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PREFACE.

The publication of the Proceedings of the First Commission of (he
International Society of Soil Science, held at Versailles, July 2-5.
1934, has been undertaken by the French Organising Committee.
Towards the expense of such publication the International Society
has made a grant in order that the volume may be distributed gratis
to all members. The greater part of the cost, however, is borne by
the French Organising Committee, who have thereby added to the
great debt of gratitude which the Society owes them for the admirable
arrangements which were made for the meetings at Versailles and
for the memorable excursions and enterfainments during and after
the Gonference. =

My cordial thanks, as President of the First Commission, are due
to Dr. Demolon. Through him the meeting at Versailles was first arran-
ged. By this continued help and counsel the programme was carried
to a successful completion. 1 wish to associate with Dr. Demolon, in
my expressions of thanks, MM. Rey, Burgevin, Duriau, and the other
colleagues at the Centre who gave such ready help.

Special thanks are due to MM. Raymond Berr and Lenglen who were
responsible for the admirable organisation of the material and social
side of the Conference. Finally, the generosity of the Société Com-
merciale des Potasses d’Alsace is gratefully remembered.  With them
the names of MM. De Retz and Bruno are associated in happy recollec-
tion of the excursion in Alsace.

G. W. Romxsson,
Président de la premiére Commission.
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PROGRAMME.

14 heures. ﬂ&u:}:tiun ol insm‘ilrliun tles ]mrsmnmﬂi{ls. Réunion
du Bureau.

1 heures. Séance ;:réparatuir{*.

i h. 3o. Ouverture officielle. Discours de : 15 M. Préaud.
Délégué du Ministre, Directeur du Génie rural; «° Sir E. J.
Russell, Président de 'Association; 3° DT D. J. Hissink.
Président adjoint et secrétaire général de ['Association;
4° Prof. G, W. Robinson, Président de la Premibére Commis-
sion; 5° Autres délégués étrangers.

16 h. 3o. Thé d’honneur. Visite du Centre.

g h. 45. Séanee de travail. Contributions et discussions sur
l'analyse méeanicque.

14 h. 3o. Séance de travail, Contributions et discussions sur la

structure du sol el snjets divers.

g h. 45, Séance de travail. Contributions el discussions sur
Phumidité du sol, la température du sol et sujets divers.

14 heures. Excursion dans la vallée de la Seine, dirigée par
M. H. Richard, ingénieur agronome. Visite du puits arté-
sien et des machines élévatoires de Bougival, des champi-
gnonniéres et des cultures maraichéres irrignées de la vallée
de la Seine.

oo heures. Diner sur la terrasse de Saint-Germain.

g h. 3o. Visite du centre d'expérimentation de la Région du
Nord sous la conduite de M. le prof. Bretigniére, Directeur.
Visite de I'Ecole nationale d’Agriculture de Grignon. Récep-
tion par M. Bonafé, Directeur.

13 h. 3o. Séance de clbture. Résolutions. Discours d'Ober-
baurat Fauser, D* D. J. Hissink, prof. G.W. Robinson.
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15 h. A5. Départ pour V'excursion d'Alsace, organisée par
M. A. Bruno, Directeur des Services scientifiques et agricoles
de 1a Société commerciale des potasses d’Alsace.

Yesoreo: 6 Jonier,

Matin. — 8 heures. Réception par M. de Retz, Directeur Général. Visile
des Mines domaniales de potasse, Examen des loess d'Alsace
el des paléosols sous la conduite de MM. Bruno et Frane de
Ferriére.

13 heures. Déjeuner aux Trois Epis.
t4 heures. Excursion dans les Vosges.

Seir. — a0 heupes, Diner & Mulhouse offert par les mines de potasse.

Sament 7 Juier,
Matin, — 8 heures. Visite de la Plaine d'Alsace, Colmar, Strasbourg
(déjeuner).

Soir. — 14 heures. Visite aux laboratoires de Boussingault (Pechel-
bronn et Liebfranenberg) sous la conduite de M. A. Bruno
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THE DISPERSION OF SOILS
IN MECHANICAL ANALYSIS,
G. W. ROBINSON,

UNIVERSITY COLLEGE, BANGOR, N. WALES.

Co-operative work on dispersion was begun before the international
Soil Conference at Rome i 1924 (1 ), on the initiative of Dr. Hissink, Since
then, two schemes of co-operative work have been carried through, and were
discussed at Rothamsted in 1926 (2), and at Leningrad in 1930 (3), respec-
tively. The problem has assumed larger proportions through the extension
of the work to divers soil types and through the development of new methods
of dispersion.

At Rothamsted in 1926, it was decided to recognise two types of analysis,
namely, the A-method in which the aim should be to secure dispersion into
the prime particle structure, and the B-method in which, using a less rigorous
dispersion, an approximation to the natural structure was to be secured. The
former method appeared necessary for purely scientific purposes, whilst the
latter method seemed more suitable as a basis for technical advice.

In the present report, attention will be directed principally to the A-method.
In this method as preseribed by the Rothamsted meeting and confirmed at
Washington in 1927, dispersion is effected by treating with 6 o/o hydrogen
peroxide to destroy humus, and with hydrochloric acid to decompose carbo-
nates and liberate exchangeable bases, washing to remove soluble matter, and
dispersing in ammoniacal water with shaking.

It was found that the International A-method was not entirely satisfactory
for certain types of soils, notably certain gypseous and alluvial soils of the
Sudan. Further, alternative methods of dispersion, not involving the removal
of carbonates and humus were proposed. Consequently, at the Prague
meeting of the Ist, Commission in 1gag, it was resolved to institute a further
scheme of co-operative work, the results of which were to be considered at the
and International Congress of 1930, in Russia. A wider range of soils than
in the earlier schemes was used and the suggested methods included, in addi-
tion to the A and B methods, the Sudan method (decantation with dilute
sodinm carbonate after puddling), the Puri method (using the sodium-
soil), an the Sokolovski method (using the ammonium-soil).

The data obtained were discussed at Leningrad in 1930 in a report presen-
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ted by Dr. V. Novak(3). It was, of course, impossible to make a strict compa-
rison between the A-method and the other methods since these did not involve
the removal of carbonates and humus. Further, whilst some institutions used
the pipette method of analysis, others used sedimentation. Certain general
conclusions appeared justifiable.

In general, the highest results were given by the A-method with decanta-
tion analysis. Where the pipette technique was used, unsatisfactory results
were obtained with two soils, one a gypseous soil and the other an alluvial soil
from the Sudan. The agreement between results from different institutes
was not so satisfactory as might have been expected, even when the same tech-
nique was employed. Considering the results for individual soils, decanta-
tion analyses showed closer agreement than pipette analysis, probably owing
to incomplete elimination of electrolytes in the preliminary treatment for the
latter method. The results by the B-method were generally lower, but this
was to be expected since complete dispersion was not sought.

No actual plans for future work were made at Leningrad. Although the
International A-method had not proved completely satisfactory it was thought
desirable to retain it as a provisional method. The opinion was expressed
that it might prove impossible to devise a method which would be satisfac-
tory for all soils. The need for further work was emphasised.

The International A-method is by no means universally adopted, even by
those workers who aim at complete dispersion. In Great Britain and in the
greater part of the British Empire, however, the method is, with some modifi-
cations, in general use,

Shortly before the Leningrad Congress in 1930 the question of dispersion
in mechanical analysis was raised by the Imperial Bureau of Soil Science and
arrangements were made for an investigation of methods overa large range of
soils from all parts of the British Empire. Representative soils from other
countries were also obtained for comparison : One hundred and eighteen
samples — including, 2o far as possible, every type of soil likely to occur —
were examined. The results are published in Technical Communication No.
26 of the Imperial Bureau of Soil Science(4).

Preliminary experiments had shown the superior efficiency of sodium
hydroxide over ammonia as a dispersing agent, It was decided to adopt as
the criterion of complete dispersion the amount of clay obtainable by decanta-
tion following dispersion by H*0%-HCI-NaOH. In the first series of experi-
ments the following methods were used.

A. International Method-A. Pipette Analysis.

B. International A-Method. NaOH substituted for ammonia. Piputte
analysis.
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(. Sudan Method. Decantation.
D). Puri method. Pipette.
E. International-A. NaOH modification. Decantation,

The following results were obtained with 10 soils, 6 of which belonged to
the series nsed for the co-operative work of commission I mentioned above.

PERCENTAGE CLAY = 0.002 mm,
DRGANIC BY METHOD
SO1L. o
CARBOX. |=
i . o D K

RondSnaBroo . i s o e iaa 1.76 | 66.5 (5.5 63.60 | G6.5 4.9
Mluviom-Brno . ..., .0000 cieanan 083 [ 30.7 32.4 33.00' | 41.25 | 3235
Hxik-ﬁudﬂpasﬂﬂ ................... 1.66 | 43.55 7.70 | 32.4 379 37.9
Podsol-Zagreb .. ........coo00en | 236 | 83135 325 | 2700 | 2586 | 42,06
Kharbum=Gesme. .o e 041 | BL.0-T 66.15 | 623 . 9.5
Mluvial-Kassala. . ... covvivinanicis 0.75 | 36.2=| 53.7 | bb.65 | HO.1 b B
Bed: Loam-Matal. .. oo ag i 540 | 64.85 | GB.B5 | BT.6 21.25- 65.8
Brown Earth-Anglesey .. ..., ... o0e. 427 | 33.35 | 35.25 | 20.9 18.8 -] 33.9
Brown Earth-Casrnnevon . ... ....... 6,748 | 2205 | 22.40 | 14.0 4.7 =1 22,86
Brown Earth-Glamorgan .. ..., 11.87 | 2000 | 211 6.1 a6 | 21.8

It was evident that the Puri’and Sudan methods failed badly with soils con-
taining much organic matter. On the other hand the International A-Method
with the substitution of sodium hydroxide (0,008 N) for ammonia appeared
to give complete dispersion, even with the pipette method. It was also found
that a much shorter shaking period could be used.

