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xrx. E. M. CRowrEER. " Cotnparatioe Field Tials or Calciun
Cyatamide and Othu Nibogenous Fertiliserc ott Ardlc
Cro[s" . Empire Joumal of Experimental Agriculture,
1935, Yol. III, pp. r2$r44.

In a series oI 22 field trials at Rothamsted and other centres on
sprbg crops--barlry, potatoes, and sugar beet---<alcium cyanamide
and sulphate of arnmonia gave similar yield increases in ll ol tle
16 experiments in which there were significant responses to added
nitrogen, and calcium cyanamide was less eficient than sulphate of
ammonia in ttle other four.

In five experiments at Rothamsted on winter cereals there was
no clear diffeience between autunn and spring dressings of nitro
genous fertilisers or between calciun cyanamide ard sulphate of
irnmonia, except with repeated small applications during winter ald
spring when calcium cyanamide was worse tlan sulphate of a.utmonia.
Autumn dressings oI dicyanodiamids, either alone or mixed wittr
calcium cyanamide, gave good resrlts on winter wheat.

xx. E. M. Cnowrmn. " Bas'ic Slags a*d Miaeral Plnsfihat*."
Joumal of ttre Royal furicultural Society of England, 1934,

_ Vol. XCY, pp. 31153.

The production and use of basic slags and mineral PhosPhates
are discussed in relation to (a) recent work on the constitutions oI
ttreir phosphatic compounds, and (D), the results of comParative
trials on a-number of phosphates ir grassland experiments and pot
cultures. It is suggested that t}Ie comparatively poor results from
low-soluble slags may be due not merely to the circu.mstance that
most of tle phosphorus is present as an insoluble fluoraPatite, but
also to the associated basic calcir:m silicate which tends to neutralis€
the acids in the vicinity of tle apatite crystals and so Protects them
Irom attack. The poor results generally obtained from mineral
Dhosphates on recentli limed or ca.lcareous soils may also be explained
Ly tie very low solubitity of apatites in nearly neutral solutions of
calcium salts.

xxr. E. M. CRowTHER and R. G. WAxxrN . " Re$rl ot Ficld ad
Labonlory Worh." Apptdtx to TweUth Interim Report
of Permanent Committee on Basic Sla6, Ministry of furi-
cultue, 1934, Vol. XII, pp. tts13.

This report summarises the results of field trials of tso basic
slags, superphosphate ard mineral phosphate for five hay trials over
foui yeah, 

-ana lor two repeated manuring trials for three and lour
years respectively.

STATISTICAL METHODS AND REST]LTS.
(DePartment of Statistics).

(a) MArHruArIcAL TIEoRY.

xxII. F. YATES. " Some EramQks of Biased Samlling." Aar: s
of Eugenics, 1936, Vol. VL

It has lons been known t}lat the choice of representative samples
bv deliberatJ selection on the part of tbe observer is extrenely
difrcult- In order to avoid consci6us or rmconscious bias the observer
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is frequently instructed to make a .. random ,, selection. It has not
D€en suihcrently,real ised, however, that it is equallv impossible to
make a truly random selection unless some selectiie pr-ocess is adooted
whrcb comptetely eliminates the necessity of free cioice.
. rn.tnts,paper an acc_ount is given of three examples of sampling
rn whrch the observer did not take suficient steps'to etiminat; tlis
eleme_nt of choice. The resultant sampt." *.r" iri.fi ."-r"" ;l;fu;i;
biased, and lorm excellent illustrationi of ttre imforta"ce;i;;;il.
process of random selection.

Opportunity, is- taken to give an account of the principles which
must be lulhlled if sampling is to be unbiased, and ii an eitimate oI
the samptrng error is to be available.

xxrrr. F., Yerrs._" Clnti_nCency Tables Intohing Small Numbas
?d lh" x, fest." Supplement to the .louiral of the Roval
Statistical Society, t934, \'ol. I, pp. 2i7_ZBi.

