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INTRODUŒL'ION 

In 1947 an investigation on soil genesis was 

initiated at Macdonald Collage with the objective of 

obtaining intormat ion rega.rding the mechanism of the 

formation of podzolic soils under forested conditions. 

A start ing point 1n this investigation was the 

hypothesis that substances leaching from the litter of 

the forest floor would be of especial importance in this 

process by, (a) contributing to the organic matter con

tent of these soils, especially in the B horizon, and 

(b) being involved in the translocation of iron and 

aluminum within the profile. studies have been made on 

leaf extracts, leachates of fallen leaves produced under 

field conditions, 1eachates passing through the complete 

A horizon of podzol soils in the field, and solutions 

dripping from the canopy of different tree species. 

Since the tnception of this study in 1947, some of 

the characteristics of these materials have been determtned 

and reported by a number of workers (23, 84, 87, 88, 115, 

129). In order to relate these resulta to the organic 

matter of the soil, it is necessary to study the character

istics of the organic fraction of the soils invo1ved, 

especially the organic matter of the B horizon. The 

present study is an attempt to characterize the organ1o 
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matter of this deposition layer of a sandy podzol. In 

this investigation 75 to 80 per cent of the organic 

matter of the soil has been studied following separation 

from the 1norganic mass of the so1J. by the use of a 

metal-chelating agent at nearly neutral conditions. 

HEVIEW OF LITEBATUBE 

Podzols constitute a great soil group, the profiles 

of which are characterized by marked leaching and strong 

acidity, by a horizon with ashy-gray colour, and by pro

nounced profile development. These soils develop und.er 

forest vegetation in humid, temperate climates and domin

ate a large portion of the habitable area of the earth1 s 

surface • They are characterized by a bleached A2 horizon 

from which their name is derived; the term "podzol" being 

of Russian origin and meaning "ashy soil" • This horizon 

of eluviation bas a characteristically low content of 

organic matter and metals suoh as iron and aluminum. The 

underlying B horizon, or horizon of illuviation, usually 

is ruet-brown or chocolate in colour, 1n oontrast to the 

gray colour of the A2 horizon. The B horizon is character

ized by an accumulation of organic matter, iron, and 

aluminum. Presumably, the accumulated metal a and organio 
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matter in the B horizon have originated in the bleached 

A2 horizon and in the decomposing litter overlying the 

mineral portion of the soil. 

The mode of formation of the bleached A2 horizon 

and of the metal and organic matter rich B horizon 1n 

these soils has been a matter of speculation for many 

years. A large number of theories bas been advanced in 

attempts to explain this process. Generally, the se have 

been concerned pr1marily with the mobilization and sub

sequent redeposition of iron in these soils with rela

tively little attention being given to the mechanism of 

the accumulation of organic materials 1n the B horizon. 

In the following pages some of the more realistic 

theories concerning the process of podzolization are re

viewed and discussed. Also some of the information on 

the nature of soil organic matter, with special reference 

to podzol so1ls Where possible, is presented. 

The early Russian workers linked the process of 

podzolization with so11 organic acide and soil organic 

matter in general. One example of the theories of these 

workers 1s given 1n the postulates of Kossovich (76) re

garding the process of podzolization, which state: (a) 

since aerobic conditions prevail in the profile, the 

iron probably moves as a ferric sol protected by organic 
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colloids; (b) silica ·is usually left behind; (c) because 

of leaching of baàes the horizon of eluviation is acid; 

(d) the horizon of illuviation is enriched with electro

lytes oausing precipitation of iron and aluminum whioh 

serve as cementi:ng material for the formation of ortstein 

and of incrustations. 

The theories of Mattson (94, 95) regarding the podzol

ization process may be summarized as follows: The process 

of podzolization is related to the conditions of acid 

hydrolysis which exist in the zone of humid, temperate 

climate. The net result of acid hydrolysis is the re

lease of bases from the A horizon and their replacement 

with hydrogen ions, whereby a partial disruption of the 

silicate complexes takes place and sesquioxides are set 

free. Depending on the pH environment, which is periodi

cally shifted away from the isoelectric point, the ses

quioxides move downward leaving behind silica. Sorne of 

the iron and aluminum silicate complexes, saturated with 

hydrogen, become colloidally dispersed. Under certain 

conditions soma silicate may be replaced by the humates 

and other anions, giving ri se to iron and aluminum com

plexes of silicates, phosphates, humates, and other 

anionic chains, all of which possess definite isoelectric 

points of precipitation. As these complexes move through 
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the soil profile, they reach a point where a large 

portion precipitates, because of electrostatic forces 

controlled primarily by the pH of the medium and the 

presence of electrolytes. The se precipitated materials 

are deposited and accumulated in the B horizon beoause 

the acid hydrolysis at that point 1n the profile is 

subdued. In the B horizon of a podzol soil, according 

to Mattson, the iron and aluminum exist chiefly in com

bination with humic acid. However, since very little is 

known about the chemical nature of humic ac id, and a ince 

the pH of the B horizon 1n many podzols is not appreciably 

higher than that of the A horizon, it remains difficult to 

visualize and accept without reservation these views on 

podzolization as proposed by Mattson. 

From the resulta of experimenta with bentonite, 

gelatin, and other gels, Winters (137) suggested that 

iron may move in soil by surface diffusion of ferrous 

iron within the gel. To interpret the movement of iron 

in podzol soils by this means, one bas to assume as Deb 

(J9) has recently stated, that the gels are continuous 

throughout the profile and also th.at movement takes 

place only under reducing conditions when the soil 1s 

saturated w1th water. 

Aarn1o (1) stressed the role of humus in the 
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precipitation of iron and aluminum in podzol soils. 

He found. that the amou.nts of humus required to coagulate 

one unit of ferric oxide varied from 0.82 to 2.79 units, 

while 1.20 to 30.12 units of humus were required to co

agulate one unit of aluminum oxide. Aarnio, however, 

omitted to state the pH at which these values were de

termined. From subsequent resulta obtained by Deb (39), 

it would appear that the pH of the disperse phase is one 

of the chief factors controlling the amounts of humus 

required to precipitate iron and aluminum oxides. 

Recently, Deb (39) reviewed the theories on the 

movement and precipitation of iron oxide 1n podzol soils. 

After discussing the various possibilities for the trans

portation of iron within the profile, he concluded that 

it was most probable that the iron moved as a negatively

charged humus-protected iron oxide sol or as a complex 

organ1c ion. He also studied, under laboratory conditions, 

the mutual coagulation and peptization of iron oxide sol 

and humus sol with special reference to concentration and 

pH value. He concluded that the amou.nt of humus necessary 

for full peptization of an iron oxide sol having lOO parts 

per million of iron was not more than JO to 40 per cent of 

the we1ght of the iron at pH values near 4 • Less humus 

was required for more dilute iron oxide sols. Deb fou:nd 

that, at pH 4, over a wide range of concentration of iron 
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oxide sol, precipitation occurred with about sevan parts 

of humus per lOO parts of ferric oxide. He concluded 

that any iron oxide sol formed by weathering in the upper 

horizons of podzols could be fully peptized by the humus 

in soil solution and carried down the profile by perco

lating water. Deb does not believe that precipitation 

of iron from humus-protected sols is effected by ex

changeable calcium in the B horizon of podzols or that 

the adsorption of iron from complex salts of organic 

acids is influenced by the pH or the amounts of ex

changeable bases in the soil, as suggested by Mattson. 

Although he advanced no evidence to support the suggestion, 

Deb proposed that the processes governing the precipitation 

were of a microbiological rather than chemical nature. 

Harder (64) showed that precipitation of iron com

plexes from complex salts of iron and organio acids may 

be a microbiological process. He showed that inoculation 

of solutions of iron citrate, oxalate, and lactate with 

any of a number of soils caused precipitation of hydrated 

ferric oxides. No precipitation occurred in the case of 

similar systems which were heated to 130° c. immediately 

following inoculation with the same soils. Also Albrecht 

(2) has shown that, under laboratory conditions, the pro

cess of gleization may depend on the presence of calcium 
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to give a sufficient degree of saturation of the clay 

to serve in bacterial nutrition. However, Gray and 

McMaster (60) have shown that the numbers of bacteria 

present in the B horizons of two Quebec podzol soils 

were low in comparison with the numbers present in the 

upper horizons. In both soils the numbers of bacteria 

found in the B horizons were equivalent to approximately 

50 per cent of the numbers found in the A2 horizon, while 

50 to 75 times as many bacteria were found in the organic 

A0 horizon as in the B horizon. The numbers of actino

myces followed the same trend as the bacteria in the three 

horizons. Their resulta are principally in agreement with 

tho se reported earlier by Waksman (lJJ), who found that the 

numbers of bacteria in forest soils at arbitrarily vertical 

intervals were progressively lesa with increasing depth. 

In the light of these resulta, it would seem unlikely that 

the deposition of iron in podzolic B horizons is due en

tirely to microb1olog1cal agencies. 

The movement of iron as metallo-organ1c electronegative 

complexes wa.s proposed by Jones and Willcox (69). They 

suggested that organic acide, derived from the decomposition 

of organic matter, and capable of forming complexes with 

iron, were responsible for the transportation of iron in 

podzol soils. In the B horizon, due to higher pH, the 
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iron would be precipitated as a basic salt • Again, it 

is necessary to assume that the pH of the B horizons of 

all podzol soils are higher than the pH of the overlying 

horizons, at least during the formation of the soil. 

Pickering (108) showed that ferrio iran could form 

eleotronegative ions in oombination with citric, malio, 

and tartario aoids and that these would migrate to the 

positive pole on electrolysis. The iron in these com

plexes did not give the usual reactions for ferrio iron 

and the complexes possessed great colour intensity. 

Smythe and Schmidt (122) found that mono-, di-, and tri

hydroxy oarboxylio aoids, inorganic aoids auch as phos

phorio and arsenio acids, amino aoids, nucleio aoids, 

and certain proteine suoh as gelatin and oasein were 

capable of forming undissociated complexes with ferrio 

iron at pH 2 ·5. On the basis of experimenta on the 

solubility of organio matter and sesquioxides of podzol

ized soils in oxalio aoid solutions, Gallagher and Walsh 

(58) ooncluded that the movement of iron and aluminum was 

oaused by the solvent action of simple decomposable aoids, 

of which oxalio may be oonsidered an example. 

In relation to the role of aoids of low moleoular 

weight in the translocation of iron in podzols, the in

vestigations of Boswall (23) and McKinley (8?) on the 
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acid content of the leachates of decomposing leaves 

are of interest . These workers provided evidence that 

acide of low molecular weight were present only in very 

small quantities, usually much less than one part per 

million of the solution. McKinley concluded that all 

the organic acids isolated from leachates bad been 

present 1n the original leachates in auch very low con

centrations that it would be unlikely that they played 

an important part in the translocation process in podzol 

soils. Boswall found small amounts of ci tric, malic, 

and oxalic ac ids in birch, sugar maple, and poplar leaf 

extracts. McKinley, studying the acidic components of 

sugar maple and poplar leaf leachates, identified ortho

phosphoric and sulphuric ac ids and, 1n agreement with 

Boswall, malic and citric aoids. 

Sohreiner and Shorey (117) and Shorey (119) isolated 

a variety of organic aoids from soils in small amounts. 

More recently, Schwartz et al (118) found organio aoids 

in ether extract s of several Ohio soils. They found 

that only aoet io and formio acid.s were present in 

appreciable amount s. The total aoidic material removed 

from these soils was equivalent to only 1.5-2.0 m.e. of 

ac id per lOO gm. of air-dried soil. From the small 

amounts of simple organic acids entering the mineral 
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portion of the soil, as reported by Boswall and McKinley, 

and from the sma.ll amounts of simple organio aoids whioh 

have been found in soils, it would not seem likely that 

the translocation of iron and aluminum in podzol soils 

is oaused solely by the solvant action of simple de

composable organio aoids as suggested by GalJ.agher and 

Walsh. However, over very long periode of time, the se 

simple aoids oould oonoeivably oontribute to the trans

location of these metals. 

The role of water-soluble products of plant deo?mpo

sition in the podzolization process has reoeived con

siderable attention in recent years. Bloomfield (14, 1.5) 

showed that laboratory-prepared extraots of raw humus, 

peat, partly withered and. unwithered autumn leaves and 

grasses, after fermentation in the presence of ammonium 

ohloride and clay, could cause solution and reduction 

of terrie oxide. In further investigations, Bloomfield 

(16-21) studied the oapacity of aqueous extracts obtained 

in the laboratory from Scots pine needles, leaves and 

bark of kauri and . rimu, picked and. fallen larch needles, 

aspen and ash leaves to dissolve iron and aluminum from 

co-precipitated hydrated aluminum and terrie oxides. He 

has suggested that iron was mobilized by such extraots 

as a ferrous complex and moved as auch down the profile 
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until it was immobilized by sorption on ferric oxide in 

the B horizon. More recently, Bloomfield (22) bas suggested 

that the solution and reduction of ferric oxide by these 

aqueous leaf extracts is apparently caused by the joint 

action of oarboxylic acids and polyphenols. 

Loissant (81) found ~hat the titratable acidity and 

the presence of tannins gave a good correlation with the 

ability of aqueous extracts of forest litters to dissolve 

iron oxides in soil. Loissant (82), like Bloomfield, 

claims that these extracts are capable of reducing appreci

able quantities of iron. In this respect, Schnitzer (115) 

demonstrated that the dipyridyl method for determination 

of iron, which was used by Bloomfield and Loissant, may 

give erroneously high resulta for ferrous iron in the 

presence of organic matter. 

Stobbe (129) found that leaf leachates were active 

in the mobilization of cations, including iron and alum~um, 

from soil samples taken from various horizons of a variety 

of podzol and podzol1zed so1ls. Lutw1ck (84) was u.nable 

to draw any definite conclusions respecting the ohemical 

forma of the iron present in combination with the organic 

materials 1n these leaf leachates, while MaoLean (88} was 

unable to establish any relationship between the carbo

hydrate content and the iron saturation oapacity of leaf 
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leachates. Thorp et !Y:, (130) passed solutions of organic 

acids and water-soluble material from leaves through 

columns of soil. They found that appreciable quantities 

of calcium, magnesium, iron, and manganese were mobilized 

in this way, and evidence for the redeposition of iron 

compounds within the soil column also was foUlld. The in

vestigations of Boswall (23) and McKinJ.ey (87) regarding 

the amounts of low molecular weight acids present in leaf 

leachates have previously been discussed in relation to 

the role of low molecular weight organic acids in the 

process of podzolization. 

Sohnitzer (115) concluded, on the basis of the re

sulta obtained by use of the Houlihan and Farina (67) 

thiocyanate method for the estimation of iron, that the 

major portion of the iron dissolved by the leaf extracts 

and leachates, which he investigated, was in the ferrio 

form. This conclusion was not in agreement with the 

conclusions of Bloomfield and Loissant, both of whom 

claimed, on the ba sis of the result s obtained by the 

use of a dipyridyl method for the estimation of iron, 

that iron was dissolved by plant extracts in the ferrous 

form. 

