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ABSTRACT 

Ultrasonic dispersion of soil was used as a pretreatment, 

prior to densimetric fractionation in a heav.y liquid. A 2 to 3 

minute sanification period, using a probe type instrument with a 

125 watts power output, resulted in·maximum recoveries of non

humified materials with a minimum of mineral contaminants. 

Centrifuging the dispersed soil in a liquid of density 

1.70 g/cc, resulted in the extraction of the undecomposed, or 

unaltered, plant residues with a C/N ratio of 25 : 1. Microscopic 

examination of this fraction showed the presence of irregularly 

shaped fragments of roots and insect bodies, with readily recognizable 

cellular structures. 

Fractionation, by centrifuging the sonified soil in a heavy 

liquid at a density of 2.0 g/cc, for one half hour, separated the 

partially humified and slightly altered residues in the soil with a 

C/N ratio of 17 : 1. The light fraction, so extracted, constituted 

25% of the total organic carbon in the soil and had an ash content of 

42%. It was comprised of materials with no recognizable cellular 

structures, in addition to some fragments still retaining some 

cellular structure. The dark coloured uniform masses, resembling 

charcoal, also present in this fraction, indicated the extraction of 

some humified materials. 

The use of the density gradient column, after sonic dispersion 

of soil aggregates, separated a number of fractions of closely related 

soil constituents. The continuous gradual change in density, from 

L.2.00 to >2.70, made it feasible to accurately assess the 
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composition, the form and the amount of organic matter present in 

each of the fractions. Approximately 20% of the organic content of 

the soil was present in the light fraction, containing the unhumified 

plant residues with a high C/N ratio. The largest proportion (80%) 

of the native soil organic matter was closely associated with the silt 

and clay fractions. The C/N ratio of 10 : 1 of these materials 

suggest that a greater part of the humified material was present in 

the organa-clay complex form. 

The effectiveness of the density-gradient fractionation was 

further tested by measuring the separation of added plant residues 

from amended soils. Coarse plant materials were readily separated 

from the inorganic soil system. However, the addition of finely 

ground radio-active plant residues resulted in an incomplete separation. 

Fifty-five percent of the initially added radio-activity present in 

the finely ground oat straw was recovered in the light fraction 

representing 5% by weight of the soil. The remainder of the 

radio-active plant material was tightly adsorbed to the silt and 

clay fractions of the soil. This could not be separated by the 

high frequency sonic vibrations utilized in this study. 

Slightly greater than 40% of the total soil weight was obtained 

in the heavier fractions. This was practically free of the added 

residues. The density gradient column, therefore, in association with 

an ultrasonic pretreatment offers a simple and reproducible 

technique for separating specific fractions from the soil. Although, 

it could not completely separate the finely ground plant materials 

added to the soil s.ystam, further refinements should make feasible the 

quantitative separation of the soil biomass and plant roots. In 
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addition, it should make feasible the meaningful separation of 

unaltered, native soil organic matter based on its physical 

characteristics. 
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1. INTRODUCTION 

Recognition of soil organic matter as an important component 

of soil dates back to antiquity. Considering its importance in soil 

formation and in maintaining the fertili~ status of soil, a thorough 

study of the various constituents present in it and elucidation of 

their chemical nature, is ver,y important. A major difficulty in these 

studies has been that of separating the organic and inorganic substances 

of the soil. The complexity of the interaction between clay and the 

organic matter, occurring in a multicomponent system like soil, 

adds a further complication. Knowledge of the chemical and ~sica

chemical properties of the soil organic matter would enable a 

better appreciation of the clay-organic matter interaction. 

The mineralisation of the fresh and partially humified organic 

materials is considered responsible for much of the carbon turn-

over in soil. The proportion of the decomposed and partially 

decomposed organic material involved in the clay-organic complex in 

the soil is not readily determined because of a series of interactions, 

ranging from simple mechanical entanglement to the formation of 

multiple chemical bonds, between the two. 

Various techniques, based on density differences, have been 

applied for obtaining a satisfacto~ separation of the non-humified 

organic materials from the inorganic-humus complex. Ultrasonic 

dispersion techniques have been suggested as a pretreatment for 

obtaining complete and rapid extraction of the non-humified organic 

materials. In the present study, application of density gradients, 

1 
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has been employed as a means of physically separating the soil organic 

matter constituents. The objectives of this study, therefore, were: 

a) to test an ultrasonic-densimetric method for 

separating the organic fraction from the inorganic, and 

b) to separate fractions of the soil in a density gradient 

column and to examine the physical and chemical 

characteristics of the fractions obtained. 



2. LITERATURE REVIEW 

2.1 Extraction of the organic fractions 

The organic fraction of soil consists of a mixture of substances, 

representing organic residues undergoing decomposition, metabolic 

products of micro-organisms, products of secondary synthesis and the 

true humic substances (24). The humic substances make up 85 to 

90% of the total soil organic matter. The rest is composed of 

partially decomposed organic residues, the soil biomass and their 

metabolic products (11, 24). 

Soil scientists have approached the investigation of soil 

humus in two different ways. Some have concentrated on isolating 

and identifying the individual organic compounds in soil, e.g. sugars, 

amino-sugars. Others have fractionated it into arbitrary groups such 

as humins, humic acids and fulvic acids (24). Such studies emphasized 

the complex nature of soil organic constituents but did not 

completely succeed in characterising their chemical composition. 

Schreiner and Shorey, as early as 1910, reported on the complex 

character of the organic matter of the soil. They, however, stated 

that the complexity was not so great that the chemical nature of the 

organic matter of the soil could not be determined by nmoderntt 

methods of research (37). 

Organic matter is difficult to extract from soils because its 

components vary in their stability and also because most of the 

humified material remains attached to the inorganic soil colloids. 

In general, the existence of two types of clay - humus complexes in 

3 
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soil has been recognised. The first type is due to the attraction of 

negatively charged humic colloids for the positively charged sites on 

the clay edges. The other type involves clays car~ing a relatively 

high electric charge and may involve free silica surfaces (37, 42). 

Most of the extractants used, change the chemical nature of the 

organic matter. The humified materials are rarely separated from the 

mineral constituents of soil without being modified in the process 

(7, 8, 33). Despite difficulties, considerable information on the 

chemistry of the soil organic matter has been obtained from 

fractions which can be solubilized by different extractants. 

Pretreatment of the soil with reagents like ethanol, chloroform, 

and benzene-ethanol mixtures, to remove fatty plant and animal 

residues, prior to the extraction with aqueous solutions, has been 

suggested (13, 24). Soil organic matter, however, is generally quite 

insoluble in these organic reagents and this pretreatment can be 

omitted for mineral soils other than the podzols, since the amount of 

carbon thus extracted is usually negligible (24). Warm water extracts 

only a small amount of organic matter (33). The soil organic matter 

is quite insoluble in cold dilute mineral acids, except for hydrochloric

hydrofluoric acid mixtures, used on podzol B horizons (38). Weak 

organic acids, such as formic and lactic acids, are less efficient than 

salts of polybasic-organic acids, e.g. E.D.T.A. and oxalic acid, which 

chelate the metal ions (33). 

