Fire effects on tobosagrass and weeping lovegrass
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Abstract

Fireline intensity (kW/m) was measured on 61 plots of weeping
lovegrass [Eragrostis curvula (Schrad.) Nees.] and tobosagrass
[Hilaria mutica (Buckl,) Benth.] burned as headfires and backfires
during late winters of 1982 and 1983 in western Texas. Relative
humidity, air temperature, wind speed, soil moisture, soil tempera-
ture, and fuel moisture were measured at time of burning. Vegeta-
tion response was based on plant yield, plant height, and number of
seed stalks. Plant responses were not correlated with fireline inten-
sity or any of the environmental parameters measured. Although
fireline intensity is an important fire behavior measurement, high
fireline intensities did not cause a negative impact on either weep-
ing lovegrass or tobosagrass. Therefore, range managers can con-
duct high intensity fires to damage or burn down shrubs and not
damage these grasses.
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Fire intensity is a commonly used term in prescribed fire litera-
ture. Virtually every vegetative response associated with prescribed
fire or wildfire has been attributed to fire intensity (Wright and
Bailey 1982). The hypothesis that a hot, intense, fast-moving fire
results in more damage to grasses compared to a less intense,
slow-moving fire has not been adequately tested in grassland
communities.

Byram (1959) defined fireline intensity as heat released per unit
time per unit length of fire front. Numerically, fireline intensity
(kW/m) is the product of available fuel (kg/m?), heat yield of the
fuel (kJ/kg), and the forward rate of spread of the fire front (m/s).
Therefore, fireline intensity integrates several important character-
istics and is useful in predicting fire behavior.

Previous conclusions about the effect of fire intensity on her-
baceous vegetation in grasslands have been based on artificial
ratings of fire intensity. Blaisdell (1953) and Conrad and Poulton
(1966) rated fire intensity based on the quantity of stems remaining
or to the general level of fine fuel consumption after burning. These
observed fire intensities were positively correlated to plant dam-
age. However, Wright and Klemmedson (1965) observed that cer-
tain leafy bunchgrasses died following fire regardless of apparent
intensity of the passing fire. The objective of this study was to
measure a range of fireline intensities and determine the subse-
quent effect on yield, plant height, and number of seed stalks for 2
grasses in west Texas.

Materials and Methods

Weeping lovegrass [Eragrostis curvula (Schrad.) Nees.] plots
burned in 1982 and 1983 were S km north of Brownfield, Texas, at
1,000 m elevation. Climate of the area is warm, temperate, sub-
humid, continental with mean annual precipitation of 47 cm. Soil
is an Amarillo loamy fine sand (Aridic Paleustalf) with caliche at
1.2 to 1.8 m (Miller et al. 1959). Study plots were located in a
relatively homogeneous, ungrazed, decadent stand established in
1976.

Tobosagrass [ Hilaria mutica (Buckl.) Benth.] plots were 11 km
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southeast of Gail, Texas, at 800 m elevation and were protected
from grazing throughout the study by an electric fence. Average
annual precipitation is 44 cm and the soil is classified as a Stamford
clay (Typic Chromustert) (Dixon 1975).

Sixty-one plots were burned from 2 February to 15 April 1982
and from 14 March to 28 April 1983. Seventeen plots were burned
as headfires and 10 plots as backfires in weeping lovegrass.
Twenty-two plots were burned as headfires and 12 as backfires in
tobosagrass. The minimum plot size was 20 by 20 m. Fires were
ignited under a variety of weather conditions to produce a wide
range of fireline intensities (Clark 1983).

Standing crops of fine fuel were estimated by clipping ten,
0.25-m? quadrats in weeping lovegrass and fifteen, 0.0625-m?
quadrats in tobosagrass adjacent to the fire run in each plot.
Samples were oven dried at 60° C to a constant weight, then
weighed to the nearest 0.1 g. Heat yield of fine fuel was determined
from duplicate subsamples in an oxygen bomb calorimeter. A final
reduction correction of 23.9 kJ/kg/%MC (MC = weighted mois-
ture content) was made to account for the difference between heat
content determined in the laboratory with oven-dry samples and
the additional moisture contained in each fuel component during
test fires (Van Wagner 1973). Rate of fire spread was determined by
photographing the spreading fire with infrared film using metal
stakes to mark distances (Britton et al. 1977). Byram’s fireline
intensity was calculated as the product of fine fuel, heat yield, and
rate of fire spread.

