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On theymuch-lamented death of Sir Edward Thorpe,
on February 28, 1925, it was found that much pro-
gress had been made with the two last volumes of
his Dictionary. The final revision for the press has
been carried out by H. Forster Morley, M.A., D.8c.,
F.I.C., who was joint Editor of the last edition of -
Watts's ** Dietionary of Chemistry,” and Director of
the “ International Catalogue of Scientific Literature.”
It is hoped that Vol. VIL, containing an Index to the
whole work, will be published before the end of 1926.
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SODIUM (TyNGSTATE).

19‘2% 58, 2086-2088; J. Soc. Chem. Ind. 1923,
42, 1204 A). It has also been proposed for use
in quantitative analysis for the precipitation of
. various metals ir of sulphuretted hydrogen;
lead, mersury, silver, copper, and cadminm are
all quantitatively precipitable as snlphides, and

chromic and aluminium salts are. precipitated as | 360

hydroxides, by boiling their solations with sodinm
thiosulphate (Faktar, Zeitach. anal. Chem, 1900,
3% 342). bli'or ;ﬂh;mmmn of silver thxm
ate by hypo: te, see Steigmann (Kolloi
;dtlch. 1920, 27, 240 ; Chem. Soe. AM(E. 1921,
ii. 46, 147). For the oompounds of silver thio-
sulphate and acetylens-silver a
Bhaduri {Zejtsch. anorg, Chem, 1913, 79, 356;
m’?he Soe. Abstr. 1913, i. 241.)I.u1 &
Slon. fost spnlicati
varions substances for the standardisation of
thicsulphate solutions are deacribed in detail,
and their relative merits far the_ynrfondb-
cussed by Kolthoff (Pharm, Weekblad, 1919, 56,
- 644). The purcst forms of potassium dichromate
obrainable commercially contain free chromic
acid or potassium chromate. A meéthod for the
detection and estimation of these is given, which
depends on the location of & discontinuity in the
_conductivity curve on the addition of alkali or
acid. Tf chromic acid is present the addition of
standard alkeli causes no inerease in the con-
ductivity of a dichromate solution until the free

*acid is neutralised. Similarly, no increass in | cold

conductivity is observed on the addition, of acid
to 2 solution containing chromate until all the
latmhn'boenbonvei:ted into dichromate, ::‘»r
analytical purposes it is recommended to t
._the pure dichromate in"an electric furnace before
use. The other substances ined are iodine,

A d, dit tassinm ioda
oxalic acid, eyano, iodide, te,
and potassinm bx%e;am. Allp:hene aro -

eagily

purified, and give resulta in the titration of
thiogulphate with an error of less than 01 p.c.

The greatest crror, 0007 p.c., was observed in
_titrating with dichromate (Chem. Soc. Abstr.
1820, ii. 49). Seealso Bertigux (Chem. Boc. Abstr,

1920, ii. 554). According to Low (Chem. Soc.

Abstr. 1921, ii. 133) the standard solution will

than that based on ths use of metallic copper.

and Pratt (Pharm. J. 1913, 01, 142)
found that the of N/2 and N/1U

- godium thiosulphate solutions remained sta
after the solutions had been i
months under i iti
exposure to light and

which they had been stored. I certain cases

see | the

f | deliquescent neodles of a pi

colour of the bottles in-

263
small quantities of sulphur separated but the
decom wag not of such a ee a8 to
affect the titra of the solutions & ’
Abstr, 1013, 1i. 786)., See also Kolthoff (Pharm,
Weekblad, 1919, 56, 878; Chem. Soc. Abstr.
1919, ii, 341); Bohrisch (Pharm. Zeit. 1914, 69,
; Chem, Boc. Abstr. 1914, ii. 482); Waier-
man (Chem, Weekblad, 1018, 18, 1008; Chem,
Soc. Abstr. 1918, ii. 404).

Bodium thjosulphate is employed in the
separation of iron and saluminiom. A eolution
containing these two metals is treated in the
ocold with sodium thi ; this gives rise to
, and when boiled it

g

uh te ﬁ onpric nitrate t:in
aqueous solution uce disodium tri-
cuprous thiosulphate
3Cn,85,04,2Na.8,0,,6H,0
tallisin g'in llow needles which, when well
“-ﬁea and .n’-'a dried, are nt. Other
(Bassett and

Bwrant, Trans. Chem. 80591923, 123, 1279).
' Sodinm thiosulphate, fused in its water of
crystallisation, dissolves freshly euprous
des and cuprous thiooyanate, giving clear
colourless aqueous solutions from which are
i compounds un-

btained orystalling com
:ﬁeoted by !ightm(‘a. Gu.ngl;i! and B. Luchini,

chim, ital. 1922, 52, ii. 261). Bodium
thoromolybdates, sec Barbieri (Atti R. Accad.
Lincet, 1913, [v.] 22, i. 781 ; Chem. Soo. Absir.
1913, ii. 779).
Sodium trithiocarbonate Na,C8,H,0 is. ob-
tained by adding the requisite amount of carbon
vosulphide or disulphide nld.h? ether
ﬂmthothioc&rbonaﬁbupmbuon& t forma
and gives a reddish solu in water which is
out of contact with ox or carbon
dioxide. The perthiocarbonate §1,08.3H 0,
formed crystallises in de-

i utmm)' For compounds of sodi
- om 'or com) o um
with tmm -and tengsten derivatives, and
the man ure of scdium tunfaute and ite
perties, see Art. TouxasTEN, vol. vii. Ses alse
g:xth' J. Amer. Chem. Soo. 1922, 44, 2027;
Chem. Soc. Abstr, 1022, ii. 774). For the trans-
formation points, see van and Germs
(Zeitsch. anorg. Chem. 1914, 86, 360 ; Chem. Soc.



Ge

Abatr. 1914, ii. 460). For the equilibrium of
sodium tungstate with sodium silicate and with
potassium tungstate, see van Liempt (Zeitach.
anorg. Chem. 1922, 122, 175; Chem. Soc. Abstr.
1922, ii. 775). cimens of sodium tungstate
which are not ine to phenolphthalein con-

tain complex tux]xfnm' may be suitable
for use in Otto Folid’s (7. Biof Chem. 1922, 51,
419) system of blood analysis by addition of the
recgisite quantity of alkali (Chem. Soc. Abstr.
1022, ii. 596). For the preperation of sodium
rramngsm, aee Lottermoser (Kolloid Zeitsch.
922, 30, 346; Chem. Soc. Abstr. 1922, ii. 510).
For.the action of sodium paratungstate in fusion
_on salts of the halogen acids and oxy-halogen
acids, see Kuzirian (Awer. J. Sei. 193. fv.] 38,
?!gzlc H C‘her?bsdoo. Abstr. 1913, ii. 865 and 872).
use of “sodium - te in the eatima-
" tion of the mctal pl;ract;:gstu see Kuzirian
{J. Amer. Chem. 862, 1817, 39, 2355; Chem.
Soc. Abstr. 1918, i., 82). Sodium oxalotungstite,:
se¢ Collenberg (Chem. Soc. Abatr, 1920, ii. 115).
Soditm zineate. The solubility isotherm in
the system Na,0—ZnO—H,0 has been com-
pletely determined at 30° by dissolving zine
oxide in solutions of sodium hydroxide of various
concentrations and detexmining the sclubility.
The following eubstances appear as stable, solid
phases: zine oxide, sodinm zincate, Na,0, Zn0,
3H,0, and the monohydrate of sodium ' hydr-
oxide. BSodium zincate forms very strongly
inco t solutions; in solutions contai
1 part of sodium hydroxide to 2 parts of water,
it is decomposed, with tion of zine oxide.

