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REPORT BY THE DIRECTOR
Because of the war no annual report has been printed since

1938, and the present report covers the years 1939 to 1945 inclusive.
It differs in certain respects from the pre-war anaual reports.
As in the case of the account published at the time o{ the Centenar!,
the work of each department is described in some detail by its head.
There is a good deal to be said for describing in this way the work
of a specialist institution engaged largely on the more funclamental
problems. It should be made abundantly clear, however, that the
work at Rothamsted is not conducted in a series of water-tight
comp;utments. There is consultation and collaboration between
the departments from the preparation oI the programme to the
writing up of the results, and many oI the investigations or parts
of them are carried out jointly by members of different departments.
Contact is maintained formally by meetings of a Staff Council and
by scientific discussions held about every three weeks, but the
informal contacts, when the staff meet daily for tea, are even
more important.

The war-time report follows the pre-war abridged reports in
omitting the tables giving the detailed results of experiments.
The Iigures for any particular experiments may be obtained on
application to the Secretary.

Acknowledgement is made to Mr- G- V. Jacks Ior editing this
report.

In spite oI the proximity to London, Rothamsted suffered no
darnage from enemy action during the war. Incendiary bombs
were dropped on two occasions, one landing on the roof of the
laboratories and several others about the prernises and in the
Director's garden, but they were dealt with by the very eftcient
fire-watching service organised by the staff from its members.
On a few other occasions, strings oI high-explosive bombs were
dropped on the Common in front of the building and on the farm,
but no one was injured and no damage was done either to buildings
or crops. Dr. R. K. Schofield was in charge of the A.R.P. work
assisted by Mr. D. J. Finney, Dr. J. T. Martir and Mr. R. G.
Warren; Dr. Winifred E. BrencNey also took an active part,
especially \vith regard to first-aid and catering.

Accommodation was provided for workers evacuated from the
Department of Biometry and Eugenics of London University,
the British Leather Manufacturers' Research Association, Diagram
Films Ltd., and the Public Health Department of the Ministry
of Health.

TttB Cs NtrxARr- CELEBRATToN s

The Centenary ol Rothamsted was celebrated on 2lst July, 1943-
Owing to the war and the difficulties of travelling, the celebrations
were on a much smaller scale than thev would otherwise have been-
Nevertheless there were nearly 30ti guests and 25 countries,
including the Dominions, were oftcially represented. Amongst
those present rvere Mr. R. S. Hudson, the Minister of Agriculture,
the Dul<e of Norfolk, Joint Parliamentary Secretary to the Ministry of
Agdcultue, the Marquess and Marchioness oI Salisbury, the
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f iscount and Viscountess tsledisloe, and Sir Henry Dale, President
of the Royal Society.

In the morning the guests were taken in small parties round
the laboratories and had an opportunity of inspectint the new
south block, the remodelled sections of the main block, and the
new pot{ulture houses.

Aiter a luncheon in the Public Hall, addresses were given by
the Earl of Radaor, Chairman of the Lawes Trust Committee,
Mr. R. S. Hudson and Sir John Russell.

Many messages of congratulation were received from overieas
and from well-wishers in this country.

In the afternoon the guests were taken round the farm and
inspected some of the more important experiments including the
l0oth successive rvheat arop on the Broadbalk field.

Parallel meetings to commemorate the Centenary of Rothamsted
were held in luoscow by the agricultural scientists of the U-S.S.R.,
in Cincinnati by the Soil Science Societv of America, and com-
mendations of Rothamsted's work were made at meetings in Spain
and Portugal.

RETTRTMENT oE Srn Jonl Russrrr
On 30th September, 1943, Sir John Russell retired from the

directorship of Rothamsted. Dr. W. G. Ogg, formerly director oI
the Macaulay Institute Ior Soil Research, .A.berdeen, was invited
to succeed him.

Sir John joined the Rothamsted staff in 1907 and was appointed
director rvhen Sir Daniel Hall left in 1912. During his long tenure
of ofrce, Sir Jobr completely reorganised and greatly expanded
the Station, and, what was still more important, ga0rered rormd
him a firt-class staff. He built up rvhat is now one of the finest
agricultural libraries in the world, and raised large sums of money
for the rebuilding of the laboratories, pot-cultue houses and
farm buildings and for the purchase of Rothamsted farm and
Manor House. In this summary it is impossible to deal adequately
with Sir John's great services to Rotharnsted and to the agriculture
of the Empire. He travelled widelv and did much to make the work
of the Station known in other "countries. Besides servirg on
munerous committees set up by the Ministry of Agriculture, the
Agricultural Research Council and the Colonial Ofrce, he took an
active part in the work of the Allied Post-War Requirements
Bureau and UNRzu. During the war he also served part-time
with the Soviet Relations Division of the trIinistrv of Information
which entailed making extensive lecture tours in many parts of
the country.

