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Does Annual Grass Invasion Affect 
Rangeland Drought Resistance?
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Introduction
For much of the western U.S., drought is a relatively common and natural occurrence, but is predicted to become 
more common in the coming decades accompanying larger, but less frequent, rain events (Polley et al. 2013). The 
effects that these changes will have on ecosystems is difficult to predict and to prepare for. Another common problem 
is invasive species, many of which have become established in the western U.S. These problematic weeds have caused 
problems for ranchers by lowering forage production and disrupting other ecosystem processes, goods, and services. 
Some annual grasses, such as cheatgrass, are a palatable forage for part of the year, and thus offer some replacement 
as a forage grass. However, annual grasses have been documented showing ten-fold fluctuations in productivity tied 
to precipitation (Hull and Pechanec 1947). When these annual grasses replace perennial forages, whether or not they 
can provide a forage base during drought becomes an important question.

Objectives
To study the interactions among invasion, drought, and forage production.

Materials and Methods
To evaluate these interactions, we implemented a controlled mesocosm (small, simulated environment) study where 
three precipitation regimes were developed: 30-year average, drought, and projected changes. We also developed 
five invasion severity levels using Ventenata dubia (Leers) Coss. as our invasive species: 0, 25, 50, 75, and 100%. We 
applied each combination of these two treatments to blocks of 15 mesocosm rangelands, replicated five times. We 
planted these mesocosms with a mix of native perennial grass and forb species, along with one big sagebrush shrub 
each. We installed soil moisture sensors at two soil depths (10 and 30 cm) in one block. We measured sagebrush 
plants for pyramidal volume in June and will re-measure for growth early October. We collected herbaceous biomass 
late July.

Results and Discussion
Data are still being collected and analyzed. We expect perennial forage to decline more rapidly with increasing 
invasion severity during a drought due to greater competition for water resources from invasives (Figure 1a). We 
expect annual production to be low during drought (Figure 1b). This would indicate annual grasses being an unstable 
and insufficient forage replacement. During years of average precipitation, we expect total production to be relatively 
stable regardless of invasion, as perennial biomass is replaced comparatively with annual biomass (Figure 1c). 
However, during drought, we expect total production to decline (Figure 1c) owing to a replacement of perennial 
biomass with unstable annual biomass.
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Figure 1. a) The hypothesized pattern of perennial forage availability as affected by invasion in average and drought precipitation 
scenarios. As invasion increases, perennial forage is expected to decline more in drought years than in average years.  
b) The hypothesized pattern of perennial forage availability. Annual forage is expected to do poorly during drought years.  
c) The hypothesized patterns of total forage availability as affected by invasion in an average and drought scenario. Total forage is 
expected to remain relatively stable during average years, but decline sharply during drought years.
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