NATURAL GROMH CF ATRI PLEX SUCKLEYI
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ABSTRACT: Rillscale (Atriplex suckley
(Torrey)Rydb.) was the nost conmon and
productive plant on bentonite mne spoils,
conprising between 40 and 94 percent of the
total plant canopy cover and standing crop on
the mne spoils; yet, it was uncommon on the
unm ned sagebrush-grass sites. The success of
rillscale on the mne spoils was attributed to
its adaptation to the clinmatic and edaphic
conditions of the area, an adequate seed
source, and the absence (or near absence) of
conpeting vegetation. Soil conpaction, high
sodi um concentrations, and acidic soils linmted
gromth of rillscale on sone mne sites

| NTRODUCTI ON

Rillscale (Atriplex suckleyi (Torrey) Rydb.) is
an annual chenopodi aceous plant linmted to the
Geat Plains of North Arerica (McNeill and
others 1979). It occurs in Al berta and

Saskat chewan, Canada, and in Mntana, Wom ng
North Dakota, South Dakota, and Nebraska in the
United States (Frankton and Bassett 1970).

Al so known as scurfl ess sal tbush, and pre-
viously nanmed A dioica (Nutt.) Macbride
(Frankton and Bassett 1970), rillscale is
limted to al kaline or badland sites (H tchcock
and Oronqui st 1973), and is a comon plant on
bentonite nmine spoils in Mntana, Wom ng, and
South Dakota. This study was designed to
sanpl e the plant canopy cover and standing crop
of rillscale on bentonite mne spoils and
sagebrush-grass rangel and i n sout heastern
Montana, and to identify soil and other
environental characteristics which linmt
est abl i shnent .

its

STUDY AREA

This study was conducted in extrene south-
eastern Montana, approximately 6 mles (9km
west of the town of Alzada. The study area was
on a dense cl ay-cl ayey-saline upland range site
conpl ex, as defined by Ross and Hunter (1976),
at an elevation of approxinmately 3,300 to 3,600
ft (1000-1100 m). Annual average
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precipitation is 15 inches (37 cm, nost of
which falls between May and July (U S
Departnent of Transporation, National Cceanic
and At nospheric Administration 1976). In 1979
and 1980, 10 and 14 inches (26 and 35 cm of
precipitation fell, re-spectively. The May to
July precipitation for 1979 was 6 inches (15
cm, while only 4 inches (11 cm fell during
this period in 1980. Vegetation consists

mai nly of big sagebrush (Artenisia tridentata
Nutt.) with an understory of western wheatgrass
(Agropyron smthii Rydb.), blue gram
(Bouteloua gracilis (HB. K) Steud.), and

buf f al ograss (Buchl oe dactyl oi des (Nutt.)

Engel m). Vegetation on bentonite nine spoils
in the study area is domnated by rillscale
(Sieg and others 1983).

METHODS

Twel ve study sites were selected: ten on
bentonite mne spoils resulting fromm ning
activites between 1952 and 1978, and two on

adj acent, unm ned rangel and. The study sites
were classified into four types: (1) old mne
spoils; (2) reclaimed spoils; (3) semreclained
spoils; and (4) sagebrush-grass rangel ands

Five sites were established on old spoils
(predating reclamation |aws), which were 12 to
28 years old, steep, and nearly devoid of
vegetation. Three sites were established on 5-
to 12-year-old reclained spoils, which had been
recon-toured, spread with topsoil and seeded
with a mxture of wheatgrasses (Agropyron spp.)
and yel |l ow sweetclover (Melilotus officinalis
(L.) Lam). Two sites were established on

sem recl ai ned spoil piles, which were the
result of mning the previous fall. One of the
sem recl ai red spoils was seeded with wheat-
grasses and yel | ow sweetclover during the fall
of the first year of the study. The steep
grade of the other pile prevented seeding. Two
sites were estab-blished on gently undul ating
unm ned sagebrush-grass rangel and. Al sites
were accessible to sheep and cattle.

Pl ant canopy cover and standing crop were
sanpl ed on the 12 sites on a regul ar basis for
2 years. Plant canopy cover was estimated in
June, July, and August each year in 150,
1.1-ft2 (0.1-nf) quadrats, spaced at 3.3-ft
(1-m intervals, along three permanent 164-ft
(50-m transects on each site (Daubennire
1959). Canopy cover was visually estinated
by seven cover classes: 0 = less than
1 percent cover, 1 =1 to 5 percent,
25 percent, 3 = 25 to 50 percent,

2=5to



4 =
and

50 to 75 percent, 5 = 75 to 95 percent,

6 = 95 to 100 percent cover

Pl ant standi ng crop was estinmated by
harvesting plants at ground | evel annually, at
peak production (late July), on all sites. At
each site, plants were clipped in ten 8-inch X
20-inch (20-cm X 50-cm) quadrats, on each of
three permanent transects, were ovendried in
the laboratory at 140° F (60° C) for 48 hours,
and were wei ghed.

