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SCIENTIFIC PAPERS
Published 1927 and 1928 and in the Press.

I.-CROPS, PLANT GROWTH AND FERTILISER
INVESTIGATION.

(Botanical, Chemical and Statistical Departments.)

I. E. J. RussEll. " The Instit te ol Breuing Reseorch
Scheme'. Fourth RePort on lhe Ex?et;nents on the
I fluence ol Soil, Seoson aad Manuring on the Quouty
and Growtir of Barley,1926'" Journal of the Institute
of Brewing, 1927. Vol. XXXIII. (Vol' XXIV., Ner*'
Series), pp. 104-110.

II. E, J. RussELL. " The Institute ol Brcuittg Research
Saheme I Filth Repott on the Experinents on the Influ-
ence ol Soi!, Season and Manwing on lhe Quolily.ond
GtolutL ol B*ley, 1926." Journal of the-fnstitute
of Brewin!', 1928. vol. XXXIV. (Vol. XXV., New
Series), pp. 307-320.

III. E. J. Russur.. " The Ba ey Experirnents ol the Insti-
hie's Research Scheme." Journal of the Iostitute
of Brewing, 1928. Vol. XXXIV. (Vol. XXV. ' New
Series), pp. 436-446.
See also pp. 26-30 of this RePort.

IV. L. R. Brsnor,. " Composition aad Quantitotioe Esti-
mation of Ba ey Ptoteins f." Journal of the Institute
of Brewiog, 1928. \/ol. XXXIV., pp. 101-118.

Methods have been devised and tested for the quantitative
estimation of the amounts of the separate proteins in barley
grain. Albumin, globulin and protein breakdown products are
ixtracted by 5 per-cent. potassium sulphate solution,70 per cent.
alcohol at 6to C. is used to extracl hordein from the residue: the
remaining nitrogen probably rePresents glutelin nitrogen.

Thesc methods have been applied to samples of Plumage-
Archer bzrrley grown under varied conditions of seasoo, soil and
manuring. fhese difiering conditions influenced the total nitrogen
of the grain but not the regular relation shown between the
amountiof the separate constituents and the total nitrogen. In
the samples the total nitrogen varied from 1.2 per cent. to 2.3 per
cenl. and (o) the percentage of glr-rtelin nitrogen remained constant
at 36 per ient. oi lhe tolal nilrogen, {b) lhe percenrage of hordein
nitrogen increased regularly with increasing total nitrogen from
28 pei cent. with '1.2 per cent. total nitrogen to 40 per cent. with
2.3 per cent. lolal nitrogen, (c) the Percentage of satt-soluble
nitroqen fell correspondingly from 36 per cent. 1o 24 per cent. as
the total oitrogen increased from 1.2 Per cent. to 2.3 Per ceot.
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There appcars to be a balance hctseen the amounts of the
tarious proteins, rvhich adjusts itself according to the amount
,)f total nitrogen present. F'or these samples therefore the total
nitrogen is a good measure of the amounts of the individual
proteins and var-r ing " (luality " of different samples of thc same
total nitrogen content is not due to differences in the amounts of
the individual proteins.

V. L, R. Brsaop. " Com?osition and Qrantitathre Estinlz-
tion ol Ba ey Prote;ns IL" Journal of the lnstitute
of Brc,s'ing, I9!9. \:ol. \\\\-., pp. :116-322.

'fhe methods for the quantitative estimation ()[ the proteins
of barley grain are exterded. A dctailed fractionation of the
salt-soluble substances is worked out. ln this extract albumin,
globulin, proteose, and peptone nitrogen are estimated as well as
nitrogen in the form of simple compounds such as amino-acids
(" non-protein " nitrogen). It is concluded rhar hordein persists
from the barley to malt and that the methods found iuitable
Ior barley can be applied also to malt.

The importance of fineness and evenness of grindiog is shorvn.

VI. L, R- BrsHop. " The Changes undergone by the Nitro-
genous Constituents ol Barley duriag ltlaltitg."
Journal of the Iostitute of Brewing, 1929. \'ol.
XXXV., pp. x23-:138.

As soon as active breakdowo commences after steepinR., the
two insoluble proteins of the endosperm, hordein and glutelin,
are brokeo down at about the same rate to gi\.e salt-soluble pro-
ducts chiefly non-protein nitrogen. 'fhen the rate of disappiar-
ance of glutelin falls off. Later, the rate of disappearance of
hordein becomes very small and the amount ,f glutelin mav
increase slightly. At this stage it is kilned.

The falling off io rate of disappearance of glutelin and the
suggestion of a subsequent increase point to a rest'nthesis of this
Protein in the embryo. The falling off in rate of disappearance
of hordein may similarly be accounted for by resvnthesis in embryo.

The changes io the nitrogen compounds on the kiln when
making pale malts are very slight-

Changes within limits of the amount of lvater supplied or the
length of time on the malting floor produced but lirtle efiect on
the amounts of.different nitrogen compounds in the final malt,
owing to the establishment of a balance betu,een breakdown in the
endosperm and resvnthesis in the embryo.

VII. F. E. D,r'r'. " SarrrII Scole Rrcting in the l-tborutory.,,
Journal of the Institute of Brerving, 1928. Vol,
XXXIV., pp. 5?0-6?3.

A technique has been devised for obtaining a reasonable top
yeast crop and beer o[ normal flavour in the small scale brewinHs
in the Laboratory. Filtration is arrrided and brewery condirions
are imitated as closely as possible by conducting the fermentation
in Thermos flasks. The method can be applied to the comparison
of small samples of malts and the examination of hops.
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Illt. W. E. BnrNcnr-By. " 'l'he Phoslhute Requie,nenl ol
llnrle! ut Dillereti I'eriotls of Grc1r,tlt." -{nnals o[
Bolan\, l!!!r. \',,1. XLIIl.. pp. ,t-ttU.

Iixperiments have been madc in water cultures to test the
effcct of.depriving barlel plants of phosphorus afrer varying
initial_periods during which ir had been supplied, and oI supplying
phosphorus after initial periods of depri!ation.

The provision of phosphate for the 6rst six weeks or longer
permitted normal growth to be made, as was shown bv ihe
number of tillers, ears, and grains produced, the average number
ol grarns per ear, and rhe dry weights. With shorter inilial
periods of phosphate supply growth sas seriousll. depressed in
all these respects. If phosphate was withheld foi the 6rst four
rveeks, tiller production $.as not allected, but no ears Nere Dro-duced. With longer initial deprivation, growth was steaiilv
depressed in all respects, and the type of qrowlh craduallv chansei
from a bushy, succulent character'ti, a th'in, Iank-y, untill'ereC piant
bearing the travesty of an ear.

The amounl of phosphate ahsorbed bv the plant increased
steadily in more or less direcl proportion irr the lene.th of time
phosphate was given at lhe beginning of growth, but sifficient was
taken up in rhe first six weeks to lnable the plant to make its
maximum dry weight. l'he percentage uf phosphate in drv
matter rapidly increased from this time onwards. 