A large series of comparisons was therefore carried out on all available soils,
the three methods used being International-A, with pipette sampling, Inter-
national-A, NaOH modification, with pipette sampling, International A-me-
thod with sedimentation, using 0,008N NaOH for the first and o,004n
NaOH for subsequent decantations, collecting and weighing the clay after floe-
culation with minimal addition of caleium chloride. In many of the compari-
sons, the clay was also obtained by difference. Good agreement was shown
with the elay by direct weighing. The results of 104 comparisons of the
International-A NaOH method, using pipette analysis, with the same disper-
sion using sedimentation analysis showed close agreement between the two
methods. In 62 cases the differences were less than 1 ofo, in 26 cases
1-2 ofo, in 12 cases 2-3 ofo, the maximum difference being 4-5 p. ofo
(in favour of the pipette method) in the case of a Nigerian soil.

The International A-method gave satisfactory results for podsolic soils,
brown earths, black earths, prairie soils, red loams and red earths, but unsat-
isfactory results with gypseous soils and certain very heavy raw clays. Highly
gypseous soils present difficulties, even with the NaOH modification of the
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[nternational A-method. These may be obviated by removing coarse gypsum
before acid treatment, using stronger (0,5N) hydrochloric acid, and washing
with ammonium acetate.

Oxidation with peroxide appears necessary with all soils containing more
than about 1 o/o of orgamic carbon (2 o/o organic matter). By including
a preliminary boiling with water, satisfactory oxidation ean be secured with
dilute (2 o/o) peroxide.

Manganese dioxide may interfere with the peroxide attack, but can be remo-
ved by a preliminary boiling with dilute NaHS0? solution.

An examination of the sodium oxalate method of the U. S, Bureau of Soils(5)
showed that good results could be obtained with most soils but that low re-
sults were given with lateritic soils,

The only soils which appeared to be unsuited to the International-A NaOH
method were cerlain New Zealand voleanic ash soils rich in alumina. These
soils could not be dispersed in an alkaline medium but dispersed in very
dilute (0,002N) HCL o

Is is obvious that, where pipette technique is to be used, much more care
must be taken to secure complete dispersion at one operation. The above
investigation was designed to discover the best method of dispersion for
pipette analysis. Some institutions, however, prefer the decantation method
where large numbers of soils have to be dealt with. In this connexion the
findings of V. Novak and P. Hrubes(6) should be considered. These au-
thors, using the decantation method of analysis, conclude that the Interna-
tional-A NaOH method, and the sodium oxalate (American) method are to be
preferred to other methods as giving the completest dispersion and requiring
the smallest number of decantations for the removal of the clay fraction,
The sodium oxalate method appeared to be slightly more economical of
time than the International-A NaOH.

1. R. H. Contts, who presents a paper to this meeting, has compured the In-
ternational A-method, the International-A NaOH method, and the sodium
oxalate method for Natal soils, using pipette analysis ;: he found that the Inter-
national-A NaOH method was the most efficient.  The sodium oxalate method
did not prove satisfactory for all soils. It is to be noticed that the failure of
this method was with soils of a lateritic type, which had also proved trouble-
some with sodium oxalate in the Bangor investigation.

From the results of the author’s own investigations and from results ob-
tained by other workers. it appears that a modification of the International A-
method through the substitution of sodivm hydroxide for ammonia can be
recommended provisionally. Before final adoption it is desirable that the
method should be tried by a number of institutions. It is therefore suggested
that as many workers as possible should carry out determinations on typical
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soils (a) by the International A-method (b) by the International A-NaOH me-
thod, and (¢) by other methods aiming at complete ﬂjspﬂhmuiv g Sodium
oxalate method(5), NaBrO method (7)]. It would be sufficient to determine the
clay fraction (0,002 mm.) and if pnss:hie analyses should be made both by
pipette and by decantation technique. The results shonld be strictly com-
parable, giving the percentage carbonate-free humus-free clay- caleulated on
the oven-dry soil. It is desirable that results should be collected in time
for a report to be made at the meeting of the Commission in England in
193 5.

With regard to the B-method it would be advantageous ot dlscusa what, if
any, modifications are required and to draw up plans for any future work
which may be necessary. If the aim of the B-methods is to obtain results
which shall throw light on the actual field structure of soils, future work on
this type of mechanical analysis should be closely correlated with work now
proceeding on soil structure. [t might be advantageouns to examine different
methods proposed for aggregate analysis (e. g. methods of Tjulin, Demolon,
and Hénin).

NOTES.

{t) Vorbereitung der Bodenproben zur mechanische Analyse. R. Ganssen, D. I, Hissink, V..
Novak, E. Ramann, G. W. Robinson and A. A. 1. de Sigmond. Actes de la IV" Conference Interna-
tionale de Pedologie, Rome, 1g9ad, Vol. II; 11-38.

(2) Minotes of Conference of Commission I, Rothamsted. 1@, Proe. and. Int. Congr. Soil
Sei., Leningrad, Moscow, 1g30, Vol. I, afia-3o4.

3) a. Minutes of Commission I. Proe. and. Int. Congr. Seil Sei., Leningrad-Moscow 1930,
Yol. I, XXIV-XXXI;

b. Preparation of Soil Samples for Mechanical Analysiz. V. Novik, Proc. and. Int. Congr. Seil
Sei, Leningrad-Moscow, 1930, Vol. I, 14-3q, 1g6-2fia,

(%) The Dispersion of Soil in Mechanical Analysis (G. W. Robinson and M. Richardson}. Tmp.:
Bureau of Soil Scienee, Technical Communication No. afl, 1933.
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nische Analyse nach der Bodentypen. V. Novik and P, Hrubes, Vestnik Ceskoslovenske Akademie
Zemedelske, 1933, 8, 1g-25.

{7) Use of Sodium Hypnhmmnn for the Oxidation of Organic Matter in the mechanical Analysis of
Soils. E. Troell, J. Agric. 8ei., 1931, 21, 470-483.)

1, 0070-34, - L]



e 1B jegare

APPENDIX.

Buggested Modiflcation of international A-Method.

1. Ten grams of soil are oxidised with 6 p. 100 H'0* as recommended in the Inter-
national A-method.

Where much manganese dioxide is present a preliminary boiling with 50 c.c. water
and o0,5-1,0 g. NaHS0* may be included.

II. After peroxide treatment, the material is at once washed through the o,2 mm.
sieve to remove coarse sand, which may be treated with dil. HC] to remove carbonates or
gypsum, if necessary,

1. The material passing the o,a mm, sieve is treated with o,2 N HCL. Where much
carbonate is present extra acid may be given. For gypseous soils the strength of acid
may he increased to o,5N.

IV. After standing with acid for one hour with frequent shaking, the material is washed
on to a Buchner funnel fitted with a hardened filter paper, and connected to a filter
pump. After the first filteate has passed, three washing of 2 5-30 c.c. water are given (A).
If gypsum is present, two or three 100 c.c. washings with 10 o/o ammonium acetate
may first be given, to remove sulphates, finishing with water washing.

V. The material is removed from the Buchner funnel with the aid of a jet ofhot water
and transferred to a 500 c.c. milk bottle. Four c.c. of N, NaOH are added and sufficient
water to make up to 350-loo c.e.

VI. The bottle is then shaken for 2 hours in a reciprocating shaker or for 6 hours on a
rotary shaker, -
VII. The contents of the bottle are transferred to a Soo c.e. cylinder for pipette ana-
lysis, or to a 6oo c.c. beaker for decantation analysis.
- VIIL. In the acid filtrate from the washing (A) sesquioxides are determined and added
to the figure for clay.

SUMMARY.

Co-operative work on the dispersion of soils for mechanical analysis has been in pro-
gress sinee 1gaf. It was agreed at Rothamsted in 1926 and confirmed atWashington
in 1ga7 that two methods should be adopted, namely, the A-method in which complete
lispersion is to be attained; and the B-method, in which the aim is the preserve the
natural soil stroeture.

The International A-method, involving treatment with 6 o/o H*0® and 0,2 N.
HC, followed by dispersion in ammoniacal water, has not proved satisfactory for all
soils. Various modifications have been proposed, including the substitution of sodium
hypobromite for hydrogen peroxide, with ommission of acid treatment, substitution
of sodium oxalate for ammonia, and substitution of sodium hydroxide for ammonia

The writer has found the modification of the International A-method by substitution
of sodium hydroxide for ammonia to be satisfactory for a large range of soils and recom-
mends that this modification should be provisionally adopted. It is suggested that
comparisons should be made for consideration at the 1935 meeting,

Further work is suggested in the B-method. This should be linked up with work on
Soil Structure.



QUELQUES REMARQUES

SUR
LA METHODE DE L’ANALYSE MECANIQUE DU SOL,
PAR
D. 1. HISSINK,
INSTITUT ROYAL DE LA SCIENGE DU S0L. — GRONINGUE . PAYS-BAS.

Toute méthode analytique pour la détermination de la composition méca-
nique d'un sol débute par un traitement préalable de I'échantillon en question.
Pour I'analyse des sols néerlandais, 1'Institut de la Science du Sol de Gro-
ningue suit la méthode internationale A (voir comptes rendus de 1'Association
internationale de la Science du Sol, volume IV, 1929, n° 3, p. 216-218),
qui consiste en un traitement au moyen de l'ean oxygénée et de I'acide chlor-
hydrique, avec une peptisation ultérieure des particules fines (fraction I),
au moyen de I'ammoniaque. A la demande du Président de la Premi¢re Com-
mission internationale de 1'Association internationale de la Science du Sol,
le professeur D* G. W. Robinson, Bangor (Pays de Galles, Angleterre), une
enquéte a été ouverte au sujet de la question du remplacement de 'ammo-
niaque par une solution de soude caustique (NaOH). Les réactifs suivants ont
été examinés :

a. Une solution d’ammoniaque 0.1 normale;

b. Une solution d’ammoniaque 0.1 normale environ, plus de la soude
0.0 1 normale; cette solution, qui, actuellement, sert couramment & I'Institut
de Groningue, est obtenue en ajoutant, & 'eau de la distribution de la ville,
I'ammoniaque et Ia soude nécessaires pour la précipitation des sels de Ca et
de Mg contenus dans cette eau;

e. Une solution de soude caustique o.004 normale.

