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Abstract 

An inexpensive method of tree felling is needed to precondition 
dense stands of mature junipers &miperus spp.) for the effective 
use of prescribed burning. The purpose of this research was to 
determine draft requirements to fell individual juniper trees at 
different striking heights. These baseline data are necessary to 
design an elevated chaining technique. Sites in Oklahoma with 
single-stemmed Ashe juniper (Juniperus mhei Buchholz) (N=40) 
and Texas with multi-stemmed redberry juniper (hziperus pin- 
ch&ii Sudw.) (N=45) were selected for evaluation. A horizontal 
breaking bar was cabled to au instrumented tractor drawbar for 
draft force determinations. Data from the drawbar loadcell were 
stored in a laptop computer data acquisition system. Maximum 
force to fell junipers was determined at striking heights of 0,0.6, 
0.9, and 1.2 m in Oklahoma and striking heights of 0,0.6, and 0.9 
m in Texas. Force to fell Ashe juniper trees at striking heights of 
0,0.6,0.9, and 1.2 m averaged 149,78,50, and 38 kN, respective- 
ly. Striking trees at 0.9 m compared to 0 m (ground level) 
reduced the felling force by 67% and still uprooted 50% and sev- 
ered 50% at ground level. With redberry junipers, felling force 
at striking heights of 0, 0.6, and 0.9 m averaged 81, 14, and 12 
kN, respectively. At the striking height of 0.6 m, required draft 
was reduced by 84% compared to ground level striking, and 
67% of the trees were severed at ground level and the remainder 
were uprooted. To predict force to fell a given size tree, draft was 
regressed on basal stem diameter in Ashe juniper or total basal 
stem area in redberry juniper. Based on these data, we concluded 
an anchor chain modified for elevated striking heights could sub- 
stantially reduce the tractor drawbar draft for preconditioning 
of dense stands of juniper by chaining. 

Key Words: brush control, mechanical, burning, Juniperus, force 
measurements, data acquisition system, Texas, Oklahoma. 
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Junipers (Juniperus spp.) have encroached upon 10.2 million 
ha of rangeland in Texas and Oklahoma and negatively influ- 
enced land use (SCS 1983, SCS 1988, Engle 1985). This range- 
land is basic to the livestock, wildlife, and recreation industries of 
both states. Herbaceous plant production has been doubled and 
even tripled by juniper removal (Arnold et al. 1964, Steuter and 
Wright 1983). Prescribed burning for control of juniper has been 
validated by Wright and Bailey (1982) in Texas and Rollins 
(1985) in Oklahoma. However, moderate to dense stands of 
juniper must be mechanically treated to release herbage produc- 
tion necessary for successful bums (Rasmussen et al. 1986). The 
mortality achieved by burning is high when trees are less than 1.8 
m in height, but fire is seldom effective when Ashe juniper 
(Juniperus ashei Buchholz) and eastern redcedar (Juniperus vir- 
giniana L.) are over 2.4-m tall (Dalrymple 1969, Martin and 
Crosby 1955, Owensby et al. 1973). Mortality of redberry juniper 
(Juniperus pinchotii Sudw.), a sprouting species, is high (70%) 
when trees are less than l-m tall and the bud zone is still above 
ground (Steuter and Britton 1983). J. Altom (personal communi- 
cation) found that large Ashe and eastern redcedar could be killed 
by fire if the limbs were trimmed and the tree was cut off about 1 
m above ground. Engle et al. (1988) and Engle and Strizke (1991) 
in Oklahoma and M.K. Owens (personal communication) in 
Texas have used paraquat (1 ,l ‘-dimethyl-4,4’-bipyridiniumion) to 
precondition large junipers with varied results when later 
attempting to bum dense stands. The environmental movement 
has changed public opinion concerning the use of chemicals in 
agriculture and their use may be severely restricted (Farrell 
1990). 

Chaining is the felling of trees by an anchor chain pulled 
between large crawler tractors and is normally cost effective 
(Fisher et al. 1973). However, in dense stands of large junipers on 
rocky sites, chaining can be very expensive because of low chain- 
ing productivity. A low cost method of tree felling is needed as a 
pre-treatment for burning. We believe au elevated anchor chain 
could be designed that would reduce draft, and therefore costs, to 
fell juniper trees. The objective of this research was to determine 
draft requirements to fell individual juniper trees and the felling 
efficacy at different striking heights. This information is needed 
for basic design considerations to modify an anchor chain for ele- 
vated chaining. 

