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I nt roducti on

Forest harvest operations usually result in ground disturbances
that displace the surface soil and litter layers and alter soi
properties in surface and subsurface soil horizons. The type and
intensity of disturbance is influenced by a nunber of factors
including soil type, machine paraneters, and harvest systens.
Several research studies have evaluated the disturbances
associated with harvest systens utilizing visual determ nation of
previously defined disturbance categories that describe the
surface soil/litter displacenment and mxing and its relative
intensity over a stand w de area. More intense assessments of

di sturbance have consisted of the neasurenment of soil physical
variables with the degree of change linked to the intensity of

di st ur bance. An assessnent of disturbance from harvest
operations is inmportant to accurately gauge the risk of erosion
the potential for lowered site productivity, and |oss of

aest hetic val ues.

Critical information is lacking on the inpact of forest
operations on steeply sloping |andscapes which can alter soil
physical properties sufficiently to accel erate erosional
processes and further |ower site productivity. When conbi ned
with a limted know edge of information regarding the use of
alternative Silvicultural prescriptions to properly nanage upland
hardwood stands, it is inportant to accurately assess disturbance
patterns related to harvesting and skidding practices to provide
important information on the proper managenent of upland hardwood



st ands. The primary focus of this study is an assessnent of
ground disturbances that result from three Silvicultural
prescriptions enployed in an upland hardwood stand.

Previ ous Wbrk

Forest operations have the potential to negatively inpact
forested sites through displacenent of surface soil and litter

| ayers and alteration of soil physical properties. These ground
di sturbances have been linked to a higher susceptibility of a
trafficked site to erosion through renoval of forest cover and
litter, lowered overall site productivity as a result of
conpaction and lowered infiltration and aeration, and reductions
in the aesthetic qualities of a site. Assessnment of soil and
litter displacenent has been performed utilizing defined

di sturbance categories that approximtely describe the surface
soil condition which occur in conjunction with forest operations
and/ or equi pnent (Dyrness 1965; MIller and Sirois 1986; Stuart
and Carr 1991; Stokes and others 1993; Thonpson and others 1995).
The disturbance categories enployed in previous studies have
relied onclasses defined by Dyrness (1965) but nodifications
have been used to neet the objectives of a study (Rachel and Karr
1988; Aust and others 1993; McNeel and Ballard 1992). The
utilization of disturbance classes has allowed conparisons anpbng
di fferent conponents of harvest operations, machines and specific
machi ne paraneters, and harvest systens (MIler and Sirois 1986;
Stuart and Carr 1991; Seixas and others 1995; Lanford and Stokes
1995). More intensive investigations of soil inpacts have
consisted of the neasurenent of the response of soil physical
paraneters to traffic which is nore tine consum ng but provides
critical information on conpaction, water infiltration, and
rooting potential in disturbed sites (Greacen and Sands 1980;
Incerti and others 1987; Rachal and Karr 1988). Recent |y,

i nvestigators have linked soil surface disturbance classes wth
soil physical properties to permt nore rapid estimtion of

di sturbances, their potential to inpact site productivity, and
proper methods of mtigation (MIller and Sirois 1986; Rachal and
Karr 1988; Stuart and Carr 1991; Lanford and Stokes 1995).

Even age managenent prescriptions (block clear cut) are
commonly enployed on upland hardwood stands of the southern
Appal achi an and m d-South areas of the southeastern United States
to mnimze recovery costs and encourage regeneration of sites



t hat have undergone high grade single tree selection (Sander
1980; MIlls 1988) . Cearcutting exerts a significant degree of
i mpact on a harvested site as evidenced by the |ower percentage
of disturbed areas classified as untrafficked and a higher
percentage of rutted areas and skid trails(Kluender and Stokes
1993) . Negative inpacts to soil physical paranmeters have been
consistently reported in previous studies on clearcut sites
especially in heavily disturbed, or rutted, |ocations (Lockaby
and Vidrine, 1984; Wonski 1984; Rachal and Karr 1988; Rei singer
and others 1988). Less information is available regarding
changes in soil physical properties or types and intensity of

di sturbances associated with alternative Silvicultura
prescriptions in southeastern forests. This is essential to
provide a body of information on inpacts to soils |ocated on

sl opi ng | andscapes which undergo accel erated erosion upon harvest
(Yoho, 1980).

oj ective

The objective of the study was an assessnent of the inpacts
associated with three alternative Silvicultural prescriptions -
clearcutting, defernent cutting, and strip cutting in an upland
hardwood stand utilizing two nethods of disturbance assessnent:
1) visual determ nation of disturbance classes in each harvested
bl ock, and 2) neasurement of specific soil physical properties.

