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Abstract

This paper presents a comparative simulation analysis of the
economics of prescribed fireand aerially applied root-killing her-
bicide treatment as methods for maintaining livestock productiv-
ity on rangeland in the Texas Rolling Plains. A “no-treatment”
scenario isused asthe base for comparison. In almost all the sim-
ulated scenarios both herbicide application and prescribed burn-
ing wer e economically feasible since net present values were > 0
and benefit/cost ratios were >1. However, the net present values
for prescribed fire were much higher that those for the herbicide
treatment even with a lower increase in carrying capacity with
burning. The cost of herbicide would have to be less than half the
current cost of $57 ha™ before it would be economically competi-
tive with fire in controlling mesquite. If cattle numbers were not
increased after treating brush, burning had an even greater net
present value and benefit/cost ratio advantage over herbicide
treatment than if cow numbers were increased after treatment.
Even if fences have to be constructed to implement adequate
deferment for burning, the net present value and benefit/cost
ratios of the fire option were higher than those for herbicide sce-
narios. This analysis indicates that there is an economic advan-
tage to using fire wherever possible, and use of herbicides is
restricted to those instances when fine fuel amount is < 1,700 kg
ha™ yr! when fire is not a viable option. The analyses indicate the
economic response is most sensitive to the treatment effect on
wildlife income.

Key Words: Brush management, bioeconomics, natural resource
accounting, prescribed burning, root-killing herbicide

In the southwestern U.S.A., honey mesquite (Prosopis glandu-
losa Torr.) dominates many rangelands reducing herbaceous pro-
duction and interfering with livestock foraging and management.
The accelerated increase of woody plants into grasslands has
been attributed to overgrazing and lack of fire (Scifres 1980).
Traditionally, mesquite rangelands have been managed for beef
cattle production but increasingly income from wildlife can equal
or exceed that from livestock on many ranches (Bernado et al.
1994). The cost to control mesquite, the cost of follow-up mainte-
nance treatments and the net earnings of the treated versus non-
treated land determine the economics of brush control. Previous
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Resumen

Este articulo presenta un analisis de smulacién compar ativo
del aspecto econdémico del fuego prescrito y los tratamientos de
aplicacion aérea de herbicida como métodos para mantener la
productividad del ganado en pastizales de la region de las
Planicies Onduladas de Texas, se uso un escenario " Sin
Tratamiento” como base de comparacién. En casi todos los esce-
narios simulados la aplicacién de herbicida y el fuego prescrito
fueron econémicamente factibles ya que los valores netos pre-
sentes fueron > 0y las relaciones beneficio/costo fueron > 1. Sin
embargo, los valores netos presentes para el fuego prescrito
fueron mucho mayores que los del tratamiento de herbicida, aun
con un menor incremento en la capacidad de carga debida al
fuego. El costo del herbicida tendria que ser menos de la mitad
del costo actual de $57 ha? antes de que fuera econémicamente
competitivocon el fuego para controlar mezquite. Si los nimer os
de ganado no se incrementar on después de tratar los arbustos, la
guema aun tendria un mayor valor neto presentey una ventaja
en larelacién beneficio/costo sobre el tratamiento con herbicidas
gue si los nimeros de ganado se incrementaran después del
tratamiento. Aun, si se tiene que construir cercos para imple-
mentar un diferimiento adecuado de la quema, €l valor neto pre-
sentey la relacion beneficio costo del fuego fueron mayores que
las de los escenarios con herbicidas. Este analisis indica que hay
una ventaja economica para usar € fuego cuando sea posible, y
el uso de herbicidas se restringe a aquellas ocasiones cuando la
cantidad de combustible fino es < de 1,700 kg ha* afio?, cuando
el fuego no es una opcién viable. El andlisis indica que la
respuesta econémica es mas sensitiva al efecto del tratamiento
en € ingreso por fauna silvestre.

research by Vantassell and Conner (1986) recognized the
response from treatment but ignored the fact that if brush is not
controlled it increases. This further reduces herbage production,
increases cattle management costs, and may reduce wildlife earn-
ing capacity.