-'Ihe 
absencl

of phosphate supply up to the 6rst six weeks of growth caused
an extremely rapid drop in the amount of ohosoh]ate ultimatelt
taken up by the plant, after which a moie giadual decrease
occurred rpith lengthening periods of phosphate depritation. The
probable importance of lhe presence o. absence'rrf ohosohorus
at the time Lillerin,.l. begins is indicaled bv reference to iu.th..
experimenls in which phosphate was supplied and wirhheld for
alternate fortnights during growth.

lX. R. A. FrsHER. " A Preliminory Nole on the Eliect
ol Sodiun silicnte in Increasin[ the l'ieltl ot Ba jir,."
Journal of Agricultural Scienie, 1929. V;|. Xli..
pp. 132-139.

'I'he addition of sodium silicate has been found to increase
the yield of barle-v to a considerable extenl, this effect beine, mosr
marked when no superphosphate is added.

1'he phosphatic conlent of the ash is not greatl\ increased in
the grain, anJ is diminished in one case in thi straw : the conclrr-
sion from this observalion that the silicate does not act br, .et.a.iio
soil phosphates, but as a plant stimulus, overlooks thi fact thal
the addition of silica to the ash naturally reduces the o"r""rr,^o"
of other constituents, and should he discounted.

'l'he phosphate removed annually in the crop is greatlv in-
creased on the plots receiving silicaie, eren u.hin this rerioval
has continued for manr. years without replacement.

That additional phosphate is actuallr. made available to the
crop on the plots receiving silicate is sho$.n hv the increase in
the proportion of phosphate in the dr1. weight of the croo. uhich
appears on all the plots, and at all periods.
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This increase is quantitatively sufficient to accouot for the
increased yield in grain and straw, without postulating the aid of
any stimulus to pla[t growth.

X. T. Eorx ano R. A. FrsHBR. " Sluilies in Ctop Vodation,
lV. The Experil,entol Detennination ol lhe Volue
ol I'op Dressings lrith Cereols." Journal of Agricul-
tural Science, 1927. Vol. XVII., pp. 548-667.

A simple account of a top dressing experiment carried out
at Rothamsted in 1926, with especial reference to the design of
such experiments in general, to the statistical analysis of the
data, and to the precision attained. The experiment was of 96
plots of rvinter oats and designed to test with precision the
return from top dressings applied early or late, in single or
double quantities, and using sulphate or muriate of ammonia.
All possible combinations of these conditions were used, the whole
having eight-fold replication. The results possessed a higher
level of piecision than on any previously attained in conditions
which allow of a valid estimate of error, the standard error of
each comparison being only I.4 per cent. It is, then, of an order
which allows discussion of the monetary return to the industrial
farmer in relation to the cost of manure and labour. The experi-
ment is one of a programme of research into top dressings, which
it is hoped can bi maintained at the same level of precision.

XI. BHAr Ber.r,ruxltlp. St*dies it CroP yaiatiorr, V.
" The Relation betueen Y iekl and Soil Nutie s."
Jouroal of Agricultural Science, 1928. Vol. XVIII.,
pp. 602-627.

It is shown (a) that it is possible to fit Maskell's Resistance
formula (in which the reciprocal of the vield is expressed as the
sum of terms each dependent on a specific manurial factor) to
exp€rimental data involving the simultaneous variation of two
numerical factors b1 a sufficiently rapid process of approxima-
tioo, (D) that in every case discussed the formula fits the facts
within tiSe limits of eiperimental error estimated from the experi-
ments themselves although formula of other types fail strikingly
to do so, (c) that the parameters appropriate to each nutrient are
therdore independent of other conditions and are capable of
direct physical interpretation. The interpretation-suggested
suppliei i dirett measure of lhe quantity of each soil nutrierrt
aciually available to the Plant, and of its speciEc importance in
determining yield-

II.-STATISTICAL METHODS AND RESULTS.
(Statistical Department.)

XII. R. A. FrsHER. " The General Som?ling Distribut;on
ol lhe Mulliple Corrclatioa Coefuietl." Proceedings
of the Roval Society (A), 1928. Vol. l2l, pp. 664-673.

By an apprr)priate linear transformation of the independent
variates it may be shown that the samPling distribution of the
multiple correiation coefficient does not depend on the rvhole
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matrix of correlations between these variates, but solely uPon
the multiple correlation in the population samPled.

The actual distribution (A) may then be easily obtained by
similar methods to lhose by which the distribution of the simple
correlation coemcient has been obtained.

The freqLrency function involves a hypergeometric function of
P'R' which is a rational function when n, and n. are both even,
atgebraic when n, ooly is even, and reducible to circular functions
when n, and n, are both odd.

The case of large samples yields a series of distributions
(B) of great interest, involving Bessel functions, which connect
the X'distributions with the Gaussian, and are intimately related
to a double Poisson summation. Owing to the practical importance
of this limiting form, a table of its 5 per cent. points is given
up to seven independent variates.

When n, is even, the probabitity integral of the general distri-
bution is expressible in finite terms which are developed in
Section 6.

The (B) distribution of Section 6 reptaces the X'distribution
in the analysis of variance if the squares summed are non-
central, An analysis of variance so extended leads to a third
group of distributions (C), closely related to (A), and teodiog like
it to a common limit (B). The distinction between (A) and (C)
arises from the fact that in cases proper to the multiple correla-
tion the central displacements will vary from sample to sample
owing to variations in the second order moment coefficients of the
independent variates, and for such cases (A) is the correct distri-
bution. The type (C), however, is of frequent occurrence owing
to the absence or irrelevance of such variation.

XIII. R. A. FrsHEn. " On a Dislributiot Yiekling the
Errot Functiofls ol seteral Well-knoun Star;stics."
Proceedings of the International Mathematical Con-
gress, Toronto, 1924, pp.806-813.

When the exact sampling distributions of a number of the
statistics in most general use came to be worked out, it appeared
that apart from avoidable differences in notation, nearly all were
examples of three related types of distribution. Two of these
had been previously fouod and their numerical values made in
part available. In 1900, Pearson had established the distribution
of his measure of discrepancy X' used in testing goodness of fit.
-A.lthough as given this distribution was incorrect, the correction,
so long as emcient methods of fitting are used, does not change
the form, but only the particular member of the series to be
employed. An identical distribution was subsequently found by
" Student " for the lariance as estimated from a normal sample,
and by the author for the index dispersion for the Poisson and
Binomial series. The distribution of t first found by " Student "
in studying the mean of a unique sample, is also exact over a
much wider range, and gives the distribution also of regression
coefficients of all orders. The third distribution, that of u, which
may be regarded as a generalisation either of that of X" or of t,
completes this group of theoretical distributions and supplies the
solution for intraclass correlations, the goodness of fit of regression
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lbrmula, the comparison of variances and the significance of
nrultiple correlation and (orrelaliorl ratios.

XI\r. R. .\. ljrsnrin lxo J. Wrsuanr, " ()n the Distribu-
ticn ol the Error ol ar Interpolated Val\e, dnd on rhe
Cotslruction oi l'oble*" Proceedings of the Cam-
bridge Philosophical Society, 1927. Vol. XXI!l.,
pp.912-921.

