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Abstract 
 
 Creosotebush [Larrea tridentata (D.C.) Cav.] and white bursage [Ambrosia 
dumosa (A. Gray) W.W. Payne] seeds were subjected to pre-treatments of 
rinsing and soaking in water and thiourea to enhance germination in laboratory 
experiments.  The effects of darkness, temperature, seed source, and soil 
moisture were also evaluated in the laboratory.  The best pre-treatment from the 
laboratory experiments, rinsing with water for 36 hours followed by drying, was 
field-tested at Fort Irwin, California.  Two sites and two seeding dates (early 
March and mid April) were determined for each site.  Five mulch treatments (no 
mulch, straw, gravel, chemical stabilizer, and plastic) were evaluated in 
combination with the seed pre-treatments.  Field emergence was greatly 
enhanced with the seed pre-treatment for white bursage during the March 
(18-42% increase in germination) and April seedings (16-23% increase in 
germination).  Creosotebush showed poor germination during March (2-5%) 
when soil temperatures averaged 15°C, but germination increased during the 
April trials (6-43%) when soil temperatures averaged 23°C.  The seed 
pre-treatment during the April trials increased germination from 16-23%.  The 
plastic mulch treatment increased germination dramatically during both the 
March and April trials.  The plastic mulch increased soil temperatures (8-10°C) 
and maintained high humidity during germination.  Both the chemical stabilizer 
and the gravel mulches improved germination over the control while the straw 
mulch decreased germination.  These results suggest that seed pre-treatments 
combined with irrigation and mulch are effective techniques to establish these 
two dominant Mojave Desert species from seed. 
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Introduction 
 

Creosotebush [Larrea tridentata (D.C.) Cav.] is a dominant or co-dominant 
member of most plant communities in the Mojave, Sonoran, and Chihuahuan 
deserts.  Creosotebush occurs on 14-18 million hectares in the Southwest (Cable 
1973).  Creosotebush is a native, drought-tolerant evergreen shrub that averages 
about 2 meters (m) in height and width but can grow up to 4 m under proper 
conditions.  White bursage (Ambrosia dumosa [A. Gray] W.W. Payne) is a 
dominant or co-dominant member of most plant communities in the Mojave and 
Sonoran deserts.  White bursage is a native, drought-deciduous shrub growing 
from 0.2-0.6-m tall in a compact hemispheric shape.  These two species often 
occur together and form the creosote-white bursage association that covers 
approximately 70 percent of the Mojave Desert (MacMahon 1988, Shreve 1942). 
 Creosotebush is unpalatable to livestock and most browsing wildlife, but it 
is an important source of habitat and food for many small mammals and reptiles 
(Baxter 1988, Boyd et al. 1983, Hoagland 1992, and Monson and Kessler 1940).  
White bursage is moderately palatable to cattle and sheep and more palatable to 
wild horses and feral asses (Hanley and Brady 1977).  Transplants and seedlings 
of white bursage are often browsed and the seeds are often eaten by desert 
rodents (Reichman 1976). 

Some of the earliest germination requirements research of creosotebush 
was conducted over 30 years ago (Barbour 1968, Graves et al. 1975).  There 
has been valuable research conducted over the past three decades on 
revegetation of arid environments, particularly using native species (Clary 1983, 
McKell 1979, McMullen 1992, Sabo et al. 1979, Wallace et al. 1980, and 
Winkel et al. 1999) and pre-treating or priming methods (Ansley and Abernathy 
1984, Kay et. al. 1977a,b).  Yet despite this, there is much that is unknown and 
revegetation by direct seeding of creosotebush and white bursage has not been 
very successful.  Reclamation scientists have generally recommended 
transplanting these species (Graves et al. 1975).   Survival rates of transplants of 
these species have been good (60-80%) when planted and irrigated properly the 
first year (Clary and Slayback 1985, Miller and Holden 1993, and Tipton and 
Taylor 1984).  However, transplanting is much more expensive than direct 
seeding.  White bursage and, to a lesser extent, creosotebush will naturally 
invade disturbances given adequate time and precipitation, but this may take 
tens to hundreds of years (Angerer et al. 1994 and Webb and Wilshire 1980). 
 Arid lands are currently being used much more for both recreational and 
military training than they have in the past.  This use creates disturbances and 
loss of vegetation that if not mitigated leads to soil erosion and loss of wildlife 
habitat.  Federal agencies have recognized their role as land stewards and are 
focusing on ecosystem management principles to assist with this role (Robertson 
1992 and U.S. Department of Energy [DOE] 1996). The goal of our research 
work is to mitigate the impacts of U.S. Department of Defense and DOE activities 
in arid lands. 

