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ABSTRACT
Farmers in tidal swamplands annually added organic matter (OM) onto the raised beds to maintain organic
matter contents and thereby maintain soil productivity of the raised beds. This experiment aimed to study the
influence of the types and the amounts of OM on the stabilization of organic matter in the raised-bed soils.
Four types of OM: rice straw, eceng gondok (Eichornia crassipes), purun tikus (Eleocharis dulcis) and
mixed rice straw-eceng gondok were added to a 27-year raised bed soil with 4 different rates: 0, 0.5, 1.0 and
2.0 of maximum sorption capacity (Qmax), and the OM stabilization was quantified after 10 weeks of OM
addition. Results of this study showed with the exception of rice straw, OM addition to soil resulted in
increases in the mineralization of soil OM thereby inducing priming effect. Addition of rice straw at rate of
0.5 of Qmax resulted in stabilization of 46% added OM, while only 30% and 37% of added OM was stabilized
when OM was added to soils at rates of 1.0 and 2.0 Qmax, respectively. This study showed that the
stabilization of OM in raised bed soils were influenced by the chemical composition of OM and the amount
of added OM.
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INTRODUCTION
Farmers of tidal swamplands generally
halved their land; some areas of the land were
left in flooded condition and planted with
rice, while other part of the land were
elevated through the deposition of muddy siltclay minerals from surrounding areas. In the
raised-beds, the farmers then cultivated crops,
cassava, fruits and perennial crops. Crop
productivity in the raised beds varies with the
age raised beds. Reduction in the crop
productivity may due to changing organic
matter contents in the raised-beds with
increasing the age of raised-beds. Study
conducted by Rasmadi (2003) showed that the
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content of organic carbon and nitrogen
decreased with progressing the age of raisedbeds.
Farmers annually deposed organic matter
that has decayed and mixed with muddy siltclay minerals from sunken-beds and then
piled them onto the raised-bed. The purpose
of mixed silt-clay-OM deposition onto the
raised-bed is to elevate raised-bed surface.
This process may also improve the
stabilization of organic matter through the
interaction between iron and aluminium
oxides that may be contained in the silt-clay
minerals and organic carbon present in soils.
Stabilization of OM in soils is controlled by
several factors: chemical composition of OM,
presence of soil minerals such as
phyllosilicate clays and oxide and the
accessibility of microorganisms for OM in
soils (Baldock et al., 2004; Saidy et al.,
2012a; 2013b). Lignin,with its aromatic ring
structures, is recognised to be more resistant
to decomposition than carbohydrates, and
together with alkyl carbon areconsidered to
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account for a biochemically stable component
of SOC (von Lützow et al., 2006). However,
information on the stabilization of OM in the
raised bed soils with different types of OM is
not available. The objective of this study was
to quantify the effect of types and the amount
of OM addition on the amount of OM
stabilized in the raised-bed soils through
incubation study in the laboratory.
METHODS
Soils used for the study were sampled from
the Village of Karang Indah, Mandastana
District, Kuala Barito Regency, South
Kalimantan
Province.
A-raised-bed
experiencing 27 years (made in 1987) has
been selected for this study based on the
results of interviews with farmers and field

surveys.Soil samples were collected from a
depth of 0-30 cm at several different points.
Once cleaned for plant debris, soil samples
were then homogenized, stored in plastic bags
and stored at 4oC. Samples were then airdried for incubation experiment.
Four types of OM: rice straw, eceng
gondok (Eichornia crassipes), purun tikus
(Eleocharis dulcis) and mixed rice straweceng gondok were collected from same area
of soil sampling. All OM were oven-dried at
50 oC and then ground to <2 mm. Chemical
analyses were conducted for all OM to
determine contents of organic C, total N, hot
water soluble C, cellulose, hemicellulose and
lignin (Bremer and Malvaney, 1982; Chesson,
1991; Nelson dan Sommers, 1996). The
chemical composition of OM used in this
study is described in Table 1.

Table 1. Chemical composition of organic matter

Characteristics

Rice straw

1. Organic C (g kg-1)
2. Total nitrogen (g kg-1)
3. Hot water soluble C (g kg-1)
4. Cellulose (g kg-1)
5. Hemicellulose (g kg-1)
6. Lignin (g kg-1)

369.7
16.8
17.5
29.3
25.4
25.7

Air dried-raised bed soils were mixed
homogenously with each OM (for each
treatment) in the PVC tube (radius 1.95 cm).
The mixtures were then compacted to a give a
depth of 2.0 cm to obtain a bulk density (BD)
of compacted soils similar to the BD
measured in the field. Distilled water was
then added to obtain 70% water-filled pore
space (WFPS). The PVC tubes were then
transferred into 1 L Mason jars containing 5
mL deionised water in a 20 mL plastic vial to
maintain humidity. The jars were sealed with
air-tight lids with rubber septa to allow
sampling of gas from the jars and incubated in
the dark at room temperature for 10 weeks.
For each treatment, three replicate samples

