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A study of th e  e ffect of slash  on forw ard e r soil
com paction w as carrie d  out. Th e  le ve l of soil
com paction at tw o soil m oisture  contents, th re e
slash  dens ities  (0, 10, and  20 k g/m 2), and  tw o levels
of traffic (one  and  five  pas s e s ) w e re  m e asure d .
Results indicated  th at, on dry, loam y sand  soils, th e
pres ence  of slash  d id not d ecreas e soil com paction
afte r one  forw ard e r pass, but did provide  som e
protection from  subsequent passe s. Th e  dens ity of
slash  (over 10 k g/m *) d id not aff&  com paction. O n
th e  same soils in a wetter condition, h ow ever, slash
density at 20 k g/m * w as siificantly less  th an on
bare plots. A t 10 k g/m *, th e increase in bulk  dens ity
afte r five passe s  w as sm aller th an on th e  bare plots,
but not significantly so.
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INTR O D UCI’ION

Cut-to-length (CTL) system s are increasingly per-
ceived  as filling an im portant nich e in fore st h ar-
vesting. Many reasons are  cite d  for th is, including
im proved  w ork  conditions, m ore  e fficient product
recovery, and  low e red  environm ental im pacts [2,5,
61. Th e re  are  specific situations w h e re  th e  CTL sys-
tem s are  cost com petitive  w ith  tre e -length  h arvest-
ing. Many of th e s e  ad vantages , h ow eve r, h ave not
been sufficiently defined to th e point th at rational
ch oice s  can be m ad e  conce rning th e  appropriate -
ness  of a system  for a specific task . Th is i s  especially
true in th e  area of environm ental im pacts.

H arveste rs spread  lim bs  and  tops in th e ir path  as
th ey process  stem s. Th is ground  cover is said to
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d ecrease  soil com paction by providing a pressure
absorbing layer, low e ring th e  net ground  pre s sure
of passing e q uipm ent. Th e  e ffects of sk idding w ith
a slash  covering of 18 k g/m *h as  be en reported  [41.
Trails covere d  w ith  slash  s h ow ed  low e r d ecrease s
in air tile d  porosity, total porosity, and saturated
h ydraulic conductivity afte r th re e  pass e s , but th e
effect w as not present afte r s even. Rut depth s and
saturated  h ydraulic conductivities  afte r 15 passe s
w e re  nearly th e  sam e  regard less  of th e pres ence  of
slash , and th is w as true  at 0 to 5 cm  and  5 to 10 cm
d epth s. A  slash layer provided s ignificantre duction
in rut form ation and  an incre ase in soil support
capacity 1121. For each  additional 10 k g/m 20f res i -
due over 10 k g/m 2, th e re  w as an apparent increas e
of 25% in soil strength . Bas ed  on previous w ork  [ 131,
one  study (141 pred icte d  an ave rage  d e cre ase in
effective  m ach ine ground pressure of 34 and  27%
for slash  am ounts typical of first and  s econd
th innings,  respectively. Th e  e ffect of a res idue layer
in reducing soil com paction w as considere d  pcsi-
tive , alth ough  a statistically significant influence
w as not found  [I, 81.

It is clear from  th e  lite rature  th at th e re i s  som e
increm ental benefit from  covering extraction trails
w ith  slash , but by h ow  m uch  and under w h at con-
ditions h as not been clearly defined. Th is re s earch
w as intended  to investigate  to w h at extent surface
slash  d ecrease s  soil com paction, and  h ow  th i s  effect
inte racts w ith  th e num ber of m ach inery passes, soil
m oisture , and slash  dens ity.

O BJECTIVES

Th is study evaluated  th e protective influence  of
an organic m atte r layer in re ducing soil com paction
resulting from  forw ard e r traffic. Specific objectives
w e re :

a. to d ete rm ine th e  e ffect of tw o slash  dens ities  left
over trails;

b. tom easure  th e d egre eofbenefitafte roneand  five
forw ard e r passe s; and

c. to evaluate  th e inte raction w ith  tw o soil m oisture
contents afte r five  forw ard e r passe s.