This paper presents the difference in net present value and ben-
efit/cost (B/C) ratios for treating mesquite using 2 of the most
cost-effective brush management treatments in the Rolling Plains
of Texas:. prescribed burning at an interval of 5—7 years and aeri-
al spraying with a root-killing herbicide that has a treatment life
of approximately 20 years (Scifres and Hamilton 1993, Ueckert
et al. 1999). The biological information used in these calculations
was collected from small-scale independent projects in the
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Rolling Plains of Texas. Since this data-
base is incomplete, a sensitivity analysis
was conducted to identify the relative
importance of the different biologica and
economic parameters needed to develop
biologically and economically sustainable
management systems. The anaysis relates
to ranches that are 1,600 to 20,000 ha in
size with mesquite that needs a brush
reduction treatment. The costs and bene-
fits of carrying out particular management
actions are compared with the valuein lost
productivity due to not treating the brush.

M ethods and Procedures

Economic model

The economic efficiency of treating
brush with fire or herbicide was calculated
by determining the differences in net pre-
sent value and benefit/cost ratio of treated
vs. untreated land over a 30-year period. A
project is considered economically feasi-
ble if net present value = O (i.e. discount-
ed returns exceed discounted costs).
Treatments with higher net present value
ratios are considered economically superi-
or (Workman 1986). The benefit/cost ratio
was calculated by determining the differ-
ence in present value of returns (benefits)
divided by the present value of treatment
costs and maintenance. The ratio must be
greater than 1 for the treatment to be eco-
nomically feasible.

The change in land value is not taken
into account because land values are often
unrelated to productivity and are frequent-
ly driven by speculative investors.
Calculation of net present value was as
follows:

n
NPV= ) R /(1+d)
i=0

@

Where R = future net value

d = discount rate or rate of return

n = planning horizon

i =years

In the economic model, carrying capaci-

ty was calculated for each year of the
analysis by multiplying average carrying
capacity per hectare by the number of
hectares. The total lease value was esti-
mated by multiplying the carrying capaci-
ty by the lease rate. The net present value
of each treatment was calculated using a
30-year time horizon of treatment benefits
and costs and a specified discount rate.
The analyses were based on the assump-
tion that income and operating costs are
incurred at the end of each year, with the
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exception of initial treatment costs, which
were assumed to occur at the beginning of
year 1. The analyses were conducted using
a spreadsheet program developed by
McGrann et al. (1998). Costs of the treat-
ment and maintenance were entered into
the spreadsheet, as well as any associated
improvements (fencing, water, facilities,
etc.), using data from the Waggoner
Experimental Ranch in north Texas (33°
50' N, 99° 5' W). Since net present value
and benefit/cost ratio estimates are corre-
lated, we discuss only the net present
value of each treatment analyzed.
However, in the associated tables, bene-
fit/cost ratios are also presented to accom-
modate preferences for either measure.
Analysis showed little sensitivity to a
range of discount rates so arate of 5% was
used. We used the current rate for leased
cow-calf ranchland in the Rolling Plains
of Texas of $90 Au* year™ (Stan Bevers,
Extension Economist, TAEX, Vernon,
Tex., personal communication).

Grass production with increasing
brush

Treatment response and longevity have
amajor effect on the economic efficacy of
brush clearing. Herbage growth beneath
mesquite changes little until a threshold is
reached beyond which herbage growth is
severely reduced (Dahl et al. 1978). An
increase in herbage with clearing was only
obtained if pre-treatment mesguite cover
was 30% or more (Dahl, et a. 1973). The
magnitude of herbage growth response
following clearing also differed markedly
depending on climatic conditions, the pro-
ductive potential of the soil and the
herbage species composition or range con-

dition at the time of treatment (Dahl et al.
1973, Scifres and Polk 1974, McDaniel et
al. 1978, 1982, Brock et al. 1978, Gibbens
et al. 1986).