Twenty soil sanples were taken on each site
during the second year, to a depth of 4 inches
(10 cm), with a 2-inch (5-cn) soil probe
nounted on a drill truck. A grid pattern with
49-ft (15-m spacing was used to distribute

t he sanpl es throughout the sites. Four
conposite subsanpl es were anal yzed from each
site: two fromthe first 10 sanples, and two
fromthe next 10 sanples. Available |evels of
sodi um and pH were anal yzed by standard

techni ques (United States Salinity Laboratory
Staff 1954).

Soi | conpaction was neasured with a hand-hel d
penetroneter scaled fromO0 to 4.5 ton/ft? (0-
4.5kg/cnf). The load required to read 4.5
ton/ft2 (4.5kg/cnf) was 17 Ib (7.7 kg). Twelve
nmeasurenents were taken in a grid pattern with
46-ft (14-m spacing, on each site, every 3
weeks from May to Cctober, during the second
year of the study, for a total of 96
nmeasurements per site.

Anal ysis of variance and Tukey's multiple
conpari son procedure (Kl ei nbaum and Kupper
1978) were used to conpare plant canopy cover
aver age aboveground bi omass, and soi
properties anmong site types, nonths, and
years. Regression anal yses were used to
conpare peak standing crop and pl ant canopy
cover of rillscale to soil characteristics.

RESULTS
Pl ant Canopy cover

The pl ant canopy cover of rillscale ranged
from1l to 8 percent on the mne spoils, and
rillscale conprised between 40 and 94 percent
of the total cover on these sites (table 1).
Yet, rillscale was nearly absent on the
sagebrush-grassl ands. The cover of rillscale
did not differ significantly (P > 0.1) from
month to month, yet it varied (P < 0.05)
between years. In 1979, the cover of rillscale
was hi gher (P < 0.05) on reclained spoils than
other sites, and was simlar (P > 0.01) on senmni-

recl ai ned spoiles, old spoils, and sagebrush-
grass rangel ands. However, in 1980, canopy
cover of this pioneer plant increased

(P < 0.001) on semreclained spoils and
decreased (P < 0.05) on other spoils. This
resulted in sinilar cover values on the mne
spoils, but higher (P < 0.05) cover val ues on
these sites than on the sagebrush-grassl ands.
Pl ant canopy cover of rillscale on bentonite
m ne spoils was negatively correlated with
penetroneter readings (r = -0.52, P = 0.001)
and sodi um concentrations (r = -0.57

P = 0.001), and positively correlated with pH
(r =0.26, P=0.1).

Pl ant Standi ng Crop

Pl ant standing crop of rillscale ranged from
less than 3 I b/acre (3 kg/ha) to 169 |b/acre
(190 kg/ha), and accounted for 40 to 93
percent of the total standing crop on the nine
spoils; whereas rillscale conprised only a
smal | portion (<1 percent) of the standing

crop on sagebrush-grasslands (table 2). In

1979, standing crop of rillscale was higher (P
< 0.05) on reclainmed spoils (averaging 138
I b/acre (155 kg/ha) than on other sites, and

did not differ (P> 0.1) on old spoils

Tabl e 1.--Range and average percent plant canopy cover of rillscale and percent

of tatal
reangel and near Al zada, Mont.

pl ant cover on bentonite nmine spoils and sagebrush-grass

in 1979 and 1980.

1979 1980
Per cent Per cent
canopy cover Percent of canopy cover Percent of
Site type Range X total cover Range X total cover
ad spoils <1-6 2.6" 68 <1-4 1.8° 72
Recl ai med spoils 8-9 8. 32 60 3-5 3. 62 40
Seri recl ai med spoils <1 <1t 46 3-7 4, 9° 94
Sagebr ush- gr assl ands <1 <1! <1 <1 <1? <1

* “Means followed by the same letter superscript (within years) were not significantly

different (P > 0.05).
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senirecl ai med spoils, and sagebrush-

grassl ands. However, in 1980, the standing
crop of rillscale decreased (P < 0.05) on
reclained and old spoils and increased (P <
0.01) on senireclaimed spoils. 1In 1980, the
standing crop of rillscale was higher (P <
0.1) on semreclained spoils than on ot her
sites, was higher (P < 0.05) on reclai ned
spoils than on old spoils or sagebrush-
grassl ands, and was simlar (P > 0.1) on old
spoi |l s and sagebrush-grass sites. Plant
standing crop of rillscale on the bentonite
m ne spoils was negatively correlated with
penetroneter readings (r = -0.29, P = 0.07)
and sodi um concentration (r = -0.55, P =
0.001), and positively correlated with pH

(r = 0.46, P = 0.003).

