
Response of Planted Sagebrush Seedlings to Cattle
Grazing Applied to Decrease Fire Probability☆,☆☆

Authors: Davies, Kirk W., Bates, Jon D., and Boyd, Chad S.

Source: Rangeland Ecology and Management, 73(5) : 629-635

Published By: Society for Range Management

URL: https://doi.org/10.1016/j.rama.2020.05.002

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 18 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



Rangeland Ecology & Management 73 (2020) 629–635 

Contents lists available at ScienceDirect 

Rangeland Ecology & Management 

journal homepage: www.elsevier.com/locate/rama 

Response of Planted Sagebrush Seedlings to Cattle Grazing Applied to 

Decrease Fire Probability 

✩ , ✩✩ 

Kirk W. Davies a , ∗, Jon D. Bates b , Chad S. Boyd 

c 

a Lead Scientist, USDA – Agricultural Research Service, 67826-A Hwy 204, Burns, OR 97720, United States 
b Rangeland Scientist, USDA – Agricultural Research Service, 67826-A Hwy 204, Burns, OR 97720, United States 
c Research Leader, USDA – Agricultural Research Service, 67826-A Hwy 204, Burns, OR 97720, United States 

a r t i c l e i n f o 

Article history: 

Received 2 October 2019 

Revised 3 February 2020 

Accepted 22 May 2020 

Keywords: 

Artemisia tridentata 

Fuel management 

Fuel reduction 

Sagebrush restoration 

Transplanting 

Shrub recovery 

a b s t r a c t 

Restoration of non-sprouting shrubs after wildfire is increasingly becoming a management priority. In 

the western U.S., Wyoming big sagebrush ( Artemisia tridentata Nutt. ssp. wyomingensis Beetle & Young) 

restoration is a high priority, but sagebrush establishment from seed is sporadic. In contrast, planting 

seedlings often successfully restores sagebrush, but is expensive and time consuming. After planting, 

hence, there is a need to protect the investment from disturbances such as fire that will erase gains 

in sagebrush recovery. Grazing is likely the only tool that can be applied feasibly across the landscape 

to decrease wildfire probability, but there are concerns that grazing and associated activities (e.g. tram- 

pling) may negatively impact sagebrush seedlings. We investigated effects of grazing by cattle, applied 

as a fine fuel management strategy, on planted sagebrush seedlings at five blocks for five years. Grazing 

substantial reduced exotic annual grasses, large perennial bunchgrasses, and total herbaceous cover, thus 

achieving fuel management goals. Sagebrush cover and reproductive effort s were almost 2-fold greater 

in grazed compared to non-grazed areas in the final year of the study. This suggests that grazing favored 

sagebrush, a generally unpalatable shrub, recovery, likely by reducing competition from highly palatable 

herbaceous vegetation. Density of sagebrush, however, was similar between grazed and non-grazed areas. 

This research demonstrates that grazing can be strategically applied to reduce the probability of wild- 

fire in areas with planted sagebrush seedlings; thereby, protecting the investment in sagebrush recovery. 

With more refinement, it also appears that grazing can be utilized to accelerate the recovery of sage- 

brush and potentially other woody vegetation habitat by modifying the competitive relationship between 

herbaceous and woody vegetation. 

Published by Elsevier Inc. on behalf of The Society for Range Management. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Restoration of shrubs is becoming increasingly recognized as a

anagement need in ecosystems around the world ( Wong et al.,

007 ; Medina-Roldán et al., 2012 ; Miao et al., 2015 ). Shrubs can

rovide critical ecosystem services, including increased soil organic

arbon, fertility islands, and increased diversity ( Zhao et al., 2007 ;
✩ USDA is an equal opportunity provider and employer. 
✩✩ Mention of a proprietary product does not constitute a guarantee or warranty 

f the product by USDA or the authors and does not imply its approval to the ex- 

lusion of other products. 
∗ Corresponding author at: Lead Scientist, USDA – Agricultural Research Service, 

7826-A Hwy 204, Burns, OR 97720, United States. 

