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ABSTRACT 

Soil properties greatly influence the structure and health of plant communities and are 
determined by the geologic substrate from which the soil originates. In this study, we 
explored the impact of soils from different geologic substrates on plant fitness and health 
in the White Mountains of California. We examined physical and chemical properties of 
dolomite, shale, and granite-derived soils and their effects on plant growth and fitness 
through a plant survey and germination bioassay. We observed different effects between 
each of the geologic substrates: dolomite-derived soils fostered lower germination rates 
and were associated with reduced plant fitness, while shale and granite provided 
favorable conditions for germination and greater fitness of different plant species. PH and 
particle size could potentially explain our results; however, future studies should examine 
the nutrient content of these soils. Overall, our results supported edaphic control. 
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INTRODUCTION  

In harsh environments such as deserts, 
polar and alpine regions, and ocean 
trenches, organisms must adapt to survive 
extremes. Temperature, light, wind, and 
water availability can all present limiting 
factors for these biota (Rajakaruna et al. 
2014). Due to the specific morphological 
adaptations necessary to survive in such 
adverse conditions, plants that occupy harsh 
habitats are often rare and endemic. One 
critical factor that contributes to the 
intensity of these conditions for plants is the 
properties of the soil (Rajakaruna et al. 
2014).  

Chemical and physical soil properties 
determine a soil’s suitability for plant 
growth. Soil pH influences all biological, 
physical, and chemical processes in the soil, 
controlling the presence or absence of plants 
and microorganisms (Blum et al. 2017). Plant 
growth is influenced because pH controls 
availability of macro- and micronutrients, 
such as phosphorous, zinc, iron, and 
manganese (Thomas et al. 1996, Blum et al. 
2017). The most favorable conditions have a 
pH range from 5.0 to 7.5 (Blum et al. 2017). 
Physical properties of soil can also affect 
plant growth. Particle size distribution and 
texture relate closely to water and nutrient 
status, as well as soil rootability and fertility. 
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The amount of water a soil can hold also 
depends on soil structure and particle size, 
which influences drainage ability (Blum et al. 
2017). 

Factors such as climate, elevation, aspect, 
and biota influence soil properties, but one 
crucial factor is geology. Physical and 
chemical soil properties are influenced by 
geology since rocks are the parent material 
of all soil mineral matter (Blum et al. 2017). 
The weathering of a parent rock influences 
soil characteristics such as texture, particle 
size, water retention, exchange capacity, 
and mineral ions (Troeh and Thompson 
2005). Different types of parent rock 
produce soils with unique physical, chemical, 
and thermal properties. These variations 
affect plant distribution and diversity, a 
phenomenon known as edaphic control, 
because plants have adapted to these 
specific environmental conditions 
(Marchand 1973). For example, serpentine-
derived soils have less calcium and nitrogen 
and high concentrations of heavy metals, 
which results in a plant community 
specifically adapted for the harsh 
environment (Alexander et al. 2007). As 
such, parent rock properties directly affect 
plant communities. 

It is hard to study the effects of parent rock 
on soil because of numerous confounding 
abiotic factors that may otherwise influence 
soil properties. In order to control for such 
abiotic factors, it would be essential to study 
different parent rocks in an area with 
consistent environmental variables. One 
such environment is the White Mountains, 
where multiple geologic substrates coexist.  

The White Mountains, a high desert range 
east of the Sierra Nevada in California, 
present a unique opportunity for the study 
of different vegetative communities across 
varying geologic substrates. Desert soils 

often have very similar physical and 
chemical characteristics to the parent 
material due to the lower weathering rates 
in this setting (Mooney and Zavaleta 2016). 
Edaphic control has been studied in the 
White Mountains, with findings that plant 
species from large trees to herbaceous 
perennials are controlled by their substrate 
(Marchand 1973). Interestingly, similar plant 
communities exist across multiple substrates 
simultaneously (Wright and Mooney 1965). 
Further, the alpine and subalpine ranges of 
the White Mountains present added 
environmental challenges to plant growth 
such as a short growing season, low and 
variable temperatures, slow nutrient 
turnover, and increased mechanical stress 
due to wind and lack of cover (Carlsson et al. 
1999). These factors make the White 
Mountains a compelling environment in 
which to study soil properties. 

