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Results of the investigation of the seven Standard Soil
Samples No. -Vl of the International Society of Soil Science

by
D. J. Hissink

1. Object of the investigation

At the Congress at Oxford (1985) Pr. H. Greene (Sudan) pomted
out the desirability of comparing methods of determining exchangeable
bases. Dr. B. M. Crowther (England) suggested that this object could
best be attained by collecting a limnited number of Standard Soil Samples
at a particular place, to be sent on request to those persons who wished
to make cooperative studies in the domain of exchangeable bases. The
Congresg charged me to collect and distribute a series of standard soil
samples for this purpose.

The main object of this cooperative work is to obtain a satisfactory
expression for the exchangeable base content of the natural soils, This
geemns to necessitate studving the displacement of bases by a variety
of methods ag e. g. treatment with neutral salts or weak acids in various
amounts and at various soil-water ratios.

The second objective of the cooperative work is to measure the
exchangeable base content of the soils when brought to “saturation”
by some specified treatment. This treatment may involve the strongly
alkaline conditions produced by a hydroxide (e. g. barium hydroxide,
Hissink), less alkaline conditions, such as were used by Bradfield
and Allison (1933, Transactions International Society of Soil Science,
Commission 2, Volume A, Copenhagen), or a range of pH conditions,
giving a titration curve.

Determinations may be made either by recognized methods or hy
new ones, but in everv case the precise defails should be given clearly,

Tt is not sufficient merely to give the name of the original author of
Bodenkundliche Forschungen ) 1
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the method. Other determinations, mechanical analysis, humus, cal-
cium carbonate, pH etc., may of course be included at the discretion
of the investigator. _

The following Standard Seoil Samples are at present available for
distribution at the Institute of Soil Science, Groningen, Holland.:

881 (ezira (8Sndan), heavy clay surface soil, passing 1 mm,
sieve, pH between 9 and 10, contains meither sulphates nor

~ chlorides soluble in water;

88 1I Young Dutch marine heavy clay soil, with about 8% CaCQ;,
pH about 7.7. Containg neither sulphates nor chlorides so]uble
in water;

88 Iif Old Dutch marine clay soil, free from CaCO;, pH about 5.5.
Containg neither sulphates nor chlorides soluble in water;

88 IV Roseworthy (Australia), fairly sandy clay surface soil of the
Mallee type, with about 10 %, CaCO,, pII about 9. Contams a
small amount of salts soluble in water;

88 V Curlwaa (Australia), very heavy clay surface soil, being a
River Murray alluvium from a fruit-growing irrigation area,
with less than 19, CaCOs; pH about 8. Contains sulphate
and chloride soluble in water;

88 VI Podzol from Russia, from the npper layer (1—13 cm.), passmg
"2 mm. gieve;

8§ VIIFairly heavy Tschernozem from the Woronesch region, Russia,
from the uper layer (1i—12 c¢m.), pasging 2 mm. sieve.

Tn the Proceeding of the International Society of Soil Science
(green Journal), Vol XII (1937), No. 2, p. 86—67, it was stated that
2% kilograms of any of these samples would be forwarded on request
to those interested, on payment of the expenses connected therewith.
Furthermore it was agreed that the resulis should be commounicated
to me for publication in order that the samples may become standards
by which members can compare their own methods or technique with
those of other workers. After my departure from Groningen, these
results are to be sent to my new address (Dr. D. J. Hissink, Ruych-
rocklaan 164, The Hague, Holland).

So far requests for the 8. 8. Samples have been reccived from
gsome 8 colleagues. Of these 8, two, viz. Dr. Liatsikas, Athens, and
Dr. Meyer, Hamburg, have furnished particulars of the resnlts of their
investigations.- Now that in the meantime the investigation of the
7 samples at the Institute of Boil Science in (Groningen has been con-
cluded, it would seem advisable first to publish the results cobtained
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in Groningen. I now do so, with thanks to the late Mr. M. Dekker,
under whose supervision the investigation was carried out, and who
also worked out the results.

Although therefore, as stated above, all that is reqmred is & communi-
cation of the methods of investigation employed and of the results
obtained, it seemed desirable to add here and there a few remarks
regarding the figures found.

IL. Methods employed at the Institute of Seil Science Groningen

The methods of investigation are given in the “Brster Bericht
iiber die Arbeiten und iber die Tagung der Arbeitsgemeinschaft zur
Priifung der Laboratoriumsmethoden fiir die Bestimmung des Kali-
und Phosphorsiurebediirfnisses der Bdden™, Transactions of the 2nd,
3rd, and 4th Commissions of the International Society of Soil Science,
Meeting July 1936, Konigsberg, pp. 186 and 186. As this Report is
written in the German langnage, and moreover is in the possession of
a small number of members only, a translation is given here.

Notes on Tables V to VIII by D. J. Hissink (Transactions Kénigsberg)

CaC0,. This was determined by Passon’s volumetric method, modified
by the Institute of Soil Science at Groningen. The carbonic acid is expelled with
hydrochloric aeid (2 vol. HCl spee. grav. = 1.195 4 1 vol. H,0) at room temperature.
For the correetion of differences of temperature and air-pressure & standard deter-
mination with a known amount of CaCO is made at the same time in the care
- of each geries. ]

Hummua. This determination was made by means of Ter Meulen's ele-
mentary analysis (1). Por the recaleuniation of the amount of carbon (C) found
on the basis of the humus content, the C-content of the hnmus was assumed to
be 589%.

"Clay and sand. By clay and sand was understood particles with a diameter
of less and more than 16 micra respectively. For the pre-treatment of the goil see
the Communieations of the International Society of Soil Science E (2). The
separation of clay and sand was performed by washing in the Atterberg cylinder;
The duration of sedimentation for particles with a diameter larger than 16 micra
ie 7Y minutes per 10 cm. By means of a sieving method the sand is divided
into 12 subfractions. From these the U-value per 100 gr sand was caleulated.
For further particulars see 8. B. Hooghoudt (3).

