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Introduction

Humus content of tropical soils is generally low?®. In the case of the volcanic ash soils,
however, a large amounts of black-colored humus are accumulated”. For example, average
carbon content of the surface soils on Rakata Besar on the Krakatau Islands derived from 1883
pyroclastic flow was more than 9%, as described in Part IT in this series. On the other hand, from
1927 to present, fresh ejecta from Anak Krakatau were continuously deposited on the surface soils
on Sertung, Rakata Kecil, and Anak Krakatau, accordingly, carbon contents of respective layer on
three islands were less than 1.5%.

The objectives of this paper are to study the humus accumulation in the Krakatau soils and also
to elucidate the humufication degree of their humus. Furthermore, the comparison was made for
the characteriscics of humus in the Krakatau soils and those in young Japanese volcanic ash soils.

Hereafter, Rakata Besar, Sertung, Rakata Kecil, Anak Krakatau and the soils derived from
ejecta after 1927 are designated as Be, St, An, and the soils after 1927, respectively, likewise on the
case of Part I. and II. And the amount of humus is expressed as carbon content.

Experimental Methods

1. Pollen analysis

Pollen analysis of St-3-2 (A, or A-like layer), St-3-5 (brown volcanic ash) and St-3-8 (buried
A and B horizon derived from pyroclastic flow) were done by Parinosurvey Company (Tokyo,
Japan).

2. Total carbon, carbon-nitrogen ratio (C/N), clay content, N CH3;COONH, extractable bases
and water soluble bases

The methods and results of above-mentioned items were shown in Part Il in this series.

3. 0.1M Na,P,0; extractable carbon, aluminium, iron, calcium and magnesium
Wada and Higashi’s method'”.

This study was supported by a grant from the Japanese Ministry of Education [Grant-in-Aid for Scientific
Research B (No. 57470085) in 1982, 1983 and 1984]
* National Institute of Geology and Mining (LGPN-LIPI), Bandung, Indonesia

169



170 A. SHINAGAWA et al.

4. Humus composition

Kumada et al’'s method™ was applied. After successive extractions with NaOH (pH: 12.5) and
with 0.1 M NayP,0;, humic acids were precipitated from each extract adjusting to pH: 1.5 by HCI.
PQ (percent of humic acid) of each extract, dlog K (log K sp0nm—10g Keponm) (Where K is absorb-
ance) and RF [(K¢ponm/ml of 0.1 N KMnO, consumed by 30 ml of solution used for measurement of
Keoonm) X 1000} of humic acids were calculated.

Results and discussions

1. Pollen analysis

Numbers of pollen of respective plant and of spore were shown in Table 1.

According to the analysis by Parinosurvey Company, large numbers of decomposing pollens
and spores were present in St-3-5 and St-3-8 under microscopic observation, and the identification
of exact species of decomposing specimens was impossible. Among the confirmed pollens,
Casuarina was dominant in the two sub-soils (St-3-5: 32/63, St-3-8: 104/143) as shown in Table 1.
Tagawa et al”_ stated that the first dominant higher plant grown on the Krakafau Islands was
Casuarina by observation of present succession. Obtained results of pollen analysis for the past

Table 1. Pollen analysis of selected soil samples
(number/20 g air dry soil)

St-3-2 St-3-5 St-3-8

Pollen, Spore (A, or A, {Brown volcanic (Buried pyroclastic
like) ash) flow)
Pinus I
cf. Dacrydium 1
cf. Keteleeria 2
cf. Acanthaceae 1
cf. Casuarina 2
Casuarina 32 104
cf. Palmae 1
cf. Cuoarbitaceae 2 2
cf. Leguminosae 1
cf. Myrica 1
Ulmus-Zelkova 1

-
=

cf. Euphorbiaceae 1

ct. Galium-Rubia ]
cf. Polygonum sect. Persicaria l
cf. Sabia 2
Gramineae 1 7
Trizonoporate 1

Trizonocolpate 8 2
Trizonocolporate 3 17 il
Pollen 9 63 . MIAH -
Polypodiaceae 4 8
Monolate spore 1 3 27
Trilete spore 3 3 !
Spore 4 10 36
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surface soil (St-3-8 was the surface soil at least from 1883 to 1927) showed that Tagawa et al’s
conclusion for the succession would be valid for the early stage of soil formation after 1883. But as
may be described later, the influence of dominant plant species to the amount and the quality of the
humus is questionable.

2. Humus and clay content

As shown in Fig. 1., carbon content of the surface soils on the four islands was nearly
proportional to the clay content though the mineralogical composition of the soil samples was not
the same (Part. III), whereas, for the sub-soils, the proportional relationship between carbon
content and clay content was not exhibited.
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Fig. 1. Relationship between carbon content and clay content of the soil samples.