Pour la préparation des solutions a et ¢ on s'est servi d’ean distillée,

Ont fait 'objet de la présente étude les six échantillons qui, & la fin de
l'année 1g2q, ont été distribués aux instituts par le Président de la Premiére
Commission internationale d'alors, le professeur D* V. Noviik, Brno. Un rap-
port sur l'analyse internationale de ces échantillons a été publié dans les

@
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Proceedings and Papers of the Second International Congress of Seil Science,
Leningrad-Moscow, USSR, July 1930, volume I, pages 16-4o. A cette série
est ajoutée, comme septieme échantillon, une terre argileuse trés forte des
environs de Schildwolde (province de Groningue, Pays-Bas). Cest un dépét
trés ancien du Dollard, exempt de carbonate de chaux. Les teneurs en carbo-
nate et en humus telles qu"-:aﬂus figurent dans le tableau I, ont été déterminées
i I'lustitut de la Science du Sol & Groningue. Comme il ressort de la publi-
cation de Novik (p. 39, tableaux 11 et 12), les résultats des analyses paral-
1¢les, surtout pour ce qui regarde I'humus, différent beaucoup d’un institut
a 'autre. A Groningue, le carbonate de Ca a été déterminé en traitant I'échan-
tillon & froid avec de I'acide chlorhydrique dans I'appareil Passon. La teneur
en humus est obtenue en multipliant la teneur en carbone élémentaire par
le facteur 1.724, et le carbone lui-méme est obtenu au moyen de I'analyse
élémentaive™. Enfin la colonne des substances minérales résulte du caleul
suivant : 100 — (CaC0? 4 humus).

La dispersion des particules, opération préliminaire & I'analyse mécanique,
est effectuée & Groningue en chauffant 1'échantillon avec de I'eau oxygénée
4 20 p. 100 et en le [aisant ensuite bouillir avee de l'acide chlorhydrique
0.05 normal (normalité finale). Ce procédé, qui difftre quelque peu de la
méthode internationale A (H20? 6 p. 100 et HCl 0.05 normal & froid),
fournit cependant des résultats assez concordants, comme I'inspection du
tableau II permet de le constater.

Les résultats de la derniére colonne (63.9 — 31.6 — 33.9 — 32.7 — 63.9
— 53.5) sont obtenus en diminuant nos chiffres marqués « Groningue» dans
la publication de Novilk (voir ses tableaux aux pages 31-36) de Ia somme des
teneurs en CaG0® -+ humus. Ainsi, pour I'échantillon n°® 1 {Brnu-l'iendzma}
Novak.mentionne sous la rubrique «Groningue» (tableau I5p." 31) le chiffre
69.9 qui indique la somme de la fraction 1 4 CaCO® + “humus. A notre
Institut nous avons trouvé pour cet échantillon une teneur en CaCO? 4 humus
égale & 2.7 + 3.3 = 6.0 p. 100. La teneur en fraction I est done 69.9 —
6.0 = 63.9 p. 100. Cest ce chiflre qui figure dans la derniére colonne du
tableaun II. Comme on le voit, la concordanee entre les résultats de la deuxiéme

" et de la troisiéme colonne de ce tableau est trés satisfaisante.

* Yoyez : Die Bestimmung der gesammten organischen Substanz des Bodens von
Ir. G. Spithost, Comptes rendus de la deuxiéme Gommission internationale de la Science
du Sol, volume A, Kjsbenhavn, 1933, pages 113-118. Yoir aussi : Humusgehalten
in verschillende typen grond, bij aanwending van verschillende methoden verkregen
door Dr. D). J. Hissink en Ir. G, Spithost; Verslagen Rijkslandbouwproefstations, n* 38 B

(1gda).
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TABLEAU L

NUMERDS TENEURS EN 00
de BANS LA MATIERE SEOWE
| o OEIGINE [EXE LYINSTITUT i
5 ——
- AT
excaneii. | Coli0%, -::1“ mindrales
(el
. M 123
| Tehéeostovaguie. . ... ... o S sves| 3228 2q €3 04.0
R B e ) e o 3294 0.5 1.6 074
i Hotigrig.' vaive v oot sves e e e e b ] 0 1.9 7.1
i Yiapnalare s S R T 4226 ] 4.3 5.7
B OOMANLS ¢ v rinssinnes ronip tars arm am s sie o e o T 4.2 0.8 95.0
i Tlemy o S S S o e e e r 2228 1.5 08.5
7 | Groningue (Fays-Bis). .. ....c0iiravininees | DGEs 0l 4.7 6.3
| B - |
11} Las 6 premicrs numdres reprcsentenl les éebantillons soumis & Vanalyse internntioonle | voir le comples
rendis du deaxibme congrés, Leaingrad-Mosean, 1gda, volome 1).
Lz m* 7 représente wn ddpbt ancien Lros argilenx do Dollord | Provioee Groningue |,
(2) Humus = 1,794 % teneur en earbone (0} collo-ei diterminde au maoyen do Uaoalyes Fénontuire.
(3] La temeur totale en motitres mindrales ek ealenlée comme uil @ 100 = [ Cali0® 4 o ).

TABLEAU 1L

Tencurs en fraction 1 {particules plus petites que o,0ns millim. ) de o matitre sbche .
exprimées en pour cenl.

PREPARATION DE L'ECHANTILLON

KCHANTILLON RagEw
= — e —
kY LE TROGEDE .
S A —— Lk METEDE
| voir aussi ATEENTIONALE A,

le tahlean 111},

e R R o A ] A e A R G4.7 G310
e T R e e S IO 42.4 1.0
A T I YO T ) T T 263 539
B e 427 32.7
L e S R AR AR R e S T e 5.8 a3

' Aprés’attaqua a 'H?0* et 4 'HCI, la matitre & analyser a été transvasée
dans les cylindres d’Atterberg, et on a décanté la fraction I d’abord au moyen
de I'eau distillée, pour écarter les électrolytes, et ensuite avec les solutions a, b
et ¢ mentionnées ci-dessus. En 1930 le siphonage a en lien dans 'aprés-midi
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sur une colonne de liquide de 10 centimétres de hauteur, aprés un repos
de 8 heures, et dans la matinée sur une colonne de 20 centimétres aprés
16 heures. En 1933 nous avons opéré surune colonnede 30 centimétres de
hauteur et aprés 24 heures. La deuxiéme colonne du tableau III indique le
nombre de siphonages nécessaires pour I'enlévement complet de la fraction I.

Aprés élimination de cette fraction I, la fraction II a été ensuite enlevée au
moyen de I'ean ordinaire et cela sur une colonne de liquide de 30 centimétres
de hauteur aprés un repos de 22 minutes et demie. Ce siphonage sépare

toules les particules plus petites que 0.016 millimétres d'aprés la formule
de Stokes :

v=347320r%

Cette fraction II (0.009 — 0.016 millim.) a été recueillie, séchée & 105
degrés C et pesée, Le restant du cylindre : particules plus grandes que 0.016
millimétres de diamétre, ou sable proprement dit, a été traité de Ja méme fagon
et enfin la fraction I est caleulée par différence :

100 — (CaCO® 4 humus 4 fraction 11 -+ sable).

Voir I'ensemble de ces données au tablean III.

Un coup d'wil sur ce tableau nous apprend immédiatement que I'emploi
des trois réactifs a, b, ¢, donne indifféremment des résultats trés concordants
dans cinq cas sur sept. Il n’en est plus de méme avec les échantillons n** 5
et 6 qui donnent avec le liquide a des chiflres sensiblement inférieurs & ceux
obtenus avec les liquides b et ¢. Comme il résulte des chiffres obtenus en 1930
avec le réactif a, il est cependant possible d’obtenir des teneurs en fraction I
aussi élevées quavec les réactifs b et ¢ pour les sols n™ 5 et 6 & condition de
les siphoner un trés grand nombre de fois avec I'ammoniaque. Toutefois, les
chiffres du tableau I1I, a, semblent indiquer que méme aprés ce long siphonage
la peptisation compléte n'est pas atleinte.

Pour ce qui regarde le réactif b, il donne pour la fraction I des résultats qui
sont, pratiquement, aussi élevés qu'avec le réactif ¢ méme dans le cas des sols
n* 5 et 6. Ceux-ci cependant doivent étre traités plus longtemps avec le réactif
b qu’avec le réactif e

Comme conclusion de ce qui précéde, on peut dire que le réactif ¢ (0.004
soude normale) est & préférer au cours du travail avec les cylindres d’Atterberg,
tout en retenant que le réactil b est utilisable pour I'analyse des terres consi-
dérées.

Enfin, il est bon d'appeler I'attention sur le point suivant. La plus grande
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TABLEAU II1.