One of the difficulties, which has been experienced 

in any study of soil organic matter, has been that of 
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separating the organio matter from the inorganic mass 

of the soil in a relatively unaltered form. The classical 

method of removing the organic matter has been extraction 

with dilute alkali solutions, commanly o.s N sodium hyd

roxide solution. _The fact that oxygen is taken up during 

these alkaline extractions has been noted by Shorey {120), 

Chaminade (JS, 36), and Bremner (27). The possibility 

that, due to this uptake of oxygen during extraction, the 

alkaline extracts were to some extent artifacts of the 

soil organic matter, has resulted in a search for methode 

of extraction of soil organic matter which do not require 

alkaline conditions. Bremner ~ al (JO) showed that, on 

the whole, compOl.mds which are good polyvalent metal ex

tractants are also good organio matter extractants. They 

theorized that, in soil, part of the polyvalent metals is 

combined with part of the organic matter, and that the 

presence of metals randers the organic matter in the 

complexes insoluble in water and in neutral solvants 

that do not themselves form complexes with the metals. 

In an attempt to by-pass the difficulties of the classi

cal extraction, Bremner and Lees (29) investigated the 

extracting abil1ty of a number of inorganic and organic 

salta of sodium. Of these, the pyrophosphate proved to 

be the most satisfaotory. The chief disadvantage of this 
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reagent appeared to be that it removed only a small pro

portion of the total organic matter; of the order of ten 

per cent in three of the four soils they investigated. 

Martin and Beeve (91, 92, 93) have reported the ex

traction of large amounts of organic matter from the B 

horizons of Australian podzolized soils with aqueous 

solutions of the metal-chelating agents cupferron, 8-

hydroxyquinoline, and acetylacetone. The se workers pre

ferred the use of acetylacetone mainly because of the 

relative ease of handling of this reagent under the 

desired conditions. The use of 8-hydroxyquinoline was 

restricted due to the very low solubility of this re-

agent 1n the nearly neutral aqueous solutions. Schnitzer 

et ~ (116) have reported the use of several extractants 

for the organic matter of the B horizon of a podzol soil. 

Dilute solutions of sodium pyrophosphate, . sodium ortho

phosphate, sodium borate, sodium fluoride, sodium carbonate, 

sodium hydroxide, the disodium salt of ethylenediamine

tetraacetic acid, and hydrofluoric acid removed more than 

80 per cent of the organic matter from the B21 horizon of 

a podzol soil. Choudri and Stevenson (37) found that re

moval of calcium and free iron and aluminum oxides before 

extraction tncreased the solubility.of soil organio matter 

in O._? N sodium hydroxide but had no effeot on the extraction 
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by o .1.5 M pyrophosphate • This latter extractant would 

be expected to complex calcium, iron, and aluminum; a 

process which would not be expected to occur when sodium 

hydroxide was employed as the extractant • These workers 

also found that sev~ral organic metal-complexing agents 

including 8-hydroxyquinoline were not as effective as 

neutral pyrophosphate for removtng soil organic matter 

into aqueous solution. 

In an attempt to overcome the difficulties inherent 

in the use of 8-hydroxyquinoltne, due to its low solu

bility in aqueous solutions, the author (J8) has reported 

the use of this metal-chelating agent in a wa.ter-benzene 

system for the extraction of organic matter from the de

position layer of a sandy podzol. In this method, the 

pH of the aqueous phase of the extracting medium was 

maintained at 6 to 7 to avoid the influences of strongly 

acidic or alkaline conditions upon the organic matter 

being extraoted. This treatment removed 75 to 80 per 

cent of the organic material from the soil investigated. 

Of the organic matter removed from the so11, only one

third wa.s present in the aqueous phase of the extraoting 

medium, while the rema1nder was found in the benzene phase. 

Also, tn respect to the association of soil organic 

matter with metals, several workers (10, lJ, JJ, )4, 49, 

6,5, 70, 80, 101, 114) have reported that soil organ1o 
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matter forms complexes with a variety of metals including 

iron, aluminum, barium, calcium, copper, magnesium, and 

zinc. 

Most of the theories concern1ng the process of 

podzolization, which have been advanced over the years, 

have been concerned primarily with the mobilization and 

deposition of metals, especially iron. However, most of 

these theories have also been concerned with the role of 

organic matter in this process. Another feature of podzol 

soils, which has received less attention than the accumu

lation of metals 1n the B horizon, is the accumulation of 

organic matter 1n the B horizon of the se soils. Also, as 

has been shown previously, much success bas been achieved 

in the removal of organic matter from the deposition 

layer of podzol soils by the use of extractants capable 

of complexing metals, especially iron and aluminum. In 

view of these facts, 1t would seem reasonable to assume 

that a large portion, at least, of the organic matter of 

these deposition horizons is associated with metals. 

Although a large amount of work h.as been done on the 

organic matter of soils, there is, even today, very little 

information available concerning the chemical nature of 

the organic matter of podzol soils, or of any soils for 

that matter. 
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According to the classical scheme of fractionation, 

fulvie acid is that part of the soil organic matter which 

is peptized by alkali and remains in solution on precipi

tation of the humic acide with mineral acid. Schlichting 

(11,3) found that the podzol A horizon conta1ns a small 

quantity of fulvie acid. This material appeared to be 

concentrated in the B horizon. Tyurin (1.32) also re

ported that fulvie acid is higher 1n concentration at 

moderate depth than in the top layera in podzol soils. 

Similar resulta have been reported by Kosaka and Iseki 

(75). Bel 1 chikova (11) has stated that the ratio of 

fulvie to humic acid is higher 1n podzols than 1n other 

soil types. Ponomareva and Myasnikova (109) found that 

the ratio of fulvie acid to humic acid in a sod carbonate 

soil was approximately 1.0, whereas 1n a podzol soil the 

same ratio was 2.8. 

Very little attention bas been given to the identi

fication of the oomponents of the fulvie acid fraction of 

soil organic matter. Recently, Forsyth (54) introduced a 

method for the fractionation of the fulvie aoid fraction. 

Fulvie acid extracts from four widely diverse types of 

soils were separated by selective absorption into four 

fractions. He succeeded in isolattng from all four soils 

a polysaccharide containing uronic acids. He also showed 

the presence 1n all four soils of a fraction, whioh he 
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tentative1y identified as a phenolic glycoside. Schlichting 

(llJ) could not isolate any polyuronides from the A and B 

horizon of a podzol soil by Forsyth's technique, although 

he found considerable amounts of uronic carbon by means 

of Tollen 1 s naphthoresorcinol test 1n the A and B horizons 

of this soil. Uronic acids have also been found in soil 

by Dubach et y (41). Hosada ~ M {66) and Kosaka ~ ~ 

(74) found that the ratio of uronic carbon to total carbon 

increased markedly at the depth B1 beyond A2 1n podzolized 

soils • They concluded that uronic carbon is transported 

to the B horizon in podzols. Norman and Bartholomew (103) 

observed that 10 to 15 per cent of the organic carbon of 

the surface soils they analysed was present in uronide 

groupings, and that the proportion of uronic to total 

carbon 1ncreased with depth. In this respect, Norman 

(102) states: "Profile studies have indioated that sub

stances containing uronic carbon are to sorne degree mobile, 

since in podzolized soils there seems to be a surprising 

accumulation of such materials in the B horizon. These 

carboxyl groups are probably, in fact, the acids which 

have been so often postulated, but never identified as 

agents 1nvo1ved 1n the podzol1zat1on process." 

Est1mates of the quant1ty of uron1c carbon 1n so1ls 

have been cr1t1c1zed by Bremner (28) on the grounds that 
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the method conventionally used is not specifie for the 

uronic carboxyl grouping, and yields resulta which he 

considera to be impossibly high. He contended that this 

method, which involves prolonged boiling with 12 per cent 

hydrochloric acid and measurement of the carbon dioxide 

evolved, splita off carboxyl groups of non-uronic origin. 

Matt son and Koutler-Andersson ( 97) found that the uronic 

anhydride content of beech lignin increased from 2.3 to 

10.1 per cent as a result of autoxidation. As Matt son 

and Koutler~dersson have pointed out, the l~in com

plex can hardly be expected to form uronic acids by 

a ut oxidat ion. 

By means of paper chromatography, Forsyth (56) and 

Stevenson et al (126) have been able to isolate and 

identify uronic acids in the hydrolysates of soil organic 

matter. Forsyth determined the constituent sugar units 

of the polysaccharide contained in a fulvie acid fraction 

representing 1 to 2 per cent of the total organic matter. 

Of two polysaccharides, 15.8 and 16.9 per cent were present 

as uronic anhydride, which would account for 0.15 to 0.34 

per cent of the soi1 organic matter. However, Forsyth 

regarded his yields as minimal. 

From these resulta, it would appear that materials 

containing uronic groupings do occur in so11 organic 
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matter, and that in podzol soils they may aooumulate in 

the B horizon. However, it would seem that they do not 

neoessarily make up a very large portion of the soil 

organio matter. 

other oarbohydrate materials have been obta1ned from 

soil organio matter, but usually they have not oonstituted 

any appreciable port ion of the soil organio fra ct ion. The 

isolation of methyl sugars from soils has been reported by 

Duff (42, 43), while Alvsaker and Michelson (J) found very 

small amounts of a number of pentoses and hexoses in cold 

water extraots of a pine forest soil. Also, Lynch §i al 

(86) found a number of sugars, am1no sugars, uronio aoids, 

and methylated sugars 1n aoid hydrolysates of the humio 

aoid fraction of the organio matter of two soils. Several 

other l'l'Orkers have reported the presence of amino sugars 

in soil organio matter. This aspect will be disoussed in 

soma detail later when dealing with the nitrogenous oom

pounds of soil organic matter. 

As has been mentioned previously, Forsyth (54) showed 

the presence of a glyoosidio fraction in the four soils 

whioh he investigated. Schliohting (llJ), apply1ng 

Forsyth1 s method of separation to fulvie aoid extracts 

from A and B horizons of a heather podzol, oould not 

definitely prove the presence of phenolio glyoosides. 

Beoause of its high methoxyl content, Forsyth's fraction 
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B appeared to Schlichting to be a lignin derivative. 

He found considerably more of this material 1n the B 

horizon extracts than 1n extracts from the A horizon of 

a podzol. A fraction of still higher methoxyl content 

was isolated by Gallagher (57) from the B horizon of an 

Irish podzol. · 

In the decomposition of plant residues in soil, 

cellulose and hemicelluloses are readily util1zed by a 

w1de variety of soil microorganisms as a source of energy, 

whereas lignin 1s broken down onl.y slowly. As a conse

quence, the relative proportion of 11gnin 1n the residue 

increases. This fact is one of the chief supports for 

the belief that a large proportion of soil organic matter 

is either lignin or 11gn1n-der1ved. Further support is 

provided by the presence in soil of a fraction, which, 

like 11gn1n, may be dissolved 1n alkali and subsequently 

precipitated by the addition of excess ac1d, 1s resistant 

to hydrolysis by strong mineral acid, contains methoxyl 

groups, and 1s attacked by relatively mild oxidizing 

agents. Gottleib and Hendricks (59) attempted to obtain 

more direct evidence of a lignin fraction 1n soil organic 

matter through the application of alkaline nitrobenzene 

oxidation and high pressure hydrogenation; techniques 

which have been helpful in eluc1dat1ng the structure of 
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wood 11gn1n. They were unable to isolate definitely 

characterizable products from soil organic matter. 

This is in contrast to the situation with wood 11gn1n, 

from which propyl benzene derivatives can be obtained 

in good yield • 

Morrison (99) bas observed the production of small 

amount s of vanillin, syringa.ldehyde, and p-hydroxybenzalde

hyde by alkaline nitrobenzene oxidation of soils. In 

mineral soils, the yields of aldehydes accounted for 

only 0.5 to 1.0 percent of the total organic carbon. 

Also, the y1elds of aldehydes decreased with depth 1n a 

pille forest soil profile. The amount s of aldehydes 

obtained by Morrison would not indicate a very high 

lignin content of the soil organic matter • However, 

these aldehydes are the products usually obtained by 

treatment of 11gnin w1th alkaline nitrobenzene. 

On the basis of s1m1lar1t1es between alkal1 11gn1n 

and so11 organic matter preparations in their behaviour 

towards hydrogenolysis, Gottleib and Hendricks (59) 

hypothesized a condensation of demethoxylated lignin 

molecules with the production of fused ring structures. 

Scheffer and Welte (112) observed marked similarities in 

the ultraviolet absorption spectra of alkali lignin from 
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several sources and soil humic acid preparations. 

In addition to the probable conjugation of ring 

structures in lignin duri:ng decomposition, there is ample 

evidence of other changes in the molecule, which differ

entiate the "11gnin derived" fraction in soil from the 

unaltered constituent 1n plants. Waksœn and Smith (135) 

have shown that methyl groups are split off during the 

decomposition of plant residues in soils, as evidenced 

by the decrease of methoxyl content. Millar ~ al (98) 

and Bartlett ( 9) have shown that the cation exchange 

capacity 1ncreases during decomposition of plant residues, 

probably due to the oxidation of aide chaine to carboxyl 

and exposure of phenolic hydroxyl groups by demethylation. 

In a recent review article, Broadbent (32) states: "It 

appears that the resistant part of soil organic matter is 

somewhat unJ.ike 11gn1n, though resembling it in several 

respects. The carbon content a1one seems to give an 

indication of this, since wood lignin usually contains 

more than 60 per cent, whereas organic matter of surface 

soils rarely oontains more than 52 per cent, and the 

value may be much less 1n subsurface layera." 

Kukharenko and Vvedenskaya (77) treated humic acids 

and lignin with 60 to 70 per cent sodium in liquid ammonia 
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for long periods of time. They concluded, from the 

products obtained by this treatment, that ether linkage 

of large Wlits was predominant and characteristic for 

both substances. However, the decomposition products of 

humio aoid were more oomplex in nature than those of 

lignin. 

On the ba sis of ion exohange studies on humio aoids, 

Larina and Kasatoohin ( 79) oonsidered that, "The most 

plausible and acceptable model of soil humio aoids appeared 

to be that of a flat aromatio oarbohydrate nucleus with 

side radicals bearing different functional groups." 

Kononova ( 73) olaims that , "The fundamental structural 

unit of humio acid is a flat net of polymerized oyclio 

carbon with side ohains of linear polymerized carbon." 

Also, Kononova 1 s data indioated that, fundamentally, humic 

and fulvie acids are similar exoept for their degree of 

polymeriza.t ion. Due to the faot that only abstract s of 

these two papers have been available to the author, and 

no details of the methods and resulta by which these workers 

arrived at their conclusion are known, it 1s d1fficult to 

assess the significance of these conclusions. 

