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Wind, earth, and fire:  
The impacts of anthropogenic air pollution on soils 
in Joshua Tree National Park
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DESERT SOIL NUTRIENTS ARE MADE 
up of various constituents and are not 
uniform in their spatial distribution in part 
because of perennial vegetation. Under-
neath desert shrubs, nutrients accumulate, 
moisture is greater because of shade and 
lower air temperatures, and organic matter 
is denser because of leaf fall and debris 
collection. In the shrublands of Joshua 
Tree National Park, California, creosote 
bushes (Larrea tridentata) act as “fertile 
islands” that provide nutrient-rich areas 

where annual plants flourish during the 
limited precipitation season. Unfortu-
nately, the introduction of invasive annual 
plant species threatens the native annual 
plant diversity that is present following 
winter precipitation. The spread of these 
invasive species is being enhanced by 
anthropogenic, or human-related, sources 
of nitrogen (N) from air pollution deposits 
on Joshua Tree and threatens the ephem-
eral plant community that attracts visitors 
to the park each spring (fig. 1). As nitrogen 

deposition increases, the spaces between 
native shrubs increase in nutrient con-
centrations, which can lead to increased 
growth of invasive species. These changes 
in soil processes have the potential to 
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Figure 1. Ephemeral annual species (including desert pincushion and desert dandelion) fill the interspace of a creosote bush shrubland 
in Pinto Basin at Joshua Tree National Park. As these species dry up at the end of spring, their biomass breaks down under harsh desert 
conditions. Alternatively, dried-out invasive grasses (inset) remain present through summer and have the capability of carrying fire between 
shrubs when present in high numbers.
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influence overall desert plant communities 
by decreasing the richness of native plants 
and potentially leading to increased fires 
when invasive species get too dense.

Winds of change
Mobile emission sources within the 
sprawling urban landscape of southern 
California release a mix of nitric oxides 
(NOx) and ammonia (NH3) gases that 
travel on ocean breezes from the Los An-
geles air basin eastward into the desert. As 
these molecules are carried with the wind, 
they may be deposited directly on the soil 
surface (dry deposition) or dissolved in 
moisture and enter the soil matrix with 
precipitation (wet deposition). As nitrogen 
accumulates in the soil it can increase the 
growth of vegetation, change the rate of 
microbial processes such as denitrifica-
tion, and reduce the number of mycor-
rhizae (microscopic fungal communities 
that grow symbiotically with plant roots). 
The differential response of species to the 
changing conditions will affect the com-
munity composition of desert vegetation.

Atmospheric nitrogen deposition peaks 
in the park in summer (predominantly 
as dry deposition) because of increased 
sunlight and more air mass movement 
from the L.A. air basin (USEPA 2015). We 
measured the atmospheric concentration 
of N in Joshua Tree National Park and the 
adjacent Coachella Valley using passive 
air samplers at 13 sites in summer 2010 and 
winter 2011 to identify how anthropogenic 
N additions were contributing to soil N 
(Bell 2012). The Coachella Valley is the 
area of desert between the L.A. air basin 

and Joshua Tree National Park, and it is 
important as it provides an expansion 
of continuous creosote bush shrubland 
outside of the park boundaries. Data from 
summer N collections are presented here, 
as concentrations were significantly higher 
than in winter.

Concentrations of both nitric acid (HNO3) 
and ammonia (NH3) peaked on the 
western end of the study area where air 
masses move through the San Gorgonio 
Pass and head down the valley to the park 
(NADP 2014). Using stable isotope analysis 
(see sidebar, page 67) of the nitrogen and 
oxygen (O) within HNO3, we determined 
that two different sources of nitrogen 
were having an impact on the national 
park (fig. 2, next page). The main signal 
from the isotopes came from enriched O 
molecules within HNO3. Anthropogenic 
HNO3 molecules have an isotopic signa-
ture near 70‰ (Hastings et al. 2003) and 
mix with local, biogenic emissions, with an 
isotopic signature around 30‰ to create a 
gradient in isotopic signatures as nitrogen 
is deposited on the ground. Anthropo-
genic emissions are evident in two parts 
of the study area. The dominant source 
(“Source 1” on the map) of nitrogen, as 
expected, came from the west, where high 
concentrations of nitrogen come into the 
Coachella Valley from Los Angeles. The 
second source (“Source 2”) comes from 
the north end of the study area and dis-
sipates south into the park. Although these 
are low concentration emissions, they are 
measurable because of low background 
N and are associated with emissions from 
vehicles around and inside the park.