The objectives of this study were to (1) determine if pre-treating seed 
could enhance germination of creosotebush and white bursage in the laboratory, 
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(2) evaluate suitable pre-treatments under field conditions, and (3) assess the 
impact of environmental conditions (temperature, soil moisture, mulch, and soils) 
on seed germination of these two species. 
 

Methods and Materials 
 
Seed Procurement 
 Seed for this study was purchased from commercial seed companies 
specializing in native seed.  Creosotebush seed was collected in Arizona for the 
laboratory experiments and in southern California for the field trials.  White 
bursage seed was collected mainly from Arizona (some from California) for the 
laboratory experiments and from northern Arizona for the field trials. 
 
Laboratory Experiments 
 Three separate experiments were conducted from October 2000 to 
February 2001.  The first experiment tested four major seed pre-treatments:  
rinsing with running water, rinsing followed by drying of seed, soaking in water, 
and soaking in thiourea.  Seeds were (1) placed in running water for 24, 36, 48, 
and 140 hours and then placed in petri dishes or (2) treated as above and then 
dried for 12 hours and placed in petri dishes.  Seeds were soaked in water for 24 
or 48 hours prior to placement in petri dishes.  Other seed was soaked in 
thiourea for 5 minutes prior to placement in petri dishes.  One hundred seeds of 
creosote and 100 seeds of white bursage were treated and placed in petri dishes 
to assess germination with each treatment being replicated three times.  Seeds 
where counted as germinated when a radicle 2 millimeters in length had 
emerged from the seed.  Germination was recorded for 2 weeks. 
 The second experiment utilized three seed pre-treatments (control-no 
rinse, 30-hour rinse with water, and 40-hour rinse with water) to assess the 
effects of darkness, seed source, drying, and chilling of seeds on germination.  
Again 100 seeds of both creosote and white bursage where used and each 
treatment had three replications.  The dark treatment consisted of two levels, 
total darkness and 12 hours of light followed by 12 hours of darkness.  Two 
different seed lots were used of both creosotebush (both from Arizona but 
separate locations) and white bursage (one from Arizona and one from 
California) to assess the impact of seed source.  The drying treatment had two 
levels, no drying and 12 hours of drying.  The chilling (refrigeration at 35° C) of 
seeds following pre-treatment had two levels, no chilling and chilling for 158 
hours.  After treatment, all seeds for both species were placed in petri dishes and 
germination was recorded for three weeks.  The total number of seeds 
germinated for each treatment was used for comparisons. 
 The third experiment tested seed treatments in a soil matrix at varying 
temperatures and soil moisture contents.  The four-seed pre-treatments 
consisted of a control (untreated) seed, seed that was rinsed for 48 hours,  seed 
that was rinsed for 48 hours followed by 12 hours of drying, and seed that was 
soaked for 48 hours.  (For creosotebush, a fifth treatment of soaking for 96 hours 
was included.)  After the seed was treated, it was sown into pots containing a 
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sand matrix.  Three temperature regimes were tested:  average daytime 
temperatures of 22°C with nighttime temperatures averaging 18°C, daytime 
temperatures of 13°C with nighttime temperatures of 9°C, and daytime 
temperatures of 8°C with nighttime temperatures of 4°C.  Pots were instrumented 
with thermistor soil cells (Cambell Scientific) and moisture data were recorded 
regularly.  Four moisture levels, 90%, 80%, 60%, and 40%, were evaluated.  
Pots were watered and allowed to dry until the particular treatment moisture level 
(90-40%) was reached at which time the treatment pots were watered and the 
process was repeated.  Germination was recorded for 3 weeks and the total 
number of seedlings of creosotebush and white bursage were recorded for each 
treatment and was used for analysis. 
 
