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ABSTRACT 

Peats in south-east Asia comprise about 20.5 x 106  ha and contain about 9.2 x 1011 kg of 
N. Peat is the result of delicate interactions among the components of a specific ecosystem. 
Therefore, the dynamic equilibrium in peats is easily disturbed by even a small change in one of 
the components; this is especially true for peats of tropical regions. 
 This paper tries to deal with the practical side of the temporary mobilization of N in 
peats, and increasing the availability of N for the benefit of agricultural crops. 
 
 
INTRODUCTION 

 In the tropics the rate of production of phytomass is generally high, but because of 

an equally high rate of organic matter breakdown it was generally believed that peats 

would not be formed over large areas in the tropics (Visscher, 1949). 

 Recent soil surveys have dismissed that conjecture. South-east Asia has close to 

20.5 × 106 ha of peat land, which is mainly concentrated around the Sunda Flat. Indonesia 

has a total peat area of about 17 × 106 ha covering of some 9% of the countries total land 

surface; 2.3 × 106 ha are found in west and east Malaysia, while the southern part of 

Vietnam has more than 1 × 106 ha peat (Pons, 1974; Soepraptohardjo & Driessen, 1976). 

With an average thickness of 2 m, a bulk density of 0.15 gram cm-3   and a total N content 

of 1.5%, the total amount of N stored in those peats is approximately 9.2 × 1011kg. 

 This paper concentrates on discussing the practical implications of the temporary 

storage of N in pets. Peasant agriculture, which is still prevailing in developing countries, 

is heavily dependent on the natural productivity of the habitat. While ambitious plans are 

being drawn and executed to develop large portions of peat lands for agriculture, it will be 

most appropriate to define ways of activating the potential N deposits in peats and at the 

same time to indicate the ecological pre-requisites for sustained yields. The present study 

has been undertaken in the framework of peatland advancement in Indonesia. 

                                                 
1 Proc. Of Regional Workshop  Nitrogen cycling in South-East Asian wet Monsoonal Ecosystems. Australian 

Academy of Science, 1991 
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OCCURRENCE AND FORMATION OF PEAT 

In tropical regions where the bioclimate favours the production of large quantities 

of phytomass, the critical factor in peat formation is the edaphic environment that 

determines the rate of organic matter destruction. The most important factors that hamper 

the ready decomposition of organic matter are (i) an impeded drainage which develops a 

deficiency in free oxygen within the weathering zone and (ii) an oligotrophic condition. 

Oligotrophic tends to produce low quality plant material, consisting more of cellulose and 

lignin than of starch, sugars and proteins (Pons, 1974). A low quality organic matter will 

be more resistant to microbial attack. A medium poor in nutrients is also unfavourable for 

the growth and development of decomposers. 

The majority of the Indonesian peats are woody ombrogenous, formed in mixed 

swamp forests with mosses and ferns, or in mangrove forests. These dome-shaped peats 

may reach thicknesses of well over 10 m in the summit. Many ombrogenous peats were 

formed on top of minerotrophic peats, the latter  being frequently richer in plant nutrients 

than the former. This does not necessarily mean, however, that all dome-shaped peats are 

low in potential fertility. Those which are subjected to periodic intrusion by brackish or 

fresh water, or river overflow, are richer and much less acid (or ever neutral) in reaction. 

The principle peat areas of Indonesia are deltaic and estuarine plains, and the 

downstream interflaves of big rivers. Peat deposits cover vast areas of the eastern coastal 

plain of Sumatra, the western and southern coastal plains of Kalimantan, and the south-

western coastal of Irian Jaya. 

The rate of peat decomposition in Kalimantan was determined by carbon dating. 