EXPERIMENTAL METH O D S

Th e  tests w e re  carri ed  out at A uburn Unive rsity’s
E.V. Sm ith  A gricultural R e s e arch  Ce nte r ne ar
Tallass e e , A L. Fields  at th e  Cente r h ave be en used
for s eve ral years in exam ining th e  e ffect of tillage
practice s  on soil com paction. A field  th at h ad  b e en
used in 19 9 4 in a te st of grain sorgh um  yields  w ith
and  w ith out subsoiling w as m ad e  available  for th e
slash  study. Th e  te sts w e reconducted in late  w inte r,
and  th e  field  h ad  b e en  disk e d  th e previous fall afte r
h arvest. Soils in th e  te st areas w e re  loam y sand , h ad
no surface  vegetative  cover, and h ad  ve ry uniform
ph ysical prope rties.

Tw o linear te st s ections (167 x 4 m  and  58 x 4 m )
w e re installed. Th e  longe r of th e  tw o w as used as a
‘natural’,or’d ry’,m oisturecondition. It w asdivided
into th re e  55 m  block s, and furth e r d ivided into six
plots w ith in each  block . Each  plot m easure d  8 m
long by 4 m  w id e , w ith  1 m  b etw e en  each  and  2 m
betw een block s. Th e  follow ing six treah nents (com -
bination of slash  density and num b e r of passes)
w e re  assigne d  to one  each  of th e plots w ith in each
block : a) bare  soil, one  and  five passe s , b) 10 k g/n?
slash , one  and  five passe s , and c) 20 k g/m 2 slash ,
one  and  five passe s.

Slash  densi  ties  w e re  chosen to be compatible w ith
th ose  used by elsew h e re  (121. Th e  dens ities  (10 and
20 k g/m ’) are  reasonable  for typical plantations of
th e south e rn United  States. For a 20-year-old loblolly
pine W inus  ti eda) plantation in the south, a reason-
able  estimate for weight of total biomass might be
about 346 green t per ha (23 cm average dbh, 15.2 m
average height, 2.4 x 3.7 m spacing 1111).  Suppose
50% of the basal area were being removed in a
thinningof this stand, and of the harvested biomass,
30% remained as residues [IO]. Alsoassume that the
thinning was a fifth row removal with selective
cutting b etw e en rem oved  rows. Then, for a cut-to-
length harvesting system, residues would be con-
centrated in about 40% of the total area. Slash den-
sities, for these conditions, would be about 13 kg/
m2, comparable to the values used in our tests. The
choice of number of passes was made based on
previous research that indicated most compaction
occurs within the first few trips [7].

The shorter (58 m) test section was used for the
experiments in which the moisture content of the
soil was manipulated. Three plots were established
in each of two blocks. Because the sampling process
was lengthy and drying rates  were high, it was

lik ely th at th e  te st plots w ould  dry significantly
betw e en te sts of one  and  five passe s. Th e refore ,
num ber of passe s  w as not evaluated in th e  te st and
all plots received  five  forw ard e r passe s  only. Th e
sam e  th re e  slash  density treatm ents (0, 10, and  20
k g/m 21  w e re  random ly assigned  one  e ach  to plots
w ith in th e  tw o block s. Th e  te sts ection w as irrigate d
(travelling gun) overnigh t prior to th e  te s k . Th e
am ount applied  w as d ictated by th e  rate  of applica-
tion of th e  irrigation system , plus th e  fact th at it w as
run overnigh t, and totaled  about 25 m m  w ate r.

Logging slash  w as truck e d  to th e s ite , sorted  to
elim inate  h ard w ood  com ponents, th en spread in a
random  fash ion at th e  re q uired dens ity over th e
plots. Th e  slash  w ascollected  from  a Pinus  tda  and
P. palustris  m ixe d  stand  th at w as be ing clearcut.
Tre e s  w e re  d e li-  using a gate. Th e re  w as a large
variation in lim b s i z e , probably greate r th an w ould
b e  expected in a th inning using CJYL e q uipm ent.
Th e re  w e re  som e  large  GO -15  cm  diam ete r) lim bs
m ixed in. Th e s e  w ould  h ave  been  about e q uivalent
to tops rem aining afte r processing, but th e ir relative
fre q uency m ay not h ave be en  th e  sam e.

