be app l i ed  w i t h  f i e l d  sp r i n -  
k l e r s ,  The sludge must con ta in  a t  l e a s t  
25 t o  30 percent  s o l i d s  be fo re  i t  can be 
handled w i t h  a  shovel o r  p i t c h f o r k ,  

A11 sludges used i n  t h e  experiments 
repor ted  i n  t h i s  paper were anae rob i ca l l y  
d iges ted  and sandbed d r i e d  and conta ined 
a t  l e a s t  35 percent  so l  ids ,  They were 
a l s o  charac te r i zed  by low heavy metal  
concen t ra t ions ;  f o r  example, l e s s  than 

1 U p/m Cd and 250 plm Zn, An ana l ys i s  
o f  t h e  sewage sludges used i n  most o f  
t h e  experiments repo r ted  here i s  shown 
i n  t a b l e  1, 

CharacteristScs o f  Si tes  and Studies 

A l l  exper imental  s i t e s  were prepared 
by  mwhan i ca l  l y  removing a1 1 woody vege- 
t a t i o n  present,  then by grad1 ng, i f  nec- 
essary,  t o  e l  i n 1  na te  g u l l  i es ,  Amendments 
were thorough ly  incorpora ted  i n t o  sur-  
face  s o i l  t o  a  depth o f  15 t o  20 cm by 
d i s k i  ng. Cont ro l  p l o t s  (no amendment) 
were s i m i l a r l y  disked. I n  add i t i on ,  a l l  
s i t e s  were subso i led  t o  a  depth o f  f rom 
6 1  t o  92 cm a f t e r  d i s k i n g  except i n  
Study 3 where a v a r i e t y  o f  phys ica l  so i  1  
t rea tments  were t e s t e d  and i n  Study 7 
where d i s k i n g  was compared w i t h  a  s i n g l e  
s u b s o i l i n g  t reatment ,  Spacing between 
subso i led  fur rows and t h e  p a t t e r n  o f  
fu r rows  (para1 l e l  1 i nes  o r  perpend icu la r  
l i n e s )  v a r i e d  w i t h  t h e  experiment. I n  
recen t  experiments, subsoi 1  i ng was done 
i n  e a r l y  f a l l  t o  a l l o w  fur rows t o  s e t t l e  
be fo re  p l a n t  i ng. Seed1 i ngs were p l  anted 
t h e  fo1 low ing  s p r i n g  i n  t h e  c losed 
furrows, Treatment p l o t s  con ta in i ng  16 
t o  36 t r e e s  were r e p l i c a t e d  t h r e e  t o  s i x  
t irnes. A randomi zed compl e te -b l  ock 
des ign was used i n  a l l  except Study 6, 
i n  which t rea tments  were complete ly  ran- 
domized. .Data were subjected t o  a n a l y s i s  
o f  var iance, and means were separated by 
Duncan's mu1 t i p 1  e range t e s t .  

S o i l  samples f o r  chemical ana l ys i s  
were c o l l e c t e d  from t h e  p l o t s  i n  a1 1 
s tud ies  i n  August 1985, Nine subsamples, 
taken from t h e  t o p  15 cm o f  mi nera l  so i  1  , 
were composited f o r  each r e p l i c a t e .  The 
samples were a i  r - d r i e d  i n  t h e  l a b o r a t o r y  
and screened t o  a  p a r t i c l e  s i z e  o f  no 
more than  2 m. A11 chemical analyses 
were done by M L  Labora to r ies ,  Inc,, 411 
N. T h i r d  S t ree t ,  Memphis, TN, 

I n  t h e  f a l l  o f  1985, t h e  he igh t s  (H) 
and roo t - co l  l a r  diameters (D)  o f  a1 1 
t r e e s  i n  a l l  s t ud ies  were measured, 
Values f o r  DEH were then  computed f o r  
each t r e e  and summarized, DEW has been 
shown t o  be a r e l i a b l e  sur roga te  measure 
f o r  aboveground b i  bmass o f  1  ob1 o l  l y  
p i ne ,  and i t  a1 so appears t o  be a good 



I'ndi&atsr s f  stem weight and stern vsiume 
(Hatchel l and others 1985). 

Phys ica l  and chemical properties o f  
the upper 16 cm o f  the so i l  a t  the e igh t  
study loca t ions  are presented i n  t a b l e  
2 ,  Addi t iona l  in formadion on t h e  s i t e s  
and a d e s c r i p t i o n  o f  each s tudy a r e  pro- 
vided i n  the  next sect ion, 

I n d i v i d u a l  Studies 

Th is  study was i n s t a l  led on a borrow 
p i t  (BP-la) on the Savannah River Forest 
Sta t ion ,  a t  the Savannah R i v e r  Plant,  
Aiken, SC. i n  1976. The p i t  o r i g i n a l l y  
over l a in  w i t h  Fuqua and Wagram s o i l s ,  
was created i n  1950-1952, S o i l  and 
substratum t o  a depth up t o  6 m had been 
removed, 1 e a v i  ng a severely compacted 
ground surface. This borrow p i t ,  l i k e  
most others a t  t he  Savannah River  Fores t  
S t a t i o n  had been planted w i t h  loblolly 
p ine  seedlings i n  the e a r l y  19501s, b u t  
l i t t l e  or no f e r t i l i z e r  was used and no 
subsoi l  i n g  was done. I n  1976 many t rees  
were s t i l l  surv iv lny ,  b u t  few were 
t a l  l e r  than 3 m, The area was prepared 
f o r  the study by removing a l l  vegetat ion 
and subso i l ing  t o  a depth o f  0.9 m w i t h  
perpendicular  furrows spaced 1.2 m apar t  
i n  both d i rec t i ons ,  L o b l o l l y  p ine 
seedl i ngs w i t h  ectomycorrhizae formed by 
P iso l  i t h u s  t i n c t o r i u s  (Pers.) Coker & 

(Ehrh.) ex Fr. were p lanted 
.2 m x 1.2 m) i n  p l o t s  amended 

No f e r t i  1 i z e r  (control ) 
Ferd i  1 i zer 1 & l  imea 
F e r t i l i z e r  & l ime  + t re? bark3 
F e r t i l i z e r  & l ime + ash 
F e r t i l i z e r  & l ime  + bark + ash 
Sewage s l u d g e  
Sewage s ludge + bark 
Sewage sludge + ash 
Sewage sludge + bark + ash 

'560 kg/ha o f  c o m e r c i a l  10-10-10 f e r t i l i z e r .  

