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ABSTRACT.--Newlygerminated sweetgum (Lic_i_L_
ba_r}otvracifl_ L.) and yellow-poplar (Li_
_!p_!ferA L.) seedlings were grown under green-
house conditions for three months In silt loam

soils compacted to bulk densities of 1.25, 1.40t
and 1.55 g/cm . To minimize differences in water
and nutrient availability, soil moisture content
was maintained near field capacity and the soils
were fertilized to specific levels of N, P, and K.
Due to differences in root characteristicsp lateral

root growth of yellow-poplar was more adversely
affected by increasing compaction than sweetgum.
Percent survival was also lower for yellow-poplar,
ranging from 89 percent on the least compacted sell
to 33 percent on the highest compaction treatment.
Sweetgum exhibited lOO percent survival on all
treatments. Significant decreases in total number
of roots, depth of primary and lateral root
penetration, and horizontal penetration of lateral

roots were observed for both species _s bulk
density increased from 1.25 to 1.55 g/cm , with the

greatest decreases in each parameter occurring Then
bulk density increased from 1.25 to 1.40 g/cm_.
Using regression equations, the bulk densities

estimated to prevent vertlc_l penetration3of
lateral roots were 2.20 g/cm and 1.65 g/cm for
sweetgum and yellow-poplar, respectively.
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INTRODUCTION In compacted solls_ infiltration and percolation
rates are reduced and water retention character-

Forestry operations such as harvesting and Istlcs are altered. Sell compaction often results
thlnning_ or topsoillng associated wlth in a reduction of oxygen and carbon dioxide
surface-mine reclamation operations may cause an diffusion to and from the plant root (Byrnes et el.
increase in sell compaction. The establishment and 1982, Mitchell et al. 1982).
growth of planted tree seedlings following these

activities may be adversely affected if compaction In field studies, increases in soil compaction
of the topsoil and subsurface materials is associated with vehicular activity resulted in
excessive. Sell compaction increases bulk density reduced growth rates of loblolly pine (P_i:O_UStaed_
and strength, decreases total and macroporosity, L.) (SinTnonsand Ezell 1982, Hatchell et al. igTO),
alters pore size distribution, and Increases the ponderosa pine (P-J_ ponder_q_ L.) (Froelich
resistance of sell to penetration by plant roots. 1979), radiate pine (Plnus radlata D. Den) (Sands

et al. 1979), and Douglas-flr (_
(l(Irb.) France) (Youngberg 1959).

Similarly, pot studies with loblolly pine (Mitchell
1A paper presented at the Fifth Central et el. 1982, Hatchell 1970, Foil and Ralston 1967)_

Hardwood Forest Conference held at University of and Douglas-flr (Heilman 1981) indicated that root
Illinois, Urbana-Champaignp IL on April 15-17_ growth, and consequently root penetration, were
19BS. reduced with increases in soil compaction.

2G, L. Sirens and P. E. Pope, Graduate Hellman (1981) estimated that root penetration
Research Assistant and Associate Professor, by Douglas-flr seedlings would be prevented in
Department of' Forestry and Natural Resources,

sandy loam and loam soils compacted to bulk
Purdue University, )VestLafayette, IN 47907. densities of 1.74 to 1.83 g/cm . Based on root
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distribution patterns In soils derived from glacial analyses, soils were fertilized to adjust the
ttll, Forristall and Gessel (19551 suggested that available nutrient content to approximately 140
root penetration by Douglas-fir and western kg/ha nitrogen, 84 kg/ha phosphorus, and 336 kg/ha

redcedar (_ o!j_ Donn) 3ceased at bulk potasslum.
densities of 1.25 a-nd1.80 g/c_ , respectively. A
higher upper limit (1.45 g/cm ) for Douglas-fir A Rtehle Testtng Machine fitted wlth a 15 cm
root penetration was found In pot culture studies diameter wooden mold was used to compact the
for seedlings grown In a sandy loam soil (Mlnore et prepared sot] Into 15 x 15 cm PVC plpe containers.
el. 196g). A fiberglass screen and a 1.25 cm layer of gravel

