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Chépter 1
INTRODUCTION

The "soil® has been defined variously by a number of scilentists
since the dawning of the modern science. They have refered, without
exception, to the organic matter existing in the soil as a principal
constitutional element, that is to say, they have thought that pre-
sence of the organic matter is ome of the discriminative features of
a "soil" from a '"parent material't.

According to the modern concept of a soily, it is defined as a
historical natural body formed under the influence of the following
factors; living organism, climate, parent material, topogrephy and
time. There might predominate the effects of the climatic factor in
one soil, and those of the parent material in another, but in all the
soils the biological factor is most important than the other, for in
any case where there is no living organism, there does not exist a
Ngoil'" in the strict semse.

The formation of the soil organic matter depends on activities of
the living organisms, which are in turn reghlated by the other factors
of soil formation, so all the processes working in the soil are re-
flected in the properties of the soil organic matter. Therefore,
studies of the so0il organic matter often lead to a right understanding
of the soil itself. Onecan easily find out a typical example in the
history of soil science.

Towards the close of the 19th century, a famous Russian investi-
gator V.V. Dokuchaev carried out an extensive study on the Russian
chernoéems and found a geographical regularity of distribution of the
humus in the soils, that is, a fact that the humus content of the
s0ils diminishes gradually from south to north corresponding to the
transition of the climatic zones. In this way Dokuchaev gained a clue
for recognizing the principle of "zonality"™ of the soil, which is one
of the basic ideas of the modern soil genesis.

Thus, studies on quantity and/or quality of the soil organic mat-
ter afford important informations relative to genetical understanding
of the soil. It is largely for this reason that attention of many soil

scientists has long been focused on this soil constituent.
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Nevertheless, there still remain many undissolved problems,
especially in dynamic.aspects of the organic matter-scil relations.
dMany workers dealt with the organic matter for its own sake and
payed no close attention to the so0il in which the organic matter is
contained; or at best they cculid draw an Yinference' on the relations
betweer them relying cn the results of their static studies. Although
the euthcr has besn esger to know: '"What are the modes of association
of the organic matter wilh the minerail constituent in the s»5il in
situ T" or "Eow proceeds the process of the humus formation under the
given soil conditions 7". These questions have very rarely been an-
swered.

In order to answer these guestions by himself the author intended
to carry out the experiments described below. Though the authort's in-
tention wox not always perfectly fulfilled, some results obtained
would contribute to the development of the knowledge on the soil
crganic matter.

First of =11, the author will give a brief review on the modern
concepts of the soil organic matter, especially of the nature and
properties of the humus and of the behavior of the s50il organic mat-
ter as complexing agents (Chapter 2). These subjects have been at-
tracting a growing interest of the workers. _

Then the author will present his own experiments on the associ-
ation of the humus with mineral constituents in the main soll groups
irn Japan. A bonding mechanism involved in the association will also
he presented (Chapter 2 and 4).

Considerations on these subjects induced an argument on the
structure of the humic substances. The author will present his data
of the neutralization capacity of some bumus preparations and discuss
the structural problem (Chapter 5).

Then, turning into the problem of the humus formation in the vol-
canic ash soils, which distribute widely in tkis country. the author
will deal with an adsorption of polyphenols on a volcanic ash materi-
al and the initial stage of their alteration (Chapter 6).

The author carried out another experiment, in which the effects
of polyphenols and a polyuronids on the soil formation were examined
using soil columns {Chapter 7).

Before entering into the main discourse; the author will give an



explanation of the terminology used hareafter.

As described above, the soil organic matter is derived from the
iiving organisms residing both in and on the soil, ané therefore, in-
cludes a wide variety of organic compounds. Some authors regard this
variety ol organic materials collectively as humus 84).

However, here the author will define the humus (or humic sub-
svances) as follows; the humus ig z collective designation of the in-
herent crganic material in the soil. It has a complicated structure,
a fairly high molecular weight and an acidic nature. Blackish color,
colloidal behavior, cation exchange ability, and high resistance to
microbial cecomposition are also its distizctive properties.

The humic substances are conventionally divided intoc two frac-
tions, humic acids and fulvic acids, &s ir the routine ffactionation.
However, the custcmary definition of fulvic acids has been rather
uncertain, tecause the fulvic fraction obtained with ?he usual pro-
cedure contains non-humic substances besides humic 3O"(the defini-
tion in a broader sense). However, fulvic acids have to originally
be ane fractioan of the "humic substances" and in the following dis-
course the author will use the term "fulvic acids" in this strict
sense unless otherwise mentioned. So~called humine ig thought to be
no other than humic acids which are strongly attached to the soil

mineral fraction clays and sesquioxides.

The remaining part of the soil organic matter after eliminating
the humus is non-humic substances. Though the chemical nature of the
substances contained in this fraction can not be fully grasped, there
might exist many compounds coming into almost all the categories of
the modern organic chemistry. ‘

in conclusion, the soil organic matter consists of two frac—.
tions, humic and non-humic fraction; then the humic fraction consists

of also two parts, humic acids and fulvic acids.



Chapter 2
A REVIEW ON THE MODERN CONCEPTS OF THE 30IL ORGANIC MATTER

2:1. The nature and properties of the =o0il hurmus

te defined in tue preceding chapler the mos% essential requisite
oI humus 1z that it conrsists of a group of peculis® organic compounds
in a soil. However, the meaning of '"the peculiarity" would depend on
the standard of ones knowledge, that is to say, a peculiarity of today

ight be a commonness of tomorrow owing to the advances in the know-
ledge. Taking such a consideration into account the author will deal
with nature and properties of the s0il humus relying on the present
understandirgs. '

Plant materials which are known to be the most important source
cf the soil humus have been studied considerably deeply and the na-
ture of these materials has become fairly clear today. Even lignin,
which represents the most complicated plant materisl, has been known
to be condensation products of conipheryl alcohol.

Humus is a product derived from those plant materials through
chemical and microbiological processes in a soil and shows a high
stability against microbial decomposition uniike the original plant
materials. It seems that humus is a meta-stable form in which organic
carbon is accumulated on the earth surface.

Plant lignin is considerably resistant to a microbizl attack
and, therefore, it was once thought to be the direct source of humus,

99)

for example, in Waksman's ligno-protein theory and Mattson's

70, 71)_ However, the stability of bumus in

lignin.ammonia concept
the so0il is far greater than that of lignin and this fact can be
taken as one of the evidences which indicate that humus is not a
mere denaturated or a derived product of the original plant materials,
but is a product synthesized through special processes characteristic
to the soil.

Such an idea of the nature of humus is supported by many inves-

tigators working today all over the world. Scheiler and Flaig 29

20} o)

in Germany, Bremner « fustraiia, Xencnova

in Englaad, Swaby
50, 51: )

in Russia and Kumada 60} in Japarn, all these investigators

agree with each other in denying an exclusive significance of lignin
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as the source of humus and in regarding humus as a synthesized pro-
duct peculiar to a soil. They are also coincident with each other in
deoming polyphenols as one of the most essential constituents of
tiis synihesized soil humus. These polyphenols and guincids are
supplizd to a s0il not orlyasaresult of decomposition of aromatic
vlant materials such as lignin and tannin but also in the form of
respiratory catalysts of raw plant tissue as well as produdts of -
microbial metabolisms taking place in the soil.

If the last-mentioned prbcess iz taken into consideration, it
is readily noticeable that all the plant materials including the
most easily decomposable ones are able to contribute to the humus
formation through microbial activities. In fact, Kononova and Alake
sandrova 52) indicated that humus-like substances having aromatic
compounds in their composition were obtained from a liquid culture of
a mould containing nothing aromatic but sugars as a carbon source.

The presence of aromatic compounds in humus as a fundamental
constituent has been known since the time of Hoppe-Seyler. Many ibne
vestigators identified a variety of aromatic compounds in humic sube
stances with the aid of alkaline fusion methods or with various oxi-
dation technigues. Recently cevelopment of IR-spectrophotcmetry has
made it possible tc prove the presence of aromatic constituents in
. humus with both case and high reliability °b' 1020,

Among those aromatic compounds polyphenols and quinoids are the
most reasciive and are easily oxidized to give oxidative polymeriza-
tion products. The importance of the polyphenolic compounds as an
essentizal constiituent of humic substances is derived from the con-
siderations mentioned here.

Ancther characteristic found in the counstitution of humus is
that it contains more or less nitrogenous components. A part of the
nitrogen (normally below 50 %) is easily hydrolyzed to give amino

acice and seems to be proteinaceous compounds, while another greater
4

Wy
]

srt { normally above 50 %) is not released by hydrolysis and is
thought to be in a heterccyclic ring system. It is a general under-
gtendineg that most of these nitrogenous coﬁponents originate in
microbial protoplasma. However, it is not yet certain that proteins
and pentides undergo condensation with polyphenols whether in their

originsl forms or, after being autolytically decomposed, in the form
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; . . aji
sriing ecids,. which, according to Swaby 91, 92)

'ud- Cmmde ma

y get into cross

wLimiing with polyphenols througn their amino groups.

Tv. auy case it is now generally understood that these two con-

ivpnenols and nitrogenous compounds are the nost

stitusznis-

'L

essential ones of humic substances.
However, the mechanism by which these constituents bind each

ther, as well zs the structure of the product are scarcely kinown.

O

(5]

iensation Letween poiyphenols anc nitrogencus compounds might

94

orn

<2

oceur by cither a blochemical reaction catalysed by microbial oxi
dases or a purely chemical one, and it seems likely that both are
the c:ases0

Eumic substances thus obtzined are guiite diverse in their many
properties, on the one hand, but, on the other, they are regarded
as one characteristic group constituted on one and the same princi-
wlce Both the diversity and the common feature will be noticed in
the fc¢llowing description.

Thea clemeﬁtarv comvosition of the humic substances has a wide

diverpity. for example, the carbon content ranges from about 45 % in
fulvic zclds “? apvount 60 % in humic acids. According to Russian in-
vestigators 2L changes in the elementary composition of humic acids
follow regalaily %o the soil zonality, for example, the carbon con-

tent graduelly increases from unau of podzol humic acids in the taiga
zone o that of chernczem bumic acids in the steppe and at the same
content to hydrogen becomes greater from the

izndicating progress of oxidation as well as de-

Such z relation between the nature of humic acids and the soil
also recognized in their optical property and in their col-
Soidechenical behav or. Along with the transition of the zonal soil
types from podzol to chernozem the optical density of the humic acid
solution becomes gradually greater and, at the same time, sensibility
tc thez electrolytes increases, which indicates lowering of dispersi~
bility. However, in their absorption spectruma common feature is
noticed, that is to say, curves of the absorption spectra monotonous-
1y descend from a height at the UV-region towards the longer wave-
length region and show ro clear absorption maxima or minims. Moreover,

.IR~spectum and X-ray diffraction analysls can afford additional evi-
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dences for that humic substances are constituted on the same consti-
tuting principle.

In order to explain btoth the diversity in the properties and the
common constituting principle of the bumic substances, Russian inves
tigators adopted a schematic model, as shown in Figure 2.1., which was
originally proposed by Kasatochkin for the carbonized materials 43 5@
Al]). the humic substances have an aromatic nucleus and aliphatic side
chains in their moleculs, and in ths wmore humified substances like
chernozem humic acids The aromatic nucleus is relatively predominating
and in the less humified ones 1iike fulvic acids the peripheral chains
containing many hydrophilic groups become dominant. The reciprocal
relation between the nucleus and the side chains lucidly explains the
diversity or the various properties mentioned above.

56 - 59)

In Japan Kumada carried out an extensive study on the
humic acids of main soil groups in Japan-.—humus volcanic ash soils,
dry paddy soils, wet paddy soils and peaty soils. He found that the
absorption spocirum of & humic acid preparate was its most essential
attribute and that the optical density increased in the following

order;

humus volcanic °
ash soils

At the same time the slope of the curves represented by a 4 log K

value ( Alog X = log K - log X

peaty soils ¢ wet paddy soils « dry paddy soils <

400 mp ) was arranged just in a

500 mp

3
Fig, 2.1. A model of the structure of carbonized

materials including humic substances
(Rasatochkin, V.I.)




89)

quotient (FQ) and represents a humification degree, that is to say,

reverse order. The A log K value corresponds to Springer's color
the higher the value is, the less humified is the humic acid prepa-
rate.

The soil series thus arranged according to the alog X value
shows a good correspondence to the regularity of the variation found
in several properties such as elemsntary composition, exchange capa~-
city, proportion of the hydrolyzable nitrogen, sensibility to electro-
lytes, etc., of humic acids obtained from the soils in the series.

The results obtained by Kumada are, as a whole, thus concordant
with those by Kononova, However, they are different from each other

60) postulated twoktypes of humifica-

in the following point: Kumada
tion process; the one is related to the more humified humic acids
found in the humus volcanic ash soil. They are formed from polymeri-
zation products of phenolic coupounds, which originated in microbial
metabolic substances. The other concerns with the less humified humic
acids often found in paddy and peaty soils. These humic aclds are de=
rived principally from lignin, which degenerates in the soil without
undergoing marked change in its skeletal structure and gradually hu-
mifies taking microbial products in its own body. On the contrary,
Kononova 51) postulated that all the humic substances are formed ac-
cording to one and the same constituting principle, and the forming
process is a synthetic one taking plaée in the soil.

Then, what relations kas the nature of humic substances with
the role played by them in the process of soil formation ? Russian
investigators 51) gave an explanation as follows; under an excessive-
1y humid condition like that found in northern taiga zone condensa~
tion between polyphenols und nitrogenous compounds does not go far-
ther owing to the difficulty in removing the by-product of the reac-

tion water, and thus tae products seem to have an undeveloped

aromatic nucleus and, therefore, sezu to be high in dispersibility.
Such humic substances would be found in podzolic soils and they could
be very active as a soil former. On the contrary in the steppe where
dry and wet conditions appear alternately, condensation reaction will
proceed farther and produce humic substances low in dispersibility.
These circumstances are seen in chernozemic soils. And chernozem humio

acids may be inactive in soil forming processes.
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However, irn the soil sirucihure fcrmation just the reverse rela-~
tions exist. that is, podzcl humic acilds are not eftective owing to
their high dispersibility, while cherazczem humic acids are a very
good struciure forming agent. This expiaration seems to be coinci-
dent with the field observations,

Tith respect to fulvic acids, there are a fsw researches car-
rigd out by Kongcnova 2o and Kobo and Tatsukawa 49)n From the results
obtained from various experiments including elementary analysiss; oOp-
tical measurement and X-ray diffraction method. they regard fulvic
acids as an analogue of the least humified humic acids, and seem to

suppose that humification proceeds lirearly from fulvic to humic

acids.
As to humine there are still less studies, but Russian investi-
gators 51} suggested that humine is no other than humic acids which

are firmly beund to soil mineral constitiuents, and thus lose solubi-
lity in an alkaline sclution.

Taking these explazations into consideratiorn fulvic acids, humic
acids, and humine sgem to beiong to one and the same polymerization
homoleogue and seem to be conventionally diviéed into three parts ac-
cording tc their behavior towardés a few solvents.

Azsociztion of humic substances with wineral censtituents will
be dealt with in Chapters 3 and 4, and the ziructural problems of
humic substances in Chapter 5.

An increasing knowledgs abou® soil humus is now accumulating and
it is very difficult to cemaend the perfect view on it. In this para-
graph a concise review on the nature and properties of humus has been
given.
2«2+ The behavior of the so0il organic m=tler as a complex-forming

agent

Many functions displayed by the soil organic matier are thought
to originate in an important ability possessed by them, that is, a
conplex—-forming ability.

The complex—formation by the soil organic matter is a matter of
much interest in many fields of soil science; e.g., extractioa of hu-
mic substances from soils, caticnr exchange capacity exhibited by humus,

the role played by organic matter in soil-forming processes and
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structure formation, availability of mineral nutrients, especially of

78)

microelements in organic. soils, etc. Scheffer et al. reviewed the

papers dealing with chelates and chelation in soil science, .and

1)

Bremner 2 spared a reiatively wide space for discussing the complex-

formation in his review on the s0ll organic matter problems. Recently

47}

the authors have also prepared a review on the same thene.

Here the behavior of the soil organic matter as a complex-forming
agent will be conrcisely described with special reference to the sub-
jects to be treated in Chapters 4 and 7.

i) Complex-formation by humic substances in a soil

In 1946 Bremner et al. 18) suggested a theory that, in soils,
polyvalent metals are combined with organic matter as metal-organic
matter complexes, and that these complexes are insoluble in solvents
that do not themselves form complexes with metals. The principle of
one of the most prevailing methods for humus extraction, the neutral
sodium pyronhosrvhate extraction proposed by Bremner and Lees 19), is
a coroliary of the theory.

