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than the nitrate level. There was a very rapid disappearance of
add€d nitrate and a rattrer tess rapid removal of addid ammonia.
The rate of removal of t}le latter, Lowever, was such as to sussest
that some of the ammonia misht be taken uD d.irectlv wifiout
nitrification. This was made prictically certain'by a stridy of the
rate of nitri{ication, which was very low in certain-soils froir which
ammonia was rapidly removed.

. The .equili-brium between ammonia and nitrate production in
ttrese soils is discussed.

xv. J. G. SunrxxeNDE. " Thc Depree of H umificalion hr Manur*
Measured by the use of Hydrogei peroiide." Soil Science,
1933, Vol. XXXV, pp. 221-228.

- It is lioown that humified orgiu c matter can be d.istinsuished.
irom non-humified by tbe action of hydrogen peroxide. ThJ action
of tlree per cent. hydrogen peroxide-has -beeri used for measurins
the dr€Tee of humification which appears to be a usefirl measure o*f
the. decomposition undergone by iiy one kind of plant material
under dtterent treatments. The loss a.fter extraction with peroxide
is not an infallible guide to the value of orranic manures in'seneral.
A- comparison has also been made between-the extractive pr6perties
of water and peroxide.

STATISTICAL METHODS AND RESULTS

(Department of Statistics)

(@) M^TEE ATTcAL TEEoRy
xvr. R. A. FrsHER. " Iwerce Probability and thc Use of LihzJi_

lrood. '' Proceediags of the Cambridfte philosophical'Society,
1932. \'ot. XXVIII, pp. 252-261.

An explanation of the distinction between ttrese two methods of
reasoning from experience, with a correction of some allusioDs to
likelihood in which they are confirsd..

xvrr. R. A. Frsrrn. " Thc Contebk ol ltverce Probabilily arut
Fiducial Probability ReJdriig h; U*rcur parati,tcrs-',
Proceedings of ttre-Royil Society, A, t9BB, Vol. CXXXIX
P.p. 34:l-348.

-. The argument of Jetfreys in favour of a particular Irequency
distribution a piori for thi precision constan[ of a normaliy dii
tributed variate rests o! ttre fallacy tlat the Drobabilitv of the last
oJ-ttrree obseft'ations,lying between the previous two, shtdd be one-
tlird,, irresfective of the diatance apalt olihe hto plarious obseruatiotts.

.. The apparent simplicity of th6 results of assi'ming rhie !'articular
distdbution a ,/ioli rests on the fact tllla;t t}le inoerse-ald,tbe fiducial
probability statements about the unknown parameter are iherebv
made to coincide, though logically they are entirely distinct. Thi!
particular distribution A p/io/; i;, horiever, not orily hypothetical
bLrt unacceptable as such,iince it implies thit all ran{es,iivalues of
the parameter coverhg firite ratios, however great, are inlinitely
improbable.
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xvllr. F. Yerrs. " Tlw Pircibks of Orlhoponal,itv atd Crm-
Ituding in Rellicatcd Eitrerinwts." - lourn"al of A"qri-
cultural Science, I933, Vol. XXIII, pp. 108-145.

The procedure of confounding certain treatment effects, either
4irect effects or high order interactions, with fertility differences.
has been utilised in certain agricultural field trials of the complex
type at Rothamsted and elsewhere for some years. The present paper
describes the prinrciples underlyiag tlis procedure, and the appio-
priate methods of analysis, ald draws attention to certain dangers
which must be guarded against when desigaing or ana.lysiag experi-
ments of this type.

The discussion of confounding necessarily iavolves the con-
sideration of tlle independence, or onhogonaJity, of the various sets of
degrees oI freedom appearing in the analysis of variance. The concept
of ortlogonality is therefore discussed, and the modifications which
are lecessary in the ordhary procedure of the analysis of variance
when dealing with non-orthogonal data are illustrated by application
to an example where there is a double classification (in this case
chssification by sex and treatments in a poultry Ieeding trial) and
where the numbers irl the varioE sub-classes are unequal, treatments
not beiag equalised for sex, or sex for treatments. This type of data
is of frequent occurrence where observation rather than plaruled
eryreriment is the source of information. In addition to the accepted
method of fitthg constants by the method of least squares, I'arious
shorter methods of analvsis are described, and their validity and
applicability discussed.

xrx. F. R- IMMER. " The Efuiency of thc Corelalio.n Coeficient
Jot Estirnaling Linkage lNersities." American Natualist,
1931, Vol. L){V, W. 567-572.

