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Abstract 

An experimental design required burn treatments for 10-m2 
circular plots. We constructed a fire enclosure for the plots using 
sheetmetal, electrical conduit, and other commonly available 
materials. We field tested the enclosure in sagebrush-grass 
ecosystems in central Nevada and central Utah, and evaluated 
peak fire temperatures using small metal tags striped with tem- 
perature sensitive paint. We obtained average peak surface tem- 
peratures of 310, 307, and 381° C in bare ground, under grass, 
and under shrub microsites, respectively, for the Nevada sites 
and 253, 299, and 337° C for the same microsites, respectively, in 
Utah. Subsurface (2-cm depth) temperatures rarely exceeded 79° 
C, the lowest temperature detectable by our method. The enclo- 
sure contained the fire and did not permit escape of any embers 
or firebrands. The fire enclosure, burn technique and tempera- 
ture monitoring method used are inexpensive, easily deployed, 
and desirable for experiments where larger-scale burns are 
impractical. 
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Resumen 

Un diseno experimental requirio tratamientos de quema en 
parcelas circulares de 10 m2. Construimos una exclusion contra 
fuego para las parcelas utilizando hojas de metal, tubes metali- 
cos para conduccion de cables de electricidad (conduit) y otros 
materiales comunmente disponibles. Probamos la exclusion en 
campo en ecosistemas de "Sagebrush-zacate" de la region cen- 
tral de Nevada y Utah y evaluamos las temperaturas pico del 
fuego usando pequenas etiquetas de metal marcadas con pintura 
sensible al calor. En los sitios de Nevada obtuvimos una temper- 
aturas pico promedio de la superficie de 310, 307 y 381° C en 
suelo desnudo, bajo el zacate y en los micrositios de los arbustos 
respectivamente, en tanto en Utah registramos 253, 299 y 337° C 
respectivamente para los mismos micrositios. Las temperaturas 
subsuperficiales (2 cm de profundidad) raramente excedieron 
los 79° C, esta fue la temperatura mas baja detectable por el 
nuestro metodo. La exclusion contuvo el fuego y no permitio el 
escape de rescoldos ni llamaradas. La exclusion para fuego, la 
tecnica de quemado y el metodo de monitoreo de temperatura 
son baratos, facilmente desplegados y deseables para experi- 
mentos donde las quemas a gran escala son impracticas. 

The consequences and benefits of wildland fire have recently 
received greater attention from researchers and land managers, 
particularly in the western U.S. Effects of large wildland fires or 
prescribed burns can be examined without the use of experimen- 
tal equipment at any spatial scale, but experiments at smaller (i.e., 
microhabitat) spatial scales often require control and monitoring 
of fire effects and environmental factors. In many of these experi- 
ments, it is necessary to restrict fire effects to small study plots, 
prevent disturbance of nearby control plots, maintain control of 
the fire, and ensure worker safety. This technical note describes a 
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portable device and procedures for conducting small-plot burn 
treatments, and a convenient and inexpensive method of monitor- 
ing peak fire temperatures. 

Many studies examine effects on small plots in the context of 
larger fire events. For example, Perez and Moreno (1998) exam- 
ined 1 x 1 m plots inside a 3 x 22 m burn plot. Other studies 
established small plots in an area being prepared for a large pre- 
scribed burn (Cole et al. 1992), or in areas later subjected to wild- 
fire (Kutiel and Inbar 1993). Restricting fire to the limits of a plot 
also can be effected by arrangement of fuel in piles (e.g., Tanaka 
et al. 2001). 

A number of fire enclosure or burning devices have been devel- 
oped for various purposes. Wright and Klemmedson (1965) fabri- 
cated a combustor out of a 208-liter ("55-gallon") size drum that 
used shredded paper for fuel, and used the device to burn individ- 
ual plants. Propane-fired burners are also in use, in sizes up to 
107 cm in diameter (Britton and Wright 1979). However, it is not 
practical to adapt either of these designs for use on larger (3-5 m 
diameter) plots. 

