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J.C. Goldammer and S.R. P€nafiel

Fig.l. The regular influence oflire overcenturies has created open, parklike stands of Pirur,i.erid
in the Cenlnl Cordillera of Luz6n. The young stand in the background is reforested and protected
from llre

effects oflire. Nowhere else can the ambiguous role offire be better recognized
than in the tropical pine forest biomes.

This chapter aims to highlight this dual role of fire in ecosystem
processes of pine forests and associated vegetation in South Asia. Main
emphasis is laid on the pine forests and grasslands of Northern Luz6n, The
Philippines (Fig. l). Additional information on the fire ecology of pine
forest communities in mainland South Asia and in Central America is found
in this Volume (Stott et al.; Koonce and Gonz6lez-Cabrin). The use and
the impact of llre in pine plantations is covered by the contribution of
De Ronde et al. (this Vol.).

4.2 Adaptive Traits of Tropical Pines to Ffue

Forests and other wildlands, e.9., the various types of tree, brush, and grass
savannas, which are regularly influenced by natural or anthropogenic short- to
medium-return interval fires can be considered as a fire climax. In a fire climax
the dominating tree species and associated vegetation are characterized by
either fire tolerance or fire dependence (effects offire selection). Furthermore,
Iire-dependent plant communities burn more readily than nonfire-dependent
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J.G. Goldammer and S.R. Penaf ie l Fi re in rhe Prne Crassland Biom

Fig.2. Firc scafs revcai rhe fife hislory ofpinr.! /rcrjru foresls. This 72 ycar-old trec was recovcrecl
ncar Bobok.  Bcnguet Province.  l -uz6n

4.2.2 Rooting Habit

Roots generally have thin oortical covering and, if stretching near the surface,
are easily aflected by l ire. Thc deep vertical rooting habit ofthe tropical Asian
pincs makes these species less susceptible to fire damage unless they are exposed
by erosion. The secdling or "grass" stage is the most crit ical phaie of
development and growth of pines in a nre environment. B oth p. roxburghii and
P. merkusii haye developed remarkable adaptive traits to this fire env ironment
by formation ofan extremely thick bark ut the basal pa rr of the seecll ing and by
resprouting (see below). Figure 3 shows a P. roxburghii seedling which had
repeatedly been burned over and affected by cattle trampling and browsing. The
cross-sections show stimulated cortex formation at the upper part of the
rootstock which was exposed at the soil surface, thus minimizing the impact of
the frequent needle l itter f ires on the plant.

>
Fig.3a-d. Repeatedly burncd /'irr.- roxburyhii sccdlin9 wirh carrot-like roo(, recovered near
Naini la l .  Ul lar  Prndesh.  India (a) .  Thc cross-sect ion in the uppcr parr  of the roor ( in thc r rea of f i re
impact) shows stimulaled cortex fofmation (c). Corlcx formation ca. 5 cm bclow soil surface is
considerably less (b. same scale as c). Dormant buds are found iD the thickened cortex ol-the stem
base (d)
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4.2.3 Basal Sprouting

Basal sprouting ofyoung pines after fire injury has been described for a limited
number of North American and Central American pines(P. echinata, P. taeda,
P. rigida. P. oocarpa) (Stone and Stone 1954; Little and Somes 1960; Phares and
Crosby 1962; Venator 1977). The resprouting capability is a prerequisite
adaptive trait ofP. merkusiito snlive in a grass stage as described by Stott et al.
(this Vol.). The ability of P. roxburghii seedlings to coppice after fire injury
or browsing was flrst reported by Troup (1916). Our investigations show
that dormant buds of P. roxburghii are embedded in the thickened cortex of
the stem base (Fig.3d). Both the heat insulating and the sprouting capabil ity
of the cortex characterize this plant as highly specialized to cope with a fire
environment.

4.2.4 Site and Fuel Characteristics

Needle litter fall and fuel accumulation has been described for P. roxburghii
(Mehra et al. 1985; Chaturvedi 1983) and for various subtropical and tropical
pine plantations (Goldammer 1983; De Ronde et al. this Vol.). The ac-
cumulation ofneedle litter layer in P. roxburghii forests is explained by the high
C:N ratio found in the l itter and soils ofthe pine forest sites (Singh and Singh
1984). Furthermore, the decomposers on l itter with high C:N ratio irnmobil ize
available N from the soil solution. It was suggested by Singh et al. ( 1984) that this
fact, in addition to the fire-promoting character ofthe needle layer, is the main
strategy through which pine invades a disturbed oak area and is partially able
to hold the site against possible reinvasion by N-demanding broadleaved
species. The heavy lopping and fuelwood cutting of oaks in the Himalayan
mixed oak-pine forests reduces the N retum through leaflitter fall and thus gives
additional advantage to the low-N-demanding pine. Altogether these site and
fuel characteristics Iead to an increase offire occurlence and gradual expansion
of pure fire climax pine lands into sites formerly occupied by mixed broad-
leaf-pine forests and pure broadleaf forests.

