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PHYSICS DEPARTMENT
By B. K. Scrorrrrl

Two vacancies, one caused by the appointment of Dr. B. A. Keen
to the directorship of the East African Agriculture arrd Forestry
Research Organization ard the subsequent apPointment of Dr. R. K.
Schofield to the headship of the dePartment, and the other caused
by the appoiatment of Dr. E. W. Russell to the readership in soil
siience at Oxford, have been filled during the year. Dr. W. C. A.
Hutchinson took up his appointment in September and has since
been workiag with Dr. H. L. Penman in the field oI agricultural
meteorology. Mr. W. W. Emerson started in October to take uP
the general lines of work related to soil cultivation developed by
Dr. Russell. Mr. A. W. Taylor also joined the department in October
under a special grant Irom the Agricultural Research Council to
work directly under Dr. Schoheld in a study of the chemical potent-
ials of ions in soil. At tbe beginning of the year Mr. P. C. Owen trans-
ferred to the Botany Departmeut.

Dr. M. L. Puri completed his period as a voluntary worker and
obtained the Ph.D. degree oI London University. Mr. H. C. Aslyng
continued as a British Council Scholar, and in December was
appointed Reader in Soil Science at the Royal Veterinary and Agri-
cultural College at Copenhagen.

Dr. Schofield has served on the Joint Committee on Soils
appointed jointly by the Department ot Scientific and Industrial
Research and the Ministry of Supply. Dr. Schofield and Dr. Penman
are both members of the Technical Panel of the Land Dra.inage
Legislation Sub-.Comsittee of the Ministry of Agriculture's Central
Advisorv Water Committee. Dr. Penman served on tbe Council of
the Roy"al Meteorological Society and on the Board oI the Institute
of Physics. During July he visited Holland and lectured to the
Hyclrology Commission of the Dutch T.N.O. on Rotlamsted
researches on evaporation.

Sotl Curlverrot
DeeP Ploughing

The loss of Dr. Russell ard the transfer oI Mr. Owen, who had
assisted him irr the deep ploughing work, have restricted operations
this year to the continuation of the six-course exPeriment at
Rothamsted.

The plots which were deep ploughed this year have now been
deep ploughed three times. The soil to plough depth is now well
mixt<i, bui there is little colour diflerence between the shallow and
deepploughed plots. The only noticeable difference is the greater
stickiaess of the soil in the deepploughed plots.

As in previous years, the germination and growth oI sugar beet
was slower on the deepploughed plots, but the difierence bad
disappeared by Juae. At harvest, the deepploughed plots yielded
9.2 lons per acre of clean beet, while the shallow ploughed plots
yielded 8.6 tons per acre. Deep incorporation of phosphate Sqve al
advantage of 0.9 tons per acre. A similar efiect was found eacb
year sinie 1944 except 1948. As before, deep incorporation oL
potash \vas without efiect.
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Deep ploughing produced an iacrease in vield of Dotatoes from
5.7 to 6.7 tons per acre when potash was appiied h th; bouts. This
can be accepted as a deflnite result for this-s-ite since it has occurred
every ye_ar from the inception of the experiment in 19,14 ; but no
result_ of comparable consistency has yet been obtaiaed at any
outside centrti.

The yield of wheat was again up by I cr+t, Der acre on t_he deeo-
ploughed plots. This advantage, tlough small, appears to L
sButtcant.

Acmculrun-e.r METEoRoLocy
Cenerol

In a discussion on meteorology in axriculture. orsadzed bv the
Royal Meteorological Society, iti" a"p-"..t*"ni $;tiJ; ilt.*
ductory suryey showing thetype of statistical, bioloeic;l aDd phvsical
problems denianding 6tution. en account of tt? rsaS Hfr"ilo.
experynen-t was given to i.llustrate the possibility of estimadn[ croo
transpiration from measurements of weather iactors. The"Apri'-
cultural Meteorology lranch of the Eeteorologica.l Oftce (M.O. "19)

rs showug an encouraging interest which will orobablv taki a oract_
cal form during l95O *hen M.O. l9 hopes to Gue moritblv esti ates
of. lranspir-ation to the provincial dntres of tbe National Agri_
cultural Advisory Service.
Measulemerrls oJ etaporalion and, drainage

.-Day to day measurements of evaporation from open water, bare
soil and turf have been continued, and in the late summer apoiratus
was successfully designed to obtain continuous records. Thiiecords
obtained for the open water surface generallv show clearlv the dav
maximum and the night minimum, but theie are some inomali"i
probably causld by difierential thermal expansion rf i*i"r-""i
components. The same apparatus, used to record the fluctuation of
a water-table 2ft. below a turfed sandy soil, has given some details
cf the slow drainage referred to in l94ti. Recordsihow ouite clearlv
that this drainage begins about sunrise and continues intil nearli.,
midday when the direction of movement o{ water is reversed as thl
effect of transpiration begins to dominate the flow.