Nitrogen. This was determined by the Kjeldahl method. and refers to
the organically bound nitrogen. The table also mentions the number of gra,mmes
of nitrogen (N} per. 100 gr humus.

Phogphoric acid. See Int. Agr, Wiss. Rundschau, 2, 364, 1926.

Potasgium. See Intern. Mifteil. f. Bodenkunde, V, 1, 1915.

Weathering silicate A. For this method of determination see Hissink's
paper: ,,Ulber die Bedeutung und die Methode der ehemischen Bodenanslyse mit
starker heiBer Salzsfiure* (4). The analytical part has been altered here and there.

1
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Inter alia beiling is now carried out in a glycerine bath at 125 to 130 degrees C.
In the hydrochlorie acid extract the sum of Al,0, + Fe,0, + P,0; is determined
gravimetrically. Then follows the determination of the P,0; (aceording te Liorenz)
and of the Te,0,. (titrimetrically with KMnO,, after reduction with zine powder).
This sum minus (Fe;0, + P,0;) = Al;0,. Tn addition to the content of ALO,,
8i0, and Fe,(, in percentages, the table shows the number of millimoles of these
constituents per 100 gr dry soil. From these latter figures, finally, the molecular
Tatio is calculated.

Exchangeable bases and S-value, T—S-value,T-value and V-value,.
For the method for the determination of exchangeable bases spe Higsink’s paper:
., Beitrag zur Kenntnis der Adsorptionsvorginge im Boden* (5). This table gives
the amount of exchangeable Ca0, Mg0, K,0 and Na,0 in percentages of dry
matter. From this the number of milligram-equivalents (mge) of these bases per
100 gr dry matter is calculated. The sum of the number of mge CaQ + MgO
-1 K40 - Na,O gives the S-value in mge per 100 gr dry matter. Finally the
molecular proportion (to § = 100) was calculated from these results: in cases
where the S-value is less than 4, this proportion was nol caleulated.

The metbod for the determination of the T minus S-value ig descnbed i. 8.
in “Base Exchange in. Soils, a general discussion held by the Faraday Society”,
December 1924, pp.560—562. The sum of 8 and T—8 = T. From thirV is cal-
culated according to the formula: ‘

pH. Thig was determined with the guinhydrone electrode in a suspenswn
of 10 gr gpil 4+ 26 cc distilled water free from carbonic aeid.

The following additions can be made here. -

Mechanical Soil Analysis. The time for sedimentation of
fraction IT (particles with a diameter of from 2 to 16 w) is 8 hours per
10em. The syphoning off of fraction I in the Atterberg cylinders gave
rise to gome difficulties in the case of sample No. V. After decanting
of the electrolytes with water, this soil flocculated again with NH,OH +
4 NaOH. The result was that the syphdning off of fraction I-of this
sample took from 3 to 4 weeks.

Fractions T and II of samples IT and V were also determined by
the pipetie method. After washing out the electrolytes we do not in
‘that case treat the soil with NII,0H - NaOH, but simply with NI,0H.
In the following table the regults obtained by both methods are given.

No.- : Sma,llgr than 24 Up to 164
pipette | Atberberg . pipette | Agberberg
..l s 47.4 65.3 66.8
V.. 43.5 43.5 58.1 57.4

The agreement of the results is on the whole very satisfactory.
Sample Ne. IT, however, shows a lower content of particles smaller
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than 2 p by the pipette method than by the Atterberg method. Pre-
sumably the electrolytes had not been sufficiently washed out in the
pipette method and still had a certain flocculating effect.

Organic matter. Tt was difficult completely to analyse the
organic matter of sample No. VII by dry combustion. With the ele-
mentary analysis this sample therefore required an abnormally long
period of ignition. The humus content of No. VII was also determined
by the “loss on ignition” method, the content of water hound being
assumed o be 6 gr per 100 gr clay (particles smaller than 16 ). The
humus content according to this latter method was found to be 11.99,
as against 11.8% as found by the Ter Meulen method (elementary
analysis). : - .

Soil Acidity. The pH was determined not only with the quin-
hydrone electrode, but also with the glass electrode. In both cases
measurement was performed in a suspension of 10 gr soil and 25 cc
distilled water free from carbonic acid. With the quinhydrone electrods
samples V and VI showed a marked drifi in the alkaline direction.
‘With the exception of No. VIL all the quinhydrone figures are higher
than those obtained with the glass electrode; the differences are largest
in the case of nos. V and VI.

Exchangeable Bases. For the purpose of determining the con-
tents of exchangeable lime and magnesia, 15 gr instead of 25 gr of soil
were used from samples 1 and VII. In spite of this the 2nd litre of the
extract of sodium chloride of No. VIT was found still to contain lime.
As this sample is free from caleinm carbonate and the lime found in
the 2nd litre therefore does not come from the calcinm carbonate, this
lime should not be deducted from the lime of the first litre, but shouwld
be added to it, which was in fact dome. The exchangeable potassium
and sodium were determined by newer methods (6). In so far as the '
samples contained sulphates and chlorides soluble in water, thé analysis
of the sodium chioride and the ammonium chloride extracts yields
the sum of the exchangeable bases and the bases soluble in water (Caé,
Mg0, K,0 and Na,0O). The bases soluble in water should in such cases
be determined separately. For this investigation only the samples IV,
V, and VI called for consideration. In our salty Zuyder Zee soils this
determination is at present made by a method worked out by Dr. Zuur,
in the press-juices obtained from fresh, fairly moist samples. The 8. 8.
Samples IV, V and VI are, however, in an air-dry condition. Before
pressing out, therefore, a certain amount of water had to be added;
to 1200 grammes of air-dry soil enough distilled water was added to
bring it to the water content shown in the second column of Table IT,
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1st part (80.8—384.2—32.8). Soil and water were well kneaded several
timegs in a dish and after a period of about 48 hours, the soil solutions,
with the constituents dissolved in it, were pressed out in a hydraulic
laboratory press at a pressure of 400 atmospheres.