Flaig {51) reported that the ortho- and para-dihydroxy

benzenes are oxidized at pH 8-9 and polymerized to humio 

aoid-like materials. He suggested that this took place 

aooord1ng to the following soheme: 



OH 

0 

0 

0 
1 i 

- 26 -

0 OH 

0 ~ 1 

/# 

0 

'

, OH 

A/ 
v 0 

~ 

In the presence of ammonium hydroxide at pH 10, nearly 

6 per cent nitrogen, resistant to distillation tn con

centrated sodium hydroxide, could be introduced • Fla1.g 

attr1buted this introduction of n1trogen into the polymer 

as due to the formation of structures of the type shown 

in the following formula.: 
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These materials were found to be similar to soil humic 

acids in many respects. However, the pH requirements 

(8-10) of these reactions would prohibit their contri

buting, as auch, to the formation of humic acid in podzol 

soils. It would be necessary for these reactions to occur 

at much lower pH levels before they could be considered as 

contributing to the organic matter content of podzol soils. 

Notwithstanding these restrictions, Flaig and Sohulze (53) 

consider that the synthetic humic acids prepared from 

hydroquinone are very similar 1n nature to the natural 

humic acids. It is their opinion that the formation of 

humic acids goes through an oxyquinone state. 

Since it is extremely difficult to obtain any soil 

organic matter extract or fraction thereof, which does 

not contain nitrogen, this element must occur as an 

integral part of many of the compounds present in soil 

organic matter. Schreiner and Shorey (117, 119) isolated 

a number of nitrogenous materials from soils in sma11 

amount s • Among the se were a number of amino a cid s, purine 

and pyrimidine bases, and nucleic acids. Anderson (5) has 

found guanine, adenine, cytosine, thymine, and uracil in 

perchloric acid hydro1ysates of the humic acid fraction of 

the organic matter of three representative mineral soi1s 

from northeastern Scot land. The fact that these bases 

were not present in the soil tn the free state would 
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indicate the presence of nucleic acids or nucleotides 

in the se soils. Another nitrogenous material, which has 

been obtained after treatment of humic acid extracts, is 

indole. Flaig and Breyhan (52) have report ad the presence 

of indole after fusion of humic acid with alkali hydroxide. 

As has been mentioned previously, the presence of 

amino sugars in hydrolysates of soils has been reported 

by several workers. Stevenson (127, 128) has reported 

that up to 24 per cent of the soil nitrogen may be accounted 

for as amino sugar nitrogen, with the values for surface 

soils usually between 5 and 12 par cent of the total soil 

nitrogen. Similarly, from the amounts of amino sugar 

nitrogen liberated by acid hydrolysis, Bremner and Shaw 

(31) estimated that 5 to 10 per cent of the total nitrogen 

of the soils examined was 1n the form of amino sugars. 

Also, Whistler and Kirby (136) detected glucosamine in 

hydrolysates of a water extract of soil. These resu1ts 

1ndicate that a part of the soil nitrogen is present in 

the polysaccharide fraction of the soil organic matter. 

S1nce proteins are present in plant residues and 

microbial protoplasm, it has long been supposed that much 

of the so11 organ1c n1trogen is prote in der1ved. Koj1ma 

(71, 72) was able to account for 37 par cent of the total 

n1trogen 1n a muck so11 as a-amino nitrogen, and 1solated 
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several. common amino acids in good yield. The same twenty 

amino acids were found in hydrolysates of each of six soils 

by Bremner (26). Bremner (25} al.so reported that approxi

mately ane-third of the total nitrogen of these soils was 

liberated as a-amino nitrogen by either acid or al.kaline 

hydrol.ysis. Okuda and Hari (1.04} and Pavel~~ (106) 

found the same fifteen amino acids in hydrolysates of 

humic a cid preparations from several. soils • Pavel ~ al 

failed to find any qualitative differences in the amino 

acid content of hydrolysates of humic acid preparations 

from chernozem, brown, and podzolic soils. Sowden (125) 

also has reported that the nitrogen associated with amino 

acids in five soil.s varied from 15 per cent of the total 

soil. nitrogen to 42 percent. Sowden (124) also failed to 

find any distinctive differences in the amino acid distri

bution in podzol, black, and brown prairie soils. 

The idea of a ligno-protein complex in soil was 

advanced to account for the apparent resistance of soil 

nitrogen to microbial decomposition. It seemed reasonable 

to postul.ate a maski:ng effect of resistant lignin upon 

easily decomposed protein. Certain superficial similar

ities were observed between a synthetic ligno-protein and 

soil humus by Waksman and Iyer (134). The postulated 

mechanism does not adequately explain the resistance to 
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microbial attack, as pointed out by Norman (102), nor 

the reactivity toward peroxide of soil organic matter, 

as shown by I1acLean (89). An alternative explanation 

bas been offered by Ensminger and Geiseking (45, 46) who 

found proteolysis to be 11m1ted in the presence of clays. 

In v1ew of the evidence that the ac1d-res1stant fraction 

in soils 1s unlike lignin in many of its propert1es, and 

that a large portion of the soil organic n1trogen 1s 

apparently of non-prote in nature, it would seem that the 

lignin-protein complex !dea, in its original form, is 

now obsolete. 

Matt son and Koutler-Andersson (96) suggest that some 

of the stable n1trogen compounds in soil might be produced 

by interaction of oxidized 11gn1n and ammon1a, or possibly 

aromatic amines, at the sites of the phenolic hydroxyl 

groups to form amidophenols, which upon oxidation would 

form a polymer containing ring nitrogen. The proposed 

reaction is partially substantiated by the finding of 

Bennett (12) that when hydroxyl groups in oxidized l1gn1n 

were blocked by methylatian, very little nitrogen was 

ass1m1lated 1nto the molecule upon treatment with ammon1a, 

whereas more than 7 per cent nitrogen could be fixed by 

an unmethylated ox1d1zed commercial lign1n. Recently, 

Sohn and Peech (123) have determ1ned the capac1ty of 



- )J. -

several soils to fix ammonia from anhydrous ammonia. 

They found that most of these soils fixed more ammonia 

than potassium, and that treatment of the soil with 

peroxide to destroy the organic matter markedly decreased 

the ammonia fixing capacity of the so11. The highest 

amounts of ammonia were fixed by acid soils containing 

large amounts of organic matter. The se workers concluded 

that at least 50 per cent of the ammonia fixed by New York 

mineral surface soils was due to some reaction of ammonia 

with the soil organic matter. 

Although our present knowledge concernîng the chemical 

nature of soil organic matter is very inconclusive, it 

might be expected that the following types of organic 

material would be present in soil organic matter 1n 

awreciable amounts: 

1. Carbohydrates, probably 1nclud1ng sorne which contain 

uronic acid groupings, and some assooiated with 

nitrogen 1n the . form of amino sugars. 

2. Materials which, on hydrolysis • produce amino acids. 

These materials might be expected to be but are not 

necessarily protein 1n nature. 

3. Materials of an aromatic nature, possibly modified 

11gn1n, but d1ffer1ng appreciably from plant 11gn1n 

in nitrogen content, methoxyl content, and carboxyl 
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However this material would not necessarily 
J 

be 11gn1n derived, as there is, as yet, no conclusive 

evidence linking the lignin structure with the structure 

of any fraction of the soil organic matter. 

In the present study the author has devoted his 

attention to the fractionation and characterization of 

the organic materials removed from the deposition horizon 

of a sandy podzol by means of the metal-chelating agent 

8-hydroxyquinoline. 

MATEBIALS 

One soil was used for all of the work reported here. 

This was the St • Amable soil, a loa.my sand podzol which 

has been described by Lajoie and stobbe (78). .All samples 

were obtained from the B21 horizon of this soil under a 

natural forest vegetation composed mainly of American 

beech (Fagus grandifolia Ehrh.). The B21 horizon soil 

at this location was moderately wall drained, was uni

forml;r reddish brown in colour, friable, and had an 

organic matter content of 5·54 percent and a pH of 5·3· 

In comparison to the organic matter content of 5 ·54 per 

cent in the B21 horizon, the organic matter content of 

the horizon immediately overlying the B21 horizon, the 

A2 horizon, was 2.42 per cent. 
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EXPERIMENTAL MRI'HODS 

Removal of organic matter from the soil 

A mixture of lOO gm. air~ried soil and 300 ml. of 

water in a 1000 ml. beaker was adjusted to pH 6 ·5 using 

sodium hydroxide solution. Then 500 ml. 0 .1. M 8-hydroxy

quinoline 1n benzene was added, and the system was st irred 

with a mechanic~l stirrer for 24 hours, during which time 

the pH of the aqueous phase __ was checked periodicall.y and 

~eadjusted to 6.5 with sodium hydroxide solution as re

quired. At no time was the pH of the aqueous phase 

allOl'led to fall below 6. After 24 hours the aqueous and 

benzene phases were separated and the l.atter washed several 

times with water to remove any suspended soil particl.es •. 

The aqueous phase plus washings was filtered with suction, 

and the filtrate was washed several times with ohloroform 

to remove the last t~aces of 8-bydroxyquinoline. The 

re sidual. so1J. wa s re-extracted in the same mannar unt il 

12 successive extractions had been made. 

To obtain l.arger amounts of organic matter, in some 

cases a JOO-gm. sample of soil was extraoted in the same 

manner using 300 ml. of water, and 1000 ml. of 0.1 M 

8-hydroxyquinoline in benzene for a 72-hour period • It 

was found neoessary to repeat this extraction at least 
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five times to obtain as much organic material in the 

aqueous solution as wa~ yielded by extraction of a similar 

amount of soil by twelve 24-hoUl~ extractions on 100-gm. 

samples of the soil. However, the amounts of organic 

matter recovered from the benzene phases were much lower 

from these five longer period extractions than from the 

twelve shorter period extractions. 

Fractionation of the organic matter of the agueous phase 

Fractionatian of the organic matter in the aqueous 

phase was obtained by the use of lauryl pyridin,ium chloride 

as a precipitating agent • The lauryl pyridinium chloride 

was added to the aqueous extract as a 2 ·5 per cent aqueous 

solution. Maximum precipitation required approximately 

three parts by weight of lauryl pyridinium chloride to oœ 

part of organic matter. The addition of a large excess of 

this precipitating agent caused a reduction in the amount 

of organic matter precipitated. The aqueous extracts were 

separated into the following fractions: 

FBA.OI'ION Al. That portion of the organic material not 

precipitated by lauryl pyridinium chloride. 

FHAOI'ION A2. That portion of the lauryl pyridinium 

chloride precip1tate wh1ch is soluble 1n 5 per cent sodium 

chlor1de solution and, after removal of lauryl pyr1d1n1um 

chlor1de, i s precip1tated by the addition of three volumes 

of ethanol. 
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FBAŒ'ION A3. That portion of the lauryl pyridinium 

chloride precipitate which is soluble in 5 per cent sodium 

chloride solution and, after removal of lauryl pyridinium 

chloride, is not precipitated by the addition of three 

volumes of ethanol. 

FRACTION Ah. Tha.t portion of the lauryl pyridinium 

chloride prec1pitate not soluble in S per cent sodium 

chloride solution. This fraction was soluble in water 

after washing the lauryl pyridinium chloride precipitate 

first with acetone and then with chloroform. 

Lauryl pyridinium chloride was removed from the 

solutions of fractions Al, and the combination of fractions 

A2 and A3 as follows: The solution wa.s evaporated to 

dryness over sulphuric ac id 1n a vacuum desiccator. The 

dry residue was first washed with acetone to remove the 

last traces of water, and then washed with chloroform to 

remove most of the lauryl pyr1din1um chloride. After re

moval of chloroform, the residue was dissolved in water 

and the remainder of the precipitat ing agent was removed 

by extraction with chloroform. The extraction of the . 

solutions with chloroform, .without prior removal of most 

of the precipitating agent, was found to be impossible 

due to the very stable emulsions which were formed upon 

shaking with chlorof'orm. The last traces of the precipi

tating agent also were removed from the solution of fraction 
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A4 by extraction with chloroform. 

In some instances, the organic matter of fractions 

A2, A3 a:nd A4 was precipitated as barium salt s. This 

was accomplished by adding an excess of barium chloride 

to the solutions (approximately 2 gm, BaC12 per gm. of 

organio matter) and then adding 4, 3 and 1 volumes of 

ethanol to fraot ions A2, A3 and A4 respect i vely. This 

completely prec1p1tated the organic matter in these 

solutions. After centrifugation the precipitates were 

washed with aloohol and water mixtures similar to those 

used for precipitation. The precipitates were washed 

until the washings faUed to give any qualitative tests 

for e1ther chloride or barium. Then the precip1tates 

were washed with acetone to remove any water, and finally 

they were washed with ether and dried under vacuum at 

room temperature • 

Removal of organio matter from the benzene phase 

The benzene extract was shaken with approximately 

10 gm. of Whatman standard grade cellulose powder per 

1000 ml. of solution for 24 hours. After 24 hours, the 

benzene was filtered through sintered glass, and the 

cellulose powder was then washed with benzene to remove 

8-hydroxyquinoline and 8-hydroxyqu1nol1nates. The cellu

lose powder was then suspended 1n water and shaken for 48 
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hours with a 0.1 M solution of 8-t~droxyquinoline in 

ohlorof'orm. After this t ime the two phases were separated 

and the aqueous phase, whioh oontained the cellulose pow

der, was f'iltered through sintered glass. The cellulose 

powder was then washed with water until the washings 

be came oolourless • A large port ion of the organic matter 

wa.s transf'erred to aqueous solution by this treatment • 

This organic matter bas been called fraction Bl. However, 

some of' the organic matter remained in association with 

the cellulose powder. This organic material was removed 

from the cellulose by elut ion with 0 .1 M sodium carbonate 

sol ut ion. Immediate !.y after elut ion this carbonate solu

tion was neutralized to pH 6.5 to 7.0 with acetic acid. 

This fraction of the organic matter bas been labelled 

fraction B2. 

In sorne instances, the organic matter of these two 

fractions from the benzene phase of' the extractant bas 

been obtained as the barium sal.ts similarly to the 

fractions obtained from the aqueous phase of the ex

tractant • The same method was used f'or the precipitation 

of' the barium salta except that only two volumes of' 

alcohol were added to the aqueous solutions of' these 

two fra ct ions • 
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A schematic representation of the extraction and 

fractionation of the soil organic matter is shown in 

Figure 1 on the following page. 

Alkali fusion and pre11minary fractionation of the 
produot s of fusion 

Approximately 50 mgm. of dry organic material, or a 

weight of the barium salt equivalent to SO mgm. of the 

organic material, was fused with 2 .o gm. potassium 

hydroxide in a nickel crucible. Heating was continued 

until frothing had ceased and the dark colour of the 

organic matter had aJ.most completely disappeared. Heat

ing beyond this point produced a drastio reduction in the 

amount s of materials reoovered from the melt. The melt 

was cooled, dissolved in 20 to JO ml. of water, acidified 

and made to 2 N with hydrochloric acid. The aoidic solu

tion was extracted twice with 2.5 ml. portions of ether. 