Knowledge of fire characteristics is important to understanding 
post-fire vegetation dynamics and soil chemical characteristics 
and processes (Wright and Bailey 1982, Whelan 1995). Fire 
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effects can be evaluated by collecting data 
on the intensity and duration of the fire or 
by observing fire parameters such as ener- 
gy release, flame length, and residence 
time (Sapsis and Kauffman 1991). Ideally, 
this information is collected using thermo- 
couples linked to data recorders (e.g., 
McDaniel et al. 1997) or evaluated using 
time-temperature curves and fuel loading 
for a particular fuel type (e.g., Wright et 
al. 1976). However, limitations imposed 
by study design, time, or other factors may 
make these methods impractical. A sim- 
pler, more economical method uses tem- 
perature-sensitive tablets ("Tempils"), 
which melt at certain temperatures 
(Shearer 1975). Temperature-sensitive 
paint, applied to ceramic tiles or mica 
plates (Gibson et al. 1990) or to aluminum 
tags (Cole et al. 1992) permits a large 
number of sensors for coverage of exten- 
sive areas or high sampling density. These 
methods do not permit a rigorous evalua- 
tion of the range of fire effects, but they 
are useful for examining 2- or 3-dimen- 
sional spatial variability of fire intensity 
(Cole et al. 1992). 

Materials and Methods 

Our fire enclosure (Fig. 1) was designed 
to treat a circular, 3.4-m diameter plot, 
prevent escape of embers and firebrands, 
be easily lifted and carried by 3-4 work- 
ers, and be transported in a standard-bed 
pickup truck. All materials used in assem- 
bly of the enclosure were purchased at 
local hardware stores. It was constructed 
of 16 panels of corrugated sheetmetal, 
each 122 x 61 cm, with 1-cm gaps 
between panels for ventilation. For ease of 
transport and field portability, the enclo- 
sure was constructed in 4 sections of 4 
panels each. The panels are joined by 3.8- 
cm (1.5-inch) hinges. Each section of 4 
panels was reinforced by two, 244-cm 
lengths of 1.9-cm (0.75-inch) diameter 
electrical conduit that were shaped on a 
plumber's pipe bender. The reinforce- 
ments were attached to the panels at 10 cm 
from the top and bottom edges with bolts 
on 30-cm centers. The sections were 
joined by short lengths of 2.5-cm (1-inch) 
electrical conduit and straight pins (Fig. 
2). To make a screen for the top of the fire 
enclosure, we assembled a framework 
from four, 180-cm long angle irons bolted 
together in the center and reinforced by a 
2.5 x 40 x 0.5 cm piece of steel. We 
attached 0.6-cm (0.25-inch) hardware 
cloth, cut to a circular shape, to this frame- 
work. All fasteners used were standard 

Fig. 1. A photograph of the 3.4 in diameter fire enclosure. 

Fig. 2. Detail of pins and different-diameter electrical conduit used to connect the panels of 
the fire enclosure. 

SAE sizes. Each section weighs < 20 kg 
and can be easily carried by I person. The 
materials cost $284 and required about 20 
worker-hours to construct. 

We chose ungalvanized, 28-gauge 
sheetmetal as the material for our tempera- 
ture monitoring tags. This material is 
preferable to aluminum because of its 
higher melting temperature and low cost. 
However, as a conductor, it is also subject 
to a brief "lag" in response to temperature 
changes as described by Cole et al. (1992). 
Tags were cut to 2.5 x 10 cm size and 
striped with 20 Tempilaq® temperature 
sensitive paints (Tempi], Inc., S. 
Plainfield, N.J.) in ascending order of sen- 
sitivity, from 79-788° C. The typical tem- 

perature interval between paints was 28° 
C. We used a plant press to transport the 
tags as the paint strips are somewhat frag- 
ile when dry. Each tag cost about $0.10 
for materials and required about 2 minutes 
of labor to produce. 