Many workers have reported the use of sodium or ammonium 

chloride to extract organic materials since the organic colloids are 
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soluble or peptizable as the salts of monovalent cations (7, 37, 42). 

The extraction, however, is far from complete (17). The use of strong 

alkali has remained the classical method for extraction of the soil 

organic matter since 1786 when Achard first and Vaquelin (1797) later 

employed it to isolate the humic acids (37). The disadvantage of this 

method has been that the material so dissolved may be modified during 

extraction (7). Attempts have been made to use milder extractants, 

such as neutral salt solutions, but they have been found to be less 

efficient. 

The most useful extractants for soil organic matter seem to be 

neutral 0.1 M sodium p,yrophosphate or 0.1 N or 0.5 N sodium 

hydroxide (7, 24, 33). These extractants solubilize much more 

organic matter than the milder extractants (33). The ,use of sodium 

form •Dowex' A-1 chelating resin, as an extractant has also been 

reported (10). This method is said to combine the beneficial effects 

of both chelation and alkali. The efficiency of extraction of this 

method is reported to be comparable to 0.5 N sodium hydroxide extraction. 

Levesque and Schnitzer (26) pointed out that sodium resin was the most 

suitable extractant if metal-organic complexes were to be isolated 

but for purifying the organic matter 0.5 N NaOH would be preferred. 

The fractions obtained by using various methods in the past have been 

arbitrar,y ones. They contained not only humic substances but also the 

organic materials which were not considered to be humic in nature, e.g. 

lignin and cellulose (24, 33). 

The use of carbon-dating techniques for characterizing the soil 

humus components in relation to their mean residence time has also been 
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reported (13). This has made possible an estimation of the yearly 

release of various nutrients. It was reported that the classical 

method of humus fractionation (i.e. acid-base extraction) yielded 

fractions which differed significantly from each other with respect 

to the relative stability of their carbon. The humic acids were found 

to be not homogenous but were composed of fractions which differed 

in their stability (13). For studying the tum-over rates on a short 

term basis and to obtain more information regarding the dynamics of 

soil organic matter, the carbon-dating investigations should be 

supplemented with "high-level" tracer experiments using uniformly 

labelled plant materials (4). 

2.2 Separation of the undecomposed material 

The wide range of bonding mechanisms occurring in the soil 

make an estimate of the free organic material difficult since this 

material remains closely associated with the inorganic matrix of the 

soil. These bonding mechanisms range from simple mechanical 

entanglement to the formation of multiple chemical bonds in soil. A 

fair amount of the entangled material (also referred to as free 

organic material) is separable from the bonded material. The acetylation 

technique has been~plied for the separation of humified and unhumified 

materials by some workers (7, 29), who claimed that it dissolved the 

decomposed and partly decomposed plant material without dissolving 

any of the humified material or •true humus' (7). However, in the 

absence of any set criteria for humification such a separation would 
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seem arbitra~. 

Floatation of the free organic material in a heav.y liquid of 

densit.y intermediate to that of the free material and the clay

organic complex has been said to result in a satisfactor.r separation 

(16). Densimetric fractionation of the soil organic matter by 

centrifuging permitted separation of the non-humified organic 

material from the organa-mineral complex, containing the greater 

part of the humified material called •humus' (32). The light 

fraction, which floated on the surface of the heav.y liquid, consisted 

of partially decomposed plant residue, humates, and humic acids. The 

heaviest fraction, which was closely bound to the mineral matter 

of the soil contained fulvic acid-like complexes (25). The light 

fraction had a C/N ratio of 20.5 : 1, whereas the other had a C/N 

ratio of 10.8: 1 (19, 25, 32). The fraction of intermediate 

density, containing firmly bound organic matter, and consisting of 

esterlike complexes of pumic and fulvic acids, was also characterized 

(25). 

Elutriation and seiving methods extracted significantly less 

organic material than the density methods. However, they could be 

adapted to handle large quantities of soil. A complete extraction 

was not possible by the elutriation technique since some non-humified 

material still remained bound with the complexed material (15, 16). 



8 

2.3 The sonic dispersion technique 

High frequency sound waves have been successfully employed in 

recent years to break the soil aggregates. A high extraction of 

soluble organic matter from finely ground sediments, when subjected 

to vigorous scrubbing with organic solvents in an ultrasonic apparatus, 

has been reported (30). Adequate dispersion of the clay fraction of a 

volcanic-ash soil, by the. sonic vibration method for disintegrating 

aggregates without attacking the primary minerals, has also been 

claimed (22). Greenland (16) commented that the sonic dispersion of 

soil for short intervals probably was the best treatment for releasing 

the mechanically entangled organic matter from soil aggregates. 

Extraction of a large proportion of the soil carbon and nitrogen 

as partly humified material, separated after sonic dispersion 

pretreatment, has also been claimed (15). 

The data in Table 1 summarize the results obtained by various 

workers, showing the proportion of soil organic carbon that remained 

in the clay-organic complex, after the removal of undecomposed and 

partially humified organic materials from the soil aggregates, using 

different.methods of separation. 
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Table 1. Proportion of soil carbon contained in the clay-organic 
complex (16). 

Authors 

Renin & 
Turc, 1950 

Khan, 1959 

Monnier et 
al., 1962 

Roulet et 
al., 1963 

Greenland & 
Ford, 1964 

Method of 
separation 

Sedimentation 
in benzene 
bromofonn, sp 
gy 1.75 

Sedimentation 
in Toulet 
solution sp gy 
1.80 

Sedimentation 
in ethanol 
bromoform 
sp gy 2.00 

Floatation and 
sieving 

Ultrasonic 
dispersion and 
sedimentation 
in bromoform 
petroleum spirit 
sp gy 2.0 

Soils 

Rendzina 

Total C 
in soil 

% 

Podzol 1.60 

Chernozem 4.40 

Silt under 2.34 
old pasture 

Rendzina 
Bro\ffl earth 

Red-brown 
earth 

Rendzina 
Latertic red 
earth 

Solodized 
solonetz 

Solonized 
brown soil 

5.80 
3.20 

2.23 

5.80 
1.70 

1.04 

0.58 

C in clay
organic complex 
as % of total 

soil C 

66.5 

89.6 

85.2 

77.5 

54.3 
68.1 

71.5 

68.4 
97.8 

76.4 

51.6 

The results of these workers indicated that a very considerable 

proportion of organic material was associated with the inorganic 

components of soil. Much evidence has been presented showing that 

the free organic material was in a less advanced stage of decomposition 

than the combined material and that humic acids in the soil were mostly 

present in the clay-organic complex (15, 19, 21). Khan (21) has stated 
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that the cl~ minerals of the montmorillonite group, especial~ 

those less than 1 u diameter, were most important for fixing the 

organic matter. About 60 to 70% of the organic matter in the soil 

remained associated with the cl~ minerals of this separate. The heav.y 

fractions, predominantly sands and silts, accounted for an insigificant 

amount of organic carbon present in the soil. However, Arshad and 

Lowe (1) have reported that the largest portion of the complexed 

organic matter was associated with the coarse clay fraction whereas 

a small percentage was associated with the fine clay fraction. 

ft~ter the separation of non-httmified organic materials, the 

principle remaining components in the clay-organic complex of the 

soil are the mixtures known as humic acids (the part which is soluble 

in alkali and precipitated by acids), fulvic acids (the part soluble 

in alkali and not precipitated by acids), and the humins (the part not 

extracted by alkali) (17). 