Soil com paction w as analyz e d  using ch anges in
bulk  dens ity and  soil strength  follow ing traffic. Th e
soil sam ples  for bulk  dens ity w e re  collected  w ith  a
soil h am m e r w ith  5 cm  diam ete r and  5 cm length
rings. O ven-dry w eigh t (72 h ours at 105°C) w as
used toexpressbulk densityas w e igh t/unitvolum e
(Mg/m ’) and  m oisture  content. A  recording soil
penetrom ete r (Findlay, Irvine Ltd .; available in th e
US from  Ben Meadow s) w as used to m easure  soil
strength . Measurem ents w e re  tak en to a depth  of
52.5 cm  in 35 cm  increm ents. Th is particular m od el
of penetrom ete r d id not provide  fe e dback  on inser-
tion speed, but from  using oth e r m ach ines th at d o,
a reasonable  e stim ate  w ould be in th e  range  of 5 to
10 m /m in. Th e re  w as no organic m atte r layer on th e
soil surface  to inte rfe re  w ith  penetrom ete r m easure -
m ents.

Sam pling patte rns varie d  w ith  te st s ection. For
th e  d ry, or natural, te st condition, ten sam ples  w e re
tak en for bulk  dens ity at each  of th re e  d epth s in th e
soil profile  (O -5,7.5-12.5 and  15-20 cm ), for a total of
30 from  each  plot. Th is sam pling regim e  w as ap-
plied  both  pre- and post-treatment (total of 60 sam-
ples per plot). Ten cone penetrometer readings were
taken pre- and post-treatment. Pre-treatment sam-
ples (bulk density and soil strength) were taken
along the center line of the plot, and post-treatment
from the rut centers (five in each rut). In addition to



changes in soil ph ysical prope rties, soil disturbance
w as  quantified using m easure s  of rut d epth  and
total cross - s ectional area at th e  m idpoint of each
plot, using th e  m eth od ology [71.

A  m odifi ed  sam pling sch em e  w as used on th e
‘w et’ test s ection to get a m ore  accurate  e stim ate  of
m oisture  conditions at th e  tim e  of treatm ent. A ll
sam ples  w e re  collected  afte r traffic, w ith  undis -
turbed  sam ples  collected  from  th e plot cente r line,
and d i sturbed  sam ples  from  one  rut cente r. A l-
th ough  som e  d i sturbance  from  traffic w as possible
at th e plot cente r line, it felt th at it w ould b e  sm all
relative  to th e  am ount caus ed  w ith in th e  tire  rut
its elf [9 ]. Six sam ples  at each  of th re e  d epth s w e re
collected  for both  undisturb ed  and d i sturb ed  condi-
tions, for a total of 36. D e pth s w e re  th e  sam e  as in th e
d ryte sts.As im ilarsch em ew asusedforsoilstrength ,
w ith  six m easurem ents at each  of th e plot and  rut
cente r lines. R ut depth and  cross - s ectional area w e re
not m easure d.

Th e  forw ard e r used in th e  study  w as a Frank lin
170 w ith  a total load e d  w e igh t of 17 t (6 f, 11 r). Th e
forw ard e r w as  e quipped w ith  23.1 x 26 IS2 tire s
inflated  to 210 k Pa, and pas s ed  over th e plots in one
direction at about 3.6 k m /h . O ne pass w as  d efined
as one  trip of th e  load e d  tractor.

Th e  study w as a rand om i z e d  com plete  block  d e -
sign w ith  tw o (w et) or th re e  (d ry) replicates. Treat-
m ent effects w e re  evaluated  using analysis of vari-
ance  w ith  num ber of passe s  and  slash  dens ity as
m ain effects.

R E SULTS A N D  D ISCUSSIO N

Bulk  D e nsity

Th e  average  soil w ate r contents at th e  tim e  of th e
study w e re  10.8% for th e  w et plots and  8.1% for th e
d ry plots. Pre -  and post-treatm ent bulk  dens ity
m eans are  s h ow n in Table  1. Th e initial soil bulk
dens ity values  w e re  h igh , all 1.80 or h igh e r for
d epth s greate r th an 75 cm . Th is w asdespited i s k ing
th e prior fall. Bulk  dens ity in th e  15 to 20 cm  d epth
range  average d  1.9 5 Mg/m 3. Th e increase in bulk
dens ity w ith  d epth  indicated  th e pres ence  of a h ard
pan.

