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SCIENTIFTC PAPERS
Published 1932, and in the Press

PLANT GROWTH, PLANT PRODUCTS AND ACTION OF
MANURES

(Departments of -Botany, Chernistry, Fermentation, physics and.
Statistics; and ttre Imperial Couege Staff)

(a) Prem Gnowrr.
I. F. J. RrcHARDs. " Physiologital Studics i* platt Nutritior.lll. Furtlur Stu.dics of the E llect of potash Deficicicy ott tht

Rata oI Res ? ation ht- teaoei'of Bi ey.,, ennils of 6otany,
1932, Vol. XLVI, pp. 362-A88.

. .rh" p"+ played by water coDtent in determining the differences
in the usual characteristics between leaves from barlev srown under
various t5pes of mineral salt deficieucy is discr.rssed; ihE conclusion
is reached that differences in the raiio of drv weisht to leaf area
b€tween treatments are alrnost whollv accounied foi bv differences
in water content, whereas the variation of this ratio frotir l"rf to l"rf
on the same plant is due primarily to variation in anatomical
structure.

- Results of experiments on the respiration rate of t}te successive
leaves from plants grovn at lour exteina potasn concentrations are
presented. 

. 
They-show clearly that, ir gendral, as the level of protash

concentration is lowered, respiration rate increases, but that there is
an optimum concentration below which the rate aga.in decreases.

Qe posillvg correlation between respiration raie and amount of
potash supplied, at very low concentraiions. is aooarenflv entirelv
due to the fact tbat carLohvdmte concentration u.iitrin tni t""t i" iir
the minimum. When abundl.nt carbohydrate is present, t-he evidence
is that over the complete rarge of man-uring used there is a negative
correlation between respiration rate and a-nount of potash supDlied.
A theory based on the amino-acid content of the leaT is put f6rward
in explanation of this.

As the extemal concentration of potash decreases, so does the
intemal. but the relationship is not liriear. There is strong evid,ence
that where the-amount of p;ta-sh within t}te leaves is high", much of
it may be washed out by raia, but under conditions of starvation
wbat potash is present cannot be removed in a like manner.

Ir. W. E. BnrNcxr.ry exo S. G. Hrrxrzr. ', Colanisation by
P-!*\yf argtstifulium." Joumal of Ecology, tOB5.
Vol. XXI, pp. lOl-to2.

- Epilobiur angustiloliurn (Rosr.'bay) estabtished itsetf on certain
acid areas- of Park Grass plots on which the herbage had been devast-
ated by the 

-severe frosti of 1928-9, which was ioltowed by excep-
tional drought. Examtration of the pH value of the solt lirdicatid
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that the varying distribution of Epilobium was a question of com-

?etition rather than soil reaction.

Wlere most Epilobium apFared, the retum of the normal
vegetation on the d;vastated Patches was Iess comPlete than on the
otEer plots, and ttre young Epilobium seedlings had therefore a
better chance of establishing themselves. This fits in with the
knor n facts oI the habits oI the species, which ten<ls to sPring up
freely where areas have been cleared by fire, blizzard or simiLar
drasiic agencies, to disappear again as 

-other 
vegetation reasserts

itseU, as has since happened in ttris case with the steady imProve-
ment in the grass herbage.

rrr W- E. BRENCELEY exo K. Wemxcrox. " The Weed Seed
Pobulalitvtr of Arable Soil. II. hfluerce oJ Cro! and Melhods
oftuttioatiott upott lhe Re]aliae Abundance of Viable Seeds."
joumal of Ecology, 193i1, Vol. XXI, pp. 103-127.

Thc weed seed population of the soil is greatly influenced by the
tr"oe of croD erown. 

-Soil 
conditions being similar, the composition

nl'th" flo.i rinder continuous wheat and barley is very much the
sarne. but the relative abundance of the constituent species varies
greatiy, so-e being favoured by the wheat crop and others by ttre
barlev.

\frren fallowing operations are carried out, most species of weeds

are reduced in num6:r, but the degree of reduction ranges over a
wide oercentage, while a few species may even be increased. These

variations seeir to depend upon tlre correlation between the times of
the fallowins operations antlthe periods of maximum germination of
the differenl slecies, coupted with the length of their natural dor-
mancv, If the intervals between cultivations are too prolonged, some

.oeci* are able to reach maturity and replenish the soil with so

manv seeds that the beneficial effect of the fallowing is entirely lost.

V/hen lanrl is cropped, the processes of cultivation affect the weed
flora more variably-than is the case with fallowilg. On the same
area some soecies inay be drastically reduced, while others may be

d.oublerl or tiebled in quantity. This agah depends on the correlation
between the ilate of s6wing [he crop, the method of cultivation, and
the habits of the weed species as regards rnaximum period oI germ-
ination ald length of natural dormancy.

Some weed species respond to cropPing and fallowing in the same
eeneral directioi, beiag ieduced by both metbotls of cultivation.
bther species mav be Eenerally reduced by fallowing' but behave
variably under crdp, being increased or decreased in different seasons.

From the agricultural point of view it is aPParent that unless
fallowins oDerations can be carried out with a much Sreater de€ree of
thorouefiness tharl is usual, reduction of many weeds can be effected
almo6t" as well and more economically by intensified cultivation
'while the land is under crop. Other species, however, which tend to
increase in some seasons under crop conditioru, may be more effect-
ivelv dealt with bv fallowing if their predorninance iustilies the
exfrrse, which imflies loss of crop as well as the cost of numerous
cultivations.
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rv. R. J. Karaxx-en. " A StatislicoJ Erorninat;on of the yiel.d
of MaVgol.ds ftom Banlidd. ar Rofiamsted.,' _Iournal of
Agricultural Science, I958, Vol. XXIII, pp. l6f-i?5.

Series.of yields (loot _weight) of twenty-five plots of Barnfield
mangold field are analysed irttb componens represirrtins (a) deterio_
ration, (6) slow changes other than lteady deierioratioi. '(i) annual
fluctuations. The first two of these cbmponents ,re '"ihibit"d.
graphically from 1876 to lgi0.

Yields are well maintained on the dr:nged strip, except for the
Iast few ycars. This falling off does not aripear in the otirer strios
and may be due to. a fall"ing off ur the !'uatity ,l th; i;;;1;
manure in the last five vears

On the strip receivirig farmyard manure, and on that receivirc
supe,rphosphate, the plois receivhg nitrate'of ;"d" ;;id"d--;;;:
hrghly than any others : on the strips receiving compiete minerals,
and_on that receiving superphosphate and poiash, ihe two Dlots
recela'rng rape ca.ke in one case, and sulphate of ammonia'a-ud
flpe cafe in the.other, gave higher yields th'an nihate of soda ; on
it: .tlp -receiving no minerals thi result is intermediate, ihere
being little to choose between these three plots. On ati stri",
sulphate of ammonia is the least satisfactory of ine tour nitrogenoL
dressin$ tested.