2.4 The density gradient-technique for the separation of soil 

constituents 

The density-gradient column is a simple and sensitive device 

for determining minute changes in density. The main feature of such 

a technique is that samples of different densities areseparated in the 

column on a specific gravity basis (34). It is employed in both 

research and indust~ to separate the substances that can be isolated 

only with great difficulty by other methods (35). The technique is 

capable of detecting variations in density as minute as 10-7 g/cc. 
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Essentially, the density gradient consists of a liquid mixture 

or a solution whose density varies with height (or with horizontal 

position in the case of an ultracentrifuge). The object whose 

density is to be determined takes a position in the column 

corresponding to that of the column where density is equal to that of 

the test object. By calibrating the column beforehand the density of 

the sample can be determined with precision (5, 34, 35). Oster and 

Yamamoto (34) stated that the first description of a density gradient 

and its application was given by Galilee in 1630, who said, "In the 

bottom of a vessel I placed some salt water and upon this some 

fresh water; then I showed that the ball (wax) stopped in the middle 

and that when pushed to the bottom or lifted to the top it would not 

remain in either of these places but would return to the middle." 

The density-gradient tube was originally devised b,y Linderstrom

Lang in 1936, who also demonstrated its potentialities for separating 

certain enzymatic reactions (27). Later this technique was widely 

applied to the study of high molecular weight polymers and to determine 

the densities of natural and synthetic fibres (11). Application of this 

technique for determining the densities of crystalline solids and 

investigations of a wide range of liquid densities with a variety of 

solutions, also has been tried (28). The density gradient centrifugation, 

as a technique for more efficient centrifugal separations of suspended 

particles, has bean developed by Brakke (5) for measuring densities of 

particles or large molecules. The gradient columns have also been 

used for the measurement of densities of aqueous solutions and colloidal 

suspensions, and for measuring the densities of fine clay-sized minerals 

in size-distribution analysis of soils (2). 



The main feature of .the self-stabilizing density gradient is, 

that if a collection of samples with va~ing densities is placed in it, 

each sample will come to rest at a different height in the column. 

Then by successively removing the samples at different heights in the 

column, this technique can be used as a highly reliable separation 

device (35). 

2.4.1 Density gradient columns 

Linderstrom-Lang in 1937, prepared sensitive gradient tubes by 

hand-stirring two layers of liquids having unequal densities to form 

the gradient (27). The gradient tubes of later workers prepared by 

layering procedures, where the bottom of the tube was filled with a 

dense solution and successive layers of solutions of decreasing 

densities added, proved to be less sensitive than those of Linderstrom-

Lang (23). 

A mechanical method for making linear density gradients, 

sensitive to differences of 1 x 10-6 g/cc, has been described (3). The 

gradients so prepared can be used for a wide variety of investigations 

such as densi~ measurement of aqueous solutions and colloidal suspensions 

and measuring density changes accompanying chemical reactions. Two 

miscible solutions of different densities are placed in identical 

cone-shaped separate~ funnels and the funnel containing the higher 

density liquid is inverted. Flow from the connected containers 

maintains a constantly decreasing level of the liquid surfaces but the 

flow rate from each funnel continues to change. The solution with 

higher density having smaller cross-sectional area at the top of its 
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container, increases in rate of flow while that of the lower density 

solution continues to decrease because its maximum cross-sectional 

area is at the top. The two solutions are mixed as they flow from 

their respective containers into a tube and form the density gradient (3). 



3 • MATERIALS AND METHODS 

3.1 The soils 

The soil samples used were from the Ap horizons of Black 

Chernozemic (Oxbow-Orthic profile) and Grey Wooded (Waitville-Orthic 

profile) soils. These soils are developed on undifferentiated glacial 

till (31). Some of the physical and chemical properties of these 

soils are given in the following table. 

Table 2. Characteristics of the soils used (4). 

Property Oxbow Waitrllle 

Sand % 40.8 36.7 
Silt % 39.0 50.4 
Clay % 20.2 12.9 

pH 7.2 6.8 
Total C % 3.01 1.51 
Organic Matter % (%C X 1.72) 5.18 2.60 

Total N % 0.256 0.119 
C/N ratio 11.7 12.7 
Field capacity in % (at 1/3 atm.) 26.90 23.57 

3.2 The ultrasonic dispersion treatment for separation of the light 

fraction 

The soil was ground to pass through a 60 mesh sieve. 5.0 g samples 

were dried in the oven at 70°C and sonified for 2 to 3 minute time intervals 

in centrifuge tubes, containing 250 ml, of heavy liquid (tetrabromoethane-

14 
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acetone mixture, or zinc chloride) at densities ranging from 1.70 g/cc 

to 2.00 g/cc. For sanification, both the Minnisonic (1 & R 

Manufacturing Co., N.J.) with a power output of 17 watts (average), 

and the Biosonik II (Bronwill Scientific Inc., N.Y.) with an output of 

125 watts, were used. The Biosonik II, was used in most of the 

treatments because less time was required to sonify the soil 

samples with it. After dispersion, the centrifuge tubes were 

stoppered and the suspensions allowed to stand for about half an hour 

before centrifuging at 2000 g (g = acceleration due to gravity) for 

about 25 to 30 minutes. The suspensions were not centrifuged 

immediately since lower recoveries were said to be obtained if no 

waiting period was allowed (15). The supernatant together with 

light fractions were decanted and filtered using 7.5 em diameter glass 

fibre filter paper. The residue on the filter paper was washed free 

of the liquid in which it was sonified, and dried at 70°0. 

3.3 The density-gradient column 

The density-gradient column filling device* was set up in the 

laborato~ as shown in Figure 1. Two liquids (or mixtures of them) 

with densities corresponding to the upper and lower density limits 

of the desired column (in the present work mixtures of acetone 

and tetrabromoethane at densities ranging from 1.70 g/cc to 2.70 g/cc) 

were selected. Nine hundred and fifty m1 of the heavier liquid were 

* Procedure adopted from Techne (Princeton) Ltd. Princeton, N.J., 
makers of Tecam density gradient column. 
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placed in flask A (without a magnetic stirrer) and an equal volume of 

the lighter liquid was placed in flask B. With the magnetic 

stirrer on, the tap between the two flasks was opened to establish 

hydrostatic equilibrium and the second tap was then opened to allow 

the solution to flow via the capillar,y filling tube to the density 

column. As the solution flowed to the column, more of the heavier 

liquid flowed into the flask B with the stirring bar causing a 

gradual increase in the density of its contents. In this w~ the 

mixing apparatus introduced a solution of continuously grading 

density into the column. The column was calibrated by dropping into 

it precalibrated glass beads which came to rest at their corresponding 

densities. The beads were made by enclosing different amounts of lead 

shavings in glass using an oxygen torch. Their density was determined 

by using pycnometers. 