' ~ i  1 led pine bark, b o t t m  Furnace ash, and sewage 
s l u d g e  were app l i ed  a t  a r a t e  o f  125 mJJha, o r  
approximately 1.3 cm deep, M i t h  sewage s ludge ,  t h i s  
r a t e  was equivalent  t o  a dry w i g h t  o f  34 000 kglha ,  

The area was thoroughly  d i sked  t o  i nco r -  
po ra te  amendments, then sown w i t h  Ky 31 
fescue reed before p l a n t i n g  pine seed- 
l i ngs.  A t  age 5,  a1 l pl ots were th inned 
t o  2,692 trees per hectare, Na tu ra l l y  
occu r r i ng  P i  sol i t h u s  t i  n c t o r i  us formeb 
abundant ectomycorrhi zae on a1 l seedl i ngs 
d u r i n g  t h e  f i r s t  year  i n  t he  f i e l d ,  
precl udi  ng any mycorrhi zal compari sons. 

Sewage s ludge  alone or  w i t h  bark 
andlor  ash dramatical l y  improved e a r l y  
seedling growth ( f i g .  1) and product ion 
o f  grass bi omass, compared w i t h  o the r  
s o i l  t rea tments  (Berry and Marx 1980). 
A f t e r  3 years, grass biomass was f i v e  
t imes g r e a t e r  on sludge than on o ther  
p lo t s .  There was no s i g n i f i c a n t  weed 
growth i n  this study. 

FIgtlre 1 ,---Three-year-old 1 oblolly pi- grm'lng on 
borrow p i t  plots, Plot I n  foreground aolc?rrd& w i t h  568. 
kg/ha o f  IO-LO-LO Ceei l lrer  plus 2240 kgfha af lime, 
Plots i n  background e n d &  wttR 34 mlha of  sludw. 
The approximately 7 4 - h l g h  ml l imltcates 
materrial removed On creatisn o f  borrav pft, 

A t  age 10, p l o t s  rece i v ing  sludge 
had more t h a n  2 t imes as much n i t rogen  
and more than 25 t imes as much phosphorus 
as con t ro l  and f e r t i l i z e d  p lo ts .  Organic 
m a t t e r  content and c a t i o n  exchange capa- 
c i t y  were a1 so considerably h igher  on 
sludge p l o t s  ( t a b l e  3). By age 10, 
crowns had closed on the  p l o t s  rece i v ing  
sludge, and D2H was many times h igher  on 
these plots  t h a n  on f e r t i l i z e d  o r  control 

l p lo t s  ( t a b l e  4) .  



This study was i n s t a l  led on a borrow 
p i t  ( B P - l b )  ad jacen t  to Study 1. Si t e  
h i s t o r y  and s i t e  preparation were the 
same as  f o r  Study 1 and preparation was 
c a r r i e d  out a t  the same time, Treatments 
consisted o f  0, a7,  34, o r  68 Mg/ha o f  
sewage s l u d g e  ( 2 %  N, 1% P, and 0,5% K) , 
Plots were p l a n t e d  w i t h  s~eetgum 

L.) from two 
d i f f e r e n t  ha1 f - s i b  families. 

A f t e r  5 years, there was no d i f -  
ference $ n  growth between the  two sweet- 
gum famil ies bu t  t h e  influence of  s l u d g e  
amendment was dramatic, A l t h o u g h  corn- 
p e t i t i o n  by fescue, plan ted  as a ground- 
cover, may have retarded ea r ly  tree 
growth to some ex ten t ,  competition f porn 

weeds was not s i g n i f i c a n t ,  F i  fth-year 
growth on unamended p l o t s  was paw;  t ree 
he igh t  averaged less than 1 m. On plots  
amended w i t h  17 Mg/ha o f  s ludge ,  mean 
h e i g h t  was 2.75 m. On p l o t s  amended 
w i t h  34 or 68 Mg/ha, mean he igh t  was 
over  3.6 m (Kormanik and S i h u l t z  1985). 

A t  age 10, t he  improvements i n  soil 
gropertdes assoc ia ted w i t h  34 Mg/ha o f  
sludge were s i m i l a r  to those observed i n  
Study 1 ( t a b l e  5). The sweetgum growth 
response was best a f t e r  34 and 68 Mg/ha 
applications, but  d i d  not d i f f e r  s i g n i f -  
i cant l y between these two t rea tments  
( t a b l e  6). 

Th i s  study was installed on a borrow 
pit (BP-2) o r i g i n a l  l y  overlain w i t h  
Gunter sand, Crea t ion  o f  t h i s  borrow 
pit exposed a substratum on which trees 
and other vegeta t ion  grew poorly, 

Eighteen treatments (2 amendments x 
9 mechanical s i t e  preparation treatments) 
were i nstal  led. Anaerobi cal l y d i  gested 
sewage s ludge was obta ined  from Macan, 
GA. Sludge  was applied to half  o f  the  
study plo ts  a t  a rate of 17 MgJha, and 
f er t i  1 i z e r  (10-10-10) and pul ver i  zed 
do1 om1 t i c 1 imestone were appl i ed a t  a 
rate of 1121 kgdha and 2242 kggha, 
respecti ve4y , to t h e  rernai ni ng pl ots,  
Amendments were appl  i ed i n  September 
1978 and incorporated by double-disking 
to a d e p t h  0% 15 cm, 

Nine mechanical s i t e  p r e p a r a t i o n  
treatments var- ied subsimi 1 i n g  depth and 
spac ing  o f  furrows running jn ei ther  m e  
o r  two d i  rectisns, These treatments were 
applied to bo th  f e r t i l i z e d  p l o t s  and 
p l o t s  amended w i t h  sewage s l u d g e ,  Dur ing  
t h e  a u t u m n  o f  1478, t h e  study s i t e  was 
seeded w i t h  Ky 3% fescue (Festuca arun- 
dinacea  Schreb.) a t  34 kg/ 

Lob1 ol  l y  p i  ne seedl i ngs ( L i  v i  ngston 
P a s i  sh source) t h a t  had been inocul a t ed  
and heavily colonized by the ectomy- 
corrh iza l  fungus  P i  sol i thus  t i ~ c t o r j u s  
(Pt index 88) were p l a n t e d  i n  March 
1979, Seedlings were plan ted  a t  a den- 
s i t y  o f  1,914 trees per hectare and 
always i n  a subsoiled fu r row except on 
disked-only p l o t s ,  No weed c o n t r o l  was 
necessary, 

The e f f e c t  of sewage sludge on growth 
af ter  4 y e a r s  was s t r i k i n g  (Berry 1989b1, 
Trees on these p l o t s  grew an average o f  
37 percent  more i n  he igh t  and 76 percent 
more i n  d,b,h, t h a n  t r e e s  grown on f e r -  
t i% i z e r  plots,  Four-year s u r v i v a l  was 
not %nf luenced by t r e a t ~ e n t ,  

