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ABSTRACT 

S e r i o u s  damage t o  f o r e s t  s i t e s  d u r i  ~ g  f o g q i  ng r a n  
h e  avo ided  t h r o u g h  c a r e f u l  p l a q n i n g  o f  l o g g i n g ,  p rep-  
a r a t i o n  of t h e  s i t e  f o r  l o g g i n g ,  and c l o s e  sc lperv is ion  
o f  t h e  work. Losses i n  p r o d u c t i v i t y  caused by compac- 
t i o n  can be l a r g e l y  r e s t o r e d  by c u l t i v a t i o n  and 
f e r t i l i z a t i o n .  

Keywords: Pinus taeda,  s i t e  p r o d u c t i  v i  t y ,  f e r t i  1 - 
i z a t i o n ,  d r a i n a g e x f f i  cab i  1 i t y ,  s o i  1 co~npdc t ion .  

Loggi ng operat  i o n s  can s e r i o u s l y  damage f o r -  
e s t  s i t e s  by d e s t r o y i n g  so i  1  s t r u c t u r e ,  b l o c k i n g  
drainage, damaging seed1 i ngs, and t r a n s p o r t i n g  
n u t r i e n t s .  As much as t w o - t h i r d s  o f  a  logged area 
can be damaged, and cos ts  i n  l o s t  p r o d u c t i v i t y  can 
be $60 t o  $90 per  acre  on Coastal P l a i n  s i t e s .  
Growth o f  seedl ings,  f o r  example, may he ha lved by 
s o i  1  compaction ( t a b l e  1  ). H i s t o r i c a l  ly ,  t h e  
blame f o r  t h i s  damage has been p laced on l o g g i n g  
c o n t r a c t o r s  and t h e i r  employees, hu t  much o f  t h e  
damage can be prevented by a  l a n d  manager through 
c a r e f u l  p lann ing  o f  t h e  s a l e  and f u l l  p r e p a r a t i o n  
o f  t h e  s i t e  f o r  t h e  l o g g i n g  operat ion.  Care fu l  
c o n t r o l  i s  then needed d u r i n g  t h e  l o g g i n g  opera- 
t i o n .  Damaged s i t e s  can be l a r g e l y  r e s t o r e d  t o  
p r o d u c t i v i t y  by c u l t i v a t i o n  and f e r t i l i z a t i o n ,  b u t  
t h e  l e s s  damage done t o  a  s i t e  t h e  l e s s  spec ia l  
s i t e  p r e p a r a t i o n  i s  needed. 

Prepar ing f o r  t h e  Timber Harvest  

Methods f o r  m i n i m i z i n g  s i t e  damage p r i o r  t o  
l o g g i n g  i n c l u d e  p r e p a r i n g  t h e  t i m b e r  s tand f o r  
c u t t i n g ,  de te rm in ing  when t o  log,  l a y i n g  out  s k i d  
t r a i l s ,  and choosing t h e  proper  equipment. Plan- 
n i n g  be fo re  t h e  s a l e  a l l ows  t h e  manager t o  under- 
s tand t h e  hazards o f  l o g g i n g  a  s i t e  and t o  dev ise  
p r a c t i c e s  s u i t e d  t o  t h e  s i t e .  



Table 1  .--Dry weights o f  1  -year-o ld  lob101 l y  p ine  
seedl ings grown on s o i l s  o f  va r ious  t ex tu res  w i t h  
and w i thou t  compact i on 

Tree component wei ght 
S o i l  t reatment -- - 

Shoot Root To ta l  

- - - -  - Ounces - - - - - -- 

Not compacted 12.13 3.70 15.83 

Compacted 6.49 2.33 8.82 

S i t e  P r e ~ a r a t i o n  

Foresters  are accustomed t o  t h i n k i n g  o f  s i t e  
p repa ra t i on  as a  s i l v i c u l t u r a l  p r a c t i c e  designed 
t o  improve growth o f  seeded o r  p l an ted  t rees.  
S i t e  p repara t ion  f o r  logg ing  may, t he re fo re ,  seem 
fo re ign .  The pr imary o b j e c t i v e  here i s  t o  reduce 
damage t o  t he  s i t e  du r i ng  logging,  and t h i s  ob jec-  
t i v e  can he met i n  two ways. F i  r s t ,  v i s i  b i  li t y  
can be improved. Th is  s tep permi ts  t h e  sk idder  
opera to r  t o  see w e l l  and avoid obvious wet spots. 
Second, drainage o f  wet areas can be improved. I n  
a d d i t i o n  t o  f a c i  l i t a t i n g  l ogg ing  and reduc ing s i t e  
damage, these p rac t i ces  o f t e n  p rov ide  s i  1  v i  - 
c u l t u r a l  bene f i t s .  

