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S T E L L I N G E N 

I 

Uit theoretische en practische overwegingen is het gewenscht 
de gebruikelijke bepaling van de ,,totale adsorptie capaeiteit" (T) 
van de grond, volgens HISSIMK, te vervangen door de bepaling 
van de adsorptie capaciteit met een bufferoplossing van p H 6.5. 

HISSINK, Versl. Landb.k. Onderz. R. L. P., SO, 115(1925); 
NIKOLSKY, Pedology, 2, 180 (1934). 

I I 
Voor de bepaling van de eolloidale bodembestanddeelen is de 

methode VAN BEMMELEN-HISSINK onbruikbaar. 
Verh. I If en Komra. d. Intern. Bod. k. Ges. Budapest, A, 
% (1929). 

I l l 
De methode NEUBAUER geeft geen uitkomst omtrent de kali-

behoefte van de grond, daar zij geen rekening houdt met de ionen-
bezetting van het adsorptie-complex. 

NEUBAUER, Handb. d. Pfl. Ernahr. u. Diing. Lehre, Honcamp, 
1, 882 (W31). 

I V 
De resultaten van adsorptie-proeven met permutieten en zeolie-

ten zijn niet algemeen geldend voor de adsorptie-verschijnselen 
aan klei. 

V 
De adsorptie-verscMjnselen in de Nederlandsche kleigronden 

worden voornamelijk veroorzaakt door de verweeringsproducten 
der in de kleifractie aanwezige mineralen. 

V I 
He t is principieel onjuist aan een stof een van het oplosmiddel 

onafhankelijke „speci£ieke" adsorptie-affiniteit toe te kennen. 
LUNDELIUS, Koll. Ztschr. 26, 145 (1920). 
HEINE und POLANYI, Ztschr. I physik. Chem. 132, 384 (1928). 
BERGER, Rec. d. Trav. Cbim. 50, 377 (1931). 



V I I 
Uit de experimenten van LANGENBECK en BALTES kan niet worden 

afgeleid, dat bun esterase-model: benzoyl-methanol, inderdaad 
katalytiscli werkt bij de verzeeping van methyl-butyraat. 

LANGENBECK und BALTES, Ber. 67, 387 (1034). 

V I I I 
D e vetbepaling, in bet bizonder in dierlijke producten, behoort 

«—• in tegenstelling met de meening van de Redactie van de Che-
miker Zeitung •—• te worden uitgevoerd volgens de gewijzigde 
methode Berntrop. 

Chem. Zeit. 57, 363 (1933). 

I X 
Verbetering van de bodemstructuur is de belangrijkste maatregel 

ter bestrijding van de Tarwehalmdooder (Ophiobolus graminis 
Sacc) . 

X 
De bloemkleur heeft voor de voedselzoekende honingbij (Apis 

mellifica) geen primaire beteekenis; zij kan slechts dienen als 
herkenningsteeken. 

XI 
Het niet-bloeien van „korte-dag-planten" (GARNER en ALLARD), 

in noordelijke streken, wordt niet veroorzaakt door te lange dagen, 
maar door te korte nachten. 

X I I 
D e natuurlijke dag-en-nacht afwisseling is voor de levensver-

richtingen van de plant niet noodzakelijk. 

XIII 
De discontinue pH-bepaling van bietsuikersappen met behulp 

van de electrode van VAN DAM., is in de suikerfabrieage te pre-
fereeren boven de continue pH-bepaling met de H2-electrode. 

VAN OOET, Automafisclie pH-bepaling in de suikerfabrieage 
(1930). 



Bij de voleinding van mijn studie aan de Landbouwhoogeschool 
met de publicatie van dit werkstuk, biedt zich de welkome gele-
genheid mijn dank te betuigen aan alien, die tot mijn wetenschap-
pelijke vorming hebben bijgedragen. 

Meer in bet bizonder richt ik mij daarbij tot U, hooggeleerde 
HUDIG, hooggeachte promoter, die •—' mede door Uwe hooge in-
teresse in dit onderzoek — mij Uwe wetenschappelijke steun, 
in ruime mate, Lebt willen geven. Uwe critische medewerking, die 
ik gedurende bet geheele onderzoek mocht ondervinden, wordt 
door mij op hoogen prijs gesteld. 