" Am
asa phase of a varying water content ;
;ﬁs impossible to remove <1l adsorbed jons frora
it, and it is metastable asregards zinc hydroxide.
“In specizl circumstances zine hydroxide may be
obtaived as a crystalline 'Fhase of the constant
composition, Zn{OH),.. This crystallised hydr-
oxide js metastable at 3(* with of sine
oxide (Goudrisan, Proc. K, Akad. Wetensch.
Amasterdam, 1916, 22, 179; Chem. Soc. Abstr.
1920, ii. 113). BSe¢e Znvo OxipE, vol. vii.

H. B.

SOFT CEMENTS v. LuTEs.

SOILS, g')h(]lauiﬁodiou.—vmom classi-
fications of soils have been proposed, the most
general may be described as * Genstic,” in which
the position of the soil is determined by its
origin, and the factors of climete and vegetation
which have given rise to it. Taulaikoff (J. Agric.
Soi. 1908, 3, 80) distinguishes :

1. Laterite soils develcped in humid tropical
climates and marked by s large proportion of

liydrated ferric oxide and aiumina.
2. Wind-blown loess soils.
~ 8. Soils of the stappes, distinguished by
their richness in salte, often ine.
4. Blsck soils (Tohernogem), containing large
quantities of neutral humus. :

5. Gray forest soils. containing less humus,
1;;1 which group most of the soils of Great Britain

T

6. Teat snd ashy soils (Podzol).

7. Tundra soils. :

Under British conditions we may distinguish
between sedentary soils which have arisen in
sitie thro the weathering of the nnderl;'i:ﬁ
rock, and drift soils (soils of or allu
soils) which have reached their present nosition

hous, gelatinous zine hydroxide is to be:

SODIUM (TunGSTATE).

though the action of r
The mixed soils of “glopes which have
eitger ‘been washed orhro do': ﬁ:}m d:vm
and containing angular fragmen erse
qrgn are sometimes separated as colluvial
80 ' ‘

. The farmer is accustomed to classify soils
according to thw ease or otherwise with which
m can bé worked, as sand, loams, and clays,
ith suitable subdivisions, e.g. sandy loama.
These terms possess, however, widely different
mesanings according to the amount of rainfsll
which prevails, and can only be given any
scientific value by correlating them with the
mechanical analysis of the soil. 5
(2) Proximate composition of the sotl : mechani-
cal analysia.—The texture of the soil.and the
‘manner in which it will behave under cultivation
ave determined by the relative propertions of
sand, clay, ‘calcium carbonate, and humvs or
organic matter whioh it containg, By sand is
meant the coarser particles generally consisting
of silica, As it is convenient to take an arbitrary
limit of size, sand may be defined as consisting
of particles smaller than | and coarser than
004 mm. in diameter. Such material iz dis-
tinguished by, the smail amount of water it will
contain and by its lack of coherence when dry.
Clay consists of the finest particles present in the
soil and is distinguished by the large a.mmmm
water that it will retair, by-its plnsticxt{
impermeability to water when wet, and by its-
power of shrinking and cracking when dry and
swelling aga'n on wetting. When diffused -
through water, the clay particles van be floceu-
lated or coagulated -small quentities of
various soluble salts (Comber, J. Agric. Sci.
1920, -10). The properties of clay may be
regarded as due to the fact that the finer”
particles are either wholly colloidal or are
coated with colloida oa their surface. The rate
of evaporation of water from a soil contfaining
clay pursues a different course than the corres-
on rate from ssnd, however fine (Keen,

g Agrie. Sci. 1914, 6, 456 ; Trans, Faraday Soc.

1922, 17). in, the absorption periies of
a soil are explicable on the mudxﬂrg‘;x that the
olay particles are mainly colloidal. 1If we take
0002 mm. as the superior limit of size for the
clay particles they ran down without wuny
break to particles of ultra-microscopic size
which remain indefinitely in suspension in
& neutral liquid, forming & ne
sion. chemically clay is mainly &
hydreted silicate of alumina (kaolinite), but
the chemically active peortions behave as
if it were a geolite, containing in addition
to the alumina easily replaceable bases—
, soda, lime and magnesis. In the clay
nly divided T dpai s0d wlios o1
vy OITIC 3
t;l;"gu particles, however, do not behave as .
collcids. For the purpores of analysis. the clay -
particles are divided by their size and not by
their chemical composition. It is generally |
cenvenient to distinguish the groups of particles
intermediate betweer: sand and clsy as mits.’ |
All fertile soils contain some proportion of |
calcium ecarbonate finely disseminated through-
out the soil. The pmsmrﬁon may vary from’

running water or ice.

60 p.c. or more infmrey calcareous soils down
to an inappreciable amount. Soils in which

3
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“caloium carbonute and clay predominate are
usually distinguished s man. : :
The organic matter of soils consists in the

main of the débris of previous vegetstion. It

is a mixture of various complex su
some of them oontaining mt'mlg:,nl.nd from it
a few distinet compounds have isolatéd ;m
Schreiner, U.8. Buresu of Soils, Buil. 53 and 74).
In fertile m the orgamion jo matter u;:gally
pOssesses & x3l reaction and consists largely
of chicium salts of the so-called ‘ humio acid.’
Humio acid does not any distiact com-
position axd though it may in part be identical
with the humic acid that can be prepared by the
decomposition of sugar, it cantiot be obtained
from goil in a state free from nitrogon. Humioc
acid is soluble in ammonia and other alkalis and
may be extracted from eoil, peat, &e., by first
treating the material with hydrochloric acid to
decompose the caicium hvmate, washing, sand
mhe‘m'nctinbge with an aﬂmbg eolutigc gg?
ich it may be precipitated by scid ( 3
J. Agric. Sci. 2921, 11, 06). Soils in which
the organic matter i

med of a very friable texture when dry.
peaty or boggy soile may be either acid
in reaction, e.g. peaty and moorland soils, or
peutral like ths soils of the Fens.

