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NATURE AND DISTRIBUTION OF ORGANIC NITROGEN

IN TROPICAL SOILS

By Angelina Mariano Briones

A dissertation submitted to the Graduate Division of the University

of Hawaii in partial fulfillment of the requirements for the

degree of Doctor of Philosophy

Abstract

Distribution of to~al nitrogen, organic nitrogen forms, and organic

matter fractions was studied in -a number of tropical soils. The

mineralizable fraction of organic nitrogen and nature of humic and fulvic

acids in soils as well as the interaction of these organic matter frac­

tions with soils were also examined.

Amounts of total soil nitrogen and its organic fonms (hydrolyzable

ammonium-N, amino sugar-N, amino acid-N, unidentified hydrolyzable-N,

and acid insoluble-N) were markedly influenced by climate. The most

striking difference in the amounts of these fractions in various soils

was obtained in the acid insoluble-N fraction. Volcanic ash soils

developed under high moisture (150 to 250 inches mean annual rainfall)

were found to have high nitrogen contents but contained small amounts of

acid insoluble-N. In contrast, the acid insoluble-N content of soils

occurring under lower rainfall (20 to 40 inches) was considerably higher.

Soils derived from crystalline basalt exhibited similar trends. The
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Lualualei soil developed from alluvium however contained negligible

amounts of acid insoluble-N.

Changes In the amounts of the organic nitrogen forms after incubation

(12 to 18 months) were determined to p,t'npoint the minerallzable nitrogen

fraction. The amounts of hydrolyzable ammonium-N, amino sugar-N,

unidentified hydrolyzable-N, and acid insoluble-N slightly increased or

decreased with time. Amino acid-N consistently decreased with incubation

time. The decrease in amino acid-N was significantly correlated to the

increase in mineralized nitrogen content.

Distribution of humic and fulvic nitrogen in volcanic ash soils

varied markedly with climate. Humic acids predominated in soils developed

under low rainfall while fulvic acids were high in soils developed under

high rainfall. Basalt-derived soils behaved similarly except for Waialua

and Lualualei soils. The Lualualei soil yielded no humic acid and the

Waialua soil possessed a low proportion of this fraction.

The trend in humic acid distribution followed the distribution

pattern of acid insoluble-N. The chemical nature of acid insoluble-N

is still unknown. In order to provide more information on the nature

of nitrogen in particular fractions of organic matter, the proportions

of acid insoluble and hydrolyzable nitrogen in humic acids were determined.

It was found that the amount of acid insoluble-N is significantly corre­

lated to the amount of humic acid in soils.

Infrared data showed that humic acids of soils developed under high

rainfall had lower amounts of aromatic groups than those from soils

formed under lower rainfall. Fulvic acids were found to have a more

intense absorption band for carboxylic groups than the humic acids.



Adsorption of humic and fulvic acids on organic matter-free soils

showed that adsorption was strongly concentration and pH dependent.

More organic acids were adsorbed in the acid range, and for a given

pH adsorption increased exponentially with concentration.
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INTRODUCTION

Native soil nitrogen occurs largely in combination with organic

matter. This element accumulates during soil development until an

equilibrium level is attained which may be characteristic of the soil

formed. At equilibrium the nitrogen content of a given soil is a

reflection of the prevailing climate, type of vegetation, topography,

microbial activity and plant uptake. These factors in turn strongly

influence the nature of both the mineral and organic components of soils.

Of these factors, climate is one of the most important to consider.

Climate determines the type of vegetation and microbial population that

inhabit the soil. Moreover, the amount of organic matter produced and

the rate of decomposition of this material are functionally related to

climate.

Soil cultivation can disturb the equilibrium level of nitrogen in

the soil. From a virgin soil, the rate of loss of nitrogen may be

initially high as this soil is cultivated. This rate slowly diminishes

as cultivation continues until a new equilibrium level is reached. In

short, if the rate of nitrogen loss is plotted against the degree of

soil cultivation, the relationship would be exponential. The magnitude

of nitrogen equilibrium level is believed to be characteristic of the

soil, climate and cultural practices.

The amount of nitrogen in the soil can provide vital information

on the potential source of available nitrogen for plant use. The

process of transforming portions of this soil nitrogen into available

+ -forms (such as NH4 and N03 ) involves a biological process called

mineralization. The reverse process of rendering the available forms
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is called immobilization. These two processes occur simultaneously in

soils.

Mineralization-immobilization relations in sOils have been extensively

studied from the time the organisms responsible for these processes were

discovered. Although much effort has been spent in establishing a more

defined relationship between these two processes, the results of studies

by workers in this field vary widely. Some of the sources of variations

are linked to the kind and amount of organic matter present, the nitrogen

supplying capacity of the soil, kind and population of microbial competi­

tors, and variety of crops grown.

The subject of immobilization becomes more significant when viewed

in the light of the amount of nitrogen applied to the soil. Investigations

by Bartholomew (1965) and Allison (1965) showed that about 50% of applied

nitrogen is immobilized in the soil. The amount immobilized increases

with the amount applied but decreases with an increasing nitrogen

supplying capacity of the soil. A small amount of the originally applied

nitrogen is recovered through crop uptake.

It is clear that a knowledge of these processes is essential to the

proper management of available nitrogen levels in soils. To accomplish

this task, a knowledge of the amount and chemical nature of the components

of soil organic matter must be gained. This constitutes one of the major

objectives of this work.

Continuing studies on mineralization-immobilization research using

tracer techniques indicate that some fractions in the organic pool of

nitrogen compounds are actively involved in the release of nitrogen

(Jansson, 1958). This experimental deduction along with the findings of
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Stewart, et al., (1963) has provided the added impetus to study more

intensively the chemical nature of the nitrogenuous part of organic

matter.

The forms of soil organic nitrogen normally identified in the

laboratory were originally called humic-N, amide-N, amino sugar-N, and

amino acid-N. These forms of organic nitrogen are obtained from an acid

hydrolysis of soil organic matter. The acid is added to the whole soil

for extraction purposes.

Amide-N, amino sugar-N, and amino acid-N are contained in the

hydrolyzate, but they do not necessarily constitute the total hydrolyzable

nitrogen. The remainder of this hydrolyzable nitrogen is still unidenti­

fied at the present time. However, most of the compounds belonging to

each of the known hydrolyzable forms have already been identified. As

more inforination on the nature of the compounds identified was gained,

the amide-N fraction was referred to as hydrolyzable ammonium-N and the

amino sugar-N frequently as hexosamine-N. Humic-N was referred to either

as acid insoluble-N or nonhydrolyzable-N in recent literature.

The occurrence of organic nitrogen forms has also been observed in

the stable fractions of soil organic matter. The stability of these

fractions refers to their resistance to biological decomposition. These

complex fractions are humic and fulvic acids. Isolation of these frac­

tions from the soil is accomplished by alkaline extraction. The humic

acid in the alkaline extract is precipitated by ac~difying the extract

with dilute Hel. The solution phase contains the fulvic acid fraction.

In the literature, humic acid is defined as alkali-soluble, acid-insoluble

fraction. On the other hand, fulvic acid is the alkali-soluble,
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acid-soluble fraction.

In most of the studies related to the chemical nature of organic

nitrogen, temperate climate soils have been utilized. Tropical soils

have received comparatively little attention on this point. The lack of

information on the chemistry and significance of nitrogen compounds in

soils of the tropics is probably due to the notion that most tropical

soils contain negligibly small amounts of nitrogen. This idea of

tropical soils containing small amounts of nitrogen stems from the

knowledge that rapid decomposition occurs under high prevailing temper­

atures. It is now known that some soils in the tropics (such as those

classified under the suborder Andepts) contain considerable amounts of

nitrogen. In Hawaii, for example, there are soils which contain more

than 0.5% nitrogen even under intensive cultivation.

Hawaii provides the opportunities for selecting a wide range of

soils from a relatively small area. Soils derived from similar parent

material and of nearly identical geologic age have given rise to soils

of various degrees of weathering and development. These soil differences

occurring within small areas are principally due to variations in

climate. Because of the unique soil distribution in these islands, it

is not surprising to note that a great deal of interest has been placed

in examining the mineralogy and inorganic chemical composition of these

soils. This however has not been the case with their organic components.

As a consequence of soil variations in Hawaii, one may reasonably

assume that the chemical behavior of the organic fraction is equally

diverse. Since organic nitrogen is the major potential source of

available nitrogen for plant use, the nitrogenuous compounds of organic



matter deserve more than a passing attention.

The objectives of this dissertation were as follows:

1. To study the distribution and forms of organic nitrogen in

representative Hawaiian soils.

2. To determine mlnerallzability of the organic nitrogen forms, and

identify the compounds in the mineralizable fraction(s).

3. To study the distribution of humic and fulvic acid nitrogen in

soils developed under different climatic conditions.

4. To examine the chemical nature of humic and fulvic acids and

study their interaction with the soil mineral matter.

5
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REVIEW OF LITERATURE

A. Fonus And Distribution Of Organic Nitrogen

Forms of Organic Nitr09!U

Soil nitrogen was initially believed to be proteinaceous in nature.

Consequently, early attempts to study the forms of organic nitrogen in

the soil were based on the Van Slyke method of protein analysis (1911,

1912, 1915, 1941). Kojima (1947) and Bremner (1949) were among the

early workers who adopted this fr~ctionation pr~cedure for soil samples.

Their findings showed that the fraction occurring as amino acid nitrogen

accounted for only 24 to 37 per cent of the total nitrogen. This was

contrary to the concept that soil nitrogen was essentially proteinaceous

in nature. Moreover, Bremner (1949, 1950a, b) detected hexosamines in

the soil hydrolyzate. These findings led to the idea that soil nitrogen

was composed of different nitrogenuous compounds. The variety of com­

pounds identified in soil hydrolyzates confirms the validity of this

concept. The chemical nature and possible origin of these compounds in

the soil will be discussed in the following sections.

Hydrolyzable Ammonium

The ammonium-N released during soil hydrolysis was originally

believed to arise from amide-N of proteins in the soil. The occurrence

of proteins in the soil has long been questioned by several workers

because these compounds could not be isolated. The fact that consider­

able amount of amino acids Is hydrolyzed from the soil organic complex

may not discount the possibility of proteins occurring in the soil.
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There are evidences that part of the hydrolyzable ammonium comes

from the deamination of some amino acids and amino sugars during the
-

process of hydrolyzing soil organic complex. Bremner and Shaw (1954)

found that the amino acids, serine and threonine, and the amino sugars,

glucosamine and galactosamine, are partially decomposed during acid

hy~rolysis.

Stevenson (1957b) confinmed the findings of Bremner and Shaw (1954)

when he observed that losses of glucosamine were 12.5 and 15.9 per cent

during hydrolysis at 1000 C for six and nine hours, respectively. The

behavior of glucosamine indicates the necessity of performing the

hydrolysis under controlled conditions, especially in the determination

of amino sugars alone. It was further pointed out by Stevenson that

because of the diverse nature of soils and the organic matter contained

therein, optimum conditions for hydroiysis vary with soils.

Other fonms of organic compound which yield ammonium during acid

hydrolysis are glutamine and asparagine. This was reported by Sowden

(1957). These compounds are completely unstable under acid hydrolysis.

It was noted that these amide-N compounds account for only part of the

ammonium. Calculation showed that even if all the aspartic and glutamic

acids in a given amount of soil were converted to asparagine and

glutamine, the quantity was relatively low compared to the amount in

the hydrolyzate.

A completely different viewpoint on the origin of hydrolyzable

ammonium stemmed from the recent discovery that fixed inorganic

ammonium occurs in soils. Stevenson (1957a) claimed that some of the

ammonium released during hydrolysis is of inorganic origin. In his



8

fractionation study of 10 soil types widely distributed In the North

Central region of the United States, Stevenson found that the percentage

of hydrolyzable ammonium in the total nitrogen Increased with increasing

depth in the profile. This trend was attributed to the increasing

proportion of fixed inorganic ammonium with depth. This same trend was

observed by Sowden (1958). This concept was further substantiated by

the findings of Bremner (1958b). He showed that 50 to 90 per cent of

the fixed ammonium Is released during acid hydrolysis. Cheng and Kurtz

(1963) obtained lower values (66 to 77 per cent).

Other possible sources of hydrolyzable ammonium were suggested to

be derived from complexes fonmed by the reaction of lignins or sugars

with organic or inorganic nitrogen compounds (Bremner, 1955; Stevenson,

1960). These complexes may be in the fonm of lignin-ammonia, lignin­

nitrite, or sugar-amino acid reaction products.

Amino Sugars

The presence of amino sugars in soils was first reported by Bremner

(1949). Further evidences were provided by his succeeding works (1950a,

1950b) where the amino sugars (glucosamine and galactosamine) were

detected with amino acids. Identification of 2-amino sugars, namely,

D-glucosamine and D-galactosamine, was finally established through

chromatographic analysis of soil hydrolyzates by several workers

(Stevenson, 1954, 1956a, 1956b; Bremner, 1958; Young and Mortensen,

1958; Sowden, 1959).

Stevenson (1956a) claimed to have detected, in addition to

glucosamine and galactosamine, acetylated amino sugars (N-acetyl-D­

glucosamine and N-acetyl-D-galactosamine). The isolation of these
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compounds, however was not confinmed by the work of Bremner (1958).

Recently, Bremner (1965a) pointed out that another possible form

of amino sugars occurring in the soil could be muramic acid (3-0­

carboxyethyl-D-glucosamine). This hexosamine has been isolated in all

bacterial cell walls analyzed for amino sugars (Salton, 1960).

The nature in which amino sugars exist in the soil is not known.

So far, no free amino sugars have been detected in the soil. It is

assumed that these compounds occur in the fonm of high molecular weight

substances. Bremner (1965a) mentioned that these amino sugars may exist

in the form of chitin (N-acetylglucosamine polymer) because this substance

occurs in most fungi and exoskeletons of soil-inhabiting insects. The

presence of chitin in soils, however, has not been verified.

Occurrence of amino sugars in the fonm of complexes otre r than

chitin is indicated by the detection of these compounds in the humic and

fulvic fractions of soil organic matter. Bremner (1955) detected both

glucosamine and galactosamine in soil hydrolyzates of humic acids

isolated from alkali and neutral pyrophosphate extracts. The detection

of these compounds in the hydrolyzates of fulvic acids was reported by

Stevenson (1960) and in aqueous and neutral pyrophosphate extracts of

soils by Coulson et al., (1959); Waldron and Mortensen, (1961).

Amino Acids

As a consequence of the concept on the proteinaceous nature of soil

organic nitrogen, early studies were mainly focussed on the identifica­

tion of amino acids. The first 10 amino acids identified were as follows:

leucine, alanine, proline, aspartic acid (Suzuki, 1906-1908), arginine,

histidine, (Schriener and Shorey, 1910), lysine (Shorey, 1913),
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tyrosine (Lathrop, 1917) and val ine (Koj Ima, 1947).

Development of Improved chromatographic methods after 1947 greatly

accelerated the identification of more amino acids in soils. Bremner

(1950a) studied the amino acid composition of a wide variety of soils by

paper chromatography and identified the following amino acids: phenyl­

amine, leucine, Isoleucine, valine, alanine, glycine, serine, threonine,

aspartic acid, glutamic acid, arginine, histidine, lysine, proline,

hydroxyprol ine, O(.-amino-n-b~tyric acid, Y-amlnobutyric ac:id, c:( -~­

diaminopimelic acid, ~-alanine, and tyrosine. Semi-quantitative

analysis indicated that the first 14 amino acids listed accounted for

most of the amino acid nitrogen in the hydrolyzate studied.