Prescr ibed burn ing  i s  t h e  most economical way 
t o  improve v i s i b i l i t y  on a  l ogg ing  s i t e .  Th is  
technique i s  especi a1 l y  s u i t e d  t o  even-aged p ine  
stands, i n  which hardwood i nvas ion  i s  a  constant 
problem. Cont ro l  o f  hardwoods throughout  t h e  p ine  
r o t a t i o n  ensures an open s i t e  and reduces s i t e  
p repara t ion  costs.  Timber buyers are w i l l i n g  t o  
pay more f o r  stands t h a t  a re  f r e e  from brush and 
understory  growth. Th is  f a c t o r  alone may o f f s e t  
t h e  cost  o f  p rescr ibed  burning. 



I n  wet cond i t ions ,  l ogg ing  equipment can leave deep 
r u t s .  The compacted s o i l  i s  d i f f i c u l t  t o  prepare f o r  
p l a n t i n g ,  but w i t hou t  i n t e n s i v e  s i t e  p repa ra t i on  t r e e  
growth w i l l  be poor. 

I n  open park1 i ke stands, machine operators  
can see t h e  ground and avoid many low, wet places 
t-hat would otherwise be masked by t h i c k  under- 
brush. It i s  a l so  eas ie r  t o  l o c a t e  s k i d  t r a i l s  t o  
t h e  advantage o f  both t h e  logger  and stand manager 
i n  such stands. Thus, open stands o f t e n  b r i n g  
b e t t e r  p r i c e s  than brushy ones. Brush may be 
b e n e f i c i a l  on some very wet s i t e s ,  where small 
stems serve as a mat f o r  support  o f  l ogg ing  equip- 
ment, bu t  such s i t e s  seldom c a r r y  a  f i r e .  A f o r -  
e s t  f l o o r  t h a t  has b u i l t  up over a  number o f  years 
may con ta in  a  major p o r t i o n  o f  t h e  s i t e ' s  mineral  
n u t r i e n t s  (n i t rogen,  phosphorus and ca l  c i  um). 
Dur ing logging, sk idders d i  splace t h e  f o r e s t  f l o o r  
and some t o p s o i l ,  l e a v i n g  s k i d  t r a i l s  poor i n  
n u t r i e n t s  and sur face m i  ne ra l  so i  1. Th is  process 
o f t e n  can be prevented by p rescr ibed  burning, 
which reduces 80 o r  90 percent o f  t h e  f o r e s t  f l o o r  
t o  ash and renders t h e  n u t r i e n t  l a y e r  l ess  suscep- 
t i  b l e  t o  movement by logg ing  equipment. 



H e r b i c i d e s  may he a s a t i s f a c t o r y  s u h s t i  t u t e  
f o r  p r e s c r i b e d  b u r n i n g  where f i r e  i s  1 i  k e l y  t o  
lower  t h e  q u a l i t y  o f  t h e  harvested stand,  where 
t h e  f o r e s t  f l o o r  wi 11 no t  c a r r y  a  f i r e ,  o r  where 
f i r e  may inc rease  s o i  1 e ros ion .  The h e r b i c i d e  t o  
be used and t h e  method o f  a p p l i c a t i o n  w i  11 depend 
on t a r g e t  species,  a v a i l a b l e  f a c i l i t i e s ,  and cos t  
sav ings expected f rom opening up t h e  s tand f o r  
ha rves t .  Federa l  and S t a t e  r e g u l a t i o n s  must be 
f o l l o w e d  i n  s e l e c t i n g  and a p p l y i n g  a  h e r b i c i d e .  
P o s s i b l e  e f f e c t s  o f  h e r b i c i d e s  o r  f i r e  on o t h e r  
resources such as w i l d l i f e  shou ld  a l s o  be con- 
s idered.  Suppression o f  unmerchantable hardwoods 
and unders to ry  v e g e t a t i o n  w i t h  f i  r e  o r  h e r b i c i d e  
f r e q u e n t l y  r e q u i  r e s  repeated t rea tmen t  over a  
p e r i o d  o f  1  t o  3 years.  These t rea tmen ts  should 
be planned we1 1  i n  advance o f  t h e  a c t u a l  c u t t i n g .  

D r a i  naqe 

On wet, f l a t  areas, a r t i f i c i a l  d ra inage may 
be needed t o  f a c i l i t a t e  l o g g i n g  as w e l l  as regen- 
e r a t i o n .  A d i t c h  system shou ld  lower  t h e  water  
t a b l e  t o  12 t o  18 inches below t h e  s u r f a c e  on 
m i n e r a l  s o i  1s and t o  about 24 inches on o rgan ic  
s o i l s .  D r a i n i n g  o f  l a r g e  areas i s  c o s t l y  and r e -  
q u i  res  heavy equipment; smal l  areas can f requen t  l y  
be d ra ined  w i t h  farm equipment. Drainage o f  wet-  
l ands  i s  a l s o  s u b j e c t  t o  r e g u l a t i o n  by government 
agencies, and p e r m i t s  may be r e q u i  red. 