Study Sites 

Sites with mature Ashe juniper and scattered eastern redcedar 
in south central Oklahoma near Ardmore, and mature redberry 
juniper in northwest central Texas near Vernon were selected for 
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Breaking Bar and Instrumentation 
The horizontal breaking bar was a reinforced, 20 x lO-cm 

(depth x width) H-beam mounted on wheels so that above ground - 
striking height could be set at 0.6, 0.9, 01 1.2 m (Fig. 1). Two, 8- ..L _^I.,^^ ^.&, Fig. 3 d Arowhor mnnntml 270.kN lnadrdl I*) --.- 

,a 
_ .R ” . “ . . “ “ .  .  . . -  _ .  . . -__ .  _ _ I .____ . . . . , . . ,  W,LU cav,c~ iuached 

) breaking bar. Loadcell is interfaced with a laptop-computer 
ata acquisition system (B). Drawbar height is adjustable. dl 

this study. Trees in Oklahoma were single stemmed with large 
branches, whereas the trees in Texas were multi-stemmed at 
ground level. Soil at the Oklahoma site was a Kid-Rock Outcmp 
Complex (loamy, skeletal, mixed thermic Lithic Haplustoll). Soil 
moisturewas11%atOto15cmand13%at15to30cm(drywt 
basis, N = 5) when the test was conducted in July 1992. At the 
Texas site, soil was a Knoco Complex (clayey, mixed, (calcare- 
ous), thermic, shallow Ustic Toniorthent), and soil moisture was 
10% at 0 to 15 cm and 11% at 15 to 30 cm at the time of the test 
in December 1992. Soil conditions were favorable for commer- 
cial chaining at both locations. 

Fig. 1. Borizontal breaking bar used to fell trees at various strikiig 

In Oklahoma, 10 Ashe juniper trees were selected in July 1992 
for felling at each of 4 shiking heights, 0 (ground level), 0.6.0.9, 
and 1.2 m. At the Texas site, 15 trees were selected in December 
1992 for felling at each striking height of 0, 0.6, and 0.9 m. 
Woody plants were cleared around each tree to simplify sampling 
and movement of the tree-felling apparatus. Each tree was num- 
bered and the crown height, crown width, number of basal stems, 
and stem diameter at ground level were recorded. In Oklahoma 
there were no differences in average Ashe juniper height, width, 
or trunk diameter among striking heights (Table 1). Tree height 

heights. 

Striking Crown heieht Crown width Stem basal di r 
height if SD range i*SD E.“tp i?SD =w 

___...____...._(m) _.....___..... _ (Cm) _ _. 
cl 5.9 50.5 5.2 to 6.1 J.7f1.2 3.4107.0 40*9 23to56 

0.6 5.7 f 0.5 4.9 to 6.4 6.O~L.1 4.4t07.6 42+9 3oto59 
0.9 6.0 f 0.4 5.2 to 6.7 5.s*1.3 4.0t07.6 43;13 28to76 
1.2 5.8 ~0.5 5.0 to 6.4 6.2k1.1 4.6m7.6 41+10 28to61 
‘Measured 8, ground IWC,. 

mm diameter wire cables attached at the outer ends of the 3-m 
long bar were stretched around a selected tree and then attached 
to the tractor’s instrumented drawbar for pulling. For ground 
level (0 m) measurements, an anchor chain was looped around B 
tree and both ends fastened to the instrumented drawbar. A chain 
was used because it better duplicated actual ground level striking 
than the breaking bar would have on the uneven soil/rock WI- 
faces. Drawbar height was adjusted to measure draft, a horizontal 
force. A 270 kN loadcell was attached to the tractor drawbar and 
interfaced with our tractor-mounted, data-acquisition system (Fig. 
2). A laptop computer (Epson, Equity LT-386SX) with a multi- 
function board (National Instruments, PC-LPM-16) provided sig- ranged from 4.9 to 6.7 m, and tnmk diameter ranged from 23 to 

nal conditioning, analog to digital conversion, and data storage in 76 cm. Similarly. in Texas there were no differences in average 

a memory chip with later storage on the hard drive. Custom soft- 
redberty juniper height, width or total stem basal area among 

ware with pull-down menus provided a 1Mx) Hz sampling rate, 
treatments (Table 2). Tree height ranged from 2.8 to 5.6 m; total 

individual data point recording, graphic plotting to view test stem ma ranged from 170 to 2,720 cm’. Trees at each site were 

results, individual fde (test) naming and initialization, data con- sorted by stem size in ascending order by single stem basal diam- 

version to ASCII values, and procedures to calibrate the loadcell 
eter in Oklahoma or sum of the stem basal areas in Texas. Trees 

