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STATISTICS DEPARTMBNT
By F. YArES

Durine 1949 the work of the department has developed along the
lines whiC'h have been outlined in previous reports. Considerable
orogress has been made in our relations with the National Agncul-
[rrri eOvisorv Service. Work on surveys of the operational research

twe has beeu intensi-6ed, and the year has seen ttre installation of
Hollerith equipment..ftre outitandins new survev carried out during the year is the
Survev of Mareinal'i-a.nd- This was undertakeo at the request of the
Aerictiltural .R'esearch Council. The obiect of tbe survey rvas to
ia"vestieate how far marginal land of the tlPe not included in tbe
Hilt Farm-ing Act, and not producing cash -crops. :9"\. ""s 

dly
nroducts- wi likelv to repav anY scheme of rehabilitation' rhe
!u*"v iJ bebg car;ed oui ii tt'tie regions ; that for East Wales

and tle WelsiBorders has akeady been comPleted and a Prelrmrn-

'"iiB"*3:"JXf$i*"roo Potatoes was continued, and the pilot
."*"" oi U"ti,oa. of Milk Production was also continued, though a
i"tni fras not vet been issued. Some analytical work on the Survey
Ll'Fertilizer Piactice was carried out. A Survey of Opencast Coal

Sites is being planned.
DESIGN AND ANATYSIS OF EXPERIMENTS

The desim and analysis of experiments for Rothamsted and other
,"rurr.h 

"t."tiot 
t has c"ontinued-on the usual lines ln addition to

ihe desim of 6eld experiments a number of laboratory experiments
have beEn desimed fbr other departments. Similar work has t'een

undertaken on"request for other research stations'
---i-f," *rri"" 

"*'oeriment 
on the residual manurial value of feeding

.t,,tr1 ;hi& ias'beins conducted at Rothamsted on behalf of the
iir-"J e*ii,rririrt Soc"ietv of England, came to an end in 1948 and

-"irb"tiot the department corroborated irt a rePort on ttus survey

which has now b-een prepared for publication in the Society's
ioumal (56).
'"-C*oi.i'"tio" *ith the National Agriculturd Advisory Service in
the field of experimental design and 

'nalysis 
has- rnade v.ery satrs-

i^"to* oaoo"it. We are nori consulted 
-by 

all the provinces' and

Dr-. B6vh oi some other member of the department usually attends

meetinss of Provircial Experimeuts Committees in most provrnces'

,iil;El lbit i."olves thL department in a good dell of work it
should iroduce valuable results both in raising the standard ot desgn

of inai' dual experiments' aud wbat is even more important' m

"ir"lait" 
t Ur.id-ttr the ioint ptanning and co-ordinatio,n of experi-

mental iivestigations. Alter a slow start there are Dow also welcome

.i-,.-tU"t the"machinerv set up by the Ministry of Agriculture to
arlsist in this plannine and co-ordination is beginnilg to lunctloD'
It is hoped. thal durinf tbe coming year this headquarters.organua-
tion wiil have an incriasing influence both on the Plann]ng ol co-

;;;";i; ;;ri-ents caried out by the Naiional Agricultural
Ai-;# S;fi;; ;. commercial tarmi and also on the plaoning ot

."p".i-l"it oo the Ministry's experimental husbandry farms'
E
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Various problems in the theory of the design oI experiments have
been investigated in the course of the year. - Mr. F: -I. Dudlev, of
the National Institute of Poultry Husbandr5z, and Mr. D. R. Read
pubtished a paper oD the design of experimiuts in egg production
of poultry (58). Dr. P. M. Gruady prepared a paper on tbe esti.ma-
tion of error in rectargular lattices (59), and Mr. M. -1. R. Healv and
Dr. Gruady have prepared a paper on the use of the principle of
restdcted randomization in quasi-Latin squares (60). The eineral
basis of this priaciple, which is of iairly wide application, was
discussed by Dr, Yates in two lectures on the logical-basis of experi-
mental design, and recent developments in the subiect. eiven in
Paris to the Institut Henri Poincard in Decernber, 1049 (6b), (70).
Dr. Yates contributed a paper on the place oI experiireutil
investigations in the planaing of resource uliliiation to
the Plenary Session of the United Nations Scientfic Couference
oa the Conservation and Utilization of Resources (66), thoueh he
was unable to attend the Conference. He also gave'" p"fr, or,
experimental tecbaiques which are oI value in pl;t impiov'ement
to the meeting of the Biometric Society held in-Geneva-(68). Mr.
Healy also attended this meeting. Mr. H. D. Patterson cirried out
some research into change-over trials such as are suitable for animal
feeding tria.ls, and bas prepared a paper on this subiect (64). He
also prepared a thesis on which he was awarded the degree oi M.Sc. at
the University of Leeds (63). Mrs. P. M. Cox (C1ar[e) has written
up an accoutrt of the analysis of 1 x q lattice designs (57).

