
Introduction
 Transformation of rock to 
plant-sustaining soil occurs over hundreds of 
years, with 500-1000 years required to form 
an inch of fertile top soil.1 However, top 
soil is being lost at increasing rates, with an 
estimated 6.9 billion tons lost every year in 
the United States alone.2 Intense agricultural 
practices, overgrazing, deforestation, grow-
ing population rates, and climate variability 
are cumulatively contributing to soil deple-
tion, resulting in food insecurity. Th e Food 
and Agriculture Organization (FAO) has re-
ported that one-third of the world’s soil has 
already been lost with an estimated 60 years 
of arable land left.3 On average in the US, 
soil is depleting twenty times faster than it 
is forming.4,5 It is therefore necessary to eval-
uate the capacity of marginal soils to serve 
as non-traditional sources of soil to support 
plant growth. Marginal soils can include 
incipient soils, soils aff ected by mining pro-
cesses and fi re, over-used agricultural lands, 
vacant urban plots, and primary succession 

with an overall increase in plants associated 
with AMF.8 In another study, revegetation 
of acid mine tailings was evaluated using 
AMF, Prosopis, and compost amendments. 
Th e results showed that AMF-inoculated 
plants had higher dry biomass and root 
length when compared to controls grown in 
uninoculated compost-amended tailings.9 A 
third study applied natural amendments to 
marginal soils on the Falkland Islands to 
examine revegetation of eroded soils.6 Th ese 
studies provide evidence of marginal soils’ 
ability to support plant growth. Th e goal 
of this study was to evaluate the growth of 
native Arizona and Sonora plant species 
without any biological amendments. Th is 
study fi lls a critical gap in understanding 
the capacity of lithogenic incipient basalt 
material to support plant growth. 

A month-long greenhouse ex-
periment was conducted to determine the 
growth response of three seed types when 
grown in basalt soil. Th ese seed types in-
cluded the species Panicum sonorum (Panic 

ecosystems. While not all marginal soils will 
support food crops, soils that are able to 
support plant cover will prove benefi cial for 
natural ecosystems. Eff ective vegetation on 
such marginal soils may benefi t from sowing 
native seeds that are adapted to local cli-
matic regimes and soil types.6 Additionally, 
historical data available from seed banks can 
provide observational evidence of cultivation 
conditions best suited to local combinations 
of soil and climate.7 Th is approach can sup-
port crop conservation and biodiversity, and 
help promote cultural heritage preservation.
 Lithogenic incipient materials have 
been known to support plant growth, and, 
in turn, undergo weathering processes. A 
study by Burghela et al. in 2015 examined 
lithogenic weathering of four diff erent rock 
types (granite, rhyolite, basalt, and schist) 
amended with arbuscular mycorrhizal fungi 
(AMF) to examine mineral nutrient mo-
bilization by buff alo grass. Results showed 
that mineral weathering and nutrient release 
were enhanced in the presence of plants, 
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Grass), Prosopis spp. (Prosopis), and Phaseolus 
vulgaris “Tarahumara Norteño” (Common 
Bean). P. Sonorum prefers soil that has been 
well-drained and can also grow in nutri-
tionally poor soil. This plant is believed to 
have been discovered in Arizona and Sonora 
thousands of years ago and was cultivated 
in Hohokam dating back to four thousand 
years ago. If well irrigated, P. Sonorum grows 
rapidly, is heat tolerant, and is dependent 
on annual flooding to germinate.7 Prosopis 
spp., also known as mesquite, grows in arid 
and semi-arid environments such as deserts, 
woodlands, floodplains, grasslands, and 
shrublands. Prosopis can retain soil moisture, 
have deep tap roots and leaf adaptations to 
reduce water loss that allow them to access 
the water table in arid environments, and 
have the ability to host nitrogen-fixing 
bacteria in their root nodules.10 Prosopis are 
considered invasive in subtropical and trop-
ical regions globally, although in its native 
setting, the plant increases vegetation cover. 
The Tarahumara Norteño bean originated 
in the Tarahumara area of the Chihuahua 
region in Mexico and has been widely 
cultivated by Native American farmers 
throughout the Southwest.7,11 T. Norteño are 
known to grow in semi-tropical regions and 
host nitrogen-fixing bacteria in their root 
nodules. 

