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Introduction

This renort outlines the nrogress made in the first year of the joint
research project between the Tropical Agriéultural Pasearch and Training
Center (CATIF) of Costa Rica.and the Foresf Denartment of Belize (BFD) to
study the use of prescribed burning for wildfire hazard reduction in the
Mountain Pine Ridge Forest Reserve (MPR)of Belize.

The background to the nroblem faced and the objectives of the nroject
are recorded in the document "Propcsal for a joint research project
between the Tropical Agricultural Research and Traininc Center and the
Belize Forest Department". Hovever, in summary, the nroblem is thnt
after many years of fire nrotection, fuels have accumulated to the
noint where they sunmort wildfires of grect intensity which are very
difficult to sunnress and which cause severe damege. It is the nurpose
of this nroject to assess the use of nrescribed burning to maintain low
fuel levels whilst cnusing minimal damage to the nine cron and thus pre-
vent the nccurrance of dis~strous wildfires.

This revort describes the establishment of the trial and the results

of the initiel fuel reduction burns carried out in March to Me:- 1976.

The Project Are:x

The MPR Forest Reserve is an upland nine sevanna of some 560 kmg.,
comnletely encompassed by broadleaved forest in the SV of Belize.(See Map 1)
The area experiences 2 marked dry season from February to May
which in exceptional years is prolonsed to as late as August. The wet
gseason is introduced by hot sultry weather with numercus dry electrical
storms. Such storms may pass over the aree for 2 month nrior to the

commencement of heavy rains ond oresent a severe fire risk. - brief
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summary of meteorological observations within the reserve, recorded at two
elevations, which serves to indicate the ranse of conditions within the

Peserve, is riven in Table 1 below.

Table 1. Summary of Meteorological Observations

- - conm—

Recording ELEVATION Mean Ann. Mean Ann. Mean Ann.
station m.e.p.s.1. Rainfall Max. Temn.®C Min.Terro °C
™™
Augustine 500 1631 29 19
Cooma, 900 2101 2L 18

Source for Table 1 ~BFD. Afugustine 1951-1970 Cooma 1962-1970

The reserve forms vart of the dominant tovogranhical feature of
Belize, the Maya Mounteins which rise to 1100 m.n.m.s.1l. The central
and southern area of the Reserve, where forest menagement began some thirty
years ago and within which the oresent nroject is loceted, consists of
a granite plateau of mern elevation of 500n. Tc the vest and north karstic
limestone, which nreviously covered the centr-l ~latecu, renzins and sun--
vorts broadleaved vegetatinn. To the east steenly folded met~morrhosed
sediments oresent & rugged and spectacular landscene. (Johnson and
Chaffey, 1973).

The soils of the region have been studied by several authers (Birchall

1973, Charterl9ll, Furley 1968, Rormey 1959). Those of the central
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nlateau, of granitic origin are acidic and highly infertile. According to
Birchnll (1973) water retention of the ton soil is low and the subsoil is
renernlly immermeeble so thet the vegetation which is supnorted exmeriences
drought for a large part of the year.

The princinnl vegetation tyme of the aree, found on the non-calcareous
narts of the Reserve, and to which nanesgement activities have been directed
in recent years is known as "Pine Ridge''. This vegetation has been
clessified by scveral writers (Bartlett 1935, Hunt 1970, Lundell 1940,
Romney et el 1959) and a surmary of these classifications anpears in
"A Forest Inventory of Part of the Mountain Pine Ridge" (Johnson and

Chaffey, 1973) Hunt (1970) describes three vepetetion tvmes within the

MPR pine forest and mareinal veretation.  The first tvne, savanna, is the
most extensive and it is within this vegetation tyme that the present studv
is located.