{1: Surface soil derived from 1883 pyroclastic flow
M: Sub soil derived from 1883 pyroclastic low

. Surface soil derived from ejecta after 1883
@®: Sub soil derived from cjecta after 1883

3. Humus and CH3;COONH, extractable (Ca+Mg)

Fig.2 showed that carbon contents of the soils were nearly proportional to the sum of
N CH;COONH, extractable (Ca+Mg), where water soluble (Ca+Mg) was substracted from
N CH;COONH, extractable ones.

4. 0.1 M Na,P,0; extractable carbon, calcium, magnesium, aluminium and iron

According to Wada and Higashi ) 'Na,P,05 is effective extractant for humus complexed with
aluminium and iron in volcanic ash soils from Japan, and probably this reagent dissolves
Ca(Mg)-humates. The obtained data by this method and their discussions on the Krakatau Islands
is now submitted to “Soil Sci., Plant Nutr.” entitled as “Contribution of calcium and magnesium to
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Fig. 2. Relationship between carbon content and [extractable (Ca+Mg)—water soluble
(Ca+Mg)] of the surface soils.

the accumulation of humus in Troporthents, Krakatau Islands, Indonesia”!. Therefore, in this
report, the authors refer to summarized results in following: In NayP,O; extract of surface soils,
the carbon content and (Al+ Fe) content was proportional and (Al+ Fe)/C molar ratio was about
0.07.  And the carbon content was more proportionally increased with the increase of the sum of
(Ca+Mg+ Al+Fe), where correlation coefficient was (.97 and (Ca+Mg+ Al+Fe)/C molar ratio
was about 0.22.

Foregoing results in 3. and 4. suggests that the humus of the surface soils on the Krakatau
Islands have a tendency to combine with calcium and magnesium as well as with aluminium and iron.

5. Carbon-nitrogen ratio

C/N ratios of the soils of which the carbon contents were less than 2% were varied widely from
7 to 26. But C/N ratios of eight soils whose carbon contents were more than 3% became
proportionally larger with the increase in carbon content excepting Be-5-4 (total carbon: 4.16% .
C/N:9.2).  As shown in Appendix 2 (Part I1) and Fig. 3, these soils were the surface soils of 10cm
thickness from the surface on Be.

The increase in C/N ratio relative to the increase in total carbon content of the surface soils on
Be was low, compared with those of the soils derived from Sakurajima’s ashes®’.

C/N ratios of the surface soils on St, Ke and An, and sub-soils on Be. especially their carbon
contents were less than 1%, were being exceedingly varied. This deviation was presumed to be

depended on the presence of decomposing plant residues of high C/N and of half decomposed
microorganisms of low C/N.
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Fig. 3. Relationship between carbon content and carbon-nitrogen ratio (C/N) of the soils.

6. Humus composition

Table 2. showed the chemical properties related with humus and the humus composition of
selected soil samples.

(1) Cou/Cp ratio

In the used method, it is assumed that NaOH dissolves the humus combined with aluminium
and iron but not dissolve the specimens combined with calcium and magnesium, and the latter was
dissolved with successive extraction with Na,P,0O-, therefore, approximate ratio of Al(Fe)-humate/
Ca(Mg)-humate could be evaluated by Cop/Cp ratio, where Coy is NaOH extractable carbon and
Cp is carbon dissolve by successive Na,P,O extraction.

As seen in Table 2., (Con/Cp) ratio was not in functional relationship with the carbon content
and also C/N ratio of the soils. For the soils with (Coy/Cp) ratios of more than 1.0 (3.1-9.3), their
chemical properties were as follows; pH(H,O): less than 6.5, pH(NaF): more than 8.0, base
saturation degree: less than 99%, whereas, these values for the soils with (Cop/Cp) ratios were less
than 1.0 (0.2-0.7) were as follows; pH(H,O): more than 6.5, pH(NaF): less than 8.0, and base
saturation degree: near 100%. Accordingly, Al(Fe)-humates were presumed to have been
accumulated under the eluviation conditions. And in illuviation and/or small scaled eluviation
surroundings, Ca(Mg)-humates were presumed to be formed.

(2) PQ and type of humic acid

As ahown in Table 2., PQ of Na,P,0- extractable humus was larger than that of NaOH, for the
soils of which Con/Cp ratios were less than 1.0. Humification degree of humic acids were low
judging from the values of dlog K and RF, and the type of humic acid was Rp or P. (Fig.4.). The
type of humic acid obtained from the Krakatau soils was presumed to be changed in the following
order: Rp—P—A(?). This tendency was nearly the same as young volcanic ash soils derived from
Sakurajima’s ashes®.

