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Summary Nazmul Ahsan Khan

A general introduction of this dissertation was approached in the chapter L
Where volcanic ash soils and their distribution and the background of this research were
articulated. A feature and prpperties of Humic Acids in the Andosols related to SOM
dynamics was studied in Chapter II. Volcanic ash soils are the most productive soils in
the world (Shoji et al., 1993). Nowadays volcanic ash soils are most extensively utilized
for growing high-value horticultural crops in Japan. With proper management volcanic
ash soils are capable of high productivity and long-term agricultural and environmental
sustainability. Although many studies have been carried out about volcanic ash soils
however the present study is a part of a basic research where elemental and nuclear
magnetic resonance (NMR) were applied to characterize these soils and distribution
ranges of carbon species in the spectra rather than the spectral shape were accounted.
Among the studied Andosols in Japan almost all the soil profiles were slightly acidic in
pature, pH (H;O) ranged from 4.1 to 5.7, where pH (NaF) ranged from 8.1 to 11.9. Most
of the samples were having more than 9.1. Phosphate retention was more than 85%.
Surface A horizons are highly humified with high in RF values. RF values ranged from
112 to 318‘. Ogenosen (OG) can be identified as most humified Soils HA, which showed
the highest RF value (318) and belonged to Type A HAs. Due to remarkably higfn
aromatic and also high in OC content in the surface and subsurface horizons of the
studied Andosols, which can support and assure a luxuriant production of plant and
biomass, as well as can reduce greenhouse gasses.

Soils developed from volcanic parent materials around the Rift Valley of

Tanzania have wide range in OC content among and within the pedons. Organic Carbon
and N contents generally higher in the surface horizon. Type A humic acids dominantly
occur in the surface A, buried A, AB and BA horizons. These horizons are characterized
by humus-rich with intense dark colors. The extracted HAs were highly aromatic, of
which were consistent with Japanese volcanic ash soils HAs.

In chapter IIl, to clarify the chemical structural information as well as
formation condition of Type A humic acids (HAs) from plant residues and contribute to
reduce CO, emission, three plant residues were incubated for 0, 25, 50, 100 and 160 d
with fresh volcanic ash and water at 90°C for producing humic acid like substances
(HALS). The HALS of all incubation samples showed the decrease of log (4400/4s00)
values and increase of As9p/C values with increasing incubation time. When HALS were
classified, only rice straw HALS of 160 d (RS160) belonged to Type A, whereas broad
leaf of 160 d (BL160) and Japanese cedar sawdust of 160 d (JCSD160) HALS belonged
to Type B. For elemental and NMR analysis HALS samples were prepared according to
the IHSS method. Data from elemental composition of all HALS showed high contents
(45.98 to 56.55) in carbon (C), low (3.19 to 5.16) in hydrogen (H), and low (0.33 to
2.36) in nitrogen (N). C content increased in RS and BL, and increased or fluctuated to
some extent in the JCSD, whereas H and N contents decreased in all samples as
incubation days progressed. H/C and O/C ratio showed a remarkable decreased;
simultaneously O/H ratio was increased with increased incubation days, it was then
suggested that oxidation occurred in the incubation system and as a result some HALS
samples (RS160 and BL160) appeared in Type A region in the both H/C vs. O/C and
H/C vs. O/H diagrams. HALS plotted in the figures of log (4 90/4s00) vs. Agoe/C, H/C vs.

O/C, and H/C vs. O/H diagrams were generally placed out of the area of natural soil
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HAs. In case of 'H NMR the spectral shape of RS, BL and JCSD were different from
that of natural soil HAs. Only the "H NMR spectrum of RS160 is very similar to that of
Type A soil HA. Changes of the composition of proton species in HALS showed that
percentages of aromatic proions (Hy) increased as increasing incubation days. Spectra
obtained by '>C NMR revealed that RS and BL HALS were different from natural soil
HAs, whereas RS160 showed almost similar of Type A HA spectra. In the spectra of RS
HALS, the signal intensities of carbohydrate C (around 74 and 105 ppm) and methoxyl
C (around 56 ppm), decreased gradually as incubation time progressed as well as those
of carboxylic C (around 175 ppm) increased, simultaneously, other distinct signals
became broad and overlapped each other. As a result, the changes in RS HALS spectra
suggested that, a progress in the oxidation of lignin and the oxidative degradation of
polysaccharides structure, and the spectrum of RS160 became similar spectra of Type A
HA. Although the only signal due to phenolic C (around 150 ppm) still appeared in
RS160, however, it was ofbserved that the signal intensity decreased and became
broader and weaker from RSO to RS160 with incubation time. Therefore, it was
concluded that RS HALS might form a completely- similar spectra as to that of the
natural Type A HAs with longer incubation time.

In the following chapter to clarify the mechanism of Type A Humic Acid Like
Substances (HALS) creation and to evaluate the similarities with natural Humic Acids
(HAs) simple organic compound and fresh volcanic ash were incubated for 30 d at 90°C
for producing HALS. Although in the prev'ious chapter HALS were produced from plant
residues, however, there was a possibility to form melanoidin by the oxidative
condensation of sugar and amino acids from plant residues. However to avoid the

confliction, it was attempted to produce HALS using sugar and amino acids by the same

manner. Where almost 30 set-ups of sugar, amino acid (individual and in combination),
lignin and cellulose were used. Glutamic acid of 30 d (Glu30) belonged to Type A in
log(A 490/As00)—Asoo/C analysis and some HALS appeared or nearly appeared into Type A
area by elemental analysis. BC NMR spectra revealed that all HALSs including Glu30
were completely different form natural soil HAs as well as melanoidin. These results
suggested that the HALS created by thermal incubation depend on lignin degradation
rather than melanoidin formation. -

Therefore the present study is a complete feature of humic substances in the

.Andosols especially Type A HAs their occurrence in the soils was described.

Furthermore Type A HALS was successfully produced which have a eminent interests
among the scientist due to their great impacts to contribute in reducing CO; emission in

the atmosphere as well as organic fertilizer.
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