The ether extract was then extracted twice with 10 ml. 

portions of a 2 per oent solution of sodium bicarbonate 

to remove ac1dic materials. The materials remaining in 

ether solution were further fraotionated by steam distil

lation of the residue remaining after evaporation of the 

ether. Bach of these three fractions of the ether extract

able materials was recovered 1n ether solution by acidifi

cation of the solution concerned with hydrochloric acid 
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Figure 1. A schematic representation of the extraction of organic matter from the soil and 
the subsequent fractionation of the organic matter into six fractions. 
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followed by extraction with two 25 ml. port ions of ether. 

After ether extraction of the acidified solution of the 

malt, this solution was further extracted with two 25 ml. 

portions of ethyl acetate. The ether and ethyl acetate 

solutions of these four fractions of the products of the 

fusion were dried over anhydrous sodium sulpbate, and the 

sol vents evaporated. The amount of materials present in 

each of these fractions was determined by weighing the 

residue remaining after evaporation of the solvant. 

A schematic representation of the fusion and the 

prel1m1nary fractionation of the products of alkali 

fusion is shown in Figure 2 on the following page. 

Paper chromat ograph.:y: 

Whatman No. 1 chromatographie paper was used for all 

paper chromatographie work, and the descending technique 

wa s employed in al1 instances • 

Two solvants were employed for the chromatography' of 

uronic acide. These were (a) a 5:.5:.):1 mixture of ethyl 

acetate : pyridine water : acetic acid (50), which was 

run for six hours, and (b) a .500:115:385 mixture of 

n-butanol : formic acid : water (44), which was run for 

17 hours. Chromatography of suga.rs was accompl1shed 

us1ng a solvant consisting of a 1:3:5:3 mixture of benzene : 

n-butanol : pyr1dine : water (115) and developing for a 

per1od of 24 hours. 
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Figure 2. A schematic representation of the fusion 
of organic matter with potassium hydroxide 
and the preliminary fractionation of the 
products of fusion. 
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A solvent consisting of a 2:3 mixture of n-propanol : 

water was employed for the chromatography of soil organic 

matter extracts and of the fractions obtained from these 

extracts. 

Basic, neutral, and acidic solvents were employed 

for the chromatographie separation of phenols and phenolic 

acids. The four sol vents employed for this purpose were: 

(a) an 8:1:1 mixture of isopropanol : concentrated ammonium 

hydroxide : water (6) run for 16 hours; (b) a 6:4:3 mixture 

of n-butanol : pyridine : water (llO) run for 12 hours; 

(c) 20 per cent aqueous potassium chloride solution (6) 

run for 3·5 hours; and (d) a 4:1:5 mixture of n-butanol : 

acetic acid : water (24) run for 15 hours. For the separ

ation of phenolic materials, all chromatograms were run 

until the solvent front had moved approximately 35 cm. 

from the point of application of the sample. The times 

listed above are the average times required for the solvents 

to move this distance on paper. 

Sugars were detected, on paper, by the use of 

p-anisidine phosphate (100) and aniline hydrogen phthalate 

(105) sprays. Uronic acids were detected by spraying with 

p-anisidine phosphate (lOO). The detection of acids was 

accomplished by staining with an alcoholic solution of 

bromophenol blue indicator (8.3). Ninhydrin (131) was 
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employed for the detection of a-amino acids on paper. 

For the detection of phenol~diazotized sulphanilic acid 

(4) and diazotized p-nitroaniline (llO) stains were 

utilized. The diazotized p-nitroaniline stain was buf

fered at pH 4.8. A further set of staining character

istics were obtained by dipping the papers stained with 

diazotized p-nitroaniline into a 20 per cent solution of 

sodium carbonate. 

Column separation of phenolic acids 

Phenolic acids were separated chromatographically on 

a column of Whatman standard grade cellulose powder • A 

sample containing 50 to lOO mgm. of phenolic acids dis

solved in 1 ml. of the chromatographie solvent was added 

to a tightly packed column of cellulose powder, which was 

90 cm. high in a glass column of 12 mm. inside diameter. 

The column was then chromatographically developed using 

the solvent (8:1:1) isopropanol : concentrated ammonium 

hydroxide : water. The effluent from the column was 

collected in 3.0 gm. fractions by means of a fraction 

collector. The location of the individual phenolic ac ids 

in these fractions was determined by spotting samples of 

the effluent fractions on paper and staining with diazotized 

p-nitroaniline (llO) and then dipping in sodium carbonate 

solution. 
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Purification of phenollc acids 

The fractions containlng each acid obtalned from 

the separation on the cellulose column were combined 

and the solvent removed under vacuum at room temperature. 

The resldues remalning were dissolved 1n 2 N potassium 

hydroxide solution. This solution was then acidified by 

the addition of hydrochloric acid. After thorough coollng, 

the acidic solution was extracted with ether, and the ether 

was then evaporated to leave a phenollc acid residue. This 

process of dissolving in alkall, acldifylng, and extractlng 

was repeated several times until the residue, after evapor

at lon of the ether, was white in colour. This procedure 

was employed due to the fact that the small amount s of 

each acid present were insufficient to permit recrystalliz

ation in the usual manner without losa of all or most of the 

acid. 

Quantitative estimation of pheno11c acids 

After separation on paper chromatograms using the 

(8:1:1) isopropano1 : concentrated ammonium hydroxide : 

water solvent, four phenolic acids were quantltatlvely 

estimated by the following method: The chromatograms 

were air-dried for several hours to remove the solvent. 

The paper was then dipped in a solution of diazotized 

p-nitroanlline; 20 ml. 0.5 percent solution of p-nitro

aniline in 2 N hydrochlorlc acid plus 2 ml. 5.0 per cent 
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solution of sodium nitrite. Then the paper was dipped 

in a 10 per cent solution of sodium carbonate until the 

coloured spots developed on the paper, and the excess 

water was allowed to drip from the paper for approx1mately 

10 minutes. The coloured spots were then eut from the 

paper, while still wet, placed in a test tube and .5 ml. 

of a 0 • .5 per cent solution of potassium hydroxide in 

ethanol added to extract the coloured material from the 

paper. The light absorption of the coloured solutions 

produced by the four acids were read on a Beckman ~lodel 

DU spectrophotometer at the following wave lengths: 

m-hydroxybenzoic acid at 507 ~; p-hydroxybenzoic acid 

at .507 m~; 2,4-dihydroxybenzoic acid at 443 m~; and 

3 ,.5-dihydroxybenzoic acid at 4.51 m~. The amounts of the 

acids present in these solutions were determined by com

parison with known amount s of standard acids l'lhich had 

been subjected to the same treatment. 

Other methods 

pH was determtned using a Beckman Modal G pH meter. 

Visible and ultraviolet absorption curves were obtained 

us1ng a Beckman Model DU spectrophotometer equipped with 

a recording deviee. Iron was determined by the acid thio-

cyanate method of Houlihan and Farina (67), and aluminum 

by the use of aluminon as . described by Robertson (111). 
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Total phosphorus was determined by the method of Dickman 

and Bray (40), while inorganic phosphorus was estimated 

by the Martin and Doty (90) method. Prior to the estim

ation of iron, aluminum, and total phosphorus, all samples 

l'lere digested with a 1:1 mixture of ni tric and perchloric 

acids in the presence of a vanadium catalyst (121). This 

digestion was continued until the volume bad been reduced 

to a few drops. Silica was determined as the loss of 

we1ght upon hydrofluoric acid treatment following ash1ng 

and ac1d dehydration of silica. Organic matter was est1m

ated by dichromate oxidation (107), and carbohydrate was 

estimated by the use of anthrone (47), while uronic acids 

were estimated with oarbazole as outlined by Lynch ~ al 

(85). Nitrogen was determined by a m1crokjeldahl method 

(8), while sulphur was estimated colorimetrioally as 

methylene blue follow1ng reduction as described by Johnson 

and N1sh1ta (68). Sulphur was estimated in this mannar 

both directly and following oxidation with magnesium 

nitrate (7). Neutralization equivalents were determined 

by titration of 10 to 15 mgm. of organic material dissolved 

in 50 ml. of water to pH 7•0 with 0.01 N sodium hydroxide 

solution. 
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HESULTS AND DISCUSSION 

Amounts of organic matter removed from the soil 

The method of extraction used, employing 8-hydroxy

quinoline 1n a nearly neutral water-benzene system, re

moved 75 to 80 per cent of the organic matter from the 

deposition layer of a sandy podzol during 12 successive 

24-hour extractions. Twenty-five per cent of the soU 

organic matter was removed into aqueous solution, while 

50 per cent of the soil organic matter was recovered 

from the benzene phase of the extraotant • 

In oomparison to these resulta, three successive 

48-hour extractions of this soil with 0.5 N sodium hydroxide 

solution using a 5:1 ratio of extractant to soil removed 

only 60 per cent of the organic matter from this partioular 

soil. In this instance the first 48-hour extraction re

moved J5 per cent of the organio matter of the soil. The 

second extraction removed 16.7 percent and the third 7.6 

per cent of the total organic matter of the soil. If 

further extractions were employed, it is possible that 

this extractant would remove as muoh of the soil organic 

matter as was released by the metal-ohelating agent. 

However, from these resulta, 1t does not appear that the 

alkal1ne extraction would be any faster than the neutral 

system employed throughout the se investigations. Also 1t 
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would be e~ected that lesa alteration of the soil organic 

matter would take place during extraction under nearly 

neutral conditions than under the high pH conditions 

prevail1ng during alkali extraction. 

F~h fractionation of extracts 

The aqueous extracts were subjected to the Forsyth 

method of fractionation of fulvie acid preparations. None 

of the materials in the aqueous extracts were precipitated 

by the addition of sufficient mineral aoid to reduce the 

pH to approximately 2.5 or even to much lower pH values. 

The pH of the aqueous extract was adjusted to 2.5 and the 

extract was then filtered through a pad of charcoal. The 

organic matter content of the aqueous extract was almost 

entirely adsorbed on charcoal. The effluent, after passing 

the aqueous extract through a pad of charcoal, was colour

less and only trace amounts of organic matter could be de

tected in the effluent and washings from an extract which 

had orig1nally contained 4.25 gm. of organic material. 

The amount of organic material in this effluent was of 

the order of ,50 mgm. No organic matter could be detected 

in the Forsyth B and C fractions. According to the Forsyth 

scheme, fraction B was eluted from the charcoal with acetone 

containing 10 per cent water, and fraction C was eluted 

with distilled water following the removal of fraction B. 

Also, Forsyth's fraction C was precipitated by the addition 
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of acetone to the water eluate. No precipitate was 

obtained when acetone was added to the water eluate 

from the aqueous extract on charcoal. Almost all of 

the organic matter appeared in fraction D; that is, it 

was eluted from charcoal by 0.5 N sodium hydroxide 

solution. Most of this material was eluted by the fll'st 

.500 ml. of alkali solution. However, small amounts of 

organic matter were present in the eluates until 1000 ml. 

of 0.5 N sodium hydroxide solution bad been passed through 

the charcoal. From these resulta, it has been concluded 

that the Forsyth method of fractionation is not applicable 

to the fractionation of these aqueous extracts. 

The organio material of the benzene phase was trans

ferred to charcoal by filtering through a pad of charcoal. 

The pad of charcoal was then washed with benzene until all 

colour of the metal chelates had disappeared from the 

washings. Then a lOO ml.. portion of acetone was passed 

through the pad of charcoal to remove the excess benzene. 

No organic matter could be isolated from the benzene 

eluate and washings by adsorption on cellulose powder 

and elution with 0.1 M sodium carbonate, a method which 

had previously been employed for the removal of soil 

organic matter from benzene solutions (,38). Also no 

organic matter could be detected in the acetone washings. 

Fraction B was a bright yellow coloured solution. However, 
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the organic matter of this fraction was found to be 

equivalent to approximately only 2 per cent of the 

organic material adsorbed by the charcoal. Again no 

organic matter could be detected in fraction C and the 

bulk of the organic material was present in fraction D. 

Any further use of the Forsyth method for the 

fractionation of these soil organic matter extracts was 

not considered, due to the fact that practically all of 

the organic matter appeared in one fraction, and that 

fraction could be removed from charcoal only by the use 

of alkaline solutions. 

Chromatography of organic matter extracts 

Attempts were made to fractionate the organic matter 

of the aqueous extracts by paper chromatography. Several 

types of chromatographie solvants were tested. However, 

the only solvant t~ich gave any s1gnificant separation 

of the orga.nic material 1n the aqueous extra ct s wa.s one 

composed of 2 volumes of n•propanol and 3 volumes of 

water. This 40 per cent propanol solvant separated the 

aqueous extraots into three distinct chromatographie 

fractions which were visible on paper, two of which 

could be stained with acidic stains. Three fractions 

of Hr values 0 .oo, 0 .66, and 0. 74 were deteoted • All 

three of these were visible on paper, the two mobile 
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tract ions being light yellow in colour • The non-mobile 

fraction was coloured dark reddish brown. The spots 

with Bf values o.oo and 0.74 gave yellow stains tor 

acids with bromophenol blue, and also stained a bright 

blue with methylene blue (6.3) • The third fraction did 

not stain with either of the se reagents. Only the non

mobile traction could be detected under ultraviolet 

light, while the other two fractions were not visible. 

None of these fractions could be stained on paper with 

diazotized p-nitroaniline or diazotized sulphanilio acid • 

.Attempts to chromatograph the benzene solution in this 

manner proved to be very difficult due to the presence 

of large amounts of highly coloured metal chelates. 

However, after fractionation of the organic matter from 

the benzene phase, the two fractions obtained were mobile 

in the 40 per cent propanol solvent • This will be dis

cussed later when oomparing the fractions which were 

obtained from both the aqueous and benzene phases of 

the extracting medium. 

Fraotionation of the agueous extracts 

Treatment of the aqueous extracts with lauryl 

pyr1d1n1um chloride yielded three fractions of organic 

matter. That portion not precipitated by lauryl pyridin

ium chloride, fraction Al, had a very pale yellow colour 
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in solution, and on chromatography with 40 per cent 

propanol, only one constituent was visible on the paper. 

This bad an Bf value of 0.66 and did not stain with brome

phenol blue, methylene blue, or diazotized p-nitroaniline. 

That portion of the organic matter precipitated by 

lauryl pyridtnium chloride but not di~ersed by a .5 per 

cent solution of sodium chloride, fraction A4, was, tn 

solution, very dark brown in colour, and upon removal of 

the water separated in the form of shiny black needle 

shaped crystals. None of the other fractions, upon dry

ing, showed any apparent crystal lina structure • The dry 

barium salt of the organic matter from fraction A4 was 

very dark brown m colour. This fraction was not mobile 

in the 40 per cent propanol solvant • The sample remained 

at the point of application as a dark brown spot. This 

~ot stained with methylene blue and bromophenol blue but 

did not stain with diazotized p-nitroaniline. This was 

the only one of the four fractions from the aqueous phase 

which was revealed by fluorescence in ultraviolet light, 

which was absorbed by this organic material. 