These findings of Bremner were confirmed by Stevenson (1954, 1956a)

who employed more precise methods of separation, e.g., ion exchange

chromatography. In addition to the amino acids identified by Bremner

(1950a), Stevenson was able to detect ornithine. Further evidence of

amino acids was reported by Young and Mortensen (1958). These workers

detected 50 ninhydrin-reacting substances in the desalted hydrolyzate,

but were only able to Identify 23 amino acids.

The amino acids identified In soil hydrolyzates were Initially

believed to be largely hydrolytic products of proteinaceous complexes.

The ligno-protein theory of Waksman and Iyer (1932) was advanced to

support this concept. This theory was not widely accepted for the

reason that ligno-protein can not be isolated from the soil organic

matter. This theory was revived by Tinsley and Zin (1954) who claimed

to have isolated ligno-proteins. Their finding was not confinned by

Swaby and Ladd (1964) who tried to isolate compounds possessing peptide
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bonds in soil humic acids. These workers were of the opinion that amino

acids in the soil do not occur in the fonn of proteins. instead they

believe these compounds to occur in combination with phenols and quinones.

Recently Simonart. Batistic and Mayaudon (1967) reported the

isolation of a humoprotein complex from soil humic acid. The protein

fraction was isolated from the complex by treatment with phenol. This

indicated that the protein fraction was not electrostatically bonded to

the humic acid. It is more likely that the protein is combined through

hydrogen bonding to the humic acid. The isolated protein was found to

have the following properties: (a) contains 14.8 per cent nitrogen.

(b) shows maximum absorption of ultraviolet light between 260-280 mu.

(c) possesses small electronegative charge. (d) contains 20 different

amino acids. This protein was the first to have been isolated from the

soi 1.

The detection of 0(, E'-dlaminopimelic acid, .6'-alanine, ~ -ami no­

n-butyric acid, ~-aminobutyric acid, ornithine and 3:4-dihydroxyphenyl­

alanine in soil hydrolyzates provides evidence for the presence of

nonprotein amino acids in the soil. Gamma-amino butyric acid is known

to occur extensively in plant and animal tissues and in some microorganisms

while ~- E-diaminopimelic acid has only been identified in bacteria.

The origin of the other nonprotein compounds is not known.

Bremner (1965a) sunnised that some of the combined amino acid

nitrogen occur in mucopeptides and teichoic acids since these substances

are constituents of bacterial cell walls. Mucopeptides are amino acid

complexes containing an amino sugar (muramic acid) and amino acids

(alanine, glutamic acid, and lysine or dlaminopimelic acid). Teicholc
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acids are polymers of ribitol phosphate or glycerophosphate containing

ester-linked alanine and occur as major constituents of the cell walls of

gram-positive bacteria. There are four types of teichoic acids in

bacterial cell wall and these are represented by the following general

fonmulas (Bremner, 1967):

. [alanYl-g1UCOSY1-ribitoJ
o = P - OHJ

I n

[alanYl-N-acetYI91UCOSamlnYI-liblto~o = P - OHJ
I n

[

alanYl-gtyceroj

o = P " OH
I n

[

alanYl-glYCOSY1-glYCerOl
(glycosaminyl) l

o = P - OH
I ~

Purines and Pyrimidines

Purines and pyrimidines were initially believed to account for an

appreciable portion of organic nitrogen in the soil due to the fact that

these compounds are essential cellular components. There are evidences

for the presence of four purine derivatives and three pyrimidine deriva-

tives in soils; however, these compounds can not account for more than

one per cent of the total nitrogen.

The four purine derivatives are: adenine, guanine (Schreiner and

Lathrop, 1912), xanthine ~nd hypoxanthine (Schreiner and Shorey, 1910a,

1910b), while the three pyrimidine derivatives are cystosine (Schreiner
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and Shorey, 1910a, 1910b) uracil (Bottomley, 1919), and thymine

(Anderson, 1957).

Other Identified Compounds

In the course of identifying nitrogen'compounds in the soil, the

following organic compounds having nitrogen as an integral part were

identified:

1. Choline (Aso, 1905)

2. oc -picoltne- "'''carboxyl ic acid (Shorey, 1907)

3. Creatine (Schreiner et al., 1911)

4. Triethanolamine (Shorey, 1913)

5. Urea (Fosse, 1916)

6. Cyanuric acid (Walters and Wise, 1917)

7. Allantoin (Shorey, 1938)

8. Histamine (Charles and Decau, 1960)

9. Ethanolamine (Charles and Decau, 1960)

Factors Influencing the Distribution of Organic

Nitrogen Fonns in Soils

The relative distribution of the fonns of organic nitrogen in soils

were studied by different workers (Bremner 1958a, 1958b; Bremner and

Shaw, 1954; Stevenson, 1957; Cheng and Kurtz, 1963). The organic

nitrogen fonns In the surface soils (expressed as percentage of the

total N) were found to vary as follows:

Hydrolyzable ammonium-N (20-40rJ

Amino sugar-N (5-10%)

Am ino ac id-N (20-40rJ

Purlne-N and pyrimidine-N (less than I%)
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Other identified fonns (less than I%)

Unidentified fonns (35-50%)

Variations in the amounts of soil organic-N compounds are probably

due to a number of factors. Those factors that influence the total N

content of soils would also be expected to affect the distribution of

nitrogen compounds.

Among the early workers who studied the effect of some factors on

organic N distribution was Rendig (1951). The variables examined were

type of vegetatlon and degree of cultivation. Soils covered by forest

and grass-type vegetations, and cultivated soils were detennined to

contain the following fractions: amide-N, basic amino-N, basic nonamino-N,

nonbasic amino-N, nonbasic nonamino-N, and nonhydrolyzable-N.

It was observed that the proportions of the various fonns of organic

nitrogen in prairie and virgin forest soils were remarkably similar.

The largest difference was observed in the nonbasic amino-N. This

fraction accounted for about 20% of the total nitrogen in the prairie

soil compared to about 23% in the virgin forest soil. The cultivated

soil adjacent to the virgin forest soil was also found to contain only

15% of its total nitrogen as nonbasic amino-N. Furthermore, the

cultivated soil was observed to have lower percentage of amide-N and

higher percentage of nonhydrolyzable-N.

The effect of plant species (corn, alfalfa, bromegrass) on the

amino acid-N content of soil organic matter was studied by Gupta and

Reuzer (1967). There were no qualitative differences in the amino acids

under various cropping systems, but there were substantial quantitative

differences. The total amount of amino acids was substantially higher
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in the plots grown to alfalfa for a period of seven years than in any

treatment. Aspartic acid and proline together constituted 27 to 39 per

cent of the total amino acids. The amounts of aspartic acid were higher

in soils planted to corn than in soils cropped to bromegrass; proline

showed the opposite trend.

Stevenson (1956) studied the effects of longtime rotation on the

amino acid composition of the Morrow Plots in Illinois. These plots

were found to have differences in the proportions of soil nitrogen as

O<-amino acid nitrogen and in the relative distribution of the amino

acids. The most striking difference observed was the basic amino

nitrogen content of the soils. A large quantity of the basic amino

acids was found in the untreated rotation plots. The resistance of the

basic amino acids to decomposition was attr,ibuted to the high reactivity

of these compounds with humic colloids. The greater reactivity of basic

amino acids might be due to the extra amino groups in the basic amino

acids.

The influence of long-time cropping on the distribution of the

various organic nitrogen fractions has been reported by Porter et al.,

(1964). Virgin and cultivated soils were analyzed for the following

fractions:

fraction 1 - distillable acid-soluble NH4-N; ammonium-N liberated

during hydrolysis; ammonia and amide-N; ammonia plus

amino sugar-N.

fraction 2 - nondistillable acid-soluble-N and amino acid-N.

fraction 3 - acid-insoluble-N; acid-insoluble humin-N or unhydrolyzed

humin-N; nitrogen content of the insoluble residue.
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Cultivation of the virgin soils decreased the total nitrogen and

altered the relative nitrogen distribution of the nitrogen fractions.

All three fractions decreased but fraction 2 showed the largest decreases.

This finding suggests that the amino acid fraction is relatively more

mineralizable than the other fractions.

In a similar study done by Keeney and Bremner (1964), the effects

of cultivation on the following fractions were examined: nonexchangeable

ammonium-N, nonhydrolyzable-N, total hydrolyzable-N, hydrolyzable

ammonium-N, hexosamine-N, amino acid-N and unidentified-N. Cultivation

led to small increases in the proportions of nitrogen occurring as

nonexchangeable ammonium-N, hydrolyzable-N, hexosamine-N, hydrolyzable

ammonium-N, but led to small decreases in the nonhydrolyzable-N, amino

acid-N and unidentified hydrolyzable-N.

B. Mineralizable Organic Nitrogen

Mineralization

Since the last decades of the 19th century, ammonium-N has been

recognized as the first fonm of mineral nitrogen resulting from the

biological decomposition of nitrogen-containing organic substances

(Marchal, 1893). Subsequent oxidation of this nitrogen form to nitrate-N

was demonstrated earlier by Winogradsky In 1890.

Most of the studies en mineralization dealt with the amounts of

mineral nitrogen (NH4-N and N03-N) released from the soil organic matter

at a given time. The majority of the works Involved the detenmination

of total soil minerai nitrogen of samples periodically obtained from

the field (Hlltbold et al., 1951; Bartholomew and Hiltbold, 1952;

Thompson and Black, 1950; Harmsen, 1951). The common observation was
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that the amount of mineral nitrogen in the soil fluctuates greatly and

was influenced by many ex~er.nal factors, such as, season, weather condi­

tions, plant growth and fertilization. It Is now recognized that the

mineral nitrogen content at anyone time does not provide reliable

Information about the need to add nitrogen to soils.

One of the methods used to assess the nitrogen supplying capacity

of a soil is the Incubation technique. This method Involves storing a

given soil sample under laboratory conditions (mainly constant temper­

ature and moisture content), and periodically determining the mineral N

content. The technique is simple and convenient but has the disadvantage

In allowing mineralization to proceed under artificial conditions.

Nevertheless, many studies have shown that the mineralizing capacity of

the soil as determined by incubation method is positively correlated to

crop production (Prichett et al., 1948; Allison and Sterling, 1949;

Fitts et al., 1953). On the other hand, Harmsen and·Van Schreven (1955)

expressed doubts over this correlation largely because mineralized

nitrogen was obtained under laboratory conditions.

The reverse process of soil organic nitrogen mineralization is

nitrogen Immobilization. Both processes occur simultaneously in the

soil and tend towards an equilibrium level. Addition of highly carbo­

naceous organic materials to the soil is known to retard mineralization

while the addition of nitrogenuous materials promotes mineralization

(Brown and Allison, 1916; Salter, 1931). It should be noted that these

organic materials serve as energy sources for the microorganisms.

Some workers have shown that a tIN ratio of about 20 is found to

be critical for mineralization. Materials having this ratio can supply
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energy and nitrogen in the proper proportion to support microbial

activities so that neither mineralization nor immobilization Is favored

(Jensen, 1929; Miller et al., 1936).

The concept of carbon-nitrogen ratio must be carefully weighed

because organic materials may have the same ratio but behave differently

in terms of supplying plant-available nitrogen (Whiting, 1926; Norman,

1933). Furthermore, Norman (1933) claimed that mineralization directly

depends upon C/N ratio only in the unusual case when all of the carbon

and nitrogen were readily available. In actual field soils, such

situations do not exist.

In another approach to mineralization-immobilization problems,

Jansson (1958) proposed a theory which involves a continuous internal

nitrogen cycle in soils. The fundamental basis for this cycle is that

mineralization and immobilization proceed continuously and simultaneously

in the system. The inorganic nitrogen in the system was believed to be

assimilated into the organic phase by organisms and returned to the

inorganic phase through decay and mineralization. The driving force of

this cycle was claimed to be dependent on the heterotrophic microflora

whose activities, in turn, depended upon the nitrogen and energy of the

system.

The internal nitrogen cycle was proposed to consist of active

organic and inorganic phases. The active organic phase Is that fraction

of the organic matter which is associated with the decomposing organisms,

while the active Inorganic phase consists of ammonium-N which is readily

available to the organisms. Nitrate nitrogen was not included In the

internal nitrogen cycle because microorganisms prefer to utilize
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ammonium nitrogen rather than nitrate nitrogen (Jansson, 1955).

Organic Sources of Mineralizable Nitrogen

The search for methods to determine the active organic fraction

(or native mineralizable nitrogen) led to studies involving the determi­

nation of some organic nitrogen forms before and after incubation.

The first attempts to determine the fractions involved in mineral­

ization were done by following the pathway of labelled nitrogen. Stewart

et al., (1963) observed that the percentage of added nitrogen immobilized

in the amino acid fraction was about three times higher than that

Immobilized in the hydrolyzable ammonium fraction. Small amounts were

immobilized in the acid insoluble fraction and fixed in the clay lattice

while the rest remained in exchangeable forms. Mineralization of the

immobilized nitrogen occurred substantially in the amino acid fraction

as compared to the other fractions. The increase in the amount of

exchangeable nitrogen was directly related to the decrease in the amount

of amino acid nitrogen. These findings provided supporting evidence to

the theory of the active organic pool proposed by Jansson (1958).

Chu and Knowles (1966) studied the effect of added nitrogen on the

composition of microorganisms. The expected relationship between

exchangeable nitrogen and amino acid nitrogen was observed.

Reports on flush mineralization of organic nitrogen upon re-wetting

a dried soil (Prescott, 1920; Lebedjantzen, 1924; Birch, 1958), prompted

Harada and Hayashi (1968) to examine the effect of drying and wetting

cycles on the distribution of native and immobilized nitrogen. About

SO per cent of the added nitrogen was found in the amino acid fraction

while the remainder was distributed among the hydrolyzable ammonium,
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amino sugar and acid insoluble fractions. After four cycles of alternate

wetting and drying, both native and immobilized nitrogen associated with

the amino acid fraction was substantially decreased.

Mineralization of native organic nitrogen was studied by Keeney and

Bremner (1967) in incubated soils. Nitrate nitrogen was periodically

leached from the soil in order to avoid the immobilization andi"re-cycling

of the mineralized nitrogen. Analysis of the distribution of organic

nitrogen forms, before and after incubation, showed decreases in the

amino acid-N, hydroxyamino-N, unidentified-N and total hydrolyzable-N

fractions. However, there was no consistent decrease in these nitrogen

fractions for all the soils studied. Keeney and Bremner concluded that

the nature of the mineralizable fonm of nitrogen can vary with the type

of soil s.

Contrary to these observations, Moore and Russel (1968) claimed that

the fractionation procedures based on organic matter hydrolysis with 6N

HCl have little relevance to the biological lability of soil nitrogen.

These workers observed the relative constancy of the proportions of each

organic fraction despite the wide variations in total nitrogen content

and cultivation to the soil. It was noted that hydrolysis with 6N HCl

resulted in partial degradation of several organic nitrogen compounds

and complexes so that the measured nitrogen content of each fraction

bears little relation to the biological lability of organic nitrogen

fonms.

A different approach to the study of the active organic nitrogen

pool is the use of chemical reagents to extract a portion of the nitrogen

bearing fraction. The nitrogen content of this fraction is believed to



21

be an index of the native available nitrogen.

Jenkinson (1968b) introduced the concept of soil biomass as a

measure of the mineralizing capacity of the soil. A soil that maintains

a large biomass releases more nitrogen than a soil having a small biomass.