Experinmental Met hods

Site and Study Description

The project was l|located in an upland hardwood stand on the
sout hern boundary of the Cunberland Plateau characterized by
east-west ridges with slopes of 20 to 25 percent. The study site
is located in proximty to Multon, Al abama in Lawence County on
approximately 25 ha of north and south facing slopes. Tr eat nent
areas were established on northerly and southerly aspects of a
single ridge line with 15 ha located on the northerly aspect and
6 ha along the southerly aspect. The study site is owned and
managed by Chanpion International. The stand is classified as an
oak- hi ckory association with a stand density of 924 trees per ha
and a basal area of 30 m? per ha.

The experinental design consisted of a conplete random zed



block wth four treatnents: clearcut, deferment cut, strip cut,
and an uncut control and replicated three times. Silvicultural
treatnments were installed in 1.6 ha blocks in six l|ocations along
the northern aspect and three along the southern aspect;
unharvested control plots, each approximately 0.8 ha in size,
were installed in each replicate_ Clearcut treatnents were
defined as renoval of all stems greater then 3.8 cm throughout
each harvest bl ock. Strip cut treatnents required renoval of
stems greater than 3.8 cm from strips approximately 37 m w de
while maintaining strips of the sane dinmension in an unharvested
condition between cut strips. Deferment cutting was defined as
mai nt enance of approximately 5.7 m 2 per ha of basal area of
healthy, quality trees throughout the treatnent block and renoval
of all other stens. Soil types within the study site are nenbers
of Typic Hapludults and were derived from parent nmaterials
conposed of sandstone, shale, or interbedded sandstone and shale.
The installation of treatnents commenced in July of 1996 and was
conpleted in Septenber of 1996.

Site Measurenents
Pr ehar vest

Each treatnent block was |ocated and marked in the Spring of
1996 and an assessment of soil characteristics conpleted prior to
establ i shnment of treatnments. Soil characterization consisted of
collection of soil cores (5.08 x 5.08 cn) for neasurenent of bulk
density and gravimetric water content at 30 sanpling points on a
24 x 48 nmeter grid (6 transect lines and 10 sanpling points on
each transect) superinposed on each treatnment block. In
addition, particle size analysis was perforned on a sel ect nunber
of sanpl es. Soi |l physical analyses were performed in accordance
with Klute (1986). Soil strength was determ ned at each sanpling
point utilizing a RRmk CP 20 cone penetroneter to a depth of
0.20 min 0.025 mincrenents (ASAE, 1992).

Post har vest

Upon conpletion of treatnment installation, grid sanpling
points were relocated and soil disturbance class assessnent and
soil sanpling performed at each grid point; a total of 60
sanpling locations within each treatnent block and 30 sanpling
points in unharvested control blocks was eval uated. Soi |
di sturbance classes were defined as the follow ng: (1)
untrafficked (u); (2) trafficked with litter in place (2n),
trafficked with litter removed (2B), trafficked with mneral soil



exposed (2¢C), and trafficked with mneral soil displaced to top
of litter (2D); (3) soil depressions |less than 15 cm (43),
depressi ons between 15 and 30 cm (4B), and soil depressions
greater than 30 cm (4C); and (4) non soil (NS). The fina

tabul ation consisted of untrafficked (U), trafficked with litter

in place (2n), trafficked with mineral soil exposed () 2B, 2C,
2D) (2), soil depressions less than 15 cm (4A), depression
greater than 15 cm (4), and nonsoil (NS). Soil physica
characterization consisted of collection of soil cores for bulk
density and gravinetric water content determ nation according to
Klute (1986) and soil strength determ nations according to ASAE
standard S3%3.2 (ASAE, 1992).

Resul ts and Di scussi on

Preharvest soil characterization indicated little difference
in bulk density, soil noisture content, total porosity, and soi
strength anong slope positions or treatnent blocks (Tables 1 and
2). Bulk density and total porosity values of approximately 1.00
My m > and 65 percent, respectively, are typical of forest
soils. Soil strength levels less than 6.0 MPa for coarse
textured soils are well below values considered to be limting
for root proliferation (Gerard and others, 1982). Slight
increases in bulk density, soil noisture content and soil
strength concurrent with decreased total porosity occurred in the
bottom sl ope position in conparison to upper and midslope
positions and in the defernment block in the preharvest condition.
This may be attributable to differences in soil texture anong
sl ope positions, inpacts from previous site use, or a conbination
of the two. Although soil textural classifications were simlar
anong sl ope positions, the percent of sand was higher in the top
sl ope position than the md or bottom slope position.