The result are presented in Table 1. Anderson (Pons, 1974) dated an ombrogenous peat in 

Sarawak (Table 2). Both result show similar trends in several respects. Age increases with 

depth and this is parallelled by an increase in the rate  of accumulation. Age increasing 

with depth along a peat profile indicates a sedentary formation. At comparable depths the 

Kalimantan peats seem slightly order than the Sarawak peat, showing a slower average 

growth rate of the former than that of the latter. The relations between depth and age and 

between depth and rate of accumulation are given in Fig. ‘s1 and 2 respectively, assuming 

no difference between the Sarawak and Kalimantan peats. 
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Table 1. Age determination by carbon dating on two peat samples from Kalimantana 
 

 
Sample 

Old 
methodb 

(yr)d 

New 
methodc 

(yr)d 

Probable 
Age 
(yr)d 

Rate of 
accumulatione 
(m(100 yr)-1) 

Pontianak, West Kalimantan: 
ombrogenous peat at 2.5 m 
depth. 

2820±70 2910±80 2870±80 uc 0.09 
c 0.13 

Barambai, South Kaliman- tan: 
minerotrophic peat at 1 m 
depth, at transitional layer 
between peat and underlying 
mineral layer. 

2310±90 2380±100 2350±100 uc 0.04 
c  0.05 

a In collaboration with Prof. E.C.A. Runge, University of Missouri, Columbia, USA, and 
Dr R.C. McGill, Institute of Nuclear Science, DSIR, New Zealand. 

b Old T1/2 (5568 yr). 
c New T1/2  (5730 + 40 yr). 
d Years before present. 
e uc = uncorrected, c = corrected by a compaction factor. 

 
 Subagjo & Driessen (1974) and Driessen & Rochimah (1976) noted a progressive 

increase in bulk density with in an ombrogenous peat profile in West Kalimantan. This is 

due to the heavier load imposed on deeper layers. There is also a temporal relationship of 

land use to peat compaction. Considering the vertical distribution of bulk density, a 

correction factor may be applied to the measured thickness of peat to obtain an 

“undisturbed” or “unconfined” thickness from which the average rate of peat accretion can 

be calculated (Table 3). Walker (Moore & Bellamy, 1976) reported rates of 0.18 m to 1.03 

m (100 yr)-1 with a mode of 0.64 m (100 yr)-1 at a variety of British and Irish sites. 

Apparently, the rate of peat accumulation in the tropics does not differ significantly from 

that in temperate zones. 

 
Table 2. Age and rate of accumulation of an ombrogenous peat in Sarawak (Pons, 1974) 

 
Sampling depth 

(m) 
Age by C-dating 

(yr)a 
Rate of accumulation 

(m(100 yr)-1) 
5 2255 0.22 
10 3850 0.31 
12 4270 0.48 

         a years before present. 
 
If the magnitude of growth of the Sarawak peat at a depth of 12 m can be used as a 

bench-mark of peat growth in wet monsoonal regions of the tropics, the growth deficiency 

of the younger deposits becomes evident on the basis of rate of weight accretion (Table 3). 
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There is a growth deficiency of 88% of the Pontianak peat and 95% of the Barambai peat. 

This means that recent formations are 5 to 12% affective only. 

 
Table 3. Calculation of corrected rate of peat accretion, assuming a given correction factor 

 
Thickness Corrected mean rate of peat 

accretion 
 

Measured 
(m) 

Correction 
factor 

Corrected 
(m) 

(m(100yr)-1) (103kg ha-1 yr-1)a 

Pontianak 2.5 1.5 3.75 0.13 2.3 
Barambai 1.0 1.2 1.2 0.05 0.9 
Sarawak 12.0 2.3 27.6 1.10 19.8 

a Assumes a bulk density of 0.18 g cm-3. 
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Fig. 1. Relationship between age and depth of peat in Kalimantan and Sarawak 
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Fig. 2. Relationship of rate of accumulation to depth of peat in Kaliamantan and Sarawak 
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NITROGEN RELATIONS IN PEATS 

 Detailed information about nutrient dynamic in peat is very limited. To quantify the 

changes brought about by decomposition, an index constituent should be selected which 

can be assumed to have remained appreciably unchanged during the alteration processes. 

Lignin can be used properly (Alexander, 1961; Kononova, 1966; Cizek, 1967; Robert-Gero 

et al.,I 1967; Mohr et al., 1972), or ash (Driessen &Soepraptohardjo, 1974), provided that 

no substantial leaching occurs and that the ash content of microbial tissues is insignificant. 