Values of dlogK of Na,P,O, extractable humic acids were smaller than those of NaOH
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Table 2. Chemical properties related

P Base
Sample  Depth . T-C  ~y pH absorption saturation
No. (cm) (%) H,O NaF coef. P,Os degree
mg/100¢g (T0)
Be-7-1 0-5 A 1205 159  6.10 828 411 86.8
Be-2-3 15-27 HAB 205 128  6.10  8.32 333
An—4 10-15 1A 1.40 264 530 8.55 140 62.1
Ke-5-2 2- 9 IIAC 1.36  11.3 649  8.00 127 89.5
St-3-5 50-60 VB .50 9.1 6.84  B.00 253 98.9
Be-3-1 0-6 A, [1.06 129 650 7.87 217 138
St-3-2 10-20 ITA 1.64 126  6.69 7.79 58 101
Ke-1-4 29-55 VB 0.42 7.0 640 930 343 67
Be-3-4 23-35 11C, 0.36 133 684 754 102
71-80 VIIAB 020 12.2  6.84

St-3-8

7.00 196 101

*  Carbon extracted with NaOH (pH: 12.5)
** Carbon extracted with 0.1M Na,P,0,

extractable humic acids, and the former’s RFs were larger than those of the latter’s.
As seen in Table 2., with the increase of total carbon content, humification degree of humic
acid was not advanced, e.g. Be-7-1 and Be-3-1. This tendency was quite different from

Sakurajima’s volcanic ash soils®.
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Fig. 4.

7. Vegetation and quality of humus

In Japan, the grass vegetation, especially, Miscanthus sp. are presumed to be responsible for the
accumulation of highly humified black-colored humus in the volcanic ash soils. As stated in 1.,
dominant vegetation of St-3-5 and St-3-8 was Casuarina sp. By authors’ own observation, present
dominant vegetation on the St-3 site was Dysoxylum caulostachyum, though the pollen of this
plant could not found in St-3-2 sample by Parinosurvey Company.

Table 1 and 2 showed that the carbon content, C/N, (Co/Cp), PQ, dlog K and RF of humic
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with humus and humus composition

Con*+Cp** Con NaOH (PH: 12.5) extract  0.1M N,P,O, extract

T-C Cp PQ Humic acid PQ Humic acid
(%) Adlog K RF  Type dlogK RF  Type
65.8 3.1 587 079t 273 Rp 27.1 0.726 359 Rp
57.1 4.2 54.6 0.606 44.0 P 492 0465 575 P
42.5 9.3 59.6 0.625 29.0 P 458 0.603 329 P
57.2 50 602 0.791 29.0 Rp 603 0.651 367 P
63.1 1.5 47.8 0.699 34.5 p 42.7 0.625 37.0 P
45.2 0.6 53.0 0702 325 Rp 727 0737 40.0 Ry
93.9 0.5 529 0.853 227 Rp 721 0847 293 Ry
91.3 02 245 0591 476 P 458 0526 568 P
28.5 0.7 231 0573 323 P 418 0470 745 P
90.5 0.5 451 0565 448 P 484 0537 523 P

acid of St-3-2, St-3-5 and St-3-8 were independent of the present and past dominant vegetation.

Summary

1) Pollen analysis and humus

According to the pollen analysis, it is assumed that the dominant vegetation of buried
pyroclastic flow and brown volcanic ash (after 1927) on Sertung was Casuarina sp. The amount of
humus and humification degree of humic acids were not presumed to be influenced either by present
or past dominant vegetation.
2) The factors related with humus accumulation

The carbon content of the soils and the value of N CH;COONH, extractable (Ca+ Mg) stood in
a proportional relationship.
3) 0.1 M NayP,07 extractable humus

The carbon content extractable with Na,P,O; was directly proportional to the sum of (Al+Fe
+Ca+Mg) extracted by same solution.
4) Carbon-nitrogen ratio

C/N ratios of the soils of which carbon contents were less than 2% were varied widely. But
these values increased proportionally larger with the increase in the carbon contents for the soils of
which the carbon contents were more than 3%. The increase in C/N relative to the increase of the
carbon content was clearly low compared with that of the young Japanese volcanic ash soils derived
from Volcano Sakurajima’s ashes.
5) Humus composition

According to Kumada’s method, humic acids were Rp or P type.  There was not proportional
relationship between the carbon content, C/N ratio of the soils and humification degree of humic
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acids.

The amount of NaOH extractable humus from the soils of which pH(H,O) of more than 6.5,
pH(NaF) of less than 8.0, base saturation degree of about 100% or more, was very small than that of
Na,P,0; extractable humus. While, for the rest of the soils mentioned above, the amount of
NaOH extractable humus was generally larger than that of Na,P-O- extractable humus.

6) In comparison with the soils with young Japanese volcanic ash soils, the humification degree of
humic acids of the formers was lower than that of the latters.
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