The development of simple interpolation formule involving
only eveo differences, has favoured the increased use of formula
of high order; while the theoretical study of the remainder term
makes it possible to design tables for which such formula are
rigorously valid, This paper develops the theory of the distribu-
tion of the error of interpolated Yalues, and shows that these
will always have a higher precision than the tabular entries, and
if the errors of the latter are normally distributed and independent,
those of the former will be normally distributed also, with a
variance which for high order formule tends to equality. This
will not be the case for tables " correct to the nearest fiBure "
irr rvhich thc error distributions of the tahular entries will be
rectangular, aod those of the interpolate rvill hale a complicated
distribution. The advantages both in convenience and in precision
of oot cutting down tables as ,rriginally calculated, so as to be
correct to the nearest figure are therefore to be considered in the
publication of tables.

X\r. J. WIsHART. " On Enors in the Mullille Correlotion
Coeflicient dte to Rrondont Sartpling." Memoirs ol
the Royal Meteorological Society, 1928. Vol. ., No.
13, pp. 29-37.

The use of the multiple correlation in meteorological and
agricultural problems is common where the efrect of a number
of independently varying factors on, say, the weather of a par-
ticular localitl', is investigated. .\n experimental study is made
of the kind of values, with their frequency of occurrence, which
would arise from chance factors which had in reality no influence
on the phenomenon studied. The mathematical theory for this
particular case is now complete, and it is shown how the prob-
ability of occurrence of any value can be calculated. 'lhis method
of testing the significance is recommended in place of the more
usual probable error, for the distribution is far from normal.

XVI. J. WrsHARr. " Table ol Sigaficant Val es ol ,.he
Mulli?le Cotelalion Coefticient." Quarterly Journal of
the Royal Meteorological Society, 1928. \-ol. LI\:.,
pP. 258-2n9.

This table gir-es the values of the multiple correlation coem-
cient that would occur in random sampling from uncorrelated
material for the I and 5 per cent. levels of significance, and is
based on the theorv outlined in thc preceding memoir. lt is
carried as far as six independent variates and up to samples of
100.
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XVII. J. \\'Isx.tnr. " Le traitement correcl iles Plobldmes
d.e Condl.alion lvlultiple en Llitiotologie et .4gricul-
hne." Report of the Association FrangaisJ pour
I'avancement des Sciences, 1928.

The use of the multiple correlation coemcient and its testing
by the preceding significance tables is explained, and examples,
taken from the weather forecasting work of Sir Gilbert Walker,
are worked out. Comment is made on the recent correspondeoce
in " Nature " on the use of the probable error in correlational
work.

XVIII. J. Wrsnenr. " The Generulised Prodt ct Mornent
Distribution ;n Sontples lront a N ormal M ultir:ariate
Population." Biometrika, 1928. \'ol. XXA-, pp.
32-52.

The distribution of the variance was first given by " Student "
in 1908. The next advance w-as in 1015, when R. A. Fisher, for
a two-variate population, gave the simultaneous distribution of
the three secood order mohent coemcieots, namell the two vari-
ances and the cross product moment (or co-variance). In this
paper the problem is generalised to include any number of
variates, and the multiple distribution of all second order product
moment coemcients is deduced. .\ table fotlou's giving the momeDt
coemcients of this distribution, as far as the fourth order and
eight variates.

XIX. J. Wrsaenr. " A Prcblent in, Combiratorial Analysis
git'ing the Distribution ol Certain Monent Stdtistics."
l'roceedings of the London Mathematical Society, 1920.
Series 2, Vol. XXIX., pp.309-321.

'fhe method outlined in the previous paper for deducing the
moments of the distribution from a particular generating funcricrr
is tedious, and it is here sho\rn that it is, after all, only a particular
case of a rnore gerreral problem whose soluti()n can be reached
through the theory of combinatorial analysis. The correspond-
ence betrveen the tlreories is indicated, and the special problem,
which cao be considered as a ring arrangement of rods, is worked
out in full- Finallv, an operatiooal solution is demonstrated, and
rhe arithmetical pror:edure for building up anv required result is
illlstrated in aa example.

XX. J. lVrsxenr. " Sanpling Errors in lhe l heory ol 11le
F'actors." British Journal of Pslchology, 1928. Vol,
XlX., Part 2, pp. r80-187.

It is a mathematical consequence of the theorr that any
ability can be resolvcd into two factors, one general arid the othei
specific, that the tetrad difierence of correlation coemcients bet\r'een
anv four abilities should vanish, within the limits of random
sairpling crror. A modified deinition of the tetrad is introduced
in order that the distribution reached in Paper No. XVIII. should
be capable of application t() this problem. -\n exact formula is
then deduced for the standard error of the tetrad, and this is
applied to some publishcd results of psl.chotogical experimeots.
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XXI- T. N. Hogt-vx. " A Statisticai Analysis ol the Doily
Obseruations ol the Maxinunr. and Mitimtm Thento-
tnelerc at Rolhar,.sted." 9uarterly Journal of the
Royal Meteorological Society, 1928. Vol. LIV., pp.
r83-902.

Dai-ly records of maximum and minimum temperature at
Rothamsted are available for 49 years. This paper gives the
means, variances aod covariances for each month, and analyses
the variance and covariance into portions ascribable to variation
from day to day aod from year to year.

XXll, R. A. FTSHER e^-p T. N. HoBLlN. " Moxitrinot. otd
Mininum-cotel.ation Tables it Comparotite Clinat-
ology." Geografiska Annaler, 1928. Vol. IIl., pp.
267-281.

In connection with Paper No. XXI. on Maximum ald Mini-
mum Temperature Variations at Rothamsted; the opportuoity was
takeo to prepare and publish for the purposes of comparative
climatology two-way tables of these variates for each month of
the year for the first 49 years of experience at Rothamsted. The
tables are supplemented by Analyses of Variance in which the year
to year variatior is distinguished from the day to day variatioo
within the same year.

XXIII. R. A. FTSHER AND BHAI Bar-uuxer.lo, " The Esti-
n-atior ol Linkage lron the Ollspring ol Selleil Hetero-
.!gotes." Journal of Genetics, 1928. Vol. XX., pp.
79-92.

Five methods of plution are given of the statistical problem
presented by typical linkage data. The example choseo shows
the vaiious errors ioto which the use of inefficieot statistics leads.
Of the emcient methods, the method of maximum likelihood pos-
sesses the advantage that it may be applied directly to any analo-
gous problem, and is related in a previously unsuspected way to
the measure of discrepancy x'. The product ratio method,
for using which a table is provided, enjoys the practrcal advantages
of other emcient solutions, and is in addition uoaffected by difier-
ential viability, if tiis is caused by one factor only. The method
of minimum x', unlike the other two, is laborious in computation
and seems to possess no special theoretical ioterest.

XXIV. R. A. FrsHER. " The Possible Motlifcations ol the
ResPonse ol lhe Wild Type to Rccurrent Mutations."
American Naturalist, 1928. Vol. LXlI., pp. fl6i26.

The reaction of the wild type to mutations is known in many
cases to be capable of a somewhat rapid modification in experi-
mental conditions, by the selection through differential viability
of factors capable of modifying this response.

It may be calculated that with mutation rates of tlle order of
one in a million the corresponding selection in the state of nature,
though extrcmely slow, cannot safely be neglected in the case of
the heterozygotes.

The observed behaviour of multiple allelomorphs largely
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supports, though that of specific modifiers seems to opposer the
view that complete dominance generally may be regarded as a
product of such selective modification.