Chromatography of the portion of the lauryl pyridinium 

chloride precipitate which was brought 1nto solution in 5 

per cent sodium chloride solution showed two distinct spots 

whose Br values were 0.00 and 0.74. The se were wine-red 
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and yellow in colour respectively. Both stained with 

bromophenol blue and methylene blue but were not stained 

by diazotized p-nitroaniline. These two chromatographie 

fractions were separated by repeated precipitation from 

aqueous solution, contain1ng a small amount of sodium 

chloride, by the addition of three volumes of ethanol. 

The portion of this organic matter which was precipitated 

by the addition of ethanol, fractionA2, was not mobile 

on paper in the 40 per cent propanol sol vent • This fra ct ion 

was a w1ne-red colour in solution, and the dry barium salt 

of the organic matter of this fraction was a tan coloured 

powder. Chromatography of the fraction not precipitated 

by ethanol, fraction AJ, showed only one spot at Rf 0.74. 

In solution this fraction was straw yellow in colour, 

while its dry barium salt was a tan coloured powder. The 

completeness of the separation of these two fractions was 

checked by chromatography with 40 per cent propanol. This 

check was found to be necessary as several reprecipitations 

were required to remove all of fraction AJ from the pre

cipitated fraction A2. 

Most of the iron and aluminum present in the aqueous 

extracts could be removed by extraction with 8-hydroxy

quinoline in chloroform. However, the removal of these 

metals did not seem to influence the fractionation of 
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this organic matter. No differences in the amounts of 

organic material present in each fraction could be de

tected between the fractionation of aqueous extracts 

which had been extracted for 21 days with 8-hydroxy

quinoline in chloroform, and the fractionation of aqueous 

extracts from which no attempt had been made to remove 

the se metals. 

Fractionation of benzene extracts 

Two fractions were obtained from the benzene extracts 

follow1ng adsorption of the organic matter on cellulose 

powder. The first of the se, fraction Bl, was removed from 

the cellulose powder into aqueous solution by suspending 

the cellulose powder 1n water and extracting with 0.1 M 

8-hydroxyquinoline in chloroform. This fraction of the 

organic matter was yellow coloured in solution and its 

barium salt was a light tan coloured powder. 

Chromatography with 40 per cent propano1 showed a 

yellow spot of Br value o.6S, which did not stain with 

bromophenol blue or methylene blue but did stain very 

readily with diazotized p-nitroan111ne. The organic 

matter remain1ng on cellulose was removed by elution 

with 0.1 M sodium carbonate solution; fraction B2. This 

solution after neutralization to pH 6.5 with acetic acid 

was brownish red in colour and its barium salt was a light 
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brown powder. On chromatography with 40 per cent 

propanol, a brownish red spot of Rr value 0.80 was 

observed. This spot stained readily with diazotized 

p-nitroaniline, but was not stained by bromophenol blue 

or methylene blue. 

One other feature differentiating the two benzene 

fractions has been noticed. The amoWlts of organic 

matter removed into the benzene phase during each 24-

hour extraction, reported previously (J8), are portrayed 

in Figure J. This figure shows that a very small amo\Ult 

of organic matter was removed 1n the third day of ex

traction, followed by a substantial increase on the 

fourth day. AJ.so at this t ime, a difference in colour 

between the organic matter removed during the first three 

days and that removed after the third day of extraction 

was noted. It now has been found that fraction B2 was 

almost completely removed during the first three days of 

extraction, while fraction Bl did not appear until the 

fourth day of extraction. 

These resulta indicate that two distinct fractions 

of organic matter were removed from the soil into benzene 

solution, and that one of these fractions was completely 

removed from the soil before any of the other fraction 

was extracted. 
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Chromatograpny and staining reactions of fractions 

A list of the Bt values, co loura on paper, and some 

staining characterist ica of the se fractions upon chroma

tography with 40 percent propanol is given in Table 1. 

One feature which is immediately noticeable from this 

table is the differences in the staining character1stics 

of the fractions obtained from the aqueous and from the 

benzene phases of the ext.racting medium. While none of 

the fractions from the aqueous phase were stained by 

diazotized p-nitroaniline, both _of the fractions obtained 

from the benzene phase were stained very readily by this 

reagent. This diazotized compound would be expected to 

couple with any phenols or aromat ic amines, having avail

able a free position ortho or para to the position of 

coupling of the hydroxyl ion or amino group, to form 

br1ghtly coloured azo compound a. According to Fieser 

and Fieser (48), this reaction is specifie to phenols 

and aromatic amines, and evidently depends on the powerful 

directive influence of the hydroxyl and amino groups. 

Also, the d1azo coupling reaction 1s exhib1ted by aromatio 

compound a other than phenols and amines, whioh have free 

ortho and para positions available for coupling, in very 

rare instances only. Phenol ethers are distinctly lesa 

reactive than free phenols, and they do not constitute 
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TABLE 1 

Sorne oolour, chromatographie and staining oharaoter
istios of the fractions of soil organio matter when 

applied to paper 

Br in 40% staining reaction 
Fraction propanol Col our 

Al 

A2 

AJ 
Ah 

Bl 

B2 

sol vent PNA 

0.66 pale -
yellow 

o.oo wine red -
0.74 yellow -
o.oo dark -

brown 

0 .6.5 yellow red 

0.80 brownish red 
red 

PNA ~ diazotized p-nitroaniline. 
- = negative test. 

Bromophenol Methylene 
blue blue 

- -

yellow blue 

yellow blue 

yellow blue 

- .., 

- -
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ordinary coupling components. From the resulta obtained 

by staining with diazotized p-nitroaniline, it would appear 

that the material removed from the soil into the benzene 

phase of the extracting medium contained substances having 

free phenolic and/or aromatic amino groups, which have 

available free positions ortho or para to the position ot 
coupling of the hydroxyl or the amino groups. The failure 

of this st~in to produce coloured producte with the fractions 

from the aqueous phase could possibly mean the absence of 

any phenols and aromatic aminee in the se fractions. However, 

any phenols or aromatic amines, not having available free 

ortho or para positions, also would not be stained bY this 

reagent. Further, phenolic ethers also would fail to 

produce coloured products with the diazotized reagent. 

All of the fractions which had been precipitated by 

lauryl pyridinium chloride were stained yellow by brama

phenol blue and blue by methylene blue, 1n contrast to 

the rema1n1ng fractions which did not produce any coloured 

stains with the se reagents. The yellow stains formed with 

bromophenol blue indicated the presence of acidic materials, 

while the blue stains with methylene blue probably indicated 

onJ.y the presence of anionic materials (63) • Thus it appears 

that the fractions precipitated by lauryl pyridinium chloride, 

fractions A2, A3, and A4, were acidic in nature, while tho se 

fractions not precipitated by lauryl pyridinium chloride, 
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fractions Al, Bl, and B2, were not acidic • This would.. 

be expected since the large cation employed to precipi

tate fractions A2, A3, and A4 would be expected to pre

cipitate only anionic materials. In this connection, it 

is to be noted that no precipitate could be obtained by 

the addition of lauryl pyridinium chloride to solutions 

of the fractions from the benzene phase • In the case of 

fraction B2, containing a relatively high concentration 

of sodium acetate, this failure to produce a precipitate 

could have been due to the presence of the electrolyte. 

However, a similar situation did not exist in fraction 

Bl, where the concentration of electrolytes was exception

ally low. 

These resulta reveal sorne differences between the 

various fractions, differences evidenced by their chroma

tographie behaviour and by the colours of the organic 

materials present in these fractions. However, the major 

differences shown appear to be those evidenced by the 

stain1ng characteristics of these materials after ohroma

tography. Three of the four fractions obtained from the 

aqueous phase of the extracting medium appear to be acidic 

in nature, and all four of these fractions do not appear 

to have free phenolic hydroxyl and/or aromatic amino 

groups which have free ortho or para positions available 
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for coupling reactions. In contrast to these fractions, 

both of the fractions obtained from the benzene phase 

appeared not to be acidic and contained phenolic hydroxyl 

and/or aromatic amino groups having free ortho or para 

positions available for coupl1ng reactions. 

Chemioal oharacteristics of the fractions 

Further evidence of the differences among fractions 

is shown in Tables 2 and J. Table 2 shows the proportion 

of the soil organic matter present 1n each of these 

fractions, and their nitrogen, apparent carbohydrate, and 

uronic acid contents. In this table the nitrogen, carbo

hydrate, and uronic acid values are expressed as a per

centage of the organic matter in the fraction concerned. 

From this table it can be seen that fraction Bl was by 

far the largest of the six fractions, comprising nearly 

40 per cent of the total soil organic matter. Fractions 

A2, AJ, and B2 each oontained approximately 10 per . cent 

of the soil organic matter, while the two remaining 

fractions, Al and. A4, each accounted for less than 4 per 

cent of the soil organic matter. The se six fractions 

accounted for very nearly 80 per cent of the total organio 

matter content of this soil. 

The nitrogen content of the extracted organic matter 

was equivalent to only 2 per cent of that organio matter. 
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TABLE 2 

The portion of the soil organic matter in each of the 
fractions of the organic matter removed from the soil, 
and the nitrogen, apparent carbohydrate and uranie acid 

contents of the fractions 

% of * * * Fraction soil organio Nitrogen Apparent Uranie 
matter carbohydrate a cid 

Al J .8 .5 .6 16.6 J .J 

A2 11.2 1.5 o.o 2.8 

AJ 9.8 2.8 o.o 2.8 

A4 J .8 2.,5 1.0 4 .a 
/ 

Bl )8.6 2.0 1.5 o.o 
B2 11.4 0 ·.5 1.5 o.o 

* Expressed as per cent of the organic matter content of 
the tract ion. 
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T;he protein contents of these extracts cou1d account 

for only a sma11 portion of the organ1c materia1 present, 

even if a11 of the nitrogen was 1n the form of protein, 

which is a very doubtful assumption. Again, it has not 

been possible to obtain any nitrogen-free fractions of 

soi1 organic matter. Fraction B2 had the 1owest nitrogen 

content, but even it contained 0 ·5 per cent. The highest 

nitrogen content of any of the se fractions . was found 1n 

fraction Al with 5.6 per cent. The other fractions had 

nitrogen contents varying from 1.5 per cent t o 2 .8 per 

cent of the organic matter present 1n them. 

It was previous1y conc1uded, from the resulta of 

staining with diazotized p-nitroani11ne, that fractions 

B1 and B2 contained free pheno1ic hydroxy1 and/or aromatic 

amino groups, which had free ortho or para positions 

avai1ab1e for coupling. Since these fractions stained 

very readi1y when an1y 1 to 2 ~gm. of organic materia1 

was spotted on paper, their 1ow nitrogen contents, 

especia1ly that of fraction B2, wou1d seem to e1iminate 

the possibility of this staining capacity being due 

entire1y to aromatic am1no groups. Thus, it would appear 

that these two fractions conta1ned free pheno1ic hydroxy1 

groups. 

The apparent carbohydrate content of the extracted 
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soil organic matter has been found to be surprisingly 

low w1th only 1.8 per cent of the extracted organic 

matter being accounted for as carbohydrate by reaction 

with anthrone. Fraction Al was the only one of the siX 

fractions which contained an appreciable portion of 

carbohydrate material. The 16 .6 per cent carbobydrate 

content of this fraction was in contrast to the 1.0 par 

cent carbohydrate content of fraction A4 and the complete 

lack of anthrone reactive materials in fractions A2 and 

A3. The high carbohydrate content of fraction Al m1ght 

be expected to be due to neutral carbohydrates, since 

only acidic materiels would be expected to be precipitated 

by lauryl pyridinium chloride. Both of the fractions 

obtained from the benzene phase of the extracting medium 

bad carbohydrate contents of 1.5 per cent • 

Caloulated on the basis of galacturonic aoid, the 

uronio acid values were much higher, in some cases, than 

the apparent oarbohydrate values for the same fractions. 

No uronic materials could be detected in the fractions . . 

from the benzene phase, but, according to this method, 

uronic acide were present 1n all of the fractions from 

the aqueous phase of the extracting medium. The two of 

these fractions, which did not contain any anthrone re

active materials, had apparent uronic aoid contents 
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equivalent to 2.8 percent galacturonic acid, while 

fraction A4 bad an apparent uronic acid content of 4.8 

per cent in contrast to a 1.0 per cent content of anthrone 

reactive naterial. Fraction Al, which contained 16.6 per 

cent of anthrone reactive material, had an apparent uronic 

acid content of 3 .J per cez:.t. 

From these resulta, it would seem probable that the 

anthrone method gave low values for carbohydrates tn 

these fractions, or that the method employed for the 

estimation of uronic acids gave erroneously high values 

for, at least, sorne fractions. 

Table 3 shows the organic and inorganic phosphorus 

contents and the resulta obtained for sulphur both with 

and without preliminary oxidat ion of the sample. Again, 

these values are all expressed as percentages of the 

organic matter present in the fraction concerned. 

No inorganic phosphorus could be found in any of 

the fractions of the extraoted organio matter whioh 

had been precipitated by lauryl pyridinium ohloride; 

that is, fractions A2, A3, and A4. ·However, fraction 

Al had an inorganic phosphorus content equivalent to 

1.65 per cent of the organic matter in the fraction. 

Small amounts of inorganic phosphorus were found in 

fractions Bl and B2, wh1ch had 1norgan1c phosphorus 
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TABLE J 

Phosphorus and sulphur contents of the fractions 
of the organic matter removed from the soi1 

(expressed as per cent of the organio 
matter content of the fraction) 

Phosphorus Sulphur 

After 
Fraction Inorganic Organic Directly ox1dat1on 

with Mg(NOJ )2 -
Al 1.6.5 0 • .52 4.6 0 .o 
A2 o.oo 0.22 2.6 2.6 

AJ o.oo 0.18 J .2 J.2 

A4 o.oo 0 .4.5 0 .o 11.9 

Bl 0.02 O.OJ ll.J o.o 
B2 0.04 0.07 7.8 o.o 
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contents of 0.02 percent and 0.04 percent respeotively. 

Organ1o phosphorus was fm.md in all of the six fractions. 

Fractions A2 and AJ contained 0.22 per cent and 0.18 per 

cent respeotively, while fractions Al and A4 had organio 

phosphorus contents of 0.52 per cent and 0.45 per cent 

respeotively. The organio phosphorus contents of the 

fractions from the benzene phase of the extraottng medium 

were muoh lower than those of the fractions from the 

aqueous phase • Fra ct ions Bl and B2 bad organio phosphorus 

contents of 0 .OJ per cent and 0.07 per cent respeotively. 

Of particular interest are the resulta obtained for 

the sulphur contents of the various fractions. The sulphur 

contents of these fractions were first determined by a 

methylene blue colorimetrie method, which involved the 

prior reduction of the sulphur present to sulphide and 

collection of the hydrogen sulphide gas evolved from the 

aoidic reducing soll.l.t1on. By this method, hydrogen sul

phide was obtained from all fractions exoept fraction A4. 