Broadbent and Ott a2) used the measurement of absorption spectira

66)

(Job's continuous variation method) for ascertaining complex for-
matior. between soluble bumus (fulvic acids) and Cu+2. However, they
could not obtain clear results on accoﬁnt of uncertain compositions
of the fulvic acids (in a broader sense).

BroadbentzB) applied a technique of the ion exchange chromato-
graphy (using humus preparations as the ion exchanger) to his studies
on met;l-organic matter complexes and found that the elution curves
of cu”

Ca+2 in their shape. He concluded that in the formation of the com~
+2

by hydrochloric acid sclutions were different from those of
plexes between the humus and Cu certain furnctional groups of the
bumus which did not participate in the case of Ca+2, should play no
small part.

Beckwith ) studied complex formation between humus and some di-
valent cations (Cu+2, Mn+2, Co+2, Ni+2) using pid effect 66). A1l
metalworganic matter complexes may be considered to be formed by the
displacement of one or more usually weak acidic protons of the complex-
forming agent by a metal ion, and, therefore, complex—formation is
always accompanied by pH decrease. The degree of this pH decrease cor-

responds to the stability of the complex formed. Beckwith measured the
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pH decrease caused by the addition of those cations to the suspensions
of acid-washed organic soils and titrated the same samples with a
sodium hydroxide solution to obtain pH-titration curves. The order of
the magnitude of the pH decrease was Cu+2>-Ni+2>>Co+2;»Mn+2 and the
same order was noticed throughout the whcle range of the titration
curves. The results obtained by Beckwith were fully concurrent with
those of Irving and Williams 40), who studied the stability of various
chelates of these divalent cations. Beckwith suggested that Fe+3 and
A1+3 might have a possibility to form stable complexes with soil
organic matter, but did not present any experimental proof.

Recently Martin and Reeve 68, 69) h

ave conducted a series of
experiments on soils of some podzol 4}luvial horizons. They extracted
B.horizon soils of the podzols with an aqueous acetone solution of
acetylacetone, one of the chelating agents (Martin and Reeve 67, GB)L
and uaing the humus solutions thus preparéd, obtained‘pﬂ_titration
curves by a technique similar to that used by Beckwith. In their
studies complex formation between humus and A1+3. Fe+3 and- certain
divalent cations was not confirmed.

Himes and Barber 38) used radio active'zinc in their study and
tried to calculate stability constants of zinc-soil organic matter
complexes by two method. The stability constant obtained by them was
in the range from 5.0 to 6.0.

#) Complex~formation in weathering and soil forming processes

Mandl et al. 65) studied many organic and inorganic substances
occuring in nature with respect to their ability to dissolve diffi.
cultly soluble materials by complex-formavion, and suggested that
this process shculd be very important in a soil. '

Scheffer et al. 79) proved that a neutral humic acid solution
diSBOQVGi a crystalline strenglte (FePoq‘Hao), which is very diffi-
cultly soluble in water, and thought that this should be entirely-
due to complex~formation, especially chelation. According to Scheffer
et al. the chelating ability of the humug solution was fairly high
and 1 mg ¢/ml solution of brown humic acids was somewhat higher in its
chelating ability than M/100 EDTA solution (1.2 mg C/ml).

Besides two investigations above mentioned there are many other
examples which indicate the importance of complex-forming ability of

the soll organic matter in the process of weathering. However, the

- 11 =



importance in the soil—forming process seems to be far greater and it
has been attracting a growing attention of many soil scientists par-
ticularly in the last decade.

DelLong and Schnitzer 27, 85 - 87) conducted a geries of investiw
gations on the role of water soluble organic matter obtained from |
relatively fresh fellen leaves in the podzol forming process. They
found that %Lz most effective fraction was precipitable in a 80 %
ethanol solution and that these acidic polysaccharides acted as a
protective colloid on an irén oxide.

Bloomfield 6 - 10) also studied the reaction between water ex-
tracts of various plant leaves and barks and iron and aluminum, and
concluded that the efect of the extracts in solubilizing sesquioxides
was due to coaplex—formation, and that ferric iron was reduced non-
microbiclogically into ferrous form during the complexation. In his-
14, 16, 17)

recent study the effective fraction in these processes was

thought to be polyphenols.
13)

In addition Bloomfield indicated that the higher-molecular
organic metter in the water extracts exerted a dispersing action on

a clay suspension, and this was also thought to be due to polyphenolic
substances s well as polysaccharides.

. . 12, 15)
Bloomfield 12

7 succeeded in reproducing a podzol-like profile
in a coliumn experiment using a water extract of ocak leaves as a
leaching zgeat.

Thenceforth many investigators conducted similar trials to re-
produce an artificial profile in a s0il column and could obtain
95) | wright et ai. 2@ 100)

podzol-like profiies (Thorp et al. » Kawa-

guchi and Matsuo ik 46)).

Concerning foimation of an illuvial horizon in a podzol profile,
Bloomfield 1) showed that adsorption of Fe+3u and/or Al+3-complexes
on free sesquioxides and/ or clays, and subsequent mineralization of
the organic agents causing precipitation of the cations, could be one
of the probable mechanisms.

A simiiar view on the podzolization process to that of Bloomfield

2
was held by Deb 6) and Barshad 3).

45)

Kawaguchi and Matsuo proposed an concept of '"quantitative
ratio” as a commandirg factor in elluviation and illuviation of iron.

They thought that reciprocal quantitative relation between mobilizing

- 12 <



agents ( some organic matter) and iron oxides to be mobilized governs
wkich of the two processes, elluviation (dissolution) and illuviation
(adsorption), takes place, and they proved that the concept was suc-
cesafully adaptable to thelr experiments.

At present it is & general understanding that the sifnificance
of complex—formation, probably chelation, is of much importance in
soll—forming processes. Swindale and Jackson 93) designated a process
of disesolution and elluviation caused by chelating agents as "chelu-
viation'" in contrast. with the ordinary process caused by leaching
water, the later process the3.r called "goluviation'.



Chapter 3
THE SOIL HUMUS COMPOSITION OF THE MAIN SOIL GROUPS IN JAPAN

%.1. Introductory
The greater part of the soil humus is considered to be present in
sssociation with mineral constituents of the soil, and the status of
this association would regulate., on the one hand, the amount and the
speed with which mineral nutritional elements are supplied to plants,
and, on the other, would exert a great influence on the soil struc-
tural conditions.
For this reeson there have been accumulated several invesiiga-
tions around the problem in this country. For example, Harada et al.
52 - 34 and Kobo znd Tujisawa 48) dealt with so-called clay-humus
complexes, and Kosaka and Izeki 523 reported the results of their
study on the associlation of the humus with polyvalent cations. However,
all those works were qualitative in their nature and could hardly af-
ford knowledge about the mode of existence of humus in the soil in its
entirety.
96)

Tyurin had devised a method to fractionate the soil humus
constituents quantitatively according to their association with
mineral parts of the soil and more recently Tyurin 97) modified the
method in its detaiis. The modified method is being applied widely
in the genetic studies of soils in USSR 21 9L 98):

The author thought that it would be useful to apply this method
to the study on the soil humus composition of representative groups
of the soils in Japan, and undertook the following experiments.
3.2. Materials

Soils used in this experiment are grouped inteo four, that is,
the upland soil, the dry paddy soil, the wet paddy soil, and the humus
volcanic ash soil. The former three and the last one are different in
their parent material, that is to say., the former three have developed
on materialsvof Quarternary deposits, while the iast mentioned is de-
rived from relatively fresh ejecta of volcanos. The difference among
the former three is usually found in their topographic and hydromorphic
element, which naturally causes a difference in the land-use. The wet

paddy soil is flooded throughout a year and utilized only for the
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paddy rice cultivation, while the dry paddy soil has a somewhat deeper
ground water table and is flooded only in summer, the rice cultivation
period, and drained in the other seasons for cultivation of wheat,
barley, and vegetables. The upland soll is naturally never flooded.

Despite that the grouping here brought about is not necessarily
genetic in nature and merely conventional, the knowledge we have about
the humus in these soils supports the grouping as a reasonable one. As
quoted in Chapter 2 Kumada showed that humic acids from various origin
are deftly grouped into several types according to many chemical and
optical properties, and some of the types correspond to the above soil
groups 1in one to one correspondence.

Location of the solls examined will be given in Table *».2.

3¢5« Methods
i) Tyurin's method of fractionation of soil humus

Tyurin defined four fractions to be separated as follows:
Fraction-1 This fraction is easily dissolved by a dilute alkali
solution without any pretreatment of the soil, and represents a poly-
merization complex of brown humic (or ulmic) and fulvic acids. This
complex exists in the soil either in a free state or in a loose come
bination with aluminum, iron and/or calcium.

Fraction-2 This fraction becones soluble in a dilute alkali solu-
tion only after decalcification of the so0il, and represents a poly-
merization complex of black humic (or true humic) and fulvic acids.
This complex exists in the soil in a stable combination with calcium.
Fraction-3 This fraction becomes soluble only affter fairly
drastic alternate treatments with acid and alkali solutions, and rew
presents a poliymerization complex of humic, ulmic and fulviec acids.
This complex exists in the soil in a stable combiration with sesqui-
cxides.

According to Tyurin, these polymerization complexes of the humic
and fvlvic acids are readily hydrolyzed in the course of dissolution
by alkali solutions, and therefore each acid can be determined sepa~
rately. '

Fraction-la Being most mobile among the fractions, this is easily
dissolved by a dilute acid solution at the room temperature, and re-

presents Tulvic acids existing either in a free state or in combination
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with sezsguioxides.

Thz pethod of fractionation is summarized as. in the following

scneme.
The scheme of Tyurin's method
Air dried soil
—— Elimination of undecomposed
organic matter
—— Pulverization (0.25 mm sieve)
Sample soil
(1)
Alcohol-Lenzené - Bit
extraction’ = nbltumen
(2
I l i I
0.5 N;HDSO Aliaii N-Na.80, _
treatment treatment treat%en% = 22$§gl:
(8) (%) (Decalcitication) —leMaE
J =Y
Fract&on la Fracticn i
<+ la + 1 A e
Na,S0,~soluble = niaa
0.5 N-H 804
treatment
0. - Alxali
- = treatment
hydrolyzable ////’
N-H.,80 -
trea%meﬁt - Fraction

3
(5) \
Alkali

Alkali dinsoluble

treatment

(6)

residue = Humine

(7
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Sorie notes on the procedures will be given below.
i. Coarse unhumified organic matter must be excluded as thoroughly
e posgible.
. 8Go-called bituminous materials are extracted by alcohol-berzene
2113 ) mixture solution in a Soxhlet-apparatus until cxtracts become °
colortess. The carbon content of the bitutien is calculated from the
duy weignt on an assumption that 72 % of the weight is attributable
Lo carbou.
4. after the extraction of the bitumen, the s0il is divided into
three parts, and in the courses of I and I (giver in the scheme) the
sample soil is weilghed into centrifugal tubes, in which all the sub-
sequeat treatments are carried out.
#. The treatment with N'--NaESO4 solution is conducted for the purpose
cf decalcification, and three revetitions of this treatment are
usually enough for the non-calcareous soils, which represent the

reater part of the soils in Japan. The solution obtained from the

(S A

tregatment is made up te a certain volume and analyzed for carbon.
Tne decalcification is followed by the treatment with 0.1 N-NaCH
zsiuvion. After standing overnight, the alkali solution is separated

by ceatrifugation, when a small volume of the saturated Na SOITI solu-~

tion 1s zdded in order to prevent dispersion of clay. Thiszalkali
treatment 1s repeated until the supernatant solution becomes complete-
1y colorless, which needs 6 - 20 repetitions. After the treatment all
the supernatant alkali solutions are brought together and made up to

certain volume. A small portion of this is taken for ahalysis of

i

total carbon. Frouwm a greater part of the solution humic acids are
preciplitated by acidification with 32804 added to the system so as to
give a Iinal concentration of 0.05 N. The precipitate is separated by
filtration and then redissolved by 0.02 N.NaOH solution, which is made
up to a certain volume and analyzed for the carbon of the humic acids.
Ths carbon of the fulvic acids is known from the difference between
the total and the humic acid carbon contents.

@, After the alkali treatuent 0.9 N;Hasoq solution is added and the
w_xture is stirred. After standing overnight the supernatant is sepa-
ratzd by centrifugation. The s0il residue is washed with distilled
water 2 times. Then the alkali treatment is carried out in the same

manner as described above.



Subsequently 1 N—HZSOM.solution is added to the soil and the mix-
ture is heated for 1 hour iz a toiling water bath. After cooling the
supernatant is separated and the zoil is washed, and then again the
alkali treatment is carried ocut.

The alkaline supernatants obtained frcm the two treatments here
described are brougki togeirer and total as well as humic acid carbon
is determined in the same manner as in v.

The two acidic supernatanis and the iwo washings are also brought
together and analyied for carbon. According to Tyurin, the organic
materizls here determined in the acidic hydrolysates are similar to
fulvic acids and are cften attributed to hemicelluloses in the scil
humus.
+¥i. The s0il residue remaining in the tubes 1s thoroughly washed with
digtilled water and thea is air-dried in an evaporating dish and final-
1y is welghed. The reéidual carbon, which is not dissolved, is deter-
mined and from this value the content of humine carbon in the original
soil is obtained,

vid. In the Il course of the scheme, the alkali treatment is carried out
for the purpose of determining humic and fulvic carbon of the fraction-
1, However, in this determination fulvic acid carbon of the fraction-la
is also involved.

ixf In the IIT course of the scheme, the fraction-la is determined by
an acid treatment. Usually 10 g oI the sample soil is weighed into &
flask and 250 ml of a 0.5 N-H2804 solution is added. After standing
overnight the content of the flask is filtered off and a portion of
the filtrate is analyzed for carbon. The value here obtained is & sum
of the fulvic ecarbon of the fraction-la and the Naasoq—soluble carbon.
The latter is determined previcusly in the case of decclcification

and must be diminished from the value obtained in the presecat treat-
nent.

_ About two weeks are needed for carrying out all the treatments in
the scheme. As much as 4 soil samples can be treated simultaneouslye
Moreover, it is possible to determine nitrogen contents of all the
fractions and ths sub-fractions, alfhough in our present experiment
it is omitted.

i) Determination of organic carbon

In the case of carbon determirztion acidic or alikaline sample
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solutions are taken in 100 ml Erlenuteyer flasks and nreliminarily
neutralized by a dilute NaOH or 32504 solution before evaporating to
dryness on a water bath. The carbon in this dried sample is determined
by Tyurin's volumetric method. The author used phenylanthranilic acid
in the place of diphenylamine as an indicator. The former is more
sensitive at the end point and is more conveniently used than the
latter (Simakov 88)).
i) An example of presentation of the results

In Table 3.1. an example of the way of calculation was shown in
regard to a soil examined by the author, soil No. 221%. The numbers
given in the first column of the table correspond to those given in
the scheme of fractionation. As shown in the table the values deter-
mined are finally recalculated in order that each value may give per-

centage of the sum total of them.

3.4. Results and discussions

The results obtained in the present experiment are tabulated in
Table 3.2. For purpose of comparison the author quoted a part of the
¢ata which Tyurin 9E) had obtained in his own experiments in Table 3.3.
However, it must be mentioned here_that the condition of acidificaw
tion at the time of precipitation of humic acids was somewhat different
in the present experiment from that described above. Tyurin recom-
mended to bring the final sulfuric acid concentration of a system to
3.05 N. while the author added a small excess of a sulfuric acid solu-
tion so as to bring the pH of the system to <1 for convenience' sake.
Hence; the author's data can be compared with Tyurin's with respect to
a total carbon value of a fraction, but not with respect to humic and/
or fulvic acid carbon.

