
February 2001 
13 

Long-Term Effects of Vegetation Treatments in the Chaparral 
Transition Zone 

Kelly N. Fuhrmann and Timothy E. Crews 

S ince European settlement, the impacts of cattle pro- 
duction and wood harvesting in the West have affect- 
ed the structure and transformed the composition of 

juniper-pinyon and chaparral. In the past, wildfires were 
more common in the juniper-pinyon and chaparral commu- 
nities of the Southwest where they burned at intervals of 10 
-30 years. The regular occurrence of fire appears to have 
restricted the establishment of woody species to more shal- 
low, rocky soils on which grasses do not thrive. 

The canopy cover and density of juniper-pinyon and 
chaparral can have a direct impact on the production of 
grasses and herbaceous plants. The removal of this canopy 
by various means has been implemented in many woody 
plant communities in an attempt to increase the production 
of herbaceous forage for livestock and habitat improve- 
ment for wildlife. 

The main objective of the application of original herbi- 
cide, fire, and mechanical push vegetation treatments (ap- 
plied in 1964-1981) sampled in this study was to encour- 
age the growth of herbaceous vegetation for cattle produc- 
tion. The disturbances caused by the treatments were in- 
tended to, at a minimum, set succession back to a 
grasslforb community, or ideally to shift the community to- 
wards a stable more permanent herbaceous community. 
The three range treatment techniques were undertaken to 
improve the potential for herbaceous species to effectively 
compete with larger woody species in an ecosystem affect- 
ed by climatic and edaphic constraints, and impacted by 
livestock grazing. Tree abundance, dominance, and cover 
were to be limited on chosen sites. 

In 1997, we compared the effectiveness of herbicide, fire 
and mechanical push range treatment techniques decades 
after they were implemented. Long-term assessment is crit- 
ical  for  both economic and ecological  reasons.  
Economically, it is important to know how long "woodland 
conversion" range treatments last given the expense that 
can be incurred to implement them. Ecologically, it is im- 
portant to monitor species diversity and abundance in post- 
treatment communities to evaluate the effects that different 
treatment methods have on biodiversity. 

Sites 
The herbicide, fire and mechanical push sites sampled are 

located on the east side of the Santa Maria Mountains in 
central Arizona (Map I). All sampling sites have similar 
slope, aspect, elevation, and soils. This area has a warm, 
semiarid climate. 

The vegetation communities of the east Santa Maria 
Mountains consist mainly of shrubby species including tur- 
binella oak, manzanita, desert ceanothus, squawbush, 
mountain mahogany, wright's silktassel, and wait-a-minute 
bush. Dominant tree species include Utah juniper, single 
needle pinyon, and alligator juniper. Although generally 
sparse, the most frequently encountered native grasses in- 
clude black grama, blue grama, sideoats grama, western 
needlegrass, and curly mesquite. 

Original Treatments 
Herbicide Treatment 

A Pikloram (TorridonlO-K) and Tebuthirone (Elancos 
Grassland) herbicide treatment, was aerially applied to 60 
acres four times during the 1979 mid-summer monsoon 
season at one pound per acre in pellet dry form using a 
10% chemical solution mixed with bentonite clay. Using 
instrumentation available at the time, residual traces of the 
herbicide were no longer detectable two months after the 
application in 1979. U.S. Forest Service records show that 
no reseeding was done after the herbicide application. 



Prescribed Burn Treatment
The prescribed burn (2200 acres), performed in the fall of

1981 was of moderate intensity, closely mimicking a natur-
al fire for the vegetation type. 

Mechanical Push Treatment
A 1964 mechanical push with a D-7 caterpillar (11 0 0

acres) of mature juniper and pinyon trees, was completed
during fall and winter of 1964. Reseeding was attempted
on the push treatment site with weeping lovegrass, and yel-
low blossom sweet clover. Both were applied at two
pounds per acre. 

