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Papers.

On the question of KCI addition in the case
of the electro-metric determination of the soil reaction. II:

CAN THE LIME-REQUIREMENTS OF THE SOIL BE
DETERMINED FROM THE REACTION OF SOIL SUS-
PENSIONS CONTAINING POTASSIUM CHLORIDE ?

Max TrRENEL.

In the Internationalen Mitteilungen fiir Bodenkunde, Vol. XIV,
p.- 137, 1924, 1 showed in collaboration with H. PFEIFFER, that the
Damuvraara method and the determination of the “ real acidity’
in suspensions containing KCl, in the case of mineral soils, give pro-
portional values, because in such soils the real acidity is a function
of the exchanged aluminium.

The comparison of the “ titration acidity " of the soil extract
in 1 m. of KCI solution with the electro-metric determination of the
P, of the soil suspension in o.1 m. KCl solution, was undertaken in
order to justify the theory of KAPPEN as to the importance of the
* exchange acidity " which was attacked at the Rome Scil Science
Congress in 1924.

KappEN himself and his colleague reject the determination of
the exchange acidity by means of physical methods, because the P,
‘does not always fit in’ to the correspondence between titrated
* exchange-acidity "’ and growth of the cultivated plants.

Since H. KirsTE for example has measured the P, in a water
suspension, it is not surprising that he reaches the same conclusion
as KappeEn. " Titration-acidity ” in KCl soil extracts, and P, va-
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lues in water suspensions are incommensurable quantities. That
the P, values of the suspensions with KCl content actually do fit into
the above mentioned relation between acidity and plant growth, has
been shown by the author from copious material which was accumul-
ated by means of soil researches carried out on farms in conjunction
with practical farmers (2).

To obviate any misunderstanding it may here be once more
emphasized that it is the electro-metric determination of the soil
reaction that is in question ; in colorimetric methods the addition
of neutral salts is undoubtedly misleading on account of the like-
lihood of errors and should be avoided. If the objectors to the
addition of KCl take their stand on the fact that the influence of
the potassium chloride depends on the soil reaction from the con-
centration (3), they are overlooking in that connection :

1. that the natural suspension of soil in water is a water
suspension only in name, as HAGER (4) has specially pointed out ;

2. that onwards from a certain concentration the influence
of the KCl is constant (5).

It is obvious that by the use of fertilisers containing potassium
galts the concentration of 0.1 m. is not reached. But since it is
precisely the very small KCl concentrations which have the most
marked effect, and since, in consequence of the experimental method
followed, employment of syphons filled with KCl, it is difficult to
prevent the diffusion of KCl in the soil suspensions or even to
control it, it seems to me to be practicable to select such a concen-
tration (0.1 m KCI) which, on the one side vields constant maximum
values and on the other has no marked effect in diminishing salts
in the quinhydrone or hydrogen electrode.

My further researches make it possible to advance a step further
and in the direction of the determination, or a closer estimate, of
the lime-requirement " of the soil. If the electro-metric determin-
ations of the soil suspensions on 0.1 m. KCl solution and the * to-
tal acidity ' determined by titration in 1 m. KCl soil extracts are
shown on a system of co-ordinates, a curve results which makes it
possible to draw conclusions as to the lime requirements from the
hydrogen index; the natural assumption therefore is that the total
acidity as determined by the Damkunara method is a measure of
the lime requirement of the soil.

Loamy and clayey soils of a varying, but for the most part small,
humus content were employed for the comparative experiments.
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The P, determinations were obtained electrometrically on application
of the acidimeter, which I have described on a previous occasion (6), .
to suspensions containing o.x m KClL The “total acidity " was
quite independently determined by Dr. Urescaer and Dr. HALLER
according to the DAIRKURARA method.

The following table gives the results of the comparative experi-
ment, which is represented graphically in the diagram in the text:

._

The relation between P, and the * total acidity ” is shown by a 1';
series of curves (fig. 260), in which the curves become flatter as the :
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Fip, 260, — The dependence of the Hme requirement on the soil reaction.

Explanations : x = Lime requirement per hectare,
xx — H = humus,
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TasLg 1. — The Dependence of the Lime Requircment
on the Soil Reaction.
Labora Actunl acidity |
No. ]l 1O [ ot the “E | Tﬂc:.ll:ﬁ?w Remarks
| mumber | NaOH
' |
I 9371 73 | 0.0
2 8373 70 | 0.0
g 9374 | 6.4 | 0.2 |
4 a 369 | 7.15 0.0
5 589 | .55 0.2
[ o860 | a5 | o0 | Poor soll with 30 9 CaCOy.
7 g 86 | .61 | oo |
8 G939 | 6.2 .4 |
g 4 40 6.1 | 1.3 | Arable Joam soil from the Oder marsh
| : [ (Gieshof).
10 o9o41 | 5.6 | .8 |
13 9942 54 | 5 |
1z | 9943 5.0 1.4 |
I 99 . 1.9 |
Ii 1' 9 3:: ‘ 2; | 12,0 | Sube-soil of forest soil.
15 9 315 3 | 17.2
16 | 9 332 | 62 | 0.6
1; | 9334 | B4 I 0.4
T 9337 s o
19 | 900z | gg | :-,u Loam with 639, CaCiOy,
zo | 10019 | 67 | a0 |
21 | a 980 | g6 | 5.6 | Humus clay.
22 | G Qoo 4.4 | 10.4
23 | Gagr | 4:5 0.0 | .
24 9693 | &5 | 0.0 | Clay soils 6 % CaCOy.
25 10 028 H-i 54 | 3.8 |
26 |(7) 10028 D 4.8 4.7 | Nos. 25-40 are loamy forest soils (7),
27 10028 ¢ 4.2 1.6
28 10 029 A 43 10.0 |
29 10 029 b 45 | 5.2
30 100219 € 4.2 16.4 |
31 10030 & 0 | 16.4 |
52 10 030 b 44 | 44
33 10030 € £ | 10.4
34 10 031 @ 4.0 16.4
35 o031 b 47 40 |
3h 10031 cf 43 14.0
37 10032 8 4.3 1.2
38 10 032 b 443 I .0
39 10033 4l 42 8.0
40 10033 b 46 4.8
41 10033 v:l 4.2 15.2
42 10034 a 44 7.6
43 10034 b 3.9 19.2
44 100350 4.3 88
45 10 035 b| 4.5 ] 5.2
46 10 036 aj 4.5 4ad
47 10036 b| 45 34
48 10037 0 3.7 1.3 |
49 10037 b 44 52 |
! 1
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Tasre I. — The Dependence of the Lime Regusrement
on the Soil Reaction.

| Actund acidity

S| |t | SESCRE SO
| mamber [ P RalH
- — E —mame A —— s ok
| | |
50 10040 | 3.0 9.6 |
51 | 10041 | 3.2 | T4.4 |
52 | ) ﬂg | 3-;5 23.2 |
53 943 30 LG,
54 'I‘* 3 | 3.9 | 33,:. Tropical primitive foreat soil,
53 | 9;29 | 3.2 (f!',.'.z | Humous forest soil,
| 9 Fes ¥,
?? | g ::;g | 3,:5. 15.6 | Humons focest sofl.
58 g 428 | 3.1 | 47.6 | Humous forest soil.
50 9712 5.0 0.8
6o 9710 55 | 0.6
61 | g432 | g2 | 1.2 |
62 9471 o | 0.0
63 | 9 799 3.7 T4.4
64 9418 | 25 | G1.0 |
Ef ol 6rs | ot Loamy mould
-3 | 10 GO0 AT | 0.2 ¥ m -
&7 | 10 001 I -;.05 | 0.3 | Subsoil at depth of 1 m.
68 10 002 6o | o7 | Subeoil at depth of 2.2 m.
GO 10003 | 705 | 0.3 | Subsodl at depth of 3.5 m.
70 | 10025 6.5 O
=1 | 10 026 | 6.3 0.4
72 10027 6.8 0,2
73 | 10 028 6,5 0.2
74 | 10 020 6.5 0.2

content of humus increases : the divergence is not great up to P, 4.5.
Since soils the reaction of which is more acid than P, 4.5 are on the
whole of rare occurrence, the steeper curve practically serves to
determine the lime requirement from the quickly ascertaimable value
in P,. In the case of obviously humous soils the flatter curve will
be suitable for the purpose.

The lime requirement in kg. CaCO, on 1 hectare (3 million kg.)
is reckoned according to the formula: & X 3 X 1.5 in which « is
the titration liquid reckoned in cm. on 100 gm. soil. These figures
hold for heavy soils : for medium soils the value should be estimat-
ed at about half and for sandy scils at one-third.

As the series of curves approaches the co-ordinates as asymptotes,
the questions may be put: What lime requirement has a soil which
is in the first place neutral, and in the second more acid than P, 4.0?
In both cases the curve seems to give no answer.




s S A——

204 INTEENATIONAL SOCIETY OF 50JL SCIENCE

To this it may be replied : in the case of neutral soils the Dar-
EUHARA method must necessarily fail: a highly probable case is
that in which a soil containing no chalk is agitated with KCI, solution
and shows no acidity that is capable of titration. In such cases
other methods must be emploved.

In the case of very acid soils the gquantities of lime estimated as
required according to DAIKUHARA are so large that it becomes im-
possible on practical grounds to supply the lime deficiency by a
single liming,

From the above considerations the following conclusions may
be drawn :

1. If the soil is neutral, the lime content of the soil is to be
tested either by analytical or geological methods, and accordingly a
minimum dose given, the amount of which is to be determined em-
pirically.

2. In the case of slightly acid soils the lime requirement can
be determined approximately from the given series of curves; with
markedly humous soils the flatter curve is employved for the pur-
pose (3).

3. With soils that are more acid than P 4.0, the first thing to
do is do apply the quantity of lime which is practically possible ;
after a certain time to ascertain the result by renewed testing and to
make any further liming depend on these tests.

I wish here to thank Prof. Dr. ScEucHT, Prof. GAxssEn and
Dr. HeLLuERs for the valuable suggestions they have made.

SUMMARY.

In completion of earlier investigations in regard to the dependence
of the P,, from the “ total acidity ', the attempt is made to infer
the lime requirement of the soil from the P, determination of the
soil suspension in 0.1 m. KCl solution. The dependence of the lime
requirement on the P, is graphically represented: the curve of the
humous soils is clearly distinguishable from that of the pure mine-
ral soils and gives for humous soils a lower lime requirement than
for mineral soils.
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TO WHAT EXTENT IS THE LIME CONTENT AND
REACTION OF A SOIL RELATED TO THE MANNER OF
ITS FORMATION ?

H. Nikras and F. Vocrr (Reporter),

The controversy as to how far we are justified in drawing con-
clusions as to the chemical and mechanical properties of a soil from
the geological character of its subsoil, is as old as the science of agri-
culture itself. There were also two schools of thought as to the es-
timation of the lime-content of a soil from the character of the un-
derlying matrix. One school believed in its general application,
while the other denied it by putting forward generalisations which
applied only to large areas.

From a geological standpoint, the principal objection which
can be put forward against the derivation of the carbonate of lime
content of a soil from its geological relation to the underlying ma-
trix, is that, although this may be true in the case of primary soils,
especially when the length of the weathering action on them is
known, they occur in much smaller numbers than secondary
soils, ‘The above statement is also true, if we leave out of
account, in the case of a large number of primary soils, the in-
fluence of climatic changes which have taken place, up to most re-
cent times,

Agricultural science was able to prove in the course of the
last decade (1) that starting with the same rock, different climatic
conditions produce quite different soils, and that the following rule
applies ; in dry soils the bases remain, in humid soils they are wash-
ed out.

In the humid climatic regions therefore, all primary soils must
either be deficient or get deficient in bases, or looking on it from
a colloid-chemical point of wiew, they are, or are getting in, an
absorptive-unsaturated state, i. e. either have an acid reaction or
are passing into acidity.

However, even a considerable number of secondary soils have
been and still are undergoing an impoverishment in bases.

The base content of a soil is determined on the one hand by
the base content of the original rocks, from which it was formed,
and on the other hand by the time during which the varying clim-
atic factors have been changing over the same region (z). But
this statement loses considerably in its general applicability on
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account of the far-reaching climatic changes which have taken
place over the whole of our region during the diluvinm, and the
events since then. The upper lavers of the primary soils in the
humid climatic zone consist now of the further sub-aerial develop-
ments of the then (in diluvium) existing soils, together with the
aeolithic and fluvial deposits of theice-age, Equalising influences
caused the prevalence, in this zone, of the brown-earth type, but
it must be remembered that the duration of these influences is
still too short to produce a chemically homogenous type of seil,
especially in countries like Bavaria, where the multiplicity of the
geological strata and the multiformity of the orographic arrange-
ments and of their relations on a limited space is so very great.
The equalising factors are influenced to a great extent by the
mechanical composition of the soil.

In considering the strata, which, when looked upon from an
agricultural and forestry point of view, we call soil, we must, among
other factors, take account of the influence of plants and animals
on it, and must also not forget the influence exerted by man through
ploughing, manuring and choice of plants. Correspondingly, the
deficiency of a soil in bases, will differ according as it is covered
by plants, and it will depend on the kind of plant, whether its
physical character will allow the earth-worm to exert its full
action, and according as man by his ploughing mixes the layers
of subsoil richer in bases, with the poorer upper lavers, and ac-
cording as he adds, through manuring, substances rich in bases,
base-fixing or base-liberating.

The last mentioned point, of the chemical changes produced
by manuring in the soil, has attracted the special attention of agri-
cultural chemists in the last decade.

Fundamental researches, as e.g. those of R. GaNs (3), explained
the influence of different kinds of weathering on the molecular
composition of the zeolithic silicates, and thus gave wvaluable in-
sight into the nature of the reactions taking place in a soil. They
showed that in comsidering the zeolithic silicates of the soil, de-
composable by hydrochloric acid — the aluminium silicates —
as chemical compounds, that a seil should be called neuntral, whose
zeolithic silicates are so composed that to each 3 mols. of Si0, and
1 mol. ALO, they contain I mol. of a base (CaO, MgO, K O, Na,0),
and those are to be considered gcidic which contain to every 3 or
more mols. of Si0, less than 1 mol. of a base, and if toevery 3 mols.
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5i0, there are more than 1 mol. Al O,, they are to be considered
basie. g

On the results of these investigations were assumed to be based
the numerous investigations on the chemical reactions taking place
in agricultural soils, whose principal object was the elucidation
of the changes produced in those soils by manuring. In all
these investigations we are dealing with an object with a definite
geological history, and that history left its mark on its chemical
character and behaviour; and many a generalisation injurious
to the science of manuring was retained in this way.

The use of artificial manures does not go far back, and in the
case of Bavaria, certainly not more than a few decades, and the
amounts used even now are comparatively small, and some soils
did not get any artificial manuring until very recent times. They
have in many cases a typical and very often an acid reaction. This
may tefer to heavy soils. On the other hand, there is at this In-
stitute a large number of unfinished investigations on test-field
loamy-soils, which have been receiving considerable amounts of
chemically and physiologically acid manures for a number of years
and which even now still show their unchanged original reaction.
Thus, we have on the one side soils as. e.g., the majority of sandy-
soils poor in bases and many loamy-soils, which on addition of
large amounts of chlorine-containing or physiologically acid-neutral
salts begin to show an acid reaction, which makes them unsuitable
for the economic growth of plants, but on the other side we have
soils which on account of their geologically based physical and
chemical constitution, not only favour prolonged acid manuring, with-
out addition of bases, but even require it. In other words, when
considering the chemical reactions of a soil the geological and agri-
cultural aspects must not be omitted. True, in this way many a
generalisation in manure-technique would have been missed, but
on the other hand many geological #nd agricultural scientific ex-
periences would have been gained, which would have formed a
starting point for many generalisations which, though applicable
only within certain limits, could wet be extended from single ex-
perimental results to all the geologically similar soils. _

These general observations apply to a comparatively large
number of systematic investizations on the reactions and lime-
requirements of most Bavarian soils, carred out at this Institute
for agricultural chemistry, since 1923, after many yearsof prepar-
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atory work. In the following pages it will be attempted to give
account of certain of the results obtained, but before doing this,
is will be useful to give an account of the procedure of the investi-
gation, from the taking of the soil-sample upto the investigation
proper (4).

The party chosen for supplying a soil-sample, for lime-re-
quirement and chemical investigation, receives together with a
guide as to the way the sample should be taken, also a question-
naire. The questions are put not only from a manure technical
and plant-organisational point of view, but also from a geological
and agricultural scientific point of wview. The completed ques-
tionnaires are returned simultaneously with the soil-samples. Al-
ready first experiences have shown that large and small farmers
alike answered the different questions very unreliably, and although,
no doubt, the answers received do give some information, yet for
statistical purposes even, quite disregarding scientific purposes,
the material can be used only with great care, if at all. We
therefore sought the collaboration of the Bavarian agricultural ad-
visers, and in the course of the first year we managed to interest
in our work 42 agricultural stations (5), to supply us with soil-
samples for investigation and in most cases, to answer our ques-
tionnaire for each soil sample separately. Also in this case it was
soon found that on the average the answers are suitable only for
drawing of statistical conclusions, but only in few cases are they
suitable for scientific use. In most cases special stress is laid om
the manuring and plant-organisation answers, for quite obvious
reasons, while the agricultural-scientific answers are unsatisfac-
tory. It may be that the unsatisfactoriness of the geological and
scientific-agricultural answers is due to the fact that they are
given by men expecting immediate practical results, or it may be
due no doubt in many cases, to the ignorance of the soil-forming
factors and of the disposition of the secondary geological strata,
which ignorance cannot be dispelled because of the lack of suitable
125,000 maps.

After this was recognised, the reporter (F. V.) himself attempted
to obtain, with the help of good geological maps, typical soil-samples
from different parts of Bavaria, so as to get the necessary scientific
basis for the conclusions drawn.

In this way only could the suspicion of a close relationship
between the chemical character of a soil and its geological mode
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of origin be confirmed. These observdtions will be given in the
following pages.

Fach sample received was registered, separated according to
the size of its particles, and had to undergo a preliminary investi-
gation by different quantitative methods (6). These preliminary
investigations were carried out to gain information as to the general
character of the chemical reactions of the sample. Next followed
the measurement of its hyvdrogen-ion concentration, the institution
of the nitrogen bacteria test, and, if necessary, the determination of
its titrational acidity.

In the statistical treatment of the 2255 soil-samples received
from September rst 1g9z3 till August 3rst 1924 (7), after their
arrangement in different reaction stages — according to the hydro-
gen-ion concentrations, P® as determined in KCl extract — the
following were the results:

Tanlg I

] %

renction Mo, af aoils of the total
Below 55 sizels Geet s 283 12.55
45 — 5.0 . . v v v ow e e . 263 11.68
1) e SO R R e 175 2.67
BB —B.2 0 voaie w & s S 410 11.18
Bi2T—Gig s i . e 342 15.16
BT =—7100s &% 0 Talvai il o i 281 12,46
Above 7.0 . . . . . . . e 501 22.21

According to this, if we consider only the hydrogen-ion con-
centrations as measured in a KCl extract, more than half of all
soils investigated (P™ below 4.5 up to P" 6.2) namely 50.17 %
may be regarded as physiologically acid, 15.16 % (P", 6.21-6.%)
as neutral and 34.67 %, (P® 6.71 — over 7.0) as alkaline. Almost
all soils with a P® helow 6.2 and a number of those witha P*® of
6.2 6.7 must on the results of other different investigations be
regarded as deficient in lime. The great majority of soils of P®
6.2 must be considered as absorptively — unsaturated.

The unexpectedly large number of Bavarian soils found to
be acid and deficient in lime, caused us to investigate their relation
to the different geological formations found in the country. This
appeared necessary in view of the multiformity of the Bavarian
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geology, if a general conclusion is going to be drawn, applicable
to all the other numerous Bavarian soils, which, to form a final
opinion, still required investigation, and if a conclusion is going to
be drawn as to the distrbution of the lime-deficient and non-defi-
cient soils under investigation.

Investigations were therefore undertaken to determine the
geological character of the different soils. For this purpose use
was made of samples of soils taken from the Institute itself, and of
samples of soils sent in, in exceptional cases, with satisfactorily
answered questionnaires. These samples, well known, were then
united into definite geological and scientific-agricultural groups.
It was thus possible, ¢.g., to separate out distinct groups from the
large number of secondary groups forming a soil-group in a given
formation, and this was possible in the case of lower-terrace loamy
soils, upper-terrace loamy soils, certain diluvial loamy soils of Fran-
conia, and Keuper-sand soils, It is thus proved that the large
number of soils grouped under the name * general diluvium " con-
tain a whole series of terrace, gravel and moraine soils, that the
group ‘' Keuper general " contains a large number of other soils,
¢, g., upper " Bunter Keuper ", upper gypsum “ Keuper ", etc.
The lack of more definite information as to the exact place from
which the soil has been taken, or of the proper geological section
(profile), caused us, in concluding about each soil, to place it more
in agreement with the upper members of a formation than with
the lower ones. Thus, while the diversity of the soil materal,
well known in its peological particulars, diminished considerably,
the number of sub-divisions of the larger geological formations
increased considerably.