Subsoi l  i ng interacted w i t h  amend- 
ments in its influence on t r e e  growth 
(Berry 1985b). A f t e r  4 years on fer- 
t i 1  i zed  p l o t s ,  trees grew 9 percent more 
in he igh t  and 17 percent  more i n  d iamete r  
on p lo t s  subsoiled 46 cm deep t h a n  on 
p l o t s  subssfled 92 em deep, When sewage 
sludge was used, however, there  was 
significantly more growth (4.5% more 
h e i g h t  and 7.4% more d.b.h.) when plots  
were subsoiled to a depth o f  92 cm 
rather than 46 cm, B f t e r  4 years,  na 
growth d i f f e rences  due t o  spac ing o f  
f u r r o w s  o r  whether fur rows were parallel 
o r  perpendi eul a r  wese detected, 

Seven years a f t e r  t reatment ,  plots  
r e c e i v i n g  sludge had mare than 2 times 
a s  much n i t rogen,  10 t imes  as much 
phosphorus, and 2 times as much organic 
matter as p lo t s  t h a t  were fertilized 
( t a b l e  7). DZH values f o r  trees on 
p l o t s  receiving s ludge wese about Pour 
times those on fertilized p lo t s .  Sub- 
soi 1 i ny was benef i  c i  a1 , b u t  growth 
t h r o u g h  age 7 d i d  not  d i f f e r  s i g n i f i -  
cantly between t h e  46- and t he  92-cm 
treatment depths ( t a b l e  8). 



T h i s  s t u d y ,  also installed on a 
borrow p i t  (BP-3), was designed t o  
deternine whether severa l  hardwoods 
besides sweetgun csul d grew w e f l  on 
subst raturn materi a1 amended w i t h  sS udge 
and subsoi led, A sp? i t -p l a t  experiment 
tested 68 Mg/ha o f  Fresh sludge frm 
Athens, GA, o r  f e r t i l i z e r  (1120 kg/ha o f  
10-10-10 + 2240 k g / h a  o f  d o l o m i t i c  l ime )  
o r  n o t h i n g  i n  majar p l o t s  and cmpared  
t h e  r e l a t i v e  adaptabi  i i t y  of s i x  species 
t o  a sludge-reclaimed borrow p i t ,  
Species compared i n  t h i s  experiment were 
sycamore (P latanus o c c i d e n t a l i s  L , ) ,  

p i n e  and sweetgum, Twenty- f ive t r e e s  
here p l a n t e d  a t  a dens i ty-  o f  1,682 t r e e s  
per  hectare i n  each t reatment  p l o t ,  A1 7 
species were p l an ted  i n  sludge and f e r -  
t i 1  i z e r  p l o t s ,  w h i l e  on l y  sweetgum, 
green ash,  and l s b l o l l y  p ine  were p l an ted  
i n t h e  c o n t r o l  (no amendment) pl ots. 

On l o b l o 1  l y  pine, sweetgum, and 
green ash, mycsr rh iza l  i n o c u l a t i o n  t r e a t -  
ments were appl ied,  bu t  i n  a l l  cases t h e  
nsn inocu la ted  seedl ings became contami- 
nated soon a f t e r  p l a n t i n g  i n  t h e ' f i e l d ,  
p r e e l  u d i n g  any i n f o r m a t i o n  on mycor rh i -  
za l  e f f e c t ,  

A h i g h l y  s i g n i f i c a n t  species x f e r -  
t i l i t y  i n t e r a c t i o n  a f f e c t i n g  D ~ H  was 
observed a f t e r  the  second growing 
season, Growth o f  severa l ,  i f  no t  a1 l , 
s~>ecies i n  t h i s  experiment was re ta rded  
by weed compel id ion, which has been 
except i o n a l l  y heavy i n s l  udge p l  o t  s . 

By age 4, n i t rogen ,  phosphorus, and 
organ ic  ma t t e r  contents were ws l onger  
s i g n i f i c a n t l y  h igher  on f e r t i l  i z e d  than 
on c o n t r o l  p l o t s .  S ludge p l o t s  had more 
o f  these elements than the  c o n t r o l  p l o t s  
( t a b l  e 9).  In general  , t r e e s  performed 
b e t t e r  on sludge p l a t s  than on those 
recei v i  ng fer t i  l i ner ,  b u t  t h e  advantage 
v a r i e d  cons iderab ly  by species ( t a b l  e 
101, For the  th ree main spec ies i n  t h e  
s tudy ,  the percentage o f  improvement i n  
B'W a t t r i b u t a b l e  t o  s ludge was g rea tes t  
i n  green ash, next  g rea tes t  i n  sweetgum, 

and l e d s t  i n  l o b l o l l y  pine. Even so, 
U2H i n  loblof f y p i ne  was almost F i v e  
t imes as h igh on sludge as on c o n t r ~ f  
plots ( t a b l e  e l ) ,  

Th i s  study was i n s t a l l e d  on a k a o l i n  
spei  l t o  d e l e m i  ne the f e a s i  b i  l i t y  o f  
r ec l a im ing  t h i s  t ype  o f  s p o i l  w i t h  
sludge. About 8498 ha i n  Georgia had 
been surface-mined f o r  k a o l i n  c l a y  by 
1973, and i t  was estim&ed t h a t  up t o  an 
a d d i t i o n a l  120 000 ha (297,000 acres)  o f  
1 and w i l l  e ven tua l l y  be mined (May 
1977). Berry  and Marx (1977) found t h a t  
l ob l  o f l y  p ine  seedl i ngs grew we1 1 i n  
kaol i n  spot l i n  m i c r o p l o t s  when amended 
w i t h  e i t h e r  f e r t i l i z e r  o r  sewage sludge. 

Sweetyum seedl i ngs were p l an ted  i n  
p l o t s  amended w i t h  34 Mg/ha o f  o l d  sew- 
age sludge from Athens, GA, 1120 ky/ha 
o f  10-10-10 f e r t i  1 i zer,  o r  nothing, 
f w e n t y - f i v e  t r e e s  a t  a dens i t y  o f  1,682 
t r e e s  per  hec ta re  were ylanLed i n  each 
t reatment pl o t  . 

Four years a f t e r  t reatment ,  s ludge 
p l o t s  had about 10 t imes as much n i t r o -  
gen, 7 t imes as much phosphorus, and 5 
t imes as much organ ic  ma t te r  as f e r t i l -  
i zed p l o t s  ( t a b l  e 12). As a r e s u l t  , DzH 
on sludge p l o t s  was almost f ou r  t imes as 
1  arge as on f e r t i l  i z e d  p l o t s  and more 
than  f o u r  t imes as l a r g e  as on c o n t r o l  
p l o t s  ( t a b l e  13). 