This idea of soil biomass was principally based on a previous work by

Jenkinson (1968a) in which he studied the decomposition of ryegrass

containing labelled carbon. In this study, the labelled material was

allowed to decompose in the soil for one year. It was observed that a

substantial portion of the labelled carbon was extractable with barium

hydroxide solution. Qualitative examination of the organic material

soluble in barium hydroxide showed that it contained hydrolyzable ~­

amino acids, free amino acids, ammonia, nitrate, and polysaccharides.

To test the concept of soil biomass as an index of available nitrogen,

Jenkinson (1968b) studied the relation between the amount of organic

nitrogen extracted in barium hydroxide and mineralized nitrogen. A good

correlation between these fractions was obtained.~

A similar study was reported by Stanford (1968) who observed that

the distillable ammonia nitrogen in the soil extracts correlated well

with the amount of soil nitrogen mineralized. The extractants used were

CaCI2, Ba(OH)2' and boiling water. Correlation of distillable nitrogen

in the boiling water extract was previously reported by Keeney and

Bremner (1966).

C. Biological Stability Of Organic Nitrogen

It is commonly observed that the amount of available nitrogen

mineralized from organic fonms is about one to three per cent of the

total soil nitrogen content. Slow mineralization has been attributed to
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the resistance of nitrogen complexes to further biological decomposition.

This stability is difficult to understand because organic residues

(plant and animal debris) commonly added to soils are not particularly

resistant to microbial decomposition. Nitrogenuous materials (such as

protein, nucleic acids, chitin) are also fairly rapidly decomposed when

added to the soil.

There are several theories which explain the formation and nature

of these decomposition products. Each of these theories will be discussed

in the following sections.
,
Ligno-protein Theory

The occurrence of ligno-protein complexes in the soil was first

suggested by Deherain (1889) and Hebert (1893). These workers attributed

the stability of the ligno-protein complex to the resistance of lignin

against microbial attack. This concept did not receive recognition until

Hobson and Page (1932) prepared an artificial ligno-protein complex by

mixing alkali solutions of lignin and proteins. According to these

workers, the artificial ligno-protein behaved like the native nitrogen

complex in soil humic acid, e.g., the nitrogen passed through an ultra-

filter and was not salted out by saturated sodium chloride. Moreover,

both of the prepared and natural complexes were acted upon by proteolytic

enzymes (such as pepsin and trypsin) only to a limited extent. Upon

hydrolysis with Hel, the synthesized humic acid yielded about 50 per cent

of the total nitrogen as amino acids, thus indicating that the prote­

inaceous material was associated with lignin. It was suggested that a

"salt" was formed between the acidic, negatively-charged non-nitrogenuous

humic acid and the basic positively-charged protein.
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Demolon and Brigando (1932) rejected the claim of Hobson and Page.

These workers tested the capacity of humus alone, humus plus albumin, and

albumin alone to be nitrified. It was observed that the humus-albumin

mixture was as rapidly nitrified as albumin alone. This observation led

these workers to conclude that the stability of soil organic nitrogen is

due to its chemical nature, such as being part of ring compounds.

Waksman and Iyer (1932) proposed that stable complexes are formed

through condensation reaction between the lignin and protein. The

carbonyl group of ketonic and aldehydic components of lignin reacts with

the amino group of protein according to the following reaction:

C52H46010(OCH3)COOH(OH)4C=O + H2NRCOOH~C52H46010(OCH3)COOH(OH)4C=NRCOOH

+ H20

The complex formed is stable and possesses a high cation exchange

capacity, a property characteristic of soil humus. It has also been

suggested that once the humic material is saturated with proteins,

further addition of proteins usually result in loosely bound proteins

which can be readily attacked by microorganisms. These workers further

stressed that ligna-proteins in soil organic matter do not necessarily

occur as discrete forms but in combination with other organic matter.

In a supporting study, Bremner and Shaw (1957) found that a prepared

ligno-protein complex (lignin and edestin dissolved in alkali and

re-precipitated with acid) was much less mineralizable than edestin alone.

Esterman et al., (1959) presented further evidence concerning this

ligno-protein concept. However, unlike the condensation product

described by Waksman and Iyer (1932), Esterman and colleagues proposed

that lignin provides a gel-like structure upon which protein is adsorbed.



This ligno-protein was claimed to be highly resistant to proteolysis.

Llgno-ammonia Theory

One of the first contradictions to the Waksman and Iyer concept

was presented by Mattson and Koutler-Anderson (1932). It was proposed

In the llggo-proteln theory that the linkage between the amino group of

the protein and carbcnyl of lignin gave rise to increased cation exchange

capacity. In contrast, Mattson and Koutler-Anderson found that the

protein humate had a lower cation exchange capacity than the original

humus.

Mattson and Koutler-Anderson (1942, 1943) observed that auto-oxida­

tion of lignin In ammonium hydroxide gave a product that contained a

high percentage of chemically stable nitrogen. It was proposed by these

workers that similar ligno-nitrogenuous complex occurred in soils by

reaction of lignin and ammonia. The bonding of ammonia to lignin was

also claimed to occur through an Intermediate oxidation group, possibly

the carbonyl group present in lignin. The bond formed was believed to

be stable because the fixed ammonia could not be oxidized.

This theory on ligno-ammonia (or lignin-ammonia) complex was .·not

widely accepted. There is very little evidence to support the assumption

that lignin or lignin-derived fraction of soil organic matter is responsi­

ble for the fixation of ammonia. A recent study of ammonia fixation by

sugar cane bagasse showed that the hemicellulose fraction of this material

is largely responsible for the ammonia-fixing capacity and that lignin

had very little capacity to fix ammonia (Chang et al., 1961). Another

serious objection to the ligna-ammonia theory is that it could not account

for the high proportion of amino acids obtained from soil hydrolyzates.
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Amino acid-quinone Theory

Swaby and Ladd (1962) contend that humic acids consist of amino

acids combined with phenols or quinones rather than ligno-protein or

ligno-ammonia complexes. These workers were able to synthesize model

humic acids and observed that oxidation, polymerization, and polycondensa­

tion were slower when amino acids were not inCluded. This observation

suggests that amino acids p~.ay an active role in the reaction. The

synthesized humic acids were found to possess physical and chemical

properties similar to soil humic acids.

Swaby and Ladd hypothesized that humus molecules when present in

high concentration are polynlerized rapidly through free radicals formed

by enzymatic action and in an environment free of microorganisms capable

of decomposing them. Such an environment occurs within cells, plant or

microorganism shortly after their death, when autolytic enzymes are active

but external microbial attach has not yet started. It is known that

protoplasmic proteins are hydrolyzed by autolytic processes to amino

acids while phenols are oxidized by various phenolases to quinones and

often to polyphenols. While the concentrations of amino acids and

qui nones are high in dead cells, polymerization could be rapid and

largely chemical, so that humic acid molecules are formed within the cell

and are subsequently released into the soil by microbial attack of the

cell wall. The acidic humates could be sorbed by clays and sesquioxides

where they may be protected from microbial attack. However, the humic

acids extracted from some Australian soils were found to be resistant

to decomposition despite the absence of clays, silJca, iron or aluminum.

This led to the argument that humic acids are resistant mainly because
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of its peculiar molecular structure. The polymer structure consists

of many heterogeneous units, irregularly cross-linked by different

covalent bonds.

Biological Fonmation of Stable Compounds

One notes from previous theories that fonmation of stable compounds

is mainly chemical in nature. The reacting components combine to fonm

products withuut the participation of microorganisms. It is commonly

agreed however, that the onset of organic residue decomposition is

biological in nature. After this stage the above theories imply that

subsequent processes are mainly chemical in nature. Some investigators

claim that the degree to which abiotic processes occur is disproportion­

ately small compared to those brought about biologically.

Kononova (1958) studied the humification of plant residues (clover,

lucerne, etc.) and analyzed the decomposing material. She found that the

first stage of decomposition was affected by fungi which attack the

simple carbohydrates and part of the protein and cellulose in the

medullary rays, cambium and cortex. No humic material was fonmed during

this initial decomposition. The second stage was characterized by

cellulose decomposition in the xylem by aerobic myxobacteria, and by the

formation of brown humic matter. During these two stages the lignified

tissue was scarcely affected. Kononova considered that these results

threw doubt on the lignin theory and suggested that humic matter was

produced by the activities of cellulose-decomposing myxobacteria before

the Ii gn in in pIant mater iaIs had begun to decompose.'
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Organic-inorganic Colloid Complexes

The biological resistance of organic nitrogen compounds In soils

was attributed by Ensminger and Gieseking (1942) to adsorption by clay

minerals. They found that enz~atic hydrolysis of prot~jns by proteoly­

tic enz~es was markedly reduced in the presence of clay minerals. They

also found that this effect was influenced by the clay mineral species.

Two explanations were offered to explain these results: (a) that

adsorption of proteins by clay orients the protein molecules In such a

way that their active groups are inaccessible to enz~esj and (b) the

adsorption of proteolytic enz~es by clays inactivates the enz~es.

The stability of the protein-clay complex was confirmed and extended

by several workers. Pnck and associates (1951, 1954) showed that the

rate of decomposition of gelatin by soil microorganisms was much reduced

if the gelatin was mixed with bentonite clay and further reduced If

gelatin was in the form of a complex with bentonite. Birch and Friend

(1956) confirmed the protective effect of bentonite on gelatin. These

workers also found that kaolinite did not display such protective action.

Goring and Bartholomew (1950) showed that clays retarded phosphorus

mineralization from microbial tissues while Mortland and Gieseking (1952)

demonstrated that enz~atic hydrolysis of organic phosphorus compounds

was inhibited by clay minerals. In all of these observations the

protective action of bentonite was found to be much gr.eater than

kaolinite.

The protective action of clays on plant residues was first observed

by Allison and his co-workers (1949). They found that the average carbon­

retention percentages in soybean and corn stover after 12 months were as
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follows:

s d 23%an ••••••••••••

sand + 10% kaolin ••••••••• 31%

sand + 10% bentonite •••••••• 41%

Lynch and Cotnoir (1956) found that bentonite reduced the decompo-

sitton rate of crop residues and other inorganic substances by soil

microorganisms, but observed little protective effects with illite and

kaolinite.

Stability Due to Insufficient Microbial Activity

A completely different explanation for the stability of organic

nitrogen in soils was provided by Broadbent and Norman (1947). These

workers found that the mineralization of native soil nitrogen was greatly

accelerated by the addition of plant materials with low CIN ratios. The

increase in soil nitrogen release was attributed to increased microbial

activity upon addition of plant residue. They believed that the

stability of organic nitrogen in soils was more apparent than real and

was largely due to insufficient source of energy to support a vigorous

microbial population. They therefore concluded that the stability of

soil organic nitrogen was due to low levels of soil microbial activity

rather than to formation of resistant complexes.

The findings of Broadbent and Norman (1947) were confirmed by a

similar study conducted by Broadbent (1948). Sudan grass (enriched

with C13 and N15) was added to the soil and incubated for 32 days.

After incubation it was found that mineralization of native soil nitrogen

was approximately doubled and that carbon dioxide evolution was increased

threefolds. The addition of the energy-rich organic material resulted
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in increased microbial activity and, consequently, in greater release

of soil nitrogen.

D. Humic And Fulvic Acids

Chemical Nature of Humic and Fulvic Acids

Elemental composit.l.on

Elemental analysis of humic and fulvic acids has shown that the main

constituents of these organic complexes are carbon, hydrogen, oxygen and

nitrogen. Tischenko and Ryadalevskaya (1936) studied the composition of

humic acids extracted from a wide variety of soils. These soils varied

from a podzolic type to a chernozem. The elemental composition obtained

from these soils were very similar. The values (expressed in percentage

of the organic material) are given below:

Carbon 52% - 62%••••••••••••••••

Hydrogen •••••••••••••• 3% - 5%

Oxygen 31%- 37%••••••••••••••••
N".trogen 3% - 5%••••••••••••••

The elemental composition of fulvic acids was generally observed to be

similar to the humic acids except for the lower carbon and higher oxygen

percentage in fulvic than in humic acids (Kononova, 1966).

Functional groups

The functional groups known to occur in humic and fulvic acids are

the carboxyls, hydroxyls, and methoxyls groups. The presence of amino

compounds (such as amino acids and amino sugars) in humic and fulvic

acids indicates that the amino group is also a functional group of these

compounds.

Among the functional groups, the carboxyls and hydroxyls are
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considered to be of greatest significance. These groups are mainly

responsible for the cation exchange capacity of organic matter.

Broadbent and Bradford (1952) found that over half of the average exchange

capacity of organic matter is due to the carboxyl groups. The hydroxyl

groups, which constitute the rest of the exchange capacity, are known to

occur in phenols, alcohols, enols, hydroxyquinones (Martin et al., 1963)

and pyrones (Felbeck, 1965).

Chemical nature of humic and fulvic acids

The complex chemical nature of soil organic matter has been a great

challenge to investigators. The complexity of organic matter has given

rise to different hypotheses regarding Its formation and chemical nature.

These hypotheses are concerned with the organic matter as a whole or

with its component humic or fulvic acids.

Hypothesis of Kononova. Kononova (1961) considered that soil organic

matter was made up of two fractions. These were the humic and fulvic

acids. She believed that each of these fractions possessed characteristic

structural forms which could be modified by differences in the environment

under which the material was fonned.

The main structural units of humic acids are phenolic or quinoid

compounds and nitrogen-containing compounds (such as amino acids and

peptides). Carbohydrates are also considered to be part of the structural

units.

Fulvic acid was proposed to have a similar structural nature as

humic acid. However, fulvic acid was believed to contain fewer groups

of aromatic nature than humic acid.
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Hypothesis of Flaig. Studies by Flaig (1959, 1960, 1964) on the

decomposition of plant residues in soils led to the proposal that humic

substances were the end products of sequence transfonnation of organic

compounds. The sequence began with the degradation and demethylation

of lignin to substituted polyphenols, followed by oxidation to quinones

and finally the condensation of these quinones with amino acids to fonn

the humic acid structure or its immediate precursor.

Humic Acid ( Amino acids
Proteins

o
HO~O

COOH

OH
CH30'<r OCH3

? I
~

-C-
-C-
-C-

I

Lignin degradat Ion) oxl dat10'\ CH3~OCH3

HOOC

demethy1at Ion1
OH

HOijH
( oxidation y

COOH

The hypothesis of Flaig suggests that plant lignin was the initial

source which fonn the humic acid structure. On the other hand, Felbeck

(1965) established that dark-colored products resembling humic acids

were produced by a wide variety of organisms. This implied that humic

acids can also fonn from substances other than lignin.

Hypothesis of Swaby and Ladd. These workers proposed that humic

substances were formed by rapid polymerization of enzymatically fonned

free radicals in plants and microbial cells shortly after death, when

autolytic enzymes were active but the cell had not yet been attacked by

microbes (Swaby and Ladd, 1962, 1965). Protoplasmic proteins are

hydrolyzed by autolytic proteases to amino acids, while phenolic compounds
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of cells are oxidized by phenolases to quinones and polyphenols. Assuming

that concentrations of amino acids and qui nones are high within the dead

cells, polymerization can take place rapidly and is largely chemical.

Humic acid molecules are fonned. inside the cell and are subsequently

released to the soil upon decomposition of the cell wall. The synthesis

of humic acids is largely due to heterogeneous chemical catalysis rather

than the result of enz~atic activity.