E-mail address: kirk.davies@ars.usda.gov (K.W. Davies). 
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onseca et al., 2012 ; Gang et al., 2012 ; van Zonneveld et al., 2012 ).

hrub restoration can also be a management priority because many

hrubs are key habitat components for wildlife of conservation

oncern ( Shaw and Monsen, 1986 ; Chandler et al., 2009 ; Fulbright

t al., 2018 ). Shrub restoration, particularly in water-limited ecosys-

ems, can be challenging because establishment is often limited by

ater stress ( Porensky et al., 2014 ). 

Big sagebrush ( Artemisia tridentata Nutt.) restoration is a man-

gement objective in many western United States rangelands

ecause of its importance and wide-spread loss ( Davies et al.,

011 ). By the early 20 0 0s, sagebrush occupied only approximately

alf of its historic range ( Knick et al., 2003 ; Schroeder et al.,

004 ). Recent large wildfires (mega-fires) have resulted in large

andscapes devoid of sagebrush ( Davies et al., 2018 ) and an

ncertainty when and even if they will naturally recover. This
s is an open access article under the CC BY-NC-ND license. 
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oss of sagebrush habitat has further challenged the conservation 

f sagebrush-associated organisms, especially sagebrush-obligate 

ildlife ( Crawford et al., 2004 ; Suring et al., 2005 ; Shipley et al.,

006 ). Sagebrush restoration is needed because it is a foundation

pecies that provides ecosystem services and functions ( Prevéy 

t al., 2010 ), including microhabitats for seed germination and 

stablishment, and habitat for wildlife of conservation concern. 

Wyoming big sagebrush ( Artemisia tridentata Nutt. ssp. wyomin- 

ensis Beetle & Young) is particularly difficult to restore because 

t occupies more water-limited and hotter rangelands. Similar to 

any other perennial species in arid ecosystems, Wyoming big 

agebrush establishment from seed is sporadic. Most efforts to re- 

tore Wyoming big sagebrush by seeding have failed ( Lysne and

ellant, 2004 ; Davies et al., 2013 ; Knutson et al., 2014 ), though

here are exceptions ( Davies et al., 2018 ). Planting seedlings has

roven to be a more reliable method to restore Wyoming big sage-

rush ( Davies et al., 2013 , 2020 ; McAdoo et al., 2013 ; Davidson et

l., 2019 ); probably because this method bypasses the smallest size

lasses that are the most likely to suffer mortality ( Shriver et al.,

019 ). This method is logistically challenging, labor intensive, and 

xpensive ( McAdoo et al., 2017 ). Therefore, after investing in this

ethod, avoiding disturbance-induced mortality of planted sage- 

rush seedlings is a high priority. 

Wildfire is a common disturbance in this ecosystem and a per-

istent threat to efforts to restore big sagebrush as this species

s fire intolerant. In post-fire landscapes, the most common sce- 

ario where sagebrush restoration is needed, fine fuels are of- 

en greatly increase in the following years. This poses an elevated

isk of re-burning. Herbaceous vegetation biomass often doubles 

fter fire in sagebrush communities ( Harniss and Murray, 1973 ;

resk et al., 1976 ; Davies et al., 2007 ). Exotic annual grasses of-

en also increase after fire in Wyoming big sagebrush communi- 

ies ( Chambers et al., 2007 ). Increases in exotic annual grasses sub-

tantially increase the probability of wildfire because they produce 

ore fine fuels that dry out earlier than native-dominated commu- 

ities ( Davies and Nafus, 2013 ). Thus, there is significant concern

hat areas planted with sagebrush seedlings will burn and erase all

ains in sagebrush recovery. For example, wildfire burned several 

reas on the Hanford Reach National Monument where sagebrush 

eedling had been planted, removing most of the sagebrush trans- 

lants ( Dettweiler-Robinson et al., 2013 ). 

