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DEPARTMENT OF STATISTICS
By F' Y.rrl:s

The Statistical l)epartment sas origtnalll' founded in order
ro carry out analyses bf the accumulated results of the cl,assical

experinients at R6tharnsted, and to provide statistical assistance
{of other departments of the Station, but it soon became apParent
that considirable researches into statistical theory and method
*L" at r"q"i.a. The results of these resealches i'nto theory lnd
method are 

-naturally of interest to research workers in rnagy
fields, and the De$rtment has been continuously consulted by
outside bodies on the statistical methods appropriate to the analysis
of widelv varvins problems.

Tne 
- statisti&i methods developed for handling biological

material were found to be specially luitable for dealing with the
statistical problems arising i;t the tonduct of military operations,
since the oliservational dati relevant to such problems are character-
ised bv a hieh degree of variability and are in many other ways
similai to the data obtained in the course oI biological experiment
and observation. The accepted statistical measure of the effective-
ness of different types of 

-bomb, 
for example, and of alternative

lorms of protectioir 
- 
against different types of bomb was evolved

bv the DeDartment a vear before war broke out." It was'a natural consequence. therefore, that during the lrar a
great deal of the time of the Department should be devoted to the
itudy oI problems not directly connected \ ith the work of Rotham-
sted. Mich oI this work arose in connection uith urgent war
oroblems. and insofar as manv of these problems were of an ephe-
meral nature, this has interfe;ed with m6re fundamental and long-
term research. On the other hand, contact with widely differing
types of problem and different types of material has been fruitful
ii'introducing new methods which are likely to be of value -in
agricultural research. The need for a closer link betreen thc
t;hnical and economic aspects of developmental research has also
become apparent, and insoiar as the relevant problems are in general
quantitative and statistical, they should be the concern of the
statistical departments of the research stations.

In additi6n to work directly connected with investigations of
other deDartments of Rothamsted, and work undertaken for other
asricultdral institutions, and for the Ministry of A$iculture, the
Diepartment in the earlier part of the rvar carried out lvork for the
Foiestry Commission, tht Timber Control (Ministq' of Supply),
and thi Home Grown Timber Production Department (Ministry
oI Suoolv), -l'his work was mainlv concerned with the assessment
of tirirLei' supplies. and the DePartment was actively associated
both with th; I$&39 and I94l Gnsuses of Woodlands. During a
great part oI the rvar, Dr. Yates rvas involved in operational-
iesearch problems, first for the Ministrl' of Home Security and then
for the Air Ministry. These investigations were concerned both with
protection against'air attacks on this country and \vith the assess-
inent of the"effects and ptanning of air attaiks on the enemy. In
the course of this work Dr. \'ates sDent tlrree months in Sicill in
the autumn and winter of 1913 and ilso several months in France,
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Belgium and Germany in 19,14-45. Other members of thc Depart-
ment, particularly Mr. Kempthome, have also assisted in statistical
problems arising in operational research.

The only members of the staf{ who have remained with the
Department dwing the whole oI the period have been Dr. F. Yates,
Dr. D. A. Bo_r''d, Mr. J. W. Weil, and Miss P. Hurt (now Mrs. Mor-
wood), Secretary. Mr. W. G. Cochran left to take up a post of
Assistaot Professor in Statistics at Iowa State College, Ames, Iorva,
in August, 1939. He was succeeded by Mr. D. J. Finney, who has
recently been app,ointed as Lecturer in the Desigl and Analysis of
Scientific Experiment in the University of OxIord; Mr. Finney
left to take up this post in September, 1945. Dr. Boyd, who had
worked in the Depatrtment for trvo years (1937-39) as a post-
graduate research worker, was appointed to the staJf of the Depart-
ment in October, 1939. Mr. O. Kempthorne joined the Department
in Ju1y, I94I from the Llinistry ol Supply. Mr. lI. H. Quenouille
was appointed in September, I9,ll. Mr. F. J. Anscombe and
1Ir. A. E. Jones joined the Department in November, 194,5, IIr.
Anscombe from S.R.l?, Ministry of Supply artd Mr. Jones from
Armament Research Department, Ministry of Supply. Mrs. I.
Mathison took up an appointment as Supervisor of the Survev of
Fertiliser Practice in July, f94f.

The history of the war years would be incomplete without
mention of the fact that at the outbreak oI war the Galton Labora-
tory was evacuated to Rothamsted and remained here during the
whole course of the war, thus continuing the long association
between Professor R. A. Fisher and the Department. Mrs. R. O.
Cashen, after doing two years'research work on the effects of
rainlall on the permanent grass plots at Rothamsted under Prolessor
Fisher, joined the Department when Pro{essor Fisher left to become
the Arthur Bafour Prolessor of Genetics at Cambridge.' In addition to the above workers there have been a number o{
workers who have been with the Department for shorter p€riods
during the war. Miss R. Sumpton supervised the computation of
ttre analysis oI the National Farm Suwe5r for two years from July,
194,3 to August, 1945. Dr. E. C. R. Reeve carried out work on the
1938-39 Census of Woodlands ard lor the Ministry of Home Security,
being with the Department from August,.1940 to December, 104O.
Mr. J. S. Gregory took up a temporar"v post ftom August, 1943 to
September, 1944. Mr. W. L. Stevens transferred from the Galton
Laboratory in March, l94I before taking up a post as Lectuer in
Statistics at Coinbra, Portugal, on behaf of the British Council-
He is now research statistician to I.C.I. Billingham.

The lollowing voluntary workers and students have worked in
the Department during the period 1939-45.

R. N. P.
Location Petiod of Visit

The United Afica Co., Ltd., West
Luddiogtod AIrica Aug. 193&Jaa. t939

Helen N. Turner Courc. Ior Sci. & Itrd. Res., Aushalia Jan. 1939-Aug. 1939
P. A. Loiziedes Dept. oI Agriculture, Greece April 1939-Au8. 1939
P. N. Sahni Agr-ic. College, Putriab, India April f939-Sept. l9il0
G. Polychroniades IGt. for Plaat BreeditrB, Greece July 1939
D. E. V. Koch Dept. of -A.griculturc, Ceylon July 193$-Au8. f930
L. Lebacq Unilever Ltd., B€lgia,D. Cotrgo July fg:lg-Au8. lS:'9
A. F. MacKenzie Dept, of.{griculture, Sierra L€o e July 1939-Aut. f039
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Locotion Peliod oI Visil
S. II. Justesd .\fric. Exper. Station, Java Aug. f939
P. P. Agarwal Lucknow, Itrdia Aug. 1939-Sept. 1939
E. J. WilliaBs CouDc. iorsci.& Ind. Res., ABtralia Sept. 1939-Mar. 1g4O
V. G. PaDse Instit. Pl,atrt Industry, Cetrtral Iadia Sept. fg3g-April l94O
F. Fergusoa Uaited Africa C,ompaoy, Nigeria Oct. I939-Dec. 1939
M. A. Kleczkowski Polatrd Oct. I939-Mar. 1940
J. Reyoolds ErgLaod Oct. 1939-April 1S40
A. Sismandis Dept.oIAgrotr.,?obaccoltrst.,GreeceNov. 1939-Dec. 1939
R, A. Aguirre Nitrate Cr4roration, Chili Nov. 1939-JaD. 1940
A. G. Riaz Agric. Dept., Punjab, Itrdia Ma,y 1940-June l94O
B. L€ssware Assam Frotrtier atrd Budla Betta

Tea C,o., Assam Sept. 1940
T. M. Carey Cork University, Ireland Jatr. I943-Jurc 1945
S. Iylichaelson Imperial College o{ Science, Londoo July | 944-Sept. lS44
M. Bernat Imperial Cotlege of ScieDce, IrtrdoE July 194.{-Sept. lS44
B. Motric Pol,aBd Sept. 194.rcct. 1944
T, Chinloy Dept. of Sci. atrd Agric., Jamaica Jao. f945-Jatr. f940
F. W. Cope Dept. oI Agriculture, Grenada Jutre 1045-July 1945
M. A. G. Hatrschel Agricultural Dept., Sierra LeoEe July 194+-Aug. 1945
C. E. Fod Rubber Research Scheme, Ceylotr Nov. 1945-Dec. 1946

WoRK oF THE DEPARTMENT

The work of the Depa.rtment can be broadly classified under
five heads :

(I) Researches in statistical theory and method.
(2) The plaaning of experiments and experimental programmes.
(3) Routine statistical analyses of the results of experiments, etc.
(4) Critical statistical analyses oI bodies of experimental and

observationa.l data.
(5) The planning and analysis of sampling and other surveys.

