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SOME PROPERTIES OF SOIL COLLOIDS 



I N T R O D U C T I O N 

During recent years a great deal of attention of soil scien- 

tists has been turned to soil colloids. Numerous investigations 

have been undertaken to determine the properties of this frac- 

tion of soils. While much of the results is still controversial 

or indecisive, it has boen sufficiently demonstrated that the 

colloids play an extremely important role in the behavior of 

soils. This is especially true of the physical conditions and 

availability of plant nutrients. The characteristics and fitness 

of a soil for agricultural purposes are, therefore, largely deter- 

mined by the amount, nature and properties of the soil colloids, 

an understanding of which cannot but be of the greatest practical 

value. 

Accordingly, a number of Oregon soils were studied in regard 

to their colloidal properties. 
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PLAN OF STUDY 

The study was conducted along the following four lines: 

1. The amount of colloids in different soils, 

2. Their chemical composition, 

3. Their exchangeable bases, and 

4. Their capacity for absorption of anions, 

Soils Studied 

The soils studied were sampled in Benton and Liim counties, 

Oregon, by horizons, in order that the difference between the dif- 

ferent horizons of each soil be studied. After sampling, the soils 

were kept moist in four-gallon jars in the open, so that they 

would be fresh whenever they were used. The soils are as follows: 

1. Chohalis Fine Sandy Loam: This is a recent alluvial 

soil, brown in colour and friable in texture. It occupies the 

first bottoms in the valley and is subject to occasional over- 

flow. Drainage is good. As sampled, the horizons are 

I Surface soil O"-18" 

II Subsoil l8"-30" 

III Parent materials 

2. Cove Clay: This recent alluvial soil has a black to dark 

gray colour. It is very plastic and is popularly called ttblack 

sticky". It puddles badly when wet, loses moisture rapidly upon 

drying and chocks when dry. It occupies the first bottom along 



small streams and is subject to overflow. Drainage is poor. 

I Surface soil 

II Subsoil 16tt_34tt 

III Parent materials 34"-44" 

3. 'Tillainette Silty Clay Loam: This is an old valley filling 

soil with a dull brown colour and friable texture. The subsoil is 

usually lighter in colour but niore compact. It occupies gently 

sloping valley plains and terraces. Drainage is excellent. 

I Surface soil Oht_2Ott 

II Subsoil 20 U_32 It 

III Parent materials 32"-42" 

4. Dayton Silty Clay Loam: This soil 

ing formation. Its light gray color gives 

ttwhite land". It is sticky when wet, with 

surface during the rainy season. It dries 

hard clods. Both surface and internal dra 

I Surface soil Ot_l8tt 

II Subsoil l8tt_30? 

is an old valley fill- 
it the popular name of 

standing water on the 

up readily and forms 

nage is poor. 

III Parent materials 30"-42" 

5. Aiken Silty Clay Loam: This is a residual soil from 

igneous rocks with a pronounced red color. It is friable but 

a little more compact in the subsoil, being granular even when 

it is wet. It is deeply weathered and occupies high elevations 

of gently rolling topography. Drainage is good. 

I Surface soil QII..1511 



II Subsoil 16"-30" 

III Parent materials 3O"'i.4" 

6. Olympic Clay: Olympic is similar to Aiken, being a resi- 

dual soil from igneous rocks. It is brown to dark brown in color, 

friable and easily worked, and slightly more compact in subsoil. 

It is not as deeply weathered as Aiken and often contains more rock 

fragments. It occupies the lower foothills bordering the valley 

and steep mountain slopes. It has good to excessive drainage. 

I Surface soil O"-l6" 

II Subsoil 16"-30" 

III Parent materials 30"-44" 

7. Lelbourne Silty Clay Loam: Lelbourne is an old sedimentary 

soil with a reddish brown color. The subsoil is yellowish browii. 

Texture is fairly friable. It occupies lower foothills along the 

valley with gentle sloping and rolling topography. The soil is 

often shallow, with rock at twenty-eight inches. Only two horizons 

were sampled: 

I Surface soil O"-14" 

II Subsoil l4'-28" 

8. Peat: This soil was taken from Lake Labish north of Salem 

in ::arion county. This lake is an artificial bog of about eight 

thousand acres. The peat is formed from willows and sedges and is 

very productivo. Drainage is good. 

9. Muck: This soil is obtained from Clackamas county. It 

is about seven feet deep and very productive. A drainage system 
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has been put in and there is a certain amount of control over the 

soil moisture. The water table is usually some two or two and 

one half foot beneath the surface. 