After this preliminary segregation of the different formations,
each soil of each group was entered in a definite column in a ta-
ble according to the results obtained in the hydrogen-ion concen-
tration determination, total acidity and lime requirement deter-
minations. In the case of a considerable number of soils they
could not be placed in any definite geological formation and all
those were combined, and entered in a column as * Soils with no
definite character " (geological). In this way Table II was ob-
tained.
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TABLE II. — The geological character of the soils snvestigated, in thelr

I Reaction G
Genlogieal chatactes |K“"‘“"" e = = = = 1 : i
of | undergs :.-_1.:—4.0| 4945 | 45150 | ser-ss | m—ﬁp Gior6y izl
af the sails | sampies | I s ey — - +—
|Nm$ﬂo.|$-ﬂn.|'ﬁ Wo.| % | Mo | % Nm %
Genernl alhemivm . . . . . . [LR I | |
fa} Garden solls . . ., . . * _‘ =il E I: Lo R A i IR (7 ) B (R
{#) River soils . . . . . . ; i . P ) e B “’ii 3|78 7]
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the hydrogen-ion conceniration, total acidity and lime vequirements (See over).
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The results show that, the number of soils which can be
definitely grouped as a geological unit is very large, when compared
with the few less known soils of secondary members of those units.
This strikes one especially in the case of diluvium where we notice
610 completely known soils and only 201 scils with single separation.

The following considerations apply to the numbers, on the left
side of the table.

It is especially important to notice and to remember the se-
ries of numbers given under the heading ' The total number of
investigated soils. " This shows a slow rise up to P" 5.0, then a
distinct decrease (8), then again a rise up to P" 7.0, and again a
decrease.

If we compare with this the numbers in the column “ Seils
with no definite character "', we see something very similar. From
these and other investigated series of soils the following may be
concluded, that a considerable number of tnvestigated Bavarian soils
are newtral fo weak acids, and acid lo strong acids and that only
abowt @ thrd of them are alkaline fo strongly alkaline. Comparing
with these two series of numbers those in the columns “ general
diluvium "', * general alluvium ", ** general tertiary ' and ** general
Keuper "', and taking into account only relative numbers we no-
tice @ fair similarity between all of them.

These relations can be well illustrated by curves (g). In the
curve-table shown in fig. 261 the abcissae represent the steps of P",
while the ordinate represents the percentage of soils of ** The total
of all soils" (curve a), ' soil without definite geclogical character "
(3), * general diluvium (¢), " general Keuper " (d), ** general primary
rocks "' (¢), recurring in each P" group. The very nearly parallel
character of these curves is unmistakable. From this we may derive
the following rule that, the fact of a soil belonging fo a certain geolog-
tcal formation, e.g. " diluvium ”, * Keuper ', " alluvium " “ indicales
nothing else but our ignorance of that soil, An sxcsption is that of
weathering soils of primary rocks represented in our curve table (fig. 262).

These soils coming principally from the Bavarian forests and
from the Fichtelgebirge are principally weathering products of gra-
nite and gneiss, and partly of rocks yielding as their weathering
products syenite, diorite, diabase and other lime containing sub-
stances. The curve shows in any case that the majority of soils
derived from primary rocks are acid and only a small number of
them is meutral or weakly alkaline (10).

l—;.g.!

b

-]

te v Brsee¥e=eire

irAaracalEs

R e P

D = e

=

S ¢ B



PAPERS 217

With these series of numbers of only generally geologically
known soils, were compared those of scils belonging to secondary
members of formations. What strikes one looking at the table,
is the comparatively small number (total) of those soils knmown.

crmtesaBscspmeocaloee yBrosuarenrs

— i e H§ 5 s €0 5 Ta 75
Fig. 261. — Curve-Table I.

0 == Total for all soils,

b == = = = = = 8ails with no definite gealogical characier,

£ ==— 2 ==« == Soils of general diluvinm.

8 = — « — —s- Salls of general Keuper,

¢ = — ¥ — ¥ —¥ Solls of general primary rocks,
In a few cases as, e.g., in the case of " low-terrace soils "', “ newer
valley-terrace soils ', * brackish molasse ”, " miocene fresh-wa-
ter lime ", * lower and upper gypsum keuper' and many other

series, the number is at first so very small that they do not indi-
cate anything at all. In other cases, on the other hand, there is
a definite tendancy noticeable, the number-series become shorter
and closer and are limited only to a certain quite definite and
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typical P® region, similar to the case of “ general primary rocks ".

Several of these typical series of numbers are represented in
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Fra. 262, — Curve-Table IL

a = — 4 - Franconian diluvial sofls,
e = = = - Soilz of high-terrace loam.
¢ ==+ — « = Alpine pasture soils,
e . 1|

g = —3 =3 —% Blasen and Platien sandstone soils.
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curve-table II, Only the most numerous soil-series were represent-
ed: “diluvium soils in Franconia " (a), “ high terrace loams ™
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(&),  Alpine pasture soils ' (¢),  Liass " (d) and * Blasen and Plat-
ten sandstone " (¢). True, the curves in the case of the * alb-covering
soils "', which are only slightly homogenous, and in the case of the
diluvial soils coming from different parts of south-middle Franconia,
and in the case of the partly meadow and partly arable loam
soils of the Bavarian upper-terrace still extend over a considerable
area, vet in distinction to the curves in curve-table I, show a
rapid rise and a typical culmination,

Leaving out of consideration the error due to carbonic acid,
the following can be said :

The Franconian diluvial soils extend over the range for P"
4.51-7.0, with a culmination at P" 5.51-6.0. The sloping branch on
the alkaline side of the curve would in the case of a larger num-
ber of soils be steeper and come to an end between P® 6.5-7.0.

The high-terrace loany soils lie between P" 4.01-4.5 and
6.51-7.0 with an apparent double culmination at P" between 4.51
and 6.0. Also in this case we should get a steeper curve on the
alkaline side, if dealing with a larger number of soils,

The Alpine pasture soils lie between P" 4.01-7.0. The cul-
minating point of the curve is between P" 6.01-6.5. The left acid
branch of the curve seems to be greatly influenced by carbonic
acid (see note 8). The point of origin of the curve should really
have been on the abcissae between P" 4.5 and P* 5.0

The character of the curve for " the Liass soils”, in the
right of the co-ordination system, should correspond wvery nearly
with the actual facts, although a larger number of soils would
probably cause a narrowing to the right.

The fairly large P" region between 4.01-7.5 is occupied by the
Blasen and Plalten sandstone soils with their maximuom value
at P" 5.51-6.0, It may be that in the case of these sandy-soils as
in the case of mest of such geological soils their rather wide PT re-
gion may represent also the effects of manuring, for it is a fact that
farmers on sandy scils use much more artificial manure than farm-
ers on loamy soils, and moreover slight amounts of manure have
a considerable effect in a chemical sense, on sandy-soils,

In segregating the different series of geologically similarly strati-
fied soils it is not only important to take account of the manur-
ing, and it must be pointed out not only that of light soils, but
also to a less extent also that of heavier scils, and also the mode
of cultivation in connection with its usage. It is quite probable

| SR R
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that the considerable distribution within wide P" regions, which
is evident on the curve-table II is due to the different use of the
soils there shown. Already R. Gawg (11) believed it to be prob-
able that the non-ploughed soils, e.g. pasture-land, pass sooner
into a state of absorptive-unsaturation, than those soils where
ploughing produces an intermixing of the upper layers, poorer
in bases, with the lower ones which are richer in bases. That in’
this way a constant bringing upwards of the bases takes place,
i, e., a kind of renewal may be true, although it still requires prov-
ing in the case of certain kinds of soils, as could be done in the case
of the upper-Bavarian arable and pasture lands.

It should be pointed out that in considering fig. 262z, it
must be remembered that though every possible precaution was
taken to investigate gualitatively each soil as to its mechanical
agreement with geologically similar soils, it is possible that several
geologically not quite similar scils were placed together, which,
although showing the same or very nearly the same geological or-
igin, differ, however, in the size of their particles.

These differences are in many cases caused by differences of
slope, as was described by W. Koeawg and H. Nigras (rz) and
which is of primary importance in the separation of the different
classes of soils,

The weathering, progressing as it does, in the direction of slope,
and which constantly exposes fresh amounts of base, together with
the washing action of water and the deflating and accumulating
action taking place more particularly on slopes, must be considered
as very important factors in determining the size of the particles,
and by this means influencing the reactions of the soil

Important results are obtained not only from microscopic
rock analysis but also from soil analvsis.

Equipped with those methods of investigation we had, in sev-
eral cases as e.g. in the case of the heterogenous covering seoils and
in the case of the partly loamy and partly sandy Franconian dilu-
vial soils, to undertake yet another separation.

In our opinion, swch a procedure would enable scientific con-
clusions fo be drawn as fo the relation between the lime-content and
reaction-character of a soil and tis geological mode of origin, or ils
underlying matriz, and also with the help of advanced cartography
of scale 1:25,000 or I:5000 and reaction analyses, to apply the
conclusions arrived at to geologically and agriculburally similar soils.
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There is no doubt that taking all necessary precautions in forming
general conclusions, it would then be possible to indicate practical
lines along which further manuring should take place (13).

From further work, carried out since September 1924, on the
reaction character of Bavarian soils, the following may be concluded
that the frue Alp-coverimg svils, which are recognised only with
difficulty by many, on account of their showing all transition stages
of the weathering products of Franconian dolomite and of other
Jurassic members — are fvpically deficient in lime and are of newtral
mostly of acidic character, and that the poverty of the clover, Maza-
gan velch and especially of lucerne is due fo this deficiency. They
contrast very strongly in this respect with the different Jurassic weath-
ering soils, which in many cases adjoin them. Similarly, the more
sandy or loamy middle Franconian diluvial soils are concentraled in
a comparatively narrow region of acid reaction, and finally the loamy-
sotls of the wpper-Bavarian ** high-terrace ™ differ from the soils of
the newer " valley-terraces "' and partly from those of the “lower-ter-
races "’ in that they have in the majority of cases a weakly acid to a
strongly acid yeaction.

In recent times investigations were begun on the reaction char-
acter of the diluvial loamy-soils and Miocene-sand and gravel
Iying in the Tertiary belt south of the Danube. The similar in-
vestigations of the previous wear indicated a considerable hetero-
genity and a distribution over a large P region (see Table IT). The
results obtained could not have been used as evidence for two rea-
sons, firstly becanse the number of soils investigated was far too
small, and secondly, because the soils investigated were, geologic-
ally considered, of a too heterogenous character. This vear's
investigations on these quaternary soils, after separating out the
deeper layers of a Iiass character, showed mostly an acid reaction.

In the end, such systematic treatment of the results obtained
in the geological investigations of geologically typical series of
soils, will enable us, through careful formation of generalisations,
to advance the knowledge of the chemical behaviour, which is of
such great importance to agriculture.

The amount of care to be exercised depends upon whether:

(1) in taking the sample, attention was paid to the agricultural
and manure-technical, as well as to the plant-organisation side ;

(2) attention was paid to the geological section (profile) and
thus to the mode of formation ;

——
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(3) the scil is horizontal or whether inclined and in what
direction ;

(4) in summing up the results of the investigations on the
chemical character attention was also paid to the differences in
the analyses of the different soils, which often occur even in limited
spaces,

Only if and when all these points have received the attention they
deserve, are we entitled to apply deductively, the conclusions arrived
at in the chemical investigation of geologically homogenous series of
samples, to corresponding kinds of soils. From our experience we
advise very special care in the treatment of samples supplied.
Such systematically carried out investigations will give for homogen-
ous series of soils, a fypical series of numbers lying within a constant
and lmited P* region. In this way it will be possible to prove
the existence of many other acid socil-types, n which the base-
deficiency is geologically and agriculturally caused, which showed
itself, may be, for a long time in bad harvesis or lime-deficiency, or
may have existed for a long time tn a lafent stale and became active
only through the use of an wunsuifable artificial manure. The recog-
nition of these facts will put in their proper place the very general
statements as to the injurious action of acid manures.
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We have to deal here with the influence of carbonic aeid. The influence
of carbonic acid is strongest in the region of PM 6-7, although it is felt
in the region P® g-7,

(o) In drawing the curves we always used the upper value of the PE interval,

(10

from table IT, as the abscissae, thus, e, g., for P® 6.01-6.5 we used 6.5.
In this way the curves represent the hydrogen-ion concentration in water
extract. It is worth noticing that the shifting cansed by the curves in the
coordinate system affects unfavourably especially the eurves of the acid
soils,

These observations are in agreement with the exhaustive investigations
on the lime-content carried out at the central agriculiural experimental
station Munich in the vears 18gz-g6, and which was then under the di-
rection of SOXLETH, The results then obtained show in the case of
nearly all soils of the Bavarian forest, deficiency in carbonate of lime,

{r1) Joc. cil
1x2) foc. cil.
(13) H. NikLAS in the explanations to the Miihldorf seciion of the geological

map of Bavaria (1::z5,0c0) p. 82, has drawn conclusions from the re-
sults of the chemical investigations on the soils as to the their lime re-
requirements, and he and W. KorEEXE — the latter from the results of
borings — concluded that the soils of the Pietenburg level require lime
urgently, while those of the younger Inn terruce do not need liming,
Besides the recogmition whether a particular soil requires liming or
not, & decisive factor in the choice of a manure is the reaction character
of the soil. It would therefore be of great importance to the scientific
advisers of the practical farmer if they could indicate, on the basis of
a knowledge of the reactions of certain widely distributed soils, the best
manures, i, e, yielding optimum results for a given soil.
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THE CLASSIFICATION OF SOILS ON THE BASIS
OF ANALOGOUS SERIES IN SOIL FORMATION.

D, VILENSKY.

The problem of the classification of soils, the history of which is
almost as old as the history of soil investigation itself, has not vet reach-
ed a satisfactory solution. In particular, it is not yet completely
resolved by the Russian pedologists, though the latter proposed sev-
eral schemes for classification of seils. Among this classification
two were of greater importance in the development of soil investi-
gations in Russia, those of Prof. N. SteIrRcEFF (1805) (1) and Prof.
E. Grnowga (1902). (2) The classification of Prof. SIBIRCEFF is hased
on the principle of zonality, that is on the factor characterizing their
geographical extension on the surface of the globe. The classifica-
tion of Prof. Griwka is constructed according to the factor of Ju-
metdity, because he considers that moisture is the pre-eminent factor
in soil formation.

From personal investigations and analysis of material collected
by Russian pedologists, it was possible for the author to establish
that soils form several genetically independent divisions, whose soil-
formation is quite specific.  Within the limits of every division the soil

passes a determined cycle of development — progressive — till
the moment of maximal expressiveness of its properties and — re-
gressive — from the moment of its beginning to decompose into more

simple integral parts. The fundamental stages of this cycle are call-
ed #ypes. In the first instance there can be named four divisions:
thermogenic, phytogenic, hydrogenic, and halogenic. In the best investi-
gated phytogenic division found in the temperate zone of the globe,
the process of the evolution of soils is conceived as follows :

In the first stage of development, in desert, we have a crust weath-
ering in different stages of decomposition, not at all subject to the
influence of the phytosphere and only in a slight degree to that of
the hydrosphere. In the next stage, in the zone of half-deserf, the
soil-cover is represented by a type with scarcely marked morpho-
logical signs — grey-soils, in which the soil-formation is expressed by
washing out of easily soluble alkali-salts, some alkalisation of al-
kaline-earths and insignificant accumulation of organic matter. There-
fore a difference between the soil and the material rock is observed
in the chemical composition only; as to the morphology, there are
scarcely visible signs of difference. Further, in the zone of dry steppe,
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we meet 1ich brown and sud-brown soils, in which the process of soil-
formatio is expressed by alkalization of alkaline-earths, especially
in the f6 1 of carbonates, which form a distinctly marked alluvial
horizon. At the same time a visible accumulation of organic matter
is observ 1, the soil begins consequently to acquire a definite struc-
ture consisting of three horizons.

The next, black-soil zone, with fertile chernoziom, is characterised
by the fuli alkalization of carbonates of alkaline-earths and the max-
imum accimulation of organic matter. In this stage the soil is at
the heigh of its properties, power and productivity. With this stage
finishes t..e first — progressive — period of history of the develop-
ment of the soil. After this period in the development of soil begins
the second stage — that of regression and dying away. This period
begins with the grey forest, nui-like soils, which form generally, as a
consequence of the development of forests on the black soil. At the
same time, in consequence of more mobile combinations, the process
of humificat m nearly stops; the former stores of humus are alkalized
by the soil Aution, continually streaming downwards, because, in
consequenc - the setting free of absorbed Ca, the humates become
mobile and 2 & drawn away by soil-solutions into the depth of the
lithosphere. * ‘ith the decomposition of organic matter its protecting
and conserva = ‘e influence ceases, and an energetic process of further
weathering ¢l wineral substance of the soil takes place ; it consists
now in transferring the oxides deeper into the ground. The car-
bonic acid, set free in abundance by the energetic mineralization of
organic residues, probably plays a great part in this last process of
ash-like soil formation. This process in course of its development leads
the soil to the conclusion of the eyele of its evolution — poor ash-like
sotls (podsol), when all more or less mobile substances are removed and
only the inert silica remains in the composition of the soil mass. Such
a goil cannot be a source of food material for herbaceous plants, ex-
cept the simplest forms. It is suitable for trees, which obtain food
material from the deeper lavers. An analogous cvcle of develop-
ment of the soil-cover is to be found in every division of soil-formation.
For instance among the salfed soils of the temperate zone the divi-
sion of halogenic soils consists of six types, which in their mor-
phology, chemistry and distribution are quite analogous to the above
mentioned types (3). It is possible to observe the same series in
thermogenic soils of the torrid zome laterites. Notwithstanding the
seareity of investigations in this zone, it is quite established that, the




Tasre 1. — The Classification of Soils by Prof. D. VILENSEY.

";:- — — — — = —— — == _— == = = —
. Deries A B ¢ o E F
i_ = e T e I_ e - ey = S
i Trpe TIp= | Type Type Type Trpe
[ Eoron L ! o N _ k] e | " —
Thermo@enic T | Redsoil of tropical | Red soil of arid Red soil Laterize Dezraded red sodl Ash-lioe red sodl
Ealf-desert TA savanznah TH T TE TF
Phytogenic P Grey soil Brown sofl Nui-brown soil Blacksoil Grey moddolar soil Ash-like soil
PA FB P [Cheimceiom) D PFE {Pod=al) PF
Hydrogense H ‘Tuncra sofl Half-bog scdl Bog soil Ash-like bog sndl
FLA HE HD HF
) —— = - = s = = — = - -
Halogendic G iy salt soil Prismatic soil Pillared alk=li Black pillared Norhelar olkali Ash-like alkeH z
GA GE GC alkali GD GE GF o
= = o I P L — I — — = le a0 i = w
ThermophytogenicPT | i Yellow so0ils
‘I‘hﬂ'm::h}jd_mgmic'fﬂl Bog soils of torrid zone
mf‘-lk.gﬂﬂ'iﬂ TG - _Sull soils of tor1id zome
Piyiohyidrogenic PH Pasture soil Black pasiure soil | Grey nedular soil Ash-Hke =odl
FHE FHI» FHE PHF
Phyiohalogenic PG | Alkaline grey sofl | Alicaline brown: sofl Alkaline mud- Alknline back soil Alkaline ash-1ike
PGA PGEB boown sodl PGC PGD eil PGEF
Fivdrohalogenic MG | Light chloride B iy Black carbosste P
smlphate salt soil sall sodl HGID
HGA =i . = - i
Drogenic O Greyizh pesture soil Browvmih-grey Sward-pesture Biack pasture soil | Grey podulan sodl Ash-like =0l oS
oA | pustwie sodl 12]!_ sofl OC R OF . OF ‘13




228 INTERNATIONAL SOCIETY OF SOIL SCIENCE

process of soil formation in this region begins and finishes by types
quite analogous to the corresponding ones of the temperate zone (4).
Finally the same is to be observed in the hydrogenic division of bog-soils,
distributed in the cold zone.

The author's classification (tab. 1) has for basis those analogous
series in soil formation. Its highest classification unit is the soil di-
viston. The characteristics of those divisions are :

1. Thermogenic division. Distributed in subtropical, tropical
and equatorial regions of the forrid zone, independently of the quan-
tity of precipitation, that is to say, in half-desert, savannahs and
forests. The prevalent factor of soil formation in this zone is the high
and constant temperature, favourable to a rapid and complete (to
the formation of CO.) mineralization of organic residues and increas-
ing the energy of chemical weathering of mineral substance of the
soil. Enriched by CO,, the soil solutions bring about rapid and ener-
getic hydrolysis of silicates and alumine-silicates and remove not only
the bases, but also the silica (quartz-silica excepted). As products
of weathering, the hydrates of the oxides of iron and aluminium chiefly,
also Mn O, and TiO, are accumulated and form the greatest part of
the soil mass. As admixture, there are found grains of quartz, kao-
linite, and incompletely weathered residues of minerals of the mother
rock. Under the influence of high temperatures the oxides of iron
dehydrate and pass into the form of less mobile anhydrates, furife
especially, which causes the prevalence of a red colour among the soils
of the given division. The intensity and the character of this colour
varies in accordance with the content of iron in the maternal rock.
The soils of the given division, as well as of all those following, are
formed on all kinds of rocks, eruptive and sedimentary, in the primary
and secondary (alluvial, eolik) layers. If the process of soil forma-
tion is of long duration, the lithosphere can be penetrated to a very
considerable depth.

