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Abstract

In arid and semi-arid climates, the physical and chemical
nature of the soil seedbed greatly effects success or failure of
plant recruitment. We hypothesized that the presence or absence
of microphytic soil crusts may influence the character of soil
seedbeds. To test this hypothesis, we compared chemical and
physical attributes of the soil seedbed (0-6 cm) between adjacent
areas of well-expressed microphytic soil crusts and non-micro-
phytic soil surfaces for 2 sites on granitic alluvial fans in north-
western Nevada. As compared with non-microphytic areas,
microphytic soil seedbeds were finer-textured and contained
more DTPA-extractable Mn, Cu, and Zn. Further research
should examine in greater detail the role of microphytic soil sur-
faces in eolian dust entrapment, its relationship to nutrient depo-
sition, and the interaction with seed recruitment. 
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The soil surface of arid and semi-arid regions is often covered
by a complex assemblage of algae, cyanobacteria, fungi, lichens,
and mosses. These microphytic or cryptobiotic crusts exhibit a
host of functions including soil stabilization, nitrogen fixation,
and enhancement of water regimes (Klubek and Skujins 1980,
Anderson et al. 1982, West 1990, Verrecchia et al. 1995). In arid
and semi-arid climates, eolian dust deposition is an important
component in soil genesis and nutrient transport (Chadwick and
Davis 1990, Reheis 1990, Offer et al. 1992, Blank et al. 1999).
Our purpose was to determine if the rough pinnacled surfaces
characteristic of microphytic crusts foster the entrapment of
eolian dust and consequently influence the particle size distribu-
tion and nutritional status of the soil seedbed.

Materials and Methods

The study area is about 30 km north of Reno, Nev. (119° 50' E,
39° 51'N). Two sites were chosen for detailed study based on the
availability of livestock exclosures which facilitated differential
expression of microphytic surface soil communities (Johansen
and St. Clair 1986). The Bedell Flat site is near the western edge

of the valley on the lower portion of an alluvial fan in the northwest
corner of section 22, T 23N R 19E. The slope is less than 4 percent,
the aspect is northeast, and elevation is 1548 m. The soil is mapped
as the Bedell series, a coarse-loamy, mixed, mesic, Aridic
Argixeroll developed in mixed colluvium dominantly from granite.
Following a wildfire in 1953, the site was seeded with crested
wheatgrass (Agropyron desertorum [Fisher] Schultes). An exclosure
was built in 1958. Present vegetation consists of crested wheatgrass,
cheatgrass (Bromus tectorum L.), big sagebrush (Artemisia tridenta-
ta ssp. tridentata Nutt.), needle-and-thread (Hesperostipa comata
Trin. & Rupr.), Thurber’s needlegrass (Achnatherum thurberianum
[Piper] Barkworth), squirreltail (Elymus elymoides [Raf.] Swezey)
and green rabbitbrush (Chrysothamnus viscidiflorus [Hook.] Nutt.).
By visual estimates, the enclosed area contains more crested wheat-
grass and less green rabbitbrush than the grazed area. The micro-
phytic crust in the exclosure is dominated by tortula moss with pro-
nounced microrelief.

The Dogskin Mountain site is on the upper portion of an allu-
vial fan in the southeast corner of section 12, T 23N R 19E.
Slopes are 8 to 15%, aspect is southwest, and elevation is 1695
m. The soil is mapped as the Haybourne series, a coarse-loamy,
mixed, mesic Xeric Haplocambid (Baumer et al. 1983). The sur-
face texture is gravelly loamy sand to sandy loam. The exclosure
was built approximately 20 years ago. Vegetation is similar with-
in and outside the enclosure and consists of big sagebrush, green
ephedra (Ephedra viridis Cov.), desert peach (Prunus andersonii
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Resumen

En climas áridos y semiáridos, la naturaleza física y química
del suelo de la cama de siembra afecta grandemente el éxito o
fracaso del establecimiento de plántulas. Nosotros hipotetizamos
que la presencia o ausencia de costras de suelo microfiticas
puede influenciar la características del suelo de la cama de siem-
bra. Para probar esta hipótesis comparamos los atributos físicos
y químicos del suelo de la cama de siembra (0-6 cm) entre áreas
adyacentes con costras de suelo microfiticas bien definidas y
áreas sin costras microfiticas, la comparación se realizó en 2
sitios de abanicos aluviales graníticos del noroeste de Nevada.
Comparado  con el de las áreas sin costras microfiticas, el suelo
de las áreas con costras microfiticas fue de textura mas fina y
contenía mas Mn, Cu, y Zn extractables con DTPA.
Investigaciones futuras deben examinar a mayor detalle el papel
de la superficie del suelo microfitico en atrapar el polvo eólico, su
relación con la deposición de nutrientes y la interacción con el
reclutamiento de semillas.
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A. Grey), Indian ricegrass (Achnatherum
hymenoides Roemer & Schultes), and
desert needlegrass (Achnatherum specio-
sum Trin. & Rupr.). Given the large stature
of sagebrush, wildfire has not burned the
site for at least the last 30 years. The micro-
phytic crust, which is not as well-expressed
nor covers as much surface as on the Bedell
site, is dominated by crustose and foliose
lichens creating a locally pinnacled to
undulating soil surface.

