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SUMMARY

This study was carried out on macromorphology and micromorphology of coastal peat from Kapuas/
Barito and Kahayan River areas, Central Kalimantan. The study consisted of field observation, physical
and chemical laboratory analysis and micromorphological observation. The profiles consisted of Oa
and Oe horizons in the organic soil material and Cg horizon in the mineral material. The degree of
decomposition of organic material varies from hemic to sapric. The textures of mineral material are clay
for the soil in Kahayan River area and clay to silty clay for the soil in Kapuas/Barito River area. The
soils from Kapuas/Barito River area have higher fiber content, exchangeable bases, base saturation,
N-total and P-available compared to the soil from the Kahayan River area. Micromorphological analysis
indicated similarity of soil properties in the two areas, especially in the relative position of mineral
material to organic material and excreted material. The different micromorphologic characteristics were
in fine organic material texture, size and quantity of the excrement. The analysis gave an indication of the
existence of moder formation in the organic material and clay coating character in the mineral material.

Keywords: coastal peat, macromorphology, micromorphology

INTRODUCTION

Peatland is one of the marginal lands in which its characteristics and potential need to be researched
intensively, in the context of national food requirement. This land has variable characteristics related to
its environment and formation factors. Coastal peat is generally developed in the alluvial formation. In
this environment, soil formation in an alluvial deposition is influenced mainly by river water quality and
discharge, topography, marine condition and type of vegetation. Previous research (CSR, 1997) has
indicated that coastal peat has variable macromorphological character. Micromorphological observations
on peat soil, up to now, have been alow priority. According to Bullock e al. (1985), micromorphological
study relates to soil genesis, so that soil characteristics need to be recognized first. This research aimed
to discover macro and micromorphological characteristics of coastal peat in Kapuas/Barito and Kahayan
River areas, Central Kalimantan.

MATERIAL AND METHODS

The research was carried out on coastal peatland in the area of Kahayan and Kapuas/Barito Rivers at

the area of development of the one million hectare project, Central Kalimantan. Three soil profiles in

Kzhavan River area (KPL,, KPL,, and KPL,) and three soil profiles of Kapuas/Barito River area

BPL . BPL,and BPL,) were studied. representing soil with peat thickness of 20 -40 cm, 40 - 130
cm. and 130 - 300 cm.
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The soil samples have been taken to perform laboratory chemical analysis, greenhouse experiments.
and micromorphological analysis (Lusiana, 2001). This article will discuss only the result of macro and
micromorphological study, while several chemical data will be presented in summary form as an illustration.
For micromorphological analysis, undisturbed soil samples were taken. The thin sections were prepared
according to the procedure of Murphy (1976).

RESULTS AND DISCUSSION

Difference of Water Properties

The water of the Barito River has total bases concentration (K, Na, and Mg) higher than those in
Kahayan River (Appendix A). The high Total Dissolved Solids (TDS) in Barito River (134.61 g 'Y
compared to the Kahayan River (91.27 g1") indicates a higher amount of soil erosion in river upper
part of the former.

Physical and Morphological Properties
Degree of decomposition of peat varies from hemic to sapric. The textures of mineral material under the
peat layer are clay to silty clay (Appendix B).

Horizonization and Organic Soil Material Type. Each horizon is characterised by organic-C content,
degree of decomposition (fiber content) and their pedogenetic processes. The Oa and Oe horizons are
found in all pedons. The sapric horizon (Oa) has fiber content <17%, and hemic horizon (Oe) have
fiber content 17 — 75%. The mineral soil horizon, Cg is gleyed.

Colour. There is no difference in soil colour at the two locations. The soil with sapric material is dark
in colour (10 YR) owing to decomposition effect, while the soil with hemic material has a reddish colour
(5 YR). The mineral material horizons have are grey asa a result of the gleying process.

Organic-C. Comparison of organic-C of some pedons with the same peat thickness indicates that C-
organic content of KPL is usually higher than BPL. This is because the decomposition process is more
intensive in BPL than in KPL. The Cg horizon has a relatively high organic-C content.

Soil Texture. The mineral materials under the peat layer have a clay and silty clay texture (Appendix
B). There is no texture difference between KPL pedon (clay content: 61.81% - 69.14%) and BPL
pedon (clay content: 56.38% - 76.11%). This fine texture is the cause of the low drainage and permeability
of these soils.