2. Phytogenic division. Distributed in all regions of the temper-
ate zone, independent of the amount of precipitation. The predom-
mant factor of soil formation is the wvegetation, causing considerable
accumulation of decomposed organic matter in the soil. This accu-
mulation is the result of insufficient energy in the decomposition of
organic matter, owing to the comparatively low annual temperature
and a long period of winter rest, during which the biological processes
in the soil are interruped. The organic colloidal complexes (humates),
absorbing the alkalized bases, hinder the process of weathering of
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aluminc-silicate substances of the soil, already delayed by the moderate
temperature and the feeble activity of the soil solution. The accu-
mulation of the most characteristic part of this soil, the decomposed
organic matter, in consequence of its feeble stability, takes place only
in external horizons of the mother rock and the process of soil forma-
tion does not reach a great depth.

3. Hydrogenic division. Chiefly distributed in the cold region —
tundra and the adjacent part of the forest zone — but occurs in
other zones also, if the special conditions of relief cause the stagnation
of surface water, or the rise of soil water. The prevalent factor of
soil formation in this division is the water, which acts directly, causing
a heightened hydrolitic decomposition of the aluminoe-silicate part of
the =oil and indirectly forcing the air out of the soil and causing
anaerobic conditions. Under the influence of water with carbonic
acid in solution an energetic hydrolysis is produced which sets free
large quantities of the elements of the silicates, as well as of organie-
mineral substances. Therefore the marshy horizons have always,
even in tundra, an alkaline reaction. Under the influence of alkaline
water solutions, containing bicarbonates, the weathering of alumino-
silicates takes place and brings about the formation of clays and ae-
cumulation of alumina, while the bases and oxides of iron are alkalized.
The mobility of the chemical combinations of iron is quite evident
in this case, because in the bog soils there are conditions suitable for
the formation of protoxide of Fe combinations. Consequently in
the bog soil there occurs a whole series of chemical compounds of
iron, nnknown in other soil types, among them : vivianite, sulphur
compounds, FeS, FeS, (pyrite, marcasite), FeCO,. At the same time,
in consequence of imperfect aeration, the decomposition of organ-
ic matter proceeds very slowly and remains unfinished. It results
in accumulation of a preat quantity not only of humus, but also of
carbonized organic matter, preserving traces of organisation.

4. Halogenic division. The principal factor of soil formation
in this division is the saltness of the mother rock, or to be more exact,
the content of the absorbed sodiwm in its colloidal part. This salinity
can be of different origin: geological (sea-sedimentary), as well as
that of soil (salt soils). When the rock is impregnated with sodium
salts, an absorption of it takes place by colloidal complexes of sodium,
Then, after the washing out of the rock or the salt soils of easily sol-
uble salts, begins the alkalization of absorbed bases, during which
soda is formed by the process of exchange of absorbed sodium for
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calcium of CaCO, (5). The enrichment of soil solutions by soda makes
them a very energetic reagent, producing first the alkalization
of decomposed organic matter and then of oxides, both being in the
alkaline solution in the form of zole. Penetrating through eracks and
capillary vessels into the depth of the rock, they form not far from
the surface, an alluvial horizon, overfilled with colloids, which in the
dry state forms distinct prismatic or pillared pieces, and, when moisten-
ed, swells, becomes water-tight and creates on the surface of the soil
the conditions of temporary saturation. In consequence of very un-
favourable physical properties of the soil, of a considerable alkalinity
of its external horizons and of the presence at a slicht depth of easily
soluble salts, the vegetative cover of halogenic soils is, as a rule, poor
and sparse, the accumulation of decomposed organic matter insig-
nificant, the greater part of it being immediately alkalized into the allu-
vial horizon. Being bound by its origin to a particular property of
the mother rock, its salinity, which depends upon the origin of
the rock and ecan be met everywhere, the halogenic division is
intrazonal.

Nevertheless, as the salinity itself of the mother rock, especially
the secondary one, arising during the soil formation, takes place more
easily in the conditions of a hot and dry climate, where evaporation
prevails over precipitation, those soils are mostly distributed in
steppe and half-desert regions.

Such are the properties, origin and distribution of the fundamental
divisions of soil formation, Between them there may exist, and really
do exist, infermediate divisions, uniting fundamental properties of
the two, though in a very changed form. Those divisions are:

5. Thermophytogenic division. 1t consists of the little investi-
gated vellow-brown and reddish-yellow soils with low content of
humus and considerable quantity of oxides. Distributed in South
Europe (France), Japan, South-Eastern United States. They are
united by Prof. GLINEA in one group, to which he gives the name of
yellow soils (6). Their types are not yet investigated even approxi-
mately.

6. Thermolydrogenic division. To this division belong half-
bog and bog soils of equatorial, tropical and subtropical regions, very
little investigated.

6. Thermohalogenic division. To this division belong the salt
soils of the torrid zone, whose morphology, chemistry and geography
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are, from the point of view of contemporary pedology, as little in-
vestigated as those of the previous divisions.

8. Phytohydrogenic division. To this division belong the soils of
the forest region of the northern part of the temperate zone, from the
sward-soil to the ash-like and, in particular, the meadow-soil. The
process of soil formation in this division, owing to the especially
favourable properties of the zone in question for the settlement of
tree-vegetation, progresses very rapidly and we often meet there its
last stages, the ash-like (podzol) soils,

g. Phytohalogenic division. To this division belong slightly al-
kaline soils, intermediate between phytogenic soils and alkaline.
They form types quite analogous to those of phytogenic soils.

10. Hydrohalogenic division. Includes salf soils which are formed
where the conditions of the relief allow the soil water to approach
the surface, so that its evaporation from the surface becomes pos-
sible. If the soil water contains in solution a considerable quantity of
mineral salts, those salts are concentrated on the surface of the litho-
sphere in gradually increasing quantity. As a rule, in those soils the
upper horizon is saturated with easily soluble salts, and the lower
horizon has the characteristic of swampness.

The ten enumerated fundamental and intermediate divisions of
soil formation embrace, as it appears, the whole number of soil-
bodies formed on the surface of the earth in conditions of plain, as
well as of mountain relief. Only in regard to the last, the possibi-
lity is not excluded of classifying the group of soils, known as high-
mountains soils, into a separate division of orogenic soils, quite inde-
pendent of others. It might be done in course of time, after investi-
gation of mountain soils in a greater number of regions.

The soils of divisions in the classification table (TableI) form the
horizontal rows. Every division is divided into six tvpes and those
types form the basal units of the soil cover. The types are analogousin
all the divisions and therefore they form the vertical rows in the clas-
sification system. Consequently, every type lies at the point of in-
tersection of the two coordinate divisions and series. In the total,
with 11 divisions, 66 types find their natural place in the table. Their
existence is theoretically quite possible ; in fact, only 42 have been
at present investigated.

The characteristics of the principal types deseribed are as fol-
lows.
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I. Thermogeniec division,

T. A. Red soil of the tropical half-desert. Is characterized by insig-
nificant thickness of alluvial horizon (B =6 ecm.) (7), yellowish-
red colour, slightly foliated structure and friable texture. Under
the above mentioned horizon lies the alluvial horizon in separate
patches, more often a whole laver of lime and gypsum ; effervesces
on the surface with HCL. Described up to the present only in the
halfdesert of North Africa (in Algeria) by the pedologist DraxICcIN (8).

T. B. Red soil of arid savannah. Hor. B. about 25 cm. thick,
brown-red, structure very slightly shown as a thin crust on the sur-
face. Hor. C. mostly compact, structurless lime flag. Efferves-
ces on the surface with HCl. Distributed in arid alfa (Stipa tenacis-
sima) savannah of North Africa.

T. D. Red-soil Laterite. Consists almost exclusively of one hor.
B, characteristics of A and C. very slightly shown and their nature
has been very little studied.

The thickness of B is very considerable. Nevertheless we have
no exact knowledge of it in the conditions of the primary layersof
the soil. The colour of the horizon varies: red, crimson, orange,
downwards generally vellowish, upwards tending to a brown tint.
Structure indistinet, cloddy, texture friable, spongy or cellular. The
type described distributed in all subtropical, tropical and equator-
ial regions of the world ; nevertheless, its characteristics and nature
from the point of view of genetic pedology are almost unstudied,
in particular it is even unknown, whether it is formed under the her-
baceous, or under the tree vegetation.

TE. Degraded red-soil. Hor. A, 20 em. thick, of brownish-grey
colour, friable, in the lower part nodular structured. Hor. B, 20 cm.
brownish-orange, indistinctly nodular in structure. Hor. C, 35 cm.,
orange with brown or tawny-brown spots and weins, cloddy,
dense. Under it lies the hor. B of the former red scils. Desecribed

by Prof. ZACHAROFF in Georgia near Batoum (g).

TF. Ash-like red soil, Hor. A, 4 cm. thick, straw-colored, grey,
friable, structureless ; hor. B, 30 em. thick, in the uppper part whitish,
slightly nodular in structure, friable, in the lower part whitish-vellow
structureless, compact ; hor. C, 40 em. thick, dark brown with red
spots, structureless, dense. Under it lies the hor. B of the former red
soil. In hor, B and C occur Ortstein particles. Deseribed by Prof.
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ZACHAROFF in Georgia near Batoum, but there are indications, as to
its distribution in many parts of the terrid zone.

II. Phytogenic division.

PA. Grey soil. Hor. A about 30 em. thick, light-grey with whitish-
yvellow, or brown tint, scaly in structure, with a great number of in-
sects and worm tracks. Hor C 50-100 em. thick, whitish, very dense,
carbonate in upper part, in lower part has veins of gypsum. Effer-
vesces on the surface. This tvpe is zonal in the half deserts of the tem-
perate zone and is distributed in Spain, Turkey, East-Transcaucasus,
Persia, Turkestan, Mongolia, the Far West of the United States, Bra-
zil and Argentina,

PB. Brown soil. Hor. A, 30-40 cm. thick, brown coloured, slightly
foliated in upper part (A,) more dense and slightly vertically clefted
in lower part (A)). Hor. C, 50-b0 em. thick, whitish, strongly carbo-
naceous, Usually effervesces in hor. C. Is zonal in South part of
arid steppes of temperate zone und is distributed in South-Fast of
European Russia, in Kirgis-district, Hungary and Mongolia. Its
distribution on the other continents has nor been studied,

PC. Nut-brown soil. Hor. A, 6o-70 cm. thick, nut-brown coloured,
in the upper part (A,) slightly foliated, in the lower part (A.) more
dense, roughly cloddy with distinetly shown vertical clefts. Hor. C,
sharply shown, pre-eminently carbonaceo: s, but frequently contains
gyvpsum. Carbonates mostly as completely formed units, most often
as white masses. Effervescing as usual in hor C. Zonal in northemn
part of arid steppes of temperate zone. Distribution: Hungary,
Roumania, South Crimea, South-East of Russia, Southern part of
Western Siberia to Altai, South Transbaikal and Manchouria.

PD. Black soil (chernoziom). Hor. A 70-100, even to 150 cm. thick,
in upper part (subhorizon A)) black with grevish or nut-brown tint,
granular structured, in lower part (A, beginning at the depth of 4o-
50 cm.) of lighter nut-brown colour and cloddy-prismatic structure ;
gradually passes into the next hor. often in tongues, or in streams,
Hor. C is rather distinctly shown, congists of sharply formed limy
coneretions. Effervesces in C. Zonal in northern part of steppes of
temperate zone, distributed in Poland (Galicia), Hungary, Rou-
mania, European Russia, West Siberia to Baikal, South Transbaikal,
United States of America (on the prairies) platean of the Far West,
and in Argentina.
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PE. Grey nut-like soil. From above, a forest cover 2-5 cm. thick,
under it the hor.A 25 em. thick, grey, finely nodular in structure. Hor.
B 2z0-30 cm, thick, greyish, or ash-brown with grey silica and dark
humus patches ; of coarse nodular structure, becoming coarser to-
wards the lower part. The surface of nodules is mealy, silicious, speck-
led. Hor. C to 100 em. and lower, reddish brown, wvery dense,
with vertical clefts and dark brown streams over them ; 200-120 cm.
deep, frequent limy concretions. Distributed under leaved woods
in zone transient between forests and steppes — in Eurasia : Poland,
Furopean Russia, West Siberia to Baikal.

BF. Ash-like soil (Podzol). From above, a forest cover to 5 cm.
thick, nndemeath, hor. A 10-15 em. thick, light-grey, thinly granular,
friable. Hor. B, 15-25 em. thick, whilish or completely white, slight-
ly foliated, light with misty-brown Ortstein particles. Hor. C, reddish-
yvellow, with numerous Ortstein particles, very dense, mostly structu-
reless. Distributed in forest districts of Eurasia, on other continents
unstudied.

TII. Hydrogenic division.

HA. Tundra soil. Hor. A-3 cm, thick, grev-brown, consists of
humus partly, with some decomposed plant residues. Beneath it
lies the hor. G (10) 8-10 cm. thick, of dove-grey colour, very sticky.

It is distinctly separated from the hor. A and D by a yellowish-
brown ochreous layer 2-3 cm. thick. Hor. D is compact, brownish-
grey, not flowing. At a depth of 79 cm. the permanently frozen layer
is often found. This type forms the soil cover of the dry tundra.
but its nature and the conditions of its distribution have been scarcely
investigated. Described in the tundra of Asiatic Russia by Profs.
SUKRACHEFF (11) and DRANICIN,

HB. Half-bog seil. Hor. A to 20 em. thick, brownish-black, more
or less turfy, distinetly separated from the underlving laver. Hor. G,
of varied thickness (15-20 em. and more), dove-grey with greenish
or bluish tint, with brown and rusty spots and veins. This type is
usually considered as intermediate between marshy and not marshy
soils and has been wvery little investigated. Largely distributed in
the tundra and in the north part of the forest-zone.

HD. Bog soil. Hor. A So-go cm, thick, in upper half brown-
coloured, turfy, in the lower (subhor. A ), black, rich in decomposed
organic matter, abruptly passes into the next laver.
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Hor. (;, of varied thickness, greenish or bluish, with a great
number of patches and veins of hydrates of oxides of iron. Largely
spread in tundra and in the forest zone.

HE. Ash-like bog soil. Hor. A, 20 cm. and more thick, black, half-
turfy, in the lower part somewhat lighter coloured and less turfy.
Hor. B, zo cm. thick, dirty-grey, with dark humus patches and com-
pact Ortstein particles, 1-2 mm. in diameter. Hor. G, sticky, dove col-
oured or greenish, with rusty spots, veins and Ortstein particles. The
common type of soil-cover in the north part of the forest zone of Eu-
rasia.

The soils of the hvdrogenic division have been in general very
little investigated and the types HC and HE were hitherto unknown
in this division, I

IV. Halogenic division.

GA. Dry salt soil. No hor. A, On the surface of the hor. B a il
very dense porous erust, smooth from above, as if polished, divided
by a net work of clefts into parquetry-like partitions. Downwards |
it acquires a rather distinct scaly and flaggy structure The whole of (M
hor. B is 10 em. thick. Hor. C, without signs of infiltration, gradually |
passes into the hor D. Effervesces on the surface. To thistype belong
the dry salines — * takyri " — (in Kirgiz) of the semi deserts of
Turkestan. | ‘I

GB. Prismatic alkaline soils. Hor. B, 1-7 em. thick, light-brown, il
leafy structure, friable, porous. Hor BC, 10-15 cm. thick, breaks Lid
into pieces of prismatic form, which are easily divided into small
clods, In colour, light tawny-brown, is a little darker, than the pre-
vious layer, better shown on the sides of the prisms. The density of
hor. BC is considerable. Hor. C contains veins and patches of salts
not effervescing. Effervesces on the surface. Hor. BC mostly does
not effervesce. Distributed in the south of the arid steppe zone
of Eurasia among the light-brown and partly brown soils.

GC. Pillared alkaline soils. Hor. A of insignificant thickness
(1-5 cm.), often completely missing, light-brown, chestnut coloured,
or tawny-brown, porous, always covered from above by a thin
(1-z mm.) crust, which cracks on drying into small polyhedrical flags.
Hor. B 2-15 cm. and more thick, light whitish, mealy, distinctly
foliated horizontally Hor. BD distinctly separated from the previous
one, very compact, dark nut-brown, falls to pieces in the form of
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pillars with a rounded top, 8-13 cm., high and 4-5 em. thick. Down-
wards, hor. B grows gradually lighter becomes cloddy, nodular in
structure and passes imperceptibly into C. Hor, C. distinctly alluvial,
speckled with patches and veins of chlorides, sulphates and carbonates.
Effervesces in hor C. Distributed in the region of nut-brown and brown
soils of the steppes zone of Furasia.

GD, Black pillared alkaline soils, Hor, A 6-12 cm. thick, black-
coloured, foliated, friable. Hor, B 1-6 cm. thick, sometimes absent, light-
grey or whitish, distinctly lamellar, porous, rather dense. Hor.
BC 55-60 cm. thick, in the upper part consists of very compact poly-
hedrical pillars 10-15 em. high and of the same thickness, with rounded
tops. The colour of the pillars is intensely black, but from above and
along the cracks they are covered with a thin whitish crust. Down-
wards, the hor. BC gradually grows lighter and in patches and ton-
gues passes into C. Its structure is here nodular. Hor. C has dis-
tinctly shown signs of infiltration, as spots, veins and concretions
chiefly those of lime. Effervesces at the depth of 35-40 cm. Distri-
buted in the black soil zone of Eurasia.

GE. Nodular alkaline soil. Hor. A 10-20 em. thick, datk-grey,
generally structureless, rarely fecbly foliated, rather friable, Hor.
BC 50-60 cm. thick, composed of dark nodular clods with sparkling
sides. Hor, C carbonate, structureless. Found only in the north
part of the black-soil zone of West Siberia, where it is considerably
distributed.

GF. Ash-like alkaline soil. Hor, A 17 cm. thick, in the upper
part dark grey, deeper grey or whitish, friablee. Hor B 11-25 cm.
thick, compact, pillared, almost white, in the upper part finely foliated,
in the lower part containing small brown clods. It contains many
Ortstein particles, especially in the lower part. Abruptly passes into the
next horizon. Hor. BC 25 cm, and more thick, dense, dark, greyish
and rusty-brown, falls into pieces of prismatic form, contains a great
quantity of ochreous spots and grains. Hor. C structureless, rich in
ochreous-rusty accumulations (Fe,O,.H,.0). No effervescence.
Distributed chiefly in the zone between forest and steppe, under birch
and aspen forests, but also in the steppe-zone in low-lying areas.

The soil types in their tum are divided into smaller classifica-
tion units: (1) subtype, (2) group, (3) variety.

The subfype characterizes the degree of the soil-forming process
in the given type ; the character of the group depends on the structure
of the mother rock ; variety depends on the composition of the fine
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earth of the soil. In consequence, it is possible to continue the clas-
sification scheme in that way. (Tab. No. 2).

As no detailed appreciation of the proposed classification is en-
tered into (12), we will only note the advantages which it has in
comparison with the other existing classification of soils.

(1) It is genetic in the literal sense of this word, because it is based
on the difference in the genesis of soil, while the greater part of other
classifications proposed by  Russian pedologists are geographic, as
they took for a basis the distribution of soils.

(2) Being very simple, it is at the same time sufficiently wide and
comprehensive, including a considerably larger number of types than
has been described until now. Moreover it can be extended, or shortened
without any difficulty, so that an augmentation or a diminution of
the number of divisions and even of rows will produce no breaking
either of principles of construction, or of the scheme of the classifi-
cation itself.

(3) The disposition of soil under the form of a periodical system
shows which types are not yet described, evokes the necessity
of searching for them and gives the possibility to foretell their
nature.

(4) The important advantage of the proposed classification is that
it gives the possibility to adopt a conventional designation of soils by
alphabetical symbols under the form of soil-formulas. We find that it
is unnecessary to stress the importance of introducing into a concre-
tely-descriptive classification the designation of described bodies by
formulas. In Russia, particularly, there has been felt long ago the
inconvenience of the designation of types by composed words, which
often becomes not a designation, but entirely a description of the
soil. It appears also, that the same inconvenience is felt by Western
European and American pedologists, who begin to use for designat-
ing certain types the foreign names. Therefore the introduction
of an international language into soil-investigations becomes a press-
ing necessity. The simplest and most intelligible language in science
is that of formulas. The principle of the construction of soil-formulae
on the basis of the above mentioned classification is very evident.
As was already shown the symbols of a type are two (in the interme-
diate divisions three) letters : a letter of the division and that of the
series. The addition of the index 1, 2, 3, to the letter of the series
designates the subtype. The group is designated by small letters
a-f and the genesis of the mother rock by the addition of the index
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1-7 to those letters. The vanety is designated by the figures 1-4
in front of the letters (the figure 1 is omitted).

Formulae : designation :

2P,Ch, Clayey, dark nut-brown secil, on the carbo-
nate fine-earth diluvium.

2P, Db Clayey, common black soil on a carbonate,
fine-earth loess.

PHF a, Loamy, ashy-scil, on a alumino-silicate fine-
earth morena.

2TFd, Clayey, ash-likered soil, on an alumino-gili-
cate, erystalline skeleton rock.

GCb, Loamy, pillared, alkaline soil on a sedimen-
tary carbonate fine-earth rock.

4PHF ¢, Sandy ashy-soil, on a quartz-sandy fine-
earth, eolic rock.

2HGAb, Clayey chloride-sulphate, salt soil, on a car-

honate, fine-earth alluvinm.