Recent work in north Texas has defined
the long-term regrowth and invasion of
mesquite following a root-killing herbi-
cide and the resulting reduction of herbage
production as mesquite aerial cover
increased over a 30-year period, summa-
rized in Fig. 1. Mesquite cover was esti-
mated to increase at arate of 1 percentage
unit per year (Ansley et al. 2001).
Carrying capacity was calculated using the
percentage reduction in herbage produc-
tion due to mesquite from McMullen
(2000) and the mean herbage production
from 5 years of field data in north Texas
(Teague et al. 1999). Allocating 25% of
peak standing crop at 12 kg Au* day™,
these calculations give an average carrying
capacity for Waggoner Experimental
Ranch of approximately 12.1 ha AUY ™.
The Waggoner Experimental Ranch is
stocked at 13.4 ha AUY™ for average pre-
cipitation years (Teague et a. 1999). This
research area comprises approximately
equal proportions of shallow-clay soils
that have very low amounts of mesquite
and clay-loam soils that support signifi-
cant mesquite cover. The shallow-clay
soils currently have a carrying capacity of
approximately 15.8 ha AUY™ (Table 1).
The clay-loam soils have a carrying capac-
ity of approximately 8.9 ha AUY™ when
clear of mesquite and 13.4 ha AUY™ with
30% aerial cover of mesguite.

The assumed changes in productivity
(carrying capacity) with time following
no-treatment and treatment are presented
for prescribed fire (Fig. 2) and are based
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Fig. 1. Carrying capacity decline with time from a completely cleared situation, due to
increasing mesquite brush on the Waggoner Experimental Ranch (from McMullen 2000,

Andey et al. 2001).
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Table 1. Parameter values used in the economic analyses.

Parameter Herbicide Fire
1 Areato betreated (%) 50 50
2 Mesquite aerial cover before treatment (%) 30 30
3 Discount rate (%) 5 5
4 Incometax rate (%) 15 15
5 Capita gainstax rate (%) 20 20
6 Wildlifeincome ($ hat) 7.41 7.41
7  Treatment longevity (years) 20 7
8 Cost [$ha’] Initial treatment 56.81 6.18
Follow-up treatments 6.18 6.18
9 Carrying capacity untreated area (ha AUY-1) * 15.8 15.8
10 Carrying capacity of treated area before treatment (30% mesquite)** 134 134
11 Carrying capacity of treated area after treatment (10% mesquite)** 8.7 10.9

*Land that has shallow-clay soil of relatively low productivity for herbage and very low amounts of
brush. Carrying capacity has been calculated by allocating 25% of peak standing crop @ 12 kg hd* day'1

using 5 years of data from Teague et al. (1999).

**|_and that has clay-loam soils of moderately productive soils where the major presence of mesguite

occurs. Carrying capacity has been calculated as above.

on results for north Texas in which top-
killing treatment effects lasted 6 to 7 years
(Heitschmidt et al. 1986). We assume that
fire would need to be applied once every 7
years to suppress mesquite regrowth.
Grass growth the season after fire was
assumed to be at pretreatment levels. One
scenario we considered was that the peak
production after year 1 increased with
repeated fires as illustrated in Fig 2. We
also considered a reduced response in
which the lower peak production follow-
ing the first burn in Fig. 2 occurred after
al burns in the 30 year period. We also
considered scenarios with no response
delay and burning every 5 years compared
to every 7 years.

Twenty-year and 30-year longevity sce-
narios are considered following herbicide
application with no follow-up treatment
(Fig. 3) based on data in which root-
killing treatment effects lasted up to 20
years (Ansley et a. 2000). In addition, 2
alternative scenarios are considered fol-
lowing herbicide application with the 20-
year return to pretreatment levels (Fig. 4).
These include follow-up treatment with
prescribed fire 16 or 20 years after the ini-
tial herbicide application.

