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INTRODUCTION

The need to develop energy sources in the United States to become
more energy independent has resulted in increased surface mining for
low-sulfur lignite and subbituminous coal in the northern Great Plains
during this past decade. Simultaneously with increased surface mining
activity came the concern to reclaim mined lands to a productivity
level equal to or better than before mining. Extensive research, new
legislation, and increased reclamation experience by the mining
industry followed and have advanced reclamation technology.

The purposes of this paper are to provide a review of grazing
research on-reclaimed, cool-season pastures in North Dakota and to
compare water-use-efficiency (WUE) of forage grown on unmined and

mined land.

REVIEW OF GRAZING RESEARCH ON RECLAIMED COOL-SEASON PASTURES

We began postmine grazing research in 1976 on the first reclaimed
grassland area released from bond in North Dakota. This grassland was
dominated by cool-season, introduced grasses and alfalfa and was
grazed each year from late May through early July as cool-season
pasture. In the first study, we determined the effects of grazing
intensity (ungrazed, light, moderate, and heavy} on vegetation and
animal performance on the reclaimed grassland (1}. Vegetation and
animal production on the reclaimed pastures was similar to that

measured on unmined pastures.
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hayland (4)}. Characteristics included productivity (vegetation and
animal), ground cover and scoil loss, species composition and numbers,
and seasonality of use. Of these, vegetation productivity and surface
ground cover were determined to provide an appropriate and adequate
measure for documenting reclamation success for the postmine land use

of pasture and occasional hay production.

WATER~USE~EFFICIENCY ON RECLAIMED COOL-SEASON PASTURES

Water is a primary factor affecting plant growth. In the western
United Statés, the amount of water received annually as precipitation
is usually much less than the potential evapotranspiration,

Therefore, the amount of plant dry matter produced per unit of water
used (water-use-efficiency) is important to crop and forage
management. Various legumes, pasture grasses, and range grasses are
known to vary in their water-use-efficiency (WUE) (5). Management
practices, such as fertilization of native range communities have also
been found to improve WUE (6) (7). Holmen et al. (8) found that

irrigation of bromegrass (Bromus inermis) and a bromegrass-alfalfa

(Medicado sativa) mixture to a medium soil water level improved WUE

over non-irrigated, dryland plots. Their data further suggest that
water use by irrigated grasses is even more efficient when fertilizers
are applied to correct nutrient deficiencies.

Determination of the plant dry matter produced per unit of water
used is an equally important measure on reclaimed mine land as it is
on unmined land. Since in the mining and reclamation process,

s0il/spoil profiles are reconstructed, data are needed to evaluate the
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A significant interaction (Fig. 1) for year and grazing intensity
was also observed (F=6.95, P>F=.0004)., During the 1980 growing
season, forage WUE for light, moderate, and heavy grazing intensities

fell below the forage WUE for the ungrazed vegetation.
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Fig. 1. 1Interaction of year x grazing intensity observed during study.

Discussion
The greatest mean forage WUE was measured on the cool-season

pastures during the growing periods of 1978, 1979, and 1981, and the

lJowest during 1977 and 1980. Maximum air temperatures and free water
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evaporation were the lowest when WUE's were highest, indicating water
was more efficiently used in producing forage under cooler climatic
conditions.

Mean forage production per unit of water used was highest when
the pastures were lightly grazed each season. Moderate grazing
pressure resulted in an intermediate level of forage WUE and ungrazed
or heavily grazed, the lowest. This is interesting since ungrazed vs.
heavy grazed treatments represent direct opposites in use. This
suggests that the vegetation on these reclaimed cocl-season pastures
was stimulated tq produce more total vegetation per unit of water used
when lightly or moderately grazed. However, these are not simple
relationships. The effect varies with changes in climatic conditions
from year to year. Past heavy grazing pressure caused the greatest
reduction in forage WUE during the unfavorable 1980 growing pericd, a
response also expected on unmined cool-season pasture.

Water-use-efficiencies of brome-alfalfa mixtures on unmined land
have been reported by Holmen et al. (8). They found that the WUE of a
brome-alfalfa mixture on non-irrigated, unmined land for the two year
period of 1955-56 averaged 10.0 kg/ha/mm. The WUE measured for the
reclaimed cool-season pastures, also primarily a brome-alfalfa
mixture, compared well, ranging from 9.2 to 13.8 kg/ha/mm. The
comparison of these data indicates that water can be as efficiently
used by vegetation on reconstructed minesoils as similar species on
unmined nondisturbed soils, It also suggests that the soil
characteristics of thie reclaimed grassland important to plant-water
relations have not been adversely affected or altered by the mining

disturbance.
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