The above formulae, already simple, can be further simplified
in accordance with the character and object of the investigations.
In a brief description it is enough to mention the type and the variety,
for instance, 2PD—Clayey black soil, PF—clayish-soil, ete., without
indicating the subtype and the group, which requires a more thorough
knowledge of the soil,

SUMMARY,

1. The soil is a particular body of nature, extending like a fine epi-
thelium over the surface of the lithosphere and forming #he pedosphere,
a particular cover of the terrestrial globe. The pedosphere is the exte-
rior hovizon of the lithosphere, modified by the mutuwal inderaction of
the atmosphere, biosphere and hydrosphere.

2. The soil is a product of the action of soil-forming agents, to
which it is bound by functional dependence.

3. There are four fundamental soil-forming agents : lithosphere,
atmosphere, biosphere and hydrosphere, the first being passive and the
three others active agents of soil-formation.

4. The various modifications of the agents themselves as well
as their combinations is the cause of variety in soil-formations.

e e e
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5. This variety is largely connected with the external conditions,
the principal of which are the relief and the duration of the influence
of soil-forming agents (fhe age of the soil).

6. In different climatic zones of the world all the agents enumerated
are not equivalent and the dominance of one of them over the others
is quite obvious. In fhe forrid zone the chief soil-forming agent is
the atmosphere, in the temperale zone the bio-, or to be more exact, the
bhytosphere, in the cold zone the hydrosphere, the lilosphere being an
intrazonal agent.

7. In accordance with the dominance of one or other agent, it is
possible to establish four fundamental divisions of soil-formation :
thermogenic, phylogenic, hydrogenic, halogenic and six intermediate
divisions.

8. Within the limits of every division the soil passes through a de-
finite evele of development, progressive, until the moment of maximum
expression of its properties and, regressive, from the moment of its
beginning to decompose into more simple integral parts. The funda-
mental stages of this cycle are called fypes.

g. The #ype is the fundamental unit of the classification of the soil-
COVer.

10, The types in all divizions are disposed in analogous series,
which makes it possible to construct the classification of soils on two
coordinates, similar to a periodical system.
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Abstracts and Literature.

So0il Physics.
Some Factors influencing the Impermeabiilty of Soil.

BorEme, C. W. Paper read before the New Mexico Association of Science.
(Chemist, Agricultural Experiment Station, State, College New Mexico), No-
vember, 10924.

A new cause for the infertility of certain lands has been discovered.
This cause is impermeability to irrigation water. Such infertile soils are
hard and dry a short distance below the surface even thongh water is held
on the land for several days. This condition develops in some irrigated
soils, which were formerly fertile. The soils are not deficient in plant
food, but tend to accumulate alkali, since the irrigation water evaporates
without percolation.

It was thought that the impermeability might be caused by defloceula-
tion of the soil colloids produced by basic exchanges in which soditm and
potassium of the irrigation water displaced calcium and magnesium from
the soils! The soils were found to be high in calcium and magnesium and
the ratios of divalent to monovalent bases in the irrigation and drainage
water were not such as to strongly support this hypothesis,

Sodium chloride, sodium sulphate, and sodium silicate caused soils
to become practically impermeable. Aluminium sulphate, tannic acid,
caleium acid-phosphate, magnesium sulphate, manure, and gypsum were
found to assist the penetration of water into the impermeable soil, The
respective efficiencies of these materials, when one-half of one percent. (one
per cent. of manure) was mixed with a one foot column of the soil of low
permeability, are represented by 4, 15, 17, 20, 22 and 23 ; where 36 represents
the number of hours in which a one foot column of the untreated soil
took in the first six inches of water. The maximum permeability obtain-
able with aluminium sulphate required between 0.5 and I.75 per cent. of
aluminium sulphate for the four soils studied. Very small amounts of
aluminium sulphate caused marked improvement in permeability, indicat-
ing that impermeable soils may be profitably improved by treatment with
aluminium sulphate. The increased permeability secured by aluminium
sulphate was proved to be practically permanent. Aluminium sulphate
up to 2 per cent. was not toxic when mixed with the soils studied, but be-
came insoluble, displacing ealcium as sulphate and bicarbonate.

After a five month's irrigation test the soils treated with aluminium
sulphate had a porosity suggesting that gas might have formed in the soil
and subsequently left in solution in the percolating water. The loosening
effect of aluminium sulphate may be mechanical, similar to the baking
powder reaction in the making of bread. The persistence of adsorbed
air was found to be a factor in causing the impermeability of some dry soils.
The cementing effect of calcium carbonate and other materials in solution
in the irrigation water, where the soil moisture diminished to a very low
value, was another factor contributing to the impermeability.

The study of permeability is being continued. X




ABSTRACTS AND LITERATURE 243

Erosion and Surface Run-off Under Different Soil Conditions.

DurEy, F. L. and MILLER, M. F. Missouri Agricultwral Experiment Sia-
tion. Research Bul. No. 63, pp. 50, 1923.

Seven plots, each one-eightieth of an acre in area, were laid out on a
phase ‘of the Shelby loam soil. The slope of the land averaged 3.68 feet
per hundred. At the lower ends of the plots were concrete tanks for col-
lecting the run-off and eroded soil, which were determined after rain. The
results of these experiments showed that grass or clover land absorbed
much more water than cultivated land. Deep plowing (8 inches) was
only slightly more effective than shallow plowing (4 inches) in preventing
run off and erosion. The surface inches of rainfall absorbed by uncropped
land, or land in a cultivated crop like com, was practically constant from
vear to year, even with considerable variation in the annual precipitation.
The character of the rainfall largely determined the amount of soil erosion.
A heavy rain was observed to remove more soil within a few hours than
was lost during a whole vear when the rainfall was well distributed. The loss
of important nptrient elements from the so0il throngh erosion may often
be more serious than the loss through the removal of erops. The use of
a cropping system that includes sod crops a considerable portion of the
time, is the most practical means of reducing erosion on rolling land.

AUTHORS.

Methods of Investigation of Soil Moisture,
EacHmwsey, N, A, 2 Ed. Moscow, 1924.

The soil as a body created by several natural processes, is composed
of separate, more or less strictly differentiated parts or genetical horizons,
and sub-horizons differing in their physical and chemical structure. The
regulation of moisture properties depends, besides other factors, upon phys-
ical, chemieal and other properties of the soil, inasmuch as these proper-
ties are different in separate horizons or even sub-horizons. The moisture
will be more or less individualized in them. Therefore it is expedient
to investigate the moisture regulations of the soil and its other properties
according to the separate genetical horizons.

It may be supposed that in separate genetical horizons moisture must
vary slightly and change gradually, and vice wversa, in passing to the next
horizon the change might be more drastic. This can be proved by observ-
ation. The following table No. 1 shows clearly that fluctuations of soil
moisture are greater between different horizons, than between measurements
belonging to the same horizon,

Date of obutmw;_

Depths of genetical horizons of the sofl

!
24-X11-1922 A;-zﬁ-cm.:xh—sﬁm.im-jgun. Bi-500m, Ik:-540m, Ba-73cm, By-76om.
|

5.6% | 50% | 91% | 93% |11.0% | 122% | 138%
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This is particularly evident in relation to moisture when estimated
for every cm. of soil depth. It appears that fluctuations in the upper hor-
izon of sandy clay soil of a woodland soil are about 23 times less than in
passing from this upper horizon to the next sub-horizon of the first conden-
sation (B,). Likewise the fluctuations in B, are 20 times less then when
passing from B, to B,. Finally, for the two last sub-horizons (B, and B.,)
this relation is g.

The same kind of fluctuations, according to genetical horizons, are
shown in their moisture equivalents.

It is evident that one has to study soil mmstu:re along genetical
horizons.

The maximum hygroscopic qualities and the moisture equivalents
of soils change also rather abruptly according to separate genetical hor-
izons. As both those properties serve as tests for valuation of the observed
absolute data for soil moisture as to its utility for plant growth, we have
to value these absolute data separately for each sub-horizon. This
valuation might change the whole picture of moisture distribution, as the
valuation might seem to have been made out according to theabsolute
data only.

Therefore, it must be assumed, that data for soil moisture, especially’

those concerning soils, strictly differentiated into their genetical horizons,
have been obtained and arranged according to the generally recognized
methods, without reference to the properties of separate genetical horizons.
The nvestigation on the vigour of the spreading capacity of the root
system of rve, oats, and grasses, according to the different genetical hor-
izons and sub-horizons of a sandy clay soil (of a woodland soil) shows that
although the depth of the root system may be more than one metre,the
chief mass of roots (about go %) is concentrated in the upper arable strata.
In reconciling this fact with observations of soil moisture on field
plots occupied by those plants it must be pointed out that soil moeisture
15 used by the roots of plants up to the full depth able to convey moisture
by capillarity, but primarily the upper arable strata are exhausted of
moisture. If the soilis subsequently moistened on the surface, a dry stratum
can remain at some depth, whereas this depth and the extent depend
upon previous drying and upon the amount of subsequent atmospher-
ical precipitation. AvrHOR.

So0il Chemistry.
Chemical Properties of Soil.

BERTRAND, (+. and MOKRAGNATZ, N. Sur la présence générale du Nickel
et du Cobalt dans la terre arable. Annals of agronomicel science, May-June,
p. 167 to I7I. 1925,

The authors have found from 5 to 39 mgm. of nickel and from traces
up to 1z mgm. of cobalt in the scils of France, Germany, Italy, Den-
mark, Serbia, Rumania, independent of their geological origin.

Granitic sands appear to be the poorest,
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The ratio Nickel to Cobalt, is generally from 3 to 5, but varies ir-

regularly from 2 to 8.
PmrrE Lavug (Gurgy sur Yumne),

Determination of Phosphoric Acid.

Borscuor, P, Influence des sels de caleivm sur le dosage volumétrique de
l'acide phosphorique. Annales de la Science agronomigue, May-June, pp. 109-
202. Paris, 1925.

The quantity of free H,PO, can be determined in liquids containing
mineral acids, even in the presence of lime salts, by titration with alkaline
liquid, using helianthine and phenclphthalein,

Helianthine will indicate the guantity of alkali necessary to saturate
the strong acid, plus that necessary to saturate the first acidity of H, PO,.

The change to phenolphthalein will indicate the quantity of alkali re-
quired to saturate the strong acid, plus that needed to saturate the H,PO,.

PrerrE LARUE (Gurgy sur Youne).

The Chemical Nature of a Colloidal Clay.

BRADFIELD, I}, Missouri Agricwliural Experiment Station, Research Bul-
ketin No. 6o, pp. 60 1923,

The fresh subsoil of Putnam silt loam, the predominating prairie soil
of North-Fast Missouri, was suspended in five parts of water by stirring, the
coarser material settled by gravity and the finest colloidal material was
separated by means of a centrifugal force of about 30,000 times gravity,
This fraction was unusoady high in Al, O, and Fe, O,, almost all of which
was soluble in hot HCI, which indicated that the colloidal fraction might
be made up largely of the completely broken down end products of weath-
ering, viz., colloidal Al,, O,, Fe. O, and 5i0,. A synthetic mixture of
these colloids having a chemieal composition similar to the natural colloid
was prepared and the physico-chemical properties compared. Catapho-
resis studies showed that the natural colloid was negative and that the
synthetic mixture was positive. The migration velocity of the natural
colloid was decreased by traces of acids and increased by traces of alkali;
larger amounts of alkali caused flocculation. In no case was the direction
of migration reversed. The synthetic colloid had a mueh stronger buffer
action than the natural colloid, due apparently to its high content of free
Al, O,. The natural colloid was flocculated most readily by polyvalent
cations in an acid medium,. The synthetic mixture was more sensitive to
polyvalent anions and to alkalis. Analyses were made of the fractions
of each colloid soluble in dilute acid, and in dilute alkali. The differences
were marked throughout. All data obtained indicated that the natural
colloid was a complex alumino-silicate, rather than a mixture of the sepa-
rate colloidal oxides.

AUTHOR.
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The Examination of Peat Materials.
Dacaxowskl, A, F. (Bureau of Plant Industry, United States Department

«of Agriculture). [fowrnalof Agriculivral Research, Vol XXIX, No. 2, pp. 69-83,

bibliography. Washington, D. C., 1924.

During the past few years investigations have been made regarding the
different kinds of peat, and their position and arrangement relative to
one another in different parts of the country.

From the results so far obtained it is concluded that an adequate
description of peat land must recognize: (a) the differences in type of
plot and the profile deposition of the material ; (§) the water level in rela-
tion to the surface zone of oxidation and the lower zone of reducing action ;
(¢} the nature of the subsoil and the water supply affecting the guantity and
character of salts, such as lime, iron, sulphur, etc.

The results obtained with zo different kinds of peat indicate the suit-
ability of methods of foodstuff analysis for the investigation of qualitative
differences in sedimentary, fibrous and woody peat materials, The value
of these methods is limited, but they show that a close connection exists
between the botanical and the chemical composition of the main groupsof
peat. The chief groups of organic compounds may be correlated
with structural differences in the profile of peat deposits ; the progress
of the decomposition in drained suvrface peat soils may be followed, and
the degree of chemical alteration taking place in the layers of peat below
the water level may be determined.

The analyses show the wide differences in agricultural value of the
several kinds of peat. W. 5. G.

Removal of Lime from the Soil.

DEMoLoN, A. Décalcification des sols, Laon, Bull, dss, d"Ane, éléves — I'nstitul
National Agronomigue, pp. 185-187. Panis, 1925,

Arable land loses every yvear from 600 to 1000 kg. of lime (CaQ) per ha.

Fertilizers, in particular slags, add lime but only in small quantities.

The treatment of weeds with sulphuric acid increases acidity.

The treatment recommended is that with ground chalk in amounts of
8oo to 4ooo kg. per ha., rather than with free lime, the use of which causes
the acid reaction to change to a caustic alkaline reaction.

From the physical point of view, lime and chalk have great capacity
for flocculating clay, then come caleium nitrate, potash salts, ammonium
salts and lastly soda salts. PrERRE LARUE (Gurgy sur Yonne).

Quaternary Alluvial Deposits.

DEMOLON, A, Sur la texture des limons quaternaires et des sols qui en dé-
rivent, Adcadémie des Sciences, meeting of ¢ March, Paris, 1925.

This paper deals with samples of clay from the North of the Oise at
Montbrehain, Bohain, Bellicourt and Lequehart, lying on brick earth and
then on ergeron to a depth of 120 to 150 metres.
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The mechanical analysis by levigation (Eopecky method) is as fol-

lows :
Sand gand | sl St | Clay
0.4 mim, a3 MmN, 008 me, G0 i,
o to to | to from
o3 Ol 005 I, 003 mm, | 0005 M. | 0005 mm,
Arable land . i 12.7 44 | 3006 2,1
EBrick earth . 1od 8.6 457 | =296 | 10
FrER Oyl e e 5.0 8.3 480 | 282 8.8
Bed clay . v v « v won v v v 3.0 10,2 46.1 3.8 | Tz
Pl dlays. L s o8 10,4 16.3 28.0 41.9

Plastic clay is Tertiary (Sparnatian). The origin of ordinary clay
must be connected with this formation and not with the sands of Laon
and Fére.

The washing out of lime from the surface layers of arable land has
allowed the remowval of clay. The plasticity of this soil is due, not to
the proportion of plastic clay but to the large proportion of fine clays.

PrEReE LARUE (Gurgy swr Yonne).

Composition of Brick Earth,

DeEmoroN, A. C. R. Sur la constitution chimique de la terre & briques.
Académie des Scisnges, Paris, 1925,

The author has compared brick earth and ergeron, belonging to the
diluvium of the North of France,

He has found no difference, except perhaps in the colour and the
proportion of iron oxide, which is respectively from o.79 and 1.25 in
brick earth, as against 0.45 and 0.g0 in the underlying ergeron.

Iimonite investing the sandy elements comstitutes a stain which
15 fairly easily washed out by water.

There are no bases as in loess, no free aluminium, por laterite for-
mation. Hence, a simple phenomenon of the washing out of lime followed
by oxidation of iron through atmospheric agency.

Pmrrg Larue (Gurgy sur Yonne).

Easily Soluble Calcium of the Soil in Relation to Acidity and Return
from Liming.

Durey, F. L. Soil Science, Vol. XVII, pp. 213-228, 1924.

Comparisons were made between the amounts of calcium present in
different forms in soils and the results obtained in the field from applica-
tions of lime. No definite correlation was found between the calcium
content of the displaced soil solution and the need for liming. This was
due in part to the great variation in the soil solution under different con-

4
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ditions. The calcium soluble in o.04 N carbonated water, averaged only
553 pounds per acre in the soil from seven experiment fields in Missouri
and Wisconsin, where good returns were obtained from liming. The
amount was 810 pounds per acre as an average of seven soils that did not
give good retums for liming. Sincethe average acidities of these two groups
of soils were approximately the same, the soluble calcium seemed to be
a more accurate index to the need for lime than the acidity. Soils of ap-
proximately the same acidity varied widely in their soluble calcium con-
tent, Marked increases for lime occuired chiefly on relatively infertile soils,
but one infertile soil high in soluble calcium gave only slight returns from
liming. The carbonated water extracted on the average 0.32 per cent. of
the total calcium in the soils studied. AUTHOR.

Base Exchange in Soils.

Hissosg, I, (Trans. Faraday Sociely, see Zeilschrifi fiir Pflanzen Eerndhr,
und Dingung, 4 A, 1925, 137 (Der Sittigungzustand des Bodens. A. Mineral-
boden (Tonboden),

Certain acid radicals are known to be absorbed by soil more readily
than others. Treatment of soil by acid () removes absorbed bases,
(II) may eventually destroy soil colloids, (III) only in extreme cases des-
troys structural minerals. Evidence is given in favour of removal of
acid radicals, by formation of insoluble salts rather than by adsorption
(Russerr, and PrescorT). Only those radicals'are removed which form in-

soluble salts with one or other of chief soil bases. The cycle of changes on

adding a salt of one of these acids is, base exchange —liberation of free acid
— formation of insoluble salt.

Experiments show that the oxalate radical is only absorbed in the
presence of a high concentration of Ca. Soils previously extracted with
HC] show no absorption, because insoluble Ca oxalate cannot be formed,
Soil phosphates are more soluble in short time extractions of mineral
acids than in 24 hour extractions.

The normal cycle of changes is, easily soluble phosphates dissolve in
acid — sparingly soluble Fe and Al brought into solution later — preci-
pitation of insoluble Fe and Al phosphates. The amount of phosphate
absorbed by soil from a solution of Na, HPO, in varying concentration of
HNO, increases to a maximum and then falls off as the concentration of
HNO, increases.

The effect of non-diffusible Al ion is shown by the distribution of H
and anion concentrations in a system composed of soil in a diffusion capsule
with dilute acid inside and out. H jon concentration increases outside
and anion concentration inside. The same effect is produced with soil
saturated with acid, with salt solution as a supernatant liquor.

On the basis of such observations, the toxic action of aluminium salts
is explained as a result of high H concentration in the cell sap and high
anion concentration in the surrounding soil, with consequent interference
with the transpiration current and intake of nitrate, ete. T B

15

e m o

s |



ABSTRACTS AND LITERATURE 249

Absolute Capacity, for Air and the Degree of Acidity, of Forest Soils.

Evarm, K. and NeEmEc, A, Sur la relation entre la capacité absolue de
Tair et le degré d'acidité des sols forestiers. Acaddmie des Sciences, Paris,
1924,

The nature of forest soils depends not only on the mother-rock, but
also on the type of trees grown.

The authors made more than a hundred physical analyses in the for-
ests of St. Markyta, Jindriche and Zavratec-Tremosnice in Bohemia,
all on primary strata.

They determined the acidity by the potential hydrogen (inverse Py)
and the absolute capacity for air, that is, the total volume of the pores
of the soil which, after saturation of the soil by water, still remain filled
with air.

Amongst conifers: fir, spruce, pine, from 40 to go years old, the
P, varies from 4.5 to 5, and the air capacity from 14 to 38

Amongst deciduous trees; beech, oak, ash, the Py varies from 5.7
to 6.7 and the air capacity from 23 to 45 per cent.

In mixed plantations of deciduous and resinous trees, for example
beech spruce, spruce and cak, intermediary figures are obtained.

The absolute air capacity of closely planted trees with non-deci-
duous leaves is lowest and decreases with the increase of acidity of the
soil,

If the plantation is thinned out, the capacity becomes higher.

In the soils of deciduous forest plantations, the absclute air capacity
is higher than for the fir and the spruce. The soils are less acid.

PERRE LARUE (Gurgy sur Yonne),

Experiments on the Control of Wart Disease of Potatoes by Soil
Treatment, with Reference to the Use of Sulphur.

RoacH, W. A, GLYNNE, Mary D. BRIERLEY, W, B, and CROWTHER, E. M.
Annals of Afplied Biology 1925, XX1I, 152-190.

On light sandy soil contaminated with Synchytrium, it is possible to
obtain a clean crop of a susceptible variety of potato by incorporating
about 1z cwt. of ground sulphur per aere into the soil. On heavy soil
up to 2 tons of sulphur per acre is required to destroy the fungus. These
amounts are considered uneconomic on a field scale. P. H. H. Grav.

The Injurious Effect of Excessive Liming on Podsol-Seils in con-
nection with the Peculiar Character of the Biological Processes,
taking place in such Soils.