Individual pieces of research may involve work under more
than one of these heads. Thus, rvork under any one of the last
four heads may give rise to problems rvhich require research in
statistical theory and method. Equally, an experimental prr-
gramme may involve ryork at the planning stage, at the routine
analysis stage, and also in the Iinal critical examination o{ the
results. In the subsequent sections of this report researches in
statistical theory and method have been grouped together, as has
work on suweys, while the various investigations which have required
work under one or more of heads 2, 3 and 4 have been grouped
under " Special Investigations. "

Practicall.y all work under the last four heads is carried out in
conjunction with other departments of Rothamsted and with
otfier research institutes. One of the most useful and interesting oI
the activities of the Department has lain in the preliminary dis-
cussions on experimental projects. Research workers iuexperienced
in the possibilities of modern experimental desiga Irequently fail
to realise the advantages which accrue Irom planning field investi-
gations in a comprehensive manner. Projects are consequently
over-simplifed, olten from a mistaken desire to obtain high
accuracy on one particular point, with lailure to recognise that this
accuracy is oI no yalue iI tie particular set of conditions postulated
by the erperimenter does not happen to hold. Planning of experi-
mental programmes demands not only choice of suitable experi-
mental desigrs, and possibly research into the theory of experimental
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design, but also a carefirl choice of the factors and combinations
of factors to be induded in the experiments.

The Department carries out each year a considerable number
of routine siatistical analysesof theresuits of replicated exPeriments,
including almost all the'field experiments of Rothamsted and its
associatid centres, and a number of the laboratory and other
experiments of the Station. In addition other institutes, both in
this country and overseas, from time to time send us the results
of experimints which they have found difficr:Ity in analyptng
tiems-elves : although only general advice is usrrally asked for, it is
more satisfactory, arld ofien quicker, iI a worker is in difficulty in
the statistical arialysis of some experiment, to base such advice on
tie resu.lts of a full analysis. Th; DePartment is also frequenfly
asked to advise on sampling methods, and tNs inlolves routine
calculation in the estim;tio; of sampling errors of new $4res of
material. AII this work follows a fairly standard pattern and need
not be firrther discussed in the present report'

R,ESEARCHES IN STATISTICAL THEORY AND METEOD

As mentioned in the irtroductory section this asPect of the
work of the Department has necessarily been somewhat leglected
durine the $ar, and the methods that have been evolved have in
the fiain been developments of already well known principles,
designed to deal with the increasingly complex situationq t9 rvhich
these principles are being applied. The general principles of
statisti-cal analysis evolved in the inter-war period are applicable to
a very wide v-arietv of problems, and quite aPart from the war,
the tiend of the \york of the Departmenl is likely to lie more and
more in the direction of development oI new applications of already
established principles. Each problem requires its own specialised
aporoach, arid one of the troubles in the past has been over-general-
ised treaiment which has taken insufficient account of the many
comple$ties to which each problem is subiect.

GENERAL

A certain amoutt of research has been carried out on mis-
cellaneous mathematical statistical problems' Accounts of problems
arisine in operational research have not yet been published. Pub
Iished"oaoefu on other Droblems are: (3), which gives an exact test
of simificance for the largest apparent effect in a replicated experi-
meni containine several factori; (4), which discusses ttre problem
of estimatine t[e mean and varianie and oI making tests of sE-
nificance on"statistics arising from very skew distributions; (5)
a.od (6). which discuss some orthogonal prolxrties of the 4 x 4.
a x B ilA O x 6I-atin squares, which are of value in exPerimental
design; and (7) which disiusses the problem of estimating t}e error
of a ratio.

A table for the estirBation of densities of organisms by tie
dilution method has been calculated by Mr. W' L- Stevens, and was
incorporated in the second edition ol Statisticd Tablis (ll.

Al elementary account of the princiPles of biological statistics
rivill be found in (8).
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De st c r or Experu rrr,r-r s

The desigl of short-term agricultural field experirnents had
been fairly thoroughl-v developed before the war. The summary
The Design otd, -lnalysis of Factorial Er|erirl,eds (F. Yates),
published in 1937 b1- the Imperial Bureau of Soil Science, made
available a repertoire oI methods adequate for dealing with most
problems arising in short-term experiments. During the war years
steadilv increasing use has been made of these methods. It is now
generalh rc, ognised- rr-hat rvas b1- no means the case before the
war that the murlern tlpe of factorial de"ign results in more
eflicient use o{ experimental resources, and that by permitting the
simultaneous investigation of a number of related {actors, it enables
an understanding of the underlying phenomena to be obtained
that was impossible with the old simple tvpe of experiment. Thus,
the experiments on organic manures conducted during the last few
J.ears br the Chemistry Department, which *.ere designed to give
information on the responses to the three main inorganic Iertiliser
components (N, P, K) in the presence and in the absence of
organics, have resulted in a much better understanding of the
action of organic fertilisers, since they have permitted the separation
of the effects which are attributable to the nutrient components in
these fertilisers.

The chief developments oI method applicable to short-term
experiments have been refinements of techdques oI which the
principles rvere already known. Researches on the recovery of
inter-block information in incomplete-block designs and lattice
squares were completed shortly after the outbreak of the war,
and accounts har-e been published (9, f0). Methods applicable
to two-dimensional lattices have been described in a publication
oI Iowa Sta.te CoUege, " The Analysis oI I-attice and Triple Irttice
Experiments in Corn Yarietal Tests. I. Construction and Numerical
Aralysis. II. Mathematical Theory," by G, M. Cox, R. C. Eckhart
and W. G. Cochran. Although originally planned for I'ariety trials
involving a large number of varieties, lattice squares have pror-ed
very suitable for trials of different t,?es of organic fertilisers,
having the advantage over ordinary confounded designs that equal
precision is obtained on all comparisons. More recent developments
have been the use of half-replicate designs (ff), and confouading
of sub-plot treatments (12, l3). The Iatter procedure has proved
of great value in the organic-fertiliser trials mentioned above;
each main plot, lor example, can be split into four sub-.plots, which
receive either the treatments 4 p, h, ttph, or the treatments ,rr,l.
nP, nh, lh, the three-factor interaction NPK being thus confounded
with main plots.

A certain arnount oI research has been carried out on the design
of long-term experiments, e.g., experinents for assessing the residual
and cumulative values of manures, the ejfects of dilferent croD
rotations, etc. lttost of these researches have treen o! an ad hic
nature to provide designs for specific experiments : a considerable
numter have been lor experiments in the tropics. General
s]slematisatign of designs of long-term experiments, corresponding
to that already carried out for short-term experiments, still remaini
to be undertaken, and is one of the most ugent tasks in the field
of experimental design.
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The new methods are also capable of being applied, much more
widely than they have been in the past, to experiments involving
animals, particularly experiments on animal husbanclry and
animal nutrition, and research is requted into these applications.

The new methods of erperimr:ntal design are now beginning
to be widely used in the industrial field, in order to test out modi-
fications in manufacturing processes, etc. While experiments of
this nature do not normally come within the province o{ the Depart-
ment, it is inevitable that members of the Department should
occasionally be consulted on such problems: designs have been
worked out from time to time for dealing with very different types
of material Irom those normally met with in agricultural {ield
experiments.

