On sites examined in the present study, there were usually fewer than 10 Lepidium plants. Many
seedlings germinated on Lepidium-sites, as observed in 1992, but few survived the drying
conditions of the following weeks in spring. Poor seedling emergence, therefore does not
necessarily account for the low plant numbers observed, but seedling survival on slick spots
might be predicated by successful taproot extension into the argillic horizon. The thin crusts dry
out well before Lepidium plants mature, so to survive, plants must extract moisture from the
deeper saline, sodic, natric zone. The few mature plants that were excavated had taproots to at
least 20 cm below the soil surface or, on average, more that 15 cm below the upper boundary of
the argillic and below the distinctively columnar argillic horizon. It seems likely that physical
resistance of the crust soils and, or resistance at the interface of the surface crust and the argillic
horizon stopped the taproots of a majority of Lepidium seedlings from growing to necessary
depths. Critical survival characteristics of Lepidium on slick spots appear to be related to its
taprooted morphology, its early germination and root elongation before the soil crusts dry out,
and a tolerance of high osmotic pressures of available water in the saline, sodic argillic horizons.

There is little known about the water relationships of shrub interspaces and particularly slick spot
types. Questions of water redistribution within, and evaporation from, similar soils will be
addressed in a field study to be conducted in 1996 (Dr. Mark Seyfried, pers. comm.). The results
will provide insights about the water availability to plants growing on and adjacent to these shrub
interspaces and perhaps shed some light on why Lepidium is typically absent from shrub
interspaces.

This study does not support the conclusion (Meyer and Quinney, 1993) that a particular tolerance
for flooded-soil conditions allows Lepidium to grow on slick spot sites. Plant growth in saturated
soils is reduced by the decreased availability of oxygen in the soil and by chemical toxicities
produced under anaerobic conditions. The slick spot profiles do not indicate that anaerobic
conditions occur during temporary ponding events. There is no gleying or high chroma mottling
in the Lepidium-site profiles, although chemically reducing soil conditions might be expected if
the soils were persistently saturated during the warm summer months (Howeler and Bouldin,
1971, Fisher and Stone, 1991). Apparently, summer ponding as a result of thunder showers is
so transitory that it does not lead to anaerobic soil conditions.

Between January and March, 1992, the surface soil on slick spots and shrub interspaces (0 - 15
cm depth) was persistently wet. Precipitation on frozen soils and low permeability of the wet
upper argillic horizon probably contributed to the high surface water contents. Although high soil
moisture content limits oxygen availability, the oxygen consumption by plants and soil microbes
was probably minimal at the low soil temperatures encountered (Hook, 1984). Once the soils
thawed, high soil moisture contents did not persist and should be uncommon given the aridic
moisture regime (Soil Survey Staff, 1992). Through the late winter season, surface soils on both
site types dried at similar rates. Lepidium germinated in the unsaturated soil crusts and rosettes
of biennial plants broke dormancy after the thaw when soil crusts were drying. Increasing soil
salinity levels in the drying soils interfered with the method used for measuring soil water
contents (time domain refractometry, TDR) and comparative results between site types are not
available after significant drying had occurred on slick spot soils.

Earlier efforts to characterize slick spot soils (Sandoval and others, 1959; Lewis and White,
1964) were inspired by the low water permeability and poor growth observed on cultivated slick
spot soils. The Chilcott-Sebree soil association was the focus of these studies and is significant
here because it is mapped on the Tenmile Ridge near one Lepidium population included in this
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study (Coliette, 1980). These studies found that slick spot soils are most highly correlated with
high exchangeable sodium throughout the profile, montmorillonitic-type clays (expanding clay
types) in upper horizons of the soil profile, and high amorphous silicates that probably contribute
to lower water permeability of the slick spots.

An early radiotracer study of water movement in and around Sebree-soil sites (Lewis et al., 1959)
demonstrated the slow permeability of slick spot soils and indirectly showed that subsurface
water movement must move laterally from the slick spot edges to the slick spot subsoil. By such
a pathway, salts from surrounding soil might have been concentrated in the slick spot subsoils.
Salts also moved upwards from the subsoil, suggesting that a similar process might be
maintaining the high salt conditions near the surface of Lepidium slick spots. Lateral and vertical
movement of soil solution was not restricted on the associated non-slick spot soils (Chilcott
series), thus accounting for the lack of salt accumulation layers in these profile.