The parameter values used for the
majority of scenarios are presented in
Table 1. The current recommendation for
herbicide application to control mesquite
on large ranches is to aerially broadcast
0.28 + 0.28 kg ha* Clopyralid + Triclopyr
herbicide at a cost of $57 ha® (Ueckert et
al. 1999). Although technology has been
developed to treat individual mesquite
plants at a much lower cost of $30 ha* for
densities of 1,000-1,200 plants ha*
(Ueckert et al. 1999), this method of appli-
cation is generally applicable only for
smaller scale properties and was thus not
used for these large ranch simulations.
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Costs of burning in north Texas, includ-
ing the cost of creating firebreaks and pre-
burning blacklines range from $6 to $7 ha*
(Andey et a. 1999). However, it is possi-
ble to burn at lower cost if pre-burn prepa-
rations only include the cost of grading the
perimeter of the area to be burned. For
most scenarios a retreatment interval of 7
years is used for burning but in 1 scenario
aretreatment interval of 5 yearsis consid-
ered. The same cost ha* was used for each
repeat burn. We assume pre- and post-
burn deferment.

All scenarios assume that cattle numbers
will be increased according to the increase
in herbage production following brush
treatment. However, cattle numbers are
not increased on some ranches. In such
cases, individual cow production would
increase owing to the increased amount of
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Fig. 2. Carrying capacity of treated compared to untreated mesqguite using prescribed burn-
ing. Grass growth the season after fire was assumed to be at pretreatment levels. The peak
production after year 1 was assumed to increase with repeated fires.
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Fig. 3. Carrying capacity of treated compared to untreated mesquite using a root-killing her-
bicide with treatmentslasting 20- and 30-year s befor e pretreatment levels are reached.
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Fig. 4. Carrying capacity of treated compared to untreated mesquite using a root-killing her-
bicide followed by different post-herbicide treatment prescribed burn scenarios: (a) no
burning (b) burning after 16 yearsand (c) burning after 20 years.

herbage per cow as demonstrated by
Bement (1969). The option of not increas-
ing cow numbers following brush treat-
ment was compared to the option of
increasing cow numbers to use extra
herbage produced using increased individ-
ual cow performance of 5 and 10% fol-
lowing treatment if cow numbers
remained static. This is based on annual
fluctuations in animal performance of 5-
10% measured in north Texas due to vary-
ing amounts of herbage produced in
response to climatic variability and differ-
ent stocking rates (Heitschmidt et al. 1986,
Teague et al. 1999). We assume that using
light to moderate stocking rates will pre-
vent having to reduce stock numbers in
times of serious drought.

Factors affecting the efficacy of

herbicides and burning

Uncertainty exists about how effective
fire can be relative to herbicide application
in reducing the problems associated with
mesquite. This sensitivity analysis aims at
determining which factors and combina-
tions of factors significantly influence the
relative economic value of these alterna-
tive treatments. Burning has a significant
effect on environmental conditions, which
lasts anumber of years (Wright and Bailey
1982). The remova of surface and stand-
ing litter by fire and the blackened soil
surface result in higher soil temperature.
This promotes growth earlier in spring and
increases soil moisture evaporation, both
of which reduce soil moisture more rapid-
ly. The increase in herbage quality and
increase in number of species that are con-
sumed after burning (Wright and Bailey
1983) counteract the reduced amount of
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herbage produced. The net result is that
secondary productivity can be increased
on burned relative to unburned areas when
favorable growing conditions prevail
(Angell et al. 1986, Svejcar 1989).
However, primary and secondary produc-
tivity are reduced on burned areas when
growing conditions are below average
(Wright and Bailey 1982). We do not
know how many years these areas take to
recover. However, in a study in the
Rolling Plains of Texas with rotational
grazing, the number of grazing days was
doubled in burned pastures, compared to
non-burned pastures, in years 2 and 3 after
burning (Teague et al. 1999) when burning
was followed by a drought year.