On the analysis side, a method oi utilising Hollerith machines
for the analysis of factorial experiments o[ the 2t t]?e has been
evolved (I4), and has been successfully applied in the analysis of
the 1944 aqd 1945 Factory Series oI Sugar Beet Fertiliser Trials.
This method is oI particular value to the Department as it smooths
out the peak load on the computing staff.

GENETTcs

In continuation of work carried out when working under Pro-
fessor R. A. Fisher at the Galton Laboratory, Mr. Finney conducted
a series of researches into t}te mathematical problems of estimation
arising in the detection of linkage in human populations, which
are characterised by the lact that information is often fragmentary,
covers one or two generations only, and is always observational
rather than exp€rimental. Severd papers have been published on
the subject (l&21).

While with the Department, ItIr. W. L. Stevens published a note
giving exact fiducial limits oI expectations, based on small numbers
of observations derived from the binomial and Poisson distributions
{22). These are applicable to the determination of the accuracy of
mutation rates (Ior which the ordinary standard-error formula is
grossly misleading), and to many other analogous problems. An
extended set of tables was prepared by him for inclusion in the
Second Edition ol Slalislical Tables (l\.

Dr. Yates read a paper to the Seventh International Genetical
Congress, held in Edinbugh immediately prior to the war, on
modern experimental desi8n and its function in plant selection (23).

Btol-ocrcAL ASS.A.Y

The foundation of the rigorous statistical treatment of data
arising in biologica) assal and toxicology was laid bv Prolessor
Fishei in 1935, in an Appendix to a paper by C. I. Bliss, who wa-s

then working at the Galton l-aboratory. Since then the Department,
in co-operation with the Insecticides Department, has played a
very active part in developing statistical methods suitable for
use in this field.

The most important problems investigated during the period
under review have been the interpretation of toxicity tests of
mixtures of poisons (24), the extension of the principles of factorial
desig-n to toxicological experiments, (25, 26), and the develoPment
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oI methds Ior allowiag for mortality amongst the controls (r).
Mr. Finney has completed a text book on the subject (2), and tabl€s
suitable Ior use in ]aboratories have been included in Statisti.cal
Tables (l); a table dealing vrith tests in which there is mortality
amongst the controls has been added to the third edition. Other
papers published on the subject are (3), (28), (29) and (3O).

Seraprtxc
Prior to the war the Department was chiefly concerned with

sampling problems arising in agricultual and biological research,
such as sampling of agricultural crops for estimatibn oI rate of
grovth, changes in chemical composition, yield, disease infestation,
etc. The estimation o( the yield of cereal experiments by sampling
for the ratio of grain to total produce is discu-ssed in (82)l Sind th;
war, _the Department has been involved in many other t5zpes oI
sampling problems and the opportunity has been iaken to make a.
thorough review of the whole of the theorv of sampling. A review
of the p.resent position has been given in a"paper."id 6 tn" noyat
Slatistical Society in January, f946 (3f). Di. Yates is also preparing
a book on the subject.

Sampling problems arising in economic surveys and in the
a.nalysis of economic material have also been investigated in con-
n€ction with the Survey of Fertiliser Practice '(page 264), and
the _analysis oI the National Farm Survey (page lf?). The technique
oI dealing with sampling errors in largeicile suiveys of diseise
and pest infestation have been worked out in conneciion with the
Wireworm Survey (page 116). The sampling problems arising in
this srrvey are discussed in (50). Sarrplinf pro-blims connected #t!
socral surveys entered into a number of the investigations con-
ducted by tlie Ministry of Home Security.

The problem of estimating the sampiins error of svstematicallv
spaced samples, such as ari ofteri uied -in forestrv survevs, G
being_ inv-estigated. While this investigation is not yet complete,
considerable adva.nces have been made, and it is tiketylo be br6ught
to a successfirl conclusion during the present year.

Speclet INvnst:rcettoxs
The war gave rise to urtent demands for accurate inforrnation

on many diverse problems. Such information was reouired an a
basis for immediate administrative action, and when t e demand
arose, there $'as usually no time for experimental work, so that it
was rmperauve to make use of whatever material was ava.ilable.

During the war the Department undertook a number o{ sum_
maries of experimental material releva.nt to Darticrrar oroblems.
The first of t[ese was the summary oI the resulii oi all thJi"it'ifi"er'
trials coaducted in this country since lg0o which is described
elsewlrere in this report (paSe 26r).

This investigation revealed two points of general imDortance ir
research policy. The first was the value of ma[ine critic;l ouantita_
tive reviews from time to time of the whole oI thi ava.ilabll exoeri-
mental- data on given problems. Such quantitative reviews ivere
found in general to require critica.l statiitical re-examiration and
slmthesis of the relevant results. previously statistical examinations
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carried out in the Department had been conlined (aPart from
those of modern co-ordinated series of experiments) to the results
of particular experiments, such as the classica"l fields at Rothamsted.
In these examinations the results o{ each experiment had been con-
sidered alone without reference to similar experiments elsewhere.
It now became clear that consideration o{ all alailable experimental
results throwing li+t on some partiorlar problem was often much
more profitable, the results of past exPeriments being used as a
quarry to provide information on dilferent points as required.

The seCond point that emerged was that the summarisation of
large bodies of experimental work carried out by many workers,
often in different countries, requires time for its efficient execution,
quite apart Irom the fact that the summary, when complete, may
result in the conclusion that further experimental work is necessaxy.
Administrators, working usua-lly under urgent pressure of day-
today demands, cannot be expected to become aware suftciently
early of techaical and scientific points on which information will
be iequired in the futue. Consequently scientists themselves,
particularly in times of rapid change, must co-operate \f,ith the
idministration in determining what problems are likely to become
ol importance in the future, so that the necessary inYestiSations
can be initiated in good time.

EFFECT oF CHANGES IN LEvEL oli FEEDING oF DArRY colrys oN
MILK PRODUCTION

At the request of the Agricultural Economics Branch of the
Cambridge School of Agriculture, the Department co-operated
with the Ecoaomics Branch il an investigation of the effect oI
changes in level of feedi,ng of dairy cows on milk production. The
questions that gave rise to the investigation were how far feeding
stuffs could be economised by stricter rationing of dairy cows,
and how far concentrates could be replaced by bulky foods.

In order to determine the most eficient feedhg policy, the
relationship between food intake and milk output must be knorn'n'
It was ori$nally hoped that the data collected by t}re Cambridge
Economics Branch on the food consumption and milk outputs of a
sample of dairy herds in the eastern counties would be adequate,
but lt was eventua.lly concluded that the data were not by them-
selves capable of furnishing certain inlormation on this point.
It was therefore decided to review all relevant Ieeding exp€riments
and ma.ke a comprebensive analy'sis and summary of the results.
This investigation is reported in (33). It is well known thal as th9
food intake increases the digestive efficiency of an animal falls off.
On the other hand, every animal has a high overhead requirement,
which in a dairJr cow includes not only the mainteaance ration,
but also lood required during dry periods and food for rearing, etc.
This would indicate that it may be advartageous to keep cows at a
high productive level, even though this may lead to some di86tive
inefficiency. The analysis showed that a level of feeding slightly
higher thau the normal rations given in " Rations for Livestock,"
gave maximum eficiency in terms of milk production a.nd that whi.le
raising the feeding above this level was not likely to result in any
great loss of eficiency, feeding rates lower than those given in
" Rations for Livestock," resulted in a rapid fall in milk production,
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and a corresponding loss in efficienc1. [t thu" appeared ttrat
economies of iood were not likelv to be effected b]' more stringent
rationing of dairy cows, excepi at the exPense of milk lields.
Over-stringent rationing resulting from shortage of foods might result
in a very sJrious reduction in the milk suPPlv without any equivalent
saving in food.