Pourcentage en substinces mindérales présenies dans la matitre siche.

rasc-| 2 8 | wmac | mac- Fuac-| 2 £ | Fnac- | Fnac. FilAC- %'!'
¥ | mox | Z § | Tiox | Tox [sance)| o | E F | Tion | moN [sapikf| mox | £ 2
L |25 o i L[ 28] o |1en L |2 :
Fascros | pioasvée av M0TES DR LANMMONIAQUE  DECINODMALE.
Série novembre 1933, Série mars 1938, | Série 1930.
1| 637] 15 | 10.3] 83.0) 11.0]] 655] 9 | 185 | 84.0| 10.0 || 64.7 | 10
2 0.7 15 | 25460 563 416 327 k! 28.9.| 576 403 324 | 10
3 S50 14 | 2281 55.09] AL.2 | 34.7 0 221 | 66.8] 40.3 || 343 L]
A 1.9 15 | 200 60.9) 348 | 35.7 ] 274 | 61.1| 346 327 | 10
a ARG B0 | 195 740 | 20.9( 57.8) 17 188 | 76.6| 184 || 643 | 18
fi 483 30 ] AL2| 89.5) 9.0 H0.40 17 39.9°] 90.3) 8.2 52.8] 18
7 | 899] 14 | 25.0] 649 1.4 !! 41.6| 9 | 240 ] 65.7] 308 |
Faicrios | pécastil wp wniey bE Lo aMMos1aous 0,100 4= 0,0 tnNaOll,
Sarie novembre 1433, Série mars 1933,
1 63A] 15 | 195 8200 111 | 643 i) 100 8581 10,7 |
2 2081 13 | 25.8| 96,6 41.3 | 316 ] 24.8 | 66.4) AL.5 |
b 3400 I3 | 227 66.7) 405 | 34.0 L] 222 | 66.2( 40.9 |
A 3280 13 | 27.7] 600 35.7| 323 4! 27.7 | 6.0 35.7|
b 63,21 15 | 12.4] 76.6| 1981 63.7| 14 12,7 | T6.4| 186
6 | 51.1] 20 | 38.8] 80.0| 86| 522| 14 | 381 | 90.3| 8.2
7| 40| 13 | 23.8] 64.2( 821 | a12) O | 206 | 628 385

Frucrox [
DEMANTEE A MOVEN DE Lo SOUDE 0,000 S0msiLE,

Série novenbre 1933,

A, 1 { i 0T loa fraction | penferme fos pariicales de dismétre imlerieur
g;g i:: ;1:9 ,3:3 123 | & og00s millimetres; In Erul!un Il ecelles de o008 b s,0il
Lo o I || millimdre, Lo sable est représenté par les partienles plus
G951 14 21.8 6.9 40.2 grrondes gue 0,016 millimétre. la rubrigue sosmbre de siphe-
3.0 13 a7.0 | 60.0| 85.7 | wan indique le mombre de nd heures néeessaires pour
“ﬁlll i3 1 Iri Tﬂrﬂ IH.H | enlever somplitement la fraction I,

So.8 | 16 | 352 | 9045 8.0
AL5| 13 | 28.2| 647 | 31.6

=1 AN & e =

différence entre le réactif a et ¢ se manifeste dans leur application & I'échan-
tillon n® 5 :
LMUIDE @, LIGQUIDE o, DIFFERENGE.

Fraction: Licnnas s 54.6 5.1 + 10.5
Fraction 1T, ... ..., et 10.5 11.1 - B.4
Sable ... 0.4 18.8 - &.d

LU e §3.0 -95._-::
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L’action plus efficace du réactif ¢ semble done consister en une peptisation

plus compléte surtout des agrégats de particules trés fines, plus petites que
0.016 millimétre.

Une documentation trés étendue rassemblée au cours des années & I'Institut
de la Science du Sol & Groningue nous a appris que 'emploi des cylindres
d’Atterberg pour la détermination de la fraction I (particules plus petites que
0.002 millim.) et de la fraction II (particules plus petites que 0.0 16 millim.)
fournit des résultats trés comparables entre enx. En outre, méme la portion
composée de particules plus petites que 0.076 millimétre de diamétre peut
encore trés bien se déterminer au moyen de ce cylindre, Il n'en est plus de
méme pour les grains de diametre supérieur. D'ailleurs, pour ces particules-
I, Pappareil lévigateur de Kopecky n'est pas davantage utilisable comme le
prouvent mes résultats publiés dans les Recherches sur le Sol, volume III
(1932), n° 2, pages 7a-73 (1), que je reproduis ci-contre. 1] s'agit d'un sol
sablonneux avee une teneur totale en sable proprement dit (particules plus
grandes que 0.016 millim.) égale & 97.4 p. 100.

Pour contrdle, les dimensions des particules ont été déterminées au moyen
du microscope. Il a été établi ainsi que la fraction 38.6 p. 100 en g, et la
fraction 45.5 p. 100 en b étaient en réalité composées principalement de par-
ticules de dimension 152 4 2.000 y. Méme la fraction 19.4 p. 100 en ¢

TABLEAU 1V.

FRACTION

ECHANTILLON No. W 460, (maukrae 5 0.001 IHJ-I.!L}

HII.'I'I.!I:Iﬂl BTANALYSE.

—— - —

1674, Ta-152. | 1532000, | 16-2.000,

a) Décontation dans fes eylindres d'Alterbéry. . . 1.1 3506 54.7 07.4

&) Avee de I'can courante dans les eylindres de 2.5 | 45.5 A4 07.4
Boprclos it o e e

o) A Taide dos tamis, Jovoaivioiaiiane e 1.6 1.4 76.2 97.4

contenait encore un certain pourcentage de particules plus gran&laa que
0.152 millimétre de diamétre.
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Les considérations qui précédent nous ont amené & effectuer la séparation
des particules plus grosses que 0.076 millimétre au moyen d'un tamisage
approprié, A cet effet, aprés I'enlévement de la fraction 11, le contenu du cylin-
dre est recueilli, séché et tamisé. Nous employons le systtme de tamis « Ro-Tap
testing sieve shaker»'de la firme W. S. Tyler Company, Cleveland, Ohio (U. S.
A.). Durée du tamisage : 20 minutes. Primitivement le tamis inférieur, le
plus fin done, comportait des mailles de 0.074 millimétre d’ouverture de
sorte qu'il laissait tomber dans la soucoupe les particules de 0.016 & 0.074
millimétre de diaméire. Au cours de nos recherches, il nous a semblé utile de
subdiviser cette fraction, et nous avons ajouté a notre systéme de tamis celui
de 0.043 millimétre de diamétre des mailles, livré également par la firme
Tyler.

Au moyen de deux séries de tamis mmpos(.as comme nous venons de voir,
et numérotées I et 11, 1l a &6 exéeuté A I'Institat de Groningue, durant les
années 1931-1933, un grand nombre d’analyses mécaniques de sols sablenx.
Pour contrdler le fonctionnement régulier de ces tamis, nous avons conservé
trois échantillons de sable : B 5172, B 5173 et B 5168 que nous passons
périodiquement, chaque mois, & travers les séries I et 11, de sorte que I'Institut
dispose actuellement d’une série de 18 résultats-contrdle pour chacun des
trois échantillons mentionnés, et cela an moyen de chacun des deux systémes
de tamis. La concordance de ces 18 résultats est trés satisfaisante comme on
le voit au tableau V, ot sous la rubrique Ia et Ib sont réunis les résultats les

TABLEAU Y.

Tencurs en sable (particales plos grosses que 0,016 millim. de diamitre) de 1o matiere siche,
exprimées en pour cent; les limites des eous-fractions sonl indiguées en millitmes de
mallimitre,

Fehantillon do la collection Gromingue n* B 5173,

y LIMITE DES SOUS-FRAGTIONS.
SYSTEME DE Tamis | e ——
EMPLOTE.
16-53. | 43-Th. | Th-104. | 106147, | 1467-204, [ 208-205. | 205-580. | TOTAL.
la, 13.8 | 34.6| 25.0 10.3 4.1 1.0 .5 80.2
[ 149 | 39.0 223 8.4 3.0 1.1 0.3 89.4
] 18. 14.6 | 36.2| 24.4 WA A0 11 0.3 90,0
[la. {41 | 485 22.0 9.0 8.7 1.0 0.4 80.7
11, 14.2) &5.6) 188 7.0 4.6 1.1 0.5 S04
IN18. 155 4049 20.8 8.0 8.5 0.9 0.3 809
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. ' LIMITE DES SOUS-FRAGTIONS.
BYSTEME DE TAMIS =y — —
KMPLOYE. | . "
A.j 16-43, | 43=Th. i Th-104. | 106-147. | 147-208, | 205-395, | 296-E8D, | woTAL.
. !' 149|227 305 | 104 | a1 | 23 [ 1o [ oos
IV, | tLof264] 328 | 107 | 48 [ 24 | 32 | 908
Y. 2.0 2881 340 122 ol 1.7 0.3 LI
Vi 6.0 305 34.6 12.4 4.2 r 1.0 0.7 R
1
|
Moyenne de |+ 11 14.6 | 38.5) 220 .7 4.3 L 0.3 0.0
Moyenoe de HI-IV-V-VL| 103 284 | 33.0 1.3 A 14 1.4 .G
I
Dans Vespace de g mois, Péchuntiflon B 3179 0 pissd 18 fois frs sfrien do timis | et IL Les deun eésultats: qui
slivargenl do plus, Ggurent dans les deus premivees lignes sos la et Ib ol sos Ma et 1B La trodsieme lgne
(1o et 11 18] donne la moyenne des 18 Lamiskges,

plus divergents pour I'échantillon B 5172 au moyen du systéme de tamis
n’ 1. La rubrique I 18 donne la moyenne des 18 résultats. Il en est de méme
pour le systéme de tamis n® 2. On voit que ces deux systémes fournissent des
résultats trés concordants entre eux.

Au cours de nos travaux, nous avons pu constater que ce sont surtout les
tamis fins qui ont & souflrir. Nous nous sommes done procuré quatre séries
de tamis supplémentaires, numérotées 111, IV, V et VI dont les résultats avec
I'échantillon B 5172 figurent dans la deuxidme partie du tableau V.

On voit immédiatement que les tamis ayant un diamétre d'ouverture de
0.043 millimetre (dans la suite, tamis 43 tout court) des séries IV, V et VI
laissent passer moins de sable que les tamis homologues des séries I, II et
I{11.0—8.9— 6.6 contre 14.6 — 14.5 — 14.g). En outre le tamis 74 des
séries I et Il laisse passer plus de matitre que son homologue des sériesIII, IV,
Vet VL. Il est cependant curieux de constater que ces tamis 74 des séries I
et II produisent des résultats qui sont, pratiquement, identiques entre eux.
[l en est de méme des tamis 74 des quatre séries I1L, IV, V et VI qui nous sont
arrivés plus tard.