XXV, R. A. FlsHER. "TtDo Fu her Notes on the Oigin
ol Domirunce." The American Naturalist, 1928- Vol.
LXII., pp. 671-674.

ln connection with the previous paper (No. XXIV) the evi-
dence of the behaviour of the cotton rlrvtant, Crinkld, Duarf,
investigated by Dr. S. C. Harland, is cited as demonstrating the
natural evolution of dominance. This mutant is a clear recessive
in the Sea Islaod cottons in which it occurs, but on crossing with
other species the dominance of the wild type is found to be con-
ditioned by a group of probably numerous modifiers in which the
Sea Island has come to differ from other cottons.

It is suggested that the anomalous dominance of several
breed characteristics in domestic poultry may be explained by the
incidence of selection in early stages of domestication when the
domestic flocks were frequently sired by wild jungle fowls.

X\Vl. R. A. FTSHER AND L. H. C. Trpperr. " Lirnit;ng
Forms ol the Frequency Distribution ol the L.rgest or
Smallest Membet ol a Sai.Ple." Proceedings of the
Cambridge Philosophical Society, 1928. Vol. XXIV.,
pp. l8Gl90.

'l'he distribution of the greatest or least of a sample of a may
be derived from that of the population sampled. If it tends
to any limiting form as the size of the sample is increased, its
distribution must obev a functional relation the solution of which
is here given, with i discussion of the criteria which determine
the limiting form, and of the gradual approach to the limit shown
in normal samples.

X\\:ll. R. A. FTSHER 
^ND 

E. B. FoRD. " I'he I'ariability
ol Sq.cies in the Lepidopteta, u;th Relerence to
Abuidance and Sex-" Transactions of the Entomo-
logical Society of London, 1929. Vol. LXXVI., pp.
367-384.

The frequency distribution of depth of pigment in the ground-
ct.,lour of the fore-wings of 35 species of British moths has been
obtained by comparison of over 5,000 specimens with a standard
colour scale.

For comparison of variabilities of groups of different average
tint the standard deviations haYe been adjusted to eliminate any
arbitrary elements which might have been introduced by the scale
employed.

The mean tint is darker in the females than in the nrales,
and is also darker in the more abundant than in the less abundant
species,

Even after ad.iustment the mean variance is about 30 per
cent. higher in females than in males, and is in both sexes
greatest in the abundant species, and at least in thosc which are
less than common.
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It is also possible, though the ditrerence is not in this material
statisticallt significant, that the species with uider range are, in
any one locality, the more variable.

The association of variability with abundance accords wilh
ao earlv generalisation of Darwin's, and with the theory that
variability is determined by a balance between the influences of
mutatiofls and selection. l'his theorv is insufficient numericaily
to account for the large difiereoces in variability between the
sexes.

In view of the frequenc) of polvmorphism, aod other marked
variations, in the females as opposed to the males in Lepidoptera,
it is suggested that the male sex hormones may inhibit the action
of a number of the factors iofluencing the development of pig-
lnent, as in ths rvell-known sex-controlled variation. The sug-
gestion of Goldschmidt that there exist pigmentation factors in
the Y chromosome capable of interaction with outosomal factors
to cause pigmentary diferentiation is an alternative view which
may account for a few cases. This should result in purely female
unisexual prolvmorphism (except for the possibilitv of occasional
crossing'-over between the X and Y chromosomes), but it is almost
certainly an infrequent phenomenon- It is possible that sexual
selection ma1, in part, be responsible for the complete inhibition
of mimetic patterns in the males of certain mimetic species-

\\\'lll. R. A. [.'rssll. " Triptet Children in Great Brituin
awl lreland." Proceedings of the Royal Society (B),
1927. Vol. 102, pp. 286-3rt.

\Ieasurements taken at a lixed age of llJ surviving triplet
children, are reported upoo in respect of the average-growth
attained, which is not appreciably differerrt from that of children
by single births; of the degree of rcscmblance between pairs of
like aod unlike sex, rvhich confrm in entirelv independent material
the conclusion drarvn from Lauterbach's measuremeots of twins;
and of the inheritarrce of thc twinoing tendency which, in opposi-
tion to the vierv developed br' \\'einberg, indicates inheritance of
diembryonl un the patcrnal side.

X\l\. li. .\, l rsHEl.. " Orr .Sorrrc Obittiotrs to llinicrt,
'Iheoty, Slatistical and Genetic." 'l'ransactions of the
lintomological Societ_\' of Lontloo, 1027. Vol. LXXV.,
pp.269-278.

The statistical reasoning *'hich led llarshall to dispute the
applicability of l\{iiller's theon'to the mimetic approach of a mor€
numerous to a iess numerous form, is shorvn to be unsound, and
the validity of M0ller's argument is verified. 'fhe cootention of
Punnett that in ccrtain cases mimetic forms must have arisen by
saltations falls rvith Marshall's argument on which it is trased.
The more recent study of modifying factors shows that the Mende-
lian inheritance observed in pol_vmorphic mimics does not show
that these forms u'ere not gradually evolved by natural selection;
rvhile the stability of the gene ratio of these factors implies selec-
tive action.
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III.-THE SOIL.

(a) MEcHANTcAL Axalvsrs.

(Chemical, Physical and Statistical Departments. )

XXX. A Sus-Coulrrrrre oF THE AcRrcuLTUnar, Epuc,crtoN
Assoctatlors. " The Retised O llicial Brilish Method
lcr Mechanical Arwlysis." Journal of Agricultura.l
Science, 1928. Vol. XVIII., pp. 734-739.

A Sub-Committee of the Agricultural Education Association,
with Dr. Keen as convenor, proposed in 1926 a new method of
mechanical analysis that was officially adopted by the Association.
(Papers XXII. and C., Report 1925-26.) At the 1927 meeting
of the Ioternational Society of Soil Science an alareed international
method was adopted which did not difier greatly from the New
British method. In consequence, the Agricultural Education Asso-
ciation Sub-Committee decided to make the necessary chaoges in
its recommended method to bring it into line with the international
proposals, and the present paper contaios an account of the
reasons for the change and the actual alterations involved- The
full details of the nerv method, knovn as the " Revised Official
Method," have beeo accepted and published (see Technical Paper
No. CXVIII).

The main differences are that the fractions are weighed as
oven dry and not after ignition, and the grouping of the fractions
has been altered to the Atterberg scale.

XXXI. E. M. Cnorvrnrn. " \omogrophs lor lse in
Mechanical Analysis Calculotioas. ". . . Proceedings and
Papers of First International Congress of Soil Science,
Washingtoo, 1928. Vol. I., pp. 399-.104.

To facilitate the more general adoption in routine .work of
the temperature correction for the viscosity of rvater in mechanical
aoalysis, a nomograph has been prepared giving by a direct
reading the times or depths of sedimentation equivalent to those
desired at a standard temperature of 20o C. In a second nomo-
graph the logarithms of the settling velocities are connected with
(1) the experimental depths and times and (2) the temperature
and " equivalent diameter " evaluated on the basis of Stokes'
Law.

XXXII. E. M. CrorvrHrn. "'l'lte Dircct Deternination of
Disttibrtion Cwaes ol Particle Size in Stspens;ons."
Journal of the Society of Chemical Industry, 1927.
Vol. XLVI., pp. 106-107'l'.