. ion of the soil info its proxi-
“male constituents iz known as & mec
anelysis, and the process eonsis tsingndingg

o

. particles (1) according to the velocit:
Biream of water byh:hich they c;;lblel lerled, or
) ‘nocording to the time in which t will
’{vma.in inneohmnofnht:ryoia
given Linight. The two methods are identical
in principle and may be made to give similar

horatories it is convenient

employed. In first, a
section, is driven into the :
9 ine. and its contentis removed.

of the auger method lies in the number of
samples that can be guickly obtained without
unduly inoreasing the bulk of material to be
handled. The first sampling is esually followed
by & second ome, taking the second 9 ins. to
represent the subscil. Swmsll samples for
examination, and even for approximate analysne,
may be rapidly obtained down to s considernblo
depth by means of an auger such as is used by
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shipwrightd, For details of samplng, Hell's
; Tﬁe go:;l_ {Murrsy, 1920), p. 53, may be

The samples, on reaching the lsboratory
shouid be rpread out on sh!gllow trays to dey at
a temperature not exceeding 40°. The provess
is much accelerated by ocoasionally stirring and
by crumbling down the Twnps of the stiffsr soils
with the fingers before they becowme quite dry.
The dried soil is passed through » brass sieve
with holes 3 mm. in diameter, the lumps being
gently worked down in a mortar with & wooden
rﬂz. The material passing through the sieve

approximately weighed and aiso the material
remaining on the sieve, which is then thoroughly
washed on the sieve under & stream of running
water. After drying, the stones which.remain
on the sieve are wej to obtain the proportion
of stones in the total sample as brought from
the field. The material which passes the 3 mm,
sieve is regarded ad the fine earth for analysis.

B, Mechanical analysis.—Two portions of
10 grms. and one of 50 grms. of the fine earih
are woighed out. One 10-grm. porticn is dried
for 24 hours at 100°, and then heated in an open
basin over an Argand ai a-dull red heat with
occasional stirring to obtasin {!) hyproscopic
moisture, (2) logs on -ignition. The second
10-grm. ot is placed in & basin and eavered with
100 c.c. of K5 hydrochloric acid to dissolve

co

hanicel | out the carbonstes and break up the caicivm

humate. The soil is rubbed up into a fine paste
with o rebber pestle mades by fixing  small solid
rubber bung on a stout glass rod. After stand.
ing for an hour the a0il is thrown upon a tsred
filter and washed until all acid is removed. The
filter and iis eonhﬂts are then dried, the losc
ing the hygroscopic ~moisture
soluble :ffi‘.. The soil ic now wasled oﬁPt‘::
filter with water containing sbout 1 c.c. of
ammonis in {00 c.c.-water on to s small sievo -
made with No. 100 brass wire cloth, the portion
passing through being collected in a beaker 7 or
8 ¢.c. in dismeter with » mark on the side 8-5 c.c.
from ?:d bottom. The material ut:n the sieve is
dried weighed to t the coarse sand
and. fine gravel. As m pmgmon cf this
coarse material is ]:]ten to | aﬁetlz:-d by
irregular sam . etermined on 10 grma.
only, it is m!p to repeat these operations
on the 50-grm. sample without, however, pre-
serving the material passing through the sieve.
The residue after drying and weighing is then .
divided into ‘fine gravel’ and ‘ coarse sand’
by means of a sieve with ronnd holes I mm, in
dismeter. . The' beaker containing the portion
of the 10-grm. sample which through the
wire cloth sieve is now weil stirred with the
rubber ~pestls, filled to_ the 85 mark with

| smmoniacal water and pud aside to stangd for

24 hours. The turbid “supernetant lquid is
then rapidiy poured off into a large iu:hu!nd the
deposit. at the bottom of the beaker iz rubbed
up with a rubber pestle and 1ore ammoniacal
water as before. The operations of filling up
to the mark, standing for 24 hours, aad pouring
off the turbid liquid are gone through 2s before
and repeated every day as Jong as any materis!
Temaing in nsion or the 24-hoar period.
Generslly, 7 to iﬂ decantations will be sufficient,
after which the bulk of turbid lignjd Is evaporated
down and finally broughs into & tared basin,
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dried and weighed. This fraction comsists of
clay tguﬁcles less than 0-002 mm, in diameter,
togetaer with a certain amount of huwmus,
After- drying it iz heated as before and re-
weighed to obtain the wei%l;t of the * clay.” The
. sediment from which the clay has been removed
is worked up a8 before in the heaker, whieh,
however, is only filled to the depth of 7-5 oms.
The contents are allowed to stand for 12
minutes only, when the livinid is poured off into
8 largo jar as before. The operstions are re-
peated until all the sediment settles in 12}
minutes and the liquid ahove is left quite clear.
Ths ct’:inbenta of :nseoond jar are now eva-
porated to ess weighed as in operation
3, before Hufﬁer ignition; this fraction is
designated ‘ fine silt’ and consists of parti
between 0-010 and 0:002 mm. in diameter,

The sediment remaining in the beaker is
worked up afresh just as in the previous o
tions, the mark being now placed 10 cms. from
the bottom of the beaker, snd the time of ssttle-

ment fixed st one hundred seconds. The sedi- | pl

.ment is dried and as ‘fine sand ’ while
the portion that is poured off is obtained by
evaporation as in the previous og::at’iom and

is designated as ‘silt.’ The soil thus been
divided into the following series—
Diameter in millimetres

. Max. Min,
1. Stones and gravel — 30 |Separated
2. Finegravel .- . 30 190 sift-
3. Conxve sand . 10 02 ing.
4, Fine sand . . 02 004
S Bilt . % . 004 0901 sub-
8. Finesilt . . 001 0002{ sidence
7. Clay . 0002 —

The sizes of the particles in the above groups,
which is determined by thc depth of the lignid
and the time of settlement, are purely conven-
tional and ave those in use by egreement in the
United Kingdom. A more rapid method is
described by Robinson (J. Agric. Sci. 1922, 12,

_ CmEBmican ANALYSIS.

As in 2 mechanical analysis, certain conven-
tions as to the sampling, natare of the sclvent,
‘and time of its action have to be adopted. The
conventions followed below are general in the
United Ki The air-dried fine earth

ing the 3.mm. sieve iurkenmﬁn. rtkion
of about 100 grms. is ground in & mill or en
in & steel mortar until it ail passes through a
Hbiseople tackiss vl lom s test 0
Hygroscopic m on heating are
determined as before._

For modifications of soil dried in the air, see
Lebediantzer (Compt. rend. 1924, 178, 960;
Chem. Soc. Abstz. 1924, i. 820),

b %Nihogonindﬁuninz%‘inmto%)m

t mnd msterial ]eml" Process ;
no correction need be made for the nitrate that
is present.

D. The determination fd uluinn;m and other
earthy oarhonates is of great rtance,

“especially when the amount is low. It is not
sufficient to determine the caleium, which may
bo present in considerable amounts as silioate,
humate, &e., even when the soil is acid from
lack of caloium carbonate. The earthy car-
bonates are best determined from the carbon

SOILS.

diox;iiwrolnd o?:;h treatment with acid, I:en:&
calculated as though they consisted enmti
calcium carbonate. The most exact mod,
when the chu:ntity involved is emall, consists in
liberating the carbon dioxide by trestment with
dilute hydrochloric or phosphorie acid at room
temperatures in a purtial vacoum, free from
carbon dioxide, air heing afterwards drawn
through the mixture in order to wash out the last
traces of carbon dioxide. The carbon dioxide
may be absorbed in dilute caustic sods and
defermined by double titration, or by beryta
solntion (see Hutchinson and MacLennan, J.
Qgria Bei. 1014, 6, 324). The lime requirements

the soil are best determined by estimating the
calcinm withdrawn m‘l’m with
& solution of calcium (eee Hutchinson
and MacLennan, J. Agrie. Sci. 1914, 6; Chem,
Boc. Alstr. 1014, ii. 784). See aslso Baayel
(Chew. Boe. Abstr. 1924, i. 820).