In 1876 the land had been alreadv for manv vears und.er exrreri-
ment, and the deterioration from thid date is not-verv strikins. 'The
complete minerals and t}re superphosphate plots Sefies O (ittrout
nrtrogeloys marture) show significant detCrioration, as does the
strip without mirerals on Seiies AC (rape cake and. ammonium
sulphate). On the strip without minerais ihe rmrnanured olot also
ing lhr1. receiving ripe cake, both snow a stronlly 1G;;tir;
detenoratron.

Slow changes other than deterioration are unimDortant relativelv
to annual variatiotr except on the dunged plots. Ciranse in the tv;
of cultivation, prevalence of weeds anii chinee in the 

"oualitv 
of iire

manure, are suggested as the pnobable cauis of the io* '.harrg",
occurring on these plots.

Plots receiving organic manures or potash have shown relativelv
smaller anaual variance. Plots receiving nitrogenous fertitisers havl
a large annual variation,

(D) PLANr koDucrs
v. R. K. Scnornro enp G. W. Scorr Brern. ,, The Relalionshib

Betuteen Viscosity, Elasticity and pla-stic Sberutb of S;ft
Materials as ll.lustruted by'Sonz M echanhal pioOei;es Lf
Flour Doughs. 1." Proceedinss of the Roval S'ocietv oi
London, A, 1932, Vot. CXXXV-III, pp. ?OZ-i18.

An extended significance is given to Maxwell's ,, time of relaxa-
tion,".and this_bas been used in (uantitatively describing the viscous
and elastic behaviour of flour dough. The- length of"the time of
application of a stress in relation to the corresDonains time of relaxa-
tion determines what proportion of the deformition is elastic
(recoverable) and what proportion plastic (non-recoverable l. ThLs
Iact is illustrated by a comparison oi the behaviour of dousli in the" pachimeter " and on the " rack," the behaviour in the-,,pachi-
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meter " (rapid stressiag) being paralleled by that exhibited in a
ballistic experiment. The decay of intemal stress in piecei of dough
which had been stretched out and held stretched has been followed,
and the times of relaxation and the corresponding viscosities have
been evaluated for a series oI stresses. Dough shows a phenomenon
similar to the hardening of metals uader working as a result of which
the time of reliaxation and the viscosity for a given stress thpend on
the total deformation.

The internal structure of the dough thus revealed is briefly
considered.

vr. R. K. ScnorrcrD AND G. W. korr Br,cln. " The Relarictshi!
behoer'n Viscos;ty, Elosticily ond Plastic Sbetglh of a Sofl
Makrial as lllusboled by somc Mechanical Prope ies of
Flow Dough. 2." Proceedings of the Royal Society oI
London, A, I93i|, Yol. CXXXIX, pP. 557-566.

The depentlence oI the viscosity of a flour dough on the shear
which has iaken place as well as on the shearing stress is brought out
by a series of otrservations on tlte rate of shear in cylhders of ul-
y6asted dough hulg vertically and allowed to elongate under the
action of gravity.

The d;form;tions were recorded by marking a mitlimetre scale in
enamel on the surface of the dough cylinders, a.od, after elongation
had proceeded for a measured time, printing the deformed scale off
on tir a strip of duplicator paper. The print ha-s been called a
rheogram.

The conditions of test correspond closely with those ruling irside
a dough distending under the action of yeast, but whether the method
is cafubb of diatiryuishing ttre small differences which are oI
importance in baking has still to be determhed

ru. R. K. ScEoFTELD eNo G. W. Scor-r BLATR. " The Relaliol'
shib bchoca Viscosily, Elaslicill atd Plaslic Strutglh of a
Soh Malclial as lllushatcd by some Mechatial Prcpcnies oJ

Fi.ou Dough. I11." Proceedings of the Royal Society of
London, A, 1933, Vol. CXXXIX, PP.

A further study o{ the mechanical properties of flour dough tras
revealed the presence of t\Yo properties in addition to hardenilg,
both of which are well known in the study of metals: namely,
elastic alter-effect and elastic hysteresis.

The first necessitates the addition of a term dc/d, to the Maxwell
equation, which then becomes :

This term is onl], important when abruPt cha.nges of stress have
recently occurred.

The second property causes n to decrease steadily whenever
dS/dJ preserves tlie same sign for some time, and to increase abruPtly
when tle sisn of dS/dt is changed.

Io Papei II it was shown that the viscosity, as determined from
the rate of flortr, agreed roughly but not exactly with that calculated
as the product of ihe rigidity modulus and the relaxation time lt is

*,:G,"u-#) *i t
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nor clear that the value adopted for / was a mealr value, and
differed somewhat Irom that appropriate to the conditions during
stress relaxation. Due appreciation of this point renders the a6ree-
ment quantitative.

vrrr. F. E. D/.. " Laborattny Tial Brctos toith Nas Yaielies of
Iloy's-" Journal of the Institute of Brewing, 1932, Vol.
XXXVIII, pp. l&18.

Sarnples oI several of ttre new varieties grown at E. Ma[ing in
l93O were compared with E. Kent Goldings, Saaz, and Oregon hops
by means of small+cale brewings. Oregon x English and German x
English crosses had flavours intermediate between their parents.
Manitoba seedlings gave very bitter flavour. Small-scale brewings are
definitely of value in comparing hops. Bitterness of beer is not
proportional to a-resin addition.

rx. F. E. DA}, (in part). " A Method lor lhe Qua italioe Cottt-
paisott of lli Relatioe Stabilities ol Hoplcn Wmls bcforc
ard artcr Ferme nliott." Journal of the Institute of
Brewing, 1932, Vol. XXXVIII, pp. 30&3f0.

Small-scale brewing tests gave evidence of the dependenc€ of beer
stability on hop resin content, other things being equal. Support is
therefore given to the value of analyses of hops for determining their
preservative strength.

(c) Acrrox or MANURTS

x. W. E. BRENcHr.rv. " Thc Actim ot the Gtoulh of Cto[s of
Small Petce nges of Certtit Mdallic Comlotttds whe*
A?lHd u,ith Uilinary Anilitiol Fedilisrs." The Joumal
of Agricultural Science, 1932, Vol. XXII, pp. 704735.

Co11eu. No beneficial effect on the growth of barley or mustard
on two tj4)es oI soil was obtained by the addition of quantities of
copper sulphate ranging up to 4 per cetrt. of the total artificial
fertilisers applied.

Varadium. Increased Iineness of grindint of basic slag in some
cases brings about a c€rtain reduction oI crop, which may be due
to the presence oI vanadium in such slags.