An apparatus is described for obtaioing continuous size
distribution curves of suspeosions through measurements of the
changes with time of the density at a given depth. A highly
sensitive differential liquid manometer connected between two
points near the base of the sedinrenting column is used to secure
sufficient magnification for direct readings. Since the readings
are proportional to the concentration at a de6ned depth they may
be plotted against the times, or the logarithms of the times, to
give directly a summation percentage curte for particle size.
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XXXIIL E, V, Cnorvrnrn. " A Manomebic Afpotutts lot
lhe Direct Detetmirntion ol Surnmotiot Percealage
Cuntes ia Mechanicol Atr;llysis." Proceedings and
Papers of First International Congress of Soil Science,
Washington, 1928. Vol. I., pp. 394-398.

See Paper No. XXXI. for abstract.

(b) Pnvsrcer, PRopERTrEs.

XXXIV. B. .{. KEEN. " First Comnission Soil Mechoaics
anil Physics." Soil Science, 1928. Vol. XXV., pp.
9-20.

This is a critical review of recent progress in Soil Physics,
partly based on the papers presented to the International Congress
of Soil Science, at Washington, D.C., in 1927.

XXXV. B. A. KeeN e-vo J. R. H. Courrs. " 'Single Value'
Scil Properties: A Study ol the Significarce of Cettaitt
Scil Constdnls." Journal of Agricultural Science,
1928. Vol. XVIIl., pp. 740-765.

Numerous attempts have been made to devise an experimenlal
method that, applied to a variety or a series of soils, enables them
to be placed in an orderclosely reflecting their field behaviour or
their most important physical characteristics. Such a method
is called a " single value " determination, as it endeavours to
specify the soil by a single number, in distinction to the group of
figures obtained, for example, from a mechanical analysis. A
number of these methods are discussed in the present paper, which
contains an account of a detailed investigation on 39 soils of certain
single value determinations.

The methods selected for study were chosen because (i) they
required only simple apparatus, and (ii) they appeared to be
related to some distinct characteristic of the soil.

The list of measurements rvas as follows:-
(a) percentage of clal'; (b) moisture content of soil in equili-

brium with atmosphere of 50 per cent, relative humidity (the
ordinary " air-dry moisture content " which was also determined,
is close to this value); (c) ignition loss of the dried soil; (d) mois-
ture content at the " sticky " point, which is defned as the point
at which a thoroughly kneaded plastic mass of the soil is iust
about to stick to the fingers or to a knife,

An important feature of the present investigation was the
repetition of the above measuremeots after the soils had been
treated with h,vdrogen peroxide. Our present knotledge indicates
that this removes the humified and non-structural part of the
organic matter without sxercis'ing more than a small solvent action
on the mineral portion of the soil. Comparison of the single-value
results for the original and peroxide treated soils thus gives an
opportunity of approximately comparing the relative contributions
of the orgaoic and mineral parts of the soil. The main results
are set out below :-

Correlation coemcients obtained for the various pairs of
quantities examined express the general fact that the heavy clay
soils have the highest ignition losses, moisture contents aod sticky
points,
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An increased correlation between clay and stickv ooint for
the peroxide treated soils suggest that ihe sticky point 

"al,reis controlled both by the organic matter and some pioplrty related
to the clay content.

When the associations are further examined bv oartial corre-
lation coefficients, the slicky point is shown to be'largely con-
trolled by the colioidal and inorganic colloidal material, ivtr'ite rhe
moisture content at 50 per cent. relative humiditl is largely con-
t rolled by the aclual elay conrent, 'there is indeiende.,t-e.rr'idenc"
that this moisture is held in the minute interstices between the
clay particles.

'fhe sticky poiot approaches a lower limit of about 16 per
cent. moisture content $'ith very sandy soils containing liitle
orSanic matter. This value is close to 14.6 per cent., which is
the saturation moisture content of an ideal soil in closest packing,
and it is shorvn that rhe pore space of this ideal soil and of th-e
kneaded blocks of actual soil hate app1qylm.1.ly the same value.
Hence the value of lhe sticky point moisture content is made up
of (o) 16 per cent. of water held in the pore space, unassociated
with colloidal material, and (b) water associated with colloidal
material. The division of the latter quantily into water associaled
with organic matter and inorganic clay colloids can be ver!
approximately effected by assumir.g (i) that the difference between
ignition losses of originat and peroxide treated soil measures the
efrective organic matter, and (ii) that the ignition loss of the
peroxide lreated soil (less the organic matter still present) repre-
sents the clay colloid. On rhese assumptions it appears that the
organic collord takes up about 4.4 time; its own weight of water,
and the inorganic clay colloid 2.7 times it' owr. weight. The
approximate nature of Ihe comparison must be emphasised, owing
to the limitations in the assumptions on rvhich it i.s based. lf thi
actual clay content be taken instead of the ignition loss of the
peroxide treated soil, as a measure of the inoiganic colloid, the
clay or a unit weight basis is only one-ninth as effective as the
organrc matter.

A comparison is made of the variation of sticky point deter-
minations made by different workers, and it is shown that satisfac-
tory agreement can be secured after a little experience of the
method.

The importance is stressed of introducing single value methods
as an adjunct to the modern system of soil classification, and
into soil physics.

XXXVI. B. A. Kres. " Some Comnunls on the Hydrc-
meter Method lor Studying So s." Soil Science, 1928.
Vol. XXVL, 261-263.

Bouyoucos has developed an empirical method of studying
soils, based on the reading of a hydrometer placed in a suspension
of the soil in water that has stood for 15 minutes to allbw the
coarser particles to settle. In Paper No. XXXIV., it was pointed
out that the method was essentially qualitative, since an appreci-
able density gradient must exist in the suspension betwe;; top
and bottom of the long hydrometer bulb after so short a period a!
l6 minutes. Later, Bou-voucos (Soil Science, 1925, 25 pp. 36i-
369) claimed that this statement was not justified, and gave some
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results to support his claim. The preseot paper consists of an
cxamination of these 6gures, which show, as would be expected,
lhat there is an appreciable density gradient, and the actual tech-
niqr.re employed by Bouyoucos is then stated in exact physical
terms: it consists in measuring at an arbitrary time the a\erage
density of a layer of suspension several centimetres in length whose
density is continually changing both with depth and time in a
manner depending on the particle-size distribution curve of the
soil, and therefoie varying from soil to soi[. The method is
lherefore essentially qualitative, although in the present state of
uur knowledge it has some value as an empirical determination.

XXXVII. W. B. Har**Bs. " Studies in the Physical Proper
ties ol Soils,IV. A Further Contrib tioa to the Theory
ol Capillary Phenomena in SoiI." Jouroal of Agricul-
tural Science, 1927. Vot. XVII., pp. 264-290.