T, A. Transactions of the Institule of Fertilizers, No. 26, p. 1-143
Moscow 1025,

In order to investigate the canses of the injurious effect of excessive
amounts of lime introduced into the soil, experiments were conducted in
1923, in addition to those made in 1gz2.
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Plant experiments were made with three different classes of soil.

(1) With a light loam soil, considerably deficient in bases, in which the
injurious effect of excessive amounts of calcium carbonate has been demon-
strated by the plant experiments of 1922,

(2) With a medium loam scil, near to the soil first mentioned, but
containing more silty particles, with regard to the degree of saturation
in bases, This class of soil was experimented with for the first time.

(3) With a heavy loam soil, somewhat deficient in bases where, ac-
cording to previous experiments, excessive amounts of lime did not cause
any injury.

The experimental work of the vear 1923 was directed to the investiga-
tion of the same factors as the experiments of 1gzz. The products of
biological processes were examined in the presence of different amounts
of lime and without lime ; the lime in this case was always applied in the
form of CaCO, The products just mentioned are: ammonia, nitrates,
nitrites, humus, soluble in water, and lime, soluble in water.

In addition, the hydrogen ion reaction was accurately recorded.

The investigations were carried out in pots during the vegetative pe-
riod of the plants (clover, mustard, vetch). The products, soluble in wa-
ter, were extracted from beneath the plants, often at the beginning of the
experiment, and more rarely later on. The extraction was made with
water, and the washings were directly analysed.

The extraction of the products, soluble in water, was made as follows :
— The pots had an opening at the bottom, which was covered with an
ashestos dize, through which pure liquid could pass.

At certain intervals a number of these pots was watered from above,
care being taken that the plants should not be injured. The quantity of
water was calculated so that one-tenth part of the soil by weight was ex-
tracted and transferred to a special receptacle, from which the drainage
water was taken for amalysis. In addition to the series of experiments
bearing on the question as to the effect of different amounts of lime, other
experiments, were conducted. In one of these series of experiments the
main object was to discover the effect of ammonia, In this case, the salts
of ammonia were introduced into the soil in the presence of 1 %, of lime
as well as without lime, in order to trace the connection between the high
concentration of ammonia and its injurious effect. Such a connection
seemed to have been demonstrated by our experiments of 1gzz (these
experiments showed also large amounts of nitrites in the washings).

In this case also, account was taken not only of the decrease or the
increase in crop vield, but also of the products obtained by the analysis
of the drainage water.

Further, in a third series of experiments, investigation was made as
to the influence of other cations upon calcium, in the case of injurions ef-
fects. In order to balance the exclusive effect of calcium, we have so far
experimented with potassium and sodium on the basis of past experiments
with potash, large amounts of which did not produce any injury (according
to the experiments made in the laboratory of PriamisExikow).

Further tests were made with a view to the investigation of those crit-
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ical periods during which the washing has proved to be very useful in the
elimination of injurious effects.

We also studied during the summer of 1923 those periods at the end of
which the sowing of seed on an excessively limed soil wonld not be followed
by injurious effects,

The results of this experimental work may be summarised as fol-
lows :—

(1) From the three soils tested, an injurious effect after the appli-
cation of 1 %, of CaCO, has been noted only on a light sandy loam soil
{more strictly speaking there was a decrease in crop yield only in thlsrase}l
on heavier soils the same proportion of lime did not cause any injury.

{2} In agreement with the above, biological processes were much
more active in a light soil with 1 %, of lime than ina heavy one. The an-
alysis of the light soil in its first stage (the first two or three weeks) showed
a considerable accumulation of ammonia, of nitrites. of nitrates, of humus
soluble in water and lime and soluble in water ; while in other soils, where
no injurious effect was ascertained, the liming did not bring about any
marked increase in the amount of these products.

(3) A bighly alkaline reaction (Pr = 7.8) was noticed not only in
a light soil with 1 %, of lime, where 1ll effects were noticed, but also in a
medium loam soil with the same amount of lime, where no injurious effect
was produced. Thus, a given amount of alkali does not in itself canse
njury.

(4) Increasing the concentration of ammonia where 1 %) of lime
is present, by adding 0.1 %) and even o0.15 %, of chloride of ammonia, by
weight, to the soil, retarded the growth of the plants. Thus the presence
of ammonia was found to be of great importance with a given amount of
alkali. Without lime, by a neutral, or better still by a lightly acid reaction,
the salts of ammonia alone did not act injuriously upon the growth of
plants, but rather increased the yield.

{3} By washing pots containing retarded plants, their growth was

improved when the washing took place in the course of the second and |

third week from the beginning of biological life in the soil after the appli-
cation of lime. This special period is characterized by a very active ac-
cumulation of ammonia, which was thus removed by washing at the pro-
per time. According to the experiments of 1923, an earlier washing (first
week) or a later one (after the lapse of four weeks) could not rectify the
injurious effect.

(6) The results of the experiments with washing, were in accordance
with the results obtained by the experiments with seeding after a lapse of
4 weeks from the beginning of the experiment, namely in that period, when
the total amonnt of ammonia and of nitrites was already transformed into
nitrates. This second sowing of clover, made later in a light soil with 1 9

of lime, did not exhibit any signs of redoced growth of the crop, wheréas |

the first sowing (made in the beginning of the experiment) gave a marked
decrease in the yield.

(7) The addition of bicarbonates of potassium and sodium to 1 %,
of lime, eliminated the injurious effect when the total amount of these
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salts did not exceed o0.05 %,. The analysis was not made in this case,
because of the sustained coloring of the washings.

(8) Small quantities of lime, not exceeding 0.z % did not bring
about any decrease of yield on the same light soil, on which there was re-
duced growth of plants after the application of 1 9, of lime. The amount
of the products of biological processes, especially the amount of ammonia,
was found to be much smaller in this case than after excessive liming.

(g) The accumulation of nitrites, noted in 1922 in t..e case of a mark-
ed retardation of plant growth, brought about by excessive liming, was
not recorded in 1923, when the decrease in crop yield was also less marked
than in the previous year.

(10) Different kinds of plants do not exhibit the same degree of
sensitiveness to the injurious effect of excessive liming. Besides, this
sensitiviness is dependent upon the age of the plant, being very great in
the early stages, of its growth, and becoming less pronounced in a more
advanced period of its life. AvTHOR,

Liming of Soils in France.

Enquiry on liming and the best methods of developing this practice,

Enquéte sur le chaulage et les moyens propres 4 développer la pratique
de cet amendement. Bullefin du Minisidre de P Agriculfure (Office des Rensei-
gnements), 5 pp. May, July, 1o25. Paris, 1925,

REcion 1: NorTH.

Département du Nord. — The silts and clays of Flanders are poor in
lime, the percentage being o.5 to 2.5 per cent. Little liming is done.

Pas-de-Calais. — The Jurassic clays of the Bas-Boulonnais, the sil-
iceous clays and the alluvial soils of the plateaux are deficient in lime.
The marine alluvial soils of the Calaisis (the Watringues) have adequate
lime. Marling is no longer done as before with challk.

Somme. — Lime everywhere in the sub-soil : marly loams. In the
Arménois, chalky plateaux. In the Santerre, plateau clay from 6 to
8 metres in depth : friable soil sunitable for beets, with at least five per
cent of lime,

Vimon et Ponthiew. — Siliceous clay, red, poor in lime (5 %), more
or less covered over with platean clays.

Marquenterre and Bas-Champs. — Sandy marine alluvial deposits
containing less than 2 per cent. of lime.

All the wvalleys of the Department of the Somme are peaty.

Aisne. — Clays, brick earth, ergeron, red clay of the Vermandois,
and of the Soissonais ; the argillaceous soils of the Marlois, the Vervinois,
the Tardenois, or three-fifths of the lands under cultivation with industrial
crops in the department, an area of 350,000 hectares, are only slightly
or not at all calcareous.

Marl is supplied from the chalk or limestone lying immediately
below.
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(}ise. — The less calcareous regions are :— 1. Valois, z. Moyonnais,
3. the east of the Picardy platean which is covered with clay or with
flinty clay on the South. The lime content is from 1 to 4 per cent.

Seine ef Marne. — Proportion of lime according to the geological
strata.

Eboulis : 0.3 to I3: average I to 2 per cent.

Recent alluvial deposits: 1.9 to 25, average 8 to 12 9.
Plateau clay: 1 to 8, awverage z to 3 9.
Fontainebleau sand: o.r to 2, average 1 9.

Mussel clay and marls: 0.2 to 4, average 3 to 5 %.
Green clay : 0.9 to 67, average 15 9.

Champigny travertine : 1.5 to 39, average g to Io 9.

A basin of Jurassic soils and clays, all grass land, and without lime.

Seine Inférieure. — The majority of the soils of the country of Caux,
chiefly flinty clay, only contain 3 to 59, of lime. Chalk is extracted
from under the clay.

Eure. — Even the alluvial plateaux of Neuburg and Voxin are over-
grown with sorrel, an index of the absence of lime.

Calvados. — The Bocage district ; granite, sandstone, schists with
proportion of lime 0.04 to 0.3 per cent.

Cacu Champaign. — Clays on Jurassic calcareous rock, 0.5 per cent.

Pays d'Auge: flinty clay and plateaux clays 0.4 per cent.

Manche. — The territory of the department includes Bo per cent
of Archaic rocks, 1o per cent. of Trias and Lias, 2 %}, of Cretaceous for-
mation and 5 9% of recent alluvial deposits. The silts however cover
the greater part of the primary rocks and contain 49 of lime. The
lime is only sufficient on the Lias and in the polders in the Bay of Mont
St. Michel.

Ome. — 1. Soils very poor in lime. Norman PBocage :
granite traversing the Pre-Cambrian. Armorican sandstone, May sand-
stone, schists yielding flinty clays, or acid silico-argillaceous rocks,

Pays d'Houluce: Vire granite and mica schists.

II. Soils or strata poor in lime.— Elinty clay on Ce-
nomanian chalk, Perche sands, Jurassic strata with lime washed out,
blue clays of the Callovian formation, ancient alluvial soils and clays.

Recion II: Easr,

Ardennes. — Primary formation, Devonian, Silurian : quartz sand-
stone, schists, slates, heaths and birch forests and pasture land, poor
in lime: 35,000 ha. Turonian and Senonian chalk rich in lime: fertile
cereal land : 100,000 ha.

Lying between the two: Jurassic strata, 25,000 ha. with a band of
Albian Greensand, wooded sandstone, ete.

From the point of view of richness in lime considerable wvariety
exists in this districts.

Marne. — Chalk is dominant except in the East (Porthois, Argonne),
and in the West (Brie, Tardenois). The lime requirements are very small,
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as the bare chalk covers two thirds of the department and a part of the
remainder is wooded, but everywhere calcareous.

Aube. — Natural regions. Upper Jurassic *Vignoble’ containing
up to 50 per cent. of calcareous material,

Lower Cretaceous, moist meadow land, calcareous soils,
oyster-bed marls, coloured sands (140,000 ha,). The moist lands would
profit by burning the lime of the caleareous soils,

Champenoise Chalk (280,000 ha.), forms the Champagne
ponillense, which continues into the Marne: produces cereals and in
particular brewing barleys.

Nogent Eocene, the different cultivated lands of la Brie,
amount of lime adequate.

FlintClay of the Othe district, poor in calcarcous
material, can be marled with the substratum of chalk, if not wooded.

Valleys of the Aube and the Seine, alluvial grav-
els, poor for the most part in calcareous material.

Haute- Marne. - — Completely occupied by secondary formations,
chalk excepted.

Trias poor in caleareous material in its lower stratum, coloured
sandstome. Rich in Muschelkalk of limited area, fairly rich in Keuper
marls with 6 to g per cent. of chalk.

Lias. — Bassigny and oolitic strata rich in chalk, except for a few
ferruginous beds. Light soils on the whole suitable for sainfoin.

Oxfordian Marls formerly cultivated in vines.

Corallion and Portlandian, dry, sometimes with the
lime washed out, but poor.

Neocomian, fertile, calcarcous, except at the base which
wvields marl.

Albion. — Greensands and clays, often wooded, always poor
in lime.

Alluwvial seils with adequate lime, as they come from Jurassic
strata.

Haute-Saéne. Primary formation occupies three cantons out
of 38.

T rias without calcareous material or with lime washed out, except
in the Keuper marls, occupies 7 cantons.

Lias extends over 7 cantons. The Lower Lias alone is deprived
of lime,

Oolitic limestone occupies g cantons with lime content wvariable,
The Tertiary is limited to 3 cantons where silica is dominant,

Moselles. — 1. Northern Vosges, light siliceous soils, poor in lime :
grows rye and potatoes.

II. Lorraine plateaun, Triassic calcareous clay with lime kilns.

IIT. Ijassic superstrata in limestone plateaux.

IV. On the left bank of the Moselle, the edge of the Woevre Jurassic
formation is limestone,

V. The alluvial soils of the Sarre are siliceous. Those of the Niode,
the Seille and the Moselle are friable =oils, fairly rich in lime,

a1

gL

58



ABSTRACTS AND LITERATURE 255

Meuse. — Department entirely Jurassic: the banks of the Mense
and the Barrois in particular are of limestone formation,

The Argonne and the region of the Woevre have in particular under-
gone loss of lime.

Meurthe et Moselle. — 1. Vosges Mts., Vosges sandstone and variegated
sandstone, not caleareous.

II. Lorraine Plains. Flinty alluvials of the Moselle and the Meurthe,
Muschelkalk, Eeuper marls and Lias with sufficient lime,

ITI. Oolitic plateaux with lime removed, and ferruginous.

IV. A quarter of the cultivable lands in the Department of Meurthe
would benefit by liming.

Vosges. — The non-calcareous soils predominate.

I.a Montagne. Arrondissements de St. Die and Remiremont,
i. e. 210,450 hectares ; granite or Permian Sandstone.

Lime content always lower than 1 per cent., but much wooded, 41
per cent. forest.

Viége: 102,993 hectares. Variegated sandstones, containing up
to 0.6 and 0.8 9 of lime. Very wooded : 2q %, forest.

Alluvial soils of the Moselle: 6,000 hectares.

224,000 hectares in mountain and 73.000 hectares in the Vige might
be treated with lime as arable or grass land, but not more.

Bas-Rhin, The- Vo s ges are crystalline rocks with little lime, Ken-
per sandstones with varying lime content.

Plain of the I11 and the Rhine. Lias marls. Loess with
10 to 3o per cent. of lime. Gravel poor in lime.

Hawl-Rhin. — V o s ge s crystalline rocks not calcareous.
Foot-hills of the Vosges often calcareous (Muschelkalk and
Keuper).

Plain of the Ill and Rhine. — Diluvium or gravel, The arable land
i5 less rich in lime than the sub-soil.

Sundpan. — Loess, the lime similarly removed from the surface, as
also in the Jura.

Belfort. — Vosges granitic, igneous and schists without lime, Foot-
hills of the Vosges : Permian sandstones and Vosges sandstone without
lime.

Jurassic escarpment and Callovian. Oxfordian platean, Rauracian
and Sequanian, calcareous.

Small Tertiary Tengrian (Oligocene), with lime removed from sur-
face, marls to some depth.

Alluvial soils with no lime,

Recronw ITI: WesT.

A. Brittany and Vendée. — Region of primary strata, granite and
gneiss and primary rocks, schists and sandstones.

Mayenne. — The geological outcrops of calcareous rock are staked
out by the kilns and the lime made in these iz sent all over Brittany for
amendment. There is a strip of carboniferous limestone from the sur-
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face of which the lime has disappeared so that it now contains less than
five per thousand of carbonate of lime : next, the Jurassic strip. The
300,000 hectares which could profit by liming on an average application
of 300 kg. per annum, or go,000 tons, only receive 4,450 tons.

Three methods of applying the lime are in use : beds or large heaps
near the field ; small heaps covered with earth, which is the :o-called
English method ; spreading the lime in the form of powder by means of
a fertiliser distributor.

Marne el Loire. — The eastern part of this Department is of Tertiary
formation of wariable character. The western part, beginning from
Angers, consists of schists with folds of carboniferous limestone, largely
worked where crossed by the valley of the Loire. The lime kilns of Mont-
jean in particular supply the Loire Inférieure.

Ille et Vilaine. — This Department only contains two outcrops of
Tertiary calcareons soil. Composts in ““ beds ", piles of mould, ditch
slime, dead leaves and lime are prepared, and from 3000 to 5000 kg, per
ha. of these materials are spread every six years.

Cdtes du Nord. — Only two caleareous beds. Sand is pumped from
the bottom of the sea and sent inland as far as Too km. from the coast.

Finistére. — The average content of lime on the arable land is only
one per thousand, varying from 0.6 to 2.5 per Tooo. It would be possi-
ble to use with advantage 400 to 500 kg. of lime per ha. per annum.

On the much indented coast use is made of sand containing shells,
and tangue combined with wrack. As a result as well as on account
of the total absence of frost in winter and the favourable effect of damp
climate on early products, a belt of fertile soil (golden belt), worth as
much as 30,000 francs per ha. is obtained,

The sands collected at low tide contain from 1 to 85 per cent. lime.
From 4000 to 5000 kgs. per ha. are used every four years. The amount
of lime imported from Mayenne is between 2ooo and 2500 kgs. every
four years.

Morbihan. — The strata only contain traces of lime. Between 300
and 500 kgs. would be needed on each of the 450,000 ha. under cultiv-
ation. Imported lime is applied to crops of potatoes and winter cabba-
ges at irregular intervals and in amounts varying between 1000 and
1500 kgs. per ha. Caleareous sands are used on the Atlantic coast at
Trinité, Belle-Ile, Ploemeur, Locmiquélic, Pouldu, which contain from
58 to 84 per cent. lime.

Loire Infériewre. — The amount of lime in the soil is only between
0.3 and 0.5 at most It is quarried on the Carboniferdus Limestone of
Erbray and imported from Montjoan, generally as material of go per cent.
purity (Ca0). Out of the 570,000 ha. of soil, meadows and wvineyards,
barely 21,000 ha. are limed.

Vendée. — Vendée is formed chiefly of the ™ Pocage” of ancient
rocks, bounded on the South by a fringe of Lias and bog. Three-fifths
of the department have had to await the construction of roads in the
XIXth century for the cultivation of wheat, clover and lucern to be
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made possible by the use of lime and phosphates. At the same time
the size and weight of animals increased.

B. Poilow. Deux-Sévres. — The lines of lime kilns follow the calcareous
layers of Jurassic or the North-West, South-East and South of the De-
partment.

Liming ought to be extended over three quarters of the districts of
Brossuire and Parthenay which constitute the prolongation of the “ bo-
cage ** of Vendée or Gditinais, and in addition over the Oxfordian marls
of the South of Niort and Lozay which rest on a calcareous rock called
Egrain or Chiffe, or Pierre Chauffante. The schistous marls of Rauratian
or Sequanian should be matled in moderation rather than limed. The
ferro-argillaceous red soils with flints of Poiton should be limed, as also
the sands and green clays of .the Cenomanian of Louzy, which should
be marled from the Tertiary beds cropping out in the Valley of the Thouot
and given 50 to 65 per cent, carbonate of lime ; the variegated sands and
clays of Upper Eocene ; the terraced slopes of the plateaus of the Poite-
vin defile so far as they are not wooded : moor land similar to the landes
covered with heath, ferns, gorse, broom, etc., the peaty wvalleys.

In the neighbourhood of St. Maixent and la Mothe Heraye, a marl
containing 70 to go per cent. carbonate of lime, is found at a depth of 50
to 70 cm,

Lime applications are made in inverse ratio to the proportion of
humus, that is to say from 2 to 5 cubic metres every five years. Autumn
liming is performed in small heaps of 15 or 20 kg., spring liming by dis-
tributing the large heaps of compost built up in aptumn at the top of the
fields and broken down during the winter. The ground lime of Airvault
is now coming into use with fertiliser distributing machines.

Vienne. — Out of the 300 communes of the Department, 160 have
soil poor in lime. The system of métayage on short leases does much to
prevent the use of lime dressings which are especially necessary in the
district of Montmorillon,

DastrIcT IV : CENTR:_‘LI..

Central part of the basin of the Loire. South of the Parisian basin,
Tertiary in the North; Jurassic in the South.

Allier. — The Miocene cropping out in the valleys are the only strata
rich in lime, Their total area is 10,000 ha. out of 417,000 ha. of arable
land. Either from 140 to 160 hl. of lime grit are scattered every 15 or
20 years or else from 35 to 40 hl. every five years. This process gives
opportunity for the use of fertiliser distributors.

A. Berry. Cher. — The South of the Department comprises 55,500 ha.
of granite, gneiss and Triassic sandstones. The North 140,000 ha, of
clay with flints and Tertiary clayey sand of Solpgne. Lying between
the two, the Jurassic strata provides lime. Oyster beds cropping up
in the valleys underneath the clay with flints provide marl., There is
a tendency to use ground lime in order to save manual labour.




258 INTERNATIONAL SOCIETY OF S0I1L SCIENCE

Indre. — The Tertiary clayey sands of Brenne and the granitic soil of
Boischaud, with no lime, represent more than half of the Department and
are separated by Jurassic chalk. Marling has been abandoned. Liming
is still carried out at irregular intervals at the rate of 2 or 3 m? per ha.

