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DEPARTMENT OF PHYSICS
BY B' A. Keer

ST.{IF ACTTVITIES

Dr. Keen was President of the Rotal lleteorologicd Society in
1938 and 1939, and Vice-President of the Institute of Physics. He
rvas a membei of the British Government Dele8ation to the Sotia
University celebrations in May, 1939, and paid a second wisit to
Bulearia 

-in 
October-November, 1939, to report on problems of

aeriiultural intensification and to select five ag cultural scientists to
.'Jme to England under British Council grants. In Oclober. 194,3,

he was seco"nded as Scientific Adviser to the Middle East SuPPly
(entre, Cairo, with the primary object oI preParilg a report and
recommendations dealing with the agricultural develoPmeut of some

fourteen Middle East countries' The Report is now in the press, and
witl be oublished bv the Stationery Office and the Ox(ord Uni-
versitv i)ress. Dr.- Keen also served on a Ministry of Supply
..n-^-ittee on phvsical properties of explosives, and the soil stabi-
lisation committees of ihe British Standards Institution and the
Institute of Petroleum.

br. R. K. Schofield acted as Head of the Department in Dr.
Keen's absence in the Middle East and replaced him on the above

committees. He was appointed to the Ministry of SuPply committee
itudvins the mud-crossing performance of trackJaying armoured
iiehtlhe'vehictes, and, at 

"th'e request of the Meteorological Oftce,
h; als;undertook with Dr. Penman special work on some problems
.,J ooerational imDortance to the Royal Air Force. He was elected
{'hairman of the Phvsical Societv Colour Group in l$45.

Dr. Russell was-Chairman oi the Hertlordshhe County Garden

Produce Committee.- --Oi. p"o-* *"s seconded in September, l$ll' for physical work
in the Mine Design Department of the Admiralty. f1 fpnf, te44'
he returned to Rotharisted at the request of the Air Ministry to
ioin Dr. Schofield in special extensions ol our work on transPira-
iion and evaporation.''- 

ft. C. C- i(ing, ot the Assistant StaU, ioined the Ro,'al -{ir Force

in Mav, 1941, an-d was commissioned as a pilot.
Besides the above activities, the departmental statl recerved -a

"".i;i;;i requests for hetp and advice-usually involving rapid
Iield 6r hboritory investigation-from organisations such as the
Air Ministrv and the Road Research Board'

fo. *.iv vears past, apPlications for admission to the DePart-
ment as poit-eraduite votuntary workers have come {rom many
dilferent iount-ries. The war drastically reduced the numb€rs, but
the international aspect has been well maintained. Four voluntary
iroifl".. oUt"in"a tire Ph.D. degree of I-ondon University; I-{' C'

Pereira (England): A. L. C. Daiidson (Australia): R. V. Tamhane
{India} : and S. P. Saric (-Iugoslavia). Others who spent a consrder-
iur" 

"!a"o 
in the Depirtrient weie : W. Balcerek (Poland) ; P'

Bovairoff (Bulgaria), and A. Texeira (Portugal) ; the last two were

in ieceipt bf grants from the British Council.
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CRoPs, sotls AND WEATHER

The large variations in crop yield and quality from season to
season are primarily caused by weather variations (l). In spite ol
this intimaae association, only broad general relationshiPs emerge,
such as the low yield in a consistently cold growing season. The
infinite variety in weather sequences, the local eflects of topo-
graphy and the physiological resPonses of the Plants- to environ-
meotal cbanges constitute too comPlex a systeq lor ordlrBry
andvses. Superimoosed on this slstem there is the firrther com-
olexitv ol plint p"sts and diseases, whose incidence also depends
in intiicatd wavi on weather factors. For these reasons, meteor-
oloeists and oth'ers have devoted attention to tocal climate variations
whi"ch thev endeavour to relate to minor topographical features on
the one liand and to vegetation on the otler. Botanists have
carried the problem a stage lurther to the micro{limate, i.e., the
meteorolosical elements within the few centimetres of air sur-
rounding ihe leaves and stems oI vegetation, in the betief that plant
responses are due to micro- ratler than macro-climate.

There is anotler line ol attack, the physical, to which the two
just mentioned are complementary for they must draw on the results
aI the physical researches in order to put them on a quantitative
basis-

In its broadest terms the physical attack relies on studying
energy balances between the meteorological, soil and vegetation
factiis. Experimentally, this involves examination of radiation,
temperature, humidity,- evaporation, transpintion, drainage, dif-
fusi6n, winds and their intei-relations. For many years past the
equipment oI the meteorological station at Rothamsted, which is
in charge of the Physics Department, has been steadily extertded,
especiaIy by providing continuous recording instruments, and used
for ttris purpose. It possesses a unique series of drain gauges, or
tvsimeteis, ind large sbil cylitrders in which croPs can be grown and
tle water table m-aintained at required depths' This Part of the
equipment is essential for the exact study of cropweather relation-
ships.

Considerable attention has been given in fallow or bare-soil
conditions to &ainage and evaporation in relation to other meteoro-
logical and soil lactors (2,3, [,5,6, 7). Thanks to the use oI co-n-

tiiuous recording instruments it is possible to pick out, from the
mass of records a series of " natural periods " for detailed study.
A natural period is the period between one cessation of flow of tbe
drain gauei and the neit cessation : its duration may vary lrom a
day or'so-to several months, The advantage of a natural period is
thit evaluation of the influence of the factors over the period can
be more precise as overlapping effects are reduced to a minimum.
The conciusions can then 6e apptied to interpreting the results oI
arbitrar], regular periods-month, week, etc.-that are standard
for metiorological records and tables of normals.

The results show that the normal air data of a meteorological
station are inadequate to predict the behaviour of the natlrral air-
soil svstem urder drving conditions. However, the results from the
Roth'amsted equipmintlcovering both air and soit factors, have led
to some imporiant generalisations. Seasonal variations in drainage
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rate are almost wholly accounted for by the changes in viscosity
arising from seasonal teEperature changes. For a Anin. depth of
Iallow uncultivated soil, tie amormt oI water needed to cause
waterlogging is about 0.3 in. in excess of the field capacity. During
the rainless periods of a normal summer, the total water loss by
evaporation (i.e., the deficit from field capacity) rarely exceeds
0.7 in. Thus there is a normal range of water content of only about
1.0 in. ; ir other words, the maximum air content in midsummer is
about 1+, or 5 per cent. by volume. The figure for a similar soil also
fallow, but cultivated is about l5 per cent. Seasonal changes in
evaporation have been studied in both field and laboratory con-
ditions and an approximate interpretation has been given in t&ms of
y,ater movements, as vapour ard as liquid, in the soil, and o,
diffusive flow of vapour tirough a still boundary layer of air above
the soil surface into the turbulent air abora.

Recently (May, 1944) at the request of the Meteorological
Office, arising from a problem in war operational research, me:Lsure-
ments of evaporation were made from open water surfaces, and
short grass sith a water table near the surface, in addition to those
from bare soil. The results have shown that the total annual water
losses from the short grass is about three-quarters of that from the
open water. From the viewpoint of cropweather relationships it is
important to extend this work to tall crops. This cannot be done in
the present soil cylinders, as it is not possible to have round them the
broad guard-ring of the sarne tall crop to prevent unnatural exposure
of the plants growing in the cylinders. A sepalate and rather costly
equipment will be needed for this purpose. Meanwhile some
encouraging results have been obtained b], indirect methods based
on the suction techniques for mea.suring moisture deficits developed
in the Departrrent. Representative soil clods are taken from below
the field crops and placed on filters containing water at a controlled
suction o{ 50 cm. Their gain in weight is a measure of the water
renoved from them by the crop roots. The results show that barley
up to t}le time of ripening has removed Irom the soil an amount
of \rater approximately equal to the excess of the evaporation from
short grass in the cylinders over the rainfall of the same period. The
indication is tlrat evaporation from a tall crop mav be about the
same as that from short grass.

Attention has also been given to the diffusion of gases and
vapours through the soil (8, 9). The relation of diffusion rate to
soil porosity is of importance both in meteorological and plant
physiological work, and also has a technical interest in problems
of soil fumigation. It was shown that diffusion through soil is a
modified form of free diffusion in air, the modification depending
only on the pore space when diffusion is steady. In the ursteady
state solvent action by soil $?ter, adsorption and chemical action
may affect the results. Aaomalous results of other workers for
carbon dioide were traced to the neglect of adsorption effects.
The results also show that gaseous diffusion is adequate to account
for normal soil aeration, and that the influence of meteorological
changes is unimponart. It is also clear that diffusion of water vapour
by distillation down a soil-temperature gradient makes a neg-
ligible contribution to the change in moisture content at any point.
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In an analogous subject, the viscous diffusive flow of gases into
plant tissues, a theoretical study was made of the porometer used
by plant physiologists for the study of stomatal movements in
leaves (10, ll).