Concurrently, the percent silt and clay increased as sl ope
position decreased. Soil strength and bul k density are

i nfluenced by a nunber of factors including texture and/or soil
noi sture content which may have contributed to the differences
detected in this study (Stitt and others 1982; Carter 1990). It
is also possible previous site use contributed to site
variability which exhibited higher soil strength and bulk density
in areas designated for defernent cut treatnent (Table 2).

Soil response varied by silvicultural treatnent with the
greatest inpacts nost closely associated with clearcut treatnents



(Table 3). Bul k density and soil noisture content were highest
while total porosity was lowest in clearcut treatnments in
comparison to the remaining treatments. Analysis of variance
(ANOVA) procedure detected significant differences anong
treatnents (P < 0.05) for bulk density and total porosity and a
mean conparison (Duncan's) detected significant differences

bet ween clearcut and control (P = 0.05) . Mean soil strength was
significantly different (ANOVA) anong treatnments with significant
di fferences detected between the defernent cut and the strip cut
and control treatnments (P = 0.05) (Duncan's). No significant
difference was detected between clearcut and defernment cut in
mean soil strength. Simlar results were obtained for soi
strength with depth in which the defernment cut exceeded all other
treatnents at conparable depths (Figure 1). The strip cut
treatnment had the |owest inpact on soil variables in this study
and often was simlar to the control or unharvested sites: --

Mani pul ati on of each stand had an inpact on soil physical
properties regardless of treatment. A change in soil physica
properties is an anticipated outconme of harvest and wood renoval
operations and is comonly reported for a diverse nunber of
| ocations (Incerti and others,1987; Cullen and others,1991;
Rachal and Karr,1989). Machine paraneters including weight, tire
pressure, total |oad, and nunber of passes have been inplicated
in the changes that soil physical properties undergo (Lenhard,
1986; Guo and Karr, 1989; Geene and Stuart, 1985; Meek and
others, 1992). The differences in inpact anong treatnents
detected in this study may be the result of the total volune of
wood extracted and the nunber of passes made by skidder traffic.
Impacts to soil physical properties in the strip cut treatnent
were |less than the other treatnments as a |ower stand volune was
extracted (one quarter of the stand volunme) and skidder traffic
restricted to one half of the stand. Clearcut and defernent cut
treatnments induced greater inpacts since nore traffic was
required to renmove the total stand volunme (clearcut) or a high
percentage of the total volunme (defernment cut) (Rummer and others,
1997).

The difference in soil response may be related to the degree
and intensity of ground disturbances that occurred in conjunction
with each treatnent (Table 4). Strip cut treatnents resulted in
| ower percentages of each disturbance category throughout the
stand conpared to the clearcut and defernment cut sites. Clearcut



and defernent cut treatnents were very simlar in the percentages
of each disturbance category with approximately 20 percent
classified as untrafficked (U), 55 percent as slightly disturbed
(2a and 2), and 20 percent as highly disturbed (4A and 4). The

i npact of harvest operations on the portion of each strip cut
treatment which was exposed to felling and skidder traffic was
tabul ated and the percentages of each disturbance class
determined to be simlar to those reported for the clearcut and
deferment cut treatnents (Table 5). Soil bulk density and soil
strength values recorded for each disturbance class wthin
treatments showed differences but no clear trend energed from the
data (Table.6 and 7). However, both soil paranmeters increased
progressively when grouped by disturbance class from untrafficked
condition to ruts greater than 15 centineters (Figure 2).