Season o f  Loggi n q  

I n  much o f  t h e  Southern Coastal  P l a i n ,  t h e  
wa te r  t a b l e  i s  a t  o r  near t h e  s o i l  s u r f a c e  d u r i n g  
some p o r t i o n  o f  t h e  year .  I n  o t h e r  seasons, t h e  
wa te r  t a b l e  may be q u i t e  deep and t h e  s o i l  i s  hard  
enough t o  suppor t  t h e  h e a v i e s t  o f  equipment. It 
i s  common sense t o  a v o i d  l o g g i n g  o f  such s i t e s  
when t h e  water  t a b l e  i s  h igh.  Sometimes, however, 
stumpage p r i c e s  a r e  somewhat h i g h e r  d u r i n g  t h e  wet 
season because r e l a t i v e l y  l i t t l e  t i m b e r  i s  access i -  
b l e .  I n  such cases, t h e  manager o f  a  t r a c t  must 



A Unaerstory vegetation can cornpl i c a t e  logg ing 
hy o b s t r u c t i n g  v i s i o n  of operators.  It a l so  
h inders  regenerat ion.  

B Prescr ibed burn ing opens stands f o r  logging, 
i nc reas ing  t h e  value of t imber,  reducing 
s i t e  damage, and a i d i n g  i n  regenerat ion.  

C Where burn ing i s  imprac t i ca l ,  i n j e c t i o n  w i t h  
he rb i c i des  may be des i rab le  f o r  opening a  
stand. 



decide whether t he  h igher  stumpage p r i c e  w i l l  o f f -  
se t  t he  a d d i t i o n a l  cos ts  o f  r e p a i r i n g  t h e  s i t e  o r  
t h e  l o s t  growth caused by l ogg ing  damage. 

I n  steep t e r r a i n ,  so i  1  compaction and shal low 
water t ab les  are seldom problems. Here, eros ion 
du r i ng  heavy r a i n s  i s  t h e  pr imary concern. Thus, 
i n  h i 1  l y  areas i t  i s  best t o  p l an  l ogg ing  opera- 
t i o n s  f o r  per iods  when heavy r a i n s  are u n l i k e l y .  

S i t e  Lavout 

Some s i t e  damage du r i ng  l ogg ing  o f t e n  i s  i n -  
e v i t a b l e ,  but c a r e f u l  l o c a t i o n  o f  s k i d  t r a i l s  can 
concent r a t e  so i  1  damage on 1  i m i  t e d  areas, thereby 
min im iz ing  r e p a i r  costs.  The-grea tes t  concern i s  
d i s r u p t i o n  o f  drainage. Logging t r a i l s  can dam 
water, change a  drainage course, o r  leave a  d i t c h  
on a  slope where g u l l y  e ros ion  can begin. Cor- 
r e c t i n g  these problems can add t o  s i t e  r e p a i r  
costs .  The best s o l u t i o n  i s  a  c a r e f u l  l ayou t  'of 
l ogg ing  t r a i  1s p r i o r  t o  harvest.  From t h e  d r i v -  
e r ' s  seat o f  a  sk idder ,  small changes i n  land 
e l e v a t i o n  a re  imposs ib le  t o  see, bu t  on t h e  ground 
a f t e r  heavy ra ins ,  drainage pa t t e rns  are e a s i l y  
recognized. Sk id  t r a i l s  can be l a i d  out  t o  i m -  
prove drainage on poorqy d ra ined  f l a t  areas. On 
excess ive ly  dra ined s i t e s ,  i t  i s  o f t e n  desi  r a b l e  
t o  s k i d  along contours t o  c rea te  drainage b a r r i e r s  
and slow runo f f .  

Soi 1  Maps 

County so i  1  surveys, which i nc l ude  descr ip -  
t i o n s  o f  drainage, t r a f f i c a b i  1  i t y ,  and o the r  so i  1  
c h a r a c t e r i s t i c s ,  g i ve  i n s i g h t  i n t o  how and when 
equipment can be used w i t h  t he  l e a s t  impact. 
Frequent ly,  s o i l  maps can be used t o  l o c a t e  roads, 
l o g  decks, and s k i d  t r a i l s  on t h e  l e a s t  p roduc t i ve  
s o i l s ,  l eav ing  t h e  most p roduc t i ve  s i t e s  f r e e  of 
l ogg ing  damage. Area ~ o n s e r v a t i o n i s t s  w i t h  t h e  
Soi 1  Conservation Serv ice can he1 p w i t h  so i  1  
mapping. Armed w i t h  so i  1  maps and a  t e n t a t i v e  



ope ra t i ng  plan, t h e  manager and t h e  logg ing  con- 
t r a c t o r  should c a r e f u l l y  inspec t  t he  s i t e .  Do- 
p ress i  ons, g u l l  i e s ,  d i t ches ,  and o ther  fea tu res  
t h a t  are not noted on t h e  s o i l  map should he 
f lagged so t h a t  appropr ia te  changes cao be made i n  
t h e  layou t  o f  l o g  decks and s k i d  t r a i l s .  