When lie retired the stalf and former t'orkers presented him
ri/ith his portait painted by Francis E. Hodge.

Iupnovpvrxrs ro LABoRAToRIES AND FARM BUTLDINGS

In 1938 a Centenary Fund was inaugurated for the PurPose of
reconstructing some oI the old laboratories and erecting ne$, ones :

also for setting up pot-culture houses and extendirg and improving
the farm buildings. There was a ready and generous response from
many friends and supporters of Rothamsted and, had it not been
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for the war, it seems certain that the tarset of 1128.000 would have
been reached. With the coming of the-war, iowever. the ioo.i
rvas discontinued, and the Rothtmsted Crntenarv Fund was ciis.a
in.l939 when nearly [OZ,0OO had been received <ir promisea. Wiih
lb.:u-. *8.\_Tcluded {,t5,000 from the Ministry of Agricutture
for the South Wing and for specrrographic eq uiiment. "excellent
accommodation has been provided for the departme'nts of Chemistrv_
Itiochem-istry, Physics and Microbiology, pot-culture houses haie
been built and farm buiJdings reconstrirct;d. The latter are nou.
rdeal for their purpose, having modern electrical eouiDment and
spacious barns in which the experimental crops can be itored and
threshed during the winter months. Unfortunitelv lhe oroiects foi
improving the accommodation o[ other scientific aioaitm.nrr.
re-housirg our unique agricultural library, and provjdi'ne adrninj
istrative omces and an Assembly Hall, hive had'to be pdstooned.
Lack of accommodation is hindering the development 6t the
Slation s work and has led to the ne&ssity of refu'sins to ,."""i
some of the voluntary workers from other iountries. Iiis. in faa_
proving dificult to find room for workers training {or or. o*r, ,rd
the Colonial agricultural researcb seryices.
. There is also a.n urgent need for providing more farm cottages.
rmprouog- the lay-out at the back and front of tle laboratoies,
and re-making the road to the farm.

THE \['oRX or TIIE Srerror IN W-{R-TIME

_ As was to be expected the war had a marked effect on the workol Rotbamsted. The field work of tbe classical and the more
important of the other experiments, particularlv the lone_te;
ones, was continued. Much of the laboratorv work had "to tp
allowed to fall into arrears and many investisations had to be oost_
poned in order that ad, hoc problemi, immediately connected iviih
rncreased food production, misht be underlaken. -

Most members of the staff-were engaged in various forms of war
1v_o1! _and consequently were r"servidl nevertheless fa enteied
H.M. -t'orces and we regret to record that two_lack Olver (Fleet
|iI_-.At-), assistant in the Chemistry Deparlment, and'John
Williams (R.A. F.), assistant in the Inse;ticid'es Oepartment_Jwere
reported missing. A few members rvere seconde'd for scientifii
work elsewhere, but most of the staff carried on their war duties at
Rothamsted.

Between Ig38 and 1945 the total number of workers. includins
volgnlary workers, assistant staff, farm workers and th; WobG
statt, rncreased from I43 to 219.

.Amgog t_h9!9 w-ho left us were Dr. J. Henderson Smith, who
resigned in I g4O after 2l years at Rotha.msted. the Iast eieht as
head of the Plant Pathology Department, and Miss Ma.rv S."Aslin.
who resigned in Ig42 after 28 years'service as librarian.'

It is with regret that we reiord the dealh durine the earlv war
years of two heads of departments-Mr. E. H. Ric"hards, hdad oi
lhd -F-ermenl.ation Department, who died in 1989, and Mr. D. Ward
Cutler, head of the General Microbiology Department, who diedin 1941. Both of these workers had bee;i,n th; ataii sin;" isfg.--In l94O an Agricultural Research Cormcil Unit aealing ;th
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soil metabolism \yiLS set up at Rothamsted under Dr. J' H. Quastel,
F.R.S. This t'nit was iransferred to the Universitv College of
South Wales, Cardiff, at the end of 19:15.

The Bee Section has been made a separale department recentlv
under Dr. Buller, and a new Pedology Department has been

established, in 19.15, urder Dr. A. Muir. Arrangements have also
been completed for the setting up of a separate Biochemical Depart-
ment, and for the aPpointment of a. Colonial Soils Adviser.

The following is i brie{ review of the main lines of work : more
detailed accounti are given by the heads of the various dePartments.