The two organic soils were included in some parts of the study to 

furnish comparison between the properties of organic and mineral 

colloids. 
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EX PER IMEN TAL 

(A) Preliminary: Isolation of Colloids 

There is still a great deal of controversy as to what consti- 

tutes soil colloids. The physical chemists hav. considered a 

particle colloidal if its linear dimension lies between 0.1 nil- 

cron and 1 milliinicron (14). Freundlich (22) has selected 0.5 

micron as the upper limit of the diameter of colloids; some 

other Europeixi workers have set it at 2 microns (5); and the I3ur- 

eau of Soils (28)(30) selects 1 micron. Gile (29) expresses the 

opinion that In soils work there is no necessity of adhering to 

the definition of the physical chemists but any property of the 

soil colloid may be used as its criterion. Bouyoucos (lo) sug- 

gested that all soil particles giving heat of vrettin are consi- 

dered colloidal, irrespective of their size. Many objections 

have been raised to this suestion (Gile, 29)(Joseph, 35) and 

it has so far failed to win general acceptance. 

The most important consideration in favor of defining colloid 
in terms of the size of particles is the possibility of isolation 
of the colloid on that basis for comparative studies. Due to the 

laboriousness of the process, only three colloids were isolated---- 
one from each horizon of Chehalis fine sandy loam. The method used 

was that of the Bureau of Soils (25)(18), but the soils used were 

fresh and the period of settlement was ten days as recommended by 
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Bradfield (11). The colloidal solutiorl5 after passing through the 

supercentrifuge the first time were deep amber, containing approxi- 

mately 0.34 percent solid material; after passing through the super- 

centrifuge the second time, the solutions had a much lighter color 

and contained only 0.05 percent solid for the surface and sub-soils 

and 0.06 percent for the parent materials. The filtrate from 

Pasteur-Chamberlain filters was clear. The colloids collected on 

the candles were sticky gels, deep reddish amber in color. These 

were kept moist in cans and portions were dried as they were to be 

used. On drying, the gels shrank a good deal and formed a hard, 

horny and brittle mass. The size of the individual particles of 

these colloids, as isolated by this method, was rarely found to 

exceed 0.3 micron in diameter (Robinson and Holmes, 47). 
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(B) Amount of Colloid. 

The amount of colloid present is añ important consideration, not 

only to the soil but also to the investigator. If it were present 

in only such small quantities as was formerly the belief, probably 

intensive study would not be warranted from practical considerations. 

Chiefly due to the defect of their methods, the early investi- 

gators placed the quantity of colloids in soils at from 0.5 percent 

to 2 percent (19) which was, therefore, too little to be of any 

practical significance (39). Schl8sing obtained 16 to 20 percent of 

clay (52) from heavy soils, but rarely more than 1.5 percent of 

"itargilo colloidalet' by rubbing and decanting (53). Hilgard (32) 

obtained from ordinary barns by a sedinentation method from 10 to 

20 percent of "colloidal clay". Obviously their difficulty was the 

practical impossibility to effect a complete dispersion of the col- 

loidal materials. Indirect methods have since been devised, based 

upon some specific property of soil colloids. Tempany (60) suggested 

that the shrinkage of the soils on drying be used as a method for 

estimating the amount of colloid present. Fry (24) tried the use of 

the microscopic method but found it too laborious and not satisfactory. 

Ashley (4) developed a method involving adsorption of malachite 

green by soils. Moore et al (43) found that ammonia can be used in 

place of malachite green for adsorption ratios. Mitseherlich's 

method (42) is based upon adsorption of water vapor. The heat of 

wetting as a basis for quantitative estimation of colloid content 

was advanced by Bouyoucos (8) and Anderson (1). The former also 
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advocated the use of the hydrometer as a method for rapid estimation 

of colloid content of soils (9)(lO), but this method seems to lack 

scientific basis and has been criticised by a number of other work- 

ers (Joseph, 35)(Keen, 36). Joffe and ì1cLean (34) suggested the 

use of Kornev's method for suction force of soils as an index of 

the amount of colloid present. Hardy (31) criticized the suction 

force method and suggested to use Green and Axnpt's capillary coeffi- 

cient method (26), although he concluded that it is by no means a 

reliable method for this purpose. Of all these methods, that of 

water vapor adsorption was found most satisfactory (Gile et al, 30). 

The water vapor method was used in this study. Samples of 

about 5 grams of soils or one gram of colloids, which have been 

ground to pass a 100-mesh sieve, wore put in shallow weighing 

bottles. The weighing bottles were placed in a vacuum desiccator 

over 3.3 percent by weight of sulphuric acid under a partial pros- 

sure of about 12 millimeters of mercury. The desiccator was then 

kept in a constant temperature oven at 30 degrees centigrade for 

five days. At the end of this period after admitting dry air, the 

bottles were instantly removed to another desiccator where they were 

allowed to cool down to room temperature. Then they were quickly 

weighed. The samples were again weighed after they had been dried 

a-t 110 degrees for at least 18 heirs to get the weight of moisture- 

free soils. The temperature for adsorption may be anywhere within 

the range of 25° and 40° (Beaumont, 7), but it must be kept constant 

to prevent condensation during a single determination (Davis, 19). 