Previous investigations have noted an increase in inpacts to soi
physical properties as soil disturbances progressed in sites
where harvesting or thinning had been conducted {MIler and
Sirois, 1986; Rachal and Karr, 1989; Lanford and Stokes, 1995).
Impacts to both soil paraneters were nore intense in clearcut and
deferment cut treatnments conpared to the strip cut which would be
expected for reasons previously described. However, soil bulk
density values indicated clearcut to be the nore intensive of the
treatnments while soil strength data suggested the defernent cut
had nore inpact conpared to other treatnents. The results for
bul k density of clearcut sites supported the expectation that a
greater inpact to soil properties would be due to increased
traffic patterns required to renove stand volunme in the treatnent
area while the elevated soil strength associated with the
deferment cut was not expected due to inplenentation of a system
of dispersing traffic throughout the site. However, these

di fferences may not be inportant as no significant differences
were detected between the clearcut or defernent cut treatnents.
Further explanations for differences in trends for bulk density
and soil strength by treatnment nay be related to the influence of
intrinsic soil properties i.e. soil texture and preharvest site
variability. Soil texture was the primary reason for
fluctuations in soil strength and bulk density in two Canadian
soils as the nunber of passes by a skidder increased (Mek

1996) . Preharvest variability was greater for soil strength than
bul k density and may have influenced the postharvest estinates
whi ch was not accounted for in the analyses presented here.
Grouping of soil physical variables by disturbance class clearly
indicated a trend in soil response to disturbance intensity for



bot h paraneters. The utility of assessing inpacts is still
viable and critical information about harvesting inpacts could be
obt ai ned from di sturbance class al one. More carefu

consideration in the assessnent of disturbance classes as a neans
of conparing Silvicultural treatnments nmay be required to
accurately gauge system inpacts.

Sunmmary

Harvest and ski dder operations have the potential to inpact soil
surface and subsurface features of an upland hardwood stand. The
i npacts can be attenuated by utilization of the strip cut
treatment as a neans of stand wi de manipulation but inpacts were

simlar in their intensity in cut strips. No treatnment induced
changes in soil strength or bulk density that would be considered
[imting to site productivity. Further information regarding

regeneration and soil novenent as a result of each Silvicultural
prescription is forthcomng and may have significant bearing on
the utility of each prescription in an upland hardwood stand.

Acknow edgnent

This study is being conducted on property owned and nanaged by
Chanpi on International Conpany. Their personnel have contributed
significantly to the study design and installation, harvesting
adm ni stration, and soil mapping and assessnents. This support
is gratefully acknow edged.



Literature Cted

ASAE Standards . 1992. Soil cone penetroneter. Am Soc. Agric.
Eng. Stand. S313.2 p.567.

Aust, W.M., T.W. Reisinger, and J.A Burger. 1993. Soil physi cal
and hydrol ogi cal changes associated with |logging a wet pine
flat with wide-tired skidders. South. J. Appl. For.
17(1):22-25.

Carter, MR 1990. Rel ationship of strength properties to bul k
density and macroporosity in cultivated |oany sand to | oam
soils. Soil Till. Res. 15:257-268.

Cullen, S.J., C. Montagne, and H. Ferguson. 1991. Timber harvest
trafficking and soil conpaction in Wstern Mntana. Soil
Sci. Soc. Am J. 55:1416-1421.

Dyrness, C T. 1965. Soil surface condition followi ng tractor and

hi gh-1ead |ogging in the Oregon Cascades. J. For. 8(1)i5-
1 7

Gerard, Cc.J., P. Sexton, and G Shaw. 1982. Physical factors
influencing soil strength and root growh. Agron. J.
74:875-879.

Greacen, E.L and R Sands. 1980. Conpaction of forest soils. A
review. Aust. J. Soil Res. 18:163-189.

Geene, WD. and WB. Stuart. 1985. Skidder and tire size effects
on soil conpaction. South. J. Appl. For. 9:(3) 154-157.

Guo, Y. and B.L. Karr. 1989. Influence of trafficking and soil
noi sture on bulk density and porosity on Smthdal e sandy
loam in North-Central Mssissippi. p. 533-538. IN Mller,
J.H, ed. Proceedings of the Fifth Bienn. Silvic. Res. Conf.
1988 Novenber 1-3: Menphis, TN. Gen. Tech. Rep. SO 74. New
Orleans, LA: USDA For. Serv., South. For. Exp. Sta. p. 618.

Incerti, M, P.F. dinnick, and S.T. Wllatt. 1987. Changes in
t he physical properties of a forest soil follow ng Iogging.
Aust. J. For. Res. 17:91-98.



Kl uender, R.A. and B.J. Stokes. 1992. Harvesting productivity and
costs of three harvesting nethods. IN Baughman, R K., ed.
Proceedi ngs of the Council on Forest Engineering. 15th
Annual Meeting; 1992 August 10-13; Hot Springs, AR
Corvallis, OR Council on Forest Eng. 17 p.