5, 51)

Koncnova and Bel'chikova found that a ratio of humic acids
to fulvic acids shows a characteristic value to each genetic soil type
(for example, the ratio is always <l for podzolic soils and red soils,
while it is always >1 for chernozemic soils), and they thought that
this Wwould be the most important knowledge drawn from application of
this method to the genetic studies of the soil.
The author agrees with them as far as zonal soil types are ¢one

cerned, in which bioclimatic factors predominate in the process of

soil formation. As mentioned in Chapter 2 the author can not draw a
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An example of the method of caleculation
(Soil No. 2215)

Treatment Total C Humic C Fulvie¢ C
% of %of| %$of % of % of % of
soil  T.C*| soil T.C¥| soil T.C.¥
(1) Samole soil 5.74 100.0 - - - -
(2} Alcohcl-benzene
treatment O.24 4.2 - — — —
(3) -Na_30
trea%ment 0.C¢ 1.6 - - —- -
2.55 44,6 1.8 31.5 .75 13,1
0. 31 5.4 - - - -
Q.57 Q. Q.40 7.0 0.17 2.9
(7) slkalioinsoluble
residue 2.02 25:.2 | - — - -
Total 5:79 100.9 2.21 38.5 0.92 16.0
(8) 0.5 N-H,S0,
treatmefit 0.20 3.5 - - 0.11 1.9
(9) Alkeli
(Analyzed) (Recalculated)
Bitumen 4.2 4.2
Na Soqfsoluble i.6 1.6
Haéoqfhydrolyzable Se4 5.3
Humic acid 38.5 38.1
Tulvic acid 15.0 15.9
Fumine 35.2 34.9
Total 100.9 100.0
Fraction Humic acid Fulvic acid
(Analyzed) (Recalculated) (Analyged) (Recalculated)
ls& — ' — 109 1. 9
1 29. 8 29.5 7.9 7.8
2 1.7 1.7 33 3.3
3 7.0 .5 2.9 2.9
¥

T.C:. = Total organic carbon



Table 3.2. -~ 1 The humus composition of the main soil groups
ir Japan (% of total organic carbon)

Soils Total carbon Bitumen N250, H,50,-
Soil He. Locaticn (% of soil} solible hydrGlyzable
UPLAND SOILS
531 Kyoto, Fushimi - 3.16 5.2 1.6 3.6
200% i+, Bakyo 2.99 2.4 1.8 4,2
2599 v, Kamigyo 2.13 2.2 2.2 4.5
DD DPADDY SOILS
657 Kyoto, Fushimi 1.60 5.2 1.8& 5.2
559 b, 2.42 5.0 1.9 6.0
2169 o, Sakyo 3.46 2.5 1.0 4.1
2571 L " 1.45 2.1 1.4 7.0
2215 i, i 5. 74 5.2 1.6 543
¥ -1 ' , Higashiyama 2.87 3.6 1.7 7.1
I -1 ! ] S-Ekyo 3-11 5-8 2.2 ?.4
YET PADSTY SCILS
88% Kyoio, Fushimi 4.24 €.9 1.4 4.6
2219 't ., Zakyo 2.95 5.5 1.8 5,7
HGMUS VOLCANIC
439 30ILS
2 -1  Shizuoka, Fuji 11.5 1.2 0.7 3.8
B -5 Shimane, Sanbe 9.13 .4 1.6 2.4
B .4 Kvois, Komono 2.2 5.0 0.7 2.0
B -5 HKcchi, Shimizu 93.04 2.6 0.9 3.0

line stricily between humic and rfulvic scids and separation of the
one from the cther is somewhat cenventional. Precipitation of humic
acids is ccaditioned not cnly br the nature of the humic material but

also vy »Ii of the mediva as well as kind and amount of caticas existing

g

together. This last condition ie of particular importance when onedeals
with intrazonal soils, in which topcgraphic element ard/or a parent
material plays an important role in soil formation, and this is the
case new e 2uthox is concerning with. In the volcanic ash soil and
the paddy soils aluminum'and‘;ron oxides, respectively, exhibit a
great activity, and this:circumstance would exert an influence on the
precipitability of humic acids. This is partly reflected on the data
listed in the (A/B) column of Table 3.2., and tae author could not
find any regularity in the humic acids/fulvic acids ratio.

It would be helpful to compare the data of Tablz 3.2 with those
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Table 3.2. - 2 The humus composition of the main eoil groups
in Japan (continued) (% of total organic carbon)

_ Humic acid Fulvie mgid =
Soils Fraction Bum ¥raotion Bum | A/B|Bumine
Soil Ne. 1 2 3 (A)A © 1a 1 2 3 (B)

531 16.7 0 5-5 24-2 6-1 114—09 0-5 “'08 26!1 009 39'3
2005 28.6 3.9 5.3 37.8| 4.2 13.8 1.7 2.9 22.6|1.7| 3.1
2599 21.8 4.4 7.2 33.4 6.4 14,4 1.0 23 24.1) 147 33.5

657 18.5 5.7 95«5 29.7 2.9 10.5 l.2 3¢5 18.1 1.7 39

£59 27.0 2.2 7.7 3%6.91 2.2 9.6 3.7 1.9 17.41 2.1} 32
2169 30.9 © 9.9 40.8] 4.6 7.5 © 3l 15.5) 2461 36
2171 19,6 643 643 32.1| 4.2 12.9 0.7 4.9 21.71 1.5] 35
2215 29.5 1.7 6.9 38.1! 1,9 7.8 3.3 2.9 15.9.| 2.4 34
Y -1 20,6 3.3 7.4 31.3| 2.9 9.8 2.2 4.3 19,2 | 1.6| 37
T -1 19.1 3.9 8.3 309! 2.1 10.2 0 4.6 1649 1.8 36
2210 28.4 0 5.8 34.2 6 12,0 3.1 3¢3 2301 1.5 %0
B -1 26.8 0.5 1.3 28.6] 15.8 5.5 0.3 6.6 28.1]1.0! 37.5
B -3 4.8 1.1 1.1 37.0|12.3 11.1 O 6.9 30.3%| 1.21 24.4
B -4 47.6 1.2 0.8 49.6] 9.5 7.1 0 4.6 21.2| 2.3 23.7
B -5 36.0 2.3 1.2 39.5] 13.6 6.3 O 7.1 27.01] 1.5} 29.0

of Table 3.3 for clarifying characteristics of the seils in Japan. The
most remarkable feature found in the data of Table 3.2. is that all the
soils withouit exception have a very high content of the fraction-1
( generally above %0 % ), and particularly in the humus volcanic ash
s0ils as much as 5) % of the total carbon is present im that fraction.

On the contrary, the fraction-2 is almost negligible in most of
the soils uscd. This general feature seems to be comparable with that
of the pcdzolic s0il or the red soil analyzed by Tyurin. However, the
author believes, there would be some soils even in this country in
which a considerable amount of the fraction-2 does exist, for example,
the soils developed on calcarecus rocks and those of arable lands
having been adequately managed by human activities.

The content of the fraction-3 is about 10 % in all the soils. and
it is rather characteristic to the humus volcanic ash scilas that the
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Table 3.3+ The humus composition of the main soil types
in USSR (Tyurin, I.V.)

Huric acid Tulvic acid
01l type actic fractl i
goil types Fracqlcn sue | Fraction Sum Humine
1 c 3 la A 2 3

Pedzolic soil 17 ¢ 3 20111 15 0 9 35 52
Siightly pcoCe-

znolized

rendzine 7 9 6 22 5 10 6 7 28 40
Degraded

cherrczen 1z 25 7 44| 1 5 8 6 20 22
Cherncoe 2 20 1% 351 © 4 12 6 22 28
Chesitnut soil 4 27 & 37| 0 3 5 8 16 34
Davx sierozem 5 12 9 26| 0 3 5 8 16 43

Kote: Figures are percentages on total organic carbon basis.

greater part of the fraction is determined as fulvic acids by the pre~
sent procedure. The reason for that is not clear yet.

The content of the fraction-lz is greatest in the humus volcanic
ash soils and exceeds 10 % of the total carbon, while in the other
soils it is relatively scarce and has a tendency to decrease in the

order

the upland scil > the paddy soils. These phenomena suggest,
on the one hend, specificity of the humus composition in the humus
volcanic ash soils. and, c¢n the other, a greater mobility of some come
ponents invclved in this fracticn.

Insoluble residues, which correspond to "humine" in the general
terminology, occupy a considerable percentage of the tatal carbon,
ranging from 24 % to 43 %.

Relying on the results mentioned above and taking Tyurint's defi-
nition of the fractions into consideration, the author might be able
tc draw a conclusion that tke greater part of the humus found ir most
of the soils in Japan, or, at least, in the soils examined here,
exists either in free state or, more probably, in locose combination
with sesquioxides, and not in a stable comlination with calcium. This
conclusion is coincident with that derived from experiments of other
authors 55)a and might express one of the most fundamental features
attriouteble to the humus of the soils in Japan. Moreover, the author

would have ito point out a few specificities in the humus composition
of

«r

he humus volcanic ash soils, that is, a very high content of the
frection-. and ~la contrasting to a very low content of the fraction-2

and a high proportion of fulvic acides in the fraction~3 as compared

- 2% -



with the other soil groups. The author infers that these specificities
ghould be clesely related to those ipvolved in the nature and the
forming processes of the humus volcanic ash soils, and this problem
will be dealt with by the author in Chapter 6.

Tyurin's method is really useful for a quantitative evaluation
of the humus composition. However, it might be a defzect that the method
cannot give any precise information on the quality of the humus. The
definiticn of each fracticn given by Tyurin involves a little gualita-
tive description of the humus, that is, brown humic or ulmic acids for
the fracticn-l1 and black humic or true humiec acids for the fraction-2
are rvespectively allotted. However, even among the humic acids of the
fraction-l there might be considerable variance and this variance
sheuld be adaguately informed. Tor this purpoese it would be fitted to
measure opticsl properties of the humié azidsg of the {raction-l.
Recently Russian investigators 53) held a conference on the
methods of humus investigation and reached a similar conclusizn to
tnz auvtiacris. Thay recopmended tTo evaliuate guality as well as quantity

through measurcment ci cptical and collcidal properties. They also

5

oroposed that fa mozt of the scilz fractionaticn of bitumern and frac-—

tion~% might be cmissitle.

9e5a  Jumnary

A method devised by Tyurin for dstermining soil humus composition

was preézenved and appliied to the main soil groups in Japan the up-
land soil, the dry peddy soil, the wet paddy soil and the humus vol-
canic¢ ash scil. Notes on the procedures adopted by the author were
given in details '

The zaain results obtained 1 the present study are as follows:
1) The greater part of the humvs in the soils examined existed mainly
in a locse combination with sesquioxides.
2) The humus composition in the humus volcanic ash soil was to some
extent specific as compared with the other so0il groups and it was in-
fered that the specificities should be closely related to those in-
volved in the genesis of the soil.

It was also pointed out that the lack of information about the

quality of the humus would be a defect of Tyurin's method.
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Chapter 4

A BONDING MECHANISH BETWEEN TEE SOIL EUMUS AND THE POLYVALENT
CATTONS PREVAILING IN THE SOIL

L., . Intrcductoery _

| In the preceding chapter the author noticed that one of the prin-
cipal features of the humus in the soils of Japan is that the humus
exists in a loose combination with sesquioxides.

In fact, iron and aluminum are the most prevailing polyvalent
cations in the soils in Japan. Owing to predominating precipitation
over evapo-transpiration, the soils inm this country generally tend to
become poor in base status and relatively rich in sesquioxides.‘More-
over, in the vclcanic ash soils exceptionally high content of active
alumina is often found under the influence of the parent material,
while in the paddy fields iron oxides obtain a high activity during
the cycle of oxidation and reduction.

Thus, one can easily understand the importance of iron and alumi-
num in the process of humus—-formation and ~accumulation. In this
chapter the author intends to elucidate a bonding mechanism between
soil humus and these polyvalent cations. As reviewed in Chapter 2,
studies of complex—formation in the soil have been focused on the prob-
lem of minor elements of the first transition series; while behavior
of iron and aluminum have been very rarely studied and that the know-
ledge obtained up to the present has not necessarily been certain.

The author will alsc examine behavior of calcium. which is con-

sidered to play an important role in some calcareous soils.

4.2. HMaterials

45 the sources of humus preparaticns to be used, the unplowed sur-
face layers of a bhumus volcanic ash soil (hHomecno, Xyoto Pref., soil
No. B -4} and o3 a calcareous soil (Mt. Buke, Chichibu digtrici, Sai-
tama Pref.) vere chosen for the reason thet aluminur and calcium are
suppcsed to éct as gtebilizirg agents of the humus respectively in the
former and in the latter. Location and some other descriptions of the

sample soils are as follows!:
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smeral

C‘m:.l..
description

Latitude (North)
Longitude (East)
Altitude

Mean annual temp.

Precipitation
per annua

Xcnmono soil

4 humus volcanic
ash soil; allitic,
humus rich, and
considerably acidic
in nature.

»5°10"
135%25"

ca. 220 m

ce. 14°C

ca. 1602 mn

Chichibu soil

A calcareous soil

developed on lime.
stones; fairly hu-
mus rich and neu-

tral in nature.

35°57!
159°06"
ca. 550 n
13.59C*

1287 mm®

Vegetation Banboo grasses, Zebra grasses,
Broad-leaved shrubs, Deciduous broad-
FPine trees. leaved trees.
¥

The data were obtained at the nearest meteorological station
(Kunagaya, Saitama Pref.), altitude of which is about 40 m.

4.3, Methods

i) Method of preparation of humus samples

The sample soils were extracted with a 0.15 M-sodium pyropbosphate

solution (pH = about 9.5) and an aliquot of the humus extract thus ob-
tained was ulira-filtered through a collodion membrane to make as free
from peptized clay particles as possible, and then treated with ion
exchange resin columns as explained below. The hunmus solutions thus
prepared were designated respectively as K-# and C-W according to the
initial letter of the name of the sample soils. The rest of the humus
extract was divided into humic and fulvie acid fractionms through acidi-
fication with a sulfufic acid solution until pH< 1. The humic fractions
were reprecipitated three and six times resnectively for Chichibu soil
and Komono soil and the final precipitates were dissoved into a warn
7.05 N-godium hydroxide solution. The humic acid solutions were ultra-~
filtered and finally treated with the ion exchange resin columns and
were designated as K-H and C-H respectively. The fulvic fractiohs were
once passed through an active carbon layer and the adsorbed colored
gubstances were eluted by a 0.2 N-sodium hydroxide solution after
washing with a dilute acid solution and deionized water. The alkaline
eluates were neutralized, dialyzed, evaporated at 35°C to an appro-

priate volume and finally treated with the ion exchange resin columns.
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They are dzsigneted respectively as K-F and C.F,

The azove—wentionad lreatment wish ctne icon 2xzchange resin columps
consiszts of U0 procesges; {irstly a humus solution runs through a
column of fmberlite IR&-40C resins in OH-form and secondly the leachatbe
frorn the first process runs threough a cclumn of Amberlite IR-120 resins
in H-~fcrm. The fineal Leachate thus cbiainsd is theought to be an aqueous
golution of the humus and despite of its fairly acidic nature (pd 2.3
depending on concentrations of the humus) it remains completely dis—

persed (cf., Hori and Okuda 39)).

The degree of purification of the
humus solutions thus prepared is szen in Table 4.1.
i) Method c¢f titration experiments

L potertiometric titration technique was applied to systems of
humvs solutions with and without the polyvaient cations.

4 humus solution containing 15 mg carbon was taken in a 200 ml
beaker and diluted finally up to 70 ml by adding aliquots of a solu=
tion of a certain cation, deionized water and a 1 N.KCl egoslution, which
was used to keep the ionic strength comstant (B = 0.1). Bach cation was
added in two levels refering to results of the column experiments men-
tioned below, i.e., 5)(10—5 M and 2><10_5 M. The guaranteed reagents
of CaCla.EEEO, KAl(SO4)2112220, and NHAFe(Soq)a.lEHEO were dissolved
in a 0.2 N-HCl solutiocn to prevent precipitation of corresponding

T

hydroxides. and at the time of the use the solutions were neutralized
with the egual volume of a J.2 Mo

CH golution

=
oy

6 as to result in a
KCl concentration of 0.1 N .

The titration was carried out using Mitamura's pH meter connected
with an electric stirrer and a microburette, thrbugh which a 0.1 N-
¥aOH solution was added. The pH values were measured with a glass
electrode ~ Ag/AgCl/saturated KC1 electrode.
ii) Method of column experiments

Homecionic cation exchange resin cclumns saturated respectively
with Ca™, 11%7 and Te*” weze used for the studies of the reaction
between infiltrating humus soliuiions and these exchangeable cations.
The columns used here were identical to those reported by Okuda and
Bori 73) and about 10 ml of Amberlite IR-120 resin was filled.
4.4, Results and discussions

i) Results of the titration experiments
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Talbls 4.1. Humus preparations used, their description
and purification degree

Komono soil Chichibu so0il

(T.C.= 12.27%)% (T.C.= 6.5 %)¥ Description
- Extracted by Na-pyrophos.
K- c-¥ soln., ultra~filtered,

I1.E.R.-treated. ¥

Extracted by Ne-pyrophos.

. K-H C-H . .
LB o . soln., acid-preclpitated,
%L:; 0 Ji g reprecipitated %6 times,
%fi; 7.5 PO ultra-filtered,
H*L3 1.1 2 I.E.R.—~ treated.**
Extracted by Na-pyrophose.
K_T CoF soln., acidic filtrate,
. B adsorbed on active carbon,
Ca/C xlo’ 0.7 - eluted by NaOE soln., neu-
e2 /¢ X10: 1.1 - tralized, dial¥Yzed, evapo-
Fa/C %10” 10 - rated (at 35°C),
I.E.R.—treated.*¥
* Total organic carbon, determined by Tyurin'’s method.
®¥%  Ion exchange resin columns.

The titration curves obtained for the humus soclutions prepared
from Komono soil are illustrated in Figures 4... - 4.4. Figure 4.1.
shows the titration curves for the 5% 10~ =2 M respective cations, and
%ill be compared with those for humus systems illustrated below.