15 

Percentage of colloici in a given soil is calculated by dividing the 

specific adsorption of soil by that of the colloid. The specific 

Table I Specific Water Vapor 

Adsorptions of Soil Colloids 

Soil Colloid.s Specific Adsorption 

Chehalis I .263 

II .283 

III .284 

adsorption of the three Chehalis colloids show a variation of .021, 

while Robinson (46), working with 34 colloids from different soils, 

found the extremes to be .240 and .348, giving a variation of .108. 

He suggested the use of the mean specific adsorption of .298 for 

approximations. This factor was used in all cases, except the three 

Chehalis soils, the specific adsorptions of whose colloids are biown. 

It will be noticed that the aniount of colloidal materials of a 

soil corresponds quite closely with its texture (Moore et al, 43) 

(Middleton, 41). Chehalis fine sandy loam uniformly shows the 

least amount of colloid. Willa.mette silt loam is not as light a 

soil as Chehalis, but its heaviness is due to its large silt frac- 

tion rather than to its clay or ultraelay, as shcwii by the me- 

chanical analyses. Alken, Dayton and l'Ialbourne are all silty 

clay barns, and, but for the great contrast in their drainage 

conditions, they would probably have similar struethres. Their 

colloid contents are fairly close to each other. Olympic clay 
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Table II Amount of Col].oids in Different Soils 

as Determined by '1iater Vapor AdsorpUon. 

Soi1 Amount of Colloid 
(percent) 

Chehalis I 22.8 

II 25.7 

III 25.1 

Cove I 42.7 

II 65.8 

III 62.4 

'.7illamette I 20.7 

II 20.2 

III 29.7 

Dayton I 25.3 

II 42.2 

III 51.1 

Aiken I 39.5 

II 42.5 

III 51.8 

Olympic I 50.8 

II 55.9 

III 58.0 

Melbourne I 30.2 

II 42.8 

Peat 95.6 

ÌLuck 71.4 

is a heavy soil and Covo clay is heaviest of all. They have 

most colloids. 

An examination of Robinsonts data (46) shows that the colloid 

content tends to be higher in subsoils. Out of fifteen soils, of 

which data aro avail9hle for both surface and subsoils, thirteen 
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have rùore colloid in the subsoil. IJo information is available con- 

corning the amount of colloid in the parent materials of his soils. 

Table III Lechanica1 Analyses of the Soi]. Types. 

(Carpenter and Torgerson, 15) 

Soils Gravel Sand* Silt Clay 

(percent) 

Chehalis I 0 16.9 53,8 29.4 

II 0 22.6 43.6 33.8 

Vi1lamette I .6 11.4 64.6 23.4 

II .2 12.1 62.3 25.3 

Dayton I .4 12.2 62.7 24.7 

II .8 19.8 49.4 30.0 

III .5 17.4 56.0 26.2 

Le1bourne I 1.0 38.6 36.3 24.1 

II .6 32.2 32.8 34.2 

*Sum of coarse, irediurn, fine and very fine sand. 

Data presented in Table II show the same relationship. A1ost in- 

variably the surface horizon contains the least amount of colloidal 

materials. Furthermore, it may be noticed, by a coìij;arison of the 

other two horizons, that the colloid concentrates in the subsoils 

of Chehalis arnd Cove, which aro both of recent formation, and in 

the third horizon in all of the older soils. It is possib]e that 

the geological history of these soils has something to do with this 

correspondance, but an examination of the chemical analyses of these 

soils fail to give any evidence in its favor. Since none of these 

soils were sampled at a depth greater than four feet, a very thin 
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layer indeed, when geologically considered, it is not expected that 

their history before the soils were formed has any significant bear- 

Ing upon this phenomenôn. It is possible, however, and quite pro- 

bable, that the colloidal soil materials, which were originally 

either uniformly distributed thoughout the entire soil profile 

or higher in the surface horizons due to more weathering, con- 

tinuously and repeatedly undergo, at different times, partial dis- 

persion in soil water which slowly carries them dawward until they 

are arrested by sorne change in physical or chemical conditions. 

This dovmward. movement of soil colloids muet of necessity be very 

slow. In the more recent soils, such as Chehalis and Cove, the 

process of transportation has not reached as advanced a stage as 

that in Aiken or other old soils. 

Both of the organic soils show very high colloid content. This 

is especially true of the peat, which is 72 percent organic matter 

or nearly two-thirds more than the muck. The colloid content of the 

peat is correspondingly higher. Since practicslly all of the organic 

matter in soils is colloidal (Gile et al, 30), such figures fulfill 

the expectation. 
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(C) Chemical Composition of the Soils arid Colloids. 

The soils and colloids were analyzed for silica, alumina, ferric 

oxide and calcium oxide. The analyses were done by fusion with 

sodium carbonate according to the tentative method for soil analysis 

of the Association of Official Agricultural Chemists (20). Both 

iron, and calcium as oalcium oxalate, were determined by titration 

with potassium permanganate (Bear and Salter, 6). Organic matter 

was determined by wet combustion of carbon as outlined by Schollen- 

berger (54). 

Table IV Composition of Soil Colloids. 