Hooggeleerde ABERSOM : Gij waar t het, die mij de eerste beginse-
len der Bodemkunde hebt bijgebracht waaruit zich mijne belang-
stelling voor deze wetenschap ontwikkelde; Uwe colleges zullen 
mij steeds in aangename herinnering blijven. 

Hooggeleerde EDELMAN : D e geanlmeerde gedachtenwisseling 
waartoe U mij herhaaldelijk in de gelegenheid stelde was mij bij de 
samenstelling van dit proefschrift van hooge waarde. Ik ben U 
ook grooten dank verschuldigd voor Uwe bijdrage tot dit onder­
zoek betreffende de mineralogische analyse van de zandfracties 
van de door mij onderzochte gronden. 

He t was mij een aangename taak, hooggeleerde OLIVIER, als 
college-assistent op U w laboratorium werkzaam te zijn, gedu­
rende de jaren, die ik voor de bewerking van mijn dissertatie be-
hoefde. U, en ook U, zeergeleerde BERGER, breng ik gaarne dank 
voor Uwe voortdurende belangstelling voor mijne experimenten. 

Hooggeleerde VAN UVEN : Voorzoover mijn wiskunde-kennis te-
kort schoot waar t Gij zoo bereidwillig de oppervlakteberekening 
van de kleifracties der gronden nit te voeren; ik ben U daar zeer 
erkentelijk voor. 

Groote waardeering heb ik voor Uwe medewerking, collega 
SCHUFFELEN, die U ten alien tijde beijverde mij Uwe vriendschap-



pelijke assisfenlie te verleenen en met mij medeleefde in de uit-
slagen van mijne onderzoekingen. 

Den Heeren: M . M . H . EVERS, cand. Li., die de ,,analoge onder­
zoekingen aan mineralen" uitvoerde en J. P . PLANJE, cand. Li., 
die de analysen volgens de methode Van Bemmelen-Hissink 
verrichtte, breng ik voor hunne loewijding mijn oprechten dank. 

Ten slotte dank ik het personeel van het Landbouwscheikundig 
Laboratorium voor de betoonde hulpvaardigheid. 



I . I N T R O D U C T I O N A N D P U R P O S E 

In 1819 GAZZERI discovered that dungwater was decolourised by 
clay *), a fact that afterwards appeared to be of fundamental sig­
nificance for the knowledge of soil processes. 

In 1850, the fixation of chemically defined substances was esta­
blished by HUXTABLE and by THOMSON and SPENCE

 2) and in the 
following years J. THOMAS W A Y 3 ) published the scientific basis 
of the exchange-reactions of the soil. 

W A Y discovered that when clay was treated with a solution of 
a neutral salt only the cation of the salt was fixed up to a certain 
quantity, whereas the anion was found again quantitatively in 
the filtrate of the suspension. Instead of the cations which had 
disappeared out of the electrolyte-solution, an equivalent quantity 
of the cations of the clay was yielded to the filtrate. 

W A Y ascribed this exchange-reaction, which he distinguished 
from ,,physical adsorption", because not the whole of the salt-
molecule but only the cation reacted, to the water-containing 
double-silicates present in the soil. The exchange-reaction was 
characterized by: little influence of temperature, a quick attain­
ment of equilibrium, and the quantity of the cations of the electro­
lyte-solution exchanging with those of the clay, being a compli­
cated function of the concentration of the electrolyte-solution: 
from a more-concentrated solution relatively less was bound than 
from a more dilute one. 