Determination of T—8. During the determination of the T—=8S
value by the barvta methoed, gsample VI hehaved ditferently from the
others. A white, flocculent precipitate was produced during the re-
titration of the excesy baryta with hydrochleric acid, approximately
at the neutralisation point. This precipitate wasg found to consist of
iron, aluminium and presnmably of still other constituents. This sample
wasg investigated in friplicate, and the points of the three T-—S lines
drawn were on the whole less satisfactory.

Potentiometric lime titration. *In the three acid reacting
gamples ITT, VI and VIT a potentiometric lime titration was performed.
For the method here employed see pp. 72 to 93 of Vol. B of the Trans-

-actions of the Second Commission of the Imternational Society of Soil
Beience, Groningen Meeting, 1926. In the method of investigation there
degeribed an alteration was made; instead of making use of a particular
amount of soil, a particular amount of adsorbing material was employed.
For clay soils this amount is 2.25 gr clay + humus (as clay) and for
the organie soils 0.5 gr humus 4 clay (as humus). To this, as before,
20 ec liguid was added in all cases, whilst the period of action was fixed
at three days. Another difference from the method previously used is
that the pH was not determined with the quinhydrone electrode, but
with the glass electrode.

N, P,0;, K,0. The investigation of the contents of nitrogen,
phosphoric acid and potassium caused no difficulties. The extract
for the determination of the potassium soluble in 0.1 normal hydro-
chlorie acid was prepared by shaking 60 gr soil with 600 cc 0.1 normal
hydrochloric acid for 1 hour. Additional hydrochloric acid was also
added in amounts equivalent to any calcium carbonate present.

HI. Results of the investigation

The results of the investigation will be found collected in Tables I
to V inclusive. Each of these Tables will be discussed separately below.

a) Table I; mechanical composition
In so far as the figures of this supplement express specific percen-
tages, they call for no further remarks. We shall restrict ourselves to
a discussion of a few figures derived from them.
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From the contents of fractions I and TT their relative proportions
were calenlated (column 9). These proportions vary greaily, viz. from
0.14 t0 2.0. The clay fraction (fractions I and IT) of samples I and IV
ig, relative to the other samples, very rich in fraction I (1:0.14 and
1:0.18). A similar preponderance of fraction I i so far not found in
our Dutch clay-soils. For our marine clay soils a proportion between
0.4 and 0.6 (as in Nos. Il and III) is normal. The proporiion for No. VII
is of the same nature (0.51}; that for No.V (0.32) is somewhat lower
than that for the Dutch marine clay soils. Quite a different picture
is shown by No. VI, with a proportion of 2.0; in this podsol fraction IT
occupies by far the most important place (fraction T = 13.4; fraction IT
= 27.1). It is obvions that these great differences in the relation hetween
fractions I and II must have an effect on the adsorptive capacity for
bases of what I have called the clay substance (fraction I -|- II). When
discussing this subject I will deal more fully with this point also.

Column 10 of Table I shows the connection between the content
of humus and that of clay (fractions I and IT). This shows that the
tropical soil from the Sudan (No. T) and the “Curlwaa” from Australia
{(No. V) are very poor in humug in proportion to their clay content
(1.0 and 1.7). From this point of view the Russian Podsol is likewise
fairly poor in humus (No. VI with 8.29%). For Dutch marine clay soils
from 5 to 7 gr humus per 100 gr clay (fractions I and I1I) is a normal
figure. Samples TV (Australia) and VII {Chernozem, Rusgia) are com-
paratively rich in humus.

U-walues of the sand fractions. The U-values of the sand
fraction (particles between 0.016 and 2.0 millimetres diameter) vary
from 113 to 360. According to a classification made for Dutch soils
the sand fraction of No. IV (U = 118) ig very fine, tha,t of the other
samples extremely fine (7). ’

b} Table II. Constituents soluble in water

Before pressing, the air-dry soil samples 1V, V, and VI were brought
to water contents of 80.8—34.2—32.8 (see table I1, first part, column 2).
Slight amounts of bicarbonate were found in the press-juices (about
46.0—62.8 mg per 100 cc press juice). Similar small amounts also
oceur in soils which are absolutely free from chlorides and sulphates.
We take it that the water containing CO, dissolves small quantities
of lime-out of the calcium carbonate or out of the clay-humus.complex
and formg calcium- bicarbonate with these. We therefore include this
caleinm bicarbonate not in the salts which are really soluble in water,
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Percentages in oven-dried
soil (105° C) . an
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I, .. ] 2.4 .09 64.3 8.8 78.1 23.8 0.14 1.0
SIT ., L. 0 8.7 . 3.2 47.4 184 65.8 | 22.3 0.39 4.9
I . .. 0 0 5.1 471 23.4. 70.5 24.4 0.50 7.2
w. .. 0 11.9 2.7 17.2 3.1 20.3 66.1 0.18 | 13.3

V... 0.3 0 1.0 43.5 18.9 57.4 41.3 .32 1.7
YE...|] -0 ¢ 1.3 13.4 27.1 40.6 58.2 2.0 3.2
Vil , . . 0 0 11.8 47.3 24.0 71.3 | 16.9 0.51 | 16.b

and do not deduct the amount of CaO equivalent to the bicarbonate

from the sum of the (a0 soluble in water plus the exchangeable CaO.

