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PRESCRIBED BURNING IN AN Acacia mangium PLANTATION
IN SOUTH SUMATRA, INDONESIA

B.11 Saharjo’ & H. Watanahe™

ABSTRACT

Pour malniensnce of ferest plantation, Le, lnudequale
weedlng wnd pruning, inereasex fucl load in the furest floor Fesulting
in an lnereased high risk of Mre nvasion, especiadly in (e dry season
This high fuct 1oad shoald be reduced in order to prevent flres Qe
pusalble solution s prescribed buring. Prescribed burning can be
comducted if there s no damage to trecs and the value of the wood
durs not decreane. Thls bumbng may siss reduce the natural
regenerution of bud qualily scedling in (he furcst Boor In the sccond
rolativn cxcle of Acacia mangium plantation Hescarch shows thit, s
1 teavh of fuel lead wnd wn & o fucl depth, prescribed buming cun
e conducted succesafully, Mo trees dle, und no dumsge or natural
repenerulion 1 recognlzed ufter the five.
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imponiant, cspecially for conservation purposes. It

is believed that high vielding planiations will meet
Ligher wood demand while maintaining or reduring the
areas of natural forest harvested (Seabnght, 1595), Flanted
forcsts are an important eloment of land use. Flanied
forests can Mulfill many of the produciive role of the
najurzl forest. Wien they arc adequatcly pluoned, planted
foresis can help stabilize and improve the environment
JTTO, 1993)

ne of 1he reasens why industrial forest plantations
in Indonesia are valuable is the high demand for raw
matcrals, especially for pulp and paper, which has
wroreased the ahility 1o help meet demand yearly, For pulp,
the 1997 projected supply capacity increased 4.6 million
lanfyear. Tn 1998, the estimate is 5.2 million tonfvear, and
in the year 2000 capacity will increase to 1l million
lonAvear. To guaranige sustainability of the raw marerials, a
new million hectares of industrial {orest plantstion necds
10 be established. Without this, the natural rain forest will
be destroyed. Many faclors, however, affect the success of
forest planting, one of those is forest fire {Saharjo, 1997).

r ["lhe tole of plantatien forzsis in Indonesia is very
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Fire is stll a critical factor in managing indusirial
forcst plantation in Indonesia, especially for Acacia
mangium. The daily incrcase of firc damaged areas,
especially in the dry seasons, and destruction of young 4.
mangium plantatons would not happen if fuel load in the
plantation was reduced & tres mainicnance was improved
(Sabarjo & Watanabe, 1996), 1f nothing is donc, entir
plantations are quickly destroyed. In heavy fuals, wildhires
are paicularly destructive and sovere damage results to
timber and soil. The reduction of desimctive wildlires in
commercial Fwcalyer forest can be achicved by burning to
reduce fuel accumulation vver wide areas (Medrhor
1#62), One possible solutton therefore to reduce fuel load
in the A, mengium planlalion is prescrbed as it was dane
in Eweahpr forest in Austalia, Pinus Torest in USA,
Canada, and Frange but it is not faniliar in Indonesia,

Prescribed burning is camricd out now for many
purposes {Gill & Bradstock, 1996). It may be uscd 1o
reduce acowmulated foal (MeArnhur, 1962 Rajson er al,
1956; Birk & Bridees, 1989, McCaw e al., 1997), protect
wood products, water supplics, animal production and
heritage items, control weeds, maintain biodiversity and
improve human safoly, climinaie undesimable  specics,
microbial activity of forest soil (Ablgren & Ablgren, 1965,
Harvey et of, 1975, Hauke-Pacowiceowa & Trzcinska,
1980 Herr et 2d., 1994) and moe (Whelan, 1992),

Fires ocenr when Namumable fuels are cxposed (o
fircbrands. Fire prevention can be accamplished either by
reononing the source of the firgbrand or by removing Ui
fuzl it may ignite. The altemative chosen is inllugneed by
the values threatened by (iee, The need for contrelling or
¢liminating fire'risk increases as fucl hazards and values
increase, Swain (1978) hos shown that fires scparated by
intervals shoner than the age of first reproduction in 2
particular species cause a raduction of that species in the
cnsuing forest. Frontal-fire iotensity gives the heat output
of the flame front and is imponant in determiniog
mortality.  Van Wagnsr {1973) correlaled fromal-lire
intensity with scorcht height of surface fires. Scorch beight
can then be related to the risk of monality in individual
specics (Peterson & Ryan, 1986}, It becomnes a truism to
the fire contral planner that Wigh fire sk must not be
pernitted in any area which has both high fuc] hazards and
high destructible vatuce {(Brown & Davis, 1973).