We used the fire enclosure to conduct 
burn treatments on circular, 3.4-m diame- 
ter plots as a component of a study of 
cheatgrass response (Bromus tectorum L.) 
to fire in central Nevada and central Utah. 
We conducted the burns in early October 
and mid-November, 2001 on the Nevada 
and Utah sites, respectively. The Nevada 
study area was in the Shoshone Range, on 
the Humboldt-Toiyabe National Forest, at 
39° north latitude, 117° 30' west longi- 
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tulle. Three sites were located in 
Underdown Canyon, at 1,950, 2,190, and 
2,380 m elevation, and a fourth site was at 
the mouth of Barrett Canyon at 2,065 m. 
Vegetation (taxonomy after USDA Forest 
Service 2002) on the 1950-m site consist- 
ed of Wyoming sagebrush (Artemisia tri- 
dentata Nutt, ssp. wyomingensis Beetle & 
Young) with an understory of Sandberg 
bluegrass (Poa secunda J. S. Presl. var. 
secunda), needle-and-thread grass 
(Hesperostipa comata (Trip. & Rupr.) 
Barkworth), bottlebrush squirreltail 
(Elymus elymoides (Raf.) Swezey) and 
cheatgrass. At the 2380-m site, the domi- 
nant shrub was mountain big sagebrush 
(Artemisia tridentata ssp. vaseyana 
(Rydb.) Beetle), cheatgrass was absent and 
Idaho fescue (Festuca idahoensis Elmer) 
was a significant understory component. 
The 2,190-m site had vegetation compo- 
nents of both the 1,950-m and 2,380-m 
sites. The Barrett Canyon site was cleared 
and overseeded with crested wheatgrass 
(Agropyron cristatum (L.) Gaertn.) in the 
early 1960's. Crested wheatgrass was the 
dominant plant on this site with a sparse 
cover of Wyoming big sagebrush. 
Precipitation for the water year (mid-Oct. 
2000 to mid-Oct. 2001) preceding the 
treatments ranged from 14 cm at 2,000 m 
elevation to 28 cm at 2,400 m, and was 
well below annual average for these types 
of sites (USDA Forest Service unpub- 
lished data). The Utah study area was in 
the East Tintic Range, on land adminis- 
tered by the Bureau of Land Management, 
at 40° north latitude, 112° west longitude. 
Three sites were located at 1,710 m, ,2085 
m (Black Rock Canyon) and 2,270 m 
(Mill Canyon) elevation. Vegetation on 
the lowest site was dominated by 
Wyoming big sagebrush and bluebunch 
wheatgrass (Pseudoroegneria spicata 
(Pursh) A. Love). The dominant shrub on 
the 2 upper sites was mountain big sage- 
brush, with Fendler bluegrass (Poa fendle- 
riana (Steud.) Vasey) and spike fescue 
(Leucopoa kingii (S. Wats.) W.A. Weber) 
present on the 2,085-m and 2,270-m sites, 
respectively. Precipitation data for the 
Utah sites were not available. 

Pre-bum moisture content of fuels at the 
Nevada sites ranged from 20.4-36.1% for 
needle-and-thread grass. For sagebrush, 
we evaluated leaves, 0.5-2.5 cm diameter, 
and 2.5-7.5 cm diameter fuels, which con- 
tained 43.3-50.9%, 8.6-16.2%, and 8.6- 
9.0% moisture by weight, respectively. 
The latter 2 categories correspond approx- 
imately to 10-hour and 100-hour fuels 
(after Wright and Bailey 1982). We did 
not collect fuel moisture data on the Utah 

sites. Air temperature during the treat- 
ments in Nevada ranged from 12-20°C 
and relative humidity was 15-25%. Air 
temperature and humidity ranges for the 
Utah treatments were 13-16° C and 
30-47%. Fuel loading was generally low, 
especially at the lower elevation sites. To 
ensure uniform burn characteristics, we 
dispersed 4.5 kg of dry straw in each plot, 
yielding a fuel loading of >5000 kg ha 1 on 
all plots. 

We burned 9 plots on each of the 7 sites. 
Before conducting the burns, we cleared 
all woody vegetation within 0.5 m of the 
plot. We placed temperature tags on 3 
microsites (under shrub, under grass, and 
on bare ground) and at 2 depths (on the lit- 
ter surface, or on the soil surface if no lit- 
ter was present; and 2 cm below the soil 
surface) within each microsite, for a total 
of 6 measurements per plot. We marked 
the tag locations with steel rods. We then 
positioned the enclosure, added the straw, 
moistened the periphery of the enclosure 
with a mister nozzle, and ignited the plot 
with a drip torch containing a diesellgaso- 
line mix. We allowed 15 minutes on the 

Bare 
Ground 

Bare 
Ground 

Under 
Grass 

Under 
Grass 

low elevation plots and 25 minutes on the 
high elevation plots for fuels to be con- 
sumed, and then quenched the entire plot 
with the mister nozzle, taking care not to 
disturb the soil. We recovered the tempera- 
ture monitoring tags and recorded the num- 
ber of paint strips remaining on the tags. 