We wanted to examine the differences 
associated with the soils formed from 
various parent rocks and how they affect 
plant fitness and phenology. Within the 
White Mountains, three common geologic 
substrates include granite, shale, and 
dolomite. Granite, an igneous rock, is a 
coarse to medium-grained rock. Shale, the 
most abundant sedimentary rock, consists of 
silt and clay-sized particles and is formed 
through compression of mud and organic 
materials (Bonewitz 2012). Dolomite, a light-
colored metamorphic rock, produces 
alkaline soil with high levels of magnesium 
and calcium and low levels of phosphorous 
that can inflict restrictions on plant growth 
and establishment (Wright and Mooney 
1965, Mota et al. 2008, Salmerón-Sánchez et 
al. 2014).  

To examine the effects of geologic 
substrate on plant growth and fitness, we 
first assessed the properties of each soil 
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through a series of experimental trials to 
determine pH, particle size, water drainage 
rates, and soil moisture content. 
Additionally, we measured variables 
pertaining to the growth and fitness of two 
flowering plant species growing on all three 
soil types. Last, we tested each of the soils’ 
effects on germination through a bioassay. 
We predicted that all the soil types would 
have distinct properties that would lead to 
different rates of germination as well as 
different levels of growth and fitness for 
flowering plants that occur across them. 
Specifically, we expected to observe lower 
levels of germination and fitness with 
dolomite soil due to previous documentation 
of its harsh nature (Mota et al. 2008). 

METHODS 

2.1 Site Location 

This study was conducted at Crooked 
Creek Research Station in the White 
Mountains, California at roughly 3,000 
meters in elevation in August 2021. Here, we 
sampled the subalpine vegetation 
community at six different substrate sites. 
This community is dominated by sagebrush 
and stress-tolerant plants. We chose two 
common flowering plants that occur across 
all three selected soils: Erigeron clokeyi and 
Eremogone kingii. E. clokeyi is a perennial 
herb 5 to 20 cm tall with basal leaves 2 to 8 
cm long. It grows at elevations between 
2,200 to 3,400 meters and blooms between 
June to September (Keil and Nesom 2012). E. 
kingii is a five-petaled flower with red 
anthers and needlelike leaves that grows on 
a basal tuft. It grows at elevations between 
1,800 to 3,300 m and blooms between June 
to August (Storer et al. 2004).  

The sites selected to survey these two 
plants included two granite areas, two shale 
areas, and two dolomite areas (Fig. 1; Table 
1). The sites were randomly chosen based on 
rock substrate and on aspect (south-facing). 

Figure 1. Topographic map of the substrate 
locations. All sites were near Crooked Creek Research 
Station at the White Mountains in the Inyo National 
Forest. All sites were on south facing slopes. All six 
substrate locations were used for plant surveys of E. 
clokeyi and E. kingii and soil sample extractions. One 
location of each soil type was selected for soil sample 
extraction, as noted with a black square in the center 
of the circle.  

Table 1: Locations of sites used for observational 
plant surveys and soil collection. Odd numbered sites 
represent areas in which soil samples were collected. 
All sites were used for observational plant surveys.  
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2.2 Soil Properties 

We went to three random south-facing 
slopes: one dominated by granite, one by 
shale, and one by dolomite. To choose 
where we collected the soil, we used a 
random number generator to get a direction 
from 0° to 359° as well as a distance from 1 
to 25 paces from the center. We marked the 
relative center of the substrate site with a 
flag as a reference point and located the ten 
sampling locations, giving us a total of 30 soil 
samples across all substrate sites. At these 
locations, we scraped off the top layer of the 
ground and used a shovel to scoop out the 
soil underneath. We placed the soil in bags 
labeled with the site location and sample 
number.  

We tested the pH of the three soil types 
using pHep®4 by Hanna Instruments. We 
made the soil into a slurry mixture using a 
1:1 soil to water ratio. After stirring the 
slurry, we let it sit for 15 minutes. We then 
mixed the slurry mixture again right before 
inserting the pH meter into the container. 
After letting the pH meter stabilize (~ 2 
minutes), we recorded the pH indicated.  

To look at the particle sizes of all three soil 
substrates, we weighed out 500 grams of soil 
from each sample bag that we obtained, 
giving us a total of 30 soil samples. We then 
placed the soil into a sieve with 
compartments at 4000 μm, 2000 μm, 500 
μm, 250 μm, 125 μm, and an end catcher. 
We shook the sieve for 15 seconds before 
weighing out the soil in each compartment. 
We calculated the percent that each 
compartment held by dividing the weight in 
the compartment over the total weight of all 
compartments.  

