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xxvrr. E. M- CRoWTHER (with D. ii. MCARTHUR). , Rcbon on ScottishField Etp.timcnrs iz 1035." Appeudix ll, Foufoeenth Interim

Report of Permanent Committee bir Basic Stag, Mioistry ot Agri-
culture, t036.

A series o{ seven 4&plot field experimeots was car.ried out to comDare
single and double drcssiEgs oI four liinds of basic slag and also of grouud
lfuDestone. lae relative effects of high- aod low-soluble slasg ,ollowj their
citric acid solubilities, but of two Dew mediuE.soluble shg; one was better
aEd th€ otbel worse than would be iudged from their citri; acid solubilities.
Second year residual effects on oats iver; verv small and were shown onlv bv
the two more soluble slags which had give! the best immediate results. ' '

STATISTICAL IfETHODS AND RESULTS
(Department of Statistics)

(c) DlsrcN oa ExpERrMENas
xxyrrr. tr'. YATES " l"rompl.te Ra-ndomiz?d Blorhs. ' AnDals of EugeDics

1936, Vol. \rII, pp. l2l-140.
The paper describes a geDeral method of arraDgins reDlicated exDerimeDh

in randomized blocks wbeE the oumber of keatmenG tio G compared is sreater
than the number of experimeDtal unils io a block. Tbis oew ti?e of aianse-
ment, ,or which the name of s),rnmetrical in.omplete randoriized blocks'is
ploposed. is such that every two treatments occur tbgether in a block the saac
number o[ times. This restriction enables estimate; of the treatment ellects
aDd of the experimental error to b€ obtained erpeditiously bv the ordioarv
prGedure of tbe analysis of variance. Estimates 

-of 
block diffeiences cao alsb

be obtaiDed it required. The special case iD which the blocks are {ormed oI
pairs of erperimental uEits is capable of specially simple treatment. The
rnethod o{ symmetrical incomplete randomized blocks is tjkely to be of most
use in c.rses in wbich the experimental material naturally dii/ides itself into
groups, such as litters of experimental animals, containing Eumt€rs less tha!
the Dumber o{ treatmeEts tbat it is desired to test, esperittly if the ditferetrces
bet€eeD thes€ tratulal groups are of interest.

The aecossary formula.e are preselted and their application illustBted by
numerical examples, ofle based oo the numbers of local lesioas produced bv i
virus on half leaves of susceptible plants, the other oD the scores of rats ii a
discrimination test. The minimurn trumber of replicatioos required for
dirferent numbers of treatmeots and bloc k si zes is disc ussed, and actudl arranse-
ments are given Ior the cases likely to be of geDeral utility. A short discussioo
of the relative eficiency oI atr arrangemeot of tbis typ€ aDd atr arrangemetrt in
orditrary raldomized blocks is also included.

xxrx. M.M. BARNARD. " Ai Enuftera'ion oftho Confo{rulad Afianpernerns
i" thi 2 x 2 x 2 Fa.loriat Desi9ns." Supplemeot to the lournal
of tle Royal Statistical Society, t936, Vol. III, pp. 195-202.-

The structure of the 2n {actorial system isdescribed, and tbevarious possible
tfpes of confouDding afe enumeratd for desigDs iDvohring up to six'factors.

xxx- F. YATES. " A Ftnh.r Not. on lht AtranE.ficnt of Vai?te Tridls :
Qua.ti-Latin Sgr.a/rs." ADDals oI Eugenics, 19i7, Vot.- VII, pp
3r9-$r.

Thc prirciples oI quaei-{actorial design arc extetrded so as to eflable varietal
lf,ials involving a nurDber of varieties Ehich is a p€rfect square (not 6t o.
some otber numbers, bowever) to be arranged i! the field so that dilfere[ces
betweeD rows atrd betr*.eeD columos ate eliminated frorh tbe varietal comDari-
sons. It is proposed to call this t)?e of arraDgement aD ;uraogeEelt itr q Lasi-
Latin squares, froa the analo8y with ordirary Ittitr square desim.

As a DnEerical exarDple a qua-si-I-atin square desigE lor- twenty-five
v"arieties is superiEposcd oD the unilor@ity trial on oratrges thich was us& io a
prsvious paper to illustrate qua-si-Iactorial designs iD raodoDized blocks. A
Sain in eficiency ove! an afiangemeDt in ordinaq/ raDdomized blocks of gl
Fr ceot- resulted, the correspondiDg gaiD in a quasi-Iactorial desigE itr ratrdo-
Eized blocks (tpo Sroupi.Egs) being 4l per cetrt.