Successful recovery of sagebrush by planting sagebrush 

eedlings is, to some degree, dependent upon fire management, 

hich includes fine fuel management. Livestock grazing is likely 

he only treatment that can be applied feasibly to reduce fine fuel

oads across large sagebrush landscapes. Grazing by cattle can re- 

uce fine fuel amounts ( Diamond et al., 2009 ; Davies et al., 2010 )

nd increase fuel moisture by removing dead materials ( Davies

t al., 2015 ), subsequently decreasing the probability of wildfire

gnition and spread ( Diamond et al., 2009 ; Davies et al., 2017 ).

owever, land and wildlife managers are hesitant to apply cat- 

le grazing to areas planted with sagebrush seedlings because of 

oncerns that cattle use will increase sagebrush mortality through 

rampling and potentially inadvertent grazing. Non-planted, just 

merged seedling survival of basin big sagebrush ( A. t. tridentata )

as lower on livestock-grazed compared to non-grazed plots in a 

hort-term study in Utah; however, mortality was high ( > 95%) in

oth grazed and non-grazed areas ( Owen and Norton, 1992 ). The

usceptibility of planted sagebrush seedlings to livestock use may 

e different than just emerged seedlings. 

Grazing may also influence the competitive relationships be- 

ween sagebrush, which is generally non-palatable to cattle, and 

ighly palatable herbaceous vegetation, thereby, potentially medi- 

ting any negative effects or even promoting sagebrush growth. 

iet of cattle in the spring and summer are 97% or more herba-

eous vegetation, with the majority being graminoids, and 0–1% 
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 18 Au
f Use: https://bioone.org/terms-of-use
agebrush ( Torstenson et al., 2006 ). Selective grazing can place

razed plants at a competitive disadvantage with ungrazed plants, 

ften leading to increases in ungrazed plants, but other factors also

etermine the plant community response ( Wan et al., 2015 ). A long

erm evaluation would likely be needed to evaluate if grazing by

attle favors planted sagebrush seedling growth. 

The objective of this study was to evaluate long term (5 yrs)

ffects of grazing by cattle on survival and growth of planted

yoming big sagebrush seedlings. We expected that sagebrush 

urvival would be lower in grazed compared to non-grazed areas, 

ut that growth of sagebrush seedlings would be greater in grazed

reas. 

ethods 

tudy area 

The study was located on the Northern Great Basin Experimen- 

al Range 50–56 km west of Burns, OR, USA (43 °29 ′ N, 119 °43 ′ W).

limate is hot and dry in the summer and cool and wet during the

inter. Study sites were located in areas that were lacking sage-

rush as a result of prior fires. Elevation was approximately 1400–

425 m above sea level, aspects were south, southwest, and west

nd slopes ranged from 6 to 14 °. Long-term (1981–2010) average

nnual precipitation was 266 mm ( PRISM, 2019 ). Annual precipita-

ion was 62, 104, 104, 78, 88, and 57% of the long-term average in

013, 2014, 2015, 2016, 2017, and 2018, respectively ( PRISM, 2019 ).

oils across the study area were loamy and well-drained. Study 

ites were formerly Wyoming big sagebrush ( Artemisia tridentata 

utt. subsp. wyomingensis Beetle and A. Young)-bunchgrass steppe. 

he dominant native perennial bunchgrass was bluebunch wheat- 

rass ( Pseudoroegneria spicata (Pursch) A. Löve) or Thurber needle- 

rass ( Achnatherum thurberianum (Piper) Blackworth), depending 

n site. Other common perennial grasses included prairie Junegrass 

 Koeleria macrantha (Ledeb.) J.A. Schultes), Sandberg bluegrass ( Poa 

ecunda J. Presl), and squirreltail ( Elymus elymoides (Raf.) Swezey). 

he exotic annual grass cheatgrass ( Bromus tectorum L.) was com-

on across the study sites. Common perennial forbs across the 

tudy area included Phlox longifolia Nutt., Erigeron L. sp., Crepis L.

