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Evaluation of Rillscale for Herbivore Forage on Bentonite Mine Spoils

Abstract
Th€ forage quality of rillscale (Atriplex suckleyi), a native annual species, was evaluared to assess its potential as herbivore
forage on bentonire mine 6poils. P.oduction esiimates were 3432 }g/ha with spoil lreatment. Seasonal growth trends and forage
qualiiy indicarc that llscale has farorable nutritionsl qualities for large herbivores. Forage quality was respectable, with dr7
matt€r dig€sribility ranging from 56 percenr to 80 p€rcent. Metabolizable en€rg] was 2.51 Mcal/kg and crude protein ranged
from 5 to 12 percent. Data for eighteen elements that affect forag€ quality are presented. These show that illscale has th€
capabitiry for naking a substantial contribution to the nutrition oflarge herbilores, although the pot€niial exists for imbalances
of iron, magnesiun, and zinc.

The major bentonitic deposits in the United
States occur in the three-state region of Montana,
Wyoming, and South Dakota (Solomon 1973).
Most deposits in South Dakota have been de-
pleted and reseryes in Wyoming are relatively
limited, Montana will experience most intensive
development of bentonitic deposits in the next
20 years.

The areal extent of disturbance as a result
of bentonite mining is much greater than is
generally realized. Disturbance appears to be
limited because of the small size (l to 4 ha) and
wide dispersal of pits. A statistical compilation
for the state of Montana in 1978 revealed rhat
bentonite mining ranked with coal mining in
areal extent of disturbance (Solomon 1973); how-
ever bentonite mine spoil, which is sodic, is much
more difficult to reclaim (Uresk and Yamamoto
1986, Smith et al. 1985, Voorhees et ol 1983,
Voorhees e, al 1987, Sieg et al. 1983a).

Industry efforts to comply with reclamation
regulations generally include grading, covering
with topsoil, and seeding to several plant species
conventionally used in reclamation of other types
of spoil, There is typically very little vegetative
establishment despite these efforts because on
most sites salt eventually migrates from spoil to
contaminate the soil.

The Forest Research Laboratory in Rapid
City has been involved in research on rehabilita-
tion of bentonite mine spoil since the early
1970's. A study to explore and develop the poten-
tial of the primary native invader of spoil, rillscale
(4tripler suckleyil, was initiated in l98l after
essential failure of several drought- and saline-

tolerant plant species in field tials on abandoned
spoil (Uresk and Yamamoto 1986),

Rillscale. a native annual. is a member of a
genus valued by range managers, i-e., Atriplex.
Petettial Atriplex species have high forage value
(digestibility, protein, palatability, etc.), and some
annual species have been cultivated as hay crops.
Wildlife and domestic livestock commonly utilize
plants of this genus (Shoop et al. 1985, Sieg et
aL l983b). Herbivore use is the major proposed
post-reclamation land use in bentonite-mined
regions. Therefore, selection of nutritious and
palatable plants is important.

The objectives ofthis study were to determine
productive capabilities, seasonal availability, and
forage quality of rillscale. Observations on these
parameters are discussed in this paper and in-
corporated into recommendations for manage-
menr.

Study Area and Methods

The study area was west of the Black Hills on
the Mowry Shale formation in northeastern
Wyoming, approximately 2 km northwest of Up-
ton. Sites on the property had been mined at
various times during a period of more than 30
years. Elevation at the study area was approx-
imate ly  1290 m.  Average annua l  p rec ip i la t ion  is
about 370 mm (National Oceanic and Atmos-
pheric Administration 1983), with 75% received
during the growing season from April to Sep-
tember (Thornburg and Fuchs 1978). Vegetation
is characteristically big sagebrush (Artemisia
t r i d. e n t at a.) gr assl a\d (pt e donir.artly A g r o p y r o n
smithii ar'd Boutelozo gracllrs) interspersed with
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stands of ponderosa pine (Pinus pond,erosa)-The
area provides forage for livestock and habirat for
many species of wildlife, including anrelope (lz-
tilocapra americana) and mule deer (Odocoileus
hemionus)-