Lithium- Barley is less sensitive to the toxic action of lithium
than of copper, and a suggestion of stimulation was obtained with
very dilute solutions irr the presence of nutrient salts. Buckwheat
is more sensitive to the action and exhibits stimulation with any
concentration.

Tita*ium- The gtoq.th of mustard on two diflerent soils was not
improved by small proportions of titanium compourtls added to the
usual artificial fertilisers.

Alwnirium. Barley proved to be very s€nsitive to the toxic
action oI aluminium sulphate, the harmlul e{fect becomiag more
evident when the nutrient solutions were renewed, so that fresh
supplies of poison were brought ilto contact \^rith the roots. Peas
were much less a{Iected, remiining quite healthy in concentrations
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which killed barley. No evidence of stimulation was obtained with
Dafley, peas, or maize. with anv strength of aluminium sulphate,
however dihrfe

xr. E. M. Cnon"rren. '. The prcsent position o{ the IJse ol Fer_
ldrsers." Joumal of the Royal esncdlural S*#t" .t
England, I931, Vot. XCII, pp.- f6-I8I

. A T*gy of the statistics for the world,s production of fertilisers
troln 

-the begrnning of the industry to IgSd showed that for lonp
periods before the war the annual percentage irr"*-* i" 

"irtot i"iT:"rf"|.Ply steady. By- th€ time ;I the ,,"nitrog"n *iii" ;5ii*j3t,
the lotel -wolld output had reached the level thit would have been
attamed if the relative rate of increase had continued at its Dre_war
rate. Comparisons of ttre resr.rlts of large numbers of fertifiJi Gats
brought out the uniformity of the ayerage responses to unit N. p.O.
anq Krq in ttreir effects bn crops, but"the *iA" Aff".*"". 'i"'if,i
ratros ot the amounts of the fertiliser consumed in different countries.

xII. E. M. Cnowrmn. ', The Loss oJ Lime ftom Liph! Soils br
Exambtaliol o.f the Woburtt barky 'ana Wi"d S"il"\.,,
J.oyrl4^91_tt " 

Royal Agricu.ltura.l So"tety ot engU."a, fefZ.
Vol. XCIII, pp. 199-214.

,, Th-e.exchangeable calcium contents of soil samples taken from
the Woburn Experimental Station in lg27 after fO vears of con_
trnuous cultivation for wheat and barley and again in tgg2 after
tyo y"q. of fallow and three years of cropping uithout manure are
drscussed m relation to the recovery of the lime added and the
effects. of fgmyard manure, nitrate 

-of 
soa., 

"-*o"i"m- .,rtpnat.,
and [uneral manures. The conclusions are rrsed il order to int'emret
past and-present practices in light lard farmiag and to show'thet,?e ol held experiment now urgently required at a number of
representative ce[tres.

xIIr. E. M. Cnowrmr 
^ND 

R. G. WARREN. ,, Reborl on Fi.ll.
P_ot and Loborqtory wo*. ip-iai* i-Tiii*"i*ffi
Refort -of Pamawtt Corn nidc€-;r. Ba-sic SW, Mhtistry of
Agticultwe," 1932, Vol. X, pp. +2I.

This report gives (c) the yields and chemical composition oI hav
!.n a series of field tdals on four phosphatic fertilisers, mostlv in ttrL
second year of experimentation ; (r) the results of a similaririal on
pasture grazed.by catt_le and shee! except for a short period in thetle produce was mown, weighed and inalvxd. A
senes.ol such separate experiments with i_ntemrpted Sra;ins and
one witfi repeated mowing without grazing has siown irieh Jffects
from the more soluble fertilisers. Ovei 16 percent. of the plosphoric
acid added in suprphosphate was recovefth in the first vea; r iJih;
IE,r!t. of a repeated mowing experiment for tlree v""is ir,'Oiri,o" .

(d) the resultsbf pot experirienti tor three years on'barle1r.

xtv. H. L. RrcHAxrsoN. " Tfu Behaoiour ol Nibosereu,s Fer-
tilisers in Grusslatd, Sols." Agricultuial e.ofirers, feae,
Vol. X, p. l6Gl6i!.

Systematic diterminations oI amnonia and nitrate nitrosen in
$assland soils showed that the ammonia le"el was generauy'hilher
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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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ol A horizons which are lighter in texture than the B horizons over-
lyi.ng C horizons, which are hearw or light in texture, depending on
the nature oI the geological parent material. The textural relation
between the A and B horizons is much more marked in Central New
J"rs"y.

xxxr. E. M. Cnowrnrn. " Climate, Cl<.y Comfositio* a Soil
I/e." Proceedings of the Second International Congress
(1930) of Soil Science, Commission 5, f932, pp. 1t23.

The results of an earlier (see Report 193I, XXXI) statistical
analysis of ttre composition and distribution of American soils in
rel,ation to climate are reviewed and similar methods are usd to
compare the distributions of soils in U.S.A. and U.S.S.R.

(D) MECHANTC^L AN-{LYSrS

xxxrr. E. M. CRowTHER AliD K. TRoErL. " Oxidatiott of Orgatic
Matler in the Prclreatment of SoiJs for Mecharical A*aJ1sis."
Proceedings of the Second (1930) International Congress of
Soil Science, Commission l, 1932, pp. 48-51, pp. 25&255.

A critical comparison of the hydrogen peroxide, sodium chloride
and sodium hy'pobromite methods (y' Report 1931, XXVIII).

(c) SorL CuLrrvArIoN
xxxIII. B. A. KEEN AND G. H. C-rssrx. " Studies in Soil Culti-

wtion. YI. Thz Physieal Eflect of Sfuep Fol.ding on the

-Sor7." Journal of Agricuttural Science, 1932, Vol. XXII,
pp. 126-134.

The folding of sheep on light land is commonly betieved to
improve its tilth by t}re consolidating effect of the sheep hooves.
This belief has been criticised on the trounds that the subsequent
ploughing will destroy the consolidation.The matter was investigated
in two stages. An hstrument, based on the principle oI the pile-
driver, was us€d to measure the actual consotdation; the effect
extended to a depth of l0 cm., the maximum compression occurring
at 3-4 cm. The effect of subsequent ploughing was measured by
passing the soil through a series of sieves of diflerent mesh sizes,
and it was found that the consolidation produce(l by sheep tread-
ing was not totally destroyed by ploughing, and further, it was
still apparent five weeks later w'hen the seed was drilled.

xxxlv. H. Jaxrnr. " Die Anford,erurgen des MaulwurJdrdour-
fahrens an d.en Boden." (Soil Conditions necessary for tr{ole
Drainage). Transactions of the Sixth Commission of the
International Society of Soil Science, 1932, Vol. A, pp.
163-176.

