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- ! of potash and phosphoric acid in soil samples.

RECENT PROGRESS IN SOIL ANALYSIS,

The usefulness of the chemical analyses of soils in
practical agriculture haslong been a theme of conten-
tion among agronomists. On the one hand the advo-
!cates of chemical analysis have contended thatthe
lagricultural value of a soil could be easily deduced
ifrom the data afforded by analysis. On the other
hand, it has been affirmed with equal persistence that
the data of a chemical examination afforded no just
criterion of the availability of plant foods found in
,the sample. It is not the intention here to review
‘these discussions, but it will be sufficient to say that
!there is a certain relationship between the quantities
of plant food revealed by chemical analysis and the
productiveness of the soil.
| It is so evident, however, that this relationship is
"'not constant that it is not necessary to cite any proof.
The physical state of a soil, the climatic condition
prevailing, the character of the cultivation and the
"nature of the crop have all to be considered and all
have their influence. It has long been known that the

isupply of water which is furnished to the plant has

more influence upon the amount of product than the

"fertility of the soil itself. A given field which will in
one season produce a maximum crop will with prac-
tically the same amounts of plant food available in the

i soil in the very next season give a minimum yield.

| is therefore evident that, without taking into conslder-

" ation all the conditions above mentioned. no safe prog-

'nostication of yield can be based upon chemical data

| alone.

‘T'he principles of chemical analysis of a soil have been
firmly established and especially in this country chiefly
through the researches of Hilgard and Peter. While
the methods of examination may vary in unimportant
particulars, thegeneral principles of procedurehave
remained the same for many decades. It is not be-
lieved that there can be any very important amend-
ment of a useful nature made to the methods already
in use.

The digestion of a soil of a given degree of fineness
for a given length of time in hydrochloric acid of such
a density as to be practically preserved at a given
_point of saturation throughout the whole course of
solution leaves little to be desired in the way of scien-
tific accuracy in securing the soluble constituents of a
soil. On the other hand the processes of bulk analysis

i tion of minerals which have been so well established
as to have suffered little change during the past few
decades, nor is it likely they will suffer any great

1 ' change in the future.

We must look, therefore, for progress in the line of

which has been so thoroughly investigated in the past.

Among the prominent features of recent investiga-
tion may be mentioned two which are of prime imn-
portance. In the first place attention is invited to

more nearly the solvent action of bio-chemical activity
upon the plant foods present in the svil.

Every chemist has been struck with the fact that
the achievements of bio-chemical activity are far more

achievements of the chemical laboratory. We find

passing into solution in the juices which circulate

through plants substances which are obtained only
with the greatest difficulty and at the highest tem-
peratures in‘the laboratory. We find everywhere in
the vegetable world striking instances of metabolism
which any chemist, even the most distinguished, would
be glad to imitate. We find silicates of the most re-
|fr'actory naturc dissolved and in this state passing to
j form new comtinations in various parts of the plant,
| especially in the bark and the leaves. We find in the
Isame juices the alkalies which only a short time be-
.fore were united in the most stable chemical com-
pounds in the mineral fragments of the earth’s crust.
We find compounds of mineral acids broken up, the
mineral acids driven out by organic acids which or-
:dinarily would not affect them at all and the bases
"with which they were combined passing in organic
. forms into the vegetable organism.

| Evidently, therefore, in attempting to imitate in the
| laboratory these complicated chemical phenomena we

' for us to measure by our ordinary methods the power
of vegetable metabolism. Nevertheless we are justified

16%9 in assuming that as a rule boiling concentrated hydro-|

chloric acid will attack mineral fragments in a way
_different from the organic acids which are brought in
contact with them by the rootlets of the plants. Act-
,ing on this idea, it has been suggested, especially by
iDyer, to substitute organic acids or their salts for
. mineral acids in determining the available quantities
With
“ this idea in view the chemists belonging to the Asso-
ciation of Official Agricultural Chemists have been
during the past year engaged in co-operative work,

with a view to testing the merits of these methods of |

determining solubility.
It is evident, however, that no method of arbitrarily
determining the solubility of plant food in soils can
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"are based upon the well known principles of examina-

soil analysis in some other direction than in that’

the attempts to imitate in the chemical laboratory

wonderful in their nature than the most brilliant .