Soil Chemical Properties

pH. In the organic soil material layer, pH of BPL tends to be higher than pH of KPL. This relates to the
higher content of basic cations of Kapuas/Barito River than Kahayan River. Butin soil with peat thickness
0f 40-130 cm and of 130-300 cm, there is no significance different between the two soils owing to the
higher base content of BPL than KPL (Appendix B).

Base Saturation, Total Base and Cation Exchange Capacity. In all soils, base saturation and
total bases were usually higher in BPL than KPL. The base saturation increased with depth. This fact
was very clear in mineral material. The CEC of mineral soil material was relatively high, owing to ahigh
organic content, which was visible under an optical microscope. ' '

Seoil Micromorphology

I. The Organic Soil Material
A. Organic Basic Component
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Micromorphologycal Properties of Fine Organic Material. Organic soil material types classified
according to their degree of decomposition could not be related to those determined by fiber content
analysis or macromorphological observation. Despite this, the decomposition characteristics could be
identified on the basis of their content of fine material. The more decomposed material was expressed
by the darkness of groundmass resulting from release of pigment.

Micromorphological Expression of Coarse Organic Material. Root residues are characterized
by a thin epidermis, without cuticule (Fahn, 1982), and with a rounded form in cross section, which can
be seen by its high interference colour. Leaf residues are characterized by the presence of parenchyma
palisade cells. Stem residues are characterized by the outer epidermis.

Comparison of Micromorphological Characteristic of KPL Vs BPL. The ratios of coarse organic
material to fine organic material (c/f ratio) on KPL samples are generally higher than the BPL samples.
Fine organic material texture and colour on BPL samples were more varied, while the texture and
colour of fine organic material on KPL samples tended to be more uniform (Fig. 1).

B. Mineral Basic Component

Frequency of Basic Mineral Component in Soil Organic Material. Frequency of mineral particles
identified inf all thin section samples was low, between 1 to 5%. The real frequency is supposed to be
higher, because the soil horizons have high ash content, varying from 1.50 t0 25.17%.

Relative Chronologic Interpretation. The appearance of basic mineral material could be classified
into two types: (i) part of the mineral basic components appear well sorted and fresh; these facts
indicate that the mineral material is deposited more recently compared to the existing organic material;
(ii) the other part of the-mineral material appear obscured, characterised only by the weak birefringence
in cross polarised light (XPL); these mineral material are covered by organic material, indicating that the
decomposition of the covering fine organic material is more recent than mineral deposition. These
relative position could be interpreted in term of relative chronology of the processes of mineral deposition
and the processes of organic matter decomposition. Both of the two kinds of appearance of mineral
material related to their relative position to the fine material, exist coincidently, both in KPL and BPL..
These facts indicate that the development of organic material in both areas is affected by river transported
material, from past to present. This means that the characteristic of organic soil on this area is closely
related to the characteristic of the rivers’ transported material.

Figure 1. Micromorphological characteristics of organic soil material from Kapuas /Barito
River areas (A) and Kahayan River areas (B). Fine Organic Material (FOM),
Plant Residue (PR), vertical section, 10X.
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The difference of this c/f ratio, textural pattern and colour of fine organic material may relate to the tvoe
of its original vegetation. Inversely, there are no specific patterns, which differentiate the root residuc,
stem, and leaf, between the BPL samples and the KPL samples.

C. Excrement Pedofeatures _ _

Birefringence Appearance of Excrement Pedofeatures. The excrement pedofeatures, which indicate
activity of soil fauna, are found in ellipsoid form (Bullock et al., 1985). The appearances of excrement
groundmass could be classified into 2 types, clearly differentiated in XPL: (i) excrement with groundmass
appearance of dotted birefringence, and (ii) excrement without dotted birefringence. The excrement of
the first type could be interpreted as primary excrement, while the second type of excrement could be
interpreted as secondary excrement.

The Comparison of Excrement Pedofeatures of BPL Vs KPL. Relatively, the KPL samples
have more excrement content compared to BPL samples. The existence of excrement in the KPL
samples 1s more easily identified than those in BPL. This fact could be interpreted in 2 directions: (1) it
is possible that the KPL environment had more faunal activity than the BPL environment, and (ii) the
BPL environment allowed for excrement destruction to be more extensive (Dijkstra, 1998). From the
point of view of excrement position, excrement in BPL samples tends to be close to fine organic
materials, while the excrement in KPL samples tend to be close to coarse organic materials (Fig. 2).