Experimental Design

A randomised block design with four renlicates of twenty factorial
treatments (5 burning cycles x 2 burnins seasnns x 2 burnine intensities)
and 5 check plots was established in March 1976. In May 1976 all 100
plots received initial fuel recuction burns and in subsenquent yenrs

nlots will be treated as prosrecrrmed in the schedule below.
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Table 2. Schedule of Treatments

Plot NO
1 2 3 4 5 6 7T 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25
X X X X X X X X X X X X X X x X X X X X X X X
X X X X
X X X X X X X X
X X X 2 X X
X X X & X X X X X X X X
X X X X X X x X
X X X X X X X X X x
X X X X
X X X X X X X X
X X K X X X X
Plot N©
1- 5 Check nlots
6- 9 1yvear cyele 6S/H T S/B 8 UWH 9 /B
10- 13 2 year cycle 10 " 11 "2 " 13 "
1b- 17 3 year cycle 14 " 15 * 16 " 17 "
18- 21 4 veer cycle 18 " 19 " 20 " 21 "
22- 2% 5 vear cycle 22 " 23 “o2h " 25 B
S/H = Surmer Headfire S/B = Surmer Backfire

W/H = ¥Wirter Headfire

Check plots will remain

Winter Backfire

untreated after the initial burn to mermit study

of undisturbed natterns of fuel accunmulation.



“ite description
Lecetion
Four areas were choscen for the location of rerlicates in the south
west of the Mountain Pine Ridge on the basis of stand and fuel characteris -
tics which were considered renresentative of the fuel management nroblem
in the area as a whole. (See nap 2)
Twenty five 0.1 ha. plots (4Om x 25m, long axis N/S) werc demar-~
kated ner replicate and stand inventories and nercentace cover asscessments
carried out for each plot.
The areas chosen for renlication are as follow:
A. On both sides of the Al0 Road between Mshogany Creek and the
Brunton Trail Junction at an elevation of 500 m. a.m.s.l.
This site, as indeed the other three, com be considered to have
been under effective fire nrotecti~n for 20 years. There are
no records of wildfire occurrence in this narticular area which
was thinned in 1964. (See apnendix I for mans of the U4 renli-
cates)
B. On both sides of Castillo Road 2t nn elevation of 500'm. Re-
cords indicnte g wildfire occurrence in 1972. Some basal
charring is evident but crowns are full and healthy. The
ares. was thinned in 1973.

C. On both sides of %ailarina Rocd 2t an eleveticn of 570 nm.
There arc no recoérds of fire occurrence in this area which
was thinned in 1973.

D. On both sides of Bailarina Rosd, to the east of Esnrat Road
Junction at an elevation of GO0 . Again there are no records

of wildfire ~ccurrence and the aren wns thinned in 1973.



Stand Data _

Diameter at Breast Heicht (DBH) of =21l stems of Pinus caribaea

taller than 2m and DBH of all hardwood srecies of diameter greater than
2 cn were recorded and are surmarised below.

Pinus cariboea  Morelet

Table 3 Basal Area and Stockin~ of nine

.- —

Renlicate Mean “tockine Range of Stocking Menan B.A. Range B.A.

Stems/ha. Stens/ha. r2/ha. m2/ha.
A 92} 1550--350 16.487 21.507--10.51k
B 470 690--290 T.627 11.1L40-- L.759
C 6u7 1130-310 11.341 21.217 - T7.051
D 628 1210-360 13.910 19.880- 9.349

A few stems of Pinus oocarva Schiede var. cchoternai were iden-

tified in the D" plots. However, as no more than two stems ner nlot

were found they have been incluiled here as Pinus caribaesa.

Basal area and stocking of mine for each nlot is ~iven in Apvendix II.
On the basis of the mean diameter class for =ll nlots five trees
in the 10.1-15.0cm class and 5 trees in the 15.1-20.0cm class were
selected for heirht measurement to the nearest 0.5 m. The ten trees

selected rer nlot wvere those nearest the plot center.
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Hardwgoed Snecies

Table 4. Basal Ares and Stocking of Herdwood Soecies.