Les conclusions qui se dégagent de ces recherches sont les suivantes :

1 Elmlquﬂ tamis donne des résultats pratiquement identiques entre
aux;

2° La différence entre les résultats des séries de tamis obtenus en méme
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temps (séries I et II, séries 11T et IV et séries V et VI) n'est pas considérable,
et en tout cas plus petite que celle des séries I - I, IIT + IV et V + VI entre
elles;

3 Ces conclusions s’imposent encore plus nettement a I'examen individuel

de chaque portion de sable.

Tincline & croire qu'il y a moyen de fabriquer des séries de tamis dont les
résultats soient reproductibles entre eux, & condition d’employer une matiére
premiére unilorme. -

Entre temps, il reste nécessaire de contrbler chaque série nouvelle de tamis
au moyen de sols et de lots de sable standardisés.

Groningue, novembre 1933.
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THE USE OF SODIUM OXALATE
AND CARBONATE IN DISPERSING
SOILS FOR MECHANICAL ANALYSIS.

BY
F. G. LOUGHRY AND G. W. CONREY .

INTRODUCTION.

The need for critical studies of the methods of pretreating soils for mecha-
nical analysis has been emphasized by the findings of Commission I of the
Second International Congress of Soil Science (5). The method of pre-
treatment and analysis outlined by Olmstead, Alexander, and Middleton (7)
was suggested too late to be included in the cooperative studies headed by
V. Noviik (6) and the sodium oxalate treatment which is a part of their method
was tried by only three laboratories. This method has since become standard
in the United States but eritical studies to confirm the technique proposed
by Olmstead and his coworkers have not been published. In the experiments
on clay dispersion reported in this paper certain modifications have been
made in the Bureau of Chemistry and Soils method where they have been
justified to meet the needs of the Ohio laboratory. The aim has always
heen to secure complete dispersion to the wltimate wnit soil particles. With this
in view the amount of clay —au in diameter has been the most important
measure of the efficiency of a treatment.

The studies presented here center about the determination of the amount
of sodium salt which must be added to a soil suspension to secure complete
dispersion, the comparative effectiveness of Na2(*0* and Na*CO?® for this
purpose, and the use of HCl and H20? singly or in combination to prepare
the soil for dispersion by the sodium salt. In connection with these principal
points several questions of technical importance in the procedure have
appeared and have been investigated. Among these are the uniformity of
sampling, the method of washing soluble salts from the soil samples, and
the time that is allowed to elapse between the first preparation of the sample
and the determination of the clay content.

(}I-Ei'} Formerly Assistant in Agronomy, Ohie Agricultural Experiment Station, Wooster.
0.

(**) Associate in Agronomy, Ohio Agricultural Experiment Station, Wooster, Ohio.
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Experimental Procedure,

All determinations started with air dry soil which had passed a 2 mm.
sieve. Ten gr. samples of this soil weighed on a torsion balance accurate to
0.005 gr. were used for all determinations except as otherwise noted.
The clay content was stated as percent of soil dried at 105° C., the moisture
determinations having been made on other samples. Samples treated with
HCI or H20? were allowed to stand overnight in contact with the solutions
before being dispersed with the sodium salt and mechanical stirring. When
H20% was used it was driven off by boiling. HCI was washed out by centri-
fuging with successive portions of distilled water. The soil was then dispersed
by the addition of a quantity of the sodium salt as indicated in each expe-
riment and enough water to make the total volume at least 150 cc., and stir-
ring in a square 250 cc. bottle with a mechanical stirver of the type described
by Bouyoucos (). This stirring was for 15 minutes unless otherwise noted
and was carefully timed as some grinding occurs, especially of partly weathered
shale fragments. Samples which were not treated with H20? or HCI were
allowed to stand in contact with the solution for some time before stivring,
Heavy clays were soaked overnight in distilled water before being dispersed.
After stirring the samples were washed into eylinders 4.5 cm. in diameter
and made up to 500 ce. of solution plus the volume of the soil. These
cylinders were set in a water bath which held temperature fluctuation within
a 1 or a° C. range during a single set of determinations and thereby pro-
tected the soil suspensions against connection currents. The eylinders were
allowed to stand in this bath overnight and then the soil which had settled to
the bottom was resuspended by stirring for two minutes with a perforated
rubber piston.

The pipette method was used for all determinations of clay. Aliquot
samples were taken with a5 cc. pipettes from a depth of 10 em. helow the
surface of the suspension in the sedimentation cylinders. The times of
sampling were calculated from Stokes Law and samples were withdrawn
corresponding to an eflective diameter of 5 p as the upper limit of the first
sample and 2 p as the upper limit of the second sample. The time of taking
the first sample was about one hour after stirring and the second after about
eight hours. These times varied somewhat depending upon the temperature
of the water during the determination. In the later studies the pipettes
were lowered into the suspension by the sampling devise deseribed by
Shaw (g) and filled by the constant suction of an aspirator bottle. In the
earlier studies the pipettes were lowered through a hole in a thin stopper
supported on a board laid across the top of the eylinder from which the
sample was to be withdrawn. When a mark 10 em. from the tip of the
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pipette reached the surface of the suspension the pipette was filled by oral
suction applied through a rubber tube equipped with a pincheock. A
comparison of a large number of routine determinations failed to show a
statistically significant increase in accuracy for the new and more convenient
method and therefore all of the material presented in this paper may he
considered comparable from the standpoint of pipette technique.

The aliquots withdrawn for clay — 5p and clay — 24 were in every case
based on the delivery volume of the pipettes and the pipettes were washed
and dried before the next determination. The aliquots were dried and
weighed to 0.1 mg. in glass weighing bottles which were cleaned and weighed
before each determination. A correction for Na?C20* or Na?CO® was applied
by assuming that the amount of the reagent added was still uniformly distri-
buted throughout the suspension and subfracting the weight of an aliquot
fraction from the weight of the dried aliquot sample. This assumption is
probably somewhat erroneous especially in the ease of Na*C20%, and further
studies are needed to determine the proper correction to apply.

When a complete mechanical analysis by this method was desired the
suspension was washed out of the sedimentation eylinders into a 300 mesh
to the inch sieve (0.05 mm. openings) and washed with a jet of distilled water
until very little silt came through with a 50 ce. portion of water. The sand
was then dried and weighed and sieved with the standard sieves of the Bureau
of Chemistry and Soils. Silt was not determined directly but was calculated
by subtracting the sum of the sand — 0.05 mm. and the clay — 5y from the
total weight of dry soil, these diameters being the size limits of silt in the
American classification. This contrasts with the Bureau of Chemistry and
Soils method in not removing the sand before the clay determinations and in
omitting the determination of total material in suspension at the start of
sedimentation. By this omission certain technical difficulties are avoided
and a considerable amount of work is eliminated in a study of this kind
where it is not necessary to determine silt and sand in every sample.

Preliminary Experiments on Methods.

It became apparent early in these studies that the greatest source of error
was the difficulty of obtaining exactly comparable 10 gr. samples of the soil
which passed the 2 mm. sieve. Throughout all these experiments the
procedure of sampling was to empty the whole sample from the storage jar
on a piece of glazed paper and mix it thoroughly by rolling it back and forth
on the paper, ending with the soil in a low mound in the eenter, and then
transferring about 10 gr. to the balance pan at one operation with a spatula.
Fine adjustment of the weight was obtained by adding or removing a small
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amount of soil with the spatula. These precautions were applied to the
|| weighing of six replicate 10 gm. samples of a heavy clay soil which were
i treated exactly the same as to amount of Na*G*0* added, and time of stirring,
| and the clay contents determined as accurately as possible. The results are
| given in Table 1. The weight of clay — 5u in a adec. aliquot is given in-
| the second column, the percent of the total soil which this represents is

given in the third column, and the deviation from the mean is given in the
i il fourth column. Columns 5, 6, and 7 give the same data for clay — a2y
I and the ratio between clay — 5u and elay — Ay is given in the eighth column.

TABLE 1. — Massituoe or Satupiixe Ennons.
| e ] : |
| t"‘:h PERCENT I!PH\ A~ | GRAMS PERCENT | n;i'rl#. RATIO
g LAt LA TiD oLy 1] 4
SAMPLE ¥o, < b CLAY e < LAY oy | Oy =fp
i fn !5 o =Z Dt i, in af ee <= ap. wpins | Hope=ap
|'| alkbmaT, | smgror, l
= ate——t et 0 ST Lol Lt b — Siurm b =
| B e T4 88 | —35 4260 | Gl — 50 1.14
R e e ATAT | T3 .15 Lust. | = = -
Fo i, ol W8 5702 | 735 ﬁﬁ 3204 0.5 .20 .12
J e e e L T2 90 | — 1"’. 2271 G0 — b0 [ L4
| B s A R e AT M7 | 4-.bb Ao |1 704 - 5l f.14
[ A S s | ST67 79.6 | 4 .45 3310 70.1 + .50 I 14

I Probable error for a determination of clay —5u = 0.1q °/, clay.
Probable error for a determination of clay —ap = 0.24 ¢/, clay.
The uniformity of the results shown in the last column of Table 1 suggest

L . Clay < 5p iars
\ | that the ratio ————— is a better measure of the degree of dispersion than
[ I ﬂ[&]’ < 2L
il the total amount of either size group expressed in percent. In view of
! these results this ratio is included in all of the tables presented in this paper,
' and a sample which shows a ratio significantly higher than other samples of
| the same soil is regarded as being incompletely dispersed.
|' It was found inconvenient to use the method of washing on Pasteur-Cham-
! berlain filters recommended by Olmstead and his coworkers for the removal of
il soluble salts after HCl treatment, and in routine work the soil samples in
J | dilute HCI were transferred to 250 cc. centrifuge bottles and centrifuged for
(il 5 minutes with a force of about 600 times gravity. Then the supernatant
liquid was decanted, the soil resuspended in 100 ce. of distilled water, and
again centrifuged for 5 minutes. Decantation was repeated and the sus-
pensions again made up to 100 ce. It was then centrifuged for 10 minutes,
the liquid decanted and the samples transferred to square bottles for disper-
sion with a sodium salt. This procedure was based on the [ollowing data
obtained with eight samples of a fairly heavy subsoil treated with N/10 HCi
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and the acid removed by centrifuging and decanting and then washing pairs
as indicated in the first column of Table 2. After the washing, the soil was

dispersed and the clay content determined by the procedure described
above.