Figure 2. Micromorphology of excrement on thin section from Kapuas/Barito River areas
(A) and Kahayan River areas (B). Excrement (Exc.), Plant Residue (PR), vertical
section, 25X (A), 10X (B) '

Mixing of Fine Organic Materials and Mineral Materials. According to van Heuveln et al.
(1960), the intensive mixture of fine organic material with mineral particles is called a mull. The non-
intensive mixed allows the formation of moder. In this research, there is no indication that the mixture is
intensive, the excrement with mineral material inside has not found; the form is close to moder. Moder,
1s characterised by excrement, of variable size 25 — 60 mm, dispersed in a small group between the
morphologically intact peat particles. The moder formed in peat profiles in humid conditions under
which the excrement, partly or totally disintegrated to a friable material hitherto undescribed, which is a
mixture of plant remains and very fine soil material. Related to the moder condition formation, the
moder existence indicates that the soils in the research area have relatively low fertility.

II. Mineral Soil Material

Clay Coating. In soil mineral material, clay coating has been found in low frequency, both in BPL and
KPL samples. The clay coating found is similar to primary coating (Widiatmaka ef al., 1994), with
strong integration with the groundmass. This fact indicates that pedological processes took place before
peat formation and before transgression.
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CONCLUSION

1. The pedons in the research area consisted of Oa and Oe horizons in organic soil materials and Cg
horizons in mineral material. The decomposition degree of organic soil material varies from hemic
to sapric. The texture of mineral soil material are clay in Kahayan and clay to silty-clay on Kapuas/
Barito

Soil chemical properties in Kapuas/Barito River area are better than soil in the Kahayan River

area. This is indicated by the higher amount of exchangeable bases and base saturation in BPL

than KPL. These better soil characteristics were related to the quality of the water in the river
transporting the material.

3. Micromorphological analysis indicates several similarities between the micromorphological character
of Kapuas/Barito River area and Kahayan River area, especially in the relative position of mineral
material to organic material, excremental pedofeatures and micromorpholo gical characters of plant
residue. Several distinctive characters have been found in the amount and position of excrement
pedofeatures and fine organic material texture appearance. Even so there are no specific major
processes, this analysis indicates moder formation on organic material and clay coating on mineral
soil material.

o
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APPENDIX A

Water analysis of Barito and Kahayan Rivers

No. Analisis Upper Course of Lower Course of
BaritoR Kahayan R BaritoR Kahayan R

L N (mg/1) 542 13,55 3,61 6,32
2. P (mg/l) 0,07 0,10 0,50 0,10
3. K (mg/l) 0,50 0,50 0,50 0,50
4. Ca (mg/1) 0,02 0,06 0,02 0,06
5. Mg (mg/l) 0,20 0,17 0,19 0,17
6. Na (mg/l) 3,00 2,00 3,10 1,00
7. Fe (mg/l) 0,70 0,70 1,12 0,70
8. Cu (mg/l) r tr tr tr

9, Zn (mg/l) tr tr tr tr

10. Mn (mg/1) tr tr tr 0,02
11. B (mg/l) 0,095 0,177 0,651 0,143
12. Cl (mg/l) 4,97 3,10 4,83 4,54
13. SO, (ppm) 0,40 0,40 2,10 1,30
14. TDS (g/l) 134,61 91,27 156,72 87,21
15. DHL 23,8 - 27,0 32,00 52,1

tr =trace
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APPENDIX B

Physical and chemical characteristics of BPL and KPL pedon at research location

Org- ;
Depth | gor | Colour C K Lbcr pH Total | CEC | BS |eypyre
(cm) (OA)) ( A)) Base [cmol(+)kg (0/0)
PEDON BPL1
0-28 Oa, | 10 YR2/I 434 14 (sapric) 42 | 7.56 92.16 | 9.73 -
28-34 Oa, | 10 YR2/] 453 8 (sapric) 4,5 | 1130 | 136.70| 8.25 -
34-65 Cg, | I0YRS5/2 9.5 - 48 | 585 28.20 | 20.76 Clay
65-94 Cg, 5Y5/1 7.8 - 4.5 | 9.08 2793 | 3251 Clay
94-134 | Cg, 5Y 4/1 6.1 .= 42 | 13.52 | 2607 | 51.83 Clay
134-160 | Cg, 5Y 4/1 3.9 - 3.6 | 17.23 | 3032 | 57.68 [Siltyclay
PEDON BPL2
0-30 Oa, | 10 YR2/] 54.6 12 (sapric) | 4.0 | 1135 | 113.55| 10.09 -
30-62 Oa, | 10 YR2/I 534 14 (sapric) 4.1 | 1231 | 10546 | 11.67 -
62-78 Ce |5YR2.5/1 537 30 (hemic) 43 | 16.01 | 120.14] 13.36 -
78 -94 Cg, 10Y 4/1 10.8 - 40 | 18.07 | 27.66 | 65.42 Clay
94-116 | Cg, | 10Y 4/ 9.1 - 4.0 | 15.65 | 2447 | 63.93 Clay
116-150 | Cg, 4Y 4/1 8.9 - 39 | 13.91 2527 | 55.07 Clay

