
mulch are cool and damp is not likely to spots of soil will be formed. Proc. Symp. on Water-Repellent Soil, Univ. 

cause water repellency. The drier the soil Literature Cited 
Calif., Riverside, p 17-29. 

and mulch, and hence the hotter the fire, 
Foggin, G. T. and L. F. DeBano. 1971. Some 

the more likely it is that water repellent 
DeBano, L. F. 1969. Observations on water- geographic implications of water-repellent 

repellent soils in the Western United States. soils. Prof. Geogr. 23:347-350. 

Fire in Medium Fuels of West Texas 

ALAN L. HEIRMAN AND HENRY A. WRIGHT 

Highlight: Chained and unchained mesquite in medium fuels were burned to 
measure the effect of prescribed burning on noxious brush species and on the produc- 
tion and utilization of major forage species. The fire did not kill any living mesquite 
trees. Very few standing dead mesquite stems burned down. Chained mesquite stems 
were easily consumed by fire with 2,000 lb/acre of fine fuel. Pricklypear and cholla 
mortality exceeded 50% by the end of the second growing season. Burning greatly 
increased production and utilization of tobosa grass; production of buffalograss was 
unaffected. Most annual forbs were harmed by burning. 

Fire has the potential to burn down 
and kill honey mesquite (Prosopis glandu- 
losa var. glandulosa) in heavy fuel types 
(4,000 to 7,000 lb/acre) in west Texas 
(Britton and Wright, 1971), but know- 
ledge concerning the effects of fire in 
light to moderate fuels (1,000 to 4,000 
lb/acre of fine fuel) is lacking. This study 
was designed to measure: 1) the effect of 
planned burning on the mortality of 
mesquite, cholla (Opuntia irnbricata), and 
pricklypear (Opuntia phaeacantha); 2) the 
burndown of standing mesquite trees 
previously top-killed by aerial spraying; 
3) the percent consumption by fire of 
mesquite logs previously chained; 4) the 
effects of burning on the composition 
and production of a High Plains grass 
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community ; and 5) the utilization of 
tobosa (Hilaria mutica) and buffalograss 
(Buchloe dactyloides) in burned and un- 
burned plant communities. 

Mesquite trees are relatively tolerant 
of fires, although some usually die after 
fires, especially if they are young 
(Glendening and Paulsen, 1955; Cable, 
1961). Glendening and Paulsen (1955) 
reported that summer fires killed 52% of 
the young velvet mesquite (Prosopis 
velutina) that were 0.5 inches or less in 
basal stem diameter. However, after mes- 
quite trees develop beyond the “young” 
stage, they are very difficult to kill. Only 
8 to 15% of the velvet mesquite trees 
larger than 0.5 inches are killed by 
summer fires, although the percentage of 
those top-killed varies from 62 to 99% 
(Glendening and Paulsen, 1955). If the 
trees have been top-killed before burning, 
mortality of honey mesquite has varied 
from 0 to 32% after the first growing 
season (Stinson and Wright, 1969; Britton 
and Wright, 1971). 

Cleaning up dead brush is another 
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asset from prescribed burning. Britton 
and Wright (1971) found that weather, 
fine fuel, diameter of trees, surface char- 
acteristics, and borer activity influenced 
percent of dead mesquite stems that 
burned down. Relative humidity, wind, 
and fine fuel accounted for 86% of the 
variation. Burndown increased from 38% 
for 2-inch trees to 67% for 5-inch or 
larger trees. 

Cactus plants in mesquite communities 
have shown considerable variability in 
their response to fire. In Arizona the 
mortality for pricklypear the first year 
after burning varies up to 32% (Cable, 
1967). Cane cholla (Opun tia spinosior) 
mortality, however, is usually higher - 
about 45% (Cable, 1967). Cane cholla less 
than 1-ft tall is much more susceptible to 
mortality than cholla over I-ft tall 
(Dwyer and Piper, 1967). 

The effect of burning on grassland 
production varies from one area to 
another. Cable (1967) stated that, “fire 
may kill or damage individual perennial 
grass plants, or may indirectly increase 
grass growth by reducing the density of 
competing shrubs.” Other researchers 
have found that burning reduced grass 
production for the first few years 
(Reynolds and Bohning, 1956; Trilica and 
Schuster, 1969). 