Soil samples were taken from the surface 5 cm at 5 random
locations per plot and placed in airtight cans prior to each burn.
The samples were weighed, then dried at 105° C for 48 hr and
reweighed. Soil water contents were determined gravimetrically.
Soil and grass crown temperatures were measured with soil ther-
mometers 1 cm below grass crowns in 5§ randomly located plants
prior to burning. Readings were taken after a 10-minute equilibra-
tion period. Fuel moisture samples were taken prior to each burn
and weighed in the field. Samples were then oven dried at 60° C for
48 hr and reweighed. Fuel moisture was expressed as a percent of
the dry weight. Air temperature and relative humidity were deter-
mined within 3 min of ignition with a sling psychrometer (Anon.
1959). Wind speed at 2 m was measured with a totalizing ane-
mometer (Clark et al. 1981).

Grass responses were estimated after 1 growing season. Fifteen
0.0625-m? quadrats were randomly located in each tobosagrass
plot. The height of the tallest leaf was measured and number of
seedstalks was counted in each quadrat. Vegetation was then
clipped 1 cm above the soil surface. Ten, 0.25-m? quadrats were
similarly located and sampled in the weeping lovegrass plots. Sam-
ples were dried at 60° C until weight was constant then weighed to
the nearest 0.1 g.

Percentage change in basal area was measured on weeping love-
grass plots that were burned in 1982. Ten quadrat locations were
permanently marked in each plot. Initial basal area was measured
after each burn to minimize fuel continuity disturbance. Residual
crown stubble was sufficient to obtain preburn basal area. Black-
and-white, overhead photographs were made of each quadrat.
Photographs were retaken after clipping at the end of the growing
season. Five randomly placed lines were drawn through each print
and basal area was measured by line intercept method. Percentage
change in basal area was calculated from the difference in the initial
and final measurements. Basal area measurements were not made

407
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!Standard errors are included in parentheses.

Table 3. Basic statistics of headfires and backfires in tobosagrass and weeping lovegrass for burns conducted in west Texas in 1982 and 1983,

Tobosagrass
Headfires (n=22) Backfires (n=12)
Parameter Mean Std. Min, Max. Mean Std. Min. Max.
Dev. Dev.
Soil moisture (%) 15 5 9 26 14 5 9 25
Soil temperature (C) 15 4 9 21 17 4 9 21
Relative humidity (%) 42 25 1 97 34 19 11 70
Air temperature (C) 18 8 7 33 ; 20 7 5 33
Wind speed (km/ hr) 19 11 8 53 21 11 11 50
Fuel moisture (%) 26 8 15 42 23 6 16 37
Intensity (kW/m) 2034 2047 85 8036 83 31 41 130
Rate of spread (m/min) 13 13 1 55 1 ' 0 0 1
Weeping Lovegrass
Headfires (n=17) Backfires (n=10)
Parameter Mean Std. Min, Max, Mean Std. Min. Max.
Dev. Dev.
Soil moisture (%) 8 3 3 14 7 3 3 12
Soil temperature (C) 16 5 7 23 17 5 6 23
Relative humidity (%) 37 27 12 93 29 19 12 63
Air temperature (C) 21 10 -3 30 23 9 1 30
Wind speed (km/hr) 19 8 6 39 20 6 16 36
Fuel moisture (%) 19 9 7 35 19 9 7 35
Intensity (kW/m) 2660 3075 67 12603 226 119 112 474
Rate of spread (m/min) 16 15 1 51 1 1 1 3
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on tobosagrass due to its rhizomatous growth form.

Correlation analysis was used to determine if significant rela-
tionships existed between plant response and fireline intensity or
environmental variables. Since burns were conducted in 2 years
and at several different dates each year on plots with varying initial
fuel loads, multiple regression was used to account for effects of
years, dates, and initial yield in models relating plant response to
fireline intensity and environmental variables. The importance of
fireline intensity and environmental variables in these models was
evaluated with partial correlation coefficients.

Results and Discussion

Data on fire intensities and grass yields, seedstalk numbers, and
plant heights of tobosagrass and weeping lovegrass one season
after burning are presented in Tables 1 and 2. Although over both
years fireline intensities varied from 85 to 8,036 kW/m for tobosa-
grass headfires and from 67 to 12,603 kW/m for weeping lovegrass
headfires (Table 3), no significant correlation was found between
fireline intensity and yield of either grass (Table 4). The range of

Table 4. Correlation of plant response variables to various independent
variables for headfires conducted in tobosagrass (TG) and weeping love-
grass (WLG) during 1982 to 1983 in West Texas.