TABLE 2. — Errrcr or Repearen Wasmme ox Cray Cosrest.

WASHED WITH cosoimios | ) o

DISTILLED OF LAST Clay; =y My s ﬂl"‘fvﬂi 70 MEETRALEE
in diameter. in diameler, | Uy =< ap ton e
WATER. Wik WATER, of fost

II wash  waler
ol [| A e 49,7 337=.1| 12 3.4
i 71~ PRI L 11 §2.0= 1 335 =.0 .28 1.4
Three Limes. . .. . Turbed.. .- oo AR =28 | 35.9=.2 1.27 3
Four times . . . . Vory turbid. .. .. §lAa=4 30h .2 1.27 2
B One sample lost,

The question as to whether a sample of soil would remain dispersed if it
were stirred with the mechanical stirrer and then allowed to stand for some
time before it was diluted and the clay determined was investigated as follows,
Six samples of one soil were carefully weighed out and treated with amounts
of Na?C20* just equivalent to the total exchange capacity of the soil, and
enough distilled water to bring the volumes of each sample to 150 ce. Tiwo
of these samples were stirred with the mechanical stirrer and allowed to
stand for one week, two more were stirred on the sixth day, and the remaining
pair were stirred just before they were transferred to the sedimentation
cylinders. Al of the samples were made up to volume, stirred with the .
perforated rubber piston and the amounts of clay — 5y and — 2y determined.
No significant differences appeared in the clay contents and the data need
not be reproduced here.

THE USE OF HCL AND H'O°,

Four 10 gr. samples of Paulding clay surface soil were treated with
H20? as recommended by G.-W. Robinson (8) followed by 100 cc. of N/10
HCl, as a test of the effect of removing organic matter and calcium before
dispersing the soil. Four other samples were treated with H*0? alone and
four received only the HCl treatment. Also four samples were soaked in
distilled water as a check. Two samples from each group were dispersed
by the addition of 10 ce. of 0.467 N. Na2C20* and mechanical stirring. The
others received 20 ce. of the Na2C20%. Table 3 presents the averages of the

> Clay < 5
duplicate determinations and also the ratio = P.
Clay < ap

1 9070-34. 3
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TABLE 3. — Tue Usk ov H20® axp HCL 1x tug prepimaTion or soins
for Dispersion for Mechanical Aualysis.

I AMOUNT | | '
or Clay =5 Clay = :
THEATMENT. Nfs Nalcror e el S O
"E“d B | in dinscler. in diameler, Clay == sp
in Dispersing
the soil. |
FORLHCT. o iss e aias | 10e | 51623 | 608= 0 1.27
| 20) BAD==.]1 | A35=10 | 126
| b b e e e g S L A 10 | b= 13.2=.5 1.26
0 | G = 4 A2 =4 .28
HIG e e e e ] S e alaar s ‘ {1] 50,6 == .1 A% = 7 1.29
20 o658 =13 438 =6 .30
Dantillod wabar . e sare | wima s sinieis (i} 590 == 0 38.8 == .2 1.44
a0 SRR A3 =3 1.7
e P 1807, | N/10 HCL solutionToss. .o ... .. 2.7,
L e e e e S0.4 7 Loss by H'0* treatment ., ooovove ALY
g T e e ol T B |

More total clay is found with the HCl treatment than with the H20? {reat-
ment as might be expected from the fact that this soil is quite high in organic
matter, part of which is destroyed by the H*0%. On the other h nd t
ratio between the clays of different size limits indicate that co plete dis-_
persion is not attained without the destruction of a part of the organic matter.
The difference between the results with H20* and HCI is so small that it
loses significance for routine determinations. Table 3 also furnished some
evidence on the amount of Na?G*0* which is necessary for complete dispersion.
Better dispersion with the higher concentration of the salt is the rule and
is especially marked when the preliminary treatment is omitted. This
question is considered in more detail below.

HE USE OF Na'C'0' AND Na'CO® IN SOIL DISPERSION.

The exchange complex in normal soils is dominated by the Ca™* ion and
the reaction of such a soil with Na?C*0* may be written :

Ca-clay + Na?C20% = Na-clay + CaGC*0*

The caleim oa late is practically insoluble, having a solubility product
of 2.6 < 10 at 5° G, and the reaction tends to go toward the right.
Bradfield (3) has found tah Ca-clay furnishes about the same concentration
of Ga'* ins in solution as CaC?0* Consequently if Na?C*0* equivalent to
the exchange capacity of the soil is added only about one-half of the Ca on
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the clay is replaced. An excess of Na?C20! of course drives the reaction
further toward the right. If the soil is treated with Na?C0%-as proposed
by Beam (1) and used by Joseph and Snow (4) for alkaline soils, the reaction
is :

Ca-clay + CaCO?* == Na-clay -+ Na2CO®.

The solubility produet of CaC0% is 8.7 x 107 at. 25° €. This suggests
that the reaction will not proceed as far toward the right as the reaction
Ca-clay 4 Na2C20* does.

H'is the only cation to be considered in soils washed with N/1o HCI and
the reaction with Na*G20* may be written :

H-clay + H2C204 Na-clay -+ Na*C20*
:sulubia = soluble

The very soluble oxalic acid formed tends to keep the reaction from going
very far toward the right, so that little replacement can be expected from
the addition of Na?C20* equivalent to the exchange capacity, but the data to
be presented below indicate that dispersion is secured quite readily under
these circumstances. This may be explained as the effect of a reducing action
by which the oxalate dissolves cementing material in the acid soil, but this
has not been investigated. [Indeed the whole question of what becomes of the
oxalate 1won added to a clay suspension, whether o is ozidized, adsorbed, or preci-
pitated, must be answered before the correction which should be made for oxalate
in aliguot samples can be applied with confidence.

The reaction between acid washed soil and Na?CGO® may be represented
as follows :

H-clay + Na2C0* = Na -clay 4 H2CO?

The carbonic acid is unstable and a part of it decomposes to H20 and
CO2, but in the presence of Na2C0?, NaHCO? is formed and the final equili-

brium is :
Na-clay + H20 - CO2 4 NaHCO®* = H-clay 4 Na2CO?®

This indicates a reaction which goes strongly toward the right but actually
the dispersing effect is no greater than that of the Na®C20* treatment as
shown by the data presented below.

The amount of sodium salt required for complete dispersion was determined
for a number of soils representing widely different soil characteristics. The
soils were used in the natural condition and also after washing with Nf10
HCI, Na2G20* and Na2C0? were both tried over the whole range of conditions

i
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for a comparison of their relative eficiency. The concentrations of sodium
salt used have been based on the total exchange capacity of the soil as deter-
mined by a modified Kappen method suggested by Bradfield for exchangeable
bases and an NH*OH-NH'Cl method for exchangeable hydrogen. In the
cases of a few soils where reliable data were not available because of the
presence of free carbonates the exchange capacity was estimated from the-
texture and a comparison with soils without carbonates.

The characteristics of the soils used in the dispersion studies are given in
Table 4. The data for soil 1493, Canfield silt loam, is given in Table 5.
The values given in this table for the sand, silt and clay composition of the
soils are based on samples which showed a high degree of dispersion.

TABLE 4. — Cusracrenistios or Somn Simeves.
(LTH] 4 l:!';f” o Hflmlﬂﬁ [ 42 | W7 | 1839
SAMPLE 0. NAME, CANFIELD | AU APONT | WUSSELL | papemwe | UPSHUR
SILT LOAA, 5,:1.?1};. o ;TS:: w, | ®EToan. | I CLAY,
|
sall (B Tl Bl ) i |
Deplh {Inehies... ...+, ...] 25 17-97 | 27-60 | A0-50 7-12 | 2%-42
‘.'I.t i '|'lq .| '.Iu Ja u." . : ‘j‘l a
Moisture Conlent, . ou.uie 1.3 1.55 1.25 0.70 2,05 5.2
B f v v 20 e W0 22.0 28 35.8 11.4 i.1
o e Y L B . 08.7 GG Ag0 | 284 26.5 S5
Blay = 0p-a il 7.3 8.4 3487 42.6 62.1 G8.4
Clavy = op . vnnnennes s 16.8 520 26.5 5.8 | 40.0 LT
Carbonales uqui.'rn!q-lll o -
it 1 e S - * Trage. *T.94 *3R.A405 - o
TRl i k. 8, 1 00 gros.fm, 0. fuon g, Im,f. {100 s, | w00 poo g, :z_.,-'un-u !m; m.¢.f|;:‘;.
Exchanpgeablo Bases. . ... .. *3.8 *]22 - - | *35.9 #7.2
Exchangeable Boses. ... ... *.4 10,1 1 - *1.5 il
Total Exchange Capacity. .. 3.2 228 | *0 15 397 | A3.8
Njro HCL Solution oss . .. o DA o L0, I{I Tl 7, 8.4, 1.9, -
Nowes.

The sand, silt and elay conlents are given for the earbopale free soil malerial
Poorly drained Ligh in organic watler.

* Delermined by T. G, Green.
** Extimalod.

Four other soils were studied according to the same outline with results
much the same as those given in Table 4. Fluctuations between individual
determinations usually obseure the effects of different treatments, but the
ratio between clay — 5y and clay — 2p is significant in most cases. The ratios
for soils 1098, 10g9g, 749 and W7 are brought together in Table 6.