The. 13. tesl. as applied to contingency tables, is admittedly
approximate. The accuracy of this approx-imation 

'depends 
on thL

numbers-in the various cells, and in prictice it has been customary
to regard 7-2 as sumciently accu-rate ii no ceU has an expecdii;; ;f
tess than 6

. In this paper the exact test for any given 2 x 2 contingencv table
rs established. 

- 
It is then shown, by comparison, that the drdiiarv y,

rest rs s€nously rn error even with expectations greater than iddbut that a very simple modification oi the test !.""tly ;nG;;;;
its precision.

The limits of applicability of this modified test are also investi-
gated, and a table is presented whereby the range of usefulness ofthe
test ls strll turther extended, so that it is rarely necessaqr to perform
the exact test mentioned abo!-e.

The exact test is also applicable to contingencv tables involvinp
more than one dcgrce of freedom, but then bdcordes 

""* t"Uo.io,ri
Reasons are given, however, for. believing that the orddt-;;Gi
ts here considerablv more reliable.

xxrv. R. A. frsxBn arra F. yerrs. ,,Tha 6x6 Lalin Souares-,,
SSq"$_ 39. of the Cambridge phitosophical Societi,, iSB4,
Vol. XXX, pp. 49t-502.

, The problem of the cnumeration of the dillerent arrangements of
n letters in an zxz l-atin square, that is in a square i, itl.f, o.f,
letter appears once in every row and once in evei,, column. was first
drscussed by EuJer (1782). A complete algebraii solution has been
grven by McMahon in two forms. The manlpulation of the algebraic
expressions, however, is considerably more liborious than the"direci
enumeration_ of the possible squares by a systematic and exhauiiive
series of trials-

The 6X6 squares are too numerous to be enumetated. scliatifi
without risk of error. Since this size is eminently suitable for ae;_
cultural purposes, new methods of enumeration hive been develoi<l-
and are here described. The number of reduced 6x6 Latin soulies
was found to be ${O8. Certain properties of Latin squares in sin"ral
are also discussed, and Eulcr's confident prediction that n; 6x6
Graeco-Latin square exists is verified.
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(6) TEcHNrer,'E oF AcRIcuLrunAL ExPERruENrs.

xxv. A. V. CooMgs. " The Border Elfect in Pht Exferimtnk."
Empire Journal of Experimentai Agricultue, lti34, Vol. II,
pp. 31t323.

In field experiments, particularly manurial trials, the in{luence of
the more fav'ourable tr6atnients dn the edge rows of those less

Iavourable has long been apparent. The object o{ this paper is to
illustrate the inadvisability of including t}re edge rows ir yalety
trials and cultivation experiments \ rith narrow or very small plots.
It is shown that the rejection of the edge rows in tlese experiments
has no deleterious elfelts on the efhcienry of the experirnents, and
that there are border effects attributable to competition and to the
trespassing of the treatnents, which, when the entire plot is har-
vesaed, may result in a considerably biased estirnation of ttre treat-
ment dilferences.

In manurial trials the rejection of edge rows involves a furthtr
{actor, since the relative lelds of edge rows and centre rorm will -be

a.ffected by any uneven distribution of the manures. The advisability
oI rejecting edge rows is thus considerably more doubtful, and it
appeirs that special precautions should be taken in exPeriments
wiih small or nirrow plots to ensue that the edge rows receive their
proper share oI the manures.

xxvr. F. Yerrs. " Cootplex Exltrima s." Supplement to the
Joumal of the Royal Statistical Society, 1935, Vol. II.

This paper, which was read before the Industrial and Agricultural
Research Section of the Royal Statistical Society, contains a firll
review oI the methods of complex exPerimentation, better called
factotial desip,which have been evolved at Rothamsted iE the course
of the l.tt t"in ye.ts. Since the inception of these methods it has been
abundantly clear that they are of very wide application, and are there'
fore of in[erest to experimental workers in almost all branches oJ

science and technology and especially to all biological workers.