(Personal communication, C. Kotzabassis). The loadcell and data 
acquisition system were mounted on a 48.5.kW crawler tractor 
(John Deere 450-B). A 104-kW crawler tractor (Caterpillar D-6) 
was cabled (22-mm dia.) to the fmnt of the smaller tractor for 
tandem pulling to achieve approximately 200 kN of total drawbar 
force. 

Treatments and Experimental Design 
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Table 2. Size of redberry juniper trees in the striking height treatments used in the Tesas experiment on force required to fell trees, 

Striking 
height 

0 
0.6 
0.9 

Crown heieht Crown width 
R&SD range B+SD range 

_______________________(m) __-___________________ _ 
4.1+ 0.6 2.8 to 5.0 4.s 2 1.0 2.9 to 7.0 
4.2 + 0.6 2.9 to 5.1 5.1 & 1.0 2.7 to 6.4 
4.4 * 0.s 2.9 lo 5.6 2.7 + 6.4 2.7 to 6.4 

Number of stems 
t*SD range 

--------(no.) _ _ - ---_ 
S&3 4to 15 
522 2 to 9 
552 1 to 10 

Total Stem bagal area’ 
%+SD range 

- - - - - - - _ (cm’) _ _ _ _ _ _ _ _ _ 
1260 640 + 170 to 2720 
12705570 320 to 2260 
1240+630 330 lo 2560 

‘hkmred at ground level. 

were further sorted by the number of striking heights, and trees 
were then randomly selected for a striking height within each 
ascending group. Lower branches were trimmed from each tree 
as a safety precaution for field personnel working around the 
trees. 

simultaneously at a speed of 3 to 5 km/h using 2 tractors with 
direct drive transmissions operating at 50% of manufacturer’s 
rated capacity. 

Following cable attachment of the breaking bar around a tree 
and to the tractor, drawbar force was measured as the bar was 
pulled against the tree. In Oklahoma, tractors were unable to 
exert sufficient force at ground level to fell 2 trees. Forces to fell 
these 2 trees were based on the actual force applied by the trac- 
tors even though the trees were not felled. These 2 trees were 
then felled using the 0.6 striking height resulting in data set of 12 
trees at this height. 

Results and Discussion 

Oklahoma Experiments 
Force to fell Ashe junipers at the O-m striking height was 

greater than all others striking heights, but the force at the 0.9-m 
striking height was not different from that at 0.6 or 1.2 m (Table 
3). The force at 0.6 m was greater than the force at the 1.2-m 

The extent of tree breakage or uprooting was recorded for each 
tree. Uprooting in this study meant that a tree was pulled down to 
a horizontal position with most of the root mass pulled away from 
the soil, even though some roots might still be attached to the soil 
allowing the tree to live. Because trees were being preconditioned 
for a later bum, complete severing of all roots was not necessary. 
Felling efficacy was rated satisfactory when a tree was uprooted, 
uprooted with all roots completely severed, or completely severed 
at ground level. A partly uprooted tree or a tree returned to an 
upright position with stems cracked was rated as unsatisfactory 
felling. 

Table 3. Drawbar force to fell juniper trees in experiments in Oklahoma 
and Tesas. 

Experiment Striking 
heieht 

Force to fell trees’ 