A preliminary analysis indicated the 
data would be best suited to nonparametric 
statistical methods. We used the Multiple 
Response Permutation Procedure (MRPP) 
to analyze the temperature data (Mielke et 
al. 1976, Petrondas and Gabriel 1983). 
Significance values indicate the probabili- 
ty of a smaller MRPP test statistic (P[<b]). 

Results and Discussion 

The fire enclosures were effective in 
containing the fire for the fuel loading 
(5000 kg ha') in the study. Despite occa- 
sional flame lengths of up to 5 m, no 
escape or "spotting" occurred. The under 
shrub microsite exhibited significantly 
higher peak surface temperatures than bare 
ground or under grass microsites (Fig. 3), 

Under 
Shrub 

Under 
Shrub 

Crested Wheatgrass 2065m 
Underdown Canyon 1950m - Underdown Canyon 2180m ® Underdowri Canyon 2380m 

Site: P<0.0001 
Microsite: P<0.0001 

Sagebrush 1710m - Mill Canyon 2085m ® Black Rock Canyon 2270m 

Site: P<0.8410 
Microsite: P<0.0001 

Fig. 3. The differences in the surface temperatures (°C) among bare ground, under grass, and 
under shrub microsites on the study sites in Nevada and Utah. Values are mean+S.E. 
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averaging 381° C versus 310 and 307° C, 
respectively (P < 0.0001 for both compar- 
isons) at the Nevada sites, and 337°C ver- 
sus 299 and 253 °C, respectively (P = 
0.0176 and P < 0.0001) at the Utah sites. 
We attribute the difference to the higher 
fuel loading of the under shrub microsite, 
and to woody embers falling on or near 
the tags. The difference in peak surface 
temperatures for the other 2 microsites 
(under grass and bare ground) was not sig- 
nificant at the Nevada sites, but was sig- 
nificant on the Utah sites (P=0.0175). 
There were no significant differences in 
peak surface temperatures among the 3 
sites in Underdown Canyon (Nevada), or 
among the 3 Utah sites, but the Barrett 
Canyon (Nevada) crested wheatgrass site 
was cooler overall than the Underdown 
Canyon sites (P = 0.0008, P < 0.0001, and P 
= 0.0003 for pairwise comparisons with the 
Underdown 1950-, 2190-, and 2380-m sites, 
respectively). Differences in fuel loading 
between these 2 microsites were probably 
minimized by the addition of straw. Overall, 
peak surface temperatures averaged 51 ° C 
higher (P < 0.0001) on the Nevada sites 
than on the Utah sites. We attribute this to 
the later date and cooler, wetter conditions 
prevailing for the Utah bums. 

Peak temperatures for tags at the 2-cm 
depth were generally below 79° C, the low- 
est detectable temperature. We deployed 
160 tags at the 2-cm depth, only 54 of 
which recorded temperatures above 79° C. 
Most (70%) of the 54 readings above 79° C 
were in the under shrub microsite. 

The peak surface temperatures detected 
in this test were within the ranges reported 
for snowberry shrubland (Bailey and 
Anderson 1980), chaparral (DeBano et al. 
1977) and sandhill grassland (Gibson et al. 
1990). They were consistent with tempera- 
ture ranges used in laboratory experiments 
simulating rangeland fire effects (Blank 
and Young 1998, Blank et al. 1994). The 
lack of temperature responses at the 2-cm 
depth was probably due to the insulating 
effect of the soil, and was consistent with 
subsurface temperatures noted in 
Australian shrubland (Bradstock et al. 
1992) and chaparral (DeBano et al. 1977). 

The small plot fire enclosure described 
here can be inexpensively constructed 
with readily available materials, easily 
transported and efficiently deployed in the 
field. It effectively prevents spread of fire 
to nearby plots or to the surrounding land- 
scape. The plot burning and fire tempera- 
ture assessment methods are also simple 
and inexpensive. The techniques are not 
adequate where precision control of fire 
temperatures and absolutely uniform heat 

distribution are required, or where 
researchers desire precise knowledge of 
the timing and magnitude of temperature 
changes, but they are adequate for evaluat- 
ing the spatial variability of bum intensity. 
They are appropriate to research where a 
relatively uniform burn treatment is 
desired, but funds, study design, or time 
do not permit larger burns, pre-burn stand- 
ing crop estimation, or more elaborate 
temperature monitoring. 
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