Soil samples (4 replicates) were ran-
domly collected from shrub interspace
positions lacking vascular plant cover in
microphytic (inside exclosures) and non-
microphytic (adjacent non-exclosed areas)
microsites on June 1993. We used a round
cylindrical steel sampling device with
diameter of 12 cm and depth of 6 cm. For
particle size measurements, a portion of
air-dried soil was passed through a series
of sieve sizes and the weight retained in
each sieve was recorded. The rest of the
soil tests were performed on air-dried
material passed through a 2-mm sieve.
Organic carbon was quantified by the
Walkley-Black method with a digestion
temperature of 150°C with no correction
factor (Nelson and Sommers 1982). The
Kjeldahl method was used to quantify
organic nitrogen (Bremner and Mulvaney
1982). Micronutrient bioavailability was
gaged by DTPA-extraction (Lindsay and
Norvell 1978). Plot (microphytic and non-
microphytic) differences for measured soil
attributes were determined separately for
each location using an unpaired T-test with
significance judged at the p ≤ 0.05 level. 

Results and Discussion

Microphytic soil seedbeds are signifi-
cantly finer-textured than non-microphytic
seedbeds (Table 1). Undulating topogra-

phy of microphytic soil surfaces traps
eolian dust fostering finer soil surface tex-
tures which influences soil moisture rela-
tions and soil nutrition (Kleiner and
Harper 1977, Verrecchia et al. 1995,
Anderson et al. 1982, Danin and Gaynor
1991). Content of organic C, Kjeldahl N,
and C to N ratios did not statistically differ
between microphytic and non-microphytic
treatments (Table 2). Microphytic crusts
have been shown to contribute photosyn-
thetic C directly to the soil (Beymer and
Klopatek 1992). DTPA-extractable Cu,
Zn, and Mn were higher, in some cases
statistically higher, in microphytic soil
seedbeds compared to non-microphytic
soil seedbeds (Table 2). Given that rate of
chemical extraction is proportional to sur-
face area, higher content of micronutrients
may be explained by finer textures in
microphytic soil seedbeds. Greater avail-
ability of Cu, Zn, and Mn would be favor-
able to higher plant growth. These metals,
however, were not significantly higher in
tissue of Festuca and Mentzelia associated
with cryptobiotic crusts (plant content of
Fe was higher) (Belnap and Harper 1995). 

Implications

A voluminous literature documents the
importance of soil surface microflora in a
plethora of ecological processes (West
1990, Johansen 1993, Eldridge and Greene
1994). Our research further documents
that well-expressed microphytic surfaces
occupied by lichens and mosses, through
the capture of eolian dust, create a signifi-
cantly finer-textured soil seedbed com-
pared to adjacent seedbeds not occupied
by lichens and mosses. Given the relative-
ly short time-frame (Bedell Flat exclosures
< 40 years; Dogskins exclosures < 20
years) to produce these differences in
seedbed particle size distribution, micro-
phytic crusts likely play an important role
in cycling of eolian dust on rangelands
(Williams et al. 1995, Leys and Eldridge
1998) and concomitantly on nutrient levels
and the physical nature of soil seedbeds.   
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Table 1. Weight percent of various particle size
fractions for microphytic and non-micro-
phytic seedbeds for the studied sites.

                      Location                         
Particle               Bedell Flat         Dogskins   
fraction Micro Non Micro Non
(mm)

------------------ (%) ------------------
> 3.35 1.5 1.2 3.7 3.6
2.80–3.35 0.8 0.9 2.1 2.9
2.00-2.80 3.3 a 4.6 b 7.9 a 12.4 b
1.00-2.00 9.8 a 15.4 b 19.1 a 33.5 b
0.50-1.00 10.3 a 17.4 b 19.5 a 24.5 b
0.25-0.50 13.2 15.0 12.1 9.8
0.18-0.25 8.9 a 7.5 b 6.5 a 3.3 b
< 0.180 52.1 a 38.1 b 29.1 a 9.9 b

For each location, significant differences between micro-
phytic and non-microphytic plots are denoted by differ-
ent letters.

Table 2. Selected soil attributes for microphytic and non-microphytic seedbeds for the studied sites.

                                                 Location                                                   
                Bedell Flat                            Dogskins             
Micro Non Micro Non

Organic C (%) 1.19  1.31 0.61 0.53
Kjeldahl N(%) 0.17 0.15 0.04 0.04
C:N ratio 8.4 10.5 14.2 16.9
DTPA Fe (mg kg-1) 2.1 2.0 1.1 1.0
DTPA Mn (mg kg-1) 5.7 5.3 2.4 a 1.7 b
DTPA Cu (mg kg-1) 12.5 a 11.0 b 12.3 a 8.7 b
DTPA Zn (mg kg-1) 8.1 6.8 6.0 a 3.5 b

For each location, significant difference between microphytic and non-microphytic plots are denoted by different letters.
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