Aldous (1934) studied the effects of 
burning on bluestem pastures in eastern 
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Kansas and concluded that burning about 
every other year seemed to be highly 
desirable if not essential on bluestem 
pastures. Annual spring burning has been 
found by Curtis and Partch (1948) to be 
essential in the re-establishment of native 
prairie in southern Wisconsin. Wright 
(1969), reporting on the effects of burn- 
ing a tobosa community during “wet” 
years on the plains of Texas, found that 
fire increased production of tobosa from 
56 to 256% and decreased the yield of 
forbs, particularly annual broomweed 
Xanthocephalum dracunculoides). More- 
over, utilization of coarse plants can be 
greatly increased following burns because 
the lush green growth is free from dead 
carry-over growth (Klett et al., 1971). 

Methods and Procedures 

Three-hundred acres of the Post- 
Montgomery Estate in Lynn County, 
Tex. were burned with a natural headfire 
on March 23, 1970. The burned area had 
been aerially sprayed with 2,4,5-T in 
1963. A 95% top-kill was obtained with 
the spray, but less than 5% of the trees 
actually died. A portion of the sprayed 
area was chained in 1969, but few trees 
were killed by chaining. In both areas 
(chained and unchained) the trees were 
dense and had resprouts 3 to 6 ft tall. A 
control area, which had also been aerially 
sprayed in 1963, but not chained, was 
located near the burned area. 

Vegetation within the study areas is 
dominated by nearly pure stands of 
tobosa and buffalograss. Mesquite, cholla, 
and pricklypear are dominant brush 
species. 

Relief of the study area is level to 
gently undulating. Elevation ranges from 
3,000 to 3,300 ft. Geographically, this 
area lies within the Southern High Plains. 
Deep hardland soils of the Amarillo loam 
series occupy 75% of the study area. 
These soils are moderate to high in 
fertility, surface drainage is slow, and 
internal drainage is medium. The average 
annual precipitation, which falls primarily 
in the spring and fall, is 19 inches. 

Sixty 2.4 ft* quadrats were clipped in 
each of the chained, unchained, and 
control areas to determine the quantity 
of fine fuel and grass production before 
burning. All samples were oven-dried at 
160°F for 24 hours and weighed. 

Before burning, 15 0 live mesquite 
trees were permanently marked in each of 
the chained, unchained, and control areas 
and classified according to basal diam- 
eter: 1) less than 2 inches and 2) 2 to 6 
inches. Half of the trees were randomly 
located in tobosa fuel and half in buffalo- 
grass fuel. 

Dead mesquite stems (killed with 
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2,4,5-T in 1963) were erect in the un- 
chained area and horizontal in the 
chained area, but were attached to a 
living basal bud zone in both cases. After 
the burn, mesquite stems were classed 
according to severity of damage: 1) 
mesquite stems (previously killed by 
2,4,5-T) burned down and no resprout- 
ing; 2) mesquite stems burned down and 
resprouting; 3) and mesquite stems not 
burned down and resprouting. A burn- 
down was recorded if the main trunk of 
the tree was still attached to the living 
basal bud zone and was burned in half. 

Within each fuel type 20 to 30 mes- 
quite logs, unattached to a living base, 
were marked in the chained area. They 
were classified according to diameter: 
1) less than 2 inches and 2) 2 to 6 inches. 
l’he amount of fuel around each log was 
estimated in the buffalograss fuel type, 
After the burn, the percentage of each log 
consumed by fire was recorded in both 
fuel types within the chained area. A 
correlation was made between the 
amount of fuel present and the percent- 
age of each log consumed. 

Prior to burning, 120 cholla plants in 
each of the three treatment areas were 
marked and classified according to 
height: less than 1 ft and greater than 
1 ft. Sixty plants of each size class were 
within each treatment area. Half the 
plants in each size class were located in 
tobosa fuel and half in buffalograss fuel. 

Before treatment, 120 pricklypear 
were marked within the chained, un- 
chained, and control areas and classed 
according to the number of pads: 1) less 
than ten pads and 2) ten or more pads. 
Half of the plants in each size class for 
each area were located in the tobosa and 
buffalograss fuel types. 

The effect of burning on species com- 
position, production, and utilization was 
measured using caged plots. Paired plots, 
5 ft in diameter, were located randomly 
within the chained, unchained, and con- 
trol areas. Ten cages were located in each 
tobosa and buffalograss site. Caged and 
uncaged plots were clipped June 19, 
August 28, and November 6, 1970. After 
each clipping date, the cages were moved 
to a new sampling site. About 110 cows 
were stocked on 2,400 acres. During 
spring and fall the cattle concentrated on 
the burned 300 acres. 

The fire of March 23, 1970, was 
spotty and incomplete because of insuf- 
ficient fuel in some areas, especially in 
heavily-grazed buffalograss. The oven-dry 
weight of herbaceous fuel before burning 
averaged 1,234 lb/acre on the buffalo- 
grass area, and 4,306 lb/acre on the 
tobosa area. These weights included all 
herbaceous plant material down to the 
mineral soil surface. 