Sorrs eNo cRoP NUTRITIoN
Much of the soil work consisted of short-term investigations

rvhich could be regarded as " operational research " in the food-
nroduction ca-paign. These investigations, however, have had
inore than a shoit-tirm value for they have supplied much informa-
I ion which wilt be of value in tong-range soil-ferlility investigations'
\mongst the Droblems set us bv the war were: how to maintain or

increas"e oroduclion and at the same time practise a rigid economl
in the Usi of fertilisers, and how to handle tb the best advantage the
laree area of old pasture land which had to be broken up.

"A statistical examination by E. M. Crowther and F. Yates of the
results of all the recorded field experiments made during this centurJr
in Britain and various European countries revealed the average
fertiliser needs of different farm crops. Thisthrewlighton problems
of fertiliser imports and showed how the supplies could be most
efrciently dist;buted. It was of Sreat value in formulatiug the
rvar-time Iertiliser policv.

As in the Dast. iruch of the soil-fertilitv work was a combination
of field experiments and laboratory inveitigations. In addition to
those on the Rothamsted and Woburn farms many exPenmeDts

were carried out on commercial farms in di{ferent parts of t}e
country.

A iood manv of the special war-time investigations were done
on beHalf of th"e Agricul[u.rat Research Council, the Ministry.of
Asricultue a.nd the-Ministrv of Supply, and in col.laboration with
th"e staffs of other researih instiiutis and with the advisory
chemists.

The sugar-beet manuring trials begun in 1933 were conti']1$,
and it was"clearly shown thit the outstanding requirem-ents of.this
croo are nitrosen and sodium. It was demonstrated that sodium
acti as a direci plant food and the apptication of 5 cwt. of common
salt produced, ori an average, about 5 cwt. of extra sugar' As a result
of tfiese experiments the manuring of sugar beet has beetr Put on a
more satisfictory basis. As well a-s throwing light on the-man-unng
of sugar beet these experiments have proved usehrl in developiag
anrl iirorovins methods of soil analysis for advisory work.

A Jonsideiable amount of wotk done on the manuring of flax
showed that this crop is relatively unresponsive to fertitsers and
should be manured like barley.

Investigations on organic hanures have also been a feature of
the war-tiie ptogrammi, and an attempt has been made- to assess

ihe physicai.i *En .t the manurial effects. The materials studied
lrrctria& iarmyara manure, sewage sludge, straw and various
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composts. Stacked young bracken gave excellent results. Sewage
sludges proved much less eflective than good farmyard manure or
bracken compost and supptied little beyond nitrogen and phosphate.
Promising results were obtained from composts of straw and sewage
sludge. An investigation on waste leather showed that it can be
converted into an a.ctive nitrogen fertiliser bi' de-tanning, but the
process has not y'et reached a commercial scale.

Another major proiect has been the study of phosphatic
fertilisers and particular attention has been given to questions o{
availability and to the problem of phosphate fixation. It is perhaps
not generally realised that of the phosphate applied as fertiliser not
more than 20 per cent. as a rute is recolered in the crops, A new
phosphate fertiliser--+itico phosphate-was developed in co[abora-
tion with the Buitding Research Station, and was found to comPare
very favourably with superphosphate for swedes and for re-seeding
in wetter areas,

Fertiliser placement provides an obvious economy, particularly
in the use of phosphate, and the process is now well established for
cereals and is being tested for other crops.

Work on trace elements has been carried out in the departments
of botany, chemistry and biochemistry and considerable progress
has beeu made in the study of manganese deficiency. Deficiencies
oI mangauese, boron, magnesium and potassium can now be
recognised and distinguished from each other and from chlorosis
due to virus and fungus diseases. The trace elements contailed in
Chilean nitrate were studied Ior several years by Dr. Brenchley
and Dr. Warington, boron being the most important. Iodine gave
negative results, but there were indications that molybdenum
improved the growth of lettuces, and this element is being studied
more intensively with various crops. The toxic effects of larger
amounts of molybdenum and other trace elements are also being
investi gated.

SoIL-UoISTURE AND CULTIVATIoN sruDIES
An examination of the daily readings of the Rothamsted drain

gauges for the period l87l to l94O and of the continuous records
taken since 1925 has yielded important information about the rate
o{ evaporation from bare soil, and laboratory experiments have
helped to elucidate the physics of the process. The transpiration of
short grass continuously supplied with water from a controlled
\ rater table has been measured dudng two summers aud its
dependence on the supply of energy from solar radiation established.
It is proposed to make the same measurements lor tall crop. This
technique should provide more precise indications of the optimum
quantities oI water to be supplied ia irrigation work.