It is obvious that this reasoning does not hold good in the case of typical
soda soils, but no soil of that kind is preésent 'in the collection of the

Standard Samples,

Table II
Water-soluble constituents of the press juice
- g H,0 per Miltigrammes ISer 100 ¢ce press-juice -
) | 104 g oven-
No. | dried soil S _
(105° C) be- | HCO, Cl | 80, Ca0 MgO Na, O
forepressing ’ : '
IvV. . 30.8 62.8 14.6 4.0 339 | 98 ¢ 74
V.. 34.2 51,8 229.9 338.2 111.6 83.5 2417
VI, . . 38.8 46.0 9.4 6.0 212 10.0 7.6
g per 100 ¢ oven-dried soil {105° C)
caleulatéd from the above mentioned data water-soluhle (after
No. gorrection
HCO, | - €1 80 Ca0 MgD | Na,0 '
? 3 A & ) % a0 | MgO | Na,0
Iv. | 0.019 | 0.004 | 0.001 ' 0.010 | 0.003 0.002
V .| 0018 | 0.079 0.116 | 0.038 | 0.029 0.083 0.028 | 0,027 | 0.077
VI.{ 0015 | 0003 | 0,002 | 0.007 | 0.003 | 0.002
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Mechanical Composition

Subfractions of the sandfraction . |

(diameter in micra) : T-value

' ' (specific

surface)

: : calculated

16— | 43— | 14— |104— |147— | 208— | 295— | 417— [58D— | 8383— |1168— per 100 g

43 74 104 147 208 295 417 589 833 1168 1661

. T sandy -

7 fraetion
9.4 50 | 2.9 1.8 2.0 1.4 0.9 0,8 0.1 0 ¢ 224
14.2 5.6 1.1 04 04 0.8 0.2 0.1 0.1 G 0 307
18.9 2.6 0.9 0.7 0.6 0.4 0.1 0.1 0.1 0 0 336

8.5 7.0 1103 | 125 | 14.6 8.1 3.9 16 | 0.6 0 0 113 .
166 | 11,0 73| 40| 18| 03| 02| 01| O K 0 239
497 | 561 04| 03} 08| 03| 04| 05 04| 03| ‘0 360
12.8 1.0 0.6 0.5 0.7 0.5 0.8 0.3 01 | 01 0 323

1t i3 now necessary to caleulate the CaO equivalent to the bicarbo-
nate. For Nos. IV, V and VI, with respectively 0.019 %, 0.0189%, and
0.015% HCO, of dry soil (table I1, second part, col. 2), this is 0.009 9%,
0.008 % and 0.007 Y, CaO. Practically all the CaO (respectively 0.010 %
and 0.007 % ; see table II, second part, col. ) found in the press-juices
of Nos. IV and: VI is therefore present in these in the form of calcium
bicarbonate. The press-juice of these two samples further contained
only a few thousandihs per cent MgO and Na,O (0.008-—0.002), whilst
analysable quantities of K,O were not found in any of the three press-
jnices. It will perhaps also be possible to find such small amounts of
béses in a press-juice of a soll that iz practically free from chloride and
sulphaté. The content of bases soluble in water (a0, Mg0, K,0 and
Na,0) of samples IV and VI may therefore safely be taken ag il

_ Soil Sample No.V, on the other hand, does cbntaiu chlorides and
sulphates soluble in water. The amounts of CaQO, MgO, and Na,0
(where necessary that of K,O also) equivalent to these were calculated
as follows. From the 0.038 9%, Ca0 found in the press-juice, 0.008 %, Ca0
must be deducted (equivalent to the HCO,, i. €. 28 X 18:61 =8), The
remaining 0.030 % Ca0 and likewise the 0.029 % MgO and 0.083 9, Na,0
must now be corrected for the so-called “negative adsorption”. For if
soil is put into a salt solution {e. g. of Na(l), a zone peerer in anions
forms around the particles. The result of this is that the solufion itself
becomes richer.in sodium chloride. - This increase of the concentration
in NaCl will depend on the proportion of soil to liguid. When the ex-
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changeable bases + those goluble in water are caleulated, the soil is
lixiviated with considerably more water than it contains when pressed.
Per 100 gr s0il No. V, when pressed (present 84.2 cc water; see table 11,
first part, col. 2), 0.079 gr Cl were found, whilst when 100 gr soil No. V
were shaken with 1200 cc water, after filtration 0.073 gr Cl was found (8).
The amount of bases, 0.030 % Ca0, 0.029 9% MgO and 0.083 % Na,0
found in the press-juice of No. V was therefore multiplied by the factor
78:79 = 0.92. In this way we calenlatéd that soil sample No.V con-
tained 0.028 % CaO (0.92 X 0.080 = 0.028), 0.027 % MgO, and 0.077 Y
NayO (table I, second part, last columnns) as bases soluble in water.
The sum of the Ca0, MgO and Na,0 soluble in water plus the exchan-
geable Ca0, MgO and Na,O found with the extraction was reduced by
these small amounts. When the contents of exchangeable bases of soil
sampie No.V, as shown in table 1II (0.274 — 0.182 - 0.046 — 0.039)
were calculated, this reduction had already been taken into account.

¢)Table ITI. Soil Acidity (pH) and Adsorption Values (S, T, V).

With the exception of saniple No. V1T, the glass electrode invariably
yielded a lower pH value than the quinhydrone electrode. The difference
wag greatest with samples V and VI, which showed a marked drift

" in the alkaline direction with the gquinhydrone electrode. In these cases

the values fonnd with the glass electrode are certainly to be preferrsd.
As a matter of fact this holdg good in general, and especially with those
gsamples of which the pH is higher than 8. Three of the samples (I11,
VI, and VII) show an acid reaction; the others-an alkaline one. There
are, however, no abnormally strongly acid or strongly alkaline reacting
types, such as soils containing Fe-Al-80, or alkali soils.

The remaining figures of the first part of this table refer to the
content of adsorptively bound bases. These are expressed in percentages
of dry soil, in milligramequivalents (mE) per 100 gr dry soil, in per-
centages of clay -- humus (ag clay), and in mE per 100 gr clay + humus
{as clay) respectively. The sum of the mE of exchangeable a0 4 MgO -
+ K,0 - Na,O gives the 8 value, which is therefore expressed per
100 gr dry soil and per 100 gr clay - humus (as clay) respectively.
The base binding capacity of the humus substance was assumed to be
4.545 times larger than that of the clay substance (fraction I + I).
The 3.2 gr humus of sample No. II therefore has a base binding capacity

. equal to 3.2 X 4.545 = 14.6 gr clay substance {fraction I - II); for

the clay - humus of sample IT the base binding capacity iy equivalent
to that of 65,8 clay substance + 14.6 clay substance = 80.4 clay sub-
stanee (fraction I 4 TI} (9).
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This conversion is only approximately correct, and it will be ad-
visable not to apply it to soils with too much humus; it would, for
instance, be better not to take into account sample No. VII, with
11.8% of humus.