Probably the out standing feature of the se analyses for 

sulphur was the high concentration of this element present 

in the fractions obtained from the benzene phase. The 

estimated amounts of sulphur were equivalent to ll.J per 

cent and 7•8 per cent of the organio matter of fractions 

Bl and B2 respeotively. However, it was lat er not ioed 
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that hydrogen sulphide gas was evolved upon acidification 

of solutions obtained from fractions A4, Bl, and B2 after 

fusion with potassium hydroxide. Under similar conditions, 

no odour of hydrogen sulphide could be detected upon acidi

fication of solutions from fractions A.2 and A3. Since no 

sulphide bad been released from fraction A4 by reduction, 

sulphur was again determined on each of the fractions by 

the same method, but following oxidation with magnesium 

nitrate. After this treatment, fraction A4 showed a sul

phur content equivalent to approximately 12 per cent of 

the organic matter content of this fraction, as compared 

to the zero value obtained without prior oxidation of the 

sample • Fractions A2 and AJ had the same apparent sulphur 

contents when determined with and without oxidatian of the 

sample prier to the determination of sulphur. However, 

after oxidation with magnesium nitrate, it has not been 

possible to detect any sulphur in fractions Al, Bl, and 

B2. There are two possible explanations for this fact. 

The sulphur of these fractions might possibly have been 

converted by the oxidation to a form which could not be 

reduoed by the method employed. This does not seem 

probable, as it would be expected that the sulphur wou.ld 

be oxidized to the sulphate form, and the method employed 

for the subsequent determination of sulphur 'is capable of 
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quantitatively reducing sulphates to sulphide. The 

second and more logical explanation for this apparent 

losa of sulphur would be that the sulphur present in 

these fractions was evolved during the evaporation of 

the magnesium nitrate solutions. 

One . possible source of sulphur, other than the soil 

organic matter, in the se systems was the thiophene which 

would be expected to be present in the benzene employed 

for the extra ct ion of the organic matter from the soil .• 

For this reason, samples of thiophene equivalent to 500 

~gm. of sulphur were subjected to sulphur determinations 

both with and without prior oxidation. In neither case 

could any sulphur be detected by a method capable of 

measur ir.lg amount s of sulphur of the order of 0-100 J,Lgm. 

Thus, it would not appear that thiophene was a source of 

any of the sulphur detected in the various fractions •. 

From the values obtained for the sulphur contents 

of the fractions before and after oxidation with magnesium 

nitrate, and from the presence or absence of sulphide 

following potassium hydroxide fusion, it _would appear 

that at least three classes of sulphur-containing com

pounds are present in these .soil organic matter extracts. 

One of the se was present in fractions A2 and AJ. This 

type failed to produce sulphide on fusion with potassium 
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hydroxide, was reduced to sulphide by the reducing mixture 

of Johnson and Nishita (a mixture of hydriodic, hypophos

phorus, and formic acids) both before and after oxidation. 

The second of these, present in fraction A4, produced sul

phide on fusion with potassium hydroxide, and was reduced 

to sulphide by the reducing mixture of Johnson and Nishita 

only after oxidation. The third form of sulphur was fOlmd 

in fractions Bl and B2. The se sulphur compOlmds produced 

sulphide on fusion with potassium hydroxide, released 

hydrogen sulphide upon treatment with the reducing mixture 

of Johnson and Nishita, and failed to produce hydrogen 

sulphide upon the same treatment follo\'ring oxidat ion with 

magnesium nitrate. It would appear that fraction Al also 

m1ght belong to this group of sulphur-containing materials. 

However, it is not known whether or not this fraction re

leases sulphide upon fusion with potassium hydroxide. 

Another feature of these fractions is the fact that 

s1lica was found only 1n fraction Al.. None of the other 

fractions contained any detectable amounts of s1lica. 

Approximately 0 .,5 gm. of silica was found in the combined 

aqueous extracts from 600 gm. of so11. Fifty per cent of 

this s111ca was found in fraction Al. After d1ssolv1ng 

all of the lauryl pyridinium chloride precip1tate from 

the aqueous extracts, a gray inorgan1c residue conta1n1ng 
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s111ca rema1ned. The other 50 per cent of the s111ca 

extracted 1nto the aqueous phase of the extracting medium 

was f01.md to be present in this residue. No silica cou1d 

be found in the fractions obtained from the benzene phase. 

The remova1 of iron and aluminum was found to be very 

difficult in the case of fraction A4. Extraction of the 

aqueous solution of this silica-free fraction for as long 

as 21 days with 0 .1 M 8-hydroxyquinoline 1n ch1oroform 

fai1ed to reduce the iron and a1uminum contents below 

approximately 1 m .e • each per gram of organic matter • 

These meta1s were comp1etely removed from a11 other 

fractions, a maximum of 10 days being sufficient tore

move a11 iron and a1uminum from these fractions. 

After removal of any meta1s remaining in the fractions 

precipitated by 1aury1 pyridinium ch1or1de with a cation 

exchange restn {Na1cite H.C.R.) in the hydrogen form, 

fractions A2, A3, and A4 had neutralization equivalents 

of 163, 152, and 145 respeotively. 

Hydrolysis of fractions 

Attempts were made to hydrolyze the fractions w1th 

hydroohloric and sulphurio aoids. Solutions of the 

fractions were ref1uxed with acids in acid concentrations 

varying from 1.0 N to 6.0 N for periods of time varying 

from 6 to 48 hours. In all fractions except Al and A2, 
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dark brown precipitates were formed on refluxing with 

the mineral acids. These precipitates were not appreciably 

soluble in water follOl'l~ng removal of the acid • In none of 

the se fractions was the oolour of the solution not iceably 

altered or destroyed during hydrolysis. The excess ac id 

was removed from the hydrochloric acid hydrolysates by 

evaporation over sodium hydroxide pellets in a vacuum 

desiccator, while the acid was removed from sulphurio 

acid hydrolysates by neutralization with barium carbonate 

to the congo red end point. The aqueous solutions after 

removal of excess acid were chromatographed for sugars 

and uronio acids. No indication of the presence of sugars 

or uronic acids in the hydrolysates could be obtained for 

any of the fractions other than fraction Al. A spot cor

responding to galacturonic acid was obtained upon ohromato

graphy of the hydrolysate of fraction Al in the two solvents 

employed, and very small amounts of four sugars, glucose, 

galactose, arabinose, and xylose also were deteoted 1n it. 

However, even in this fraction, the amounts of sugar found 

on chromatograms could not acoount for more than an extremely 

small portion of the organio matter present in the fraction. 

From the amounts of hydrolysate required to detect any sugars 

on the chromatogram, it has been estimated that they repre

sented a maximum of 5 per cent of the organic matter content 

of this fraction. 
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The amounts of anthrone reactive material, the 

uronic acid values obtained by the use of carbazole, and 

the amounts of sugars and uronic acids detected in hydroly

sates of the fractions all indicate that the carbohydrate 

contents of these organic fractions are very low, and that 

carbohydrate material does not constitute any appreciable 

portion of the organic matter removed from this soil. 

Very small amounts of ninhydrin reactive materials 

were present in the hydrolysates of each of the fractions. 

However, the very faint stains developed on paper by nin

hydrin did not seem to warrant any attempt to identify 

the a-amino acids present in these hydrolysates. 

All of the fractions, after acid hydrolysis, failed 

to yield other than trace amounts of materials, which were 

mobile on paper in any of the chromatographie solvants 

usually employed for the separation of phenolic materials. 

Again, the fractions from the aqueous phase failed to form 

coloured products with diazotized p-nitroanil1ne. S1m1lar 

resulta were obtained after refluxing with potassium 

hydroxide solutions for periode of up to 24 hours in 

alkali concentrations up to 6.0 N. 

Alkali fusion of soil organic matter fracti~ 

S1nce neither aqueous acid1c or aqueous alkal1ne 

hydrolysis proved suitable for conversion of the original 
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organic fractions to simpler, more easily identifiable 

substances, attention was turned to a more drastic de

gradative procedure, namely fusion with potassium hydrox

ide. Preliminary experimenta were required to define 

suitable conditions for the application of this method 

of degradation. In these trials the following observa

tions were made: 

1. That heating at 2,50°C. for 8 hours in an electrio 

muffle furnace did not discharge the colours due to 

the organic materials under test; 

2. that fusion at J00°C. for as short a period as JO 

minutes resulted in complete decolourization of the 

malt, but was of little use in the production of 

suitable quantities of identifiable products; 

3. that the weight ratio of potassium hydroxide to 

organic matter must be at least 40-.50:1, otherwise 

charring of the organic material occurred; 

4. that essentially the same resulta were obtained by 

the fusion of either the acidic forma, the sodium 

salta, or the barium salts of the various fractions; 

but 

5. that the fusion of the barium salta, although requir-

1ng a somewhat longer per1od of heat1ng, was somewhat 

more easily controlled, part1cularly with respect to 
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the reproducibility of the quantities of fusion 

products obtained. 

The barium salts of the fractions obta1ned from the 

aqueous phase were conveniently at band, having been 

prepared 1n the separation of these fractions from sodium 

chloride. The resulta of these preliminary tests indicated 

that the optimum temperature of fusion was in the range 

250 to J00°C., and that the fusion reaction required con

trol to a degree difficult to obtain in the furnace. 

Further experimentation revealed that the required degree 

of control could be obta1ned by fusion in a nickel crucible 

over an open flame. The fusion was begun with very gentle 

heating followed by a gradual increase in temperature, and 

then heating until frothing ceased and the colours due to 

the organic matter had disappeared from the melt. When 

heating was continued beyond this point, the quantities 

of fusion products obtained decreased very rapidly. 

Only three of the four fractions of organic matter 

from the aqueous phase have been subjected to fusion. 

Since fraction Al contained a very small proportion of 

the so11 organ1c matter, s1noe the removal of lauryl 

pyridinium chloride from this fraction requ1red a very 

tedious process, and since it contained relatively large 

amounts of carbohydrate and nitrogen, it has not been 



- 76 -

subjected to alkali fusion. Eaoh of the ether three 

fractions from the aqueous phase required different 

lengths of time for fusion under similar conditions, 

with fraction A4 requiring the longest period of heating 

and fraction A.3 the shortest. At this point • it may be 

noted that it was not possible to obtain significant 

yields of phenolic materials after fusion of the un

fraotionated organic matter of the aqueous phase. Further, 

the yields of phenolic materials after fusion of a mixture 

of fractions A2 and A.3 were considerably less than when 

either of the se fractions were fused separately. The se 

yield differences were particularly noticeable in the 

case of phenolio acids obtained after fusion. The organic 

matter of the two fractions obtained from the benzene 

phase required an even longer time for fusion than any 

of the fractions from the aqueous phase. 

Preliminary fractionation of the produots of fusion 

Only the organic produots of fusion extraotable from 

an aoidio aqueous solution of the melt by ether and by 

ethyl acetate have been investigated. The acidi·fied 

solution was first extracted with ether. Then, after 

removal of the ether, it was extracted with ethyl acetate. 

The ether extract was divided into three portions. First, 

acidic materials were removed from the ether by extraction 
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with a 2 per cent solution of sodium bicarbonate. The 

substances remaining in the ether solution were further 

fractionated by steam distillation of the residue after 

evaporation of the solvant. The ether soluble fusion 

products present in each of these three fractions were 

returned to ether solution by extraction of the aqueous 

solutions following acidification. The amounts of material 

in each of the four fractions were determined by weighing 

after evaporation of the solvant. 'l'he quantities of fusion 

products obtained in this way from each of the five organic 

matter fractions are shown in Table 4, where the amounts of 

these products are given as percentages of the organio 

matter fused. From this table it may be seen that, in the 

case of fractions from the aqueous phase, the sodium bi

carbonate extract contains material equivalent to approxi

mately one-third of the organic matter fused. Smaller 

amounts of materials were obta1ned in the bicarbonate ex

tracts after fusion of fractions Bl and B2. In these 

cases, the y1elds were equivalent to lesa than 20 per cent 

of the organic materials fused. The steam distillable 

portion of the ether extract accounted for approx1mately 

7·5 percent of the organic matter of fractions A2, A4, 

and Bl fused, while a value of 17.5 per cent was obtained 

for fractions AJ and B2. The non- steam distillable portion 
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TABLE 4 

Amounts of materials recovered after potassium 
hydroxide fusion of fractions of soil organio 
matter (expressed as per cent of the organic 

matter fused) 

Ether extraot 
Ethyl 

Fraction NaHCOJ Steam Non-steam acetate 
extraot distillable distillable extra ct 

A2 36.2 7 ·5 10-7 10.9 

A3 31-5 17·5 17·5 4.1 

A4 J8.0 8.4 6.2 11.3 

Bl 17·3 7 .J 7·5 9.8 

B2 16.5 17·5 10.8 11.8 

Total 

65 ·3 

70.4 

63·9 

37·7 

54.0 
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of the ether extract contained materials equivalent to 

17.5 percent of the organic matter in the case of 

fraction AJ, while the values for fractions A2, A4, Bl, 

and B2 varied from 6 per cent to 11 per cent. A very 

small amount of material, equivalent to 4 per cent of 

the organic matter, was found in the ethyl acetate ex

tract from fraction A3, while fractions A2, A4, Bl, and 

B2 had materials in this extract equivalent to 10 per 

cent to 12 per cent of the organic matter. The total 

residues from the extractions, in the case of the fractions 

from the aqueous phase, were equivalent to 65 to 70 per 

cent of the organic matter fused, while the materials 

recovered from fractions Bl and B2 were equivalent to 

38 per cent and 54 per cent respectively of the organio 

matter in these fractions. 

Chromatography of the products of fusion 

All of these fractions of the fusion products gave 

very strong stains when spotted on paper and stained 

with diazotized p-nitroaniline or diazotized sulphanilic 

acid. This fact, along with the extraction procedures 

employed to obtain these products, indicated the presence 

of phenols and phenolic acids. In an attempt to separate 

the phenolic constituents of these residues, portions of 

the residues dissolved in ether or ethyl acetate 1rere 
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spotted on paper and chromatographed. Although a large 

number of sol vents have been employed for chromatography 

of these materials, only four of these have been employed 

extensively. All four of these solvents, two basic, one 

neutral, and one acidic, have previously been used by 

other workers for the separation of phenolic materials. 

For the phenolic materials under consideration, the best 

separations were obtained by the use of a basic solvent 

composed of 8 volumes of 1sopropanol, 1 volume of con

centrated ammonium hydroxide, and 1 volume of water. In 

general, basic solvents gave better separation of the 

phenolic substances present in the se extract s than were 

obtained using acidic solvents. In the acidic sol vents, 

especially the very strongly acidic ones such as Forrestal 

sol vent 1 the phenolic compounds all tended to move very 

rapidly. The acidic sol vent used in the se investigations 

was employed not only in an attempt to obtain separation 

of the phenolic substances, but also to determine which 

of the phenolic substances present were of an acidic 

nature. A bromophenol blue stain was used to detect 

acidic materials on paper after chromatography. This 

stain failed to show any acidic materials on paper after 

chromatography with the basic and neutral sol vents. How

ever, this reagent also failed to stain known phenolic 



- 81 -

acids after chromatography in these solvants, but did 

stain these acids if only spotted on paper and also after 

chromatography with the acidic solvant. Before employing 

this stain after chromatography in acidic solvents, it 

was necessary to remove all of the acid component of the 

sol vent from the paper. For this rea son, papers to be 

stained with bromophenol blue were air-dried and then 

oven-heated at 105°C. for at least JO minutes prior to 

staining. The failure to obtain acidic stains after 

chromatography with the basic and neutral solvents might 

possibly have been due to salt formation between the 

phenolic acid and the basic component of the solvent. 