In Figure 4.2. titration curves for K-W systems are presented.
In this case 5::(10"5 M cations were added. The shape of the titratiom
curve for K-W alone is a smooth sigmoid which represents a character
cf a monobasic acid. Usually, as a titration curve for soil humic acids

a polyovasic acid-like curve reported by Gillam 31)

77)

has been refered to.
Loewevery, according to a recent paper of Roy one of the features of
561l humic acids is considered to be monobasic character appearing in
their titration curve. The Roy's finding is fully coincident with that
ottained in the present study.

In K—w——-Ca+2 system, pH decrease and/or humus precipitation was
noct onserved at the time of Ga+2 addition, and the titration curve

1s52% coindfes with that of the humus alone until a slightly alkaline

m

X

4 r=2gion. In strongly alkaline regions the former curve somewhat de-

- P

zt:s Trom the latter, but the deviation cannot be ascribed to any

-

rezsition beitween the humus and Ga +2 when refered to the curve for Ca+2
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in Figure 4.1. Thus it might be concluded that calcium ion does not

form any complex compounds with the humus solution used.

12
Fig., 4.1, T%tration curves 11 P
of 9% 1077 M cations in I;p/
70 ml solution; ionic 10F 7 i
strength, b = 0.1 . 54
/,
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3 h
....... Fe+
7 L o
ol
/
6 = r,
H
sk -
i /
!
4 + /
—/‘
3¢
L 1 - .
0 1.0 2.0 3.0

————=== 01 N~NaOH ml

In K—W-——Al+3 syster, both pH decrease and humus precipitation
always occurred on adding the cation. As the titration proceeded the
system showed fairly strong buffering action in the lower pH region,
but any inflection of the curve'corresponding to the precipitation of
aluminum hydroxide (pH = 5, see Fig. 4.1.) was not found. On further
additon of the alkali the precipitates were markedly resolved above
PH 7 - 8 region being accompanied by alkali consumption. When the
sample solution was treated, inmediately after the titration, with the
iou exchange resin columns as described above, a part of the humus pre-
cipitated in the cation exchange resin column. However, the treatment
did not necessarily result in the formation of precipitates’depending
on an elapsed time after the end of the titration. .

A1l these facts suggest that the precipitation of the humus is
caused not only by flocculafing action of the polyvalent cation, but

also by complex—-formation, although the fo.mer plays a predominant
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Fig., 4.2
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role. The precipitates of the complex ccapounds are subjected to hydro-
lysis when the medium becomes alkaline and turrn into hydroxo-complexes
resulting in resolution of the precipitates. Under strongly alkaline
conditons the aluminium ion in the complex tends to get rid of the
asgsocilation with humus as an aluminate anion.

In K-F—TFe*? system; pH decrease and humus precipitation occured
at the time of Fe+3 &ddition, and the pH decrease was always larger
than tha= found in the Al+3 system. This seems to be due to the greater
stability of the humus-iron complex than that of the A1+3 complex. In
the system strong buffering action was displayed , but an inflection
of the curve due to precipitation of ircn hydroxide (p¥ = 4, see Fig.
4.1.) was never geen. In a slightly alkaline region the precipitates
began to disappear and at the end of the titration no precipitates
was found. Iron can be stabilized in an alkaline solution either as a
complex compouﬁd or as a humus-protected sol. In order to ascertain
by which-mechanism the iron was stabilized, the same titration tech.

nigque was applied to a K-W—iron hydroxide sol system. The curve
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obtained was almost coincident with that of the humus alone and neither
ph decrease nor humus precipitation was observed. Therefore, the re-
solution of the vprecipitates being accompanied by alkeli consumption
ceems to originate from transformation of the humus-iron complex
to & hydroxc-~complex. Another basis for the inference is that, when
the sample sclution of the Fe+5 system was treated, immediately after
the enéd of the titration, with the ion exchange resin columns, the
greatcr pert of the humus precipitated in the cation exchange resin
column, while the iron hydroxide sol system did not produce any pre-

+3

ciritates. however, even in the Fe syster, no precipitation occured
when o long time (two days in this experiment) had elapsed before the
solumm-treatment. This uight be ascribed to dissociation of iron
hydrovida from the couplex, resulting in the formation of a hymus~
protected bydroxide sol.

In Figure 4.3%. titration curves for K-H systems are presented.
Tk< shapc of the curves is analogous to that shown in Figure 4.2.in
svooy chne exelined. However, humic acids in K-H systems were very
1obile dn the solution used and easily flocculated even in the'Ca+2

-

ety on adding 2 %1077 M cation. although pH decrease was not ob-

vved. In the case of Fe+3 and Al+5, the pH decrease occured and the

Yzebure of the curves was similar to thac of the corresponding K-W

Tigure 4.4. shows the titration curves for K-F systems. In all

2

the syutems addition of 5x10° ° M cation 8id not cause precipitation
at &2l. However, with respect to pH decrease and the shape of the
curvesg, the sare trend was recognized as found in both K—ﬁ and K~.H
systems. Accordingly, the fulvic acids used are thought to form some
water soluble complex compounds with Al+3 and Fe+3, but not with Cﬁ+2.

As regards tle titration curves for humus preparations alone (in
Figvres 4.2.- i4.4.), a considerable difference is seen in the amounts
of the 0.1 N.NaOH solution required to neutralize them (to pH 7), which
are 1.82, 1.65 and %.6) ml respectively for K-W, K-H and K-F. This
point will be discussed later.

For humus solutions prepared from Chichibu soil, analogous re-
zults to those of Komono soil were obtained. Therefore, figures for
C-¥, C.d ernd C-F systems are omitted. The author anticipated that the

hunus of a calcareous soil might &iffer in its reactivity to cations
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from that of an allitic Komono scil, but the results obtained in the
present study upset his anticipation. Calcium ions do not form any
compleXx compounds with all the bumus preparations exanined, and on the
contrary Al+3 and Fe+3 ions react with those preparations forming some
complexes, which are stable rather in acidic media. However, as shown
in Table 4.1., the calcium content of the C-H preparation is conside-
rably high in spite of the elaborate procedures used for purification
and this fact suggests that in the processes of humus~formation and
-accumulation in the natural Chichibu soil, an intimate association
between calcium and humic substances might have heen occuring. Further
investigations are needed for explaining these processes.
i) Results of the column experiments

In the first place to clarify specificity involved in the reac-
tion between humus and each polyvalent cation, solubilizing effect of
nydrochloric, acetic and humic (K-H) mcid solutions, which were ad-
justed to the same pH,(pH = %)), were compared.

As shown in Table 4.2. the acetic acid solution eluted more Ca*a
than the HC1 solution did and this was due to the buffering action of

+2

the former. K-H solution eluted nearly as much Cca'" as the acetic acid

4id without precipitating in the column. The effect of K-BE solution is
also ascribed to the buffering action of the humic acids. Fatlanov 28).
studying the elution effect of apocrenic acids prepared from soil fule
vic acids on exchangeable bases in soils. concluded that the buffering
action was most respobsible for the effect.
Table 4.2. Quantities of cations eluted from homoionic cation
éxchange resin columns (IR-120, 10 ml) by hydrochloric,

scetic and humic (K-H) acid solutions, which are ad-
justed to the same pH (pR = 3): Figures are in uM.

Acids Volume pH ca*® Fet? at’
m]. .
Humic (K-H) 50 3.0 77 13 31%
Acetic 50 3.0 79 0.5 27
Hydrochloric 50 %.0 15 tr. 74

¥ A part of the humic acids precipitated in the column, and

the datum was obtained for the leachate fraction.
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As to Fe+3, the hydrochleric znd the acetic acid solutiors hard-
1y had solubilizing effect, but the EK~H solution eluted far greater

+3

amount of Fe compared with the former two. This seems tc be entirely

due to complexing ability oI the aumus.

Aluminum ions were elutcd more readily by the &cetic than by the
HC1l solution. In the case of the K-H solution, although a part of the
‘humic acids precipitated in the column, the leachate fraction contained

Sl than the lzachate of the acetic acid solution

a larger amount of Al
did. Therefor=2, here seem to operate both the buffering and the comp-
lexing_actions of the humic acids.

As deduced from the data in Table 4.2: the bonding force between
F‘e+:j and the resin is considerably stronger than that existing beltween
Al+3 and the resin. Hence, it is infered that a part of the humic
acids, which. has relatively small complexing ability and, therefore,
is more susceptitle to precipitation as weitlcones below, cbuld react
and precipitate with Al+3 in the column.

TPable 4.3. shows quantities and lighi-~absorption properties of
" precipitates which are formed as a result of reactions between K-H,
C_E and K-F and Al*7~column. Naturally, the quantity of precipitates
is governed by the coﬁcentration cf the reactants and, moreover, by
the number of repetition of reprecipitation in the course of prepa-
ration of the sample humic acids. The data shown in Table 4.3., there-
fore, must be considered to be merely comparztive indexes 0f relative
ease for precipitation of the samples and indexas cf reletive light-
absorbing ability of the fractions both precipitated and leached out.
In this experiment & concentration of 29 mg ¢/80 ml was conveniently
used. As shown in the table, quantities of precipitates are nearly
equal in K-H and C-H systems but far less in K-F systenm. E4 acd E6'
extinction coefficients measured at respectively 400 and 600 mp, and
E4/E6 values calculated, indexes of the degree of humification, saow
that the precipitated fraction always has a higher optical density and
a more complicated structure than the leachate fraction has.

The comparative data of catlion solubilizing abilities of the K-H,
C~-H and K-F solutions are given in Table 4.4. Preliminary experiments
carried out using A1+3—column, showed that the AL/C ratio of the
leachate fraction is roughly constant regardless of the concentration

of the original sample solutions. Therefore, cation/carbon ratio is
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emplojC here to express the results.

Table #4.3%. Quantitiecs and light-absorption properties of humus
prcipitates in Al"*-coluzn and leachates; the con-
centration of the sample solutions used is 29 mg C

in 80 mi.
Preparations Fractions Carbon E, ¥ Eé* EQ/E6
ng

K-H Precipitate 13.0 0.85 0.23 .7
Leachate 15.8 0.84 Je2l 4,0

C-H Pre Cipitate l"'{'n 4 O. 59 O. 14' 4- 1
Leachate 4.7 0.50 C.l1 4.9

K-F PreCipitate ‘LI'.} 0.4’? O-O? 6.7
Leachate 24.2 0.25 0.02 12.5

E4 and E6 values are extinction coefficients measured at 400
and 600 my in 0.025 mg C/ml soluticns.

The data indicate that the solubilizing ability of E-H and C-H is
nearly equal (as seen in the case of Al+3), but fulviec acids (K-F)
have considerably higher ability to elute any catior examined than the

humic acids have.

Table 4.4+ Cation eluting ability of humus preparations from

homoionic cation exchange resin columns (IR-120, 10 ml)

Preparations Ca/C x10° Fe/C x10° A/C x10°
K-H 152 34 52
C-H - - 4 55
K-F 267 77 119

i) Discussions

The method of preparation of an aqueous humus solution through
the treatment with the ion exchange resin columns is of much interest
in considering precipitability of the so-called humic acids. Okuda
and Hori 74)‘previously criticized the Simon's method for fractiona-
ting "true humic acids" from Yrotted prcducts" and ascertained that
polyvalent cations associated, such as iron and aluminum, greatly
affect the precipitability of humic acids.

Larina and Kasatochkin 00’ studied the coagulation of coal humic
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aclds caused by electzolytes in 2n zlkaline mediux uging an ¥-ray ana.
They, Dresuroo

lysis and an infra.rsd zpecliroiuphetometly.

i

-

structure given in Crapter 2. considered that, stable emistence of the
humic acids in an alltaline sorution is due to the preseance of sncugh
active hydrophilic groups iu ibe peripaersal chains, and interaction of
the humic acids with polyvalent cations such as Ba+2 and Ca+2 decreases
the stability as & vesult of complex—iormation shown schematically

below and brings on precipitation of the huric acids.

. 2 P PR -+
R(GOO):1 + Ca¥t — R{CCO}] . C00Ca
L ~ -+ T e 1o oSt ’qn. o a ~ C A -
R(C00)7 , C00Ca + R{COCIT R(C00) | C00CaCo0( 00)” R

They also found thet the zumic acicés obtained from a highly car-
bonized coal are more susceptiblé}to precipitation owing to develop-
ment of the hydrophobic aromatio.hucleus and consequently decreass
in the hydrovnhilic groups.

A similar inference might b
Ve Wiei 172 on Fe'D is added to the humic acid
ti

[

possible frcem the resulis obtained

in the present stu

é
solution, the resulting precipitation is chiefly ascribed to the floc-
®

culation of the humus particles unde

the influence of the electro-

K

lytes added. However, thz pd decreas

[O]

on adding the cation, the pro-

gress of the titraticn curve and/cr the result of the treatment with

v}

r
the lon exchange resins suggests that, at lezst, a part of the preci-
pitation is due to tihe cvomplex—formaticn. It is generally known that
many water soluble chelating matsrials precipitate at the time of
chelation, being masked their hydrophillec groups, and the phenomenon
is taken as an evidence of the very chelation by Martell zand Calvin662

The humus, having many functional grcups in iis molecule, is
thought to be a sort of polydentate chelating agents and is possible
toe form inner-molecular complexes (that is to say chelates), though
Larina and Kasatochkin supposed a complex participating two humic acid
molecules after the manner of the above-mentioned formulas

Both the iron. and aluminvc.humus chelates are steble in acidic
nmedia, but become gradually unstable in neutral to alkaline ok region
and transform into hydroxo.chelates as a result of a partial hydro-
lysis, when a paft of the hydrophilic groups is released and thus the
humic complexes become to be able to exist in the solution. With the

increasing alkalinity of mediaz, the hydrolysis proceeds and finally

- 36



iron end aluminum are freed from the complex respectively as a hy-
droxide sol ancd an aluminate anion.

Tr fulvic acids— 8177 or _Fe'” system, althought the pE decrease

and the feature of the titration curve indicate occurence of chelation,
relatively small importance of the hydrophobic aromatic nucleus in the
wolecule; that is, the predominance of the hydrenhilic peripheral
chains makes it possible to form water soluble chelates, and precipita-
tion of the fulvic complexes formed does not occure. However, a higher
cationic concentration in the medium than that used in the titration
experiments may have a possibility to cause precipitation of a vart of
the fulvic acids which has a relatively developed aromatic nucleus

(the experiment quoted in Table 4.3%. may be available as an example).

Above~mentioned relations between the structure and the preci-
pitability of a humus molecule are well reflected on the data given
in Table 4.%., which indicate that the precipitated fraction has a
higher optical density and a more complicated structure thar the lea
chates; the water soluble chelate fraction, has.

Thus, the humic acids, being conpared on a basis of carbon cone
tent, have less hydrophilic groups, that is, smaller chelating capa~
¢ity and are more susceptible to precipitation than the fulvic acids,
in which both relative importance of the hydrophilic groups and the
chelating capacity are high. The explanation given here is fully coin-
cident with the data given in Table %

It is widely recognized that in the processes of podzol formation
the role pvlayed by fuivic acids is of much importance o1, 76). This
implies that, the high percentage occupied by fulvic acids in the hu-
lsus compositicn of podzolic soils, on the one hand, and the high ef.
ficienecy which fulvic acids display in migration of soil materials, on
the other, are both significant in the podzolization. Table 4.4. can be
considered to be an evidence of the high efficiency of fulvic acids.

Finally. association of humus with calcium is to be discussed. In
gereral, calcium has somewhat lower ability to form stable chelates
than divelent metal ions of the first transition series have: For
exariple, Broadbent 23] showed that Cu+2 has much higher complexing
ability then Ca+a n2s. Larina and Kasatochkin 63), as mentioned above,
suggested that some types of complex compounds were formed between
humus ang Ba*? and/or Ca+2, but in the present study the author did
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not obtein any reliable evidence to prove the complex—formation.
However, there exist ssveral solls in nature, in which humus
seems to be accumulated under circumstances of abundant presence of
calcium ions (e.g,, chernozem and rendzina}. Therefore, it remains as
one of the important problems to clarify the bonding mechanism between

the humus and the calcium in tiiose so0ils.,

4.5, Summary

It is an important subject to explain in what mechanism the poly=-
valent cations such as Ca+2, 11*2 and Fe*? associate with the soil
humus, because the nature of the association closely relates to the
humus accumulation in the soil and alsc to the role played by the hu~
rmus in the soil forming processes. Nevertheless, there are relatively;
few informations directly dealing with the problem, and this is the
reason for that the present study was undertiaken.

The author carried out several experiments using a potentiometie
titration technique and jon exchange rssin columns. The results obw
tained are concisely outlined as follows:

1) Beth humic and fulvic acids form complex compounds (probably che-
late compounds) with A1*2 and/or Fe*?, but not with Ca*Z.