Hypothesis of Felbeck. The chemical structure of humic acids was

proposed by Felbeck (1965a) to consist of 4-pyrone units linked together

by methylene bridges. Phenolic and amino acids fonned the central

structure as shown in the following diagram.

Fulvic
acid

C=O
(
o

Phenol ic
unit

Central
pyrone
unit

Amino
acid

peptide

l'

CH30~CH3
c=oI H......O

~=-6- LtL lA
HIlDie 0 N

1 CH3JJ_CH2~~CH2 ~
acid Hoi

R-~H

~=O

R-~~
X=O

This hypothesis was based on previous findings of Felbeck (1965b)

on the hydrogenolysis of the nonhydrolyzable fraction of organic matter.

Hydrogenolysis products as shown by nuclear magnetic resonance spectros-

copy, consisted of long chains of methylene units with occassional

branching. A pure product identified as n-C25 or n-C26 hydrocarbon was
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isolated. Other observations have shown that humic acids contain C=C

and have the ability to fix ammonia.

Nitrogen Fractions of Humic and Fulvic Acids

Humic and fulvic acids contain nitrogen. Although it is not known

whether nitrogen is an integral component of these fractions, elemental

analysis always shows nitrogen. The nitrogen content of the humic acid

fraction was found to vary from three to six per cent in different soils

(Kelley and Thompson, 1914; Hobson and Page, 1932; Bremner, 1955; Singh

and Bhandari, 1965). Fulvic acid was observed to contain about five

per cent nitrogen (Forsyth, 1947).

Nitrogen fractions in humic acid. The ni.trogen fractions in humic

acids have been studied intensively by Bremner (1952, 1955b). Hydrolysis

of humic acid yielded organic nitrogen fractions with the following

range of humic acid nitrogen:

Ammonium-N ••••••••••••••••• 9 - 16%

Amide-N •••••••••••••••••••• 7 - 12%

Amino sugar-N •••••••••••••• 3 - 8%

Amino acid-N ••••••••••••••• 30 - 47%

Acid insoluble-N ••••••••••• 20 - 60%

Nitrogen fractions in fulvic acid. Studies on the nitrogen fractions

of fulvic acid are very limited. The only available data in the litera­

ture are those reported by Stevenson (1960). The fulvic acid used in

this fractionation study was extracted from one soil type (Cisne silt

loam).

The proportion of the nitrogen fractions to the total Nof the

fulvic acid, as obtained by Stevenson (1960), are given below:
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Amino sugar-N

Amino acid-N

••••••••••••••••••••

••••••••••••••••••••• 21.8%

Acid insoluble-N ••••••••••••••••• 12.8%

Interaction of Organic Compounds with Soils

It is commonly observed that the organic matter in soils can not be

separated easily from the mineral matter by mechanical dispersion (such

as ultrasonic vibration) or extraction with mild reagents (such as sodium

carbonate or sodium pyrophosphate). Strong alkali are sometimes not

sufficient to extract all of the organic matter in the soil. These

observations point out that organic matter Is strongly bonded to the

mineral matter of soils.

Bonding forces which may be involved in the fonmation of clay-organic

complexes were given by De Boer (1953) (Table 1) •. De Boer proposed that

Table 1. Forces involved in the interaction between clays and organic
compounds (Adopted from De Boer, 1953).

1. Coulombic attractions
between

Negatively charged surface and
positively charged organic
compound

Positively charg~d surface, or
ion or oligo-ion at surface,
and organic anion

(b) Non;polar: Dispersion forces
e.g. positively charged Hydroxy Al

2. Van der Waals forces, composed of
(a) Polar: Charge-dipole

interactions
Dipole-dipole

interactions (including
H-bonding)

Dipole-induced dipole
interactions

between

surface and
organic compound

adsorbed molecules
of similar species

adsorbed molecules
of dissimilar
species
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the forces involved in adsorption are the same as those acting in all

other Instances when atoms and molecules are in proximate positions.

However, the interaction between large organic molecules and clay

mineral surfaces is more complex. The major interactions consist of

attractive forces between specific functional groups of organic

molecules and specific adsorption sites on the clay. In addition to

this, there could be minor Interactions at different parts of the clay

and the molecules. These minor interactions may occur more frequently

and become as important as the major attractive forces.

The adsorption of organic molecules on clay surfaces may be

associated with displacement of water molecules from the clay surface

(Koral et al., 1958). When a large organic molecule is adsorbed, it

causes desorption of many small ~lecules (water molecules) resulting

in an increase in the entropy of the system.

Entropy is a measure of the degree of randomness of a system. A

net increase In entropy favors adsorption reaction to occur in the

forward direction. This phenomenon is explained further by the relation­

ship between entropy change and free energy of the reaction.

The free energy change of adsorption (~Ga) is related to a change

in heat of adsorption (4 Ha) and entropy (&.1 Sa) by the following

equation,

.4 Ga = AHa - TASa

With increasing entropy change in the system during an adsorption

process, the free energy function increases negatively, a condition

favoring the forward reaction for adsorption. This reaction may be

represented as follows:



Clay] nA + B ClayJs + nA

36

-where nA is the number of water molecules adsorbed on the clay surface,

and B is some large organic molecule.

The extent to which organic molecules are adsorbed on clay surfaces

is detenmined by the properties of the adsorbent and the adsorbate, and

the medium in which the reaction take place. The influence of these

properties on adsorption was summarized by Greenland (1965) in Table 2.

Table 2. Summary of pr.operties of components of the system which influence
the adsorption of organic compounds by clays (Adopted from
Greenland, 1965).

Properties of surface

Extent (total surface area)

Accessibility (size and
tortuosity of pores)

Chemical nature of atoms
forming surface (0 or OH)

Charges at surface (spatial
density and distribution,

,origin)

Exchangeable Ions on surface

Configuration of surface

Properties of
Organic Compound

Charge

Polarity

Shape

Flexibil ity

Properties of
Medium

Those which affect
its behavior

(1) as solvent for
organic compound

(2) as competitor
with organic
compound for
sites on clay
surface
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'MATERIALS AND METHODS

A. Soils

The soils used in this study were grouped according to the nature

of their origin or kind of parent material. These groups were:

(1) Soils derived from volcanic ash

(2) Soils derived from basalt and alluvium

The soils in group 1 were collected from the island of Hawaii, ~_ile

those in group 2 were collected from islands of Oahu and Kauai. The

primary basis for selection of these soils was the climate associated

with these soils. The climatic variables considered were rainfall and

temperature.

1. Volcanic ash soils

These soils occur in a wide range of rainfall (20 to 500 inches,

mean annual rainfall). Consequently, the degree of weathering in these

soils varies from an early stage of development to an advanced stage.

Waikaloa fine sandy loam is a member of the ashy, isothermic family

of Ustollic Eutrandept. This soil has dark reddish brown A horizon that

has a weak granular structure, a brown to dark reddish brown B horizon

that has a weak prismatic structure, and a Cca horizon at about 30 to 50

inches deep. This soil occurs under an arid climate (20 inches, mean

annual rainfall) and a moderately cool temperature (620 F). In this

environment, organic matter accumulates in the upper part of the solum,

and bases are maintained at a relatively high level.

Waimea fine sandy loam is a member of the ashy, isothermic family of

Typic Eutrandept. The soil has a dark Al horizon with a weak granular
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structure. The B2 horizon is very friable and has silt loam texture.

This soil differs from Waikaloa in that It has no calcium carbonate

accumulation In the profile. This soil has developed under a slightly

lower temperature and higher rainfall than the Waikaloa soil. The average
oannual temperature and rainfall are 60 F and 40 inches, respectively.

Chemical weathering has progressed a little further than the Waikaloa

soil.

Pahala silty clay loam is a member of the ashy, isohyperthermic

family of the Typic Eutrandept. This soil occurs under a mean annual

rainfall of 40 inches and a mean annual temperature of 720 F. The chemi-

cal properties of this soil are similar to those of the Waimea soil.

Maile silt loam is a member of the thixotropic, isomesic family of

Hydric Dystrandept. The soil has a dark reddish brown A horizon having

moderate subangular blocky structure. It dehydrates irreversibly into

sand or silt-size aggregates. This soil occurs under a relatively lower

temperature (58° F) and a higher rainfall (80 inches) than the Eutran-

depts. The Maile soil also possesses a high clay content and is an

intergrade between the Eutrandepts and Hydrandepts.

Hilo silty clay is a member of the thixotropic family of Typic

Hydrandept. The soil has a dark brown A horizon with a strong subangular

blocky structure. The B horizon has a moderate prismatic structure.

The Hilo soil dehydrates irreversibly into gravel-size aggregates. It

occurs in areas where the mean annual temperature is 720 F and the mean

annual rainfall is 150 inches. Because of high rainfall, the soil is

continuously subjected to leaching. Consequently, it possesses a low

base status as well as low silica content. Iron and aluminum oxides
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predominate so that Its sillca-sesquioxide ratio is low. The high clay

content, low base status, and low sillca-sesquloxide ratio of thi~ soil

are associated with Its advanced stage of weathering.

Akaka silty clay Is a member of the thixotropic, Isomesic family

of Typic Hydrandepts. The soil has a dark brown A horizon with a

moderate subangular blocky structure. The B2 horizon, which also, has

a moderately prismatic structure, Is faintly mottled. This soil also

dehydrates irreversibly into gravel-size aggregates. Akaka soil occurs

at high elevations where the mean annual temperature is about 580 F and

the mean annual rainfall is about 250 inches. The chemical properties

of this soil are similar to the Hilo soil but these properties are

expressed more intensely in the Akaka soil. It is believed that Akaka

5011 has undergone more intense weathering than the Hilo soil.

2. Basalt-derived and alluvial 50115

The soils In this group are also considered well-weathered soils.

They occur under widely variable rainfall but under relatively uniform

warm temperatures ranging from 70 to 750 F.

Molokai silty clay loam is a member of the halloysitic, isohyper-.

thermic family of Tropeptic Haplustox. The soil has a dark reddish

brown, friable A horizon with a weak granular structure, a dark reddish

brown B horizon with a weak coarse prismatic structure in the lower part

of the ~orizon. Some black concretions of manganese are observed in the

surface which effervesce with hydrogen peroxide. This soil Is dominantly

halloysltic and contains iron oxide throughout the profile. Some silica

and bases have been lost through the weathering of primary minerals.
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Wahiawa silty clay is a member of the halloysitic, isothermlc family

of Tropeptic Eutrorthox. The soil has a dusky red granular A horizon

and a compact B horizon. The B horizon has a moderate to strong

subangular blocky structure. Manganese concretions are common throughout

the solum and imparts a purplish color to the soil when it is moist. 1

Two profiles of Wahiawa soil were collected. These profiles were

obtained from dry (~ inches, mean annual rainfall) and relatively wet

(75 inches, mean annual rainfall) areas. Henceforth, the sample obtained

from the dry area is called Wahiawa 1 and that of the wet area, Wahiawa

2. These two profiles have similar properties except for the presence

of a manganiferous crust in Wahiawa 1.

Waialua silty clay is a member of the halloysitic isohyperthermic

family of Oxic Eutropept. This soil has very deep dark reddish brown

color and has mottled B horizon. It has also a silty clay texture but

its consistency is more plastic and sticky than the Wahiawa soil.

Paaloa silty clay is a member of the clayey, oxidic, isothermic

family of Humoxic Tropohumult. The soil has dark reddish brown silty

clay A horizon and has a subangular blocky structure, and a dark reddish

brown silty clay or clay B horizon having a moderately strong subangular

blocky structure. This soil has developed under a heavier rainfall (90

inches, mean annual rainfall) than the previously described soils. As a

result of high rainfall, the soil is known to be in a more advanced

degree of weathering. The soil contains a relatively high percentage of

iron and aluminum oxides.

Kolekole silty loam is a member of the oxidic, isothermic family

of the Oxic Eutropept. This soil has dark reddish brown silty clay loam



41

A horizon that has a weak granular structure. a dark reddish brown B2

with only a moderate structure In the upper part and a buried powder­

like B horizon at about four feet depth. The buried horizon is underlain

by a hard compacted layer. The Kolekole soil contains high amounts of

iron and titanium oxides. This soil Is considered to be in an advanced

stage of weathering.

Hanalei silty clay Is a member of the fine silty clay. Isohyper~~­

thermic family of Typic Tropaquept. The soil has a dark gray or grayish

brown B horizon. It is developed from recent alluvium and is considered

to be a relatively young soil.

Lualualei clay is a member of the montmorillonitic. isohyperthermic

family of the Typic Chromustert. This dark-colored fine texture soil is

very sticky and plastic when moist. The soil is known to exhibit deep.

wide cracks upon drying. The self-mulching property of this soil is also

well known. One characteristic feature of this soil when dry is that

it becomes extremely hard. This soil occurs In very dry (mean annual

rainfall. 20 inches) and warm (mean annual temperature. 750 F) areas.

B. Sample Preparation

Samples collected from the field were fragmented with a wooden roller

and ground to pass through a 2 rom sieve. Whenever necessary. the large

clods of the wet and plastic soils were first crushed into small pieces

by hand and passed through a 1 em sieve. These screened soils were

thoroughly mixed and stored in plastic bags.

Subsamples from the Hydrandepts and Dystrandepts were only partially

dried and passed through a 32-mesh sieve. The subsamples from the other

soils were air-dried. ground and passed through lOa-mesh sieve. These
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samples were stored In plastic bags and subsequently analyzed for total

nitrogen, organic nitrogen fractionation, and amino acid. In another

set of subsamples the soils were passed through 32-mesh sieve and

analyzed for organic matter extraction and for the determination of

exchangeable ammonium and nitrate nitrogen.

C. Methods

I. Total nitrogen

Prior to hydrolysis and fractionation of soi I organic nitrogen into

various fonn~, the total nitrogen of all horizons of each profile was

analyzed using the semi-mlcro-Kjeldahl method (Bremner, 1965b). One-half

gram soil was weighed into a mlcro-KJeldahl flask and digested with

sulfuric acid and a salt mixture consisting of K2S04, CUS04 • 5H20 ~nd

Se In a ratio of 10:1:0.1, respectively. This acid digestion converts

the organic nitrogen into ammonium fonm. The ammonium was then liberated

as ammonia through steam distillation with ION NaOH; the ammonia in the

distillate was collected in 2% boric acid-indicator (methyl red-brom­

cresol green) solution which was later titrated with standard sulfuric

acid.

2. Organic nitrogen fractionation

a. Preparation of soil sample for hydrolysis. Five grams of the

finely ground soil (100 or 32 mesh) were weighed into a 50-ml centrifuge

tube. Dilute acid (O.IN HCI) was added and the mixture was shaken on a

reciprocal shaker for 30 minutes. After shaking, the solution was

centrifuged and the supernatant solution was decanted. Washing was

continued with distilled water until the decanted solution was visibly

free of floating organic material.



b. Preparation of hydrolyzate. The acid-washed soil material was

quantitatively transferred with 6N HCl into a 250-ml Erlenmayer flask

fitted with a standard tapered (20/40) ground glass joint. A calculated

volume of 12N HCl was also added so that the final solution concentration

was 6N HCI. The flask was connected to a Liebig condenser with a ground

glass joint. The soil-acid mixture boiled for 12 hours.