Fire generally results in patchier and
less complete canopy top-kills than broad-
cast herbicide application, resulting in less
reduction in brush aerial cover and lower
increase in herbage production with pre-
scribed fire (Hamilton et al. 1981). The
longevity of treating mesquite with fire
appears to be similar to that reported
above for top-killing herbicides. In the
case of mesquite in the Rolling Plains,
retreatment is necessary after approxi-
mately 6 to 7 years, based on work by
Heitschmidt et al. (1986), but retreatment
may be needed after only 5 years since
few mesquite are killed even with repeated
fires (Andley et a. 1998).

Pre- and post-burn deferments are nec-
essary to minimize the negative environ-
mental effects of fire and to provide ade-
quate amounts and continuity of grass fuel
(Scifres and Hamilton 1993, Teague et a.
1997). One-herd multiple-pasture systems
facilitate such deferment and allow the use
of fire in non-drought years at a frequency

of 4 to 6 years to internalize the cost of
treating the brush by avoiding the cost of
grazing extra land. Most ranches would be
able to implement at least a 4-pasture, 1-
herd system of management without incur-
ring extra fencing costs by consolidating
herds. However, scenarios that do require
extra fencing to implement deferment are
considered in this economic analysis to
account for this possibility. The economic
consequences of adding electric or regular
5-wire fencing in year 1 are considered
using costs of $210 and $2,100 per kilo-
meter of fence, respectively. In addition,
assuming that 1/4 of the grazing unit will
be deferred and burnt, approximately 10%
of total grazing daysin a year are lost due
to deferment. This would result in a small
lossin animal productivity since the effec-
tive stocking rate would be heavier and
animals would not perform as well.
Burning 1/8 of the grazing unit would
result in losing 5% of total grazing days
and would be managed for with a burning
interval of 7-8 years. We consider a sce-
nario in which 10% fewer animals are
stocked to determine the economic conse-
guences of decreasing animal numbers to
account for the days of lost grazing. We
assume that no post-treatment deferment is
necessary following herbicide application
based on Ueckert et al. (1999).

Wildlife and brush clearing
Wildlife is an increasingly important
addition to ranch income (Bernado et al.
1994). Wildlife requires suitable cover and
food plants to satisfy habitat requirements.
For example, optimal habitat for bobwhite
quail and white-tailed deer includes about
10-20% brush cover (Lehman 1984,
Guthery 1996, Teer 1996). Thus any man-
agement practice that influences habitat
for these species will change income
derived from them. Herbicides and fire
affect deer and quail habitat differently.
While complete clearing with herbicides
may be desirable for livestock production
it would significantly reduce the value of
the area for deer and quail. However, pat-
terns of clearing can be implemented
using herbicides that optimize cover
requirements for specific species
(Fulbright and Guthery 1996, Koerth
1996). After herbicide treatment aimed at
reducing brush, forb populations important
for deer and quail are generally suppressed
for at least 1 growing season. However,
forb abundance can improve significantly
in treated areas in subsequent years
(Scifres and Koerth 1986, Koerth 1996).
Burning can have a positive effect on
wildlife habitat for some species. Burns
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improve plant composition and the quality
of feed for many wildlife species and thus
attract wildlife (Guthery 1996, Teer 1996).
Early winter burning has been shown to
increase forbs that are significant to white-
tailed deer (Hansmire et al. 1988). In addi-
tion, at the landscape level the patchy
nature of fires leaves islands of cover that
enhance habitat. Woody plants also
regrow rapidly after top-kill by fire and
provide cover more rapidly than root-
killing herbicide applications. Small
amounts (<15% cover) of woody plant
cover interfere little with livestock man-
agement for 3 to 4 years after a burn and
provide relatively little competition with
herbage production (McMullen 2000). The
changes in grazing management required
to provide pre- and post-burning defer-
ment have also been shown to improve
habitat for wildlife. For example, at the
Sonora Experiment Station in south Texas,
White-tailed deer preferred a 7-pasture-1-
herd cattle grazing rotation system over
the 4-pasture-3-herd deferred and continu-
ous graze systems (Reardon et al. 1978).

