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Mr. Botelho da Costa, under the direction of Dr. Scbofield, has
used the improved freezing point technique mentioned in the last
report to measure the rF oI the water that remained in seven soils,
ol u.idely dif{erent character, when beans growing in them became
" permanently wilted-" The values so determined fell between
y'F 4.0 and 1F 4.4, although the corresponding moisture cootents
ranged from 2.9 to 21.6 per cent. of dry soil. Taking the mean value
ol lF 4.2 and reading the corresponding moisturc content from the
curves plotted from the freeziag poilt measurements, the values
obtahed difler on an average by onlv 0.7 per cent. from the moisture
contents fouDd in the wilting experiments. The greatest difference
was only 1.2 per cent., which would be of small consequence in field
measurements.

The moisture content of a soil at permanent wilting does not
bear a constart ratio to the " moisture equivalent " determined in
the Brigg-Mckan centrifuge as these authors claimed. The freezing
point determinations show why this is so- For a medium textued
soil the " moisture equivalent " corresponds to about y'F 2.9.
This was confirmed by the {reeziag point measurements which
showed that the curves connecting ,F and moisture content differ
in sialc from soil to soil, and for the seven soils examined the ratio
of the moisture content at 1F 2.9 to that at y'F 4.2, iastead of being
constart at 1.84, varied from 1.5 to 5.3.

By using the y'F scale the results o{ measurements by direct
suction, centrifuge, freezing point and evaporation into atmospheres
of controlled humidity car be plotted on the same graph and curves
connecting /F and moisture content can be traced from saturation
UrF 0-l Centimetre suction) to oven dry (approximately 1F 7).
This rrork has broryht into prominence the great importance of
distinguishing between wetting and drying conditions. The suction
needed to withdraw water from a moist soil is, in general, greater
than that against vr'hich water will enter the soil at the sarne moisture
contents. This fact, coupled with the slowness of wetting of clay
by water at ,F 3 or above, has been shown to account in a general
way {or the characteristic moisture distributions met with in the
field.

SOIL MICRO.ORGANISMS
The gro$th oI the plant, in nature is determined not only by

chemical and physical soil factors but also by the soil micro-
organisms, which are studied in the ll{icro-biological, Bacteriological
and Fermentation Departments. The more these organisms are
investigated, the more nunerous thel'appear. Twenty-five years
ago, the bacterial population in one gra.m of soil (about a salt-
spoonful) would have been assessed at about 5 to l0 millions. It is
now knorvn that the {igures are very much higher. A gram of field
soil may contain several thousand million bacteria, ma-ny thousands
c,I protozoa, millions o{ actinomycetes and fungi, in addition to ar
unlmown number oI eel-worms, besides other ortanisrr not invaria-
bly found, either because they are not always present or because
the technique is defective. The greater accuracy of modern bacterial
counts is due to the method of counting bacterial cells in soil uader
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the microscope which has been developed in the Bacteriology
Department and now gives reliable quantitative results.

Three main groups o{ investigations are carri€d out :-
l. The decomposition of organic matter and its conversion into

sinpler substances. This is at the basis of the production of plant
food in natwe, but it has also many applications on the farm and
in the country-side ; three oI which are studied in detail :

(a) The decomposition of plant residues in the soil in relation
to green manuring, ploughing-in of leys, residual values
of farm5'ard manure.

(6) The conversion of straw and other plant residues into organic
manure. This process has been taken up by Adco, Ltd., and
developed by them into a workable process for making
artificial farmyard manure. While English farmers do not
ma-ke much use of it the method is used a great deal by
gardeners and to a still greater extent by planters and growers
overseas. Some 5O,00O tons or more of manure are probably
made annually through this one organisation and there is
reason to believe that the total made in all countries by the
process is not less than 20O,000 tons annually.

(c) The biological purification of efluents from sugar beet and
milk factories-

The last-named investigation is carried out in the Micro-
biological and Fermentation Departm€nts under the egis of the
Department of Scienti{ic and Industrial Research ; the work is done
partly at Rothamsted and partly in the factorv.

In the Bacteriological Deparhnent the interesting work on
clover organisms continues, and it is shown that in the soils of
certain hitl districts there occur harmfirl strains which do not them-
selves benefit the clover plant, and which prevent most beneficial
strains from forming nodules. A few beneficial strains, however, are
able to overcome the harmlul elfects of the bad strains and enable
the plant to male Iull normal growth. Experiments have been begun
on the inoculation of these beneficial strains into soils containing the
harmful ones, and the results are distinctly promising. The first
essential is a sun'ev of the hill districts to see how far these
harmlul strains are prevalent, and to \r hat extent the highlv
eflicient strains already isolated are able to act generallf in over-
coming their bad effects.

The process of irfection has been studied in considerable detail.
It is impeded b1' the presence of nitrates r-hich not onll' reduce
infection but also reduce the activitv of nodul.es already formed.
Part o{ the elfect consists in checkhg the deformation oi the roor
hairs rvhich is an essential preliminary to infection: this, howet er,
can be counteracted by adding dextrose. Such nodules as are
formed in presence of nitrate are abnormal in sel'eral ways. The
distal cap of the cells, normally thin-walled and activel] dividing.
develops much thickened cell walls and the cell-division soon ceases.
The lateral endodermis and the cells surrounding the vascular
strands b€come heavily suberised. These cha-nges result in the
central nodule tissue becoming enclosed in a layer of thick walled
cells. This central tissue shows evident signs of starvation-
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