2) The humic acid fraction tends to precipitate at the time of chela-’
tion and the more susceptible to rrecipitation the humus is, the more
complicated 'is its structure.

3) The humic acid chelates fhus precipitatsd are partly hydrolyzed in
a slightly alkaline medium transforming into water socluble hydroxo-
chelates and in a strongly alkaline medium are completely hydrolyzed
resulting in isolation of the cations.

4) The fulviec acid fraction has a higher chelating capacity than has
the humic acid and the fulvic acid chelates are usually water soluble.
5) Bence, in the ability to elute the cations from the homoionic
cation exchange resin columns a marked difference is recognized bet.
ween the humic and the fulvie scids, that is, the ability is remarka-
bly higher in the latter than in the former. This fact might suggest
that the role played by fulvic acids in soil forming processes, parti.

cularly in podzolization, is very much larger than that of humic acids.

Moreeover, The author disnussed differences in behavior of humic

and fulvic acids relying on a schematic model of thelr structure.

- 38 -



Chapter

THE WEUTRALIZATION CAPACITY OF SEVERAL SOIL HUMUS PREPARATIONS
— 4 DISCUSSION ON THE MOLECULAR STRUCTURE OF THE S80IL HUMUS ——

Z.%. Introductory ;
in the preceding chapter the author has discussed the reactions
netween the humus and polyvalent cations, especially ferric iron and
aluminum, relying on the structural model of humic acids proposed by
Tucsicn investigators. As reviewed in Chapter 2, numerous results so

56 = 59)

far obtained by Kumada on Japanese soils coincide in many
respects with, or do not differ markedly from, those of the Russian
workers. However, in the process of the discussion the author has no-
ticed an inconsistency between the supposed structural model and the
dota of cation exchange capacity obtained by Kumada, who recognized

sradual increass of the capacity along with the progress of humi-

58) 51)

18]

cTicn. On the other hand; Kumada and Kononova reported
sibility of the humic acids to electrolytes becomes greater as
buaidicavion procceds. The sensibility is governed by the relative im-
rortance of the hydrophobic nucleus and hydrophiiic peripheral chains
i the molecule. The explanation is identical to that used in the dis-
cugsions [t Chapter 4o ’

Then the folloﬁing relations seem to exist; the progress of humi-
fiation-——s=1increase in the sensibility to electrolytes——=-depreci-
zticn of relative importance of the hydrophilic groups. The principal
myiraphilic groups of the humic substances are carboxyl and phenolic
hydroxyi groups, which, at the same time, are thought to be responsi-
52e for the cation exchange properties exhibited by the humus.

4tzccording to the above consideration, the increase in the cation
ezchange caracity must be incompatible with the decrease of the hydro-
philic groups, despite that both the phenomena seem to follow the pro-
grags of humification.

50)

Yoreover, as mentioned in Chapter 2, according to Kononova
49)

and Xobo and Tatsukawa the so-called fulvic acids are analogous

in their structure to the less humified humic¢ acids. If humic and

Bad

7Tuivic acids are arranged in one and the same seriess the fulvic acids

must have a structure in which the hydrophilic groups predominate.
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Phis is in accordance with thes experimental result which indicates
that the amounts of alkali required to neutralize the humus prepara~
tions to pH 7 are maximum for the fulvic and minimum for the humic
acids (see, Chapter 4). |
Hence, the author intended to clarify the apparent discrepancy
between the cation exchange pfoperty and the supposed structure, and

carried out the following experiment.

5.2, Materials

As the source of humic acid preparations the author used the soils
listed in Table S.1. As seen in the table those soils can be grouped
into three, that is, the humus volcanic ash soil, the dry paddy soil,
and the wet paddy soil, which are considered to be different from each
other in their humification degree. (see, Chapter 2).

As samples of fulvic acids K~F and C-F prepared in the preceding
experiment were used. They were obtained respectively from Komono and

Chichibu soil.

5.3. Methods

Methods of preparation of humic acid samples are same as those
adopted in the preceding experiment. Humic acids were extracted by a
sodium pyrophosphate solution, precipitated by acidification with a
sulfuric acid solution, reprecipitated at least three times, then
ultra-filtered and finally treated with ion exchange resin columns.

In order to evaluate the cation exchange capacity of those pre-
parations, the author adopted the neutralization canacity.after
Giilam 3l). The amount of a 0.1 N-NaOH solution needed for neutra-
lizing them to pH 7 was determined in the same titration technique as
that used in the preceding experiment (see Chapter 4), and then the
neutralization capacity was calculated on an assumption that the mean
carbon contentes of the humic acids are 59, 57 and 55 per cent respec-
‘tively for the humus volcanic ash soil, the dry paddy and the wet
paddr soil. For fulvic acid preparations, K-.F and C.F, the author as-

sumed that their carbon content is 48 per cent.

S.4. Results and discussions

The results of the experiment are tabulated in Table 5.1. together
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Table 5.1. Humification degree (expressed by E4/E6)’ alkaii

titration value to pH 7 for 15 mg humic and fulvie
carbon , and neutralization capacity of various
humus preparations

Source of C.1 N-NaOH Neutralization**
: Eq/Es * titration capacity
the humus preparations value, ml me/foo g hunus
HUMIC ACIDS
Bumus volcanic ash soils
B -1 Shizuoka, Fuji 3.5 1.65 649
B -4 Kyoto, Komono (K-H) 3.8 1.65 649
B ..5 Kochi, Shimizu 4.0 1.49 586
B -3 Shimane, Sanbe 4.1 1.18 464
Dry paddy soils
2027 Kyoto, Sakyo 5.1 0.95 361
538 ", Fushini 5.7 0.96 365
£5 ", Higashiyama 5.8 0.89 338
T -1 ", Sakyo 5.8 1.22 463
2220 LU u 6.3 l.24 47
Wet paddy soilé
2776 Kyoto, Kamigyo 6.4 0.82 300
95 ", Higashiyama 6.4 1.13 414
2252 ", Sakyo 6.5 0.69 253
851 ", Fushimi 6.6 1.00 367
686 wo, n 7.3 1.00 367
FULVIC ACIDS
K-F (Kemone soil, Kyoto) 12.0 3. 60 1150
C~F (Chichibu soil, Saitama) - .60 1150

*  See the foot note of Table &4.3., in Chapter 4.

¥*  Calculated on an assumption that the mean carbon contents of

the humic (obtained from the humus volcanic ash soil, the dry
paddy and the wet paddy soil) and fulvic acids are 59, 57, 55
and 48 per cent,respectively.

with the humification degree of the samples.
As shown in Table 5.1., the humification degree represented by
E4/E6 value is in the following order;

fulvie humic acids of humic acids of humic acids of humusg
acids <:wet paddy soils dry paddy soils volcanic ash soils

and the order of the neutralization capacity is different from the

above, as follows;
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humic acids of humic acids of . humic acids of humus _ fulvic
wet paddy so0ils < dry paddy soils volcanic ash soils ~ acids

i part of the result agrees with that of Kumada (i.e., as to the
humic acids, gradual increase of the exchange capacity along with the
Lumification degree was ascertained), and another part with that of
Kononova ané Aleksandrova 52), who reported values of 324 m.e. and
651 n.e. for cation exchange capacities of humic and fulvic acids,
.respectively, cbtained from a strongly podzolized soil. However, as a
whole the zbove mentioned inconsistency was clearly indicated in the
data.

Here the author has to examine the idea of the Russian school on
the structure of the humic substances.

Kasatochkin and Zilberbrand 43 applied X-ray diffraction and
infra-red spectrophotometry to soil humic acids and found that soil
humic acids have certain diffraction lines, broad as they are, in
about 3.45 A and 2.4 & region, which correspond respectively to (002)
and (100) reflections of graphite. The presence of these lines, that
is, the presence of plane hexagonal network of carbon atoms is avai-
lable as an immediate experimental inaication of a carbonized material.
Thus =zoil humic acids are alsoc shown to be one of the natural carbon.
ized materizals. They have another characteristic broad line in 4,6-4.8
A region,which is usually called Y.band and is thought to be due to
periphsral aliphatic groups. ‘

Thus, according to the X-ray diffraction, in humic substances a
condensed aromatic nucleus and peripheral aliphatic groups are thought
to be present.

TR-spectra of humic substances are useful as another evidence for
the presence of both the aromatic nucleusA%?d the aliphatic groups.

d

According to Kasatochkin and Ziliberbran the main absorption bands

are as follows:

3.0 1 0H hydrogen bonded

3:.25 1 C-H aronmatic

3,38, 3.42, 3.50 p C-H aliphatic

5eBwe5.9 U C-0 in carboxyl

6.2 u - C~C aromatic

5.6 1 ' C~C aromatic

749-10.0 b C-0 oxygen-containing aromatic
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Fhne 6.6 1 band is thought to be due to various substituted aroma-

tic rings with aliphatic substitution groups and is clearly seen in
1ess humified humic substances, which have a clear Y-band in their X~
ray éiifraction pattern.

+n accordance with all these results Kasatochkin thought that the

model of the structure devised for the carbonized materials (see Fig.
2.1. in Chapter 2, is available also for soil humic substances.

The above-mentiorned results and the model proposed by_Kasatochkin
nave been supported by Kononova et al. 50)3 who studied humic sub-
stances of various soils by means of X-ray diffraction and IR-spectro-
photometry and obtained.the comparable results.

Kumada 58, 59) and Kobo and Tatsukawa 49) also conducted many
experiments including the use of X-ray and IR-spectrophotometry in
their studies, respectively, on soil humic and fulvic acids of various
soils in Japan. and reached a similar view.

Tn addition to these recent investigations many investigators
have been engaged in the rentogenographic studies of soil humic acids
since 19%8, when Sedletzki and L.Meyer applied the X-ray diffraction
to humus for the first time. Some of the investigators identified
the graphite~like structure in humic acids and some others could not.
Horiever, most of the present humus research workers recognize that
humic subsiances have, at least partly, the graphite-like structure
and thig structure becomes more and more dominant as humification pro-
ceeds.

With respect to constitution of humic acids Thiele o) thought
that the most fundamental part consists of nucleus, bridging and re-
active groups. 1s0- and/or hetero-cyclic 5 and/or 6 membered ring can
be a nucleus and atoms like —~O- and -N= and/or atom groups like -NH-
and .07~ are available as a bridging. Acidic groups like phenolic
hydroxyi and carboxyl as well as carbonyl. methoxyl and amino groups
are cournted as reactive groups. According to Thiele the entire mole-
cule of humic acids consists of many such fundamental parts.

Swaby 9;’ 92) agrées‘with other investigators in that humic sub-
stances are formed by condensation of polypnenols with nitrogenous
compounds. Bowever he thinks that amino acids are only probable nitro-
genous compound and these aminoc acids get in*o cross linking with

polyphenols through their amino group resulting in formation of three
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dimensional resinous polymers humic ac¢ids. High cross linking of

+ha numerous phenols, quinones and amino acids gives a heterogeneous
mo_eculs without a definite repeating unit and thus makes enzymic break-
dcwn of the product unlikely.

However, Swaby's concept does not contain any idea on the long-

term pProcess humification process and, moreover, perfectly random
structure supposed by him might not be coincident with the result of
Y-ray diffraction mentioned above. These points seem to be defective

in Swaby's cchncept.

The author has to lock iﬁto the problem of cation exchange capa-
city of humic substances. As mentioned above, Kasatochkin's model is
not concordant with the fact that cation exchange capacity of humic
acids increases with progress of humification.

Scheffer et als g, 81) found in their experiments of hydroguinone
humic acids that artificial humic acids obtained under the conditions
which disturb the progress of humification, for example, restriction
~f oxidation, show a stronger acidic nature than those humified far-

ther. Scheffer et al. 84)

described in their recent monograph of humus
that the same tendency is adaptable even to soil humic substances, and -
hat fulvic and brown humic acids are more acidic than those more
polymerized, e.g., gray humic acids.

However, as far as the author's experiment is concerned, the view

59)

is contrary to the fact. According to Kumada 3.8-%.9 p absorption
band in IR-spectra appears more clearly in the more humified humic
zcids and the band is thought to be due to O-H stretching of carboxyl
group. This fact strongly supports the author's result.

Kononova o4) and Kasatochkin recognized the author's opinicn that
there exists inconsistency between the model proposed by them and the
increasing tendency of cation exchange capacity along with the progress
of humification. |

Here the author censiders on the requisite of a model of humic
substances. They show growing hydrophobic property and, at the same
time, increasing cation exchange capacity as humification proceeds.

Jew do these two facts coincide with each other ?

The author speculates as follows: The colloidal behavior of humic

substances in a solution would be regulated by reciprocal relation bet-

ween the number of peripheral hydrophilic groups and the dimension of
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the molecule, while cation exchange capacity would be determined by
the number of dissociable acidic groups in the entire molecule.

As humification proceeds, the number of peripheral hydrophilic
groﬁps decreases and the hydrophobic nature of the molecule as & whole
is sirengthened owing to development of the aromatic nucleus. At the
same time the decrease in the peripheral groups would be compensated
by the increase in inner-molecular acidic groups, which excert little
influence on the colloidal behavior of the molecule, and, thus cation
exchénge capacity would not decrease or rather would increase farther.

The author 1s not sure whether such a speculation would be proba-
ble or not, but he believes that it would be of some use as a working
hypothesis for the future investigations.

5.5. Summary

The problem of the structure of humic substances was treated in
connection with their exchange property. In the first place an incon-
sistency between the structural model proposed by the Russian school
and the cation exchange property was clearly indicated by measuring
neutralization capacity of many humic apd fulvic acid preparations.

Then various concepts of the humus structure proposed by the Rus-
sian school, Thiele and Swaby were concisely reviewed and the relation

between cation exchange capacity and the structure was discussed.



Chapter 6

THE INITIAL STAGE OF ALTERATION OF POLYPHENOLS
ADSORBED ON A VOLCANIC ASH MATERTAL

£.1. Ihtroductory

One of the most urgent problems for the Japanese s0il scientists
is to clarify the genesis of soils developed on volcanic ashee of
various origin. These soils cover a considerably wide area of the
land surface all over the country, and characterized for the most part
by a strongly acidic reaction and the abundant accumulation of humus

42)

in the surface horizon. According tc Kanno s the dominant clay mi-

reral consists of allophane, with varying amounts of gibbsite, hydrous

o:xides of iron, and hydrated halloysite.

Tze%r taxonomic position is not necessarily definite yet. Kamo-
1

shita regards them as a group of the zonal soils and that of brown

42)

forest soils,; while Kanno believes that they belong to a specific
group of the intrazonal soils. American soil scientists designated
them as "Ando soils" and this is originally a Japanese name for blacke
ish colored soils. According to Hendricks (see, Aomine and Yoshinagal))
§0ils of this or related types are known to occur widely throughout

the Pacific ring of volcanism and in volcanic regions of the East In~
Gies and Africa.

Thus, it is an urgent business to decide an appropriate position
of the soils in the general soil classification, and a key to elucida-
tion of the problem, the author believes, is to study the humus-
forming and -accumulating processes in the soils.

The humus of these soils has been studied by many investigators.

A great many works have been ac:umulated up to the present and these
were once reviewed by the author 62)

As described in Chapter 2, Kumada 76 = 59) thought that the humic

in another place.

acids of the humus volcenic ash soils are characterized by their high
degree of humification and are.similar in their general characteristics
to those of soils rich in exchangeable calcium such as "Jagaru" in
Crinawa. They have a high carbon content, a high cation exchange capa-~
“1ty, =2 high optical density, a high resistance to oxidative decompo-

gition and a high sensibility to electrolytes in a solution. Al)
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these properties are thought to be characteristic to bigh humification
degree, and hence Kumada drawed the above-mentioned conclusion.

35 = 37) tudied the humic acids of the humus volcanic

Hayashi
ash soils applying Springer's methed 89>. He obtained & humic acid pre-
paration by the same procedure as that usually used for isolation of
gray humic acids', which are dominant in the humus of chernozem. This
preparation and the gray humic acids are different from each other in
the following points; i. color tone, the former is more blackish than
the latter, ii. cations associated, in the former iron and aluminum
predominate, while in the latter calcium does, iii. nitrogen content,
the former usually has a very low nitrogen as compared to_a high
carbon content and hence has a very high ¢/N ratio, #v. acetyl-bromide
scluble components, the former shows a relatively high content com-
paring with the latter. Taking these differences into consideration,
Hayashi designated this preparation as '""black humic acids’ and
contrasted this with "gray humic acids'.

The black humic acids have somewhat peculiar nature, that is,
they are thought to be in a fairly advanced stage of humification, az
suggested by Kumada, according to their optical properties, and at the
same time they can be considered to be unmatured humic materials ac-
cording to their high content of the acetyl-bromide scluble components.
Hayashi considered that this inconsistent nature of the black humic
acids is originated from specific conditions of the volcanic ash soils
in which they were formed, for example, a highly acidic reaction ang
an abnormal microbial environsient.

