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DEPARTMENT OF PHYSICS

By R. K. Scsorrer,o

STAFF

During ttre year Dr. Keen was seconded on two occasiohs for
duties overseas. At the invitation of the Palestine GoYernment he
visited Patestine to report on agricuitural policy and on soil
conservation, and to formulate proposals for the administrdtive
organisation needed (1). I-ater in the year, at the request of the
British Government, he went to West Africa as Chairmar of a
Government mission to inquire into the production oI vegetable oil
and oil seeds (2).

In Dr. Keen's absence Dr. Schofield acted as head of the
department. Dr. Antonio Teixeira retumed to Portugal in
August, 1946, having obtained the Ph.D. degree- Mr. Oscar
Talibuddin has worked throughout the year as a voluntary worker.

FrELD woRK

Deel ploughing erleimenk
This series of freld experiments has been continued for a second

year in an enlarged form, Fifteen centres were started in the
autumn oI 19,14 and a further 15 in the autumn of 1945. The
ploughing and cultivation treatments compared were shallow
ploughing, about 7-9 in., with and without subsoiling to about
13-15 in., and deep ploughing, about 13-15 in., with and without
subsoiling to 18-20 in. In addition on some fielG an extra
treatmeut, ploughing to 1l-12 in., was also added. Of the fifteen
experiments started in the auturnn of 1944 fourteen were cropped
wiih potatoes, aod at harvest it was found that depth of ploughing,
or the presence or absence of subsoiling. had no effect on the yields
taken & a whole. ln detail, deep plorighing had not depressed the
yield on any field appreciabty, whatever the subsoil, provided an
idequate supply of iertiliser was given, and it probably increased
it on one very badlv drained fietd.

Fourteen-of thise fields went into corn in 194$-46, having
received shallow cultivations only after the potatoes. Since the
harvest was very difficult, lelds could only be determined on ten
of these fields, ,ind tn" r"iritts were that ilie yield of winter wheat
was between I 2 cn't. biSher on land Ploughed to 12 in. or over, or
subsoiled to 12 in. or over Ior the potato crop, and this efiect was
usually more noticeable on tbe heavier lands.

Niire of the frelds of the second series were in potatoes in 1946,
having received the same ptoughing and subsoiling treatments in
the autumn oI 1945 as t.he first series received in 1944. The
results were also the same: no matter \rhat the subsoil, the Potato
yields were independent of depth of ploughing. Four of the fields
were in sugar beet. They received the same ploughing treatmetrts
as the potatoes, but in three of them an additional comparison was
made between ploughing the mineral fertiliser down with putting it
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in the seed-bed. The results were that yields were not afiected by
any of the ploughing treatments, but it is just possible they were
slightly increased by ploughing in the fertiliser.

Arrangements were made during the summer for a third series
to start in the autumn of 1946.

Effect oJ cultiaation on the root datektlme*t oJ the crol and on the
phlsical lrcperlies oJ lhe soil

The comparisons of root systems, soil moisture and air contents
under different methods of cultivatioD were again made at several
centres. Some time had, however, to be spent in finding a quicker
and more reliable method of determining air conteuts than that
previously used. The results were similar to those of the previous
year ard the methods employed did not show that any of these
properties was appreciably afiected by the difierent cultivation
treatments-

The tendency noted on a few fields in the spring of 1945 for
root penetration to occur more rapidly on the deep than on the
shallow ploughed plots did not persist into the summer, nor was it
observed again in 1946.

An experiment was carried out on Great K[ott, Rothamsted,
on the efiects oI depth of cultivation between the rows of potatoes;
the efiects of earthing up or not earthing up; and of straw mulching
between the rows. The total crop yield and percentage ware
showed no signficant differences under the different treatments,

The crop was sampled at harvest and the ware sorted to
determine the incidence of greening, blight, scurf and scab- The
extent of the last three of these troubles was independent of
cultivation treatment. The amount of greening was reduced
appreciably by earthing up, but was as high under the straw mulch
as on the plots that were not earthed up. It is intended, howevel
to repeat the experiment on similar lines in 1947.

E aalorulion and. lranspir ation
The third summer of experiments round the pit in the meteoro-

logical enclosure has not added much to existing knowledge because
of the uafavourable weather (see p. 25). It was hoped that with a
water table maintained at 36 in. below a turf surface some evidence
of root range might be obtained, but there was ahvays sufrcient
rain to ensure that the grass was never short of v/ater whatever the
depth of the water table. The experiment has given a convincing
demonstration oI the lack of any precise meaning in "trunspiratiou
ratio". Of three turl surfaces, trro date from the spring oI 1944
and have been unfertilised, and the third dates from the spring o{
1945 and was given a heary dressing of ammonium phosphate.
Transpiration from all three during the summer of 19,16 was, very
nearly, the same: the crop yields were 29 and 28| cwt. per acre for
the unfertilised, and 7l cwt, per acre for the fertilised surface.
With other evidence the present indication is that transpiration
from grass under British conditions is largely a weather phenortrenon,
though it can be limited by the physical conditions in the soil, and
that gro*.th, although dependent upon the weather, is not dependent
in the same way and is more directly related to soil fertility.
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A reoort'on the experiments has been submitted to the lleteoro'
loeical Office. whose r'eouirements largely determined the form the
w6rk took, and this refort will probibly be used by the Meteoro-
Iogical Research Comnittee in planning future work on evaPoratron
in- the BritGh Isles. Even in advance of publication the expen-
mental results have aroused interest: at the John Innes Horticultural
Institution Mr. I-awrence has attempted to base an irrigation
experiment on them; some o{ the conclusions have been incorPor-ated
int'o Ministry Buletin No. 138 on "Irrigation", and advice has-been
given to thi Rother Catchment Board on the irrigation of the
Romney Marshes in summer.