_ E. For the determinations of soluble cor-

stituenta, 20 grms. of the ‘soil are
aced in & flask of Jena covered with
about 70 c.c. of strong h hloric acid, and

boiled for & short time over a naked flame to
bring the acid to constant strength containing
about 202 p.c. of pure hydrogen chioride. The
flagk is loosely &lwedmtha“tet-
bath, and the contents allowed to digest for
48 hours. The solution is then cooled, diluted,
and filtered. The washed residue is dried and.
i as the material insoluble in acids.

solution is made up to a litre and aliquot

portions are taken for the various determima-

tions. Tha a are carried
out in the usual manner, but special care must
be taken to free the eolution from silics and
oryanic maftter,

For determination of the and phos-

pheoric acid, 50 c.c. of the solution iz taken and
evaporated to dryness, about half a gram of
caleium carbonate being added during evapora-
tion if the soil is in calcium, The contents
of the dish are then heated over an Argand or
& Bunsen burner at a black or very duil red heat,

the material being constantly stirred with a
smallghupatlemtdoby&@min&'ontﬂw
end of & glass rod. After cooling, a few c.o. of

water is added and the mass is worked up.
with the pestls, 650-80 c.c. of water is then
nddedmdtheoonbenhofﬂ;od@nhmboﬂed

with platinic chloride or i
usual way. The residueis washed back on to the
dish, 50 c.c. of water and 10 c.c. of strong sul-

ic acid are added and the whole boiled for

horio acid by
i ::d with ammoniom molyhdate, the
=1 jo acid precipitate being - wei
orogﬁmhdbyﬂmﬁm In some cases, fii
divided ferric oxide comes through the filter
paper in making up the solution, in which case
5 o.0. ‘of hydrochloric acid is added and the whole

evaporated nearly to This. will bring
ﬂmm into -ohlt{ion. it will not interfers
with the determination.

Caleium, i iron, manganese, and

sulphuric acid may also be determined in the
hysmohlcric acid extract.
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The determinations just described give what
is commonly celled the total t food in the
goil. - It wili be seen that quantitien re-
vealed are usually very great, if we consider that
the layer of soil down to the depth of 9 ins, over
an acre weighs from 2} to 3 million
‘As a rule, hydrochloric acid will extract some-
thing in the order of Q-1 p.c. of phosphoric acid
aud from 0-3 to 0'5 p.c. of potash, proportions
which would co: d to about 3000 pounds

~ of phesphoric acid and 10,000 lbs. of potash per

acre, whereas the avi crop will remove not
more than 50 Ibs. of oric acid and 200 Ibs.
per acre of potask. It is clear that the quantities

thus determined throw very little light upon
the peed, or otherwise, f:rry the application of
particolar fervifisers to the soil, since the soil
is shown to contain far more than is sufficient
for a maximum crop. Even the extraction with
aydrochloric acid does not measure the total
amount of piant food in the soil ; if, for example,
the soil is completely brought into solution by
fusion with ammonium fluoride as much as
2 p.o. of potash may be found in clsy eoils, and
this quantity is in a sense the only absolute
measwement that can be made,

In order to obtain by-analysis some practical
guidance a8 to the requirements of the scil,
atterpts have been made to discriminate between
the total amount of plant food in the soil and that
which may be re; 28 available to the
plant, s.e. that which is soluble in such wesk
solvents as may be at work under natural con-
ditions. In the soil sn 2itu there is every reason
to suppose that the solvent action is carried on

__by water containing carbon dioxide.in solution,
partly by the natural soil water, and
' the more concentrated solution earbon
dioxide which forms in contact with the plant
roots that are alweys excreting carbon dioxide.:
As the gasgs en ed in the soil always contain
more carbon dioxide than ordinary air (up to
6 p.c. by volume), the soil water confains a
oorT: ing amount of carbon dioxide, and
80 becomes a more effestive solvent of phosphoric
acid and potash. Attempts have been made to
e gy g e
i agent to e a ble
mineral constiteents in the soil; but alfhough”
this is the solvent with the best 4 priori justifica-
tion, its use has not been general and there ave
not. sufficient I(rh“ thgbtnmad' eﬁ means for
comparison. - For the present, ere, it must
remain a3 a research method hardly available for
general um!{hcal purposes. It is customary to
employ a solution containing 1 p.c. of cifric acid
to in the phosphoric acid and potash that
may be regarded as available. Other weak
acids have been proposed, but none of them
_bring about any absolute discrimination between
s s ot Tt B o
ag avai or t, er
sa dormant. All acids, when of equivalent
h. begin by dissolving the same amount of,
&.g. horic, acid from the soil in question.
Real ion, however, immedia A
. and the finsl equilibrium that is brought about,
is conditioned by the scil materials and the
nature of the acid wsed. Other avaiiable
constituents whioh may be taken to measure
the fertility of a given 8oil are the nitrates and
the ammonium compounds axd alsc the humus

1]
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compounds soluble in dilute alkeli—the soluble
humus or matidre noire—wiich ts that
part of the organic matier in the goil likely to
be readily oxidised. :

F. Nitrates.—The soil sample wmust be -

pounds. | rapidly dried in the steam oven, since slow

]

at temperatures a little above the normsl
woul

result !:n tlhfisfomslg;n of nif:m‘ml
After dr{'mog the soil is roughly powdered
passed through a 3-mm. sieve as before. 200
. of the sample are then packed on &
uchner funnel, 6 ins. in diameter, connected
with a filter pump.. The soil is washed with
sucoessive portions of hot water, and if care is
taken fo avoid plastering the wet soil it is
ible to wash all the nitrates through in the
st 100 c.c. or 8o of the water that reaches the
filtering flask. The nitrates in the golution thus
obtained are estimated by the standard methods,
In the Rothamsted laboratory, it has been found
most convenient to proceed by reducing them
to ammonia by the zinc-copper couple, as
devised by Thorpe (Chem. Soc, Trans. 1873,
26, B541). - Strips of thin sheet 2inc aboud
8 ins. long and 1} ins. broad are cleansed by
immersion in dilute caustic soda, followed by
very dilute salphuric acid, and are then dipped
in a dilute solution of copper sulphate until
they have obtained a heavy black deposit of
copper. After washing finally in ammonia-free
water they are placed in a bottle with the soil
extract wnd a crystal of oxalic acid. The bottle
is kept in & warm place or an incubator a$ 25°
for 24 hours, then the ammonia is distilled off
and determined by titration or by * Nesslerising.’
Full details of » simple wre

by | accuraiely determiniag nitrates in soils by the

J ldisnlphonli: acid method 1?21 g;;.onmg)y
o e (mdl?o:}‘é:oﬂlgssmﬂexmtum
obtai using as rising agent co
hydmxidepr:i]pitwed in the soil sus m
from copper sulphate and calcium xide.
Experiments show that this.substance removes

inappreciable quantities of nitrate from the
solution by ion, whereas animal charcoal
adsorbs spprec quantities:of nitrate. The

losses of nitrate which axe dus to the evaporatipr.
of acid filtrates, to the presence of chlorides in