To test for the difference in rates of water 
drainage amongst all three substrates, we 
weighed out 400 grams of soil and placed it 

into a funnel with a coffee filter. We also 
weighed out 150 grams of water and started 
a 3-minute timer once we started to pour 
the water into the funnel. After 3 minutes, 
we weighed the amount of water caught in 
the container under the funnel. We 
calculated the percent of water drainage by 
dividing the weight of the water collected 
over the original weight of water poured. 

In order to obtain the moisture content of 
the three different soil substrates, we placed 
the bags of soil on a black tarp on a flat area 
of land. All bags were set out to dry for 48 
hours. Twice a day, we would rotate the soil. 
Once dry, it was transferred back into the 
original plastic bags where they were 
reweighed. We calculated the percent of 
water lost by subtracting the final weight 
from the initial weight and dividing that 
value by the initial weight. 

2.3 Plant Surveys 

We examined plant fitness of E. clokeyi and 
E. kingii across all three substrates at our six 
study sites. We started at the relative center 
of the slope, walked on a belt transect three 
meters wide and moved uphill until we 
found 10 of each flower. We measured the 
number of inflorescences for both plants. 
Analog calipers were used to measure disc 
size of E. clokeyi flowers that were in bloom. 
In the case of multiple blooms, we calculated 
average disc size. We also recorded the 
longest leaf length for the E. clokeyi. 

2.4 Conducting Soil Bioassays 

In order to test the effects of the different 
chemical and nutrient properties of each soil 
substrates on plant germination, we placed 
soil in specimen containers and made each 
sample into a slurry using a 2:1 ratio of soil 
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to water with 30 mL of water added to 60 ml 
of soil in order to control for soil texture. We 
coated paper towels with 2 ml of the slurry 
mixture and placed approximately 10 grass 
seeds on a paper towel, repeating 10 times 
for each soil type. The grass seeds used were 
Scotts® Turf Builder® Grass Seed Sun & 
Shade Mix®. We also placed approximately 
10 grass seeds on 10 separate paper towels 
coated with 2 ml of water as a control test. 
We placed each paper towel in a sealed 
Ziploc bag to mimic a greenhouse. Once per 
day, we would blow into the bags to provide 
fresh air. Bags were kept sealed to prevent 
moisture loss. We then waited ~6 days and 
counted the number of grass seeds that 
germinated as well as the germinated seed 
with the longest stem growth in each sample. 

2.5 Statistical Methods 

We used JMP 16 statistical software for all 
statistical analyses. Plant survey data was 
used to analyze the fitness of the flowering 
plants. To test the effect of soil substrate on 
different plant fitness measurements, 
ANOVAs were used. Soil property data was 
used to analyze soil pH, soil particle size, soil 
drainage, and soil moisture. To analyze how 
soil substrate affects the soil pH, soil 
drainage, and soil moisture, we conducted 
ANOVAs. Soil bioassays were performed to 
analyze the differences in chemical 
composition of the soil substrate types. 
ANOVAs were also used to test the effect of 
soil substrate on seed germination. 

RESULTS 

3.1 Soil Properties 

Across 30 soil samples, pH ranged from 6.7 
to 8. The well water used for each slurry 
solution had a pH of 7.4. Dolomite soils had 

the highest pH compared to both shale and 
granite, with a mean of 7.8 (Fig. 2; Table 2). 
Granite soils had a mean of 7.3, while shale 
had a mean of 7.12.  

 

Figure 2. The pH of the soil in each substrate. Soil was 
collected at one location for each of the geologic 
substrates on south facing slopes. The same letter 
above bars shows values that are not significantly 
different. Each error bar indicates 1 standard error 
from the mean. 

Table 2: ANOVA tests of differences in soil properties 
among the geologic substrates. The pH, water 
drainage rates, and soil moisture content of the soil 
substrates differed from one another. 

 
The particle size distribution was different 

but showed no discernable trend. Granite, 
on average, had the most medium sized 
particles of 500 μm. Shale had the second 
most 500 μm particles of the three soils. 
Shale also had a large quantity of particles at 
4000 μm, as did dolomite (Fig. 3). Shale and 
dolomite soils had a more even mix of 
particle sizes. 
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Figure 3. The average breakdown of each particle 
size for each of the substrate types. The soil samples 
were collected at one of each geologic substrate on 
south facing slopes. The same letters shows that they 
are not significantly different. 