The object of mole-draina6e is to remove rain-water as rapi<Uy as
possible from the surface of the soi.l, and for this to be achieved the
drains must be stable. The tlrains can only be stable if:

(a) The soil is heaqr enough. This can conveniently be measured
by the heat of wetting of the soil, which should exceed 4 cals./gram.;

(6) The soil structure is stable. This stability is measured by the
ratio of the percentage of particles of diameter less than 0.02 mm.
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(as determined iD the Kopeckv elutriator) and the heat of wettine.II |!is yalue is betow 8, tie tirie paructesl.;.-.m;;;ty il;dfd
not to be re-peptised by water.

(d) puysrcAr. pnoprnrres
xxxv. B. A. KEEN. " Soil physits in Relaliott to Meteodaott,,

Quarterly Journat of th; Roval MetmrotoeiJ- i.*ili"
1932, Vol. LVIII, pp. 225-2fi.-

. Jlh*p.pt.-y the-Slznons Uemorial kcture for 1g32, deLivered.to ttre Royal 
- 
Meteorological Society. It consists of ;;";;;l;f

those physrcat prgperties of soil of interest to meteorologists. and its
scope.is sufficienfly indicatedty the foUowing subject he"adings a-soii
cEsstltcatlon m relahon to climatic zones; soil iemperatur& ; the
soil atmospbere; soil moisture; soil cultivation.

xxxvl. G. H. CASHEN. " Measarcmais of thr Ekcttica) Cabacih,
atd Cotduettuity oJ Soil Bloch-s." .Journal of esriclit;;l

- Science, 1932, Vol. XXU, pp. t4+I64.' 
An improled. msthod has leen d,evised for measuring the electrical

capacity* aIrg conductivity of soil blocks at dltterent iloiiture'ctn-
rents. Ivhtre tne phetromena are complicated, and depend on the
trature of the electrodes a.s well as on the soit textue, ther; is;via;;
that the soil moisture passes throqh characteristic points 

- i*" "ithese are identiiied with Atterberg's corstants_thi lower olasticlimit ; and tle moisture content aiwhich air etrters thr;H Til;
two lower moisture contetrts have not yet Ue"n 

"o-pl"t"iv'iaeriitlalbut one of them seems to be related io the shrink'qe i'nd-."il];;
behaviour of soil and the rate of evaporation of watei.

xxxur. R. K. Scsorrrlo AND G. W. Scorr Bum. ,. Raad
llahods ol Examiring Soits. I. Mcaswemai, of iirti
Y:lglx " lorraal of furicultural Science, riieZ. 

' .ioi
XXII, pp. 13&144.

. . 
A small ryIinder of moist clay is rolled backwards and forwards

between two plates by givilg a reciprocating motion to the uooer
one. Weights are gradually added to tle top;late until the cvliirher
,-ust elong-ates. .-This weight is a measure oj ihe weight required to
deiorm the sorl and is tlus related to the asricul-tura.l 'rrroDerfv
kaown l.s. heaviaess. The apparatus is suitabie to. ottrei pi".tii
matenab Desrdes so , and, accounts of it have tlerefore been oub-
lished in other appropriate joumals.

xxxurr. J. B._H.-Courrs. 
.,,Sbtgle Vahp' Soit Cottstants: A

Study of the SigiJicaace of Cert*il Soil Consu*s. it. di
lfu Changes Prcdued in a Soit by Erbostrc lo Hish Tei.t"io_
/azes." Joumal of Agriculturit Science, ISB2,"Vol- dxii,
pp.20/.t2O2.

Measurements on the loss oI ignition oI four soils of dilferent
physicat ty'pe are not affected bi chanees in ttre temoeratrrr.-"i
fumace, provided that the temperature is"above OOO.. fiiors in tfr"
determination of the loss on ipnition are of the order of I per cent.
of the trre value-
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The loss in weight of the soils can be ascribed in the main to toss
of free and interstitial water up to about l0O.; to destruction of
organric colloids between I0O" and 250"; and to destruction of in-
organic colloids at higher temperatures.

xxxx. J. R. H. Courrs. "'Silgla Yaluc' Soil prcbenics: A
Study oJ tlu Significawe of Ceinin Soil CottstilLs. V .
The Moisture Equivalad ard Souc Relatd Ouattlitics."
Journal of Agricultural Science, 19J2, Vol. XXiI, pp. 208-
2u.

The moisture equivalent has been measured (bv a technioue
requiring only small quantities of soil) for a nurirSer of samo'les
comprishg Nata.l and Sind soils. It is concluded that while with'the
latter (alkaline and saline) soiJs the moisture equivalent sives valuable
information, it adds little to the data obtaineil bv othel mettrods for
the Natal soils. The xylene equivalent of the i.Iatal soils bas also
been measured; from the moisture equivalent and the xvlene
equivalent, the imbibitional water can bd calculated if the sp;cific
gravity of the soil is Lnown.

Equations expressing the moisture equivalant and the xvlene
equivalent of the Natal soils in terms of lheir loss on ieDitiori and
mechanical- composition are obtailed. and the significirce of the
relative I'alues of the numerical coemcients in tiese equations is
discussed.

xL. G. W. Scorr Brern eNo F. yerrs. ,, 
The Effect of Climalic

Vaiatiots on the Plastbitt, oJ Soil.', Jonmai'of Ahcultural
Science, 1932, Vol. XXII, fip. 699-6+6.

The plasticity of a soil as measured by the flow plasticitv (Soil
:nce, t931. Vol. XXXI, p. 291)depends on the cliniatic hisiorv of
soil from which the paste is preparid. In geueral. soil has a h.ieher
;ticity in cold and dry weathei than in iarm and. wet weatler.

Science,-ig3l, v;1. XxxI, p. 29r) depends" on tht "lifiti; of
tle soil from which the pasti is preparid. In geueral, soil ha
plasticity in cold and dry weathei than in iarm and. wetpla-sticity in cold and dry
thus affording indr
quantity of highly
thus affordirg independent evidence of seasonal fluctuations in the
quantity of highlv dispersed particles. Mechanical treatment of the
soil, r.g. flattenirg and digging, did not produce any regular effect inany regular eifect in
comparison with the u:rtreited soil, but 

-tle 
desien ;,f tie exDeriment

was not such as to enable the differences that "were 
observk to be

distinguished from the seasonal fluctuations.

(e) Puvsrcer CHEMrsrRy

xrr. E. W. RussELL. " The Prcse Position of tfu Tluory ol tk
Coagulation oJ D.ilute Cl,ay Susbetsiotts."- Ioumal <ii isri-
cultura.l Science, I982, Vol. XXII, p. 165-l-99.