After hydrolysis, the mixture was filtered (Whatman No. 42 filter

paper) on a Buchner funnel with the aid of a suction pump. The filtrate

or hydrolyzate was transferred to a 100-ml v~lumetric flask and made up

to volume with distilled water. A 50-ml aliquot of the hydrolyzate was

neutralized to pH 6.5 with NaOH and was made up to 100-ml volume.

c. Analysis of hydrolyzate. The different forms of organic nitrogen

were determined by steam distillation of the neutralized hydrolyzate

after appropriate sample pre-treatments. The total hydrolyzable nitrogen,

however, was determined on the original acid hydrolyzate. Determination

of the total Ncontent of each fraction was done by Bremner's method

(1965c) described below:

(1) Total hydrolyzable-N: A 5-ml aliquot was taken from the

acid hydrolyzate and analyzed for total N using the semi-micro-Kjeldahl

method described previously.

(2) Hydrolyzable ammonium-N: An aliquot of 25 ml obtained from

the neutralized hydrolyzate was treated with MgO and steam-distilled.

The distillate was collected in a boric acid-indicator solution and was

tItrated with standard sulfuric acid.

(3) Amino sugar-N: A 25 ml aliquot from the neutralized hydroly­

zate was acidified with citrate buffered to pH 2.5. The acidified sample
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was treated with ninhydrin and heated over a steam bath for 10 minutes.

The ninhydrin treatment converted the OC -amino group of the amino acids

Into uncombined ammonlum-N. Upon addition of the phosphate-borate buffer

and its subsequent steam distillation, the ammonia was liberated together

with the other forms of nitrogen In the sample. The amino acid-N content

was also obtained by difference.

(5) Unidentified nitrogen fraction: The nitrogen in the hydroly­

zate which can not be accounted for by the hydrolyzable NH4-N, amino

sugar-N, and amino acid-N is referred to as unidentified hydrolyzable-N.

The other unidentified form is the nitrogen remaining in the soil after

hydrolysis. This fraction is called acid-Insoluble nitrogen. This

fraction is obtained by taking the difference between total soil Nand

total hydrolyzable-N.

3. Mineralization of native organic nitrogen

a. Soils studied. Attention was centered on the surface horizons

of the high nitrogen-containing soils (Andepts) as well as representative

surface soils of the profiles obtained from the islands of Oahu and Kauai.

Tlte surface soi 15 studied were as follow:

Akaka (0-8 in.)

Hilo (0-10 in.)

Mai Ie (0-7 in.)

Waimea (0-6 in.)

Pahala (0-6 in.)

Waikaloa (0-6 in.)

Wahiawa (0-8 in.)

Hanalei (0-6 in.)
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Waialua (0-7 In.)

Lualualei (0-4 In.)

b. Incubation method. The moist soils (field condition) were

passed through a 2 mm or I em sieve and stored In double plastic bags

and then incubated for 12 months at room temperature. Storage in plastic

bags allowed diffusion of air through the soil but prevented excessive

losses of soil water.

4. Incubation study

a. Chemical analysis of incubated soils. Initial amounts of the

various forms of organic nitrogen in the soils were determined using the

method described previously. Exchangeable ammonium and nitrate nitrogen

were analyzed as "total anvnoniumll at the initial stage using Bremnerls

technique (1965d) with slight modification. To 30 grams of soil, 180 ml

of 2N KCI was added and shaken for one hour. The soil-extractant mixture

was filtered and an aliquot of the filtrate was taken for analysis.

Prior to distillation, Devardals alloy was added to the filtrate to

reduce the nitrate to ammonium form. The total ammonium in solution was

determined by the method proposed by Bremner (1965d).

b. Interval of sampling for incubated soils. Subsamples for the

determination of th~ organic nitrogen fractions and exchangeable forms

were taken at 12 and 18 months from the volcanic ash soils while only

one sampling at 12 months was made for the remaining soils.

5. Identification of amino acids

a. Preparation of hydrolyzates. Forty grams of finely ground soil

material (passing either 100 or 32 mesh sieve) were hydrolyzed with a

reflux condenser with 200 ml of 6N HCI for 12 hours. The hydrolysate



obtained after filtration was evaporated under vacuo at 500 C. The

residue in the form of a slurry was diluted with distilled water and the

evaporation process was repeated. Alternate dilution and evaporation

was done three times to remove traces of HCl in the hydrolyzate. The

final residue was transferred quantitatively to a 100 ml volumetric

flask and made to volume.

b. Desalting process. A 25 ml aliquot of the slurry was mixed

with the top portion of a resin column (Dowex 50, Hydrogen form) and

left to react with the resin for 2 hours. The column was thoroughly

washed with distilled water until It was free of chlorides. This washing

procedure removed all anions present in the hydrolyzate while the cations

were retained together with amino acids. Elution of the amino acids from

the column was done using 5% NH40H. Two liters of the alkali was used

to elute each column.

The effluent collected was evaporated under vacuo at 450 C to

volatilize ammonia from the sample and to reduce its volume. Complete

removal of ammonia was accomplished by treating the extract with Ba(OH)2

before the last evaporation. Barium was precipitated as BaS04 by

addition of H2S04. This desalted extract was adjusted to pH 2.5 and

made up to a volume of 25 mI.

c. Ion exchange chromatography of amino acids. Separation and

identification of the amino acids In the sample was accomplished by

chromatography using a Technicon Amino Acid Autoanalyzer.

The principle involved in the separation of the amino acids is their

differential elution from the column by a buffer gradient ranging from

pH 2.875 to pH 5.000. Amino acids are eluted according to the acidity
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or basicity of each compound. An acidic amino acid (aspartic acid, for

example) Is eluted by the low pH buffer while a basic amino acid (as

arginine) Is eluted at pH 5.0. The amino acid eluted from the column

is automatically conveyed to react with ninhydrin and hydrlndantin in

the reaction vessel to fonn a colored solution. The optical density of

the colored solution Is measured by a colorimeter and Is recorded auto­

matically on a chromatogram.

Each amino acid has a definite retention time in the column. The

unknowns are compared to those of standard aml~o acid.

6. Preparation of humic and fulvic fractions

a. Washing samples prior to extraction. Thirty grams of surface

soil was weighed into a 100 ml polyethylene centrifuge tube along with

60 ml of O.IN Hel. The soil-acid mixture was shaken for one hour,

centrifuged, and the supernatant solution decanted. Washing was continued

until the supernatant liquid was free of floating undecomposed organic

residues.

b. Alkali extraction. A preliminary extraction test was conducted

on three soil samples using two extractants: (a) 1:1 mixture of O.IM

Na4P207 and O.IN NaOH, and (b) 0.5N NaOH.

The acid-washed soil was quantitatively transferred into a 250-ml

polyethylene bottle along with 150 ml of the extractant and shaken for

12 hours. The organic matter was separated by filtering the mixture and

washing the soil several times with the extracting solution. The washings

were added to the extract.

Extraction of organic matter from the surface soils was accomplished

by using 0.5N NaOH, and following the same extracting procedures as In



the preliminary test.

c. Separation of humic from fulvic acid. The alkali extract was

acidified to pH 2.0 with 3N HC1. The purpose of this acidification was

to precipitate humic acid. The acidified extract was left overnight for

a more complete separation between the humic and fulvic acids.

The fulvic acid was siphoned off into another container. Further

separation was done by alternate re-dlssolutlon of the precipitate with

O.IN NaOH and precipitation with dilute HC1. Finally, the precipitate

was washed several times with distilled water to remove excess chlorides.

This gel-like precipitate was used for further analysis.

The fulvic acid solution was dialyzed in distilled water until free

of chlorides. This lon-free solution was concentrated by evaporation

under vacuo at 500 C. The concentrated fulvlc acid was used for analysis.

d. Chemical analysis of humic and fulvlc acids.

(1) Ash content. Before any chemical analysis was undertaken on

each fraction, the ash content was determined by ignition.

(2) Total nitrogen. The total nitrogen content of the humic and

fulvic acids was determined by the semi-micro-Kjeldahl method.

(3) Hydrolysis of humic acid. The humic acid was weighed, placed

in a 250 ml flask with ground glass joint, and refluxed with 6N HCl for

12 hours. After hydrolysis, the mixture was filtered and the total

nitrogen content of the non-hydrolyzable humic acid was obtained by

difference.

7. Infrared spectroscopy

a. Pellet preparation. One milligram of the oven-dried humic acid

or fulvic acid was mixed thoroughly by grinding with 100 mg of IR-grade



KBr. The mixture was transferred Into a pellet press and evacuated by

a vacuum pump for 10 minutes. Immediately after evacuation, the mixture

was compressed into a pellet by means of a Carver press.

b. Determination of spectra. The pellet was placed on a samp,le

holder and fitted into the sample window of a double beam IR instrument

(Bec~an IR 5). A blank pellet (KBr alone) was placed In the other

window.

8. Adsorption s~udies on humic and fulvic acids

a. Preparation of adsorbent. The soils were treated with 30% H202

until almost free of organic matter. After this treatment, the soils

were washed several times with distilled water, dried, and passed through

a lOa-mesh sieve.

b. Preparation of adsorbate. Organic matter was extracted from

the soil with 0.5N NaoH. The humic acid and fulvic acid were separated

as described previously. The humic acid precipitate was re-dissolved in

O.IN NaOH and dialyzed until free of inorganic dissolved ions. Likewise,

the fulvic acid solution was dialyzed until free of inorganic dissolved

ions. The large volume of the fulvic acid was reduced by evaporation

under vacuo at 450 C. This concentrated solution of fulvic acid and the

dialyzed humic acid were used for adsorption studies.

c. Adsorption of humic and fulvic acids in soils. Adsorption of

humic and fulvic acids by soils were obtained by determining the amounts

of carbon adsorbed by a given weight of soil. The soils used were as

follow: Akaka (O-8 in.), Akaka (8-16 in.), Pahala (0-7 In.), Wahiawa

(0-8 in.), and Lualualei (0-4 in.).

The analysis of carbon content Involved the following steps. To a
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set of 500-mg soil samples contained in 50-ml polyethylene centrifuge

tubes, varying volumes of the humic and fulvic acid solutions were

added. The mixtures were shaken for 24 hours after which time they were

centrifuged. The supernatant solution was analyzed for the carbon content

and the amount of adsorbed carbon was obtained by difference between the

initial and final amounts.

d. Adsorption at varying pH. The pH of the humic acid-soil or the

fulvic acid-soil systems was var.ied from pH 3 to about 9 by adding HCl

or KOH. The pH of the systems was adjusted to the desired value after

6 and 12 hours of equilibration. The mixtures were then shaken for 12

hours and centrifuged. The amount of carbon in the suspension was

determined. Adsorbed carbon was obtained by the difference between

the initial carbon added and the final carbon concentration in the

suspension.

To determine the carbon content, the wet combustion method of

Walkley and Black was adopted. In this method, the organic carbon is

oxidized by K2Cr207 in the presence of concentrated sulfuric acid. The

K2Cr207 is added in excess. The excess after oxidation of organic

carbon is back titrated with FeS04.
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RESULTS AND DISCUSSION

A. Distribution Of Total Nitrogen In Soil Profiles

1. Distribution in Volcanic Ash Soils

Profile distribution of total nitrogen in volcanic ash soils is

presented in Fig. 1. These soils (see section A.l., materials and

methods), were classified into three groups according to the relative

degree of weathering. These groups were: (a) relatively young soils

(Eutrandepts), (b) intergrades (Dystrandepts) and (c) highly weathered

soils (Hydrandepts).

The distribution of nitrogen in the profiles generally decreased

with soil depth, except in the Waimea and Maile soils where certain

lower horizons contained more nitrogen than their surface layers. In

the 30-40 inch depth of the Akaka soil profile, a slight increase In total

nitrogen content was observed.
I

The presence of high nitrogen-containing

subsoil horizons is not an uncommon observation in volcanic ash soils

where deposition of new ash materials results in the formation of buried

surfce soil. The rate and extent at which the new deposit undergoes

weathering is generally determined by climate. Since organic matter,

and consequently organic nitrogen, accumulate during soil development,

the amounts and nature of these materials may be similarly influenced by

weathering.

Two of the more common parameters of climate are rainfall and

temperature. To assess the Influence of climate, the mean annual rainfall

and mean annual temperature were used as indices. Henceforth, mean annual

rainfall and mean annual temperature are referred to as rainfall and
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temperature, respectively.

a. Influence of rainfall

The Influence of rainfall on soil nitrogen was evaluated by comparing

the nitrogen content of soils whose temperatures are similar. The soils

were grouped Into three temperature levels; each group consisted of two

soils with varIable rainfall. These groups are as follows:

(1) Soils at 580 F: Akaka (250 Inches)

Maile (80 inches)

(2) Soils at 60-62
0

F: Waimea (40 inches)

Waikaloa (20 inches)

(3) Soils at 720 F: Hilo (150 inches)

Pahala (40 inches)

The distribution of total nitrogen at these three temperature levels are

also shown in Fig. 1.

In the temperature group, 580 F, the surface layer of the Akaka

soil showed a higher nitrogen content than the Maile; however, the

accumulation of nitrogen in the whole profile did not follow the same

pattern. The subsurface layer (7-15") of the Maile soil contained

slightly higher nitrogen than the surface soil of the Akaka. The rest

of the subsoil layers of the Maile contained more nitrogen than corre­

sponding layers of the Akaka.

In the 60-620 F temperature group, the Waimea soil had much higher

nitrogen accumulation throughout the whole profile than the Waikaloa

soil. There Is marked contrast between these two soils in the 20-40

inch layers. The Waimea had greater than 0.5% Nwhile the Waikaloa

showed less than 0.1% N.
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At 720 F, the Hilo soil contained more nitrogen throughout the

profile than the Pahala soil. A marked difference between these soils

is also observed In the 20-30 Inch layers. The nitrogen content of the

Hilo at this layer was about 0.4% while the Pahala had only about

0.2% N.

These observations on the profile distribution of total nitrogen

Indicate that soils under high rainfall have correspondingly greater

nitrogen accumulation, particularly at higher temperatures (61 and 720

F). These results are similar to those obtained by Dean (1939),

Blomberg and Holmes (1959), and Loganathan (1967) in their studies of

the soils of Hawaii. High rainfall favors vigorous vegetative growth

that results in high organic matter addition to the soil.

Nitrogen accumulation at a temperature level of 580 F varied at

other temperature levels. The Maile soil, developed under a lower

rainfall had a higher nitrogen accumulation in the profile than the

Akaka. The latter soil is found in excessively high rainfall areas

(250 inches) under forest vegetation while the former occurs under

moderate rainfall (80 inches) under a dominantly grass vegetation. The

high nitrogen content in the surface layer of the Akaka is characteristic

of a forest-type vegetation while a high nitrogen accumulation in the

Maile soil profile is characteristic of a grassland vegetation.

b. Influence of temperature

As in the case of the influence of rainfall on soil nitrogen, a

similar grouping of soils was attempted to show qualitatively the

influence of temperature. Soils of similar rainfall but of varying

temperatures were selected to d~onstrate this influence. These groupings
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are:

(1) Soils within 150-250 inches rainfall:

Akaka (58
0

F)

Hi 10 (720 F)

(2) Soils at 40 inches rainfall:

Waimea (60
0

F)
o

Pahala (72 F)

Figure 1 shows that at both rainfall levels, soils with the lower

temperatures have correspondingly higher nitrogen content than those

occurring at higher temperature. The lower nitrogen content at higher

temperature may be related to decomposition of organic matter. One

expects to find more organic matter decomposition in soils whose temper­

ature is near optimum for microbiological activity.

2. Distribution of Total Nitrogen in Basalt-derived and Alluvial Soils

Profile distribution of total nitrogen content in soils derived

from basaltic rocks and alluvium is given in Fig. 2. These soils have

less nitrogen than the volcanic ash soils. These soils occur in the
otemperature range of 71-75 F. This range is considered warm.