Th i s  study was i n s t a l l e d  on a 
severe ly  eroded and devastated s i t e  i n  
t h e  Tennessee Copper Basi n  o r i  g i  n a l  l y 
overlain w i t h  Hayesv i l l e  sandy loam, 

The Tennessee Copper Basin i s  unique 
i n  t he  Eastern Un i ted  States i n  t h a t  a l l  
n a t u r a l  vege ta t ion  on 3,000 acres was 
k i l l e d ,  and t h e  surrounding 17,000 acres 
were reduced t o  grassland i n  t h e  midd le  
t o  l a t e  1800's by a i r  p o l l u t i o n  r e s u l t i n g  
f rom p r i m i t i v e  process ing o f  copper o re ,  
The subsequent severe e ros ion  o f  t o p s o i l  
1  e f t  deeply g u l l  i e d  subsoi l exposed over 
thousands o f  acres, As l a t e  as t h e  e a r l y  
1 9 7 0 ' ~ ~  chron ic  a i r  p o l l u t i o n  cont inued 
t o  r e t a r d  growth and reduce s u r v i v a l  







cases is there an indication o f  a s low-  
down i n  growth on sludye plots. Growth 
on t h e  ferti 1 i z e r  and control p l o t s ,  
however, v a r i e s  with t h e  s i t e  and t h e  
type and frequency o f  fer t  i l i z e r  appl i - 
ca t ion .  O f  particular interest is 
response o f  sweetgum on Dothan and 
Norfolk soils, where growth on t h e  sludge 
plots was no better than on c o n t r o l  
plots f o r  the f i r s t  4 years. Measure- 
ments taken a f t e r  t h e  5th and 7th years ,  
however, indicate an acceleration o f  
growth o f  t r ees  on sludge plots, w h i l e  
growth rates on control and f e r t i l i z e r  
plots remain about equal and much slower 
than on sludge plots. 

YEARS 
NCE TREATMENT 

Figure 3.--Growth o f  V i r g i n i a  p ine an m n d e d  plots  i n  
the Copper Bas in  as influenced by sludge (34 Mg/ha) 
and fertilizer (896 kg/ha o f  10-10-10 fertilizer p lus  
1417 kgiRa C a O ) ,  

YEARS 
NCE TREATMENT 

Figure 2.--Growth of loblolty pine on e n d e d  p l o t s  i n  
the Copper Basin as influenced by sludge (34 %/ha) 
and f e r t i l i z e r  (896 kg/ha of 10-10-10 ferrfl i z e r  plus 
1417 kg/ha CaO), 

YEARS 
NCE TREDTMENT 

Figure  4.--Gro*th o f  shortleaf p i n e  on anended p lo t s  
i n  the Copper Basin as inf luenced by s ludge (34 Mg/ha) 
and fertilizer 896 tg/ha o f  10-10-10 fertilizer p l u s  
1417 k g f h a  of CaQ), 



YEARS 
SiNCE TREATMENT 

Figure  5,--growth o f  leblo%ly pine on a borrow p i t  as 
influenced by s ludge  (34 Hg/ha) and fertilizer (560 
kg/ha o f  10-10-10 fertilizer p l u s  2240 kg/ha o f  dolo- 
mitic lime), 

Figure 6,--Gro&h o f  sweetgum on a good fo res t  si te  
wi th  Dothan and Norfolk soils as influenced by s l u d g e  
(34 Mg/haj and fertilizer (1480 k g j h a  of diamoniurn 
phosphate p l u s  1100 k g f h a  m o n t  urn n i t  rate), 

Deep subsoiling--ripping o f  s o j l  ap 
to 'rl cm deep---was used in most s t u d i e s ,  
and s t u d i e d  a$ a t rea tment  v a r i a b l e  on 
t h r e e  s i t e s ,  In an ea r ly  s tudy,  sub- 
soil i n 9  w i t h  parallel f u r r o w s  spaced 80 
c\;l a p a r t  and 6119 cm deep was compared 
with d i s k i n y  15 cn deep (Berry 197Yb). 
Both i s b l o l i y  and snortleaf p ines  pro- 
duced s i g n i  f i c a o t  l y  higher  0% v a l  ues 
f 13% h i g h e r  f o r  Boblo1 ky and 38% h i g h e r  
f o r  s h o r t l e a f )  on subsoiled p l o t s  than 
an p l o t s  t h a t  were d i s k e d  o d y ~  In a 
s t u d y  on Orangebury so i l  (S tudy  7), 
growth o f s w e e t g u n  a f t e r  2 y e u s  on 
d i s k e d  p l o t s  was compared ~ i t h  growth on 
subsa i  led p l o t s  ( p a r a 1  l e l  f u r r o w s  spaced 
122 cm a p a r t  and 60 crn deep). T h e r ~  
were s i  yni f i c a n t  increases i n  h e i  y h t ,  
diameter, and DZH i n  t rees  on subsoiled 
plots compared w i t h  t rees  on d i s k e d  
plots. There was a 47-percent increase 
i n  DW on subsailed p l o t s  compared w i t h  
t h a t  o~ p l o t s  that had been d i s k e d  only. 
In Study 3, e i g h t  i n t e n s i t i e s  of sub- 
soiling p1 i . i~  d - i sk ing  here cornpared on 
fertilizer and sludge p l o t s  on a borrow 
p i t  p l a n t e d  w i t h  loblolly pine. When 
sewaye s ludge  was applied, any degree o f  
subsoiling was s i g n i f i c a n t l y  b e t t e r  t h a n  
d i s k i n g ,  When P e r t i l k z e s  was used as an 
amendment, any degree o f  subsoi  I i ny was 
bet ter  t h a n  diskin9 f o r  hei yht, but not 
diameter growth.  F o r  U 2 H  on fertilized 
p l o t s ,  subsoiling to 46 cn was s i g n i f i -  
c a n t l y  bet ter  t han  d i  s k i  ny, Nef ther 
suhso i  1 i ng i Q two d i  rect  i ons (perpen- 
d i c u l d r  p a t t e r n )  r a t h e r  than one nor 
s p a c i n g  f u r r o w s  a t  122 c n  instead o f  244 
cin o f f e r e d  any improvement i n  growth, 

Herbaceous Groundcover -- 

In several s t u d i e s  the s i t e s  were 
seeded to Ky 31 f e s c u e ,  a ~ d  i n  one study 
grass b~oinass product  ion was meastired. 
Lush stands o f  herbaceous naterial were 
sometimes produced when sewaye s l u d g e  
was a p p i  i e d .  In no case d i d  qox ious  
weeds appear  t o  be introduced by s l u d g e  
a p p l i c a t i o n ,  bu t  i n  Study 4 s l u d g e  
a y p l  i c a t i o n  s t i m u l a t e d  Wed% dl ready on 
t h e  s i t e  sufficiently to cause seve re  
competition to the p l a n t e d  t r e e s .  11 a 
h l s c k  where weeds were sparse,  t r e e  



g r o ~ t  h 
where 
growth 
e f f e c t  
i l l u s t  

was 
weed 

was 
s o f  

exce l l en t ,  In o t h e r  blocks 
growth was 1 u x u r i a n t  , t r e e  
moderate, The detrimental 
weed compet i t ion were a l s o  

r a t e d  i n  an e a r l y  s l u d g e  study 
(Ber ry  1977) not  inc luded  i n  t h e  present 
paper, The s t i m u l a t i o n  o f  rayweed and 
crabgrass i n  t h a t  study was so g r e a t  
t h a t  shor t leaf  p ine  d i d  n o t  s u r v i v e  on 
p l o t s  amended w i t h  68 My/ha o f  s ludye  
( t a b l e  20) ,  I n  a d d i t i o n ,  both s u r v i v a l  
and y r o ~ d h  o f  s h o r t l e a f  were less on 
p l o t s  amended w i t h  34 Ng/ha than on 
p l o t s  mended w i t h  17 My/ha, Lobloliy 
p i n e  t o l e r a t e d  weeds somewhat b e t t e r  
t han  s h o r t l e a f  ~ i n e ,  

