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problems caused by these fires became an international issue in the fall of 1997 when smoke

originating from land-clearing activities in Sumatra and West Kalimantan blanketed not only

large parts of Indonesia but also the neighboring countries of Malaysia, Singapore, Brnei, the.

01hilippines and Thailand. Alternatives must be found.

For alternatives to slash-and-bumn to be acceptable, they should address both the

problems and the benefits of burning as a land clearing method for small rubber and oil palm

-farmers. A social/economic/agronomic survey conducted in Sepunggur, Jambi Province,

Sumatra, indicated that burning: 1) was the cheapest and easiest way to create space to plant and

walk in the field; 2) added free fertilizer in the form of ash; 3) improved soil structure allowing

faster establishment of seedlings; 4) reduced weed/tree competition; and 5) reduced problems

with pests/diseases tigufe-). Farmers also indicated that harvest delays and ield reductions

would lead to an increase in poverty, mainly due to a loss in ash (fertilizer) addition if fire was

no longer used (Ketterings et al., 1999c).

Slash-sell wood-and-bumn is an alternative that has the advantage of maintaining at least

Part of the benefits of burning while reducing air pollution. The sale of wood (if permitted) could

supply the farmer with an extra source of income. Before this alternative can be promoted, it

should be known what a reduction in fuel load and fire intensity will mean for soil fertility and

plant growth and thus for the economic situation of farmers that depend on it. Two questions

need to be answered: 1) how is fire intensity related to nutrient availability; and 2) how

important are short-term fertilizer (ash) additions versus longer lasting, heat induced changes in

In the acidic Oxisols of Sumatra, P is the major growth limiting nutrient (Van Noordwijk

et a., 1995). When under forest cover, losses of P due to leaching, erosion and/or harvest

removal are limited, and P accumulates in the aboveground biomiass. Organic material is
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recycled within the ecosystem in the litter layer, partly bypassing the mineral soil layers where p

sorption and fixation capacity is high because of low activity clays and low pH (Tiessen et al.,

1994).
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Figure 1: Reasons for the use of fire as a tool in land clearing for small scale rubber farmers in
Sepunggur, Sumatra, Indonesia. Modified from Ketterings et al. (1 999c).

This situation changes when forests are converted to agricultural fields, especially when

fire is used for land clearing. During the burning of a slashed forest, part of the P previously held

in the vegetation will be lost in the form of particulates that are carried into the atmosphere and

deposited beyond the burning field, contributing to the fertility of neighboring sites. The

remainder is deposited on top of the soil as components of the ash or partly combusted organic

material. The partly combusted material may release some P through decomposition over time.

Part of the ash may be lost from the site due to erosion and will accumulate in terrestrial or

aquatic sedimentation zones while the remainder will enter the soil. Although leaching of P is

unlikely to occur in P-deprived Oxisols, heavy rains may cause some P loss through leaching to

layers below the rooting zone of newly established crops. The fire will also release P fromt



various soil organic pools, as microbial biomass is killed and resilient organic P forms are

mineralized. Phosphorus that enters the soluble P pool may be taken up by plants, chemnisorbed

to the surfaces of Fe and Al oxides (labile P), or be retained and stored as relatively insoluble Al

and Fe phosphate precipitates that become part of the non-labile P pool. Overall effects of fire on.

the soil P status will reflect a combination of inputs from aboveground biomiass and the effects

of heat and ash on existing soil P pools.

Directly following a burn, P losses from labile soil pools are generally smaller than the

gains as evident by numerous studies that have shown fire induced increases in various indices of

plant available inorganic P (Andriesse, 1986; Nye and Greenland, 1960; Romanya et al, 1994;

1laats et al., 1998). On the other hand, high intensity fires may produce a net reduction in

available P (Ketterings et al., 1999d). Most studies have related the apparent increase in soil

fertility to ash addition per se; however, work in Sumatra, where a pile-and-bumn fire with ash

addition was compared to a similar fire in which the ash was prevented from entering the soil by

means of zinc plates, showed that in low (<2500C) to medium (250-500'C) intensity fires direct

heat exposure could cause a reduction in Al satuiation and increases in pH and Bray-P. Carbon

and N contents remained unaffected, and ash addition was mainly responsible for gains in

exchangeable bases (Table 1). An oven experiment in which unburned forest soil (0-5 cm) was

exposed to static heating revealed that heating at 1000C could increase Bray-P levels, whereas

heating at higher temperatures resulted in a smaller increase or even decreases in Bray-P (Figure

2).