The Molokai and Lualualei soils, which are found in the lowest

rainfall areas (20 inches), have the lowest nitrogen contents. As

rainfall increase, from 20 to go inches (as in the Paaloa soil), nitrogen

content also increase.

One point of interest is the case of the Kolekole soil occurring

under a relatively arid condition (35 inches) but possessing a high

nitrogen content throughout the whole profile. This soil also has a

buried layer that has nitrogen as high as the surface soil. This is due
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to an accumulation of organic matter at the interface of two buried soils.

The two other soils, Hanalei and Waialua, did not show any Indication

that rainfall affected the nitrogen content. These soils however, are

moist during most part of the year.

B. Chemical Distribution Of Organlc-N Forms

The total nitrogen content of soils was fractionated Into hydroly­

zable ammonium-N, amino sugar-N, amino acld-N, and acid insolubleaN.

They were determined for each horizon. The fraction of total hydrolyzable

N unaccounted for by the hydrolyzable forms was designated as unidentified

hydrolyzable-N.

1. Distribution In Volcanic Ash Soils

The nitrogen content of the various forms of organic N in these soils

is presented In Fig. 3. The proportion of each fraction, expressed In

terms of per cent of the total N, Is given In Fig. 4.

The profile distribution of the hydrolyzable organic nitrogen

fractions (Fig. 3, fractions 1, 2, 3, 4) generally followed the trend of

total nitrogen In soils. Where total nitrogen was high so does hydroly­

zable-N. The nitrogen content of each fraction generally decreased with

soil depth except in some of the sub-horizons where comparatively high

nitrogen contents were measured. Hydrolyzable ammonlum-N and amino acid­

N occurred In relatively large amounts In these soils while only small

quantities of amino sugar-N were observed. The relative amounts of acid

insoluble-N were low (less than 0.01 to 0.07% N) throughout the profile

of the Akaka soil while large amounts were observed In the Waimea (0.07

to 0.2% N).
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The amount of each organic component in proportion to the respective

total N content may provide a better picture in describing the distri­

bution of nitrogen forms In soils. Figure 4 Is presented to show such

informat ion.

a. Hydrolyzable ammonium-N

The proportion of this component either remained relatively constant

or increased slightly with depth. For all soils, the distribution of

this fraction generally ranged from 20 to 28 per cent of the total N,

except for two sub-horizons of the Waimea (6-1211 and 12-2411) where the

amounts of this fraction were found to be about 18% of the total N.

Investigations of Stevenson (1957) showed that the hydrolyzable

ammonium fraction can markedly increase with soil depth. This amount

ranged from 25 per cent In the surface soil to as high as 60 per cent in

the subsoil. Since organic N content of the soils decreased with depth,

it was reasoned that the high proportions of ammonium in the hydrolyzate

was not due to soil organic matter. He therefore attributed such Increase

to the release of fixed ammonium during soil hydrolysis.

Studies of Mlkami and Kanehiro (1968) showed that the native fixed

NH4-N in these volcanic ash soil profiles (0 to about 40 inch depth)

ranged from 0.5 to 2.7 per cent of the total nitrogen. On this basis,

the increase in hydrolyzable ammonium-N in these horizons is evidently

not only due to the release of fixed NH4-N from the clay lattice, but also

to organic compounds more labile to hydrolysis than those found In the

surface so II s.
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b. Amino sugar-N

This fraction contributes the lowest proportion of nitrogen among

the hydrolyzable fonms of organic nitrogen in volcanic ash soils. The

surface soils contained about 4 to 7 per cent of the nitrogen as amino

sugar-N. Previous studies indicate that the proportion of this fraction

in surface soils was about 5 to 10 per cent (Bremner and Shaw, 1954;

Stevenson, 1957a, 1957b, 1957c; Sowden, 1959; Cheng and Kurtz, 1963;

Keeney and Bremner, 1964).

The distribution of amino sugar-N in soil profiles were studied by

Stevenson (1957a, 1957b, 1957c) who found that the proportion of this

fraction increased with depth in the profile and usually reached a

maximum in the B horizon. Similar trends were obtained by Sowden (1959)

and Cheng and Kurtz (1963). The present study shows that the proportion

of amino sugar-N remained nearly unifonm and even slightly decreased

with depth. No attempt is made to explain these differences in results.

It should be mentioned that the amounts of amino sugar-N obtained

in this study were not corrected for losses due to partial destruction

of amino sugars during hydrolysis. Bremner (1965) found that a correction

factor of 1.4 may be used for a hydrolysis period of 12 hours. However,

this factor was not used in this present study because it is not known

whether such a correction factor holds for the soils investigated.

c. Amino acid-N

Amino acid-N in the surface horizon ranged from about 23 to 30 per

cent of the total nitrogen. Its distribution in the soil profile

generally decreased with depth. The magnitude of the decrease varied

from 5 to 15 per cent.



62

Previous studies on amino acids In soils have shown that 20 to 40

per cent of the total nitrogen in most surface soils are In the form of

amino acid-N (Kojima, 1947; Bremner, 1949, 1959; Rendlg, 1951; Parker,

et al., 1952; Wittich, 1952; Laatsch and Schlichting, 1953; Schlichting,

1953; Stevenson, 1954, 1956, 1957a; Sowden, 1955, 1956; Kobo, et al.,

1956; Cornfield, 1957; Young and Mortensen, 1958; Keeney and Bremner,

1964). The decreasing proportion of this fraction with depth has also

been shown by several workers (Sowden, 1956, 1958; Stevenson, 1957a;

Bremner, 1958, 1959). No further explanation was given by these workers.

In this study. however, the decrease in the proportion of amino acid-N

was accompanied by an increase in the unidentified hydrolyzable-N.

d. Acid insoluble-N

This fraction remained almost constant with depth in the Akaka, Hilo

and Maile soil profiles. However, this fraction decreased with depth in

the Pahala and Waikaloa soils. In the Waimea subsoil (6-18 inches),

the amounts of this fraction were similar to or sometimes greater than

those found in the surface layer. Considerably much less proportion of

this fraction existed in the 18-40 inch layer of this soil.

A closer examination of Fig. 4 shows that the proportions of acid

insoluble-N in these volcanic ash soils follow the sequence: Waimea ~

Pahala~Walkaloa~Maile') Hilo?Akaka. If these soils are classified in

terms of great soil groups this sequence becomes,

Eutrandepts ,. Dystrandepts "7 Hydrandepts

From the above sequence, it is clear that drier soils contain higher

acid insoluble-N than wetter soils. The data therefore implies that the

amount of this fraction is influenced by climate, particularly rainfall.
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e. Unidentified hydrolYzable-N

This fraction was observed to constitute a large proportion of the

total nitrogen. The values ranged from about 21 per cent (Pahala surface

soil, 0-7 inches) to 49 per cent (Akaka subsoil horizon, 24-30 inches)

of the total nitrogen. There is a need for more studies ieading to the

Identification and characterization of these compounds.

2. Distribution in Basalt-derived and Alluvial Soils

The nitrogen content of the organic fractions in the surface layer

of basalt-derived and alluvial soils is presented In Fig. 5. The lower

horizons of these soils, except in the Hanalei and Waialua, contain small

amounts of nitrogen. In instances where amounts involved are small,

fractionation data are represented as percentage of the total nitrogen

as given In Fig. 6.

As shown in Fig. 5, hydrolyzable ammonium-N and amino acid-N frac­

tions can be considered high in all soils. Acid insoluble-N also occurred

in comparatively high amounts, except in the Lualualei soil where only a

negligible amount was detected. It Is significant to note that the

amounts of unidentified hydrolyzable-N are large. Their values are about

those obtained for amino acld-N or even higher. This data suggests that

additional efforts should be made to learn more about this particular

soil nitrogen fraction.

The proportions of these fractions in the soil is shown in Fig. 6.

Variation in the proportion of each fraction with depth of soil is

ciscussed in the following sections.

a. Hydrolyzable ammonium-N

The proportion of this fraction showed small differences with depth
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in the Molokal (19 to 22rJ, Wahiawa 1 (21 to 24rJ, Wahiawa 2 (25 to 29%),

and Paaloa (24.9 to 25%). Wider variations were observed In the Lualualei

(23 to 30rJ and in the Kolekole (13 to 23rJ soils. In the fonner soil,

the proportions of hydrolyzable ammonlum-N increased with depth; in the

latter soil, It decreased with depth except in the last horizon.

The small differences in the proportions of hydrolyzable ammonium-N

in these soils are in agreement with the observations of Mikami and

Kanehiro (1968) that the proportions of fixed ammonium-N in some soils

(as in Wahiawa and Paaloa) do not vary greatly in the profile. Lualualei

soil, however, was found to have markedly increasing proportions of fixed

ammonium-N with soil depth. The behavior of hydrolyzable ammonium-N in

this soil could be attributed to the partial release of fixed ammonium-N.

b. Amino sugar-N

This fraction constituted only about 4 to 8 per cent of the total

nitrogen in the surface soils. The subsoils generally contained a smaller

proportion in all the soils, except for the last horizon (48-60 Inches)

of the Kolekole soil which ha~ 6 per cent.

The behavior of amino sugar-N in these soils is similar to that

observed in the volcanic ash soils, that is, the proportion of amino

sugar-N slightly decreases with soil depth.

c. Amino acid-N

The proportions of amino acid-N in the surface 50115 ranged from 20

to 37 per cent of the total soil nitrogen. They decreased considerably

with soil depth in all the profiles examined. The largest decrease was

observed in the Kolekole soil where the surface horizon contained 21 per

cent and the lower horizons (20-48 inches) contained 5 to 7 per cent.
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The buried horizon (48-54 inches) had 21 per cent and the hard pan (54­

60 inches) had only 2.6 per cent.

These basalt-derived and alluvial soils have decreasing proportions

of amino acid-N with depth. This fraction follows the decreasing trend

of the total soil nitrogen.

d. Acid insoluble-N

This component occurred in considerable proportions throughout the

profiles except in the Lualualei. The values ranged from 13 to 28 per

cent in the surface horizons and from 7 to 25 per cent in the subsoils.

The Lualualei soil had only 5 per cent in the surface and 0.5 per cent in

the subsoil. The behavior of acid insoluble-N in these soils is difficult

to explain since no definite trend can be established.

e. Unidentified hydrolyzable-N

This fraction also constituted a large proportion of the total soil

nitrogen in these soils. It ranged from 26 per cent of the total nitrogen

in the Wahiawa 2 surface horizon to as high as 60 per cent In the Kolekole

subsoil (36-48 Inches). The importance of investigating the chemical

nature of this fraction was pointed out in the previous sections.

c. Mineralizability Of Organic Nitrogen Forms

1. Mineralizable Nitrogen

The total amount of available nitrogen (ammonium plus nitrate-N)

in the surface horizon was determined at 0, 12, and 18 months. Similar

determinations were done at 0, and 12 months in four residual and alluvial

soils. The chages in amounts of available nitrogen with time are shown

in Figs. 7 and 8.
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The amount of mineral nitrogen progressively increased with time.

The magnitude of change in 12 and 18 months in the surface horizon of

Andepts (see Fi g. 7) showed the fo llowi ng trend: Akaka >Wa imea >Ma ile >

Waikaloa> Pahala >Hilo. In the residual and alluvial soils (Fig. 8),

this trend was as follows: Waialua,>Hanalei~Wahiawa)'Lualualei.

In general soils with initially higher nitrogen content released

more mineral nitrogen than those with lower nitrogen contents. The

relationship between mineralized nitrogen and total nitrogen at 12 and 18

months is presented in Fig. 9. The amount of mineralized nitrogen was

**highly correlated to the total nitrogen content (r =0.76 __ ).

Another objective of the current study was to determine which of the

fraction(s) in the total nitrogen content released the mineral (or availa­

ble) nitrogen in soils. To obtain this information, a necessary step was

to relate the amount of mineralized nitrogen to the organic forms. A

knowledge of the changes in the levels of organic nitrogen with time may

provide a more realistic relationship between mineralized and organic

nitrogen forms. Therefore, the behavior of each organic form with time

was also considered.

a. Mineralized Nitrogen vs. Organic Forms

The relations between the amounts of mineralized nitrogen (at 12

and 18 months) and the initial quantities of amino sugar-N, acid insoluble

nitrogen, unidentified hydrolyzable-N, hydrolyzable ammonium-N, and amino

acid-N, are shown in Figs. 10, 11, 12, 13, and 14, respectively. The

amounts of mineralized nitrogen generally increased with increasing

amounts of hydrolyzable ammonium-N, amino acid-N, amino sugar-N, and

unidentified hydrolyzable-N. The correlation coefficients obtained
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were as follows:

Amino acid-N ••••••••••••••••

r - value
-m~

0.95

Hydrolyzable NH4-N ••••••••••

Unidentified hydrolyzable-N ••

- .
'1..-«

0.77

*0.63

Amino sugar-N •••••••••••• 0 •• *0.58

The acid insoluble-N fraction was found to have no correlation with

mineralized nitrogen.

b. Changes in the Amounts of Nitrogen Forms with Time

The changes in the amounts of five nitrogen fractions (hydrolyzable

ammonium-N, amino sugar-N, amino acid-N, acid insoluble-N, unidentified

hydrolyzable-N) during incubation are shown in Figs. 15, 16, 17, 18,

and 19. There were no definite trends in the amounts of hydrolyzable

ammonium-N, amino sugar-N (Fig. 16), and acid insoluble-N (Fig. 17).

These forms either decreased, or slightly increased, or remained constant

with time. The unidentified hydrolyzable-N (Fig. 18), increased slightly

although consistently with time. Amino acid-N decreased continuously

with time of incubation.

It was previously noted that the amount of mineralized nitrogen

continuously increased up to 18 months in this study. This trend was

observed to be inversely related to that of the amino acid-N fraction.

When the mineralized nitrogen was plotted against the loss in amino acid

nitrogen, the resulting relation yielded a highly significant correlation,
.......

r =0.94"" (Fig. 20).

The results of the 12- and 18-month incubation experiments show that·

the mineralizable fraction of soil organic nltrogen is associated with the
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Figure 15. Changes in the amounts of hydrolyzable ammonium
nitrogen with time.
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amino acid. It Is not likely, however, that all of the organic complexes

In the soil containing amino acids constitute the mlnerallzable forms.

The inherent stability of these compounds is manifested In that only about

5 per cent (or less) of the total nitrogen content was mineralized despite

the abundance of the amino acid fraction which contributes from 25 to 30

per cent of the total nitrogen. Only a small portion of the total amino

acid-containing substances in the soil is responsible for the mineral 1-

zation 9f nitrogen.

The minerallzabllity of some particular groups of soil organic

compounds was recognized as early as 1932 when Waksman and Iyer suggested

that the "loosely bound" proteins of the ligno-protein complexes were
. .

susceptible to microbial decomposition. This concept did not receive

much attention since the ligno-proteln theory Itself was not widely

accepted.

In 1958, Jansson proposed the presence of an active organic phase

in the soil system which he believed was the seat of microbial activities

and the medium for mineralization and immobilization processes. This

organic phase constituted only a small part of the soil organic matter

but it accounted for most of the mineral nitrogen released from the

organic complex. Jansson did not specify the chemical nature of the ac­

tive organic phase; however, he mentioned the findings of Clifton (1951)

that microorganisms assimilate or are bound to utilize organic nitrogen

such as amino acids.