SoIL TILLAGE

For a number of years past critical examinations oI the effects
of cultivation operati6ns on the soil, soil moisture, plant growth and
yield have formed an important section of the Department's work.
ihe earlier results ran coulter to certain of the traditions that have
grorm up around the subject, and, possibly for that reason, we-re

ieceived-with scepticism. Later work, however, has confirmed the
views set out in the previous investigations: crop yielcls are
retativelv insensitive to cr.rltivalion treatments; cultivations do not
have thi effects on soil-moisture control formerly attributed to
them; weed control is most important in the early stages of croP
growti. Since 1939 six papers-have been publishe{ suTm.ari{$
iarious asoects of the resulti: two (I2' l3) for general and scientific
readers. tivo (14, 16) for agriculturists,'and-one (16) for--horti-
cultudsts: the sixth paper (17) examines a large number of United
itates experiments oi dtop ie.ponse to inter-row tillage, extending
over manv soils and seasoni, and shows that they agree with our own
results, ii spite of the large differences in weather and soil and the
use of different crops.

A three-.vear eiperiment in Surrey, on a loam soil overlaying
sand and grivel, on the effect oI intei-row tillage on Potato yields
t ,as complited (i81. Very low ridges were as effeciive as the standard
hish ridies in preventini sreen tubers and blight attack, and there
u"i no iiffereir"" in yie'idi or in the relative proPortions of ware,
seeds and chats. Irr garden practice there seems no reason for
ridsins. but in comme-rcial p6tato growing the present forms of
imJld'ents for spraying and harvesting require high ridges for the
reduction of haulin damage by wheels, and for ease itr sPinoing -out
it eiuu.rs, e.p".iaUy in hiavy'soits. These exPeriments fell into line
with the eeneral coiclusions-already mentioned above ; yields were

insensitivi to cultivation treatmenis but were appreciably reduced
by even moderate weed comPetition in the early stages of crop
srowth.- The six-vear cultivation experiment, begun in 1934, was com-
oleted. This-compared, in a threi-course rotation of wheat, mangolds
Lrrd b".lev. the-effects of the following cultivation treatments:
oloush anil harrow. cultivator and harrow, rotary cultivation, each

It.h-""Uoo' (&4 in.) and deep (7-8 in') levets. The results of the first
three.vear iourse were given in the Report for 1936, PP.43.48, and

the fuil results have now been published (I9). They show no yielg
difference between deep and shallow working, with the Possible
exceotion that maintenance of mangold yields may require an

occaiional deep cultivation. The ploughing treatment was better
than the otheriwo, for the probable reason that it showed the most

efrcient weed control.
Earlier work on inter-tillage of su8ar beet suggested the import-

ance of weed control in the early stages of crop growth, so exPen-

ments in 1939, l94O and l9'{l were directed to this point, both on
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the sandy Woburn soil and the heary stony Rothamsted soil. The
results (20) show that on the Woburn soil the effect oI weeding
depends on the level of soil fertility. The yield of the manured plots
was not improved by weeding, and a considerable inlestation caused
no decrease in crop, but the leld of the unmanured plots was
increased by weeding provided it was done in the early stages
of crop growth. In the heavier Rothamsted soil the effect oI culti-
vation did not alter with the level of fertility. There was some
indication that whereas hoeings alter singling, above a modest
minimum, produce either no elfect or a reduction in yield, a cutti-
vation before singling time could produce an increase.

A nerv cultivation-rotation experiment was begun in the autumn
of 1943. The object of this exp€riment is to compare the effects of
deep (about l2-in.) with shallow (about &.in.) ploughing and the
effectiveness of potash and phosphate applied in the spring in the
seedbed with that of applications in the autumn just before plough-
ing. A six-course rotation-wheat, potatoes, oats, sugar beet,
barley, seeds-is used and the deepploughing treatment is given
in preparation for the wheat, potatoes and sugar beet, i.e., ihree
times in six years, and the comparison of the method of incorporating
the potash and phosphate is tested on the potatoes and sugar
beet. The results of only two harvest years are so far available,
and are in consequence provisional : but in the dry summer of lg44
the sugar beet seemed to do b€st on the deep-ploughed plots in
which potash or phosphate were ploughed in, and ln thi moist
summer of 1945 the potatoes seemed to respond well to the deep-
ploughrng.

Ever since the beginning of our cultivation studies we have
been hampered by the absence of Iacilities for carqring out even
simple experiments at other pLaces besides Rothamsted and
Woburn: indeed the only satisfactory outside experiment-the
three-year one on potatoes in Surrey 1ia)-arose kdm the chance
that a resident there was able to carqr out work for a Ph.D. thesis on
cultivations, under the vrriter's dteation. As long as this unsatis-
factory situation continued we were in no position to deal with the
frequent statements of agriculturists and oihers that yields on their
soils, unlike those at Rothamsted and Woburn, were responsive to
cultivation. At the end of lg42 a full statement of the results to
date was made to the Agricultural Research Council, and the need
Ior further work was urged. Large numbers of heaw implements
capable of deep work were in use, especially under the-charie of the
War Agricultura.l Executive Committees, anJ there was litlle or no
evidence whether the extra call on limited fuel stocks needed bv a-
deeper working of t}re soil would be justified bv an increased ciop
field. Eventually, the necessary implements were made availabie
and a prqgramme of work wa-s authorised, the results of which are
slpplied to a joint sut>committee oI the Agricultural Reearch
Council and the Agricultural Improvement Council. The experi-
ments are carried out in association with the County War Agri-
cultural Executive Committe€s, usually tfuough theh Technical
Officers, and the arrangement works very well. The work bepan in
tbe autumn of lM4, and was confined to potatoes-a crop for-which
deep cultivation is considered verv important-with the lotlowing
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lour cultivation treatments: 7-8 in. ploughing; the sarne, with sub-

soilinE to a total deDth ol about 12 in. ; llls in' Ploughing; ttre

""-1]t itU subsoilini to a total depth of about l&90 in' Fourteen
cenhes were selectef, covering tha foUowing range of soil t)Pes:
.lav-with-llints. chalkv bouldir clav, boulder clay, London clay,
clai Ien. Lower Lias c[av. sand over l.ower Lias day, old reclaimed

".J""t alra sand heath. 
-Old 

Red Sandstone alluvium The results

io; th; 194445 t"*on were striking. The wide range of cultivation
ireatments Droduced no effect on yield, with tbe one excePtlon oI a
verv wet fieid where deep ploughing was beneficial' Nor were- the,re

ani notable diI{erences in the response to fertilisers with the

dilierent depths of cultivation. There is the possibility -that- rn

s€asons like'I94,4-4.5, which was lavourable for Plant grotth, culh-
vation differencrs, like manurial ones, will be smoothed out' . I he

exoeriments will. therefore, be continued. A furtber set ot deeP
;ff;fi;.;tftents on other sites and covering turther soil types

s'dn; iIi ttre autumn of 1945. Assistance has also been-pro-

;d"d-iF;;;.tt-inary study of the root rang9s oI growing plant;
ttrat may hllp to explain the effects of weeds already drscusseq

above.

A sicnificant extension of the field work of the DePartment
was an i"nvestisation of the relative efficiency and behaviour under
normal larm uiage ol various types of pneumatic t)'res and standard
ste€l wheels, and the effects, in differing soil conditions, of vanous

modifications such as loading, inflation pressure. Thg yo*.Y:
done at Rothamsted and Woburn at the ioint request of the5ntrsh
Rubb". P.odu""..' Research Association and the British Rubb€r
Publicitv Association. At an early stage of the work it became

nece*t.ry to devise a simple and accurate method of measuring

in" ii""L. performance over quite short runs, so that the- field
iesls could b; kept within a reisonable compass of time and area

isi l. fhe 
"Lb".aie 

equipment used for testing tractor performance
'iE unavailable, and in'any case was inapplicable in the Present
*orf.. nv fitting an auxi.ti-ary small fuel tant<, in wNch the fuel

"ooaorn"d 
could"be accurate[ measured, a number of separate

eioerimentt can be made and statisticatly analysed, the le,n$h -of
ruir in each experiment being only between 50 and 175-yards' the
recorded measurements of fuel consumed are corrected tor certaln

"".i"Ui. 
t".to.t, such as drawbar pull, gear ratio and, speed of

olouehins. and the corrected results give a measure of the tractor
imci-encti a"d. therefore, of the tyre performance in the particular
exnerimint. The method has since been adopted by other investF
gaiors. Its use in the present investiSation (29) brought out the

following points.