p., Astragalus L. sp., Lomatium Raf. sp., Eriogonum Michx. sp., and

chillea millefolium L.. Native ungulates were excluded from study 

ites for the duration of the study with cattle panel fencing. Small

erbivores were not excluded from study sites, but we did not de-

ect herbivore-induced mortality of sagebrush seedlings. 

xperimental design and measurements 

A randomized block design was used to investigate the effects 

f grazing with cattle on planted sagebrush seedlings. Treatments 

grazed and non-grazed) were applied to five blocks with vary- 

ng site and vegetation characteristics. Each block consisted of one 

razed and one non-grazed 66 m 

2 (6 × 11 m) treatment replicate

ith a two meter buffer between them. Treatment replicates were 

lanted with one sagebrush •m 

−2 in November 2013 (66 sagebrush 

eedlings per treatment replicate, 132 seedlings per block, and 660 

eedlings in total). Sagebrush seedlings were grown by sowing five 

agebrush seeds in seedling cone containers (3.8 cm diameter X 

1 cm tall) in April, 2013. Sagebrush seed was locally collected

eed. Seedlings were thinned to one plant per cone container three

eeks after emergence and were 7–10 cm tall at time of planting.

agebrush seedlings were planted by digging a hole ∼21 cm deep,

lacing the seedling in the hole, and pressing soil formerly around

he roots of the seedling. Grazing was applied in mid- to late May

f each year in each grazed treatment. One to two cows were

lace in each grazed treatment replicate until perennial bunchgrass 

eight was 7–10 cm, resulting in 35 to 50% utilization. Cattle were
g 2024
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Fig. 1. Sagebrush cover (A), longest canopy diameter (B), reproductive effort per plant (C), and reproductive effort per plot (D) (Mean + S.E.) in grazed and non-grazed areas 

in 2016, 2017, and 2018 where sagebrush seedlings were planted in the fall of 2013. 
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onfined to each treatment replicated using fencing consisting of

-post and cattle panels. Grazing duration varied between one and

wo days depending on annual production in each treatment repli-

ate. 

Vegetation measurements were conducted in June of 2016,

017, and 2018 (3rd, 4th, and 5th year post-planting). Sagebrush

over was measured using the line intercept method along three,

0-m transects placed at 1, 3, and 5 m mark on the 6 m-side

f each treatment replicate. Sagebrush density was measured by

ounting all sagebrush plants rooted in three, 2 × 10-m belt tran-

ects in each treatment replicate. Sagebrush seedling survival (%)

as calculated by dividing the final density by the starting density

nd multiplying by 100. Sagebrush height and longest canopy di-

meter was measured on every sagebrush in the treatment repli-

ate. Number of reproductive stems was counted on every sage-

rush in each treatment replicate. Herbaceous vegetation cover

nd density were measured in five 0.2 m 

−2 quadrats placed ev-

ry 2 m along the three 10-m transects in each treatment replicate.

erbaceous cover was estimated visually to the nearest 1% in the

uadrats. Herbaceous density was measured by counting all indi-

iduals rooted inside 0.2 m 

−2 quadrats. 

tatistical analyses 

Repeated measures analysis of variance (RM-ANOVA) using 

 mixed model in SAS 9.4 (SAS Institute, Inc., Cary, NC, USA)

as used to investigate grazing effects on sagebrush seedlings

nd vegetation characteristics. Year was the repeated variable

nd treatment was considered a fixed variable. Block and block

y treatment interactions were treated as random variables in

odels. The appropriate covariance structure was selected using
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 18 Aug 20
se: https://bioone.org/terms-of-use
kaike’s Information Criterion ( Littell et al., 1996 ). Herbaceous

egetation was separated into the following groups for analyses:

andberg bluegrass, large perennial bunchgrasses, perennial forbs, 

xotic annual grasses, and annual forbs. Sandberg bluegrass was

eparated from other native perennial bunchgrasses because it is

maller in stature, develops earlier, and responds differently to

razing pressure and fire ( McLean and Tisdale, 1972 ; Yensen et al.,

992 ). The exotic annual grasses group was largely comprised of

heatgrass. Data that violated ANOVA assumptions were either

og or square-root transformed prior to analyses. Data presented

n the manuscript are in their original dimensions. Means were

onsidered different at P ≤ 0.05 and reported with standard

rrors. 