Soil's

Soils characteristics were highly variable on
the bentonite mne spoils. In general, acidic
pH val ues, high sodi um concentrations, and
conpaction were comron. Mre than 50 percent
of the pH readings on old mne spoils were
noderately to strongly acidic (table 3).

Ei ght percent of the readings on reclained
spoils were strongly acidic (pH 4.0 to 4.9),
whi | e pH val ues on senirecl ai med spoils and
sagebrush-grassl ands were all slightly acidic
(pH 6.0 to 6.9) to slightly alkaline (pH 7.0
to 7.9).

Sodi um concentrations al so were highly
variable. Average concentrations on old
spoils ranged fromless than 2,000 ppm (10
percent of the sanples) to nmore than 7,000 ppm
(35 percent of the sanples) (table 4).

Aver age sodi um concentrations on the reclai med
spoils were all less than 4,600 ppm while 63
percent of the sanples from semreclai ned
spoi |l s averaged between 4,600 and 6, 900 ppm

Ei ghty-ei ght percent of the sanples from
sagebrush-grass rangel ands contai ned sodi um
level s of |less than 2,000 ppm (table 4).

Tabl e 2. --Range and average plant standing crop of rillscale,

Bet ween 31 and 53 percent of the peneroneter
readi ngs on bentonite spoils averaged be-tween
4.0 and maxmiumreading (4.5 ton/ft?). Only 7
percent of the readi ngs on the sagebrush-
grassl ands averaged above 4.0 (table 5). The
majority of the penetroneter readings on the
sagebrush-grass rangel ands averaged | ess than
2.0, while fewer than one-third of the

readi ngs on the bentonite spoils averaged | ess
than 2.0.

DI SCUI SSI ON

Bentonite mning activites and resultant spoi
piles in southeaster Montana provided
environnents suitable for the establishnent of
rillscale. The presence and dom nance of
rillscale on bentonite mne spoils
denonstrated the ability of this plant to
rapidly colonize barren sites. The success of
rillscale on the mne spoils (as plant cover
and standi ng crop), when conpared to seeded
species or other native plants, was attributed
toits adaptation to the climatic and edaphic
conditions of the area, the absence (or near
absence) of conpetitive vegetation, and an
adequat e seed source. The nost inhibiting
feature of the sagebrush-grasslands for the
growth of rillscale was conpetition from other
plants. The fewrillscale plants observed on
t he sagebrush-grassl and comunities were
limted to barren mcrosites.

The negative correl ations of the cover and
production of rillscale with penetroneter

readi ngs and sodi um concentrations and posi -
tive correlation with pHindicate that certain
soil (or spoil) characteristics are inhabiting
to the growth of rillscale on bentonite nine
spoils. Wth increasing conpaction, excessive
sodi um concentration, and low pH, rillscale is
less likely to grow. H gh conpaction |essens

the likelihood that plant roots would be able to

and percent of

total standing crop on bentonite mne spoils and sagebrush-grass,
rangel ands near Al zada, Mont., in 1979 and 1980.
1979 1980
Pl ant standi ng Pl ant standi ng
crop (I b/acre) Percent of crop (I b/acre) Percent of
Site type Range X total crop Range X total crop
ad spoils 3-65 29+ 57 0-55 19* 40
Recl ai med spoils 117-169 138? 50 54-79 682 51
Senirecl ai med spoils 10-21 16* 49 101-140 120° 93
Sagebrush-grassl ands  0-3 2t <1 0-2 1! <1

* %, °Means followed by the sane letter superscript (within years) were not
significantly different (P > 0.05).
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Table 3.--C assification of soil samples (0-4 inches) taken on bentonite mne spoils
and sagebrush-grassl ands near Al zada, Mnt., according to pH

Percent of sanpl es

Bentonite mne spoils Sagebr ush-
Classification pH ad Recl ai nmed Semreclaimed grassl ands
Strongly acidic (4.0 - 4.9) 45 8 0 0
Moderately acidic (5.0 - 5.9) 15 0 0 0
Slightly acidic (6.0 - 6.9) 25 33 63 25
Slightly alkaline (7.0 - 7.9) 15 59 37 75

Table 4.--Distribution of soluble and exchangeabl e sodi um concentrations in soil
sanpl es (0-4 inches) taken on bentonite mine spoils and sagebrush-grass
rangel ands near Al zada, Mont.