Pre -tre atm ent bulk  d en s ity m e ans in Table  1
m ark e d  w ith  an aste risk  (*) s h ow e d  a statistically

significant ch ange  follow ing traffic (a = 0.05). A
significant increase  in bulk density was found in all
treatm ents at th e  soil surface  (0 to 5 cm d epth ). No
increase s  w e re  found  at 15 to 20 cm  d epth . Th e
m agnitud e  of th e increas e  w as a function of th e
num ber of passe s  and  th e  slash  dens ity. Com pari-
sons betw e en th e non-z e ro increases in bulk  density
are s h ow n  inTable  2. A ll com parisons sh ow n are  for
m e ans w ith in th e  s am e  m oisture  le ve l. R e sults
sh ow e d  th at, in th e  d ry soil, th e  m agnitud e  of th e
increase in bulk  dens ity w as th e  sam e  for all treat-
m ents afte r one pass. Bulk  dens ity continued to
increas e  afte r five passe s  for th e  bare  soil, but d id
not subsequently ch ange  for e ith e r slash  treatm ent.
Th e bulk  dens ity increas e  for th e  bare plots w as
nearly tw ice  th at of th e  covere d  plots afte r five
passe s. Th is result indicated , for th e  d ry conditions,
th at a layer of slash  d id not m itigate  th e  e ffect of a
single  forw ard e r pass but d id  lim it th e  e ffect of
subsequent passes up to five. A lso, th e  dens ity of th e
slash m adeno apparentdiffe rence  w ith in th ebounds
of th e  e xpe rim ental des ign.

Results w e re  d iffe rent on th e  w et plots. Th e in-
creases in bulk  dens ity obs erved  afte r five passe s
w e re  rough ly equal to th at on th e  d ry plots. Th e re
w e re  d iffe rence s , however, in th e  m agnitud e  of th e
increas e s  b etw een slash  dens ities. Th e  10 k g/m ’
tre atm ent h ad  gre ate r com paction th an th e  20
k g/m 2treatm ent,th ough itnotsignificantly  h igh e r.
T’h e 20k gtreatm ent  w assignificantly low e r th an th e
bare plot treatm ent. Th is result indicated  an inte rac-
tion of th e  e ffect of slash  w ith  m oisture  content.
Unlik e  th e  d ry conditions, a greate r am ount of slash
appeared  b eneficial on th e  w ette r soil.

Soil Strength

Figure s  1 and  2 sh ow  th e pre -  and post-treatm ent
penetrom ete r readings for one  and  five passe s  on
th e  d ry, bare - soil plots. Pre -treatm ent soil strength
sh ow e d  a h ard pan layer at about 21 cm  d epth . O ne
pass of th e  forw ard e r tended  to disrupt th is h ard
pan. A lth ough  th e bulk  dens ity results sh ow e d  an
increase in th e  0 to 5 cm  d epth  range , th is w as not
d etected in th e  penetrom ete r m easurem ents.

For five passe s , penetrom ete r readings showed a
statistically significant increase in soil strength be-
tween 3.5 and 14 cm depth. The additional passes
also nearly replaced the hard pan layer broken up
after one pass.
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Table  1. A sum m ary of pre -  and post-traffic soil bulk  densities  (Mg/m 3).

D e pth 1 Pass (d ry) 5 Passe s  (dry) 5 Passe s  (w et)

(cm ) 0 k g/m * 10 k g/m * 20 k g/m * 0 k g/m * 10 k g/m * 20 k g/m * 0 k g/m * 10 k g/m * 20 k g/m *

O - 5
Pre 1.70 1.71’ 1.73 1.70’ 1.72 1.73 1.67 1.73 1.76’
Post 1.82 1.84 1.81 1.9 1 1.86 1.85 1.9 0 1.89 1.86

7.5-12.5
Pre 1.80 1.85 1.85’ 1.88 1.88 1.88 1.86 1.87 1.86
Post 1.86 1.89 1.9 0 1.9 1 1.9 1 1.9 2 1.88 1.9 3 1.9 0

’ - indicates  th at th e pre -  and post-treatm ent diffe rence in m ean bulk  density is significant (a = 0.05).

Table  2. Sum m ary and  com parison of non-z e ro d iffe rences in pre -  and post-traffic bulk  dens ity. Statistical
com parisons w e re not m ad e  across soil m oisture  conditions.

D e pth 1 Pass (dry) 5 Passe s  (d ry) 5 Passe s  (w et)

(cm ) 0 k g/m * 10 k g/m * 20 k g/m * 0 k g/m * 10 k g/m 2  20 k g/m 2 0 k g/m * 10 k g/m 2 20 k g/m *

O - 5 0.12b 0.13b  0.08k 0.21’ 0.14b 0.12b 0.23’ 0.16* 0.W

7.5-125 0.06’ 0.05’

l -  Values w ith  th e  sam e  lette r are  statistically th e  sam e  (a = 0.05).