25.0 g of ground soil dried at 70°C was subsampled in lots of 

5.0 g each. The subsamples were sonified for 2 to 3 minutes in 50 m1 

of same mixture of liquids as used in the column and at a density 

level corresponding to that of the top of column (1.70 g/cc). The sonified 

samples were bulked and stirred thoroughly before adding to the column. 

The column with added soil was then allowed to stand for 24 hours 

during which the different fractions of the soil settled to different 

heights in the column. These fractions were removed by adding a 

heavier liquid (tetrabromoethane-acetone mixture at a density of 2.80 g/cc) 

to the bottom of the column. This pushed the fractions out gradually 

from below. The collected fractions were washed free of the suspension 

liquid and dried at 70°C. 
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PLATE I. COLU N ITH SOIL FRACTIONS 
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3.4 Examination of soils and light fraction 

The total carbon and total nitrogen contents were determined 

by the dr,y combustion method (39) and by the semi-micro-Kjeldahl 

method (9) respectively. The inorganic fractions obtained from the 

density-gradient column were analyzed for sand, silt and clay contents 

by the pipette method (39). The inorganic materials in the light 

fractions, obtained by centrifuging the sonified material at a 

specific density of the liquid mixture, were determined by adding 

30% hydrogen peroxide and evaporating to dr.yness at 70°0 and repeating 

the process several times. This was followed by ignition over a bunsen 

burner for 15 minutes. 

3.5 The labelled plant material 

The finely-ground, labelled oats contained 42.16% carbon and 

1.58% N which gave it a C/N ratio of 27.1 : 1. The absolute specific 

activity of this material was 300.6 uc/g carbon; 1.0 g of it, when 

amended with 100.0 g of soil, added a total radio-activity of 126.7 uc (4). 

The spruce-lignin labelled plant material* when amended at the rate of 

1%, by weight, added a total radio-activi~ of 122 uc. 

3.6 Measurement of radio-activity in the amended soil fractions 

The soil samples were amended with 1% finely ground labelled plant 

material, mixed thoroughly and brought to field capacity. The amended 

*obtained from PRL of NRC, Saskatoon. 
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soil samples were stored overnight in the cold room. Next day, the 

samples were dried in an oven at 70°C and rubbed using a pestle and 

mortar to break any lumps or aggregates. The samples were weighed (on 

an oven dry basis) and sonified for intervals of 2 to 3 minutes, before 

addition to the density gradient column. The samples obtained from the 

column were washed free of the suspending liquid, dried at 70°C, and 

combusted by dry combustion method (39). The co2 evolved vas collected 

in NaOH and precipitated by adding an excess of BaC12• 

The specific activity of the plant material, the amended soil, 

and the fractions obtained from density gradient columns, were measured 

by counting 'infinitely thick' samples of Baco
3 

of standard surface 

area with a thin-window flow counter (4). The samples, to be counted 

for their radio-activity, were originally in the form of suspensions 

containing various amounts of Bac14o
3

, Bac12o
3

, BaC12 and NaGl. The 

14 12 . C 02 and C o
2 

formed on dry combustlon of the samples, were absorbed 

in NaOH and later precipitated as barium carbonate. Standard solutions 

of Na2co
3 

and BaG12 (in amounts equivalent to 120 mg Bac12o3) were 

added to an aliquot (usually 10 ml out of 400 ml) of the suspension 

of Baco
3 

when the specific activity was too high. 

The suspensions of Baco
3

, containing between 100 and 150 mg 

Baco
3 

were then transferred to a special chimney funnel ("Nuclear 

Ghicagon model PM-5 sample preparation set) and the precipitate was 

evenly plated onto preweighed porous sintered steel discs covered with 

glass fibre filter paper of the same size. Further processing and 

counting followed the methods outlined by Biederbeck (4). 



4. RESULTS 

4.1 Influence of sonic dispersion on amounts and properties of 

light fractions extracted 

The results obtained with the short time sanification of soil 

in a heav.y liquid to extract free and entangled residues by breaking 

the soil aggregates are given in Table 3. The table shows the 

comparative amounts and the carbon and ash contents of the light 

fractions obtained: (a) when the soil was hand shaken in the heavy 

liquid, (b) when the soil was pretreated by boiling in water and 

dr,ying from acetone but not sonified, and (c) when the soil was 

sonified only, preliminary to the centrifuging, in a liquid of tetrabromo

ethane-acetone mixture at a density of 2.00 g/cc. 

For the two soils, i.~ Oxbow and Waitville, slightly higher 

amounts of light fraction were extracted after sonifying as compared 

to those when the soil received boiling pretreatment but was not 

sonified. After sonifying, the proportion of ash was slightly less 

and the carbon content the same or slightly higher. The amounts of 

light fraction obtained, when the soil was hand shaken in the heav.y 

liquid, were considerably larger as compared to when sonified or when 

boiled in water, but the carbon contents were comparatively low and 

the ash contents higher. 

21 
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Table 3. Effect of shaking, boiling, and sonic dispersion of aggregates 
for 2 minutes, on yields and composition of light fractions, 
obtained by densimetric fractionation in a 2.0 g/cc density 
liquid. 

Property 

Light fraction, g/100 g 
of whole soil, 

Carbon,% of light 
fraction, 

Ash,% of light fraction, 

Treatment 

hand shaken 

boiled 

sonified 

hand shaken 

boiled 

sonified 

hand shaken 

boiled 

sonified 

"~standard deviation ( 6 replicates) 

Oxbow 

+ 4.8 - .35* 
+ 2.7 - .24 
+ 3.0 - .08 

17.1 ± .60 

21.1 ± .36 
+ 22.5 - .25 

+ 55.8 - .71 

48.6 ± .55 
+ 45.0 - .38 

Waitville 

+ 2.4 - .29* 

1.8 ± .16 

2.0 ± .06 

+ 25.9 - .52 
+ 27.0 - .30 
+ 28.8 - .19 

47.4 ± .&7 
+ 43.3 - .49 
+ 40.7 - .31 

The efficiency of extracting the light fraction after increased 

sonic dispersion times and the percent carbon extracted in the light 

fraction was also examined (Table 4). 

The results in Table 4 show that for the two soils, although 

comparatively higher amounts of the light fraction were obtained 

after longer sanification, the percentage carbon dropped with increasing 

time. Percentage carbon extracted in the light fraction was highest 

for the 2 to 3 minute period for sanification and comparatively low 

for 4 minute and 6 minute periods. However, for Waitville soil, the 

percentage soil carbon extracted in the light fraction for 4 minute 

and 6 minute periods of insonation showed a considerably higher value 

as compared to that of the Oxbow soil. 



Table 4. Effect of ultrasonic dispersion time on yield and composition of light fractions extracted 
in a liquid of 2.0 g/cc density. 