Tvre oerformance depends more on adequate ballast tlnn
inflat'ion Jressure. Low pr'essures were usehrl only in wet conditions
and wheri extra ballast is unavailable, and high pressures promote
.*cessire sIiD. Extra ballast, especially over the landside wheel,

whose load is reduced by the tilt of the tractor, improves the

"..to.-*."- Except Ior l6ose soil and wet turf, a large outside tyre
foameter is more important than a wide section. Wleel sliP, as

*oallv -".tut"d, gives values higher than the real slip' The tge
casing and tread aie compressed horizontally by the Pressure that
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the treads must exert on the ground to move the tractor forward.
The movement of the tyre on the ground is concertina-like, and this
reduces the effective circumference of the tyre so that it appears to
be slipping, although there may be little or no relative mo\€ment
between tyre and soil. Measurements of plaster casts of the soil
impressions left by a tractor running light and heavily loaded showed
that practically all of a measured " slip " of 8 per cent. was accounted
for bv the apparent slip just described.

SoIr, srnucrutt AND yolsruRE RELATIoNSHtps
Previous reports and published papers have developed the exact

physical picture of ttre way water is held and moves in a soil. The
theoretical and practical work of Haines. disclosed the hysteresis
effect, i.e., there is no unique or single value for the soil-moisture
content at a given equilibrium condition, and the actual value
depends on how that equilibrium is approached. Haines's work was

Y.ed on considerations of the geometry of the soil pore sPace and
the curvature of the water films, and was therefore confined to
coarse-grained material, such as sand and very light soils. Later,
Schofieldt gave a generalised treatment of hysteresis, based on
energy considerations, and therefore applicable to all soils, and he
also provided, over a wide range of suction values, experimental
proof of its reality. Subsequent work in the Department-has exam-
ioed and extended the experimental techniques available for
measuring the suction values corresponding to different moistue
contents (23). It has been shovm that an apparatus of the " filter "
type, i.e., a porous pot or plate containing water and connected to
a manometer, gives reproducible values for suctions up to about
4OO cm. instead of up to one atmosphere, which is the theoretical
maximum for these instruments. Measurements of suction bv the
freezing-pohtdepression method, on the other hand, are' not
relhble at suctions below about 4 atmospheres. The reason is that
the leezing-point depression is due not bnly to suction but to the
soluble sdts in the soil moisture. The lattei effect makes an appre-
ciable contribution to the total depression at the soil-moGlure
contents corresponding to suction values below 4 atmospheres, and
it is difficult to assess it accuratelv and so to arrive at thi effect due
to suction only. For use over th6 important suction range 400 cm-
to 4 atmospheres, thin absorbent plates of Portland stone have been
tried and found suitable. They are placed in contact with the soil
and their equilibrium moisture content determined. Thev were
calibrated up to one atmosphere by a suction technique, ana hom
one to 4,atmospheres by I'apour-pressure-depression measurements,

Problems of moisture distribution and movement concem not
only agriculturists. They are of importance to water-works and
irrigation engineers, to civil engineers and builders concerned with
the pressure and stability of foundations, roads, etc. From an
inspection of the considerable technological literature that has
trown up ar, o.und the engineering aspects of these subjects, under
the name of " soil mechanics," and from the nature of ihe requests
for help received by the Department from those concerned, it is

' J. Agric. Sci. (1030), Z),97-1I8.
+ Trdns. Third Iot. Coogress Soil Sci. (t03S).2,37-{8.
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clear that the part played by moisture distribution and movement
in their problems is not yel fully appreciated. A paper was, there-
fore, prepared, addressed especially to engineers, on the role of soil
moisture in soil mechanics (24), setting out the mechanism oI water
distribution as it is now understood.

Soil structure, or the geometrical specification of particle
arrangement, and its degree of permanetrce or imperrnanence are of
basic lmportance in the study of soi.l tilth and the modifications
produced by rveather and cultivation operations. The experimental
methods can be classed in two groups: (a) those which measure the
size distribution of the clods and crumbs in the soil, and their degree
of resistance to disintegration forces, (D) those which deal witb the
clod and crumb geometry the volume of pore space, and of air and
water in the porcs.

Some methods in the {irst group have been examined (25)'
Simple passage through a nest of sievcs gives informalion on size

dist;ibuiion of clods in {ield conditions, and on the effect of cultt-
vation implements. For the smaller sizes of aggregates-the soil
crumbs that characterise tilth some measure of their stability is
reouired. It is usuallv cunsidered that tilth is related to the more
resistant soil crumbs ind, in defautt oI anv absolute definition of a
resistant aggregate, the criterion taken is the ability- to rvithstand
slaking in watei. Some degree o{ empiricism is inevitable,,for. the
assreiates are not absolutely water-stable, and the results obtained
wll tlerefore depend on the way the slaking is carried out. The
&astic method bI slaking by sudden immersion in water was
compared with the genUe-onds of very slow wetting and rvetting
undir a vacuum to avoid the disruptive elfect of air evolution : the
choosing oI a particular method depends on the kind of information
required, e.g., if stability under flood-irrigation conditions is the
pr6blem, th; immersion technique would be the most suitable.

In the second group of methods dealing with the volume
measurements of pore space, air and water in the dod or- aggregaae,
a varietv of technioues is available for use with permeable stoneless

soils, brit for imperir.reable soils and, in particuldr, the stony " cliay-
with-flints " soil at Rothamsted no accurate method of a reason-
able simplicity has hitherto been in use. Existing methods' based
on formins an impervious coating around the clod oI soil, either
fail or haie a low accuracy for damp dods. A method has now
been developed (26) using 

-a 
liquid tiat is immiscible -with water

and that is'also iro"-pottt, so tiat no appreciable swelling oI,the
dod occurs. Parafin was lound to be suitable, after purifica-
tion by shaking with firely divided damp soil and then with dry
silica iel. The"moist clod- is weished in 

-air 
: then it is immersed

' under"vacuum in oara.fin which replaces the air in the clod and it is
weighed in the DlrafEn: finallv ii is weiehed in air when full of
p".im". e simpie calculation iom these lhree weighings givq the
iotal clod volunie, tbe volume of air and the volume of the soil par-
ticl€s Dlus the water, from which t}te water volume can be obtained by
a subiequent determination of the volume oI the soil partides. -The
accuracv o{ the field-volume and air-space measurements is at least
O.l per'cent. By bringing the clods to equilibrium with water.at
trpo'definite suition values-the well-drained or field-capacitv
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condition, and the wilting *#- -.r"*u-ents of the watera ilable to plants can be hide. Tests of the soil from the farm-
yard-manure and unmanured plots of the classical field experiments
at Rothamsted show that the long-continued appticationi of farm-
yard manure have increased the ivailable watei in the toD g in.
by about 35 per ctnt., although in the airdry condition the air
space in the clods of the manured soil is less than 2 oer cent, sreater
than that of the unmanured soil. An interestine diife."n"" dt r".r,
the top soit and subsoil of the manured area"is that the natural
shrinlage on drying is much greater in the subsoi.l. The effect is
not yct fully understood, as it cannot be entirely accounted for by
the difference of organic matter content.

Propcrlics oJ soil lartides. Of the various fractions of soil, clay
is the most interesting and important. It consists of all particles
whose diameter, as calculated from Stoke's I-aw, does nol exceed
2p or O-O02 mm. It has loug been apparent that subdivision
of the clay fraction into groips of sir'aller diameter limits is
desirable, because the properties are not distributed evenly over
the diarneter range: in general, the finer the partide the more
marked are the properties. In the usual sedimentation method
of mechanical analysis, impossibly long settling times would
be needed for the sub-divisions if sampling were- carried out at
the normal depths. A study (2?) has been made of the use
oJ much shallower sampling depths with their correspondingly
shorter sampling times. It wa-s shbwn that the standard ippara[G
could be employed at a sampling depth of only 2 cm. instead of
the usual l0 cm., without error, and that with special fine..ooint
pipettes, e.g. a hl,podermic needle, sa.mplings as sha^llow as 2.imm.
can be made. These factors, coupld \Mith the use of a constant
temFrature enclosure to prevent convection currents, have made it
possible to obtain sub-fractions down to a diameter oI about 0.1p,
which corresponds to a settling time of I1.5 days for I cm. In fact,
the limitations to further sub-division lie more in dificulties with
the dispersion than in the sampling technique itself. Using caustic
soda as dispersion €ent, the tirst effects are the desir;ble and
necessar)' ones: adequate dispersion and stabilisation of the clay
particles. But with increasing soda concentration the particles n-o
longer settle independentlv, aod the suspension behaves'like a weak
thixotropic gel, 11d, at a later stage, 

-loses its homogeneity and
practically fl occulates.