Taking advantage of the dry surruner, new cooinss have been
fitted to the drain-gauges of Lawes and Gilbert. 

"i,d 
ilrt". n., .,n"

wall of the 4Ginch gauge have been renewed in the hooe of stoooine
the leak discovered in t940. Since tbe oDeration the drainaee i;tati
(November-December) have been : -20,'6.9 inches ; 40, 6.7"inches ;
60, 6.3 incbes. The drainage from the 4Ginch sauge is now las;
than that from the 2Ginch gauge, as it should be,-bui is still not as
close to that from the @inch gauge as might be expected.
Co rol.oJ. i?igoti"" by calculation o! soil moisturc d.ef*it fromueteorological dala

Two centres were in use in 1949. On Mr, F, Secrett,s farm at
Milford there were four watering treatments :-unirrigated control
(0), futl irrigation 

-at 
Mr. Secrett's discretion (F), and iwo restricted

treatments (R and M) based on weather data iollected oD the site.
Treatment R was designed to permit the buildins up of a water
def cit of I I inches by tbe end 

-of 
Au$Bt, and wai ttrL: same as in

1948 : treatment M was designed io permit an end-of-August
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deficit of 3 inches. On the farm of Messrs. W. O. and P. O. Jolly
at KesgTave, Ipswich, there were three treatments :-O and M as
at M ford, and a third (J) determined by [Ir- Jolly- The sumner
was very dqr, the LIay to August rain being 4.4 inches at MiIIord
and 4.7 inches at Kesgrave, a:rd irrigation operations were frequent.
At MilJord, treatment F took 13.1 inches in nine applications,
R took 8.4 inches in six, and M took 6.5 inches in five ; at Kesgrave,
J took 4'1 inches in two, and M took 5.6 inches in four applications.

The summer was characterized by a severe attack of virus
disease, low sugar percentages, and a curious interaction oI watering
and nitrogen treatments, of which there were four at Milford and
three at Kesgrave. As the lowest and highest were corrrrron to both
centres, values for these are given in the Iollowing table :-
Yield oJ sugu (crtl. per aue\

TreatmentOMRFOJM
Irrigation (I) ... 0 6.5 8.5 13 0 4 5.5
Rain + I. (i!.) ... 4.5 ll l3 17.5 4.5 8.5 l0
Yield/0.4 crt.N/a 36.0 44.3 44.2 44.1 3O.2 49'8 53.6

\ l'3 crt.N/a 32.1 40.8 43.0 39.2 3l'4 42.7 44.3
The results show the benefit of irrigation in a drJr summer even

Ior a deel>rooted crop Iike sugar beet. The benefit was greatest Ior
the treatment based on weather data.

RainJdl, euaforation and. run-of for tke Stow Catihmpd
The Land Drainage I-egislation Sub-committee of the Central

Advisory Water Committee of the Ministry of Agriculture is gather-
ing inlormation tbrough its technical Panel on the efiects of land
drainage on the flow of rivers. As a part of this inquiry Dr. Penman
has examined the records of rainlail ald run-ofi for the Stour
Catcbment oyer the period 1933 to 1948. On calculating the
evaporation from mean values of meteorological observatiors taken
at nearby stations he has accounted very satis{actorily for the
di.fierence between rainfall arrd run-off ald for the chalges in ground-
water storage as exhibited by well recortls. Land drairrage has been
extensively carried out in this area since 1939 but it has been without
discemible efiect on the evaporation, and so carnot be said to have
influenced the total amount of water discharged into the Stour.

Hed balance ol the soil,
Evaporation requires latent heat and this heat G a major item

in the balance sheet of incoming and outgoing energy. The data ftir
the Stour Catchment have been studied from this angle also. The
results, which can be considered to apply to much of Southern Eng-
land, show how iacoming solar radiation is used up month by month
throughout the year. Before ard after the midsummer peak about
hall of the energy is used in evaporation (transpiration), and only
small amounts are used in warming of the soil and the air. Through-
out the year there is a faidy steady outward flow oI long-wave
radiation which, fur winter, draws its energy from the soil and aA.