Peat environment are not conductive to leaching. Besides, organic compounds are more 

leachable than ash, the relative leachability of ash to organic compounds being 1:1. 7 

(Volobuev, 1964). On average, the bio-population in soil organic matter is 1.5% by weight 

(Volobuev, 1964) and the ash content of microbial cells is around 8% of the dray weight 

(Rippel-Baldes, 1952). Thus, the average addition of ash from microbial tissues will be 

only 0.12% by weight, which can indeed be disregarded. 

 Brotonegoro & Abdulkadir (1978) found total ash content of 14% in fresh 

mangrove leaf fall on the peat island of Pulau Rambut, Jakarta Bay. The ash content of 

peat from the same locality was 29.5%. Using ash as index, the mass reduction of leaf fall 

to peat is 53%, which means that the present peat mass is 47% of the original mass of leaf 

fall. This figure agrees well with the decomposition rate on the surface of tropical upland 

soils in Colombia and Costa Rica, which range between 40 and 65% (Jenny et al., as cited 

by Mohr et al., 1972., Volobuev, 1964).  

 From the figures presented by Longman and Jenik (1974) and Moore and Bellamy 

(1976), the average N content in the vegetative matter of a tropical rain forest can be 

calculated being 0.87%. Brotonegoro and Abdulkadir (1978) found a N content of 0.55% 

in the mangrove leaf fall of Pulau Rambut. If there were no change in the N content during 

the transformation of forest organic matter into peat, and assuming a 53% mass reduction 

along that transformation, then the peat should contain 1.87% N when derived from 

tropical rain forest, or 1.17% when it was formed in a mangrove forest. The average N 

content in peat which came from the primary source of phytomass is then 1.52%. This is 

exactly what has been found actually in peats. 

With 1.5% N and a bench-mark rate of accumulation for the Sarawak peat of 19.8 x 

103 kg ha-1 yr-1, the rate of N storage in peat from the primary source is 300 kg ha-1 yr-1. 

The rates in the Pontianak and Barambai peats are 35 and 14 kg ha-1 yr-1, respectively. 
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Thus the average rate of N storage in the younger peats is 25 kg ha-1 yr-1. The mid rate 

between older and younger deposits is then 163 kg ha-1 yr-1. 

From the data given by Brünig (1975), Moore and Bellamy (1976) and Longman & 

Jenik (1974), the probable net production of tropical forests can be estimated 

 
Table 4. Calculated amount of nitrogen added through rainfall annually and in the dry and 

wet seasonsa 

 
Average contentb 

(mg 1-1) 
Equivalent N 

(mg 1-1) 
Total increment of N 

(kg ha-1) 
Constituents  

July  October July  October Dry season Wet season Annual  
NH4

+ 1.6 0.4 1.2 0.3 Total  Total   
NO3

- 0.02 0.00 0.005 0.00 Rainfallc Rainfallc  
NO2

- 0.00 0.03 0.00 0.01 276.2 mm 2133.2 
mm 

 

OMd 24.2 28.5 1.0 1.1    
Total content of N 2.205 1.41 6.1 16.4e 22.5 

a Barambai and Banjarmasin stations, South Kalimantan 
b R. Harijoto (pers. Comm.) 
c S. Wisnubroto (pers. Comm) 
d Organic matter, assumed average N content 4% 
e Mean of maximum (October) figure and minimum (0.1 × October)    figure; see 

text. 
 

  From the data given by Brünig (1975), Moore & Bellamy (1976) and Longman & 

Jenik (1974), the probable net production of tropical forests can be estimated at 25 × 103 kg 

ha –1 yr-1 . with a content of 0.87%, the annual increments of N in the phytomass is 218 kg 

ha-1 yr-1. The data of Srivastava & Sani bin Shaffie (1979) suggest a productivity rate for 

a Rhizophora dominated mangrove forest in Malaysia of 50 x 103 kg-1 yr-1 fresh weight, or 

15 x 103 kg ha-1 yr-1 dry matter (assuming a 30% dry weight). With a N content of 0.55%, 

the annual increments of N in a mangrove phytomass will be 83 kg ha-1 yr-1. The mid value 

between a tropical rain forest and a tropical mangrove is 151 kg ha-1 yr-1. The discrepancy 

of 12 kg ha-1 yr-1 between the observed value of 163 and the calculated value of 151 is 

immaterial as it is less than 10%. It is an acceptable error when seen from the complexity 

and scale of the problem. Thus the rate of N accumulation in peat of 163 kg ha-1 yr-1 can be 

assumed to have come from the primary source. 

