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What is pinyon-juniper 
encroachment?
Pinyon-juniper encroachment is the expansion of 
pinyon-juniper woodlands into ecosystems that 
historically were shrublands or grasslands. These 
tree species have increased in abundance due to 
fire suppression, land use and favorable climate. A 
significant portion of this encroachment occurs in 
sagebrush rangelands and affects many processes 
within these ecosystems

Increased tree cover changes 
the availability of nutrients
Pinyon-juniper encroachment into sagebrush 
ecosystems significantly alters nutrient cycling and 
availability through changes in the composition 
and distribution of nutrient pools.  As tree cover 
increases, the overall root system changes, with 
more far-reaching lateral roots close to the surface 
and tap roots that extend deep into the ground. This 
change in root structure results in the redistribution 
of soil nutrients, moving nutrients far away 
from shrubs or grasses rooted in the interspaces 
between tree canopies located in areas beneath the 
overstory trees. This limits successful establishment 
and growth of shrubs and perennial herbaceous 
plants. Additionally, trees obtain more nutrients 
than shrubs and grasses and ultimately store 
more nutrients in their leaves and litter. As litter 
accumulates at the base of trees, the result is islands 
of nutrient-rich soil adjacent to nutrient-deficient 

Key Points
 » Encroachment leads to an increase in tree 
roots that travel farther and deeper than understory 
plant roots and uptake nutrients in the empty spaces 
between canopies.  

 » A decline in nutrients available for other plants in 
the interspaces between trees diminishes understo-
ry plant communities, increasing risk of non-native 
grass invasion. 

 » Aboveground carbon stocks increase with pinyon-ju-
niper encroachment and are more susceptible to 
loss through fire, which can lead to greater cover of 
invasive species. 

 » Treatment of invading woodland, both through 
cutting and prescribed fire, can increase cover of 
perennial herbaceous plants and associated carbon 
storage and soil stability. 

Trees uptake nutrients from space between canopies, lowering 
nutrient availability for other plants. Photo by Rick Miller. 



Pinyon-Juniper encroachment increases aboveground carbon stocks 
susceptible to loss by fire. Photo by Rick Miller. 

interspaces between trees.  The accumulation 
of litter and nutrients beneath tree canopies 
can result in three to five times more organic 
carbon and nitrogen than in interspaces, which 
only increases as trees mature.  Greater nutrient 
uptake from increasing tree cover leads to more 
bare area and smaller, more widely spaced 
shrubs and perennial grasses. 

Encroachment effect 
on the carbon cycle
In sagebrush rangelands, over 90% of carbon is 
belowground in roots of perennial herbaceous 
plants, such as grasses and forbs. Invading 
pinyon-juniper woodlands dramatically alter 

the carbon cycle in sagebrush ecosystems by not only increasing aboveground carbon stocks, but by 
also reducing the belowground carbon pools associated with intact sagebrush ecosystems. While a large 
carbon sink may be beneficial for sequestering greenhouse gases, in areas susceptible to fire or drought, 
aboveground carbon pools are not a long-term carbon storage pool. High-severity fires can not only cause 
great losses in both aboveground and belowground pools, but also have the potential to increase invasion 
of non-native annual grasses (e.g., cheatgrass). Healthy rangeland communities can act as more permanent 
carbon storage since most of the perennial herbaceous plant roots survive fire and continue storing carbon. 
However, encroachment can lead to lower survival of carbon-sequestering understory plants, as increases in 
litter and downed wood fuel hotter fires that damage roots.

In addition to competition and potential for severe wildfire, pinyon-juniper encroachment also impacts 
surface (i.e., litter and shallow soils) and belowground carbon pools. Woodland expansion influences vertical 
distribution of carbon by increasing the overall 
amount and depth of root organic carbon, while 
also redistributing soil organic carbon to the top 
15-20 centimeters through the decomposition 
of litter. Loss of perennial herbaceous plants 
leads to greater erosion, as fewer roots anchor 
the soil. Nutrients in the top layers of soil can be 
washed away as soil becomes eroded. With soil 
organic carbon allocated to less physically stable 
surface soils, management that encourages soil 
stability through promoting healthy understory 
communities can further improve carbon 
sequestration. 

How does management 
influence carbon and 
nutrient cycling?
Management of encroaching pinyon-juniper can help restore a functional nutrient cycle and promote 
carbon storage through the return of healthy sagebrush ecosystems with perennial herbaceous plants. 
Reduction of pinyon-juniper tree cover through mechanical treatment (e.g., mastication, cutting) results 

Encroachment threatens sagebrush ecosystems, which have a greater 
proportion of carbon below ground  that is protected from fire. Photo 
from the National Park Service. 



in a change of nutrient uptake as the redistribution of nutrients is halted. Nutrients may even increase in 
some areas. The roots of trees decompose after cutting and slowly release nutrients, although deep soil 
carbon pools are not influenced by management. Leaving trees cut on site can result in greater litter and 
litter decomposition, which can cause more organic material in the soil and increase nutrient availability. 
However, there can be a decrease in surface carbon pools following tree removal on sites with limited 
understory cover, as lack of tree canopy interception combines with extensive bare areas to increase erosion. 
Perennial herbaceous plants can return quickly after management and can provide both a consistent soil 
organic matter pool and reliable carbon storage.

Treatment of woodland expansion through prescribed fire can also be favorable to nutrient availability. 
After fire, there can be a rapid increase in plant-available nutrients by processes that influence nutrient 
mobilization (e.g., volatilization, mineralization, increased decomposition rates). However, fires that are too 
severe can deplete nutrients from the soil.  Combined cutting and burning can result in greater amounts of 
nitrogen, phosphorus and potassium within the first two years after treatment. While prescribed fire does 
have the potential to cause some loss of aboveground carbon and nitrogen, it is a tool that can be used to 
reduce woody fuels associated with pinyon-juniper encroachment with lesser effects on ecosystem carbon 
and nitrogen pools than high-severity wildfire. Under certain conditions, prescribed fire can encourage 
increased invasion of non-native annual grasses that further alter nutrient cycling, so the risk needs to be 
considered in the context of site characteristics and management history.
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