Figure s  3 and  4 s h ow  th e  corresponding soil
strength  m easure s  for th e  d ry plots, 20 k g/m 2  treat-
m ent afte r one  and  five passe s , respectively. Th e re
w as no statistical diffe rence in respons e  b etw e en
th e  slash  treatm ents, and th e  20 k g treatm ent is
s h ow n as representative  of both . Results for one
pass appeared sim ilar to th at for th e  bare  soil. In fact,
th e re  w e re no significant post-traffic d iffe rences in
soil strength b etw e enanyof th etreatm entsatnearly
all depth s afte r one pass. Th e  soil strength  results for
one pass, th e refore , s h ow e d  th e  sam e  trends  as th e
bulk  dens ity results, i.e., th e re  w e re no d iffe rence s
afte r one pass as a result of slash  density in th e  range
of 0 to 20 k g/m 2.

For five passe s , th e  soil strength  m agnitude s  w e re
significantly low e r (a = 0.05) for th e  tw o slash  tre at-
m ents th an th e  bare plots at d epth s ranging from  7
to10.5cm ,butw e renotdiffe rentfrom th e bareplots
at any oth e r d epth . Th is result tended  to confirm
th at, at least near th e surface , th e pres ence  of slash
d id  tend to m itigate  com paction for m ultiple passe s

up to five  in d ry soil, but th at th e re  w as no benefit
from  slash  above  10 k g/m *.

Figure s  5 and  6 sh ow  penetrom ete r readings as a
function of depth  for th e  bare  soil and  20 k g/m *
plots on th e  ‘w e t’ te st s ection. A gain, th e  20 k g
treatm ent w as ch osen as representative  of both  slash
d en s iti e s -  th e re  w e re  no significant diffe re nce s
d etect&  b etw een th e  tw o levels. Both  graph s s h ow
a d efinite increase in soil strength  near th e surface ,
but th e  increase  for th e  b are plots w as significantly
h igh er (a = 0.05). A gain, th e  diffe rence  in soil strength
b etw e en bare  and slash -treated plots w as signifi-
cant to a depth  of 14 cm .

R ut M e asure s

M e asure m ents  of rut cros s - s ectional are a and
d epth , d efined as th e  large st average  d iffe rence
across th e  w idth  of one  tire , w e re  h igh lyvariable.
Th e re  w e re no d iffe rence s  d etected  b etw een any of
th e  treatm ents, probably because th e  ruts  eve n for



th e  bare plots w e re  ve ry sm all (averaging less  th an soil when it was removed for m e asure m e nt. Th e
4 cm  in depth ). Th is level of disturbance  w as also rutstended  tob em orecoh e rentin th e  bareplots,but
present in th e  slash -treated plots  b ecause of th e not any large r in te rm s of th e  volum e  of soil dis -
tendency of th e  w e igh t of th e  forw ard e r to bury placed.
som e  of th e  slash , causing sh allow  displacem ent of
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Figure  1. Soil strength , bare plots, d ry condition, 1 pass.



I

20 l ~ Ollrllnl ofFore s t Engine e ring

-1o.c

-20-a

-30.1

-40.1

-5o.i

...

ij ;:
...

4::....

... :..
C3:..

:
:.:.
I
,

I I ,I
- 2 . 0 0 . 0 2 . 0 4.0 6 . 0 8 . 0

Penetration Resistance (MPa)

Post-Traffic
Pre-Traff ic

Figure  2 Soil strength , bare plots, d ry condition, 5 passes.



]ourm l of Forest Engineering l 22

-1 OS

-5O.C
-20 0.0 2.0 4.0 6.0 8.0

Penetration Resistance (MPa)

--a-* Post-Traffic
++ Pre-Traff ic

Figure3.  Soilimpedance,20kg/m2,drycondition,1pass.



22 l Journal of Forest Engineering

-10.0

- 20 .0

g

5
%
a

-30 .0

-4O.a

-50.a
-2 .0 0 . 0 2 . 0 4 . 0 6 . 0 8 . 0

Penetration Resistance (MPa)

--@-* Post-Traffic
* Pre-Traff ic

Figure  4. Soil impedance, 20 kg/m*, dry condition, 5 passes.