For adequate ~eparation in any of these chromato

graphie systems, it was necessary to run all chromato

grams until the solvant front had moved approximately 

35 cm. beyond the point of application of the sample. 

By these procedures, a total of 19 different phenolic 

substances have been separated. Of these 19 substances, 

1.3 also gave acidic stains with bromophenol blue. The se 

lJ acidic phenolic substances were all found in the sodium 

bicarbonate and ethyl acetate extracts. The remaining 6 

non-acidic phenolio substances were found in the ether 

extract after removal of the acids by extraction with 

sodium bicarbonate solution. Two of these 6 phenolic 
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substances were steam distillable while the other 4 

were not. 

Lista of the phenolic substances separated chromato

graphically from the extracts are shown in Tables S, 6, 

and 7. All of the substances are numbered according to 

the extract in which they occurred, and in the order of 

increasing Bf values in the isopropanol-ammonia solvant. 

Bf values in 4 solvents and staining characteristics of 

each of the 19 substances separated are given. All of 

the Br values listed are average values for at least S 

chromatograms. 

In Table S are listed the four phenolic materials 

which were not extracted from acidic solution by ether, 

but were extracted by ethyl acetate. One of these, 

number 2, was round in the product s obtained from the 

organic matter fractions of the benzene phase, while 

number 1 was found as a fusion product of all three of 

the fractions from the aqueous phase. The other two 

products were found only in fraction A4, in l'lhich, from 

the ir staining characteristics, they t'lould appear to be 

present in relatively small amounts. All of these four 

substances reacted positively with stains for both acids 

and phenols • Th us, all of the se product s of fusion would 

be expected to be phenolic acids. 
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J 

4 

- 83-

TABLE 5 

Rr values and staining characteristics of phenolic 
materials not extracted from acidic solution by ether 

but extracted by ethyl acetate 

Br in sol vent 

8:1:1 6:4:3 

0.03 0.36 

0.17 0.7J 

0.37 o.s4 

0.41 0.61 

Y - YellOl'l 
R - Red 
Br - Brown 
0 - Orange 
P - Purple 

20% 
KCl 

0.82 

0.21 

0 ·52 

o.6s 

4:1:5 

0.92 

0.89 

0.85 

0.72 

Staining reaction 

PNA 
- DSA 

Acidic Basic 

y R 0-Y 
y Br p 

y y y 

- R y 

Br omo-
phenol 
blue 

y 

y 

y 

y 

8:1:1 - isopropanol:concentrated ammonium hydroxide:water 
6:4:) - n-butanol:pyridine:water 
4:1:5 - n-butanol:acetic acid :water 

PNA - diazotized p-n1troan111ne 
DSA - diazotized sulphanilic acid. 
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8 
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TABLE 6 

~ values and staining characteristics of phenol1c 
màterials extracted from ac1d1c solution by ether 
and extracted from ether by a 2 per cent solution 

of sodium bicarbonate 

Br in sol vent 

8:1:1 6:4:3 

0.02 

0.13 

O.J3 

0-3.5 

0.39 

0 .4J 

0.47 

0._52 

0.61 

y -
R -
Br -
0 -
G -

0.19 

-
0.06 

0.33 

0.39 

o.so 
0.64 

0.64 

0.,58 

Ye11ow 
Red 
Brown 
Orange 
Gray 

20% 
KC1 

0.30 

0.32 

o.oo 

0-3.5 

0.4,5 

0._54 

0.64 

0.40 

0.64 

Staining reaction 

PNA 
4:1:.5 DSA 

Acidic Basic 

0.90 R G -
0-79 - - 0 

0.,54 - - R 

0.60 - R R 

0.60 - R R 

0.76 y 0-Y 0-Y 

0.88 - R y 

0.8_5 y Br Br 

0.88 - R y 

Bromo-
phenol 
blue 

y 

y 

y 

y 

y 

y 

y 

y 

y 

8:1:1 
6:4:3 
4:1:5 

- isopropanol:concentrated ammonium hydroxide:water 
n-butanol:pyr1d1ne:water 

- n-butanol:acetic acid:water 

PNA - diazot1zed p-nitroan111ne 
DSA - d1azot1zed sulphanilic acid. 
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14 

1.5 

16 

17 

18 

19 
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TABLE 7 

~ values and sta1n1ng characteristics of phenolic 
màterials extracted from acid solution by ether and 
not extracted from ether by a 2 per cent solution 

of sodium bicarbonate 

Rr in sol vent Staining reaction 
-
8:1:1 6:4:,3 

0.24 0.40 

o.4J 0 • .52 

0-79 0.88 

0-97 0.92 

0.81 0.92 

0-97 0.88 

Y - Yellow 
R - Red 
Br - Brown 

20% 4:1:.5 
KCl 

0 • .56 0.96 

0 .6.5 0.94 

o.oo 0.89 

o.oo 0.90 

0-57 0.91 

o.oo 0-95 

PNA Brome 
DSA pheno 

Acidic Basic blue 

y y y -
- R y -
R R R -
y R y -
y Br Br -
y R R -

8:1:1 - isopropanol:concentrated ammonium hydroxide:water 
6:4:3 - n-butanol:pyridine:water 
4:1:5 - n-butanol:acetic acid:water 

PNA - diazotized p-nitroaniline 
DSA - diazotized su1phanilic acid. 

-
1 
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The phenolic substances extraoted from aoidic 

solution by ether and removed from the ether by ex

traction with sodium bicarbonate are shown in Table 6. 

Nine aoidic phenolic substances have been separated 

chromatographically from this bicarbonate extract. 

Five of these, numbers 8, 9, 11, 12, and 13, have been 

found as products of fusion of all fractions investigated. 

Substance number 10 has been found as a product of fusion 

of all three fractions from the aqueous phase, while 

number S appeared as a product in fractions Bl and B2. 

Of the two remaining pheno11c products of fusion, number 

6 ha s been found in fractions A2 and A4 , while number 7 

was detected only 1n fractionA4. 

The remaining 6 phenolic substances, which have been 

separated chromatographically, are listed in Table 7• 

These were the phenolic substances which were extracted 

from acidic solution by ether and remained in ether 

solution upon extraction with a 2 per cent solution of 

sodium bicarbonate. The f1rst four of these substances, 

numbers 14-17,were not steam distillable, while substances 

18 and 19 were separated from these four by steam distil

lation. One of the non-steam distillable phenolic com

pounds, number 17, has been found after fusion of all 

three of the fractions from the aqueous phase, while 
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number 16 has been obtained from fractions Bl and B2. 

According to their staining characteristics, the other 

two phenols were present in relatively small amounts, 

number 14 being found only in fraction A4, while number 

1.5 was found in fractions A2 and A4. Of the two steam 

distillable phenolic substances, number 18 was obtained 

from fractions A2, AJ, and A4, while number 19 was ob

tained from fractions Bl and B2. None of the se six 

phenolic substances stained with bromophenol blue, so 

it has been concluded that these are non-acidic phenols, 

as also would be indicated by the failure of a sodium 

bicarbonate solution to extract them from ether solution. 

Not all of these phenolic substances appeared as 

products of fusion of every fraction of the organic 

matter. The phenolic substances which have been obtained 

from each fraction of the soil organic matter are shown 

in Table 8. The numbers used in this table to designate 

the phenolic substances are those which have already been 

used in Tables 5, 6, and 7· One of the features, which 

is apparent from Table 8, is the differences between the 

phenolic materials obtained from the benzene and the 

aqueous phases of the extracting medium. For example, 

four of the nine phenolic substances, which were produced 

from fractions Bl and B2, were not obta ined from any of 



co co 
1 

Fraction 

A2 

A3 

A4 

B1 

B2 
- - -- --~-----~ 

1 

1 

1 

TABLE 8 

Pheno1ic compounds appearing as the products of fusion in each fraction 
of the extracted soi1 organ1c matter 

Ac1d1c pheno1ic 
1 

Non-acidic pheno1ic 
compound a compound a 

6 8 9 10 11 12 13 1.5 17 

8 9 10 11 12 13 17 

3 4 6 7 8 9 10 11 12 13 14 1.5 17 

2 .5 8 9 11 12 13 16 

2 .5 8 9 11 12 13 16 
-~ - --- -- - - - - - - -- - -- - - -- -- -- - - - - --- ----- -- - --~ --- ---- - --- ~----- - - - - - ~ -·- ---

18 

18 

18 

19 

19 
------

Al1 numbers of phenolic compounds are those original1y listed in Tables .5, 6, and 7· 
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the three fractions from the aqueous phase. The rema1n

ing five phenolic substances appearing here were common 

to all fractions investigated. No qualitative differences 

were observed between the products of fusion of the two 

fractions obtained from the benzene phase. Of the fifteen 

phenolic substances separated as produots of fusion of 

fractions A2, A3, and A4, nine were common to all three of 

these fractions of the soil organic matter. Fraction A2 

produced eleven phenolic substances, fraction A3 produced 

only the nina phenolic substances common to all three of 

these fractions, while fifteen phenolic substances were 

separated from the fusion product s of fraction A4. The 

main features show.n by Table 8 are as follows: 

1. That large numbers of phenolic substances were obtained 

after alkali fusion of fractions of extracted soil organic 

matter; 

2. that differences in the produots of fusion of the 

different fractions of the organic matter of the aqueous 

phase, especially the large number of phenolio materials 

obtained from fraction A4, are shown; 

3· that marked differences existed between the products 

of fusion of fractions from the aqueous phase of the ex

tracting medium and those from the benzene phase; and 

4. that no qualitative dif ferences could be founà between 



- 90 -

the products of fusion of the two fractions obtained 

from the benzena phase of the extracting medium. 

These resulta, in combination with the amounts of 

sample necessary for detection of the phenolic substances 

after chromatography, indioated that a large portion of 

the organic matter extracted from this soil was of an 

aromatic nature. 

Separation and identification of phenolic acids 

The relative Hf values of four of the acidic phenolic 

substances (numbers 10, 11, 12, and 13) and the staining 

characteristios of these oompounds were similar to those 

which other workers (6, llO) have reported for m-hydroxy

benzoic, p-hydroxybenzoic, 2,4-dihydroxybenzoic, and 

3,5-dihydroxybenzoic acids. However, chromatography of 

samples of these known acids individually invariably re

sulted in higher Br values than those of the corresponding 

unknown phenolic acids. But, when a mixture of the se four 

known acids was chromatographed, the resultant Rf values 

coincided exactly with those obtained for the four unknown 

substances. The Rr values and staining characteristics of 

these four known phenolio acids, when chromatographed as a 

mixture of the four, are shown 1n Table 9. From the se re

sulta, it would appear that acidic phenolic substances 

numbers 10, 11, 12, and 13 possibly were, in fact, 3,5-
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TABLE 9 

Br values and staining characteristics of known 
phenolic acids 

R:e in solvant Staining reaction 

Ac id 1 8:1:1 

3,5-dihydroxy-
benzoic o.4J 

p-hydroxy-
benzoic 0.47 

2 ,4-dihydroxy-
0.52 benzoic 

m-hydroxy-
0.61 benzoic 

Y - Yellow 
R - Red 
0 Orange 
Br - Brown 

6:4:3 20% 
KCl 

0 .so 0.54 

0.64 0.64 

0.64 0.40 

0.58 

1 

0.64 

4:1:5 PNA DSA Br omo-
Acidic Basic phenol 

blue 

0.(6 y 0-Y 0-Y y 

0.88 - R y y 

0.85 y Br Br y 

0.88 - R y y 

8:1:1 
6:4:3 
4:1:.5 

isopropanol:concentratea ammonium hydrox1de:water 
- n-butanol:pyr1d1ne:water 
- n-butanol:acetic acid:water. 

PNA - diazotized p-nitroaniline 
DSA - diazotized su1phan111c acid. 
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dihydroxybenzoic, p-hydroxybenzoic, 2,4-dihydroxybenzoic, 

and m-hydroxybenzoic acids respectively. 

In an attempt to separate larger amounts of these 

acidic phenolic constituants, 300 mgm. of organic matter 

from fraction A3 was fused in 50 mgm. portions with 

potassium hydroxide. The materials, extracted by ether 

from acidified solution of the combined malts, and re

moved from ether solution by extraction with a 2 per cent 

solution of sodium bicarbonate, were chromatographioally 

separated on a column of cellulose powder, employing the 

8:1:1 solvant for the separation. Three-gram fractions 

were colleoted from the column. The first phenolic sub

stance removed from the column appeared in fractions 

8 to 14, the second in fractions 16 and 17, the third in 

fractions 19 to 25, and the fourth in fractions 29 to 36. 

After removal of the solvant and purification of the 

residue, the melting points of these unknown phenol1c 

acids wer.e determined. The melting points of these four 

phenolic substances, the melting points of the four known 

pheno:iic acids, and the melting points of mixtures of the 

unknown phenolio substances and known phenolic acids are 

shown in Table 10. 

As a further check on the identity of these four com

pounds, small amounts of each of the four acids obtained 
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TABLE 10 

Me1t1ng points of known and unkn.own pheno11c acids 
and me1t1ng points of mixtures of the corresponding 

known and unknown acids 

Unknown. tte1t1ng Me1t1ng M1xed 
pheno11c Suspect ad point of point of me1t1ng 
substance 1dent1ty unknown known yoint 
nu.mber (OC.) (OC.) oc.) 

10 3,.5-dihydrox.y- 233-23.5 234-23.5 233-23.5 
benzo1c acid 

11 p-hydroxy- 211-213 213 211-213 
benzo1c acid 

12 2,4-dihydroxy-
benzo1c acid 

234-236 23.5-236 23.5-236 

13 m-hydroxy- 199-202 202 200-202 
benzoic ac1d 
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from the chromatographie separation and the four known 

acids were individually dissolved in ether, and the 

ultraviolet absorption ~eotra of these solutions were 

obtained. The ultraviolet absorption spectra found for 

these oompounds are shown in Figures 4, 5, 6, and 7. 

These figures show that (1) unknown compound number 1.3 

and m-hydroxybenzoic acid exhibited absorption peaks at 

295 m~; (2) that unknown number 12 and 2,4-dihydroxy

benzoic acid had absorption peaks at 256 and 295 m~; 

(J) that unknown number 11 and p-hydroxybenzoic acid 

had absorption peaks at 254 m~; and (4) that unknown 

number 10 and .3,5-dihydroxybenzoic acid had absorption 

peaks at 250 and .305 ~· 

From a combination of Bf values, staining character

istics, melting point data, and ultraviolet absorption 

~ectra, it has been concluded that four of the acidic 

phenolic substances (numbers 10, 11, 12, and 1.3), separ

ated by chromatography after alkali fusion of soil organio 

matter fractions, were .3,5-dihydroxybenzoic, p-hydroxy

benzoic, 2,4-dihydroxybenzoic, and m-hydroxybenzoic acids 

respectively. 