Thi preparation of the report showed some 9{ the-Polnts..at
which ini:reised precision oI measurement is desirabll. During the
period under review apparatus has been designed and set uP to Sive
i coutinuous record of dewpoint: exam.ination of its efficiency is not
yet complete.- 

Duriirg the winter of 194$-46 Part of the apparatus round the
pit was used for an investigation into ice formation below a bitu-
ininous carpet, ou behall of the Soil Stabilisation Panel of the
Institute of-Petroleum. The experiment showed that with a water
table at 2 feet below the surface no surface damage resulted, b-ut a
waier table at l0 in. produced heaving and fracture of the bjtu-
minous canpet during fiosty periods, dui to the accumulation oI ice
immediately below 

-it. Tbe experiment, apart from - its -direct
result, is of interest in connexion with water movement rn sorls due
to temperature gradients, and the effectiveness oI lrost action in
producing good tilth in autumn-ploughed land.

Obsmtalions or skxu dtainage from soil
' In order to determine the amount of water removed from soil by
plant roots it is necessary to know how much water has been lost
6y drainage from the root zone during the same period. -Observa-
tions duriig raidess periods in late autumn and early sprhg, when
plant roots-are inactive, have shown that the suction continues to
iise over a considerable period of time Quantitative interPretation
of these results is, however, complicated by the fact that a change
in temperature can cause a change in suction.

LIBoRAToRY woRx
Phltsico+hemical studies on clay

Previous work had shown that a true pictue of the electric
charges carried by clay particles and their variation- vrith pH
cann"ot be obtainea in acid conditious u ess great care is taken to
remove soluble aluminium by repeated washing. To Jacilitate this
process repeated washing 

-with a solution of acid ammonium
6xalate was tried. It was then noticed that under the influence of
sunlight this solution is capable of dissolving practicatly all the
iron ivhich gives colour to the Rothamsted subsoil' It was found
that the neirly white residue carries substantially all the negative
charges deteclable in the raw subsoil and that these negative
char[es do not change in amount with pH within the range 2'5 to-S.
Above pH 5 the negitive charges increase: this must be due to the
dissocia-tion of hydions. At pH 2 there is evidence of darnage to
the clay.

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-88 pp 5

24

It has further been found that tbe oxalate-treated clav carries
no positive charges that can reta"in chloride ions. ThL result
sbows that in the Rothamsted subsoil the positive charges are not
on the surface of the clay mineral proper, but are carried by the
material cotrsisting ma"inly of hydrous ferric oxide which is sdluble
in acid ammonium oxalate under the influence oI sunlight.

Negalhe adsorption in jule
Very careful measurements have been made of the increase in

chloride concentration which occurs when solutions of alkali
cblorides are shaken up with dry jute. The results can be expressed
as the volume, I/, of rvater apparetrtly taken up per l0O giams of
jute. Taking the ideal system consisting of two paralJil charged
surfaces separated by a fiIm of solution, it can be seen that I/ shotrld
approach a limiting value for very low salt concentration a-nd
should be inversely proportional to the square root of the salt
concentration at higher concentrations, the proportionality factor
giving a measure oI the surface area. The celiulosic matirial, oI
which jute and similar fibres are built, has a porous structure.
From the values of Iz obtained at pH 1.3 when aknost all the
carboxyl groups are 

-COOH 
groups, it can be seen that about

1l c.c. of water is taken up into pores so fine that chloridb ions are
excluded (presumably by thet size). At pH 6 there is in addition
a repulsion of chtoride ions by the negatively charged carboxyl
grorps. V then exceeds the value at pH 1.3 by an amouat whiCh
follows closely the expected change with salt concentration. It is
deduced that there are passages tbrough the fibre substance
averagint 5 mp to l0 mp in width the total intemal surface being
I to 2 x lop cmr., or about 4 acres per 100 grams of &y matter.

Ionic forces in thick fl.ns oJ liquid betueen charged. surlaces
We still klrow yery little about the forces that operate between

clay particles through the water flms that sepaiate them. A
theoretical discussion of the osmotic activity of exchangeable ions
in a water filrn separating two charged surfices shows tiat a small
repulsive force operates, which varies inversely as the square of
the distance separatint the surfaces when this is of the 6rder of
I00 mg.. The equation obtahed also applies to the filrn held on a
single charged surface, and receives considerable support from
optical measurements of 6lm thickness made by Deryagin and
Kussakov (5). The extension of the theory [o thinaer films
presents considerable difficulties.

Vapour fressure of sugal sohdions
The work on the vapour pressure of sugar solutions was

continued: following an examination of the published data relating
to the isopiestic method of comparing solutions, the work was
extended to include glycerol, which it rms hoped rvould prove a
suitable standard material for vapour-pressure determinaaions in
g_eneral,- since glycerol is miscible with water in all proportions and
the deviations from idea.l behaviour are comparatively small.

Publications (including Summaries) page 93.
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