Statistical Analysis 
Data for each tree were transferred to a spreadsheet for statisti- 

cal analysis. During data transfer, variable numbers of sequential 
data points were grouped and averaged to reduce noise (exces- 
sively high and low values) without loss of data. This was neces- 
sary because excessive noise develops when uneven forces are 
applied to the loadcell, e.g., crawler tracks slipping on rocks. In 
Oklahoma, 100 data points were averaged whereas in Texas only 
5 data points were averaged. A data set contained about 15,000 
points before averaging. Maximum force to fell a tree was deter- 
mined from the set of averaged data points. Treatments were 
compared by one-way analysis of variance using individual trees 
as replications and a protected Least Significant Difference 
method of mean separation at P = 0.05. The relationship between 
felling force (dependent variable) and tree size was determined 
by linear regression. Coefficients of determination (I’) were used 
to validate the accuracy of the regression. Regression standard 
error of the estimates were calculated to illustrate the variations 
in force. Efficacy of tree felling was judged satisfactory or unsat- 
isfactory and a chi-square test for equal proportions was used to 
compare the results at different heights. We judged efficacy at the 
highest striking height at each location as the least satisfactory 
treatment, so we used the efficacy at the highest striking height at 
each location as the basis for comparison of efficacy at lower 
striking heights. Estimates of crawler tractor flywheel power for 
elevated chaining were based on drawbar pull to fell 2 trees 

Cm) (kN) 
Ashe juniper (Oklahoma) 0 149 69 a’ + 

0.6 78541 b 
0.9 50+26bc 
1.2 3S+ 16~ 

Redberry juniper (Texas) 0 81+25a 
0.6 13+6b 
0.9 12+6b 

‘% + SD. 
2Gaas within an esprriment followed by the same letter are not different at the 5% 
level. 

striking height. Felling efficacy at the 1.2-m striking height was 
unsatisfactory, which was different (PcO.01) from the satisfactory 
ratings at lower striking heights (Table 4). At the 1.2-m striking 
height, 50% of trees were only partly uprooted and 20% (trunk 
dia. ~35 cm) were returned to an upright position even when the 
main trunk was split (70% unsatisfactory). At the 0.9-m striking 
height, 50% of the trees were uprooted while the other half were 
severed at ground level (100% satisfactory). At the 0.6-m height, 
75% of the trees were uprooted and 25% were severed at ground 
level (100% satisfactory). At the O-m level, all trees were uproot- 
ed and completely pulled out the soil (100% satisfactory), except 
for 2 trees which the tractors were unable to exert sufficient force 
to fell. 

Felling trees at the 0.9-m striking height would reduce draft by 
67% compared to ground level chaining, and uprooting/breaking 
would be high. The 0.9-m height would be preferred for tree 
basal diameters of 2X to over 76 cm because performance was 
unsatisfactory at the 1.2-m striking height when tree basal diame- 
ter was smaller than 40 cm. If trees were predominantly small 
(less than 45 cm basal diameter) and the ground was not very 
rocky, then the 0.6-m height would be more effective than the 
0.9-m height. 
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Draft was positively correlated to stem basal diameter for all 
striking heights (Fig. 3). Coefficients of determination (?) were 
significant at the PsO.05 level for all heights except the 0.6-m 
height, which indicates felling force is dependent on tree size. 
Coefficients of determination were low for the 0.6- and 0.9-m 
heights because of variation in felling forces introduced by rocks 
incorporated in the tree root masses. Felling forces within the 
ground level and 1.2-m striking heights were not affected as 
much by the variation in the amount of rocks in the root masses. 
Soil cavities following uprooting varied widely within similar 
tree sizes, with some soil cavities over a cubic meter in size. 
Predicted force to uproot a 55-cm diameter tree at the 0.9-m strik- 
ing height would be 62 kN while felling the same tree at ground 
level would require nearly a fourfold increase in force to 23 1 kN. 
With the potential for juniper trees having stems over loo-cm in 
basal diameters at this site, the need for elevated striking heights 
is apparent. Considering the poor traction in rocky soil, we esti- 
mate crawler tractors with more than 150 kW of power would be 
necessary for elevated chaining (0.9-m striking height) in trees 
with 60-cm basal diameter stems and at least 200 kW of power if 
trees are larger. 

Tesas Esperiments 
More force was required at the 0 height than at the other 

heights, while there was no difference in the force required to fell 
trees at the 0.6- and 0.9-m striking heights (Table 3). However, at 
the 0.9-m striking height tree felling efficacy was unsatisfactory 
which was significantly different (PcO.01) than the satisfactory 
ratings at lower heights (Table 4). Trees with total stem basal 

Table 4. Eficacv of juniper tree felling Oklahoma and Texas. At each 
location, the highest striking height was compared to lower heights. 

