
INTRODUCTION
Peat lands are some of the most important and largest stores of carbon, which  

organic matter in peat lands is primarily caused by slow rates of litter decomposition. 
In the tropics, the accumulation rates of peat can be rapid, averaging 4-5 mm/

Tropical peat lands are normally associated with both high production and 
rapid decomposition rates due to the hot and often humid conditions that prevail in 
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ABSTRACT

palm (Elaeis guineensis Metroxylon sagu Ananas comosus
crops in peatland soils was conducted under controlled conditions. The fourteen- 
month study showed that sago leaf residue was the most resistant to decomposition 

of the different plants were in the order: pineapple > oil palm > sago drained = 
sago undrained for leaf residues, and, sago drained  = sago undrained > oil palm > 
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lignin and high nutrient concentration tend to decompose relatively fast (Limpens 

decomposition. Logically, a lowered water level will increase oxygen availability 
in the soil surface, thus resulting in accelerated rates of decomposition. 

Recently, vast areas of tropical peat land in Southeast Asia have been 
developed for large scale agricultural production of oil palm, sago and pineapple 

sago and oil palm are often stacked on the ground surface to be decomposed. The 

C that is conserved during the decomposition process as crop residues are added 
to soils. 

lands under different land use practices, there is a need to know the decomposition 
rate of crop residues on such soils. This is because rapid decomposition of peat 

decomposition rate.

MATERIALS AND METHODS

Experimental Site and Design  

four replications. Decomposition of the residues was studied using the litter bag 
procedure (Fosu et al.

Sample Collection and Preparation
Oil palm and pineapple residues were collected from Peninsula Plantation at 
Simpang Renggam, Johor, Malaysia, while sago residues were obtained from 
Dalat Sago Plantation, Mukah, Sarawak, Malaysia. Oil palm and sago leaves were 
collected from freshly fallen fronds, while pineapple leaves were collected from 
the harvested plant. Fine root samples from each crop were collected from about 
1-year-old plants. All the samples were washed and air-dried. The leaves were cut 

were used in the study.

Soil and Pot Preparation
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Malaysia within 1 m depth and mixed into a single composite sample for the 

fragments and allow microbial activities. Then 3 litter bags each containing leaf 

samples were placed horizontally on the soil surface, while those containing root 
samples were placed vertically 5 cm under the soil surface to simulate the real 
condition of roots distribution in the soil. A basin was placed underneath each 
pot for the undrained peat to prevent water loss via drainage. Water level was 

Malaysia, Serdang, Selangor, Malaysia, under 75% shading simulating the real 

Following four months of decomposition, two litterbags from each pot (one 

Leaves and Roots Analyses
Percent dry mass loss for each crop residues was calculated using the following 

o - Mf o

Where:     Mo is the initial litter dry mass
            Mf, the dry mass of the remaining litter in the collected litter bag at
                 sampling time.

residues. Statistix 8.1 for Windows and Sigma plot softwares were used for the 
statistical analysis of the data.

RESULTS AND DISCUSSION

Environmental Variables

period was variable. The high precipitation and high temperature recorded might 
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show that favorable moisture conditions with higher temperature result in more 
rapid decomposition (Domisch et al.

Chemical Characteristics of Soil, Leaves and Roots 

-1

K (393.7 mg kg-1

was found in pineapple roots. Leaf litter had higher lignin content compared to 
roots except for pineapple, which gave the lowest concentration among all crop 

Mass Losses of Decomposing Leaf and Fine Root Residues

roots were similar with the pot trial after 4 and 7 months of decomposition. Thus, 
it is suggested that the pot experiment can be used to predict the decomposition 

time (Figs. 1-4)

to be more appropriate to describe litter decomposition as compared to single 

TABLE 1
Initial chemical characteristics of oil palm, pineapple and sago leaves

 
Nutrient Properties 

Crop Crop Parts 
C (%) N (%) C:N 

Proximate 
% Lignin 

Leaf 43.20 (0.03) 1.88 (0.01) 22.99 (0.10) 17.5 
Oil Palm 

Fine roots 38.94 (0.34) 0.81 (0.01) 47.99 (0.78) 12.5 
Leaf 36.61 (0.03) 1.30 (0.03) 28.17 (0.56) 5.0 

Pineapple 
Fine roots 43.49 (0.10) 0.56 (0.03) 78.99 (4.21) 17.5 
Leaf 44.67 (0.04) 1.25 (0.01) 35.66 (0.29) 30.0 

Sago 
Fine roots 38.81 (0.13) 0.97 (0.01) 40.22 (0.36) 17.5 

Note: Values in parenthesis are standard error of the means. 
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decomposition over 14 months

decomposition over 14 months

 