Colloids O. . SiO Al20 Fe203 CaO 
(porcen) 

Chehalis I 3.72 40.01 24.80 11.37 1.48 

II 3.60 38.37 23.39 10.48 1.48 

III 2.40 41.21 25.01 12.00 1.51 

Averabe of 45 
soil colloids 43.34 26.83 10.70 1.05 

(47) 

The analyses of the cölloids show the same uniformity of 

composition as noticed by Robinson and Holmes (47). The results re- 

ported here, it may be noticed, are very close to the average of a 

large number of other analyses. The colloids are hiher in the 

amount of aluminum and iron, but lower in silicon and calcium than 

the soils from which they were extracted. This is in agreement with 
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the results of Bradfield (12). It is, however, not expected of all 

soils (cf. Bradfield, il), for the colloids have a tendency to con- 

stant composition while the soils are much more variable. 

The analyses of soils show a great deal of variation from one 

to another. The composition of the three horizons of the saine soil 

is almost the same in the recent soils as Chohalis and Cove. Aiken 

and Olympic are both igneous soils and are fairly old, and their 

compositions are quite comparable. Willamette and Dayton are both 

old valley fil1ins and often occur next to each other. I3ut their 

composition indicates the difference of their formation. The rae- 

chanical analysis shows higher clay content of Dayton, and field 

experience demonstrates the imperviousness of its substrata. It 

is opined that these two soils were deposited in two different 

manners: Willamette in a moving current and Dayton in still water. 

Total iron in a given soil does not always deLermine the inten- 

sity of red colour of the soil. Aiken has by far the brightest red 

colour, although its iron content is actually lower than Olympic. 

Cove is not a red soil in spite of its high iron content. Melbourne 

is reddish brown in colour but contains little iron. It may be 

suggested that the red coloration of a soil is not so much due to 

the total iron content as to its degree of dispersion and state of 

oxidation. Only highly dispersed ferric iron will impart to the 

soil its characteristic redness. 



Table V Chemical Composition of the Soils. 

Soils 

Chehalis I 
II 
III 

Cove I 
II 
III 

Tillaniette I 
II 
III 

Dayton I 
II 
III 

Aiken I 
II 
III 

Olympic I 
II 
III 

elbourne I 
II 

Peat 

Muck 

0. 1. 

1.99 
2.04 
1.25 

4.87 
.94 
.60 

3.91 
1.54 

.79 

3 70 
1.03 
.38 

3.07 
1.78 
1 03 

3.50 
1.70 
1.18 

3.26 
1.39 

72.63 

46.10 

3102 

55.64 
55.12 
55.63 

51.85 
52.81 
53.52 

63.41 
66.23 
63.18 

66.84 
66.12 
59.48 

47.15 
47.28 
55.99 

46.54 
49.97 
46.91 

64.30 
61.92 

A1203 

(percent) 

21.08 
22.87 
20.49 

19.37 
21.99 
19.23 

12.15 
16.43 
13.11 

17.55 
16.71 
17.97 

22.80 
21.83 
24.14 

18.77 
19.09 
12.47 

17.91 
18.81 

Fe203 

8.37 
8.28 
9.09 

12.92 
13 54 
14.13 

10.89 
8 43 

13.64 

5.49 
6.91 
7.92 

1 . 74 
17.52 
18 44 

18.32 
17.79 
22.28 

8.55 
8 46 

CaO 

5.77 
6 00 
5.38 

3.19 
2.86 
4.13 

1.88 
1.75 
3.39 

2.62 
1.97 
2.82 

.66 

.39 

.48 

4.23 
3 44 
3 20 

.61 

.80 
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The amount of calcium in a recent soll is practically imiformly 

c1itributed. But in the older soils, there is indication of deple- 

tion in the surface horizon. It is more marked in Willainette, which 

has good drainage. The calcium content of the surface soil is only 

little more than half of the original amount as shown in the parent 

materials. Melbourne, a sedimentary soil, was formed principally 
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from sandston& (1ocher et al, 38), and, consequently, the deficiency 

of calcium. Aiken and Olympic are igneous residual soils, formed 

from lasaltic materials (Carpenter and Torgerson, 15). The essen- 

tial basaltic minerals are augite and plagioclase feldspar (i:errill, 

40), the calcium content of which, especially the latter, is very 

variable (Burt, 13). The marked difference in the calcium content 

between Aiken and Olympic is probably due to the original difference 

in the minerals, from which they were formed. The low quartz con- 

tent of igneous rocks is clearly shown by the low silicon content 

of both of these soils. 

The surface soils are lower than the substrata in aluminum and 

iron as reported by other workers (Robinson, 45)(obinson et al, 

48). But there does not seem to be any definite tendency in the dis- 

tribution of silica amone the three horizons of the soil profile. 