Experiment Striking Satisfactory Unsatisfactory x2 
height df=l 

M-0 
Ashe juniper (Oklahoma) 1.2 3 I -- 

0.9 10 0 1o.s** 
0.6 12 0 12.3** 
0 8 0 9.2** 

Redbeny juniper (Texas) 0.9 6 9 - 
0.6 15 0 12.9** 
0 14 1 9.6** 

**Pco.oi. 

area less than 400 cm’ remained upright when struck at the 0.9-m 
height, and 47% were only partly uprooted (60% unsatisfactory). 
At the 0.6-m striking height, 67% were severed at ground level 
and the remainder were uprooted (100% satisfactory). Striking at 
ground level resulted in 80% of the trees being completely pulled 
out of the soil and the remaining trees being uprooted (93% satis- 
factory), except 1 small tree (stem area = 170 cm*) which was 
partly broken. 

Felling trees at a striking height of 0.6 m would reduce the 
required draft by 84% compared to ground level striking. 
Elevating the striking height in multi-stemmed redberry juniper 
dramatically reduces required draft. However, trees need to be 
larger than 400 cm2 in total stem area (e.g., several stems with 
diameters of 10 cm or larger) or taller than 3 m for elevated strik- 
ing to be effective. 

Draft for tree felling was positively correlated with tree size 

Y = -62.3 + 5.34X 
Sy.x = zk 46 

20 30 40 50 60 70 80 
350 

i 

0.6-m 
300 r*=0.23 
250 
200 
150 l l 

Y = -13.3 + 2.19x 
Sy.x = f 38 

20 36 40 50 60 70 80 

350 0.9-m Y = 6.7 + 1.01X 
300 r*=0.29 Sy.x= f 23 
250 
200 
150 
100 - 0 

l 
50 - 0 L 

7-c-e l e 
0 , I I I I I I 

20 30 40 50 60 70 80 

350 1.2-m 
300 r*=0.52 

Y =-7.3 + 1.11x 

250 sy.x = f 11 

200 
150 
100 

20 30 40 50 60 70 80 

BASAL STEM DIAMETER (cm) 

Fig. 3. Drawbar draft required to fell Ashe junipers at striking 
heights of 0, 0.6. 0.9 and 1.2 m at the Oklahoma site. Regression 
equations are for draft (Y) in kN on basal stem diameter (X) in cm 
and Sy l x is the standard error of the estimate. Except for the 0.6- 
m striking height, regressions were significant at P10.05. 

expressed as the total of stem basal area (Fig. 4). Coefficients of 
determination (3) were significant (PcO.01) for the 0-, 0.6- and 
0.9-m striking heights, indicating felling force was strongly relat- 
ed to tree size. Predicted felling force for a tree with a stem area 
of 2,200 cm’ (e.g., a tree with 5 stems with diameters of 30, 28, 
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- 20- Sy.x = *I8 

0 I I I I I I 
0 500 7000 1500 2000 2500 3000 

120 0.6-m 
100 r*=0.64 

80 

60 

40 

Y =3.3 -I- 0.0075x 
sy.x = *4 

20 - l * 
0 I I I I I 

0 500 1000 1500 2000 2500 3000 

120 0.9-m Y =3.1 + 0.0075x 
100 r2=0.64 sy-x = zk4 

80 

60 

0 500 1000 1500 2000 2500 3000 

BASAL STEM AREA (cm*) 

Fig. 4. Drawbar draft required to fell redberry junipers at striking 
heights of 0,0.6 and 0.9 m at the Texas site. Regression equations 
are for draft (I’) in kN on total basal stem area (x3 in cm2 and Sy l 

x is the standard error of the estimate. Regressions were signifi- 
cant at p10.01. 

23, 22, and 10 cm) would be 20 kN at the 0.6-m striking height, 
while ground level striking would require 107 kN, a fivefold 
increase. Crawler tractors with at least 104 kW of power would 
be required for elevated chaining (0.6-m striking height) in multi- 
stemmed redberry junipers with stem basal areas of 2,600 cm* or 
less. 

Conclusions 

Felling Ashe juniper trees 23 to 76 cm in basal diameter (5.2- 
to 6.7-m tall) at a striking height of 0.9 m reduced the average 
drawbar force by 61% compared to ground level striking while 
maintaining a satisfactory efficacy of tree felling. Tree felling at 
1.2-m striking heights was not satisfactory. Predicted force to fell 
a 55-cm diameter tree was 62 kN at a 0.9-m striking height com- 
pared to nearly a fourfold increase of 231 kN for ground level 
striking. 