The study oI the manner in which water is retained in soil has
been continued, and progress made in devising means for measuring
itt sifu the suction (or pF) of the soil moisture. A method has also
been devised for obtaining the volumqs occupied by solids, water
and air in soil clods. Measurements have been made of the fraction
of soil particles of effective diameter less than 0.1r., anda phlsico-
chemical study of the bufler action of a number of pure polysacch-
arides has paved the way Ior an attack on the complex chemistry
of the organic matter of the soil.

E
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The results of soil-cultivation experiments on different soils and
in different seasons are consistent ;rith the laboratory and drain-
gauge- work and with comparable experiments in the United States
and elsewhere, They demonstrate the depression of crop yield due
to weed competition, but show that inter-row cultivatio; does not
reduce direct eraporation from the soil.

\ooutr recrrRra AND orHER sorr- MICRo-oRGANISMS
Some strains of nodule bacteria. oarticularlv on clover- Droduce

nodules practic:lly- ineffective in fixing nitrogdn. These ifpear to
be charactenstic o[ poor pastures in hitly districts in the west and
north of Brita.in, and fhe possibility- is being investigated of
rm-provmg the clover content of such pastures by inoculation with
eflective strains oI nodule bacteria. The problem is bv no means
simple, however, for effective strains ari liable to irutate and
become ineffective on certain soils: moreover, acute competition
has been found to take place bel.ween the nodule bacterii intro-
duced by inoculation and those already present in the soil. The
cause of ineffectiveness appears to be th-e inabilitv of certain strains
to Brow strongly on the host-plant tissues or to sirrvive therein lons
e-nough_ to fix apprecia.ble amounts of nitrogen. The behaviour o"f
the nodule bacteria is controlled by genes iri the host plant as well
as by the nature of the bacterial stiaii

A study of the chemical nature of the bacterial secretions which
cause deformation of root hairs by nodule organisms eventually led
to the discovery of l.he high toxicity to manridicotvledono,r. oLot.
of 2:4 dichlorphenoxyacdric acid. This "ana a' ctosety rllateO
compourd are now in practical use in this country and in America as
differential weed killeis for use in cereal crops. "

- .Studies on the general micropopulation of field soils have been
facilitated by the development oi a new direct method of countine
bacterial cells and of estimating the quantity of mvcelium in soil bi
direct 

. 
m icroscopical observation. A $eaily improved techniquL

for estimating numbers of protozoa in soil has abo been devised, bv
the use of -these improved techniques several groups of micro-
organ-isms, formerly thought to be very rare or dven-adventitious
in soil, have been found to be true ind widelv distributed soil
inhabitants. These include giant rhizoDods. acrisieae and mvxo-
bacteria. Of special interesi are the mprobacteria which se&ete
compounds that destroy and dissolve gram-negative as well as
gram-positive hicteria. Most of the former gtoup are not attacked
by penicillin. Soil protozoa and acrasieae f,ave- been {ound to be
v-ery- selective ir their bacterial food so that they are capable of
altering the quality as well as the total size of the soil bacterial flora-

VrRUs DTSEASES oF pLANTs
P.lant-pathologicql work has increased greatly since I9B9 and

particular attention has been given to the disiases of potatoes,
sugar beet and cereals. As far ai possible all the lines of w'ork both
with viruses and fungi that were-being studied irr lg3g have been
co-ntinued, and a good dea.l of advisory work has also been under-
taken.

- The st,j!y oI viruses has been lacilitated by the acquisition of an
ultra-centrifuge and an electron microscope, New viruies have been
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isolated and identified as crystalline uucleoproteins, and studies
have been made of their physical, chemical and serological properties.
The serologicalwork has led to the development of a rapid method of
dia6nosis for some of the commoner virus diseases. Wide variations
in the size and shape of tobacco-mosaic virus have been detected
and the conditions responsible for the ya.riations have been deter-
mined. The shape of the virus particles has been found to account
lor their serological behaviour. The factors responsible for flagellar
and somatic-type serological behaviour have been elucidatecl. The
manner in which viruses are held in infected tissues has been
studied, and it has been found that infected plants contain much
more virus than was previously suspected. The work has included
studies of the origin and significance of intra-cellular inclusions,
new tlpes of which have been found in in{ected plants arld new
insects have been identified as yectors. The intricate relationships
between vhuses and their vectots have been studied, and in the
field special attention is being given to the factors which affect the
spread of virus diseases particularly in potato and sugar-beet crops.
Annual suweys of the insects and virus diseases of these two crops
have been made and much information has been obtained on the
effects of weather on the insect vectors, the relative importance oI
different species of insect in causing spread, the distance over which
spread occurs and the important sources of infection. A book on
Plant Viruses and Vlus Diseases v'as published by F. C. Bawden
in 1939 (second edition, 1943).