Na Percent of sanpl es
concentration Bentonite mne spoils Sagebr ush-
(ppm ad Recl ai med Sem r ecl ai ned grassl ands
0 - 2,000 10 33 0 88
2,000 - 4,600 40 67 37 12
4,700 - 6,900 10 0 63 0
> 7,000 40 0 0 0

Table 5.--Di stribution of penetroneter readings taken on bentonite mne spoils and
sagebrush-grass rangel ands near Al zada, Mont.

Penet r onet er Percent of sanpl es

r eadi ng] Bentonite mne spoils Sagebr ush-
(ton/ft?) ad Recl ai med Semirecl ai ned gr assl ands
0to 0.9 4 5 2 39
1tol.9 11 20 19 28
2to 2.9 13 17 30 18
3to 3.9 19 20 18 8
4 to 4.5 53 38 31 7
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penetrate the substrate. However, hal ophytic

pl ants such as rillscale generally can becone
establ i shed i n high-sodi um nmedi a. Sodi um
centrations on sone of the mne spoils are
apparently towards the upper range of tolerance
for this plant. Further, rillscale appears to
nore highly adapted to neutral or slightly
alkaline soils, and is less tolerant of acidity.
Low pH val ues are caused by the formation of
sulfuric acid frominherent sulfate ions which
neutralizes the al kaline effects of spoi
(Bjugstad and others 1981).

The conbination of these factors may explain the
| ower cover (in 1979) and production (in both
years) of rillscale on old spoils, conpared to
reclained spoils. H gh penetro-neter readings
hi gh sodi um concentrations, and | ow pH were very
common on ol d spoils, and conparatively |ess
common on reclaimed spoils. Despite the near
absence of competition fromother plants on the
old spoils, rillscale was inhibited by adverse
spoil characteristics

Differences in the plant cover and production of
rillscale on senireclained spoils are nore
difficult to explain. The 1979 data were
collected the first growi ng season after the
spoils materials were recontoured and spread
with topsoil. The | ow cover and standing crop
of rillscale on semreclained spoils in 1979
suggest that at |east one grow ng season is
required for the accurrul ation of rillscal e seeds
to a level where this plant beconmes an inportant
conmponent of the plant community. The flourish
of rillscale the second year after reclamation
may be interpreted as evidence of an adequate
seed source, acceptable soil conditions, and
very little conpetition fromother plants.

Aci di ¢ pH readi ngs were not detected on the
seni-reclained spoils, and these spoils were not
as conpacted as old spoils. Al though nost
sanpl es regi stered between 4,700 and 6, 900 ppm
of sol ubl e and exchangeabl e sodium none of the
sanpl es regi stered above 7,000 ppm (forty
percent of the sanples on old spoils were above
7,000 ppm) Plant conpitition was unlikely on
the semreclained spoils, because rillscale
accounted for over 90 percent of the cover and
production on these sites in 1980.

The decline in the plant canopy cover and
standing crop of rillscale on reclainmed and ol d
spoils in 1980, contrasted to the dramatic

i ncrease on senireclaimed spoils, indicated that
the grow ng environments on old and recl ai ned
spoi | s have characteristics nearing the
tolerance limts of rillscale, and that when
this plant is stressed by drought, it is less
likely to grow. The inhibiting feature for
rillscale on reclaimed spoils, as conpared to
senireclaimed spoils, was |ikely conpetition
fromother plant species and possibly a few
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mcrosites of acidic soils. Cherw se
penetroneter readi ngs were conparabl e on both
recl ai ned and senireclaimed spoils, and neither
site type had sodi um concentrations greater than
7,000 ppm Geater soil conpaction, higher

sodi um concentrations, and nore acidic pH were
inhibiting features for the growh of rillscale
on old bentonite mne spoils when conpared to
semreclai ned spoils. These factors, coupled
with drought in 1980, resulted in | ower
production of rillscale on the old spoils

This study denonstrated that rillscale, a native
annual forb, is highly adapted to bentonite nine
spoi |l environnents in south-eastern Mntana
However, the standing crop and plant canopy
cover of rillscale are limted by excessive soi
conpaction, high sodium concentrations, and
acidic soils on sone sites, particularly in
conbination with | ow precipitation. |In general
recl ai med spoils provided better growing nmedi a
for the establishnment of rillscale than
unrecl ai ned spoils, in the absence (or near
absence) of conpetitive vegetation
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