In addition to the scientific aspects of suMividing the clay
fraction, it is likely-to jufue by some preliminary results--that
there will also be agricultural aspects of sigaificance. Size dis-
tributions in the clay fractions have been determined Ior clay soils
from different formations. It appears, for example, that the Weald
clay-which, although dificult to work cracks less than normal
cLays, such as the Gault-conta.ins less cLay in the finest fraction.
Again, fruit soils on the Triassic and Old Red Sandstone formations,
often have a lower proportion of the finest clay particles than pasture
soi.ls on this formation, although the total clay content is much the
same.

Examination of clay particles by physico-chemical methods has
shon-n bv means of chloride-retention studies that positive charges
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as well as neSative ones appear to be associated with the clav
particle (28). The observation is of importance, because if, as
seems possible, positive charges are present up to pH 7.b, they
may affect the power of the clay to ietain nuirient-ions such as
plrgsphate. Further, there is some suttestion rhat thixotropic
effecls are promoted by the positive r-harges. in which case they
would have an important role in determining soil structure. Thi
nature o{ these basis groups has yet to be worked out, in par-
ticular, whether they are an integral portion oI the clay properjn
w_hich case they should be related to the structure as- revealed by
X-ray arlalysis'---or whether they belong to the small amount o{
amorphous material associated with the day.

Orgaric malter- Physico-chemical studies of soil organic matter
show that, like clay, it is a highly complex material. Gnsiderable
progress has recently been made. When measurements were first
made of base uptake by soil as a function of pH, it was observed that
more Ca(OH)1was taken up than Ba(OH)1, and more Ba(OH), +han
NaOH or KOH. This non-equivalence was used to combit the wiew
that base uptake by soil was a.nalogous to the neutralisation of an
acid. It has now been shown (29) that solid substances, such as wood,
peat and their constituents, exert buffer action simply by virtue of
the dissociation of hy&ion from specific chemical groups. It has also
been shown that some relatively simple organic acids, ;uch as acetyl-
acetone, exhibit non-equivalence of alkali uptake or, more exactly,
exhibit different dissociation constants according to the cation of tie
alkali used to neutralise them. The cause has beCn traced to the for-
mation, by co-ordination, of a chelate compound with the ion, These
compounds can only form when tbere is a particular molecular
configtrmtion, and it is quite reasonable to suppose tbat such con-
figurations ex.ist in soil orgadc matter. Thus a phenomenon that
appeared to challenge the rational interpretation of buffer action in
soil organic matter can norr be used as a tool to assist in unravelling
the details of the structure of these and similar complex materiabl

Grro *o*r.
Earlier studies on the measurement of soil colour dtected

attention to deficiencies in the standard colorimekic instruments,
especially in the translormation of the experimental values to the
international scale (C.I.E.). Dr. Schofield (30) has devised an
addition to the Lovibond Tintometer-arr instrument in wide use for
measuring and recording colour-which overcomes this diEculty
and, in addition, greatly simplifies the process of transformation tL
the C.I.E. scale. The device is now a standard feature of the
instmment.

PUBLICATIONS
l. KEEN, B. A. 1940. Weathet a. 1l ctops. Q. I. Roy. Met. Soc., 66,

155-166.

Presidetrtial address to the RoFl Mereorological Society, lg40. A revie*
of progress made ia the study of the eflects of seasonal rveather variations otr
platrt growth sitrce 1900. The resulEs oI the closer mathematical examination
o{ crop-weatber relatioDships, origiEated and developed by R. A. Fisher. at
Roth3,msted, are brjelly outlitred. The possrbilities-a[d [imitatrons of pre-
diction formulae for yiads are discussed._
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,- PsNriAN, H. L. 1940. Mctcorolotical arrd soil fuctorc alfcctirLg
etapoftlion Jrorn fdllou so;I. Q. l. Roy. Met. Soc., 66, 401-410.

Usi-og the cotrceptiotr oI natural periods, {or which the dillereuce betweeD
raiDlaU atrd draimga catr be equated to the evaporatiotr, the EeaD daily rat€a
of e poratiotr tom a block oI lallow soil at Rot-hamstad ate examhed for
94 periods v'aryinC itr letrgth from l3 to,16 days. In seeking correlatiols siti
sinite daity meteorological ob6ert'atiotrs two tyPes oI treatmetrt are eEPloyed.
f- the vear is cotrsidered ia tbree seasons of four Eotrtbs each--5uEoet,
rinter ;ad two equinoctial pairs oI Donths---_aad it is shown tbat atr alEost
complete descriptiioa of evaporatiotr catr be obtaiaed in terms of rainlaU ody,
the trature ol ttre coEelatioE rarying ftom seasotr to season- 2. A gelei"al
treatment is attempted itr physical terms, cousideritrS evaPoratioD as due to
diftusiotr across a notr-turbuletrt bouadary Layer whose tlicloess is determioed
by wiad velocity, the 6oil surlace beiDg assuEed to be continuously at 100
per ceot. relative humidity (R.H.), The Setreral atreemeEt betweea observed
itrd predicted valu6 is very good iE leinter, The sumIller data are shown to lie
betwreetr the theoreucal limits imposed by the assumptions of (i) coatinuous
100 pe! cent. R.H. at the surface, atrd (ii) a stedy rekeat of the l0O per celt.
R.H. tayer into the soil. i.e., no upward movemeDt oI liryrd dulitrt thc
el.aporaaioD proc*s.. The coosiderable scatter itr the data is attributed partly
to the inadequacy of silgle deily meteorological otrservatiotrs but chjerly to
the l,ack oI howledge ol the co[ditions existiDg at the soil surface.

3. S^HNr, P. N. fg,fl. 7-k rclalion oJ draiiqc to nirJall atd olhct
.t orological farl.ors. J. Agric. Sci.,3l' llO'116.

Natural drainage periods, i.e., periods between cotuiecutive cessatioEs oI
flore ol the Rotiaasted 20 itr. drain gau8e, were selected lor the Dotrtbs oI
JuDe, July atrd August. Atl p€riods of Irom 2 to l3 days were teker.

A curvilitrear relatiotrship betweeE the dilferetrce of rainlall and dr4inage
(deficit) aqd rainlal was established.

Residuals frora this cErve showed tro appleciable corelation wjth the Beatr
air teEperature, but there was some slight evidence that tle deficit rvas
ircreaseal by a decrase ia relative humidity or atr in6ease itr wind velocjty.

lAe tesidualg show€d littte correlatioD rvith draiiage durjog the previous
three wee]s.

4. PENMAN, H, L. and ScsoFrELD, R. K. l9{1. Dratnq. ar.d ato?ototion
forn fa&olo soil, al Rot ar*sted. J. Attic. Sci., 3l, 7+109-

There is a seasotral cbal8e in ftre drainage relrcDse after rain which cao be
almost wholly ascribed to viscosity chaflges arising from seesonal changes o{
soil temperature.

Natural periods catr b€ choseE over which tbe difleretrce beb eeD raiIrlall
aad diainage catr be equated to the evapoBtion. Good app.oxiEatio[s are:
periods oI a ye4r, six motrttrs, or lotrg series meatr oI individual caletrdar
molrths. A single calendar mont]l will rarely apprcximate to a tratural p€riod.

Summer ei'aporatioo is two to tiree times as great as witrter evaporatio! ;

tle lormer is deFodetrt atrd the tatter indepe[deat of rai all- Coasideration
ot the ph,'sical baeis of el'aporatioa in relation to the v"apour pressure gradietrt
iB the air immediately above the soil suiface britr8s out tlrc louowiag poilts :

(a) Itr wi,lte! the soil do€s trot dry at the surface. Winter evalrcratio[ is,
therefore, much the same as would be obtaincd ,rom a *ater $Irface atrd extra
rainfall does trot alfect it.

(b) Io summer the sur{ace rem,ins moist oaly for a short tirne alter raiD
has falletr ; the air gradieot is then much stecpcr thaa itr Eiater. For the rest
oI t-he time the surface is &ier a l there is also a valrcur pressure gradieirt i[
the soil. Ilelce (i) tlere is Bore lapid erraporatiotr while the suiface is wet;
(ii) t.be t tal aoount of evaporatioa is depeDdent upon both total rai-nlall and
otr its distribution io tiDe; (iii) the later stages of evaporatiotr are Eore
depeadeDt upoD soil coaditiotrs than olr air cotrditiotrs, and (iv) the total
evaporation is much less thatr from opet water.

