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Rehabilitation of Great Basin rangelands is an expensive yet 
largely unsuccessful process.  Establishment predominantly 
falls below requirements for cheatgrass  suppression  
(~10  perennial  grass/m2).  We hypothesize that April to 
July die-off is the largest contributor to this failure.   
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Seedling Success: Germination to the First Summer Mortality Event  

Four long term cheatgrass invaded ARS research areas 

A) Flanigan: deep sand/salt desert  B) Noble: expanding lattice clay/Wyoming 
sagebrush  C) Antelope Valley: fine silt/salt desert  D) Doyle: coarse 
granitic/upland brush  *see appendix for further site descriptions 

Perennial grass establishment has been predominantly unsuccessful at these sites. 
Soil types differ between sites and likely contribute to failure. 

Seeds were planted at a 3cm depth (25 seeds/sample).  At 2 
week intervals samples were dug up(a) and checked for 
germination(b).  Removed seed samples were replaced to test 
the effect of seeding date on emergence. Soil moisture and 
temperature were recorded throughout the experiment. 
 

10 samples/soil type(4)x 3 reps=[120 samples per species] 

Using species as the dependent variable, germination, emergence 
and seedling die-off were compared using JMP software.   
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Success at each phase  

            Start                 GERMINATION                  EMERGENCE                      SEEDLING 
69% failure  46% failure  88% failure  SURVIVAL 

USDA, Agricultural Research Service,    
Great Basin Rangelands Research Unit 

920 Valley Rd Reno, Nevada 89512       
Daniel.Harmon@ars.usda.gov         

Dan Harmon and Charlie Clements 

Biomass 

A 

D C 

B 

Soil collection sites 

Using replicated soil boxes 
(9ft3)(field soil) we designed a 
test to monitor germination, 
emergence, and seedling die-off  
of  four grass species 
cheatgrass 
            (Bromus tectorum)  
 

‘hycrest’ crested wheatgrass         
            (Agropyron cristatumX)  
 

bluebunch wheatgrass          
             (Pseudoroegneria spicata) 
  
squirreltail  
              (Elymus elymoides)  
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2 weeks post germination 
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Germination 
Average  number of seedlings/25 seed sample 

Soil types significantly differed  
however trends were similar between 
species.  *All further results combine 
soil types as replicates. 

Cheatgrass germinated earlier 
and at higher rates than the 
perennial grasses.  This well 
reported advantage of 
cheatgrass is not unexpected of 
an annual vs. a perennial.  The 
cold temperature that cheatgrass 
germinates and emerges at is 
however impressive (3-5Co).  We 
often observed cheatgrass 
emerging from seemingly frozen 
ground.    

* Percent of 25 seed sample that germinated 
corrected for viable seed (TZ test) 

Flanigan Doyle Noble Antelope 
0

1

2

3

4

5

cheatgrass
crested
bluebunch
squirreltail

25 seed 
sample 

Emergence by seeding date 

March 16 all species: (a) crested (b) bluebunch  
                                       (c) squirreltail (d) cheatgrass 

March 1st  Crested (left) and cheatgrass 
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Similar to germination, cheatgrass emerged earlier than the 
perennials.  The difference however was minor compared to 
germination and by April the number of seedlings per 25 
seed sample was similar between species. 

Seeding date had a significant effect on emergence: October vs. November and April vs. Oct-Feb dates 

*Average seedlings/ 25 seed sample     
  measured in May 

Major die-off occurred by May.  
It was an unusually dry year 
with less than half of average 
precipitation occurring.  
Reno precipitation normal: 
[October-May] 5.4” vs. 2011-12 actual 2.6” 

Unlike previous field observations, all species had similar die-off including 
cheatgrass.  This was likely due to the dry soil conditions even below the threshold 
for cheatgrass survival. 
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Based on the results, we find our hypothesis supported.  The largest 
contributor to failure was seedling mortality  
(“Success at each phase”  Failure percent: Germination 69%, 
Emergence  46%, Seedling die-off 88%).   
Perennial grass establishment (~10 plants/m2) is  currently  the only 
reliable method to suppress cheatgrass densities. The reoccurring 
fire cycle fueled by cheatgrass must be stopped in order to restore 
ecosystem function to invaded rangelands. Only then can succession 
lead to shrub dominance and a more diverse community.  

Cheatgrass, being an annual, 
usually senesces early summer. 
Thus die-off was only counted 
if it occurred prior to flowering 

and seed production*. 
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METHODS 

April 10 

(March) (April) 

(May) 

Ave 7.8 seeds/sample 
                

Ave 0.5 seedlings/sample 

Ave 4.3 seedlings/sample 

* Averages all corrected for max viable seeds 

Jan         Feb       March  April      May 

Available soil nitrogen by month 

ug/g KCl NH4+ 

ug/g KCl N03- 

--Seeding date-- 

http://rangelands.org/oklahoma_city2013/