These are the only phenolic compounds which have 

definitely been identified. However, one other phenolic 

compound has been isolated. This compound bas been listed 
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in Table 7 as substance number 18. It was a non-acidic, 

steam distillable phenol obtained from fractions A2, AJ, 

and A4. Small amounts of this compound have been obtained 

by recrystallization from water. After removal of water 

by filtration, a white crystalline material remained. 

This material melted at J5-J7°C • Attempt s t o determine 

the moleoular weight of this material cryoscopically 

failed to give reproducible resulta when camphor, benzene, 

and nitrobenzene were employed as the sol vents. The values 

for the molecular weight obtained when these solvants were 

employed ranged from 200 to 300 with an average of approxi

mately 240. But Gross and Scheurch (61) recently have 

found that ethylene carbonate is a good cryoscopic solvant 

for a large number of compound a, and Gross et al (62) found 

this solvent very useful in the determination of the mole

cular weights of lignin products. Molecular weight deter

minations on unknown substance number 18, using ethylene 

carbonate as the cryoscopic solvant, gave molecular weight 

values ranging from lJO to 149 with an average of 141. 

A search of the available lit erature has shown that 

very few phenolic compounds melt in the same temperature 

range as substance number 18. It would appear that the 

only phenolic compounds which melt at the se low temper

atures are subst ituted phenols su ch as benzyl and propyl 
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phenols. The fact that this compound was steam volatile 

would suggest that it was an ortho substituted phenol. 

These resulta indicated that this compound was o-propyl 

phenol, which has a melting point of J5-J7°C. and a 

molecular weight of 136. However, the positive identi

fication of this compound requires more specifie informa

tion than has been obtained • 

Quantitative estimation of phenolic acids 

The identification of the four phenolic acids led to 

an attempt to estimate these acids quantitatively. Some 

phenolic compounds have previously been quantitatively 

estimated, following chromatography, by staining with 

diazotized p-nitroaniline, eluting the coloured spots 

from paper with alkaline alcohol solutions, and determin

ing the colour spectrophotometrically (llO). In this in

vestigation, the coloured materials were eluted from the 

paper with a 0.5 percent solution of potassium hydroxide 

in ethanol. When lower concentrations of ethanol were em

ployed, the elution of coloured material from the paper 

was very slow and 1t was difficult to obtain complete 

elut ion. The visible absorption spectra of the coloured 

coupling products of these four acids with diazotized p

nitroanil1ne were determined. The se visible absorption 

spectra are shown in Figures 8 and 9 • Absorption peaks 
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for the coupled products of 2,4-dihydroxybenzoic and 

.3,5-dihydroxybenzoic acids were found at 44.3 m~ and ·451 

m(J. respective1y. Both m-hydroxybenzoic and p-hydroxy

benzoic acids showed two absorption peaks. These were 

at 416 mp and 507 mp for m-hydroxybenzoic acid, and at 

408 MIJ. and 507 IDIJ. 1n the case of p-hydroxybenzoic acid. 

After examination of these spectra, the wavele:ngths 

selected for an attempted estimation of .3,5-dihydroxy

benzoic, 2,4-dihydroxybenzoic, p-hydro~ybenzoic, and 

m-hydroxybenzoic acids were 451 m~J., 44.3 ~, 507 m~J., and 

507 m~ respectively. 

Known amount s (5-15 J,~ogm • ) of each of the known acide 

were chromatographed, stained, eluted from the paper, and 

the colour of the solutions determined spectrophotometric

a1ly. The standard curve s prepared from the se known 

amounts of standard acids are shown 1n Figure 10. From 

this figure, 1t can be seen that these solutions a11 obey 

Beer's Law over this range of concentrations; that is, the 

plot of absorbance versus concentration gives a straight 

11ne for each of the four acids. This has been found to 

be true for the two monohydroxybenzoic acids when quanti

ties up to JO JJogm. of these acids were treated in this 

mannar. These resulta indicated that these four phenolic 

acids could be e stimated quantitatively by this method. 
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The amounts of the four acids present in the products 

of fusion extracted from acidic solution into ether and 

removed from ether solution by bicarbonate extraction are 

shown in Table 11. In this table, the amount s of each· of 

these acids present have been expressed as a percentage 

of the total solid material obtained from the bicarbonate 

extract • In ali except one of the extracted soil organic 

matter fractions, these four acide aocounted for more than 

two-thirds of the material obtained from the bicarbonate 

extract. The se acids accounted for only 28 • .5 per cent of 

the material obtained from the bicarbonate extract in the 

case of fraction A4. The amounts of monohydroxybenzoic 

acide were much larger in all cases than the amounts of 

dihydroxybenzoic acids obtained from the fractions of the 

soil organic matter. 

When calculated on the basis of the total organic 

matter content of the soil, the amounts of these four 

phenolic acids found in the fusion products of the five 

organic matter fractions were found to be equivalent to 

12 per cent of the total organic matter content of the 

soil. However, the se were only four of the 19 phenolic 

substances which have been separated chromatographically, 

and although sorne of these substances appeared to be 

present in small quantities, others appeared, by their 



Fraction 

A2 

A3 

}Â 

B1 

B2 
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TABLE 11 

The amounts of some pheno1ic acids obtained after 
fusion of the fractions of soil organic matter 
(expressed as per cent of the materia1 obtained 

from sodium bicarbonate extracts) 

m-hydroxy- p-hydroxy- 2,4-dihydroxy- 3,.5-dihydroxy-
benzoic benzoic benzoic benzoic 

a cid ac id ac id ac id 

27·3 3.5·7 13.4 10.1 

21.1 3.5·0 10 • .5 9·3 

9 ·.5 11.9 4 ·7 2.4 

28.7 28.1 9.6 o.o 

33.6 34.2 10.4 o.o 

Total 

86 • .5 

7.5·9 

28.5 

66.4 

78.2 
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staining characterist1cs, to be present in amounts 

approaching those of the monohydroxybenzoic acids. The 

substances, which appeared to be present in large quanti

ties, were those numbered 1, 2, 5, 16, 17, 18, and 19 

respectively. From these observations, it would appear 

that the residues obtained from extracts of the products 

of fusion of organic matter fractions were mainly phenolic 

in nature. Since 75 to 80 per cent of the organic matter 

was removed from this soil, and since the extracted fusion 

products were equivalent to 40 to 70 per cent of the organio 

matter of the various fractions, it follows that the phenolic 

materials obtained after fusion of the organic matter account

ed for a very large portion of the organic matter of this 

soil. Thus, it has been concluded that the organic matter 

removed from this soil was mainly aromatic in nature. 
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SUMMABY AND CONCLUSIONS 

A method, whioh employed 8-hydroxyquinoline in a 

two phase system of water and benzene for the extraction 

of soil organio matter under nearly neutral conditions, 

removed 75 to 80 per cent of the organic matter from 

samples of the B21 horizon of a sandy podzol soil. 

Fifty per cent of the soil organic matter was removed 

into the benzene phase of the extracting medium, while 

nearly JO per cent of the soil organic matter was re

moved into the aqueous phase. In contra at to the amount s 

of organic matter removed from the soil by this procedure, 

only 60 per cent of the organic matter was removed from 

this soil by three successive 48-hour extractions lfith 

o.s N sodium hydroxide solution. 

The organic materials extracted from this soil were 

not fractionated by the Forsyth method of fractionation 

of fulvie acid extracts. Essentially all of the organic 

matter removed from this soil by extraction with 8-hydroxy

quinoline appeared in fraction D of the Forsyth scheme; 

that is, it wa.s eluted from charcoal by dilute solutions 

of sodium hydroxide. 

By paper chromatography with a 40 per cent propanol 

solvant, the organic matter removed tnto the aqueous phase 

of the extractant bas been separated tnto three distinct 
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chromatographie fractions. This organic matter has also 

been separated into three fractions on the basis of the 

solubility of the products formed upon the addition of 

lauryl pyridinium chloride. One of these fractions has 

again been divided tnto two fractions by precipitation 

from ethanolic solution. Two of these four fractions 

coincided with the two mobile chromatographie fractions, 

while the two remaining fractions comprised the non

mobile chromatographie portion of the organic matter. 

The organic matter has been removed from the benzene 

phase of the extractant by adsorption on cellulose, and 

separated 1nto two fractions by selective elution from 

the cellulose. The se two fractions bad different Br 
values, but each one separated as one distinct band, on 

chromatography 1n the 40 per cent propanol solvant. It 

has also been found that these fractions were extracted 

from the soil at different stages of the extraction, one 

fraction b~ing extracted during the first three days of 

extraction, wh1le the ether fraction did not appear unt11 

the fourth day of extraction. 

Accordtng to sta1n1ng reactions following chromatog

raphy, those fractions of the organic matter precipitated 

by lauryl pyridinium chloride were acidic in nature and 

did not contain free phenolic hydroxyl or aromatic amino 
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groups having free ortho or para positions available 

for coupling reactions. The reverse was foun:l to be 

true for the organic matter fractions obtained from the 

benzene phase of the extractant. These fractions were 

not acidic but contained free phenolic hydroxyl and/or 

aromatic amino groups having free ortho or para positions 

available for ~oupling reactions. The amounts of nitrogen 

found in the fractions from the benzene phase would seem 

to eliminate the possibility that the reactions with 

diazotized reagents were due entirely to aromatic amino 

groups, and thus indicate the presence of phenolic hydroxyl 

groups in the organic matter of these fractions. 

The amounts of nitrogen found in these six fractions 

were too small for any large portion of the organic matter 

to be accounted for as protein. This has also been shown 

by the very small amounts of ninhydrin reactive material 

obtained from these fractions after acid hydrolysis. 

The apparent carbohydrate and uronic acid contents 

of all fractions were surprisingly low. After acid 

hydrolysis, sugars and uronic acids could be chromato

graphically separated and detected 1n only one small 

fraction of the organic matter, in which only trace 

amounts of glucose, galactose, arabinose, xylose, and 

galaoturonic aoid were found. 
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The evolution of hydrogen sulphide gas from acidic 

solution after alkali fusion of some fractions, and the 

analytica1 values obtained for sulphur, with and without 

prior oxidation with magnesium nitrate, indicated that 

at least three types of sulphur-containing compounds were 

present in the different fractions of the organic matter 

eXtracted from the soil. 

Only one of the six fractions contained a detectable 

amount of silica, and iron and aluminum could be completely 

removed from all but one of the fractions. 

Acid hydrolysis and aqueous alkaline hydrolysis of 

the organic matter fractions failed to produce any appreci

able amounts of sugars, uronic acids, amino acids, or 

phenols. It would appear that the se treatment s failed 

to degrade the organic matter to any appreciable extent. 

A total of 19 phenolic compounds have been separated 

from the products of alkal1 fusion of the organic matter 

fractions by the ut111zation of extractive and chromato

graphie procedures • The amount s of materials extracted 

by ether and ethyl acetate from acidic solutions of the 

fused organic matter fractions were equivalent to 40 to 

70 per cent of the organic matter of the fractions. Major 

differences, in the phenol1c products of fusion, were 

found between the organic matter fractions from the 
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benzene phase and those fractions from the aqueous phase 

of the extraotant • Al.so, differences, in the products of 

fusion of the different fractions obtained from the aqueous 

phase of the extractant, were observed. In this respect, 

no differences were noted between the two fractions obtained 

from the benzene phase • 

Four of these pbenolic substances have been separated 

chromatographically by means of a column of cellulose 

powder, and obtained in crystalline form. The se four com

pounds have been identified by means of melttng point, 

mixed melting poL~t, chromatographie, and ultraviolet 

abs~rpt ion data as m-hydroxybenzoic, p-hydroxybenzoic, 

2 ,4-d.ihydroxybenzoic, and },.5-dihydroxybenzoic acids. 

Another non-acidic steam~distillable phenol bas been 

found to be similar to o-propyl phenol in many of it s 

properties. The presence of o-propyl phenol might be 

indicative of the presence of 11gnin-like materials, 

since the basic structure of lignin is generally believed 

to be of a C6 (aromatic) c3 (aliphatic) nature. 

The amounts of the four identified phenolic acids, 

which were obtained after fusion of five of the siX 

fractions of the extracted soil organic matter, were 

equivalent to approximately 1.5 per cent of the organio 

matter extracted from this soil, or 12 per cent of the 
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total organic matter content of the soil. Since these 

were only four of the 19 phenolic compounds, which have 

been separated, it would appear that a large portion of 

the so11 organic matter 1s of an aromat1c nature. 
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CONTRIBUTIONS TO KNOWLEOOE 

Investigations on the nature of the organic matter 

removed from the deposition horizon of a podzol soil by 

a procedure employing 8-hydroxyquinoline 1n a water: 

benzene system at pH 6 ·5 have shown that; 

1. The organic matter could not be fractionated by the 

use of the Forsyth method of fractionation of fulvie 

ac id extra ct s; 

2 • fract ionat ion of the organic matter in the aqueous 

phase of the extractant was achieved chromatographically 

and also on the basis of the solubility of the products 

formed with lauryl pyr1d1n1um chloride; 

J. fractionation of the organic matter in the benzene 

phase of the extractant was accomplished by a pro

cedure involving selective elution from cellulose 

powder; 

4. evidence was obtained that only a very small portion 

of the organic matter removed from the soil was carbo

hydrate and the nitrogen content calculated as protein 

also was small; 

5· evidence was obtained indicative of the presence of 

three types of sulphur-containing compounds in the 

organic matter removed from the soil; 
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6. the organic matter removed into the benzene phase 

of the extractant was non-acidic and contained free 

phenolic hydroxyl and/or aromatic amino groups; 

7. the organic matter removed into the aqueous phase of 

the extractant did not contain free phenolic hydroxyl 

or aromatic amino groups having free ortho or para 

positions available for coupling reactions. Also 

most of the organic matter in this phase was acidic; 

8 • after alkali fusion of the fra ct ions of organic matter, 

a total of 19 phenolic substances were separated 

chromatographically and detected; 

9· many of the phenolic products of fusion were common 

to all fractions and there were no differences in this 

respect between the two fractions obta1ned from the 

benzene phase of the extractant. The fractions ob

ta1ned from the aqueous phase all differed with re

spect to their products of fusion; 

10. four of the pheno1ic products of fusion were positively 

1dent1f1ed as p-hydroxybenzo~c, m-hydroxybenzoic, 

2,4-dihydroxybenzolc and 3,.5-dihydroxybenzoic acids; 

11. the amounts of these four acids obtained after fusion 

of the organic matter fractions were equivalent to 12 

per cent of the soil organ1c matter, and sem1-quantitative 

data 1nd1cated that a l arge portion of the so11 organic 

matter was aromat ic ln nature. 
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