Time of Oxbow Waitville 
sanification Light Carbon, % of Light Carbon, % of soil 
in minutes fraction, % of soil fraction, % of carbon in 

g/100 g light carbon in g/100 g light light 
of whole fraction light of whole fraction fraction 
soil fraction soil 

1 2.9 ± .03 * 21.6 20.9 + 1.6 - .04* 27.0 29.2 

2 + 3.0 - .06 22.8 22.7 + 1.8 - .06 28.0 37.2 

3 6 + . 3. - .05 23.0 27.5 + 2.0 - .06 28.6 36.0 
~ 

4 4.6 ± .08 20.4 26.1 + 3.6 - .09 26.7 59.6 

6 6.4 ± .60 17.9 37.8 + 4.1 - .39 25.4 69.2 

*standard deviation ( 6 replicates) 
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Efficiency of extracting free and mechanically entangled 

organic matter, as light fraction, with different liquid mixtures 

and at different densities, was also examined in detail. The results 

obtained with respect to the amounts of the light fraction and the 

percentage carbon extracted, are compared in Table 5. Very low amounts 

of light fraction were extracted at a density of 1.70 g/cc as compared 

to those obtained at a density of 2.00 g/cc for the same length of 

time of sonic dispersion of soil aggregates. Although the percentage 

carbon extracted in the light fraction at a density of 1.70 was higher 

than that at density of 2.00, the amount of soil carbon extracted 

in the light fraction was extremely low at the low density level. 

The use of an inorganic density liquid (ZnC12) at a density 

of 1.70 g/cc was also examined. The values obtained compared very 

well with those for tetrabromoethane and acetone mixture at a density 

of 1.70 g/cc, but were considerably lower than the values obtained at 

a density of 2.00 g/cc for the same mixture (Table 5). With ZnC12, 

densities higher than 1.70 could not be effectively utilized because 

of the high viscosity at higher density levels. 



Table 5. Efficiency of extraction with different liquids at different densities after (a) hand 
shaking and (b) sanification for 3 minutes. 

Property Oxbow Waitville 
Tetrabromoethane-acetone Zinc Tetrabromoethane-acetone Zinc 

mixture chloride mixture chloride _,.,., 

2.00* 1.70* 1.70* '2.00* 1.70* 1.70* 
a b a b a b a b a b a b 

Light fraction, 4.8 3.6 0.7 0.4 1.1 0.6 2.4 1.9 0.5 0.6 0.9 0.5 
g/100 g of 
whole soil 

Carbon,% of the 17.1 23.0 27.2 32.1 20.9 29.3 25.9 28.6 37.8 42.1 29.0 37.0 
light fraction 

% of soil 27.1 26.7 5.9 4.3 7.1 5.7 40.5 35.8 11.5 16.7 17.8 12.7 
carbon in the 
light fraction 

*nensi ty, (g/ cc) 

l\.) 
\.Jl 
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4.2 Characteristics of the light fraction in the two different soils 

The characteristics of the light fraction separated from the 

two soils are compared in Table 6. The light fraction from the 

Black Chernozemic (Orthic) Oxbow soil, comprising 3.5 to 4.0%, by 

weight, of the soil, contained 26.7% of the total soil carbon and 

20.8% of the total nitrogen. In the Grey Wooded Podzo~(Orthic) 

Waitville soil it was 1.5 to 2.0%, by weight, of the soil and contained 

about 35% of the total soil carbon and 26.7% of the total soil nitrogen. 

Table 6. Properties of soils and of the light fractions isolated by 
densimetric fractionation after ultrasonic dispersion for 
3 minutes in a liquid of 2.0 g/cc density. 

% of soil C and N 
Total soil Light fraction in light fraction 

Soil Light 
frac-

c N C/N tion c N C/N Ash c N 
% % % % % % % % 

Oxbow 3.01 0.26 11.7 3.6 23 .o 1.5 15.5 47.2 26.7 20.8 

Waitville 1.51 0.12 12.7 1.9 28.6 1.6 17.5 42.3 34.9 26.7 

In the light fractions of the two soils, the C/N ratios were 

generally less than 20 but were considerably higher than those of the 

soils from which they were extracted (Table 6). 
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4.3 Separation by density gradient column 

Different fractions of sonified soil in a heavy liquid 

(tetrabromoethane and acetone mixture) were separated in a density 

gradient column ranging in density from 1.70 g/cc to 2.70 g/cc. Five 

separates, with specific gravities, ranging from >2.70, 2.70 to 

2.50, 2.50 to 2.15, 2.15 to 2.00 and < 2.00 were collected from the 

columns. Comparative figures for the different separates collected 

at these density levels are given in Table 7. 

Table 7. Comparison of weights of different fractions obtained on 
density gradient basis. 

Fractions Density g/100 g of whole soil 
range Column 
~gicc) 1 2* 2* 4 5 6 

1 < 2.00 1.1 1.0 1~0 1.1 1.0 1.1 

2 2.00 to 2.15 2.8 3.5 3.4 2.6 3.1 3.2 

3 2.15 to 2.50 46.8 49.6 49.8 46.2 46.2 46.3 

4 2.50 to 2.70 47.2 43.8 43.7 48.2 47.8 47.4 

5 )2.70 2.0 2.0 2.0 1.8 1.8 1.9 

* Columns 2 and 3 were further examined for mechanical analysis and 
for chemical properties. 

About 1.0 to 1.5% of the total amount of soil, by weight, was 

recovered as light fraction with a density of <:2.00 g/cc. The 

second separate upto a density range of 2.15 comprised 2.5 to 3.5% of 
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the weight. The third and fourth fractions, collected at density 

levels ranging from 2.15 to 2.50 g/cc and 2.50 to 2.70 g/cc 

respectively, formed the major bulk of soil. These comprised 46 to 

50% and 43 to 48%, by weight of the soil respectively. The heaviest 

separate with a density > 2.70 g/cc made up only 1.8 to 2.1% of 

the total weight. The last separate, being heavier than 2.70 g/cc 

density, remained at the bottom of the column. 

Table 8 shows that the third fraction collected at a density 

range of 2.15 to 2.50 g/cc, contained predominantly clay and silt 

particles. The fourth fraction with density levels of 2.50 to 

2.70 g/cc, ranged from sandy loam to loamy sand and the fifth fraction, 

with density > 2.70 g/cc, comprised predominantly sand and quartz 

particles. 

Table 8. Mechanical analysis of the third, fourth and fifth fractions 
of the columns 2 and 3. 

Column 2 
Fraction ~ 4 5 ~ 4 2 
Density 2.15 to 2.50 to >2.70 2.15 to 2.50 to >2.70 

(g/cc) 2.50 2.70 2.50 2.70 

Sand% 14.7 72.4 73.4 13.2 74.4 73.8 

Silt % 46.5 12.1 17.5 45.1 11.1 18.1 

Clay % 38.8 15.5 9.1 41.7 14.5 9.1 
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4.4 The distribution of organic content in soil separates 

The fractions obtained from density-gradient columns 

differed greatly in their carbon content. The quantitative 

distribution of the carbon in the separates of columns 2 and 3 is 

given in Table 9. 

Table 9. Distribution of soil separates and their organic matter 
content (Oxbow soil). 