The ohjective of this research is to clarily the
passibility of prescoibed burning being conduocted in the A.
margiwm planmaton and s effects on tree morality and
available fuel afier fire,



STUDY SITE AND METHOIYS
Study Site

Rescarch was carried ool from August until
Docember 1997 in a newly established A, mamgiom
plantation, planted in the vears, 1921/1992, 199271993,
1993/19%4, and 195471995 at 2 m x 4 m spacing. This
helongs to PT Musi Hutan Persada, a joint venture on an
industrial forest plantslion company between Barito
Pacilic Group (a povatc company) and P1' INHUTANI 1T
{Statevwned company under the Ministry of Forestey and
Estate Corps} in South Sumatra, Indonesia. The company
is planning 1o davelop a 300,000 ha plantation in order (o
support a pulp mill wilth a capacity of 450,000 tons/year,
consuming 2 million m’ of-wood with an 8 year rotation.

The mean cainfall is approximately 2,800 mm and
monthly rainfall mnges from 92 mm in July to 278 mn in
February. According o the Schmidt & Ferpusson systcm
(1951}, the climate of this arca belongs to rainfall 1vpe
A0, 143). Mean maximum temperature is 32.6°C in
Auppust, mean minimum air temperature is 22.3°C in
December and mean relative humidity is about 85 %,

Methads

Onc quadrate of 130 m® (10 m x 15 m) cach were
sct up for the four dilTerent ages of plantion (1991742,
1992/93 1993/4, 1994/95), In this gquadrale, trees
diameter and height, sced stomge in the seil surface amd
under the soil sudace, fuel load, and fucl mmoisture sunples
were collected and measured.

A fuel load of 3 ton/ha and fuel bed depth of 8 cin
was used as a liimdting [actor becavse it can create {lame
lemperatures in the spil surface argund 150°C and a flame
length of no more than 1 m at the lowest part of branches,
this Jowest branches resulied from weeding or pruning
(Saharjo, 1997). The main requirement for prescribed
buming in Frcalipy forest (MeAnhur, 1962) is that flamea
height do not exceed 1 m and fire inensity 300 kK'W/m. At
150°C, A mangium secds in the forest floor will die, so-
called sced lethal temperutore (Sahabgo & Watanabe,
1997b). This limiting flame tcmperatures was used in
order to reduce the possibility of natwral scedling to
regenerste, because the sced was not in a good quality as it
shown in the growth performance. If the flam:
temperarture was less than 150°C, it has been predicted that
millien of bad scedlings will occupy the space in the forest
Neor and it will become weedy as happen in the second
rodation (Sahago, 1997), Then, fucl loads consisted of
grass and shrubs {dead and live), and litter fall as much as
45 kg (3 ton'ha) were spread out into the quadaie while
another rest fuel was delivercd owt of it and fuel bed depth
was sl at & oo

Trwes Diameter and He egrhe

All trees diameter and height in the quadrate at four
difTerent ages of plantation was measured. Tree hei ght was
mcasured with tree height eguipment, while diameter was
measurcd al dbh (1.3 m above the ground) using a Vemicr
calipern

Estimation of Seed Storape

a. In the soal surface (0 m)

Four subplots of 1 m x | m in the 150m® quadrie
were established in the forest floor in each plantation year
in arder 1o measure scod storage. The seeds were colleeted
and counted,

b.  Under the soil surface

Sccd storage was measured using a ring sample of
400 cm’ in volume (surface arca was 100 cm® and ring
height was 4 cin). This ring was used to take sced at the -
3 ¢m and 5-10 cm under the soil surface an diffzrent
plantation ycars. Five samples were taken in every
quadrate. The sceds in each ring was collected, counted
and brought to the laboratory to delermine germination
pﬂmcn[algc.