A critical review: the hJluence of Brownian motion and mass
motion of one pqt]cle group relative to another in causing co[isions
between suspended particles: the electro-kinetic potentiil and the
absetrce of exact exlrrimental methods of measurine it: the
influmce of electrolytes and nonrlectroll,tes on the eleJtrokinetic-
poteutial and the stability of suspensions ; t-he influence of the tlDe and-
arnorut of ex.haflgeable ioru on the stability of clav susnensi6is and
their 

-r-apid flocculation in electrol),.te mediiwith sfociai reference to
the effect of secondary chemical riactions.
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(/) Oncexrc Crcursrnv

xr,u. H. J. Plcz. " Studies on tlu Cafion atd Nitroger Cycles in
the Sqil. V. The Oigitt of thc Humic Matler of thz Stil."
Journal of Agricultural Science, 1932, Vol. XXII, pp.29l-
296.

The results so Iar recorded in this series of papers support the
hypothesis that the humic matter of the soil is derived from lignin,
and emphasise the importance of stud,'ing the part played b), nitro-
gen in the formation oI soil humic matter.

xlrrr. R. H. HoBSoN AND H. .I. P/.cr. " Sadies or lhe Carbon
aul Nibogen Cydas b thc Soil. VI. Thz Erbactiott of the
Orgaric Nitrogen of tha Soil uith Alkali." Joumal of
Agricrdtural Science, 1932, Vol. XXII, pp.297-299.

The alkali-extraction of the nitrogen from soih of certain plots
of the classical permanent experiments on Barnlield and Rroadbalk,
follows a closely similar course to the alkali+xtraction of carbon
from the same soils.

xlrv. R. P. HoBSoN AND H. J. PAGE. " Studies ot lh€ Carbot a*d
Nitrogen Cyclzs ir the SdL YII. The Natwe of thz Orgatic
Nihogett Comfouttds oJ lhe Sdil; ' Humic ' Nilrogen."
Journal of Agricultural Science, 1932, Vot. XXII, pp.
497-515.

The nitrogen-contained in purified preparations of humic acid
obtained from Rothamsted soils cannot be eliminated by methods
which would be expected to remol'e simple nitrogenous impurities.
The distribution of nitrogen in the hydrollsates of these prePara-
tions of humic acid by hydrochloric acid resembles that in the
hydrolysates of proteins. A mixture of egg albumen and artificial
humic acid hom ligrrin resembles soil humic acid in the behaviour
of its nitrogen on treatment with chemical reagents or enz!.rnes. In
soil humic acid the combination of non-nitrogenous humic acid and
proteir is more intimate than that involved in the ,ormation of a
colloidal "salt" bv the precipitation of two oppsitely charged
colloids.

xr-v. R. P. HoBSoN AND H. J. Pecr. " Stud.ies or the Carbu
ard Nitrogen Cyclcs in thc Scil. VIII. Thz Natare of the
Oryari+ Nitogen Com?outds of the Soil: ' Non-Humic'
Nitrcgen" Joumal of Agricultural Science, 1932, Vol.
XXII, pp. 516-526.

The nitrogen extracted from Rothamsted soils by alkaline solu-
tions but not precipitated by subsequent addition oI acid, is made
up o{ 3G40 per cent. as peptides, 5 per cent- as lree amino com-
fiunrb, f2 per ceBt. as ammonia with ttre remainder as other, non-
basic Iorms.
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MICROBIOLOGY
(Departments of Bacteriology, Fermentation and General

Microbiology)
(a) BACTERTA

xlyr. _E. McCoy. " I{rctiw fur Bact. Radicicta in relation to
lhe Mieruckmistry ol tlu Hosl's Cdl Wa.As.,, proceedinss of
the Royal Societlr, B, 1932. Vol. CX, pp. bt+i33.

It is statistically proved that infectim of the root hairs is not a
mere invasion of mechanically injured or broken root hairs. The
presence of t}le bacteria, even of strains belorging to foreign inocula_
tion-groups, causes a significant increase in th6 nimber of"curled and
bent hairs. The bacteria produce a secretion capable of modifvins
the wall, as evidenced by ihe abnormal curling oi the ,o"t-h"ir-ii;:
This_ -secretion is separable from the cells by"filtration, and is iot
specific for- the plants of the cross-inoculation group to which the
bacteria belong.

The bacteria in culture were unabh to attack ceuulose. D€ctin or
calcium pectate. Curled tips of root hairs, *hener infecte& oi noi
contain ihe same constituents as normal heirs. These 

"oritito"r,tlare cellulose,. "llcium pectate, and probably pectose, ard. a very
resistant hemicellulose.

The cell walls of the nodule contain cellulose, a hemicellulose,
calcium pectate in the mature parts, and pectose at least iu the
meristematic tip. Walls of the tip also give a protein reaction. There
qre nu1glor5 pits, perforating the secondary layers of the waUs, but
the middle lamellae appear to be continrjous. These pits are of
sufficient size to admit infection threads, and it is swsestLd that the
bacterial zoogloea crosses a cell wall by way oI the pi6i The infection
thread is surrounded by a definite sheath consistiirg of ce[ulose and
)remicellulose: calcium pectate is absent and the [resence of other
pectic materials has not been confirmed. The sheith is orobablv a
deposit of the individual plantrell.

xr-!'rr. JADwrcA ZTEMTEcKA.
Feflilitv applied to the
Joumal of Agricultural
797-81O.

" The Azotobacter T*t of Sail
Classical Fields at Rolhaisted."
Science, 1932, Vol. XXII, pp.

The kueaded plate lplaque moulie\ method of detectins deliciencv
i-n lime and available phosphate was apptied to ?9 soil sariples taken
from the classical Rothamsted arable piots.

The test corectly indicated whether phosphate had been aootied
in soils receiving little or no nitrogen riranrires- In soils receivinc
86 lb. or more mineral nitrogen per acre, the test usuallv showef,
little or no Azotobaclet growth, evcn in the presence of ohosphate
and calcium carbonate- Silica jelly counts showed that izolobader
cells were very much leduced in number in such soils. ln some cases
the test was modifie4 by inoculating the sample with a culture of
Azolobatlet and it then gave correcl indications a.s to phosphate
content.

In general, Antabaclel, when present, was found to develoo on
kneaded plates, if the soil contained at teast l0 mg. of water-soiirble
PrO. per kilogram of soil, but below this limit littli growth occurred..
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(6) Pnorozoe
xlvur. D. W.mo Curr-rn, L. M. Cnuup ero A. Drxox. " Sozr

Factors ltflrutcing the Distribulion of Cerla;ft Prctazoa it
Biologkd Filtos." Jornal of Animal Ecology, 1032,
Vol. I, pp. l4i}-151.

'Ihe purity of a medium, as measured by the amount of reducing
material present in the solution, and the food supply, are two of the
priacipal factors influencing the distribution of Protozoa il sewage
iilters. The protozoa considered occur tfuoughout a wide range of
pH values, but the optima for different species are different.