(c) An adequate descriptiotr oI et aporation in all seasons may be obtaitred
from howledge of the difreretrce in the partial pressures of ttre r-ater vapour
ot the air in and above the soil surlace. Itr tie general evaporation eqoation
this terE is the Eost importatrt, and the impossibility o, repres€trting cha[ges
in it in terms of chaDges oI rainfall and mean air temperature aloBe accoutrts
,or tie apparent 4nonralies itr the results of previous statistical treatEents.

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-1-87 pp 13

43

6. PaNx,{N, H. L. 1941. Laborurrly cra.rim?nts on do,orari.n hor*
Ia ou soil. J. Agric. Sci., 31,1u-166.

kboratory eqr€rimeats ot evaporatioa torn Ir€ety d.ra,hed soils arc
described. Utrder " isottrerroal " conditioqs (i.e., tlle soil i8 Lq)t at air tem-
perature, apart Aom surtace clolitrg, prodEced by e lroratio[) cbaracteaistic
n itarrT field bebaviour is obtaited, eve! shea the aL dryitrg I,o*er is greater
ttrad its rormal E!8lish midsummer value. Cbsr&teristic sblri., ,ield
behaviour is obtained wheE the rapid drying ot a thitr surfa.e layer is achiev€d
either by using arl extiemely hith air temlxrature [Dder " isothermal " con-
ditiols, or by raislng the surtace teop€Iatute by Eeaos ot radiafiotr-the
aortlral method itr trature. The effect oI a bjth salt concelliatioa itr tbe soil
watar is shown to lead to Sreater evaporatiotr losses atrd to a teadetrcy Ior the
salt to concetrtrate itr tie more salty patchea.

It is suggested tlat oulching wiU ouly be betre{icial durint tie isottrerf,al
part of ttre year, i.e., whetr soil surface aDd air teEperature a.re 4pproxiBately
equal, aad tiat it will have little eflect on water coDaervatiol where the soil
wi.ll be self-llulched by the actiotr of summer suuhine. Tbe caus€ of this sell-
mulching actioA is brielly cotrsideted ir the light of ou, lidit€d kDowledge ot
soil water dyEaDics ; it appeals to dep€ad otr the exist€Dc€ of a duel mecbanisE
ol rrater Eovemetrt iB soib--as ljquid and as vapour-the ratcs ol moveEent
b€iog very differerrt futrctiotrs of moisturc cotrteDt ald moistore gradietrt.

6.-' PENXAN, H. L. l9{3. Doil! and s.asonat chont.s in tk sttlacc
tent?crahrlc ofJdllout sdil, dt Rotlvmst.d. 9. J. Roy. Met. Soc., 69, l-16.

A metiod oI obtaining contitruous records oI soil surlace temperature is
d€scribed atrd 15 montb3' records are discussed.

The relatiotrs betweetr surface atril sub-surfaae teEpeBtures are briefly
coftidered, atrd thetr, iE Drole detail, the irter-depetrdetrce of soil surlace aad
ait teEp€ratures is examiD.ed. At all sesons the soil teloperature is i! pbas6
with sola,r radiatio[ whereas the maxirrEm air temperature is delayed; tor
air maxima below 52"F. the daily range oI soil surlace temperature is approxi-
mately tie saEe as tiat of the ai! teEperature. Above t]ljs tireshold the soit
surtace marillEm itrcreases t$ice as rapially as the ail eaxiauE. Using ttris
\ralue of the air lBarimur!, 62'F., to divide the year itrto two s€asons, it is
fourd that ttre witrtei aid guEmer periods so separated aie the same as those
previously obtaiqed IroB the criteriotr: s€asoDal evaporatiotr is equal to or
less thaD that trom an opetr water surface. Interest is primarily ceatred otr tbe
surDmer seeso!, in which the soil surlace teEperature exce€ds that of the air
Ior a considerable part ol ttre day, atrd for a laitrless sumErer period oL days
an atrticipated relation o, the lorm lE : at ) where n : 3, a is a cotrstaat
ald :E : the total e poration, is cotrJirmed from the Rothadsted records.

The efiect of t.he diurual oscillatio! oI surface teEpeBture oD germinatin8
seed is briefly discussed.

7. SCI]oFTELD, R. X. l9{0. Note ol the freezitg oI sorJ. Q. J. Roy. Met.
Soc., 66, r67-170.

A short pape! dealitrg wittr ttre cold weatier of early 1040, aad expl,ini.S
the soil teEp€ratu.re observatiotrs itr tctrms oI the tat€r toovement witiitr soil
iltaGtices oI differin8 sizes tiat occuE 1rhen ice Iorms, and the latelt he3t of
thawing.

8. P8NMAN, I{. L. i940. Gas and aapol, ,tot.n.nls in th. soil. I. Th.
dilJltsion of wpot s lhrolgh porolts soliils. J. A8ric. Sci., 30, 437-462.

Th€ depetrdeace of the coemcietrt oI diffuslon, D, uPon tie porosity, S, of
a gratrulai solid is itrvestigated experiEedtally. For steady state coBditiotrs.
usiag carboa disulphide aod acetone a'apours, it is shown that a curve cotr-
Eecting D/D. aEd s catr be drawn which is indepeldelt ot the treture o{ ttre
solid, ib Eoisture contetrt a[d, withitr limits, its texture. For a, limited range
oI \.alues of s (0.o<S<O.7) a Sood approximatiotr i8 D/Do - 0 06s alld over
this ratrge the diffusioD coe6creDts are larger than thos€ loutrd by BuckitrthaE
Ior carbon dionde.

InvestigatioD oI the noo-steady state sho*'s that iD soils the attainmetrt
ol pressure equilibriuE is retarded by adsorption, attd it is suggested that
BuckitrghaE's low values for stBdy-state cooditiola catr be attributed to
premature obsen'ations oI the diflusioD ,ates ; the steady state had probably
lot beetr attai4ed when his measureEetrts were made.
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9. PENxAn, II. L. rc{-. e* ol oop*r movetrctrts itt the soil. ll. Tk
difllts;on ol carborl diorid. lhrough Porot s solids. J. Agric. Sci., :}{)'
67G581.

ADDaratus Io! measurinE the rate o, diffusioB oI carbotr dioxide tircu8h
sraau'lir solids is described- and the results obtained with it are shown ta
ioolo.to to the curve crDtrecting D/Do and S previously obtarned for carbon
disulDhide atrd acetotre. The equation D/D^:o'6GS, vhich it is sugg6ted
shouid reolace Buckinqham's eqiation D/D: S'. is appU€d to a discussiotr oI
soil aeratioE, and it ia shown ibat at all pomsities tbe rate oI diflusiot of
carbon dioxide from the soil is suffcient to accouDt lor Eormal rc3piration
without invoking the assistaoce oI meteorological chatrges. A {urther aPpti_
c.tio8 of the eqoatiotr to water rrapour Bovemetrt in soils is briefly dilcussad.

pap€r by O. V. S. Heath. Au!. Bot., 5 (NeY Seri€s), ,15&500.

ll. PaNt 
^N, 

II. L. 1942. Thco4, of poroi.kls tsal i,t Itc shadf of
storialzl ,noocrncirs in lcat).s. Ptoc. Roy. Soc., B., f30, 416_434.

The mathedatical theory of porometeG, as used by GreSory aod his
collaborators lor tbe stody'of stomatal moveoents in leav€s, is givetr iot
viscous atrd diffusive flos ot 8as€s. It i8 sho$[ that utrder certain cotrditions
the theorv aDDlies to both kinds ol xas movements ; a correcuoo is ilclud€d
for those'cas; itr which the basic aiumptioDs for diffusiotr are trot rcalised.
From determinations ol the total lea, t€sistatce to gaseous flow the con_
dsctance o, the stomata caD be foutrd i{ the InesoPhyu resistance is Lnos,E.
The importance of thls quantity is discu$sed and deBo[strated, methodr of
m€asuring it are suggested, atrd possible checks upoD thc reliability of tlle
r.sults are descriH.

As aE illustrstion, the theory is applied to soEe hitlerto uDPublish€d datr
oa two p€taryoniurtr leaves ; the tf,eotrDetrt Sives r€sults that ate intrEally
colsistent- atrd deduced rat6 oI assimilatiotr are louLd to be o, the same ord€r
ol Eagnitude as those observed itr prectice.