Takezaki and Owen had independently derived a method of
estimating tinkage by mears oI the correlation coeffcient.

Takezaki derived a formula for the standard error of his estimate
oI p from the assumption that the standard error of z, obtained from
the fourfold table, could be equated to the standard error of a.

correlatioR coefficient derived from a normal frequency surface
having the same number of observations. This mistakcn assumption
has led to the precision of this method of estimating linkages being
greatly over-estimated.

It is found that the curve for the actual efficiency of the correlation
method calculated from the correct formula, does not exceed 100
per cent. for any possible values of p, trom O to l, in accordance
with the general theory. The correlation method is fairly efficient
in the coupling phase, and for loose linkage in repulsion. For clos€
linkage in repulsion it is not efficient. Since there are other formule
such as the maximum likelihood method, and the product ratio
method, which axe emcient for all values of 1, it would seem prefer-
able to use these formulae in most cases.

xx. R. S. KosHAL. " Af?lication oI tha Me ad oJ Matimum
Likelihood to lhe l mlr(\)enant of Cum* Fitt4il bf th4
Method of Moacnls." Journal of the Royal Statistical
Society, 1933, Vol. XCVI, pp. 303-313.

A method is given for the improvement o{ inefficient statistics
obtahed by the method of moments. It consists in the evaluation of
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a numb€r of Z's directly from the equation Z:S (nJog p ). For the
estimation of S parameters it requires the calculation of {(S*l)(Sf2) values of Z. These values of I provide simultaneous equa-
tions from which the corrections to be added to the moment esti-
mates of the parameters can be calculated. The method is illustrated
by its application to a coars€ly-trouped skew distribution to which
Pearson's Type I was fitted by the method of moments. It is shown
that the calculation of additional fourteen values oI Z is not laborious,
as most of the material for this calculation is provided by the moment
solution.

xxr. T. EDEN AND F. YATES. " Or llv Validity of Fishzr's z
Test uhctt Alllied to an Actual Eramlle of Noa-a orual,
Data." Jorurnal oI Agricultual Scimce, lgiXl, Vol. XXUI,
pp.6-17.

The validity of Fisher's z test depends theoretically on the
assumption of normally distributed data. Since certain t,'pes of
agricultural and other data to which the test may be uselully applied
are decidedly non-normal in distribution practical tests with data
of this nature are of importance in order to establish that the depar-
tures from normality ordinarily met with do not, in fact, invalidate
the test. In this paper a test is described on data Irom the observation
of height measurements on wheat. The data were arranged as an
8 block uniformity trial oI 4 plots per block, and the distribution of
the values of z obtained for a thousand random arraDgements of
the treatments. This distribution was found to agree satisfactorily
with the theoretical distribution for normal data.

(D) TrcuNrgtn oF FrELD ExpERrrr{ENrs

xxrl. S. H. JusrESEN. " Influence of Size aad Shale oJ Pl.ols ott
the Precision of Field Experimenls uith Potatoes." JouJnal
oI Agricultural Science, 1932, Vol. XXII, pp. 3@372.

A uniforrnity trial with potatoes was used for investigating the
effect of size and shape of plots on the precision o{ Iield experiments.
Up to a certain fimit the standard deviation in per cent. of the mean
decreases when the siz,e of plots is increased ; further increase of plot
size increases the errors as a lesser part of the soil variation carl be
removed.

Two-row plots show less variation than either I or $row plots-
This may be explained by row competition.

\[tren the area to be used is fixed, smaller plots are more eficient
than larger, owing to the treater rumber of replications in the former
case. One exception occurs in the case where border rows are not
harvested; here 4row plots are more emcietrt than 3-row plots,
owing to the lact that a larger part of the area is included in the
calculation when 4-row plots are used.

Long ald narrow plots are more eftcient than shorter and wider
of the same size. The only exception is agail explained by row
competition.