SAMPLTNG Mnrsons
Various members of the department have continued work in this

field. 1!Ir. D. R. Read published a paper on the accuracy oI samplirrs
methods lor tbe estimation of egg production and mean eee *iiehI
(65). Dr. Yates atteuded the third meeting of the United\ati6ns
Sub-Committee on Statistical Sampling which was held in Geneva,
llld -h9 an{ Mr. Healy attended the meeting oI the IntematioDa.l
Statistical Institute held in Beme. At the [tter Dr. yates save a
paper on the use of sampling survey methods and operitional
research tecbniques in agriculture (67). Dr. Yates gave two papes
on recent developments in sampling methods to the Instiiui de
Statistique in Paris (71\, (72) - Hi also gavefourlectures on samDlins
methods to the schbol (Ceritre Europ&n) set up by the Fo;-d';8
Agriculture Orgarrization of the United Nations fo; the traidtrs oI
oftcial statisticians in the collection of popu.tation and agricultiral
statistics.

The book on sampling methods in censuses and surveys referred
to in the 1948 report was published in May, 1949. From corres-
pondence which has been received from Colo-nial workers ard others
and fiom personal discussions, it is clear that the book is fulfilling
its purpose of providing a staDdard textbook whereby workeli
without extensive statistical training who are conceraed with the
conduct of sa.mpling surveys can undertake them \rith confdence. A
lumber of pla-ns for sa.mple censuses and suweys based ou the
methods expla.ined in tbe book have been submitied to us for our
9pinign, a-Dd it is gratifying to find that the proposals have almost
Dvariably beerl sound.
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SuRvEY oF II-{RGI\-{L L.\\D
A survey of marginal land in Engtand and Wales is being

undertaken at the request of the Agriculiural Research Council, with
the obiect of investigatirg what imProvement in production is
possib[ from this type ol land, and what expenditure would be
irecessarv to attain ii. The survey has been organized and carried
out und6r the dbection of Professor W. E. Ellisou of the University
College of Wales, Aberystwyth, and Dr. Boyd. Tbree areas bave
beenklected for field survey: East Wales and the Welsh Border,
Northern England, and South-Westem England- The \t'elsh survey
was begun at the end of September and a preliminary rePort was
compleied before the end of tbe year. Field work is in progress in
the Northern and South-Westem counties.

The boundaries of the surveyed regions have been chosen so as to
include those areas in which-the firms were not, in the main,
producing cash crops, Iat stock or milk, and which were not eligible
lor full benefits under the Hill Farming Act (1940)-

The sampling procedure for the Welsh region was as follows.
Within the region a strati-fred random sample of eight parishes or
part parishes was selected for survey. Within tbese padshes or part
parishes either al[, or a random half of the farms of over 25 acres
irops and grass were included i-n the survey, with the excePtioD of
{arnrs that-were receiving Hill-Sheep subsidy at the full rate, or of
which more than 30 p€r ceut. of the acreage coDsisted ol land ol
good natural fertility. One hundred farms in all were included in
[he sample. Each of these was visited by a surveyor who recorded
sales and purchases of crops and stock and made a field-by-teld
survev of the farm. This field survey involved a record, for the
years-1948 and 199, of the cropping, the yielG or stock-carrying
capacity (estimated or actual), and the manuring and liming. The
suiyeyor'also recorded what improvements he considered to be
requiied in respect of cultivations, manuring, draiaing and fencing;
their cost; and what yield or stock-carrying capacity could be
expected frorn the f.eld over a period of six years following the
improvement. The surveyor t'as instructed to consider what
improvements were desirable from the point of view oI the larm
as a unit, so that, for example, one field might be scheduled for
arable production aud another for direct reseeding, in the light of
the probable needs of the farm as a whole and aiming as far as
possible at self-suficiency throughout the year. The extent to
which improvements to buildings, roads and services were required
was recorded by a special fieldman who visited about one third of all
the surveyed farms.