‘excess of 15 parts per million in the soil, and to

the oo of corbonates in the residue to
W] the phenoldisulphonic acid is added, can
be prevented by keeping the solution alkaline
on evaporation, by removing the chlorides with
silver sulphate, and b ing the dry residue
with 3 c.e. of pbm&imlphonio acid. Inter-
fering tints that occur in making comparisons
between standard solutions and those of un-
known nit:fate content are caused by t]l:e
presence orgenic colouring matter, by
irregularities in the method of adding the
differont reagents, and by the presemce of
insoluble matter in the solution.. They can be

avoided by mnovm%;he organic matter with

€0 hydroxide, treating all residues
i y according to the procedure given, and

I? filtering to remove matsrial not in solution
(J. Soc. Chem. Ind. 1924, 43, B. 268).

For o comperison of various methods of

ining nitrates in soil, see D. J. R. Van

Wijk (Sol. Sc. 1924, 17, 163 ; Chem. Soo. Abstr.

1924, 126, ii. 566).
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@G. For detcrmipafions of the ammoniwm
salts, 100 grms. of the soil are placed in a dis-
tillation flask with 2 grms. of magnesia and
100 c.c. of water, The tube from the flask is
connected to a 100 c.c. pipette which leads into
a filter flack serving as a receiver and containing
50 c.c. of standard acid. The distilling flask is
placed in a water-bath kept at 30° and the Glter
flask iz connected with a pump to maintsin a

« partial vacaum, Distillation av this tempera.
ture proceeds for 6 hours, after which the
pipette is disconnected and the acid titrated (sce
Lassell, J. Agric. Sci, 1910, '3, 233). '

- H. Avadlable phosphoric aeid ard potash.—
200 grms. of air-dried suil are placed in & Win-

Schester quart bottle with 20 grms. of eitric acid
and 2 litres of water. By the original methed
(sce Dyer, Chem. Soc. Trans, 1894, 65, 115) the
contents of the bottles are shaken from fime
to time for 7 days and then filtered ; but it has
been shown that 1dentical resnlts can be obtained

.in 24 hours if the bottle is placed in an end-over-
end shaker and kept in continuous agitatiox.
After filtering. two portions, vach of 500 s.¢
are taken for the determination of phoephoric
acid and polash by the wmethods previously
described, after evaporation and incinerstion to
get: rid of the citrie acid and dissolved silica.

I. Soluble Aumus.—10 grms. of the sir-dried
goil are treated with dilute hydrochloric acid in

_order to decompose the humus as in the method
for mechanical .analysis. After filtering and
washing awsy the acid the soil is washed into a
finsk with 500 c.c. of 4 p.c. solution of ammenia,
Flask and soil are then shaken for 24 hours,
allowed to stand for several honrs, and filtered
until 200 c.c. of filirate are obtained. This,
representing 4 grms. of the original soil, is
then evaporated to dryness in a tared basin
and weighed. The basin and its contents are
heated to determine the ash and inorganic
maiier also present, the weight of which must

_be deducted from the weight of soluble’ humus
previously obtained. - ; =

J. Soil reaction—A 1

acidity .or alkalinity of the soil is of great im-

jortance towards estimating its fertility. The

ydrogen ion concentration varies from a

n-concentration of 10 to 3, a fertile axable soil |

shows about 8, soils at either extreme being
sterile. Litmus and the other indicators are of
little value in' the determination, soil being so
well buffered. For methods,” se¢ Fisher (J.
Agric. Sei. 1921, 11, 1).
K. Physical determingtions.—In addition to
. the mechanical analysis of soils, several other
physical constants of soil have, from time to
time, been determined : for example, the maxi-
mim and minimum water capacity, the capil-
larity, the apparemt and real density, the
:};%:‘oseopic moisture, the heat evnl)llvod on
ing (Benetsung-warme), specific heat, &o.,
- The methods h{ which these determinations are
made may be found in standard works on soil,
but at the present time little value can be
attached to the results, Most of the ﬁ%um
obteinable, e.g. hygroscopic moisture; wilting
coefficient, represent particnlar states of equi-
librium not breaks in the smooth curve showing
the relations of the soil to water. In many cases,
the results are conditioned by the state into
which the soil has been brought by the process of

‘the soil.

determination of the |

SOILS

sampling, and as no satisfactory méthod exists
of testing the soil ia st or bringing it m an
unchanged condition into:the Jaboratory, teter-
minations made upon the usual samples possess
no value, Further, in nearly all cases it is
difficult to attach any interpretation to the
results, i.c. to correlate them with the be-.
naviowr of the soil in the field (Hardy, J. Agrie. -
Bei. 1923, 13) 340). To two determinations, -
bowever, some practical wvalue may be
attached, viz, the hygroscopic moisture and
the wate1 content when the soil isin the optimum
working condition and pogsesses a crumb strue-
ture. Bygrescopie moisture is usually deter-
mined by exposing the dried soil in a shallow
tray to an atmosphere saturated with moisture
at the ordinary room temperature. The dish
coutaining the soil is placed undera bell jar over
water and the interior of the bell jar is lined
with filter paper which dips into the water
below. It will be found almost impossible to
obtain conaiatent results by this method because
of the deposition of dew upon the dish or the
soil. A better method is to place the soil in 8-
shallow layer in & flab boat contained in a wide
tube. The tube i8 immersed in a water-bath,
maintatned at a constant temperature of 25° by
a thermostat, and a slow current of air is drawn
over the soil, the air current being previously
bubbled through a potash bulb containing water
immersed in the same bath, so a8 o become
::tumted with . vapour at the mtgmperambﬁ
e experiment. Copsistent comparal
resujts can in this way be obtained, and the
hygroscopic moisture thus determined serves as
a measare of the absorbing surface possessed by
The water content of the soil in its
optimum working conditior is a couception
introduced by F. K. Cameron (J. Phys, Chem.
1919, 14, 320) and represents that condition in
which the soil can be cultivaled and made to
break dowr into small particles without puddling.
Scveral pounds of the soil in & dried condition
are. placed in a large basin and slowly wetted
with s fine spray of distilled water; tho soil is
cavefully worked about with the hands to
equalise the wetting, and it will be found that a
point is eventually reacked when the soil is
distinetly moist and yet can be broken down to
a crumb withort getting into a pasty condition.
1f the moisture is increased beyond this point,
the soil becomes obviously wet and gets sti
and puddled when any attempt to work it is
made. The experimenter must use his judg-
ment a8 to when the right point has been
reached, then a sample of the soil is taken and
its water content determined. With a little prac-
tice it will be found that successive results can be
obtained with the seme soil that agree within 1
or 2 &c. The mnean of several determinations
may be taken as the optimum water content.
For further partionlars, the following books
may be consulted: Hall, The Scil, London,
1920 ; Hilgard, Soils, New York, 1906 ; Wiley,
Principles and Practice of Agrioultural Analysis,
vol. i. ; Ramann, Bodenkunde, Berlin, 1911,

BAOTERIA OF THE SOIL.