were used to prevent sotl smeartng along the bottom

Variability observed among studies ts due interface and to aid In watering from3below. Bulk
primarily to complex soil-moisture interactions densities of 1.25P 1.40, and 1.55 g/cm • represent-
associated with soll texture. Consequently, tng low, medium, and highly compacted conditions
specific relationships between root growth and soil respectively, were established by compacting
bulk density are lacking• and the level at which varying masses of prepared soil to the same volumes
bulk density prevents root elongation of forest In the pots. Soll was added to the containers fn
tree species Is not well defined. Additional 1.25 cm increments, compacted, and the topmost
research Is needed to determine the influence of portion loosened to prevent the formation of an
sotl compaction tn modifying the physical interface when the next increment was placed in the
properties of various soil types and to identify container (Bohm 19791.
more speclflcally the levels of compaction at whlch
seedling growth Is adversely affected. Each soil and compaction treatment was

equilibrated at a moisture content near field
SweeCgum and yellow-poplar were selected for capacity (.02-.04 MPa) and a newly germinated

Investigation primarily because of morphological sweetgum or yellow-poplar seedling (two leaf stage)
differences In the root characteristics of the two was transplanted into each pot. Seedlings were
species. Sweetgum has a very fibrous• highly planted In sltts 2.5 cm deep and roots were covered
branched root system while that of yellow-poplar is with the appropriate stlt loam media. Plextglass
comparatively coarse and less branched. The covers were fitted to the top of each pot to reduce
objectives of this study were to determine the evaporative losses from the soil surface and
influence of sol1 compaction on the root growth of seedlings were grown under greenhouse conditions
sweetgum and yellow-poplar seedlings, and to for three months with photoperlods maintained at 16
identify levels of sotl compaction which adversely hours. Pots were watered from below, as needed, to
affect seedling root growth, maintain the sotl moisture content near field

capacity for the duration of the study.

MATERIALS ANDMETHODS Seedl lngs were harvested after three months and
measured to determine stem height and diameter,

Topsoil materials were collected from the upper caliper of the primary root(s), root volume (Bohm
20 cm of three soils. Soil Z, collected from a 19791• and length (Rowse and Phillips 19741, and
slte In Tippecanoe county, Indiana, was classified dry weight of the roots, stem• and foliage. Depth
as a somewhat poorly drained Flncastle stlt loam of lateral and prtmary root penetration was
(Aertc Ochraqualf - fine silty, mixed meslc) wtth determined by sectioning the sotl column Into 2.5
1-3 percent slope and stte index (base age 50 cm layers and counting the number of roots
years) of 27 to 32 m for yellow-poplar. Soll II occurring In each layer. The number of lateral
was collected from a well drained• eroded phase of roots penetrating horizontally out of the orlgtnal
Zanesvllle silt loam (Typic Fragtudalf- fine planting slit was also determined.
silty• mixed mestc) wtth 3-5 percent slope, located
fn Dubols county, Indiana. The site index (base Because of the poor survival of yellow-poplar
age 50) for yellow-poplar on thts stte was 18 to at the higher compaction treatments, the original
20 m. Soil III was obtained from a surface mine randomized complete block design was modified by
slte located In Clay county, Indiana• which had pooling data from the three sotl materials and
been reclaimed three months prior to soll subsequent analyses were conducted for a completely
collection. The soil media was comprised of a random design. An analysis of variance (ANOVA) was
mixture of the A and B horizons of Ave sol1 (Typtc conducted to determine significant differences tn
Fragtudalf - ftne silty, mixed meslc). Thts silt each of the seedling growth parameters associated
loam media was deposited over a cast overburden wlth soil compaction treatments and differences
consisting of sotl and Illtnolan glacial till. The among means were tested using Duncan's multiple
sotl has not yet been reclassified according to SCS range test. Regression analysis was used to
guidelines for mlnesolls and no stte index lnforma- determine correlation between bulk density and
¢ton is available for thts site. selected seedling characteristics.

