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the downslope edge of panels. Do these 
altered microhabitat conditions promote 
the invasion of Saharan mustard?

 We installed an array of simulated 
solar panels in the western Mojave 
Desert, in an area with an existing 
population of Saharan mustard. After 
confirming that sunlight 
(photosynthetically active radiation) was 
reduced similarly between our 
experimental panels and a full-scale 
mockup, we used the array to test panel 
microhabitat effects on aboveground life 
stages of Saharan mustard. To estimate 
seedling emergence, we prepared 
toothpicks with a single seed glued to 
their midpoint, inserting the seeds and 
toothpicks into each microhabitat (Figure 
1b). That allowed us to track seedlings 
from germination to the end of the 
growing season and to calculate 
survivorship and seed production. We 
used these methods to estimate 
demographic transition rates in three 
growing seasons (2017 – 2019) for use in 

microhabitat-specific population growth 
models.

Saharan mustard germinates in 
response to fall and winter rainfall in the 
western Mojave Desert, usually emerging 
at our field site around midwinter and 
maturing seeds in late spring or early 
summer. By chance, our study captured a 
superbloom year in 2017. The next year 
was very dry, and plants died as juveniles 
across all microhabitats — highlighting 
the strong link between plant 
performance and rainfall in the desert. We 
observed a much higher seedling 
emergence rate, higher survivorship, and 
greater seed production in the wet year 
compared to the dry year (Figure 2b, c, d).  

Ants are important seed predators and 
dispersers in the desert. In our 
superbloom year, we also saw a lot of 
ants, and they do gather the seeds of 
Saharan mustard. That in itself was not 
surprising, but it was interesting to 
discover how diligently they track down 
these seeds. To our great surprise, we 

Solar development is 
expanding in Califor-
nia’s desert region, 

where abundant sunshine, 
inexpensive land, and low 
human occupancy provide a 
favorable environment for 
energy production. Al-
though solar energy offers 
clear benefits in terms of 
reduced carbon emissions, 
power plants can incur 
ecological costs. Construc-
tion and maintenance 
activities can introduce weed 
seeds and create new focal 
points of invasion. In 
addition, novel shade and 
moisture gradients under 
arrays may favor the estab-
lishment and spread of 
invasive plants. We set out 
to investigate the impacts of solar panel 
installations on one of these potential 
invaders, Saharan mustard (Brassica 
tournefortii). 

Introduced from Eurasia nearly a 
century ago, this species is increasingly 
prominent in California’s deserts, where 
it competes with native species and 
contributes to altered fire regimes 
(Winkler et al. 2018, Barrows et al. 
2009). Saharan mustard is known to 
germinate under a wide range of condi-
tions, exhibits a strong increase in 
fecundity with size, and performs better 
in wet years in deserts (Bangle et al. 
2008, Trader et al. 2006). At solar energy 
facilities, panels create novel local 
microhabitats (Figure 1a). In the shade of 
the panels, conditions are cooler and 
drier (Tanner et al. 2020), and runoff 
from rainfall or panel washing has the 
potential to increase soil moisture along 

Karen E. Tanner1, Ingrid M. Parker1, Sophia Haji1, Kara A. Moore-O’Leary2, Rebecca R. Hernandez2

Do solar panels mean sunny times for Saharan mustard?

1: (a) Experimental panels create shade and runoff microhabitats at an array installed north of Barstow, California. (b) A 
seed glued to a toothpick (top left), an emergent seedling (top center), and a juvenile plant (top right); a budding plant 
(center left), flowering plant (center), and a fruiting plant (center right). (c) Fabric seed bank packets ready for burial 
(bottom left); an intact seed recovered from a buried packet (bottom center), and a germinated seed recovered from a 
buried packet (bottom right).
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the dry year (Figure 2a). This pattern 
could result if more seeds germinated in 
the Shade, or if more seeds died and 
decayed in this location. Because we also 
observed the lowest seedling emergence 
rate in Shade during the dry year (Figure 
2b), we think the seeds died. 
Microhabitat conditions imposed by 
panels may favor seed pathogen activity 
and affect mortality; a study by Li et al 
(2019) linked Saharan mustard seed 
dynamics to shifts in fungal pathogen 
activity when temperature was 
manipulated. 

Could the subtle effects we observed 
on individual demographic rates exert an 
influence on overall weed performance 
and invasion? Our next step is to 
combine all this detailed data into 
population models. Demographic models 
are powerful tools because they integrate 
effects over the full life cycle and project 
population trajectories across 
generations. They also help us identify 
key life stages to target for weed control. 
We are building models of how solar 
panel microhabitats will affect Saharan 
mustard population dynamics in the 
desert, which we hope will provide 
insights into the impacts of solar 
infrastructure on these invasive weeds 
and suggest effective strategies for their 
management.