A recognition of the importance of the
biological factors at work in the soil is oom-
paratively recent, indeed it can hardly be said
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to date-fuxtier back than 1877, when i
and Miintzghowed that the formation of nitrates
Jdrom -the organiv mtrv?: compounds in the
soil is aprocess brought about by a living agency.
Jt-is now agreed that as all the ecom-
pounds of carbon and nitrogen present in the
poil,. their transformation inte compounds
AupfEble of serving as food for plants is brought
about by micro-organisms of one class’ and
another, and that the fertility of the soil is very
largely determined by the relative activity of
‘the different gro:ﬁn. It is"possible to show by
the ordinary methods of plate cultare that the
soil contains bacteria in numbere of the order of
05 te-50 millions per gram of soil, and there are
several important groups of bacteria which do
not grow on the usual gelatine media and there-
?;:“;io nota:. Weg’inhthia account. In
ition. to the ia, the eoil possesses &
micro-flora of yeasts, moulds, and other fungi,

while latterly certain * hi i

Er.otmoa and amoebs, nematodes and the like,
ve been shown to play an important part in
ermining the activity of the lower organisms
wnd therefore the fertility of the soil. A large
amount of work has been done in the way of
isolating and describing particular organisms
present in the soil, but for practical purposes it
is leas important to identify species than to
ascertain the collective activity, of groups of
orgamisms- which the same function.
Many efforts have been made to measure the
activity of these various groups so as to obtain
& quantitative estimate of the factors which
determine tion or destruction of

ne the prepar
plant foeds, but i1t cannot be said as yet that the
" methods -devised are

~ coived general acceptance as leading
“which can be correlated with the fertility of the

r .

| :this group are
i -of organisms,

s

38

B :

which
| oxide gﬂ solutions containing ferrous car-

_ the

& gl;ie,andﬁ'eeml from sul

ktd:twmmed by the reaction
i

, or have re-
to repults

soil when determined by the yield of test plots.
The s0il bacteria may be conveniently

grouped under the followi 31—

(a) Humus-making :::%ﬁsmﬂ which trans-
form carbohydrates and other plant residues
into humus. SR

gty e =

e of W gaseous mnitroge
S ing it into combination in the material of
which their own eells are com; AR o
(¢) Ammonia-making orgsnisms which attack
ing and other less complex compounds
of nitrogen and break them down with formation
of ammonia. ' il

(d) Nitrifying organisms which oxidise am-
monium compounds and give rise to nitrites
- rﬁmwymg which

(e} itrifyi organisms ., which reduoce
- pifrates to nitrites and to free nitrogen gas. In

generally included a further set
nitrogen gas o com; i

In addition t,oom main groups there.are
other organisms which sometimes play an im-
portant part in the soil, for example, the reduei
organisms ‘which form sulphides, h en sul-

i tes, and the
secrete hydrated ferrio

~ Honate,

1. The relative predominance of |
- of the baocteriol or fumgoid seems’. to be
the woil, In

her organisms—

‘1 each
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neutral or very slightly alkaline soils, bacteria
predominate; i acid soils, micro-fungl are
chiefly active; and many important groups of .
bacteria, such as those bringing about, nitrogen’
fixation and nitrification, may be entirely .
absent, : e
For the determinations of the number of
organisms present in the soil, and indeed for all
determinations . of bacterial action, i
samples must be taken, 2 s
thin brass tube about 1 ia. in diaweter,
ed at the lower end like & eork borer, is
forced into the soil to & depth of 6 ins., then
placed in a sterilised tube plugged with -
cotton wool for removal to the laboratery.
yidslnnther mlethtfardo which is mgtﬁ ptcg:m, a8
samples from various de
the c:fstmcgon of a special boring tool 'whiti
can be driven into the ground. The tool consists -
of two strips of steel, 4 in. in thickness, 8 ins.
long and 2 ins. wide, each bent dowa the whole
lel:%th of the strip so as to form two wings, 1 in,
wide, at right angles to one another. The edges
are then bevelled off until the two pieces of °
steel can be put together so as to form a box,
1 eg. in. in section and 8 ins. Jong, in which
position the pieces are retained by steel rings
which can be forced over the two ends. The
lower end of the tool is sharpened and it is then
driven into the soil to the required depth of
6 ins. After removal, the rings can be knocked
off, whereupon the box falis apart showing a
squaze core of soil, any portion of which can be
taken. In the laborasory the scil, still in &
meist condition, is care broken down with
o spatula and is worked gh a sicve with
holes 3 mm. in diameter. Two portions of
25 grms, are weighed out, one is dried to deter-
mine the water content, the other is shaken u
fo; “bﬁg cfl :}'lnu:ia with 250 ec.c. of stari
physiologi t solution, containing 05 p.c.
sodium chloride and 0-2 p.c. of magneaiom sul-
phate. - From this turbid liquid, 1 oc.e. is
pipetted off and added to another flask- con-
taining 99 c.c. of similar sterile salt solution.
Alfter well shaking 1 c.c. from this dilution is
again transferred to o further 89 c.c. of. stexile
ultldnﬁon,;ndtftm:’ﬁu‘nlhlkingl e.0.
this hulgihﬁmdil added to a test ha::l
taining o.c. of nutrient gelatine,
plate poured in'the way. The plates
moenbated for 8 days at & temperature
ta ¢ 0001 of
its moist state. The
employed contains 1 p.e. of beef extract,” 1
of peptone, and 0°5 p.c. of sodinm chloride with

10 to 12 p.o. of gelatin.

has the adventage of showing the liquefying
organisms, of which a separa 3
made; humus-making orgsnisms can.
distinguished the furry appearance ]
colonies or even by the formation of a brown
ring, but the gelatin has the disadvantage of

ueing | inhibiting a number of organisms which do not

develop in the presence of much arganic nitrogen.
In place of the tin, 15 p.o. agar ma;