The author, too, congiders that environments in which the hurwus
of the volcanic ash soils is formed, are far from those effective for
formation of highly humified materials like gray humic acids of cher-
nozerls There must be something specific in the humus~forming and -ac-
cuniulating processes in the humus volcanic ash scils and it would be
reflected on the humus composition of them as suggested in Chapter 3.

In this chapter the author intends to find out some specificities
involved in the process of adsorption and the initiael stage of alter-
ation of polyphenols on a volcanic ash material, "Akaonji'', in compa-
rison with some other materials. The author used polyphenols as a sube
strate in this experiment for the reason that they are now widely re-

cognized to be one of the most essential constitutional element of the



humus, as described in Chapter 2. The experiment given below can be
considered to be a model of the processes existing in the natural hu-

mus volcanic ash soils-

€.2. Materials

A crude chestnut tannin preparation for the use of hide-tanning
was taken as a source of polyphenols. The chestnut tannin is obtained
from bark and wood of castanea sativa or dentata and it belongs to the
' so.called hydrolyzable tannin, most of the members of which (Ellagi-
tannins) are generally thought to be derivatives o. pyrogallol, or
more =ccurately, glycosides of gallic acid 72).

The crude preparation usually contains so-called non-tannin frac-
tion and it is known that the greater part of the non-tannin consists
of carbohydrates, that is, sugars and uronides. A rough estimate of
the preparation indicates that about 70 % of the weight represents tan-
nin and 30 % non—tannin.73).

The solid materials used here are as followst

Akaonji (A)

A glassy volcanic ash material, obtained from an under-
layer of a farm at Yoshiwara, Kochi Pref. X-ray and thermal analyses
of the clay fraction of the material indicate that allophane is the
only dominant component of it. A few analytical data of this material
are given in Table 6.1.
Karigamo (K)—— A residual weathered material of Paleozoic sandstone,
obtained from a substratum of a thin pine wood area at Kamigamo Experi-
mantal Plantation of Kyoto University, Kyoto. The dominant clay mine-
ral of the material is halloysite, which is somewhat accompanied by
14 A minerals. A few analytical data of the material are given in
Table 6.1.
Tufaceous sand (S§)-—Pulverized Tertiary tufaceous sand, preoduced at
Akogi, Mie Pref., sold at a market as a polishing sand for the labora-
tory use. It contains much glassy materials and quarz and is somewhat
stained with iron oxides. The sand was cleansed by a 6 N-HC1l solution
and then repeatedly washed with deionized water so as to become free
from C1~ ions. A few analytical data of the material are given in
Table 6.1.

£11 those materials were passed through a 90 mesh sieve and the

finer fraction was used in the experiment.
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6. 3. Methods
i} Method of incubation
The author prepared a polyphenol-containing substrate similar tc

Czapel's in its salt composition, which is éiven below:

Chestnut tannin (crude) 30 g
Sucrose 10 g
NaNC3 3.0 g
KQHPO4 1.0 g
I\{,c_z;SOi\L 0.5 g
KCl 2:5 8
Deionized water 1 liter

As the mixture yielded a little precipitate it was filtered and
the filtrate was used as a substrate. The pH value of the substrate
was about 4.0.

Fach 250 ml portion of the substrate was taken into a 500 ml
Erlenneyer flask and 50 g of each of the soild materials was added to
the flask, which was then sterilized in an autoclave with 1 kg/cm2
pressure for 30 min.

In June 29th, 1960, 1 ml of a dilute suspension of a hwinus vol-
canic ash soil (Komono, Kyoto Pref., socil No. B -4) was inoculated to
each sterilized flask and thereafter it was left standing in a room
temperature (25°C - 35°C) with occasional shaking. After 2, 4, &, 14
and 22 weeks from the begirning of the incubation, every set of flasks
containing any one of the above~mentioned three solid materials was
taizen out and submitted to analyses. For the final period from 14th
to 22nd week the flasks were kept in an incubator (30°C).

Growth of moulds was observed with the naked eyes in (8) systeu

Table 6.1. A few snalytical data of the materials used
Fe,0, % AL,0, %
Moterials Carbon Mg~redu- N/5-HC1 Mg-~redu- N/ 5-HC1
leterials % cible * soluble cible * soluble
Akaonji (A) 1.04 0.65 0.46 12.5 7.45
Sand (s) 0.03 0.04 0.01 0.08 0.01
#*
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after 1 week from the begining and in (K) after about 10 days. The
mycelia were green and white in color. In (A) system the sclid mate-
rial obtained remarkably black color in a week owing to adsorption of
the organic material, but growth of moulds was observed only after 3
weeks. The mycelia were white in color.

As the controcl the author set two flasks having no solid, and the
one was inoculated (Ti) and the other not (T). These were kept for 22
weeks until the end of the whole incubation term.

In the following description length of the inrcubation term will
be expresses by numerals ranging from 0 tu 5. Zero means the very
begining of the incubation, and figures 1,2,...5 correspond to the in-
cubation term of 2, 4, 8, 14 and 22 weeks respectively. These numerals
will be used in combination w_th symbols, A, K, S, T, and Ti, given
above; for example, A3, TS, etc.

i) Method of analyses

After the end of each incubation term, the content of each flask
was divided intc two parts, that is, the supernatant solution and the
solid residue, by centrifugation at 7500 rpm for 30 min. The super-
natant was filtered through Toyo No. 6 filter paper and pH value of
the filtrate was measured with Mitamura's glass-electrode pH meter.

The solid residue was once washed with about 200 ml portion of
deionized water and after being filtered the washing solution was put
together with the supernatant and finally made up to 500 ml (Solution
I).

The solid residue remaining after the washing was put in a Petri
dish and air~dried as rapidly as possible applying a mild heating
(below 50°C). _

A portion of the Solution I was taken for determining carbon cone
centration of the solution. The procedure used was same as that de-
scribed in Chapter 3.

Another small portion was treated through ion exchange resin
columns (I.E.R.) in the same way as in Chapter 4. After the treatment
the effluent solution was made up to a certain volume (Solution I) and
carbon concentration of this solution was determined.

Another greater portion was taken for obtaining an acid-precipi-
table waterial. A 350 ~ 400 ml portion of the Solution I was taken in
a 507 ml beaker and acidified by a N..HESO4 solution until pH value of
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t{he system became below 1. The resulting prec;pitate was separated
svoouph filtration and washed with a small volume of a J.1 N-HESO_
4~1uiion. Then the precipitate was redissolved in a warm 0,1 N.NaOH
salution and again precipitated, filtered and washed as before. Final-

i it was again dissolved in a warm O.l N-NaOH sclution and treated
thvough I.E.R. The effluent was made up to & certain velume (Solution
L) and the carbon concentration was determined.

7ith respect to the Solutions I and IO, UV_absorption'spectra
were measured ranging from 250 mp to 400 mp every 5 mu interval with
Shimadzu QB 90 photoelectric spectrophotometer.

In relation to the Solution II, the neutralization capacity to
pH 7 was measured with the titration technique mentioned in Chapter 5.

The rest of the Solution TI, was brought to driness under aeration
at a temperature below 50°C. The solid preparation thus obtained was
submitted to infra-red spectrophotometry. .

The IR~spectra were measured with Shimadzu Ar-275 I 8 infra-red
spectrophotometer using NaCl prism, and in KBr pellet.

With respect to the solid residue, after sieving through a 50
mesh sieve the author determined the carbon content of the solid by
Tyurin's method with a slight modification.

The adsorbed phase of the organic matter on the solid was ex-
tracted by 0.)1 M and 0.15 M~ Na pyrophosphate solutions successively;
with the solidisolution ratio of 13110, in a 30°C incubator for about
40 hours in hoth the extraction.

After separation from the solid through filtration both the ex-
trzcts were brought together and a precipitate was obtained by acidi-
fication with 1:4 HZSO4 solution. The precipitate was purified and
finally underwent the I.E.R. treatment as before. The effluent was
centrifuged at 7500 rpm for 25 min. to avoid contamination of clay and
the supernatant was made up to a certain volume (Solution ¥) . The
carbon concentration was determined as usual.

In connection with the Solution I, the UV-absorption spectra and
the neutralization capaciiy were determined. Moreover, the air.dried
sample of the Solution ¥ was submitted to IR-spectrophotometry.

6«4+ Results and discussions.
i) Distribution of organic carbon
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Distribution of organic carbon among the whole suparnatant, the

acid—precipitable fraction of the supernatant, and the adsorbed phase
on the solid, was calculated and tabilated in Table 6.2. A1l the

figures for the adsorbed carbon are responsible only for the carbon

newly adsorbed on the materials, becausa a correction was made so as

to make the organic carbon ceontent of the original materials equal to

Zero.
1y high
taining
exciude

taining

The most remarkable fact drawn from the tavle is the exceptional-
figure for the adsorbed carbon quantity in the gystem con.
(4). Of course the figure for adasorbed carbon can not strictly
contamination of microbial residues, but the systems con-

(K) and (S) is considered to be more contaminated by then

{owing to vigorous growth of microbes) sand yet they have far less

organic ozrbon than (A) has.

Table 6.2. Carbon distribution
(in mg C)
1 (2 weeks) 2 (4 weeks) 3 (8 weeks)
Systews | yiguid  Solid Liquid  Solid Liquid Ppt. Solia
(1) 1380 2000 1220 2145 1130 6 2235
() 3600 136 3250 107 2570 224 182
{3) 3860 67 3650 89 2870 191 209
4 (14 weeks) 5 (22 weeks)
Systems | 1. 0044  Ppt. Solid | Liquid Ppt. Solid
Ppt. =
(A 350 0 2485 120 0 2405 precipi-
- - - table
SK) 22390 395 311 2270 735 311 fraction
(8) 2570 355 270 2550 493 252
(Ti) - - - 2620 165 -

Another result deduced from the table is increment of the acid-

precipitable fraction in (K) and (S) with lapse of the incubation

term. This latter fact is ascribed to chenical and/or nicrobiological

oxidative poiymerization of polyphenols. However, in (A), rapid ad-

sorption of the polymerized producfs on the solid seems to prevent

keeping them in the supernatant and yield no precipitates.



#i) Ultra-violet absorption spectrum

Ultra-violet absorption spectra of the desalted supernatant
(Soluticn I)) were illustrated in Figures 6.1. — 6.4, The measurement
was rade in a 2.05 mg ¢c/ml solution.

t5 seen in Fig. 6.1. the original tannin (TO) shows & clear
minimum end a maximum light absorption in 260 mp and 280 mp région,
respectively, and the maximum absorption peak is considered to be
characteristic to most of the tannin solutions. ’

With respect to Solution IT, light absorption in the entire UV~
range examined gradually increase and at the same time the above-
mentioned pesk becomes less and less marked with lapse of the incu-
bation term. These phenomena can be seen even in the case of the con-
trol (75) which is neither added the solid materials nor inoculated,
and hence the author infers that these are at least partly due to
oxidative polymerization of polyphenols caused by atmospheric oxygen.

However, it is also obvious that the presence of the solid mate-
of the

either chemicel or microbial

rigzls and all the changes
system caused by the addition of the solids exert '~ a great influence
or the UV.spectra. This is judged by the following two facts; with
respect to the sclutions at a same incubation term, i) light absorp-
tior coefficient at 400 mp is always arranged in the order of (A):>
(Z)>(8), and i) conspicuousness of the maximum absorption peak in
280 np region decreases just in the reverse order , (8) > (XY > (4),
and particularly in AS the peak is minimized as far z2s it looks like
a terrece.

Relative to the precipitable fraction (Solution II), the measure-

meut o UV.gpectra was carried out in a 0.0l ng C/ml solution and the

m
52

SOrpuinn curves were given in Fig. 6.5. The characteristic absorp-
ticn tand in 280 mi region is not so sharp as in the Solution II and
there is no clear difference between (K) and (8) systems and also
among the samples of various incubation terms. However, the precipi-
table fraction of A3, which is the sole sample as such for (A) system,
shows merely a sligh%t shoulder at about 230 mp and the shape of its
abscrpticn curve differs clearly from those of the other (K) and (8)
sampies.

With respect to the adsorbed phase on the solid (Solution I),
besides 211 the A samples only K5 and S5 were examined because the
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Fig. 6.5. Ultra.viclet abserption spectra of the
precipitable fraction; 0.01 mg ¢/ml
solution, light path 10 mm.

amount of the adsorbed phase of (K) and (S) systems was very little
especiaily in the earlier samples. The measuremen: of UCV.spectra was
carried cut in a C.01 mg ¢/ m solution and the absorption curves
were illusirated in Fig. 6.6.

UV-spectra of the adsorbed phase of (X} and (&) have a clear
terrace-~like shoulder in 230 mp region even after 22 weeks of incubaw
- tion , while those of (A4) show only a slight shoulder already after
2 weeksy when growth of moulds could not be observed with the naked
eyes, and remain almost unchanged for the rest of the (A) samples, or
rather the light absorpticn tends to decrease with lapse of the incu-
batior term.

i) FKeutralization capacity
Neutralirmaticn capacities of the precipitable fraction (Solution

—58m



Oo SOO o

Absorbanca

SFo PN

0-00C - ! | S
250 300 _ 350 400

==— Wave-length mp

Fig. 6.6, TUltra-viollet absorption spectra of the
' adsorbed phase samples; o.ol mg C/ml
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OT) rawples were tabulated ir Table 6.3, Titration curves to pH 7 for
the preparations obtained from both the original tannin T0 and K5 were
illustrated izm Fig. 6.7. The curve for TC shows an inflection at about -
PE 7, while tkat for K5, which has & similar neutralization capacity
to T0, does not show any infiections and indicates that some acidic
mroups having scmewhat lower pK values are introduced into the molew
cule. Trom these facts it is infered that the main acidic group of
T0 iz pkenolic hydroxyl groups, while that of K5 carboxyl.

Taking the characteristics of the titration curves into consider-
ation the author can W0t reasonably arrange the data for the Pro-—
¢ipitehls fraction in the following orders

R - s

B oms 7 @
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O pot.
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4 85 adsorbed
A1 adsorbed
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L 1 ] I J ; Il | ] B
0 0.4 0.8 1.2 1.6 2.0

== 0,1 N-NaOH mi

Fig. 6.7. Titration curves of the selected samples of
the precipitable fraction and the adsorbed
phase in ZSmgC/loo ml solution: p = G.1

Table 6.3. Neutralization capacities of the precipitable fraction
and the adsorbed phase; in mi of Q.1 N-NaQOH reguired
for neutralization to pH 7

Precipitable fraction
‘ Tnsubetion ternm

Srstems 0 2 i 5
{(T) 0.75 ~ - 0.73
(i) - - - 0.57
(K) - 0.64  0.61 0. 74
(3) - 0.72 0.55  0:71

Adsorbed phase

1 2 3 @ S
(L) 2,038 2.36 2,00 1.90 1.50
(-1.) - — Ld =3 l-LI-S




This arrangement implies two stepst 1) the phenolic hydroxyl
groups pfedominating in the original tannin preparation decrease
gradually to a certain level along with the course of alteration of
the polyphenols, and then, 2) acidic groups again increase accompa~
nying a ohange in nature of the group. that is, carboxyl group becomes
predominating. This inference is supported by the results of IR-
spectrophotomeiry mentioned below.

With respect to the adsorbed phase, the titration curves for 85
and Al illustrated also in Fig. 6.7., indicate that their main acidic
groups seem to be carboxylic in nature and the neutralization capa~
cities are considerably greater than those obtained for the precipi-
table fraction., It is particularly noticeable that Al does not show
any inflecticn due to the presence of phenolic groups and has a very
great neutralization capacity. All these changes took place only in °
two weeks of incubation without active cooperation of microbes.

However, the neutralization capacity does not increase any more
with lapse of incubation term, and rather it tends to decrease gradu-
ally in a similar way as seen in the case of light absorption of the
adsorbed phase of (A) system.

v) Infra-red absorption spectrum

In Figures 6.8 and 6.9, IR-spectra of some of the preparations
obtained from precipitable and adsorbed fractions were illustrated.
Spectra of the precipitable fraction of Ti%5, 85 and K5 shown in Fig.
6.8, are similar not cnly to each other but also to the other precipi-.
table samples. They all have several clear absorption bands at 3.1 u,
6.2 By 6.6 1y 6.9 p and 7.2-7.4 p regions, and these bands are thought

to be due to fhe following groups 61):

3.1 1 O-H hydrogen-bonded

6.2 1 C-C double bond of aromatic ring

6.6 b C~C double bond of aromatic ring
with aliphatic substitution groups

6.9 Aliphatic C-H deformation

7e2=7.4 1 Aliphatic C.H stretching and
phenols

A shoulder found in 5,8-5.9 u region must be carefully examined in
relation to the spectra of adsorbed phase shown in the next figure.