Biochemical work on normal and virus-infected leaves has been
in progress since 1940 and has included studies of the conditions
governing the release of normal protein lrom the leaf fibre. Use has
been made of methods involving fine grinding and enzymatic
disintegration. Work has also been done on plant proteases and on
pectase. Extmction and fractionation of tobacco-mosaic, tomato
bushy-stunt and the tobacco-necrosis viruses were carried out in the
Biochemical Section.

FuNcus otseasgs
Increased attention has been given to field rvork on fungus

diseases. Surveys of commercial crops in many districts have
showa the importance of Eyespot of wheat (Cercosporella hcrpo-
lrichoilesl, and many experiments have been made to ascertain the
conditions fayouring this disease and to devise control measures. A
survey of the causes of wastage in stored potatoes showed that
Phtlorhthola itJesla*s was the main cause but also revealed a
previously unsnspected c-atse Fusarium aaenttceurn. Studies have
been made of the environmental conditions affecting the survival
of soil-borne fungi, their ability to cause infection and their survival
in the absence of susceptible crops. Among the fungi studied were
Opbiobolus gtawbtis, Fusarium cubnor*m, Plasnadiophora bros-
sicae, Rhizoctoria sola.ni and, Vertdc.illhtm al,bo-atn fi. A book on
Root Disease Fungi by S. D. Garrett was published in 1944.

STUDIES oF EARTHWoRMS, SLUGS AND VARIoUS INSEoTS
Work in the Entomology Department can roughly be grouped

into three divisions, a study of the causes of insect outbreaks,
secondly work on particular pests-not necessarily insects-such as
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sluss. vireworms and sall midges, to study their biology and
con"tiol, and thirdly ai investifation on earthworms and-their
relation lo soil formation and fertility. The last mentioned was
started about three years ago, and some 15 species of earthw-orms
have been fould on Rotha.rnited farm in varying relative abundance
accordine to the tlDe of soil and cultivation. A new species has been

discouerid. Each species has its own particular life cycle and
habits, and each will-no doubt have its oun specific e{(ect on soil
conditions. It is already apparent that it is neither desirable nor
iu-stifiable to sDeak in general- terms of the effect of " earthworms "
'.rru *or" thai of the;ffect of "insects." Some go deeply into the
aoil, oth"as live uear the surface: some make worm casts above

the eround. others do not. Every effort is being made to put the
*orf on a sound basis both biol6eically and statistically'

Observations on the life cycle and abundance of slugs have now
been soins on for a considerable period on a statistical basis' The
variois sfrecies are being identified and their habits and ecologic4
relationships studied. Iihas been found that Yery gqall changes in
the enviroimental conditions of gardens make big dilferences in the
total slug population and partic-ularly in the relative numbers oI
the comDonent species.

A stridv which has been soing on for 20 vears of wheat midges
on Broadb'alk has shown a rilationship between the percentage of
erain attacked and the annual yield. There is also a correl'ation
Eetween the date of emergence of the wheat midge and the-har-
v€stins date. The studv ;f insect outbreaks is really a study o[
chane& of insect numbers in a locality, as outbreaks are only a
suddEn increase in numbers beyond the danger point. This increase

can be brought about by weatler conditions favourable to the pest

or unfavourible to its eiremies, or, alternatiYely, by a deliberate or
accidental movement into the area from outside-in other words by

-i*rtion or bv drift. Some progress has been made in aU these

brjirches, and i. B. Wiliams tias obtained a formula for forecasting
the eeneral level of insect abundance at Rothamsted for any
one ironth from the weather conditions of the previous three
months. It has been shown that uader the climatic condilions
.i notn" tt"d, temPerature is the most important factor in the
winter months a"a .dUt tl in the summer months in determining
insect abundance.

Tne coNrnor oF INSECT PESTS

During the period urder review there was natura.lly a conceDtra-

tion of efiort oi problems connected with the war, and-Iater on the
.rJfiltlt" oI re'cently discovered insecticides to agriculture- and

fi'.fi;Ja*.. It was "possibte, however, to .arry on some of the
Dre-war DrogralTrme, and the search lor new insect test subiects-tor
l"rf"itlrin fit""ti.ides was continued and also studies on the effect
of """iroi-"nt 

on insect resistance- Extensive researches have

t "" catti"a out on insecticides derived from plants used by the
natives of tropical countries as fish poisons,. Species ol L'ems'
I-.Joa.-"..' f"phrosia and many others have been examined'
The work on derrii root included its evaluation by chemical means

ana the investigation of the effect oI its several constitueots on

"*f, oifr*'. iniecticiclal value. Six active principles, of rvhich
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rotenone was the most *,"n,, T"." isolated, and S. H. Harper
elucidated the structure of elliptone and malaccol and discovered a
compound with an iso-llavone structure which he suggested might
well be a precursor oI the several compounds found in Derris and
I-onchocarpus-