Klute, A (Ed.) 1986. Met hods of Soil Analysis: Physical and
M neral ogi cal Methods. 2nd ed. Anerican Society of Agronony,
Madi son, W. 1188 p.

Lanford, B.L. and B.J. Stokes. 1995. Conparison of two thinning
syst ens. Part 1. Stand and site inpacts. Forest Products
Journal 45:74-79.

Lenhard, R J. 1986. Changes in void distribution and vol une
during conpaction of a forest soil. Soil Sci. Soc. AmM J.
50: 462-464.

Lockaby, B.G and C. G Vidrine. 1984. Effect of |ogging equipnment
and traffic on soil density and growth and survival of young
loblolly pine. South. J. Appl. For. 8(2):109-112.

McNeel, J.F. and T.M Ballard. 1992. Analysis of site stand

impacts from thinning with a harvester-forwarder system J.
For. Eng. 4(1):23-29.

Meek B.D., EER Rechel, L.M Carter, and WR DeTar. 1992. Bulk
density of a sandy loam traffic, tillage, and irrigation-
net hod effects. Soil Sci. Soc. Am J. 56:562-565.

Meek, P. 1996. Effects of skidder traffic on two types of forest
soils. For. Eng. Res. Instit. O Canada (FERIC). Pointe-
Claire, Quebec, Canada. Tech. Rep. TR-117. p.12.

Mller, J.H and D. L. Sirois 1986. Soi |l disturbance by skyline

yarding vs. skidding in a loany hill forest. Soil Sci. Soc.
Am J. 50:1579-1583.

10



MIls, WL., Jr. 1988. Managi ng upland hardwoods in the central
states: todays's issues, tonorrow s needs. p. 84-88. IN
Eastern hardwoods - an energing forestry frontier.
Proceedings of the 18th Forestry Forum 1988 April 21-22;
Bl acksburg, VA.  Virginia Cooperative Extension Service:
Bl acksburg, VA

Rachal, J.M and B.L. Karr. 1989. Effects of current harvesting
practices on the physical properties of a loessal soil in
West-Central M ssissippi. p. 527-531. IN Mller, J.H., ed.
Proceedings of the Fifth Bienn. Silvic. Res. Conf. 1988
Novenber |-3: Menphis, TN. Gen. Tech. Rep. SO 74. New
Ol eans, LA: USDA For. Serv., Southern For. Exp. Sta. p.
618.

Rei singer, T.W, GL. Simons, and P.E. Pope. 1988. The -inpact
of tinber harvesting on soil properties and seedling growth
in the South. South. J. appl. Fo-r. 12(1) :58-67.

Rumrer, R, E. Carter, B. Stokes, and J. Klepac. 1997. Strips,
clearcuts, and defernent cuts: harvest costs and site

impacts for alternative prescriptions in upland hardwoods.
(I'n press).

Sander, |.L.. 1980. Some Silvicultural and managenment options for
upl and hardwoods of the mid-South_ p. 56-63. IN Proceedi ngs
of m d-South upland hardwood synposium for the practicing
forester and | and nanager. 1980 April 30 - May 2; Harrison,
AR Tech. Pub. SA-T.P. 12. Atlanta, GA: USDA, Forest
Service, Southeastern Area.

Sei xas, F., B. Stokes, B. Rumer, and T. MDonald. 1995.
Harvesting soil inpacts for selected Silvicultural
prescriptions. |IN Proceedings of International Union of
Forestry Research Organizations XX Wrld Congress; 1995
August 6-12; Tanpere, Finland. |1UFRO P3.07 Meeting. P. 230-
238.

Stitt, R.E., DK Cassel, S.B. Wed, and L.A Nelson. 1982.
Mechani cal inpedance of tillage pans in Atlantic Coastal
Plains soils and relationships with soil physical, chenical,
and mneralogical properties. Soil Sci. Soc. Am J. 46:100-
106.

13



St okes, B.J., R.A. Kluender, R A WIllianms, and J.F. Kl epac.
1993. Assessnent of costs and inpacts for alternative
harvesting nethods im m xed stands. IN: Brissette, J.C.,
ed. Proc. O the 7th Bienn. South. Silvic. Res. Conf; 1992
Novenber 17-19; Mbobile, AL. Gen. Tech. Rep. SO 93. New
Oleans, LA USDA, Forest Service, Southern Forest
Experinment Station. p. 655-662.