In preparation for more detailed studies oI heat flow in the soil,
a set of resistance thermometers linked with automatic recording
apparatus have been installed, which will measure the soil tem1remt-
ure down to 6 feet. It is hoped that the data thus accumulated
will help to uravel the complex physics of radiation frosts.
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M icronnteorology
The thermistor brifue, described in 1948, has beer greatly used

by Dr. Broadbent to obtain records of temperature and humidity
profiles, and of wind speed among potato crops of varied spacing
over dr5r and wet soil.

LABoRAToRY WoRK
Measuren&?Lt of the volamcs ol solid,s, walet and, air in soil clod,s

It has been necessary to ma-ke further minor modifications in the
method introduced by Russell for measuring the volumes of solids,
water and air in soil clods. Using the original technique it is imposs-
ible to prevent evaporation of water from the clod during the series
of manipulations, and it is difrcult to estimate the errors tbis may
cause. A redesign o{ the appamtus practically eliminates this source
of error. Further tests will be carried out.
Valour fressure of a4ueoas solutions

It has been dificult to decide which set of measurements to take
as the standard for accurate evaluation of aqueous vapour pressures.
Between 98 per cent. relative vapour pressure and saturation-the
range of greatest signiicance in soil and plant studies-the values
for solutions of NaCl and KC1 shoutd be obtained very accuratelv
from measurements oI the E.M.F. of concentration 

"'"Ur. 
Dir."i

vapour pressue measurements have not yet been made with sufic-
ient accuracy to serve as a check, but there are numerous published
results giving the concentrations of isopiestic solutions with high
precision. A comparison shows that either the E.M.F. values for
NaCl or those for KCI must be less exact than their intemal con-
sistency would lead one to expect, and a search is being made for a
criterion that will reyeal which set of data is the more reliable.

Provisionally the E.M.F. measurements for NaC[ are being used
in preference to those Ior KCl, and tables have been drawn up
relating the molality of NaCl solutions to vertical height in metres,
which express the amount by which the potential of water in the
solution is lower than that of pule water at the same temperature.
These tables are being used in the study of environmental Iactors
influencing seed germination which the Botany Department is
carrying out with the co-operation of the Physics Department.
Careful consideration has been given to the design of the temperaturc
regulators of the double theimostat tank used Ior this work. The
a?paratus is very satisfactory in that no short period temprature
fluctuation that would disturb the relative vapour pressure of the
seeds' environment can be detected with a thermometer sensitive
to 0.001"C.
Thichness of uater llms

An apparatus for the measurement of the thickness of water
films on mica was set up and some preliminary work carried out.
Fotlowing the Russian work, a hydrogen bubbte is pressed a"qainst
a mica plate irnmersed in a solution of an electrolyte. The ihi;kness
of the phase film over the area of " contact " of the bubble is
estimated by comparison oI its light transmission with that of the
surrounding Newton ring system. The comparisou can be made
directly by means of a suitable light-sensitiye cell rnounted on a
travelling microscope. Owing to ttre lack of a suitable microscope
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the method now being tried is a photographic one, which should
at least bave one advantage in giving a permanent record of each
experiment. The necessary comparisons of the light intensities can
be lound by using a micro-photometer, and the bubble size by direct
measurements on the photogmphic p1ate.

Thernwd.ynamic lotentials of soil, cottslituents
Considerable- progress has been made in the development oI

methods for determining the thermodynamic potentials oI nutrients
and otber subslances in soils. Where, as in soil, we are dealing with
electrically charged particles it is difficult to define the potential of
any single ionic ionsiituent. We can ,however, define the di-fference
of 

-poteitial 
between electrically equivalent quantities of two cationic

or bf two anionic components, or the sum oI the potentials of electric-
ally equivalent quandties o{ two components, one cationic and the
otlier ioionic. Thus the pH of a soiJ. suspension is not, in itself, a
characteristic of the soi1, inasmuch as it depends on the salt con-
centration, whether set up merely as a consequence of shaking up
a soil sample in distilled water, or deliberately produced by the
addition oi CaCl2. On the other hand, the difference of potential
expressed by pH - ]pCa has a definite value for a soil sample
independent ofsalt concentration uP to about N/50. We expect this
prinaiple to apply to any pair of cations, and one of the tasks ahead
is to demonstrate this.

Particular attention has been paid to phospbate, and it has been
tound that the potential sum represented by {pCa f pEiPOl is
independeut of eaCI2 concentration up to 0'01 molar. Values so

far 6btained range fiom 5'5 for soils liberally dressed with super-
phosphate to 8't{or soits or which aI1 crops fail unless- phosPhat€
is up'ptied. Fortunately these potentials can be rapidJy determined,
and it is hoped that tiey will provide a surer basis Ior advice on
phosphate manuring than any oI the conventional methods bitherto
employed.
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