Table 4 shows the influx of N via atmospheric precipitation. The dry season rains, 

represented by the July figure, are more concentrated than the wet season rains as depicted 

by the October figure. The same tendency has been reported also by Horne (1978). The 

July figure may represent generally the whole dry season of 2 to 3 months. If a factor of 
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0.1 can be applied to the October figure to approximate the concentration by the end of the 

wet season (Wetselaar & Hutton, 1963), while the October figure represents the 

concentration by the beginning of the wet season, then the average for the wet season is 

0.77 mg-1. The yearly total will be 22.5 kg ha-1 yr-1, which is expected to temporarily stored 

in the pore water of peat. 

 
Table 5. N concentration in different waters in Indonesia 

 
 N (mg l-1) Reference 

Estuary waters 
 
 
River waters 
Canal waters 
Ground waters 
 

2.5 – 2.6 
1.3 – 2.5 
1.6 – 50.0 
0.8 – 1.9 
2.5 – 4.9 
2.4 – 4.0 
2.3 – 31.7 

a 
a 

van Wijk (1951) 
van Wijk (1951) 

a 
a 

van Wijk (1951) 
a Test Farm Report, Gadjah Mada University, 1971 (unpublished) 

 
 N concentration in different waters in Indonesia vary considerably (Table 5) with 

time of the day, season and place of sampling. The average contents of N in mg 1-1 can be 

calculated: river waters 1.6, canal waters 3.7, inundating or surface stagnant waters 14.2, 

drainage waters 2.6 and ground waters 10.1. N is concentrated in stagnant and ground 

waters. Unless the volume of water involved in each case is known, the N dynamics 

through the tidal activities cannot be determined. 

 It has been shown that biological N2 fixation in the surface layer of peats is 

possible, especially by free living organisms. The population is denser in the vicinity of 

canals than farther away. This suggest that river water could be an important nutrient 

supplier in peat ecosystems (Test Farm Report Gadjah Mada University, 1972, 

unpublished).  

 There are still uncertain transfers in the N relations in a peat ecosystem, especially 

across the interface of peat and streams, peat and ground water, and streams and ground 

water. These are likely to be the most intricate facets of the entire N dynamics in peats, and 

they are precisely the most crucial components in controlling the stability of peat 

ecosystem, in knowing how much of the N is actual gain, how much is real loss, and what 

portion is just recycled within the peat body itself. Considering the hydrometric behaviour 

of canal and ground waters, and the enormous capacity of peats to retain water, there is a 

strong probability that part of the N just shuttles between peat and water. As a properly 

constructed canal network is fundamental to the advancement of peat lands for agricultural 
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settlements, the understanding of the interchange of matter across the interface of peat and 

water is basic. 

 
AGRICULTURAL SIGNIFICANCE OF PEAT ECOSYSTEM 

 It has been shown that the rate of peat growth declines progressively with lesser 

depths. When the surface of peat becomes more elevated by growth, the higher oxidation 

potential will accelerate the breakdown of organic matter. Elevation of the peat surface 

also promotes water percolation which results in stronger leaching and eventually leads to 

the impoverishment of the peat as a habitat. Both activation of organic matter destruction 

and declining productivity will slow down the rate of peat deposition. Human 

involvements are apt to speed up this degradation process. The thickness of  peat correlates 

inversely with degree of decomposition and also with its potential fertility 

(Notohadiprawiro, 1975; Notohadiprawiro, et al., 1979). An ultimate situation can 

therefore be envisaged, in which production balances destruction. This should be the 

ecological maturity of peat ecosystems. 

