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Introduction

Prescribed fire is an attractive option for reducing mesquite 
dominance on grasslands because it is less costly than other 
options and reduces the need for chemical and/or mechanical 
applications (Wright and Bailey 1982; Teague and others 1997; 
Ansley and Jacoby 1998). However, for fire to be an effective 
method for mesquite control, a grazing management strategy 
must be devised to accumulate the herbaceous biomass (other-
wise called ‘fine fuel’) that fuels a fire. Moreover, because 
fire kills very few mesquite and only provides a ‘top-killing’ 
suppression effect at best (Ansley and others 1998; Ansley and 
Jacoby 1998), a management system must allow for frequent 
planned burning (at least every 8 to 10 years) to maintain 
sufficient suppression of mesquite regrowth.

It is difficult in continuous-grazed systems to accumu-
late sufficient herbaceous fine fuel to carry a fire of sufficient 
intensity to suppress woody vegetation. Prescribed burning 
may be more easily incorporated into systems using one-herd 
and multiple-paddocks (Scifres and Hamilton 1993). Using 
such management systems, we hypothesized that fire could be 
applied every 4 to 6 years and that the deferral period required 
to accumulate fuel could be ‘internalized’ within a manage-
ment system by burning a small percentage of the system each 
year and rotating burning each year to different paddocks. Not 

burning riparian vegetation and burning to create a savanna 
effect in selected areas on a site specific basis allowed for 
maintenance of wildlife habitat and biodiversity that did not 
impact livestock operations (Teague and others 1997).

Our objectives were to (1) evaluate the utility of rota-
tional grazing and deferment as a means of facilitating use of 
prescribed fire for mesquite suppression through the accumu-
lation of herbaceous fine fuel, and (2) determine system-level 
changes in mesquite cover in different rotational grazing and 
fire/herbicide management scenarios. Mesquite aerial cover 
was used as an indicator of level of mesquite dominance in 
the each system.

Methods

Site Description

The investigation was conducted in the Rolling Plains 
in north central Texas on a 14,400 ha portion of the W.T. 
Waggoner Estate termed the “Kite Camp.” The climate is 
continental with an average 220 frost-free growing days. 
Mean annual precipitation is 648 mm, bimodally distributed 
with peaks in May and September. The mean annual tempera-
ture is 17oC and elevation ranges from 335 m to 396 m.
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Mesquite trees with aerial cover of 15 to 20 percent domi-
nated the vegetation matrix. The herbaceous understory 
consisted of roughly an equal mixture of C4 and C3 peren-
nial grasses. The major C4 grasses are shortgrass buffalograss 
(Buchloe dactyloides), and mid-grasses sideoats grama 
(Bouteloua curtipendula), silver bluestem (Bothriochloa 
saccharoides), and meadow dropseed (Sporobolus asper). 
Mid-grass Texas wintergrass (Nassella leucotricha) and the 
annual grass, Japanese brome (Bromus japonicus), are the 
major C3 grasses. Soils are variable on the Kite Camp with 
approximately 50 percent shallow clays (3 to 8 percent slopes), 
40 percent moderately deep clay-loams (1 to 3 percent slopes), 
and 10 percent deep loamy bottomlands in riparian zones (0 
to 1 percent slopes). The clay-loam areas are where mesquite 
size, density, and cover are greatest and pose the greatest prob-
lems for livestock management.

Mesquite Treatments

The experiment consisted of four treatments with two repli-
cate pastures of 1,400 to 2,100 ha each per treatment. Initial 
treatments were (1) continuous grazing with no mesquite 
treatment, (2) a 4-pasture, 3-herd rotation where one pasture 
was burned each year (4:3F), (3) a 4-pasture, 1-herd rotation 
where one pasture was burned each year (4:1F), and (4) an 
8-pasture, 1-herd rotation where two pastures were burned 
each year (8:1F). A total of 34 paddocks were involved in the 
study (2 in continuous, 8 in 4:3s, 8 in 4:1s, 16 in 8:1s). Area 
of paddocks within each system were not exactly the same 
but were roughly 25 percent of the total area in four pasture 
systems and 12.5 percent of the total area in eight pasture 
systems. Paddocks were fenced in 1995 and first burns were 
conducted in January-March 1996. Fires were applied as 
headfires that were burned into pre-burned blacklines (50 m 
wide) according to procedures outlined by Wright and Bailey 
(1982).