B. Tourainme. — Crozsed by the Loire.

Indre et Lofre. — Three-fifths of the Department are formed of sandy-
clay soil. The plateaux are often covered by flinty clay (« Bournais ™ soil).
The caleareous layer of Brie at one time provided marl. Shell marl or
Tertiary shelly sand are chiefly found on the plateaux of Manthelan,
Bossée, Louans, Savigné, Courcelles, St. Laurent.

Loty ¢t Cher. — Four fifths of the Department, in particular the Ter-
tiary clayey sand of Sologne in the South and the Secondary sands and
clays of Perch in the North should be amended. On the calcareous laver
of Beauce there is also * worn out "' s0il which the use of lime has restored
to intensive cultivation. Lime grit for slaking is put in small heaps or
else powdered lime is spread by the fertiliser distributor at the rate of
1200 to 1500 kgs. per ha., over land lying fallow prior to the growing
of corn,

Marl or chalk are used at the rate of 25 to 60 m3 per ha. About 2o
lime kilns are to be found in the Department.

C. Orlianais. — Tertiary and Cretaceous strata predominate.

Loirel. — Beauce is calcareous. In the north Gétinais consists of
chalky slopes, covered with flinty clay and often wooded.” Puisaye and
Berry contain clay with flints covering the caleareons or ferruginous
sands and clavs of the Lower and Middle Cretaceous.

Orléanais properly so called consists chiefly of sands, covered with
woods,

To the South of the Department is the edge of flinty clays of the
Sologne to which enormous quantities of marl from Blancafort have been
applied.

D: BOURGUIGNON-CHAMPEROIS BORDERS. Yomne. — The Department
of Yonne forms the transition between the granite of Morvan and the
challky plateaux of poor champaign land, which are covered with flinty elay.

It is traversed obliquely by the sands and Albian ferruginous clays
of the moist champaign land which are often covered with trees. These
three zones are separated on one side by the strip of the Burgundian cal-
carecous Jurassic and on the other by the Cenomanian, Turonian or Se-
nonian marly clay, To the South, the Morvan which, moreover, is itself
much wooded, nses the lime of the Lias, rich in phosphates.

In the North, the plateanx bordering on Gétinais use chalk, often with
phosphates, and reduced to powder. Marling has been given up. The
amount of lime applied is at the rate of 30 to 40 hl. per ha. every 3 years.

V. DistricT : CeExTrRAL Masse oF Fraxce (Granite surrovnded
by Jurassic on'th: West and by Primury Trisssic and Tertiary on the South).

Department of Loive. Granites, schists and mica-schists are deficient
in lime. It is only found in appreciable quantity in the Tertiary strata of
the Basins of Forez and Rannais (Valley of the Loire).
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Department of Puy-de-Dome. Three parts : (1) Granite substratum of
Forez, Livradois and Combrailles, i. ¢. 500,000 ha. representing 5/8 of the
surface of the department. (2} Volcanie Chain of Puys and Mont-Dore,
100,000 ha. (3) Valley of the Allier (Limagne), comprising another 50,000 ha,
of soils poor in lime, in all 650,000 ha. of which 220,000 only are cultivated,

A spitable addition of lime is admitted to be 1200 kgs. per ha. per year,
that is to say 270,000 tons ; the tenth part only of this is in use nowadays,
Lime is brought partly from the Department of the Allier, and costs about
100 franes per ton at the arrival station.

Department of Cantal. The Oligocene Chalks and marls have escaped
erosion precisely where they meet the granite and the volcanic forma-
tion. Lime amendments are coming more and more into use in this dis-
trict in contradistinction to the rest of France,

Department of Hawle-Loire. Continuation of the Granite and the Vol-
canic formation of Auvergne. Soils containing more than 2 per cent lime
are there an exception. The local chalk is only 75 per cent CaQ), and is
now not much used.

Depariment of Lot (Quercy). No liming is carried out either on the gra-
nites and schists which occupy 100,000 ha, or on the Lias (30,000 ha.) or
on the rich alluvium of the Lot and the Dordogne.

Department of Aveyron. Avevron comprises three districts: the
granitic and schistous Segala (etymologically : rye soil) : the * rougier -
red Permian soil, poor in lime, and lastly the Cawusses, chalk Jurassic pla-
teaunx often with the lime removed from the surface.

Out of a total of 437,000 ha. of cultivated land, joo,000 would profit
by liming, at the rate of a minimum of 500 kilograms of lime per ha. and
Per year. _

Liming is in fact effected at the rate of 15 to 20 hl. of lime every six
wvears, on light soil.  The amount is double on heavy soil. " Composts *,
or mixtures of vegetable debris and lime, are also prepared.

Department of Lozére. Includes both granite formations and the cal-
careous " causses . Owing to the altitude, tbe cultivation of this dis-
trict is not intensive and transpor: of lime is laborions.

Department  of Tarn. Comprises the East of the carboniferous strata
which produces coal for the burning of lime. On the West are Tertiary
soils.

Liming is accompanied by a good dressing of manure to prevent the
“burning ** of the ground and is carried out for clover, sainfoin, lucern.
for cereals and for potatoes. The strata which respond most to lime are
the primary schists, clay with Tertiary gravel and ancient alluviums, both
fine-siliceous and " battantes ”, that is to say heaped up and known as
* boulbénes ",

Out of 200,000 ha. of cultivated land in Tarn, 150 000 would be bene-
fited by liming.

Depariment of Nidvre. — The East of the Department is occupied by
granitic Morvan (Cantons of Chiteau-Chinon, Montsauche, Luzy, Moulins-
Engilbert), and schistous Morvan (Millay, Luzy). The siliceous strata
contain little lime.

=




260 INTERNATIONAL SOCIETY OF SOIL SCIENCE

Bazois and the district of Clamecy are partly occupied by fertile chalk
Lias, then by Middle and Upper Jurassic which is caleareous and dry, though
sometimes the lime has been removed, leading on through the clays of
the Lower Cretaceous and the sandsor Middle Cretaceous toend in the
clays and sands of the alluvial deposits of the Loire at Cosue.

To the South of the Morvan strata, the Lias is again to be found at
St. Saulgé, 5t. Benin d'Azy and Dicize, .

To the South of Nevers, between Loire and Allier the strata is silice-
ous-clay.

Out of 260,000 ha. of arable land, 100,000 ha. would profit by amend-
ments and out of 800,000 ha. of natural meadows, from 10 to 15,000 ha.
Lime is used from the kilns established on the Jurassic strats.

Department of Creuse. — Lime has revolutionised the cultivation of
this district which is given up especially to root forage crops. These crops
occur in rotation every 4 or 5 vears and take normally 1500 kg, of lime per
hectare, that is to say 70,000 tons (on about 46,000 ha. of hoed crops) com-
ing from the kilns built on Berrichon Lias at the edge of the Granite zone.

Haute Vienne. — Upper Limousin, a stock raising district like Creuse,
employing 500 kgs. per ha. on arable land.

VI. DistricT : EAsT CENTRAL.

Department of Cdte d'Or. — Almost entirely occupied by Jurassic
plateaux and the Tertiary and Quaternary plain of Sadne. There is no
want of lime except in the so-called pasture lands of Anxois, the fine sands
of the Valley of the Sadne and the soils of Rouget du Chitillonnais.

Department of Sadne and Loire. — The siliceons argillaceous breccia
of Lounhans, the granite slopes of Maconnais, Autunois, Charollais, the
schists and sandstones of Chagny, lastly certain decalcified zones of Juras-
sic, are all deficient in lime.

The lime burnt at Crenzot is used in September or May, in small heaps
covered over with earth, to the amount of 1ooo kgs. per ha.

Department of Ain. — The districts of Nantua and Gex are situated
in the Jura or on calcareous glacial formations.

The plain of Bresse is formed of argillo-siliceous soil derived from Ter-
tiary sand and non-caleareous yellow silts or loam. The Dombes is a
moraine, poor in Ca0. Much lime has been used there, but the kilns are
now extinct, :

Department of Rhéne. — The Rhone soils are chiefly granitic, with only
a small area of Jurassic strata. The lime residues of the Lyons manufac-
tures are employved as sufficient amendment.

Department of Isére. — The strata of Tertiary, Glacial or Fluvio-glacial
origin of the lower cultivated area, as well as the upper valleys of Qisans
in the high granitic Alps, are nsually deficient in lime,

Department of Doubs. — Although situated in the heart of the Jura the
soil requires lime on account of the washing of the lime out of the upper
layers. | :
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Department of Savoy and Upper Savoy. — The mountain heights (Mont
Blanc) are of granite or schist and little cultivated. They are flanked on
the West by the calcareous Prealps.

The plateaux are sometimes decalcified to such a degree that sorrel
replaces white clover on Glacial formations and even on Mollasse,

The cultivation of sainfoin (Ouobrychis) is decreasing.

Basic slags give better results than superphosphate on the glacial
plateaux near the lakes of Annecy and Geneva.

There are kilns at Pont du Gy, Vovray, St. Roch, Saint Jeoire le
Giffre, but the lime is used chiefly for the electric synthesis of calcium car-
bide, by the employment of the power of the high waterfalls.

Depariment of Hawtes-Alpes. — Most of the cultivated landisinachalk
district. The valleys are irrigated. Those of Briangonnais and ancient
alluviums could alone be amended to advantage.

VII. ImstrICcT: SouTH-WEST.

Department of Charente. — The granite and schistous formation of
the district of Confolens and the Tertiary strata of the cantons of Cham-
pagne Mouton, Ruffee, 5t. Claud, Mansle, la Rochefoucauld, Montbron,
Baignes and Brossac, are covered with vegetation : heath, gorse, broom,
chestnut, timber. 130,000 ha. of arable land Tequire lime.

Marl is found in the Lias and in the Cretaceous formation, but lime
would be more suitable.

Produce-sharing tenants bear a third part of the expense of buying
lime but undertake the trapsport from railway station to field.

Department of Charente-Inféricure. — The soil is deficient in lime and
consists of Tertiary strata, marshy fields and lagoons ; total 150,000 ha.
requiring 4 cubic metres of lime per ha. There are lime kilns on the Ju-
rassic strata of the two S&vres and the Vendée,

Department of Gironde. — Eight-tenths of the soil are without lime :
400,000 ha, are Pliocene sand of the Landes, containing 82 per cent. silica,
10 per cent. clay and 8§ per cent. humus.

The pine forest extends for 357.000 ha. and the Lande subsists where
sandstone Ortstein is found near the surface.

Heavy, clayey, silico-clayey and silico-humiferous tertiary soil would
also be benefited by lime.

Depariment of Landes. — The proportion of sand and of forests of sea
pine is greater there than in Gironde. Marling and liming only affect the
tertiary slopes of Chalosse and Armagnac which have various crops and
soils ; Marl — 10 to 20 cubic metres per ha. every 5or 10 years; Lime —
T000 to I500 kgs. per ha. every 3 to 5 years,

Depariment of Dordogne. — In the districts of Noutron and Ribérac, the
produce sharing tenant pays for a third of the lime,

Department of Lot and Garonne. — In spite of the alternation of calea-
reous layers in the Eocene and Oligocene outcrops, lime is lacking in the al-
luviums of Garonne, Lot and Dropt, and of the plateaux, in the sands of
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the Landes, it the soil of the valleys, that is to say over about half of the
cultivated surfaces. Lime kilns, however, no longer yield rich lime,

Department of Gers. — Valleys separated by Tertiary plateaux covered
over by Pyrennean siliceous strata : 45 per cent are deficientin lime, Much
arable land is available, however, on account of the scanty population.

Department of Basses-Pyréndes. — Jurassic or Cretaceous strata covered
over by Pyrennean diluvinm or with the lime removed. The Miocene to
the North of Gave du Pau is deficient in lime. Lime kilns at Montaot and
Arudy, magnesian lime at Coarraz (Béarn) and Osses (pays basque).

Department of Hawles-Pyréndes. — Conditions similar to the preceding,
It often happens that the content of the soil in lime is inferior to that of
phosphoric acid,

Department of Haute-Garonne. Liming is carried on in the alluvium
of the Garonne from Boussens to Toulouse and on the plateaux of Laura-
gais. The lime comes from Tarn or from Aridge.

Department of Tarn and Garonne. — One third of the total is deficient
in lime. It includes the following : recent alluvinm of Garonne and Avey-
ron (eontent in CaO lower by 5 %) ancient alluvium of Garonne and Tarn,
among which is siliceous soil “battante’ or ‘"boulbine ™ with quasi-
colloidal silica and acid reaction ; river gravels and plateau clay from Bru-
niguel to Montbauban ; Molasse of Armagnac with the lime washed out.

Total 66,000 ha, out of 200,000 ha, of arable land of the Department.

Lime comes chiefly from Tarn, Bruniquel, Lexos and Suvillars.

Slaked lime is scattered in the fields in small quantities for lucerne.

Before growing cucumbers in an open field, ground chalk is applied.
The amount is 1200 to 1500 kgs. of lime per ha.

Department of Ariége.— The plains cultivated over an area of 10 ooo to -

15 000 ha. between Mirepoix, Pamiers and Saverdun, as well as the Valley
of the Salat, are covered by granite alluvium, and by Pyrennean schists
and sandstones ; they are therefore without lime,
Prerne LARUE,
Gurgy sur Yonune.

Soil Biology.

The Bacterial Inoculation of Sugar Beet.

NEMEC, A, (Biochemical Institute for Plant Protection, Prague). Expé-
riences sur I'inoculation de la betterave & sucre. Awmnales de la science agro-
nomigue, Year 41, No. 4, pp. 254-259. Paris, 1024,

Experiments have been carried on for some time past in the adapta-
tion of the bacteria contained in the root nodules of leguminous plants
to non-leguminous plants, and it has been noted that the success of the
experiments largely depends upon the bacteria of the rhizosphere, or that
part of the soil which is in immediate contact with the absorbent root
hairs. These bacteria exert a favourable influence upon the penetration
of the bacteria into the root hairs and hence upon the formation of the
nodules.

on 1
plar
of &
scal
yiel:
whe
ity

Ins

Th



ABSTRACTS AND LITERATURE 263

The writer in his experiments nsed the Bruweg method which is based
on the principle of successive adaptations of the bacteria of leguminous
plants to the juices of the roots of the plants which have been the object
of experiment and of the heightening of their effect by means of repeated
transmissions through the same plant. Experiments made on a large
scale on this method have always given good results, the increase in the
yield varying from 5.6to17 %;,. A negative result was shown only in cases
where the vield of the non-inoculated control plots was at a maximum.

Hence bacterial inoculation provides a means of increasing the fertil-
ity of a soil up to the point of its maximum productivity. A F.

Insect and other Invertebrate Fauna of Arable Land at Rothamsted.
Morris, H. M. Annals of Applied Biology, 1922, IX, pp. 282-305.

A method of taking soil samples for determining the numbers of In-
secta, Myriapoda, Oligochaeta, Acarina, etc. present in the first ¢ inches
of soil is described, and the functions of this inverterbrate fauna discussed.
Soil was examined at definite intervals during a wyear and the numbers
present at different depths compared on each of two plots receiving widely
different manurial treatments. Of 15 millions of invertebrates per acre
on the plot receiving 14 tons of dung per acre annually since 1839, z.47
millions were insects. The greatest number of all kinds of invertebrates
occurs in the first 3 inches of soil. The greater number of invertebrates
found in the manured plot does not indicate a greater increase in the num-
ber of organisms directly harmful to the growing crop. The larvae of
Elateridae, Tipulidae, and Hepialidae occurred in equal numbers in the two
plots. It is suggested that the great difference observed between the
numbers of insects found in arable land and those found in pasture (re-
ported in a previous paper by the Author), and the greater depth of pene-
tration, is due to the better aeration and drainage caused by cultivation.

P, H. H. Gray.

The Physiclogy of Thiobacillus thioxidans, an Autrophic Bacte-
rium Oxidizing Sulphur, under Acid Conditions.

Srapkrev, R, L. four. Bact. Vol. 10, pp. 135-163, 1925,

Physiological investigations were carried out with one of the non-fila-
mentous true bacteria isolated from sulphur and soil-phosphate composts
by Waksman and Joffe. It oxidizes sulphur and thiosulphate rapidly to
stlphate, even under extremely acid conditions. Oxidation was most
rapid in the early stages of the process following a short lag period of about
two days. The decreased rate of oxidation is not apparently due to any
attenuation of the organism, or to the accumulation of toxic organic meta-
bolic products, but rather to the accumulation of sulphuric acid. In the
presence of high concentrations of thiovsulphate (3 per cent) sulphur becomes
precipitated in the medium during growth, probably indirectly and not as
a product of the primary reaction of the process. With sodium thiosul-
phate as source of energy, 50 to 65 parts of sulphur as thiosulphate became
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oxidized to sulphate per unit of carbon assimilated. In the presenceof 1
or 5 per cent, sulphuric acid, the economy of utilization of the available
energy was lower than in the absence of appreciable amounts of acid. The
ratio of sulphur oxidized to carbon assimilated was not appreciably affected
by concentration of potassium phosphate, as high as 5.5 per cent. Growth
was but slightly effected by small amounts of salts of heavy metals, reduc-
ed pressure, or following substitutions of precipitated or amorphous sul-
phur for the rhombic form. ‘The organism responded readily to changes
in temperature, moisture, and partial pressure of oxygen or carbon dioxide,
AUTHOR.

The Carbon and Nitrogen Nutrition of Thiobacillus thioxidans,

an Autotrophic Bacterium Oxidizing Sulphur, under Acid Con-
ditions.

STARKEY, R. L. Jour. Bact., Vol. 1o, pp. 165-105, 1G25.

A continnation of studies on the physiology of one of the true sulphur
bacteria was concerned with the effects of some carbon and nitrogen com-
pounds on sulphur oxidation. Dextrose disappears from the medinm dur-
ing growth and there is a general correlation between the amount of acid
produced and dextrose removed. This disappearance of dextrose was
not due alone to the acid, the suspended cells in a purely physical way, or
to exo-enzymes, and the organism cannot use dextrose in the absence of
sulphur or some inorganic sul hur compound as a source of energy. It ap-
pears that dextrose may enter into the metabolism of the cells in the pre-
sence of suphur as a source of energy. Citric acid inhibited growth at 5.0
per cent. concentration but not in the presence of 2.5 per cent.

Ammonium nitrogen is the only source of the element that has been
found available to the organism. The presence of nitrates in even as low
a concentration as 0.05 per cent. KNO?, depressed oxidation and 1.25 per
cent. completely inhibited oxidation. The economy of utilization of the
energy available as measured by the carbon assimilated per unit of sulphur
oxidized was much lower in the presence of nitrate than in its absemce and
the depression was greater in the presence of larger amounts of nitrate.
It appears that the injury from nitrate is specific for the anion. Oxid-
ation was inhibited in the presence of 2.5 per cent. of peptones and injury
was matked at 1.25 percent. Results indicate that neither urea, peptone,
nor amino acids are available either as sources of nitrogen or carbon for
the organism, AUTHOR.

Seed Inoculation of Lucerne (Medicago sativa) and its Relation to
Mobility of Nodule Organisms in Soil.

TaornToN, H, G. and GANGULEE, N. (Rothamsted Experimental Sta-
tion). Nature, Vol. 114, No, 2878, pp. 032-033. London, 1924,

In their studies of the nodule organism (Bacillus radicicola), the method
used by the anthors consisted in making a suspension of a bacterial culture
in a liquid, the suspension being used to wet the seed. There is evidence
that after penetrating the root, the bacteria are unable to travel any
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distance along it, hence, when the seed has germinated, they must progress
through the soil in order to reach various parts of the root system, where
nodules are to be formed.

It was found that thev will progress through light soil at the rate of
about 1 inch in 24 hours. When a drop of water containing the bacteria
in the rod stage is added to sterile scil, the organisms do not spread until
after a considerable interval, which interval is less if the inoculum consists
of a suspension in milk, This may explain the successful results obtained
in Scandinavia where skim milk is used to make the suspension of bacteria
employed for inoculating.

The apthors tested the effect of inoculating sterile soil with a suspension
of bacteria in skim milk containing o.1 9, CaH, (PO,). 2H.O, and
found that the spread of the organism from the point of inoculation be-
gan almost immediately. On averages of 10 parallel pots, increases in
nodule numbers of g3 %, and 73 %, were obtained in two experiments by
the addition of phosphate to the milk, There was also a favourable ef-
fect on the yield of the crop. W. 8 G

The Importance of the Concentration of the H;rdrngeu-tuns of the Soil
in the Formation of Plant Substance,

CHODAT, F. Sur la concentration de ions du sol et son importance
Pour la constatation des formations végétales. Bull, de ln Socidié: Botanigie
de Gemdve, Series 1I, Vol, XVI, pp. 36 to 143, Geneva, 1924.

The author shows the importance of the concentration of the hydro-
gen-ions for the biochemical and biophysical processes and the physiolog-
ical function of the critical state of the amphoteric colloidal substances,
a state which has received the name of the isoelectric point.

A relation may be established between the phenomenon of the eurves
of growth as a function of the reaction of the environment ; from investi-
gations of this type it appears that the curves present two maxima and
certain plants are proved to be entirely unsuited to soils with a definite
reaction.