"The second part of Table ITI containg the relatlve proportion of
the exchangeable bases to 8 = 100. Then follow the values T—8 and
T, expressed in mE per 100 gr goil and per 100 gr ¢lay - humus (calcu-
lated as clay). Finally comes the valne V (=100 3:T).

Value T. The calculation of the value T per 100 gr clay substance
(+ humus) therefore gives the total base binding capacity of 100 gr
clay substance (fraction T 4 II) in the 6 mineral soils (samples I—VT).
If this 100 gr clay substance (fraction I -{- 11} in all the 8 mineral soils
possessed the same total base binding capacity, the values T would be
equal. They are, however, not so; these values range from 139.5 to 43.2.
It is worth while trying to determine the cause of these very great
differences. Tt is not very likely that these are to be ascribed to inacecu-
racies in the small correction for the humus contents. It should much
rather be sought for in what I have called the clay substance (fraction
I 4 II), that is, in differences in the mineral soil complex. As far as
the available data are concerned, these differences are only manifested
~in the proportion figures of fraction T and fraction IT (see table T,
column 9). It is perhaps still clearer to indicate how much per cent
fraction I is of the clay substance (fration I - II); that is: 88—72—67—
85-—76—338 for the six mineral soils respectively.

In table III (second part} an attempt has been -made to split up
the total T values in 100 gr dry soil (106,56 — 66.8 — ete.) into the T
values for the humus substance, for fraction T and for fraction IE. The
data for this splitting up are, however, taken from investigations of
Dutch soils, and even for these soils they dre only comparatively accurate
They were calculated in the following way.

According to an investigation of a large number of Dutch soils
of various types, an average of 519 mE of bases are bound by 100 gr'
humus, with a total saturation (T), or 1 mE base by 193 mg humus (10).
Sample No. I contains 0.7 gr humus per 100 gr dry soil, which therefore
bind 700: 198 = 8.6 mE bases when totally saturated. For the other
mineral soils this is 16.6 - 26.4 — 14.0 — 5.2 — 6.7.

For the clay fraction IT (particles from 0.002—0.016 mM diameter)
the base binding capacity per 100 gr fraction II with total saturation {T)
ig assumed to be 14 mE (11). The sand fraction (particles. greater
than 16 p) also possesses the power of binding bases (ses same paper),
but the figures concerned are too divergent to admit of an average
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Table
Exchangeable bases (S-value); total base binding
aﬂi;ﬁg ' ;; g;; excheatgeable bases per 100 gr oven-dried soil (105° G)
N guspension Eé ’a‘.é
S.S(T.S. quin- §§§§ in grammes in milligrammequivalents
hy- | glass [E55 2 : -
drou | eleotr.| 25| (a0 | MgO | K,O | Nay0 | Ca0' | Mg0 | K,0 | Nay0| Som
electr. =5 ) =8
1 89 I 86 1 76.83]1.2480.169 {0.07310.137 | 446 | 7.9 | 1.6 | 4.4 | 583
- I 7.8 7.5 | 80.4]0.742 | 0.056 | 0.057 | 0.010 | 26,5 | 2.8 1.2 | 0.3 | 30.8
111 B4 | 5.2 | 93.9]0.45210.124/0.033 | 0,009 | 161 | 6.2 | 0.8 | 0.3 [ 234
1v 83 1 81 32.6 | 0.451 | 0.106 [ 0.030 | 0.009 | 16.1 | 62 | 0.6 | 0.3- | 232
v 7.9 7.5 | 61.9]0.274 10,182 1 0.046 | 0.032 | 9.8 | 9.1 1.0 ; 1.3 | 21.2
V1 5.5 | 4.9 | 46.4]0.026 | 0.012 | 0.002 | 0.01¢| 0.2 | 0.6 0.1 | 0.5 21
Vil 6.3 6.4 11249 | 1.376 | 0.164 | 0.035 | 0.007 | 49.1 | 8.2 0.7 0.2 | 582
relative p;gfﬁff;;z: exchan mE per 100 gr mIE per hmg gr
oven-dried clay + humus -
No. . per 100 mE bages soil (105° ) {calculated as 100 8
8.8.8. are present mT clay) Bt
Ca0 MgQ K,0 Na,0 | T—S8 T T-—8 T
I... 76.2 13.6 2.6 7.6 48.0 | 106.5 62.9 | 139.5 i%s)
Im. .. 86.1 8.9 4.0 1.0 36.0 66.8 44.8 83.1 46
. . .| 688 26.4 3.6 1.2 485 | T1.9 51.8 76.8 33
w ... 72.3 23.6 2.9 1.3 21.5 43.7 66.0 | 134.4 51
V... 46.3 43.1 4.7 5.9 345 bb.7 55.7 89.8 38
VL. | — — — — 18.0 | 201 | 388 | 43.2 10
vii . .. 84.4 18.9 1.5 0.4 63.6 121.7 50.8 97.5 48

being -calculated for the sand fraction. Moreover the share which this
fraction has in the total base-binding capacity of the soil is only a very
glight one. For these reasons the sand fraction is here left out of account.
Sample No. 1 contains 8.8 gr of fraction ITper 100 gr dry soil, to which
with total saturation (T) 0.14 X 8.8 = 1.2 mE bases are bound. For
the remaining samples this is 2.6 — 3.3 — 0.4 — 1.9 — 3.8, For frac-
tion T there then remains: 101.7 — 47.6 — 42.2 —29.3 — 48.6 — 9.6.