The p o t e n t i a l  f o r  damage o f  a  s i t e  by logg ing  
equipment i s  va r iab le ,  and appropr ia te  ac t ions  
depend upon l o c a l  cond i t ions .  I n  general, however, 
i t  i s  best t o  p lace l o g  decks a t  t h e  tops o f  
r i dges  i n  steep t e r r a i n .  When logs are skidded 
uphi  11, sk i d  t r a i  1s f o r k  as they go downhi 11. 
Thus, drainage water on them i s  dispersed r a t h e r  
than concent ra ted.  

Soi 1  Propert  i es 

Soi 1  t e x t u r e  p r o v i  des an index f o r  se l  e c t  i ng 
t h e  seasons when logg ing  damage w i  11 be minimized. 
We1 1  -drained sandy so i  1s are damaged l ess  i n  wet 
than i n  dry  seasons because sands are very r e s i s t -  
an t  t o  compaction but become uns tab le  and are 
l i k e l y  t o  r u t  when dry. In con t ras t ,  s i l t y ,  loamy, 
and c layey s o i l s  are more sub jec t  t o  r u t t i n g  when 
wet-. 

A l ess  t a n g i b l e  f a c t o r  t o  cons ider  i s  s i t e  
f e r t i l i t y .  In general, t h e  h igher  t h e  s i t e  f e r -  
t i l i t y  t he  less  t h e  e f f e c t  o f  s o i l  compaction and 
pudd l ing  i n  t h e  next r o t a t i o n .  Nevertheless, i t  
seems wise t o  minimize damage on t h e  best s i t es .  

Roads, Log Decks, and Sk id T r a i l s  

The layou t  o f  roads and s k i d  t r a i l s  must do 
t h e  l e a s t  harm t o  t h e  s i t e  w h i l e  meeting t he  
requirements o f  t h e  logg ing  operat ion.  Normally, 
r u b b e r - t i r e d  sk idders can operate from 500 t o  1,000 
yards  from a  l o g  deck, but  t r ack - t ype  veh ic les  can 
be used on ly  up t o  600 yards from t h e  deck. 
Yarding d is tance f o r  cable r i g s  i s  about 300 yards. 



D i t c h i n g  may be requ i red  before  
l ogg ing  some areas. The d i t c h  s i z e  
and equipment needed depend on the 
1 oca 1 cond i t i ons  . 

Skidd ing across a  drainage i s  bound 
t o  cause damage. 



I n  a d d i t i o n  t o  t h e  c a p a c i t y  o f  t h e  s p e c i f i c  equ ip -  
ment, s i z e  o f  l o g s  sk idded and t r e e  d e n s i t y  a r e  
p a r t  o f  the formula.  Some b a s i c  guides i n  l o c a t i n g  
s k i d  t r a i l s  are:  

I n  s teep t e r r a i n ,  do n o t  run t r a i  1s d o w n h i l l  
where they w i l l  concen t ra te  wa te r  and cause 
e ros ion .  

Concent ra te  t r a i  l s ,  where p o s s i b l e ,  t o  minimize, 
t h e  area a f f e c t e d .  

Do n o t  c ross stream channels o r  e x c e s s i v e l y  v ~ e t  
areas. 

I f  a  cho ice i s  a v a i l a b l e ,  l o c a t e  s k i d  t r a i l s  on 
sandy r a t h e r  than  c layey  s o i l s ,  which a re  more 
s u s c e p t i b l e  t o  compaction. 

I n  t h i s  p u b l i c a t i o n ,  we make no a t tempt  t o  
d i scuss  road c o n s t r u c t i o n  o r  log-deck design, which 
a r e  adequately d e s c r i  bed i n  many re ferences.  Here, 
however, a r e  some u s e f u l  g u i d e l i n e s  on deck 
l o c a t i o n .  

Locate  decks t o  a v o i d  s k i d d i n g  across wet, un- 
s t a b l e  s o i l s  and t o  l i m i t  l e n g t h  o f  s k i d  t r a i l s .  

Avo id  steep s lopes;  use n a t u r a l  breaks i n  t h e  
t e r r a i n  such as benches o r  moderate slopes. 

Avo id  creeks o r  obvious wet areas. 

Place decks and t r a i  1  s  no c l o s e r  than  130 f e e t  
f rom any s t  ream channel t o  p reven t  sedi  rnentat i  on 
o f  t h e  s t  ream channel . 

Choosing Equipment 

The t y p e  o f  l o g g i n g  equipment t h a t  i s  used i s  
a  p r imary  determinant  o f  t h e  amount o f  l o g g i n g  
damage t h a t  w i l l  be susta ined.  A t y p i c a l  rubber-  
t i r e d  sk idder  p u t s  a  p ressure  o f  20 pounds pe r  



square inch  on t h e  s o i l .  A c raw le r  t r a c t o r  exer ts  
about h a l f  t h a t  pressure, and wide f l o t a t i o n  ma- 
chines may exe r t  on ly  5 pounds per  square inch  on 
t h e  s o i l .  F i n a l l y ,  a cab le - logg ing  setup l i f t s  the  
logs  from t h e  ground and exe r t s  no pressure. The 
amount o f  compaction damage susta ined i s  roughly 
p ropo r t i ona l  t o  t h e  pressure exer ted on t h e  s o i l .  

