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Background

 Most agricutural practices in fields showed that
water management is essential to responsible use of
peatlands.

 Understanding the processes that control the
retention and flow of water in peat soils is critical to
effective management of such soils from both
agricultural and ecological perspectives

 Many agrophysical applications require knowledge
of the hydraulic properties of unsaturated soils



Objectives

 Characterize peat hydrophysical properties related
to processes of peat subsidence and decomposition
in unsaturated peat layers under different land uses
of the ombrotrophic peatland in Central
Kalimantan; and

 Modeling water retention and hydraulic conductivity
with depths of unsaturated peat layers under
different land uses of the ombrotrophic peatland in
Central Kalimantan



Peat sampling

Tipe penggunaan lahan Kode Jumlah titik Jumlah
lapisan

Jumlah cuplikan
keseluruhan

Lahan yang ditanami
a) jagung
b) nenas
c) karet

P4
P5
P6

4(2)
4(2)
4(2)

3(3)
3(3)
3(3)

12(6)
12(6)
12(6)

Lahan terbuka P3 6(3) 3(3) 18(9)
Hutan gambut terbakar P2 6(3) 3(3) 18(9)
Hutan gambut tebang pilih P1 7(3) 3(3) 21(9)
JUMLAH 31(15) 93(45)

Catatan:
• Angka dalam tanda kurung menunjukkan cuplikan tak terusik.
• Lapisan sampling: acrotelm, intermediate, dan catotelm



Peat samples

Core sample Disturbed sample



Paramaters and
laboratory analysis

Soil Parameter Methods of laboratory analysis
Types of soil sample

Disturbed
Core

fresh Air-dried
Field moisture content Gravimetric – oven dried + - -
Bulk density Gravimetric – oven dried - - +
Fiber content Volumetric (Linn et al., 1977) + - -
Optical density ratio
(E4/E6)

Spectrophotometer UV-Vis
(Kurnain, 2005)

- +
Ø=0.5mm

-

Effective porosity Total porosity minus water content at
10 kPa (Ahuja et al., 1984)

- - -

Total porosity (1) Nimmo (2004) dan
(2) ϕ = 1 - ρb/ ρp

+ (2) - + (1)

Hydraulic conductivity van Genuchten equation - - -
Water retention At 0,1, 2, 5, and 10 kPa with hanging

column
At 34 and100 kPa with pressure plate

+ - -



Criteria of the degree of peat decomposition

Criteria Fibric Hemic Sapric

Unrubbed fiber content (%vol)

Rubbed fiber content (%vol)

Optical density E4/E6 (Kurnain, 2005)

>68

>40

>6,8

34 – 68

16 – 40

4,7 – 6,8

<34

<16

<4,7



Data Analysis: Fitting equation

 Water retention:ℎ = + −1 + ℎ /
 Hydraulic conductivity:= {1 − [1 − ] / }

= ℎ −−



RESULTS AND DISCUSSION

 the degree of peat decomposition on unsaturated zones (acrotelm
and intermediate layers) was higher than on saturated zone (catotelm
layer).

FIBER CONTENT

Rubber
cultivated

Oil palm
cultivated

Abandone
d

acrotelm 0.13 0.08 0.18
intermediate 0.22 0.18 0.18
catotelm 0.25 0.24 0.22
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RESULTS AND DISCUSSION

 Peat material in the upper layer of developed peatland is more decomposed than in
the lower layer. This difference can be attributed to a decrease in water table due
to dranage in the peatland used for agriculture. Declining water table resulted in
peat material in the upper layer getting air flow more freely (more aerobic) than in
the lower layer, so that the oxidation process was taking place more intensive

OPTICAL DENSITY

Rubber
cultivated

Oil palm
cultivated Abandoned

acrotelm 4.31 5.04 5.01
intermediate 4.48 4.89 4.84
catotelm 4.87 4.59 5.28
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RESULTS AND DISCUSSION

 Peat bulk density of rubber-cultivated peatland was higher than that of oil palm-
cultivated and abandoned areas. This is true because rubber cultivation needs more
compacted peatland surface for supporting the growth of rubber tree.

