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SUMMARY

(1) Decomposition of 4C-labelled and unlabelled fescue, and of pure cellulose litter on
non-vegetated and vegetated coal surface mine spoils and on a tailgrass prairie soil in
central Missouri, U.S.A. was examined.

(2) Losses of ash-free mass, *C, nitrogen, and phosphorus from decomposing fescue
litter were better described by double exponential decay equations than by single
exponential decay equations.

(3) Compared to other studies of litter decomposition in temperate grasslands, losses
of ash-free mass from fescue litter were rapid. In addition, *C-labelled fescue litter (initial
C:N = 14.2) decomposed more rapidly than unlabelled fescue litter (initial C :N = 25.9),
reflecting the influence of initial nitrogen content on decomposition.

(4) Decomposition of fescue and cellulose litter on non-vegetated mine sites was slow,
probably because of low exogenous nitrogen inputs and harsh environmental conditions
that characterize barren spoil.

(5) Regression models of remaining ash-free mass as a function of C:N, C:P, and
N :P ratios increased progressively in complexity from non-vegetated mine to vegetated
mine to tallgrass prairie sites, reflecting differences in the structure and function of the
decomposer communities among the three sites.

(6) Significantly less ash-free mass. *C, and nitrogen was lost from fescue situated
over very acidic (pH < 4-5) spoil than from fescue situated over moderately acidic (pH >
5-0) spoil. However, the transfer of *C from decomposing litter to the spoil directly below
was unaffected by either spoil pH or by the presence or absence of vegetation, and its
magnitude was comparable to similar studies conducted on unmined soils.

(7) Our results suggest that current reclamation practices, such as liming, fertilization,
and mulching, could have conflicting effects on organic matter accumulation and nitrogen
and phosphorus dynamics in surface mine spoils.

INTRODUCTION

Surface mining so drastically alters both the physical and chemical properties of soil that
natural recovery of unamended spoil is a very slow process (Croxton 1928; Byrnes &
Miller 1973; Down 19754, b; Riley 1975; Richardson 1976; Bradshaw & Chadwick 1980;
Roberts et al. 1981; Marrs et al. 1981). Most studies of surface mine ecology continue to
focus on vegetation and soils apart from plant litter decomposition. But many features of
restored mineland ecosystems, like those of undisturbed ones, depend on processes
accomplished by decomposition subsystems. Specifically, the balance between plant litter
deposition and decomposition controls the accumulation of detrital organic matter within
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the ecosystem (Olson 1963). Decomposition also plays an important role in the internal
cycling of nutrients within an ecosystem (Swift, Heal & Anderson 1979). Thus, it is the
process of plant litter decomposition that ultimately links plant production to most
long-term changes in the physical and chemical properties of mine spoil (Roberts et al.
1981; Marrs et al. 1981).

This report examines plant litter and cellulose decomposition on surface coal mines and,
as a reference, on a tallgrass prairie in central Missouri, U.S.A. Unlike most previous
studies of grass litter decomposition on mined sites (Lawrey 1977; Lanning & Williams
1979, 1980; Miller & May 1981), we have quantified loss of mass as well as changes in the
nitrogen and phosphorus content of decomposing litter. C-labelled plant litter was used to
examine the transfer of organic carbon from litter to soil. Our results are considered in
relation to the potential effects of current reclamation practices on organic matter
degradation and nitrogen and phosphorus cycling in mineland ecosystems.

THE STUDY AREAS

(. labelled fescue litter experiments

Decomposition of #C-labelled fescue litter was studied on four small (5-15 ha), derelict
surface mines clustered in northwest Callaway County, Missouri (38°59'N, 92°06'W).
The mines, abandoned between 1938 and 1959, have never been seeded or graded. The
characteristic topography of the sites consists of parallel ridges alternating with valleys
connected with generally steep, long slopes. Natural vegetation is sparse and occurs in
discrete patches surrounded by barren spoil (Game, Carrel & Hotrabhavandra 1982).
DeMott (1978) estimated that between 23 and 65% of each site is covered by vegetation.
The dominant herbaceous and tree species are yellow sweet clover, Melilotus officinalis,*
and river birch, Betula nigra, respectively. A more complete floristic description of the sites
is given by Weems (1979). There is almost no topsoil and no evidence of horizontal soil
stratification. The uppermost 5 ¢cm of spoil is low in organic matter (less than 2% of dry
mass) and is acidic (average pH 4-2 in barren spoil and 5-3 under vegetation).