PEDON BPL3

0-26 | Oa | 5YR32 | 535 6(sapric) | 43 | 507 | 1215 | 1107 -
26-47 | Oa, | 10YR2/2 | 542 | 8(sapricy | 43 | 607 | 1140 | 87.18 :
47-60 | Oa. |7.5YR 3/2| 551 | 8(sapric) | 43 | 6.79 | 1247 | 87.03 :
60—88 | Oa | 10YR3/1 | 556 | 16(sapricy | 42 | 7.34 | 14.08 | 100.67 -
88— 138 | Oe [7.5YR 3/2| 53.1| 32(hemicy | 42 | 851 | 1734 | 111.30 2

138-155 | Oe. |7.5YR 3/2| 269 | 20(hemic) | 4.1 | 815 | 1663 | 51.38 x
155-165 | Oa |7.5YR 3/1| 248 | 1l(sapric) | 3.7 | 7.16 | 17.12 | 4824 2
165-200 | Cg [2.5YR 42| 106 36 | 363 | 15.60 | 31.12 |Siltyclay

PEDON KPL1

0-17 Qa, | 10YR2/2 54.4 10 (sapric) 36 | 840 14797 | 594 -
17-35 Qa, | 10YR2/2 | 546 15 (sapric) 3.7 | 5.04 13517 3.72 -
35-71 Cg, | 10 YR 4/ 11.4 - 3.2 | 13.04 | 3298 | 40.22 Clay
71-102 | Cg, |25YR 3/0| 87 - 3.0 | 1478 | 30.59 | 4830 Clay
102-150 | Cg, |2.5YR 3/0| 9.1 - 33 | 17.99 | 2740 | 66.08 Clay

PEDON KPL2

0-16 Oe SYR3/2 56.3 30 (hemic) 35 | 4535 | 8883 | S.11 -
16 — 34 Qe, | SYR32 559 18 (hemic) 3.7 | 8100 | 12544 | 6.50 -
34-65 Oe 5YR372 55.3 24 (hemic) 3.8 | 6643 | 93770 [ 7.14 -
65— 82 Oe, | 10YR2/1 54.9 36 (hemic) 41 | 7.012 | 12851 546 -
82 -91 Oa | 10YR2/2 | 238 15 (sapric) 5.1 | 8314 | 132.10| 6.30 -
91-114 | Cg, | 10 YR5/2 8.4 - 4.6 |15.380| 2527 | 60.81 |Siltyclay

114-140 | Cg, | I0YR3/2 7.4 - 50 [15296| 26.87 | 56.89 Clay
140-200 | Cg, |2.5YR 3/1 7.0 - 3.7 |16935| 27.13 | 62.51 Clay
PEDON KPL3

0-12 Oa | 10YR2/1 54.9 14 (sapric) 3.7 16038 | 97.07 | 6.24 -

12-41 Oe, | I0YR2/2 | 564 32 (hemic) 3.7 | 6.003 | 120.06| 5.02 -
4] —65 Oe, | I0YR2/2 | 563 44 (hemic) | 4.4 | 6.816 | 10470 6.65 -
65-100 | Oe, | 10YR2/2 | 57.0 56 (hemic) 43 |3214 | 13517| 238 -
100-122 | Oe, | I0YR2/3 | 56.6 36 (hemic) 47 | 3.612 | 15565 2.32 -
122-180 | Oe, |7.5YR 3/3| 43.7 32 (hemic) | 4.3 |3.569 | 11418 | 3.48 -
180—-200 | Cg | 10 YR3/I 8.0 - 3.4 114.890| 30.06 | 49.54 Clay
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