12. KEE!r, B. -{. 1942. Soit physics : tkor} aid fra.tic.. l. Rtry.g*..
Arts, 90, 54F5?9.

Thc Catrtor I-e6tor€s to the Royal Sciety o{ Arts, 1942, dealilt witt (a)
soil physics ; its scope i[ agriculture; (b) soil cultivatiotr- -art or scieoce I
(r) culti!'atioE atrd crop yields.

13. KEEN, B. A. Ptotrrss in lhc lridzrncltol stct, ol soil, soil ,rois,n,a.,
and soil tillqc, 19141946. (Io the press.)

A paper cotrtributed to the Pi'8olov Jubilec Scietrtific Scssio! oI tle
Dokuchayev Soil Itstitute, Mosco.\r.

14. KEEN, B. A. t038. A/. daltita,iois otctdoic ? J. Mitr. Agtic.. 45.
045-652,

A suEEary oI the Rothamsted u.ork oD cultivatiotr up to l93E otr 9ub.
roi.tiEa, exb'e ploughings, seed-b€d cotrsobdation. itr&Esivc iDter-ro' culti-

tioB of root crops, lollilg ad b.rrowiry, depth of tilage and rotrr,
cultivatiotr.

16. RossaLL, E. I!1 1945. Wl4l Nc lh. mir;rr*m daltioaliotat ie.ss,'y
fo, high Jarning ? Proc. Inst. Brit. Agtic.. Etr8.,3,99.lll.

A suEhary of ttre cultivatioE sork up to 104,1 shos'itrt tiat agdcultuGl
crops are far morc s€rsitive to se€ds tia,tr to tilti, atrd herce tiat eady h@iqg
(a.Dd po6sibly ileep plou8hiry also), by 8ivitr8 Sood coqt:ol of we€&. i8 vtry
iEpodalt. It is furtle. suggested that the crop itseu catr becoae aa eiccllent
cultivetor of the soil, lor a crop sowu itr good time atrd givea Eally adcquatc
drcssitrgs o{ Eaqure atrd Iertiliser, will preveDt weeds developiqg ard $iU
forestali the itrtetrsive cultivetioq proSr.mEe that patchy a[d hdl-starved
croPs need.

16. KEB}{, B. A. 1942. HocirA. l, Roy. Hort. Soc., 67,323-328.
A revic, of tn€ rcsutls oa hocilg oI larlrr crops wit-h reletetrcc te ttcir

.pplic.tioo to horticoltut"al prrcticca 6trd ideas.
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17. hR !RA, H. C. t941. Cral r26?orts. lo inl.|-/ou lilldg.. F,$p. t.
Exp, Agric., 9, 29-a2.

Itrter-row tiUage of clops has treetr tcstcd iB the U.S.A- by aaay siEpL
li€ld trids with oaize, arrd by seveial well-repLicated modet! kials sith
martet-gardea vegetabl€s. The results have sho$'n the maiateaatrce oI a soil
mulch bett eetr plalt-rows to bc of little importance in the absence ol weeds-
The experiments emphas:sed the importance o, weed-destructiol. British
cvideDce otr itrter-row till,ate is scarce, but the dat3 available con{irm thc
fildings o{ ttre Arllericalr workers.

18. PEnEtB^, H. C. 1941. Stadi.s in soit cullitrdlion. ly.. Th. .1f.., ol
t^lartolo ,illagc 0L tic yi.A of folalo.s. J. Agric. Sci.,3l,212-23I.

Th€ c4r€f,imetrts cotrducted in the yeals 1937, 1938 aad 1939, itrdiete that
for a *etirained saldy [oam, utrder a considerable ratrte of DoishEe-supply
conditions, maitr-cmp potato€s do not respoqd iD the abs€nce of weeds to
ridging-up, or to deep or ,requerxt itrtet-ro*' grubbitrSs, by atry irrcfease in
yicld or in th€ percetrtage oI ware. The croP sholr'ed successful Po\rers o,
sdaptatiotr to a raEge oI contrastiDg itrter-row tillage treatmetrts.

The potato crop showed considerable seDsitjvity to weed comPetition ir
tb. early stages of gro*th. This indicates that it is o, great imPortaBce to
maintaitr the crcp itr a we€d-Ilee coaditiotr duri4 this eatly Period.

Inter-row tillate op€ratiotrs otr this t,?e oI soil should, therefore, bc
dcsigned to destroy *eeds atrd to provide Eoderate cover ,or the tub€rs-
Iatensification ol such tiUage beyotrd these liEits is trot ot direct bele{it to
tbe plants.

No moisture-cotrserr'atio[ eflect oI any imlrcrtaace lras produc€d by .gir. soil aulch duriog dry wcather, €veB when the vater-table Lay withitr
4 ,t. trom thc surrace.

19. RussBLL, E. W- and KEEN, B. A. lg1l. Stud;es i* soit cdtisotioi.
X. Tha /cstlts of o si'-rcor cultiuation c*Petim.ttt. J. Agric. Sci., 3l,
32G317.

The resulls of a six-year cultiriation rotation experiEc[t ate 8iv€o. Thc
.otation used l,"&s wheat-man8olds-barley aEd the seed-Ms ,or these wcrc
paepared eiihcr by ploryhing, usin8 a rotarlt cultivator or a ItactordraY.tr
gtubber.

Tbe yields o, ttrcs€ crops were barely influenced by thc d€pth oI PloothitS,
a { in. deptb Riving throughout the six years just about the same yield as eE
8 itr. depth. The matrtold crop wa-s possibly a little l,arger otr the deePer
ploEgbed plots.

Th€ Eean yiclds of the sced-beds prepared e.itb tbe tractor{raw! grubbcr
or cultivator Iollowed by harrows, etc., were lower than the Ploughed se€d-
beds lor all the crops, and ttlis was particularly so otr those se€d-be& FeParea
ty only one Snbbing doIItr to 4 itr. depth.

Thc Eear yieldt otr the seed-Hs PrePared by tbe rototiller scf,c loYG(
tla! oE the plougbed seed-beds lor wheat atrd maoSolds. L the secd-bad wat
DreDared by rototiUage to a depth o, 8 itr. by 8oiog ovcr ttre land trice, tha
j,iefu oI barley was ttre same as on the Plouthed seed-be&, but was deti-!.itely
icss oa the seed-bed rototilled ody olce to 4 iD.

Sccd-bed,s prcpared by the rototiler or Srubber have only a $!all r€sidtal
clleci otr tbe crop yields in the foUowiDg year.

It is cotrctuded 
_tnat 

the primary functio[ o{ Ptou8hitr8 is wc€d coakol, and
that it is o y advisable tobmit plou8hiry either i{ the laqd is aL€ady ,3irlf
cleatr or iI the crop wiI be hoed very early oB itr its developEelt.

For wheat aBd- Barrgotds diffcreaces iD we€d itrfestatiotr of thc seed_bcd
f,cre probably oI greatet importarce than differerc€s ia tilth itr so Ia,r .s tlle
crop liiaa .ai conccraed. The teyels€ mey h.ve b€ea true lor barlcy.

20. RussELL, E. W'., KEEN, B. A. ald MaNn,II. H. l9{9. Studiesii soil
csttildtion. xl. Tt, .Ilccr ol in.t'rilhgc on li. stgar b4, cro?- l.
Agric. Sci., 32, 330-337.

ExgcriEeBts o[ tbc effect oI iatcr-row cu]tilatiot! ol sutar beet, caricd
out in'the three years 1930-41 otr a s.Ddy bom, led to tbe IollorriDg r€sults:

(l) It the soit lutrieats are jn lhort supPty hoei.oS ot hatrd-EecdiDg
iacraises the yield of the bcct, ProYided these o?eratioB are carried out bc(or.
or shortly alter siBglirrg.
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(2) Hoeiq is morf elleciive thatr hatrd-weedlDE, but it caD.oot vet be sailwitl certainty whether this is due catirely to rnoltemcjetrt e€€d d-estruction.
or wbetle, ttrere is some additional ettect. such as mulching.

J3) -It 14€gua!9 quaDtities of soi.l nutrielts are pres€trI, ilt 6-row culti-
v-atiou has ljttl€ effect on yield, and the clop catr toleizte a .o8iderable w€€d
rDlestatior without atrv effect on vield.

Th€ results for sug; beet oa tf,e heary clay-pittr-flints soil at Ro*.h.lcd
show :

(l) AdditioBl hoeings after singlilt, above a modest midmum, havc
eitler tro efte\ct otr yield or else depr& it.