Plots on Raw Spoil

Three sites (replications) were selected on rarr
spoil in order to characterize biomass and chem-
ical composition of the foliage of rillscale. These
sites were selected for level topography and
geological uniformity. One 50-m transect was
located on each site at random, Aboveground
biomass was collected by clipping plants near the
spoil surface from ten 0,2-m" quadrats located
at  5 -m in te r ra ls  a iong each t ransec l  compr is ing
a total of 30 plors. Quadrats were moved forward
l-m along the transecl at each of five sampling
dates at equal intervals throughout the growing
season so that no quadrat was sampled more than
once. Plant tissue samples from each transect
were cornposited for estimation of standing crop
and for chemical analyses. Height of the tallest
plant within rhree l0-cm' quadrats in each of ten
l-m2 permanent circular plors at equally spaced
intervals along each transect was measured at the
first three sampling dates.

Plots on Treated Spo I

Cuhurally treated plots were established on raw
spoil in order to assess productive capabil it ies
of rillscale on soils treated with amendments
known to have significant positive effects on its
growth (Vorhees er aL l98?). Gypsum (31 Mg/ha),
inorganic chemical nutrient (l l4 kg/ha N, 23
kg/ha P, 50 kg/ha K), and wood residue (48 mt/ha
with 6% added nitrogen) amendments were all
applied to each of three ti l led plots that were 60
x 150 cm in size. Aboveground biomass was har-
vested from half of each plot during early July
1983 and from the other half during mid-August
for estimation of standing crop. Plant tissue col-
lected from each plot in early July 1983 was used
in chemical analyses. Maximum plant height of
rillscale in each of five l0-cm' quadrats located
at l0-cm intervals along a transect of each plot
was measured to lhe nearest centimeters.

Chem cal Analyses

Plant tissue was oven-dried at 55oC, weighed, and
ground through a 20-mesh screen. Plant t issue
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analyses included total nitrogen by conventional
micro-Kjeldahl, in vitro dry matter digestibility
(Tilley and Terry 1963), and percentage ash
(A.O.A.C. l9B5). Crude protein percentage was
estimated from Kjeldahl nitrogen (CP = N% x
6.2s).

Elemental concentrations of nitric acid-
extactable aluminum, arsenic, barium, boron,
calcium, chromium, copper, iron, magnesium,
manganese, molybdenun, nickel, phosphorus,
potassium, selenium, sodium, strontium, tita-
nium, and zinc were determined for the plant
tissue by using inductively coupled plasma
atomic emission spectrometry (ICP-AES) (Fassel
and Knisely 1974, Jones 19?7, Havlin and Soltan-
pour 1980, Gestring and Soltanpour l98l).

Statlstical Analysis

Mean maximum plant height of llscale for each
treated plot was calculated from the five height
measurements, whereas mean maximum plant
height for each transect on raw spoil was
calculated from values recorded for each of ten
quadrats (n = 3) Quadrats where no plants were
found were excluded from calculations of mean
maximum plant height. Standing crop, plant
heighr, and plant tissue compositional param-
eters of each plot on treated spoil were compared
with similar variables for transects on adjacent
raw spoil using either a separate or a pooled t-
test, as dictated by variance homogeneity (z =
3). Box's approximation for evaluating the
significance of Bartlett's test was used to evaluate
variance homogeneity (Dixon and Massey 1969).
Equa.lity of each foliage compositional parameter
among treatment dates on iaw spoil rras tested
using classical one-way analysis of variance (F-
statistic) when variances were found to be equal
using Levene's test. Paiameters ruith unequal
variances were tested using statistics that do not
assume equality of variances, i.e. Welch and
Brown-Forsythe statistics (Brown and Forsythe
1974). Differences were accepted as significant
at p < 0.05.

Results and Discussion

Rillscale is an annual and consequently vas ex-
pected to have limited seasonal growth and avail-
ability due to rapid drying and fragmentation
that follow matuiity in mid-summer. Figure I il-
lustrates the rapid rise and even more rapid
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Figure l .  Seasonal  gror th t rends 'or  r i l lscale grown on raw and t reated bentoni te spoi l  wi th r  " tendard error  bars.

decline in standing crop of rillscale grown on raw
spoil. Peak standing crop (production) on raw
spoil (26 kg/ha) was low. Plant heights (Table l)
on raw spoil were near or below the minimum
required for substantial utilization by large her-
biyores, throughout the growing season (Bjugstad

and Whitman 1970).
Rillscale exhibited greatly escalated growth

with cultural treatment. Production on treated
spoil (3432 kg/ha) was greater than the produc-
tion of tallgrass prairie under favorable condi
tions (3300 kg/ha) (Stoddart et al. 1975) ard
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Raw
Tr€st€d

TABLE L Mean rnaxinun plant height (crn) of rillscale on
raw spoil and on tr€at€d spoil at three sanpling
dares during th€ l9B3 growing season.