The water in the granite soils drained more 
quickly than both dolomite and shale. There 
was no difference between the rates of 
drainage of both dolomite and shale (Fig. 4; 
Table 2).  

 

Figure 4. The percent of water drained through each 
of the soil substrates. The soil samples were collected 
at one of each geologic substrate on south facing 
slopes. The same letters shows that they are not 
significantly different. Each error bar indicates 1 
standard error from the mean. 

Shale-derived soils had higher moisture 
content when compared to dolomite and 
granite (Fig. 5; Table 2). Moisture levels of 
dolomite and granite soils did not differ from 
each other.  

 

Figure 5. The percent of moisture loss of each 
substrate soil. The soil samples were collected at one 
of each geologic substrate on south facing slopes. The 
same letters shows that they are not significantly 
different. Each error bar indicates 1 standard error 
from the mean. 

3.2 Plant Surveys 

Blooming E. clokeyi had a larger disc size 
(Fig. 6) and a longer leaf length on shale soils 
than on dolomite or granite (Fig. 7; Table 3). 
For E. kingii, dolomite soils yielded fewer 
total inflorescences (Fig. 8; Table 3).  
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Figure 6. The disc diameter of E. clokeyi differs across 
three substrates. The plants were surveyed at two 
locations of each geologic substrate on south facing 
slopes. The same letters shows that they are not 
significantly different. Each error bar indicates 1 
standard error from the mean. 

 

Figure 7. The longest leaf length of E. clokeyi in each 
of the substrates. These plants were surveyed at two 
locations of each geologic substrate on south facing 
slopes. The same letters shows that they are not 
significantly different. Each error bar indicates 1 
standard error from the mean. 

Table 3: ANOVA tests of the effects of geologic 
substrate on plant growth and fitness. The disc sizes 
of E. clokeyi differed amongst all substrates. Substrate 
had a marginal effect on the longest leaf length of E. 
clokeyi plants. E. kingii plants had different numbers 
of inflorescences on the 3 soil types.  

 
 

 

Figure 8. The number of inflorescences of E. kingii in 
each of the substrates. These plants were surveyed 
at two locations of each geologic substrate on south 
facing slopes. The same letters shows that they are 
not significantly different. Each error bar indicates 1 
standard error from the mean. 

3.3 Germination Soil Bioassay 

Of a total of 624 seeds, 287 (46%) 
germinated across all soil treatments and 
the control. Granite and shale slurries had 
higher germination rates than the control, 
although shale was only marginally higher 
(Fig. 9; Table 4). Dolomite did not differ from 
the control (Fig. 9). Maximum stem lengths 
across all treatments ranged from 2.5 mm to 
44.9 mm. Grass stem lengths were longer in 
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shale and granite in comparison to control, 
but granite only had a marginal effect (Fig. 
10; Table 4).  

 

Figure 9. The percent of grass germinated on each 
soil substrate. The soil samples were collected at one 
of each geologic substrate on south facing slopes. The 
same letters shows that they are not significantly 
different. Each error bar indicates 1 standard error 
from the mean. 

 

Figure 10. The longest stem length for each soil 
substrate. The soil samples were collected at one of 
each geologic substrate on south facing slopes. The 
same letters shows that they are not significantly 
different. Each error bar indicates 1 standard error 
from the mean. 

Table 4: ANOVA testing substrate effects on seed 
germination. Germination rates and longest stem 
lengths of germinants differed amongst the soil 
substrates. 

 
DISCUSSION 

The three different geologic substrate-
derived soils had different properties that 
could explain our observational and 
experimental results. Dolomite had the 
highest pH of the three soil types, which 
supports other findings of dolomite’s 
alkaline nature (Wright and Mooney 1965). 
Granite had the fastest drainage rate, which 
could be attributed to its particle size 
distribution being, on average, dominated 
by intermediate (500 μm) sized particles. 
Coarser soils allow water to drain quickly 
below the level in which it is usable to plants, 
which explains granite soils’ low moisture 
levels in our samples (Mooney and Zavaleta 
2016). Conversely, shale had a more even 
mix of particle sizes and a slower drainage 
rate, which could have led to its water 
content being significantly higher because 
finer soils retain more moisture (Mooney 
and Zavaleta 2016).  