The conclusions of W A Y , being opposed to the chemical insights 
holding good a t that time, were called into question by J. VON 
.LIEBIG. H e saw the phenomenon as a pure physical surface-

2 Cited from HEIDEN, Laiidw. Versuchsstat. 57 (1873). 
) Cited from WIEGNER, Journ. fup Landwsch., 60, 111 (1912). 

(1854) OMAS Y' J o u r a* oithe R°y- S o c - o f En5l-» 1 1 ' 3 1 3 (1850); 13,123 (1852); 15,491 
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attraction. The experiments of W A Y however had roused interest 
for this important soil-property and a great number of investiga­
tors coming after him e.g.: BRUSTLEIN, PETERS, HENNEBERG and 
STOHMANN, HEIDEN *) and MULDER

 2) affirmed and extended his 
experiments. 
About 1880 J. M . VAN BEMMELEN succeeded by means of the 

newer theories of chemistry and colloid-chemistry in locating and 
explaining the exchange-reactions of the soil 3). He ascribed the 
exchange-reaction to amorphous complexes of alumina-(iron-) and 
silica with varying quantities of -water and bases, which were 
supposed to be present in the soil in a colloidal state. These so-
called „adsorption-compounds according to VAN BEMMELEN" a re 
therefore not to be understood as constant chemical compounds, 
but as mixtures of aluminium-hydroxide and iron-hydroxide with 
silica. They originate in the soil by mutual adsorption of the com­
ponents in the colloidal state and are capable of absorbing crys­
talloids which in their turn can be chemically substituted by 
others. 
W i t h regard to the equivalent ion-exchange these soil-particles 

resemble the crystalline zeolites, water-containing double-sili­
cates; so, in analogy with these compounds, the Al-Fe-Si-
complex of the soil is wrongly called: the , ,zeolitic" soil-complex. 
The structure of these zeolites however differs greatly from that 
of the soil-colloids 4) with the result that the exchange-reaction 
also differs essentially from that of clay. 

The exchange-reaction was studied especially on so-called per-
mutites which according to W IEGNER

 5), STREMME
 6), MATTSON

 7) 
etc. a re to be looked on as artificial mixed-gels of silica, alumina, 
bases and water in variable proportions 8). From, the experiments 
of W IEGNER the exchange-reaction in permutites appears to be a 

*) J. M. VAN BEMMELEN, Landw. Versuchsstat. 21,136 (1878). (Uebersicht der fruheren Ver-
suchen). 

2) G. J. MULDER, D e scheikunde der bouwbare aarde r 2, 47 (1860). 
s ) J. M . VAN BEMMELEN, Landw. Veraucbsstat., 2 1 , 135 (1878); 23, 2§S (1879); 36, §9 

(1888); 37, 79,347(1890). 
4) N . CEENESCU, Kationenumtausch und Struktur. Diss. Zurich, 83 (1933). 
*) G. WIEGMER, Boden mid Bodenbildung, 39 (1929). 
•) H . STREMME, Zenir. Bit. f. Min. Gcol. u. Paleont., 622, §§1 (1908). 
7) S. MATTSON, Soil Sci., 25, 289 (1929). 
8) According to R. GAMSSEN, H . HAPPEN, K. UTESCHEE, etc. these compounds are to be 

looked on as ,,AlumiImt-SiIikate,', i.e. as chemical compounds. The exchange-reaction should 
be a real chemical-one. G. WIEGNER however has sufficiently refuted this conception. The con­
troversy between these opponents may be found in: Zentr. Bit. f. Min. Geol. u. Paleont.,, 
#99 (1913), 262 (1914), 273 (1914), 299 (1914). 
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ion-reaction, which takes place under chemical and physical 
influences 1) . 

I t is possible to explain the reaction as a physical phenomenon 
in so far that it corresponds to an adsorption-reaction according 
to FREUNDLICH, i.e. there is a low negative temperature-coefficient, 
a quick attainment of equilibrium and also with regard to the 
quantitative concentration-proportions. On the other hand the 
equivalence of the exchange however indicates an analogy with 
the chemical reaction. 2) 

WIEGNER.
 3) is of opinion that the adsorption-reactions in the 

soil are caused by gels which resemble these permutites. 
GEDROIZ

 4) also considers the exchange-reaction as a physico-che­
mical reaction because it is made possible on the one hand by the 
existence of the surface-energy, while on the other hand the cations 
of the soil-solution are at tracted by the surfaces of the negatively 
charged colloidal particles of the soil, after which the chemical 
reaction occurs because these cations react by exchange with 
those of the existing surface-molecules of the clay. W i t h regard 
to the colloidal part of the soil he develops the idea that it consists 
of two compounds different in origin and s tructure: , ,Das Ergebnis 
der Einwirkung atmospharischer und biologischer Agenzien auf die 
in Boden vorhandenen Mineralien sind einerseits einfache mine-
ralische Verbindungen in kolloider Zerteilung, anderseits zugleich 
kolloide Verwitterungsreste verwickelter Zusammensetzung." 