Damage a l so  depends upon t h e  type  o f  s o i l  and 
i t s  wetness. I n  t h i s  b r i e f  t r e a t i s e ,  i t  i s  imprac- 
t i c a l  t o  descr ibe a1 1  t h e  combinations o f  equip- 
ment, 5oi1, and mois ture cond i t i ons  t h a t  may he 
encountered. Instead, we have developed a hazard 
index by which a  s i t e  can be c l a s s i f i e d  according 
t o  t h e  s o i l  t e x t u r e  (sand, s i l t ,  o r  c l a y )  and t h e  
depth t o  t he  water t a b l e  i n  t h e  wet season ( f i g .  
1). The r a t i n g  i s  designed t o  g ive  an i n d i c a t i o n  
o f  t he  p r o b a b i l i t y  o f  damage du r i ng  t h e  wet season. 
Dur ing d r y  per iods, most s o i l s  d r y  s u f f i c i e n t l y  t o  
support  logg ing  equi pment . 

Frequent ly ,  however, c r u i s i n g  and t imber -sa le  
p lann ing  are done du r i ng  t h e  d ry  season. Since our 
hazard r a t i n g  scheme requ i res  an es t imate  o f  t h e  
depth t o  t he  water t a b l e . i n  t h e  wet season, we 
o f f e r  a  s imple method f o r  es t ima t i ng  t h a t  value 
f rom measurements taken i n  t h e  d ry  season. Using a  
s o i l  auger o r  a  spade, d i g  a  ho le  t o  t h e  depth 
where m o t t l i n g  occurs. " M o t t l i n g "  i s  a  s o i l  sc ien-  
t i s t ' s  term f o r  a  d i s t i n c t i v e  change i n  co lo r .  
Whereas t h e  s o i l  above t h e  m o t t l i n g  i s  l i k e l y  t o  
have reds i n  i t s  brown, mo t t l ed  s o i l  conta ins 
b lo tches  o f  gray, l i g h t e r  brown, and ye l low.  Th is  
c o l o r  change i s  caused by t h e  presence o f  water f o r  
extended p e r i  ods . 

F igu re  1  guides t h e  s e l e c t i o n  o f  appropr ia te  
l ogg ing  equipment. The o b j e c t i v e  i s  t o  choose 
equipment t h a t  w i l l  keep t h e  p l o t t e d  pressure 
exerted. by t h e  veh i c l e  and t h e  depth t o  wet-season 
water t a b l e  below t h e  diagonal l i n e  f o r  your  par -  
t i c u l a r  s o i l  type. The widths o f  t i r e s  and t r a c k s  
s t r o n g l y  i n f l u e n c e  t h e  pressure placed on t h e  so i  1  



so i t  i s  bes t  t o  ge t  a s p e c i f i c  va lue f o r  t h e  
equipment t h a t  i s  a v a i l a b l e  i n  y o u r  area. 

On s teep s lopes  w i t h  e r o s i v e  s o i l s ,  t h e  l a n d  
manager may choose t o  p e r m i t  o n l y  cab1 e-1 oggi  ng 
equipment. On f l a t  areas i n  wet seasons, c a b l e  
l o g g i n g  i s  a l s o  an o p t i o n ,  h u t  so i s  l i g h t  f l o t a -  
t i o n  t r a c k  equipment, which e x e r t s  very  l i t t l e  
p r e s s u r e  on t h e  s o i l .  

DEPTH TO WET- SEASON WATER TABLE (inches) 

F i g u r e  1.--Hazard o f  r u t t i n g  d u r i n g  wet-season l o g g i ~ g .  



Cont 1-01 Over Loggi ng 

S i t e  p repa ra t i on  and p l ann ing  are f u t i l e  w i t h -  
ou t  c l ose  c o n t r o l  over t he  harvest  i ng ope ra t i  on. 
Logging should be monitored t o  see t h a t  the con- 
t r a c t o r  i s  us ing  t h e  equipment agreed t o  i n  t h e  
sale.  T i r e s  and t r a c k s  on equipment should be i n -  
spected. Worn, u n d e r i n f l a t e d  o r  improper ly  i n -  
s t a l l e d  t i r e s  do no t  have t he  requ i r ed  t r a c t i o n  and 
cause r u t t i n g  and o the r  s o i l  d is turbance.  More- 
over, they add t o  t h e  cos t  o f  logg ing,  r e q u i r e  more 
f u e l ,  and cause harder  wear on t r a c t o r s .  

The f i n a l  r e s p o n s i b i l i t y  f o r  p reven t ing  o r  a t  
l e a s t  reduc ing s i t e  damage r e s t s  w i t h  t he  t r a c t o r  
operator .  Responsi b l  e  machi ne operators  are an 
absol u t e  necess i ty .  Reckless opera t ion  o f  t r a c t o r s  
no t  on l y  damages t he  s i t e  bu t  a l s o  i s  hard on equip-  
ment and represents  a  work s a f e t y  problem. Close 
supe rv i s i on  by t h e  l ogg ing  c o n t r a c t o r  and land  man- 
ager i s  indispensable.  