BULK DENSITY

Rubber
cultivated

Oil palm
cultivated Abandoned

acrotelm 0.48 0.24 0.19
intermediate 0.42 0.18 0.24
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RESULTS AND DISCUSSION

 Total porosity values showed the same results as bulk density values
since they are inversely related to one another. Positions that had the
highest porosity also had the lowest bulk density and vice versa

POROSITY

Rubber
cultivated

Oil palm
cultivated Abandoned

acrotelm 0.54 0.77 0.71
intermediate 0.61 0.83 0.71
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RESULTS AND DISCUSSION

 The curve shows that more
decomposed peats in
acrotelm layer lose their
water relatively slowly at
small negative pressure
heads, while less decomposed
peats in the intermediate
layer lose their water more
quickly. This reflects
difference of pore-size
distribution among different
peat layers

DESCRIPTION Water retention curves of unsaturated
peat layer in rubber-cultivated



RESULTS AND DISCUSSION

 Unlike in the rubber cultivated
peatland, water retention
characteristics between in
acrotelm and intermdiate
layers were not varied
significantly  as in both layers
peat materials decomposed
evenly.

DESCRIPTION Water retention curves of unsaturated
peat layer in oil palm-cultivated



RESULTS AND DISCUSSION

 Water retention
characteristics was the
same with the oil palm-
cultivated

DESCRIPTION Water retention curves of unsaturated
peat layer in abandoned peatland



RESULTS AND DISCUSSION

Total volume of water retained by unsaturated layers in the rubber-cultivated peatland was lower than
that in the oil palm-cultivated and abandoned peatlands.  Otherwise, the residual water content was
higher in the rubber-cultivated peatland compared to the oil palm-cultivated and abandoned
peatlands. This implies that a part of the maximum volume of water being removed decreases as a
result of agricultural activities in peatlands

Land use
Water retention parameters

s r  n r2

Rubber cultivated:
Acrotelm layer
Intermediate layer

Oil palm cultivated:
Acrotelm layer
Intermediate layer

Abandoned area:
Acrotelm layer
Intermediate layer

0.52 (0.03)
0.61 (0.02)

0.73 (0.03)
0.67 (0.02)

0.73 (0.04)
0.65 (0.05)

0.34 (0.02)
0.34 (0.02)

0.31 (0.01)
0.31 (0.02)

0.30 (0.01)
0.29 (0.02)

0.16 (0.02)
0.15 (0.02)

0.21 (0.01)
0.23 ((0.03)

0.22 (0.01)
0.21 (0.02)

1.58 (0.08)
1.64 (0.08)

1.54 (0.00)
1.53 (0.04)

1.53 (0.02)
1.53 (0.03)

0.999
0.999

0.999
0.998

0.999
0.999

Paremeters of the van Genuchten equation of water retention on unsaturated peat
layer in three types of peatland uses



RESULTS AND DISCUSSION

Parameter α varied between 0.15 – 0.23. According to aforementioned Hodnett and Tomasella
(2002) higher value of the parameter α resulted in higher moisture loss as a result of decreasing
water table. Otherwise lower value of α indicated lower moisture loss. Based on the value of α,
unsaturated peat layer in the oil palm-cultivated peatland will be loss water higher than in the rubber
cultivated peatland

Land use
Water retention parameters

s r  n r2

Rubber cultivated:
Acrotelm layer
Intermediate layer

Oil palm cultivated:
Acrotelm layer
Intermediate layer

Abandoned area:
Acrotelm layer
Intermediate layer

0.52 (0.03)
0.61 (0.02)

0.73 (0.03)
0.67 (0.02)

0.73 (0.04)
0.65 (0.05)

0.34 (0.02)
0.34 (0.02)

0.31 (0.01)
0.31 (0.02)

0.30 (0.01)
0.29 (0.02)

0.16 (0.02)
0.15 (0.02)