Besides this complex-formation by decomposition he also expects 
a synthesis out of the free colloids S i 0 2 , A l 2 O s and Fe 2 O s , ori­
ginating in the weathering by mutual coagulation. According to 
him, however, this new complex-formation should not be under­
stood to be a simple gel-mixture, but an adsorption-compound 5) . 

l ) The studies on permutites appear to be of a great importance, especially with regard to 
the knowledge of the mechanism of ion-exchange. 

f) G. WIEGNER, Journ. f. Ldwsch., §0, 221, (1922). WIEGNER has the following idea of the 
reaction: , ,Dasz eine Adsorption von lonen und zwar von Kationen vorliegt, die aus elektro-
statischen Ursachen unter Verdrangung einer Menge aquivalenter Kationen aus dem Gel der 
sogenannten Aluminium-Kieselsaure verlauft." 

s ) G. WIEGNER, Boden und Bodenbildung, 42 (1929), „Die praktische Wirkung des s.g. 
Basenaustausches ist die, dasz die mit Basen gesattigten gemengten Gele von Aluminiumhy-
droxid und Kieselsaure, die einen groszen Teil unserer Tone bilden, NH r ka t i o n und K-kation 

5\ w w ^mmm* D i e Lelire ?om Adsorptionsvermogen der Boden, 405 etc. (1931). 
• t u rGf°mm> l o c - cit. says: „Die so entstehenden Neubildungen sind aber nicht als 

einiaches Gelgemisch anzusehen, denn bier, wie bei anderen Kolloidreaktionen, liegt im Grande 
eine chemische Reaktion VOPf M o s z da sie nur zwischen den Molekeln an der Oberflache der 
Kolloidteilchen stattfindet und auszerdem lediglich an den Beruhrungsstellen so konnen hier 
keine stochiometrische Verhaltnisse fmr die gesammte Teilchenmasse bestehen." 

11 



Whereas , according to WIEGNER, STREMME, MATTSON, GEDROIZ 

and also HISSINK *), STEBUTT
 2) the compounds causing the ex­

change-reactions in the soil are essentially identical with the 
,,absorption-compounds according to VAN BEMMELEN", GEDROIZ 

sees the necessity of the existence of more complicated, colloidal 
weathering-residues being formed because a t the time of the wea­
thering, not only final products S iO s , A1 20 3 and F e 2 0 3 , but also 
complexes of silicate-molecules have been dissociated from the 
surfaces of the minerals. 3) 

Finally it is accepted by a number of American investigators on 
the basis of rontgenographic analysis that the clay-fraction con­
sists principally of ,,crystalline compounds". Ross4) , HENDRICKS 

and FRY
 5), KELLEY, DORE and BROWN

 6) therefore suggest the 
existence of special , ,clay-minerals" such as montmorillonite, 
bentonite, halloysite and beidellite, which must be of secondary 
origin, because they are not present in the crystalline rocks. Ac­
cording to their opinions these minerals are frequently found in 
the clay-fractions of different soils and ROBINSON

 7) therefore 
considers that the valid hypothesis of the composition of the clay 
out of ,,absorption-compounds according to VAN BEMMELEN" 

should make place for the conception of the adsorption-complex 
being composed of some minerals of a definite crystalline struc­
ture. 