Unlabelled fescue and cellulose experiments

Reclaimed surface mine

Decomposition of unlabelled fescue and cellulose was studied on a surface mine in
northeast Boone County, Missouri (39°00’'N, 92°09'W). The 15 ha site was mined in
1970, and in 1971 ridge tops were partially graded into valleys to form benches, thereby
reducing the extent of steep slopes. No topsoil was replaced over the graded spoil. A
mixture of alfalfa, Medicago sativa, tall fescue, Festuca elatior var. arundinacea, orchard
grass, Dactylis glomerata, lespedeza, Lespedeza stipulacea, and yellow sweet clover,
Melilotus officinalis, at the rate of 50 kg ha=! (5:5:2:2:2) was aerially seeded in 1972 on
the raw spoil. A floristic survey in 1977 (Weems 1979) showed that eleven herbaceous
species cover about 45% of the mine surface. Tall fescue and alfalfa dominate the
vegetation, accounting together for 91% of the standing crop. The acidity of spoil at this
Boone County site is less than at the four Callaway County sites, 5 km to the east; pH of
the upper 5 cm of spoil is 4-8.in barren areas and 5-7 in vegetated areas.

* Nomenclature follows Steyermark (1977).
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Tallgrass prairie

Decomposition of unlabelled litter was also studied at Tucker Prairie Research Station, a
58 ha tract of unploughed tallgrass prairie in Callaway County, Missouri (38°56’'N,
91°58'W). The terrain is flat to gently sloping. Principal grass species are big bluestem,
Andropogon gerardi, little bluestem, 4. scoparius, Indiangrass, Sorghastrum nutans, and
prairie dropseed, Sporobolus heterolepis (Kucera, Dahlman & Koelling 1967). The soil
consists of fine loess overlying glacial till. The A horizon is a dark silt loam having
approximately 8% organic matter. A claypan B, horizon, extending from 40 to 75 cm
below the surface, retards internal drainage so that in late winter and early spring the soil is
often water-logged.

Climatological data

Data from a national weather station at Columbia Regional Airport, 25 km southeast of
the study sites were used to characterize macroclimatic conditions. The 30 year mean
annual air temperature is 12-8 °C, with a maximum monthly mean of 25-5 °C in July and
a minimum monthly mean of —0.9 °C in January. Mean annual precipitation is 95 cm,
about half of which falls from April through August. Evapotranspirational deficits during
the growing season were moderate in 1978 and 1979, but they were severe in 1976 and
1980 because of subnormal rainfall and supranormal temperature. In 1977 temperature,
precipitation, and soil moisture were normal and growing conditions were considered good.

EXPERIMENTAL DESIGN

1C-labelled fescue litter

Tall fescue, Festuca elatior var. arundinacea, was grown from seed in a 30 m?
greenhouse bed. Labelling was accomplished by exposing young, actively growing
vegetation to *CO, under a polyethylene tent (Dahlman 1967; Dahlman & Kucera 1968,
1969). To obtain a uniform distribution of labelled carbon in individual plants, seven
labelling treatments were carried out over a 7-week period as described by Wieder & Carrel
(1979). Two days after the final labelling treatment, above-ground biomass was harvested
and oven-dried at 70 °C for 24 h. Two hundred and eighty-eight litter bags, 10 x 10 cm,
were constructed from 1:6 mm mesh aluminium screening. Each litter bag was filled with 5
g of dried grass leaves. The potential problem of variation in the initial **C content of
fescue was minimized by mixing 20—30 g batches of dried grass and preparing three to five
litter bags from each batch. Several grams of fescue from each batch were retained in a
5 °C cold room to serve as reference standards.