The consequences of increasing or
decreasing income from wildlife are con-
sidered using a wildlife income of $7.41
ha-1 for the whole management unit. This
is the wildlife income level used by
Thurow et a. (2000) for brush at 5 to 15%
aerial cover. Wildlife income is increased
or decreased to the upper ($12.35 ha™) and
lower ($2.47 hal) levels likely to be
encountered in north Texas (Dr. Dale
Rollins, Wildlife Extension Specialist,
TAEX, San Angelo, Tex., persona com-
munication) on the treated portions of the
management unit to simulate positive or
negative effects on wildlife income that
may occur with either method of treating
the brush.

Results and Discussion

In almost all the simulated scenarios
both herbicide application and prescribed
burning were economically feasible since
net present values were >0 and
benefit/cost ratios were >1. However, the
net present values for prescribed fire were
much higher than those for the herbicide
treatment (Table 2). The lowest net pre-
sent values were for the herbicide with
herbicide follow-up treatment. When the
herbicide with a follow-up burn after 20
years was compared to the burn with a
delayed response, net present value
remained much higher for the prescribed
burn treatment. When the longevity of the
herbicide was assumed to be 30 years, net

Table 2. Consequence of treating mesquite with root-killing herbicides or prescribed fire on net
present value (NPV) and benefit/cost (B/C) ratio under different management scenarios.

Treatment  Treatment  Scenario Description Treatment Cost NPV B/C
Longevity Ratio
Initial  Follow-up
--------- ($hat)-------

Herbicide 20years  Nofollow-up burn 56.81 0 12.2 23

30years  Nofollow-up 56.81 0 14.8 25

20years  Follow-up burns after 16 years 56.81 6.18 13.6 23

20years  Follow-up burns after 20 years 56.81 6.18 132 2.3

20years  Herbicide after 20 years 56.81 56.81 11.0 18

Burn 7years  Responsedelayed 1 year 6.18 6.18 18.0 6.8

7years  Response not delayed 6.18 6.18 185 7.0

7years  10% fewer animals 6.18 6.18 16.2 6.8

7years  Reduced response 6.18 6.18 17.3 6.6

S5years  Response not delayed 6.18 6.18 15.7 44

present value increased relative to the 20-
year longevity but the net present values
for prescribed fire were still higher.

Net present values of burn scenarios
which considered reduced stock numbers
and reduced carrying capacity increase
following fire were still much higher than
those of the herbicide with follow-up burn
treatments (Table 2). With the scenario of
no delayed response following a burn, a
dlightly higher net present value was real-
ized compared to the delayed response.
The scenario of burning at 5-year intervals
lowers net present value values relative to
the 7-year burn interval but still has
greater net present value than the herbi-
cide scenario. The option of burning 16
years rather than 20 years after herbicide
application did not increase net present
values. In practice, this strategy would
probably be advisable since there would
be a greater certainty of applying effective
burn treatments with lower levels of brush.
The longer retreatment is delayed the
higher the amount of brush and the lower
the amount of fuel to carry fire to achieve
adequate brush control. This would be
accentuated during drought years.

The main reason for the low net present

value values when using herbicide is the
high initial cost of application. Low net
present values were associated with early,
large capital expenditures compared to the
same amount spent over the length of any
period under examination. The high net
present values for prescribed burning were
aresult of a number of small investments
spread over the 30-year period compared
to the large single investment at the begin-
ning for herbicide application.

The option of not increasing cow num-
bers after treating mesquite is considered in
Table 3. All scenarios were economically
feasible and all net present values were
greater for burning than herbicide scenarios.
In addition, with the herbicide options, the
net present values for maintaining constant
cow numbers were 68 to 72% those of the
option for increasing cow numbers. In con-
trast, with the burning options, the net pre-
sent values for maintaining constant cow
numbers were 89 to 92% those for increas-
ing cow numbers. Therefore, if cow num-
bers are not increased after treating brush,
burning has an even greater economic
advantage over herbicide treatment than if
cow numbers are increased after treatment.