- . 
V,arious othe-? possible applicrtioN of tie qrasi-Latilr sqEare pritrcipl,e aro

briGlly discrrssed.
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xxxr. F. Y^rEs- " Itu Design aad Aralysis oI Fa.torial Ezpciincnts."
IBperiat Bureau of Soil Science. Technical Commudcatiotr No. 35,
1037. Price. 5s.

This Comlounication has beer l,ritten to satisly the grorsing need of
experimenters h aaricdtural and other fields for a comprchensive surveJr of
the principal types o, factorial design. aDd the appropriate statistical atral,'ses.
It can be regarded as a logical contitruation of T€chnical Coomunicatior
No. l0+ of this serie-s, atrd as a useful supplement to Prof. R. A. Fisher's recent
book " The Desitn of Experimetrts."

Factorial desi8Ils q,ith facto$ at two levels oEly are first discussed. since
these arc capable oI specially simple treatment, and enable the structure of
coolourded ariangemeDls to be more e.sily understood thar do designs
containing lactors at thr€e or more levels. The.e lollo*'s ao account of designs
*ith {actors at three levels, with lacto$ toth at two and three levels, aod \r'ith
Iactors at two, four and eiSht levels. Fioally various special tlpes of desi8n,
such as d€signs E'ith split-plots and their derivatives, and designs {or variety
&ials involving a large numtrer of vadeti6, are described. Attention has
throughout been paid to providing numelical illustratiotrs of all new statistical
Processes.

The {olowing designs and processes are descriH for the first time in this
communication :

(l) The adaptatiotr oI coDlounditrS to Latin-square designs, so as toe[able.
lor instance,a 2! experiEent to be arraDged itr the Iorm o{ aD 8 x 8 I-atin square.

(2) Iatitr-square designs $'ith whole !ows. or ross aod columns, subjected
to auxiliary heatments, e.9., sorrD lrith different varieties, or cultivated
differently.

(3) DesiSDs containing live and six factors at tw'o levels only.
(4) Desigtrs involviEg some Iactors at two and some at three levels, in

particular3x2t 2,3x 2x2x 2,3x 3x2atrd 3x 3 x 3 x 2 desi8as itr blocks oI
6 plots.

15) 3 x 3 x 3 x 3 desiSn in btocks ol9 plots, this being an extensiotr of the
popuLar3xSx3desiSD.

(6) New methods of analysitrg experiments $ith factors at two levels onl)',
andthe3xSxSdesigr.

l7\ The Graeco-Latin square, w}]^icl) is sjmilar to the old " semi-I-atin
square " desitn, but overcomes the statistical defects iDheretrt in thG design in
its origiaal form. Graeco- and h,?e.-Graeco-I-3,tin squares provide useful
designs for varietal trials involving lG2O varieties- Thus 7 replicatioos of l{
varieties can be aranged io a ? x 14 rectangle of ptots, and 7 rcplications of 9l
varieties io a 7 x 2l rectatrgle.

xxxrr. W. C. CocHR^N. " A Calalolue oI Unilormity TTiaJ Da!a.'
SupplemeDt to the Joumal of the Royal Statistical Society, 193:.
vol. I\'.

Unilormity trial data have many uses in the study of field experimental
tecbaique. Among the importa[t questions on which they throw light are the
optimnm size and shape o{ plot, the advisability of discarditrg edge rows, the
gain in efrcieBcy due to confouEding, the relatire accuracy oI any newly pro-
posed t ?e oI desigl, the bias in sr.stematic arrangements alrd the applicabilit,\-
of the t- and z-tests to the results oI actual field experimetrts.

This catalogue is ar attempt to make accessible to students the yields oI
trials B'hicb have beeD carried out and to lescue Ircm oblivio! trials vhich have
never been published. The information giveu about each trial is the crop, the
size and shape of the smallest udt harvested, the DuEber oI plots and the
source shence the iadividual yields may be obtained. \Vherc the yields have
not been published, the author has b€en invited to file a copy at Rottraasted ;
some 25 trials have come to light itr this *ay, aad it is hoped that future authors
wiU b€ encouraged to setrd us a copy oI their yields.

.R. A, Fisber and J. Wish.rt. The erdg.ment of licld erFrim.ots and tte stntisrioal
i.duction of tt. reulr'.
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(D) -{NALysrs oF DATA
xxxrrr. \M. G. CoCHRAN. " The tDisrriblrtiov Jor thz Binomial and

Poisson Series, uith Smoll Ez?ectations." A[nals oI Eugenics, 1936,
Vol. VII, pp. 207-217.