Research on fire induced changes in the mineralogy of a Sepunggur soil showed that fires

with a maximumn surface temperature >6000C reduced the amount of kaolinite and gibbsite and

converted the clay textured soil into a sandy soil by forming fused aggregates. Surface

temperatures of 3 0C were enough to reduce gibbsite contents and convert goethite to

maghemite (Ketterings et al., 1999a).

Phosphorus sorption experiments showed that static heat exposure to temperatures of

4500C increased the maximum sorption capacity and modified Langmnuir affinity constant. At

further heating, a reduction in maximum sorption occurred. These sorption data combined with

the addition of 'external' P in the form of ash explain our field observation of an increase n
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Bray-P that is larger at low intensity fires than at medium intensity fires and a decrease inBray-P

at higher intensity fires (Figure 3).

Table : Soil chemical properties in a secondary burn site with and without ash addition. E
sum of bases (Ca, Mg, K, and Na). Alsa = aluminum saturation (% of the total amount of
exchangeable bases including Al and H). Modified from Ketterings et a. (1 999b).

c N P-Bray Exchangeable Bases (cmol. kg-') A. pHH20
(gkg') (mg kg-') Ca Mg K Na Al 1 (%)

Before Burn 52.4 4.1 38.5 1.1 0.7 0.6 0.1 4.2 2.4 56 4.2

2 w After Burn:
Without Ash 48.2 4.7 59.1 1.4 0.6 0.4 0.1 1.6 2.6 34 5.2

With Ash 50.4 4.6 78.2 4.3 3.5 2.4 0.1 0.4 10.4 4 6.0

8 w After Burn:
Without Ash 49.1 4.6 46.7 2.4 1.2 0.2 0.0 1.0 3.9 1 8 5.3

With Ash 41.6 4.8 53.8 3.8 2.4 0.7 0.0 1.5 6.9 16 5.7

s.e.d. 3.57 0.32 8.36 0.57 0.36 0.19 0.02 0.45 1.08 7.2 0.22_
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after exposure. From Ketterings et al. (1999b).
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Figure 3: Heat induced changes in P sorption characteristics lead to larger gains in Bray-P at low
intensity fires whereas at medium and high intensity fires, P fixation increases and only the
addition of large amounts of P into the soil solution can result in an increase in Bray-P. The
horizontal line shows the initial Bray-P level of the forest soil (ca. 20 mg kg-'). Pm b'eis the sum
of the P in the extraction solution and the amount of P sorbed to the exchange complex as
determined by the sorption curve experiments. From Ketterings et al. (1999e).

These results suggest that the use of fire adds immediately available P to the soil shortly

after the burn (an effect that could also be obtained with fertilizer addition) but shortens the

length of time over which P levels are beyond ambient by increasing P fixation. Therefore, high
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intensity fires are undesirable, not only because of environmental but also because of soil

fertility reasons.

As long as no other relatively cheap method of forest conversion is known or available

for small scale farmers in the Sepunggur area, fire will remain an integral part of the farmers'

management system. However, a reduction in fuel load prior to the burn could lead to a

reduction of fire intensity, and an increase in P availability without the negative effects of a fire

induced increase in sorption maxima and P affinity constants.

For more information please contact Quirine M. Ketterings (Environmental Science

Graduate Program, 210 Kottman Hall, 2021 Coffey Road, Columbus Ohio 43210. Phone: 614

292-9049; Fax: 614 292-7432; E-mail: Ketterings.l1@osu.edu), Jerry M. Bigham. (School of

Natural Resources, 210 Kottman Hall, 2021 Coffey Road, Columbus Ohio 43210. Phone: 614

292-xxxx; Fax: 614 292-7432; E-mail: Bigham. 1@osu.edu) or Meine van Noordwijk (ICRAF-

SEA, P.O. Box 16 1, Jl. CIIFOR, Situ Gede, Sindang Barang. Bogor 1600 1, Indonesia. Phone: 62-

251-625415; Fax: 62-251-625416. E-mail: M.van-noordwijk~cgiar.org).
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