It is slightes: in Ti5 spectrum and is clearly recognized in K5 and
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Fig. 6.8. Infra.red absorption spectra of the precipliciic

fraction ; NaCl priam, EBr pellet
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and 85 spectra. The shoulder geems to be due to C-0 stretchlr
In Fig.6.9. mbsorption spectra of the adsorbed phase of 8%, 4l
anc¢ 45 were illustrated. The spectrum of IS (acdsord
szmbles to that of 85 and these have somewhat Zadisiinct sbsorption
bands in the regicn abeove 6.6 » although each of the bands found in
tne epsctra of the vprecipitable fractions are still noticesablie.
IncreaseAin intensity of the absorption in 5.8-5.9 p regicn,
which is due to CuO stretching, is fairly conspicuous. The specira of
43 mnd AS resemble to each cther and zlso to the uther adsorbed phase
zamples of (A) system. These spectra show clear difference from those
of precipitable fractions and even from that of 85 (adsorbed) in the
genera’ potieirn. The 6.6 J band becomes very weasr and 6:9 b and 7.2-

7.4 p bands become obscure. These phenomena sesm ©o be related To ree

i

tevdation of an aliphatic nature of the adscrbed {8) sysiem saumple

q

Pt

o
st

“owever, the most conspicuous feature in the spectra of the adsord
vhase of {A) system is empearance of 5.8-5.9 u bvand of high intensity,
wnich is ssen as a mere shoulder in the spectra of’the precipitable
fraction. In connzsction with this intemse 5.8-5:%2 3 band, an appear-
ance of a shoulder in 3¢8&.3+9 ¢ region is also noteworthy. &ccmeniiag
te Kumada 59) %e8-3.G p absorption is due to OH in carboxyl grcup

{ as mentioned in Chapter 5 ), so the appearance of this shoulder
stuzests that the C-0 stretching at 5.8-5.9 p should be originated in
corboxyl group. This inference is supported also by the results ob-
tained in the experiment of neutralization capacity., i<e., ncutrali-.
zaticn capacity of adsorbed (4) system samples was markedly higher
than that of the other samples, as mentionea above.

In comparing the spectra of the adsorbed phase cf (A} systen with
those of soil humic acids the author notices resemblance of the gener-
al feature of those two kinds of spectra. Some of the ausorptiion bands
appearing in the former do not appear in the latter and vice versa,
but main bands characteristic to soil humic acids are also present in
tLe spectra of the adsorbed (A) samples.

Especizlly it is noteworthy that Al sample siows the. resenblance

ot
3

o zoil humic acids in its IRQSPectrum. It has clear 5.8-5.9 p bana

-

oF carboxylic C-0 which original tannin scavcely has. It is remarkable
“hat this considerable change could take place in 2 weeks. The results

obtzined here are fully coincident with the other already nentioned.
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Fig. 6.9. Infra-red absorpiion spectra of the adsorbed phase

samples ; NaCl prism, XBr pellet
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v) Discussicns
From the above-menticned results it is clearly said tha? the pre-

sence o7 Akaonji

—-an allophanic volcanic ash materizl not only

adsorbs (and stabilizes) extremely much polyphenclz but also greatly
contributes to acceleration of their cxidativs polymerization., TV~ and
IR-absorption specira and neutralization ceapacity certainly supports
this deducticn.

However, the oxidative polymerization of polyphexnols is regulated
by the reaction of the medium, sc it is neccssary to examine this
peint. In Table 6.4. pH values of the liguid phese ¢ each incubation
flask at the time of the endé of ircubation Term werz siiown. £8 seen in
the table (A) system does not have unusually high reacticns throughout
the experimental periocd, and it is concluded that the difference in
the reaction does not exert any great influence on the speed cf alter-
ation of the polyphenols.

It is also infered that microbial activity would not be effective
in acceleration of the alteration proc2ss. because it was minimum in
(4) system throughcut the incubation term as far as observation with

the unaided eyes was concerned.

Table 6.4. pH values of the ligquid phase

. Incutation term
Systems 1 2 3 4 5
(4) 4o43 4845 438 4. 50 470
() 3.97% 4,27 4,60 #e85 4.68
(3) 4,03 144 30 4, %0 5.75 4ett3
(Ti) - ~ = = 2223

Then. adsorption-catalystic effect of the very material, Akaonji,
comes into question. '

Recertly Scheffer et al. 82, 83, 103)

indicated in their studies
of the artificial humic acids that ferric oxides as well &s anionic
ion exchange resin and silicic.acid, can exert a catalytic action on
tlhe humification cf hydrcquinone. They supposed that such a catalytic
effect must have an important significance in accumulation and humifie

cation of soil organic matter in certain soil types such as pseudo-

- 65 -



chernozem, and distinguished the processes taking place in these
z0ils Trom those in other zonal soils such @as ordinary chernozem, in
which humification is primarily due to a microbial process.

Tiie author thinks that the alteraticn process of polyphenols
observed here in the case of Akaonji might be an example of such a
catalytic humification process. Polyphenols should undergo an oxida-
tive polymerization while they are co-existing with the allophanic
veolcanic ash material and are being adsorbed on it, resulting both in
disappearance of the characteristic absorption bands of the original
tannin and in the increase in the light absorption. At the same time
phenolic hydroxyl groups are rapidly replaced by carboxyl groups
during the oxidation process and thus the acid groups dissociable in
the acidic (pH<7) medium increase. These inferences deftly explain
the above-mentioned results.

Then how can these processes take place in the natural volcanic
ash s0ils 7 In the first place the reason that the author chose the
chestnut tannin as the source of polyphenols should be explained.

First of all the author prefered a natural plant material to
purely chemical reagents, because the former surely enters into the
soil somewhere on the earth and is submitted to the humification pro-
cess. Moreover, chestnut tannin is a similar hydrolyzable tannin to

72)

s which are known to grow on the volcanic
101)

that of quercus species
ash area as a natural vegeiation

4) not

According to the recent study conducted by Coulson et al.2
only the limited tannin sources but also many other plant species sup-
»ly polyphenols to the soil both during and afier their living period.
Polyphenols can be produced through decomposition of lignins and tan~
nins in the soil and are also found in the products of microbial meta-
tolism.

Tn the allophanic volcanic ash soils all these polyphenols would
be adsorbed by the parent material with extremely high adsorptive
ability, and once adsorbed they might retrace the oxidative polymeri-
zation process catalyzed by the parent material itself.

0f course the role played by microbes in the natural soils is so
complex that one can not fully appreciate it, but it is supposed that
the microbial activities might be depressed in an inadequate condition

such as those found in a stropgly acidic medium. However, even in such
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an unprofitable medium the above.tientioned catalytic procsss ocoeuld be
feasible. Thus in the volcanic ash secils having usually a atrongly
acidic reaction, a lot of humus could be accumulated and the quality o
of the humus derived thus from polyphenolioc materials should be very
advanced in humification degree regardless of the inferior microbdial
status. However, with respect to plant materials other than polyphenols
their humification degree might remain backward owing to the poor
microbial activity, and these circumstances would explain the cause
of the apparent inconsistency found in the nature of the humic acids
mentioned in the very begining of this chapter.

In this sense the humic acids of the volcanic ash soil cannot
directly be comparable with those of other normal soils having usual
microbial humification processes,; though both often have apgarent si-
milarities. And this peculiarity is importanct in considering the
taxonomic problem of the humus volcanic ash soil.

In the author's opinion this soil cannot be clagsified as 2 men-

41)

ber of the zonal soils though Kemoshita did so. but rather as an
intrazonal soil having a peculiarity in its parent material.

The result obtained in the case of neutralization capacity is
interesting in connection with the problem of the structure, especially
thet of cation exchange groups of the hunmus.

As discussed in Chapter 5, Scheffer et al. 0 = 520 &%) £, 1a the
reduction of acidic nature of hydroquinone humic acids-along with
their humification degree, and even with respect to soil humic acids
they hold fast to the same view.

The tendency found in the earlier stage of the alteration of
cation exchange property of the polyphenols seems to coincide with
Scheffer's view, that is to say, phenolic hydroxyls diminish as a re-
sult of condensation of aromatic rings, while that found in the latter
stage is concordant with the experimental data given in Chapter 5 and
reminds us the increase of the cation exchange capacity of soll humic
acids along with the progress of humification process. This increase
in the cation exchange capacity might involve introduction of some
new acidic groups, presumably carboxyl groups as ascertained in the

present inveatigation.
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5.%. Sumpnary

Witk intention to clarify the peculiarity involved in the bumus-
forring and —accumulating processes in the humus veolcanic ash soil, an
investigation of the initial stage of alteration of polyphenols ad-
sorbed on a volcanic ash material was carried out.

Chestnut tannin and Akaonji were used as experimental materials
respectively for polyphenols and a veolcanic ash material.

The resulis obtained are concisely summarized as follows:
1) Absorptive capacity of Akaonji for polyphenols was more than ten
times as great as that of the other solid materials used for the pur-
pose of comparison.
2) Acid-precipitable fraction was very scarce in Akaonji system
thronghoat the incubation period, while in the other systems it gra-
dually increased with lapse of incubation term.
%)} UV-absorption spectra of the original tannin solution shows the
pinimum and the maximum absorption bands resvectively in 260 and 280
m: regions. The characteristic bands became less and less dlstinct and
light absorption measured at 400 mu more and more increased as the
alteration of polyphenols proceeded. Thus as to the liquid phase, Aka-
onji sample had the highest optical density and the most indistinct

Lsorption bands among the samples of the same incubation term.

o

With respect to the acid-precipitable fraction as well as the
edsorbed phase of kkaonji system underwent the most conspicuous alter-
ation and had an absorption curve similar to that of soil humic acids.
It i: worth mentioning that this alteration was attained only in 2
weeks of incubation.

4) The neutralization capacity of the polyphenols decreased at first
gradually to a certain level as the alteration proceeded, and then
showed a gradual increase. The decrease in the earlier stage seemed to
be due to decrease in phenolic hydroxyl groups caused by condensation
of the original polyphenols and the increase in the later stage might
be ascribed to appearance of carboxyl groups produced through oxida-
tion of polyphenols. The adsorbed phase of Akaonji system showed a
high neutralization capacity{ and it was also true for the sample incu-
bated only for 2 weeks. |

5) IR-spectra of the adsorbed phase of Akaonji system clearly showed
5.8~5.9 u absorption band due to carboxyl groups, and thus supported
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the above-mentioned inference.
6) All these results strongly suggest that Akaonji exerts an adsorp-
tion~catalystic effect on the oxidative polymerization of the poly-
phenols, and this is thought to be one of the most principal features
of the volcanic ash soil.

The author pointed out that this peculiarity should be taken into
consideration in deciding the taxonomic position of the humus volcanic

ash soil.
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Chapter 7

A COLUMN EDXPERIMENT OF 7HE EFFECT8 OF SOME MOBILE
. ORGANIC MATERIALS ON THE SQIL-FORMING PROCESS

7.1. Introductory

Besides the role as a skeletal constltuent of humus, polyphenols
‘play another important role in the soll-forming process. As mentioned
‘in Chapter 2, recently the studies of leaf leachates as a soil
forming agent have been widely undertalten by several investigators.
Bloomfield 13, 14, 16, 17) regards polyphenols as the most active coﬁ;
ponent of the leaf leachate materials in mobilizing such soil consti-
tuents as iron, aluminum and clay.

However, the role of polyphenols in the soil—forming processes
has rarely been studied and is even now somewhat uncertain. Recently

25)

Coulscn et al. examined D~ and Epi-catechin in their model column
experiments and found that those catechins caused reduction of ferric
iron to ferrous state ané thus raised the mobility of iron. However,
they confined the role of them only to reduction of iron and could not
find any effect on mobilization of aluminum.

The author intended to 2xamine the soil-forming ability of the
same tannin preparation as that used in the preceding chapter and also
a cmmercial tannic acid in a column experiment. They were chosen partly
fcr the sake of convenience; but partly for the reason that they are
sure to get into the soil somewhere on the earth.

Together with those polyphenols the author examined a polyuronic

30)

acic sample obtained from a commercial pectin. According to Forsyth

90)

and many other investigators polysaccharides including uronides
are widely found in the soil and in the so0il solution. Especially
uronides are thought to be present in the soil relatively abundantly
and, more¢over, they are supposed to play an important role in soil _
gtructure formation. Besides, the -author used the polyuronic acid as
a sample'for the reason that they might have chelating ability, though
it is not so strong. ‘

furthermore. the author intended in this experiment to throw some
light on humus-accumulation process along & soll profile with relation

to its active oxides content, especially that of active alumina. The
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process to bz examined below

adsorption of polyphernols on the soil
——may preoede those described in Chapter 6 —oxidaiive changes of

polyphenols at the surface of the soil particles.

7e2s Materials
i} Column adsorbents

The same three materials as those used in the preceding chapter
were used as column adsorbents; Akaonji, Kamigamo and Sand. Carbon and
free oxides contents were given in Table 6.1. in Chapter 6.

il) Leaching solutions

The crude chestnut tannin preparate was once dissolved into a
small portion of water and then the solution was shaken with methyl.
ethylketone in a separating funnel. The methylethylketone fraction was
separated and the solvent was driven off by a vacuum distillation at
40%C. According to Okamura 73) this procedure greatly diminishes the
content of non-tannin fraction and the tannin content of the chestnut
preparate increased to 93 % from about 70 % of the original crude pre-
parate.

The volyuronic acid preparate was obtained by a partial hydrolysis
of a commercial pectin (from citrus). The pectin was boild with a 1:3
HCl sclution for a while and the hydrolysate solution was filtered.
The absolute ethylalcohol was added to the filtrate so as to make the
alcohol concentration above 70 %. Precipitates were gathered and washed
with alcchol through centrifugation. The precipitates thus obtained
are considered to be relatively low molecular polygalacturonic acids
and soluble in cold water.

3esides the purified chestnut tannin and the polyzronic acid pre-
parates, a commercial tannic acid (075H52046) was also used és a
leaching agzent.

These three preparates were dissclved into water so as to make a
005 % solution. According to Lutwick et al.64) the concentration of
lLeaf leachates obtained in a natuvral condition often reaches this
pE = 5.5
The tannic acid and polyuronic acid solutions were renewed in

value. All these solutions were made their pH value egual:

every 6 days, while the chestwut tannin solution was renewed in every
% days, because the chestnut tannin solution was changeable in color.
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7.3, Methods
i) Preparation of columns

Adsorbent materials were filled in columns, 3 ¢m in diameter and
50 cm in length, up to 35-40 cm in depth. The columns were dipped in
a water tank and the adsorbents were moistened by capillary rise.

The following 5 divisions were set. Division 1-4 were set with an
intention to elucidate influences of active alumina on mobilization of
organic matter and active oxides. Divieion 5 was set for the purpose
of comparison, because Kamigamo is different from Akaonji in its origin
and relatively rich in active iron. In order tq regulate the speed of

percolation Kamigamo was mixed with the same part of Sand.

Division{Adscrbent) Subdivision(Leaching agent) Symbol
1. Axaonji 100 % i. Chestnut tannin 1-1
i. Polyuronic acid 1.1
il. Tannic acid 114
2. Akaonji 26 % i. Chestnut tannin 2-1
Sand 7H % i, Polyuronic acid -1
iii. Tannic acid 2.
3. Akaonji 10 % i. Chestnut tannin 3.i
Sand 90 % I.. Polyuronic acid: 3-i
iii. Tannic acid Bodr
4, Azaonjii 3% i. Chestnut tannin 4.3
Sand 97 % di. Polyuronic acid H4oii
jii. Tannic acid 4oii
5. Zamigamo 50 % i. Chestnut tannin B
Sand 50 % . Polyuronic acid =1
iHe Tanric acid S-1i

1) TLeaching prectice

Trow 11th of July o 10th of August, 1960, 60 ml of each leaching
solution was run through a column daily. The speed of percolation was
regulated by a screw cock attached to the lower end of the column and
it took about 5 or 6 hours to finish the percolation for all the
columnrs.

The first percolate was discarded. From the 2nd to 29th every

successive four percolates taken in order were brought together and
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made up to 250 ml, and seven solutions (frpx the Lst o the 7tk sclu-
tion) thus obtained were analysed for irom and aluminum. The final 2
percolates and a 60 ml water leachate for washing were brought toge-
ther and made up to 200 ml (the 8th solution).which was alsc anaiysed
for ircn and aluminum.

The lst and 2nd solutions were both complefely clear in every
division, but in the 3rd solution (from the 20th to 13th percclate in-
clusively) a white precipitate appeared in the subdivision 4-i. In the
4th and 5th sclutions a similar precipitate appeared respectively in
5-1 and 3-is The precipitate in 5-1 was somewhat yellowish in color,
and this might be due to contamination of clay leached out of the
columne.