'fhis paper examines in detail the manner in which the mois-
ture in soil is distributed over and between the soil particles. The
usual conception of an ideal soil (an assemblage of equal sized
spheres in regular packing) is employed, and experimental meas-
ui'ements are made rvith various materials approximatiog to this
definition- It appears from considerations of the pressure defici-
ency produced by curvature of the water film surfaces, that there
are two possible stable positions for a film of given pressure
deficiency: one in rvhich the water exists as an open tunnel, and
the other in rvhich the tunnet is filled and closed by a concave film
at each end. 'fhe fact that these interchangeable forms are possible
implies that over a vide raoge of moisture content the pressure
deficiency remaiDs constant, falling rapidty to zero at saturation,
and risiog theoretically to an infinite value at the dry end of
the scale. The experimental results conform this conclusion when
allor*'ance is made for tie impossibility of packing the material
in the regular manner postulated for the ideal soil.

The curve connecting pressure dehciency with percentage of
pore space occupied by water is shown also to represent the rela-
tion between height above the water table and moisture content
at that height for a column of soil whose lower end stands in
water.

The suction or pressure deficiency which is necessary to draw
an air-water ioterface into the pores of the soil characterises the
capillary behaviour over a coosiderable moisture range, and the
term " entry value " is suggested fo. it.

XXXVIII. R. A. FISHER. " Futthet Note on the Cofillny
Forces in an ld,eal Soil." Journal of Agricultural
Science, 1928. Vol. XVIII., pp. 406-410.

The new observations of Haines on the pressure deficiency
of liquid in a soil-like aggregate confirm the theoretical deduction
that the pressure deficiency falls off with increasing rvater content,
but do not justify his bdief in a high static stress as saturation
is approached.

A theorem is estabtished connecting the static stress at any
$-ater content with the pressure deficiency and the dry area of the
surface. This, together with general considerations of the
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energy conditions of physical equilibria, appears to dispose of the
two assumptions from which the high values for the cohesive
stress at saturation have been deduced.

XXXIX. E. M. CRowrHBR. " Some Physical Prcperties
ol Healty Alkalire Soils under lrrigotion (in the Sud.an
Gezira)." Proceedings and Papers of First Inter-
national Congress of Soil Science, Washiogton, 1928.
Vol. I., pp. 429-433,

The value of some extremely simple physical methods of
studying soil texture is illustrated by measurements on the heavy
alkalioe soils of the Sudan Gezira. The field density of the soil
shows a marked maximum at a depth of 80 cms., but the imper-
meability to water of the soil at this depth is not entirely due
to the closeoess of packing, since sieved soil samples, uniformly
packed in glass tubes, show a pronounced minimum in the rate
of water movement at this depth. The rate of capillary rise of
water into sieved soils in glass tubes affords a simple measure
of soil texture which is useful for soil survey purposes. In good
cotton soils, the rate of capillary rise was about 50 per cent.
higher than in bad soils.

XL. B. A. KrsN. " The Limiteil ROle ol CaPillaity in
Supflying Watet to Plant Rools." Proceedings and
Papers of the First International Congress, 1927.
Vol. I., pp.601-511.

The pore space in soils may be regarded as consistiog either
o[ an assemblage of small cellular units or of irregular thread-likc
capillary tubes. The latter conception is the one customarily
employed in texl-books when the movement of soil moisture is
under consideration. lt leads, however, to values for the capillary
rise of water in soils that are much higher than those found
experimentally.

The attainment of equilibrium conditions of moisture in a soil
column is a slow process, and moisture distribution cooditioos in
the freld are therefore esseotially dynamic' The present paper is
a prelimioary account of the relation between evaporation factors
and the daily level of the ground water table in large cylinders
of soil exposed to field conditions and kePt uncroPPed. From the
data, whiih included the period of the great drought in l9ll, it is
possible to construct curves showing how the free water level
would fall in al initially waterlogged soil during a continuous
and unbrokeo drought, It is found that after the water table has
receded some 70 cms- below the surface in a heavy loam soil,
the subsequeot fall is very slow, and in a further six months the
level falls oolv an additiooal 20 cms. This slow movement shows
that capillary action is practically inefiective in raising water
througtr a higher distance than 60-80 cms. in a heavy soil under
field Conditions, and the result emphasises the importance of those
cultivation methods inteoded to protect the moisture supply in
the soil from evaporation at the surface.

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-85 pp 17

70

XLI. G. W. Scorr BLArR AND E- M. CRowrHEB. " The
Flow ol Clay Pastes through Nozotr ?'abes. " Journal
of Physical Chemistry, 1929- Vol. XXXIIL, pp.
32r-330.

Laboratory studies of the physical and physico-chemical fac-
tors concerncd in the productioo of soil tilth io the field can be
made in a variety of rvays. This paper gives an account of thc
behaviour of clay and soil pastes when tlrey are forced through a
capillary tube under pressure. The experimental method has been
used by a number of workers and for a uide range of plastic
materials, but neither the apparatus nor the theoretical treatment
can be regarded as completely satisfactory. lmprovements were
therefore introduced in the design of the apparatus i a bulb is
provided at each end of the capillary aod the paste is sheared
alternatively from one bulb to the other; the apparatus is bodily
tilted during the experiment to keep the level of the paste in the
two bulbs the same, so that no correction is required for hydro-
static head; the amount of flow under given constant pressure
is measured by a calibrated flowmeter consisting of a sensitive
inclined alcohol manometer that records the pressure of the dis-
placed air as it escapes through one of a series of capillaries,
selected as convenient for the velocity of paste flow under
nreasurement.

It is known that the relationship between the amount of
material flowing in unit time and the pressure applied is not the
simple proportionality obtained with true fluids under the same
conditions for which the Poisuille equation holds. Numerous
attempts have been made to obtain a modified Poiseuille equation
for the flow of pastes. The one here considered is due to Bucking-
ham who predicted that with increasing pressures the material
would flow successively as (o) a solid plug, (b) a solid plug moviog
in an outer stream line sheath, (c) entirely stream line flow. These
conclusions are shown experimentally to be correct, but in addi-
tion there is a stage that precedes the plug flow, in which no
movement at all occurs until the pressure reaches a certain
minimum value; the necessary modification of the Buckingham
equation to include this effect is given. When the volume of
llow in unit time is plotted against the pressure employed, the
points for the plug flow and the complete stream line flow lie
on straight lines. A constant independent of the diameter of
the capillary can be derived from the slope of each line, aod the
ratio of these constants is independent of the cooceotration of the
material used over a wide range. The value of the ratio appears
to depend on the nature and geological origin of the material.

XLII. G, W. Scorr BLATR. " Ueber die Geschtoindig-
h,eilslunbriot der Vishositat disperser Systeme." (On
the speed-function of Viscosity in disperse systems),
" I{olloid Zeitschrift," 1929- Vol. XLVII., pp.76-81.

Ostwald and his school have for some years been collecting
a great masj of data relating the amount of material passing
through a capillary tube in unit time and the pressure applied to
the material. For colloidal materials which are not true fluids
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many other workers have found that for a certain region of pres-
sures a straight lioe is obtained by plotting the prissure direct
against the _flow per unit time, though this slraighi line does not
pass through the origin.

Ostwald's treatment, however, is more elaborate and involves
the logarithms of the pressure and flow. This necessitates the
friction coefficient (equivalent to viscosity in a pure fluid) having
dimensions dependent on the material used and on the c6nditioni
of experiment,

In this paper it is shown that much of the data obtaited by
Ostwald and others can be equall-v well ioterpreted on rhe simple
relationship already menrioned. This has the further advanrage
that the friction coefficient is of normal dimensions.