\4trere chemical compounds added to the solution affect the
protozoan popr.rlation adversely, it may be due either to the forma-
tion of deleterious oxidation products, or to the development of a
bacterial flora which is inimical to the protozoa.

(c) Brol.ocrcAl AcrrvrrrEs
xlrx. (a) A. G. NorurAx. " The Biological Deconlosition oJ Plarrt

Matzrials. VII- The rature oJ lhz resi.dual lwttticelhloses of
rofrcd. straw-" Biochemical Journal, 1032, Vol. XXVI,
pp. 573-577 .

The nature of the residual hemicelluloses of weU-rotted straw
has been investigated. Onty very small quantities were obtained,
and there was no indication of variation ir availability or the
accumulation of less available groupings. The resr.rlts indicate that
the distribution and arrangement of the hemic€lhdos€s in the cell-
wall are such that microbial attack is not hindered by the presence
of any resistant barrier. A water-soluble lnlysaccharide, probably
of microbial origin, was also prepared. It contained 3i| per cent
uronic acid anhytlride, and 66 per cent hexosan, and gave evidence
oI the presence of glucose units.

xLrx. (b) A. G. NoRMAN. " :fhe Biologkal Decorrr$os;lbn oI PLail
tutplerials. VIII. Th.e Avail'ability of thz Nitrogen of Fwryal
fttszes. " Annals of Applied Biology, 1933. Vol. XX, pp.
I4{i-164.

Fungal tissue was found to be as suitable a source of nitrogen as
arrmonium salts or nitrates lor the decomPosition of straw both by
mixed soil flora and by pure cultures of certain fimgi. Nitrificatior
in soils of a number of samples of fungus tissue was compared with
that oI artificial mixtues of equal CiN ratio built up from glucose,
cellulose and straw, each with added inorganic nitrogen. A clear
correlation was found between the C/N ratio of the ftmgal material
and the nitrogen nitrified. In all cases lungus tissue was at least as
readilv nitrilied as the artificial mixtures. No evidence was found
for the existence of a verv resistart and unnitrifiable residue from
fungus tissue.

r. S. H. JrNxINs. " Tlt Biologicatr Oid.ation ol Carbolrydrale
Solutiat s. IL The Oxidatio* of Su.uose in the Prcsetre of
Dillerc lttoryanic Nit/ogen Compouxds." Biochemical
Journal, 1933, Vol. XXVII, W.24*25i.

The elfect of different sources of nitrogen on the biological
oxidation of sucrose t-brough a percolating filter was studied. Under
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the conditions of filtration in these experiments there wa-s a con-
siderable disappearance of nitrogen from solutions having C,N ratios
of 8.4/l and 4.2/1, irrespective of ttre form in which the nitrogen was
supplied. Greatest disappeararce of nitrogen occurred with nitrite
and less with ammonia. The apparent losses when nitrogen was
supplied as nitrite and nitrate were most marked in that part of the
filter ir which carbohydrate oxidation was most active. these
apparent losses include the niho$n immobilised by the micro-
organisms of the film, and it was impossible to state how much of
this was due to losses of elementary nitrogen.

u. S. H. JENXINS. " Tlw Biological Oxidal m of Carbohybate
Soluti<ms. III. Niboge4 Phoslhorus aad Potassium
Ba.lances in Percoloting Fdlezs." Biochemical Joumal,
1933, Vol. XXVII, pp. 258-273.

By studying the decomposition of sucrose in percolating filters
iilled with glars, and so allowing the recovery of the synthesised
film, it was possible to draw up balance sheets lor the nitrogen,
phosphorus and potassium salts added. The recovery o{ the last two
elements was not quartitative, possibly owing to inadequate methods
of atralysis. In experiments containing sugar and ammonium salts,
giving a C/N ratio of 8.4/1, the balance sheets for nitrogen showed
that about 14 per cent. of that supplied was lost. With a ratio of
8.4/l a slight gain rvas recorded. \l'hen lilters were supplied with an
ammonium salt as the source of nitrogen neither nitrite nor nitrate
was detected il the efluents. When the source of nitrogen supplied
to the filters was organic neither ammonia nor oxidised compounds
of nitrogen were found. The observed losses, therefore, could not
have taken place through formation oI ammonia or the production
of nitrite or nitrate and subsequent denitrification. Liberation of
elementary nitrogen is probably carried out entirely vdthin the cells
of the organisms.

LII. S. H. JENKI\S- " Tfu Desigtt of Erperime al Percolaling
Fillazs. " Biochemical Journal, 1933, Vol. XXVII, pp.
240-24.

Percolating iilters of a new design have been constructed com-
posed of sectiorx which fit together so tlat.no air spaces occur
between individual sections. These have been made in wood built
from six octagonal units, ttre top and bottom edges of each being
bevelled at an angle of 6O". The medium was supported in each
section by meals oI a rustless steel tray. Similar filters have been
made with cylhdrical glass units joined togettrer by means of wide
bands of rubber. The medium was held in each section on a per-
forated aluminium plate cemented to the bottom of each cylinder.
Such filters may be operated as a whole or the changes taking place
at ary givell depth irvestigated by sampling.

LrII. J. trIEIKLEJoHx. " The Effect oJ Colpidloa cm Antmtnic
Productiott by So Badaia." .{rurals oI Applied Biology,
1932, Vol. XIX, pp. 58+608.

In two series of experiments using different media (peptone dis-
solved in soil extract in the iirst series, and a syrthetic medium
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containint alanine in the rcond), cultures containing the ciliate
protozoon Colpidiuz $ith t\ro species oI soil bacteria were compared
against control cu.ltures containing onlv the two species of bacieria.

On both media an appreciable reduction irr bacterial numbers, as
compared with the numbers ilt the control cultures, was observed in
Lhe Colfidium cultures. but in spite of this reduction, the Colf,id.ium
cultures produced more ammonia from peptone than the controls,
and nearly the same amoult of ammonia and carbon dioxide from
alanine as the controls.

In both series of experiments an inverse linear relation was found
to exist betu'een total bacterial numbers and the amoult oI ammonia
or carbon dioxide produced per 1,00O mitlion bacteria (efficiency).

In the second series of experiments, the regression coefrcients of
efficiency on average bacterial numbers are significantly different in
the Coll>idium and the control cultures.

It follows ttrat the presetce oI CoQidiuzr has a stimula.ting eflect
on ammonia production, which is not due solely to the reduction of
bacterial numbers to ar optimum value, and it is suggested that in
the cultures in which Col pidia are present, the bacteria are kept in a
state of physiological youth for a longer period than the normal.

Lrv. D. WARD Curlrn axn L. M. CRUMr. " Some Asfec* of thc
Phl,siohg of Cerlain Nibite-Fo/t ting Bacteria." A,JIrrab
of Applied Biology, 1933, Vol. XX, pp. 291-206.