Field Trials 

The laboratory experiments helped significantly in refining the field trials.  
Trials occurred at two locations (Fig. 1) with separate desert soil types (site 1 - 
Gravesummit loamy sand and site 2 - Rositas loamy sand).  Treatments were 
arranged in a split-plot design with the mulch treatments as main plots and the 
seed pre-treatments (control and rinsing seeds for 36 hours followed by drying 
for 2 hours) arranged in a completely randomized factorial as subplots.  Because 
of the need to conserve moisture and protect the soil from erosion, five mulch 
treatments [no mulch, gravel, straw, stabilizer (M-binder), and plastic] were 
evaluated.  Also, two seeding dates (early March and mid April) were evaluated.  
Each treatment consisted of a 2 x 2-m plot with three replications of each seed 
pre-treatment within each mulch type.  Site preparation included tilling of the site 
to reduce compaction.  Plots were raked slightly and then hand-seeded with a 
mix of five species common in the areas at rates shown in Table 1.  Following 
seeding, the plots were lightly raked and rolled to ensure good seed-to-soil 
contact.  Mulch treatments were then applied.  Irrigation was applied to the site 1 
for 10 days following seeding with a total of 4.65 centimeters (cm) of water being 
applied during that period.  Site 2 received irrigation for 6 days following seeding 
with a total of 2.95 cm being applied.  Soil temperatures averaged near 15°C 
during the March seeding with the straw mulch plots being 2-3° C lower and the 
plastic mulch plots being 8-10° C degrees warmer.  The second seeding 
occurred on 16 April with site preparation, seeding rates, and the species mix  
the same as that of the March trials.  Irrigation was applied to both sites for 4 
days following seeding with a total of 5.9 cm of water being applied.  Both sites 
received an additional 2.3 cm of irrigation during 23-26 April for a total of 8.2 cm 
at each site.  Soil temperatures averaged 22°C with the straw mulch plots being 
2-3° C lower and the plastic mulch plots being 8-10° C warmer.  Fences were put 
up around the sites to exclude rabbits. 
 
Sampling and Data Analysis 
 Sampling of field plots occurred on 9, 10, 13, 15, and 27 March; 14,  
18 April; and 14, 17 May 2001.  Sampling consisted of recording seedlings by 
species from a 1-m2 quadrat placed in the center of the 2 x 2-m plot.  Data were 
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placed in an Excel spreadsheet and were graphed and inputted into Systat for 
statistical analysis. 
 

Results 
 
Laboratory Experiments 

Results of the first experiment for creosotebush showed the best 
germination was from running water for 140 hours with or without drying.  A 
problem with this treatment that would make it unsuitable for use in the field is 
that many of the seeds had root radicles that had already emerged during the 
treatment prior to placement in petri dishes.  This would make the seeds quite 
susceptible to damage during the seeding process.  The treatments show that 
the best germination for white bursage was rinsing for 36 and 48 hours.  Drying 
of the seeds after 48 hours of rinse greatly decreased germination of white 
bursage; however, drying after a 36-hour rinse improved germination.  With both 
species the soak (water or thiourea) treatments were not effective. 
 Results of the second experiment showed that for creosotebush, those 
seeds that were rinsed and placed in darkness germinated better than those that 
were processed in a 12-hour light/12-hour dark alternating environment.  The 
seeds in the 30-hour rinse showed a slight increase in germination under 
continuous darkness, increasing from 42.7 to 47.7%, while the seeds from the 
40-hour rinse showed an even greater increase under continuous darkness 
(46 to 62%). The pattern for white bursage was slightly different.  The 40-hour 
rinse was similar to creosote with an increase under continuous darkness.  The 
difference was in the 30-hour rinse where the continuous darkness treatment 
was less than the alternating light and dark treatment (43.3%, 51.7%, 
respectively). 
 Results of the analysis for seed source showed that seeds from two 
different sources showed a positive response to seed pre-treatment.  The 
difference in germination between the controls for the two seed lots most likely 
reflects simply a difference in initial seed viability.  For white bursage, there was 
a 10% difference in germination between the two seed lots tested.  Despite this 
initial difference, the rinsing treatments still increased germination over the 
control. From 14.0-18.7%.  For seed lot 1, the 30-hour rinse increased 
germination from 33% in the control to 51.7%.  The 40-hour rinse was not as 
effective but germination still increased to 47.0%.  For seed lot 2, the 30-hour 
rinse increased germination from 43.3% in the control to 59.7%.  The differences 
were not as dramatic for creosotebush with the control seed lots being very 
similar (33.3 and 35.3%).  Again, the rinse treatments improved germination over 
the controls from 6.0-12.7%.  The 30-hour rinse for seed lot 1 increased 
germination to 43.3% while the same treatment increased germination in seed lot 
2 to 41.3%.  The 40-hour rinse for seed lot 1 increased seed germination even 
more (46.0%). 
 The influence of drying of seeds that had been rinsed showed consistent 
results.  Regardless of the rinse treatment, seed source, or species tested, drying 
of the seed for 12 hours following treatment tended to reduce germination by 
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6.4 to 21% for white bursage and 2.6 to 10.0% for creosotebush.  Results from 
experiment 1 showed mixed effects of drying, but these tests all show consistent 
declines with drying. 
 The final parameter tested in experiment 2 was the effect of chilling the 
seeds following treatment.  If one could hold the seed in a refrigeration unit 
following treatment, the seeds could be removed when conditions were right and 
seed the area of interest without having to wait for the seeds to be treated. 
Likewise, if more seed was treated than was actually needed, the residual seed 
could be held until a latter date.  The results of this treatment for white bursage 
showed a large decline in germination of seeds that were refrigerated prior to 
placement in petri dishes for both the 30-hour rinse (34% decline) and the 
40-hour rinse with a 12-hour dry period (18% decline).  This same pattern of 
decline held for creosotebush for the 30- and 40-hour rinse treatments (8 and 
20%, respectively). 