Correlation of Lepidium Sites, Landscapes and Mapped Soils

With rare exceptions (disjunct populations in Owyhee and Bannock counties, Moseley, 1994),
Lepidium populations are distributed on a band of low-elevation alluvial landforms and basalt
plains that flank the northern and eastern shore of the lower Snake River (Figure 1). The
geomorphic mapping units described were derived from general soil mapping units in the State
Soil Geographic Data Base (Soil Conservation Service, 1991) for Idaho and the locations of the
extant, historic and extirpated Lepidium populations were from another geographic data base
(Conservation Data Center, 1995). According to this view, Lepidium occurs on four broad
geomorphic areas. The most extensive and numerous populations occur on a large unit of basalt
ridges and plains in the middle and southern end of the species range. A few populations occur
on a lobe of dissected piedmont, adjacent to the basalt plains but formed from igneous
mountains rising to the north of the lower Snake River plain. Other than the extensive population
on Tenmile Ridge, the occurrences of Lepidium on the two remaining alluvial geomorphic units
are relatively small populations. These units include (1) alluvial lake and river terraces and
Bonneville flood deposits, and (2) higher alluvial deposits in the foothills.

Within these broad geomorphic areas, the actual Lepidium habitat is very limited and confined to
small inclusions of natric-like soils within the extensive matrix of non-natric soils. Despite the
very particular characteristic of Lepidium-slick spot sites, however, some general soil factors can
describe the general soil matrix in which the species grows. Lepidium populations occur on
regions of an aridic soil moisture regime. These soils are dry for most of the time that
temperatures are suitable for plant growth. At the highest level of the Soil Taxonomy system,
such soils are classified into the soil order of Aridisols. Furthermore, the Lepidium populations
almost exclusively occur on landscapes of Aridisols that border with a xeric moisture regime (Soil
Survey Staff, 1992). Xeric soils receive a greater proportion of moisture in the cool winter when
potential evaporation is at a minimum and leaching potential is greatest. The implication for slick
spots is that there is sufficient moisture to leach salts where soils are more permeable (shrub
interspaces and shrub dune coppices), but not so much moisture to remove salts from the less
permeable slick spot soils.

Elsewhere throughout the arid and semi-arid west, small natric slick spots are found on remnant
Pleistocene surfaces, e.g., alluvial fans and steep hillslopes, within soil matrices of two Aridisol
great groups, the Haplargids and the Durargids (Nettleton and Peterson, 1983). These belong to
the suborder of Argids, which are Aridisols with diagnostic horizons of clay accumulation (argillic
horizons). Haplargids are typical Argids that lack additional profile features and Durargids are
Argids underlain by a silica subsurface horizon (duripan). The argillic horizons and duripans of
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these soils are thought to be relicts of soil formation processes during a wetter Pleistocene
climate.

Recent (Holocene) additions of eolian salts, often by loess deposition, produced the natric
character of soils now found on these same landscapes (Nettleton and Peterson, 1983). A
drying climate, gradual shallow leaching of salts, directed subsurface or surface movement of
soil solutions, sodium-induced changes in clay chemistry and structure, and surface soil erosion,
contributed to the formation of natric sail inclusions. On the semi-arid Carrizo Plain of California,
a very recent expansion of slick spots within the past 300 years is related to surface erosion and
eolian salt deposition (Reid et al., 1993). Under the current climatic regime, the slick spot
formation is not expected to be reversible.

The landforms on which Lepidium papilliferum are found are also remnant Pleistocene surfaces
typical of the Great Basin landforms described. Accordingly, the most common soil great groups
on Lepidium-habitat landscapes in EImore and Ada Counties are Haplargids and Durargids
(Appendix C). Nadurargids, which in addition to a duripan have a natric horizon, and Paleargids,
which have particularly strongly developed clay and calcium carbonate accumulations, are also
extensive on these older landscapes. Camborthids dominate the dissected terraces and plains
associated with the Snake River where there are a few smaller Lepidium populations. The
Aridisol suborder of Orthids lack the diagnostic argillic horizon of the Argids.

Typically, slick spots are too small to be delineated on Soil Survey maps. The natric soil areas
are rarely large enough, common enough, or of significant importance to the associated land
uses (e.g. irrigated cropland) to be mapped. The Chilcott-Sebree soil association, however, is
one exception where a natric soil (Sebree) is recognized in association with a non-natric series
(Collette, 1980). Appendix D lists several other soil series found within the range of Lepidium
populations that occur in near proximity to natric soil types or are mapped natric soils. Searches
for new Lepidium populations or potential habitat might best focus inventories on those remnant
Pleistocene land surfaces where the listed series are mapped. The Ada County soil survey
(Collette, 1980) does not identify any inclusion of natric soils on the lacustrine foothills
(Appendices A and C), however. This may well be an omission of information and not a true
indication that natric soils are absent. At least two soil series, Lankbush (a Haplargid) and
Payette (an Argixeroll, similar to the Haplargid), are similar to other non-natric soils that occur
with slick spot inclusions or natric-soil neighbors.