In field experiments with potatoes, faAly hrge plots should be
used; at least two rows wide and preferably long and narrow strilx-
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xxIII. R. J. Kerauxen. " E*ferimental Error ad. the Fidd. Plot
Terhtiquc uith Potatoes." Journal of Agricultural Science,
1932, Vol. XXII, pp. 37*385.

The present investigation coDsists of the statistical analysis of a
uniformity trial with potatoes, conducted by Dr. Kirk. In t}is study
the standard error in per cent. of the mean decreased slightly with the
increase in the widths up to plots live rows wide, but any further
increase in the widttr of the plot resulted ilr the higher standard error.
The fertility contour map oI the field is given to show graphically the
effect of soil heterogeneity on the yield. The increased size oI the
plot resulted in decreased efficiency in the use of the land when
the eatire plot was harvested; in other words, given a piece of land
of certain size, it is advantageous to have a gTeater replication ol
snaller plots than a smaller number of larger plots. Four-row plots
proved to be the most efficient when the border rows are discarded.
The superiority of long and narrow plots over shorter a.nd wider ones
is demonstrated.

xxrv. R. J. Kr'ra.nxa.n. " A Study i* Samllirg Techriquc with
Wluaf ." lovrral of Agricr:ltural Science, 1932, Vol. XXII,
pp. 783-792.

The edge rows give significantly higher yields than the inside
rows, iadicating thereby the inadvisability of using edge rows in
letd trials.

The variation betwe€n rows is very much greater than within
rows. Dilferent parts of the same drill row should thercfore not be
regarded as subject to independent error. The present iavestigation
emphatically confirms Clapham's conclusions on this point.

A slight advantage may be gained by the subdivision of the area
to be sampled, without additional labour.

In order to study the effect oI the structure oI a sarnpling urit oI
given size, five types of unit have been examined. Of these, method
(l), il which the " sampling unit " consists of four parallel half-
metre lelrgths on adjacent rows, appears to be the most precise, atrd
may be recommended on the basis of this trial. The half-metres
rvithin such samplilg units appear to be negatively rather than
positively crrrelated, and a significanfly lower sampling error is
obtained in consequence.

Effect of competition between the rows is suggested as the pro-
trable explanation for the sma.ller variation between ttre sampling
units ttran within them in method (l). Similar analysis on the eai
number for the samemethod, moreover, showed that variation within
sampling units was significantly less than the variation between
sampling units. This is regarded as additional eviclence that there is
a competition effect in samples obtained by method (l) .

Eighteen such complex units amounting to 36 metres of drill
from one-Iortieth acre plots would give about 5 per cent. sampling
€rTor.

A significant correlation oI 0.73 between yield and ear number is
obtained. This fact can be used to obtain increased precision for the
prediction of yield when the number of ears is loown.
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xxv. F. R. Irf,MER. " A Study of Sam,ling T*hrh uith Sryar
BeeJs." Joumal of Agricultural Research, 1932, Vol. XLIV,
Pp. 633-647.

Sampling technique was studied il relation to the determination
of sugar percentage in sugar beets.

Regression of sugar percentage on weight oI roots was not entirely
linear. Ninety-two per cent. of the quadratic regression could be'
explained in terrns of the liaear function.

Soil heterogeneity between plots was Iound to affect sugar
percentages siguificantly, eyen when the eflect of weight was held.
constant by means of the regression relationship.

Tables are given showing tle number of beets per plot needed to ,

reduce the standard error of the mean to 0.3, 0.2, and 0.1 per cent.
sugar for various sizes of plots ald numbers of replications.

Variability it sugar perceD.tage between plots and wit}in plots,
must be corsidered in estimating the size of sample required and the
number of replicatioru D.eeded to reduce the standard error to a
given level.

The standard error of the meatr of total sugar per beet was some-
what lower than the standard error for weight and much higher +han
that for suBar percentage.

Variability in sugar percentage between plots was essentially the
same whether calculated from the mean of l0 beets analvzed indi-
vidually or from a composite sample of the same number.'

xxvl. F. R. IMMER. " Size q d Shnle oJ Plat br Relalion fo
Field Experimc*s tuilh Sugu Bzels." Journal of furicul-
tural Research, 1932, Vol. XLIV, pp. 649{68.