In the fire-based systems, the goal was to burn a different 
25 percent of the area of each system each year. Burns were 
conducted in winter months (January to March) and were 
planned as high-intensity mesquite top-killing fires to maxi-
mize mesquite suppression. To accumulate herbaceous fuel on 
the 25 percent to be burned, cattle were rotationally grazed 
on the remaining 75 percent of each system for 4 to 6 months 
without a reduction in stocking rate determined for the entire 
system. Thus, costs of deferral were internalized. Fire was to 
be used when average or above-average precipitation resulted 
in sufficient fine fuel (> 1,500 kg ha-1) to suppress mesquite. 
During drought years deferred pastures were not burned but 
grazed as needed.

A severe spring drought following 1996 fires forced us 
to discontinue the 4:3 system and in 1998 these pastures 
were converted to 4:1 systems with herbicide as the method 
of mesquite control. These paddocks had an initial fire in 
one paddock in 1996 and herbicide aerial spray in the other 
paddocks in 1999 (0.28 kg/ha clopyralid+0.28 kg/ha triclopyr; 
see Ansley and others 2003). This treatment was desig-
nated as 4:1 fire+herbicide (4:1F+H). Herbicide spray was 

concentrated on the clay loam soils where mesquite cover 
was greatest. Most of the mesquite on shallow soils was not 
sprayed because of light cover and density.

Livestock were managed in each pasture as a cow-calf 
operation (Hereford breed). Cattle stocking rates were main-
tained at similar levels in all systems throughout the study and 
were initially set at 7 ha per cow in 1995. Rates were reduced 
to 11 ha per cow in 1996 and 14 ha per cow by 2001 following 
several droughts.

Mesquite Cover Quantification

Color infrared (CIR) aerial images of Kite Camp (1:7,000) 
were taken in October 1995 and September 2000. Images 
were scanned and geo-referenced in Arcview GIS using 
ortho-quads available from the USGS (Ansley and others 
2001). Green vegetation appears as varying shades of pink 
or red on CIR images. Normally, on late summer/early fall 
images, mesquite canopies appear as a bright pink color and 
the herbaceous understory is light gray. However, because 
of well-above average precipitation, herbaceous vegetation 
remained green throughout 1995 and it was not possible to 
use the automated color classification system within ArcView 
to digitally separate mesquite cover from understory vege-
tation because both vegetation types had similar shades of 
pink. We could visually discern individual mesquite canopies 
from the understory, however, because canopy margins cast 
a small shadow. Therefore, mesquite cover was quantified on 
the images using a variation of the line intercept technique 
(Canfield 1941). Two 1 ha (100 x 100 m) plots each were 
randomly located on clay loam and shallow soil types on 
images of each paddock of each system. Ten parallel computer 
generated lines, each scaled at 100 m length, were placed in 
each 1 ha plot and mesquite canopy intercept was measured 
manually along each line using the distance measure feature 
in Arcview (after Ansley and others 2003). Cover values from 
images were verified with field transects (r2 = 0.94; ŷ = 0.97x 
- 0.98; n = 12). The same process was used for images taken 
in 2000, although color separation between mesquite cano-
pies and understory was very good. Cover was determined on 
1,360 separate 100 m transect lines (34 paddocks x two soil 
types/paddock x two 1-ha plots/soil type x 10 lines/plot); far 
more than would be possible using field measurements.

Plot-level changes in mesquite cover were scaled to the 
system (pasture) level for each system (4:1, 8:1, etc). Scale 
factors were percent area of each soil type (shallow or clay 
loam) in each paddock and percent area of each paddock 
relative to the total area of each system. Riparian areas were 
excluded from the analysis.