Much work has also been done on the lnwerful insecticide
p]'rethrum. In the years 1939-42 p,'rethrum flowers and their
extracts were of importance for food preservation and the control
of insect pests such as the mosquito and the body louse. An
important drawback was the dermatitis caused by py'rethrum
preparations in susceptible people. J. T. Martin, himself a susceptible
subiect, studied this problem and showed by personal experiments
that the pyrethrins themselves were not responsible, and further
work has since been done on sorptioD methods for preparing
concentrates relatively free from this trouble. Biological methods
were worked out for the evaluation of the p5rrethrum heavy-oil
insecticides extensively used for the protection of stored food.
Another piece of work dealt with the stability of certain plrrethrum
preparations for prospective use as mosquito repellants. Methods
of preparing standard pyrethrum-in-oil preparations were devised,
and methods of chemical analysis of similar comnercial preparations
rvorked out and it was found that the biological and chemical
techniques gave results which agreed fairly closelv.

Attention has been concentrated recently on the biological
assessment oI stomach-poison insecticides: the susceptibility of
insects as af{ected by strain, species, age and eni.ironmental factors :

and on the investigation of certain potent st'nthetic compounds
such as D.D.T. developed largely for war needs in order to ascertain
their usefulness in the agricuttural and horticultural field. Field-
scale trials in conjunction with the Plant Pathological Laboratory
of the Midstry of Agriculture were carried out with D.D.T. at
several centres. It was shown tha.t cabbage caterpillars and such
p€sts as mustard beetle were completely controlled. Other pests
were controlled to \,'arying extents, but red spider and, to a less
degree, certain aphides were resistant. Laboratory tests were also
carried out on a wide raoge of insects and such points as potency
and degree of persistence under weathering were studied. Work
is in progress to test the elfect of particle size and shape upon the
toxicity o{ D.D.T., and a dipping technique for determining the
insecticidal value of various types o{ preparations is being worked
out. Account was taken of the effect of D.D.T. on beneficial insects
and, lointly with the Bee Department, the to\ic action on bees,
both by contact and as a stomach poison, was studied. The results
obtained so far indicate that the da.nger is less serious than was
anticipated. The possibility of harmful effects on the plants them-
selves was also examined, and it was shown that cucumbers and
vegetable marrow suflered some damage,

A prolonged research in which the various analogues of D.D.T.
lvere compared showed that, molecule for molecule, D.D.T. was
more toxic than its analogues but that the slopes of the respec-
tive regression lines were very different. An explanation of this
rs now berng sought.
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THE DISEASES ots BEES
The researches of the Bee Department fall into three categgries

-(l) tork on the phvsiology, behaviour and morphology of the
heilitrv Uee; (Z) invesiigatioris on the pollination of fruit and seed

croos: (3) researches on the diseases of adult bees and their brood.
.{n'advis6rv service is also maintained and some 4,0oO to 5,00O

samples ol 6ees and combs suspected of disease are examined every
vear Iree of charse." The spread oi th. di.e*" known as foul brood had been vierved
with sonie concern during the years preceding 1939- On the
outbreak of rvar it rvas feared that the spread miSht be accelerated
bv the call-up of beekeepers and the consequent neglect of their
c6lonies. The Rothamsted Bee Research Advisory Committee
therelore drew up a plan for lhe control of foul brood by means of
lesislation which-eventuallv became law as the Foul Brood Disease
rig; oia"idgaz. rt piirrtaes for the inspection of any lremipes {}
on which bees Lre kept, 

-within 
three miles o{ a suspected outbreet--- -.

of foul brood, and for the compulsory destruction of all infected
colonies in the area. The aPpliration of the Order has shown that in
manv areas the incidence of ioul brood was in fact much higher than
had-been suspected and that the introduction of legislation was
necessarv. The returns for 1915 iustify the hoPe that the cumu-
latirc efi'ects of widespread negteci of the Ioul-brood problem prior
to 1942 are now bein! overiome and that continued vigilance will
result in a steady delrease in the incidence of disease in future
veaxs.' The use oI sulphonamides fed in sugar slT up to colonies infected
with American foul brood, first reported to the Department by
Mr. C. A. Ekins of Surrey, has given higt y promising results, and
further work is in progress with a vierv to obtaining a method of
treatment as an alternitive to destruction of colonies infected with
either American or European loul brood.