It isimportant to indicate that the results

Table 3. Net present value (NPV) and benefit/cost (B/C) ratio consequences of treating mesquite
with root-killing herbicides or prescribed fire under different management scenarios: (1)
increasing cow numbers according to the increase in herbage production or (2) not changing
cow numbers, and ther eby increasing production per cow by 5 or 10%.

Treatment  Scenario Description Increasein B/C
Production NPV Ratio
Per cow
(%) ($ha)
Herbicide Increase in cow numbers 0 13.2 2.3
No Increase in cow numbers 5 9.0 19
No Increase in cow numbers 10 95 19
Burn Increase cow numbers 0 18.0 6.8
No Increase in cow numbers 5 16.0 6.2
No Increase in cow numbers 10 16.5 6.4
557
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involving prescribed burning in this paper
refer only to those circumstances where
fine fuel amount is = 1700-kg ha® yr?
(Ansley and Jacoby 1998). In circum-
stances where the fuel isless than this, due
to the presence of brush or poor herba-
ceous composition, low site production
potential, drought or grazing, the use of
prescribed fire to topkill the brush is not
possible. In these circumstances other
means, such as herbicide application or
mechanical brush removal, are usually
necessary to restore herbaceous productivi-
ty before fire is a viable management
option.

Table 4. Consequence of varying the cost of
treating mesquite with root-killing herbi-
cides or prescribed fire on net present value
(NPV) and benefit/cost (B/C) ratio.

Treatment Treatment Cost NPV  B/C
Ratio
Initial  Follow-up
--------- EY N —
Herbicide 56.81 6.18 132 23
41.99 6.18 158 3.0
29.64 6.18 179 41
Burn 12.35 6.18 149 34
6.18 6.18 180 6.8
4,94 4,94 186 86

Table 4 illustrates the consequence of
reducing the cost of applying herbicides.
The cost of the herbicide has to halve to
$30 ha' before net present values for the
herbicide are competitive with $6 or $12
ha for prescribed burns, However, even at
an herbicide cost of $30 ha®, benefit/cost
ratios for burns were greater even at twice
the cost ($12 ha') of burning measured in
field experiments. This analysis showed
more sensitivity to cost of herbicide than
to treatment longevity following herbicide
treatment (compare Table 2 and Table 4).

The cost of adding fences to facilitate
pre- and post-burn deferment decreased
net present value a small amount if elec-
tric fencing is used (Table 5), but using 5-
wire fencing reduced economic benefits
considerably. In both cases, economic
returns are decreased considerably more
when herbicides were used instead of fire.
Even if a no-fence herbicide scenario is
compared with a 5-wire-8-pasture system,
the prescribed burning scenario had a
greater net present value than the herbi-
cide option. The most likely and economi-
cally rational scenario, burning with a 4-
pasture or 8-pasture system without incur-
ring any fencing costs, has considerably
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Table 5. Effect on net present value (NPV) and benefit/cost (B/C) ratio of treating mesquite with
root-killing herbicides or prescribed fireif fences have to be erected.

Treatment Type of Cost 4 pasture system 8 pasture system
Fence
4 pasture 8pasture NPV B/C NPV B/C
system system Ratio Ratio
—--($ ha)---- ($ha’) ($ hal)

Herbicide None 0 0 13.2 2.3 13.2 23
Electric 1.09 2.62 13.0 22 12.8 22

5wire 9.26 22.23 11.7 2.0 9.4 17

Burn None 0 0 18.0 6.8 18.0 6.8
Electric 1.09 2.62 17.8 6.5 175 6.0

5wire 9.26 22.23 16.4 45 14.2 31

higher net present values than all herbicide
alternatives considered. It should be noted,
however, that mesquite density is never
reduced with fire, but periodic burning
should keep mesquite suppressed.

The importance of improving or
decreasing wildlife income with either
means of treating mesquite is presented in
Table 6. Of al factors considered, net pre-
sent values show by far the greatest sensi-
tivity to variations in wildlife income. If
treatment on any part of a ranch either
increases or decreases wildlife income, net
present values are changed markedly.