One hundred and four species of bacteria which produce small
quantities of nitrite from ammonium sulphate have been isolated
from filters receiving v'aste water from a beet sugar factory and these
bacteria do not differ in their behaviour on carbohvdrates Irom non-
nitriff ing bacteria obtained from the same source.

Ammonium lactate is more readily oxidised than is ammcnium
carbonate, phosphate, sulphate or acetate, and in the majority of
cases nitrite itself can also be utilised bv these bacteria in the course
of groMh-

There is positive correlation between increase irt bacteria numbers
and the percentage nitrite in a culture duriag the initial growth period
and there is evidence that nitrite may disappear slowly lrom acid
solutions without the intervention of bacteria, though this is not
invariably the case.

rv. N. W. BAIRITT. " The Nihification Process ir Soils and
Biological Filters." Annds of Applied Biology, 1933,
Vol. XX, pp. 165-184.

Nitrifying cultures in mineral salt solutions were obtained Irom
laboratory percolating Iilters and resembled similar cultures obtained
from soils in their ability to grow on silica gel plates and in showing a.

low thermal death point. The addition of organic matter depressed
the rate oI nitrilication in comparison with the rate of nitrification
in the presence of mineral carbonates. The addition of a solution of
carbonic acid also depressed nitrification, and it is inferred that the
supposed toxic effect of orgalic matter is not a direct one, but due
to the liberation of excessive amounts of COr.

The optimum pH for nitrification is between 6.7 and 8.0. It
ceases at pH 9.2 and 5.5, at which point the free acid is spontaneously
oxidised to nitric acid without the aid of a specific organism.
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Al increase in nitrifyiDg power of soil after pessage through
earthworms is recorded and accounted for bythe digestion of organic
matter and addition of CaCO" from the subsoil.

l-t is sritgested tbat the evidence of many workers points to a
possible autotrophic phase in the life cycle of helerotrophiCorganisms.

THE PLANT IN DISEASE: CONTROL OF DISEASE
(Departments of Entomology, Insecticides and Fungicides, and

Plant Pathology)
(a) INSEcrs AND THErR CoNrRoL

rvr. H. F. BAINES. " Srrdirs oJ Fluctualiotts in lrc*t Popula-
tions. I. Tk Inlestariot ol boadbdk Wh t by the Whoot
Blossom Midgei (Cednohyiaazy." Journal 

"of Animal
Ecology, 1932, Vol. I, pp. 12-31.

_- Fluctuations of insect populations are being studied in three
directions : (I) the intensity of attack by the larvae ; (2) the degree
of parasitism ; and (3) the dates of emergerce and number of broods.
Study of the two wheat blossom midges ieveals considerable fluctua-
tions ir irtensity of attack aDd the eitent to which they are parasit-
ised by- other insects. Extensive new information iegarding the
bionomics of these two midges, C. tl;tici arrd. S. mosellata-, is giv:*.

Lvrr. H. F. B^INEs. " A Sludt, ol the Segmctlatiot oJ tfu Admtac
t1t G( Midges." eroceiaiirgs of-the Zoologi'cal Society of
London, 1932, pp. 323-$a.

From a study of over 14,300 individuals o{ fourteen species of
economic importance. it is shown that, in some species and genera,
food affects the size of the adult miGes onty; in oihers it affe;ts the
size of adult mifues aad, in addition, the number of anterural seg-
ments. A formula is given for the frequency and range in the number
of antennal segments.

LvIII. H. F. Benxrs. " Ol th4 GaA Midges Injwious tn the
@fliylion of llillows. I. Thc Ba, 

-Wiltob Ga w;age
(Rhabdopha6a terminalis Il.La.)" Annals of Applied
Biology, 1932, Yol. XIX, pp. 21*252.

The bionomics of the bat willow gall mifue, which does serious
damagr to certain willows grown for basket-making and the cricket
bat willow gro*n for sets, are described. The mide exhibits a dis-
tinct host-pla.nt preference, choosilg the bat wil-low (5. coendeal
when possible. But it also breeds readily on a golden willow (S. clDi
vaL !r;kAina). It will not attack Blaak t]y'lai (5. triandraj, Long
SVin (5. uimhulis) and Dicky Meadow (S. furpirea).

LIx. MARGoT E. METcALFE. " Daslneura leguminicola
(Linl.\, the Claaer Seed ltlidge." Annals oI Applied Biology,
1933, Vol. XX, pp. r8e204.

An attempt was made, alter studving the biology of this midRe,
to find resistant or immune varieties of red clover.- It is suggesied
that clovers grown for s€ed production should be in the greenlead
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either before or after the time of maximum emergence oI the midges.
The dates for cutting the first crop as a means of ensuring a clean
second crop are discussed.

Lx. Il{ARGor E. Mnrcernr. " Some Cecidomyidae Attschitg the
Seed. of Dacty\s glomerata L. ard Loklurlr perenne L."

Annals of Applied Biology, 193{1, Vol. XX, pp. 327-34f.
Three species, two of which were new to science, have been found

on these grasses in the Park Grass plots. Unsuccessful eflorts were
made to compel the midges to attack other grass€s. Their biologies
are described.

rxr. Maacor E. METCALFE. " The Morpholog atd Arulony oJ
thc Larva o/ Dasyneura leguminicola Lint. (Di!teta)."
Proceedi:rgs of the Zoological Society of London, 1933,
pp. lr9-I30.

The title of this paper is self-explanatory.

Lxu. MArcoT E. METCALFE. " Notcs on thc Stru{ture atd Dalchf
me of tlu FmuJc Genital System in Dasyneura tegumi-
nicolz Littt. (Cecidomyidae, Dipteru\." Quarterly Journal
oI Microscopical Science, 1933, Vol. LXXVI, pp. 8S105.

Genitalia of an appendicular nature are absent, the tubular
aMominal segments being modified to form a tubular retractile
oyipositor. Apart from the ovaries and a portion oI the pated
oviducts, the efferent system is unpaired and ectodermal in structure.
The gonopore is posterior to the nhth stemite and is derived from
the primitive spermathecal invagination as in the Coleoptera.

Lxtu- H. C. F. NEwroN. " Oz Atomaria llr:,earis Ste?hels
(Coleoptera, CryPlophogidae) aad. ils Lanal Stages. " Arurals

of .{pplied Biology, 1932, Vol. XIX, pp. 87-97.

A brief survey is made oI the habits aad life history of Alomaria
liwaris Steph., the Pigmy l{angold Beetle, a pest of sugar beet and
mangoltls. The egg and larval stages are described for the first time.

Lxrv. F. TATTERSFTELD AxD C. T. GIMTNGHAU. " The Ircecticidal
Proferlies of Tepbrda masropada Han. and, othcr Tropbal
Pkrfs." Annals of Applied Biology, 1932, Vol. XIX,
W.251-262.