The fire was started about 3:30 p.m. 
and was completed by 4:30 p.m. Maxi- 

mum air temperature at the time of 
burning was 75’F. Winds were from the 
southwest, gusting from 12 to 20 mph. 
Relative humidity was 25% and fuel 
moisture of grasses was 15%. Surface soil 
moisture was 20% and spring forbs were 
emerging. Rainfall received in the general 
area from March 1 until the day of 
burning ranged from 2.60 to 3.28 inches. 

Maximum temperatures were taken at 
the soil surface with tempil cards. The 
average maximum soil surface tempera- 
tures for tobosa area was 460’F and 
220’F for the buffalograss area. 

A Chi-square analysis was used to test 
for mortality between treatments applied 
to mesquite, cholla, and pricklypear. Stu- 
dent’s t-test was used to determine differ- 
ences in herbage yields and utilization 
between caged and uncaged plots. 

Results and Discussion 

Mesquite Mortality and Resprouts 

Most mesquite trees were top-killed 
but survived the burn by sprouting from 
the basal stem buds just below the ground 
surface. Height of the resprouts ranged 
from a few inches to over 4 ft 6 months 
after the burn. Rabbits, small mammals, 
and insects kept some resprouts low by 
continually feeding on them. 

Burndown 

A 60% burndown of dead mesquite 
stems burned off at base of living trees 
was obtained in the chained area and 6% 
in the unchained area (Table 1). The 
chained mesquite trees lying near the soil 
received reradiation from the soil and 
therefore burned more easily than the 
standing stems in unchained areas. 

Table 1. The effect of prescribed burning on 
burndown of mesquite trees top-killed by 
aerial spraying. 

Total Number Percent’ 
number burned bum- 

Treatment of trees down down 
Chained & burned 

Tobosa 
O-2 inches 13 9 69b 
2-6 inches 32 27 84 a 

Buffalograss 
O-2 inches 16 4 25 d 
2-6 inches 27 13 48 c 

Total 88 53 60 

Unchained & burned 
Tobosa 

O-2 inches 31 2 6 ef 
2-6 inches 34 6 18de 

Buffalograss 
O-2 inches 28 0 Of 
2-6 inches 42 0 Of 

Total 135 8 6 

1 Means within a column followed by the same 
letter are not significantly (P<O.OS) different. 
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Fuel Per Acre (1000 lb.) 
Fig. 1. Log mnsumption in relation to size of log and pounds of buffalograss per acre in a chained 

burned area. 

Large trees lying near the soil surface 
were easier to burn than small trees, 
probably because the large trees received 
more reradiation than small trees. Also, 
the large trees had rough or broken bark, 
which gave a higher surface to volume 
ratio of exposed fuel than the small trees. 

As a result of higher burning tempera- 
tures, the burndown of mesquite trees 
was higher within the tobosa fuel type 
than the buffalograss fuel type in both 
the chained and unchained areas (Table 
1). Higher temperatures lower ignition 

time and increase burndown. 

Log Consumption in Chained Area 

Within the tobosa fuel, the consump- 
tion of dead stems not attached to a 
living base was 43% and 68% for the less- 
than-2-inch and 2- to 6-inch size classes, 
respectively. In the buffalograss fuel 14% 
and 52% log consumption occurred in the 

Table 2. Percent mortality of cholla plants 
after a prescribed burn. 

Treatment Sept. 1970 July 1971 

Chained 
Tobosa 

Less 1-ft 32 93 
Over I-ft 20 80 

Buffalograss 
Less 1-ft 25 75 
Over 1 ft 18 50 

Unchained 
Tobosa 

Less 1-ft 33* 81” 
Over 1-ft 6 45 

Buffalograss 
Less 1-ft 15* 48* 
Over 1-ft 0 4 

Control 0 0 

*Different from the over 1-ft height class at the 
0.05 level of probability. 

same size classes. The higher percentage 
of logs consumed in the tobosa fuel was 
attributed to the higher quantity of fine 
fuel in this type compared with buffalo- 
grass. 

Also, as noted above, log consumption 
was greater for the 2- to 6-inch size class 
than the 0- to 2-inch size class. The 
reasons for better consumption of the 
larger logs are the same as those cited 
above for the higher percentage burn- 
down of 2- to 6-inch chained stems. 