Stuart, wW.B. and J.L. Carr. 1991. Harvesting inpacts on steep
slopes in Virginia. IN Proc. 8th Central Hardwood Conf;
1991 March 4-6; University Park, PA Gen. Tech. Rep. NE-148.
Mor gant own, W: USDA, Forest Service, Northeastern Forest
Experinment Station. p. 67-81.

Thompson, M.A., J. A Mttson, and J.B. Sturos. 1997. Methods
used to evaluate the effects of forest operations on the
remai ni ng vegetation and soil: a review and recomendati on.
IN J.J. Ball and L.W Starnes, eds. Proceedings of the
Council on Forest Engineering (COFE), 20th Annual Meeting:
1997 28 - 31 July; Rapid City, South Dakota. Corvallis, OR
Counci| on Forest Engineering. 14 p.

Wonski, E. B. 1984. Inpact of tractor thinning operations on
soils and tree roots in a karri forest, Wstern Australi a.
Aust. J. For. Res. 14:319-332.

Yoho, N. S. 1980. Forest managenent and sedinment production in the
South - a review. South. J. Appl. For. 4:27-36.



Table 1. Preharvest soil characteristics by slope position in treatment blocks of upland

hardwood stand, Alabama.

Slope Position  Bulk Density  Soil Moisture Total Texture Soil Strength
Content Porosity
(Mg m™) (%) (%) (MPa)
Upper 0.97 22.3 63.3 loam 1.07
Middle 1.00 26.4 62.3 loam 1.13
Bottom 1.03 33.9 61.3 loam 1.18

Table 2. Preharvest soil characteristics of future treatment blocks in an upland

hardwood stand, Alabama.

Treatment Bulk Density Soil Moisture Total Porosity Soil Strength
(Mg m*) (%) (%) (MPa)

Control 0.96 27.2 63.8 0.80

Clearcut 0.94 25.1 64.5 0.99

Deferment

cut 1.15 31.1 54.2 1.39

Strip Cut 0.96 27.7 63.8 0.98




Table 3. Postharvest soil characteristics of an upland hardwood stand subjected to
three alternative prescription, Alabama.

Treatment  Bulk Density Soil Moisture Total Porosity Soil Strength
(Mg m?) (%) (%) (MPa)
Control 0.96 b 27.2a 63.8 a 0.80c
Clearcut 1.23 a 34.2a 53.3b 1.14 ab
Deferment
cut 1.06 ab 28.8 a 60.1 ab 1.28 a
Strip Cut 1.02 ab 27.3a 61.5 ab 0.93 be

Means in a column followed by the same letter are not significantly different at the 0.05
level.



Table 4. Percentage of disturbance classes tabulated within each treatment at the
completion of harvest operations in an upland hardwood stand, Alabama.

Disturbance Class Treatment
Clearcut Deferment Cut Strip Cut
Untrafficked 18 62 20

Slightly Disturbed
2A 33 18 30
2 24 10 25.

Highly Disturbed

4A 16 6 20
4 <1 <1 0
Non Soil 8 4 5

Table 5. Percentage of disturbance classes in harvested zones of strip cut treatment in
an upland hardwood stand, Alabama.

Disturbance Class Strip Cut
Untrafficked 25
Slightly Disturbed

2A 35

2 19
Highly Disturbed

4A 12

4 1

Non Soil 8




Table 6. Bulk density (Mg m™) of surface soil layer (O - 10 cm) of disturbance classes
within each treatment in an upland hardwood stand, Alabama.

Disturbance Class Treatment
Clearcut Deferment Cut Strip Cut

Untrafficked 1.13 1.04 1.10
Slightly Disturbed

2A 1.04 1.07 1.09

2 1.20 1.14 0.95
Highly Disturbed

4A 1.38 1.10 1.00

4 1.48 -

Table 7. Soil strength (MPa) of upper soil layer (O-20 cm) of disturbance classes within
each treatment in an upland hardwood stand, Alabama.

Disturbance Class Treatment
Clearcut Deferment Cut Strip Cut
Untrafficked 0.98 1.13 0.87
Slightly Disturbed
2A 0.94 1.13 0.77
2 1.08 1.35 0.95

Highly Disturbed
4A 131 1.45 1.18
4 151 1.01




Figure 1.
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Figure 2. Postharvest mean soil strength and bulk density by disturbance
class of an upland hardwood forest subjected to harvest operations, Alabama
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