43 Origin and Extent of Fires

In the seasonal pine forests and mixed pine-broadleaf forest biomes oftropical
Asia lightning-struck trees and lightning fires have been reported occasionally
(e.9., Osmaston 1920). Under today's man-caused fire pressure, however,
lightning as a natural fire source becomes relatively less important compared to
the extent and frequency ofanthropogenic fires. The main causative agencies of
tropical wildfires which are related to the social and cultural environment are
escaped shifting cultivation fires, fires set by graziers, hunters, and collectors of
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4.4 Management Considerations

This section aims to elaborate on a case study by demonstrating the complexity

of the Pinus kesiya fire climax forest in Northern Luz6n, The Philippines- As was

stressed in the introductory remarks, f ire plays an extremely ambivalent role in

the development and future ofthe tropical pine forest ecosystems. C)n the one

hand, the steadily increasing impact of swidden agriculture (kaingin) and

carelessly escaping kaingin fires has resulted in extended deterioration of the

steep higilandi ofNorthern Luz6n. On the other hand' the influence ofkaingin

and grazing fires has created a forest environment capable of providing sus-

tained yield ofvaluable timber and othet forest resources, ensurlng at the same

time the landscape potential and the survival of the indigenous mountaln

population. Both the ecological and managerial challenges are highlighted in

the following.

4.4.1 Distribution of the Pine-Grassland Fire Climax in Luz6n

Pinus kesiyaRoyleex Gordon (formetly Pinus insularisEndl.) occurs mainly in

the Central Cordil lera ofNorthern Luz6n at 120'W and between l5'30'N and

18" l5'N within an altidudinal range of750 to 2450 m. The pine, locally called

Benguet Pine, is also found between 600 and 1400 m on the spurs and ridges of

the Caraballo mountains, and a small proYenance occurs in the Zambales

mountains at attitudes from 450 to 1400 m (Armitage and Burley 1980)'

Recently, plantations have been established below these boundaries

As was suggested by Kowal (1966), the original vegetation ofthe Central

Cordillera, before being disturbed by kaingin and grazing fires, most likely was

a broadleaf forest (lowland rain forest at the lower elevations, grading into

tropical montane forest and "mossy" forest in the higher elevations). Kowal

( 1966) stressed that the pines, being essentially pioneers, expanded into gaps of

broadleaf forest associations which were created by human disturbance'

Kowal's impressions of the history of f ire-influenced development of the

mountain forest vegetation and the potential future development are shown in

li is slightly modified model (Fig.4). This model shows an increase of formerly

patchy pine occurrence toward a broad submontane fire clirnax pine belt At the

interface between pine and broadleafforest two main processes are recognized:

Pine forest aclvancing. When fires are fairly frequent' each fire injures or

kil ls plants at the edge ofthe fire-susceptible broadleafforest. As a result, the

pine forest advances slowly into the broadleaf forest area
broadleafforest advancing. When fires are less frequent, oflesser intenslty,

or even suppressed, the broadleaf forest reoccupies the fire climax pine

land.

Within the pine belt it can be observed that the broadleaved species largely

survived along water bodies, mainly in wet gull ies and narow valleys

Fig,4a-c. Probable chanBesof for(
the past, characterized bY scatter
broadleaf dipterocarp forest (a), I
future retreat of Pines if foresls ari

P. ftZ.ria forms extensi
elevations above 1500 m, mr
at lower altitudes. Most of t.
the herbaceous layer domin
cylindrica, Eulalia trisPicat
br acken f et n (P t e ri dium aqu
the highly flammable Pine
kill pine seedlings and otb
stands that are regularlY a
intervals) show hardlY ar
(Goldammer 1985).
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Fire intensity and fire impact vary according to the return interval. Annual
l ires usually consume the grass layer and the annual shed ofneedles and other
dead organic matter, not exceeding a total of more than 3 to 5t X ha-1. After
longJasting fire exclusion wildfires tend to be of extreme intensity due to high
fuel accumulation and its spatial distribution (surface fuels, understory, draped
fuels); the fuel load varies considerably, depending on the understory vegeta-
tion. Since the annual rainfall in the Central Cordil lera (above 2500 mm) is
concentrated in the rainy season between May and October, most fires take
place between the middle and the end ofthe dry season (end ofJanuary unti l the
break of the rains in May).