Eiidence on the part played by bulkv foods rvas also obtained,
and it was shown tlat, irrdvided total 

"energy intake was main-
tained, substitution oI pirt of the concentrates normally ,fed to-a
dairy cow by bulky foods, such as roots or hay on an, equal starch-
equivalent basis dii not influence milk yield. It was also found that
in the experiments investigated the starch-equivalent system Save
better ass'essment of the relative energy values of different tyPes of
food than did the Danish food-unit (F.E.) system, or the total
dieestible nutrients (T.D.N.) svstem.' " Chango in level'of feedin! result not only in changes in milk
production, but also in changes in live-weight. These changes
iomplcated the interpretation of the results, particr arly of the
shori-term experimenti. Some of the exPeriments atso threw light on
protein requirements for milk production. These results, however,
have not been fully summarised.

AssEssrdENr oF THE VALUE oF LEY FARITING

A start has been made in 1945 on planning an investigation
of the economic value to the livestock farmer of temporary grazitrS
leys as compared with old grass. A committee, lhe Joint -SuPer-
visory Comirittee on Ley Farming, was set- -up b]' the- Ministry
towa;ds the end of 19,!i, to consider possible ways of securing
this information. When the problem was reviewed it was decided
that before starting direct eiperimental work it was essential to
ascertain $-hether any satisfaciory technique, other than measure-
ments of liveweight in".."t"s ani grazing days, ,could be- evolved
for assessing ttre I'ietas of grazed pastures, since_the- use of animds
necessarily involves large plots, and consequently the exp€riments
have to be of a very simple nature, and even so only attain very
low accuracy.

The cut[ing of grass at frequent intervals on small caged plots
has been tried-out i-n various parts of the world, but a reliew of the
literatue showed that the ilternative techniques had not been
adequately tested. In vierv oI this, trials to comPare- various cutting
tech;ioues with the performance of the animals themselves were
instituietl by the Ministry and the Grassland ImProvement Station
in 1945. On-e of these was carried out at Rothamsted on the Royal
Agricultural Societl-'s trial of the residual value of cake feediag
(p-age 236). The grass-cutting work on this trial was carried
dirt-by members of the Statistical and Chemistry pep11m-ens,
and the statistical anatl-si; of all the trials was performed at Rotham-
sted. The results of ihe lg{5 ttiats are proinising, and the work
is being continued in 19{'6.

Thii investigation forms onll' a small part of tle rnore gcneral
oroblem n'hich-mav be broadlrj described as the determination of
ihe agronomic and-economic vilue of te1' farming relative to other
farmi"ng systems. The problem is exceedingtl' comple-x, involving
agronoi,ii research into-methods of establishing levs, the evolution
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oI suitable strains of grasses and clovers for varied climatic con-
ditions and grazing requirements, the determination oI the fertiliser
requirements of a ley-arable rotation, etc., and such general questions
as the relative merits oI leys and permanent grass for pasture and
for hay, and the increase in fertility of arable land attributable to
Ieys. It is naturally the concem of many other research institutes
as ucll as Rothamsted. L-ntil a quantitative ansli'er is obtained to
these general questions an economic assessment of the relative
value of ley and other svstems of farming under anr giteu economic
conditions cannot be made.

Investigations on fertility questions are necessarily both involved
and slou'. Consequently, in spite of their recognised importance,
little rvork has been done during the war, for it was apparent that
no information could be obtained rvhich rvould be of value in increas-
ing agricultural production durhg the war. Prior to the war the
onlv experiment in this courtry desi8ned to assess the influence on
fertfity of the introduction oI long leys into arable Iarming was the
Woburn experiment described elsewhere in the report (p. 256). This
experiment illustrates the lengthy nature oI all such investigations :

although started in 1938, the first cycle will only be complete in
1946. The fact that the war has intemrpted the lafing dorvn of
similar experiments at other centres makes the present need all
the more urgent. They should have high priority in the programmes
of the new experimental Iarms to be established under the National
Advisory Services.

Ornrn r lwsrtcerloxs
Dr. Boyd carried out a statistical examination of 36 years'

results of the Saxmundlnm Rotation Experiment, studying both
the responses to fertilisers and the influence of meteorological
factors (rto). Mrs. Cashea (Mrs. Tlsser), working under Prolessor
Fisher, investigated the eflect of rainfall on the yields and botanical
composition of hay from the Park Grass Plots at Rothamsted (41).
Dr. Carey made an investigation of the fertiliser requirements of
sugar cane, including a summary of the re$ ts of all available
fertiliser experiments on this crop (42). All three workers \vere
awarded a Ph.D. at I-ondon University.

The accounts of various small investigations which have been
carried out during the last seven years are described in the abstracts
to papers (34)-(39) and (4il)-(4?). Certain other investigations
have been made oI rvhich the results are not yet published.

Trials to arsess the value of the resazurin and methylene-blue
t€sts a-s measures of the keeping quality of milk were instituted in
1944 by the Ministry acting in coniunction with the Gonference oI
Advisory Bacteriologists. The planning and statistical analysis
of these trials have been supervised by this Department. The
statistical work has been carried out paruy at Hove, and partly at
Rothamsted. The Department has ccoPerated in preparing two
reports on the results of the trials.

SuRvEys

During the war the importance of obtaining accurate and reliable
inlormation on farming conditions, and on the actual a€ricultural
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practices oI different types of farmers was increasingly realised.
Such information is of importance both to the administration in
planning the utilisation oI scarce resources, derrclopment of rationing
schemes, etc., and to those engaged in the planning of research and
in the dissemination of established scientific and technical Inow-
ledge. The subject is {ully discussed in (48).

Information of this type can often only be obtained by special
surveys of agricultural conditions and practices. The Department
has been increasingly consulted on the planning and anallsis of
such survelrs, particularly in connection with the sampling problems
that arise in surveys covering or y a sample of all farms or fields,
or which involve the sampling of individual fietds. On thesubiect
oI crop estimation and Iorecasting, on which a good deal of work
had been carried out before the war, advice and assistance was given
from time to time to tfre Ministries concemed with wartime esfi-
mation problems. The sampling observations on the growth of
wheat conducted in the years 1933-1939 at several centres under
the Agricultural Meteorological Scheme oI the Miaistry were
abandoned owing to pressure oi more urgent war work, but certaia
tests on the feasibility of using eye estimatioa for estimating the
yields of cereal crops were carried out on the wheat crop in Hertlord-
shhe in the yea.rs 1940 and 1941. Mention of this work wiII be
found in (48).

In addition to advisory work the Department has been more
closely concerned with three major pieces of suwey work; the
Survey of Fertiliser Practice, described elsewhere in the report
(page 264), the Wireworm Survey, and the National Farm Survey.

THE wREwoRu SURVEY

This survey was instituted because of the importance of the
wireworm problem under war conditions, when large amounts of
old grass rvere turned over to arable cropping. Its primary object was
to evolve methods suitable for assessing wireworm infestation of par-
ticular fields, so that advice could be given to farmers on cropping,
preventive measures, etc. The material collected also providerl
a good deal of general information on the wireworm problem.

The survey work was carried out by the Advisory Entomologists
acting under the direction of the Plant Pathological Laboratory of
the Ministry. The Department gave statistical advice to the
Plant Pathological Laboratory on the conduct of the survey, and
Mr. Fimey played a large part in the drafting of the various reports.

On the statistical side, the survey inyolved a good deal of pre-
Iiminary work in the investigation of the errors involved in the
sampling of individual fielcls, and in the evolution of the most
suitable methods oI sampling. This aspect is discussed ia (49)
and (5O).

fn addition, the whole of the statistical side of the reduction
and examination of the results was Ior several years concetrtrated
at Rothamsted, aud this iovolved a very considerable amolrnt of
numerical work.