Within the buffalograss fuel type, log 
consumption increased linearly as fuel 
increased (Fig. 1). When less than 1,200 
lb/acre of fuel was present, no logs were 
consumed by the fire. When 2,000 lb/acre 
of fine fuel was present, 50% of the logs 
were consumed in the less-than-2-inch 
size class. For logs 2 to 6 inches in 
diameter, 75% of them were consumed 
with 2,000 lb/acre of fine fuel. 

Effect of Fire on Cholla 

The higher percentage of cholla plants 
killed by fire in tobosa grass than in 
buffalograss in the unchained area (Table 
2) was attributed to higher temperatures. 

In the chained area, there was no differ- 
ence in cholla mortality between the two 
fuel types because most of the cholla 
plants were lying close to the soil surface 
and nearly all plants were equally en- 
gulfed by flames. 

In the unchained area, a higher per- 
centage of cholla plants less than 1 ft high 
were killed than those over 1 ft high, as a 
result of flame heights of llY&ft high in 
buffalograss and 4 to 6 ft high in the 
tobosa grass. No differences occurred in 
mortality between heights in the chained 
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area because most cholla plants over 1 ft 
high were lying near the soil surface. 

There was a dramatic increase in mor- 
tality of cholla the second year after the 
burn (Table 2). Insect activity, induced 
by the fire, was responsible for most of 
the mortality, but drought and small 
mammal damage were also contributing 
factors. 

Effect of Fire on Pricklypear 

First year mortalities of pricklypear 
plants was 40% in the chained area and 
22% in the unchained area (Table 3). 
After the second growing season, this 
mortality increased to 85% and 68%, 
respectively. No mortality occurred in the 
control. 

A difference in pricklypear mortality 
between chained and unchained areas was 
evidenced only in the buffalograss fuels. 
Chaining brings all pricklypear pads in 
close proximity to the soil surface, thus 
exposing them to the lP&ft flames 
from buffalograss. Furthermore, logs and 
other debris in chained areas provided 
protection for buffalograss that ulti- 
mately generated a good fire. Thick 
patches of buffalograss were encountered 
frequently in the chained area, but not in 
the unchained area. 

During the first growing season after 
burning, more pricklypear plants with 
fewer than 10 pads died compared with 
plants having 10 or more pads (Table 3). 
The higher mortality for plants with 
fewer than 10 pads was apparently a 
result of the fire’s exerting maximum 
temperatures on all the pads, whereas the 
outer pads of larger pricklypear plants 
shielded the inner pads from maximum 
heat. However, there were no differences 

Table 3. Percent mortality of pricklypear after 
a prescribed burn. 

Treatment Sept. 1970 July 1971 

Chained 
Tobosa 

Less 10 pads 50* 89 
10 or more pads 24 89 

Buffalograss 
Less 10 pads 48* 85 
10 or more pads 21 74 

Average 40 85 
Unchained 

Tobosa 
Less 10 pads 54” 86 
10 or more pads 11 79 

Buffalograss 
Less 10 pads 23* 53 
10 or more pads 6 53 

Average 22 68 

Control 0 0 

*Different from the 10 or more pad class at the 
0.05 level of probability. 
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in mortality between those with more 
than 10 pads and those with fewer than 
10 pads by the end of the second growing 
season. 

Following the burn, numerous insects 
and rodents fed upon pricklypear pads. In 
many instances, all of the pads were 
removed. Following removal of the 
pricklypear pads, rodents sometimes ex- 
cavated the root system. Furthermore, a 
mild drought during this study undoubt- 
edly increased the mortality. 

Composition and Production 

Spring burning generally decreased the 
production of annual broomweed, west- 
ern ragweed (Ambrosia psilos~achya), and 
horsetail conyza (Conyza condensis) 
(Table 4). Warty euphorbia (Euphorbia 
sputhulata), silverleaf nightshade (Solanum 
elaeagnifolium), wax (Evax multicaulis), 
and wooly plantago (P/~~&YJ purshii) 
were either not affected by burning or 
data were insufficient todetect significant 
were insufficient to detect significant 
differences. The only forb favored by 
burning was false mesquite (Hoffman- 
seggia densiflora). Burning can be an 
effective method in controlling several 
species of annual weeds if initiated at the 
proper time. 

Burning increased yields of tobosa 
threefold, but had no effect on yields of 
buffalograss (Table 4). The large increase 
in tobosa resulted from the fire’s remov- 
ing large accumulations of litter that 
otherwise depressed tobosa production. 

Grass Utilization 

By June 19, 1970, 1,852 lb/acre of 
tobosa and 565 lb/acre of buffalograss 
were utilized by cattle within the burned 
areas (Fig. 2). No appreciable amount of 
either grass species was eaten by cattle in 

Table 4. Herbage yields (tbiaae) following prescribed burning. 