These three species typically grow 
in arid to semi-arid environments, are heat 
tolerant, and can retain water. The grass and 
bean seeds were sourced from Native Seeds 
in Tucson, AZ, and Prosopis seeds were 

materials: basaltic parent material from 
the LEO experiment (LPM), LEO parent 
material + 20% w/w commercially avail-
able compost (LPMC), and commercially 
available potting soil (PS). Compost was 
added to evaluate the effect of a natural 
amendment on LPM’s capacity to support 
plant growth while potting soil served as a 
positive control. Three replicates were set up 
for each species-soil material combination 
(n=27) in 1-gallon plastic pots with 2.1 kg 
LPM, 2.1 kg (1.68 kg LPM + 0.42 kg com-
post) LPMC, and 0.6 kg PS. The pots were 
arranged in a randomized complete block 
design with ten seeds sown per pot (Fig-
ure 1A). Prosopis seeds were soaked for 24 
hours to remove seed husks. The bean seeds 
were planted 1 cm below the surface and 
the grass seeds were loosely covered by soil 
material. All pots were covered with a square 
mesh tarp for shade and to reduce impact of 
irrigation on the seeds. A drip irrigation sys-
tem was set to increments of three one-min-
ute events a day at 8:30 a.m., 12:00 p.m., 
and 4:30 p.m., respectively, for seven days a 
week totaling 720 ml/day of tap water per 
pot. The irrigation rate was determined after 
observing the maximum volume of water 
the pots could hold without water pooling 
on the surface. The pots were monitored 
for 30 days (June 24-July 24, 2017) under 
natural temperature and light conditions.
Monitoring

To assess the effectiveness of soils 
in supporting plant growth, pots were 
surveyed every week. Percent germination 

sourced from Desert Nursery in Phoenix, 
AZ. Given the time limitation (30 days) 
of this pilot project, the plant species were 
selected to suit the high summer (June-July 
2017) temperatures of Southwest Arizona 
and had short germination periods. Three 
treatments were used: basalt parent material, 
parent material amended with compost, and 
potting soil. The objectives were to evaluate 
the ability of incipient basaltic soil to sup-
port native plant growth, determine whether 
treating the soil with compost would en-
hance plant establishment and growth, and 
evaluate differences in growth in potting soil 
versus incipient soil.

Methods
Experimental Design

Lithogenic basalt soil gathered 
from Merriam Crater in Northern Arizona 
was utilized as an incipient soil material. 
This basalt soil is being extensively studied 
at the Landscape Evolution Observatory 
(LEO), housed at the University of Ari-
zona Biosphere 2 complex, to understand 
coupled hydrobiogeochemical processes of 
landscape evolution.12,13 While the basalt 
landscapes are currently bare, there are plans 
to introduce plants to the soil system to 
understand how vegetation affects landscape 
evolution of incipient soils. This current 
study stands to inform future research direc-
tions of vegetating the LEO hillslopes.

A greenhouse pot experiment was 
conducted with three species (P. Sonorum, 
Prosopis, and T. Norteño) and three soil 

Figure 1: Greenhouse experimental set-up: (A) Pre-germination, (B) 30 days post-germination
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observed. Despite shorter plant height for 
all three species, this result highlights the 
capacity of LEO parent material to support 
plants native to the Southwest region. 
Above-ground biomass

Significant above-ground biomass 
accumulation was observed for bean and 
grass plants grown in potting soil. Proso-
pis plant accumulated the lowest biomass 
without any significant differences observed 
in any of the three treatments. The trends 
observed were similar for both wet and 
dry biomass measurements (Figure 3). The 
addition of compost to basalt soil did not 
significantly affect above-ground biomass 
when compared to basalt parent material 
alone. However, it is likely plants may need 
more than 30 days for significant changes to 
occur. Since incipient soils often lack neces-
sary nutrients and organic matter to support 
plant growth, supplementing the soil with 
organic matter amendments may sustain 
plant growth, although the effects may not 
occur on a short time-scale.