esults 

Sagebrush cover was greater in the grazed compared to the

on-grazed treatment ( Fig. 1 A; P = 0.025). Five years after plant-

ng, sagebrush cover was 1.9-fold greater in the grazed than the

on-grazed treatment. Density (0.39 ± 0.05 and 0.38 ± 0.04

ndividual •m 

−2 ) and height (44.4 ± 2.6 and 42.8 ± 2.7 cm) of

agebrush was similar between grazed and non-grazed treat-

ents ( P = 0.737 and 0.572). Average longest canopy diameter

as greater in the grazed compared to the non-grazed treatment

 Fig. 1 B; P = 0.033). Height and longest canopy diameter increased

ith time ( P < 0.001). Number of reproductive stems per plant and

er plot were greater in the grazed compared to the non-grazed

reatment ( Fig. 1 C and D; P = 0.021 and 0.022) and both increased

ith time ( P = 0.0 02 and < 0.0 01). By the fifth year after planting,

eproductive stems per plot was 1.8-fold greater in grazed com-

ared to non-grazed areas. The interaction between treatment and
24
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2017, and 2018 where sagebrush seedlings were planted in the fall of 2013. 
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ear was not significant for any measured sagebrush characteristics 

 P > 0.05). 

The interaction between treatment and year was significant for 

andberg bluegrass cover ( Fig. 2 A; P < 0.001). Sandberg blue-

rass cover was similar between treatments in 2016 and 2017,

ut was 2-fold greater in the grazed compared to the non-grazed

reatment in 2018. Large perennial bunchgrass cover was > 2-fold 

reater in the non-grazed compared to grazed treatment ( Fig. 2 B;

 = 0.039). Perennial forb cover was similar between treatments 

 P = 0.156) and generally low ( < 1%; Data not shown). Exotic annual

rass cover varied by the treatment by year interaction ( Fig. 2 C;

 = 0.006). In 2016, exotic annual grass cover was similar between

reatments, but it 2017 and 2018 it 2.9- and 1.7-fold greater in the

on-grazed compared to the grazed treatment, respectively. There 

as no evidence that annual forb cover differed between treat- 

ents ( P = 0.078; Data not shown). Total herbaceous cover was 1.3-

o 2.4-fold greater in the non-grazed compared to the grazed treat-

ent ( Fig. 2 D; P = 0.012). 

Sandberg bluegrass density was influenced by the interaction 

etween treatment and year ( Fig. 3 A; P < 0.001). Sandberg blue-

rass density increased in both treatments across time and became 

reater in the grazed than the non-grazed treatment in the fifth

ear of the study. Large perennial bunchgrass density was similar 

etween treatments ( Fig. 3 B; P = 0.907). Perennial forb density did

ot differ between treatments ( P = 0.537; Data not shown). Exotic

nnual grass density was influenced by the interaction between 

reatment and year ( Fig. 3 C; P = 0.046). Exotic annual grass den-

ity was similar in 2016 and 2017, but it was 2-fold greater in the

on-grazed compared to the grazed treatment in 2018. Annual forb 

ensity did not differ between the grazed and non-grazed treat- 

ent ( Fig. 3 D; P = 0.332). 
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 18 Au
f Use: https://bioone.org/terms-of-use
iscussion 

Cattle use did not negatively impact planted sagebrush 

eedlings and favored their growth and reproductive effort. These 

esults are counter to results from a study in Utah that reported

reater mortality of just emerged, non-planted sagebrush seedlings 

n grazed areas ( Owen and Norton, 1992 ). Our seedlings were

uch larger than just emerged seedlings and a different subspecies 

f big sagebrush and these differences may explain why we did not

nd similar effects. Also dissimilar to our study, Owen and Norton

1992) study site had a mature overstory of sagebrush that may

ave concentrated trampling in the areas between mature sage- 

rush where many just emerged sagebrush seedlings were found. 