The results of tie survey have been reported in a Ministry of
Agriculture Bulletin (52).
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NAIoNAL FARX suRvliY

Durins the vear l91l-42, the Ministrv, acting through the
Countv War Eiecutive Committees, carried out a qualitative
survev of all farms of over five acres in England and Wales. The
aims;nd obiects o[ the survey were reported in the Press at the time.
The survev covered such aspects as tenure, condition of farm,
incidence 6f insect p€sts, quaiity of farming, supply of electricity
and water, etc., atrd includ;d a map record of all farm bouqdaltes.
Owins to the labour situation, the analysis on a national basis of the
resulti of this su-rvey by the Ministry's Statistical DePartment
Dresented serious diftcu.lties, and the Ministry therefore made use

if the assistance of Rothamsted. The analysis was carried out by
means of Hollerith punched-card equipment, and the numerical
work at Rothamsted-consisted of summarising the tables produced
by the tabulating machines. This work was of a routine character,
aia a specia team of part-time computers was used.

Thd survev ha-s eiven the Depailment valuable experience in
the use of Hirlleritti machinery on the anal,sis of this t,?e of
material, and as a result methods of utitising this machinery have
been considerably developed. The data of the survey and- of the
related June 4tlr- Retums also presented points of Seneral interest
on which further investigatiors have been carried out.

A lull report on the iurvey has been published by the Ministry,
iTlw Natioial Fatm S*try, a Summary Rapozt, Ministry of Agri-
cultue. H.M.S.O., 1946).

PURLICATIONS
BOOKS

L FTSHER, R. A. aod Y^rEs, F. 1948. Slal'lticdt Tables lor Biologtcal
Agticuliwal and Mcdicat Rcscarth- l't Ed;tion' lg38; 2nd Edilion'
19143 | 3d Edition,1946. olii,er afld Boyd, Ediflburgh. (Io the Prcss.)

These tables have b€en desi8tred to Srve a collection under one cover oI all
lhose tables that are Dormallt requir;d by tle agricultural and biolo8ical
statisticiaq. In addition to thi tab[rs already published in Statis,ical trlethods
iot Research tyothers and elsewhere. Tarious new tables have been sPecially
i:omouted {or the volume bY members of the Statistical DePartmetrt aad of
tl" b"ftoo liboratory. Opportunity has been taken to add additiotral
matelial iB each new edition

2. FTNNEY, D. J. 1946. Prob;, Analysts A Statisliarl Trcatmc,tl oJ thc
Sigrnoid ResiotLse Cttrr.. Cambndge UEiversity Press (Io the Press.)

This is a D6ctical workiog text book designed to give the biologicai
stetisticial oieviouslv uulamitiat with the subject oI Probit analysis, a
cooplete aic6unt oI tf,e subject, iocludin8 the most receut develoPmeots'

I. RESE-A.RCHES IN TIIEORY .{IiD ]IETIIOD
(.1 G.ncrol

3. FINNEY, D. l. 1911. Th. ioirt, distibttion oJ va'tan(e 
'atios 

hdsd on a
comma otot mcaa sqraTt. Ano. Eug.,7' 13&140.

The DaD€r Eives the probability distributiol oI the tatio oI the largest oI a
ouBber;I'me;tr squard, all bas€d otr the same numb€r ol degrees oI fre€dom'
to an indeoedend " error " mean square The comPutatiotr oI exact sigtrfi-
;Dc€ leveis is a leDsthv plocess, but the approxiEratiotr res'ultitrt lrom a,l
rssumotioa oI compi-ete-iddependeBce ol tbe rati6 is satislaclory Folridi,S
that tfe error de*reis of freed6m are suEcietrtly trumeroua. The deteroinatiotr
ol sisrificasce le-yels for the least oI the variatrce ratios is arithmetically Euch
simpier, and the similar approxiEatiotr very satisfactory.
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,1. FrNNEy,D.J. lgjl. At thc dtstibutiil ol a ta.iatc uhos. loaadthri is

&n tallt di*ibu,.n. Suppl- J. Roy. Stat. Soc., Z, t5el6t. -
Formulae have b€€E obtained ,or eficient €stimates of the mean and

r|ariadc€ of.a sample of a population o{ u.bich the Iogarithm ol the },ariad i;
Dormally distributed. As the exact expFessioru; ari not verv suitable ioi
9t6-964 computarion, -approxirnatioo! are der.etopea whicli may be used
tor Eoderatel!' Iarge saEples.

5. FrNNEr,, D. J. lg4s. So ? orthogo.tat lrobcrti.s olth? 4h,1andBt,1,6Ial;i sqtur.s. An.tr. Eug., 12,2tl-Zlg. '

ThouSh there are no 6 bv 6 Craeco-tatitr squares, it is Dossible to Dartitiotr
6 by 6 htin squares orthogonally but less co;ptetil\.. ithe pap.. fiscosses
tltese panitioas and gives examples for use tn expirimentai design. The
exinence- of partitions satislyinR \.arious more strinient conditrons;s fioted.

-{ll J bv { Iltio squares catr be pa.rtitioned, in six-differeDt navs. into te<,
sets of eighr cells satisfving similar condittoos, thoosh onlv on6_ouarter of
these squares have craecb-l-atin solutions : these partiiions also ar; LGi;il-

6. FINNEy, D. J. t946. 5bJ b Latin sor.arps. Ann. Eus. 13. l-3-
All orthogonal partitions oI the E by 5Iaiio squares haveleea ietermiaed.

atrd the implicatiois of tbe results in experi-"ndt aotg" ";di*r-;;. 
----

7. CocsR^N, \\'. C. 1940. The $hdity of on zllroxi,nat. lorrtilh fo, th.oaliaic. oI a /ar,o- (Appendix.) J. -A,gric. *i-, 30,2n:275.
. The.tialidity of lrle usual-epproxirnate {ormula {or calculating the variance

o, a ratio is brieflv discussed.

Z^. Xrr".tr.o^,"r. O. 1914. Corrh,nts orr thc norc . On a th.ot. coi-c.niq sdrnpling." J. Roy. Stat. Soc., t02,58.
8. KExrrttoRNE. O. 1945. Srarisri.s in biology. Biol. atrd Hurnatr

A{fairs, 10, No. 3, l-8.

(b) Ez?clim.ntal dcs.gn and analtsis
9. Yirrs, F. lg1O. Latticc squalri. J. Agri. Sci., 30, 6?2-687.
The paper d€scnbes a Dew method of anall.sitra the rBults ol exDerituents

atraated in lattice (quasi-Iititr) square deiigns-, utilising the ioiormation
cortanned itr the itrter-row atrd inter-column compariso8, The oetlods oI
computation are described itr detail, and are illustiated by ex4mDles. With
i.hb modificatiotr, laftice square will alwa,ys give r€sults wlich ar; as accurate
es, or more eccurate than, ordiDary randomis€d blocks.

10. Y^rEs, F. 1940. I,r.,c.ot).ry ol iitcriloch ;rtlor ariol inbahn cd
iicornpl.k bloch tt sqns. ea.n. Eu[., lO, g17-326:

. Tb€ method- ol r€.covering i[ter-block iolormation itr iDcomplete block
desiSDs is described aDd is illuskated by numerical examples.

ll. FrNNEy, D. J. 1945. Ttc J,attio$l ,.ptiearioi of la.totitt onary.-
,'rJs. Attr. Eug., 12,29r-gOl.

The rel,atroDship oI scheme3 Ior factorial erD€rimeots to the elemeatarv
ttreory oI fdme power group€ has beeD discussei witn partiolar relereoce t62t and 3,t faatorial arraogemeats. lt is shol*a that fractional replicatiotr of
these aranSeeents is perEissible provided ttrat ttr€ experimeadr does lot
tequire inJorm.etiotr otr high ord.r interactioas. A [uaerial example has bee!
tivcD for halr-replication of e 2tt artatrgeocot

12. FrNNEy, D. J. 19{6. R.-ccn! da)clolir.r.ts ir. thc .ksit,' of licw .zrni-
,n nls. l. Silit-plo, .or.Iosrktiig. J. Agri". Sci., g6,i&52-.