There is difficulty in classifying plants and plant associations into those
requiring acids, those requiring neutral substances and those needing bases,
until there is a clearer understanding of the corresponding reaction to
the physiological neutrality, . ., to the iso-electric point of the plasmic
tissues of the plant itself. It is thus convenient to substitute for
the qualitative theories of ' lime avoidance " and “ lime requirements "
that quantitative idea of range of accomodation to the reaction of the
soil, in so far as the actual acidity of the soil has, in the greater number
of cases, more influence on the distribution of the species of plants than
the mineral components.

If, for example, we taken Ewpleris aguiling, which has been always
regarded as showing reaction to soils that are deprived of lime, it is seen
that it can also thrive under other conditions, within a range of Py from
5.5 to 7.6 and which therefore goes bevond neutrality. Contrary to
current opinion, it is observed that marsh plant formations do not
necessarily require an acid environment, although it is true that Phrag-
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mitetum and Scirpefion belong to a group of formations which thrive in an
alkaline environment.

The same values of Py may however characterise soils carrying most
varied plant associations : in this case the differences are determined by
other factors, such as the geographical situation, the altitude, and climate.
These formations differ among themselves in the strength of their
vegetative growth and the specific type of their inflorescence and take the
name of ** homologues "". Homology is displayed in a physiognomy special
to these plant associations, a certain common element of floral type and
a resemblance in the edaphic conditions.

This last characteristic makes it possible to classify the homologous
formations into the acid type, passing from Quercetim suberis to Ericela
varia, Calluneta, to Vaccinietum and to the alpine tundra varieties, and
the alkaline type which passes from Quercetnm ilicis by degrees to the
steppes on neutral and almost acid soil. To these two classes, the aquatic
isomerous plants correspond @ (A} wet moors, Vaccindelion wliginost,
Sphagnetum ; (B) Alnclum glutinosae, Eupatoricium, Caricelwm, Phragmi-
fetums, Scirpetim.

The author then examines the genesis of Sphagneinm, which must be
considered as a parasitic formation, taking root because favoured by the
acidity of the forest and the moor land, and may find its way from either
habitat and invade the Caricefum. This progressive movement may be
traced and an examination made of the reaction of the pools of bog water
and of peaty earth : and it is thus possible to observe a horizontal stratific-
ation of Py. Gradually as one passes away from the forest on to acid
soil, one passes from a maximum acidity corresponding to the Sphagnoum
zone to diminishing Py values and to the Carécelum with a distinetly alkal-
ine reaction. The waters of the two formations differ as does the Py, at
one metre apart the variation may be from 4 to 7.3. In certain localities
(Lossy), the alteration in the course of a brook with an alkaline reaction
has resulted in the disappearance of Sphagnefum and replacement by
Phragnifefum.

On virgin 5o0ils of non-calcareous moraines, the plants first making
their appearance bring about acidification, which is transferred to the sue-
Cessors,

The Queercetum roboris of the glacial soils of the Canton of Geneva shows
an acid reaction of the soil, which explains the abundance of Laflyrus
montanns and the patches of Calluna vnlgares, Tewcrinm scorodonia, Ge-
nisia permanica, Polentilla ervecta, which were at first considered as colonies
rom other localities, g A F.

Soil and Vegetation.

The Effect of a Varying Supply of Nutrients Upon the Character and
Composition of the Maize Plant at Different Periods of Growth.

Durey F. L, and Muier, M. . (1021). Missonri dgr. Hes. Bul, 42,

Maize plants were grown in sand cultures with PFEFFERS'S nutrient
solution of normal and N/20 concentrations. The growth period was div-
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ided into three thirty day periods and all possible combinations of the
two concentrations of solution were used. The second 30 day period was
by far the most important for the production of dry weight. The
top growth was always increased by an optimum supply of nutrients
while a low supply of nutrients was conducive to increased root weight
and to fibrous root development particulary during the last period. The
ratio between the weight of roots and tops became wider as the crops
grew older or as the concentration of the nutrient solution was increased.
With low nutrient at the end of the first 30 day period the roots made up
61.18 per cent. of the total weight of the plant, but with plants having
a high concentration of solution and go days old, the roots made up
only 1229 per cent. of the total weight of the plant.

Where there was a copious supply of mineral elements present at
the end of the second period, the leaves and stalks contained enough
material to produce fair ears even where the third period had minimum
nutrient:. The per cent. of nitrogen and potassium in the plants was
approximately proportional to the supply of nutrients during the period
just previous to harvest.

In all treatments and in each period, a minimum supply of nutrients
allowed a greater proportional storage of nitrogen, phosphorus, and potas-
sium in the roots than did optimum treatment. A minimum nutrient
supply changed somewhat the character of growth, particularly by re-
ducing the length of the internodes. This was most marked where the
plants had reecived optimum treatment during the first period.

Comparative Value of Alfalfa and Sweet Clover on Soils,

Horrz, H, F. and Swererox, H. P. fowrnal of American Soctety of Agvo-
nomy, Vol. XVII. No. 6, pp. 326-333. Geneva, N. Y, 1925,

The arid soils of the State of Washington contain sufficient mineral
plant [nod elements, but are deficient in organic matter and nitrogen.
When these 20ils are brought under irrigation alfalfais generally grown to
supply the nitrogen deficiency.

Soil samples were taken from fields which had grown alfalfa and sweet
clover respectively for three vears in succession, and other samples were
taken from land that had grown these plants for three years followed
by one year of maize. In addition, two other soils were selected, one vir-
gin land never irrigated, the other an irrigated soil but which had never
grown a lepuminous crop.

In the experiment a comparative study was made of the carbon diox-
ide evolution and nitrate nitrogen accumulation.

Soil from sweet clover land had roz 9 greater carbon dioxide evol-
ution and g5 9, greater nitrate nitrogen accumulation than soil from alfalfa
land.

The yield of maize silage per acre was 14.92 tons on sweet clover land
and 8.25 tons on alfalfa land.

Both virgin arid soil and the same soil after irrigation and cropping
with non-legumes for two vears, showed low carbon dioxide evolution
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and nitrate nitrogen accumulation, owing to their low content in organic
matter.

There is a greater carbon dioxide evolution during the first ten days
and a greater final nitrate nitrogen accumulation from sweet clover than
from alfalfa, whether they are grown in the field or applied as a residue.

For purposes of supplving available soil nitrogen to new land for
establishing a short rotation, for seeding a pasture, or an orchard cover
crop, sweet clover is especially suitable, because of its high nitrogen content
and rapid decomposition when returned to the soil. W. 5. G.

Regional Soil Science.

The Geology of Istria.

Coumw, G, Appunti geologici sull'lstria montana. Procesdings of the K. Ac-
cademia nazicnale dei Livced, Vol XXXTII, No. 5 pp 174-177. Rome, roz4.

Orographically it is possible to distingnish three mountain systems
in Istria, viz. in the West the undulating high table lands, in the centre an
area characterized by mountain ridges, in the East the chalky plateau of
the Valsecea of the Castelnovano. The prevailing soils are for the most
part caleareous, and there is a relatively small amount only of sandy
soils, marls and schist clays.

The earliest formations are represented by the Cretaceous, always of
the calcareous type. The oldest layer is Cenomanian sometimes combin
ed with Turonian, which in this area is represented by grey calcareous
breccia with a marl or dolomitic cementing, showing no fossils. This is
covered by a blackish grey dolomitic mass, The dark Turonian chalks
are in ridges varying from 0.80 to 1.50 metres in depth, over which lie
strata of varying geological formation corresponding to the rubble rocks
of Nabresina. There is no Cretaceous formation such as is typical of the
Triestine Carso.

The base of the tertiary formation is represented by Libumian, which
in the lower strata is a lagoon, and in the upper a marine, sediment, consist-
ing of black carbonaceous and dark-grey caleareous material. “This merges
without any definite dividing line into Lutetian, formed by light grey,
white or more rarelv blackish chalk, containing a numerous but not particu-
larly varied fauna making it possible to distingunizh different layers, which
however do not exhibit any marked geological differences.

Above the calcareous system lies an intermediate formation, partly
breccia, partly marl, over which lies the sandy marl layer of Bartonian
Liburnian, a highly composite formation, consisting mainly of sandy marl
and sandy flint schists with a calcareous cementing, and clay schists in
variously alternating and shallow layers. Among these clastic rocks
are found chalk ridges, particularly developed in Southern Istria.

The red soil belongs to the early quaternary period and partly to earl-
ier periods ; it lines the bottom of the Carsic and Doline pockets, but is
never found over extended surfaces. A B
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Goethe and the Sicilian Red Earth.

FiscHER, Herm. (Munich). Goethe und die sizilisnische Roterde. Revwe
Internationale de Pédologie, Nos. 3-0 1G24,

In Lower Italy and Sicily red earth is not the prevailing tvpe of soil ;
on the contrary, as a typically climatic soil it occurs only in an isolated
manner and is only to be found to any extent near Palermo. Even there
its occurrence is limited to the chalk and dolomite mountains. Red earth
ocetirs as a secondary stratified deposit, i. e. in the plains. It is only formed
above very fine, crystalline carbonate rocks. A higher proporiion of
clay in the rock seems to prevent its formation. The red colouring iron
compound may be due to the original content of the non-decomposed rocks
in iron sulphide and iron earbonate. The approximate extent of red earth
round Palermo has been illustrated by a sketch map, in the article. It fol-
lows that, owing to the nature of the rocks (Noric dolomite) and the cli-
matic conditions (high summer temperatures with sufficient precipitation)
the coastal district of Cefalu near Trapani is favourable to the formation
of red earth. In the interior of the country red earth is seldom to be found,
and it is confined fo the southern side of the mountains.

As early as 1787 GoOETHE, on his journey to Sicily, followed the line
of occurrence of red earth nmear Palermo. Red earth in primary strati-
fication is found : (1) at Mount Pellegrino, (2) at San Martino, and (3) behind
Monreale. The zone of outcrop of dolomite was also obzerved by GOETHE.
Starting from beneath Monreale, the author has submitted to chemical
analysis the non-decomposed dolomite, the zone of white, friable, deposit
and the red earth Iving above it, and has found that, in decomposing, dolo-
mite loses a greater percentage of magnesitwm than lime. The sesquioxides
increase fifty-five times more in red earth, as compared with their propor-
tion in dolomite. On the heights of the mountains surrounding Palermo
red earth is not formed, but a deposit oceurs, which is poor in humus, and
externallvy somewhat resembles brown earth. AUTHOR.

The Soils of Moistad Experiment Station, Hedmark, Norway.

GLoMME H., Meldinger fra Norges Landbruksheiskeole, No. 1, 1gag,
PP. 33-92, bibliography, 1 map. Oslo, 19z5.

The article gives a detailed description of the soils occurring at
Moistad Experiment Station, Hedmark ; similar investigations are to be
made at the Norwegian Station.

The investigations have been carried out by means of borings made to
a depth of 1 metre, the character of the soil being examined at different
horizons. Samples are submitted to mechanical analysis, determination
of water capacity, volume weight, specific gravity, pore space, chemical
analysis and determination of H-ion concentration and buffer effect.

The bed rock is formed of Ordovician limestone and slates, and the
soils consist, from a geological point of view, of moraine residues and peat
and similar organic soils. W. 5.G
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Soils of Pays de Gex.

Graviowe, GILLET and DeExize:. Etude scientifique des terrains, des
fourrages et des laits du Pays de Gex, Congress on Alpine Pasture al Gex,
Pp- 35. Dijon, 1924,

Pays de Gex consists of an arrondissement of the Department of
Ain on the Swiss frontier. It is a mountain range stretching from South-
East to North-West over an extent of forty kilometres and rising to
from 1300 to 1600 metres in height. '

It is formed of the Middle Jurassic strata, viz., Astartian, Saura-
cian, and upper (Portland) limestone, flanked by Lower Cretaceous
rocks (Urgonian) or marls (Valangian).

On the West lies the valley of the Valserine, a tributary of the Rhone.
On the East is the plain of Geneva, which is relatively a plain, and of
glacial formation with alpine erratics and Molasse outcrops rising to a
height above Goo metres.

Going from East to West however, it has been possible to distin-
guish the following bands or zones: Alpine erratics zone with variable
lime content. Soil called " battante ', having fine sandy constituents
piled up under the action of rain, and without any nitrogenous matter.

Glacial Zone with outcrops of Molasse, clayey, content variable as
to limestone, scarcely ' battante. ™

Intermediary Zone between the plain and the mountain, the same
strata dominated by the Lower Cretaceous at the foot of which the towns
are built.

On the slopes, ‘the soils are tenacious and argilo-caleareous . In
the South they are less clayey and not caleareous. Zone of the Valse-
rine clay soils rich in nitrogen and phosphoric aecid, prevail.

On the plateaus are friable soils.

If the proportion of grasses G., leguminous plants L. and sundry
plants D., be reduced to 1o, the following result is obtained for the plain
meadows (height 500 to 700 m.).

51065 G 4+ 1to3L + 2 to 3 D.

On the unwatered slopes, from about 700 to goo m., are found:
torzG+ 3L + 5 or 6 D;in other words, the proportion of grasses
decreases,

On alpine pastures at a height between 130-150 metres there is a
still greater increase in the proportion of diverse plants of which a large
number are decorative (Urchids) or medicinal (Gentian, Thyme, Ve-
Tonica).

The richest milks come from the most fertile zone at the foot of the
mountains (Lower Cretaceous), where the fat content is 41 grams instead
of the average 39 in the plain and 38 14 in the Valserine,

PiERRE LARUE,
Gurgy sur Yonne.
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Beetroot Soils in Bohemia.

Jaxora. R, Sar les sols betteraviers en Bohéme, Publication of the Min-
1siry af Apriculinre, pp. 70. Pragne, 1923,

The ecunltivation of beetroot in Bohemia is carried on mainly in a
district where the soil is more favourable than the climate to its growth.
The amount of rainfall is a limiting factor for the development of this
crop, and hence there is an intimate connection between rainfall and
yield.

Beetroot soils are @ calcareous and non-caleareous loess, alluvial and
Permian clays and lastly the sandy clay of the carboniferous stratum.
The physical properties, and above all, the air and water capacity of
these soils malke them well suited to beetroot. The author has studied
the wvariations of the physical condition of the soil profile under all its
aspects, and draws the conclusion that beetroot requires deep tillage
to ensure a sufficient quantity of water. Czech beetroot soils have the
following content in nutritive matter (in 10 %, HCI),
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Soils of Overflow Meadows on the Banks of the Volxhov and Lake
Ilmen.
Prassorov, L. Untersuchungen des Flusses Wolchow und dessen Bassins,
Bul. IV, pp. 5-24, with 7 maps. Leningrad, 1925.

The overflows of the Volxhov and Lake Ilmen have a total extent
of over 1500 square km. The chief meadow areas are the deltas of the
Lovat and the Usta on Lake Ilmen as well as the great flood plain of the
Volxhov at the Grusino. In the flood plain of Lake Ilmen alluvial sub-
clayev and sub-sandy stratified soils prevail. However, the greater part
is occupied either by swampy meadows of low level, or by peat bogs. High
overflows also include large forest areas. In the wvalley of the Volxhov,
clayey, alluvial soils are found, sometimes covering the whole area. In the
riverside part of the plain unstratified, alluvial meadowy soils of granular
texture. Their area is however not large. The low level areas are
generally, either clayey swampy soils, or peat-bogs. In the region of
Grusino, elevations of two kinds are encountered : some of them are no
more than I-z m. in height and are narrow and elongated, the so-called
“ weretye " (roller) with clayey alluvial, but clearly podzol soils. Others
are higher, not overflowed by high water (25-35 m. above sea level), consist-
ing of glacial deposits. Sandy undulations and hillocks may also be seen
either along the tributaries of the Volxhov, or on the banks of ancient
lakes. A considerable part of the flood plain of the Volxhov, mainly
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on its left side, is covered with forest. Soils here are swampy podzol,
Similar soils are encountered under a stratum of new alluvium and in the
meadow part of the valley, together with " buried " peat-bogs.

To estimate the effect upon the soils of the valley of the Volxhov,
produced by the rise of its waters due to the dam under construction, con-
tinuons observations were undertaken in 1924 on the level of the soil water
and the humidity of the soil (together with observations on vegetation).

The =oil of the flood plain of the Volxhov and the lake Ilmen are in
their present natural state of different value grading from best soils of
highest wvalue (such as riverside granular soils) to those of low value and
useless marshes. In respect of area, the soils of middle and low quality
prevail, many of them however, might be improved and have perhaps,
a great " potential " value. AUTHOR,

Geology of the Sarthe.

Wersca, Jurgs. Esquisse géologique des régions naturelles du Départe-
ment de la Sarthe, pp. 30. I map in colour, scale I/320.000. Le Mans, 1924.

The primary stratum forming the Western part of the Armorican
massif is frequently vertically inclined and is crossed by Granites, Por-
phyries, Amphilolites, Diorites, IHabases and Petrozilex which only play
a secondary part in agriculture.

The schists give a deep siliceous soil often covered with heath. The
Silurian magnesian limestone is wvaluable.

Sandstone intercalations (Armorican sandstone) occur in the middle
of the =chists, covered with heaths and pine forests.

The Devonian and the Carboniferous layer wield lime for agricul-
ture, The kilns from which lime was exported to Brittany are still to
be seen along the face of these strata.

Secondary strata are represented by Jurassic and Cretaceous form-
ations.

Jurassic. — Marl Lias only appears to a certain extent inthe North.

Middle Jurassic (Bajocian, Bathomian, Collovian, Oxfordian) form
the Champagne du Maine,

The term * Champagne " or " Campagne " is uvsed in France to
designate the caleareous treeless plains belonging to Middle or Upper
Jurassic and to Upper Chalk,

In the Sarthe and the West of France, the arable land, which is peb-
bly and from which the lime is washed Dnl].' to a shallow depth, is called
“groie . It is red and argillo-calcareons. These are districts with
gr}'. cereal-producing valleys. Certain strata of DBathonian contain

ints,

The more marly Oxfordian is the formation of Sacsnois and Beli-
nois which are surrounded by heaths and pines of the Forest of Persei-
gne on one hand, by ferruginous Cenomanian sands on the other, and
by the valley of the Huisme which meets the Sarthe at Le Mans. These
tenacious marly soils are well suited for artificial meadows and cereals.

The Cretaceous rocks begin by Cenomanian, which took its name from
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Le Mans (Cenomanum) and is generally silico-ferruginons with glauco-
nite ;: Perche sands with reddish coloured sandstone : soils suitable for
rve and potatoes occur in woods of Scotch or Baltic pine.

Marly chalk beginning in the Cenomanian layer continues in the
Turonian and the Senonian in the South-east of the Department. It
forms the sides of the valleys which are lined with clay containing flints
washed out of the chalk : it 15 also the tufa of Anjou, sometimes contain-
ing flint nodules or shale and provided the marl for applying to the soils
of the siliceous plateaus. Content in caleium carbonate: 50 to g5 %,.

Cretaceous layers cover 200 000 hectares of varied aspect out of the
624 ooo hectares of the Department of the Sarthe, Clay with flints co-
vers 80,000 hectars.

Clay can be brought up again to the surface, which makes it more
easily worked and there is a scarcely perceptible irapsition to the clay
of the somewhat calcareous argilo-sandy plateaus of Pliocene origin.

Ancient alluviums cover from 50000 to 60 000 hectares. They are
generally siliceons, with the exception of those of the Sacsnois Ormme which
cross the Jurassic calcareons strata. Theyv are for the most part dry
and bear pine and oak.

Recent alluviums (50 ooo hectares) are richer and moister : mea-
dows, vegetables, poplar trees.

PIERRE LARUE,
Gurgy sur Yonne

The Agricultural Regions of North Dakota.

Wit ARD, Rex E. Bulletin 183 North Dakola Agriculivral Experiment Sta-
tion, pp. 168, figs. 6y, tables z0. 1924,

The Bulletin gives the location and description of the Black Earth
Belt (Eastern), the Farming Grazing Belt (Central) and the Grazing Forage
Crop Belt (Westermn), the climate, soils, land utilization, and general
trend of both yield and acreage per farm. The area, size of farm, climate,
soils, crop areas, crop vields, crop damage, extent of live stock per farm,
position as regards production of the State and the agricultural districts
of each county are stated. Yields of wheat, oats, barley, rve, flax, corn,
potatoes, and hay are given for 1gII to Igzz, inclusive,

T. Ciapumax,

The Principal Results and Fundamental Problems of Seoil Investiga-
tion in Georgia, !

ZacHARDY, 5. A. Annals of the State Polytechnic Imstituie, Tiflis, Vol. 1,
Pp. 1-56. 1924.

The soils of Georgia (formerly Tiflis and Kutais departements) have
not as yet been subject to systematic investigations. Short descriptions
exist and sketch maps of the low part of Western Georgia and Adahzaristan
only, but investigations of Eastern Georgia, and mountain district are
scarce and occasional. This short essay is to be considered as an attempt
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to make use of scattered information about the soils of Georgia to sum-
marise them and give a temporary classification of the soils, divide the coun-
try into areas, and point out the essential theoretical and ‘practical
problems that the soil investigations in this country have to resolve.

The =o0il of Georgia varies greatly in accordance with the combinations
of the soil forming agencies, among which the relief is of prevailing impor-
tance: it influences the soil directly, and also indirectly, and is reflected
in climate and vegetation.