In an attempt to study the distribution of Inorganic nitrogen

Immobilized In the soil organic nitrogen fractions and Its subsequent

mineralization, Stewart et al., (1963) found that the amino acid fraction
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was most actively involved in both immobilization and mineralization

processes. Moreover, these workers found that an increase in exchangea­

ble nitrogen during incubation was accompanied by a decrease in the amino

acid-N fraction. These findings of Stewart and his co-workers along with

those of the current results support Jansson1s belief that an active

phase (organic) is present in soils and that the active phase is

associated with the amino acid pool.

Amino acids in soils occur either as cellular constituents of

microorganisms or in organic combinations with such compounds as amino

acid-quinoid polymers (Swaby and Ladd, 1962; Tiurin and Kononova, 1962).

To distinguish the origin of the mineralizable amino acids, Chu and

Knowles (1966) compared the mineralization of soil nitrogen alone and

soil nitrogen plus bacterial cells of Pseudomonas aeruginosa. The

bacteria was grown on a culture medium containing N15, thus, making it

distinguishable from the native soil nitrogen. They found that immediate­

ly after addition of bacterial cells to the soil, about 53 per cent of

the cell-N was found in the amino acid fraction. Immobilized cell-N

was rapidly mineralized during the first day of incubation and gradually

increased to a constant level. This indicated the rapid immobilization­

mineralization cycle in soil, and the existence of an equilibrium between

exchangeable-N and the organic phase.

In contrast to the rapid mineralization of cell-N, they reported

that the native organic nitrogen mineralized very slowly. At the end

'of the lOO-day incubation period, only about 0.3 per cent of the total

nitrogen was in the exchangeable-N fonms. Among the organic nitrogen

fractions, only the amino acid slightly but consistently decreased with
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time. Apparently, a very small portion of the native amino acid nitrogen

was involved in mineralization. The mineralizable fraction could be the

amino acid derived from the autolysis of bacterial cells.

2. Compounds Identified in the Mineralizable Fraction

Previous results have shown that the amino acid fraction in the

soil was the greatest source for mineralized nitrogen. The decrease in

amino acid with time correlated highly with the amount of nitrogen miner­

alized. An additional objective of this work was to identify the

mineralizable fraction in greater detail.

The amino acids identified by ion exchange chromatography from the

surface soils of Akaka, Hilo, Waimea, Waikaloa, Wahiawa, and Lualualei

were as follows: aspartic acid, glutamic acid, glycine, alanine, leucine,

isoleucine, phenylalanine, tyrosine, serine, threonine, proline, methio­

nine, cystine, 1(-amino-butyric acid, lysine, histidine, and arginine.

However, not all of these acids were present in each soil except in the

Waikaloa. For instance, glutamic acid was not identified in the Akaka,

Waimea, Wahiawa, and Lualualei; methinine was also not detected in the

Waimea and Hilo soils; cystine was not present in the Waimea, and cr­

amino-butyric acid was not present in the Hilo soil.

A typical chromatogram showing the sequence of peaks as the amino

acids are eluted from the resin is presented in Fig. 21.

The amount of each amino acid, expressed as amino-N, was obtained

by computing the area under each peak. The data are summarized in Table

1. The proportion of acid, neutral and basic amino acids identified in

several soils is shown in Table 2.
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Table 3. Amounts of amino acids identified in surface soils.

Amino Acids

Acidic amino acids

Akaka Hilo
S 0 i 1 s

Waimea Waikaloa
ppm amino-N

Lualualei Wahiawa

Aspartic acid
Glutamic acid

Neutral amino acids

Glycine
Alanine
Valine
Leucine
Isoleucine
Phenylalanine
Tyrosine
Serine
Threonine
Prol ine
Methionine
Cystine

-amino butyric
acid

33.81
o

264.00
189.00
82.50
84.50
43.70
44.50
11.53

136.70
131.00
12.69
24.62

130.00
24.81

12.41
5.07

297.99
194.79
113.63
42.37
30.25
20.92
22.19
56.46
68.47

1.53
o

2.05
o

183.29
o

199.05
159.86
73.37
55.77
42.96
6.05
3.56

57.58
102.51
32.51

o
o

20.07

76.75
38.02

230.91
97.70
56.07
55.81
30.18
21.41
3.15

30.53
43.25
6.65
1.82
9.96
9.54

2.19
o

97.68
72.47
27.34
28.21
15.83
10.29
1.89

23.51
21.38
6.74

14.34
35.57
12.12

56.40
o

109.79
74.59
32.66
36.67
21.07
8.69
0.89

45.70
114.36

5.46
7.13

25.52
13.04

Basic ~ino acidsLySine 129.40 126.75 116.57 99.10 58.02 85.60
Histidine 50.10 18.93 2.56 34.23 6.64 22.40
Arginine 100.28 46.30 159.57 34.53 4.38 25.41

(Xl
(Xl
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Table 4. Proportion of acid, neutral, and basic amino acid
measured In a number of selected samples.

Amino Acid S 0 i I s
Group

Akaka Hllo Waimea Walkaloa Wahiawa Lualualei-
%of total amino acld-N

Acidic 2.3 1.64 15.08 13.04 8.22 0.49

Neutral 78.6 81.00 61.98 67.86 72.30 83.75

Basic 18.82 18.10 22.93 19.08 19.46 15.74

The acidic amino acids accounts for 0.5 to 15 per cent of the total

amino acid-N while the basic amino acids comprised 15 to 23 per cent.

The largest amount was made up by neutral amino acids which ranged from

62 to 84 per cent of the total amino acid-N.

Glycine and alanine constituted a large proportion of the neutral

amino acids. In the Akaka, Hilo, and Waikaloa soils, these two amino

acids accounted for more than 55% of the total neutral amino acid-N.

In the Waimea, Lualualei and Wahiawa soils, the proportions of glycine

and alanine were approximately, 47, 46, and 37 per cent, respectively,

of neutral amino acid-N.

The amino acids identified in these soils were also reported to occur

in various other ~oils by Bremner (1950), Stevenson (1954, 1956), and

Young and Mortensen (1958). In addition, these workers were able to

identify other amino acids, such as )9-alanine, hydroxyproline, cysteic

acid, methionine sulfone, methionine sulfoxides, 0', € -diaminopimelic

acid, ornithine, and oC-amino-n-butyric acid.
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Tryptophane Is not detected by hydrolytic methods because it is

destroyed by acid hydrolysis. Cystine and methionine are also partially

unstable in this type of hydrolysis.

It is not possible to pinpoint which of the amino acid or group of

amino acids, is responsible for the release of mineral nitrogen. However,

the abundance of neutral amino acids suggest that they may be the major

source of mineralizable nitrogen.

D. Humic and Fulvic Nitrogen

The amounts of acid insoluble-N were observed to be influenced by

climatic factors (see section B. 1. d., results and discussion). These

observations suggest that climatic factors affect the chemical nature

of soil organic matter. In order to further study the effect of climatic

factors on soil organic matter, the distribution of humic and fulvic

acids in various soils was investigated. In the following sections,

humic acid nitrogen Is referred to as humic-nitrogen and fulvic acid

nitrogen Is termed fulvic-nitrogen.

1. Choice of Extractant

The initial step was to test the relative efficiency of extracting

reagents in separating the organic matter from the mineral matter. The

solubility of humic acid in four surface soils (Akaka, Hilo, Pahala, and

Waikaloa) was tested by using two extracting solutions. Extractant A

was made up of O.IN NaOH and O.IM Na4Pz07 in a 1:1 mixture by volume.

This solution was recommended by Kononova (1966) to be an efficient soil

organic matter extractant. Sodium pyrophosphate chelates cations that

bond organic compounds to mineral matter. Extractant B was made up of

O.SN NaOH. The proportion of nitrogen (expressed as per cent of total
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nitrogen) in the humic acids extracted by these solutions was used as a

gauge of the relative amounts of solubilized organic material. The

results of this work are presented in Table 5.

Table 5. Humic acid nitrogen soluble in O.IN NaOH-O.IM Na4P207
(extractant A) and in 0.5N NaOH (extractant B).

%Nitrogen in %of Total
So i1 Extractant humic acid Soil Nitrogen

(ash-free bas is)

Akaka A 1.46 3.60
B 5.20 9.31

Hi 10 A 2.52 5.37
B 5.65 12.34

Pahala A 5.39 19.20
B 5.54 28.83

Waikaloa A 5.20 20.88
B 5.82 27.79

The nitrogen removed by extractant A was consistently lower than

that obtained by extractant B. Humic acids extracted from the Akaka

and Hilo soils have the least nitrogen contents. The proportions of

nitrogen extracted by A was also lower than that extracted by B.

Evidently, 0.5N NaOH is a more efficient extracting solution than

the pyrophosphate-sodium hydroxide mixture. In addition, NaOH was

chosen as the extractant in this study for two other reasons. These

were: (1) filtration of extract proceeded faster in a soil-sodium

hydroxide mixture, and (2) ash content of organic material extracted

by 0.5N sodium hydroxide was much lowera Ash contents of the humic acids

soluble in extractants A and B are given below.
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~ Extractant % ash content

Akaka A 61.19
B 1.85

Hi 10 A 69.30
B 2.27

Pahala A 9.10
B 2.15

Waikaloa A 4.00
B 3.04

The ash contents of humic acids soluble in pyrophosphate solution

(A) comprised more than 60 per cent of the total humic acid extracted

from Akaka and Hilo soils. In contrast with this, 0.5N NaOH solution

(B) extracted humic acids whose ash contents were less than 3 pet cent.

The extracts from Pahala and Waikaloa soils had less than 10% ash

content for either extractants. The values from extracting solution A

were also slightly higher than from extractant B.

These soils are believed to have the properties of allophane soils

but the Akaka and the Hilo soils also contain high amounts of sesqui~

oxides. It is possible that the pyrophosphate mixture dispersed the

iron and aluminum and they were precipitated together with the humic

acid. This is believed to be the cause for the high ash contents of

humic acids from the Akaka and Hilo soils.

2. Distribution of Humic and Fulvic Nitrogen

Organic matter in surface layers of some volcanic and non~volcanic

ash soils was extracted with 0.5N NaOH and fractionated into humic and

fulvic acids. These fractions were analyzed for nitrogen contents

(ash~free basis) and the data obtained are presented in Table 6.
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Table 6. Humic and fulvic nitrogen content of various surface soils.

Humic Acid (HAl Fulvic Acid (FA)
Soi Is % N % HA-N %of %N % FA-N %of total

in HA in soil s total in FA in soi 1s soil,
soil-N nitrogen

Akaka 5.52 0.086 9.31 2.93 0.379 41.04

Hilo 5.65 0.069 12.34 3.18 0.170 30.18

Ma i Ie 5.84 0.131 17.27 2.97 0.230 30.43

Pahala 5.50 0.145 28.83 4.39 0.054 11.05

Waimea 6.23 0.228 38.38 4.94 0.046 7.79

Waikaloa 5.82 0.159 27.79 4.16 0.056 7.96

Paaloa 4.79 0.063 20.90 1.93 0.078 28.26

Wahiawa 4.46 0.069 15.76 1.35 0.082 18.68

Waialua 4.97 0.024 7.61 1.89 0.094 29.93

Lualualei 0 0 0 1.04 0.052 33.00

With the exception of the Lualualei soil, which yielded no humic

acid, nitrogen contents of the humic acids were consistently higher than

those of fulvic acids. The range in values of humic-nitrogen was narrow

(4.46 to 6.23% N) despite the wide differences in the percentage of total

soil nitrogen. A relatively wider range (1.04 to 4.94% N) was observed

in the fulvic acid which may indicate greater heterogeneity in the

composition of fulvic acids than of humic acids.

The percentages of humic and fulvic nitrogen in the soils were

found to be highly variable. The values ranged from 0 to 0.228 and

0.052 to 0.379 per cent nitrogen for humic and fulvic acids, respectively.

Certain striking results were noted. First, the Lualualei soil yielded

•
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no humic acid. It is likely that the humic acids, if there are any,

may be very strongly adsorbed by the soil. The other non-volcanic ash

soils contained appreciable amounts of humic acid and fulvic acid

nitrogen. Second, humic-nitrogen of the Hydrandepts were markedly lower

than those of the Eutrandepts. Third, fulvic-N contents (expressed in

terms of %N in soil) of volcanic ash s~ils appeared to be inversely

related with the humic-N content (also expressed in terms of %N in soil).

The relative amounts of humic and fulvic acids extracted from the

soils were also calculated on the bases of total soil nitrogen.

Calculated values are also shown in Table 6 and illustrated in Fig. 22.

Using these values it is possible to demonstrate the influence of climate

(particularly rainfall) on the amount of humic and fulvic acids extracted

from the soil s.

a. Humic acids

In the volcanic ash soils, the yariation in humic acid content is

as follows: Waimea ~Pahala>Waikaloa7Maile ~Hilo~Akaka. If great

groups are considered, the sequence becomes,

Eutrandepts > Dystrandepts :7 Hydrandepts

The sequence follows a pattern of climatic conditions, i.e., high humic

acid content in soils which occur under moderate to low rainfall and

low humic acid content under high rainfall. This implies that the

formation of humic acids is favored under moderate rainfall conditions.

Similar observations have been reported by several workers (Kononova,

1966; Krystanov, 1967; Durasov and Marcheko, 1967) who claimed that

condensation reactions of organic compounds (produced during microbial

decomposition) are favored under conditions of moderate rainfall and
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alternating wet and dry periods.

Similar influence of climate was also observed in the humic acid

content of the basalt-derived soils (Paaloa, Wahiawa). Large proportions

of humic acid were obtained in Paaloa (20.90%) and Wahiawa (15.76%) soils.

These soils were fonmed under moderate climate with distinct wet and dry

periods. As pointed out previously, the formation of humic acids is

favored by alterning wet and dry conditions. The humic acid content of

Waialua soil (7.61%) is believed to be influenced more by management

rather than rainfall. The samples for this soil were obtained from a

paddy field.

b. Fulvic acids

The proportion.of fulvic-N present in soi Is ranged from about 7 to

41 per cent of the total nitrogen. Examination of the values presented

in Table 6 indicates that these values represent two distinct groups.

A range of 30 to 41 per cent of the total N occurs in fulvic-N of the

Hilo, Maile, and Akaka soils. Another group with values that range

from 7.8 to 11 per cent of the total N occurs in the fulvic-N of the

Waimea, Waikaloa, and Pahala. As a consequence of this fulvic-N

distribution in these soils, sequence representation of soils can not

easily be proposed as in the case of humic-N. However, the influence of

climate can still be gauged by using these groups. Under excessive

rainfall, more fulvic acid appears to be formed (Akaka, Hilo, and Maile)

than in the lower rainfall areas (Pahala, Waimea, and Waikaloa). These

results were similar to the findings of the workers cited in the case

of humic acid-N.
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In the basalt-derived soils, the influence of climate on the amounts

of fulvic-N can also be cited. Conditions that promote either a moist

or dry soil environment results in higher accumulation of fulvic-N.

This results were also observed by Krystanov (1967).

c. Acid insoluble-N of humic acids

The foregoing results have shown that the relative distribution of

humic acids in soils (particularly in the volcanic ash soils) is

influenced by climate. A similar observation was obtained in the case

of the acid insoluble-N (see section B. 1. d., results and discussion).

These trends suggest that the acid insoluble-N fraction of the soil

organic matter is associated with the humic acid content. Assuming this

to be the case, the distribution of acid insoluble-N in the humic acids

was determined. The humic acids were extracted from the following soils:

Akaka, Hilo, Maile, Pahala, Waimea, Paaloa, Wahiawa, and Waialua. The

proportions of hydrolyzable and acid insoluble-N in the humic acids of

these soils are illustrated in Fig. 23.