- — - — -

Revlicate Mean Range of Means B.A. Range of %of total %of total
Stocking Stockings m2/he. B.A. Plot Basal Plot Basal
Stems/ha. Stems/ha. m2/ha. Area. Mean Area.Range

A 516 1270-130 2.08L s0k2-461 11 27-2

B 154 670-0 .566 2385--0 6 22-0

c Lo 1%0--0 .089 325 0 1 3.0

D 5 40-0 .038 367--0 1 2.0

Table 5. pistribution and Commositign of Lardvood Species

Revlicate Frequency of occurrence of % of basal area of
Hardwood Species % all Hardwood Species

A B C D A B C D

A 96 92 3N 6L 33 48 T 12

B T2 68 52 2h 23 59 12 6

c 24 b 6k 12 13 1 78 8

D 16 12 12 0 19 23 58 0

N.B. A= Byrsonina crassifolia B = Quercus snmn. C = Clethera hondurensis

D = Others
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Other hardrood species encountered, of greater diemeter than 2 cn
included: Acoelorranhe wrightii, Celophyllum brasiliense, Cecronia
Xylopia frutescens. Basel area and stockung of hadwood svecies frr

each plot is given 4n Appendix I1II.

- ———— s 4 1 e

Percentage sround cover was subjectivelv assessed on a 107 scule by
neans of five, S5 mé circular samples ter nlot, located at nlot centers
and midway between plot centers and nlot corners. Ten cover tynes
were included agd a surmary of the percentarc cover and freguency of
each type is summarised below ty renlicate. (A suamary by olots is
given in Appendix IV).

Cf thg four sites A and D represent extremes. Site A, nearest the
verivhery of the savevnn vegetation - closest to the hardwood forest
on limestone derived soils and nresumably less effected Wv fire than
the other sites -- supnorts a good stocking of vine with a vigorous
understor: of hardwood smecies. Ground cover was a comrosite of live
and dead graminoid vegetation and hardwood and nine litter. Site D
supports a lower stocking of often quite large pine with virtually
no hardwond srecies and a more homogeneous grourd cover of vredominately
geninoid vegetation with nine litter and some patches of fern. (Dicranop-

teris nectinata).

Pine regener~tion counts mede ot the time of cover assessments
within the circular samnles showed no significant differences between
sites. AMlthoush no.account of the density of seed oroducing trees was
taken in was noticeable that the highest densities of regeneration

recorded, of teedlings one meter or less in height, of 10.400 rer ha on
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nlot BS and 15,000/ha on Bl9 were found on vnlots 'ith lisht eround
cover and high light levels reachinm the forest €loor. Plots BS and
B19, with 7034 and 7808 Xz ner he of overn Ary forest floor fuel veisht
respectively,were both burnt in 1972.

Methods and Results

Burning Procedures

The 1976 dry season in the PR was unusuallv severe. Only .25 mm of
rain was recorded at the Bent Pine Station in the months of Morch and
April and nothing at all at Augustine and Cooma. R~in beran, however, on
May 1lst and after three days of rain durirns vhich 62 rm fell, the deci -
sion to begin burning was made. (2 surmarv of Met. observations for
the neriod "farch to Mey is given in A mendix V). Burning begen on Mav U
and was completed by 26 May after 12 burning davs.

A backfire technique was used on all occasions after direction of
spread had besn confirmed by ignitins and extinmuishin~ £ small test fire
and when vind direction and velocitv were considered stzble. Ambient
temperature, pelative humidity and wind directicn were recorded durine
each burn. ¥ind velocity was not recorded for all burns as the anemometer
broke beyond local ren:.:r,

A mobile fire-tender and crew c” 4 men were stationed at the site of
each burn as a preceutinn against the fire snreadine beyond the confines
of the nlot which had been secured by nloushed firelines. The same
crew extinghished all burnine embers befcre the site wns nbandoned.