 From the point of view of land development, however, this same situation denotes 

metastability of the most delicate kind. A slight increase in degradation, or a slight 

decrease in productivity, will result in the collapse of the whole peat ecosystem. The very 

factors that cause the extremely high productivity of tropical terrestrial ecosystems are also 

agents that make these ecosystems highly vulnerable. These factors, high rainfall and high 

temperatures, both accelerate the processes of weathering and decomposition. 

 A natural peat ecosystem act like buffer against the detrimental effects of the 

tropical environment. It stores nutrients and protects them from harmful leaching, chemical 

fixation, and erosion. When organic litter is undergoing partial decomposition to form peat, 

its chemical constituents become more concentrated as the breakdown of the organic 

tissues progresses. The ash content also increases (Brotonegoro & Abdulkadir, 1978). It 

may be said that organic matter in general, and peat in particular, contain the extract of 

mineral substances drawn by plants from the weathering zone of the lithosphere. Peat is a 

huge storage bin of plant nutrients, especially N, P and K, accumulated by thousands of 

years of uninterrupted biological activities. 

There are two opposing forces operating in the agricultural utilization of peats : (1) 

the provision of an adequate drainage for optimum crop yields, and (2) the maintenance of 

as high a water table as practicable to prolong the life of the peat soil. The dissecting canals 
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enhance drainage and leaching. But the same canals will facilitate the supply of plant 

nutrients through better quality river water during flood-tides. Drainage will also 

encourage organic matter decomposition and mineralization, leading to (1) the formation 

of physically more advantageous humus for plant growth, and (2) a higher availability of N 

and other plant nutrients. 

Observations made in Kalimantan revealed a 3- to 4-fold increase in microbial 

population in surface peat following peat cultivation (Test Farm Report Gadjah Mada 

University, 1972, unpublished). N2 fixation is likely to be activated too. Thus the import of 

N from the atmosphere and streams is augmented. It is true that peat growth comes to a 

halt. But this does not necessarily mean that N accumulation also stops. 

The appearance of the ecosystem and the functional inter-relationships between the 

ecotopes are changed. An ecotope is the basic component of an ecosystem (Klink, 1974). 

From the point of view of peat as peat, these changes are truly called disruption. But on the 

account of peat as “soil”, the phenomena should be called “development” or “maturation”. 

Organic debris or raw peat is unsuitable for agriculture, but well decomposed peats are 

rated as the best soils in the world, provided that water control is effective and the fertility 

management is well designed, including the application of trace elements (Cu, Zn, Mo). 
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Fig. 3. The effect of heat on the N content of peat under laboratory conditions. 

Top solid line = Nt (% total N), bottom solid line = Np (% potentially available 
peat N), (see also table 7) 
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 One way to release N quickly from its organic structures in peat, or making it more 

transformable into simpler compounds, is by applying heat. Besides increasing the 

availability of N, this measures also increases the availability of the other nutrients, notably 

P and K, and corrects pH. But excessive heat brings about great losses in total as well as in 

available N, in addition to deteriorating the moisture characteristics of peat. The peat 

becomes distinctly hydrophobic. 

 Andyantoro (1978) treated peat with heat in the laboratory for 2 hours, after which 

it was incubated for 30 days at ambient temperature and at saturated moisture content to 

determine the rate of N mineralization or “potential N” (Prasad, 1956). Heating up to 200 

C steadily increased the total as well as the potentially available N (Fig. 3). Above this 

temperature both forms of N decreased abruptly until the contents reached much lower 

values than the untreated samples. The increases in total N with heating below 200 C may 

be only an apparent one being caused by the decrease in total weight of peat. Heating 

causes (1) the release of hygroscopic and, later on also, chemically bound water, and (2) 

the partial charring of the peat material. At these temperatures degree of N volatilization, if 

any at all is less than that corresponding to the decrease in the total weight of the peat. 