It is but natural that there should be moro organic matter in 

the surface soil. The well ìmown fact that heavy soils usually 

contain more organic matter than lighter soils is demonstrated 

(Figure 1). Chehalis is low in colloidal materials; it is also the 

lowest in oranic matter. The soils high in colloids are generally 

high in organic matter. In a light soil, the organic matter tends 

to be present in similar quantities in all three horizons; there is 

more difference in heavy soils. In Cove, and also Dayton, soils 

which are poorly drained, organic matter is likely to be very low 

in the subsoils, though there may be plenty of it on the surface. 
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In organic soils, organic matter is the most important compo- 

nent. ut it does not account for all colloids present. Peat is 

almost entirely colloidal and nearly three-fourth organic matter. 

Muck is more than 70 percent colloidal and close to 50 percent 

organic matter. The extremely high organic matter and colloid con- 

tent give the organic soils distinctly characteristic properties 

and place them into a class by themselves. 

A comparison between the organic matter content of Cheha lis soil 

and Chehalis colloids show a much larger amount in the colloids. 

This confirms the general belief, in a qualitative way at least, 

that most of the organic matter in soils is colloidal in nature. 

It has been demonstrated by several workers (Anderson and Matt- 

son, 2)(Gile, 27) that the composition of the soil colloid, especial- 

ly the molecular ratio between silica, and aluminum and iron oxides, 

has a close correlation with a number of its properties. The data 

reported here faU ;o bring out such correlation for whole soils. 

This is undoubtedly due to the more variable composition and pro- 

perties of the coarser fractions of the soils. 
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(D) Base ixchange 

Exchangeable bases are believed to be in chemical combination 

rather than in physical adsorption (Kelley and Brown, 37), but it 

has been found that in general, heavy soils have a greater capacity 

for baso exchange, althougi not necessarily larger amounts of ex- 

changeable bases (Stephenson, 57). Exchange of cations is spoken 

of by Russell (50) as an adsorption phenomenon and it is quite 

possible that the capacity of exchange depends greatly upon the 

internal surface area, and, therefore, the amount of colloid. 

The exchangeable bases wore determined by leaching with .05 N. 

hydrochloric acid (Hissink, 33) and the calcium is analyzed by 

titration with potassium permanganate (Bear and Salter, 6). The 

amount of other bases is in most cases extremely small, and is 

not reported. Reaction of the soils was determined electrometri- 

cally by using hydrogen-electrode. 

Attention is at once drawn to the fact that practically all 

of the calcium in the Chehalis colloids is replaceable by hydro- 

gen ions, while only one-tenth of it in Chehalis soil is replace- 

able. Apparently calcium is not a part of the TtCoretT of the col- 

loidal particle but adsorbed by it as a part of the micell, pro- 

bably in similar manner as in other colloidal systems. 

It is to be noticed that there is a general relationship 

between total calcium and replaceable calcium. Aiken and Mel- 
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boume are both particularly low in total calcium, and they are 

both particularly low in replaceable calcium. Chohalis, Cove and 

Table VI Replaceable Calcium 

in Colloids and Soils. 

Sariples pH Replaceable Percent of 
calcium Total Cal- 
(percent) cium Replace- 

able 

Chehalis I 5.11 .98 92.5 
Colloids II 5.60 .89 84.8 

III 6.00 1.07 99.1 

Chehalis I 5.48 .34 8.3 
II 5.51 .40 9.3 
III 5.51 .41 10.6 

Cove I 5.61 .46 20.2 
II 6.14 .58 28.3 
III 6.12 .65 22.0 

Willamette I 5.36 .35 24.5 
II 5.36 .24 19.2 
III 5.63 .35 14.8 

Dayton I 5.48 .28 15.0 
II 5.41 .31 22.0 
III 5.95 .47 23.3 

Aiken I 5.11 .16 34.0 
II 5.09 .14 50.0 
III 5.02 .15 42.9 

Olympic I 5.26 .55 18.2 
II 5.55 .71 28.9 
III 5.78 .67 29.4 

Melbourne I 6.14 .25 56.8 
II 5.73 .24 42.1 

Olympic are high in both kinds of calcium. The percentage of 
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total calcium that is replaceable, however, depends 1are1y upon 

reaction. 1ith few exceptions, where the difference in reaction is 

s1iht, higher percentage of replaceability is accompanied by higher 

S'rensen value, and vice versa (Starkey and Gordon, 58). l7ith the 

exception of Lelbourne, soils of higher colloid content tend to have 

a larger proportion of their total calcium replaceable, apparently 

duo to larger internal surface area. There seem to be constant equi- 

libria for a given soil between calcium and calcium ion, calcium ion 

and hydrogen ion in solution, and each ion in solution and its like 

ion adsorbed by the colloid. 

There is also a distinct tendency for the replaceable calcium 

to be leached devin and to concentrate in the lower horizons. Possi- 

bly the amount in the lower horizons more closely represents the 

priginal amount, while the surface is depleted due to leaching. 

Whether there is concentration or depletion, it is an important fact 

that the surface soil is relatively poor in replaceable calcium. 