; but th thalgltphhsﬁm it of the
growth of other organisms, not distin-

sh between i | -l :
guish. quefying snd nou iquefying

g

organisms, and many motile
about the surface may obsoure the
or give rise to secondary colonies. Another
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useful medium is soil-extract made up a8
follows : Equal quantities of water end soil are
boiled for half an hour and filtered, the liquid
being further filtered through s Chamberland
?lteg to get a oleadr_ fxtmct.de To the extract,
p.c. peptone an .0. dexfrose or 1 p.c.
dextrose alone are uddes, and the jeliy is made
up with 1} p.c. agar a8 usual, This medium,
" without peptones will permit of the growth of
the nitrogen-fixing organisms, though it will
inhibit the putrefactive, ammonis-gplitting, and
ol_:‘;k::gmoxgsm'm dependent upon combined
i x
Another method of determining the collective
action of the bacteria of the soil has been devised

by Russell (J. Agric. Sci. 1905, 1, 261), He
determines directly the oxidising power of the
soil and finds it correlated with its fertility, The

apparatus conaists of & bulb of about 100 c.c.
capacity with two tubes sealed into its neck,
one of which is a long narrow tube dipping into
mercury and constituting a gauge, while the
other expands into a flask partly filled at

the beginning of the iment with & solution
_ of potash. 10 grms. ﬁm—drwdsoilm laced

in the flask with 2 c.c. of water, the flask is
then gealed up.and’ in a water-bath
maintained at a constant temperature of about
20°. The apparatus iz left for several days,
whereupon the oxygen contained in fhe enclosed
air is elowly converted into carbon dioxide which

is absorbed by the potash, resulting ‘in_the

diminution of ihe ure of the enclosed &ir.
Fimlig, the rate of oxidation is determined by
the reduction in pressure which has taken place,
1t is necessary to make comparative trials with
goils whose bebaviour in the field is known, and
while 1o absolute value can be given fo the
results, they are vaiuable as measuring the

rate of bacterial activity in the soil and as
supplying valuable indications of its fertility,

. Humus-making organiams—The decay of
organic maiter in the soil seems to proceed in
two distinct fashions; in the £resenoe of sir
the organic matter is broken down by micro-
organisms of all kinds with the eventusl pro-
duetion of carbon dioxide, water and ash. On
the other hand, if the decay takes place under
conditions which exclude oxygen, the process
is more hmitedéh carbon dioxide, s i m
drogen end cother compounds are i
TR T
ining mors car t oxgyen !
gen than the original vegetable matter. Both
aerobic and the anserobic decay gives rise to
brown or black humua compounds, but it is not
certain whether the same organisms take part
in both processes or which predomivate under
ordinary soil conditions of ial exclusion of
oxygen. Tho snaerobic processes have been
- studied in some dotail, and Omelianski has
isolated fwo organisms - which- are capablo
of attacking carboh like celluiose. In
one , case, the uots are carbon dioxide,
bydrogen, various ioc acids, and humus;
and the other, which ia perhaps the more
general, earbon dioxide, methane, butyric and
other organic acids, are uced. The process
may be readily ill by filling & flask with
2 nutrient selétion containing 01 p.c. KH,PO,,
0-1 (NH )¢PO, 006 MgB0,, and a trace of NaCl,
and i weing strips of Alter paper with a small

SOILS.

uantity of soil, or better atill of d mud.
eﬂukilclusdwithmoxittumndi
down into water. After some days’ inoubation

ab 34°-35°, the filter paper will begin to dis-
integrate, at the same time gas be given
off conaisting of & mixture of carbon dioxide,

nitrogen, methane, and sometimes h ;
An. aerobic orgsnism which Mmhgr;f;;
the more important E:-t in ordinary soil con:
dit:::abhunremv n mo&‘ted and investi-
y ‘Hutohinscn and Clayton (J. ic.
g?!i. 1919, 9, ¥43). - This organism (épﬂ
a) exists in two forms, as & sinuous
entous cell, feehly motile, and a spherical
-sporoid; The erganism does not grow on ordi-
nary gelatine or parations, and does not
utilise other ¢ar tes than celluloss, indeed
is inhibited by them. Its nitrogen requirementa
may be met by any of the simpler nitrogef
com oninm salts, nitrates, &o.
From*the cellulose are & yellow pig-
ment, small qnantities of volatile acids, & muei-
Iage which does not give rise to optically active
compounds on rolysis, but no gas. Humus
may be either acid (as-in peat soils), or
neutrsl when it is formed in the presence of
_caleinm carbonate, as is usual in soils.
Nitrogen-fizing organisma.—The first demon-
?ﬂﬁ%‘?:t the soil contains bacteria l:n?ﬁb‘e
i us mhv? into combination
was duotomegelam! ilfarth in 1886, who
showed that the small nodules which may be
found upon the roots of clover, beans, and other
leguminous plants contain- colonies of bacteria
living symbiotically with theixr host plant,
deriving from it the carbon compounds which
they need, and handing over nitrogen whioh the
have ‘fixed ’ from the atmosphere with which
:%: pl?nt root:d&remx:; opolz::ct It was foung
t clover and o \r3 ing - such .
nodules upon their root do become rifher in
nitrogen and that in‘practice the soil is markedly
enriched by their growth. Suck in. nitro-
only take place when the seedling plant can
g::oma infeoted either by growing in soil which
nurmaﬂymmimthommn,orbylddl-
tion to a aterile aoil of the extract from
a nodule of some infected plant or a trace of
normal soil To the organism the nawme of
Pseudomenas vadicicola given, and

‘ beans are
inoculated with the organism derived from &
nodule of a bean plant than with organiems
| from & luﬁn‘ﬁzll:nt, and in some cases (lupins
St pns
t is only very slightly i
form of the organism which exists
in ordinery soil. In the scil, tha organism
ap, to exist in minute rod-shaped organisms
in rapid motion which infect the plant by passing
through the cell walls of the root hairs. Inside
the plaut, the organism first of all develops into
much larger rod-shaped organisms, which
finally become, in the nodules, characteristicslly
bent or Y -shaped organisms known as bacteroids.
It is possible to cultivate Pseudomoras radicicola
on the non-nitrogenous media described above,
48, for example. soil-exirect dextrosc, agar-agar,
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C world, Its readily

. by adding a emall portion of soil to 50 c.c. of

. sterile cultare fluid containing per litre 10

: pnofm;nit:‘ormo-zgrm.mhog
potassium phosphate, magnesium te, an

§ Sdiom chloride, snd 01 of calci

. phate and a trace of ferrous sulpkate. The solu-

_ tionis placed in a small Erle fissk, § grm.