0.21 (0.01)
0.23 ((0.03)

0.22 (0.01)
0.21 (0.02)

1.58 (0.08)
1.64 (0.08)

1.54 (0.00)
1.53 (0.04)

1.53 (0.02)
1.53 (0.03)

0.999
0.999

0.999
0.998

0.999
0.999

Paremeters of the van Genuchten equation of water retention on unsaturated peat
layer in three types of peatland uses



RESULTS AND DISCUSSION

The n parameter values tend to be lower in compacted peat layer. Parameter n indicates the intensity
of changes in moisture content due to changes in water potential (pressure head) (Tomasella et al..
2000; Hodnett and Tomasella. 2002). If the value n is greater as the unsaturated layer of abandoned
area, decrease in moisture content progresses rapidly due to decreasing water table. This means that
the peat soil with a lower degree of decomposition will lose moisture more rapidly during the early
period of decline in water table.

Land use
Water retention parameters

s r  n r2

Rubber cultivated:
Acrotelm layer
Intermediate layer

Oil palm cultivated:
Acrotelm layer
Intermediate layer

Abandoned area:
Acrotelm layer
Intermediate layer

0.52 (0.03)
0.61 (0.02)

0.73 (0.03)
0.67 (0.02)

0.73 (0.04)
0.65 (0.05)

0.34 (0.02)
0.34 (0.02)

0.31 (0.01)
0.31 (0.02)

0.30 (0.01)
0.29 (0.02)

0.16 (0.02)
0.15 (0.02)
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0.22 (0.01)
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1.58 (0.08)
1.64 (0.08)

1.54 (0.00)
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1.53 (0.02)
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Paremeters of the van Genuchten equation of water retention on unsaturated peat
layer in three types of peatland uses



RESULTS AND DISCUSSION

The curve is typical hydraulic
conductvity of fine-textured
soils (van Genuchten and
Pachepsky, 2003), and
similarly could be applied to
more decomposed peats.
Notice that the hydraulic
conductivity at saturation is
lower for more decomposed
peats in the rubber-cultivated
peatland than less
decomposed peats in the oil
palm-cutivated and
abandoned peatlands. Also
showed that the hydraulic
conductivity decreases
significantly as the peat
layer becomes unsaturated

Hydraulic conductivity of acrotelm and intermediate peat layers in rubber-cultivated,
oil palm-cultivated and abandoned peatlands



RESULTS AND DISCUSSION

The hydraulic conductivity of peats depends on effective porosity by which water easily moves
(Ahuja et al., 1984; Ahuja et al., 1989).

Decreased hydraulic conductivity in the rubber-cutivated peatland was related to decreased
effective porosity. It also implies that unsaturated peat layers in the oil palm and abandoned
peatlands are easily drained when water table decreases

Porosity of acrotelm and intermediate peat layers in rubber-cultivated, oil palm-
cultivated and abandoned peatlands

Total porosity Effective porosity
Percentage of effective

to total porosity
Rubber cultivated:

Acrotelm layer
Intermediate layer

Oil palm cultivated:
Acrotelm layer
Intermediate layer

Abandoned area:
Acrotelm layer
Intermediate layer

0.52 (0.03)
0.61 (0.02)

0.73 (0.03)
0.67 (0.02)

0.73 (0.04)
0.65 (0.05)

0.15 (0.02)
0.23 (0.01)

0.34 (0.02)
0.29 (0.04)

0.35 (0.03)
0.29 (0.05)

28.0
37.1

46.4
43.7

47.9
44.1



IMPORTANCE OF
THE OBTAINED RESULT
 The present study has resulted in important findings in

relation with the implementation of ecohydrological
approaches toward sustainable management of peatlands.

 The result shows that hydrophysical properties of peat
materials were varied in unsaturated peat layers with
different land uses

 Change in hydrophysical properties evidently have
influenced on hydraulic characteristics including water
retention and hydraulic conductivity.

 The finding should be considered for implementing
ecohydrological approaches toward sustainable
management of peatlands



Terima kasih