Sotl from each location was passed through a
2 mm steve, wetted to attatn 15 to 20 percent water RESULTS AND DISCUSSION
content by weight, and festered. Preliminary
studtes with these soils indicated that maximum Yellow-poplar seedling survival was
compacttblltty wlth minimum required force was significantly affected by bulk denslty. Percent
obtained within thts range of water content survival ranged from 89 percent on the least
(Simmons, unpublished). Based on chemical compacted soils to 33 percent on the highly
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compacted sotls (fig. Z). No mortality occurred root penetration of sweetgum seedlings grown tn
for sweetgum seedlings at any of the soil bulk medium and highly compacted soils was not observed
density treatments. The differences observed in at depths exceeding Z1 cm and 7.6 cm respectively.
percent survival between the species may be Lateral roots of yellow-poplar penetrated to a
attributed, in part, to differences in root depth not exceeding 5.1 cm in medium compacted sotl
characteristics, which were especially evident at and 7.5 cm for highly compacted soils.
the highest compaction treatment. Because Consequently, the effective rooting volume of
compaction increases soil strehgth and decreases seedlings grown In highly compacted soils was
the number of macropores in the soil system, the significantly less than for those seedlings grown
coarse roots characterlstlc of yellow-poplar, were at lower bulk densities.
not able to penetrate as extensively Into the
compacted soil profile as the more fibrous sweetgum TABLE1.--Influence of bulk density on numberof
roots. The lack of root extension may have caused lateral roots of 3-month-old sweetgumand yellow-poplar
the increase in mortality of yellow-poplar seedlings penetrating to gtven depths. Values are
seedlings at the higher compaction treatments, pooled meansfor all soil media.
Usln@ regression analysis, a bulk density of 1.71
g/cm_ would result in zero percent survival for
yellow-poplar seedlings grown In these soils. Lateral Root Penetration
Since sweetgum exhibited no mortality on any
compaction treatment, re<jresston analysis could not $weetgum Ye]low-Doplar
be used as a means of predicting seedling morCallty Bulk denstty (g/cm3)
from soil bulk density values, Depth (cm) 1.25 1.40 1.55 1.25 1.40 1.55

number/pl ant

0-2.5 96.2a I 86.0a 64.3a 31.8a 12.4b ll.3b

i00 ,i, //, --- >2.5 62.3a 39.3b 19.2b 17.9a 2.6b 4.Oh
c) 111 //F ,,,

,,, , /// ,,, >5.1 45.6a 20.2b 2.0b 9.5a Ob 2.Dab

_ 80 1,i"11 //F///I ,,,""" >7.6 29.4a ii .3b 0b 4 .Oa 0b Db
v ,/i /// ,i, >10.2 i0.0a 0.3b 0b 0.5a 0a Oa

,/i //_ ,1_ >12.7 3.6a 0a 0a 0.1a 0a 0ar_ /// //F s/1

/// /// ........ //2
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.// /// .1_ 1For each species, different letters within a row,/// //F //I
40 .// /// "/_ indicate significance at the p = .05 level using

/// /// / /# , I I

.// //" //_ Duncan' s mul tl pl e range test.
f// /// ///

/// /// i//
/// /// f//

.H HI .._ For sweetgum, sixty-five percent of the lateral

1.25 1.40 1.55 roots penetrated to a depth exceeding 2.5 cm in the
least compacted solls, 46 percent penetrated deeper

Bulk density (g/cm3) than_2.5 cm when bulk denslty increased to 1.40

g/cm _, and only 30 percent exceeded this depth at
FIGURE i.-- Effects of bulk density on sur- bulk densities of 1.55 g/cm (Table 2).

vival of 3-month-old sweetgum _7_ and yellow- Yellow-poplar showed similar trends, wlth 56 and 21

poplar _ seedlings, percent of the lateral roots observed at depths

greater t_an 2.5 cm In soils compacted to 1.25 and
1.40 g/cm respectively. On the highly compacted

Regardless of the compaction treatment, the soils 35 percent of the lateral roots exceeded this
number of lateral roots of sweetgum was greater depth. Comparatively, the increase above the
than the number for yellow-poplar. This difference values reported for the medium compaction treatment
is a function of the difference in the root was due primarily to a large variability
characteristics of the two species (Table 1). For encountered at the highest compaction treatment.
both spectes, the extent of root penetration was Ustng regression equations, the bulk density at

significantly influenced by bulk density. The which lateral root penetration would cease was
maximum number of roots at any given depth was predicted to be 2.20 g/cm for sweetgum and 1.65
greatest on the least compacted soils and declined g/cm for yellow-poplaro Similarly, predictive
as bulk density Increased. Roots must overcome the equations estimated that lateral root penetration
strength of the sot1 to penetrate pores of smaller of sweetgum and yellow-poplar would not exceed a
diameters than themselves. Because of the dept_ of 5.1 cm at bulk densities of 1.68 and 1.56
increased proportion of micropores associated with g/cm", respectively.
Increases tn bulk density, the rate of root
elongation and therefore the extent of the root Soil compaction may reduce macroporoslty to the
system Is reduced with Increases in compaction extent that growth or survival of roots is
(Greacen and Sands 1980). determined by oxygen availability when soll