Seed Germimaiion

Scods taken from all 4 swnds at depih 0-3 ¢ and
5-10 em were sown i germination boxes in order e asses
variation in seed germination. The medium uscd was sand
which has been dried for 8 hours and allowed 1o cool
overnight. Each of the four permination boses was half
filled with sand and then placed in a green house, Seed
were stored in a hot water at 35°C for 1 minne and soaked
in fresh water for 24 hours before sowing. 251 sceds ware
uscd for germination test in the first box, 173 seeds in the
second, 167 seceds in the third and 113 sceds in the fourth,
The perminzated sceds were monitored for fwo weeks after
treatment. The viability of seed stored in the soil was high,
averaging 91 % in seed collection from a depth of 0 - 5
cm depth 1o 958 % in sced from 3 -10 cm depth (Saharjo,
1997

Fstimation af Fuel Load

In each quadratc 150m* at four different apes of
plantagon, five subplod of L m x 1 m were chosen for the
estimalion of fuel load and moisture comtent. Fucl load
was cstimated by eollecting all the materials dead and 2
live in the subplol, These materials were then brovght 1o
the luborslerny for measuring weight and moisture content.
Fucl moisture canteni was measurcd based on div weight
caloulation, and placed in an oven for 24 hours at 105°C



Experimental Burning Procedure

Burming was conducted in the quadratc at four
diferent ages of plantation with a 45 kg of fuel load (dead
and live) in the afternoon between 13.00 pm and 16.00
pm. In Manitoba and Saskatchewan research (Williams,
190D, the bum must be made on a day when the humos
laver has 3 moisture content £ 20 %, Matches were used as
a source of fire. Fircs were sct on the sides of (he quadmte
at the saine time and allowed 10 propagate naturally.
Burning was done until mostly of fuel bumt. In this
experimnenial burning, fire temperature, rare of the spread
of fire and flame length were cstimated,

fextimation Flame and Fire Characteriztics

Flame temperature at 0 m and 1 em under the sail
surface was estimaled by using “Tempilaq”™ (tamperature
indicating liquid), which melis at a specified temperatur.:
and provides cstimates of muximom temperatures. Each
liguid was sct in an aluminmn pipe 2 cm in diameter and
30 cm long (Saharjoe, 1993), The wwmperature censors werg
placed in the vegelation at two locations.

Rate of the spread of fire was csiimated by
measuring the average distance perpendicular of the
moving flame fromt per minule. A stopwatch and
measurement 1ape werg used,

Flame length waz estimated by mcasurng the
average distance between the lip of flame and the surface
fuel. Tree height equipment snd connter was used,

Crown scorch was cstimated by measuring the
parcentape of canopy whose leaves were dark soon aller
burming. Troo height equipment was used.

Firg intensity is Ww product of the available heat of
combustion per unil arca of ground and the mic of the
spread of fire. It was calculated by using Byram’s
equations (Clandler, et ol,, 1983), FI: 273 (L) *"", where
Fl is fire intensity (kW/m) and L is flame length (m),

Fugl Left end Fual Load After Burning

Soon, after bumning, all fuel left in the quadrate was
collected and measured 10 determine how muoch fuel was
left afler buming. Meanwhile, the performance of fual
load in the forest [loor is monitered monthly to determing
how much of fucl load aconmulated.

Fire Effects and Natural Seedling

The effects of fire on the trees and naural
regencration of seedling in the forest floor in every
quadrate of four dillerent ages of plantation is monitored
monthly 1o determing how many trees die and how many
natural secdling cmerpe.

Staristical Analysis

A complelely mndem design of variance was used
to test for diffcrences among troc prowth parameter,
diameter, and beighl and fire behavior paramcter, flame
length, rate of the spread of fire, and fire intensity, bascd
on the following model (Stecl & Torric, 1981):

ij'_ Bt T; +F:'_|L'

wherne;

g = tree growih and fire behavior for plantation  in
the k replication

W= mean of the trealment population sampled

T = treatment

J = plantation year

k = rgplication

ke = Rindom componend

To detect a significant diferences in wee growth and fire
behavior parameters {F < 0,05 the Duncan o5t wias wsed
{Stcel & Torric, 1981).

RESULTS AND DISCUSSION

Diameter of trees (Table 1) in the quadrate ranged
from 10.3 cm 10 15.8 cm, and height from 10,7 m o 19,4
.