The essentiat principle oI factorial design is the inclusion in the
same exoeriment bf all iombinations oI several factors. Thus, if for a
certain irop information is required on manurial response to a given
fertiliser, a;d also on differences between varieties, three leYels of the
fertiliser may be applied to each of a representative- selection, -say
four, of varieties, giviDg twelve treatment and varietal combinations
in a1l. Such an experiment, with suitable replication and arrangement
of the plots, is capable o{ fumishing far more informatiotr than two
simple-experiments, one on the fertiliser and one on the varieties,
tosether involving the same number of plots. For not only are all
thi plots used twiie over, fumishing information both on the average
resDonse to the fertiliser over all varieties and on the average varietal
difierence over all levels of fertiliser, but information is also obtained
on the differential response of the varieties to the fertiliser, i.e. the
bdelactid\ of the two factors, and, most imPortant of all, a wider
inductive basis is pror-ided for any conclusions that may be drawa.
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, The paper gives an account of the different tjrpes of design thathave proved useful in agricutture, and the "pfifi;i; _JH"a"'"r
1".1y-..i".. The metbod oi confounding i,ign oii".'inl"ra.ir".. ir$,fertility differences, in order to reduie'tt!T;;; 

"?;il; #'ii,r[r,and tbe method of estimating expenmental error from certainunimportant interactions, are descriBed.

, The whole method of complex experimentation in agriculture hasbeen condemned by certain w'orkers on the gTound tbat the resultanttnc^rease in, block size gives rise 1o serio* to"ioi 
"m"L-ri.r."it:,"tlLrrosses l*eIV to occur are consi.ter€d in the light 

"t tt,i noiiram"iearesults, and it is shown that such losses #e bi ;;;;.;;:;tenough to outweigh the ir"m*s" ,tuan-{"s; i;;#;'",1*1;;.
. , The disturbance due to unequal response to a fertiliser in diftere"nt
Plocl(s is also considered, -,ti ii .r,-ri,"- t'6; ;#fi;;ru";i"Rothamsted material-

, Re-asons are advanced for believing that the hall drill strip method(or otJrer methods invotying th. corf;paffi-sj p-"i* ii piltTl,iiilare.likely-to be less efficiint in agiiculture tf,i* tf," '"""i"n"d'irfrandomised blocks and the Latiu square.

xxvlr. F. yatrs. ,, A C-' " 

Ji[Tj...............r:;i 
i *'i'fr*!'Y{f!'"!:i{f:ry.,: ;t{;tr"l;:

The. need for improvement in the method.s of livestock exper!mentation, on the lires that have t""n .o-r*."".iui-i,i"iiiiffif"
experiments, has been felt for some tim", -d;"-;;;ilft;;";.;;;#;"many moves, both here and in .America, towards thL J"r"firr.",ii 

"iat€tter technique. 
.The present paper*i, 

"ri th";;;;ir;;"#""#;etbclent and statisticallv soun.l exlerimental t".h"iil;,"ar;';;;detailed description oi the design and analysis of a oig_flcdi"-expenment at Rothamsted, which was carriei outrvlit.."_:#t3
il,1ffi:lT. 

some contribution t,*",a,1n"'*iitii' ; ilil;i:_"
. .The pigs.were fed individually, starting at weaning and finishineat bacon weight, Food consumpiion was recorded for F.arh n;- ,nj

experiment itself was set o"t .,i ,s to c_omp-a;;L-d;;;: ffii il';dry.meal, and to determine the efiect ot sree[ food anrt fha arf-^+ ^rvariation.of numbers in. p"n. rr," aBiig, *.;'.?,,,od:i'.::'.iicombinations of the varioui groups ot treatments were included-The results obtained were : n )"cornpl"t".f.il;;;;;ig";;#"i';:#
food ; (2) mlre rapid rate of gioMn or prgs on wet meal, attributableto the greater quantitv of fo6d ."n.r-'"d"; tgl ,; ;fi""i .i'i,"";jl;';of numbers in i pen. -

- The experimental errors obtained have been compared with thoseof a series of similar experiments at Cambridge.,ff,. C"_lr'ij"lexperiment, in which a system of rationed f""ai;-g *i.'rriOl'n"ro#jtobethemoreaccurate.Thereasonsforthisare?iscusse"J

. Various mrdific-ations and impror-ements in experimental tech-nlque are suggested.
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