The desig!, of exp€rimesG itr which soee ol the int€f.ctioDs oI the sub-
plot tratEetrts are coD{ouddcd rit} tie Dai! plots is discEss€d.
13. FrNNBy, D. J- 1946. R.errt d,1,..lol,i.rk ir ,h. d.s*, oI licb .zr.ri-

,rcnrs- 2. Arbalanccd, s?tit+lot carlot rulirg. J. Agria. Sci; 36, Oiot.
^ Fruther exteasioDs of +lit-plot coDloundiog to desit D3 i! rhicb tle audbcr

of variaDts oI tie diffc(eDt lactols is sEch that complcte belaDcc i3 lot poesibl.,
are d€scrib€d.

I
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14- KEuprsoRr.B, O. l\t16. The aralysis of a scn.s of er,eime ,s by ttu
14tc oI Phched cards. Suppl- J. Roy. Stat. Soc. (Io the press.)

The atralFis oI the $rgar bcet series o( fertiliser lrials li'hich are of 2' type
oI fuctorial desig! by ,neans of Hollerith putrched cards is describ€d. Possible
€rt€osions to other types of experiment are briefly discussed.

(cl Gcnctios

15. FrNNEy, D. J. lg40. The delection of lir?hage. A$\ Eug., lO, l?l-214.

16. FTNr{EY, D- J. 1911. The detection of linhdgc. 2. Ftsthennating ,ypzs :
Scorang of Boyd's data. Anq. Eug., 11, l0-ro.

17. FtNNEy, D. J. 194f. The derectioit ol lirrhoge. 3. Inconqlete iarenlal
,rsAr4g. Ann. Eog., ll, ll5-135.

18. FINNBY, D. J. r9,r2. Thc d?t..trcn oI linhasc. 4. Lach ol pat cttal
,ecolik ald lh. ts? of cttpiriol zst;nptrs of iifo, arioi. J. Hered.,
33' No. 4.

lg. FINNE\,, D. J. 1042. Th. dcte.tion oJ h;h,{?. :a. St prl.m.nt r|
,aDrrs. A[n. Et g., ll, 22+232.

m. FINNEY, D. l. f942. Thc dctcctiftt of lirhog.. 6. Th. loss of anlor-
, ation lrorn irrcomplctctess oJ latcnlal r..ttrals. Atrtr. Eug., rlt 23tr-211.

21. FrNNEy, D. J. 1943. The debction of lifiagc. 7. Co birtation of dald
Jaoot ,to$r.gi oJ hnoon and {r.*rolon fha^... Artr. EBg., 12, 3l-43.

h ttris sed€s of pBlrers methods are developed tot oakil8 eficieot tests of
linkage aom famity rerords oI ttre type usually eDcoutrtered in hum4rl studies
oI getretics. Th6; melhods are bas€d otr scoritrE procedures of the typc
orighelly itrduced by Prolessor R. .\. Fisher.

2t. StBvBNs, W. L. 1942- Acc rar! ol t,lll&tion raLs. J. Gen., {3,
301-307.

Ahe l,se oI the staEdard error -ol estimates of outatiotr rates, atrd othcr
goall proprotiotrs, is sho$'tr to be higl y erroneous. A table is ptovided lor
rapidly making the exact tests oI si8nificarce,

23. Y^TES, F. 194). Moilcr* cr,winental dasign and ils lwtction iE ?l4rt
szlccri@|, Enp. J. Exp. Agric., a, 22y2N.

The paper gives a sunm^ry of the various experimental desigtrs of the
quasi-Bcw-rial, balarced hcomplete block, ard tattice sqoare type, that have
6ees introduced to test large numb€is oI varieties, q,hile eliDitratitrS fertility
difGrences as Iar as possibh. The ad%ntage of iDcludiaB a larBe trumbet _of
rErieties ia field triais at the cost ot some reduction ia the accuracy o{ itrdi_
vidual comparisoDs, in order to r€duce tbe chatrce oI some particularly good
.!.adety being rejected \r'ithout kial, is stressed.

@l Biologiral assq,

,orsors. Anr. Appl. Biol., 29, 82-94,

The hterpretatioo of the results o{ toxicity tests otr rDixtures oI Poisons is
{ully discussid, new methods are developed'tor dealing with iodeFndent
similar atrd sy'nergistic action, atrd exampies of their apptication are given

25. FrNNEy, D. J- l9{'.1. Eta,,|lrs ,,1 the Plaliittg ttd intd?l.l^tio}
oI loxkity t?sk anuoh'ing ,norc'thar n ? lettot. -\;D. APPI. BioL, 29'
33G332.

The paper gives a briel review of toxicity.tests whicb hale included com-
bitratiotrs oI diffEetrt terhniques of applying poisons, or which have tcsted
roixtures of poisotrs.

26: FtNNEy, D. J. l9{3. Tl. statistical tftatnent oI larw)logica! d,ala
rctalitrg to nnic thaitr on? dosagc ladar. Antr. APPI. Biol.. 30' 7l-70.

The exte$ioa of factorial design to toxicological exPerimeots iovolves treu'
problems of analysis, which are discussed in this paper It is shoun that
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probit regression plaoes catr b€ Iitted ill a Eantrer aralogous to that us€d for
iegression lines- The arithmetical procedure o{ trttitr8 is ilustratad by atr
exarrple aod t€sts are given for heterogetreity aDd paraUelism. Nuoerical
examples usrd by Bliss are also discuss€d ia relatiotr to the methods of fittiEg
and forms o{ equation given in this pap€t.

A more Betreral class oI eqoatioDs is in&oduced {or use when the probit
Eortalify is linearly related to each dosage factor separafelv, but tbe indi-
vidual elrects are aot-additive.

2?. FrNNE\,, D. J. 1S44. The o?lli.aliol of lhe ptobit,ncthod lo loicil)/
,.s, data adi*st.d lor ,iollatity in rh. conhols. Aun. Appl. Biol., 31,
8a-74.

Methods of dealiog \rith data in wbich the untreated conkols are $rbject
to a mortality rate are developed, and the nec€ssary tables are presented.

28. FrsNEl., D. l. 1511. The apqlication of probit a*^l1,sis ,o ,lte r.svlk of
,n ntal lcsk. ?sychome{rika, 9' 3l-30.

The paper contaitrs an outlioe of the method oi probit aDab,sis and aa
illustratioa of the most cotrvedent form of computations for use itr analyse3
of psychomeHc data.

20. FrNNt!., D. J. f944. Motk t^rks ol liotogical assal. Nature, l53r
284.

The applicability o{ the Iour-poilt assay is discussed-

30. FrNNEY, D- J. 1915. T he rnicrobio@i.al assay oJ uilartirls : rlp estitnat.
dnd ik ptecisia, guart. J. Pharmac,, 18, 77-82.

The estimatioo oI relative potetrcy by the metbod oI maximum likelihd
is developed lor the case, arising in certain micro-biolo$cal a.ssays. in wlLich thc
response sboq,s a lirear relatioiship with tlte dose aoa tbe regr€ssiotr litres for
thi two proportioos are constrained to Sive the 6aoe }'alue at zero dose.

lcl Sd'n?li'tg atul sa Pling stmcts
31. YATES, F. 1918. A lariao oJ r.aar., slatislical dco.loPn ?nts irt s6r.Ptir.g

aiit san?tiw s.mcys, J. Roy. Stat. Soc., l(x)r l2-3o.

The paper gives a review oI the Present Positiotr of samplitrt theory a!4
oractice_with in outline ol the cotrdbuboDs made by biological atrd atd-
iultural statistics. A surE_ry of sampling methods and the aPPtoPriate
Eethods of lorming estimates aEd calculatiot saEPlinS errors is dven, ilctEd'
ing a drscussion of methods of iEprovin! the accoracy by adjustEetrt oI tlc
reiults. The use of rirtios or petcetrtages arrd the use o, a variable saEPling
fractioD itrcludin8 the probleds arisinf iD tbe estiEration of errol wheD qlrirt
random or slste-Eatic- samDlidg is uaed are also discussed. The sampling
problems arising io social sulrvei3 and t}Ie platrning of samPlins enquiries, are

32. CocHR^N,w.G. 1940. Th.esh ation oJ lh. lieds oI czftal.ri."artctt,,s
bJ sdrn?tiw Ir, th. ratio oJ grain lo lalal lrodt cc. J. Agric. Sci, :Xr'
202-21A.