The soils which contained the larger amounts of free carbonates were

T L L



TAGLE 5. Errecr or Paeraesruesr ox moe Dererwxamos or 1E Crar Cosresr or Coseern Sier Loas.
Natla0 | L Originad | Washed with HCA. Not Washed:
S [ Concenlration =

added eqnmnkud. = "ol NatCH ~ 1
to percent ed miflligram Cly <3z |

) ivalents GClay <=5 e Cla ia o

o eg::riijm-. S Clay <<2p | = !{Z:f:“
i |
Dispersed with Na®C20°%,

e g e e 1.32 1630 =_10 | 1.70 Fias=. 15.56 =35 1.58
N v n 2.65% 16,05 = .05 | 1.65 7.0 = 16 10=_03 172
1 | e 3.6 1650 = 35 i. i-63 i Wl =. 1735 = 455 L63
M. e o o.38 1728 = 20 | I .66 | 2T == 1hla=_33 17
bty e e .36 17.60 =20 | 1.64% | 290 1635 =10 1.71

|
1 | SR e S e 22 178025 | 1.6 | o= 1605 = 19 1.74
Dispersed with Na*CO3,

T e e e e 132 35.00 =30 16055 2= 05 167 578 =. I 15,30 =25
o M e e 264 .75 =20 1700 =10 1.53 FJ/Ia=.00 § 1645=30
T e i 396 . 2750 == _50 1730 =20 1.61 23380 =30 1715 =35
NG R s a2s 985 = A 1730 = .8 1.6 I5.55 = 35 1760 == .30
e VR, Ree 10.56 2805 = 35 1750 =.15 60 [ B850 =25 | 17.80=.10
B0 e . L2 .70 = 3 16.00= .15 j 1.5% t 380 = 0o I' 17.35 == )

| |

—an( g Jw-—
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greatly changed by washing with an excess of HCl and the results given for
sample 749 and 109q are not of much use for describing their texture under

natural conditions. In the case of 749 a 15 gm. sample of the air dry soil
was used so that the amount remaining after the carbonates were destroyed
was comparable with the original samples of the other soils.

TABLE 6. — Coupreresess or Diseensiox of Vamiovs Sons ny Dipeenexr
Coneentrations of and Na2020° and Na2CGO3,

} ! J Clay = 5p
Sodium Salt Added El:[l]n'aIu[ll. i =1 il’-‘.
to Percont : rar o 1
of Total Erehunge: Gupacity. Soil 10g8. | Soil 10gg. | Seil gg. | Soil Wy
JF 1 | I
Washed with HCL — Dispersed by Na?C20%

B e e e e T ] 1.50 | {.35 | .26 1.27
B s o S i B NS 1.99 ] 1.32 | 1.26G .24
Yol R L T S | 131 | 1.31 | 1.2 1.23
/1 N N S e 1.28 .32 1.30 1.25
1 R el 1.27 | 149 1.28 1.25
7 o S | Y28 | im | 1 125

' Washed with HUl. — Dispersed by Na*GO3,

| AR e e A S e .28 | 1.34 1.25 126
L e i Py 0 1.26 | 1.33 1.25 1.25
L e A T 1.24 l 1.31 1.25 1.26
R e S e T e 1.249 1.34 1.29 .26
LT Y L T S 1:38 = | .54 1.29 1.35
Bl e ieel o Aesl | s 1.28 1.97

Not Washed with HCl. — Dispersed hy Na?C20%

B0 ... - a 1.33 1.38 I.46 1.30
L e S e e [0 1.53 0.43 1.26
T e o, S I N ) 1.30 1.33 - 1.28
e e T T e T e e e 1.29 1.346 - 1.31
] R e R IR ST : 1.30
800..... e e e e e 1.28 1.36 | 1.44 1.28

Not Washed with HCI. — Dispersed by Na2C03.
ol [ 1.35 | 1.41 | 0 1.37
- Y 1.37 - 1.28
1.30 1.58 - 1.26
1.99 1.38 - 1.30
1.30 1.57 - 121
1.31 137 - 1.38

The uniformity of the ratios with the exception of high ratios for the first
members of some of the series in Table 6 indicates that sodium oxalate or
carbonate equivalent to 50 °/, of the fotal exchange capacity of the soil is
not enough to insure complete dispersion, and that the treatment with salt
equivalent to 200 °/, or more is of no more benefit than moderate treatments.



—a{ 39—
To determine more closely the amount of Na?C20* to use, several smls were
studied with additions”of the salt”equivalent to 50°/,to 200°/, of the total
exchange capacity. No strikingly conclusive evidence was obtained but the
data for one soil will be presented here. Table 7 gives the results of disper-
sion studies on a heavy clay subsoil which was not washed before being dis-
persed by Na2G20®,

TABLE 7. — Cray Coxresr or Upsion Cray Supson
Determined after l}iﬁpvrﬁinn iy Different Concentrations of Na?C20~,
ORIGINAL
Na®CH)' ADDED EQUIYALENT et | : |
10 PERGENT OF TOTAL o NAC0Y, | iy = B ey =S apt Chiy< Sy
1III-|_|I|J,TIII'IH | in diameler, | in diameter. Glay < ag
OF TOTil EUCHANCE CAPACITY. equivalinis |
! per Jiter. |
5 T i | )| o
B e en e T T T LR | 4.38 Gl.7= 7| ME== 6 1.55
54w e A e | 657 | Gb=11]| 422=10( 156
i Pt A R R | 8.76 Gl 1| Atbx= 2 1.54
i T T ey e LR e e e { 1095 67.0= .3 A28= .7 1.57
R e e e e e | 1544 G4z 7| AbGi= 1.5 1.62
T e e e e e e | 17.62 | 67.9= .6 A%.6=2= .4 1.55
|

SUMMARY AND OBSERVATIONS.

A eritical study of the use of sodium oxalate and sodium carbionate for dispersing
soils before mechanical analysis by the pipette method has been made. The dats
obtained suggest the following observations.

The completeness of dispersion of a soil sample can be judged by the ratio

clay — Suin diameter
clay — ap in diameter
which is quite valuable in comparing the relative effectiveness of different treatments.

Many soils can be satisfactorily dispersed by the addition of sodium oxalate or
sodium carbonate equivalent to the saturation capacity of the soil and mechanical stir-
ring withoul any previous treatment to destroy organic matter or remove the exchan-
meable bases.

Soils high in organic matter are easier to disperse completely if they are first treated
with H'O® to destroy finer parts of the organic matter. Much of the cementing effect
which appears in soils high in organic matter can be overcome by washing with dilute
HCl and this is sometimes more convenient and just as satisfactory as the H'0* treatment
for routine analysis.

The use of hoth H*0* and HCl is probably never required in the mechanical analysis
of soils found in Ohio and neighboring states, as the addition of a sodium salt to
the acid treated soil dissolves the humified organic matter.

When HCI is used to remove Ca** and other bases from the soil it can be removed by
shaking the soil with two successive portions of distilled water, throwing the soil out
of suspension by centrifuging, and decanting the water.

Sodium oxalate and sodium earbonate appear equally satisfactory for dispersing the




g0il when they are used in combination with thorough mechanical stirring. The

oxalate appears to give complete dispersion in lower concentrations than the carbonate

when they are used with natural soil. When they are used with acid washed soil there

' is apparently no significant difference in the dispersion of the clay but the uncertainty

' of the correction to apply for oxalate in the aliquot sample is a point in favor of the
carbonate. ;

An amount of Na*C*0* or Na®CO® equivalent to 150 o/o of the total exchange capacity

of a soil is suflicient to disperse a natural soil unless it is very high in organic matter.

If the soil is naturally acid, salt equivalent to the exchange capacity is sufficient. This

makes a relatively dilute solution when diluted to 500 cc. as it is usually less than

| 10 cc. of N/a Na®(*0* per 1.0 gm, of soil and the final concentration is less than N/100.

| If the oxalate or carbonate is added to the soil in 150 cc. of water the highest concen-
tration of salt which comes in contact with the soil is N/3o.

When a soil has been washed with HCI and the acid removed the addition of Na*C*0* ol
or Na'CO® equivalent to the total exchange capacily or in many cases even less is suflicient o
| to produce complete dispersion,
Even soils containing considerable quantities of free carbonates sometimes form
L. stable dispersions with Na®*(*0* and may be subjected to mechanical analysis by the al
| pipeite method.  Itis a question whether the data obtained by completely decomposing
the carbonates and then determining clay are as valuable as those obtamed for the
natural soil. '
When a soil has been dispersed with an equivalent amount of Na*G*0* and mechanical
W stirring it may stand indefinitely without forming aggregates.
Mthough a soil suspension will tolerate a considerable excess of Na*G*0* or Na*CO® in n
solution without becoming flocculated, the use of more than is necessary is undesirable ol
from the standpoint of the correction for added material in solution. The exchange
capacity and other soil characteristics should be considered in the choice of the treatment
to apply to a sample before mechanical analysis.
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MECHANICAL ANALYSES
OF SOME NATAL SOILS

* BY
J. R. H. COUTTS,

LECTURER IN PHYSICS, NATAL UNIVERSITY COLLEGE, PIETERMARITZBURG.

Comparative results of mechanical analyses of some Natal soils have been
obtained by the three methods proposed for cooperative work. These method
are referred to below as methods A, B and C :

Method A : International A method, hydrogen peroxide, hydrochloric acid
and ammonium hydroxide ;

Method B : Replacement of ammonium hydroxide by sodium hydroxide ;
Method G : Replacement of ammonium hydroxide by sodium oxalate.

It has not been possible to carry out experiments by the sedimentation
method, but it is thought that results may be of interest for the dispersion
obtained by methods B and C as compared with that given by Method A.

SOILS USED.

The soils used are deseribed briefly in Table I. They are all obtained
from the Natal Midlands, and belong to the same group as those discussed
elsewhere by Osborn and by the present writer. All are acid soils;
their pH values range from 4,5 to 5.5, and for éach soil there is only a small
variation in pH value throughout the profile.

Some explanation of the colour specification in Table I is necessary. B stands
for brown, B! for blue, G for chocolate-colour, G for grev, R for red, and Y for
yellow. Thus, RY represents a reddish-yellow soil, RRY a soil in which the
red characteristic is more pronounced, but a yellow tint is still recognisable,
and so on. RY is somewhat redder than YR. The colours are those observed
in the field at the time of sampling.

