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Abstraet

Kentucky 31 tall fescue and sericea lespedeza were sown on clay and
loam minescils that had been sereened throu;h a No. 10 sieve and

eompacted to densities of 1.6, 1.8, and 2.0 g

em3. Stands of sericea

lespedeza were more difficult to establish then feseue on both mii_lesoils and
were more susceptible than fescue to increased levels of compaction. Dry
matter yields averaged over all densities were greater on the elay than on

the loan minesoil.

Introduction

In the reclamation of surface-
mined lands, the surface of the
restored minesotl is often compac-—
ted by the machinery used to trans-
port and shape the variocus geclogie
materials. Additional compaation
may be caused by equipment used
to apply fertilizer and seed. The
surface of the restored minesoil
may be either a mix of topsoil and
overburden materials or primarily
topsoil or subsoil materials, Nat-
ural vegetation processes can seldom
restore surface cover rapidly enough
to prevent severe erosion from the
compacted surface. The bulk den-
sities of eclay, elay loam, and silt
loam agricultural soils normally
range from 1.00 to as high as 1.6
g/em3. They may range from 1.20
to 1.80 g/em? in sands and sandy
loam agricultural soils (Brady 1974}
This study was condueted to quan-
tify the effects of compaction (1.6
to 2.0 g/em3) on establishment,

growth, and yield of two species
commonly planted on surface-
mined aresas. The effects of tex-
ture on the moisture-supplying
capacity of mineseoils and on root
development patterns also were
investigated.

The study showed that sericea
lespedeza was diffieult to establish
on both minesoils at all levels of
compaction, but fesecue proved
comparatively easy to establish.
Results also indicate that compac-
tion of a loam minesail to a density
of 2.0 g/em3 may not be detrimen—
tal to the growth and yield of fescue,
but such compaction may drastical-
ly reduce the growth of sericea.
Texture was found to affect the
growth of fescue and sericea signif-
icantly. The finer textured mine-
soil yielded significantly more dry
matter, averaged over all densities,
than did the coarser textured one.

Effect of Minesoil Compaction
on Growth and Yield of KY-31
Tall Fescue and
Sericea Lespedeza

Methods

One heavy and one medium
textured minesoil found in the coal
fields of eastern Kentucky were
used in the study. Neither minesoil
had developed horizon differentia-
tion at time of eollection. They
were texturally classified as a clay
and a leam. The clay was eollect-
ed from an orphan mine site in
Qwsley County, where soils had
been mapped in the Tiisit soil series
before mining began. The loam
was collected from an orphan mine
site in Jackson County. Before
mining, soils on this site had been
mapped in the Rigley series.

Minesoils from each site were
sieved to separate the particles.
These materials measuring 1.3 em
or smaller were saved and erushed
to pass 8 No. 10 sieve; then each
was blended to insure textural
uniformity.



The minesoils were analyzed
for physical and chemical properties
(Table 1). Texture was determined
by the pipette method (Day 1965).
Organic earbon was determined by
the Walkley Black procedure (Allison
1965). Potassium, magnesium, and
caleium were determined using the
North Carolina extractant and
phosphorts was determined using
the Bray Pl extractant (Flannery
and Markus 1971). Moisture reten—
tion characteristics were determined
for the sieved minesoils (Figure 1).
Fertilizer (15-30-135) was applied to
each blended minesoil at a rate
equivaient to 1,000 Ib/acre furrow
slice {8 inch depth}. Reagent grade
caleium carbonate (CaCO,) was
applied at & rate equivalent to 2
tons agricultural grade limestone
per acre furrow slice (6 inch depth).
The minesoils were wetted to approx-
imately 0.33 bar equivalent suction,
wrapped in polyethylene to prevent
drying, and then allowed to equili-
brate for a week.

Figure 1.—Moisture retention curves.

Table 1.—Initial minesoil characteristics

Hem Loam Clay
Available nutrients

——ppm———

Potassium 81.53 67.24
Magnesium 288.35 208.04
Calejium 395.57 207.31
Phosphorus 36.97 7.23

Texture

——percent—-

Sang 40.0 18.9
Siit 33.0 26.6
Clay 27.0 54.6

Other properties

pH® b 5.26 5.18
Organic matter (%) .52 1.45

811 Soil:water
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wWhile still moist, the minesoils
were packed in plastic greenhouse
pots that measured 16.5 em in
diameter at the bottom, 23 em
diameter at the top, and 23 em
tall. The minesoils were compactied
in 1 em increments to create ¢columns
of near uniform densities equival-
ent to 1.6, 1.8, and 2.0 g/em?3,
allowing for the moisture content
(~.30 g water/g minesoil). After
all the minesoils were compacted,
approximately 100 milliliters of
water were added to the columns
each day for 3 consecutive days
before seeding.

Kentueky 31 tall fescue {Festuea
arundinaces, Seleetion Ky-31) and
sericea lespedeza {Lespedeza cuneata)
were selected for the study because
these two species are commonly
used in reclaiming surface mines.
Priar to planting, seed of both
species were tested to assure via-
bility. Fifty seeds of each species
were sowed on top of the compacted
minesoil eolumns and covered with
dampened filter paper to prevent
desiecation.