Wi th  most k i nds  o f  equi pment , poo r l y  d r a i  ned 
s i t e s  are sometimes t o o  wet t o  l o g  w i t hou t  damage. 
The p o i n t  a t  which l ogg ing  should s top must be spec- 
i f i e d  i n  t h e  subcontract .  The l i m i t a t i o n s  o f  s o i l  
wetness depend on t h e  i n t e r n a l  drainage o f  t h e  s o i l  
and t h e  equipment used. Wel l -dra ined t o  exces- 
s i v e l y  dra ined s o i l s  may r e q u i r e  few l i m i t a t i o n s  
except on some steep slopes and uns tab le  s o i l s .  As 
dra inage de te r i o ra tes ,  t h e  s e n s i t i v i t y  o f  t h e  s i t e  
t o  compaction and pudd l ing  increases. Puddl ing i s  
a  l oss  o f  s o i l  s t r u c t u r e  caused by working i n  wet 
cond i t i ons .  Compacted o r  puddled s o i l  loses i t s  
ab i  1  i ty  t o  p rov ide  a i  r t o  p l a n t  roots .  I n  general, 
s e n s i t i v i t y  o f  s o i l  t o  compaction and pudd l ing  
increases as t e x t u r e  va r i es  f rom sandy t o  c layey 
s o i  1 and *as so i  1  o rgan ic  mat te r  decreases. I n  a1 1  
cases, s o i l  becomes more s e n s i t i v e  t o  phys ica l  
forces as t he  mo is tu re  content  increases. 

When i s  i t  too  wet? That depends on t he  
equipment used, t h e  exper ience o f  t he  logger,  and 



t h e  requ i rements  imposed by t h e  l a n d  manager. It 
i s  p robab ly  t o o  wet when s k i d d e r s  produce r u t s  over  
10 inches  deep i n  one o r  two passes o r  when t h e  
s o i  1 has reached i t s  "1 i q u i d  1 i m i t  .I1 When a hand- 
f u l  o f  s o i l  i s  squeezed and wa te r  d r i p s  out ,  t he  
s o i  1 has passed i t s  l i q u i d  l i m i t  and w i  11 no t  sup- 
p o r t  t r a f f i c .  The s u s c e p t i  b i  1 i t y  o f  a s o i  1 t o  com- 
p a c t i o n  aga in  i s  v a r i a b l e ,  and a knowledge o f  l o c a l  
s o i  1 c o n d i t i o n s  i s  needed. 

Most compaction o f  a s o i  1 occurs  d u r i n g  t h e  
f i r s t  pass o f  equipment, and two o r  t h r e e  addi  - 
t i o n a l  t r i p s  w i  11 compact i t  about as much as t h e  
v e h i c l e  i s  capable o f  compact ing i t  ( f i g .  2) .  Fo r  
t h i  s  reason, most l a n d  managers f a v o r  c o n c e n t r a t  i ng 
s k i d  t r a i l s  t o  l i m i t  t h e  area a f f e c t e d  by l ogg ing .  

0 1 2 3 4 5 6 7 8 9  
NUMBER OF TRIPS 

F igu re  2.--Relationship o f  bu lk  dens i t y  o f  su r f ace  s o i l  
t o  number o f  veh i cu la r  t r i p s  w i t h  10 pounds per  square 
i n c h  o f  ground pressure. 

Note: Most compaction occurs d u r i n g  t h e  f i r s t  t h ree  
passes. 





Logging equipment ranges w ide l y  i n  i t s  e f f e c t s  on t h e  
s o i  1  : A, Wide t i r e s  on r u b b e r - t i r e d  sk idde r  reduce 
s o i l  pressure;  B, t rack - t ype  hau le r  exe r t s  l ess  
pressure ;  C, wide t r a c k ;  even l ess ;  and 11, cab le  
equipment exe r t s  none a t  a1 1 .  



The fo l l ow ing  guides are suggested f o r  manage- 
ment o f  a  logg ing  opera t ion :  

Re sure t h a t  proper equipment i s  used, t h a t  
equipment i s  i n  proper r epa i r ,  and t h a t  i t  i s  
be i  ng used c o r r e c t l y .  

Do no t  l o g  c layey and loamy s o i l s  when water can 
be squeezed from them by hand. 

Do no t  l o g  i f  two o r  th ree  passes leave r u t s  10 
inches deep. 

When water seeps i n t o  r u t s  on one - th i r d  t o  one- 
h a l f  o f  a  s k i d  t r a i l ,  l ogg ing  should be ha l ted .  

Repai r i  ng Damaged Areas 

Before any r e p a i r  can be prescr ibed,  t he  type 
and amount o f  damage must be known and understood. 
The most ser ious types o f  so i  1  damage from l ogg ing  
a re  compaction, erosion, and drainage impedance. 
Repair  must be designed t o  a1 l e v i a t e  t h e  damage and 
i t  should be concentrated where t h e  damage i s  most 
severe, such as on logg ing  decks. 