Statistical Analysis

Mesquite percent change values relative to pre-treat-
ment levels were analyzed using a completely randomized 
design with treatment (Continuous, 4:1F, 8:1F and 4:1F+H) 
or paddock (1-4 or 1-8) as the main effect (two replicates 
per treatment or paddock) (SAS 1988). Percentage data were 
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arc-sine transformed prior to analysis. Means were separated 
using LSD (P < 0.05).

Results and Discussion

Precipitation and Fire History

The 1995 growing season (March-October) was much 
wetter than average, followed by an extremely dry period 
from November 1995 through June 1996 (fig. 1). Severe 
growing season droughts were experienced in 1996, 1998, and 
2000. The years 1997 and 1999 had key periods during each 
growing season when precipitation was less than average and, 
with the exception of the July-August period in 1997, there 
was no 2-month period from 1996 through 2000 when precip-
itation during the growing season was much above average.

A burn ban due to drought during most of February-March 
1996 limited burning to five of the eight paddocks that were 
scheduled to burn. One paddock in the remaining unburned 
pasture was burned in 1997 to equalize replicates so that one 
paddock had been burned in every system. Droughts in 1996 
and 1998 reduced grass production, which limited the number 
of paddocks that were burned to 14 of the original 36 that 
were planned (table 1).

With the exception of the 1996 fires, droughts also limited 
the intensity of fires because of low herbaceous fine fuel 
amounts. In addition, intensity of the 1998 fires was limited 
because a wet and warm January-February 1998 increased C3 

Figure 1. Bi-monthly precipitation at the research site from 1995-
2000. Line indicates 30-yr average precipitation for each 2-month 
period.

Table 1. Planned burns vs. completed burns on the Kite Camp study, 1996-
2000.

	 Paddocks  
	 planned	 Paddocks 
Burn dates	 to burn	 burned	 Comments

Jan-March 1996	 8	 5	 Burn ban Feb-March
Jan-March 1997	 8	 1	 1996 drought - low fine fuel
Jan-March 1998	 8	 6	 Feb - March very wet, green
Jan-March 1999	 6	 0	 1998 drought - low fine fuel
Jan-March 2000	 6	 2	 High Opuntia; low fuel in one
1996 - 2000	 36	 14

1 Planned burns were reduced from eight to six in 1999 because two systems 
were changed from fire to herbicides as the means for mesquite control.

Table 2. Effectiveness of prescribed fires on mesquite topkill, Kite Camp.

	 Good topkill	 Moderate topkill	 Poor topkill
Burn year	 60 - 90 %	 40 - 60 %	 20 - 40 %

1996	 4	 1	 0
1997	 0	 1	 0
1998	 1	 2	 3
2000	 1	 0	 1

1996-2000	 6	 4	 4

grass growth and green tissue content in the fine fuel retarded 
combustion. Of the 14 fires conducted, 6 had high (60 to 
90 percent), 4 had moderate (40 to 60 percent), and 4 had 
poor (10 to 40 percent) levels of mesquite top-kill (table 2). 
As expected, none of the fire treatments killed more than 2 
percent of the mesquite and most plants re-sprouted from 
stem bases following top-killing fires. The herbicide treat-
ments root-killed over 60 percent and top-killed nearly 100 
percent of the mesquite plants. Herbicide results were viewed 
as typical for this mixture (Ansley and others 2003; Mitchell 
and others 2004). Detailed summaries of herbaceous vegeta-
tion responses and cattle performance are available elsewhere 
(Teague and others 2001a).