SCHLUNZ
 8), who submitted the different fractions > 1 /i of a 

diluvial and of a tertiary clay to a mineralogical- and chemical-
analysis, found going in the direction of the smaller fractions, a 
decrease in the contents of quartz and feldspath, on the contrary 
an increase inmuscovite. From the diluvial clay 65 % and from the 
tertiary only 26°/0 was > 1/i. From the chemical composition 
of the fraction < 1 ft he deduced that the mineralogical compo-

») D . J. HISSINK, Landw. Versuchsstat., 81 . 377 (1913). 
2) A . STEBUTT, Lehrb. der algem. Bod. k, 211 (1930). 
8) K. K. GEDROIZ, D i e Lehre vom Adsorptionsvermdgen der Bdden 403 (1931): „Es besteht 

kein Grand die Moglichkeit auszuschlieszen das Teilchen kolloider Groszenordnung bei der 
Verwit terui ig der Alumino-Silikate, namentlxch aus den Verwitterungsprodukten entstehen: 
Irgend ein Mineral das an der Oberflache der vereinfen Wi rkung verschiedener Verwit te-
rungsfaktoren ausgesetzt ist, kann einerseifs einfaches S i 0 2 , A 1 2 0 3 und F e 2 0 3 , anderseits feine 
Teilchen verwickelferer Zusammensetzung von seiner Oberflache abspalten." 

«) C . Ross, Proc. 1st In tern. Congr. Soil Sci., 551 (1928). 
5) S. HENDRICKS and W . FRY , Soil. Sci. . 29 , 457 (1930). 
•) P . KELLEY, W . DORE and S. BROWN, Soil Sci., 3 1 , 25 (1931). 
7) G. W . ROBINSON, Soils, Their Origin, Constitution and Classification, 89 (1932). 
8) E . SCHLUNZ, Chemie der Erde, 8, 167 (1933). 
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sition of this fraction probably corresponded to that of the frac­
tions > 1 ju, except that muscovite would be replaced at least 
partly, by another muscovite-like mineral: in the tert iary clay 
however, below 1 //, colloids should prevail which could be partly 
amorphous. 

By pedologists, it is generally accepted that the adsorption-
phenomena of the soil are practically limited to the clay-fraction. 

In the European classification, the soil-parts with a diameter 
< 10 ju belong to the clay-fraction *), whereas the American scale 
puts the limit a t 2 a. 

Whi le contradictory opinions exist as to the structure of the 
clay-fraction, this fraction is generally taken as a unit with re­
gard to the exchange-reaction: STEBUTT

 2) assigns the soil-particles 
< 10 /t to the clay-fraction; GEDROIZ

 3) calls the sum of the par­
ticles with a distinctly expressed exchange capacity: the adsorp­
tion-complex. He puts the limit between clay and sand at 0,25 //; 
according to ROBINSON

 4) the clay-fraction is identical with the 
weathering-complex, excepting only those soils that have been 
formed chiefly under physical influences. 

VAN BEMMELEN
 5) however distinguished in the soil one part 

which is soluble in HC1 and another which is soluble in H 2 S 0 4 , of 
which, according to him, only the par t soluble in HC1 accounts 

1) K. K. GEDROIZ, D i e Lehre vom Adsorptionsvermogen der Bdden, 413 (1929). „Bs darf 
demnach festgestellt werden dasz das Austauschvermogen des Bodens hauptsachlich der 
Schlammfraktion zukommf, dasz die Bedeutung der iibrigen Fraktionen fur die physiko-chemi-
sche Adsorption sehr klein ist, und dasz in Fraktionen > 5/4 ein Kationen-Austausch iiber-
haupt fehlt ." 

P . PRILLWJTZ, D e invloedvan den Basentoestand van den grond op de ontwikkeling van de 
Theeplant. D i s s . Wageningen, 34 (1932): H e found that for vulcanic tuff-soils the fractions 
up to 500 fA still showed important adsorption capacities. This proved that these fractions for 
the greater par t consisted of aggregates ( , ,pseudo-zand"). 

M . ANDERSON, W . FRY, P . G ILE , H . MIDDLETON and W . ROBINSON, U . S. Dept . Agr. Bull. 
1122 (1922) stated that a t the utmost 5 % of the total adsorption capacity is caused b j par ts 
> 1 [A (muscovite- and biotite-soils excepted). 