The other anthropogenic fire climax is found in the lower elevations, mainly
in the foothil ls ofthe Cordil lera at the interface ofasricultural and forest lands.
These are grass savannas with scattered brushes and treeb. Among the grasses
the most important species are Imperata cylindrica, Themeda triandra, Chry-
sopogon accilculatus, and. Cappilipodium parviflorum. The associated trees are
Piliostigma malahricum, Antidesma frutescens, Syzygium cumini, and Albizzia
procera.Thickbark, hard seat coats, and resprouting organs characterize these
species as xerophytic and pyrophytic remnants of formerly closed broadleaved
forests being capable ofcoping with a fire environment (Fig. 5). The annual grass
fires which originate in the pasture lands generally advance upslope to the edge
of the dipterocarp forest and gradually increase the grasslands.

Fig, 5. As a typical xerophytic and pyrophytic remnant of the former Iowland dipterocarp rain
forest, Slclgiufi cunini shows the formation of thick bark enabling this species to survrve rn a
fi re-desraded environmenl

Fire in the Pine-Grassland Biom

The shrinking area of
to the progressing ecoton€
below (foothill grass-tree I
formerly observed fallow p
in the expansion of grassla

4.4.2 Main Ecological Chr

The ambivalence of fire ir
grasslands can be demons
position, site degradation,

4.4.2.1 Grass Species Con

In unburned Imperdta q),
decomposed grassescoverl
dense growth of Imperata
othershort grasses and legu
the net primary production
135 gxm'  on  burned s i
enhances the tillering capa
increase offire frequency a
removed by volatilization
rishment and site detedor
Cruz 1986).

The effects of soil de
erosion has been demonst
Cordillera. Thbte I shows

Thble l. Comparison of monthll
(Costales 1980)

Monlh
Total
Rainfall
(mm)

June
July
August
September
October
November
Total

5't.06
558.53
92t.95
242.60
105.00
53 .51

1,938.65

' Mean often surface runoffplot
NS Not significant.
* Signincant at 57o level.
**  Signi l icant  at  l7, level .
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underburned pine forest at the beginning ofthe rainy season. At the end ofthe
rainy season these differences between burned and unburned sites disappear.
The same trend is observed in sediment yields (Table 2). Figure 6 shows the
typical erosion patterns in the pine-grassland biomes of tropical South Asia.

Comparing the annual sediment yields ofan annually burned grassland, a
dipterocarp forest, and a reforested grassland, Dumlao (1987) reported that the

Thble 2. Comparison of monthly total sediment yield' collected in burned and unbumed plots.
(Costales 1980)

Month Total rainfall Total sediment yield Tons/hectare

(mm) Burned Unbumed Diff€rence
(mm)

June
July
AUgUSt
September
October
November

51.06
586.83
92 t .9s
242.60
r05.00
53 .51

0.32*

7.'t6**

2.t444
0.09 Ns

0.42
6 .51

21.28
4.08
3 . 1 8
0.07

0 .10
2.2'�7

t3.52
1.34
1.04
0 . l 6

Total 1938.65 35.54 18.43 17.1r
&
:

'Mean often surface runofplots in the burned and unburned areas.
NS - Not signincant.
* - Significant at 57o level.
** - Significant at l70 level.

Fig. 6a-c. 'Increasing nre and
grazing pressure in the sub-
montane fire climax pine fo-
rcst lead to severe erosion
processes. The photographs
show the degrading Pinrff /.e-
ria forests in Benguet
Province, Luz6n, Philippines
(a), the P n srtrrsrl remnanls
arou[d Lake Toba, Sumaha
(b), and the impact of cattle
trampling, browsing and fire
in P. roxburghii in Uttar
Pradesh, India (c)
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yearly burned grassland catchment had a mean annpal sediment load ofca. 3.1
txha-l compared to ca. 1.2 tx ha 1 and ca.0.8 txha-l for a secondary dipte-
rocarp forest and reforestation catchment, respectively.

4.4.2.2 Fire-Host Tree-Insect Interactions

The occurrence of bark beetle species (Coleoptera: Scolytidae) is a common
phenomenon throughout the pine forest biomes ofthe northern hemisphere. In
the ecology of the patchy occurence of P. kesiya within the undisturbed
dipterocarp ( oak) forests, scolytids played a minor role. The prolif€ration of
the pines by fire and the formation ofan almost pure pine belt, however, have
created host type stands suitable for the build-up and heavy outbreaks ofbark
beetle populations subsequently introduced from Central America-

With the introduction of the lps interstitiqlis (Eichhoff) [probably /7s
calligraphus (Germar)l from North America, most likely between 1935 and 1945
(Marchant and Borden 1976; Lapis 1985), the dynamic equil ibrium
between fire and pine forest gradually became destabilized. Still in the early
1960's only small bark beetle populations were recorded in the Central Cor-
dil lera (Caleda and Veracion 1963). In the early 1980's the beetle had drama-
tically increased its range and the severity of impact on the pine biome, and is
now regarded as the major threat to the mountain forests of Luz6n (Crijpma
1982; Lapis 1985).