Mesquite Cover Changes Within  
Each Soil Type

In continuous-grazed, untreated systems, mesquite cover 
increased on clay loam soils from 22.3 to 35.6 percent from 
1995 to 2000, an increase of 13.3 percentage units, or 2.7 
percentage units per year. This is a slightly faster rate of 
cover increase than the 2.2 percentage unit per year rate that 
Ansley and others (2001) found over a 20-year period on a 
clay loam site near the current study area. On shallow soils 
in the continuous-grazed, untreated systems, mesquite cover 
increased from 5.8 to 6.9 percent from 1995 to 2000, or 0.2 
percentage units per year. Mesquite cover was not high on 
shallow soils at study initiation and did not increase at a 
rate that was considered a management problem. However, 
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mesquite did attain a level of dominance on clay loam soils 
over the 5-year period of the study that was of considerable 
management concern. Ansley and others (2004) found on a 
clay loam site near the current study site that mesquite cover 
did not reduce C4 midgrass production until it was greater 
than 25 percent. However, at that point C4 midgrass produc-
tion declined sharply to levels that were 25 percent of the 
maximum recorded values (50 g m -2 vs 200 g m-2). Thus, an 
increase in mesquite cover on clay loam soils in the present 
study from 22 to 36 percent would be expected to reduce C4 
midgrass production to a much greater degree in 2000 than in 
1995, assuming similar climatic conditions.

Increases in mesquite cover in untreated paddocks of the 
4:1F systems followed a similar pattern as that of the contin-
uous-grazed, untreated systems (fig. 2). In untreated paddocks 
3 and 4, cover increased slightly on shallow soils and from 
about 26 percent to 38 percent on clay loam soils. Responses 
were similar on each soil type in untreated paddocks of the 
8:1F systems (data not shown). Thus, the type of grazing 
pattern (continuous, 4:1 or 8:1) did not appear to affect the rate 
of mesquite cover increase on either soil type if mesquite was 
left untreated. Thus, rotational grazing alone (that is, without 
fire or some other mesquite treatment) did not increase the 
competitive ability of the herbaceous community to slow the 
rate of mesquite canopy growth, as measured by aerial cover.

In treated paddocks in each system, mesquite cover changes 
on each soil type varied considerably with treatment type 

and/or intensity. In the 4:1F systems, paddocks 1 and 2 were 
burned in 1996 and 1998, respectively. The 1996 fire, which 
was very intense, initially reduced mesquite cover on clay 
loam soils from 36 percent to less than 10 percent (data not 
shown). However, by 2000, mesquite cover had increased due 
to mesquite regrowth to levels that were only slightly lower 
than in 1995 on both soil types (fig. 2). The 1998 fires were 
much less effective in top-killing mesquite than the 1996 fires. 
As a result, by 2000, mesquite cover had increased on clay 
loam soils to levels that were greater than the initial level of 
27 percent. This was a slower rate of increase than what was 
found in the untreated paddocks 3 and 4, however. Clearly, 
the fires reduced the rate at which mesquite cover increased. 
Averaged over the four paddocks in the 4:1F systems, cover 
increased on clay loam soils from 29 to 35 percent and did 
not change on shallow soils (fig 2). Averaged over the eight 
paddocks in the 8:1F systems, cover increased on clay loam 
soils from 32 to 35 percent and did not change on shallow 
soils (data not shown in a figure).

In the 4:1F+H systems, the 1996 fire in paddock 1 of each 
replicate yielded a similar result as found for paddock 1 in the 
4:1F systems (fig. 2). The other three paddocks were treated 
with herbicides in 1999 that reduced mesquite cover on clay 
loam soils to < 5 percent. Much of the mesquite that occurred 
on shallow soils was not sprayed because of light cover and 
density. When averaged over the four paddocks, mesquite 
cover in the 4:1F+H systems was reduced from 30 percent to 9 
percent on clay loam soils and from 12 to 8 percent on shallow 
soils. These results agree with what other studies have found 
for this clopyralid+triclopyr treatment (Ansley and others 
2003; Mitchell and others 2004). This treatment is not only 
effective at reducing mesquite cover but also reduces mesquite 
density (root-kill is usually 60 to 70 percent) and has a treat-
ment life of > 20 years (Ansley and others 2004). However, 
typical cost for this treatment is $25 per acre compared to $2 
to 3 for fire (Teague and others 2001b).