Studies of size and shape of plot in relation to field experiments.
with sugar beet have been made, and the relationship determined
b€tween weight, sugar percentage, and apparent pudty.

Standard errors, expressed in percentage of the mean, decreased
il general with hcreased size of plot. An explanation is offered to
account for a greater standard error from Grow plots than from 3
or 4-row plots, when the entire plot is harvested.

Eficiency in use of land decreased with increased size of plot when
the entire plot was harvested. When the border rows of the plots
were removed, 4-row plots were most eftcient.

Weight of beets was significantly correlated (negatively) with
sugar percentage, but not with apparent purity. Sugar percentaEe
wa-s highly correlated (positively) with apparetrt pudty. Intra-plot
regression and correlation coeficients were given.

Contour maps for weight of roots, sugar perceltage, and apparent
purity were drawn from data on one hundred &row plots 2 rods
long.

Sugar percentage varied signi{icantly lrom plot to plot apart
from its relation to weight. Fifty-four per cent. of the variability in
apparent purity between plots was due to factors that alfected sugar
percentate as well.

The sampling error was calculated for sugar perc€ntage and
apparent purity determination for 4-row plots 2 rods long. The
manner il which the standard error between plots may be reduced .

by replication and size of sample has been demonstrated.
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(c) Grreucs
xxvlr. R. A. FrsHER. " The Social Selectiott of Human Fertilin."

(The Herbert Spencer I-ecture, deliver6d at Oxford., fine
8th, 1932.) Oxford: The Clarendon Press. 1932, 82 pp.

I-ecture delivered at Oxford in commemoration of Herbert
Spencer. It is argued that the existence oI natural law an<I the
relia.bili-ty .of -scientific prediction has the same ba_sis in the physical,
the biological aud the social sciences.

xxvrll. R. A. FrsHER. " The Bearing oJ Genelics on Tfuoties of
Eoolution." Science Progress, 1932, Vol. XXVII, pi.
27A-2W.

Lecture delivered before the Royat Society of Dublin. The
biological phenomena of the recessiveness of mutations, of loss of
vigo-ur through inbreediag, and of adaptation to etrsure cro6s-
fertilisation, are interpreted as evidence that evolution is opposed
rather than promoted by the mutations which occur.

xxx. R. A. Frsnrn. " On th.e Etidence Agairct the Cheruical,
Iaducliott of Melanivn ht Lefidoptera." Proceedings of the
Royal Society. B, l9ili|, Vol. CXII, pp. 4f74t6. -

A method is given of assessing by calculation the value of evidence
oI the non-occurrence of recessive mutations under experimental
conditions. It appears that the evidence against the induction of
melanic mutations in moths by Ieeding witf, lead, is insufficietrt to
disprove the existence of mutation rates up to 5 per cent. or 8 per
cent., according to the stage at which mutation is postulated. -

Mutation rates of this m-agnitude would. be far gr&ter than those
whic! can be certainly induced by any other agency.

The use of back-crosses hstead of inbreeding would increase the
value of experimental data of this kind by approiimately thirty-fold.

THE SOIL
(Departments oI Chemistry, Physics and Statistics.)

(a) Sorr. Cressmrcarror
xxx. L. L. LrE. " Thz Postiblities of an ld,erualiotal Svslem fot

the Cl.assificalion oJ Soik. Biing a Cotsideratiitt of'thc
Itfl,uetce of Ceology a*d Cliuate ot Stil Types. A Com-
parul.ioe Stud.y oJ Soulh-East Englaad ail- Cntrql Neu)
Jetsey, U.S.A." -Joumal of the Soutl-Eastern Aericultual
College, 1931, No. 28, pp.65-114.

An examination of the soils of South-East England, using the
American methods of classilication as modified for ttre New Iersev
area of tlle United States. In both areas the soils occur iri beltl
corresponding to the geolotical forrnatiors. Since geology has been
the dominant factor in the soil formation of these areas, geological
Iactors ttrerefore receive first consideration in cla^ssifying the sbils.
Climatic factors have altered soil reaction more in'Central New
Jersey than in South-Eastern England, and, il general, podsolizatiou
is further advanced in the soils of Central New lersev. A similar
regional prolile is developed in both districts, and-consLfs typica[y
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