moisture content is high. Webster (1978) suggested
Significant differences tn depth of lateral that poor aeration ts likely to ltmlt root growth

root penetration were observed_ between bulk in compacted soils of finer texture whereas
densities of 1.25 and 1.40 g/cm". In the least mechanical impedance is more likely to limit root
compacted sotls, lateral roots of both species growth in coarse-textured soils. In this study,
occurred throughout the profile. However, lateral air-filled porosity (calculated as total porosity
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minus volumetrlc water content) decreased from 24 TABLE 3.--Effects of bulk density on number of

to 16 percen_ as bulk density increased from 1_j25 lateral roots of sweetgum and yellow-poplar
to 1.40 g/c_; at a bulk density of 1.55 g/cm , seedlings penetrating horizontally out of original
air-filled porosity was reduced to 10 percent planting slit. Values are pooled means for all
(Simmons, unpublished). These data indicate that a soil media.
relatively small increase in sotl bulk density can
cause significant decreases in seedling root
growth, due, in part, to poor aeration in the more
compact soils. Since changes in soil strength were _ ._ Bulk Density (a/cm 3) ....
not determined, no conclusions concerning the
Interactlve effects of Increased mechanlcal Specles 1.25 1.40 1.55

impedance and reduced aeration on root growth can
be made,

Sweetg um 75.8a I 29.4ab 0.8b
TABLE 2.--Influence of bulk density on average Yellow-poplar 20.6a 0.8b Ob

percentof lateral roots of 3-month-oldsweetgumand
yellow-poplarseedlings penetratingto given depth.

Valuesare pooledmeans for all soilmedia, iDifferent letters within a row indicate

significance at the p = .05 level using Duncan's
multiple range test.

LateralRootPenetration

Yel10W-pODIar

Bulk density(g/cm3)

Depth(cm) 1.25 1.40 1.55 1.25 1.40 1.55 TABLE 4.--Effects of bulk density on primary
root length (cm) and depth of primary root

percent penetration (cm) of sweetgum and yellow-poplar

0-2.5 100 , 100 100 100 100 100 seedlings. Values are pooled means for all soil
>2.5 64.8a_ 45.7ab 29.9b 56.3a 21.0b 35.3b media.
>5.1 47.3a 23.Sb 3.lc 29.9a Ob 17.7ab
>7.6 30.6a 13.2b Ob 12.6a Ob Ob
>10.2 10.4a Ob Ob i.6a Oa Oa

>12.7 3.7a Ob Ob 0.4a Oa Oa Bulk Densitv (olcm3)

IFor each species, different letters within a row Species 1.25 1.40 1.55
indicatesignificanceat the p = .05 level using
Duncan's multlple rangetest.

Sweetgum
Length 15.0aI 11,lab 8.1b

The number of lateral roots penetratlng Depth of Penetration 9.3a 5,3ab 3.1b
horizontally out of the original planting silt was
also significantly influenced by compaction treat- Yellow-poplar
ments for both species. The greatest reduction in Length 16.3a i0.2b 6.3b

number of penetrating roots occurred when bu_k Depth of Penetration 12,2a 6.6b 4.3b
density was increased from 1.25 to 1.40 g/cm
(Table 3). Horizontal penetration of lateral roots
of yellow-poplar was negligible on the medium 1Different letters within a row indicate
compaction treatment and both species showed no significance at the p = .05 level using Duncan's
horizontal penetration of lateral roots tn the multiple range test.
highly compacted soils.

Primary root length and depth of primary root
penetration were significantly greater for both Soil compaction did not significantly affect
specles on the least compacted soils (Table 4). stem growth, although weak trends were evident.
Although yellow-poplar had fewer lateral roots than These results support the work of Hellman (1981)
sweetgum, its primary roots were longer and were for pot-grown Douglas-fir seedlings, but contradict
able to penetrate to greater depths on all compac- results reported by Hatchell and others (1970) for
tton treatments than those of sweetgum, older, field-grown loblolly pine seedlings. In
Significant differences were also observed In the this study, water and nutrients were probably not

total root v_lume of sweetgum, wlth volumes ranging limiting. However, if water and/or nutrients

from 15.1 cm on the least compacted soils, to i"m38 within the soil volume occupied by the restrictedcm" on the medium compaction treatment and 8.2 c root system become llmitlng, then shoot growth wlll
on the highly compacted soils. Although probably be inhibited unless a greater soll volume
dlfferences In this variable were not signlflcant can be explored by roots. Under these

fmO_yellow-poplar, total root v_lume averaged 1.9 circumstances a reduction in effective rootingand decreased from 2_9 cm" on the least volume imposed by interactions between increased
compacted soils to 1.2 cm_ In highly compacted soll strength and decreased aeration will inhibit
soils, shoot growth (Greacen and Sands 1980).
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SUMMARY AND CONCLUSIONS Exper. Sta., Purdue Unlvero Station Bulletin