A question remaining to be answered is whether slick spots, not bearing Lepidium, provide the
same or similar edaphic environments as the Lepidium-slick spots. If they do, then there is
considerable available habitat for Lepidium that is not being used. This study suggests that there
is a very strong correlation between slick spot features (panlike often gravelly surface, lack of
shrubs, perennial grasses and forbs, a microbiotic crust, a very thin vesicular crust, and a
shallow, dense argillic horizon) and saline and natric soil chemistry. Other accounts suggest the
same relationship (Sandoval and others, 1959; Lewis and White, 1964), bringing up the
perplexing question of why Lepidium is not growing on a greater proportion of slick spot sites,
even within habitat where the plant is present.

Conclusions

Lepidium papilliferum grows on natric soil microsites, called slick spots, that occur on remnant
Pleistocene surfaces within its main geographical range on the western Snake River Plain of
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ldaho. These surfaces are on alluvial landforms associated with historic lakeshores and river

terraces, stable piedmont and associated alluvial fans, basalt plains, and on historically dissected
alluvial deposits. The habitat does not occur on active or recent (holocene) floodplains or alluvial
fans, or on recently eroded slopes, and it does not occur above the lowest slopes of the foothills.

Lepidium microsites are small natric-soil inclusions that occur within a matrix of non-natric soils.
Distinctive visual cues distinguish the Lepidium-sites from surrounding shrub interspaces. Very
similar surface features also describe a large category of sites in the range of Lepidium on which
the species is not growing. This suggests that there is considerable unused habitat for the
species within its geographic range.

The restriction of Lepidium papilliferum to slick spot microsites and the absence of all perennial
plant species from those sites, suggests that soil edaphic factors determine this species'
distribution on the landscape. Distinctive features of the microsites are very thin vesicular crusts,
a natric horizon just below the soil surface, and increasingly saline and sodic conditions with
depth. Its taprooted morphology, early germination, root elongation into the argillic horizon
before soil crusts dry out, and an apparent tolerance of high osmotic pressures of available water
in the saline, sodic subsurface horizons, enable Lepidium to grow on the crusted slick spot soils.

Soils that occur on Lepidium habitat belong to the soil taxonomic suborder of Argids which
includes soils with an aridic moisture regime (order Aridisol) and a diagnostic argillic horizon.
Nearly all Lepidium habitat borders with the xerollic moisture regime. Typical Argids (great group
Haplargid) and Argids underlain by a duripan (great group Durargid) are the predominant soil
great groups found on older Great Basin landscapes where small natric slick spots are found.
This is also true for Lepidium habitat. Holocene loess deposits on the western Snake River Plain
probably account for the salt inputs needed for the formation of natric soils.

Several soil series found on Lepidium habitat were identified as either being natric or occurring

near to natric soil series. Inventories to identify potential Lepidium habitat might focus on
landscapes where these particular soil series have been mapped in current soil surveys.

16



LITERATURE CITED

Blackburn, W.H., F.B. Pierson, and M.S. Seyfried. 1990. Spatial and temporal influence of soil frost on
infiltration and erosion of sagebrush rangelands. Water Resour. Bull. 26(6): 991-997.

Blackburn, W.H. 1975. Factors influencing infiliration and sediment production of semiarid rangelands in
Nevada. Water Resour. Res. 11(6): 929-937.

Bohn, H.L., B.L. McNeal, and G.A. O'Connor. 1979. Soil Chemistry. John Wiley & Sons, Inc, New York,
N.Y. 329 p.

Conservation Data Center. 1995. Element Occurrence Record Data Base. Sept. 1995. Conservation Data
Center, Idaho Department of Fish and Game, Boise, ID.

Collette, R.A. 1980. Soil Survey of Ada County Area, Idaho. U.S.D.A., Soil Conserv. Serv. 327 p.

Eckert, Jr., R.E., F.F. Peterson, J.T. Belton. 1986. Relation between ecological-range condition and
proportion of soil-surface types. J. Range Manage. 39(5): 409-414.

Fisher, H.M., and E.L. Stone. 1991. Iron oxidation at the surfaces of slash pine roots from saturated soils.
Soil Soc. Am. J. 55(4): 1123-1129.

Gee, G.W. and J.W. Bauder. 1986. Particle size analysis. Pages 383-412. |n A. Klute (ed.), Agronomy
No. 9, Methods of Soil Analysis, Part 1 - Physical Properties, 2nd Edition. American Society of Agronomy,
Inc., Soil Science Society of America, Inc., Madison, WI.

Hook, D.D. 1984. Adaptions to flooding with fresh water. Pages 265-288. In T.T. Kozlowski (ed), Flooding
and Plant Growth. Academic Press, New York, N.Y.

Hopkins, D.G., M.D. Sweeney, D.R. Kirby, and J.L. Richardson. 1991. Effects of revegetation on surficial
soil salinity in panspot soils. J. Range Manage. 44(3): 215-219.