Many thanks to all our field and lab 
helpers, and our funders (California 
Energy Commission grants EPC-15-060 
and 500-10-47; the Jean H. Langenheim 
Graduate Fellowship; Northern California 
Botanists; Southern California Botanists; 
the California Native Plant Society; the 
Marilyn C. Davis Memorial Scholarship; 
and the Jill Barrett Foundation).

Authors can be contacted at 
karen.e.tanner@gmail.com. All photos 
courtesy Karen Tanner.
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observed ants clamber onto 
toothpicks, turn head-down, 
and dig in the sandy soil at 
the base of the toothpick 
until it toppled over. The ants 
then detached the seed 
glued to the toothpick and 
carried it away! Fortunately, 
we were able to overcome 
this experimental obstacle. 

So far, the discussion has 
focused on aboveground 
plant response — but what 
about the seeds? For 
invaders with annual life 
histories, seed dynamics are 
a critical driver of 
demographic performance, 
and panel-altered 
microhabitats may have 
different effects on 
aboveground plants versus 
seeds. To estimate panel effects on seed 
bank survival, we sewed seed into fabric 
packets that were distributed across the 
Control, Shade, and Runoff microhabitats 
(Figure 1c). These packets were buried 
under a thin layer of soil, and a set of 
packets was exhumed from each 
microhabitat in late spring from 2017 – 
2019. We counted the number of intact, 
dormant seeds recovered from packets to 
estimate seed bank survival after burial 
for one, two, or three growing seasons. 
We found that the number of dormant 
seeds (averaged across all microhabitats) 
dropped from ~12% in the first year of 
burial to ~6% in the second year of 
burial (Figure 2a), consistent with the 
high germination rates previously 
documented for this species (Bangle et 
al. 2008). 

We also found that panel effects 
depended on rainfall. We saw some 
intriguing aboveground trends in the wet 
year: higher seedling emergence but 
lower seed production in Shade 
compared to the Control, and higher 
survivorship and seed production in the 
Runoff compared to the Control (Figure 
2b, c, d). Seed bank survival rates were 
similar across microhabitats in the wet 
year, but we found fewer intact seeds in 
the Shade compared to the Control in 
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Figure 2: Microhabitat effects on life stage transitions for seeds belowground and plants aboveground in a wet year 
(2017) and a dry year (2018). (a) The proportion of intact seeds recovered from seed bank packets, which provides an 
estimate of the seed bank survival rate when packets were buried for one or two growing seasons (all packets were 
buried in fall 2016). (b) The proportion of seedlings emerging from seeds sown on toothpicks in each year. (c) The 
proportion of seedlings surviving to reproductive maturity. (d) The fruit count for both years (fruits typically contain 
~7-30 seeds).
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Check all websites for latest event updates

“The cheapest weed to control 
is the first one.”

Scott Marsh, State Weed and Seed Specialist 
at Kansas Department of Agriculture, during 
work session on early detection and rapid 
response at the annual meeting of the 
Western Weed Coordinating Committee, 
Dec. 1 – 3, 2020. 

“Evidence-based scientific 
debate (i.e., informed 
skepticism) indicates a 
healthy discipline; however, 
repeating unsupported claims 
and disregarding decades of 
evidence negates knowledge 
progression, adversely affects 
public attitudes, and misleads 
policy makers.” 

Ross Cuthbert and 18 others, “Invasion 
costs, impacts, and human agency: response 
to Sagoff 2020” in Conservation Biology, 
July 30, 2020.

Western Society of Weed Science
March 1 – 4, Online
wsweedscience.org/annual-meeting

California Trails & Greenways 
Conference
April 14 – 16, Modesto, CA
parks.ca.gov/?page_id=24151

California Invasive Species  
Action Week
June 5 – 13
wildlife.ca.gov/conservation/invasives/
action-week 

Society for Ecological Restoration, 
World Conference
June 19 – 24, Online
ser2021.org/

Non-Profit Org.
U.S. Postage

PAID
Oakland, CA

Permit No. 8435 

1442-A Walnut Street, #462
Berkeley, CA 94709

ADDRESS SERVICE REQUESTED

California Weed Science Society
January 25 – February 25, Online
cwss.org

Public Lands Alliance Convention 
and Trade Show
February 9 – 12, Online
publiclandsalliance.org/what-we-do/
convention

Riparian Restoration Conference
February 16 – 19, Grand Junction, CO
riversedgewest.org/annual-conference

National Invasive Species 
Awareness Week
February 20 – 28
naisma.org/programs/nisaw/ 
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