Burnings wes cerried out at various times of the Adnr with individual
#irecs being started as early as 0546 hours on as late ns 1402 hours.
Arlient temperatur2s during the burning period ranmed fron 22.5 to 35° C,
relative hmidity from 83-48% and wind velocity from susts of 6.0 m ver

sec. to nexligible. A strmary of neteorolozical conditions durinz
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each burn is riven in Anmendix VI.

7ind dirction in the MPR during the transition meriod from drv
season to wet season is remernlly less consistent thon =t other times
of the year, 2nd inconsistency increcses as the day nrorresses fronm
late morning to lote affe;noon. During the burnings in May, although
wvind direction was predominately from NE to F, of the 100 fires intended
to burn slowly into the wird nart of the burns beceme fast moving
headfires because of changes in wind direction.

These headfires produced greeter scorching of nine foliage tkan
beckfires but no actual consumvtion. Denth of convective activitv
was shallow in all but the must intense fires. Crowinz occured very

infrequently in smell, isolated vatches Of Palmetto palms (Acoelorravhe

wrightii) when ladders of dried leaves still attached to the stem, carried
flemes unwards.

Backfires were characterised by low flame heights in the ranae
of 20~25 cm with a maxixim of about 1 m and nerrow burning zones of
15--50 cm. Flame heights were lower and burnina zones narrower in vine
and hordwood litter fuels than in ~rass “uels. Flome heights were much
Lizher in hend fircs and a meximum of 4 cm was observed in the B3 nlot

burn.

Rates of snrend, which are summarised in Avopendix VII, ranged
from .29 m ver minute (.17 ¥m/hr) Zor the slowest backfire tc 3.3 m
per minute (.198km/hr) for the fastest, unintentional, head fire.
Rate of spread was sisnificently correlated with moisture content of
the rrofile of the frrest floor fuel but no ccrrelation, as found

elsewhere (Me Arthur 1962) was esteblished with wind velocity. Highest
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rates of spread were recorded in predominately srass and fern fuels.
(Photo WO 1 shows height of fern burnt in »lot D3). Slower rates of
sprend were observed in comnnct nine litter fuels =2nd the slowest in
herdwood litter. Under small patches of hardwocd srtecies where -1l
vegetation had been sunnressed ~nd the forest flnor fuel was composed only
of 2 thin layer of hardwood litter firewould often not sustain itself.

It was readily apperent that the nmost impmortent fuel comnonent,
the arass and sedres, were highly responsive to chanres in meteorological
conditions. Difficulty was exmerienced in ignitine nlots in the early
nornine, (before 0700 hours) when fuel moisture content was sreater than
25% due to dew fall, vet fires of uneccentably high intensity such as
B3 occurred within 30 hours of four reiny days durine which 66mm of
rain fell, bv which time fuel moisture content hed fallen to 10.T7%.
Indeed on one occasion light drizzle in the middle of a burn reduced the
rate of svread from .77 m ner min. tc .38 m per min. but failed to
extinguish the fire before it reached the ~lot n»erimeter.

The fire intensity of cach burn was calculated, after Byram (1959)

froii the nroduct of the heat vield, the fuel consumed and the rate of

snread.
I=TR
I = Fire Intensity (Rtu per sec per foot of fire front or Kilojoules/sec/M)
I = Heat Yield (Btu per pound of fuel or KJ/Keg.)
W = " Teitht of fuel consumes (pounds per souare foot or Kz/m2)
R = Rate of soread (Fcet per second or m/sec.)

Using Byran's heat vield value of 15087 KJ/Kg (6500 Btu/lb) for
forest fuels of low moisture content the ronce of fire intensities
varied from 220685 KJ/sec/m (6-198 Btu/sec/ft). Byram states that the
ranzc of intensities to be expected from backfires orobably ranees

from 19..58 Btu/sec/ft (65-198 KJ/scc/r). If those burns, nart of which



- 13 -

developed into headfires, are excluded from considleration, 84% of the
estirated fire intensities exverienced during this study fell within
this range: 14% were lower and 12% higher.