On 15 May 1976, litter bags were set out in the four abandoned surface mines in
Callaway County, Missouri. Because of the disjunct distribution of the vegetation, three
patches of herbaceous vegetation were selected in each of the four mines. At each patch,
twelve litter bags were placed directly on the barren spoil about 1 m outside the patch
perimeter and twelve litter bags were placed on the spoil under cover of vegetation about
1 m inside the patch perimeter. Litter bags were anchored with 10 cm long nails.

Twenty-four litter bags were collected quarterly from 1 July 1976 to 1 January 1978,
except on 1 January 1977 when only eighteen were retrieved because of the inaccessibility
of one mine due to snow. At each sampling date, two bags were collected from each of the
twelve patches, one bag from the non-vegetated region and one bag from the vegetated
region.
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A soil core, 2 ¢cm in diameter and 5 cm deep, was taken from directly beneath each
retrieved litter bag. Soils were oven-dried, ground with a mortar and pestle, and analysed
for pH and 14C content. To convert 14C activity of the top 5 cm of spoil (¢Ci/g spoil) to the
total amount of C within the 500 cm? of spoil beneath each litter bag, bulk densities of
different spoils were needed. In the spring of 1978, bulk density of the top 5 cm of spoil was
determined in eighteen soil cores collected from non-vegetated regions and eighteen soil
cores collected from vegetated regions of the study areas.

Unlabelled fescue and cellulose litter

Tall fescue, Festuca elatior var. arundinacea, was harvested in autumn 1977 from the
partially reclaimed surface mine in Boone County. After oven-drying the fescue, 600 litter
bags were each filled with 5 g of leaf material. Also, 600 additional litter bags were each
filled with 5 g of pure cellulose (Whatman No. 42, ashless filter paper) that had been
shredded into 0-5 cm wide strips to simulate blades of grass.

On 5 December 1977, fescue and cellulose litter bags were set out in the field. For each
litter type, one third of the bags was placed on the spoil surface at 1 m intervals along a
transect on a barren bench top and one third was similarly spaced on another bench under
the cover of F. elatior var. arundinacea at the partially reclaimed surface mine in Boone
County. The remaining one third was placed on the soil surface at 1 m intervalsin a 12 x
34 m grid under cover of native grasses at the Tucker Prairie Research Station. At ten
dates over the following 27 months, twelve fescue and twelve cellulose litter bags were
retrieved from each of the three sites.

ANALYTICAL METHODS

Ash-free mass determination

Retrieved litter bags were oven-dried at 70 °C for 24 h. Litter, especially from
non-vegetated mine siies, often was heavily contaminated with clay, which was removed by
careful rinsing with tap water over a standard number 35 soil sieve. For #C-labelled fescue
samples this method became unsuitable as decomposition proceeded because the litter
became increasingly friable and could pass through the soil sieve. Beginning with the 1
October 1977 collection, 4C-labelled litter was separated from clay by ethanol flotation
and subsequent filtration of the litter-ethanol fraction. After either procedure, cleaned litter
was redried and weighed.

Fescue samples were ground to pass a 2 mm mesh screen and cellulose samples were cut
with scissors into <0-5 cm? pieces. A 0-3-0-8 g subsample from each retrieved fescue or
cellulose litter sample was combusted in a covered porcelain crucible at 600 °C for 24 h,
and the mass of the residual ash was determined. Ash content was also determined for
seventy-two reference subsamples of !4C-labelled fescue and sixty-nine reference
subsamples of unlabelled fescue. Carbon content was calculated by assuming that organic
matter consists of 56% carbon (Kirkham 1970). All mass data are presented on an ash-free
basis.

WC determination

All C measurements were made with a Picker gas flow proportional detector using the
procedures of O’Brien & Wardlaw (1961), Dahlman & Kucera (1968), and Kirkham
(1970). From each retrieved fescue sample and from each of seventy-eight reference