Among the 5th solutions 4-i and 5-i showed a faint yellowish
color which might be due to the organic matter percolated, and the
color became deeper still in the solutions thenceforth. Among the 8th
scluticus a little bit of a white precipitate appeared in 2-iL
i) Method of analyses

In case of analysis of the leachate solutions an aliquot was
taken nzd evaporated to dryness., then a small portion of 10 % Mg(N03)2
-solution was added and again brought to dryness. The evaporating dish
was red-heated and after cooling the content was dissoved into a
dilute ECL solution and made up to a certain volume. Iroa and aluminum
were analysed by the routine method.

After finishing the leaching the columns had been left standing
until water content of them reached a certain level which enabled
adsorvent materials easily to be taken out without disturbing coluznar
form. After being taken out the columnar adsorbent was divided into
6.8 separates by every 5 cm depth from ths Uop and each separate was
air-dried.

As to each separate, carbon, N/5-HCL soluble and concentrated-HC1
(conc-HCl) soluble iron and aluminum were determined in duplicate
samples.

N/5-HCL extraction was carried out as follows; lg of a sample was
weilghed into a 100 m) Erlemmeyer flask and 50ml of a N/5.HC1 sclution
was edded. The flask was kept in a 40%C incubator for 5 hours with oc-
cagional shaking every 1 hour. '

The procedure of conc-HCl extraction was different from the above
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only in tae Iclliowirng points: L. The ECL solutvion wes prepared oy
mixing 3 parts of the concentrat.-d {(about 12 NY HOl and 2 parts of
water. 2. Flasks were kept in a 50°C incubator for % hours.

From the duplicate data L.8.D. was caulculated. The standard

deviation was calculated after the contrcl chart metnod.

7e4s Results and discussicns
1) Results of the analyses of the leachate solutions

Analytical data for iroa and aluminum oxides are given in Tables
7¢l+ and 7.2., respectively. As each datum was obhtaired from single
determipnation, it is difficult to discuss the resulis in details.
However, the total amount leached out indicates, at least, following
facts.
1. The less the content of sesquioxides in a column is, the more esasi-
ly they are leached out. In comparing Division 1 with 4 the Rao3 con-
tent of the former is 30 times as much as that of the latter, and yet
the amount of R203 leached out of Division 4 is nearly equal to or
rather higher than that of Division 1 in the corresponding subsivi-
sions. This fact seems to coincide with the idea proposed by Kawa-

guchi and Matsuc 45)

that Y"the quantitative ratio of the mobilizing
organic agent to the material to be mobilized controls elluviation and
illuviation". In the present case the quantity of the mobilizing agent
is same for 211 the corresponding subrivisions aid ornly the quantity
of R203 is diddferent. Division X1, in which R203 is relatively pre-
dominating over the mobilizing agent, adsorbes the organic matter on
the surface layer and the leachate contains relatively little R203. On
the contrary in Division 4 the mobilizing agent seems to predominate
over RBOB‘ and relstively nuch 9203 ir comparigon with its ori-
ginal content is leached out. Moreover, in these ceses actlive alumina
is tne main consgtituent ol the active oiidez and thz author can rea-
sonably extend the raags of application of the principle proposed by
Kawagucni and Matsuc to A1203 beyond Fe203.

2+ In Divisions 3, 4, and 5 polyuronic acid ig more effective in
leaching R20} than tz2 other tannin preparations. This seems to be in
some connection with appearance of the white precipitate in the
leachate. The white precipitate is considered to be complex compounds

of the polyuronic acids with R203, especially with A1203. Hewever, the
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extracrdina:y high figure for Division S5-Il is probably originated from

clay contez:winaticn asmeniloned &bcove.
marle 7e¢le The guantity of iron leached out of the columns

fin ¥ Fe. 0.}

2 s
Divis.ons . ) Th? leachgte solgtions ) _ Mot

AL z % <k D o} ¢ 8
i 156 134 186 186 g7 119 223 143 | 1244
1L- i 1.2 283 186 228 i27 89 127 202 | 1564
o 193 312 409 244 75 89 127 1431 1591
i 178 179 788 164 127 156 119 95 | 1806
2 - i 156 164 737 a2 112 149 89 196 | 1685
@i ] 178 154 164 112 127 112 97 268 | 1172
i 238 223 216 250 134 134 104 1611 1500
3~ i 201 208 536 283 253 238 156 178 | 2053
i 208 194 268 2c8 201 171 119 286 | 1655
4 171 179 261 216 112 582 283 399 | 2202
L. i 201 283% 201 305 283 402 365 333 | 2373
#H | 208 L3p 223 171 134 268 220 226 | 1982
i 431 357 21 3% 228 223 268 547 { 2593
5 o H 609 357 236 350 1920 2225 3096 1808 10281
H#i | 4C2 357 275 238 2G8 395 557 309 | 2631
Table 7.2, The guantity of azluminum leschedout of the columns

(in ¥ M,0 )

3
Pivisions ; 5 Thg leacﬂéte soléutions6 ; 8 Total
i 08 307 813 860 429 51.7 391 550 | 4975
1o i 57 817 827 833 575 462 660 623 | 5368
# | 656 725 Qo7 677 435 452 731 221 1 4994
i 381 703 748 693 554 591 581 62% 1 4880
2 - i | 467 775 €87 215 435 585 329 538 | 403l
| 398 656 700 693 419 516 447 430 | 4279
i 635 575 869 816 487 635 404 516 | 4933
3 - H 705 555 oni 1100 1420 1335 833 696 | 7588
o) 602 646 848 1135 875 854 462 305 | 5727
i 754 596 1110 986 446 419 329 343 | 4983
4 . i 705 762 73] 1660 172C 91860 1935 1700 18373
#ii | 5%2 596  1320. 970 698 629 661 326 5792
i 710 684 800 764 725 425 516 1120 | 5744
5 . i {1290 656 735 1670 6660 8320 10400 5330 | 35061
inh 683 737 816 1375 527 650 752 538 6078
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i) Resulils of the anzlysee cf the columns

The appearance of the columns after the end of the leachiag prac-
tice was as Iollows}

In the subdivisions leached with chestnut taunin and tanric acid
solutionsy %that is, & and fit. the columns showed dark recdish brown
and darkx grzy color, respectively;'at the upper rart of the columns,
where ithe organic matter was adsorbed. and the color became deeper
with increment of the organic matisr adsorption. Hewever, there could
not ve noticed with the nasked eyes ary horizon differentiation caused
by elluviation ané illuviation of Raoz,

Ia the columns leached with polyaro:ic ecid sclution o gign was
noticed which irndicated any differentiation in either organic matter
or R203 distributiozn.

Hence all trhe columns were separated into 6.8 separates by every
5 cm lengtk frem the top of the column, and these separates were ala-
lyzed after air-drying.

The results of tke analyses for organic ciorbou, N/S-HC1l soluble
FeZO3 and ﬁ;205 are shown ir Fig. 7ele ~ 7.5+, and for conc-niCl
solubtle sesguioxides in Fig. 7«6. — 7.10 in the order of the Division
rumbers.

With respect to the organic cerbon (the data were recalculated so
as to meke the orzanic cirbon content of the origizal column equal to
zero)s chestnut tannin ard tannic acid Zistribute along the columns
similarly in botk Division 1 and 2. Adsorption or accumulaticn of
those organic matter or the lst ard 2nd layers is comnspicuous, while
perreaticn into the lower part is very scarce. In Divisions 3 and 4
accumuiation of chestnut tannin ir the surface layers is lese than
that of tannic acid and decreasizng tendency of the orgaric carbvon to-
wards the lower part is also less for chestnut than for tannic acide
in other words chestnut distributes relatively everly along tke column,
while tannic acid content decreases abruptly from the upper to the
lower parte This difference seems to be due to the difference in the
organic matter composition of these materials, that is, the composi-
tion of chestnut is more complicated than that of tannic acid and,
therefore, it involves various organic compounds which might have
various tendency to be adsorbed on the columne

The mode of distributien of polyuronic acid is entirely different
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from the other agents. Even in Division 1 accumulation in.the upperw
most layer is less than"fhat of the following 3 layers. In Divigiois

2 - D there can not be noticed any clear difference in the organic
carbon content throughout the column, or rather it increases gracually
towards the lower paft.

Generally, accumulation of polyuronic acid is always considerauly
less than that of the othere This might be due to various causes, fov
exampley the molecular weight of the polyuronic acid used here. The
molecular weight of the tannic acid is about 1700, and that of the
chestnut tannin should be in the range from 1000 to 2000 as fzr as
most of the chestnut tannin molecules can act as an effective tansine
agent (according to Oshima,y Ya, Bul. Agr. Chem. Soc., Japan, Vol. 32
Nos7, A8L,y 1958)» In order to have a similar molecular weight the
volyuronic acid should have 6 -~ 12 galacturonic.acid units and this .

likely to be the case in consideration of its solubility in cold waron



and precipitadility in a 70 ¥ aqueous alcohol.

There might be a greater difference in the chemical behavior than
ir the molecular weight of these agents. Cliestnut and taznic abid
tend to precipitate more easily forming complex compounds with iron
and aluminum, while polyuronic ucid forms & more soluble complex, which
miggates downwards and presipiisztecn cazre partlys. A part of the complex
precipitates from leachate solutions as the waite Frecipitate aftex
being leached out.

Thus, as a matter of course, not only the guaztitative ratio buz
also the quality of the mobilizing organic agents should be faken into
account. In the natural soil formation tf» quality is determired main-.
1y by the kind of vegetation, waich is in turn determined mainiyv by
The climatic conditions.

In Division 5 the mode of organic matter distribdution is similar
to that of Division 4 and hence one may say that the adsorptioxn cf
orgaric carbon may be determined by the amount of easily soluble
sesquioxides; for Mg-ribbon reducible active oxides and the conc-.HCL
8oluble oxides are far more abundant in Pirision 5 than in Division 4.

Conc-I5Cl soluble sesquioxides were determined to know the overw
all charges in both active and inactive sesguioxides. The results
showed that the coac-HC1 soluble 3203 content varied only insigrifi-
cantly among the samples ir a column, or even in & Division. that is,
a1l the treatment did rot cause any sigrificant change irn the.distri-
bution of sesquiexides soluble in the conc—HCL solution. However,
with respect to FeZOB'Of Divigion 3 and both oxides of Division &
(each oxide is contained originally less than 1 %), the content of the
oxides after the leaching treatment tended to decrezge siightly irom
the original ome, but even in these cases sesquioxides distributed
almost evenly aleng the columns.,

The distribution of N/5.HCl soluble sesquioxides has following
features:

l. Columns leached with polyuronic acid solution have somewhat lowenr
content of N/5-EC1 soluble R2035 This is in some measure correspondent
with the fact that the leachates, especially of Subdivisions 3dle 4-ii.
and 5-ii, contained relatively much sesqQuioxidess

2. N/5.HCL soluble Fe._C apparentiy tends to accumulate in surface

2 3
layers, especially in Bubdivisions leached with tannic materials.



The tendency is more marked in Divisions 3.4 and 5 which ave relative-
1y poor in the easily soluble iren. It is easily infered that the tan-
nic materials rzduces otherwise Aifficultly soluble iromn and thig ina
creascs mobile iron like N/5-HC1 eoiuble cnes This inference is sup-
portgﬂ by the following cbservatioan that the acid exiracsts oblaized
from layers containing much tanric materiale have much ferrous iron
which is able to react diresctly with orthophenarnthrolins in the araly-
tical procedure adopted by the authore This fact suggesis a great con-
tribution of polypkenols tc mohilization of iron through their ra-
ducing ability. Recently the importance was recognized also by Cculson
et al, 23) in their experiments. They thought much of reducing pewer
¢f catechins ir mobilizing iron. _

It is also noticed, particularly in Divisioms 4 and 5, that =zo-
bility of &luminum is Increased considerably through the process of
reduction and motilization of iron. This is considered To Ze dus e
remeval of iroxn oxides which haye been preventing dissolution cf the
alwmina.

In several columns sigaificant difference was noticed in The
cortents of N/S5-ECl scluble R203 amcng the layers, but as mentlioned
in the case of cozc-HCl soluble 3203 esgential eiluvietion and illiu-
viation bkad no% occured yetu in the present study.

Rather it iz noticeable that the reducirg power of the faznic
materials caused elevation of mobility of irom directly and that of
aluminum indirectly, and this must be the prerequisite for the c&-
seniial elluviation and illuviaticn to follcw after.

Coulgor et a1.25) limited the effectiveness of catechins in mo~
bilizatior only to iron oxides:; but in the present experiment not only
polyuronic acid generally had righ mobilizirng ahility for aluminums
but the tanniec materials were also considerably effsciive in meoblilizing
aluminum. This might be due to nen-uniform compositicn of the tanniz
preparates used and there should be involved some compourds whick are
abvle to form complex with alumirum.

Microbial esctivity on the cclumrg during the term of the experi-

ment seemed to be negligible, and so it was not refered to.

7¢5« Summary
Plant materiais having chelating ability like polyphenols =nd
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polyuronides were examined relative to their effectiveness irn soil
fermation, especially in mobilization of sesquioxides. Sciuiicns -
chestnut tanrin preparate, a commercial tanmnic acid and pulyuronic

acid preparaite obtained from citrus pectin were passed throagh cciim

I
e
e

containing various proportion of a glassy volcanic ash materizl {
onji) and a polishing sand. In one division a weathered material of
Paleczoic sandstone was used instead of Akaonji. The results are =suz-
marized as follows.

le TFrom the analytical data of the leachates it was shown that “he
higher the original R203 content was, the less the amouni appearsd

in the leachate, and thus "the concept of the gquantitative ratio' nvo-
posed by Xawaguchl and Matsuo was supported.

2. Both tannic materials and polyuronic acid were more cr less -
fective in mobilizing both iron and aluminum. Polyuronic acid was %i=
most effective leaching agent among them and seemed to form complox
compounds with aluainum.

3, Tannic materials seemed to form complexes low in mobility and wers

kept. for the most part, in the column. Moreover, they reduced i:

=i

oxides and the easily soluble iron was apparently accumulated in tI

surface layers, though the essential elluviaticn and iiluviaiioxn pro-
cess was not detectable from the analytical data of conc-HCL soluzie
RBOB' However, the mobile iron produced by reduction might be ths ora.
requisite of the essential horizon differentiation. & part of alumi:-:
also obtained mobility as a result of the removal of the iron oxides.
4, Polyuronic acié complexes were relatively high in mobility and
vermeated into the lower part of the column. Easily solubie ircn axnd
aluminum were less in the polyuronic ecid columns then in the tannic
material columns. However, in conc-HCl soluble R203 corntent there
could nct be found any significant difference between the columns

Jeached respectively with uronic and tannic materials.
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Chapter &

SUMMARY AXND CONCLUSION

33

In the present thesis the fellowing two subjects were inves
gated 2
1) issociation of poil humus with soil mireral constituents, ospeciale
1y with sesguioxides. In the course of discussion the problem of the
structure of soil humic substances was also dealt with.
2) The significance of polyphenols both as a soil former and as a con-
stituent of humus. Ir connection with the second-.mentioned role of
polyphenols, eiforts were made to elucidate the peculiarity involved
in the humus-forming process in humus volcanic ash s0ilsa

The most important results obtained from these studies are the
followingst
1) In the hunus composition of the main soil groups in Japan, the
fraction loosely bound to sesquioxides is predominating and this fact
may be one of the most essential features of the soils in Japan formed
under fairly humid conditions.
2) One of the bonding mechanisms petween soil humus and sesQuioxides
is complex-formation (probably chelation)s In the conplex~formation
humic scids have a low complexing ability and are ready %o precipi-
tate, while fulvic acids show a high ability to form water soluble
complexes with iren and wluminum, ‘acnd thus seew to Rave s greater of
fectiveness in the podzol forming process. - ,
3) It was confirmed that cation exchange capacity of humic acide in-
creases along with the progress of the humification. The author sug-
gested that this fact is not concordant with the concept of humus
structure, effective as it is in many respects, proposed by the Rus-
sian school.,
4) Allophenic volcanic ash materials like Akaonji exert an infliuence
on the oxidative polymerization of polyphenols as an adsorption-cata-
lyst. It was suggested that the same influence might be exerted by
the parent materials on the humus-forming processes in the humus
volcanic asa soil, and that this might be ore of the most essential
peculiarities involved in the goil. ’

5) The concept of 'quantitative ratic! proposed by Kawaguchi and
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Matsuo in connectdon with meobilization and immobllization of iron,
was fourd to be adaptable also to alumipum oxides. |
6) It was suggested that the effectiveness of poiyphenols in soil-
forming process conglets, first of =all, in their rsduclng power.
Studies on the soll organic matter from the standpoint of soil
genesis must be further developed, because the organic matter has
the greatest influence on the genesis and only the genetical under-
standing of a soil can afford a mean to improve fertility of the

s0il.
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