Table 1. TPlanrafion wear, disineter wnd hefglt of Inees in the
qund rate,
Flantation vear Miha [dameter icm)  Height {m)
RS ENRE 1250 158 +4.2h 184 L 36
b e Rt 1259 11.7 + 7. 24ah 14.2 £23h
s R R 120 193130 114 +04a
| 0471995 1250 10.7L | .6a

ILIL2 M=

* Means are signidicantly Jifferenl when standard error s followed by
differcnt letters (' € 3.05)

Seod storage (Table 2) in the forest floor varied
from 5.0 scedshn” in the 1994/95 plantation to 2153 in
1951/1992. Beed storape under the soil surface varied from
90.0 to BS0O seeds/m® at 0-5 cm, and 0.0 10 7000
seeds/m® at 5-10) cin. Germinalion percentage of sceds
Loken both from the soil surface and under the seil surface
wis quite high, ranging from 80 — 90 %, Tt was evidepce
that seads on and under the soil surface was in a good
condition with high percentage of genmination.
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Tuble 2. Seed wtnrmye o dhe Toevsd MNoor anad wader 1he sodl worfece.
Flancaijny yoni Soad AcEege in e Sexd fordpe urder the aail
fores {Tiwr [P m]] e
(it ]
0-5cm 3. 1dem
TR0 02 1250 158+ 42k 1934+ 3 6c
1FFE1 393 L2533 1.7+ T.26ab l4d+ 23k
HeE R 1250 13+ 31fa 1244 Nds
199415 1250 izl VLT 181

* RAzana wre significantly diffeem when sandard erroe 1 fellowed by diferest
leners (1 5 4.09)

Fuel load (Table 3) varicd from 13.7 tola in
1953/94 to 25.1 tonha. Fucl load in 1993/94 was lower
than in other arcas because this place was momitored and
maintained by the Rescarch and Development seclion
belong o the company thal monilor and cvaluale the
condilion of planiation regulady. I these fuel loads bum
directly, it is estimaled that all the trees will die, as
happened in 1994 (Salage & Widanahe, 1996).

. Flinne length ag an indicator of fire intensity ranged
from 0.74 m in 1991/1%42 to 0.%3 m in 199471993, The
highest fire intensily was v 199471995, with 2243 KW/
and a maximun fire lioperiture of 170°C, Fire intensity
will directly influenced scorch height and  therefore
decrming how much of the plant canopics arc consumed,

killed  or uslouched by the Nre (Wlelan,  19935),
Glitzenstein e al, (1995} found that morality in the
Targest size ¢lass (2 20 cm dbh) of keng leal pine savanmss
was significanily conelated only with fire ling intensity.
Crown scorch height varied froin 5-6 ot in 1993,/94 10 9-10
min 1992/1993. Flame temperature in the surface soil did
nol have any cllcel on sced under the soil surface, bocause
the penetration heat is less than 38°C, and the seed is sill
dormant The pgormination of 4. mrangivm (Adjers &
Srivasiava, 1993} is significantly poor if the sced is pot
heated to more than §0°C.

Three months aficr the Lire, no irges died and no
ratnral repencration of scedling was ebserved in the forest
floor. Fuel load maindy dominated by litter fall again 10
cover in the plantation, however, ranging from 2.6 w 5.3
torvha (Table 4). In Eucahiprus pifulars (Bick & Bridges,
1989), four years aller fire thore was no differcnce
berween the fuels in control and berned stands (20 100,
with repeated buming, however, paniculardy ar 2-vears
interval, the understory of woody shrubs was replaccd by a
larger of gruss. This means that prescribed buring can
conirol chance oulbreaks of wildfire at heavy fucls and it
thould be conducled regularly at least three months before
dry scason. In ouneven-aged stand of Ponderosa pine
(Kalabokadis & Wakimoto, 1992) reported 6.5 (o 9.6 % of
the overstory trecs with dismeter £ 12 em and > 3 m 1all
killed. Worst conditian in Quercus ehrsofepis stand
reported by Payen & Narog (1991 that prescrided burning
caused mortality approximately 50 % in dismeler < 15 cm
and < 10 % in larger classes. ;

Tulle 3. Wenther condilion und fire behavior when burnlng was being conductsd.

Plantating yoar .