Evaluation
Each of the three treated sites and adjacent control areas

were evaluated in 1997. Basic vegetation sampling includ-
ed: a 3.28 square foot frequency frame analysis for the de-
termination of herbaceous cover frequency, bare soil and
litter dispersion; Point-Center-Quarter analysis for tree
density and frequency determination; a Crown Diameter
analysis to determine percent crown cover area of tree
species; and a Line Intercept method to measure percent of
shrub cover by species over a 656 foot transect line.

Data obtained from the frequency frame and point-center
-quarter field sampling methods were analyzed for signifi-
cant differences using a standard two-tailed T-test.

E ffects of Treatments on Plant Community
Attributes
Herbicide Treatment

Of the three range treatments sampled for grass cover,
only the herbicide treatment had significantly higher grass
composition compared to the adjacent untreated control site
vegetation (Table 1). The herbaceous composition on this
study site consisted mainly of introduced annual grasses and
forbs, especially cheatgrass and red brome. Introduced
grasses found on the herbicide treatment were not present
on the other sites. In the herbicide treatment, forbs appeared
to be overshadowed by the more developed grass communi-
t y. One exception was flannel mullein, which was quite
prominent on this site because of its size. Flannel mullein is
an exotic species, which is partial to disturbed ground but
was not present on any of the other treatment or control
sites. Because of heavy tree and shrub density, no forbs
were recorded on the herbicide control site. Ground litter,
which consists of previous season’s undecomposed org a n i c
material, was more abundant directly under individual
shrubs and the herbaceous canopy on the herbicide treat-
ment site. It was very limited in the open areas between
shrub and tree clusters. Litter frequency on the ground var-
ied with canopy cover. The herbaceous canopy structure in
the herbicide treatment appeared to be directly related to the
encounter frequency (28.5%) of litter on the ground.
I n t e r e s t i n g l y, the bare soil component of this site was also
comparatively high in certain areas. Although larger Utah
juniper was more abundant than mature single needle piny-
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Prescribed burn treatment.

Mechanical push  treatment.



on in the herbicide treatment, young pinyons were more
plentiful and resulted in higher mean basal area, but less
ground cover. The most effective treatment against woody
shrubs was the herbicide with 0% cover of turbinella oak
over the 656 foot transect, compared to a 34% cover of tur-
binella oak on the control transect in this same treatment.

Prescribed Fire Treatment
The herbaceous cover measured on the fire site was com-

prised of native species, which were encountered in similar
quantities on the treatment and control sites. As with grass
cover, forbs were sparse on both the treatment and control
fire sites. The fire treatment and control sites had a greater
variety of tree species diversity probably because of their
close proximity to the next higher transition zone of the
ponderosa pine forest. Here, fire had the most impact on
the single needle pinyon. The Utah juniper and the alligator
juniper fared much better on the prescribed fire site and
were represented by more mature trees and fewer seedlings
than the pinyon species. Considering the time frame be-
tween the execution of treatments and assuming the treat-
ment sites are comparable, the prescribed fire treatment
was more effective at suppressing woody shrubs for 16
years than the mechanical push treatment. 

Mechanical Push Treatment
On this site the combination of soil composition and

shrub and tree cover appear to have effectively precluded
grass establishment. Bare soil was common among dense

turbinella oak and manzanita stands. The push control area
exhibited a similar vegetation/bare soil structure between
clusters of shrub and tree (pinyon-juniper) species. The
presence of bare soil (soil unoccupied by herbaceous cover,
litter, or woody species) was common in all three treatment
and control areas, however it was more common between
dense shrubby vegetation in the push treatment. At the time
of evaluation on this site the weeping lovegrass and yellow
blossom sweet clover, seeded during the initial treatment,
were very sparse. The push treatment most effectively re-
duced tree canopy cover by indiscriminately eliminating all
the mature trees that allowed understory shrub species to
become dominant. On the pushed site, tree seedlings were
abundant and widely spaced. Of these seedlings, the Utah
juniper was more common than the single needle pinyon. 