The principal geological formations in the district are Table Mountain
Sandstone (T. M. 8.), Ecca Shales (E. S.), and Dolerites (D.), There are
also some outcroppings of Dwyka.

Five independent surface soils and three complete profiles were examined
making 21 samples in all.
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TABLE 1.
SERIES 20 GEOLOGICAL | GEQ- Allk DRY
. GRAFHICAL A e B R e E k
Gl R F [ 2::.:?-'-; DESCIPTION OF S0ILS USED, n, :2:!1 ;
Kooowsennnon| TS0 ocu.| SevenOaks.,.| G.B.sondydoam...ovennnnan. 0.7 2.32
P E.SoebDo. .| SevenOaks...| G B oelayloam ...oi..ioaiay 1.1 545
| e, E.5.et D....| Marilzhurg. .. .| G.B. sandy doam «cs v v v cioin 1.3 S.42
R E.SetD....| SevenOaks... | B.oelayloam,.....o0hiieoniias 0.7 230
1955 . soe] ESiet Do Seven Oaks.o | G B Boelay. oo e SiE 0.4 .80
150, 0 - O E.5. et D....| New Hanover.| G.B. to Y. B. loam. Flowy. ., . ... 1.7 8.31
9-14 E.S.etD Kew Hanover. | Y. B to Y. Y. B, loam, very Litlle| 0.7 7.26
r.Lu-I
1418 E.S. et D New Hanover. | Y.. B. Traces of gravel ........ 0.7 HH )
18-81"..| E.5.etD New Hucover. | I, B. Clay loam. Fair amount of| 0.8 576
fine pravel| (iranstone concrelions),
Friahle.
31-30"..| E.S. etD....| NewHanover. | Y. K. B. to Y. B. with Y decom-| 0.3 A48T
= oged shale,
WL E.5.etD....| New Hanover. | Y Bl decomposedshinle.........| 05 4.92

153, 0=10% .| BiS.ebtD....| Melrose. oo | G Bolomm. v vainin e aaieens 1.7 579

10-18"..] E.S.etD....| Melrose, .. .. B. 1o Y. B. loam, shale particles.| (0.6 5.53
Fow traces of shale el yronstons
concretions. Friable.
1B—28"..] E.8.etDi...| Melrose. .. Y. KBt B B lonstone layer at| 0.9 5.06G
ah", Y shale particles.
2 -84"..) E.S.etD....| Melrose. ....| R B to Y. R B Ironstens concre-| 0.8 &.10
tions, Clayey and grilly, 0.1 3.69
34-42"..| E.S etD....| Melrose, ....| R Y. Onoly traces of ironstone , ...

(G100 | TS ARE| Bosdombe. .- |G, baly Iohin . svie s s o wasnnee s 00| S0
10-16"..| T.M.S.et E.S.| Boscombe ...| G, B.to B, sandy loam ....00. .. 1.3 2.70
16307, .| T.M.S.ctE.8.| Boscombe ...| Y.B.sandyelay......oonuiienn 0.2 2.41
30 -867. .| TM.5.etE. 5. Boscombe ...| R B.sandyely........... 0.0 0.1 2.15
36 4.0 | T.M.S.elE.S.| Boscombe ... [ I R Y, sandy elay,Sticky . ...... .4 1.82

EXPERIMENTAL.
The soilz had been passed through a 2 mm, sieve before use. 20 grams

of soil were used for each experiment, and the final volume of the suspension
was 1 litre. The pre-treatment with hydrogen peroxide was carried out in
the usual way, except that the soil was filtered at the pump on a Buchner
funnel; it had been found in earlier work that filtration on an ordinary filter
paper was extremely slow. Schleicher No. 595 paper was found satisfactory.
Conditions were maintained as nearly as possible the same for all samples.
After adding the proper reagents, the samples were shaken for 2 hours on a
reciprocating shaker. It may be mentioned that in the cases of the reddish
horizons of soils Nos. 153 and 181, there was almost complete floceulatio

after the separation of the coarse sand and before the addition of the dispersin
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agent; except in certain cases discussed below, the flocculation was removed
successfully by the reagent and subsequent shaking.

For the pipette sampling, a pipette with a tap and a long stem was used;
the bulb did not enter the suspension. The same pipette was used throu-
ghout the series of experiments, so that results are strictly comparable, The
suspensions were kept in a darkened room. During the whole series of
measurements, the extreme variation of temperature was from 1g,5°to 28°,
but the variation was not more than 1° during the determinations on any
one batch of samples, and the depths and times of sampling were in all cases
adjusted to correspond to the standard temperature of 20°. Each batch of
samples included one for each of the methods on the same soil. The fractio-
nated samples were evaporated to dryness on a water bath, and then dried
in a Hearson oven at approximately 105°; in this case, also, the batches of
samples were arranged so that any variations in the conditions in the oven did
not affect comparative results for any one soil.

The soluble sesquioxides were determined by precipitation with ammonium
hy-]roxidﬂ It was found necessary in some cases to oxidise with mtrm acid
in order to obtain complete precipitation.

In caleulating the results, the weights were, of course, corrected for the
amount of sodium hydroxide or sodium oxalate present. Results are referred
to oven-dry soil, and the air-dry moisture is shown separately in Table I.

RESULTS.

Complete mechanical analyses were performed on all the samples, but
in order to economise space, only the clay fractions are reported in Table II.
Two points should be mentioned, however :

1. With most of the present samples, as with a number of others for soils
of similar t]rpe, the sum of the fractions did not total 100 0/ : values
betwen g4 ofo and g5 oo were usual. The discrepancy is mainly
due to the loss of material by oxidation during the pre-treatment with hydro-
gen peroxide, an explanation which is borne out by the fact that the deep
sub-soils gave totals approaching more nearly to 100 o/o. In this respect,
the present method of mpoﬂ.mg results compares unfay orably with the older
procedure of reporting in terms of ignited fractions, and including loss on
ignition, since the latter method provided an automatic check on the results,

2, The separations of coarse sand and fine sand, using an L. M. M. sieve
No. 70 were in some cases unsatisfactory, and sometimes showed large diffe-
rences in replicate determinations; the diserepancies were, however, much
smaller when the sum of the two saud fractions was considered.
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TABLE II.

CoMPARISON OF DISPERSION PRODUCED BY THREH METHODS.
f G'iay contenls as determined by methods A, B et ()

SERIES 20, | | ' ' 1)
¥, A, | It | & |—'___"'l'-—-”""-—--"'"_'-- |
| | BiA Gy !
Lo el | I AmLes

R R P 23.9 257 HI 234 | 1032 a97.49
B 879 A5 38,7 ] {TRA] 8.2
Mckisoa 364 7.1 $6.4 | 1020 | 100.
1A b e R 8.4 2L3 57.9 1028 | 47.4
gt A e ey 25.0 o5 - blb (RULIRIE G-
160, 0= 9..... a7.5 av.0 §1.3 Us.6 Tl
[ P B o b8 814 Db 192.9. 4.2
14-18"..... 6.7 a8.0 2.9 102.3 8.5
¢ L 881 571 5057 bl 8.0
=80 ol 2249 §0.2 102,56 .5

- 50.4 52.2 50,4 103.6 100.0

I B R e e s A8 T 17.49 1041 370
LTS B, o A0 438 10,3 1085 255

;i T T LA e A41.2 42.2 5.1 102.5 » G Al
= i 3T 25 30,6 104.2 O34

b T L AR ! 565 383 Livik 1 B4

L I S T ST S0.6 28T 2.7 TR 4.0
=10 i 20.7 29,2 5 ; 45,5 9.4
e L e S 311 304 B8 I 7.0 U326

B0 =B, e 30.5 33.1 20.5 107.4 B

] 28.4 2849 27.9 118 08,2

Table II shows the clay contents obtained in parallel determinations by
the three methods. It also shows the relative dispersion obtained by methods
B and G, taking that for method A as 100. An inspection of the figures shows
that in the main the results confirm the Bangor conclusion that method B
produces more efficient dispersion that method A, Of the five apparent excep-
tions, it will be seen that four correspond to differences of not more than
1 ofo in the absolute value of the clay content, and are therefore .humly
significant. The remaining case (Soil No. 181, 0-10") represents a diffe-
rence of 2,9°0/0 in the clay content of the soil; the whole of this loss was
recovered in the silt fraction, and may represent a real case of less efficient
dispersion by method B*.

The results obtained by method G are definitely inferior to those obtained

* It may be noted that the three lowest relative values obtained by method B were with the
first three horizons of this soil, which is derived from a site where the thres main geological

formations are intermingled, and is also near an oulerop of Dwyka.
o
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].J}' either of the other methods. In two cases, the relative dispersion is equal
to that produced by method A, but in all others it is lower. In no case is
the relative dispersion equal to that of method B. In extreme cases, such
as the first two horizons of Soil No. 153, there was clear evidence of very
considerable partial floceulation. In the other cases where the results are
very low, there were also signs of floceulation : the deposits in the sedimen-
tation cylinder were rather bulkier than with the parallel samples with the
other reagents, and difficulty was experienced in separating the fine sand
fraction-while 8 to 1o washings were normally required, these samples
needed about 3o; the total of the fractions was also very low, showing that
flocculation had oceurred during the 8 hours stand for the clay [raction sam-
ling.

: Itgis possible that better results would be obtained by method C if it were
decided to use a more drastic method of pre-treatment. A sample of Soil P
was treated with hydrogen peroxide of strength « 100 volumes» instead of
the usual «20 volumes», and this gave a relative dispersion of 8,4 oo,
as compared with 81,2 o/o quoted in Table II for the ﬂrdinary ]]I‘(“nll*l’&f.-
ment. But so long as the present method of pre-treatment is retained,

appears that the method is not suitable for the class of soils discussed in thrs
note,

SUMMARY.

Mechanical analyses of soils from the Natal Midlands show that for