2) A . STEBUTT, Lehrb. der Alg. Bod. k , 65, 67 (1930). „ W i r wissen dasz es (Ton) Be-
standteile < 10/ i sind. Ton ist eine chemische Neuschopfung des Bodens. Ton ist das Proto-
plasma des Bodenorganismus. D ie Tonteilchen besitzen folgende fur die Bodenbildung wich-
tige Eigenschaften: Bildsamkeit und Verwitterungsvermogen, Dispersions-, Quellungs-, Ad­
sorptions- und Substitutions-Fahigkeit. 

J) K . K . GEDROIZ, D i e Lehre v. Ads. verm. d. B . , 411 (1931). 
) G . ROBINSON, Soils, e tc . pag. 73 . „ I n other words can we assume that the elay-fraction 

contains all the chemically reactive colloidal inorganic material of the soil and that this is 
W V 1 Wlth th& fracfion w « i c h has resulted from the chemical weathering of mineral silicates? 
Wh i l s t we cannot assume the complete identity of these groups, there is probably no great 
error for ordinary soils in the assumption." 

) J. M . VAN BEMMELEN, Z tschr . f. anorg. Chemie, 4 2 , 287 (1904). „ D a s sogenannten Ab-
sorphonsvermogen des Bodens kommt denselben (das in verdunten Sauren loslichen Teil des 
Verwitterungssilikat) in erster Stelle zu ." 
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for the exchange-reactions in the soil. Besides MULDER *) had said 
earlier that only the part soluble in HC1 was of importance as 
regards the vegetation. A further differentiation of the clay-
fraction into a part soluble in HC1 and into a par t that is not 
soluble in HC1 appears to be necessary. After that it still remains 
possible that only a part of the compounds, that a re soluble in 
HC1 and which are present in the clay-fraction, is related to the 
exchange-reaction. 
I t is namely accepted by GEDROIZ

 2), HISSIMK
 3) VAN DER SPEK

 4), 
CERNESCU

 5), etc. that the exchange-reactions take place a t the 
surfaces of the clay-particles so that a very great percentage of 
weight of the clay-fraction should not contribute to the adsorption 
of the soil. From the point of view however tha t the inorganic 
adsorption-complex, viz. that par t of the clay that is responsible 
for the exchange-reaction, consists only of permutite-like mate­
rials, it is necessary to accept this exchange as a process that is 
carried out throughout the -whole substance. 
In permutites as -well as in zeolites all cations can be exchanged 

equivalently, because they all are in direct contact with the 
surrounding electrolyte-solution. CERNESCU

 6) expresses himself 
in the following manner regarding the place which is occupied by 
the cations in permutites and zeolites: „D i e Kationen liegen im 
Permutit wie in den natiirlichen Zeolithen an den Wanden der 
verschiedenen Poren. In diese Poren konnen die eintauschenden 
Kationen eindringen und die Kationen des Permutits umtauschen". 
As to the clay-colloids, however, he proves that the exchange-
reaction is limited to an exterior surface. This result therefore 
only could agree with the older view of the adsorption-complex 
if the surface layer of the clay-particles possessed a permutoid-
structure7) . 

L) G. MULDER, D e scheikunde der bouwbare aarde, 4, 30§ (1860). 
J) K. K. GEDROIZ, loc. cit., 400, 408 (1929). 
J) D . HISSINK, Intern. Mitt . f. Bod. k.f 12# 81 (1922). 
l) J. VAN DER SPEK, Versl. Ldbk. Ondera. R . L. P. , 27, 162 (1922). 
"*) N . CEENESCU, Kationenumtausch und Struktur, 20 (1933). 
l) N . CEENESCU, loc. cit. 20 and 85. 
?) Formely WIEGNEE was of the opinion that the clay-colloids possessed an enormous inte­

rior surface and the exchange-reactions would be carried out on these interior surfaces in the 
same way as on the exterior surfaces (Cited from R. BEABFIELD, Joum. of Amer. Soc. of Asron. 
17,262 (1925). 

However, after the investigations of his pupil CEENESCU, WIEGNEE changed his older point 
of view and agreed with the idea that the exchange-reaction of clays was limited to the surface 
of the clay-colloids (G. WIEGNEE, I X Congr. Intern, de Quim. Pur. y Aplic. (1934) Madrid). 

See also: P . SZIGEII, Koll. Be ik , 38, 100 (1933). 
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