Tree crown cover for all treated areas was higher in the
corresponding control sites, which displayed a greater
abundance of older, larger trees, and therefore better devel-
oped tree canopies. The analysis of all three treatments
(herbicide, fire, and push) revealed a significant lack of
mature tree species, indicating effective control of these
larger canopy woody species since treatment was initiated. 

Tree dominance was determined by mean basal area. The
maximum number of trees per 1,076 square feet (seedlings
over 5 feet tall and mature trees) in the treatments was ap-
proximately half that of the control sites.

Of the seven species of woody shrubs identified on the
three pair of sites surveyed, turbinella oak was by far the
most prevalent species in all control and treatment areas
followed by squawbush and wright’s silktassel. Wo o d y
shrub cover averaged 48% on the control transects and
31% on the treatment transects. 

Rangeland Management Implications
This study suggests that some sites are very stable within

the woody plant community type and will not shift toward
a more desirable herbaceous community even after a dra-
matic disturbance, although continued application of the
particular treatment may have yielded different results. 

The desert grassland communities of central and northern
Arizona are generally found in alluvial, depositional soils,
while chaparral and juniper-pinyon woodland vegetation is
typically found on rocky soils developed in situ. The frac-
tured sub-surface geology and rocky, shallow soil condi-
tions formed from granitic parent material are prevalent in
the Santa Maria Mountains of west central Arizona. This
factor may play a key role in favoring the evergreen shrubs
and trees while limiting the establishment of grasses and
other herbaceous vegetation. The abundance of bare soil
may be an indicator of limited soil organic material. 

Traditional rotational grazing on pastures on the north-
eastern side of the Santa Maria Mountains, including the
three study sites, has continued since treatments were per-
formed. Efforts to achieve a more consistent herbaceous
cover on the landscape that includes the study sites, were
most effective on the herbicide treatment. The dominant pres-
ence of introduced annual grass species has resulted in more
unpalatable, nutritionally inferior grass species and a limited
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Table 1. Treatment and Control Site Measurements for Three
Treatment Types

Herbicide Fire Mechanical 
Push

Grass Encounter 
Frequency (%)    
Sites: treatment 22 4.5 0

control 0 .5 0

Forb Encounter
Frequency (%)   
Sites: treatment 3 2 0

control 0 5 0

Soil Encounter 
Frequency (%)   
Sites: treatment 37 24 38

control 27 24 33

Litter Encounter 
Frequency (%)
Sites: treatment 28.5 17 9.5

control 16 19 27

Tree Crown Cover
in 1,076 square feet (%)
Sites: treatment 3 10 2

control 11 15 11

Number of Trees
in 1,076 square feet   
Sites: treatment 3 4.5 3

control 7 7 8



presence of other native grass diversity. However, consider-
ing this small area lies within a dense shrub cover on a work-
ing cattle ranch, this may be viewed as a desirable outcome
because of the increase in herbaceous forage production. 

Management objectives that concern activities such as
grazing, fire suppression and tree harvesting may be under-
taken with consideration for the pattern of local community
development. Attempting to arrest succession cannot be ac-
complished unless the necessary conditions exist which
favor the desired stage of development. Although the in-
tended outcome of a stable, productive herbaceous commu-
nity was not fully achieved in any of the three disturbance
treatments, the dynamics of the pinyon-juniper and chapar-
ral community are better understood. The establishment of
a desired permanent state that is contrary to the natural mo-
mentum of the vegetation community does not appear to be
possible in the region where this research was conducted. 

Results from this project suggest that fire may promote a
more equal distribution of shrub, tree and herbaceous cover
that would enhance forage production and support a more
diverse ecosystem structure in this plant community. 

Some have suggested that juniper has encroached on
grasslands in the Southwest in the last century. Our results
suggest that the Santa Maria pinyon-juniper community is
not the margin of juniper range but rather well within its
habitat type. Limited soil development, parent material
type and the inherent lack of organic matter suggests that
this area may never have supported a consistent herbaceous
plant community, except for the areas located at or near the
base of the Santa Maria Mountains which are characterized
by more developed soils on alluvial parent material.
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