The process of leaching of replaceable calcium is apparently 

very slow, in slightly acid soils aL least. Drainage conditions do 

not seem to have any consistent effect upon the degree of difference 

between the three horizons. Cove, a soil with very little drainage, 

has the most marked difference; Olympic, with excellent drainage, 

cornes next; Dayton follows with its characteristic imperviousness. 

Likewise, age of the soils has little influence. It is most pro- 

bably a resultant of the effects of a number of factors. 
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Contrary to the findings of Anderson et al (3) in regard to 

the adsorption of water vapor et cetera by soils with the conclu- 

sion that adsorption by non-colloidal constituents Of soils is 

insinificarit, the non-colloidal fractions have a good capacity 

for absorption of bases. Pure Chehalis colloids should adsorb 

about four times as much calcium as do Chehalis soils, if the 

non-colloidal constituents of the soil had no capacity for base 

adsorption, the cclloids adsorb only two and onc'-half times as 

much. In Chehalis at least, colloids are responsible for only 

little over 60 percent of the adsorptive capacity of the soil 

for calcium. The rest o f it is probably due mainly to the finer 

clay and silt fractions. 



(E) Retention of' Anions. 

The manner in which the available anions are held. in soils has 

not been fully determined. Retention of phosphate ions by soils 

has been most extensively studied. Schreiner and Failyer's care- 

ful work (55) is rendered valueless by their faulty analytical 

method. Russell and Prescott (51) showed that retention of rhos- 

phate ions by soil obeys Freundlich's Adsorption Isotherm and re- 

garded it as physical adsorption. Recently Comber (17), Fisher 

(21) and Teakle (59) explained it as a purely chemical precipita- 

tion. Roszman (49) found it to be stoichiornetric but he concluded 

that adsorption by colloids is insignificant and suggested that 

the organic matter is probably responsible for the adsorption. 

Starkey and Gordon (58) found that phosphate is adsorbed to a 

much greater extent than other anions, a statement in agreement 

with Russell (50), who also stated that bicarbonate-, sulphate-, 

nitrate-, and chloriçie-ions are not absorbed and do not form 

insoluble salts with the soil bases at the concentrations at which 

they occur in the soil. 

Phosphate- Ions 

The amount of phosphate that is retained by the soils and col- 

bids is studied. 

The samples were treated with phosphate solutions of various 

concentrations, the ratio of the weight of samples and the volune 



of solutions being kept at ono to ten. The solutions were made up 

of three parts of dl-sodium phosphate and two parts of mono-potas- 

slum phosphate of the same concentration. This mixture, according 

to S'rensen (56)(16), is almost neutral in reaction (pH 6.979). 

After standing for about three hours with occasional stirring, as 

equilibrium is usually established within 10 or 20 minutes in case 

of adsorption (Freundlich, 23), a small amount of sodium chloride 

was added as a coagulant. An aliquot of the supernatant liquid 

was drawn from each and analyzed for phosphate colorimetrically 

by the method described by Parker (44). 

Table VII Adsorption of Phosphate Ions 

by Soil Colloids. 

Colloids PO4-ions retained (p.p.m.) from solutions of the 

following concentrations (p.p.m.) 

20 40 80 160 320 640 960 1280 

Chehalis I 193 388 780 1550 2997 4992 5020 5650 

II 196 396 790 1581 3012 4960 4950 5350 

III 193 395 782 1564 3100 5088 5015 5200 

It may be seen that a surprisingly large amount of phosphate 

ions may be retained by soil colloids, and relatively less percent- 

ago is retained with increasing concentrations in the initial solu- 

tions. Figure 2 gives the familiar convex curve representing a 

logarithmic equation. The first section of it, up to 160 p. p. rn., 

gives a straight line when it is plotted log a against log c, 

obeying Freundlich's Adsorption Isotherm. But there is a break at 
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that point, followed by a gentle curve. The reaction is not believed 

to be strictly one of physical absorption, but the phosphate ions 

seem to be held at the interface by residual valency or electro.-mag- 

netic force. It cannot be explained as entirely chemical precipi- 

tation, as much of the iron and aluminum in the colloids is in the 

form of silicates and unavailable as precipitants. Furthermore, if 

it were entirely precipitaion, how can the fact that sorne phosphate 

ions are left in the solutions of the lowest concentrations he 

explained? Solubility effect is incapable of explaining this phe- 

nomenon, as both iron and aluminum phosphates are quantitatively 

insoluble in cold water. A curve representing precipitation, when 

plotted with the initial concentration against the amount precipi- 

tated, should give a straight line with a given slope, until a con- 

centration of the solute is reached which would consume all of the 

precipitants present, when a break occurs, resulting in another 

stiaight line, parallel to the abcissae. The curve in figure 2, 

therefore, does not represent a reaction that is entirely precipi- 

tation. On the other hand, it is not entirely physical adsorption, 

as it does not strictly obey the Adsorption Isotherm and as the phos- 

phate thus retained can be removed by lixiviation only with great 

difficulty (;iiloy and Gordon, 61). The phenomenon seems to be more 

complicated than to be explained by a single reaction. The meager- 

ness of data, however, does not warrant a definite conclusion. 