ODe Do6sible method of determidtrg tbe yields o{ cer€al experiEelts i! to
weiph tI; total Droduce otr e3ch Dlot atrd to taLe samplcs ,or estimatia8 th.
rati; o{ praitr to'totat oroa"ce. eilt}er from the sheavea or 1106 the sta[disg
croo. Tie oaoer discriscs ttre sampti.og errors oI this mettrod, which is showtr
to ;oune a'bo:ut l of the number ol-sadples that would be Equired itr satoPling
direcily lrom tt6 stanaiag crop. Gra-b s3EPlitrS toE tha sbeav6, tholth
6lightly biascd, is ot!.r'eis€ satisfactory.

2. STATISTICAL AI{ALYSES OF COLLECTIONS OF EXPEBIUENTAL
AND OBSERVATIONAL DATA

33. Y^rEs, F., BoyD, D. A. aod PErrIr, G. H. N 1942. Illtuqn o-l
.tar|gcs in latcl ol fc.ding on n ilh ?tot u.tiort. J. Agric. Sci.' 3:1, 42t{6O.

Tbe i-orluence upotr milk productioa of chatrSes irr levd ol Ieedi.og aod in
prDlrorhoa o, bufki loods his b€etr investiSated usitr8 aI arailabl€ atFri-
metrtal matedal.

L
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The experiaeotal rsults show that iocreas€s in level oI fe€diog, to rates
retl io ex;ess ol canvetrtiotral Eaglish staodards, are caPable oI givitrt sub-
#trtial iocreases in milk productiotr.

It is ghowtr that phltsiological emcieqcy {alts off as lood intake is increased.
A curve representiai ihysioiogical e6ciency has beeo constructed by takiEg
accouot ofihalges iijive weight as well as changes iE yield of milk.

The ouestioiof Lhe most ei6cieEt feeding rate is discussed. Owiog to the
hiRh oveihead aod fieioteoatrce requiremetrts of the cow, a lahly high level
of"teedilg of about 2 8 Ib. starch equit'aletrt Per galloD of mitk, Sives maxiDuE
edcieacyl This is so iq spite oI toier physi6logic4l emcieDcy at high levels oI
feedios 

-atrd 
additional loss resultiog {rom the utilisatiotr of Part of the food

suppli to itrcrea9e body weight. This IeeditrS rate approximates to tte rate
wfrih would have give'a maximum prorit at l94l-2 Pric€s il food corld have
been lreely bought and sold. Thete is thus no economic i[ducemetrt to Ieed at
excessive iat€s,-ald the cbref datrger appeaE to be uDder_feedin8, due eitler
to too stringent rationilt or to atr attemPt to keeP too Bany adEals i4 tiaes
ol getreral Iood stlitr8ency.

1te teeahg oI bulky'foods dotre may reduce yield otritrg to lioitatioa of
total enerEv inltake. Piovided total eoergy itrtake is maiotaiEed, substitutioD
of part oiihe coocentrate ration by bulky foods such as roots or hay otr aa
cqrial starch equi!-aletrt basis. do€ trot iElluerce milk yield._ 

T-bo resultsof these experimeats show that the starch €qui1'alelt sFteD
{ives a better assessment ol t.be relative etrerBy v-.lue of difleretrt {oods than
ioes the tood unit (F.E.) slstem or the total ditestible outrieEts (TD.N)
sFtem.

3,1. FtNNEy, D. J. l04o- Tt. Lidl. Hoos fi.ld arp.li .n ott li. rc$dudl
ttdncs ol caiit aat,n,;r,s. E,EP. J. Exp. Agric,8, Itl'f26.

The peper coltaiDs an analysis of the results of the Little tloo8 6eld
c*periadnd at RotbaEsted (which ratr lroE f0O{.1926) oa the residtral
!".iu€ ot various orgadc maqilres aod Iorms of PhosPbate aPPtied to a four-
colrlse rctation. The deiSa oI the experimetrt E-as such that oo very defiirite
cotrclusiotrs could be drawo, but the experimental results aPPeared to show
residEal effects ol duo8 up to three years tom their apPlicatiotr, but uo
ftsidual efiects for 8uatro,-shoddy or rape dust. Basic slag showrd mote
colsistent tesidual tffects thall guperphosphate or bole m€al.

36. TURNER, HELEI N. 193S. Ti, trsid*al .Jl.tis of orgdnk l.rt hscrs :
A ftelimitary rcporl ort ltt Rorharnstad lovr'aoursc lotaliort cr?zri eil-
Emp. J. Exp. Agric., 7, 343-349.

The pap€f, gives a prelimioary anal)'sis of the lirst 8 years' rBults oI the
nori^-ltea to_ur-cours'e rotation'experimetrt on the residial eftects of or8adc
lei'tilisets.

36. G^RNER, H. v. add WEIL, J. W. ls4o. Thc c lioa$on of oslting
ba c! in Englan l. Emp. J. Exp. A8ric., t,65-79.

The agriculturat data aod Srading oI some l,2OO samPles of Engtish
maltiog ba.rley are set out aqd discussed. Claasificatioa by differeEces showed
matkod differioces in quality io dirferetrt localities. Autirmn soriog usually
produced barley particularly superior itr quality, but iElerior io )'ield to the
ip.ioc .o*o uait6vs. Samit"s iown earll: in t6e spriog tended to be better
ii qu]atity tlan tLose sovi later itr the season. The h€vier class oI soil
tended to produce bette! barley in diy yeats and vice versa.

37. SAIrNr, P. N- 1941. Th. r.lalion oI drcinagc to /^inJdA aid orhct
,n teorological faclors. J. Agric. Sci., 3f, fl0-1f5.

Fouowios the earliff work of CRoWTHER atrd KosHAL, tbe draitrage flom
the Rotbamsted 20 in. drain gauge has b€en related to raitr{all and other
Eeteorological Iactofs.

38. FrNNEy, D. J. t94f. Thc rulahonshit oJ Ptanl nurnbu and yi.A in
stgdl bect and rnangows. EEp. J. Exp. Agric., 9, 57-64.

ExaEinatioo of the relatiotrship between platrt detrsity atrd yield in lour
ridely diferetrt sets oI experimeots oo sugat beet aod maDgolds iEdicat€s
tbat, with a trormal platrt populatiotr, atry elirdoatioE of roots may be expected
to be accoEpanied bv about half the proportiooate loss io yield
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39 GAINER, H. \'. and WE|L, J. W. 1939. Tk stordard craors of frctd
ptots at Rottorust.n ad ot rsii. c.ir.s. emp. 1. fxp. egfic., 7, 3d9;!iO.

The standard errors per plot obtaitred in soEe l,2OO analys€s reletitrg
to deta from Eodem replicated erperimetrts carried out at RothaEstrd,
Wobum, add ootside centres during 1025-38 are recorded aad classifed.

{o. BoyD, D. .\. 1940. Thc influ.n c of tnzLorowical factots an at ic
croq yi.Us, boscd on an czarniralion of lhe rcsalk ol tht San,ntttillwt
,ohtion .tf.ri'nznl. (Th€sis lor Ph.D. d ree i^ the l:niversity o{
I-ondoo. )

The results o, this experiment from lg0o to lg37 are summeris€d ell(l dis-
cossed. and the influence of meteorological factors is in\,'estigated.

4l CASHEN, R. O. l0{4. The ?fi?.t oI rdinlaU and a'so.iarcd u.dthd o,
mon tiattv tt.al?d p?rwrt.nl-'gras;land 'a-s d,rronstfttcd by maruhia!
.rlcli,nenls ct tri.il out sinc. 1858 on thc grass llo,s in Roth;nshit Parh.
(Th€sis for Ph-D. degree itr the Udversity of Irndon.)