ur results demonstrated that grazing by cattle can be applied 

o areas where sagebrush seedlings were planted without nega- 

ively impacting sagebrush seedling survival. The probability of a 

ow stepping on a sagebrush seedling under normal stocking rates 

or sagebrush communities is unknown; however, this may be in- 

onsequential as young sagebrush plants are often flexible and de- 

reased herbaceous vegetation competition may mediate any ad- 

erse impacts. Regardless of the mechanism, cattle use did not 

ecrease the density of planted sagebrush seedlings compared to 

on-grazed areas, even when applied consecutively for five years. 

This result is important because it provides evidence for al- 

owing the application of grazing to reduce fine fuels to de-

rease fire probability in conjunction with planting sagebrush 

eedlings. Grazing in the current study substantially decreased ex- 

tic annual grass, large perennial grass, and total herbaceous cover, 

hereby, likely decreasing wildfire probability and increasing fire 

uppression effectiveness. Fine fuel reductions with strategically 

pplied grazing greatly decreases the likelihood of fire propaga- 
g 2024
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Terms of U
ion and modifies fire behavior to improve suppression effective-

ess ( Diamond et al., 2009 ; Davies et al., 2016 , 2017 ). Decreas-

ng the probability of wildfire in areas where sagebrush seedling

ere planted is important, because fire eliminates sagebrush re-

overy in this ecosystem. Once Wyoming big sagebrush plants are

stablished, fire is undoubtedly the primary threat to their survival.

estoration success across the sagebrush biome may, in many in-

tances, depend upon effective fire prevention ( Brooks et al., 2004 ;

onsen et al., 2004 ; Dettweiler-Robinson et al., 2013 ). Another

mportant aspect, is that this study demonstrated that planting

agebrush seedlings does not hinder normal use of the resource.

n other words, grazing by cattle does not need to be altered

i.e. ceased or greatly reduced) because sagebrush seedlings were

lanted. 

Grazing was associated with greater growth and reproductive

ffort of planted sagebrush seedlings. Cattle grazing in our study

ikely provided sagebrush, a generally unpalatable species to cattle,

 competitive advantage over highly palatable herbaceous vegeta-

ion. The loss of photosynthetic tissue places grazed plant species

t a competitive disadvantage with non-grazed species ( Caldwell

t al., 1987 ; Briske and Richards, 1995 ; Wan et al., 2015 ). Simi-

ar to our results, heavy spring grazing increased sagebrush by de-

reasing native herbaceous vegetation ( Laycock, 1967 ). Heavy horse

razing in the spring also increased sagebrush seedling recruitment

 Austin and Urness, 1995 ). Further suggesting that cattle graz-

ng can promote sagebrush, grazed compared to non-grazed intro-

uced grasslands had greater cover of Wyoming big sagebrush in

outheastern Oregon ( Nafus et al., 2016 ). It is also well established

n the literature that herbaceous vegetation competes with shrubs

nd can limit their recovery (e.g. Mikoko et al., 2005 ; DeFalco et

l., 2007 ; Rinella et al., 2015 ). 
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Sandberg bluegrass increased in the final year of our study sug-

esting that grazing potentially increased resources to plants less

mpacted by grazing. Exotic annual grasses, however, were much

reater in the non-grazed compared to the grazed treatment in

he final year. Spring grazing may be negatively impacting an-

ual grasses and thus favoring Sandberg bluegrass. Sandberg blue-

rass, because of its smaller stature, often is not negatively im-

acted by heavy grazing that decreases larger perennial bunch-

rasses ( McLean and Tisdale, 1972 ). Increased Sandberg bluegrass

s not generally a desirable outcome, but may be in this situation

f it is a response to decreased exotic annual grasses. We, however,

rgue caution in interpreting this result as it was only observed

n the final year of the study. Furthermore, we would not recom-

end repeatedly applying spring grazing, because of the risk of

egatively impacting large perennial grasses ( Davies et al., 2014 ).

nstead, we recommend strategically applying grazing to minimize

ne fuel accumulations when most needed. This would probably

e after high fine fuel production years as big wildfire years are

ften preceded by a year or two of above average plant production

 Knapp, 1998 ; Westerling et al., 2003 ; Littell et al., 2009 ). 