The predominant types of soil formations in Georgia are :

1. Laterite soils;

2. Podzol soils (white ash-coloured and very much leached) :

3. Forest soils;

4. Maroon brown soils (soils of herbaeceous steppes, maroon brown
colour) ;

5. Brown soils (soils of worm wood — herbaceous steppes) ;

6. Mountain meadow soils (alpine meadows — “ Evlags ")

Besides the completely developed, or normal soils, incompletely de-
veloped soils are largely found in Georgia. Their formation has been
disturbed by geological processes : denundation, " diluvium * and * pro-
havium "', resulting in the formation of rough, skeleton (stony). soils, in
which the local soil-forming process is not fully expressed.

According to distribution of soils Georgia may be divided into areas
as follows:

I. Soil area of Western Georgia (Kolchida).

1. Marsh-podzol zone of Kolchida lowland, below 1000 feet, with
rainfall of 1200-1700 mm. Alder forest with lianas.

2. Laterite-podzol zone of lower mountains of Eolchida, s0-3000
feet elevation, with rainfall of 2400-1200 mm. Forest with lianas.

3. Zone of forest soils of Western Georgia-middle, mountains
zopo-6000 feet elevation, with rainfall about 1200 mm. Oak, beech and
fir forests.

I1. Soil region of Eastern Georgia (Kartli and Kakheti),

4. The zone of tchemozem and maroon coloured soils occupies the
lowest and dryest parts of wvalleys, lower mountains and plateaux below
3000 feet, with rainfall, about 600 mm.; covered with halophytes —
worm wood — herbaceous and mixed herbaceous steppes.

5. The zone of forest soils occupies a part of the valleys and cen-
tral mountains of 2000 to 7000 feet elevations, rainfall s00-800 mm.
Elm, oak, beech, pine and mixed forests.

II1. The mountain zone — tchermnozem occupies the plateau of
Little Caucasus, 5000-7000 feet ; with rainfall of 500-600 mm. ; meadowy
mountain steppes with Stipa.

7. Zone of mountain soils of the ridges and summits of the Little
Caucasus with Festuca-steppes.

IV. The high Mountain soils, region of Georgia occupie the areas
above 6000-7000 feet to the snow-line. It is characterized by a local cli-
mate and local soils, Tt can be divided in following districts :

8. Zone of high mountain soils of the Great Caucasus, with rain-
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fall of 1200 mm., with alpine and richest sub-alpine tall herbaceous mea-
dows (swaneti).

g. Zone of high mountain soils of the Adzhjaro-Tmereti and Trialety
chain with rainfall of more than 800 mm. and with alpine and sub-alpine
meadows,

Among the theoretical problems, which are to be resolved next, we
mention the following :

(@) The wvertical distribution of soils;

(8) The origin of laterites and of their residual character ;

{¢) The origin and the conditions of brown forest soils, original
soils of Georgia ;

{d) The geography and topography of mountain meadow soils ;

{g) The history of the soil mantle of Georgia in connection with
the presence of degraded, buried and fossil soils.

Practical problems of study of soils are the following :

{aa) The study of carboniferous soils of vineyards and the nature of
carbonates, in order to extend the nse of American Phylloxera resistant
stocks;

{bb) Manuring and tillage of laterite soils ;

(ec) Manuring and tillage of podzol soils ;

{dd) The study of mountain meadow soils in order to use them in
the most scientific way ;

{ee) A detailed division of the country into soil regions ;

(if) Soil testing.

The new Faculty of Agriculture, represented by professors and stu-
dents — future agriculturists — is willing to do its utmost with respect
to the study of soils in Georgia. AUTHOR,

Bibliography.
General.

Hissimg, D. J. Introductory Paper, The Faraday Sociely, December
1924. -

Revista Muzenwlwi Geologic- Mineralogic al Univesitatii din Cluj, Cluj, 1925,
Institutul de Arte Geoafice « Ardealil » Str. Memorandului 22,

Soil Pysics.

Fiscuer, Karl, Die Verdunstung des Weserquellgebietes, in methodi-
scher Hinsich: betracht:r, Meleorologische Zeitschrift. Part, 7, 1024,

FiscuEr, KarrL, Der 8inn der Gleichung : Niedersehlag — Abfluss |+ Ver-
dunstung, -+ Versickerung. Mefeorologische Zeifschrift. Part. 8, 1924.

Hissivg, D, J., VAN DER SPEK, Jac. Studie von en Proefnemingen op
Slempige Gronden door het Rijkslandbouwproefstation, Groningen.
February 1g25.

TS R R S T



276 INTERNATIONAL SOCIETY OF SOIL SCIENCE

KrawpgEr, F. Ueber die im Buntsandstein wandernden Verwitterungslo-
sungen in jhrer Abhidngigkeit won dusseren Einflissen. Chemie der
Erde, Vol. 2, pp. 49-82, 6 diagrams. Jena 1025.

Nostiz A. V. Neue Gesichtspunkte und Hilfsmittel zur Uebertragung
physikalischer Bodenuntersuchungsergebnisse in die Praxis., Land-
wirtschaftliches [ahrbuch fiir Bayern. Nos. 7-8. 1025,

REmau, E. H. und EKeriscarr, F. Die Umwandlung der Sonnenener-
gie des Wassers und des Eohlenstoffes in der Landwirtschaft., Aus
der Versichs- w. Lelwanstalt fiir Bodenfraskultur der Sigmens-Schuk-
kertwerke G. m. b, H. zu Gieshof, Publisher, Julius Springer,
Berlin, 1925.

Soil Chemistry.

Braxck, E. und Riessr, A. Ueber die chemische Verdnderung des Gra-
nits unter Moorbedeckung. Ein Beitrag zur Entstehung des Kao-
lins. Chemie der Erde, Vol. 2, Part, T. Jena 1g20.

Dosrescu-Cruy, J. M. Die Dynamik der Kaliassimilation kalihaltiger
Silikat-Minerale, Chemie der Erde, Vol. II, pp. 83-102, 1025

Comeer, N. M. The Role of the Electronegative Ions in the Reactions
between Soils and Electrolytes. The Faraday Sociely. Decem-
ber 1g924.

FiseeEr, E. A. Base Exchange in Relation to the Swelling of Soil Col-
loids. The Faraday Sociely, December 1024.

Fisaer, E. A, Base Exchange in relation to Adsorption. The Faraday
Sociely, Secember 1924,

Gorsgr and W. Janrowsga, Analyse de deux profiles des loess des pays-
bas de Bug. Czcionkami Drukarni Uniwersytetn Poznanskiego,
Institut de chimie agricole 4 Dublany. Poznan 1g923.

Heappen, W. P. The Effect of Nitrates on the Composition of the Po-
tato. The Colorado Experiment Station, Bulletin No. 291, Fort
Collins, 1024,

HeappEr, W. P. Some Orchard Conditions affected by Arsenicals, Marls
and other Pactors. The Colovade Experiment Station, Bulletin
No. 204, Fort Collins 1924.

Hissmg, D. J. Das Weszen, die Bedentung und die Bestimmungsmetho-
den der Bodenaziditat, Zeilschrift fiir Pflanzenerndhrung und Din-
gung, Section A, Year IV, Part. 4.

Hissvr, D. J. De verzadigingstoestand wvan den grond. A. Minerale
gronden (Kleigronden). Rijksiandbowwproefsiation, Groningen, zo.
Nov. 1924,

Hissivg, D. J. Der Sittingungszustand der Boden., A, Mineralbiden,
Zeitschrift fiir Pflanzenerndhring wnd Diingung IV, Section A, Year IV,
Part 3.

Hissivg, D. J. Base Exchange in Soils. Transactions of the Faraday
Seciety, Vol. XX, No. 6o. Section 3, 1925




ABSTRACTS AXD LITERATURE 277

Pace H. J. und Wiiniams, W. Studies on Base Exchange in Rothamsted
Soils, Tramsactions of the Faraday Soctety, Vol. XX, No. 6o, Sec-
tion 3, Ig25.

Pace, H. J., M. BE. E., B. Sc.,, A.L.C. Soils and Fertilisers. Sociefy of
Chemical Industry. Reporis of the Progress of applied Chemistry,
Vol. IX, 1924

Pace, H. J., M. B. E., B. 8c. The Chemistry of Soils and of the living
plant. Amnual Keports of the Chemical Sociefy, Vol. 21, 1924.

Pace, H. J. und Wmriams, W. Studies on Base Exchange in Rothamsted
Soils, The Faraday Sociefy, Dec., Ig24,

Rasmanw, E. Die chemisch-physikalischen Wirkungen von Aetzkalk und
kohlensaurem Kalk in Miveralbdden, Zestschrift fiir Pllanzener-
ndhrung wnd Dingung, Year III, Section A, Part 4.

Rosmxson, G. W. und Winciams, Rice. Base Exchange in Relation
to the Problems of Soil Acidity., The Faraday Society, December
1924.

SamT, 5. J. The Relation between the Py value, the Lime Requirement,
and the Thiocyanate Colour of Seils. The Faraday Society, De-
cember 1g24.

S50il and Vegetation,

Wiessmany, H. Hat Kieselsdure bei unzureichender Phnphnrs:'iureeruﬁ]l-
mmg einen Einfluss auf den morphologischen und anatomischen
Bau des Roggenhalmes? Zeifschrift fiir Pflanzenernahrung wund
Diingung. Year IV, Section IV. Partz 1-2,

Classification.

VmExsgy, D. The Analogical Series in Soil-Formation and a new Gen-
etic Classification of Soils, With a coloured diagram showing
20 of the most important =oil types. Kharkow 1925,

Regional Soil Science,

Brunner, J. Die geologischen Verhiltnisse Unterfrankens und ihr Ein-
fluss auf die dortig: Landwirtschaft. Miiteilungen der D. L. G. Meet-
ing of Sept. 1024, pp. G84-6G86,

Goroxga, Z. Czcionkami Drukarni Uniwersytetu Poznanskiego. Die
Biden der Waldreviere Bobrek bei Oswiccim, Wojewod-schaft Kra-
kau. (Russian). Poznan Igzg4.

Heappex, W, P. A peculiar Soil Condition in the San Luis Valley. Bul-
letin of the Colovado Experiment Stalion No.z86. Fort Collins, 1923.

Nomng, A. Ueber den Boden Estlands. Verdffentlichungen des Kabinattes
fiir Bodenkunde wnd Agrikulturchemic der Universitit Tartu (Dor-
pat) Esthonia, No. 2, 1925,

e



278 INTERNATIONAL SOCIETY OF SOIL SCIENCE

Communications.

International Society of Soil Science. — The number of members
is now 502, of whom only ahbout 4oo have paid their subseriptions and entrance
fees for rgz5. This made it necessary to send out a reminder to nearly zo0
members, involying considerable time and expense.

I should like to take this opportunity of once more pressing on my col-
leagues the desimability of forming national sections, which could take over
a part of my work, for example: the sending of notices, ete. to new members,
the collection of subscriptions, recording of change of address. etc. A pro-
portion of the annual subscription of 6.50 francs, either o.50 or o.75 fr. could
be placed at the disposal of the national sections for the purpose of covering
expenditure,

Az you will be aware, on Circular 4 of May 1925 I requested the mem-
bers to inform me whether they wished to receive the Proceedings of the
International Soil Science Conference in Rome (May 1024) at the reduced
price of 8o francs, the price for the general public being 150 francs. A num-
ber of members have misunderstood the circular and have sent me the 5o francs,
I have therefore to ask them to note that the matter is in the hands of the
International Institute of Agriculture (Villa Umberto I. Rome [10], Italy)
and that I have forwarded all money sent to this address. Members who
have made enguiries as to the date of publication of these proceedings are
also referred to this address.

Members are again requested to remit the annual subscription in Dutch
guilders, either by post office money order or to the Geldersche Crediet Ver-
eeniging, Groningen (Holland), paid to the accounnt of the International
Society of Soil Science. In either case it is essential to add my nome,

By armngement with the editor, Prof. Scaucut, the list of members
will appear in the first part of the new year 1926. Members are therefore
requested to be so good as to send me word of any change of address in good
time,

Dr, DD, J. HISSINE,

Acting Presedent and General Sflrrn'm;}r.
H;ri:r!nn Colleninsstraat 25, Gromingen (Holland),

Brief statement concerning progress made in the organisation of
the First Internation:l Congress on Soil Science. — (1) The per-
sonnel of the Organising Committee has been completed. It consists of :
F. J. ALwAy (University of Minnesota, St. Paul), F. E. Bear (Ohio
State University, Columbus), G. 5. Frars (Agricultural and Mechanical
College, College Station, Texas), R. HARCOURT (OntaricAgricultural College,
Guelph, Ontario), 5. B. HaskrL (Massachusetts Agricnliural College, Am-
herst), D. R. HoAcrAxn, (University of Califormia, Berkeley), T. 1. Lvox
(Cornell University, Ithaca, New York), C. F, Marpur U, 5, Department of
Agriculture, Washington, I3, C), A G. McCary, (University of Marvland, College
Park), W. H. McINTIRE (University of Tennessee, Knoxville), M. F, MILLER
(University of Missouri Columbia), ¥, T. STt (D ominion Experimental Farm,
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Ottawa, Canada), F. A. Wyvarr (College of Agriculture, Edmonton, Alberta), J.
G. Lpmax (Diirector, Experiment Station, New Brunswick, N, J.).

The personnel of the Exhibits Committee has also been completed. It
consists of . E. Truoc, (Chairman, University of Wisconsin, Madison), C. H.
SPURWAY (Michigan Agricultural College, East Lansing), 5. D, CONXER (Ex-
periment Station, Lafayette, Indiana), B. M. Sarter (Ohio State University,
Columbus), I, J. HIARPER (Iowa State College, Ames), F. W. PARKER (Ex-
periment Station, Auburn, Alabama), W. W. Wrm. (U. 5. Department of
Agrieulture, Washington, Td. C).

(2) The Secretary of Agriculture, Mr. JARDINE, has promised to see that
a resolution is introduced after Congress convenes in December, This resolu-
tion will anthorize the President to invite foreign governments to send de-
legates to the Congress,

{3) The itinerary of the field excursion, which is to follow the meetings
in Washington, has been prepared by Dr. MAgrBUT. Arrangements will be
made to dig pits at certain locations in the United States, and possibly also
in Canada, in order that the soil profiles may be clearly shown to members
of the Congress.

(4) Funds are being collected for financing the field excursion, It is
hoped that enough money will be available so that the field excursicn, which
will last about four to five weeks and which will carry the party from the At-
lantic to the Pacific shore, will be without cost to the foreign delegates. Very
substantial contributions toward the expense of the field excursion have al-
ready been promised,

(5) It is expected that by next November, when a formal meeting of the
Organizing Committee will be held in Chicago the necessary funds for financing
the field excursion will have been subscribed. At that time final arrangements
will be planned for the program and for the appointment of such other com-
mittees as will be necessary to insure the snccess of the meetings in Washing-
ton, ete,

(6) The National Research Council, The Association of Land Grant Col-
leges and the American Society of Agronomy have also pledged their
co-operation. The American Association for the Advancemient of Science
and the National Fertilizer A ssociation will also offer such co-operation as they
may be ahle to give us,

(7) Additions to the membership of the International Society of Secil
Science are constantly being made, Tt is expected that by next fall there may
be possibly as many as two hundred members in the United States.

J. G, LipMaAN.

LEtat de I'étude et de la cartographie du sol dans les divers pays. —
This volume, published under the direction of the late Professor MURGOCI
is mow printed in full, with the exception of three colour maps which cannot
appear therefore this winter. Since the last International Soil Science Con-
ference, Professor MUrGocCT added many photographic illustrations and plates
to this volume.

Those who, previous to the last International Conference, received the
incomplete volume, may apply for the work in its final form to Prof. PROTO-
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rOPESCU-PARE, Imstitutui Geologic al Romaniel, Sectinea  Agrogeologica, So-
seana Ardealului (Kiselel) No. 2. Bucharest, Rumania,

Appeal for Cooperation in the Work of the Sixth Commission
on the Application of Soil Science to Scientific Agriculture. — The
utilization of the soil ot the national territory so as to cover most com-
pletely the subsistence requirements of a country, proved during the war
in every country to be one of the most important tasks of public
economy. In consequence, close attention was given during the war by
all eircles and even more has been since given to the improvement of the
soil with a view to intensification of the production of necessaries. There
has been accordingly a development beyond all anticipation in the technique
of cultivation, directed towards such treatment of the soil as will ensure a
better agricultural utilisation. In close connection with this the need is
felt for establishing this branch of technique on scientific lines, which would
also have the effect of rendering the relations between the soil and the means
for its improvement, the subject of practicnble scientific research.

The Third Intermnational Seil Science Conference, held in Prague in 1922,
recognised the interrelation between these facts and tock them into account
50 far as to appoint a sub-committee of the Commission for the Study of Soil
Physics and Mechanics, which should make a special study of the applica-
tion of soil science to scientific agriculture, This sub-committee took upon
itself for the Fourth International Conference in Rome in the year 1624 a
task of some magnitude, which consisted in the application to scientific agri-
eultural schemes of mechanical analysis of scils by decantation.

The Commission drew up a number of conclusions on the basis of propo-
sals and discussions, and among these the following may be specially men-
tioned ;

A, The Organisation of Soil Science Service.

(1) A complete and scientifically sound knowledge of soils is the essen-
tinl basis for an effective and economical solution of all amelioration pro-
blems. Hence all measures for soil and land improvement should be based
on absolutely reliable s0il and hydrological investigations.

(2) It is essential that provision be made for the organization of faci-
lities for soil investigations in their relation to land eultivation. It is re-
commended to the respective governments that, where this has not already
been done, suitable committees be appointed to serve inan advisory capacity
as regards the orpanization of a soil science service. An effective organiz-
ation of this sort has been created in Czechoslovakia,

{3) Research on land reclamation and water supply problems is urgently
needed for the development of land cultivation methods,

{4) It is necessary that the college curriculum in agricultural engineer-
ing should be based on the natural sciences with specinl reference to soil
science,

(5} In order to avail ourselves promptly of the definite resulis from the
accumulated compamtive experiments in the various countries under the
most variable conditions, it is important that all societies, institutions, bu
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reaus and other bodies interested in soil science, should become affiliated with
the ' Committee on the application of soil science to scientific agriculture
of the " International Society of Soil Science, ™

{6) This International Committee met for the first time in Rome in May
1924. The working programme accepted for the soil science service in Ceze-
choslovakin and also the plans proposed for Germany were submitted. These
projects may be considered as the basis for a programme of soil science ser-
vice in each country.

B, The Programme for the future work of the Com-
mittee.

(7] As topics for consideration at the next conference the following
should be studied :
{a) Working methods of the Scil Science Service.
{b) Organization of experiments on methods of soil improvement.
{¢) Data on the influence of the improvement of various soil types.
(d) Results of the experiments in land cultivation in reference to the
* drainage theory " (depth and distance). In order to obtain comparative
results it is desimble that the Committee members should receive from the
various countries descriptions of the established drainage experiments of
characteristic soil profiles. :

The next meeting of the Commission, which will take place in Washing-
ton on the occasion of the First International Soil Science Congress in 1927,
will be devoted to these and other important guestions of soil science and
scientific agriculture and will attempt their solution on an internationmal
basis.

It iz obvious that there will be a fuller realisation of the end in view
in proportion as experts both on the scientific and the practical side become
members of the Commission and in proportion as more countries are repre-
sented on it. The more varied the scope of the work of the Commission, the
greater value will attach to the results of its investigations.

The Commission therefore makes an appeal to all experts, who are en-
gaged in scientific agriculture either on the purely scientific or on the prac-
tical side, to join the Commission and to take an active part in its work, and
the State authorities who administer the service of scientific agriculture, are
invited to appoint representatives on the Commission,

It is our fitm conviction that our work will be of great value to all coun-
tries and we are of opinion that for this reason we may count on some con-
sideration of this invitation to join the Imternational Society of Soil Science
and in particnlar to join this Commission,

Graningen and Znrich, 25 Seplember 1925,

For the International Society of Soil For the Sizth Commission for the
Science : The Acting President and Application of Svil Science to Agri-
General Secvelary, cultvral Science ;

Dr. D, J. HissIvE, Chairman of the Comamission,
Herman Colleniusstraat 25, Groningen, J. GIRSBERGER, Ing. Agr.

Zurich,



282 INTERNATIONAT, SOCIETY OF SOIL SCIENCE

The conditions for admission to the Tntermational Society of Soil Science
are as follows :— Any individual or body corporate engaged in the study
of soil science, is eligible for ordinary membership.

Members of the Society are entitled to receive the Review post frec on
payment of the annual subscription.

The subscription for 1925 is 6.50 Dutch guilders, with an entrance fee
for new members of 2.50 guilders.

Proposals for membership must be sent to the Acting President and
General Secretary of the Imtermmational Society of Soil Science, Dr. D. 7. His-
sivE, Herman Colleniusstraat 25, Groningen (Holland), or to the Chairmrn
of the Sixth Commission for the Application of Soil Science to Scientific Agri-
culture, J. GIRSBERGER, Ing. Agr., Zurich, Switzerland.

Proceedings for 1926. — We kindly ask tbe readers of our paper
to be patient with us if the various issues do not appear as punctually
as is desirable There are many technical difficulties to overcome, but these
geem to be eliminated now after a conference of the undersigned editor with
Dr, G. A. R, BorGHESANT, which took place in August 1925 in Rome, For
technical reasons the size of the present number, 4, had to be cut down
slightly, but from January 1926 on, the paper will again be edited with
increased contents and, above all, will appear punctually

F. ScHUCHT,
Editor.