Some examples are Blven oI the agreemeat betwe€n the exact aod the
tabular It distribution in samples from the bbomial a4d Poisso[ series with
small expectations. The ordinary X, distribution teEds slightly to under-
estimate the probability of discreFncies h the region used itr tests oI sigDifi-
cances, but appears to give a satisfactorily close a$eement except iE very
extreme cases (e.9. rrith er?ectations less than udty). Conectio[ {or cotr-
tinuity does not improve the agre€ment.

A method is given {or obtahing {or aIIy population approximations to any
glveD order for the mean a.od variaDce oI I, in samples in whicb the mean
o[ tbe sample is fixed, atrd trom this the exact Dormal approxiEaLion to the
Xt distribution Jor the binomial series is obtained. Except lor the PoissoD
series, this is not the same as the normal approximation to the orditrary l,
distribution,

A bdef discussiotr is given of the general problem of testing discrepaacies
between observation and h,?othesis, in which it has been suggested that the
likelihood, as derined by Fisher, is more appropriate than Z: as a test cdterion.

xxxlr. W. G. CocERnN. ' The Eficienci.es o/ the Binomial Selies Tests of
Significance of a Meai and. a Conelation Coefrc.ient." lonrnal olt}Je
Roya] Statistica.l Society, 1337, Vol. C, pp. 69-73.

Itr a prclimitrary survey of a set of data, a rapid test oI significarce oI the
meaa of a set of differences is sometimes uselul. With a s,'mnetrical distribu-
tioD oI errors, such a test may be obtained by igtroriDg the sizes of the difier,
etrces and counting the nBmber oI positive differetrces. A similar test of the
correlation coefficient may be made by counting the Dumber oI pais o{
deviatiom frcm the respective means oJ like sign.

A table is given oI the 5 per cent. significance poiDts. $rith a rormal
distribution oI errors, the eficieDcies of the method lrom the point of vielv of
the estimation oI the meatr or the corelatior coeficient are calculated, and ia
particular the eficie cies of the tests oI significance are sho*.n to l* 2lr t aE
per cent. {or the meatr a-trd 4./rs or 41 per cel1t. for the correLation coe6cient.

xxxv. \v. C. CoCERAN. ' Ptobl?ns Atisirlp n th" A alvtis ol a Series ol
Smilat ExPeim?nts." SuppleDent to the Joumal oi ttre Royit
Statistical Society, 1937, Vol. IV, pp. 102-t18.

The importance of rcpeating the same lield trial at a number of centres or
for a number oI years is now realised in most cooprchensive schemes of agri-
cultura.l research. The statistical analysis of the rcsults of such expeiments
has, hovever, received little attetrtion.

The amlysis oI variarce, used lqith discrction, provides a colrvenient
prelimiDary analysis oI the data wben the ind'vidual experiments may be
regarded as havio8 equal accuracy ; but rbjs ,s rarely tbe case. As a pretimjn-
ary to a more detailed examination o{ such questions as the correlation of the
trcatment rcsponses with weather, soil t,?e or mean yield, the experimenter
wants to know whether the responses have varied from cenke to centle. A
test of sigdfica-nce for this question is given which takes iEto accou[t the
variatiotr ill the precision of the diJferent experfulents.

The estimatior of the mean response is importaat rvhen the response has
not varied from (eDtre to centre. A comparisoD is made of the efficiency of
four types of meaD. Tte weiShted mean, weighing hversely as the estim;ted
variaDce, is recommended if at least 15 degrees oJ Jreedom are available in
the estimates o{ the {.eights. With Jewer degrees oJ freedom, the extra pre-
cision givetr by the rraximum likelihood solutio[ is worth the additional
labour it rovolves. With very few degrees of freedom to estimate the wei8hts,
the Dethod ol \rerghiDg inversely as the estimated variance, bur teitE an
arbitrarily chosetr upper limit to the weights, is useful. The tesls oI siSnifi-
cance o{ these means are discDsed

WleD tbe respooses vary lrom cetrtre to centre, the unt{eighted mean is
geDerally to be recommended. The test ot signiticr.nce ot the man itr this case
is discussed, tbough it is importdDt marDly $here tbe causes of variatiotr in
response cannot be controlled or predicted.
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(e) SaMPLTNG

xxxvr. F. YATES. " Th2 Placa of Quanliralioe Mtasurern nls on Pldnl
Gro nh in Agicl.tltu/al Mzt otology dnd CloP Forccetling." C,n'
ference o, Eopire Meteorologists, 1935, Memorandum No. 36.