The rcsults oI an exartrioatioo of the effect of rainlall on the yields and
chemical compdsition of the hay of tle Park gres.e plots. RothaEsted, is
reported.

12. C^REy, T. M. l$4i. Ferttlis.r l.quir.r cnts o! u{.]ar taac. \T}l*i6
for Ph.D. degree itr the Universitv of IrodoD.)

An investigatioD oI thc lertilis€r requireme[ts of sugar caoe h&s betr
made, with a sumrnair of all ar".ilable Iertiliser expcriEetrts oD this cIop.

5.. dlso: D.parl,t ct t oJ E*tomology, Refs. 2l, 22, 30, 34 : B.c Dcpartncat,
Rcfr. 14. 16; Watainc Fcttilisct Poiny, R,el. l-

3. SURVEYS
l.l Gcrcra,
,tt. ' YATBS, F. 1013. M.Udt aad pJ]rpos.s of agrictltur&f s,,t cys. j.Roy.

Soc. Art8, No. 46{1.
Tbfu paper Sives a review oI the crrretrt developmeDts in atticl hral

slfveF ilustrrtad by erampl€a ol recently execoted nrrveF.

(bl Wircuotm srmcy
49. FtNrJB-y, D. J. f S4l. Wilcwnn po@tiors and ,*c;, .t1.4 o, Grofs.

Al[. Appl. Biol., 2t, ,89206.
lbe tGults oI sample determitrations ol virerorB IroputatioB ca,rried out

by the Advisory EDtomologists i.tr crtrtrectiotr ritl tfe Wirevorm Survey ir
le89-{0 sre revie*'ed. Thetc yas a very Da,rked decrase in idestatirtr Ii.om
sEth to oorth of the contrtry. The'adequacy o{ ttre statderd satnlrisg
tccbdqtre eeployed (m ir. cylitrdrical corEs 4 io. i! diamet€r) is disclrssad,
aJId the elfects ol \r.ireEorm inlestation oa tle $rbs€q[eot croFi are atralys€d.

80. Y^r'Bs, F. etrd FrNi*Ey, D. J. l04z. Sta'tisliaal fi&lcms iificwsa i4
Io, vrirc@r',,s. A!D. Appl. Biol.,29, l6Gl87.

Grass fields h.ve shown very Euch highd populations io the south-€ast
aqd 4idL,rd arcas than in tle north and west both itr 193${0 atrd I94{F.al.
Io qrite ol a r€d[ctiog in l040-ll io the lo$er sire limit oI tLe laJ.v.& to bc
coutrted iB the samples, populatious itr this Latter seasoo t€lded to be lower
tlaE iE 193940. -{ra,bl€ iield. sampled in lg.lo'4 I gave popul4tioos getr€r"auy
loBer tbao gra-ss tields, atrd the geographical tf,etrd wdr less troticeeble.

A 8ea€ral suBunary of the pritrciples utrderlying 6eld saEpling, witl Fr-
ticElar reteretrce to the taldnS of soil samples for the estimatioa of wire*'orm
poputation, has been giwetr.

51. FtliNEY, D. J- 1943. R..c.nt dct.lo?rn nts itt Ac uitcuotm sumcy.
Agric. Pr%., a, 3C38.

Forthcr rcsrlts on the size of wir€worm populatioDs ard darDage to crop6
.rc brierly rrcdded.

t
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5:. 1944. Wneuorrns and lood Droduet$rr--i uireuot,t su,o?v ot Enetdnd
anil Wal.s (1939-t0+21. (Iieport {rom the td\1son E-nt6motdeists
Coqfere[ce.) Mitr. Agric. Bull., 128.

This bDlletitr coDtains a lull report o{ the results ot the \\'ireworm Survcv
Subjects discussed are: the techD,ique oI \vireworm sampling, tbe distributidn
of ad,zolrs populations in EnglaDd;Dd Wales, the influ'"nci of husbaadw on
wireworm populations, the influetrce of vireworrDs on the cstablishment a[d
s_uccess oI arable crops. Recommendatiotrs are made {or mitigatinB damage
due to wireworms.

(c) S{fte}' oJ le iliscl pnctie.
53. YATES, F., BoyD, D. A., aDd llArHrsos. l. 7h, "onwn? ot larn

trois : So' e *Jnrl,s oI a sun)cy ol f.,titise/ ptackc in F.aqlaid.'6mp.
J. Exp. Agric., 12, 18.!176.

The rcport presents some o{ the rnaio fitrdrnEs ol the sun.ey which have
immediate relevance from the lDint of view of im-pro\.ing tbe usd of rertilisers.
fr! fpon covers coutrties in_the Advisory Proriinces 6f Cambridge, Bristol
aod l-eeds, and iE the Dain rcl,a,tes to the manuridg oI the lg42 cr6ps.

Generauy speaking, districls which have alw-a]'s aepetrded maldy;tr arabl€
cropping use adequate aDouots of lertiliseIs. and meka satistactory iliffereatia-
tion betqeetr the oeeds oI differeDt crops. Eve[ in these distriats, ho\rcver,
he special needs ol newly ploughed-out grasslatrd have aot beetr fully rec.g-
Eised, and crops teod to be manured without r€gard to the land oo which th+
:rie glown,

Farmers i[ tbedairy alld cattle,rcanDg districB oI tbe \['esr of Erglald aDd
Yorkhire, who belore the war had had little exDerience oI arable larmtns. are
Eoch less " Iertiliser-colscious thatr larmers in the eastem arable couities.
and EaLe iDsu6cient usc o{ Ie,rtilisets, evetr ou old arable land. For examDle,
tbe maruril8 ol root cIops b {requettly ilt balaDced and itradequate i! 

_ttr.

w-€st€rtr counti€s ; although very larye supplies of Iarmyard maEure are avail-
able, alEoot o[e-third of the root acreage receil.ed iooe, arld maoy lields
received Eo phosphate or tro dtrogcn. Eveo within the chiet arable districts
th€tre v.ere ma,ny larhs maialy iD gra$ before the $.ar (e.g., in West Bedford
ald South Eg!er(), which make lers etfective use ol fertilisers than their aeigh-
bours with greeter experietrce ot arable tarmiog

As a coDs€queace, tle use o, lime atrd phoGphate oa new arable LaDd hes
been qoite inedequate ov€r Eost ol ttre surveyed a!ea. The survey has coE-
firmed (wb.t has alrcady becn tequeotly emphasised) that ne\r aiebte laod
is geftrally both much more &id aDd Euch more deficieDt io phospbate thal
old arable. but it is apparent tlat except in one or two diskiCts this laod h.s
received less lime and less phospbate in recent yeaB than has the old arable
latrd.

The failure to tec rise the {u[ctio[ ot farmyard maDure iui a source oI
ptosphate. aad more particularl]" potash, is also srrikint. The suiyey sbow3
tbat {armers require elcouragement to use mixtures Nlth a lower proportion o,
phosphate atrd potarh *'hcre {arm\'ard maoure is also gi\,etr.

The {ailure to distintuish clearlv Lretiveen the diflereot action of the w.rious
pla4t nutrielts h.as also led to au ioadequate use ol nitro8cn on cereals grown
a{ter roots, presuinably o\\iag to the betef tLat the hea\.v Eanuriog ol the
rcots will have led to sufrcieot stored-up fertiliq.. Certainll, in those cases
rrherc only inorganic nitrogen has been used to manure tlre root crop, there is
every reason to give a rcasonable Ditrogetrous dressing to thc following com
There are also wide difrereucc5 from farm to farm.in the use of qihogen otr
cereals. and it is clear that some larrEers, at least, could profitablf make
treater use o, this,ertiliser- Onll'half the acreage o{ cereals in the surveyed
Ixovitrces aatually received dtrogetr, and it is unlikely that a higher proportiol
recei\-es nitrosen in the countrv as a \shole.
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