The capacity, both of the colloids and of the soils, for reten- 
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Table VIII Retention of Phosphate 

Ions by Soils. 

PO4-ions retained f40m solutions of the following 

Soils concentrations (all interms of p.p.m.) 

20 40 80 160 320 640 960 1280 

Chohalis I 150 289 456 503 1120 1440 1872 2104 

II 165 309 452 598 1286 1984 2100 2100 

III 180 339 473 800 1125 1716 1800 2097 

jove I 191 383 603 920 1762 1880 2052 2250 

II 193 384 705 960 1660 1600 1900 2048 

III 194 372 633 880 1441 1472 1953 1850 

Willamette I 152 305 493 682 1362 1664 1500 1508 

II 178 336 435 566 1330 1896 1632 1203 

III 186 342 500 675 1230 1816 1660 1885 

Dayton I 169 313 512 682 1180 1408 1550 1550 

II 190 348 548 740 1488 1792 1752 2050 

III 188 342 536 720 1444 1748 1648 1813 

Aiken I 194 392 756 1120 2233 3520 3250 3148 

II 197 394 786 1263 2322 3328 3600 3873 

III 198 396 783 1245 2351 3776 3842 3952 

Olympic I 191 380 655 905 1708 2816 2652 2950 

II 188 397 655 878 1600 2400 2450 2160 

III 186 360 604 773 1536 2272 2355 2280 

Melbourne I 193 388 608 974 1662 2528 2350 2200 

ii 197 393 650 1018 1400 2560 2308 2402 

Peat 158 355 645 980 1931 2240 2650 2888 

Muck 196 392 873 1382 2868 2960 4250 4900 

tion of phosphate ions is enormous. Many soils do not seem to be 

saturated even after the retention of nearly four thousand parts per 

million, or .4 percent of the whole soil. The part played by the 
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colloidal constituents in phosphate adsorption is almost like that 

of calcium adsorption. The colloids retained in both cases not four 

times as much as the respective soils, but only two and one-half 

times. The finest clay and silt seem to exercise some appreciable 

adsorption. 

The amount of available phosphate, as determined by solution in 

Table IX Available Phosphate 

in Soils (After Stephenson) 

Soils Soluble Phosphate 

Chehalis I 1.0 p. p. m. 

II .5 

III .3 

Covo I .4 

II .3 

III .2 

Vlillamotte I 2.8 

II .5 

III .3 

Dayton I .9 

II .2 

III .2 

Aiken I .2 

II trace 

III trace 

Olympic I .3 

II .2 

III .2 

Melbourne I .2 

II .2 
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.001 N. sulphuric acid, is very small in all soils, and probably 

does not have any effect upon the capacity for further phosphate 

adsorption. As there is more decayed organic matter on the sur- 

face, there is largor amount of phosphate in the surface soils. 

Table X R203/Si02 and Phosphate Adsorption. 

I.o1 R203 Po4 retention (from 

Soils Solution 
Mol 5i02 960 p.p.m. phosphate) 

Chehalis I .28 .14 

II .30 .20 

III .28 .17 

Cove I .31 .19 

II .34 .16 

III .31 .15 

Willamette I .18 .17 

II .19 .17 

III .20 .18 

Dayton I .19 .14 

II .19 .18 

III .23 .18 

Aiken I .42 .35 

II .41 .33 

III .38 .38 

Olympic I .39 .28 

II .36 .24 

III .34 .23 

Melbourne I .21 .25 

II .23 .26 

The conjecture of ROSZman'S (49) that organic matter is pro- 

bably responsible for most of the phosphate adsorption finds little 
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support from the dala obtained in this study. The peat has much 

more organic matter than the muck, but the amount of phosphate 

retained is much less. Among the mineral soils, too, there is no 

consistent correlation between organic matter content and phosphate 

retention. On the other hand, there is some correlation, though 

by no means high, between the total amount of colloid and the 

capacity for retaining phosphate. The low correlation is not 

surprising, as it has already been shown that the colloids are 

responsible for only a part of this capacity and that the colloids 

may differ a great deal among themselves in their properties and 

state of saturation with repect to other ions, especially the 

cations. There seems to be a fair degree of correlation between 

phosphate retention and the reciprocal of the molecular ratio 

S102 / Al203+ Fe203, among the three horizons of the same soil 

(Table x). The explañation of this correlation is as yet 

obscure. 
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GENERAL DISCUSSION 

The study of soil colloids forms one of the most interesting 

phases of soil science. It is a comparatively new phase of the 

science and gives much opportunity for creative work. Due to its 

prominent role in the soils, the findings regarding the proper- 

ties of colloids are of groat significance to understanding and 

intelligent management of agricultural soils. 

Difficulties to be encountered in such a study are many. 