Dependent variables

Yield Plant height Seed stalks

(kg/ha) (cm) (No./m?)
Independent variables TG WLG TG WLG TG WLG
Fireline intensity (kW/m) 000 000 000 0.00 001 0.4
Relative humidity (%) 005 0.09 000 000 0.12 0.02
Air temperature (°C) 0.02 -0.07 0.00 -0.03 -0.01 -0.06
Wind speed (km/hr) 0.00 -0.01 0.00 0.00 0.00 0.00
Soil moisture (%) 001 0.00 000 0.03 005 0.00
Soil temperature (°C) -0.05 -0.06 -0.01 -0.02 0.02 -0.10
Fuel moisture (%) 0.04 0.09 0.00 0.00 0.12 0.03

fireline intensity was smaller for backfires for grasses (Table 3) and
no significant correlations were detected (Table 5). None of the
measured independent variables were significantly correlated with
yield, plant heights, or seedstalk number of either grass for the 2
fire types.

Table 5. Correlation of plant response variables to various independent
variables for backfires conducted in tobosagrass (TG) and weeping
lovegrass (WLG) during 1982 to 1983 in West Texas.

Dependent variables
Yield Plant height Seed stalks
(kg/ha) (cm) (No./m?)

Independent variables TG WLG TG WLG TG WLG
Fireline intensity (kW/m) 001 000 000 0.12 0.11 0.10
Relative humidity (%) 0.01 -048 0.02 -0.04 0.00 -0.03
Air temperature (°C) 001 041 000 008 003 028
Wind speed (km/hr) 000 -0.04 0.00 -0.08 -0.01 -0.18
Soil moisture (%) 0.00 008 0.02 -0.03 0.1 0.00
Soil temperature (°C) 001 028 000 0.13 001 023
Fuel moisture (%) 0.00 -0.37 0.00 -0.02 -0.01 -0.02

Percentage change in basal area of weeping lovegrass varied
from +3.5% to -5.3% on headfired plots, compared to a range from
+3.7% to -1.2% on backfired plots. Change in basal area of weep-
ing lovegrass was not correlated with fireline intensity (r = 0.45;
N.S.)

Fireline intensity is useful in forest communities for predicting
maximum height of lethal scorch of conifer needles (Van Wagner
1973) and describing the general nature of wildfire for aid in
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suppression activities (Albini 1976). Although rarely used in range-
land situations, fireline intensity is equally important for predict-
ing scorch height of shrubs. Rate-of-spread is the primary factor
influencing intensity for a given fuel type, therefore, wind speed is
an important parameter. Wind speed was the dominant factor
influencing burndown of mesquite stems (Britton and Wright
1971) and consumption of mesquite debris on the soil surface in
mesquite-tobosagrass communities (McPherson and Wright 1986).
Although wind speed is easily measured and animportant parame-
ter, fireline intensity should have more biological sensitivity since it
reflects the heat yield per unit time per unit length of fire front and
integrates the effects of wind speed, temperature, humidity, fuel
moisture, and fuel characteristics through rate-of-speed.

Tobosagrass and weeping lovegrass yields were not adversely
affected by high levels of fireline intensity. Griffin and Friedel
(1984) measured fireline intensity on 7 burns in central Australia.
Fireline intensity varied from 35 to 1,902 kW/m, but fireline
intensity did not affect herbaceous vegetation (primarily the genera
Aristida, Enneapogon, and Digitaria). Fireline intensity had no
effect on the herbaceous layer under a ponderosa pine overstory
(Armour et al. 1984). The limited literature available on fireline
intensity supports our results that intensity does not strongly affect
herbaceous vegetation. This is important because a fast-moving
fire with long flame lengths will not damage herbaceous vegetation
any more than a slow moving fire with short flame lengths. Thus, a
prescribed burn can be conducted under ambient conditions
favorable for burning down woody stems, consuming debris, and
scorching the aerial portions of shrubs. Concerns about damaging
grasses with high intensity fires were not validated in this study.
Therefore, managers can apply intense fires to meet a variety of
objectives without fear of reduced grass yields or vigor.
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