REE N

Westlher cond iens

Ajr temperatuee (0 30

Relative humidity (%) i

Wigad xpeed rris) 1.7
Fire belavior

bl moisture (%) 55300

Pre-fire fuel {kg) © 224050

Post-Tire fucl (kg 450

Fued bed depth (vn) 1.9

Rate of the spread of fire 140,28

{irfunan)

Flame lengih (m) A7 AHE b

Ilamc temperature (L)

01 m {moail smerfacal 143-15%
1 v wnder soil swrlace = X
Crawn scorch height () 5l

Firc irdensity (k Wi [55.590% Ya

197271993 199371094 179471995
33 1 33
30 75 &0
1.6 17 L%
12.2.43.9 16312 35405
23.240.3c 13.7H1.4a 15.120.3d
430 43.0 a3t
25 1.2 6.5
1.5:0.28 |40 2a - 1.720.2a
0T 20 M {85204 19740 [
139-149 149-1%0 145170
= 3% <3 = 3%
W 1k 5-0 k-0
183122000 124.7415.8c

L31. 1416 3a

= Means are igaificant!y dleroil when standard crrer ia tollowed by didferent letiers (F = 0.05)



The ofTeet of fire on leer mortslicy sod srsilabile fuel Lthree
nnnihs mier Nie.

Tuble 4

P'lanfation year

IF00102 1952199 IEFIE LTS
Trees maralivy g o oo (L4
Avm:lable ks {Lor e 5302k 2640 1e 17402 531028

* Mreurs we sigmilizantly different when standard enor is Follawed by diffcrent
ledlers (P 4 005

Burning consumed at least 85-90 % of fucl luad in
the quadrate, This means such an area will become safe for
i while, untl fuzl load accumulate again,  High
cansimplion of this fuel load mainly was cauged by a low
fuel moisture eootent, and hne fucls dominated by litter,
dry izaves and small Granches. The most readily available
{uels for a forest fire are the dry surface layer of litter on
the forest floor, small dead branch wood and the cured
grass. Dead leaves o olher lvesc liter on the ground
canstitute a highly flammable surface layer (Brown &
Davis, 1973). The composition of fuel load (dead and live
fuel} in the quadrate obviously afects the rate of the
spread of fire and Mame length. Fuels with higher moisture
conteill require more heat than dry fuels 1o raize them o
ignition temperature {Anonymonus, [970) and more intense
firc. This means that morc heat engrgy is needed 1o burn i
Thus, burning in 1924/95 quadrale reached the hiphest
maxiniwm Mame feperature (170°C) and fire intensily.

One of the reasons wiy prescribed burning should
be conducted in the A. mianedem plintation is 10 reduce the
high available fuc] stored in the plamtation. This results
from poor maintenance activities, i, inadequate weeding
and pruning and low maicrial decomposition. Table 3
shows that all the plantations have more available fucl
than should be permitted, 3 tonMa. This means that all e
plantations have a hiph sk of fire invasion, and trees will
easily be destroyed. This luppened in 1994 (Saharje &
Watanabe, 1998}, where 20000 ha of A, mangiver
plantation of 120,000 ba planted destroyed in only three
months. The nsk is also increased by the potential for
arson around the plantalion

Alter prescribed burning, no trees were damaged
and no natural seedling was found in the lorest Docr This
means that the procedure [ar buming can be based on the
previeusly stated rule. Three monmlis afier the fire, fuel
load increases again in the quadrate. It scems this fuel load
15 dotminated by falling leaves and ol branches.
Therefore, it becomes important for mainlenance activitics
10 be conducted at three month interval in order to prevent
accumulation ol hewvy fiel thai will cause - wildfires.
Regularly fucl reduction burning in Fucalyptas pilularis
forest (Birk & Rridpes, 1989) may increase the probability
of controlling chance out breaks of fire.

CONCLUSION

This rescarch bas demonsirated that prescribed
buming can be used to reduce high fucl load in the
plantation without any danuge to the wrees.  Prescribed
burning should be conducted with the following e
Maximum fucl load at 3 donfu, fucl bed depth of 8 cn,
fuel moisture content of 5 % - 40 % duminated by decad
fucl. Air temperatuze should be betwesn 30°C and 35°C,
elative humidity at 75 - 80 %, and a wind speed of 1.6 -
LE& m/min. Sunny days arc preforable, in the afternoon
between 10O pmoand 4.00 pm and the fire should be put
oo ihe side of plot, following the wind direction,
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