The equipment used t o  r e p a i r  a  s i t e  i s  o f t e n  
as heavy as t h e  l ogg ing  equipment t h a t  caused t h e  
o r i g i n a l  damage. Thus, t h e  t i  1  lage opera t ion  can 
inc rease  compaction under adverse cond i t ions .  
Repair  should be attempted on l y  when t h e  s o i l  i s  
d r y  enough t o  support  t h e  equipment and when t h e  
t i l l a g e  w i l l  thoroughly  break up t h e  s o i l .  Dur ing 
l ogg ing  i t  may be necessary t o  operate t h e  equip- 
ment under less - than- idea l  cond i t ions ,  but t he re  i s  
never a  reason t o  at tempt r e p a i r  o f  t h e  s i t e  un less 
t h e  s o i l  cond i t i ons  are acceptable. 

Soi 1  Compact i on 

Even when s o i l  mois ture content  i s  below the  
l i q u i d  l i m i t ,  some compaction w i l l  occur on s k i d  



t r a i  1 s and l o g  decks. These areas should be 
t r e a t e d  t o  avo id  se r ious  l o s s  i n  p r o d u c t i v i t y .  The 
most e f f e c t i v e  t rea tmen t  i s  t i l l a g e  coupled w i t h  
f e r t i l i z a t i o n  ( t a b l e  2 ) ,  The t i  1 l a g e  equipment 
shou ld  r u n  o n l y  deep enough t o  break up t h e  compac- 
t i o n .  Deep compaction, caused by heavy equipment 
on wet s o i  1 s, may r e q u i  r e  s p e c i a l  l y  modi f i e d  equ ip -  
ment. Bedding machines commonly used i n  s i t e  prep-  
a r a t i o n  can be f i t t e d  w i t h  a r i p p i n g  shank a t  t h e  
c e n t e r  t o  loosen s o i l  t o  a depth  o f  18 inches, 
which i s  adequate f o r  p e n e t r a t i o n  o f  p i n e  t a p r o o t s .  
For  t h i s  t rea tmen t  t o  be e f f e c t i v e ,  however, t h e  
s o i l  must be f a i r l y  d r y  down t o  t h e  depth o f  t h e  
shank. Other p r a c t i c e s  must be cons idered on s o i l s  
t h a t  a r e  no rma l l y  wet much o f  t h e  year .  

Table 2.--Heights o f  l o b l o l l y  p ines 4 years  
a f t e r  p l a n t i n g  on a compacted s k i d  t r a i l  t h a t  
was bedded and f e r t i  1 i zed l  

Treatment Tree he i  g h t  on-- 

Compacted Uncompacted 
Bedding F e r t i l i z a t i o n  s k i d  t r a i l  area 

Pounds pe r  ac re  - - - - Feet  - - - - - 
None None 5.5 6,7 

200-50-1 00 8.1 8.6 

Bedded None 9.6 11.3 

200-50-1 00 12.5 11.6 

l ~ o i  1 i s  a p o o r l y  d r a i n e d  Bethera  Ser ies  i n  t h e  
Coasta l  P l a i n  o f  South Caro l i na .  



Left  rear  ti r e  i s  i n s t a l  l e d  backwards, reducing t r a c t i o n  
and increasing s i t e  damage. 

Logging when i t  i s  too wet s t r a i  ns equipment i n  addi t ion 
t o  damaging the s i t e .  



N u t r i e n t  Loss --- 

The a p p l i c a t i o n  o f  f e r t i l i z e r  i s  a  p r a c t i c a l  
way t o  o f f s e t  t h e  e f f e c t s  o f  p h y s i c a l  damage t o  t h e  
s o i  1, e s p e c i a l  l y  on l o g g i n g  decks and s k i d  t r a i  1  s. 
P a r t i c u l a r l y  on wet o r  compacted s o i l s ,  t h e  a p p l i -  
c a t i o n  of phosphorus appears t o  a l l o w  t h e  p l a n t  t o  
overcome r e s t r i c t e d  a e r a t  i on. The f e r t  i 1 i z e r  does 
n o t  comp le te l y  rep1 ace good a e r a t i o n  bu t  rep resen ts  
a  r e l a t i v e l y  i nexpens ive  a1 t o r n a t i v e  t o  i n t e n s i v e  
mechanical  t rea tmen ts  on wet s i t e s .  On s i t e s  t h a t  
remain t o o  wet t o  r e p a i  r mechanical ly,  f e r t  i 1 i - 
z a t i o n  may be t h e  o n l y  a l t e r n a t i v e .  The method o f  
a p p l i c a t i o n  i s  un impor tant .  Between 200 and 500 
pounds pe r  acre  o f  t r i p l e  super-phosphate (0-46-0) 
o r  d i  ammoni um phosphate (1 8-46-0) a r e  adequate. I n  
a1 1  b u t  p o o r l y  d r a i n e d  c l a y  s o i l s ,  n i t r o g e n  as we1 1  
as phosphorus shou ld  be added. 