Conclusions

Over a 20 to 30 year period, not treating
mesquite brush leads to levels of brush
cover that reduce herbage production and
hinder normal ranch functions such as
gathering cattle for branding and weaning.
Once this situation occurs, profitability of
livestock production from rangeland is
greatly reduced and a large expenditure of
capital is usually required for ranchers to
continue making aliving with livestock.

Clay-loam range sites generally make up
40-60% of the land area in the Rolling
Pains of Texas and if left untreated, there
isasubstantial annual increase in the aerial
cover of mesquite on these areas. This

poses a significant economic burden to
anyone attempting to derive a livelihood
from ranching with livestock. Fire, which
can be applied at a cost of about $ 6 ha™ or
less, is less expensive than spraying with a
root-killing herbicide at $ 42 to $ 62 ha or
mechanical clearing at $124 to $222 ha.
Prescribed fire has an economic (net pre-
sent value) advantage over broadcast
application of herbicides because of the
high initial cost of applying herbicides.
This advantage holds even if we assume
that fire performs less adequately than her-
bicides, including a delayed increase in
herbage production 1 year after burning
rather than the first year after treatment,
and an improvement in carrying capacity
which isless than that with herbicide treat-
ment. Even with the lowest likely response
in carrying capacity with prescribed burn-
ing, it compares very favorably in net pre-
sent value terms, with the current herbi-
cide alternative described above. If cow
numbers are not increased after treating
brush, burning has an even greater eco-
nomic advantage over herbicide treatment
than if cow numbers are increased after
treatment.

The analyses indicate the economic
response is most sensitive to the treatment
effect on wildlife income since the added
income from wildlife is assumed to
account for any additional cost. Although

Table 6. Effect on net present value (NPV) and benefit/cost (B/C) ratio of root-killing herbicides
and prescribed fireif mesquite removal reduces or improvesincome from wildlife.

Treatment Wildlife lease NPV B/C
Ratio
Untreated area Treated area
($hayr™)
Herbicide 741 741 13.2 2.3
7.41 247 [-12.9] [-0.2]
7.41 12.35 394 4.8
Burn 7.41 7.41 18.0 6.8
741 247 [-8.2] [1.7]
7.41 12.35 4.1 15.
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fires are patchier and less effective on
larger mesquite than broadcast herbicide
application, this would be beneficial if
wildlife were part of the equation.

The cost of herbicide would have to be
less than half the current cost before it
would be economically competitive with
fire as a means of controlling mesquite. It
should be noted that on smaller properties
with less dense mesquite, the use of indi-
vidual plant treatment using herbicide
(Ueckert et al. 1999) might reduce the
economic disparity between herbicide and
fire treatments as part of afire plan.

Even if fences have to be constructed as
part as afire plan, the net present value of
the herbicide option was lower than those
for realistic burning scenarios. Most ranch-
es would be able to implement at least a 4-
pasture-1-herd system without any increase
in fencing. In addition, grazing systems
also have the potential of improving range
condition (Norton 1998, Teague et al
1999) and hence primary and secondary
productivity. Improving range condition
applies to both herbicide and fire treatment
and would further improve long-term eco-
nomic benefits.

Fire is not as easy or convenient to use
as chemical or mechanical treatments for
controlling mesquite, but it does offer the
opportunity of lowering costs substantially
by substituting management for capital
inputs to increase profit margins. In times
of below average rainfall, burning can be
very difficult or impossible to implement.
Reducing stock numbers and only burning
1/8 of the grazing management unit each
year would help considerably in ensuring
regular burns were possible in all but
abnormally dry years. These analyses show
that such management would be very com-
petitive economically with any large-scale
herbicide treatment on large ranches. Fire
cannot replace herbicides since there are
times when herbicides are the only option.
This analysis indicates that there is an eco-
nomic advantage to using fire wherever
possible and restricting use of herbicides to
those instances that fire is not a viable
option. Diversification in the form of
adding or increasing wildlife income
appears to offer the highest economic
return whichever method of mesquite treat-
ment is used.
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