An accouDt is given of the reasons that have led to the iDtroduction oI the
" PrecisioD Retords " oo Wheat iD the Crop-Weather Scheme of the Ministry
o( AFriculture and Fisheries. The purpose of tbese measurements, atrd the
direciioos in which tley arc likely to be useful, ate briefly descriH, aDd a
plea is entered for their extensioD to otber clops. A complementary scheme,
;eceDtly introduced, of sampliog commercial {ields in order to test the leasi_
bility oI providiDg objective estimates oi wheat yields throughout the couotry,
is also descriH.

xxxvlr. F- Y^TES- " A??licalions oJ the Sdrrrpling Tcchniq&. to CroP
Estifialilm and. ForccdslinE." Manchestei Statistical Society.
Couected Papers. Sessiotr 1936-7.

This ad&e.ss (read before the llanchester Statistical Society) gives a!
accoutrt oI the methods that are likely to be of use itr the estimatiotr aad fore-
casting of agricultural crops, aDd describ the resulLs already obtaioed with
wheat. fie general principles uDderlyiag a souDd sampling tecbDique ar.
also discussed and illustrated by actual exaxoPles of defective saEPlidt.

THE SOIL
(Departments oI Chemistry aDd Ph].sics)

(a) CuLtrvArtoN AND DRATNAGE

xxxvrtr. B. A. KEEN. " The Scienlific Basis of the Art of Cullil,alion."
Programme and Papers of the Second CoDJerence oo Mechanized
FarraiDg. OxIord, 1937, pp. 27-35.

The cap lary-tube theory oI water movemeDt in soil, which has loog beetr
us€d to erplaio the cootrol oI soil moisture by cultivatioD operations, is shown
to b€ erroneous. The pore-space oI the soil must be regarded as a seri6 of cetls
coEtnudcating with one another throuSh relatively narrow aecks. Thc
bouDdaries o{ these cells and Decks are formed by the soil aggr€Eates or crumb,
which ca[ be Iiketred to small spotrges. Th€ crumbs imbibe E'ater from the
raiD that percolates doEn the porc-space, and I\'ater is held at the points of
contact of the crumbs aDd also partialy fills the pore-spaces. Any surplus
draios away aod eventually reaches e watet-table. wle,l drying conditions
occur at the surlace, evaporation Proceeds by the progressive dowan ard
drying of the top layers oI crumbs rather than by tle upB?rd Dovement
of water from below to the surlace. IE otber words, most soils are naturally
" self-mulching." Similarly, when root hairs absolb water, iDlrard moverneat
to the regrotr of absorption will be very slow alrd over very Imited distaoces.
Tbe u?ter beld by the soil is to be regardd as relatively static; modem
theory shows, ilr fact, that it resists Dovement.

The ef{ects on soil water coateDt alld movement atkibuted to opeiations
such as harrowing aDd rotlint are therelore much less than the old capillary
tleory asserted. The maiD Iutrctiotr oI cultivation is Dot to exercise a delicate
aDd drecise cootrol o{ soil moistur€, but to remove tbe competition of weeds,
to o6taitr a seed-b€d of suitable consistency, aDd to preveEt crusts or " caps "
formiog otr certain classes oI soil.

xxxrx. B. A. KEE\ and G. H. C^S'IE!{. " Sorrc As?cds of Ctttiltdion aid
Orie" Poue, Op.rarions on lh, Fa/m." Joumal and Tiansactioos of
the Society oI Engifters (Iac.), 1936, Vot. )()<\aII, pp. 114-136.

(This paper wa-s awarded the B€ssemer PreDium oI tie Society of Eryireers)
Two coDtxasting a-sp€cts of far6ing are discussed itr tiis paper; (a) tho

valDe oI soit coltivatiotr, alld (D) the cotEparison o{ el€ctricity ard oil luel a"s

sources oI power for farm machilery.
Nurrerous cultivation trials Dade by the Soil PhFics Departmetrt have

led to the uDexpected cotrclusion that cultivation has much less ellect on the
yietds of prcduc; tbatr is geDerally supposed. Tbese coDclusioDs, however, ar€
ia barmoiy *itn tle hb;ratory ltud-ias of soil water moveoetrt made in tho
DepartEetrt which show th4t little or tro coDtrol oI soil Eoisture b efiectod by
caltivetiotr op€ratioas.
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