Soi 1  E ros ion  

E r o s i o n  can be a  problem on r e l a t i v e l y  g e n t l e  
s lopes  if t h e  s o i l  i s  compacted, l a i d  bare, o r  l e f t  
w i t h  r u t s  runn ing  uphi  11 and downhi 11. Sheet e ro -  
s i o n  shou ld  be prevented by t i l l i n g  t h e  s i t e  t o  
-reduce compaction and t h e n  r e v e g e t a t i n g  t h e  area as 
q u i c k l y  as p o s s i b l e .  D i t ches  and r u t s  should be 
f i i l e d  t o  p reven t  t h e  f o r m a t i o n  o f  g u l l i e s .  On 
s i t e s  w i t h  bare  s o i l  s u b j e c t  t o  eros ion,  n i t r o g e n  
i s  needed as we1 1  as phosphorus because t h e  o r i g i -  
n a l  n i t r o g e n  was concen t ra ted  p r i m a r i l y  i n  t h e  
f o r e s t  f l o o r  and s u r f a c e  m ine ra l  s o i  1. I n  general ,  
300 pounds pe r  ac re  o f  mixed f e r t i l i z e r  such as 
10-1 0-1 0  wi 11 speed r e v e g e t a t i  on. 

I n  a d d i t i o n  t o  f e r t i l i z e r ,  a  cover  c rop i s  
o f t e n  needed t o  p reven t  e r o s i o n  o f  bare  so i  1. 
Quick cover  can be ob ta ined  by seed ing a  f a s t -  
g rowing species,  such as ryegrass,  i n  e a r l y  f a l l  o r  
s p r i n g  a long  w i t h  a  p e r e n n i a l  spec ies  t h a t  w i l l  
vege ta te  t h e  s i t e  u n t i l  woody p l a n t s  become estab-  
l i s h e d .  Because o f  i t s  aggressiveness,  t h e  r y e -  
grass shou ld  no t  be seeded a t  a  r a t e  o f  over 5 



pounds per acre. The perenn ia l  grass should be 
seeded a t  a  heav ie r  ra te ,  50 t o  60 pounds per acre 
o f  t a l l  fescue o r  40 t o  50 pounds per  acre o f  Ber-  
muda grass. qepending on s i t e  and c l ima te  r equ i r e -  
ments, o t he r  grass species rnay he des i rab le .  

Drainage --- 

The drainage o f  a  s i t e  can be cons iderab ly  
d i s r u p t e d  du r i ng  logg ing,  and d isp laced  so i  1  may 
c rea te  dams. Such cond i t i ons  can he a1 l e v i a t e d  by 
d i  s k i ng  o r  bedding du r i ng  s i t e  p repara t ion .  Even 
on s i t e s  t h a t  had good i n t e r n a l  drainage be fo re  
logg ing,  deep r u t t i n g  may r e s t r i c t  l a t e r a l  f l ow  o f  
water  i n  t h e  s o i l ,  r a i s i n g  t h e  water t a b l e  t o  t h e  
p o i  n t  where p l  anted t r e e s  cannot s u r v i  ve. Beddi ng 
may be requ i red  on these s i t s  t o  r a i s e  t he  seed- 
l i n g s  above t h e  new water t ab l e .  

Rough Areas and Tree Regenerat ion 

Leve l i ng  t h e  ground sur face  w i t h  a  dozer b lade 
may be a  p r a c t i c a l  a l t e r n a t i v e  on h e a v i l y  d i s t u rbed  
s i t e s ,  such as s k i d  t r a i l s  and l o g  decks, i f  com- 
p a c t i o n  i s  not  a  problem. I f  t h e  s i t e  i s  t o  be 
regenerated n a t u r a l l y ,  spec ia l  cons ide ra t i on  should 
be g iven t o  these areas. The sk i dd ing  and r e p a i r  
opera t ions  i n  these areas w i  11 have destroyed t h e  
seed1 i ngs a1 ready there.  These areas should e i t h e r  
be p lan ted  o r  d i rect -seeded t o  ensure a  un i f o rm  
stand. Local gu i de l i nes  f o r  estab l ishment  o f  t h e  
species used should be fo l lowed.  

The f o l l o w i n g  guides are suggested f o r  re -  
p a i r i n g  damage t o  s o i l s  i n  l o g  decks and s k i d  
t r a i l s . $  

Rip  (subsoi 1  ) and bed areas t h a t  are compacted 
o r  puddled. 

Apply phosphorus o r  n i t r o g e n  and phosphorus 
f e r t i  1  i z e r .  



Where s lopes exceed G percent ,  f e r t i  1  i ze and seed 
w i t h  grass h e f o r e  p l a n t i n g  t r e e s .  

C lea r  b locked d r a i  nages. 

I f  a  n a t u r a l  r e g e n e r a t i o n  system i s  used on t h o  
area as a whole, t r a i l s  and l o g  decks may have t o  
be p l a n t e d  w i t h  seedl ings.  
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