Chained Unchained COlltPJl 
Species Tobosa Buffalograss Tobosa Buffalograss Tobosa Buffalograss 

Grasses 3,468 1,617 3,058 1,974 1,974 1,971 
Forbs 

Fake mesquite 79 126 120 102 28 
Broomweed 22 18 15 19 79 k3 
Silver nightshade 1 4 9 1 21 
Warty eupborbia 0 0 0 6 : 
Western ragweed 0 0 

lY 
0 18 0 

Horsetail conyza 
: 

4 2 2 1 59 
max 0 0 0 2 3 
Wooly plantago 0 2 1 0 1 4 
Other 23 42 18 10 30 20 

the unburned control area. 
Buffalograss was relished by cattle, but 

three times more tobosa was utilized. 
Tobosa was preferred by cattle after the 
burn because the unpalatable, old growth 
had been removed by burning and the 
new growth of tobosa was tender, succu- 
lent, and palatable (Fig. 3). 

Rainfall was light between May and 
August 28; consequently, the vegetation 
was dry, little growth occurred, and only 
the chained-burned area received any 
significant utilization. Tobosa and buffa- 
lograss were utilized 12% to 21%, respec- 
tively, in this area. Other grass species 
that absorbed some of the grazing pres- 
sure were blue grama (Boutelouagracilis), 
Arizona cottontop (Digitaria californica), 
windmillgrass (Chloris verticillato), bush 
muhly (Muhlenbergia porteri), vine mes- 
quite (Panicurn obtusum), white tridens 
(Tridens nlbescens), and various threeawn 

species (Aristida spp.). 
Several inches of rainfall occurred dur- 

ing September; the pastures greened up; 
and all three areas were significantly 
utilized during the fall (Fig. 2). Only 122 
lb/acre of tobosa was removed from the 
control area, whereas 431 lb/acre was 
utilized in the two burned areas (Fig. 2). 
Consumption of buffalograss was 201 
lb/acre on the burn and 182 lb/acre on 
the control (Fig. 2). 

When the cages were clipped in the 
fall, 872 lb/acre of tobosa remained on 
the burned area and 1,064 lb/acre on the 
unburned control; whereas 561 lb/acre of 
buffalograss was present on the burn and 
655 lb/acre on the unburned control 
(Fig. 2). Total amount of tobosa grazed 
for the year was 2,388 lb/acre on the 
burned area and 371 lb/acre on the 
control. Total amount of buffalograss 
grazed was 873 lb/acre on the burned 



area and 473 lb/acre on the control. 
Between the June and August clipping 

dates, 539 lb/acre of buffalograss in the 
burned areas and 843 lb/acre on the 
control were lost (Fig. 2). Some of this 
loss was probably associated with the 
very dry summer. A portion of this loss 
might be attributed to oxidation, decom- 
position, small mammals, and particu- 
larly, termite activity. This loss should be 
given attention in future studies since it 
hardly seems logical to ask a rancher to 
rest his pasture during summer months 
only to come back in the fall to find that 
much of the grass “disappeared.” 

Summary and Conclusions 

Burning did not kill any mesquite trees 
in moderate fuel types. When mesquite 
was aerially sprayed and then chained, a 
substantial number of dead stems were 
consumed by the fire. Little burndown 
occurred when aerially sprayed trees were 
standing. 

Log consumption within the chained 
area was greater for logs in the 2- to 
6-inch size class than those in the less- 
than-2-inch size class. Fire consumed 50 
to 75% of each log where 2,000 lb/acre of 
fuel was present; but where 1,200 lb/acre 
of fuel was present, log consumption was 
negligible. 

By the second year after burning, over 
50% of all pricklypear plants died in all 
treated areas. Chaining increased mor- 
tality about 17% in light fuels. High 
mortality of pricklypear was due to a 
combination of fire, drought, insects, and 
small mammals. 

Burning caused high mortalities in 
cholla. Chaining greatly increased the 
mortality of large chollas in tobosa grass 
and all chollas in buffalograss. 

Burning decreased annual weeds such 
as broomweed, western ragweed, and 
horsetail conyza. Only false mesquite was 
definitely favored by burning. 

Utilization and production of tobosa 
grass was increased by burning. Cattle 
consumed 2,016 lb/acre more tobosa on 
the burned than on the control area, 
whereas the amount of ungrazed material 
remained about the same for all areas. 
Grazing pressure was shifted from buffa- 
lograss to tobosa during spring and fall 
months; thus, more buffalograss was 
available for summer and winter feed. 
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