A striking height of 0.6 m reduced average drawbar force by 
84% when felling redberry junipers 170 to 2,720 cm’ in total 
stem basal area (2.8- to 5.6-m tall) compared to ground level 
striking, and tree felling efficacy was satisfactory. Felling was not 
satisfactory at the 0.9-m striking height. Predicted draft to fell a 
2,200-cm* stem area tree was 20 kN at 0.6 m striking height com- 
pared to a fivefold increase of 107 kN at ground level striking. 

Elevating striking heights above ground level can be used 
effectively for reducing the force required to fell individual 
juniper trees. We believe that an anchor chain could be modified 
to achieve elevated striking heights by attaching a rotating steel 
ball in the center of the chain. This modification would substan- 
tially reduce the drawbar pulling forces required for juniper 
chaining, and subsequently reduce cost, when preconditioning 
junipers for burning. 

Literature Cited 

Arnold, J.F. 1964. Zonation of understory vegetation around a juniper 
tree. J. Range Manage. 1741-42. 

Dalrymple, R.L. 1969. Cedar control in southern Oklahoma. Proc. S. 
Weed Sci. Sot. 22~212-273. 

Engle, D.M. 1985. Effects of eastern redcedar on range forage and live- 
stock production, p. 53-60. In: R.F. Wittner and D.M. Engle (eds.). 
Proc. Eastern Redcedar in Oklahoma Conf. Coop. Ext. Serv. 
Oklahoma State Univ. E-849. Stillwater, Okra. 

Engle, D.M. and J.F. Stritzke. 1991. Fire-herbicide systems for manip- 
ulating juniper, p. 397-401. In: S.C. Nordvin and T.A. Waldrop (eds.). 
Proc. Fire and the environment; ecological and cultural perspectives. 
USDA For. Ser. Southeastern For. Exp. Sta. Gen. Tech. Rep. SE-69. 

Engle, D.M., J.F. Stritzke, and L. Claypool. 1988. Effect of paraquat 
plus prescribed burning on eastern redcedar (Juniperus virginiana). 
Weed Tech. 2172-174. 

Farrell, K.R. 1990. Meeting challenges of the 1990s in agriculture and 
natural resources. VP, Univ. California. Calif. Agr. 44:2. 

Fisher, C.E., H.T. Wiedemann, C.H. Meadors, and J.H. Brock. 1973. 
Mechanical control of mesquite. Chap. 6 In: Mesquite. Texas. Agr. 
Exp. Sta. Res. Mon. 1:46-52. 

Martin, S.C. and J.S. Crosby. 1955. Burning on a glade range in 
Missouri. USDA For. Ser. Central Sta. For. Exp. Sta. Tech. Pap. No. 
147. 

Owensby, C.E., K.R. Blan, B.J. Eaton, and O.G. Russ. 1973. 
Evaluation of eastern redcedar infestations in ihe northern Kansas Flint 
Hills. J. Range Manage. 26:2X-260. 

Rasmussen, G.A., G.R. McPherson, and H.A. Wright. 1986. 
Prescribed burning juniper communities in Texas. Range and Wild]. 
Manage. Note 10. Texas Tech. Univ., Lubbock, Tex. 

Rollins, D. 1985. Controlling eastern Redcedar with prescribed fire, p, 
71-83. In: R.F. Wittner and D.M. Engle (eds.). Proc. Eastern Redcedar 
in Oklahoma. Conf. Coop. Ext. Serv. Oklahoma State Univ. E-849. 
Stillwater, Okla. 

Soil Conservation Service. 1983. Oklahoma resource inventory. USDA. 
Stillwater, Okla. 

Soil Conservation Service. 1988. Texas brush inventory. USDA. 
Temple. Tex. 

Steuter, A.A. and C.M. Britton. 1983. Fire induced mortality of redber- 
ry juniper [hnipems pincbotii Sudw.]. J. of Range Manage. 36:343- 
345. 

Steuter, A.A. and H.A. Wright. 1983. Spring burning effects on redber- 
ry juniper-mixed grass habitats. J. Range Manage.. 36:161-164. 

Wright, H.A. and A.W. Bailey. 1982. Fire Ecology: United States and 
Southern Canada. John Wiley 6r Sons, Inc., N.Y. 

178 JOURNAL OF RANGE MANAGEMENT 49(2), March 1996 