A significant correlation was est=blished between fire intensity
and moisture content of the profile of th: forest floor fuel. (Appen-

dix VIIgives Fire Intensities fcr each burn).

™ael Reduction

Porest Floor Fuels

Porest floor fuel weights were determined from 10 randomly loca-
ted 0.1 m® (40cm x 25 cm) samples ner plot. All organic matter less
than 0.5 cm in diameter, within an open-ended quadrat, between mineral
soil and the brundary between the forest floor and the shrub layer
if vresent, was collected, stored in scaled volythene bags and weighed.
attempt was made to clasgify this fuel layer in terms of live or dead
material or to describe it quantitatively in terms of it's constituents
of grasses, :vdges, fern and vine and hardwocd litter, etc.

A composite sample was taken from the 10 weisht samples and oven
dried for moisture cont¢nt determination.

Due to the irregular stpatial distribution nf fuels, high sampling
errors of 15- 23% were recorded et this low samplin~ intensitiy. 1In
subsequent seasons when less nlots will be treated, the work load lower
and more precision rgouired to determine if differences exist between
treatments, the samnling intensity will be raised to achieve a sarmling

error of less than 10%.

The orocedure outlined above was revweated after burnine to deter-

mine the weight of fuel consumed by the fire. (Forest floor fuel weights

before nnd efter burhing and vercentage fuel reductions =are given in

No
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Anpendix VIII).

Shrudb laver fuels

An attemmt was made to determine the weight of fuel in the shrub
layer. This fuel comronent was absent in some plots and distributed

irregularly in the others. The melastom: Miconia albicans was the

most consvicuous comnonent of the shrub layer which also included other
melastomes, nine regeneration and snecies wresent in the tree layer.

All Jecaves and twigs of diameter less than 0.5 cm within an onen-~
ended quedrat of 0.1 12, between the forest flocr/shrub layer boundary
and 2 n above ground level were cut ith scissors, stored in sealed
polythene bags and weighed. This procedure was repeated at the same
intensity of 10 samples ner nlot with 1.0 n2 cuadrats. Both nrocedures,
however, gave high samnling errors and in some cases because of the
insensitivity of the sampling vrocedure estinated fuel weights were
higher after burning than before. Post burn survevs revealed that
very little of the shrub layer was actuzally consuned and shrub layer
fuel weight estimates were therefore excluded from consideraticn.

In the 1977 season 2 more elaborete double samnling technique will
be assessed.

Forest floor fuel weights nrior to burning were found to range
from 25.722 kg ver ha of oven dry fuel to 6212 ke ver ha. The heeviest
fuel accumulation was found on plot D3 and was largely comnosed of
fern with a deep layer (up to 25 cm) of slowly decomposing fern and
pine litter beneath it. The lowest fuel level, on B23 was ccmpesed
of a fairly homngeneous layer of grasses and gedages with virtually
no litter layer. In reneral the highest fuel levels werc found on
the D and C nlots (means of 14681 and 12972 kg/ha respectivelv and

thelowest on the B and A nlots (means of 8526 and 1061k kg/ha
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revectively). Black and white ohotorravhs were taken tefore and after
burnine of approximatelv half of the plots and those of nlots AG. AlS,
C10 and A24 are included in this rencrt.

Burnins under the variety of conditions mentioned z2arlier resulted
in fuel reduction of from 15.5% (1L00O kg/ha consumed) to 92.3¢ (21.995
ke/ha consumed). Of the 100 burns 547 resulted in moderate fu~l reduc-
tions (60 - 85%), 247 in low fuel reductions (60%) and 227 in hirh fuel
reductions (857).