E f f e c t s  on Fol i a r  N u t r i e n t s  

Fo l i age  f o r  t i s s u e  ana l ys i s  was 
c o l l e c t e d  i n  A u g u s t  f rom branches i n  t h e  
upper one- th i  r d  o f  t r e e  crowns, Three 
o r  more t r e e s  frsm each t r e a t m e n t  p l o t  
were sampled, Go1 l e c t  i ans wese d r i e d  
f o r  48 h o u r s  a t  75 "C and ground w i t h  a 
UDY Cyclone Sanpl e M i  l l (UUY Corporat ion,  
201 Hame Court ,  F o r t  Go7 l i n s ,  CO 80524), 
Analyses were done by the Soi 1 Tes t i ng  
and P lan t  Ana lys is  Laboratory ,  2400 
Col l ege S t a t i o n  Road, A t  hens, GA 30605, 

Genera l l y ,  f o l i a g e  frm t r e e s  grow- 
i n g  i n  s ludye p l o t s  conta ined mare N, P ,  
and Zn than  t h a t  from t r e e s  on f e r t i l i z e r  
p l o t s  ( t a b l e s  2 1  through 28). Ca and Mg 
were casually higher i n  f o l i a g e  Prom 
t r e e s  i n  f e r t i l i z e r  p l o t s ,  Manganese 
concent r a t i o n s  were several orders a f  
magnitude h ighe r  i n  f o l i a g e  f r om trees 
grown i n  t h e  Copper. B a s i n  than i n  
f o l i a g e  from t r e e s  i n  t h e  other s tud ies  
repo r ted  here, 

The heaviest r a t e  o f  s l u d g e  a p p l i e d  
i n  any o f  t h e  s t u d i e s  was 68 My/ha. The 
p r ima ry  interest i n  these d a t a  t h e r e f o r e  
i s  f o r  use o f  sewage sludye as F e r t i l  izer 
r a t h e r  than heavy app f i ca t i ons  t h a t  
m i g h t  be made when disposa l  on land  i s  
the pr imary  goal.  While t he re  is no 
d o u b t  t h a t  much heavier amounts o f  most 
s ludges can be applied i n  t h e  Southeast  
w i t h  no d e l e t e r i o u s  e f f e c t s ,  owe would 
n o t  expect any increased r a t e  o f  growth 

o f  t r e e s  by app l y i ng  amounLs greater 
t h a n  about  34 Mgdha, Sludge app l i ca -  
t i ons  o f  275 Mgjha, apgl  i e d  i n  a nursery 
experiment (Berry and Marx 1976) had no 
s i g n i f i c a n t  deleterious e f f e c t  on growth 
o f  loblolly or shareleaf pine seedlings 
o r  on mycorrhizal Pornat ion,  It. i s  con- 
ceivabl  e ,  however, t h a t  heavy appl  i ca- 
t i o n s  o f  some s l u d g e s  t h a t  are h i g h  i n  
s a l t s  o r  heavy meta ls  could i n h i b i t  
growth aod myeorrhizal fo rmat ion  
(Be r r y  198Sa). A t  any rate,  care  s h o u l d  
be taken not  t a  exceed S t a t e  and Federal 
guide1 i nes  on a p p l  i c a t i o n  o f  heavy 
m e t a l s  t o  s o i l  or on contamination o f  
y round w a t e r  w i t h  n i t ra tes ,  

I n  Study 8, an at tempt  was ma& t o  
app ly  equal amounts o f  p l a n t  n u t r i e n t s  
i n  sludye and f e r t i l i z e r  LPeatnents, As 
i s  ev iden t  from growth d a t a  ( t a b l e  1 9 ) ,  
the a t t empt  was unsuccessful ,  Even 
t h s u g h  analyses found only n i t r ogen  t o  
be h ighe r  on s l u d g e  p l o t s  and a1 l ele- 
ments i n  good supply on f e r t i l i z e r  p l o t s ,  
growth was better on sludge p l o t s ,  Since 
most o f  t h e  n u t r i e n t s  i n  s ludge a r e  i n  
~ r y a n i  c fora,  they become a v a i  1 ab le  
slowly. All n u t r i e n t s  i n  most f e r d i l -  
i zers  used i n  f o r e s t r y  a r e  w a t e r  so lub le  
and subject to washing and leach ing,  
There fo re  i t  i s i m p r a c l i  ca l  t o  appg y 
much over  1120 kg/ha o f  10-10-10 (112 
k g / h a  o f  N) in a s i n g l e  app l i ca t i on .  
The e f f e c t  o f  leach ing  o f  f e s t i f  i z e r  was 
demonstrated i n  t h e  s u b s o i l i n g  study 
(S tudy  3) i n  which growth o f  t r e e s  
d u r i n g  t h e  f irst 4 y e a r s  i n  f e r t i a i z e r  
p l o t s  was f a s t e r  on p lo t s  subso i led  t o  
o n l y  46 crn than on p l o t s  subso i led  t o  32 
cm, a depth which was mere conducive t o  
washing and leaching, S u b s o i l i n g  t o  a 
92-ctn d e p t h  produced t h e  f a s t e s t  growth 
when sludye was t h e  amendment because 
m o i s t u r e  r e l a t i o n s  wese b e t t e r  and t h e  
n u t r i e n t %  whi&h were i n  organ ic  form, 
were not be ing leached, Spl  i t  appl i c a -  
t i o n s  o f  f e r t i l i r e r  are common i n  a g r i -  
cu l tu re ,  but  i n  most cases t h i s  approach 
i s  imp rac t i ca l  w i t h  forest t rees ,  

Three s f  the p l a n t i n g s  are now 10 
years 016 o r  o l d e r  (S tud ies  1, 2, and 
6 ) .  I n  each case, growth o f  t r e e s  on 
t h e  s ludge  p l o t s  i s  excellent and 
appears t o  be acce le ra t i ng ,  I n  s tud ies  
comparing a noearnendmend coat r o l  w i t h  



f e r t i l i z e r  and sludye treatments, t rees  
on f e r t i  1  i z e r  p l o t s  are not growing 
much b e t t e r  than those on conxrol  p l o t s  
(Studies 1, 4, 5, 7, and 8) .  