 
Table 6. Amount of N removed by rice and maize grown on peat and the volume of peat 

required to supply that amount of N, assuming a 40 % recovery in the plant tops 
of N made available in the peat 

 
 Rice Maize 
Length of cropping season (d) 120 90 
Yield (t ha-1) 
Grain 
Straw 
Total 

 
1.5 
1.5 
3.0 

 
0.6 
1.0 
1.6 

N recovered (Kg ha-1) 
Grain straw 
Total 

26 
9 

35 

11 
8 

19 
Required volume of peata 
Untreated (m3) 
                 (cm ha-1) 
optimum treatment (200 C) (m3) 
                               (cm ha-1) 
 

 
31.3 
0.31 
20.8 
0.21 

 
16.7 
0.17 
12.5 
0.13 

         aBulk density of peat 0.15 g cm-3. 
 
 Table 6 shows the representative yields of rice and maize grown on recently 

developed peat areas of Indonesia. The N removed by the crops is approximated, using the 

N content in the plant tissues given by Sanchez (1976), International Potash Institute 
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(1974), and Sankaram (1970) for the respective crops grown in tropical and subtropical 

regions. On the assumption that all N can be transformed into its available form in due 

time, the untreated peat can supply enough N for 24 rice crops before its reserve, 

equivalent to a surface layer of 7.5 cm, get exhausted. Twenty four maize crops can be 

supported by a 4 cm surface layer. By preheating the peat at 200 C, a thinner layer of peat 

will suffice. For rice the equivalent layer is reduced to 67% and for maize it is 75%. 

 The above calculations are based on a conservative approach, as only the native N 

was taken into account and the remaining 60% N was assumed not retrievable due to 

leaching. A restricted leaching by keeping the ground water level at a shallow depth is 

likely to extend greatly the useful life of the rooting layer of peat. N inputs from rainfall, 

biological fixation and river water intrusion will obviously increase the life expectancy of 

peat even further, as also will the returning of straw of stubble into the peat soil. 

 In the field, controlled burning has been shown to be practical and effective in 

raising the availability of N in peat (Table 7). By keeping the ground level close enough to 

the surface (some 40 cm will be adequate) with ditches laid out all around each land parcel 

(average size of parcels 0.1 ha), the fire could be reasonably confined. The shallow ground 

water acts like a barrier against the downward advancement of fire. The water in the 

ditches serves a dual purpose: as a depth regulator of the ground water table and as a 

corridor against the lateral spread of fire. 

 A field scale demonstration on thick peat of over 4 m at Pinang Luar, West 

Kalimantan, has shown that without preburning no crop could be grown. But with fire 

treatment a corn crop can be established yielding between 200 and 600 kg ha-1 of grain 

(test Farm Report Gadjah Mada University, unpublished). It has been said previously that 

the thicker the peat the less fertile the surface layer is. Although the yield is still poor, it is 

nevertheless a promising start. Never before, at least in Indonesia, has agriculture been 

possible on a very unripe peat right after land clearing. 

 

CONCLUDING REMARKS 

 Many facets of the dynamics of elements in peat ecosystem are still obscure. This is 

particularly so with the ever increasing involvement of Man. The transitional phases from 

natural to artifactual condition are critical to the other phases to come. Since the intrinsic 

balance of such a unique ecosystem as peat is very delicate, a well planned monitoring 

scheme on a long term basis is imperative. For instance, a rapid release of mineral N from 

Repro: Ilmu Tanah Universitas Gadjah Mada (2006)



 12

peat, although beneficial for agriculture, may cause harmful euthrophocation of 

neighbouring waters, such as lakes, rivers and canals. N becomes also more subjected to 

leaching and loss by denitrification. 

 It has been implicitly expressed that the N problem in peat ecosystems is different 

from those of other tropical ecosystem. In peat ecosystems it is more a matter of a 

controlled activation of the N cycle rather than correcting gross deficiencies. 

 The most decisive factor of peat ecology is hydrology. The problems of hydrology 

gets much more complicated in estuary flats. In estuaries there are a multitude of flows. 

Beside the landward and seaward flows, there are the up and down movements, the lateral 

flow, and a variety of combinations of the different flows and movements. The nature and 

behaviour of ground water are so much more important in peat ecosystems than in other 

ecosystems. 
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