~ of calcium carbonste added, the flask is plugged

tents sterilised. After ad the
is in an inoubator at 25° for
which time a considerable fermenta.-
found to have taken accom-
the evolution of carbon dioxide and
tion of & brown scum upon the surface
liguid.  Azolobacter is t.h.s powgfh%)xt:
organism, converting oar 8/
carbon dioxide and water, together with
quantities of laotic and acetic acid,
1 and sometimes butyric acid. At the
time about 8 to 10 mgs. of nitrogen are
fixed for each grm. of carbobydraie oxidised.
Azolobacter is » large oval organism, 4 to 5 u
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in length and 3 hi:gmdth. . It differs from most

( 8o that it stains
» brown colour with a solution of iodine.
is not found on acid soils, the

of calcium carbonste is essential to its
msm; to it and kindred organisms must
be attributed a large share of the formation and
maintenance of the stock of nitrogen contained

i

of the Russian Step,
West, Argentins, &c. It is, however, essential
that the organism shall receive a supply of carbo-
hydrate, by the oﬁhﬁ%n of whioh it obtains
energy required to bring gaseous nitrogen
into combination. At Rothamsted, it has been.
shown that the soil of the wheat field, from
which the whole crop with the exception of a
small qmtliltél:( :ioota a.ni;tnhl‘agle u.lmnoved,
gains i trogen terial agency,
alt vfyﬂxa Aszotobacler is t in the soyu.
An adL ining piece of land, however, on which
the débris of grass and other wild vegetation fall
back to tho soil and is not harvested, there have
been acoumulations of nitrogen at a rate ap-
prouhinflooms.pernorepermum over a
period of 26 years, and this case is el to
the formation of the virgin soils above men-
tionsed. The maua—mks‘ |
* : ing organisms.—As a
group the ammonis-making urﬁunmu have not
received much study, although recently it has
been shown that the fertility of the sbil must
be largely determined by their activity. The
greater number of the organisms found in the
80] e organisms, for example, which grow
upon gelatin plates including such well-known .
utrefactive organisms as Prolens vulgare,
%amll' us myooides, B. mesentericus vulgatus, B,
subtilis, Bact, fluorescens liquefaciens, B. cols,
&oc., must belong to this group. Their general
function is well known; they are capable of -
attacking proteins and resolving them sacces-
sively into 8 lower form of combination, amino-
scids, &o., until at last the nitrogen reaches
the state t? smmonia, In additt;ilon the soil
contains other organisms not capable of dealing
with the proteins, but resolving the simpler
nitrogen sompounds into ammonia. Of these
the best known are the ures-splitting urganisms,
Micrococcus urece, Umbaul{' us pasieuris and
Plancsarcine wre®, which hydrolise urea with
formation of ammoniim carbonate and water.
These organisms which are exceedingly abundant
in stables, cow stalls, &c., are also present in
the soil. The dependence of the fertility of the
80il upon the numbers of the ammonia-mal
organisms has been made evident by the wor
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of Russell and Butchinson (J. Agric. Sci. 1909,
3, 111) on the effects of partially is
soil by heat or exposure to the vapour of
anti ics like chloroform, toluene, &c, These
investigators found that a soil whaich bad been
keated to a temperature of 100° for 2 hours and
then placed under normal conditions favourable
to growth gave rise to a much increased crop,
the yield being in many cases doubled, while
the amount of nitrogen in the plant became
three or four times as great as.that on the
untreated soil. This increased crop was found
to follow to & large exient the rate of the
formation of ammonia in the soil, the smmonia
in this case being taken up as such by the
plant, becanse the nitrifying organisms hnjbeen
destroyed. It was also found that the soil was
not completely sterilisad by the processes; the
z:tu of certain groups resist the heat and
elop to an unprecedented exitent when
the was once more placed under conditions
favourable for growth. For example, & normal
soil is found to contain about 8 ion bacteria
per gram before being subjected to treatment,
and this number remained comparatively con-
stant under i mot itions of growth.
After heating the number of organisms pér gram
was reduced to as few as 60, but they inoreased
rapidly {rom day to day when the soil was
moistened and placed in the incubator, until in a
fortnight’s time they amounted to 40 millions

depended on the increase in the number of

organisms, )
It was evi at from the experimenis that
the heating h «d removed a factor t in
ordinary soil which inhibited the development of
the bacteria beyond a certain point, and it was
found that the untreated soil contained & number
of large orguvisms— protozos, amembm, &c.,
which derive their sustemance from living
hactéria. Under normal conditions an equili-
!mnmexinshetmnthonmbanofalua
larger organisms and of the bacteris, and as
vhe heating kills off the larger organisms
entirely still leaving some of the bacteris,
the latter can develop to a hitherto unprece-
dented extent in the absence of the factor which
previously kept them in check. E
of the soil to the vapour of chloroform,
&c., for 48 hours, followed by _ih camplgh
evaporation, has the same effect in
the larger -rzani while leaving a certain
number of the bacteria or their spoures ready to
develop s soon as conditions favourable to
are obtained. With these volatile anti-
septics, however, destruction of the larger
organisms is not so complete nor the gain of
‘ertility so large. It has mot yet been found
possible -to apply these processes of partial
sterilisation fo increasing the fertility of soils
in the open, but a conmercial process has been
successfully -worked out for greenhouse soils,
which, to their conditions of richness in
manure, high temperature and water content,
afford a specin

development of organisms.

&, msjoalm—lm of nitrification
and the factors Wy which it has been g verned
have long beenvotkedautinlprwélmy.

The increase in fertility |.

favourable medium to the
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For example, in the I'nstruction sur la fabrication
du nitre: Par les régissenrs Genéranr des
poudres el saltpeires, 1777, the formation of
nitre beds is carefully described. They were
made up of carth conteining a certain amonnt
of calearsous matter, mixed with dung and other

nitrogenous residues. T were protected
from the weather and watered frons
time te time with diluted prine snd other
materials containing ni After two or

three years, the contents of the bed were
lixiviated, and the solution of calcium nitrats
obtained was concentrated and freated with
potessiuin sulphate, whereupon inm pi-
mother-lig . : t&mtrooo:;d :

-liquors. it -was thus that
soil iz capable of converting mniooompom
of nitrogen into nitrates in presence of a
base like calcium carbonate, and that warmth
and a certain proportion of moisture are factors
hvombl:;:otb :

That the process wa¢ due to & living e
was first ted Mmﬁn‘
Miintz in 1877. These investigators showed
that the action ceased if the soil was heated to
the temperature of boiling water or was kept in
contact with vapour of chloroform and similar
antiseptics, and further that %t only took plaee
ht;gen,tlwtempemtmotG:qu

arington, who continued the investigation,
further showed that there are two stages of
oxidation one being the formation of
nitrite fodowed.by its oxidation to nitrate.
Cultures were obtained capable of effecting ane
only of these changes, but cwing to the diffi-
culties of growing the organisms on the ordinary
gelatin medium, it was not until Winogradsky,
in 1890, devised a medium of silica jelly con-

ing no combined nitrogen that the organisms
tw‘;::nimny isolated in a pure state. Wmo-
gradsky ottained from soils in all parta of the
world a single organism which he Nitro-'

conditions of the activity of these organisms
sppesr to be the absence of excess of i
matter, a neuiral or faintly alkaline
with some base in reserve to combine with the
nitzio aeid mdnoed,andtheahonooduly
i ﬁmmc&l:udu. t
has been found possible to accustom m
sucoessive cultivations toh:amh

ic solutions much stronger
thea would inhibit its development.
The ves.the carbon to
itsa growth from ‘oarbonates in the ture
medium otcarbondiouiﬁ.in_ﬂwmmth‘hirh

rivers. Their development is | promoted. by
warmth, by stirring the soil, and By free asration.

It was formerly considered thet a8 the higher
plants obtain their ecombined nitrogen zlmost