Preliminary data are reported on the iruecticidal properties of
three tropical Iish poison plalts (Tepbosia maoopod,a Harv.,
Multdqlza snlarosa Benth. ar\d. N eolautancrria (Rhyeln$a\ Jitifolia
C. A. Sm.).

A list is given of ottrer plarts (most of them llrrown to b€ lish
poisons) from many different courtries, which have been tested but
appear to have little or no toxicity to Aphis rumkis L-

Extracts of the stems of black Haiari (Lotchocarpus sp.l arc
shown to be toxic as contact insecticides to young larvae of two
slrcies of moths. Older iarv-ae are much more resista.nt.

All the plants so lar tested which are toxic to both fish and to
irsects are members of the natural order Leguminosae.
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Lxv. F. TATTERSFTELD. " Thz Loss of Toxicity of Pyret*rum
Dusls ott Exposure to Air and lfufu." Joumal ol Agri-
cultural Science, 1932, Vol. XXII, pp.396-4f7.

Pgethrum powders and dusts, prepared by grinding or by the
il&orpontion of extracts of pyrethrum flowers upon absorbent
earttrs, such as talc and kieselguhr, lose their insecticidal activity
on exposure to light and air. The loss is more rapid in the case of
artificiaUy-prepared dusts than with gror:nd flower-heads.

Boti light and air play an important part in the process of
inactivation, as samples of kieselguhr-pyrethrum and talc-pyretlrum
dusts stored in closed vessels in the dark or exposed to air in the
tlark are relatively stable; also samples exposed to light in a.E'

atmosphere of carbon dioxide, nitrogen or ln aarlo lose little of their
toxicity under the same conditions of illumination ; samples exposed
in orygen, however, rapidly lose their activity.

Both wet atrd dry oxygen were effective in destroying the
activity of the dusts, but apparently at different rates, and the
qrye of reaction may be different in the two cases.

The incorporation of anti-oxidants with talc-pyrethrum and
kieselgulr-pyrethrum dusts retards loss of activity due to exposure
to light ard air.

Such compormds as pyrocatechol, resorcinol, hydroquinone,
pl,rogallol con-fer a large measure of protection against loss of toxicity.
Phenol and phloroglucinol were not effective.

Tarmic acid exerted a considerable measure of protection.
The protection was greater in the case of artificially-prepare<l

dusts than witl ground ppethrum flowers.
There is no conclusive evidence that anti-oxidants, naturally

occuring in pyrethrum, play any great part in stabilising the pyre-
tlrins agaiast iractivation. The greater part oI tie protection
lrould appear to be due to particle size or to cellular inclusion.

(D) Becrrnrer DrsEAsEs

Lxu. R. H. Sroucnrox. " The MoQlnhgjt ard Cytobgy of
Bacterium malvacearum, E.F-s., Pot II. Reqoductiol
ad, Cell-Fusion." Proceedings of the Royal Society B,
1932, Vol. CX'l, pp. 4$-52.

New morphological forms have been observed n Badaiutn
maloateatum. The production of coccoid bodies, their liberation and
subsequent develop,ment to form apparently normal rods are de-
scribed, as well as the formation of densely spherical bodies, which
apparently arise from the fusion of two cells and are liberated by the
degeneration of the parent cells.

rxvrr. R. H. SroucHToN. " The lrtluarce oJ Emtironmenlatr
Coaditions on tha Det)eli?nant of the Aqular Leaf Slot
Discase of Cotlon. I l' . Thc Inflaarc oJ Atmospheic
Humidity on l*Jrtkm." Aanals of Applied Biology. 1932.
Vol. XIX, pp. 37G378.

It was found in control chambers that high humidities favour the
development of the disease. Maximum infection occurred at 85 per
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cent., and diminished rapidly at humidities below this figure. The
relation of these results io the experiments on the influe"nce of air
te^irlperylure is discussed; and it is concluded that the importance
of humidity is mainly pllsical in natue, by alfecting thd time of
?ersistence of the infection droplets.

(c) YrRUs Drseesrs

I.X!'IIL 
_ J. C-rrn*'rrr. " Tha Physiolagy of Virus Diseases in

Pla s. III. Awuba or tdlou - 
Mosaic oJ Tornato it

\icotiana glutinosa ard other iosrs." Annais of Applied
Biology, 1932, Vol. XIX, pp. l4rt-152.

The symptoms induced by aucuba or yellow mosaic of tomato in
certain other members of the Solanaceae (notabty N. gl*iwsa atd
D. slramoniuml differ markedlv from tlrose ill tomito. Neitber
formation of irtracettuLar inclusions nor svstemic infection occurs in
thos€ plants. ln N. plulitosa the svrnoioms aooear onlv on the
rubbed.leaves or portiors of a leaf ;nd'little miritipticatiirn of the
virus takes place. ln D- strarfloni\m, although no m-r,saic symptoms
appear on the host, the virus travels throulh the tissues- and can
infect susceptible trafts. The use of N . glutitisa as a ready meats ol
detgnstr-ating tle plgsence of a virus aEent in a juicri has teen
confirmed and simplified.

-- It is possible to inject the intracellular spaces of the leaf of
N. gl*inosa with virus'juice wit-hout rupturin! the cells, in which
case no s1.mptoms oI the disease develop. The virus apparently is
uable to enter unbroken cells.

LxIx. D. MACCLEMENT AND -I. Hrr.oBnsos Smrrx - " Fillralion ol
Pl.ant Viruses-" Nature, 1932, Vol. lB0, p. l2g.

By the use of sraded collodion membranes it was shown that
plant viruses varv in size, as iud6ed by tleir ability to pass membranes
of known porosiiy. Tohacco ri'osaii and ye[ori moiaic have a size
ol 15 pp, aucuba mosaic of tomato 40i50 ip,, a virus of Hyoscyamus
16O s.p. With these membranes it is possible to separate iwo viruses
which occur together in nature.

Lxx. MARToN A. Haurrrox, " Ot Three Ncu Vbus D)iseases ol
Hyoscyamus niger." Annals of Applied Biology, 193i,
Vol. XIX, pp. 55G567.

The source and general characters of three virus diseases occurring
lq]ura y i Hyoscyamus are described under the names of Hy. II.
III_and IV. They have a host ratge of various solanaceous plants,
so far excluding potato. Hy. II and III are not filterable through a
Pasteur-Chamberland filterof LB grade, and are transmitted to-and
from all hosts except tomato bv the peach aphid, Myzus fersicae.
They survive for a'relatively stiort pehod in;hrifieA juici:. Thel'
have many points in common with, and are probablv related to the
potato viruses X artd \'. Hy. IV is filterable through an LB candle
artd no insect vector has veibeen forurd for it.
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