I t has become apparent i n  recent 
years t h a t  s l  udye appl i c a t i  on and i ncor- 
pora t  i on f o l  1  owed by subsoi 1  i ng w i  11 
convert  the most unproduct ive s i t e  irnag- 
i n a b l e  i n t o  a  s i t e  as product ive as the  
best  undisturbed s i t e  i n  the  v i c i n i t y .  
Trees on the  sludge p l o t s  i n  the  Copper 
Basin and i n  the  borrow p i t s  are yrowing 
very wel l .  Previous treatments t h a t  d i d  
not  inc lude s l  udye ( o r  subsoi 1 i ny) 
f a i l e d .  Metz and others (1970) found 
670 t o  900 ky/ha o f  N, 15 t o  22 kg/ha of 
P, and 62 t o  108 ky/ha o f  K i n  t h e  f o r e s t  
f l o o r  and the  upper 7.6 cm o f  mineral  
so i  1  i n  20-year-old southern p ine plan- 
t a t i o n s .  A sludge a p p l i c a t i o n  o f  34 
Mg/ha a t  2 percent N, 1 percent P,  and 
0.5 percent K i s  equivalent  t o  680 kg/ha 
o f  N, 340 kg/ha o f  P, and 170 kg/ha of 
K. Theore t i ca l l y ,  t h e  a d d i t i o n  o f  these 
o r g a n i c a l l y  bound, slow-release n u t r i e n t s  
shout d t ransform t h e  n u t r i e n t  s ta tus  o f  
t h e  most barren s i t e  t o  t h a t  o f  an 
average undi sturbed southern p i  ne p l  an- 
t a t i o n .  Thus, such a  treatment appears 
t o  be more than adequate f o r  mere rec la -  
mation. It promises t o  enable res tora-  
t i o n  o f  a  severely devastated s i t e  t o  
t h e  s ta tus  o f  a f u l l y  product ive forest.  

Trees growl ng on s l  udge-amended 
p l o t s  have produced an average o f  about 
8 percent more wood as a  percentage o f  
t o t a l  - t r ee  weight , w i t h  p ropo r t i ona te l y  
l e s s  fo l iage,  than t rees  on p l o t s  
amended w i t h  inorgan ic  f e r t i  1  i zer (McNab 
and Berry 1985). 

Fol  i a r  analyses conf i rm t h e  value o f  
sludge as a so i  1  amendment. They show 
elevated n i t rogen  and phosphorus i n  
f o l i a g e  from sludge p l o t s  compared w i t h  
t h a t  from f e r t i l i z e r  p lo ts .  We1 1s and 
A l  l e n  (1985) discuss the  use o f  f o l i a r  
ana lys is  f o r  i d e n t i f i c a t i o n  o f  s i t e s  
where a  b e n e f i t  can be obtained frm 
appl i c a t i o n  o f  f e r t i  1  i zer. Elevated Mn 
i n  f o l i a g e  from t h e  Copper Basin suggests 
Mn t o x i c i t y  as a  poss ib le  explanat ion 

f o r  the somewhat slower growth r a t e  o f  
t rees  i n  t h a t  area than on sludge- 
amended borrow p i t s ,  Although s o i l  Mn 
i s  h igher  on t w o  o ther  s i t es ,  s o i l  
pH i s  lowest i n  t h e  Copper Basin, 
c rea t i ng  a  s i t u a t i o n  more conducive f o r  
Mn uptake, High v e l o c i t y  d ry ing  winds 
a lso  con t r i bu te  to reduced growth i n  the 
Copper Basin Berry 1982; Hursh 1948). 

Figure 7,--Root system af tree frm a brraw pJt not 
subsoiled ( l e f t )  conlpared with root systent from a 
bossow pit subssi led t o  8,92 a, 

The value o f  subso i l i ng  f o r  growing 
t r e e s  i n  hard o r  compacted soi  1  cannot 
be overstated. I n  observat ions made 
dur ing  the  subsoi 1  i ng study (Study 3), 
r oo ts  o f  l o b l o l l y  p ine were found t o  
penetrate the  f u l l  depth o f  92 cm i n  a  
subsoi led t rench w i t h i n  2 years. Roots 
d i d  not  penetrate t h e  s o i l  on t h i s  s i t e ,  
i f  i t had not  been prev ious ly  loosened 
( f i g .  7 ) .  Even on a  good s i t e  w i t h  
deep, r i c h  Oranyeburg soi  1  , subsoi 1  i ng 
i ncreased e a r l y  growth. A1 though 
increas ing  t h e  depth from 46 t o  92 em 
( t a b l e  13) o r  t h e  number o f  d i r e c t i o n s  
from one (para1 l e l  1  i nes) t o  two 
( c r e a t i n g  a g r i d )  d i d  not  produce f a s t e r  
growth a t  7 years, any degree o f  sub- 
s o i l i n g  was s i g n i f i c a n t l y  b e t t e r  than 
d i s k i n g  alone. Another advantage 
observed but  not  wasured i n  t h i s  work 
was t h e  excel 1 ent  moisture r e t e n t i o n  on 
recent1 y subsoi 1 ed p l o t s  dur ing  ra ins.  
One o f  t h e  most important bene f i t s  o f  
subsoi l  i n g  borrow p i t s  o r  o ther  extremely 
hard areas, however, probably w i l l  not  
be seen u n t i l  t h e  t rees  are much o l d e r  



and l a rge r ,  S t  i s  believed and obser- 
vaLions indica te  ( f i g ,  8) t h a l  t rees 
growing w l t h a u t  t h e  b e n e f i t  OF deep sub- 
s o i l i n g  w i 7  1 be more prone t o  windthrow 
than t r e e s  grawing on plots t ha t  have 
been subsoi 1 ed, A1 l subsoi 1 i n y  i n  these 
s tud ies  was done w i t h  readily available 
r i p p i n g  shanks w i t h  no special shapes o r  
modi f i c a t  i ons , 

Figure  9,--Trees planted a t  close spacing i n  subsoiled 
furrows t h a t  Fol low contours cont POI erosion effec- 
tively without groundcover, 

F i  gure 8,--Trees planted f n hard mate r i  al  not subsoi led  
can be extremely shallow rooted and prone t o  windthrow, 