The results of the third experiment for temperature effects on germination 
of white bursage are shown in Figure 2.  No germination occurred at the 8°C 
treatment.  Germination of white bursage was delayed generally by 10-14 days at 
the 13°C treatment.  Total germination was also much reduced.  However, even 
with these changes, the basic pattern of improved germination with rinsing of 
seeds was evident.  Unlike the previous tests in petri dishes, drying of the seed 
did not decrease germination but actually increased it slightly although not 
significantly. ANOVA for the data from the 22°C white bursage tests showed that 
there was a significant difference among the seed treatments (p=0.008) but no 
difference among the moisture treatments (p=0.387).  Fisher's Least Significant 
Difference (LSD) showed that the rinsed treatments (with or without drying) had 
significantly greater germination that the control or soaked treatments. 

For creosotebush, only the 22°C temperature treatment had any 
germination after 30 days when the experiment was concluded.  ANOVA results 
of the data for creosotebush again validated the increase in germination with 
rinsing of the seed (Fig. 2).  Soaking of the seed for 96 hours also showed 
improved germination.  The main effect, seed treatment, was significant with a 
p-value of 0.018 while the moisture treatment was not significant with a p-value 
of 0.806.  Fisher's LSD showed that only the 48-hour rinse with 12-dry was 
significantly greater than the control. 
 
March Field Trials 

Site 1.  The first emergence of seedlings occurred on 9 March, ten days 
after seeding and occurred primarily in the plots with pre-treated seed and gravel 
mulch.  All of the seedlings were white bursage.  Emergence continued rapidly 
and peaked 29 days following the initial seeding.  Four weeks after seeding the 
pre-treated seed of white bursage averaged 165.6 seedlings m-2 (~79% 
germination) while control plots averaged only 77.2 seedlings m-2 (~37% 
germination).  Creosotebush germination was poor overall with the pre-treated 
seed averaging 23.5 seedlings m-2 (~5% germination) and the control seed 
treatments averaging 18.1 seedlings m-2 (~4% germination) (Fig. 3).  
Creosotebush germination improved in the plastic mulch treatment which 
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averaged 57.5 seedlings m-2 (~12% germination) where soil temperatures were 
10° C warmer (Fig. 4).  Germination of white bursage also increased under the 
warmer conditions facilitated by the plastic mulch (Fig. 4).  Germination on all 
surface treatments peaked with the 27 March sampling with the plastic mulch 
yielding the greatest germination followed by the stabilizer and gravel treatments.  

Site 2.  The first sampling of seedlings occurred on 13 March.  Similar to 
Site 1, the first species to germinate was white bursage and it occurred primarily 
in the plots with pre-treated seed and plastic mulch.  Emergence continued 
rapidly and peaked 24 days following the initial seeding.  The advantage of the 
pre-treatment of seed continued to be evident in field trials for white bursage 
where the pre-treated seed averaged 91.5 seedlings m-2 (~44% germination) 
while the control plots averaged only 54.7 seedlings m-2 (~26% germination), 
both of which are lower than comparable treatments at Site 1.  Creosotebush 
germination was poor overall with the pre-treated seed averaging 11.3 seedlings 
m-2 (~2% germination) and the control seed treatments averaging 8.5 seedlings 
m-2 (<2% germination) (Fig. 3).  Creosotebush germination improved in the 
plastic mulch treatment which averaged 34.0 seedlings m-2 (~7% germination) 
where soil temperatures were 10° C warmer (Fig. 4).  The other surface 
treatments were very similar with the exception of straw treatment which was 
lower than the rest. 
 