In the last column but one of table III the T value of the mineral
particles (Fraction I + I = a) is caleulated per 100 gr fraction I 4- 1L
There is a striking connection between thése latter T values (141 — 76
— 65 — 146 — 88 — 33) and thé ratios of fraction T to fraction II, resp.
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Capacity {T—value) degrea of saturation (V-value)

- exchangeable bases per 100 gr clay
+- humus (caleulated as clay)

in grammes - in milligrammeguivalents
Ca0 | Mg0 | K0 | NaO | Ca0 | Mg0 | KO | NaO [Som=3$
1.636 0.208 | " 0.096 0.180 8.4 | 104 2.0 5.8 76.6
0.923 0.069 0.071 0.012 33.0 3.4 1.5 0.4 38.3
0.482 0.132 0.041 0.010 17.2 6.6 0.9 0.3 26.0
1.384 0.322 0.092 0.028 49.4 16.1 2.0 0.9 68.4.
0.443 0.204 0.074 0.063 15.8 14.7 1.6 2.0 34.1
0.0b6 0.026 0.004 0.030 2.0 1.3 0.1. 1.0 4.4 .
1.102 0.181 _ 0.028 0.006 39.4 6.5 06 | 02 46.7

mE per 100 g oven-dried soil Tovalue of imﬁtioﬁ

(105° C)
adsorbed at total saturation (T) in I+ 11 (=a) L{=h

: calenlated caleulated

. in fraetion |, . | in fraction’ per 100 gr per 100 gr

the humus | ¢ FIl(=a) | D fraction II T-=p |fraction I4-I1| fraction I
3.6 102.9 1.2 woLe | 14 168
16.6 52 2.6 47.6 76 100
26.4 ’ 45.5 3.3 42.2 65 a0
14.0 297 0.4 29.8 146 170
5.2 b50.b 1.9 48.6 88 112
6.7 ) 13.4 3.8 . 9.6 38 72
61.1 60.6 - 34 b7.2 85 121

the percentages of fra,ctlon I of the clay &ubsta.nce (fraction I -- IT), as
ig shown by the following.

Asg the percentage of fraction I increases the T value of the mineral
particles (calculated per 100 gr fraction I + II) rises. This must ob-
viously be the case. The T value depends, at least partly, on the base
binding surface of the soil particles and this base binding surface occurs,
at any rate for the greater part, in the finer particles of fraction I. The
differences in the T values, for instance of samples No. T (141) and
No. IT (76) are, however, t00-great, to be agcribed only to the differences
in the percentages of fraction I of the clay substance (fraction I 4 1I),
viz. 88 and 72. Now the data of table III permit us to calculate the T



Sample I Iv Vv I 111 Vi

ratios fraction I
fraction II
fraction I as per-
centage of frac-
tion I 4+ IT

T value (of frae- ]

0.14 0.18 0.32 0.39 0.50 2.0

88 85 76 72 67 33

tion I + II) per
1066 gr fraction
L1411
Tvalue(of fraction
per 100-gr frac-
tion I

141 146 88 76 6B 33 °

158 170 112 100 90 72

values of fraction I per 100 gr fraction I (see table 111, last column),
which are 158—100—-90-—170-—112—72. From these latter data follows
that the base binding capacity of 100gr fraction T of samples I (158) and IV
(170) is a good deal larger than that of 100 gr of fraction T of samples V
(1123, IT (100) and ITT (90) and of sample VI (72). Not only therefore
do samples T and IV contain more fraction I per 100 gr clay substance,
but this fraction also has a larger base binding capacity. This latter value
finds its expression in the T values of fraction I calculated per 100 gr
fraction 1 (158—100—etc.) (12).

The gix mineral soil samples can be assembled into three groups,
namely: ' '

Sample Iand1v. | v, 1L 10 V1
ratio fraction I : feaction 1T . . ., , , L16- 0.40 2.0
fraction Ton 9 Fraction 14 11 . . . . . 86 72 33
T value (fraction I+ IE} per fraction I + II 144 76 33
T value (fraction I) perfractionI . . . . 164 101 - 72

It follows from the above that the total base binding capacity
(T value) of the mineral scil complex neither calculated per 100 gr
clay substance (fraction I - 1I), nor per 100 gr fraction I, has a general
gignificance. For Dutch soils, which — as far as our investigations show—
have a fairly regular composition of the mineral soil complex, both as
regardy the mechanical and the chemical compogition, this is approxi-
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mately the cage, but thisholds good both for a ealeulation per fraction
I + IT and per fraction I. For practical reasons a calculation per frac-
tion I 4+ IT was chosen; for soils with fairly high percentages of
fraction II (about 60 to 509, of {raction 1 -~ II}, as 88 S VI, this seems
to me more correct even on principle.

Value 8. The 8 values per 100 gr dry soil are between 58.5 and 2.1.
These S values depend on the composition of the base adsorbing soil
complex and on the degree of saturation of this complex with bases.
Table 11T (first part, last half} contains the calculation of the contents
of exchangeable bases and of the S values on clay (4 humus). The
same objections hold good with regard to the 8 values per 100 gr clay
(4 humug) as against the T wvalueg per 100 gr clay {4 humus). The
influence of the degree of saturation on the 8 value is best seen from
the § values of the two Dutch clay soils, which are of the same type.
The young soil No, IT (pH = 7.5), which is well saturated with bases
and contains CaCOg, has an S value (per 100 gr clay) of 38.3, which
is about the normal value for Dutch soils of this type; soil No. IIT
(pH = 5.2), which already gives an acid reaction, has an 8 value = 25.0.
Samples I and IV give the very high S values 76.6 and 68.4 (per 100 gr
clay). These 8 values, which from the point of view of Dufch soils are
high, can be partly explained by the fairly high pH values (8.8 and 8.1),
which will doubtless be connected with the more or lesg arid climate;
but the mechanical, and possibly also the chemical, composition of the
mineral soil complex also no doubt play a part in this. Sample No. VI
gives a fairly strong acid reaction (pH — 4.9) and has the extremely
smali 8 value of 4.4 per 100 gr clay. Such low S values do not occur
in the Netherlands with soils with pH values of about &; here, too,
the mechanical composition of the mineral soil complex (high econtent
of fraetion 1I) probably plays a part. )

Value V. The degree of saturation (value V) expresses the per-
centage of the bases which the soil can bind (T) which are present in,
exchangeable form (8). As far as T can judge at present, this V value
is independent of the mechanical and chemical composition of the
mineral adsorbing complex. The V values range between 556 and 10.
For the Duteh clay soils (sample No. II), which are well saturated °
with bases, a V = 48 ig a normal value; the other type (No. III) gives
an acid reaction (pH = 5.2) and has a V =33, According to Dutch
ideas samples T and IV have fairly high V values (55 and 51); thig will
no doubt be connected with the more or less arid climate,

There must be a connection between the V values and the pH
values. But the nature of the bases also has an effect on the pH.
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if the adsorptively bound. Ca0Q is replaced by Na,O, the pH rises. This
means that-also the relative proportlons of the excha,ngeable hases -
{per 100) plays a role.