Conclusions
This pilot study of assessing the 

ability of incipient basaltic soil to sup-
port plants showed that incipient basaltic 
material supports native plant germination 
of woody species with taproots (Prosopis) as 
well as herbaceous species with fibrous (P. 
Sonorum) and densely branched (T. Norteño) 

50% germination rates in potting soil in 
contrast to 10-18% observed in the parent 
material with and without compost amend-
ment (Figure 2A). Significant differences in 
germination were not observed among any 
the soil treatments for Prosopis and P. Sono-
rum. An irregularity presented itself in one 
of the bean plant replicates in both LPM 
and LPMC due to malfunctioning irrigation 
drips that prevented the flow of water. This 
malfunction was observed on the last day 
of the study and could possibly explain low 
germination rates for the bean plants in ba-
salt soil and basalt amended with compost. 
We infer that if irrigation drips had not 
malfunctioned, we would have observed 
comparable germination for the bean seed 
in PS, LPM, and LPMC soils, thereby con-
cluding that all soil treatments can support 
germination without any significant effects.
Plant Height

For each species, significantly higher 
plant growth was observed for seeds planted 
in the potting soil as compared to basalt 
soil and basalt soil amended with compost 
(Figure 2B). The P. Sonorum and T. Norteño 
plants grew twice the height in the potting 
soil as compared to basalt with and without 
amendments, while overall growth was slow-
er for the Prosopis. However, we highlight 
the ability of basalt parent material to sup-
port all three species with sustained growth 

was recorded after 10 days, while plant 
height was recorded every week. Percentage 
seed germination was determined by the 
number of visible plant stems in each pot 10 
days after planting. One individual plant in 
each pot was marked and observed contin-
uously for consistent measurements. Plant 
height measurements (cm) were recorded at 
weekly intervals, with height measurements 
observed on the final day used for statistical 
comparisons. On the 30th day (Figure 1B), 
plants were harvested, and wet and dry 
above-ground biomass of the plant was re-
corded. Wet above-ground biomass samples 
were weighed on a balance scale, followed 
by oven drying the samples at 65ºC for 48 
hours and then reweighing to determine dry 
above-ground biomass.
Statistical Analysis

Percent germination, plant height, 
and wet and dry above-ground biomass were 
analyzed using JMP® 13.0. Significant mean 
differences were determined by one-way 
ANOVA (p < 0.05) with post-hoc pairwise 
comparisons of the means among soil types 
within each plant species using Student’s 
t-test at a significance level of p < 0.05. 

Results and Discussion
Percent Germination

Significant differences in germina-
tion were observed for the bean plants, with 

Figure 2: A) Average percent germination, and B) Average plant height of three species native to the southwest US—T. Norteño, Prosopis, and 
P. Sonorum—grown in 3 types of soil. (LPM = basaltic parent material, LPM+C = basaltic parent material plus compost, and PS = potting 
soil). Letters above the bars indicate significant differences (P<0.05) among soil types within a plant species.
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root systems. Additionally, germination 
occurred across all treatments, with potting 
soil significantly supporting higher plant 
growth when compared to the other two 
treatments. For the treatments with LEO 
parent material, no significant differenc-
es were observed between amended and 
non-amended soils. However, it may take 
a time frame of over 30 days to observe 
differences in growth between the compost 
amended soil and the parent material.

Future Work
Future work of this experiment 
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This pilot greenhouse study pro-
vides multiple research questions for future 
studies. These include examining sustained 
plant growth in the same soil treatments 

Figure 3: A) Average wet above ground biomass of three replicates, and B) Average dry above ground of three species native to the southwest US—T. 
Norteño, Prosopis, and P. Sonorum—grown in 3 types of soil. (LPM = basaltic parent material, LPM+C = basaltic parent material plus compost, and PS = 
potting soil). Letters above the bars indicate significant differences (P<0.05) among soil types within a plant species.
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