April Field Trials 

Site 1.  The first sampling occurred at this site on 23 April one week 
following seeding.  At that time germination of white bursage had occurred on all 
treatments but was best in the plastic (pre-treated and control seeds) and 
stabilizer treatments with pre-treated seeds.  Creosotebush was germinated in 
only the plastic mulch treatments (better with pre-treated seed than control seed, 
40 seedlings m-2 and 5.3 seedlings m-2, respectively) and in the stabilizer 
treatment with pre-treated seed (12.7 seedlings m-2).  Germination peaked during 
the 27 April sampling.  Pre-treated seed of both white bursage and creosotebush 
outperformed control seed (Fig. 5).  Pre-treated seed of white bursage averaged 
106.5 seedlings m-2 (~51% germination) while the control plots averaged 58.4 
seedlings m-2 (~28% germination).  Germination of creosotebush was much 
better during the April trials than the March trials and averaged 65.7 seedlings m-

2 (~13% germination) for the pre-treated plots and 28.5 seedlings m-2 
(~6% germination) for the control plots. 

Creosotebush had excellent germination on the plastic mulch treatment, 
particularly with pre-treated seed averaging 214 seedlings m-2 (~44% 
germination) while the control seed averaged 104.7 seedlings m-2 (~21% 
germination) (Fig. 6).  Even with this later seeding date, creosotebush 
germination improved with the greater soil temperatures generated under the 
plastic mulch.  This was also true for white bursage where germination in the pre-
treated seed plastic mulch plots averaged 206 seedlings m-2 (~99% germination) 
while the control seed in the plastic mulch plots averaged 152 seedlings m-2 
(~73% germination).  Germination was also excellent in the stabilizer and gravel 
mulch treatments with pre-treated seed. 
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Site 2.  The first sampling occurred at this site on 23 April one week 
following seeding.  At that time germination of white bursage had occurred on all 
treatments but was best in the plastic with control seeds and stabilizer treatments 
with pre-treated seeds.  Creosotebush had germinated in essentially only the 
plastic mulch treatments (better with pre-treated seed than control seed, 139.3 
seedlings m-2 and 53.3 seedlings m-2, respectively).  Germination peaked during 
the 26 April sampling.  Pre-treated seed of both white bursage and creosotebush 
outperformed control seed (Fig. 5).  Pre-treated seed of white bursage averaged 
88.9 seedlings m-2 (~43% germination) while the control plots averaged 
55.7 seedlings m-2 (~27% germination).  Germination of creosotebush was much 
better during the April trials compared to the March trials and averaged 
91.9 seedlings m-2 (~19% germination) for the pre-treated seed plots and 
29.2 seedlings m-2 (~6% germination) for the control plots (Fig. 5). 

Creosotebush had excellent germination on the plastic mulch treatment, 
particularly with pre-treated seed averaging 216 seedlings m-2 (~45% 
germination) while the control seed averaged 112.7 seedlings m-2 (~23% 
germination).  Even with this later seeding date, creosotebush germination 
improved with the greater soil temperatures generated under the plastic mulch 
(Fig. 6).  This was not true for white bursage where germination in the pre-treated 
seed plastic mulch plots was greatly reduced averaging 51.3 seedlings m-2 
(~25% germination) while the control seed in the plastic mulch plots averaged 
40.7 seedlings m-2 (~20% germination).  Germination was best in the stabilizer 
treatment with pre-treated seed averaging 144 seedlings m-2 (69%).  Germination 
of white bursage was much lower during the April seeding than the March 
seeding at this site unlike creosotebush which performed much better during the 
April trials. 
 

Discussion and Conclusions 
 

Under laboratory conditions, Barbour (1968) found optimal germination 
conditions for creosotebush to be; a temperature of 23°C, leaching with running 
water, total darkness, wetting and drying cycles, exposure to cold temperatures 
prior to sowing, and a near-zero osmotic pressure low in sodium chloride.  Kay et 
al. (1977b) found the optimal temperature for germination to range from 15 to 
25°C.  Field studies validate that warmer temperatures tend to increase 
germination of creosotebush.  The warmer temperatures during the April trials 
(average 22°C) increased germination of creosotebush from 3% during the 
March trials (average 15°C) to 11%.  The plastic treatment during the April 
seeding had highest temperatures (average near 30°C) and germination 
increased to 34.5%.  In field observations at Death Valley, Went and 
Westergaard (1949) found that when temperatures were greater than 30°C or 
less than 10°C no germination occurred.  Our data agree with those observations 
regarding the colder temperature limit, but we did have good germination at the 
upper temperature limit when soil moisture and humidity remained high. 