Spoil type 24 May 14 Jun€ ? July

0.05) in sodium at ?.8%.
More serious forage quality liabilities of

rillscale included potentially toxic levels of iron
(as much as 24,900 p,glg), mangarese (as much
as 2555 pglg), and aluminum (as much as 4350
lrg/g) (Table 2). Iron levels of 100 to 2500 pglg
have been suggested as the lower limit of torici-
ty for cattle depending on the availability of iron
in the particular diet. One thousand pglg is the
maximum tolerable level of aluminum and
manganese indicated by the National Research
Council for cattle (National Research Council
1984).

High dietary levels of iron as ferrous sulfate
have been associated with decreased olasma
phosphorus and decreased performance in steers
(McDowell 1985). Aluminum toxicity has been im-
plicated as a cause of tetany and phosphorus defi-
ciency (Alfrey 1986).

Manganese is considered the least toxic trace
mineral for animals. Decreased feed intake and
decreased body weights were associated with a
rnanganese supplemented raion of 2,150 ppm and
above. Sheep showed similar effects at lower con-
centrations of dietary manganese (Hurley and
Keen 1986).

Mutual antagonism between iron and
manganese ar the level of absorption may de-
crease the adverse effects of either. High levels
ofsome elements may have been a result of con-
tamination with spoil material.

The ratio of copper to molybdenum in foliage
was adequate on raw spoil at 3.3 to 4.8, but was
very much lower (p < 0,05) on treated spoil at
0.3, which could cause molybdenosis in anirnals.
Mo lybdenum induced copper  de f ic ienc ies .  ex-
pected to occur at copper to molybdenum ratios
below 2.0 (Miltmore and Mason l97l), have been
documented in this region. Rillscale has been
shown to be a molybdenum accumulator (Voor-
hees, unpublished data), but problems with high
molybdenum content of bentonite spoil are prob-
ably localized.

Rillscale produced considerable quantities of
forage and had valuable forage quality character-
istics, Although some potential for elemental tox-
icities and imbalances exists, these would not
develop unless unlikely conditions of intensive,
exclusive, and prolonged use of rillscale occurred.
Intensive and exclusive use would be unlikely
because of the small size (l to 4 ha) and wide

3.5b
12.5b.

rHeight values within a spoil typ€ followed by the same let-
ter are not significantly differ€nt at I = 0.05.
'Height values on treat€d spoil are significandy diff€r€nt lrom
height valu€s on raw spoil on rhe sam€ date (o s 0.05).

exceeded critical bite size (Minson l95l) by over
133 percent. Height of plants on treated spoil was
adequate for use by cattle on all sampling dates
(Table l). Extrapolation ofseasonal growth trends
on raw spoil to production on amended spoil
(Figure l) indicated that significant amounts of
forage would be available for a minimum of 4
to  6  weeks  dur ing  favorab le  years ,  beg inn ing  in
early to mid-June and terminating in mid-July
if spoil were treated. The period during which
adequate forage would be available on treated
spoil would actullly be longer, because the rate
of decline in measured standing crop on treated
spoil was significantly lower than on raw spoil.

Rillscale demonstrated acceptable forage
quality characteristics (Table 2). Energy and
digestibility were high with respect to other com-
mon range forages, Digestibility ranged from 56
percent to nearly 80 percent. Metabolizable
energy, as estimated from DMD (Rittenhouse er
o/. l97l) for purposes of comparison, was as high
as 2.51 Mcal/kg on raw spoil and was increased
nearly 20 percent by spoil treatment (p 3 0.05).
Alfalfa(Medicago sarioo) is rated as high as 2.28
Mcal/kg metabolizable energy and ?l % dry mat-
ter digestibility (National Research Council
1984). The protein content of ri l lscale (5-12%)
was comparable to many range forages.