A significant remative correlation was establishad between percent-
age fuel reduction and moisture content throuch the nrofile of the forest
floor as exvected. As earlier mentioned noor fuel consumotion was ex-
verienced in the early morning burns. Uhen fuel moisture was high a
nrotective mantle of litter and the lower narts of rrass bunches was
invariablv left. The more intensc fires in nredominately ~rass fuels
however left virtuallvy no nrotection of the soil surface.

Shrub fuels were rarelv consumed but generallvy s~verely scorched

to the 1.5 -~ 2.0 m level. Individual smecimens of Aucrcus oleoides

and Myrica cerifera, however, if sufficiently vpre-hcated emitted vola-
tile gases which iznited in a brief flash and consum:d 2 large promor-
tion of the lower leaves but very few twiegs. The sparcity of grass
fuels under the intense shade of small grouvs of hardwood shrubs did
not nermit the entry of fire and the shrubs remained undamaged.

Response to fire damage was rapid. The sedge, Bulbostvlis paradoxa,

noted bv Hunt (1970) as flowering within 36 hours of the nessare of
fire, was observed in flower two davs after burning. (See photo WO 2)

Crabon (Byrsonima crassifoliz)and oak (OQuercus snp.) exkibited develon-

ment of secondary buds on damaged branches and vieorous basal snprouting
within 10 davs of burning.
In all plots but particularly in the B and C nlots additional fuel

was present in the form of lozs =nd branches as a result of thinnine
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and mortality. Although the weight of these heavy log fuels added
indirectly to fire intensity their contribution has not been consi-
dered here. Those logs which did irnite and were smoulderins after

the passage of the fire front were extinguished with water.

Effect upon vine overstorv

Several days after burning, when scorched pine folisge wms a
clearly visible orange, the degree of scorch demage was assessed.

The number of scorched trees taller than 2 m was counted, the maximum
scorch height in the plot measured and the height of the mean scorch
line assessed. In addition the scorch heights of the ten trees mner
plot selected for height measurement were measured and the percentace
of crcwn volume scorched assessed and nlaced into one of four classes
(5~15, 25-40, 55--70, 85-100%).

Maximum scorch heights were penerally associated with localised
heavy fuel levels, crowning of nalmettos or brief wind changes and
the mean scorch height was considered a more effective measure of
scorch height throughout the nlot. (Scorch data is summarised in
Appendix IX).

If the product of mean scorch height in meters and the number
of trees scorched as a vercentage of total stocking is used as an
index of scorch severity, a wide range of values from 0-1131 in found.
Four categories of scorch severity were distinruished after a survev
of the nlots, nil and negligible, low, moderate and high. A summary

of the occurrence of ‘each category ie given below.
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Table T. Scorch Severity -

Scorch Scorch Severity N° of plots
Category Product of mean scorch ht (m) X ver Category

scorched trees as % of total stocking

1. Regligible 0 - 4o 3
2. Low 41 -100 23
3. Moderate 101- 200 2k
b. High 200 22

Categories 1, 2 and 3 were considered acceptable for an initi=l
fuel reduction burn. 22% of all burns thus caused unacceptable scorch.
Scorch scverity was stronrly correlated with fire intensity.
Mortality is exvected to be very low and restricted to pines

under 3m. Cambium damage '»s not assessed but it is exnected that
any mortelity which will become evident from next vear's inventories
will be due to comnlete crown scorching. Many small sanlings and
seedlings will however survive. It annenrs that if excessive prehea-
ting is avoided by emovloying cortrolled low intensity backfires the
sheath of needles around the anical bud provides adequate »nrotection.
Some of the A mlots contained one or two nine trees being tapped
for oleo-resin. Prior to dburning the fuel was raked away from the
base of the trees to a distance of about 50 cm. One resin tree was
left untouched. WNone of the protected trces were dameged during the
burning but the resin face of the unvrotected tree imnited easilv

and burnt fiercely until extinguished.
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Discussion and Conclusions

Fire is anathema in the Mountnin Pine Ridee and everv effort
in the rest has gone into excludine it. The nrosnect of deliberstely
started fires soon after the end of the dry season was thus viewed
with some unease. It was feared that fires would escane and cause
seri~rus damege. This did not harmen 2and vrerhans the most immortant
result of the first year of this trial has been nsvchological. It
has been shown that fire can be used as a tnol and contrnlled, as it
has been elsewhere, and a areater willingness to look at the fire
management nroblem afresh is evident.