Previous work dono offers only insufficient guidance. I.:ethods 

which arc availible for such work, although greatly improved of 

late, aro still either crude or laborious, and it is very hard 

to get conclusive results. This study, under the limitation of 

time and other handicaps, must necessarily be consider2d as only 

preliminary. The results must await further confirmation before 

they may be considered as conclusive. 

There are, however, a few generalizations that may be made 

from this and other studies. 

In the process of weathering of rock to form soils, one of 

the products is colloids. Soil colloids differ from other frac- 

tions of soil in the size of particles and in chemical composi- 

tion. To some extent, the size of particle correlates with 

their chemical composition, which must result from the climatic 



and other conditions under which the minerals were weathered. 

Available data show that under normal humid conditions, colloids 

are lower in silica and higher in iron and aluminum than either 

the avarage composition of minerals or that of the whole soils. 

Apparently, in the formation of soil colloids, silica is lixiviated 

as colloidal silicic acid sol or soluble alkali silicates. Iron 

and aluminum, however, are less soluble under the conditions of 

soil formation, and are left behind in a higher concentration as 

a consequence. In certain areas, however, where podsols predo- 

minate, the reversed condition seems to prevail. 

The influence of the colloids upon soils is the result of the 

extreme fineness of the particles, and the enormous internal sur- 

face area for which they are responsible. Such surface phenomena 

as capillary moisture capacity, base exchange and adsorption or 

retention of plant nutrients in general, are largely due to the 

colloidal fraction of the sous. Two very important considerations 

in connection with the influence of the colloids on soils are the 

quantity and the state of aggregation of the colloids. 

Until the discovery of the role of colloids in soils, the storage 

of plant nutrients in soils has been poorly understood. Now it has 

been shown by a great many investigations that most of the available 

nutrients are retained in the soils at the surface of the colloidal 

particles. The data reported herein has demonstrated that practi- 

cally all of the calciun contained in the soil colloids is readily 
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available. It has also been shown that the colloicis are capable of 

holding a large amount of phosphate ions in storage. The greater 

the amount of colloids in a given soil, the larger the capacity for 

storage of available p3.ant nutrients. Such soils as Aiken, for ir- 

stance, and Olympic, which have a high colloid content are of un- 

doubted fertility, while on the other hand, the light sandy soils 

are usually relatively poor in their reserve of nutrients. 

The state of dispersion in which the colloids of a soil exist 

is, however, of equally important consideration. This is especial- 

ly true of the physical conditions of the soil. In alkaline soils, 

the colloidal particles are loaded with sodium ions and are thus 

highly dispersed, resulting in a puddled and unworkable condition. 

Such dispersed colloidal particles fill all the pore spaces in the 

soil structure and render it impervious to water and air. No alka- 

line soils are included in this study, but some of the acid soils 

are also highly dispersed. Cove clay is a very striking example. 

The colloids in this soil are in such a dispersed condition that 

its physical condition is exceedingly poor. The same may be said 

of the Dayton silty clay loam, especially regarding its substrata. 

On the other hand, Aiken has an excellent granular structure and 

good tilth in spite of its equally high colloid content. Olympic 

also has a very good physical condition, although it contains more 

colloid than Dayton and almost as much as Cove. The ideal soil 

should contain a large amount of colloid in a flocculated condition, 

and abundantly supplied with the essential plant nutrients. 



S U M !. A R Y 

The colloid content of soils vary greatly. It tends to be in 

ener.i correspondance with the texture of the soils. In a given 

soil, it is higher in the substrata, especially in the case of 

older soils. 

The composition of colloids is very uniform, being higher in 

aluminum and iron but lower in silica and calcium than the whole 

soils. The composition of soils is much more variable, depending 

much upon the ae and formation. The surface soil is lower in 

aiwninun and iron. The other components do not vary consistently 

one way or another. Difference in the properties and composition 

of '7illamette and Dayton suggests the different conditions under 

which they were deposited. 

Organic soils are very high in colloids, although much of the 

colloids is mineral matter. There is a correlation, among the 

mineral soils, between the amount of organic matter and colloids. 

Organic soils, due to their extremely high organic matter and 

almost entirely different formation, have different properties 

from mineral soils. 

There are indications of depletion of calcium i the surface 

horizon of the older soils. There is a general relationship between 

the total calciwn and replaceable calciui. The degree of replaceabi- 
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lity is dependent on reaction arid colloid content. 

Retention of phosphate ions by soils and colloids in part obeys 

the Adsorption Isotherm and does not possess the characteristics of 

purely chemical precipitation. The reaction seems to be more corn- 

plicated than to be explained as a single phenomenon. Capacity 

for phosphate retention is enormous both in soils and in colloids. 

Efficiency of retention falls off when the concentration of solu- 

tion reaches 320 parts per million with the volume of the solution 

ten times the weight of the soil. Most soils retain more than two 

thousand parts per million and there is little danger of losing 

phosphate in ordinary applications. 

Soil colloids are responsible for only a portion, some sixty 

percent, of the adsorptive capacity of soils, both for calcium and. 

for phosphate. 
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