Rillscale foliage gronn on treated spoil had
a high salt content a6 indicated by an average
ash content that ranged from 35 percent to 46
percent over the giowing season. Sodium con-
tent was as high as 7 percent on raw spoil. Such
a high sodium content is to be expected as
Atripler species generally compensate for a
highly saline substrate by accumulating salts.
Foliage grown on treated spoil was higher (p <

l .4ar
6.6a'

2.4ab
I l .7b'

184 Voorhees and Uresk



TABLE 2. Standing crop and chenical conposition of the foliase of rillscale grown on raw b€ntonire nine spoil ar five san-
plins dst€s during 1983.

Raw Spoil Treat€d Spoil

Property (units) 24 May 14 June 22 liy 17  Aug .7 July 7 July

Standins crop (kg/ha)
Dry marter digestibility (%)
Crude protein (%)
Ash (%)
ca l%)
Mc \%l
P (yo)
Na (%)
K  \ % t
Zn (pgtgl
Fe (]1ete)
Mn (agls)
Ni (aslg)
Cr (sglg)
h (pgts)
Mo (rLete)
B (ysle)
At Q'etsl
Ba t"de)
Sr agi g)
Ti psls)
Cu:Mo

7ab'
7 I b
l2c
36a

0.49a
1.28a
0.31c
6.36bc
1.80a
92ab

8345a
479a

l6a
5ab

lOab
2a

39ab
3120b

55a
49a
8ab

4.75a

lBab
79b
l0bc
35a

0.47a
l .4 lg

0.21bc
7.0Ic
I.59a
85a

5930a
3 7 l a

l6a

7a

49b
1357a

25a
42a
6a

3.50a

26h
59a

Sabc
40ab

0.56ab

0 . 1 1 a

1.42a
l04ab

17000b
1280ab

18a
8bc

l3abc
3ab

2825ab
22a
70ab
5a

4.17a

l l a b
60a
5a

45b
0.70b
l . 2 l  a
0.12a
3.94a
l . I 3 a
r29b

22000bc
2555b

29a
l2d
l7c
6b

33ab
4350b

?5a
l16b
l2b

3.31a

6ab
46b

0.70b
L 2 2 a
0. l7ab
4.80ab
L I l a
l 0 l a b

24900c
l633sb

l7a
8c

I2bc
3ab

30ab
3360b

8 l a
r08b

4.72a

3432.
71
l3
34
0.48.
0.83
0.16
7.76.
1.04

r0350
423

7

43
1370

52
100'
t 0
0.281

lvalues fo. a given paraneter within a spoil type that are followed by a similar letter are not significantly differenr atp = 0.05.
'Values for a given paramet€r on t.eated spoil are significantly different from sinilar pararnerers of {oliase on rar spoil on
the sane dare (p s 0.05).

dispersal of pits over the region. Animals do not
appear to selectively seek rillscale though they
have been observed to utilize it as forage. Pro-
longed use would be unlikely because of the
relatively short periods of time during which
rillscale is available as forage. Assessment of the
composition of the diers of wildlife and livestock
that forage on these areas would be prudent and
useful to determine palatability and toxic poren-
tial. Theoretically other plant species could be
planted with rillscale (Uresk and Yamamoto 1986,
Welch l9B9) to fu her decrease the possibility of
dietary imbalances and toxicities although results
of previous field trials uti l izing other species in-
dicate practical limitations to this approach.

Conclusions

Rillscale has potential for use in revegetation of
spoil and for use as forage. This plant demon-
strated a capability for making a substantial con-
t bution to the nutrition of large herbivores,
especially when spoil treatments were applied.

However, the potential for tolicities and imbal-
ances of rillscale for herbivores may exist for iron,
manganese and aluminum. High concentrations
of these elements may reflect spoil contamination
of foliage. Foliage sarnples were not washed in
order that they might more truly represent what
would be ingested by a foraging herbivore. Native
forage on undisturbed areas adjacent to spoil
might be a potential hazard as well if this is rhe
case. This possibility deserves investigation
because it represents a potential loss in grazing
yalue that perhaps has not been considered.
Although the degree of rillscale consumed is
unknoren, cattle and deer have been observed by
the authors to urilize rillscale as forase.
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