Scaling Mesquite Cover Responses  
Over Soil Types

Following scaling mesquite cover changes over both soil 
types in each paddock, the 1996 fires (paddock 1) were the 
only treatment in the 4:1F systems that reduced mesquite 
cover from 1995 to 2000 (fig. 3). Cover increased in the 
other three paddocks but at a slower rate in paddock 2 due 
to the 1998 fires. In contrast, the four paddocks that received 
prescribed fire in the 8:1F systems all yielded lower mesquite 
cover in 2000 than 1995. In this treatment, the most recent 
fires were in the year 2000 (paddock 4) just 8 months prior 
to the date of the 2000 CIR images. We were unable to burn 
in the 4:1F systems after 1998 because droughts prevented 
grazing deferral on 25 percent of the system. The remaining 
75 percent of the system simply could not sustain the herd 
for any length of time even though stocking rates had been 
reduced for each system. We were able to burn one paddock 
in each of the 8:1 systems in 2000 because we could defer 
grazing in 1/8 of the area of each system and rotate the herd 
on the remaining 7/8 of the area.

Figure 2. Mesquite cover from 1995 to 2000 within each paddock (P) 
and soil type (clay loam = solid; shallow = open) and the mean of 
all four paddocks in 4:1F (top) and 4:1F+H (bottom) systems (n = 
2). F = fire, H = herbicide, NT = no treatment.
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In the 4:1F+H systems, mesquite cover decreased from 
1995 to 2000 in all four paddocks (fig. 3) due to the intense 
fire in 1996 (paddock 1) and the herbicide treatments in the 
other three paddocks. The reason mesquite cover reduction 
was greater in paddock 2 than paddocks 3 and 4 was because 
there was more clay loam soil in paddock 2 and therefore more 
area was sprayed. Paddocks 3 and 4 had a high percentage of 
shallow soils.

Scaling Mesquite Cover Changes  
Over Soils and Paddocks

Net change in mesquite cover, when scaled over soil type 
and area of each paddock within each system, was +34 percent, 
+15 percent, +5 percent, and -41 percent in the Continuous, 
4:1F, 8:1F, and 4:1F+H systems, respectively (fig. 4). Mesquite 
cover was reduced only in the fire+herbicide system during 
the period of the study. However, the rate of system-level 
increases in mesquite cover were much lower in the 4:1F and 
8:1F systems compared to the continuous grazed, untreated 
systems. In addition system-level increases in mesquite cover 
were slower in the 8:1F than the 4:1F systems.

Conclusions

Rotational grazing and fire systems (4:1F and 8:1F) slowed 
the rate of increases in mesquite cover but did not reduce 
it within the time-frame of this study. Severe droughts in 
1996, 1998, and 2000 limited burning to only 14 paddocks 
in 5 years compared to the original goal of 36. It should be 
noted, however, that, while we did not conduct the number 
of fires intended over the scheduled time frame, we were able 
to conduct more fires during these periods of severe drought 
than any ranch in the region. This was attributed to the utili-
zation of rotational grazing systems. As a result, increases 
in system-level mesquite cover were lower in both fire-only 
systems compared to the untreated system.

System-level rate of mesquite cover increase was slower in 
the 8:1F than the 4:1F systems. We believe that one of the most 
significant discoveries in this study was that fire was easier 
to apply in the 8:1F than the 4:1F systems during droughts 
because the area deferred and burned could be reduced to 1/8 
(that is, one paddock) instead of 1/4 of the total area of the 
system. Eight paddocks provided more flexibility for burning 
in drought years than did four paddock systems.

Mesquite cover was reduced to a much greater degree in 
the fire+herbicide systems than the two fire-only systems. We 
believe the fire-only systems would have been more effective 
at suppressing mesquite had precipitation been near average. 
One of the advantages of the herbicide option is that, unlike 
prescribed fire, it requires virtually no pre-planning and is not 
as dependent as is a fire plan on long-term weather patterns. 
However, typical cost for this treatment is $25 per acre 
compared to $2-3 for fire (Teague and others 2001b).
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scaled over both soil types. Error bars indicate + 1 S. E. (n = 2). 
Means with similar letters are not significant at P < 0.05.
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