Survival of transplanted Wyoming big sagebrush seedlings in

oth grazed and non-grazed treatments was similar to results from

ther studies. Five years after planting, survival was approximately

0% for both treatments. This was greater than 3 yr survival re-

orted for similar container-grown sagebrush seedlings (30%) at

anford Reach National Monument in Washington ( Dettweiler-

obinson et al., 2013 ), but less than 9 yr survival (60%) in south-

astern Oregon ( Davies et al., 2020 ). The first year after planting is

he greatest barrier to sagebrush survival ( Dettweiler-Robinson et

l., 2013 ), thus differences in sagebrush survival may large be due

o post-planting moisture availability in the first year. Our study
24
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eaffirms that planting Wyoming big sagebrush seedlings is gener- 

lly successful. 

Sagebrush density of approximately 0.4 plants •m 

−2 suggests 

hat sagebrush density is nearly fully recovered at our study sites,

egardless of whether they were grazed or not. Intact Wyoming 

ig sagebrush communities in this region average 0.5 plants •m 

−2 

 Davies and Bates, 2010 ). In contrast, sagebrush cover at the fi-

al sampling in the non-grazed and grazed treatments was only 

6–20% and 30–38%, respectively, of what would be expected in 

elatively intact Wyoming big sagebrush communities ( Davies et 

l., 2006 ; Davies and Bates, 2010 ). Wyoming big sagebrush is slow

rowing and recovery of its cover may take decades. For exam-

le, Wyoming big sagebrush cover was < 3% nine years after be-

ng planted in non-grazed crested wheatgrass stands ( Davies et al.,

020 ). Cattle grazing, besides decreasing the fire threat to sage-

rush seedlings, can promote recovery of sagebrush cover. 

anagement implications 

Our results suggest that cattle can moderately graze areas that 

ave been planted with sagebrush seedlings without negatively 

mpacting sagebrush recovery. Thus, concerns about grazing de- 

reasing survival of planted sagebrush seedlings were not sup- 

orted by our results and post-planting grazing restrictions appear 

nnecessary for sagebrush recovery, but may be needed for other 

easons such as allowing seeded herbaceous vegetation to estab- 

ish. Clearly, additional studies in other locations are needed to in-

estigate if the findings of this study can be broadly applied. The

ack of negative consequences to planted sagebrush seedlings and 

he increased need for fine fuel management to reduce the threat

f wildfire suggests grazing can, and possible should, be utilized 

o protect sagebrush seedlings. This is important because planting 

agebrush seedlings is expensive, logistically challenging, and time- 

onsuming ( McAdoo et al., 2017 ) and, therefore, often restricted to

reas where sagebrush restoration is a priority. Grazing can also 

e prescribed to accelerate the recovery of sagebrush cover and 

ncrease sagebrush growth and reproductive efforts by reducing 

ompeting herbaceous vegetation. We are not suggesting that graz- 

ng needs to be applied every year, especially in the spring, as

as conducted in this study. This prescription was applied to in-

estigate if grazing negatively impacted sagebrush seedlings, not 

o determine the optimum grazing strategy for rangelands with 

agebrush plantings. Spring grazing is more effective at decreasing 

re probability, but dormant season grazing also significantly re- 

uces it, thus there is flexibility in how grazing is applied ( Davies

t al., 2017 ). Additional research evaluating different timings and 

ntensities of grazing on planted sagebrush seedlings as well as on

eeded sagebrush and associated vegetation could improve sage- 

rush restoration efforts. Grazing can likely also be used to pro-

ote the recovery of other woody vegetation by altering the com-

etitive relationship between woody and herbaceous vegetation. 
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