Another activity of ihe department is a $rvey of adylt-bee
diseases. During th; l9l4-18 war Isle of Wight diseaseraused losses

estimated at 9d'per cent. of the bee population of Britain. The
situation was restored by a re-stocking icheme, by the discovery of
the causal agetrt of the disease and by the subsequent development
of control measures, though the trouble, better tmown now as
Acarine disease, continud to occur in many districts. Surveys
carried out in l94l-42 and 1943-44 were designed to determine the
incidence and distribution of Acarine and other adult-bee diseases

and to reveal, in time to prevent the possibility of disaster on the
lgl+18 scale, any tendency for a disease or diseases to assume
erridemic DroDortircns. Fortunatelv there was no evidence of any
sirious sitiration arising and, as regirds Acarine disease, the position
showed some signs of improvemint in the intcrval between the
surveys,

THE .\ppl.lc.{Ttoi oF srATtsarcAl METIToDS

On account o{ the great demand for statistical assistance in
connection with a widd variety of war-time activities including
military operations, new researdes in statistical theory and method
had netesiarilv to be curtailed. Apart from the lvar, however' the
trend rvas in-the direction of the fuller development of alreadr-
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€stalU9hed principles, for each type of problem requires its own
specralised lpploach. There had in the past been i tendency to
ower-generalised treatment, and insuficient account was takeir oI
the complexities to which each problem is subject. Manv imorove_
ments orr method and refinements oI technique have 6een'intro_
duced, however,

One of the most valuable contributions o{ the statistician is inthe design of experiments and the planning of experimental
p-rogrixnmes. ft is now becoming more generilly recosnised thatthe modern type of factorial disign cin e.""ifv in?i"*r" tt"
rnformation obtaitrable. If all combhations ofleve;I different sets
of treatments or " factors " are included in one factorial e"p".i^"rrt a
nlmber of interrelated aspects of the sa.me problem can 

.be 
studied

smultaneously with considerable economv -of 
space and u.ith the

f,lJi:tffi {*i"'H,:H"*ff :T,:'.ffi ,',';;il"#llg#;,:H"*lIJ
able to study variable material quantitativily, from askins severa'i
questions at a time and from obtaining unbiased measur& of the
effects of treatment and of experimlental error are obviously
invaluable in biological work.

Various references have alreadl.been made to the aDDlication
of statistical methods in the worli of the Station. Not'inlv are
practically all the field experiments of Rothamsted and its "arso_
ciated centres dealt with, but also many of the laboratorv and
other experiments. Numerous enquirid are also received'from
other institutions both in this countfu and overseas-

One of the most valuable contributions of the Statistical
Department has been the preparation of critical ou.rriitrtir"
reviews of all the experimental data on certain proirlems, An
example is the summary of fertiliser trials alreafv mentioned.
Another instance is the in\.estigation of the effecl of chanses in
Ievel of feeding of dairy cor.r's on mitk production. This r"eview
showed that overstringent rationing resulting from shortase o[
foods might result in a serious reduction in mil[ supply withorit any
equivalent saving in food.

.An investigation !a! just been begun to compare the economic
value to tbe livestock farmer of temporary leys as compared with
old grass. This forms only a small part irf j much mire seneral
problem- which is, broadly, the study of the agronomic and ec6nomic
value of ley farmiag compared with other-farming svstems. This
complex problem is naturally the affair of man,I oiher research
slations besides Rothamsted.

During the w-ar- the _importauce has been realised of having
accurate and reliable information on farming conditions, on
$n-cqltyat practices, and on the incidence of air"..e, ."a -Jot".
Such rnlormation is also useful in peace_time_for instance in theplanning of research, but it was paiticularly n".".r"rv io *^r_ii*"in planning the utilisation of sicarce resdurces. fire Statlsticat
Departrnent has been closely concerned with three -"i"irii.". ofsuwey work of this kind: tbe Sun.ev of Fertiliser Fraciice. the
National Fa.rm Survey and the Wireworm Surv"v. ftreie oiJiects
are described ir the detailed report.
, T.he Sg5vey of Fertiliser praitice revealed, a.mongst other tNngs,the fact that farmers ploughing up old grasslanA had failed "to
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recoqnise the deficiencies of lime and phosphate so common in such
hnd: The National Farm Survev deals with such aspects as tenure,
ion*tion of farm, incidence of insect pests, quality of farming and
suoolies of electricitv and water. The object of the Wireworm
S,iri,ev was to evolie methods suitable for assessing wireworm
infestition of particular fields so that advice could be gil'en to
farmers ort cropping and prel'entive measures.

THE cLAssIcAL ,{ND orHER IiIELD EXPERIMENTS

Field experinents continue to occupy a prominent place in the
Rothamsted' prograrnme, and in addition to the lllge rumber o[
exDerimenta.l;lois on the farms at Rothamsted and Woburn many
Iieid exoeriminrs have been rarried out on private and institu-
tional farms in various parts o[ the country.