We found that dolomite soils hosted lower 
plant growth and fitness, in accordance with 
our expectations. E. kingii had fewer 
inflorescences on dolomite soils compared 
to both granite and shale soils, suggesting it 
is less fit on dolomitic soils. In addition, seeds 
in dolomite slurries were the only ones that 
did not tend to germinate more than the 
control. Dolomite’s high pH may explain the 
lower levels of fitness of E. kingii and the 
relatively low germination rates observed in 
the bioassay, as the pH values were outside 
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the optimal range for plant growth (Blum et 
al. 2017). Dolomite slurries did not differ 
from the control in germination, implying it 
provides no more additional nutrients than 
water. These results support other findings 
of dolomite’s harsh nature that can inhibit 
plant growth and establishment (Wright and 
Mooney 1965, Mota et al. 2008, Salmerón-
Sánchez et al. 2014). Contrarily, E. clokeyi did 
not show a strong aversion to dolomite as 
the grass seeds and E. kingii plants did. 

Shale-derived soils seemed to provide a 
better habitat for both grass seeds and E. 
clokeyi plants than both granite and 
dolomite. On shale, E. clokeyi had a larger 
disc size on bloomed flowers, as well as a 
longer maximum leaf length across all 
plants. This result could be explained by the 
higher moisture content of shale we 
observed. In desert environments such as 
the White Mountains, water is a very 
important limiting factor (Mooney and 
Zavaleta 2016). As such, shale’s higher water 
content may have created a more ideal 
environment for these plants to thrive. 
Additionally, compared to other samples, 
shale had a more neutral pH that tended to 
be the lowest of the three. Its less extreme 
pH could have also led to the longer stems 
lengths of germinants as well as the 
marginally higher germination rates. 
Although a marginal effect, shale likely 
provided better nutrients for germination 
compared to the control, perhaps due to the 
fact that shale is compacted mud and often 
organic matter (McIntyre 1985). Contrary to 
our results, one study did find shale parent 
material to be acidic and to have low levels 
of organic matter and available N and P (Asio 
et al. 2018).  

Granite slurries resulted in the highest 
germination rates as well as a marginally 
longer maximum stem length of germinants 

compared to the control. Granite may 
provide more nutritional value to growing 
seeds; in a greenhouse bioassay experiment, 
the addition of granite powder to sandy soils 
significantly increased exchangeable 
potassium (Coroneos et al. 1995). E. kingii 
had more inflorescences on granite soils E. 
clokeyi, however, did not tend to perform 
better on granitic soils and had a smaller leaf 
length than those on shale soils.  

Our results support the importance of 
surveying multiple species when looking at 
effects of substrate on a plant’s growth and 
fitness. We saw that E. kingii plants were 
negatively affected by dolomite, while 
responding well to granite and moderately 
well to shale. E. clokeyi did not show a strong 
dislike of dolomite but thrived on shale soils 
and tended to have lower fitness on granite 
soils. Differences in responses to substrate 
could be due to a plant’s adaptations and 
phenology. For instance, with granite soils, 
the differences of responses of E. clokeyi and 
E. kingii in the field may be attributed to 
granite’s high drainage rate. This could allow 
water to drain past the point in which it is 
usable for small plants such as E. clokeyi, 
which preferred moister shale soils. E. kingii 
may have some adaptation or preference for 
well drained, drier soils that would explain 
its increased fitness. For example, its leaves 
are small and needle-shaped, which may 
mean that it loses less water through 
transpiration and is thus better adapted to 
desiccation than E. clokeyi (McLaughlin 
1988).  

 Additionally, we did not test for specific 
chemical and nutritional values of each soil, 
which could have further explained our 
germination results. Since we controlled for 
texture, the chemical and nutritional 
properties of the soils likely explained the 
germination results. Shale and granite 
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seemed to have favorable nutritional values 
for growing grass seeds, as opposed to 
dolomitic soils. Dolomitic soils tend to have 
low phosphorus, which aids in root, seed, 
and fruit development (Uchida 2000). 
Exploring these properties further may help 
understand the differences between these 
geologic substrates.  

Ultimately, we found support for edaphic 
control in the White Mountains. All three 
geologic substrates affected plant growth 
and fitness differently. While there was no 
overall preferred substrate for both 
flowering plants, shale and granite soils 
generally fostered higher germination rates 
and plants with overall greater fitness. 
Understanding edaphic control is not only 
important in desert environments; as 
drought is increasing in severity and 
desertification spreads, we expect to see soil 
continue to be the primary limiting factor of 
plant communities in other regions. 
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