. -(.2) Oo the otre occasion wbeo pre-singling cultivatioos were given, thc
yield w'as ircreas€d.

(3) I! cotrhast witl t]le Wobum results the efrect o, cutti!,ation does not
v'ary with the level oI loatruring.

91. RussELL, E. $'. atrd HrNE, H. J. 1941. On rqca$.rinp ttt. cffcicncy of
a l,acla, by ils fucl colsltmption. E'trrp. J. Exp. Agric., i, 9&[0. - '

An investigatiotr has beetr made oo bow accurately the fuel cotrsuEed bv a
Eactor ruEljtrs over distaDces of 2 to 8 cbains (44 to f?6 laards) cas'be
measDred. It ha-s beeD show! how the crude measuremeqts ca; be 6orrected
for certaitr \rariable factors, atrd that whetr this has b€en doae it is comDara-
tively easy to Eeasure the fuel consurned to about 3-S Der cetrt. Der m;.

Examples are giveo of the kind of r€sults tbat catr'be obtaia'ed and the
precautio[s that must be taken to eDsure that the results ate correcdy
iBterpreted.

22. RussELL, E. W., HINE, H. J. atrd KEEN, B. A. 1942. Th. cflrcicicl,
ol Pncurrla!rc tvrc.l t,attors {ndc, fan cond;tions. I. Agric. Sci., 3i,
t-42.

(l) Increasing the ballast oo pDeuruatic tyres, up to a certai_u weiqht.
iEproves the tiactor performaoce as judged by its sp€ed. ,uel consumoiion
ald wheel slip. Further iacr@ses beyond tbls point cointinued to decreas; the
wbeel slip wthout baviEg atry marked eriect oi its speed or fuel consumotion-
No certai[ e\.idetrce was obtained that too bevy a balast decreaseil the
tractor's effciency.

(?) The t're load affects the maximum pull the tractor cau exert while
working reasoEably emcietrtly, but this pull do€ lot dep€od Earlcdlv on thc
qreed oI work. WLeel weithts oI about l2-l3 c\It. seem to be the niiaimua
required for optimEm Ilerformaace oI the 36 or 28 ia. t!.res at Dulls oI l.glx)
lb. utrde-r-failly good groutrd conditions, alld possibly a g;eater wiignt may Ue
required by the 24 itr. tJ/Ie.

(3) L the t-actor is-ploughi_ug it is usually runEitrg trlted, aad rhis tilt
traEsfels sufhcient ueight oa to the furrow sheel Ior lt to work emcientlv
under Eost cotrditioDs. Additiotral balast is, however, ofteq aecessarv for thlr
lithter latrd-side wheel. -

(4) Tyre perlormance is much less dependent olr ioflauon Dressure than
otr ballast. Pressures below lO lb./sq. iD. were ooly ot use in \iet cotrditioD!
when small amounts of additioDal bauast were not a!.ailable. pressures at ove
12 lb./sq. 1tr. Bay alow excessive slip to take place atrd Drobablv otrlv tre€d bc
used otr the furrow s,hcel of a BeU-loaded tractor oloushirs ' '

(5) The efiect of poeumatic tyres atrd staEda;d #eet "wleels oa tractor
aod wheel performance depends otr both tyre diatueter atrd tvre sectiotr. alrd
varies also witb tle t ?e of soil and its cotrditioo. In geoeral, a larse outsidi
diaEeter {or a tyre app€ars to be more iEporta.ot tha; a wide secti'on for all
except loo6e 

-soil 
cooditiotrs ard po&sibly wa slppery turf.

(6) The luel coasumptiotr pcr acre *1as higLir ior tle tractor workjnc in
bottom than itr second gear, atrd thjs effect &o account lor about hall"the
di.ffereDce itr fuel coasumptiotr betweetr the 36 aDd 24 itr. tyres. This is Irot an
elfect oI speed oI vork, for the fuel coGumptiou wa_s indeoendent oI tle soeJ
of work within this ralge it the speed was varied by aiterus the eov;-aoi
setting oa the tractor etrgine but keepitrg the t-actor t; secotrd-sear. "

(7) The tractor fitted wiftr poeuEatic tyres was able t-o ptou;h or cultitate
as well as whetr fitted with steel wheels under aU soil cotrd_itiois with onlw a
tew exceptioDs, notre of whicb could be examitred in detail owias to tle tia'trs-
Itory extstcnce of the uuravourable soil corlditioD-..
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,3. l)AvrDsoN, ^4.. L. C. and ScttosrtLD, R- K. 1942. M.assr. .n, oI,hc
sLclion o{ soil uohr bv Po a t ston. &sorb.rs calibroteil by 4 rtro ,rtcthod

lot d.rcrhinirrg rap;w pt.ssl,,res rt.4r to sahttation. J. A8ric. Sci., 32'
1t4-427.

( I ) A filter apparatus cautrot be retied uPoo to Srve a correct reading oI the
sucdio'n oI soil wiier when tlis exceeds about 40o cm. ol water.

{2} Owins to the cotrtributioo oI dissolved rratter to the freeziog-poitrt
deoielsion tli suctior in a soil of aormal low salt cotrtent catr ooly be obbined
Ircim the {reezitrg-poitrt depressiotr with reasonable accuracy when it excatds
about 4,000 ce.-oi *ater (freeziat-Point dePr€sstol Sreater tlBD 0-'3"C.)..-

(3) SuctioDs itr the raage 400 io 4,000 cm. bave beel measured with the
aid ;f calbrated absorberslonsistiag of thin Plates oI Portlatrd stoae

t4) The plates were calibrated ilp to 1,000 cm. by the aPPlicatioa of
suction tbroirgh a filter, and above !,00O cm by measuring the vaPour_
oressure deoressioE bv a new technique,' {5) wh;tr aootied direct to so : the new vapour-pressute techtrique ls
rnorL i.eti.Ut" tlii, tt e freezing-poitrt method, atrd catr be aPPlied to materials
which do Dot exhibit a well-delired fteeziDg-poitrt.

a6) A suitable soil was wa-shed free Irom salts and brought to l'00O cm'
.u"dio'o uo 

" 
Iilter. MeasureEetrts o, the vapour_pressure dePressioa atrd the

freezitrg-poitrt dq)ressiorl checked well with the thermodltamic forEulae'

,4. .SCEoFIELD, R. R. 1943. The rotc of rnaislAtu in soil flechani,s. Chc6'
Ind., 62' 339-341.

This DaDer is addressed to etrri.Eeers colcemed with soil Problems. lt
outlines ibri presetrt-day coDceptio-Ds on water distribution and movemeDt,
.aa it" ra"t6" u toil f,ropertiis such as Pore sPace' base'€lchange, snd tbo
bearing of these on Practical problems.

'15. RussELL, E. W. aDd TaMtt^NE, R. V. 1940. Th. dcle, italion -of
thc size distribtttion of soit clods e t cn mbs. J. Agric. Sci , 30. 21G23'l

(l) It is po6sible to determire the size distributiotr of clods in the field by
s,miii, sie";;e of the soil wittrout atrv pre'treatmeot Provided the soil is trot
tm'm-t The; is a DersoDal tactor hvolved iE ttre sievilg' but \rith care a&l
tainitrc this will aoi affect comDarisons o, results obtaioed by that Person'-- rzi'tl.- aDDears to be no 6est method for detenddng the size distri'
t"ti"i ot trre solii cr"mb6. i.e.. of the '\rater'stable aggr€8at4s itr the soil The
method aad the techtrique must be chosetr so as to Eive the Eaximud amiutrt
of Es€fi in ormation. 