There are two sets of conditions which are of interest when »lan-
ning nrescribed burning for hazard reduction; a lower set ~¢ ccnditions
below which fuel consumntion is unsatisfactory and the area retains
the ability to sustain high intensity wildfires durincs the heicht of
the drv season and an upner set of conditinns above which excessive
damage is caused to the overstory and undesirable envirohntntal effects’
may he caused.

The factors which make un these sets of conditions are the auan-
tity, tyme and distribution of fuel, temmerature, relative humidity,
wind velocity and fuel moisture content as influenced by rrevailing
atmosnheric conditions and the recert history of nrecinitation and
dew-fall.

Conditions exnerienced during the course of the initial fuel
reduction burns of tkis trial eave a snectrun of results beyond and
between both extrermes.

It was apoarent that earlv morninr~ burns, isnited before the
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dew had started to 1lift resulted in noor fuel reduction. It avpears
that some two hours of daylicht are needed before good fuel reduction
is achieved. Precinitation over the few days nrecedin~ burning after
a long dry veriod did nor vrevent satisfactorvy fuel reductinn when
the site was exposed to the sun and drying winds for only a few hours.
After a veriod of rain, burning may be extended for most of the day
without unduc risk of damage to the overstory.

In the perind May to June wind direction becomes more unstable
and limits the ability to set controlled bnackfires. Wind instability
increases as the day nrogresses and is mest vpronounced between 1100
and 1600 hours, at which time temperatures are also at a maximum.
Burning between these hours,after an uninterrunted dAry snell in Mav
or June of as short as two days, depending umon the nature and amount of
fuel and the height of the pine, will often have undesirable results.
Burning at this period should therefore be carried out between 0700
hours if no rainfall has been recorded for two days. It mayv also
be continued from around 1500 hours nn into the night when logistical
problems are however of course increased.

Fuel moisture content of the nrofile through the forest floor
fuel, which is a function of long teorm drvine after rain, was demons-
trated to be related to fire intensity and fuel consumrtion. The
desired moisture content of the nrofile of the forest floor fuel would
annear to be 10-255. No relationshin was established between ambient
tempreature and fire intensity or scorch severity but in view of the
fact that the higher the ambient temperature the luwer is the heat
input necessary to raise plant tissue to lethal temncratures (see
Mathven 1971) ambient temperatures below 300C are recommended.

Fuel moisture content of the surface litter is nrimarilv deter-



- 20 -
nined by ambient temnerature and relative huniditv. No assessment

was mnde of this noisture content durins this study but as it is one

of the fundamental factors eoverning fire behaviour it will be inves-
timated in subsequent seasons. Satisfactory results were achieved

with relative hunidities in the ranze cf 50-T0%.

Rate of snread is a highly immortant fire behaviour variasble
which determines costs of burning in addition to intensityv. McArthur
(1963) demonstrated that rate of srread is directlyv nreévortional to
fuel quantity and wind velocity. “olffsohn (1974) considers wind
velocity the nmost important factor teo be taken into account when nres-
cribed burning and a moderate wind, 1.7-4.5 n/s (6-16 ¥m/hr) is cene-
rally recormended to dismerse smoke and nrevent hest rising to tree
crowns . Gusts of wind up to 6.0 m/s (22 km/hr) were exnerienced
in this trial and considered quite sccerntable if against the direction
of fire snread. The subject of rate of s»nread, wind velocity and
it's effect unon burning times and costs will receive further study
frgu 1977 onwards when both backfires and headfires will be assessed.