SURVEY oF MAINCRoP PorAToEs
This survey, which was organized at the request of the Agdcul-

tural Improvement Courcil and begun in lg,tti (73), (74), has been
continued on the same lines in 1949. The field work has been carried
out by ofrcers of the National Agricultural Advisory Service.

The survey is intended to furoish comprehensive and precise
inlormation on the agricultural practices followed in growing
maincrop potatoes, including cultivations, manuring, varieties,
source of ieed, pests, diseases, etc. It is dso desigued so as to
test the possibility of estimating the yield of the potato croP by
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digging up and weighing short lengths of row as near to lifting date
as conveniently possible. In 1949 weights of sample lengths of row
on some of the frelds were also taken in August, in ordefto investi-
gate the possibility of predicting the yields from measurements of
this ty,?e.

In 1948, wbich was a particularly good year for potatoes, the
sample yields gave results decidedly above the ofrcial estimates of
the Ministry of Agriculture. The results for the rnean of all the
surveyed counties were as follows:

Gross yield ot samples (l| in. riddle)
Irss

Ware left in ground after barvest
Correction for change of rid<tle (l| in.-l| in.) . .

Correction for headlands, etc. included in acreage

Total

Estimated coEected yield of ware
Ministry sf dgriculture's estimate .. ..

Difierence

tons l)er acre
10.8

0.8
0.3
0.4

1.5

,€
8.1

t.2
A similar comparison should be available in the near future for 1949,
but at present we are awaiting the Mhistry's estimate. The mean
sample yield for 1949 over all the counties surveyed was about 2 tons
per acre less thar 1948 (75).

The corrections given in the above table Ior ware left in the
ground alter harvest and for difierences in area were estirnated by
sampling methods. It will be seen that the amount of ware left in
the ground after harvest, 0.8 tons per acre, is very considerable.
A check on the accuracy of the sampling and oI these corrections was
obtained by comparison with farrners' weighed yields, where the
latter were available. The mean excess of the gross sample yields
was fouad to be 1.6 tons p€r acre, agreeing closely wittr the total
corection of 1.5 tons given above. The sampling standard error
from all causes was approximately 40 per cent. per field. About
1,600 fields were included in the survey, but allowing for variations
in weighting the "efiective" number was of the order of 1 ,000, giving
a sampling error of about +0.12 tons per acre.

Apart from yield estimates the most striking result that emeryed
ftom the 1948 suryey results was the marked association between
late plauting and low yields. Indeed, the time of planting was tbe
factor amongst all those recorded which produced the largest
apparent effect on feld. In tiose parts of the country where
early planting wzrs comnon (in particular the south-west aDd the
Fens) there is a general indication that March ptantings yielded at
least a ton mor€ than those in the frst ball of Apil, although the
later plantings show little further loss. Data for the south-eastem
aud southern counties and for the West Miillands suggest that irne
of planting had little effect on yield up to the middJe of April, but
that, for seed put in after this time, delayed plantings gave a sub.
stantial loss, amouoting to about three quarters of a ton per acre
per week. It is, of course, too early yet to say whether this efiect
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is tikelv to occur in all seasons, but the result agrees with such few
experiments as have been done on tbe effects of late planti.ng. These
exhriments have indicated on the average a steady loss on the
tofal yield of iust over 0'5 tons for each week's delay up to the
teginiing of J-une. It is clear that further exPerirnental work is
reouired on this point.

'The 1949 r.iolts "t" 
now under analysis, and the comparison

betr een the results of the two seasons, which were meteorologically
very different, should prove of considerable interest.

Cor-oxrer Wonr
The department has agreed to accommodate a statistician to be

aDDointed Ly tbe Colonial Office. This statistician would be required
t6 iummarii tUe results of previous colonial exPerimental wor[, and
assist in the Colonial advisory work undertakeu by the dePartment,
particularly in the fields of experimental design and analysis, ald
samoline irethods for censuses and suwevs. A suitable candidate
1o1 ir'i. "post was in fact found, but unfort:uaately through adminis-
trative delays the appointment fell through, and no other suitable
candidate has vet ofiered himself.

We have had the usual volume of consultant work for the
Colonies, in particular Mr. Church has continued his work for tbe
West African Cacao Research Institute and has been ilvited to
Dav them a short visit. Four workers fnom ihe Colonies worked in
ih6 department for varyiog periods and we have bad a large number
of visitors from the Colonies.