No. 397.Root growth of sweetgum and yellow-poplar FOIL, R. R. and Co W. RALSTON. 1967. The estab-

seedlings grown in three silt loam soils were llshment and growth of loblolly pine seedlings

significantly influenced by changes in the physical on compacted soils. Soil Sci. Soc. Am• Proc.
properties of the soils associated with compaction. 31:565-568•
The total number of lateral roots, depth of FORRISTALL, F. F. and S. P. GESSEL• 1955. Soil

penetration of primary and lateral roots, and properties related to forest cover type and
horizontal penetration of lateral roots decreased productivity on the Lee Forest, Snohomish
significantly wlth increases In bulk density. Root County, Wash. Soil Sci• Soc• Am. Proc.

volume and length, stem height and weight, and root 19:384-389.
collar diameter followed the same trend, but were FROEHLICH, H. A• 1979• Soil compaction from
not significantly influenced by soll compaction, logging equipment: effects on growth of young
The lateral root growth of yellow-poplar, a ponderosa pine. J. Soil and Water Conser.
coarse-rooted species, was suppressed to a greater 34:276-278.

degree than the more fibrous-rooted sweetgum, wlth GREACEN, E. L. and R. SANDS. 1980• Compaction of
increases in soil compaction. This may have, in forest soils - a review. Aust. J. Soil Res.
part, caused the higher mortality rates for 18:163-189.

yellow-poplar at the higher compaction treatments. HATCHELL, G. E. 1970. Soil compaction and

loosening treatments affect loblolly pine
Compaction affects root growth by altering soil growth in pots. USDA For. Serv. Res. Pap.

physical properties, which In turn influence the SE-72. 9 p•
complex interactions among soil strength, water and HATOHELL, G. E., C. W. RALSTON, and R• R. FOIL.

nutrient availability, and aeration. Relatively 1970. Soil disturbance in logging: effects on

high water contents and fertility levels used in soil characteristics and growth of loblolly
this study minimized differences in water and pine in the Atlantic Coastal Plain. 3. For.
nutrient availability associated with different 68:772-775.

levels of soil compaction. Maintenance of high HEILMAN, P. 1981. Root penetration of Douglas-fir
soll water contents permits an evaluation of the seedlings Into compacted soils. For• Sci.
effect of bulk density on root growth when soil 27:660-666

strength is lowest. Therefore, the observed growth MINORE, D., C. E. SMITH, and R. F. WOLLARD. 1969.

responses are due primarily to reduced aeration and Effects of high soil density on seedling root

increased mechanical impedance associated with growth of seven northwestern tree species.
increases in compaction. The upper lImit of soil USDA For. Serv. Res. Note PNW-112. 6 p.

compaction is critical to the survival of the MITCHELL, M. L., A. E. HASSAN, C. B. DAVEY, and J.
planted tree, but perhaps of more importance to the D. GREGORY. 1982. Loblolly pine growth in
land manager is that level of compaction which compacted greenhouse soils. ASAE Trans.
significantly reduces tree seedling root growth. 25:304-307, 312.
For yellow-poplar and sweetgum, significant ROWSE, H. R. and D. A. PHILLIPS. 1974. An

declines in most root growth variables occurred instrument for estimating the total length of
whenR bulk density increased from 1.25 to 1.40 roots in a sample. J. App. Ecol. 2=309-314.

g/cm_, Based on the results of thts study, any SANDS, R., E. L. GREACEN, and C. J. GERARD. 1979.
increase In bulk density wtthin thts range will Compaction of sandy soils In radtata pine
likely result in reduced root growth. Before forests. I. A penetrometer study. Aust. J.
stronger conclusions can be made, further research Soil Res. 17:101-113.
is needed to determine the effects of sotl SIMMONS, G. L. and A. W, EZELL. 1982. Root
compaction on specific physical properties and development of loblolly pine seedlings In

their effects on root growth, compacted soils. In Proceedings: Second
Biennial Southern Sllvlcultural Research
Conference• Nov. 4-5, 1982. Atlanta, GA.
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