Relative proportion of the exchangeable bases. Only
two samples (I and V) contain more than small amounts of exchangeable
Na,O (7.6 -and 5.9). Samples IIT and IV, and especially V, further
contain a good deal of MgO. '

- Relation between 'V and pH. This relation is shown by the
following table:

_ No. 888 VI 111 v I v !
pH ... .. e T 5.2 7.5 75 |. 81 86
Voo | 10 33 28 46 51 55

The high pH value of sample V (7.5), with a V value = 88, can be accoun-
ted for by the fairly high content of Na,O (5.9).

A
d) Table IV. Potentiometric lime titration

The adsorption of lime by potentiometric lime titration was deter-
mined only in the case of the acid samples IlI, VI, and VII. In the
Tirst part of table 1V, columns 2 to 6 inclusive eontain particulars of
the manner in which the investigation was carried out and of the pH
values found on giving the successive doses of lime. Wlth the aid of
these pH values titration curves were plotted, the dose ot lime being
set out on the horizontal axis in mE CaO per 100 gr clay (- humus).
It was then determined where these titration curves and. the pH lines
6.5 -—— 7.0 — 7.5 — 8.0 intersect. In the case of sample III this occurs
with an adsorption of lime of 5.6 —9.4—13.3 —17.1 mE CaO per
100 gr clay (- humus) respectively. These results are mcluded in
table TV, first part, columns 7 to 10 inclusive.

In the second part of table 1V the 8 values in mE per 100 grclay
{4 humus) are first of all repeated. The next 4 columns contain the
sum ‘of these 8 values and the number of mE Ca0O which must be ad-
- gorbed to reach a pH value of 6.5 — 7.0 — 7.6 — 8.0 respectively (thus
in the case of sample III, 25.0 + 5.5 = 30.5; 25.0 + 9.4 = 34.4; etc.).
These figures therefore indicate new S values, -which these soils would
possess if- their pH were 6.5 — 7.0 — 7.5 — 8.0 respectively. It should
be remarked that these pH values were determined with a different -
ratio of goil to water (2.6 — 4.9 — 1.9 — gr soil with 20 cc H,0) from
that for the ordinary pH-determination (10 gr soil with 25 c¢c- ILL0).
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" Table TV

Potentiometric lime titration
T+ T ThE
el £ E: e < o Lime adsorption, in m¥
- Z2e8| 2% AES ! ]
No. | ® :m 21 €@ [cowater| & ;ﬂ g1 (glass- p?;slglg.g)r il:‘yr'e;';}ll‘“?{us
5.88/80 B| 2 2 | added | B E| elec- 5D P
raEl B 8§24 trode)
Hea ]| i g <2
e < 5 &l 65 | 70 | 75 | 80
0 20.0 0 b.66
2.5 17.5 4.8 6.41 ;
IIT { 2.519 6.0 15.0 9.6 7.02 5.5 2.4 13.3 171
1.6 12.5 14.4 7.65
10.0 10.0 19.2 8.27
0 20.0 0 5.16
2.6 116 4.8 6.09 :
VI | 4.933 5.0 15.0 9.6 6.78 7.7 11.3 149 18.2
7.5 12,6 14.4 7.41
100 | 100 | 192 | 816
o {20l o |en
- 1.0 19.0 1.9 .00
"VII | 1.962 2.0 18.0 3.8 1.33 1.9 4.7 1.2
3.0 17.0 " B8 .73
4.0 16.0 7.7 8.09
‘18 in m.E, per| Sum of S andlime ad-  {Tjp m. E. per
No 100 g clay +| sorption in m. E. per 100 gr clay V(= 100 8: T) with
g5 | bumus (ay | 1008 clay+-humus (as | 1 hymus (as apH —
T clay) (see clay) to reach pH = ¢lay) (see o
Table 1I) | 651 70| 75| so| TablelD [ o5 20795 | 80
I 26.0 30.5 | 344 | 383 | 421 76.8 40 45 50 | "5
VI 4.4 12,1 | 167 | 19.3 | 22,6 43.2 28 36 .46 b2
VII - 46,7 -48.6 | 81.4 | 63.9 975 50 b3 55

This causes a certain difference in the pH values. The following remarks

with respect to the new S values may also be made. Sample No. III,
with a pH = 7.6, has an 8 value = 38.3 mE per 100 gr clay (-}- humus),
which happens to be exactly the same S value as is possessed by sample
No. TT, which is of the same type and itself has a pH = 7.5. The 8
values of No. VI and No. VIT differ fairly considerably from those of

Bodenkundliche Forschungen
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No. IIT with the same pH values. The composition of the clay and the
hnmus fractions plays a role here.

With the aid of the T values it is possible to calculate the V values
with the pH values 6.5 —7.0—7.6—8.0. The 8 value of sample
No. III, for ingtance, with pH = 7.6 is 30.5; the T value is 76.8; this
gives V =100 X 80.5: 76.8 = 40 (see table IV, last columns). Since
none of the three soils has more than a small amount of NagO, so that
the nature of the bases has no influence, T had expected practically
equal values here. In the pH region from 7.0 to 8.0 this i3 pretty well
the cage; the differences are not great. Sample No. III has a V = 50
with a pH = 7.5, whilst the same type No. II, which in itself has a
pH = 7.5, shows a V value of 46. This comparatively slight difference
may be caused by a difference in the method of pH determination.
Sample No. VI, with a pH = 8.0, has practically the gsame V-value (52)
a9 samples III and VII. With lower pH values the V-value of No. VI
is lower, and this difference becomes larger according as the pH falls,
The reason for this behaviour is unknown to me.