Ornrn Wonr<
Manv miscellaneous problems have been submitted to the

departnient itr the couse;f tbe year. In particular Mr. Dyke and
Uiis Poultoo carried out a-n analysis of ttre results of a series of
world-wide collaborative tests on the analysis of pyrethrum flowers
(?6). Mr. Dvke bas continued to act as statistical adviser to the
AaGorv Enlomotogists. Mr. Healy has been giviog assistance in
tle analvsis of a seri& of anthropometric observations to the Depart-
ment of-Anatomy, Birmingham University. Iu addition, Mr. Healy
prepared a paper on the routine computation of biological assays
invi,lrrine . iuantitative response (61), and Mr. Jolly has evolved a
method ior [he use of probits in combining Percentage kiJls (62).

HoLr.rRIru EQUTPIffiNT
A Iunior Rolling Totd Tabulator was instaled in June, 1949, as

promGed, and hai been ilr active op€ration since then. It has
-already proved its value. As was expected, having a machine on
the sp6t 

-under 
the direct control of the research workers has resulted

in a'far morc enterprising and flexible approach to Punchtard
work than was the case when all tabulations had to be carried out at
a s€parate bureau. The choice of the Juuior Tabulator has also
prov-ed a happy one, as this machine is su.frciently simple to be
hastered bv tL6 research workers who require to use it in the course
oI their res6arch, and at the same time is &pable of a wide variety of
ooerations. which are of use in research work. We are at the
doment negotiating with the Company for some special modifrca-
tions whicf witl further increase the utility of tbe machine. In
addition to its use ia the analysis of survey work, we are exploring
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the possibfities of carrying out the analyses of the more complicated
experimeats on this machine-particularly those which irivolve a
nurnber of di.fierent measurements on whiCh analyses of co-variance
as well as variance are required. This type of analysis has proved
to be too heavy lor routine work on desk ialculating machin&, and
consequently has tended to be neglected.
Surr

The following appointments were made in the course of t-he vear:
Dr. P. M. Grundy (October, 1949. Previously working at Rotiram-
9!ed as a }Iinistry of Atriculture scholir); Mrs. M. Hale;
Ur. P. R. D. Avis (December, 1949) from Nottingham Uoiversity.

The following members of the department left to take rip
appointments: Mrs. M. Hale (October, 1949) Spectrographiic
Department,.Magnesium F]ectron Ltd.; Mrs. P. M.-Cox (Claikel
(December, 1949) National Institute for Research in Diirying;
Uiss M. A. Creasy (October, 1949) to tale up a Mini+ry ;f
Agriculture Scholarship at Oxford University.

M'"istry of Agriculture Scholars: Dr. P. M. Grundy (to October,
1p4.0); p. H. Rees (October, 1949) from Imperial Colege, London
University.

Workers from other Stations: Mr. C. P. Cox (National Institute
for Research in Dairying, Shinfield) was accommodated in the
department until Decemler, 1949. Mrs. C. P. Cox also worked
here from her appointment in November, 1949 until the exl of the
yea1. Mr. J. A. Nelder, who,was appointed in October, 1949 as
statistician to the newly set-up Vegetable Research Station,
F- worklng at Rothamsted until accommodation is ready for
him at this Station. Eight temporary workers hom other organiza-
tions, four of them from the C.olonies, worked in the department
for varying periods during the year:-

Namc Locttion Perioil
Btitish Isles
P. N. Harvey Norfolk Agricultural Station, March 1949-

Sprowston, Norwich April 1949
G. Carmthers Royal Nary (afterwards to Mav 1949-

Universitv of Cambridse) Se;tember 1949
R. M. Jones University of Cambridge-' May iS+S-

trdiss H- Wilton Grasslanal Research Station, *ou"-Jr'1*'r*t
Dralrton

Gold Coan

J. pnartey West African Cacao Research April lg49-April
Institute, Tafo ISEO

R. Wickens West Africau Cacao Research November 1949-
Institute, Tafo March lgEO

Nigeria
A. N. C. Thomas

East AJrica
W. B. Tripe

Department of Agriculture, September lg49-
Nigeria - 

October 1949

Censts O6cer, Dar es October 1949-
Salaam, Tangaayika November 19{9
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