Density Weight of Carbon Carbon, in Carbon, in % 
range the content % of whole of total 

(g/cc) separate, in % of soil soil carbon 
g/100 g separate 
of soil 

Column 2 
<2.00 1.0 23.30 0.24 7.8 

2.00 to 2.15 3.5 11.80 0.42 13.7 

2.15 to 2.50 49.6 4.24 2.12 70.3 

2.50 to 2.70 43.8 0.52 0.23 7.6 

>2.70 2.0 0.70 o.o1 0.5 
Total 3.02 

Column 3 
L:. 2.00 1.0 24.03 0.25 8.2 

2.00 to 2.15 3.4 12.65 0.42 14.0 

2.15 to 2.50 49.8 4.36 2.18 70.4 

2.50 to 2.70 43.7 0.50 0.22 7.0 

>2.70 2.0 0.70 0.01 . 0.5 
Total 3.08 

The table shows that the highest concentration of organic 

carbon (approximately 25%) occurred in the fraction having a specific 
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gravity of< 2.00. The second and third separates with specific 

gravity ranges of 2.00 to 2.15 and 2.15 to 2.50, contained about 12% 

and 4.5% organic carbon respectively. The two heav.r fractions 

contained an insignificant amount of organic carbon (0.5 to 0.7%). 

The soil separates recovered from second and third columns were 

further compared for their C/N ratios and the results obtained are 

given in Table 10. 

Table 10. Comparison of the carbon and nitrogen contents and the C/N 
ratios of the fractions obtained from columns 2 and 3. 

Column 2 3 
Density 
range(g/cc) C*~· N* C/N C* N* C/N 

<2.00 0.240 0.010 24.0 0.250 0.010 25.0 

2.00 to 2.15 0.420 0.020 21.0 0.422 0.023 18.7 

2.15 to 2.50 2.120 0.195 10.8 2.180 0.205 10.6 

2.50 to 2.70 0.230 0.029 7.9 0.220 0.026 8.3 

>2.70 0.014 0.002 7.0 0.014 0.002 7.0 

* g carbon and g nitrogen 

The first separate or the light fraction had a wide C/N ratio 

of 24 : 1 to 25 : 1. The second separate, collected at a density 

level of 2.00 to 2.15, had a lower C/N ratio than the first separate. 

The third separate (with a density range of 2.15 to 2.50), which 

formed one half bulk of the added soil sample, showed a C/N ratio of 

approximately 11 : 1. This was close to that of the original sample. 
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The fourth separate, which represented 44% of the total soil weight, 

contained only 7 to 8% of the organic carbon and had a narrow C/N 

ratio in the order of 8 : 1. 

4.5 Experiments with added straw 

Experiments involving the addition of 2% coarse wheat straw 

(0.5 mm to 1 mm) to Oxbow soil samples were carried out to further 

test the efficiency of sonic dispersion pretreatment for extracting 

plant materials from the soil admixture. The results (Appendix Table 1) 

showed that the recovery of the coarse straw ranged from 100 to 120% 

after sanification for 3 minutes in tetrabromoethane-acetone mixture 

at a density of 2.00 g/cc. This was probably due to the entanglement 

of soil mineral matter by the straw which then floated in the light 

fraction. At lower densities of 1.70 g/cc, in both the 

tetrabromoethane-acetone mixture and ZnC12, the percent recovery of the 

straw in the light fraction was considerab~ lower. The sanification 

pretreatments resulted in recoveries higher than the non-sonic 

dispersion treatments. 

The preliminary studies were further extended to compare the 

amounts of light fractions extracted, from the mechanically admixed 

soil with straw residues, at different sanification intensities of the 

Biosonik II. It was found (Appendix Table II) that by lowering the 

intensity of sanification, the percent recovery of the added plant 

material decreased considerably. 
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4.5.1 Extraction of the added c14 labelled plant material 

Samples of Oxbow soil were amended with l%(c14 labelled)oat 

tissue and spruce residues by thorough mixing at field capacit,r. 

The dried and ground samples, when sonified for short intervals 

in a heavy liquid (tetrabromoethane-acetone mixture at a density of 

2.00 g/cc) and centrifuged, yielded a high" percentage of light 

fraction, by weight (Table 11), which confirmed the earlier findings 

with non-labelled straw residues. The tracer data, calculated from 

the combustion of the extracted light fraction, to measure the 

total radio-activity recovered in it, is given in Table 11. 

The radio-activity balance sheet of the amended samples 

showed that 96 to 97.5% of the total radio-activity w s experimentally 

recovered in the two fractions, i.e. light and heavy ractions. This 

compared ve~ well with the total radio-activity reco erable as a 

percentage of the initial radio-activity added, when he amended 

samples were directly combusted and counted (Appendix Table III). 

However, the total radio-activity contained in the extracted light 

fractions, when combusted and counted, came to 54% and 30%, 

respectively (Table 11). 
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Table 11. Radio-activity balance sheet for amended soils. 

(a) Light fraction, g/100 g of 
amended soil 

(b) Heavy fraction, g/100 g of 
amended soil 

(c) Radio-activity recovered in 
the light fraction, Ac/100 g 
amended soil 

(d) Radio-activity recovered in 
the heavy fraction, ..uc/100 g 
amended soil 

Total radio-activity added, 
,uc/100 g soil 

Total radio-activity recovered in 
the light fraction as % or 
initial radio-activity 

Total radio-activity recovered as 
% of initial rad:io-acti vi ty 

Oxbow soit
4 with l%,C 

labelled oat 
plant tissue 

6.5 

93.5 

68.3 

54.7 

126.7 

53.9% 

Oxbow soil with 
l%,cl4 labelled 
spruce residue 

8.9 

91.0 

36.8 

82.0 

122.0 

30.2% 

97.4% 

4.6 Fractionation of the amended soil samples on a density basis 

The distribution of added radio-active plant residues in the 

different soil fractions, were examined after sanification and 
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suspension in columns with density ranging from 2.00 to 2;70 g/cc. 

The fractions separated by the density-gradient columns, differed 

greatly in their radio-activity contents (Table 12). In case 

of the soils amended with uniformly labelled and finely ground 

oat plant tissue, 44 to 47% of the total radio-activity was 

recovered in the light fractions up to a density level of 2.00 g/cc 

and about 9 to 10% remained in the second separate up to a density of 

2.15. The sum of these two fractions compared ver,y well with the 

recover,y of radio-activity in the light fraction obtained on sonic 

dispersion and centrifugation at a density of 2.00 g/cc (Table 11). 

However, about one half of the total radio-activity was recovered in 

the third separate, (collected at a density range of 2.15 to 2.50 g/cc) 

and which made up 52%, by weight, of the amended soil. The next 

separate, forming about 40 to 42%, by weight, contained an insignificant 

amount of the total radio-activity. 

The light fraction obtained from the soil amended with non

uniformly sized spruce residue recovered only 19% of the total 

radio-activity despite higher percent weight of the separate. The raw 

plant material collected as light fraction up to a density level 

of 2.15 g/cc contained considerably lower amounts of radio-activity 

as compared to the finer plant material admixed with the heavy fraction 

(third), which comprised 52%, by weight, and contained about 66% of 

the total radio-activity. The fourth fraction (density 2.50 to 

2.70 g/cc) forming 41%,by weight, and containing heavy soil minerals, 

contained 9% of the total radio-activity. The heaviest fractions 

collected at a density of > 2.70 g/cc contained ver,y little 

radio-activity. 