The range of fire intensities within which objectives were achieved
was 50-200 kj/sec/m (14-58 Btu/sec/ft). Intensities sreater than
200 Kj/sec/n should be avoided when the objective is wildfire hazard

reduction under mid-rotation age Pinus caribaea. Younger stads will

require lower intensity fires and fuels should be gradually reduced
in two or more seasons. The height of nine overstorv at which orescri-
bed burning mav begin is dependent umon the desree of scorch which
can be tolerated. Prescribed burnine should begin sooner and a esreater
degree of scorch damage can be accented where the risk cf wildfires

is high. Volffsohn (19T74) suggests that burning, with low intensity
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fires, can begin at the heicht nf L m (5-12 vears after seed fall on

most savanna sites) 2nd Honcock (1975) considers that 7 vear old regene-
ration can with stand lirht fires. An unnublished renort hv INFONAC
nersonnel in Nicaragua (Remorte Ae Tuern Controlado 4/L/76) commarin-~

the effect of prescribed burning on height and diameter increment of
nine receneration of different heights indicated that regenerntion lesé
than 3 m was severely danczed but that regeneretion in the 3.0 - 4.5 m
class, althoursh severely scorched recovered by the fourth vear to show in-
crement similar to the , .4...1 Regeneration taller than 4.5 m was less
severely damaged and recovered quicker. It is apnsrent that the deci--
sion whether to begin burnins when the crop reaches 4, 6, 8 or 10 m can
only be made after assessment of fire risk and the rate of fuel accumula-
tion in the area under consideration.

Fire intensities must be low, however, with n ceiling perhans of
100 KJ/sec/m. (29 Btu/sec/ft).

From a knowledee of the critic~l fire intensitv =2nd an idea of rates
of spread likely to cccunrunder Arv season conditions, maximum fuel
loadinnr= which can be tolerated before = subsequent burn is nrescribed
moy be sugrested. Further results of this trial will indicate rates
of fuel accumulation and reofine acceptable fire intensity limits but at
this stage it would apnear that fine fuels should be reduced to around
3000 kg/ha and that a repeat burn should be vrescribed when fuel loadings
recach about 8000 ke/ha. The burning cycle to achieve is likely to be
less than four years.

Summary

This rcport covers the establishment and initial fuel reduction

nhase of a trial to evaluate the use of prescribed burning for wild-

fire hazard reductiocn under Pinus caribaea. The trial which is long

term will look for suitable combination of freauencies, seasons and

'\\Eeaﬁn v gl g b 3; e a.)



- 22 -

intensities of burnine which,with minimun damege to the vine crom,

will maintain fuels at levels unable to sustain wildfires of areat

intensity.

The objective of the first nhase of the trial was not only to

vield useful information cd the behaviour and effects of fire under

Pinus caribaea but to establish suftable workinm methods. Exrerience

has indicated that:

a.

8 nore sensitive samplines svstem is required to fully
evaluate the role ¢f hardwood vegetation in fire
behaviour.
wind velocity, rate of smresd relationship should

be examined more closely.
moisture content of different layers of the forest floor
fuel should be determined tn nredict more accurately
fire behaviour and retention of protective lower litter

layers.

Observation of fire behaviour and fire effects nermit the

follcwing »reliminary suggestion to be made for nrescribed burning

nractice for hazard redaction in the surmer (end of Arv season)

veriod:

d.

Begin burning when dew has lifted after 2 hours of day light.
Do not burn if wind direction is varieble.

Bur~ when moisture content of the nrofile tkrough the forest
floor is between 10--25%, ambient temmerature less than 300C
and relative hunidity 50-T0%.

If rain has not fallen for 2 days stoo burning around

1100 hours and begin egain around 1600 hours.
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