_If 
aE appreciable ProPortiotr o, the, crumbs ate larget

thetr I mm.- a wat€r-sieyioe m;tiod is practically essetrtial.
I3i The metlod of wetEne to be u-sed catr otrly b€ choseD from a coD-

srde;ltoo oI what itrtormatioi is waoted. lf Po&sible it would be desirable
for setreral DurDo6€s to us€ both a very slow or a vacuum wettlng tecb'orque
ara"a very iapid wettiog techoique such as wettitrS the soil by immersiol ir

ra i rn a"cisoo *u.ther air+v or field-moist soil should b€ used depetrds

""tiijy oo tli inlot*tioa needed. For Eetreral PurPoses the use oI ardry
soil is recommetrded.---rsr ii rt^. t".n found Dossible to seT,arate the crumb fractioas of Rotham_

st"a' J"it i"to crumbs aqa satrd partiiles by caretuUy disPersitrs t'beE itr a
bro oforE solutiotr of the correcl de$ity. The cruEbs float atrd the satrcl

oartides sinl.'-ioj-e ooia -"tlod o{ olercomiog this dificulty of distinSuishiog beb'l"een

cr"i6s aad'sad particles in a crumb fractiotr is to determitre the proPortron
;ith;tt"I- b**;"ha,nse capacity of the soil that is iE each crumb fraction'
S.t"ia-" p"i-xi"- eiUonite oetlod tor doiog thjs is described'

26. RussELL, E. W. aad BALGEREK, W. 1944. The deletmi"alion ol thc

@k mc and air s?a.. ol soil dods. J. Agric Sci 34' 123-132'

A oethod is described for d€termhitrg the lield volu,De atrd the, air sPace

of a clod ot aqv sbape bv ,i[iog its pores with a hydrocarboo oil, such as

i-"".m.L t"Gi-. a"a diterminine iti weigbt io tbe oil atrd i! air beJore and
ifter imprepatiou. The method aPiears to work well lor clods oI aDy moisture
conteDt.-- 

iUis metUod is showtr to tive valu€s ol these voluo€s eBtirely cgmParable
*itl it *. given by the oth;r accurate methods descriM itr the liternture'
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Its accuracy ,or clods of Rotlamsted soil, weithing b€hpeca 20 atd 5{X} g-
\ras Fobably I part per thousaad, i.e-, 0.1 per ceit.

The method has beetr applied to the deterEiqatioa ot the allaitable water
held by a soil atrd has been used to illush'ate the ellect ot long-coltitru€d
applicatiotrs of farm)'ard Eatrure to a soil ilr itrcleasitrg the amount 6t a\railat leyater it caa hold.

27. RussELL,E.\\'. 1913. Th. s4b-di-ision ol th. clay haation il ',t.chani-cal dnalysas. J Agric. Sci.,33, 117-154. '
Atr examitration has been made o, tle possibrlity of extenditrg the routine

mechalical a[alysis o{ soils dopn to rircr particles thaD trle coDveitioDal clay.
Tlte rtrAh conclusioDs reached are :

(f) Sampling depths of oDIy 2 cm., using st4ndard mecbanical analysis
apparatus, appea! to iltloduce ao ,rew sources ol error.

(2) rI a cotrstan- -t temprature rooE js available, samplint times oI ? da!.s
seem to lx auowable.

^- (3) Usitrg special-lipettes atrd settlinS vessels, sampling depths of otrty
2l mE. seem to be allorable.

(4) The amoutrt o( caustic soda to be added to a soil for DroDer disrreNioD
dep€Dds otr the soil, and this depetrdetrce limits ttre accuraci, uitl wfrictr tfre
mcchaaical analFis oI the claf Faction caa b€ carri€d ooi. There are no
certail criteria a\railable for deciditg ho\r much should be added. thoueh
RobiDsotr's suggested 8 c.c. of N. NaOH per 20 s. ol soil disoersed i!'l litre"is
probebly rather too high for most Eqliih soifs.

- (5)- RobiDson's sugg€stion t-lBt the settting velocjties o{ particlcs rathertlal tbcir cotrventiotral sire should be osed has becD adoDted. ind ttrc avmtrt
?" =:\So 

has t,eeD used throughout the pap6.
- (6) Rortioc E€chadcel atralyais can b€'exted€d, by the simple methods
hrrG deibed, to cl,ey particl€s witi a coDveatiotral aiameter ot ?rtout O. fp.

?J. SCEoFTBLD, R. K. l9,lo, Clzg mhaat stitcrn.s 4nil ,tzi nlvsi.a!
sitttiJ;.ancc. Treas. Brit. Cerad. Soc.,39. l4Z-t0t.

It is sbown how the atomic structure ot the clay mi[erals as revealed bv
X'ray alalysis a.{6unts lor the pre€nce of [,Gitiveiy atd legativelv chare*
,o[es otr the cDrstals. Measuredents of ioiic reteniiotr etrab]e the; cha;€s
to be measured atrd their variations with pH studied. In the oresence"of
su6cietrtly cotrcetrtrated salt solutions catiotrs atrd anions are ietaincd in
aquir,?leEt amou.nts. FirDqess oI bi_oditrg v"aries widely aeoosst bottr
catioos ard aDjoDs. Support is fouod Ior ttr1 view ttrat e i.et*ork-teE& to
,orm iD clay suq)€lsioos tbrough attra.tiol b€twee[ ttre Dcitjve a[d Eegativ.
zotr€s oI treithbourilg crystals. It is suggested tlat i conditioD in;hich
the catioas atrd anions le3,ve equal amouaE oI poGitive a,trd E€?ative charpe" uDcovered " is particularly favourable lor tlre 

_formation 
oI a -aetwork. _

29. S^Rrc, S. P. aod ScnoFrELD, R. X. 1946. Thc dissociation cdstanli
of the &,boryt and h!&o*yl grcLps i som. nsolubt. and. ,ot-forrniw
pol|saccharidcs. Irroc. Roy. Soc. A., 185. {31-4.12

Itr order to establish the cotrditions uDder whch ttre buflentr! oI in-
soluble substanc€ Bay most usefully be studi€d, susp€nsiots of fibie cellu-
lo6e, hemicellulose atrd xylan have beetr examhed to determiDe the rel,ation-
ship betweeo pH and ttre deeree of dissociatjoD of tbeir carboxvl cmurrs
The rBatenals were suspetrdd in troroal potassium cbloride soiuf;on-'in
order to conline local fadients of hydrioo -mDceotf,atioD to the iEmediatevicitrity of each charJed buffer group. Under th€s€ cooditions the dis-
sociatioo curv6 are all of the simple Hetrdersor tt De reith a commor constanr
2X:2.95--(N/I0O hydrorhloric acid itr norryrai 'potassium chloride beirg
aketr as pH 2).
.. P.ls ol_arab9-and pectic acid touow th€ same dissociatioa curve, showilg
that the dissociatioD ol the carboxyl groups is not trecessanlv influenc€d b;tle state o{ agSregation. Withia the;ccuiacy oI these measuiements, urooil
atrd glucoEic carboxyls have tbe same ,fi. 'The 

djssoctatioa of oecic acirt
departs fiom tle HeodersoD curve in tEe same seDeral wav a-s thle <llssmia-
tion curve of maleic acid dillers from that of fu-maric acid: lt is susaesle.l
that some of the calboxyls itr pectic acid are hnked bv bvdropen Ei,dses_
To a.less-extent such liDkage may also occur in alginic acid t'.t"\"-pH :l ,r)i."
a gel rs formed.
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The p,( Ior the tirst stage oI acid dissociation oI the hydioxyl trouF ia
rt€at starch is clo6e to 13.3. The sattre value w-as obtahed whetier potassiom
hydroxide, calcium hydroxide or bariuE hydrcide sas used. The alkalis
were made up ia trormal solutions of the correspotrditrg cblorides. The same
constant holds Ior alginate within the li6ils oI experildental erro!. The
dissociation itr cellulose up to pII 13.5 is much less thal in starch.

Using a Eew Eethod based on a determitratioo oI the ratio o, chloride
iotrs to hydroryl ions, the dissociations of starch atrd celluloGe *ere m€asured
rtr 6 N. alkali (approximately pH la.?). The sec.nd fN of starch is esti-
nated at rouBbly 15.0. The cellulose, largely mercerized at this pH, exbibited
a dissociatiotr oot Eruch less thatr that ol sta&h, a[d agreeiDt clo€ely c.ith
tbe predictiotr oI Neale.

An insoluble bufler substatrce suspeoded itr atr electrolyte solutioE is a
tro-pbase system. The hy&ioo dissociatiotr can be determined itr two-pha-ee
qrsteEs over a treater pII range thao is possible io otre-phase slstems.

30. ScsoFraLD, R. K. (1939). Tht Lot ibond Tintot r.lcl 
"dopkd 

by
,n 4rts of rlQ Rotham"ttal dcL,ic. ,o rncastl. colot ts oi tic C.I.E. sysLfi.
J. Sci. Instr., 16, 74-80.

The RothaEsted device is atr obturator v"atre by x,hich the ob6.rver,
*hen Eatchirg a specimen by a combinatiotr ot Irvibond glass€s, ca'[ maLe
tbc two surlaces he is siewiDg look equally bright. This device greatly
r€duces the numt€r ol combiDetioas r€quired for colour aatching. Cotr-
vcrsion tr.phs give tho C.I.E. co-ordiaates lor th6e alEbinatiotrs itr Staadard
IluEin4trt B. The C.I.E. co-ordiDates ol matched colouts are thdeby
obt i.€d.
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