The eontainers were placed on
a greenhouse bench in a randomized
eomplete block design with six
treatment combinations (three
density levels, two speeies) with
three replications. After a seedling
stand was established, pots were
watered periodieally to recharge
the minesoil to near 0.33 bar suction.

Plants were allowed to experience
moderate molsture stress intermit-
tently. Natural day length was
extended by artificial light for
about 4 hours at the end of each
day during February, March, and
April. Ambient air temperature

and relative humidity were monitor-
ed for the duration of the study.

Fescue was readily established
in all pots, but sericea lespedeza
required several seedings to estab—
lish an adequate stand. Germina-
tion of sericea seed was adequate
(50%) but seedling radieles did not
make adequate growth to penetrate
the minesoil surface. An adequate
sericea stand was finally established
in all eontainers by mid-March.
Warmer spring temperatures and a
more frigble minescil surface may
have contributed to its eventual
establishment. After they were
well established, the feseue and
sericea seedlings were thinned to
20 plants per pot. Fescue and
sericea both were allowed to grow
for approximately 180 days after
thinning. The fescue was harvested
in late July and sericea lespedeza
was harvested in mid-Qetober.

The tops of both sericea and fescue
were dried and weighed immediately
after harvest. Root development
eould not be measured accurately
because the minesoil was so com-
paected, but it was observed for
general growth patterns.



Results and Discussion

Growth and yield data for fescue
and sericea are shown in Table 2.
Plant height of both species gen-
erally deereased with increased
compaction. Height and growth of
sericea were more adversely affect-
ed by inereased compaction than
was the growth of fescue. The
yield data for the greenhouse pots
were subjected to analysis of vari-
ance (Table 3). Treatments were
considered to be factorial sets of
density and species. A split plot
with blocks nested in textural types
was used to evaluate the data.
Texture and compaction significant-
ly influenced the final dry matter
yield of both feseue and sericea.
The interaction of texture and
eompaction also proved to be signif-
icant. With one exception,
yield of both species decreased at
the highest level of compsaction
(2.0 g/em3). Fescue yields on the
loam incereased with increased
compaction (Table 2} even though
plant height decreased. With the
exception of sericea yield on loam,
vields of both species increased at
the first increase in compaction
(1.6 g/em3 to 1.8 g/em3). Total
dry mass production eof both species
was greater on elay than on loam
(458.3 g vs. 381.2 g).

The moisture retention capabil-
ity of the loam seemed to improve
with inereasing compaetion to
promote better growth of fescue.
Increased growth at the highest
density (2.0 g/em3) indicates that
water and nutrients both were
available for plant growth. The
closely packed loam reduced the
normal minesoil porosity and main-
tained moisture in a form readily
available to fescue roots. This
agrees with findings of Taylor and
Box {1961) that an inerease in avail-
able soil moisture went with an
inerease in compaction on a silt
loam soil. Fescue yield deereased
at the highest level of compaction
on clay minescil. Root development

Table 2.—Plant height and yield data

Species  Compaetion Plant Height& YieldP
Loam Clay Loam Clay
g/em3 em €

Sericea 1.6 73.5 78.4 31.635 50.74
Sericea 1.8 65.4 61.5 25.37 60.94
Sericesn 2.0 21.3 271 ig.12 23.44
Fescue 1.6 47.4 41.6 81.87 111.59
Fescue 1,8 46.9 39.6 92.01 114.63
Fescue 2.0 40.8 41.6 114.21 91.96

AHeight is averaged among three replications. Megsurements
were taken immediately prior to harvest.

bYield is total amount of oven-dry plant material at each
compaction rate.

Table 3.—ANOVA table for plant yield

Source DF 58 MS Observed F
Texture (T) 1 11,773.82 11,773.82 115.34%
Block in T (B} 4 408,34 102.08
Treatment (R) 5 732.78 146.56 4,.08%
TR 5 11,457.68 2,291.54 77.86%
BRinT 20 588.6¢9 29.43

*Significant at the .01 level



of fescue on both minesoils was
largely confined to the upper 3 cm
of the compacted eolumn. The
fescue roots seemingly were not
able to fully exploit the clay mine-
sofl at the highest compaction
rate.

Sericea yields were reduced
drastieally at the highest rate of
compaction on both minesacils.
Sericea yields were greater on the
clay than on the loam at 1.8 and
2.0 g/em3 compaction levels. The
primary roots of sericea were found
to extend the full length of the
compacted eolumn in both mine—
soils even at the highest density.
At higher compaction rates sericea
roots may have failed to branch
sufficiently, causing water and
nutrient deficits in the plants.

The results of this study suggest
that the effects of compaction
may vary with the texture of the
reclaimed mine surface. The resist-
ance of the minesoil matrix to root
penetration is somewhat compen-
sated for by the ability of clay to
held water and thus promote growth.
Probably, the increased water
holding potential of clay reduces
the rate of water loss with inereas—
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