The use o f  herbaceous groundcover i n  
con junc t i on  w i  t h  trees may sometimes 
have dubious value, Qu ick  s t a b i l i z a t i o n  
o f  s o i l  i s  impor tant ,  and where f e r t i l -  
i zer i s  be ing  used, groundcover he lps 
capture water-so lub le n u t r i e n t s  t h a t  
might  othe.rwise be lost  f r om the  s i t e .  
Dense herbaceous vege ta t i  on, however, 
competes s t r o n g l y  w i t h  tree seedlings 
f o r  water and n u t r i e n t s ,  The best  growth 
o f  herbaceous p l a n t s  i s  usua l ly  achieved 
a t  a h igher  pH than what i s  bes t  f o r  
pines, Therefore a qu ick herbaceous 

groundcover must be bought a t  a p r i c e  o f  
s lower  growth o f  trees, Runoff  can be 
c o n t r o l l e d  t o  a h r y e  ex ten t  by sub- 
s o i l i n g  on t h e  contour  and bf, p l a n t i n g  
t r e e s  a t  a close spahling i n  t h e  fur rows 
( f i g .  9 ) .  The rows could  be spaced nor- 
m a l  l y  a t  2,44 m o r  more and t r e e s  spaced 
a t  1 2 2  m w i t h i n  rows, 

I f  s l u d g e  i s  used instead o f  f e r t i l -  
S zer, p l a n t  n u t r i e n t s  will  be re ta i ned  
on t h e  s i t e  because they a r e  released 
slowly, I f  weed seeds are present  on 
the s i t e ,  weed growth w i l  l be s t imu la ted  
by sludge, o f t e n  t o  an e x t e n t  t h a t  
i n h i b i t s  growth o f  t ree seedlings, I f  
such a s i t u a t i o n  can be foreseen, 
attempts shou ld  be made t o  con t ro t  weeds, 
even i f  t r e e  p l a n t i n g  must be delayed a 
year,  

Society  i s  obf i ged  t o  di spsse of 
sewage s l u d g e  by the most envi  onm mental l y 
sound means poss ib le ,  Disposal  by 
application sn d is tu rbed s i t e s  can 
r e s u l t  i n  superior reclamation, Even on 
high-quality f o r e s t  s i t e s ,  j u d i c i o u s  
disposal o f  some sludges wi l l  promote 
growth s f  t rees  w i t h  no Qe le te r i sus  
e f f ec t s ,  
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Table 1 .--Chemical a n a l y s i s  o f  sludges employed i n  e i g h t  f i e l d  s tud ies  

Element 

S1 udge 
A t  hens . - 

Fresh O l  d Macon 





T a b l e  3.--Soil chemical p r o p e r t i e s  on a borrow p i t  (BP- l a ,  Study 1) 10 y e a r s  
a f t e r  a d d i t i o n  o f  amendments and bel"ny p l a n t e d  w i t h  l o b l o l l y  p i n d  

Control l ? $ b  2b 3iBb 2% 1 7 b  U,3b 4,54ab  1,Sb 

' ~ i t h i n  columns, means fc l  lowed by the sane l e t t e r  do not  d i f f e r  significantly 
ad P = 0,05, - 

3560 k y / h a  o f  10-10-10 fertilizer p l u s  2240 kg/ha o f  dolomitic l i m e .  

Tab le  4.--Growth of  loblolly p ine  a f t e r  10 years  on a borrow p i t  
( B P - l a ,  Study I) as i n f l u e n c e d  by sewage s ludge and fertil i z e r l  

Treatment - ----- Dl" ameter  D2H -----.-.- 

I W i t h i n  columns, means followed by t h e  same l e t t e r  dc not d i f f e r  
significantly a t  - P = 0,05, 

'560 ky /ha of  10-10-10 fertilizer p l u s  2240 k g / h a  o f  dolomitic lime. 



Table 5.--Soil chemical p r o p e r t i e s  on a borrow p i t  (BP-lb, Study 2) 10 years 
a f t e r  a d d i t i o n  o f  amendments and p lan ted  t o  sweetgum' 

Treatment 

' ~ i t h i n  columns, rneans fo l lowed by t h e  sane l e t t e r  do not  d i f f e r  s i g n i f i c a n t l y  
a t  - P = 0.05, 

Table 6.--Growth o f  sweetyum a f t e r  10 years  on a borrow p i t  (BP-lb, Study 2) 
amended w i t h  sewage s ludge!  

Sludge t reatment  
(Mg/ha) Height  D i  ameter DZH 

' w i t h i n  columns, means fo l lowed by t h e  same l e t t e r  do not d i f f e r  
s i g n i f i c a n t l y  a t  - P = 0-05, 



Table 7.--Soi 1  chemical p r o p e r t i e s  o f  a borrow p i t  (BP-2, Study 3) used t o  t e s t  
e f f e c t s  o f  s u b s o i l i n g  t reatments  on lob101 l y  p ine  7 years  a f t e r  amendments were 
appl i ed . 

F e r t i  1  i zers  99b 4b 41a 127a 56a 0,4b 4,81a 2 . l b  

' w i t h i n  columns, means fo l lowed by t h e  same l e t t e r  do not  d i f f e r  s i g n i f i c a n t l y  
a t  P = 0,05, - 

3 1 1 2 ~  kg/ha o f  10-10-10 f e r t i l i z e r  p l us  2240 kg/ha o f  d o l o m i t i c  l ime. 





T a b l e  9,--Soi l  chemical p rope r t i es  on a borrow p i t  (BP-3 ,  Study 4)  p lan ted  w i t h  
hardwoods and 1 o b l o l  f y p i n e  4 years a f t e r  a d d i t i o n  of amendments 1 

Treatment 

. . - - - - - - -  

Sf udge2 302a 6Ya 37b 199a 4 l b  1,9a 4,73b 5,6a 

F e r t i  l i zers 122b 5b 611a 187a 86a 1 ,2ab  5,25a S,4a 

Cont ro l  84b  3 b 35b b06b 386 0,7b 4,82b 3,5b 

' ~ i t h i n  columns, means fo l lowed by t he  same l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  
a t  P = 0,05, - 
268 Mg/ha. 

'1120 kg/ha  o f  10-10-10 f e r t i l i z e r  p l us  2240 kg/ha of d o l o m i t i c  l ime.  

T a b l e  10,--A comparison o f  growth s f  s i x  t r e e  spec ies  on borrow p i t  p l o t s  (BP-3, 
Study 4 )  a f t e r  4 yea r s  amended w i t h  sewage s ludge  o r  f e r t i l i z e r !  

Lob1 ol  la, 
Sycamore 
Sawtooth oak 
Green ash 
Sweet gum 
Ye1 low-pop1 a r  

Lob l s l  l y  92,8a 2783 
Sycamore 86,8ab 211b 
Sawtooth oak 85,4ab 1446 
Green ash 96,8a 132c 
Sweet gum 95,6a b29c 
Ye1 l ow-pop1 a r  72,0b 77d 

' ~ i t h i n  columns and amendments, means fo l lowed by the same l e t t e r  do not 
d i f f e r  s i g n i f i c a n t l y  a t  - P - 0,05, 

' 1 1 2 ~  kg/ha o f  10-10-10 f e r t i l i z e r  p l u s  2240 kg/ha o f  d o l o m i t i c  lime. 
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Table 12.--Soil chemical p r o p e r t i e s  on a  k a o l i n  s p o i l  p lan ted  w i t h  sweetgum 
(Study 5 )  4 years a f t e r  a d d i t i o n  o f  amendments1 

Con t ro l  35b 3c 21b l53b 55a 0.3b 6,19a 1.5b 

Samples co l  l e c t e d  a f t e r  appl i c a t i o n  o f  1  ime; analyses o f  adjacent un l  imed areas 
have shown a  pH o f  4.4 t o  5.1, Ca o f  6U t o  100 p/m, Mg o f  20 p/m, and K o f  24 p/n. 