Isotope analysis of soil samples at each site 
revealed that anthropogenic nitrogen was 
accumulating in the soil. Since most of the 
deposition comes down as dry deposi-
tion in summer, anthropogenic nitrogen 
accumulates in the upper 2 cm (0.8 in) of 
the soil profile, in the gaps of soil particles 
and soil crusts. With the first rains in win-
ter, this accumulated nitrogen becomes 
bioavailable to germinating seedlings and 
increases the growth of annual vegeta-
tion. Understanding how soil processes 
are linked to atmospheric patterns can 
give managers an edge when dealing with 
the spread of an invasive plant species, 
as these plants often take advantage of 
increased resource availability.

Fire of life
To understand how increasing soil N 
affects annual vegetation growth, we 
completed a second study in the creosote 
bush scrubland of Joshua Tree National 
Park (Allen et al. 2009). This experiment 
artificially increased soil N to measure its 
effect on winter vegetation. Four NH3NO4 
fertilizer treatments simulated the poten-
tial future effect of anthropogenic deposi-
tion. Within fertilized plots, both native 
and invasive annual species increased in 
cover. Native annual species have evolved 
in low-nutrient systems, so while the addi-
tion of N—the most limiting nutrient—led 
to greater growth, there was a differential 
response relative to the dramatic increase 
of the invasive species. Native species 
richness did not decline across the entire 
study area, but native cover did decline in 
each plot relative to the invasive com-
mon Mediterranean split grass (Schismus 
barbatus). The addition of nitrogen to the 
soil increased cover and standing biomass 
in the interspace areas, making these areas 
more similar to the undershrub habitats.

These growth responses—particularly the 
increase in invasive common Mediter-
ranean split grass—were especially strong 
during high-precipitation years, such as 
2004 when a pronounced El Niño event 

As nitrogen deposition increases, the spaces between … 
shrubs increase in nutrient concentrations, which can 
lead to increased growth of invasive species.
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increased winter precipitation far above 
the average for the area. This is because 
water is the most limiting factor for plant 
growth in the desert. Generally, desert 
soils are very coarse and do not have much 
organic matter, limiting water retention. 
When water did not limit growth, how-
ever, the added nitrogen had a significant 
impact on the amount of the invasive grass 
that grew. Based on calculations of bio-
mass accumulation, we determined that 
increasing deposition past a critical load 
of 4 kg/ha/yr (3.6 lb/ac/yr) could increase 
cover of invasive grasses to the point 
where fire can spread among shrubs (Rao 
et al. 2010). The space between shrubs 
usually prevents fires in the desert from 
spreading quickly or getting too large, but 
when shrubs are connected by a carpet of 
annual vegetation instead of ephemeral 
native species (see fig. 1), fire can eas-
ily move from shrub to shrub and burn 
through the landscape. This change from 
historical smaller fires has the potential to 
have lasting impacts on the desert land-
scape because perennial species are not 
adapted to this type of disturbance.

Future trends
Anthropogenic nutrient inputs to nutrient-
limited ecosystems highlight the connect-
edness of the air-soil-plant continuum. 
Predictions for winter 2015–2016 are for 
above-average precipitation because of a 
strong El Niño Southern Oscillation build-
ing in the Pacific Ocean. If this occurs, it 
is likely that areas on the western edge of 
Joshua Tree National Park that are over the 
critical load of nitrogen for invasive plant 
growth may again experience above-aver-
age levels of biomass, which could cause 
fire to spread throughout the desert. While 
air quality has gotten better in southern 
California, even with continued popula-
tion growth, the sensitive desert ecosystem 
is still at risk. Continued monitoring and 
modeling efforts by the National Atmo-
spheric Deposition Program (NADP 2014) 
allow managers to keep track of the cur-
rent deposition levels and increase their 
active management in high-risk areas.
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Figure 2. Stable isotopes of nitric acid suggest that two anthropogenic sources of N are 
having an impact on Joshua Tree National Park. Red coloring indicates isotope values of 
oxygen representative of human inputs, whereas blues represent closer to background levels. 
Concentrations of atmospheric N are much lower in the eastern edge of the park, so while 
the local N sources are present, they are having less of an impact than those coming from 
the west.
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