Eceng
gondok
298.7
20.5
24.5
36.5
21.3
16.1

Purun tikus
320.8
18.6
19.3
34.2
29.5
14.9

Mixed rice
straw-eceng
gondok
304.5
17.9
17.4
31.3
33.5
16.7

were prepared and incubated. Organic C
stabilization was measured by determining the
headspace CO2 concentrations within each jar,
using a Servomex 1450 infra-red gas analyser
(Servomex, UK). Carbon dioxide was
measured repeatedly for each sample over the
duration of the experiment.
Analysis of variance was performed on the
data of C mineralization to quantify the effect
the types and the amounts OM addition on
OM stabilization. All statistical analyses were
performed using GENSTAT 12th Edition
(Payne, 2008).
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RESULTS AND DISCUSSION
Analysis of variance revealed that the
types and the amount of OM added
dded to soils
influenced significantly OM stabilization.
Based the types of OM, carbon mineralization
increased in the order of rice straw < mixed
rice straw-eceng
eceng gondok < eceng gondok <
purun tikus (Fig. 1). The lowest carbon

mineralization was observed with rice straw
application was attributed to the fact that rice
straw had the highest lignin content compared
to other OM (Table 1). Effect of lignin
content on OM decomposition were also
reported by Yuwono (2008) and Aprianis
(2011) who found an inverse relationship
between lignin content and decomposition
rate of OM.

Fig.1.Carbon mineralization of OM applied to the raised-bed
raised bed soil with different types and amount
after reduced by carbon mineralization from soils. The line
line above the bars are the standard deviation
of the mean (n = 3). The same letters above the bars indicate the treatment effect is not different
based on the Duncan's Multiple Range Test (DMRT ) at 5%. Notation of 0.5 Qmax, 1.0 Qmax and 2.0
Qmax indicates the amount of OM applied to soils is equivalent to 0.5, 1.0, and 2.0 times the soil
maximum capacity soil to adsorb OM.
To determine the amount of carbon
mineralized only from OM, carbon
mineralized from the soil and OM is reduced
re
by the amount of carbon mineralized only
from thesoils (Fig.1). Fig.1 shows that with
the exception of rice straw, the amount of
carbon mineralization of OM after deducting
the carbon mineralization of the soil is higher
than the amount of carbon added
ed to the soils.
This was observed at all levels of the addition
of organic matter (Fig. 1). The higher carbon
mineralization of eceng gondok, purun tikus,
and mixed rice straw and eceng gondok was
attributed to the mineralization of organic

carbon present in raised-bed
raised
soils after the
addition of OM to soils. Mineralization of
natural OM in soils due to the addition of
fresh or new OM is known as priming effect
(Fontaine et al., 2004; Fontaine et al., 2007).
The addition of fresh OM will activate soil
microorganisms
oorganisms
that
were previously
dormant, which in turn improve the processes
mediated by microorganisms such as the
decomposition of natural organic matter
(Blagodatskaya and Kuzyakov, 2008).
Therefore, the addition of eceng gondok,
purun tikus and mixed rice
r
straw-eceng
gondok will reduce the content of OM in the
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raised-bed soils, while rice straw addition
resulted in an improvement of OM content in
the raised-bed soils through OM stabilization.
Fig. 1 also shows that 54 % of the OM added
to the soilswas decomposed and returned to
the atmosphere as CO2at level addition of 0.5
Qmax. A portion of added OM that does not
decompose (46 % of rice straw added to soil)
was stabilized at raised-bed soils which in
turn will increase the OM content of soils. At
the level of the addition of OM 1.0 and 2.0
Qmax, only 30 % and 37 % of rice straw added
to the soilswas stabilized by mineral soils,
respectively. Thus, the amount of rice straw to
be applied to the raised-bed soil to generate
increased soil OM is equivalent to 0.5 Qmax
(half of the maximum capacity of the soil
adsorb OM).
CONCLUSION
Results obtained in this study revealed that
among types of OM (rice straw, eceng
gondok, purun tikus, and mixed rice straweceng gondok) were applied to the raised bed
soils, rice straw produces the highest
stabilization of OM. The stabilization of rice
straw was related to the chemical composition
of rice straw containing compounds are
relatively difficult to be decomposed. Results
of the study also show that the addition of
OM to the raised-bed soils, with the exception
of rice straw, resulted in priming effect.
Therefore, rice straw is recommended for use
as a source of OM to increase OM content of
the raised-bed soils through the stabilization
of OM.
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