Howeler, R.H., and D.R. Bouldin. 1971. The diffusion and consumption of oxygen in submerged soils. Soil
Sci. Soc. Am, Proc. 35: 202-208.

Lewis, G.C., J.V. Jordan, and M.A. Fosberg. 1959. Tracing moisture movement in slick spot soils with
radiosulfur: Part ll. Soil Sci. Soc. Am. Proc. 23: 206-210.

Lewis, G.C., and J.L. White. 1964. Chemical and mineralogical studies on slick spot soils in Idaho. Soil
Sci. Soc. Proc. 28: 805-808.

McClean, E.O. 1982. Soil pH and lime requirement. Pages 199-224. In A.L. Page, R.H. Miller, and D.R.
Keeney (eds.), Agronomy No. 9, Methods of Soil Analysis, Part 2 - Chemical and Microbiological Properties,
2nd Edition. American Society of Agronomy, Inc., Soil Science Society of America, Inc., Madison, WI.

Meyer, S.E. and D. Quinney. 1993. A preliminary report on edaphic characteristics of Lepidium papilliferum
microsites on the Orchard Training Area, Ada County, Idaho. Unpublished report on file at: State of Idaho
Military Division, Army National Guard, Boise, ID.

Moseley, R.K. 1994. Report on the conservation status of Lepidium papilliferum. Status Survey Report
prepared for [daho Department of Parks and Recreation through Section 6 funding from U.S. Fish and
Wildlife Service, Region 1. 99 p.

Nelson, D.W. and L.E. Sommers. 1982. Total carbon, organic carbon and organic matter. Pages 539-580.

17



In A.L. Page, R.H. Miller, and D.R. Keeney (eds.) Agronomy No. 9, Methods of Soil Analysis, Part 2 -
Chemical and Microbiological Properties, 2nd Edition. American Society of Agronomy, Inc., Soil Science
Society of America, Inc., Madison, WI.

Nettleton, W.D. and F.F. Peterson. 1983. Aridisols. Pages 165-215. In L.P. Wilding, N.E. Smeck, and G.F.
Hall (eds.), Developments in Soil Science lIB. Pedogenesis and Soil Taxonomy. Il The Soil Orders.
Elsevier Science Publishers B.V., Amsterdam, Netherlands. 410 p.

Noe, H.R. 1991. Soail Survey of EImore County Area, Idaho, Parts of EImore, Owyhee, and Ada Counties.
USDA., Soil Conserv. Serv. 500 p.

Othberg, K.L. 1994. Geology and geomorphology of the Boise Valley and adjoining areas, western Snake
River Plain, ldaho. Bulletin 29. Idaho Geological Survey Press, University of Idaho, Moscow, ID. 59 p.

Reid, D.A., R.C. Graham, R.J. Southard, and C. Amrhein. 1993. Slickspot soil genesis in the Carrizo Plain,
California. Soil Sci. Soc. J. 57: 162-168.

Rhodes, J.D. 1982. Soluble salts. Pages 167-180. In A.L. Page, R.H. Miller, and D.R. Keeney (eds.),
Agronomy No. 9, Methods of Soil Analysis, Part 2 - Chemical and Microbiological Properties, 2nd Edition.
American Society of Agronomy, Inc., Soil Science Society of America, Inc., Madison, WI.

Sandoval, Jr., F.M., M.A. Fosberg, and G.C. Lewis. 1959. A characterization of the Sebree-Chilcott soil
series association (slick spots) in Idaho. Sail Sci. Soc. Proc. 23; 317-321.

Soil Conservation Service. 1991. State Soil Geographic Data Base (STATSGO). Data Users Guide. USDA
Soil Conservation Service, Misc. Publ. No. 1492.

Soil Survey Staff. 1992, Keys to Soil Taxonomy. Agency for International Development, USDA Soil
Conservation Service, Soil Management Support Services Tech. Mono. No. 19, Fifth Edition. Pocohontas
Press, Inc., Blacksburg, VI.

Sposito, G. 1989. The Chemistry of Soils. Oxford University Press, New York, N.Y. 277 p.

Whisenant, S.G. 1990. Changing fire frequencies on idaho's Snake River Plain: Ecological and
management implications. Pages 4-10. In E.D. McArthur, E.M. Romney, and P.T. Tueller (compilers),
Proceedings - Symposium on Cheatgrass Invasion, Shrub Die-Off, and Other Aspects of Shrub Biology and
Management. Gen. Tech. Ref. INT-276. USDA For. Serv., Ogden, UT.

Wood, M.K., W.H. Blackburn, R.E. Eckert, Jr., and F.F.Peterson. 1978. Interrelations of the physical

properties of coppice dune and vesicular dune interspace soils with grass seedling emergence. J. Range
Manage. 31(3): 189-192.

18