(c) Sorr. CulrrveuoN.
XLIII. W. B. Herses AriD B. A. KEE\. " Stutlies ia Soil

C t;lation, IV. A \ew Forn ol Traction Dynomo-
n,etel" Jo\ttnal of Agricultural Science, 1928. Vol.
XvIII., pp. ?24-733.

The original form of dynanrometer (Report 1926-26, Paper
XXX.) has now been replaced by a new type described bel,ow
that has many advantages.

The iostrument consi:ts of (o) an hydraulic link weighing
l6lb., and placed in the hitch, (6) a recording mechanism weithini
l6lb., carried on any convenient part of the implement, and-(c) i
control box weighing :llb., carried by the operator. When packed
in a stout box for transit, and with all accessories, the total weight
is Iess than l00lb. The instrument is of robust construction, ,nd
has a minimum number of moving parts. Adjustments for stylus
pressure, €tc., are provided, but the necessity for using them
hardly ever arises.

The instrument operates by recording the amount of move-
ment in a Buordon tube 6lled with oil and connected bv narrow
bore copper tubing to the oil in the hydraulic link. ,{ number
of Bourdon tubes is provided, of difierent strengths. These tubes
are easily interchangeable so that the instrument can be used,
with the same percentage accuracy for all types of work from
the lightest to the heaviest.

XLIV. W. B. HATNES AND B. A. KEEN. " ,4 Neu Dytamo-
me,er, suitable lot all types ol Horse and Power-
Dtawn Imflements." Proceedings and Papers of the
First International Congress of Soil Science, Vol. 1,,
Part II., pp. 405-411.

See Paper No. XLIV. for abstract.

XLV. B. A. KrrN. " The Value ol the Dytamometet in
CuJtiaotion Erperimeds and h Soil Physics Research."
Proceedings nd Papers of the First International Con-
gress of Soil Science, 1927. Vol. I., pp. 412-428.

This Paper summarises the work already described in Papers
XXX., XXXL, and XXXII., of the 1926-26 Report, In addition
ao account is given of later work in which variations io the resist-
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ance of the subsoil were recorded by the dynamometer during
the operation of mole drainage. The 6eld in question was koown
to have an irregular subsoil, patches of gravel occurring in the
clay. The boundaries and exteot of these patches were sharply
defined by the dyoamometer results, and it was therefore possible
to construct a map giving their positions in detail. Without the
dynamometer this information would only have been obtained-
and only then in a very approximate form-by laborious digging
or boring of many holes.

(d) OnceNrc CHEMTSTRY.

XLVI. H. J. Pace ero C. E. Mansueu-. " I'he Origin ol
Hurttic Maltet" Nature, 1927. Vol. CXIX., p. 393.

Fractionation of humic material by sulphurous acid gave
substances resembling lignosulphonic acids. The possible relation-
ship betveeo lignin and natural humic acids is discussed.

IV.-THE SOIL POPUI-ATION AND ITS BEHAVIOUR.

(Bacteriological, General Microbiology, Mycological, and
Entomological Departmeots.)

(a) BAcrERrA.

XLVII. E. J. Russr[. " 'l'he P?esent Status ol Soil Micto-
biology and its Beaing uPon Agiculrural Pructice."
Proceedings and Papers of the First International
Congress of S<.ril Science, June, t3-22, 1927, Washiog-
ton, D.C. Vol. I.

XLVIII. P. H. H. Gnav aNp H. G. Tnonrror. " SoiI
Bacteria that Decornpose Certaht Atomatic Conr-
pounds." Centralblatt fur Bakteriologie Abt. II.,
1928. Vol. LXXIII., pp. 24-96.

Many types of soil bacteria have been isolated that can de-
compose the aromatic crimpounds phenol, meta-cresol, and naph-
thalene, which are used as soil sterilising agents. Several of
them can also utilise one or more of the following compounds:
ortho-cresol, para-cresol, phloroglucinot and resorcinol. One
organism has been isolated that can utilise toluol. Pure cultures
of the bacteria use these compounds as sole sources of energy in
mineral salts media containing inorganic nitrogen. Organisms
vithout spores grew in media cootaining 0.1 per cent. phenol,
but were killed by a concentration of 0.2 per cent, The bacteria
are widely distributed in Great Britain, and have been found in
soils from Norway, the Tyrol, and from islands in the South
Atlantic. They are most often fouod in arable soil and, in the
Rothamsted plots, rarely occur in unmanured soil. One species
(Mycobocterium agreste n.sp.\ is more abuodant in dry than in
wet districts. Out of 245 soil samples examioed, ll6 yielded the
bacteria, and from tiese 208 strains were isolated that attack
either phenol, meta-cresol, or naphthalene. From a study of
their morphology and growth characters the strains have been
classified into seven genera and 26 species, which are described.
A new genus, Mycoflata, has been formed to include an aberrant
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tvoe havine'motile branch cell:. When soil is treated with phenol
i.i in...ria bacterial population ensues, which is cr'mPosed
largely of one morphologicil type (Micrococctts sphaetoides n.sp.)
thai can decompose phenol in pure culture.

XLIX- H. G. THoRNroN. " The lnfluence ol lhe Numbet
ol \odule Bacteria as APplied lo the Seed tpon.Nodule-
Forrnat;on in Legtutrcs." Journal of Agricultural
Science, 19'29. Vol. XlX., pp- 3?3-381.

In a 6eld lrial with lucerne grown from seed treated with
varying doses of culture, it was found that the numbers of nodules
rveie increased as the dose was raised from 2,600 to 20,000 organ-
isms per seed (56 to ?lb. of seed per culture). Storing the seed

for periods up io 28 days between inoculation and sowing caused
.ome lo.. in ihe nodule numbers. This loss was greatest between
1 and 7 daYs' storage.

The diherence in dose of culture and in period of storage
did not significantly affect the crop subsequently obtained frorn the
inoculated plots, whose yield u'as, however, much abo\e the un-
inoculated. In a Pot ixperiment madc with runner beans' it
rvas found that incriase in the dose of culture above 1,280,000,000
organisms per pot containing six seeds was stitl capable of increas-
ing nodulJ nurnbers but n-ot to a.t extent proportional to the
increase in dose,

The experiment does not exclude the possibility th-at the
restricrion iri effect of very heavy doses may be due to-the soil
oooulation becoming satuiated with the bacteria. On the oth€r
iraird. obse*ations"on lucetne plants grou'n aseptically on agar
and inocutated with a pure culture, showed that even when ex-
cessive numbers of bicteria immediately surrounded the root
hairs, only 4 per cent. of thesc were infected.

L. H. G. Tnonuro:t. " I'he Rble of the l'o ng Lucerne
Plant in Determiting the Inlection ol the RooL b! tho
N od.rle Fornring Bacterio. ' Proceedings of the Royal
Society (B), 1929' PP' 481-{92.

'fhe appearance of nodules on seedlings of Lucerne (Medi-
caso sati1,i.' L.\ coincides with the oPening of the first lrue leaf'
'fh-ere is evidence that before this leaf opens the nodule bacteria
do not, as a rule, iofect the root-hairs.