Widely accepted observations suggest that, besides drought stress (e.9., the
impact of the ENSO event on Asia in 1982-83, see Goldammer and Seibert this
Vol.), the increasing fire occurrence and fire-induced damageswere responsible
for this recent development.

In a series of investigations employing monitor traps since 1985, Gol-
dammer and Penafiel (unpublished data) found that the occurrence of L
interstitiqlis rn freshly burned-over forests was higher than in unburned control
sites. The immediate increase of the number of bark beetles caught in phe-
romone traps up to three times during the flrst 24 h after burning and the
subsequent decrease to the pre-burn population density level was observed in
various experiments. The success ofinfestation, however, was generally nil ifno
crowning fire had occuned in the pine stands. Partially scorched trees without
short-term and long-term (l year) change in the regime ofoleoresin exudation
pressure (see Vit6 196l; Goldammer 1983) provided resistant to successful
infestation.

The area attractiveness offreshly burned stands to increased aggregation of
bark beetles is explained by the release of monoterpenes through the heating
process in resinous fuels (due to low-intensity fire and partial combustion of
fuel). Field tests revealed that a high dosage of (-)-a-pinene, the major
monoterpene in P. kesia resin, provides in fact considerable area attractiveness
(Table 3).

The ongoing research shows the complexity ofthe interactions between fire
(man-induced)-insect (introduced by man)-host tree (fire-induced) in an en-

Fire in the Pine-Grassland Biom(

Table 3. Field response oflpr tnl
ard ( )-a-pinene (1: l :  l8) on fresl
within pure Piflr.r keria slands ir

Series A"

Treatment of
mini clearcllts
(50 m")

Respons

ib + s.E

Fire
Surface fire
colsuming needle l.8a,b I
litter and other
ground fuels,
heating/scorching
ofstumps

d-Pinene

dispenser (5 ml) 5-2b,c +

Resin
Additional resin
of P. kesiya in 8.5c + 2
open Petri dishes

Control
Freshly cut
resilous stumps 0.3a + 0

"Series A: Bobok, 17 18 Februal
February 198?. Experiment with r
is due to overall population declir
bColumn means followed by diff
(Series A: F : 0.0199; Series B: l

vironment which has undel

a complicated pathway frc

4.5 Conclusions and (

In forest management and
Obviously, fire plays a ke1
forests, which at the same I
Ifused properly in timeanc
granting landscape stabilit
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The pros and cons of fire protection and "let burn" in tropical seasonal
broadleaf and coniferous forests have been discussed extensively since fire
protection was introduced to India by Brandis in 1863 (Shebbeare 1928; see also
Pyne this Vol.). Soon it became obvious that f lre exclusion would bring
tremendous problems in the regeneration of teak (Tectona grandis\ and sa.l
(Shorea robusta)stands (see Stott et al. this Vol.) and increase the wildfire hazard
in the Pinus roxburfil forests. "Controlled early burning" was introduced in
1877 (Shebbeare 1928) and was one ofthe focal points ofdiscussion in India's
fo resL  management  in  the  fo l low ing  ha l fcen tury .

However, throughout the pine forests oftropical Asia no real progress has
been made since then. The forest managers and nre control omcers are still
running behind the wildfire problem. They are not adequately prepared for an
approach toward integrated fire management in which fire prescribed in time
and space would allow them to profit from the benefit ofnre and to exclude the
negatlve impacts of uncontrolled wildfire.

ln the Philippines, Penafiel (1982) showed that the loss offorests by wildfires
was greater than the reforestation capabilities. The call for an integrated fire
management approach was mandatory. A program initiated by FAO and
accompanied by a research component tried to base its concept on the historical
and social lire ecology of the environment of the Central Cordillera
(Goldammer 1985, 1987a). The implementation of strategies elaborated,
however, stagnates due to economic constraints.

Will there be a realistic chance to pursue the ideas of integrated fire
management within the tropics? The answer is yes, because the pines are one of
the few genera able to cope with an environment stressed by multiple disturb-
ance and degradation processes due to the increasing pressure of human
population, fire, and grazing. The ecological plasticity of pine-grassland
agrotbrestry systems stabilized by prescribed burning and prescribed grazing
(Goldammer 1988) may even cope with the yet unpredictable climate change
and physiological transition stresses. Regardless of the combustion and fer-
mentation processes involved, these agroforestry systems may contribute to halt
the net carbon flux from tropical land use into the global carbon cycte.
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