' ~ i t h i n  columns, means fo l lowed by t h e  same l e t t e r  do not  d i f f e r  s i g n i f i c a n t l y  
a t  - P = 0.05. 

31120 kg/ha o f  10-10-10 f e r t i l i z e r  p l us  2240 ky/ha o f  d o l o m i t i c  l ime. 

'2240 kg/ha o f  d o l o m i t i c  l ime. 



Table 13.--Growth o f  sweetgum on a k a o l i n  spoil  (Study 5 )  4 years a f t e r  a d d i t i o n  
s f  mendmentsl 

' ~ i t h i n  columns, means f o l  lowed by t h e  same l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  
a t  - P -- 0.85, 

'34 Mg/ha. 

3 1 1 2 ~  kg/ha o f  10-10-10 f e r t i l i z e r  plus 2240 kg/ha o f  do lom i t i c  l ime. 

4 2 2 4 ~  kg/ha o f  d o l o m i t i c  l ime. 

Table 14,--Soi 1 chemieal p rope r t i es  of study plods i n  t he  Tennessee Copper Basin 
p lan ted  w i t h  t h ree  p ine  species (Study 6)  10 years a f t e r  a d d i t i o n  o f  amendments' 

' ~ i t h i n  columns, means f o l  lowed by the  same l e t t e r  do not d i f f e r  s i g n i f i c a n t l y  
a t  P =: 8,05, 

M 

'896 kg/ha o f  10-10-10 f e r t i l i z e r  p lus  1417 kg/ha o f  CaO. 



f a b l e  15,--Growth of lob101 l y ,  s h o r t l e a f ,  and V i r g i n i a  pines i n  t he  
Tennessee Copper Basin (Study 6 )  on p l o t s  amended w i t h  sewage s ludge  
o r  f e r t i l i z e r  a f t e r  10 y e a r s 1  

Treatment He3 g h t  Si  a n e t e r  D Z H  

SHORTLEAF 

V I R G I N I A  

1 W i t h i n  columns and species, means f o l l owed  by t he  same l e t t e r  do 
no t  d i f f e r  s i g n i f i c a n t l y  a t  - P = 0,05, 

'896 kg/ha o f  10-10-10 f e r t i l i z e r  p l us  1417 kg/ha of CaO. 

Table 16.--Soil chernical p r o p e r t i e s  o f  a good Forest  s i t e  p lan ted  w i t h  sweetyum 
with Orangebury s o i l  (Study 7 )  on t h e  Savannah R i ve r  Fores t  S t a t i o n '  

* - e m - - - -  - - - - - e m -  

S'l udgez 605a 106a 573 168a "La 2.2a 4.79a 2.2a 

F e r t i  l i z e r s  248b 36b 42c 94b 15a 1,6b 4,79a f ,3b 

Contro l  238b 31b 47 b I lbb  I f  a 1,6b 4,96a 1,4b 

' ~ i t h i n  columns, means f o l l owed  by t he  same l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  
a t  P = O,CIS. 

'34 Mg/ha. 

'280 k g / h a  o f  d i  ammoni urn phosphate. 



Table 17.--Growth o f  sweetyum on a good f o r e s t  s i t e  w i t h  Oranyeburg s o i l  
(Study 7 )  a f t e r  2 yea rs '  

Treatment Surtdi va l  Hei g h t  D i  afneter DZH 

MINOR PLOTS 

F e r t i  1 i zer4 83a 144a 36a 2148a 

Cont ro l  85a 123b 28b l l l l b  

MAJOR PLOTS 

Subsoi 1 ed 88a 1473 36a 2252a 

Not subsoi 1 ed 83a 134b 31b 1532b 

' ~ i t h i n  columns f o r  a p a r t i c u l a r  se r i es  o f  p l o t s ,  means fo l lowed by t h e  same 
l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  a t  - P = 0.05, 

3280 kg/ha o f  diammonium phosphate app l i ed  1 year  a f t e r  p l an t i ng .  

Table 18,--Soil chemical p r o p e r t i e s  o f  a good f o r e s t  s i t e  w i t h  Dothan and No r fo l k  
s o i l s  (Study 8 )  p lan ted  w i t h  sweetgum on t h e  Savannah R iver  Fores t  S t a t i o n '  

- - - - - - - - - 

Treatment N P K Ca 

- - - - - - - -  - - - - - - - -  - 
S l  udge2 725a 69a 47a 164a 30a 3,0a 4.83b 2.2a 

Fertilizer"492b 63b 513 143a 36a 2.6ab 4.88a 2.la 

Cont ro l  397b 8b 51a 1443 35a 2,2b 4.97a 2.0a 

' ~ i t h i n  columns, means fo l lowed by t h e  same l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  
a t  P = 0.05, - 

'1480 kg/ha diammonium phosphate, and 1100 kg/ha o f  ammonium n i t r a t e .  



Tab le  19.--Growth o f  sweetgum on Dothan and No r fo l k  so i  1 s (Study 8) a t  t h e  
Savannah R iver  Fores t  S ta t i on ,  a~ended  w i t h  sewage sludge o r  f e r t i l i z e r  
a f t e r  7 years1 

S l  udye2 

F e r t i  1 i zers 

Con t ro l  

' w i t h i n  columns, means f o l l owed  by t h e  same l e t t e r  do not  d i f f e r  s i g n i f i c a n t l y  
ad - P = 0.05, 

'1480 kg/ha diammonium phosphate and 1100 kg/ha ammonium n i t r a t e .  

Tab1 e 20.--Growth o f  1 ob lo t  1 y and shor t1  e a f  p i  nes on eroded f o r e s t  1 and (Madi son 
s o i l  se r i es )  amended w i th  sewage sludge a f t e r  5 years 1 

Sl udge 
t reatment 1s t -year  
(Mg/ha) Surv i va l  Hei ght Ui ameter D2H weed biomass 

"% cm cm cm 3 - - - 
( X  10,000) 

LOBLOLLY PINE 

SHORTLEAF PINE 

' w i t h i n  columns and species,  means f o l l owed  by t h e  same l e t t e r  do no t  d i f f e r  
s i g n i f i c a n t l y  a t  - P = k Q 5 .  

Source: Ber ry  1977, 
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