Kay et al. (1977a) suggest that an inhibitor in the hull may limit 
germination and removal of the hull or rinsing of the seed increased germination.  
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Graves et al. (1975) and Miller and Holden (1993) found that rinsing of seeds 
(5-12 hours) increased germination.  While rinsing did improve germination, our 
data show that a longer time period (30-40 hours) is required to optimize 
germination. 
 Our data also support Barbour’s finding (1968) that darkness increased 
germination.  Barbour reported that seeds in the light treatment had germination 
rates of 47% compared to that of the dark treatment.  Our data compared light 
and dark treatment only in combination with rinsing treatments.  With a 30-hour 
rinsing, the light treatment was 92% of the dark treatment while with a 40-hour 
rinsing the light treatment fell to 73% of the dark treatment.  Both of these 
conditions show less of an impact of darkness than that reported by Barbour 
(1968). 

Kay et al. (1977a) report that white bursage has optimal germination 
between 15 and 25°C with no germination at 2 or 5°C.  Our laboratory and field 
data support that temperature range.  In the laboratory, we did not see any 
germination in the treatment, with average temperatures of 8°C and poor 
germination at 13°C.  The field data showed little differences between the March 
trials with average soil temperature of 15°C and the April trials with average 
temperatures of 23°C.  The April trials at Site 1 under plastic mulch treatment 
with temperatures near 30°C showed a tremendous decline in germination.  This 
was not seen at Site 2 where germination under plastic was the best mulch 
treatment. 

Graves et al. (1975) found that germination of white bursage increased 
about 10% with activated carbon or stratification in moist sand for 30 days.  
Activated carbon is known to absorb chemical inhibitors.  Young et al. (1986) 
also found that a moist stratification at 17°C markedly improved germination.  We 
found that inhibitors do exist on the seed coat and that rinsing with water for 
30-40 hours also removed this inhibitor and improved germination 31-57% in the 
laboratory and 67-115% in the field. 

The field trials show that pre-treating of seed of creosotebush and white 
bursage can improve germination.  It not only decreases the time required for 
initial germination but also enhances the number of seeds germinated at a site by 
almost 100%.  The field trials demonstrate that mulches can be used effectively 
to improve germination of seed, particularly plastic mulches that increase soil 
temperature and humidity.  Combining the pre-treatment of seed with irrigation 
(during the germination process) and mulch appears to be a viable technique for 
establishing creosotebush and white bursage in the Mojave Desert. 
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Table 1.  Seeded species and rates used for field trials 
 
Common Name Scientific Name % of 

Mix 
Pure Live 
Seed m-2 

Creosote bush Larrea tridentata 48.6 491 
White bursage Ambrosia dumosa 20.7 209 
Big galleta Pleuraphis rigida Thurb. 12.8 129 
Anderson's wolfberry Lycium andersonii Gray 9.4 96 
Goldenhills Encelia farinosa Gray ex Torr. 8.5 86 
   
TOTAL  100.0 1,011 
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FIGURES 
 
 
Figure 1.  Map of Fort Irwin study plots 
 
Figure 2.  Temperature impacts on germination of creosotebush and white 

bursage.  Creosotebush seeds did not germinate at 13 and 8°C while 
white bursage seed did not germinate at 8°C.  There was not a soak 
treatment for 96 hours for white bursage.  (LATR = creosotebush and 
AMDU = white bursage) 

 
Figure 3.  Effect of seed treatments on white bursage and creosotebush during 

March trials 
 
Figure 4.  Effect of mulch treatments on germination of white bursage and 

creosotebush during March trials 
 
Figure 5.  Effect of seed treatments on white bursage and creosotebush during 

April trials 
 
Figure 6.  Effect of mulch treatments on germination of white bursage and 

creosotebush during April trials 
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Figure 1.  Map of Fort Irwin study plots 
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Figure 2.  Temperature impacts on germination of creosotebush and white 
bursage 
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Figure 3.  Effect of seed treatments on white bursage and creosotebush 
during March trials 
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Figure 4.  Effect of mulch treatments on germination of white bursage and 
creosotebush during March trials 
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Figure 5.  Effect of seed treatments on white bursage and creosotebush 
during April trials 
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Figure 6.  Effect of mulch treatments on germination of white bursage and 
creosotebush during April trials 
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