Oil Palm

0 100 200 300 400 500
0

20

40

60

80

100

120
Leaves Remaining Mass (Pot) 
Time vs Leaves Remaining Mass (Pot) 
Roots Remaining Mass (Pot) 
Time vs Roots Remaining Mass (Pot) 
Leaves Remaining Mass (Field)  
Roots Remaining Mass (Field)  

)40.66(exp)59.47(expy
0.98R

)x)10((3.19(0.01x)

2

13

)(exp31.23)(exp92.76y
0.99R

)x)10((2.16(0.01x)

2

13

  

  

Remaining Mass (%)

Time (days)

Pineapple

0 100 200 300 400 500

0

20

40

60

80

100

120
Leaves Remaining Mass (Pot) 
Time vs Leaves Remaining Mass (Pot) 
Roots Remaining Mass (Pot) 
Time vs Roots Remaining Mass (Pot) 
Leaves Remaining Mass (Field)  
Roots Remaining Mass (Field)  

)99.49(expy
0.97R

0.01x)(

2

)41.70(exp(0.005x)59.04(exp(y
0.95R

)x)10((7.77

2

13

  

 Time (days) 

Remaining Mass (%)



68

H. Nahrawi, M. H. A. Husni, R. Othman and A. Bah

 

Sago (Drained)
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function is used to model a relationship in which a constant change in the 
independent variable gives the same proportional change (i.e. percentage increase 

constant is raised to the power of an exponential function.
Usually these compounds contain easily degradable substrates such as simple 

recalcitrant compounds accumulate. 

residue remained. Overall, most of the crop residue showed a similar decay rate 
-1 -1

-1 -1

litter with low concentration of soluble C compounds, high concentration of lignin 

The double exponential model showed that, pineapple leaves and sago roots 

faster than the roots suggesting that roots could be more important to peat 
accumulation in the tropics. However, differences in litter types and the age of the 
sago roots used in this study may cause these differences. Sago roots that were 

to Nicolardot et al.

Parameter estimates for the exponential decomposition model
 

Crops Types k1 w1 k2 w2 

Oil Palm Leaves 0.01 59.47 3.91x10-13 40.66 
  Roots 0.01 67.92 2.16x10-13 32.22 
Pineapple Leaves 0.01 99.49 Na na 
  Roots 0.005 59.04 7.77x10-13 41.7 
Sago Leaves 0.005 34.45 3.93x10-13 66.23 
Drained Roots 0.01 74.77 6.03x10-12 25.29 
Sago  Leaves 0.004 40.69 4.22x10-13 59.99 
Undrained Roots 0.01 76.07 4.26x10-12 23.98 

  k1 and k2 are rate constants for rapidly (easily degradable) and slowly (recalcitrant)  
decomposing fractions of the residues, respectively.  
w1, and w2 are the amount of easily degradable and recalcitrant fractions, respectively.  
na = not available. 
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heterogeneity for fungal than for bacterial communities.

Tissues Nutrient Concentrations of Decomposing Leaf and Fine Root Residues

expresses N concentration in organic matter and gives a good relationship to mass 

(Figs. 5 - 8). The appeal of the double exponential model is based 
on the fact that the litter can be partitioned into two components (relatively easily 

In leaf residues, C:N ratio decreased as soon as the decomposition started in 
oil palm and pineapple leaves until its minimum level before it started to increase. 
However, in sago leaves, the C:N ratio slightly increased at the very early stage 
of decomposition and started to decrease at about 75 days after decomposition 
started. In root residues, oil palm and sago roots showed a similar trend of C:N 
ratio over time in which the C:N ratio decreased as soon as the decomposition 
started until its reached a minimum level before it started to increase. However, in 
pineapple roots, as in the case of sago leaves, the C:N ratio increased at the very 
beginning of the decomposition before it started to decrease. The decrease in the 
C:N ratio is a result of increasing total N in the decomposing tissue. 

The initial C:N ratio is important in the decomposition process, because 

K during the early stage of decomposition and low concentration of these nutrients 
in the litter may lead to low decomposition rate (Taylor et al. 1989; Thormann et 
al
chemical predictor of litter decomposability. 

CONCLUSIONS

sago leaves and pineapple roots have higher C:N ratio and lower N content as 
compared to other crop residue, thus resulting in a slow decomposition rate. 
Decomposition of leaf residue showed an increase in decomposition rate values in 

residues: sago drained = sago undrained  > oil palm > pineapple.  Crop residues 
studies on peat land may highlight issues that are related to the environment and 
sustainability of tropical peat. This is because the decomposition processes that 
occurred from crop residues that are placed on the ground surface of the tropical 
peat will enhance carbon dioxide emission from the peat land ecosystem to the 
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Sago (Drained)
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atmosphere. However, the residue that decomposes relatively slowly might help 
enhance peat formation.
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