¢) Table V. Nutrient Elements (N, Py05, K.}

Nitrogen. The content of nitrogen is expressed in grammes per
100 gr dry soil and per 100 gr humus. In the Dutch clay soils, with a
normal humus content (an average of about 6 gr humus per 100 gr
clay = fraction I 4+ II) from 5 to 7 gr nitrogen per 100 gr humus is
found as a rule, 3o that the nitrogen content of the humus, 6.8 and
6.2 gr respectively, found in Nos.IT and ITI, would be normal for Dutch
goils. Not only is the tropical soil No.I absolutely poor in mitrogen
(0.026 9), but the humus also i3 poor in this constituent (3.7). Sample
No. VII, which is rich in humus, contains a high percentage of nitrogen
per 100 gr soil (0,540 9), hut the nitrogen content of the humus (4,8)
is smaller than that of Nos. IT and I1I. In Dutch soils, however, with
a similar humus content, the last menticned value is algo as a rule no
higher. '

Phosphoric acid. The contents of phosphoric acid were deter-
mined by dissolving in 12.5 per cent HNO,, after igniting the soil (the
so-calledl total P,O;) and in 1 per cent citric acid. From this the relative
solubility of the P,0; is calculated (for sample I, that is, 0.048 X 100
:0.141 = 84.0). On these P,0; values Lemmermann’s well-known
limit figures are based, by the aid of which conclusions can to a certain
extent be drawn as to the P,0; requirement of the soil. In eonnection
with this it may be remarked that soil No. IT will be able to yield a
large agricultural crop for at least 200 years, without any phosphoric
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acid fertilization. It should, however, be pointed out that the crops
on the plot in guestion can draw their nutriment from a layer of at
least 1 metre thick, The plot of sample No. IT1 already receives from
time to time a P,0; manuring. Samples I, IV, V, and VI are poorer -
in total P,O; than the two Dutch soils, and this is especially the case
with the soils from Australia and with the Russian Podsol. In No. I
the solubility in citric acid, and therefore algo the relative solubility
of the phosphoric acid, is high; in Nos. V and VI these values are low.
Sample No. VII ig fairly rich in total Py0;, but poor in P,05 soluble
in citric acid, so that the relative solubility is extremely low (only 4.4).
According to Lemmermann’s ideas, soils IIT to VIT inclusive must,
for normal agriculture, require phosphoric acid.

Potassium. Two potassium contents were determined, viz.
soluble in 5 per ¢ent hydrochloric acid at boiling point and in 0.1 normal
hydrochloric acid at room temperafure. By the former method only
part of the potassinm dissolves out of the weathering silicate; when
boiled with 25 %, hydrochloric acid a good deal more potassium is dis-
gsolved. The contents of potassium determined by both methods are
expressed in gr per 100 gr dry soil, per 100 gr clay (particles smaller

_ than 16 micra) and per 100 gr fraction I (particles smaller than

2 micra). From these figures — in as far as the potassium soluble in
59, hydrochloric acid is concerned — it can be concluded that
sample No. VI is8 poor in potassium. Calculated as percentages of
fraction I, the difference from the other samples, however, is not
go large. The potassium figures (5 % HCI), calculated per 100 gr clay
(fraction I + II) and per 100 gr fraction [, of No.- IV and V are very
high (2,15 and 1.54). The content of potassium soluble in 59, hydro-
chloric acid is determined in order to obtain a -gemeral impresgion as
to the content of potassium; conclusions with regard to the potassium
requirement of the soil are not, however, drawn from these figures.
Advice as to fertilization is based by the Bedrijfsiaboratorium voor
Grondonderzoel, Groningen, on the confent of potagsium soluble in
0.1 normal hydrochloric acid. Definite norms for this have, however,
not been fixed.

The Hague (Holland), Novemher-December 1939.
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. Bepaling van het uitwisselbare magnesium, kalizm en natrium in den grond

volgens nienw (degepaste analyse-methoden, door Dr. Jac. van der Spek
en M, Dekker, Verslagen Landb. Onderzoekingen, No. 44 (13) B.

. 8ee my paper in the Transactions of the First Commission of the Int. Soe.

of Boil Science, Bangor, Vol. A, 1938, p. 7—13 (see § 4, p. 11—12),

. Because of the negative adsorption less CI is found by greater dilution (0,073 gr

C1 by a concentration of 1200 ce H,0 per 100 gr soil against 0,079 gr Cl by a
concenftration of 34,2 cc H,O per 100 gr soil). For 80, was, however, found
0,142 against 0,116, This latter figure cannot be correct. Probably not all
the 80, (CaS0,, Mg80,) has gone into solution by the concentration of 34,2 ee
H,O per 100 gr soil.

. See further my paper in Soil Research, Volume T {1928}, No. 1, p. 33—34.
. Soil Research, Volume I {1928), No. 1. Tho figure (170) given on p. 25—26

is not caleulated correctly, viz. without taking the adsorption of the clay
substance into account; the correct figure is 193 (100000: 193 = 519).
This figure is taken from table IV, p. 50—51 of Soil Research Volume V
(1936), No. 1: Der mineralische Bodenkomplex.

It would be interesting to know the reason of the differences in the base
binding capacity (T values} of fraction I per 100 gr fraction I. Is this only
a queation of the base binding surface, or do the chemical and mineralogical
composition of this surface play a role also? For thig reasen it would be
ingtructive to determine the surface of the particles of fraction T of the gix
soil samples. If the soil particles were massive spheres, it would he possible
to estimate this surface accurately. The soil particles are, however, of more
or less fantastic shapes, and presumably also have hollows and cracke and
fissures, 5o that the surface can be determined only approximately. For a
few Dutch soile we have tried fio do this; see Soil Research, Volume V {1936)s
p- 30-—32. Furthermore Dr.8.B. Hooghoudt, Verslagen van Landbouwk.
Onderzoekingen, No. 41, B, (1935}, p. 589--815.