The proportions of acid insoluble-N in the basalt-derived soils

were almost the same; however, a clear trend is again observed concerning

the humic acids from the volcanic ash soils. The amount of this nitrogen

fraction decreased in the following:

Waimea> Waikaloa > Pahala ~ Maile ~Hilo ~ Akaka

There were not much differences in the proportions of acid insoluble-N

in the Waikaloa, Pahala, and Maile humic acids; however, these values

are markedly higher than those of the Akaka and Hilo soils. These results

indicate that there is a defined relation between acid insoluble-N and

amount of humic acids extracted from soils.
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d. Correlation between acid insoluble-N and humic acid

The acid insoluble-N content of the humic acids were plotted

against the amounts of humic acids (ash-free basis) extracted from soils

(Fig. 24). A highly significant linear relationship was obtained with

a correlation coefficient, r = 0.98. This relationship confirms previous.

observations that acid insoluble-N fraction of organic nitrogen is

associated with the humic acids.

E. Infrared Spectra Of Humic and Fulvlc Acids

1. Humic Acids

The similarities and differences in the chemical characteristics

of humic acids soluble in two extracting solutions were studied by means

of infrared spectroscopy. The humic acids were extracted from the Akaka

and Waimea soils using the same extractants as given in section D. 1.,

(results and discussion). The spectra obtained for the humic acids

from these soils are presented in Figs. 25 and 26.

In both soils, the spectral patterns of the humic acid soluble in

two extractants were almost similar. The only difference observed was

in the weak absorption at 2900 cm- l in the humic acid extracted by

extractant B but did not appear for the humic acid obtained by extractant

-1A. The absorption band at 2900 em is diagnostic of aliphatic C-H.

The appearance of this band provides an evidence that aliphatic compounds

are more soluble in 0.5N NaOH than in the sodium pyrophosphate-sodium

hydroxide mixture.

b. Humic acids extracted from volcanic ash soils

The infrared spectra of the humic acids extracted from the volcanic

ash soils with 0.5N NaOH are shown in Fig. 27. The spectrum of the
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blank (KBr alone) is included.

The first absorption band occurred at 3300 to 3400 em-I (2.9 to 3.1

microns) which could be due to hydroxyl groups of carboxylic acids,

alcohols and phenols present in the humic acid fraction. The absorption

of N-H groups also occur in this region. Since humic acids contain

considerable amounts of nitrogenuous substances like amino acids, their

N-H groups also contribute to the absorption at 3380 cm- I• It is likely

that this absorption could also partly be due to the OH absorption of'

moisture during the preparation of the pellet.

Weak absorption peak was observed at 2900 em-I in the spectra of

all the samples. As mentioned previously, this band is due to aliphatic

C-H. Another weak band at 2250 cm- I is attributed to H-bonded OH groups

(Orlov, et al., 1962).

The series of absorption bands at 1700, 1660, 1610, and 1470 to

1550 em-I are found at varying degrees of intensity in each spectrum.

The vibration of carbonyl in carboxylic groups of aliphatic and aromatic

acids absorb at 1700 cm- I (Kononova, 1966). The band at 1660 em-I has

been assigned to non-hydrogen bonded carbonyl (Ceh and Hadzi, 1956;

Farmer and Morrison, 1959; Wagner and Stevenson, 1965; Theng and Posner,

1967). Weak absorptions at 1470, 1510, and 1550 cm- I are attributable

to aromatic ring vibrations (Orlov, et al., 1962; Ceh and Hadzi, 1956;

Farmer and Morrison, 1959). It is likely that the broad, weak band

observed at 1470 to 1550 em-I' is due to aromatic compounds.

The strong band at 1610 cm- I has been attributed to aromatic C=C

(Ceh and Hadzi, 1959; Farmer and Morrison, 1959), however, Theng and his

co-workers claimed that this band is due to H-bonded carbonyl groups.
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The weak band at 1380 em-I was observed to become more intense in

potassium humates than in humates alone and was correspondingly

accompanied by increased intensity of absorption ato1600 cm- l • These

strong bands were attributed to non-symmetric and symmetric stretching

of carboxylate ions formed (Theng and Posner, 1967; Theng, et al., 1967).

The infrared spectra of humic acid shown in Fig. 27 are qualitatively

very similar. It is observed, however, that the aromatic ring vibrations

at 1470 to 1550 em-I appear prominently in the Waikaloa, Waimea, and Pa­

hala humic acids, less prominently in the Maile and absorbed very weakly

in Hilo and Akaka soils. This implies that the humic acids of Waikaloa,

Waimea and Pahala have a larger proportion of aromatic group than the

humic acids of the Maile, Akaka and Hilo soils. This observation again

points out that climate affects the chemical nature of organic compounds

over and above other factors not herein considered.

A moderate climate with moist and dry periods is conducive to

condensation reactions of organic components in soils. Such climatic

conditions are believed to lead to formation of humic acids (Kumada,

1956; Kononova, 1966). The humic acids formed in chernozems were found

to contain a well develo~ed aromatic structure by Kononova (1966).

Krystanov (1968) found that under a continuously wet climate,

condensation of humic acids was hindered in light-gray podsolic soils.

These humic acids have proportionately less aromatic groups and were

associated with large numbers of peripheral chain (Kononova, 1966).

c. Humic acids extracted from basalt-derived and alluvial soils

The spectral patterns of humic acid from representative samples

of these soils are shown in Fig. 28. The absorption bands were similar
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except for the less intense aromatic band at 1470 to 1550 em-I in the

humic acid separated from the Waialua sample.

The intensity of aromatic absorption of humic acids from Paaloa

and Wahiawa soils are comparable to those of the volcanic ash soils

(Waimea, Pahala, and Waikaloa).

This observation can be used to show the influence of rainfall and

or moisture condition of these soils. Paaloa and Wahiawa soils are

located in areas where alternating wet and dry seasons prevail, while

Waialua paddy soil is moist most of the time. It is reasonable to state

that condensation reactions of organic matter decomposition products

are not favored in continuously wet conditions at rates comparable to

that of soils occurring under an alternate wet and dry conditions.

2. Fulvic Acids

a. Fulvic acids extracted from volcanic ash soils

The infrared spectra of fulvic acids extracted from these soils are

shown in Fig. 29. The occurrence of absorption bands is generally similar

to that of the humic acids. However, aromatic ring vibrations at 1470 to

1550 em-I were conspicously absent in all the spectra. The absorption

of ketonic carboxyls at 1700 em-I appeared to be relatively intense in

Hilo, and very intense in fulvic acids from the Akaka. The intensity of

these bands suggests the abundance of carboxylic acid groups in the fulvic

acids. It was shown earlier that the organic matter of the Akaka and

Hilo soils were predominantly fulvic acids (see section D. 2. b.,

results and discussion). On the basis of their spectra, the chemical

nature of these fulvic acids suggests high reactivity.



765432

WAVE NUMBER CM-1

5C?OO 4poo 3QOV 2QPO IS?O 14p9 I~ '2~ II~
KBr

WAVELENGTH (MICRONS)

Figure 29. Infrared spectra of fulvic acids obtained from volcanic ash soils.

.­
o
co



log

b. Fulvic acids extracted from basalt-derived and alluvial soils

The spectra of fulvic acids from these soils are shown in Fig. 30.

As with the volcanic ash soils, the fulvic acids of these soils did not

show well developed aromatic condensation in their· structure. Fulvic

acid.of Lualualei soil showed a similar spectrum as the other soils under

these group except for the presence of an intense absorption peak at

1700 em-I and at 1380 cm- l • The appearance of these peaks indicates the

presence of ketonic carboxyls and c~rboxylate ions, respectively. Because

of these absorption bands, it is believed that the fulvic acid of Lualualei

may possess a greater' reactivity than those coming from Paaloa, Wahiawa,

and Waialua. Degree of reactivity of fulvic acid is associated with the

abundance of carboxylic acid groups. Thus, the greater the amounts of

carboxylic groups, the higher is the reactivity.

F. Adsorption Of Humic And Fulvic Acids In Soils

Adsorption of organic matter on soils was studied using humic and

fulvic acids as adsorbate and organic matter-free soils as adsorbent.

The soils used were the surface horizon of the Akaka, a gibbsite-rich

layer of the Akaka, and the surface horizon of the Wahiawa, Pahala, and

Lualualei soils. These soil samples were selected to evaluate the

influence of the amount and kind of clay on adsorption of organic matter.

~wo Akaka soil samples were selected to evaluate the effect of

hydrated aluminum oxide on adsorption. The Wahiawa, Lualualei and

Pahala soils were selected to represent respectively, soils containing

kaolin-iron oxides, montmorillonite, and non-crystalline hydrated

alumino-silicates.
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1. Adsorption Isotherms

Adsorption of humic and fulvic acids on these soils was generally

observedn to increase exponentially with increasing addition of carbon

to the system. The adsorption isotherms are presented in Figs. 31, 32,

33, 34, and 35. These isotherms followed Freundlich type of adsorption.

Humic acid was adsorbed in greater quantities than the fulvic acid.

This observation was consistent with the findings of McLaren and

Peterson (1965) who claimed that high molecular weight organic compounds

tend to be adsorbed on clay surfaces more strongly that low molecular

weight organic compounds. According to Kononova (1965), humic acids

have higher molecular weights than fulvic acids. The magnitude of

adsorption of these organic materials was also found to differ among

soils. Humic acid was adsorbed to a greater extent on the gibbsite-rich

horizon of the Akaka than on the Akaka surface horizon.

The amount and kind of clay were also observed to affect adsorption.

Pahala soil adsorbed the organic materials markedly less than the Akaka.

Both soils contain amorphous minerals; however, the Pahala is believed

to contain more non-crystalline silicates and less oxides than the Akaka.

The Wahiawa soil adsorbed the highest amounts of organic carbon and this

may be related to its high clay content (Briones, 1969). Lualualei soil

manifested low adsorption compared to the Akaka and Wahiawa soils.

Permanent negative charge on montmorillonite clay may account for this

observation.

20 Influence of pH on Adsorption

Most soil colloids possess net negatively charged surfaces at pHiS

normally encountered in soils. However, soil colloids high in iron and
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aluminum oxides can acquire net positive charge in acid ~anges. Since

the soils used in the adsorption study differed in mineral composition,

it was felt that some thoughts should be given to the effect of pH on

adsorption of organic matter.

Adsorption of humic and fulvic acids in soils at pH values ranging

from about 3 to 8 was studied at room temperature (250 F). The organic

matter-free soils used were the same as in the previous study except

that the gibbsite-rich horizon of the Akaka soil was omitted. The

results of the organic matter-clay interactions at various pH levels are

shown in Figs. 36, 37, 38, and 39.

The amounts of humic and fulvic acids adsorbed by the soils were

observed to be highest at low pH values as the pH increased adsorption

decreased. Adsorption of humic acid at all pH levels was greater than

that of fulvic acid.

Maximum adsorption of organic compounds at low pH levels suggests

the occurrence of chemical interaction between the soil colloids and

carboxylic acids of organic matter. Protonation of soil colloids occurs
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resulting in creation of a positively charged surfaces. In this way

anionic organic matter may be adsorbed in one of two ways:

(1) I
o I

I
101

Fe, +l - II :
I '" Hr •••••0 - C - R
o 0 I I

I/HI :
Fe I II' Io I :
I di ffuse

layer

This first type is referred to as nonspecific adsorption and the anionic

material is retained as counterions in the diffuse layer.

HOH+

I
o
1
Fe 0I" IIo O-C-R
1/
Fe
I
o
I

the organic matter actually displaces

o
- tl

O-C-R c )

I
o
I
Fe

~ '" oH+ +
I/H
Fe

b
I

ligand exchange in which

(2)

Th isis

protonated OH coordinated to Fe or AI.

Physical adsopption may also be involed but the strong pH dependence

suggests that it may not be too important.

At high pH less organic matter is adsorbed because the surface ac-

+ OH

quires a negative charge as
I
9
,Ke......... OH
Fe/
o
I

follows.
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The de-protonated hydroxyl is more difficult to displace and less

adsorption is expected to occur. Hingstone, et al •• (1968) have

discussed specific and non-specific organic and inorganic adsorption.

123
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SUMMARY AND CONCLUSIONS

There is a need to understand more fully the chemical nature and

distribution of organic matter in tropical soils. In this way the

benefits that can be derived from soil organic matter can be more fully

realized.

Soil samples obtained from the islands of Hawaii, Kauai, and Oahu

were used to study the properties of soil organic matter. These soils

were grouped according to the kind of parent material and climatic

conditions under which they were found. Soils were collected from the

island of Hawaii to represent the following great groups: Eutrandept,

Dystrandept, and Hydrandept. They were all volcanic ash-derived soils.

Samples obtained from the islands of Kauai and Oahu were classified

either as a basalt-derived or as an alluvial soil.

Results of this study show that nitrogen tended to accumulate

more in higher than in lower rainfall areas. Soils occurring under a

relatively cool temperature have a higher nitrogen accumulation than

those occurring in warm regions.

Analysis of the soil organic nitrogen fractions showed that

hydrolyzable ammonium-N, amino acid-N, and unidentified-N comprised a

large portion of the total nitrogen while amino sugar-N contributed

only a small portion. The acid insoluble-N fraction occurred in large

quantities in soils derived from volcanic ash and under a moderately

low rainfall (20 to 40 inches). This acid insoluble-N fraction, however,

tended to decrease in soils under high rainfall condition (150-250

inches). In basalt-derived soils, considerable amounts of acid insoluble
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nitrogen were also observed in soils under a moderate climate with

alternating wet and dry periods. However, with long dry periods,

negligible amounts of this fraction were detected.

Mineralizabilityof the different nitrogen fractions were studied.

The data obtained from an Incubation study showed that the increase in

the amounts of available nitrogen with time was accompanied by a

consistent decrease In the amino acld-N fraction. It was therefore

concluded that the amino acids constitute the major mineralizable

fraction of the organic nitrogen.

An examination of the distribution and chemical nature of humic

and fulvlc acids was undertaken to extend the findings obtained for

acid insoluble-N. Nitrogen content of each acid in proportion to the

total soil nitrogen was used as an index of the relative amount of

humic and fulvic acids extracted from the soils.

Distribution of humic acids in the surface layer of volcanic ash

soils was found to be similar to that of the acid insoluble-N. Fulvlc

acids were found to have a reverse relation with humic acid, that is,

when the humic acid content of soil is high, fulvic acid content is low.

The chemical nature of humic and fulvic acids was studied using

infrared spectroscopic technique. Results obtained using this method

showed that climate does not only affect the distribution of humic and

fulvic acids but also their chemical nature. Humic acids extracted

from soils with alternating wet and dry periods were found to have

more aromatic structure than those extracted from soils under either

a long wet or long dry periods.
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The interaction of the humic and fulvic acids with the organic

matter-free soils was also investigated. Humic acids were adsorbed

with greater affinity than the fulvic acids. This indicated that the

nature of the organic adsorbate affected adsorption. Similarly, the

chemical composition of the adsorben also determined the extent of

adsorption. Soils with high amounts of oxides of iron and aluminum had

a greater adsorbing capacity than those with lower amounts of these

constituents.

Adsorption of humic and fulvic acids was found to be dependent

on the pH of the system. Maximum adsorption occurred in the acidic

range and decreased as pH Increased.
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