22 l Journal  of Forest Engineering

-1 ox

-20.0

g

s
if
a

-30.0

-40 .0

-50.0
0 . 0 2 . 0 4 . 0 6 . 0 8 . 0

Penetration Resistance (MPa)

--i+ Post-Traffic
* Pre-Traff ic

Fipw  4. Soil impedance, 20 kg/m*, dry condition, 5 passes.



I

]ourrlal of Forest EngineeGg  l 23

-1o.c

-2o.c

Er
E
0”

-30.C

-40.0

-5OA
-2.0 0.0 2.0 4.0 6.0 8.0

Penetration Resistance (MPa)

--+ Post-Traffic
++ Pre-Traff ic

Figure  5. Soil im pe dance , bare plots, w et condition, 5 passes.



24 l ~ ournnl of Forest Engineering

-1o.c

-20.a

E

t,
8
a

-30x

-40.C

-5o.C
0.0 2.0 4.0 6 . 0

Penetration Resistance (MPa)

--*-* Post-Traffic
* Pre-Traff ic

8 . 0

Figure 6. Soil impedance, 20 kg/m*, wet condition, 5 passes.



jourtm l ojfurcst EJrgiJk m ’ing  l 25

SUhfMARY  AND CONCLUSIONS

Com pare d  to bare  soil slash  coverings for th e  d ry,
sandy soils te ste d , at dens ities  of 10 and  20 k g/m *
did not d ecreas e  th e  level of com paction observed
afte r a single  forw ard e r pass. Th is result is  exactly
opposite  th at obs erved  in oth e r studies [e.g.,4,8,9 1,
w h e re  th e  b enefits of slash  w e re  generally seen in
th e  fust few  passe s  of th e  e q uipm ent, afte r w h ich
th e  ability of th e  slash  to absorb th e  w e igh t of th e
m ach ine  s e em e d  to d ecreas e. W e  m ay explain th e
d iffe rence in th e  follow ing w ay. In ord e r to ensure
an obs ervable  ch ange in bulk  dens ity as a result of
th e  treatm ents, th e  te sts w e re  m ade in a ve ry con-
trolled s ituation w ith  fairly loosely pack ed  soils
(despite  th e  h igh  bulk  dens ity) and uniform  condi-
tions. Because th e  soils w e re  loose , th e re  tias  little
diffe rence  obs erved  b etw een slash  and no slash
afte r th e  first pass -  noth ing sh ort of a brid ge  could
h ave prevented  th e  soil from  consolidating in th at
condition. As  th e  soil b ecam e  rem old e d , h ow eve r, it
returne d  to a state  m ore  lik e  a natural fore ste d
condition, and  th e re  w as a benefit obs erved  from
h aving slas h  in place . O n subs e quent pas s e s ,
com paction on bare  soils continued to increas e , but
stayed th e  sam e  on plots h aving e ith e r dens ity of
slash  covering present. Total com paction of slash -
covere d  plots afte r five passe s  w as about h alf th at
observed  on bare plots. Increases in com paction
w e re  alm ost exclusively near th e  soil surface , above
7.5 cm  in depth .

Moisture  content affected  th e  obs erved  b enefit of
using slash  to d ecreas e  com paction. W ith  25 m m  of
sim ulated  rainfall, final bulk  dens ity afte r five  for-
w ard e r passe s  w as sim ilar to th at on th e  d ry plots.
Bare plots sustained about tw ice  as h igh  an increas e
as th os e  covere d  w ith  slash . Com paction w as sig-
nificantly h igh e r (about 60%, or 0.06 Mg/m 3) for
plots treate d  w ith  10 ve rsus 20 k g/m * slash . Slash
h ad  a m ore s ignificant effect on soils w ith  low e r
bearing capacity [3], and  th e  m oisture  content effect
tended  to confirm  th is. Th e  soils w e re  of generally
h igh  b earing capacity, and in a d ry condition th e
pres ence  of slash  h ad  som e  e ffect, but dens ity of
slash  d id not. W ith  th e increase in m oisture  content,
and  th e  consequent re duction in bearing capacity,
th e  ove rall increas e  in bulk  density for bare plots d id
not ch ange. ?h e  am ount of slash  pres ent, h ow eve r,
d i d affe ctth e incre ase in bulk den s ityob s e rve d  afte r
five passe s.
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