prove of actual value unless it be tested against the
actual capabilities of plants acting upon soil of the
sawme description. It is with this end in view that the
Department of Agriculture organized a system of soil
analysisin which the chemical results obtained in the
laboratory are checked against the actual results ob-
tained by experimental growth in pots. These experi-
ments have now been under way for two years, chiefly,
however, with the idea of testing the proper processes
to be employed. This having been, with a certain de-
gree of success, accomplished, the work is now consid-
erably extended. A vegetation house has been built
capable of accommodating 200 pots. These pots are
kept on trucks running on rails. During the daythey
“are run out into the open air and sunshine ; during the
night and in time of storms they are kept in the vege-
tation house, which is covered with glass. The soil
which is contained in each of the pots is subjected to
chemical examination in various ways and with wvari-
ous solvents. In this way it is believed that the actual
available plant food which a soil contains, as shown
by the character of the crop grown, will be by some of
the methods employed indicated with a considerable
"accuracy by the chemical analysis.

Avother most important step forward in the exami-
nation of soils consists in the methods which are now
employed for determining the number and vitality of
i the nitrifring organisms which they contain. Asis
:I well known, the nitrogen which plants use as food ecan
only be assimilated after it has been oxidized by pass-
ing through a vegetable organism of a lower nature.
The process of changing organic nitrogen, which plants
cannot assimilate, into nitric acid, which is a food suited
to their needs, is called nitrification.

The process of nitrification consists of three distinct
steps. In the first place, organic nitrogen is changed
into ammonia. This change is produced by a number
of organisms existing in the soil, the most active of
which is the bacillus mycoides. The ammonia thus
formed is next converted into nitrous acid by the
action of a genus of organisms—nitrosomonas. The ni-
trous acid produced as abeve described is oxidized to
nitric acid by another organism, the nitrobacter. But
it is not our purpose here to discuss the processes of
nitrification, but rather the methods which are to be
employed in examining soils for these organisms. It
will not be long before a chemical analysis of a soil
will not be considered to be complete until the sample
has been examined for the number and vitality of the
nitrifying organisms which it contains. In order to
make such an examination of practical value, the san-
ples of soil must all be taken under such precautions
"as to exclude any contamination, and the cultures for
developing the micro-organisms must all be conducted
under the same conditions. 1n order to secure this uni-
formity, the Department of Agriculture has developed
a method of taking the samples in sterilized tubes,
under precautions which render contamination impos-
sible, if the directions are carefully followed. The
~samples of soil thus obtained are used for seeding cul-
ture solutions, and the number and vitality of the ni-
trifying organisms in each sample can be determined
by noting the time at which nitrification begins in each
of the solutions, and by the seeding of sub-cultures
from the original cultures employed. This work is now
going on in our laboratory on samples of typical
soils and subsoils taken at the agricultural experi-
i ment stations of different States, and representing the

same samples that are employed in the pot cultures
; and for chemical analysis. By proceeding in this way,
it is seen that a uniform method of chemical and bacte.
rial examinations of the soil is secured, and the data
~of these examinations are checked directly against
_the products of vegetation secured in the experimen-
 tal pots.

Further progress has already been recently made,
especially in this country, in the physical analyses of
soils, chiefly through the researches of Whitnev and
King. The separation of a sample of soil into silt par-
ticles of different degrees of fineness will give data of
great value in respect of the capabilities of a soil for
holding moisture and delivering it to the roots of grow-

|ing plants. All the physical data obtained from the
examination are of valuein the final judgment, and
; should be considered in eonnection with the chemical

16285 should not lose sight of the fact that it is not possible | and bacterial data obtained as above described.
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The Seasoning of Stone,
1

. Stone, like lumber, requires seasoning. Stone is

|often spoken of as the synonym of solidity—*‘ as solid
j as a rock,” we say, but, as a matter of fact, stone is
very far from being solid. A cubic foot of the most
E compact granite, for instance, weighs about 164 pounds,

while a cubic foot of iron weighs 464 pounds. This
plainly shows that in between the atoms which com-
vose the mass of the most enduring stone there exists
much space for air, moisture, etc. This seasoning of
stone prior to use for building purposes has been well
understood by the architects of all ages, but in the
modern rush of nineteenth century building too little
attention has been paid to it. Now it enters into the
calculations of every good architect.
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