Table 12. Distribution of radio-active plant residues in soil separates, recovered from the density
gradient columns. 

Density 
range 
(g/cc) 

(a) ..:::: 2.00 
2.00 to 2.15 
2.15 to 2.50 
2.50 to 2.70 

>2.70 

(b) < 2.00 
2.00 to 2.15 
2.15 to 2.50 
2.50 to 2.70 

>2.70 

<2.00 
2.00 to 2.15 
2.15 to 2.50 
2.50 to 2.70 

72.70 

Weight of 
the 

separate 
as % of 
amended 

soil 

Carbon 
content, 
% of 
separates 

Carbon, in 
% of total 
separate 

Radio-activity 
in ).lc 

Oxbow soil with 1% c14 labelled oat plant tissue 

2.35 25.0 0.59 57.6 
2.33 11.5 0.28 11.8 

52.04 4.4 2.29 52.6 
41.78 .0.59 0.26 2.5 
1.42 0.62 0.01 0.1 

3.43 124.6 

2.61 22.6 0.59 54.6 
3.03 9.9 0.31 12.4 

54.50 4.5 2.32 54.8 
40.56 0.6 0.24 3.2 
1.40 0.7 0.01 _Q4 

3.47 125.1 

Oxbow soil with 1% o14 labelled spruce residue 

3.03 27 .o 0.82 22.1 
2.36 11.6 0.27 8.1 

52.24 4.6 2.40 78.8 
41.04 0.&7 0.29 11.2 
1.52 0.90 0.02 _Q4 

3.80 120.3 

Radio-activity of 
separates in % of 
the original 
radio-activity 

added 

46.5 
9.0 

42.0 
2.0 
0.05 

44.0 
10.1 
44.0 
2.6 
0.07 

18.8 
6.9 

65.7 
9.0 
0.05 

U) 

\.J'I 
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5. DISCUSSION 

5.1 Sonic pretreatment and fractionation by centrifugation 

The sonic pretreatment of soil has been used to disperse the 

aggregates and to loosen the adsorbed organic materials. This 

treatment, followed by densimetric fractionation, offered a relatively 

rapid and simple technique for the separation of non-humified 

organic residues (referred to as light fraction) from the organa

mineral complex of the soil. Greenland and Ford (15), working with a 

low-powered ultrasonic unit, reported that the time for which the soil 

suspension was sonified was not critical. They used a three-minute 

sanification time. However, in the present work it was observed 

that with increased sanification time beyond three minutes, a 

higher portion of mineral matter was included in the light fraction 

with a significant decrease in the percent carbon (Table 4). 

H. Rostadf using the same high frequency sonic dispersion 

apparatus utilized in this study, reported that six-minute 

sanification of soil in water resulted in a maximum yield of clays 

upon mechanical analysis. The data in Table 4, however, indicate 

that a sanification period of six minutes resulted in much humified 

organic and mineral matter, being subsequently recovered in the 

light fraction. The sanification pretreatment resulted in the 

extraction of fractions with a slightly higher carbon and a lower ash 

content than was obtained by hand shaking or by boiling. This 

substantiates previous reports that suggested that this technique may 

*Personal communication, University of Saskatchewan. 
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be superior to the time consuming boiling method (15, 30). The 

relatively poor results obtained by hand shaking indicated an incomplete 

dispersion of soil aggregates by this technique. 

Microscopic examination of the light fraction obtained by 

centrifuging the soil suspension in a density of 1.7 g/cc (zinc 

chloride solution, or tetrabromo-acetone mixture) showed the 

presence of irregularly shaped fragments of relatively undecomposed 

plant residues such as roots and remains of insect bodies. These 

materials had readily recognizable cellular structures. Although 

this fraction made up less than 1% of the total weight of both 

soils utilized, it contained 4 to 6% of the total soil carbon in the 

Oxbow and 12 to 17% in the Waitville soil. The carbon content of 

42% in the light fraction of the sonified Waitville soil indicated 

that this material was practically free of soil mineral contaminants. 

The materials floating upon centrifuging the sonified soil 

suspension in a liquid of 2.0 g/cc (tetrabromoethane-acetone mixture), 

were composed not only of partially decomposed or slightly altered 

materials, but also contained other materials with no recognizable 

cellular structures. The total weight of the light fraction obtained 

at a specific gravity of 2.00, comprised 26 to 30% by weight of 

the soil, and contained a carbon content of 23 to 29%. It made up 

from 26 to 36% of the total carbon present in the Oxbow and 

Waitville soils respectively. It had previously been reported (19) 

that a specific gravity of 1.75 was the upper limit usable for the 

separation of undecomposed plant materials from the partially 

decomposed humified residues. The results in the present study 
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substantiate this. The use of liquids of 2.0 g/cc resulted not only 

in the presence of fairly large concentrations of ash, but also 

humified as well as non-humified organic materials in the light fractions. 

The carbon,nitrogen and ash contents, and the C/N ratios of 

the light fractions obtained from the Oxbow and Waitville soils, 

further reflect the characteristics and the form of organic matter 

present in these two soils. The dark coloured, partially humified 

plant residues extracted in the light fraction of the Oxbow soil had a 

carbon content of 23% and a C/N ratio of 15.5 : 1. This reflects the 

effect of active biological activity in the Chernozemic soil. The 

material extracted from the Podzolic Waitville soil had a carbon 

content of 29% and a C/N ratio of 17.5 : 1. This indicates that this 

material was in a less advanced stage of decomposition and was not as 

tightly bound to the soil mineral fraction. The ultrasonic 

vibrations resulted in 8% higher extraction of carbon from the 

Waitville soil, which could be attributed to the difference in 

degree of decomposition of the plant residues. The stability of the 

organic-inorganic complex, however, seems to be similar in the 

Chernozemic and Podzolic soils. 

The separation of about one-fourth of the organic matter from 

the mineral part of the soil, after sonic dispersion indicated a 

strong bonding mechanism present in the clay-humus complex of the 

soil s.ystem. The humic materials have been reported to be held by 

physical adsorption forces _., as well as by the positive sites 

on the edges of the clay particles, or by the formation of bridge 
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linkages in the presence of polyvalent cations (16). In addition to 

bridging by elements such as calcium, iron, and aluminum, it has 

been suggested that the amino groups of protein might be involved in 

the union between organic matter and hydrous oxide (12). The direct 

manner in which the bonding of humic materials to the aluminum or iron 

oxides takes place is not, however, established. 

5.2 Experiments with added straw 

The efficiency of sonic pretreatment and subsequent fractionation 

by centrifugation in a heavy liquid was further tested by adding 

known quantities of labelled and non-labelled plant residues to 

soil. A complete or even a high- percentage recove~ of the added 

non-labelled coarse straw (on a weight basis) showed that this material 

adsorbed mineral particles. Koepe (23) has recently reported 95 to 

98% recove~ of straw meal from soil samples by density fractionation. 