For manv vears, thLre has been co-operation with Mr- A W'
Oldershaw ai Saxmundham and Tunstall, and this has been con-
ti"""a. fn soite of. or perhaps because of, the war the number of
modern expehments as'distinct from the classical experi-ments on

the Rotharirsted farm has increased greatly. There are lont-term
exoeriments. includins rotation experiments, to study the effects of
deeo plouehins. variois methods oi retuming straw to the land, the
.*,i.ri,tu "of firtitisers in relation to season, and several other
p.dbl.rnt. There are also annual exp€riments in which the effects
lf treatments are measured in a single crop.

The classical experiments have been continued. The earlier
work bv the Botanv Department on the reduction oI the weed-seed
rnouh[ion of arabll tand bv fa owing led to the establishment of a'

iivl-vear cvcte on Broadbaik whereby one section is fallowed each

v".., S^rnble. taken annually over a long period of years supPort
ihe concluiion that the routine fallowing of one section per year

has firllv iustified itsdf, as the weed-seed population has not ooly
teen teid in check but ha-s also decreased during the 15 years that
tne slst'em has been in force. This is particularly so in the case of
ooopi which has been decreasing steadily since periodic fatlowing
ivds'iistituted in 1925. Recently, however, trouble has arisen from
the sDread of species of wild oati, and special exPeriments are being

carriid out to-find, if possible, some effective way of controlling
this weed.

The botanical analyses of the herbage of Park Grass Td g'g}
Field that were slowed-up during the war years ar,e now being dealt
with, and the accumulition of-analytical and observational- data
for manv vears is being examined and prepared for publication in
order to"bring the ecololcal history of the plots uP to.date'.

Because 
"of the urgent need for food production ,the non-

exrrrimental areas on the farm at Rotha.rnsted were farmed as

int'"osivelv as possible. Old grassland was broken up and the

^rrt 
l" ".i"""e increased from l3? in 1938-39 to 308 ir 194445'

*ftili tn" vYalue o{ the produce sold for these years rose from
{.2,922 to {7 ,4O1.- ' 

The tiffber in Knott Wood was not included when the larm ras
.r,r."h.tud in 1934, and, when it was felled, we were left with a'n

area of about 74 acres of derelict land fuIl of tree stumPs' Part- was

reolanted and Dart has still io be dealt with, but an area of aboul

i+'r.i"r .u". ."it.imed in a variety of ways. In one section the land
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was sou,n out to pasture without remoying the stumps and without
cultivation, in another cultivation was carried out, and itr a third
the tree stumps were also removd and the land has since been
cropped.

The Crop Physiology Section has acted as a link between farm
and laboratory, preparing the detailed plans of the field experiments
and exercising general supervision from the laboratory side. This
Section also carried out certain urgent investigations arising from
the wa"r. One of these was concemed with damage to crops that
might be caused by wilr gilses, and another with the storage of
potato€s in clamps. These duties curtailed the rvork on the factors
affecting leaf growth and leaf size on which the Crop Physiologl'
Section is engaEed.

Wonunx ExPsntl[rNrer SreIoN
The work at Woburn (run by Rothamsted since 1926) has been

continued under Dr- H. H. Mann. The light, somewhat sandy, soil
is derived from the Lower Greensand and is in marked contrast to
the fairly heary soil from the Clay-with-Flints at Rothamsted.
Woburn, therefore, provides a useful centre at which experiments
carried out at Rothamsted can be repea.ted on a !'ery dilferent
soil type.

The continuous wheat and barley exp€riments, commenced at
Woburn in 1876, have been greatly modified, following fallows in
t927-28 and l93i|-34 to get rid of weeds, and since l9,t0 the influence
of previous manuring on the effectiveness of nitrogenous manures
has been studied. Amongst the more recent work is a rotation
experiment, similar to one at Rothamsted, with artificial manures
only, which has been going on since 1930, and so Iar there is no
sign oI any deterioration in the cro1x. In 1938 an interesting long-
term altemate-husbandlr experiment was started to compare
the fertility of soil, after three years under a grazed grass-andrlover
ley, or under lucerne cropped annually for hay, with land which
carries a well manured arable crop each year. Other experiments
ded with cultivation problems, treen manuring, the making of a
market-garden soil, the manuring of sugar beet, take-all diseases of
wheat and barley, and various other problems. Several lines of
work are also being carried out in the pot-culture station induding
the studies on clover sickless commenced about l0 years ago : the
conclusion has been reached that the disease is due neither to an
eelworm nor to a fungus.
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