The higher recove~, on a weight basis of added spruce residue 

(containing both coarse and fine materials) as compared to the 

recove~ from soil with finely ground oat tissue, indicated the 

relative ease with which the coarse material could be removed from 

the soil. On the other hand, the lower recove~ of the added fine 

material indicated a strong adsorption of the plant material to the 

clay particles during d~ing (i.e. after soils had been amended at 

field capacity). 
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5.3 Fractionation by density gradient column 

The density gradient column fractionation technique offered a 

simple means of separating the closely related materials on a density 

basis. The centrifugation technique made possible the separation 

of a light fraction from the organa-clay complex at one specific 

density only. However, the column technique made feasible separation 

of a number of fractions of soil constituents in a linear density 

gradient. 

The physical and chemical characteristics of the light fractions, 

were quite similar for both the techniques utilized. However, the 

fractions collected at different density levels from the columns, 

differed great~ from each other in composition and the form and 

amount of organic matter present in them (Tables 9 and 10). 

The first separate (density L:.. 2.0 g/cc) with a wide C/N ratio 

of 25 1 comprised 7 to 8% of the total soil carbon. It contained 

largely free and undecomposed plant materials which were not combined 

with the mineral portion of the soil. The second separate (2.0 to 

2.15 g/cc) with a C/N ratio of 20 : 1, contained a high percentage 

(13 to 14%) of soil carbon. This was comprised mostly of the 

partially humified residues and some undecomposed plant materials. 

Microscopic examination of this separate revealed the presence of 

dark coloured masses, resembling charcoal. In both separates the free 

inorganic materials have been attribu~ed (15, 21) due to the presence 

of insoluble amorphous silica, which appeared to be suspended in 

conjunction with the organic residues. 
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The third separate (2.15 to 2.50 g/cc) with a C/N ratio of 

10.7 : 1 contained 71% of the total soil carbon. The mechanical 

composition of this separate (Table 8), 38 to 42% clay, 45 to 47% 

silt and 13 to 14% sand, suggested that most of the humified material, 

accounting for major percentage of total carbon, was complexed with 

the silt and clay fractions. These materials are known to possess 

a high adsorption capacity for organic matter. Arshad and Lowe (1), 

working with Bnt horizons of a Black Solonetzic soil, stated that the 

largest portion of the complexed organic matter was associated with 

the coarse clay fraction. These results, however, were not in 

agreement with those of Khan (21) who reported that the largest 

amount of soil organic matter, 75 to 78% in a Chernozem soil and 

58% in a Podzol soil, was contained in the separate <:1 ~ in diameter. 

The fourth separate (2.50 to 2.70 g/cc), made up primarily of 

sand, contained 7 to 8% of soil carbon. The 14% clay in this 

separate may be attributed to incomplete dispersion of the aggregates. 

The narrow G/N ratio of the organic matter in this and the last 

separate (density ;>2.70 g/cc) is of interest. Bacterial bodies have 

similar C/N ratios. Stevenson (41) said that the organic matter of Bt 

horizons also has a G/N ratio of approximately 7 : 1. This has been 

attributed not to the microbial bodies but to the presence of large 

concentrations of amino-sugars and fixed ammonia. 

5.4 Density gradient column fractionation of the soil with added straw 

The distribution of radio-active plant residue in separates, 
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collected at different levels in the density gradient column 

(Table 12),indicated that 54 to 55% of the added radio-activity could 

be recovered in the light fractions (comprising 4 to 6% by weight; 

density ~ 2.15 g/cc). This contained most of the free and 

unadsorbed plant materials and indicated the sensitivity and 

effectiveness of the density gradient fractionation technique. The 

42 to 44% of the radio-active plant material remaining in association 

with the third separate, was presumably due to a strong adsorption 

of the plant material to ~he predominant silt and clay fractions 

during d~ing. The fourth separate (2.50 to 2.70 g/cc), making up 

40 to 41%, by weight of the amended soil, contained a ver,r 

insignificant amount of radio-active material. This was true of the 

fifth separate ( ;>2.70 g/cc) also. 

This technique, therefore, made it possible to recover 

considerable portion of the native soil organic matter, practically 

free of the finely ground plant residues. 

The results obtained with the spruce residue indicated the 

need for uniform labelling used in soil organic matter experiments. 

It as, however, known that this material was not uniformly labelled, 

the growing spruce plant having been exposed to c14 for a ver.y 

shot time (48 hours). The coarse portion of this heterogenous 

mat rial was easily recovered in the light fraction. The majority of 

the c14 (75%) was in the finely ground non-ligniferous portion of 

thi material, which was adsorbed to the clay-humus complex, resulting 

in lower recovery in the light fraction. 

The separation of soil constituents by density gradient 



fractionation on a physical basis, thus offers an interesting technique 

to the soil chemist and the microbiologist. Further refinements 

of the pretreatment to remove adsorbed organic materials from the 

inorganic components should make it feasible to obtain an even 

better separation of the undecomposed residue and the microbial 

biomass. 
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Table l. Removal of the added wheat straw with sonic dispersion 
of three minutes in different density liquids. 

Soil treatment 

Oxbow soil plus 
2.0 g wheat 
straw 

Oxbow soil only 

Light fraction, g/100 g of whole soil 
Tetrabromoethane-acetone mixture Zinc chloride 

Density 2.00 Density 1.70 Density 1.70 
Shaken* Sonified * Shaken* Sonified* Shaken* Sonified ~~ 

7.0 6.2 2.1 2.1 1.9 2.0 

5.6 3.8 1.2 0.5 1.1 o.6 

* Mean of 3 replicates. 

Table II. Percent recover.y of the added straw at different 
insonnation intensity of the Biosonik II for 3 minutes in 
different density liquids (Oxbow soil). 

Liquid mixture 

Tetrabromoethane
acetone mixture 
at density 2.00 

Tetrabromoethane·
acetone mixture at 
density 1.70 

Zinc chloride at 
density 1. 70 

*Machine settings. 

Insonna-
tion 
intensity 

Maximum* 
70 * 
50* 

Maximum 
70 
50 

Maximum 
70 
50 

Light fractionz gZ100 g of whole soil 
Soil Soil with 2% % 
only wheat straw recovery 

3.9 6.25 117.5 
3.3 5.2 95 
1.7 3.0 65 

0.6 2.2 80 
0.4 1.5 55 
0.2 1.0 40 

0.6 2.1 75 
0.5 1.4 45 
0.2 1.0 40 
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Table III. Recovery of the added c14 after direct combustion. 

Treatment 

(a) Total radioactivity added 
to soil with 1.00 g cl4 
labelled plant material 

(b) Radi£~ctivity recovered 
as C 02 by direct 
combustion of the amended 
soil 

Total radioactivity 
experimentally recovered as % of 
initial radioactivity (a) 

Radioactivity in 
Oxbow soil

4 with 1% cl 
labelled oat 
plant tissue 

126.7 

122.3 

96.5% 

,uc/100 g soil 
Oxbow soil 

with 1% labelled 
spruce lignin 

straw 

122.0 

116.5 

95.5% 
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