The delaved infection is due to the plant, and not to any delay
in the development of infective power by the bacteria'

When young inoculated seedlings whose first leaves are $ill
closed are 

-grorin 
intermingled with older plants -a considerable

number of "nodules will devllop on them, although scarcely- any
are formed oD control seedlingi of the same age' grown by them-
selves.

The solution surrounding the roots of seedlings whose 6rst
leaves are expanded, has an influence in stimulating the app(arance
of nodules o., you.rg". seedlings and increases the growth of the
nodule organis; on-agar. Thi solution surrounding the roots of
vounger sledlings has no such effect.' ihe active -substance inducing nodule appearance rvhen the
first leaf oDens is not formed in this leaf, since the removal
of the leaves while still closed has no efiect on nodule appearance'
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LI. H. G. Tuon.-rou. " The ' Inocubtion , ol Lucetne
(tutedicago satiaol in Great Britain." Journal of Agri-
cultural Science, 1929. Vol. XIX., pp. 48-70.

The Paper discusses experiments laid down at 39 centres in
Great Britain to test the value of seed inoculation for lucerne. Il
the West and North of England the treatment greatly beneflted
th,e lucerne and often enabled a crop to be obtained where the
untreated lucerne failed.

In rhe midland and south-central counties, rnoculation usuallv
produced a temporary improvement, the untreated plant eventu-
ally catching up rvith the inoculated. ln East Anglia aDd Kent,
untreated lucerne usually developed plenty of nodules. There is
evidence that, when the seed is inoculated, the chances of success
with lucerne are on the whole as good in the West and North
of England as they are in the South-east.

LII. H. L. JENsEN. " On the lnfltence of the Corbon-
Xitrogen Ratios ol Organic Material on the Mineralisa-
tion ol Nitrogen." Journal of Agricultural Science,
1929. Vol. XIX., pp. 71-82.

Organic materials with a C:N ratio ranging from about
85:l to about l0:I .lvere submitted to oitrification tests in an
acid and in an alkaline soil during a period of 6 months. In the
acid soil only pea pod meal, with a C:N ratio of lB.3 :1 showeri ao
increase in inorganic N over control; in the alkaline soil the limit
above which no nitriEcation will occur within a period of 6 months
\ras ar C:N-26:l; below this limil lhe rate of nitrification in-
creased rapidly, with decreasing C:N ratio. Unnitrified N was
left behind in a quantity correspr.rnding to 1.6-2.2 per cent. of the
original material, the percentage being higher in the case of
materials rich in N-

All the materials tended to increase the content of ..o
humus " in the soil, though not to the same extent or in the same
manner. More " c humus', was produced in tlIe alkaline than
in the acid soil, oxc(pt in the case of farmyard manure. Straw,
sweet clover, lupin and farmyard manure ipparently acted both
through lhetr Itgnrn content and through the synthesising action
of micro-organ i.ms, since they increased the amounts oibott N
and methoxyl in humus. Mycelium of Polyporus contains a frac-
tion _possessing the properties of " humic icid,,, rich in N, but
devoid of methoxyl, which persists in the soil.

The rxperiments sholv that the carbon-nitrogen ratio is a
factor which exerts an infldence on nitrincation as piofound as that
of soil reaction, aod that the less complete utilisation of farmyard
manure nitrogen as compared with nitrogen io artificial fertilisers
can to a large extent be explained hereby.

LIII. P. H. H. CRAy. " The Formaliol of Indisotin lrom
Indol hy Soil Bocteria.,' proceedings of -the doval
society (B), 1928. Vot. C ., pp. 265-280.

A study of rhe physiology and biochemistry of new soecies oI
soil bacleria lhat decompose the toxic compound ind;l. with
especial reference to the action of Pseudomonas indolo*idans-'fhe indol is converted rapidly into the insoluble indigotin; for this
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reaction the organism needs a source of energy such as amino-
acids, dextrose, glycerol, fatty acids, or alcohols. The conver-
sion is effected quantitatively and appears to be carried out by
means of an extra-cellular enzyme.

LIV. P. H. H. Gner elro H. G. Tnor^-rox. " The Estima-
tion ol Bactetial \urnbe6 in Soil by Direct Counts
lrcm Slained Films." " Nature," 1928. Vol. CXXII.,
pp. 140-14I.

A preliminary note concerning a new method of counting
soil bacteria by direct observation through the microscope.

(b) PRorozoA.

LV. D. Wano CUTLER AfiD A. DrxoN. " The Elfect of Soil
Stotage dr.d. lVater Conte ot the Protozoafl Popu-
lotior." Annats of Applied Biology, 192?. Vol. XIV.,
pp. 217-254.

Stored soil is a suitable medium for experiments on micro-
organisms provided that the ratio of surface to volume is rela-
tively high. 1'he water content of soil, if sufficiently low (l/6
to l/5 the water-holding capacity) may act as a limiting factor
for soil protozoa, but above this amount changes in the water
content are without efiect.

LVI. C. E. SxIrNrn. " 'lhe Elfect ol Protozoa and. Frngi
on Certain Biochemical Processes @hen Inoculaled into
Pa ially Sterilised. Soil." Soil Science 1927. Vol.
XXIV., pp. 149-16r.

In partially sterilised soils iuoculated with bacteria Horlrnot-
ella hyoliao and with bacteria alone, the presence of the amoebae
caused a reduction in the bacterial numbers and a slight depression
in carbon dioxide production and ammonia accumulation. The
presence of Ttichoderma hdningi ar\d Peicillium sp, increased
carbon.dioxide production but decreased the accumulation of
ammonla.

LVII. D. Wenp Curr.ex aNn L. M. Cnuur. " The Qualita-
ti,oe and Quontitatire Efiects ol Food on the Grouth ol
a Soil Amoeba (HartnaaelLa hyalia;l\." British Journal
of Experimental Biology, 1927. Vol. V., pp. 166-165.

1'lre reproductive rate ii Harto.onella hyalino varied direcdy
with the available bacterial food supply. It is shown that three
species of soil bacteria have difierent feeding values both in respect
of the rate of division of the amoebae, and also of the total increase
in protoplasm.

LVIII. A. DrxoN. " The Ellec, ol Phetrol, Catbon Bis -
lhide and Heat on Soil Protozoo." Annals of Applied
Biology, 1928. Vol. XV., pp. Il0-t19.

Phenol has a greater lethal efiect than has carbon bisulphide
upon protozoa. Steaming glasshouse soil destroys the malority of
protozoa and depresses their numbers for a considerable period
of time.
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LIX. H. SANDoN. " A Note on the Microbiology ol Wich.en
Fen Soils uith Special Relerence to lhe Protonoa-"
Natural History of Wicken Fen, 1928. Part I\r., Sec-
tion 35, pp. 366-370.

Io connection with the ecological survey of Wicken Feo,
Cambridge, eight samples of peat soils u'ere examined. The pro-
tozoa found in them are recorded together with the results of
counts of bacteria and of actinom)cetes. The r6le of micro-
organisms in fen soils is briefly discussed.

LX. H. SelooN. " A Study ol the Proaosoo ol sotne Ameri-
can Soils." Soil Science, 1928. Vol. XXV., pp.
to7-122.

Protozoa and other micro-organisms were counted in a number
of soil samples from the experimental plots at the New Jersey
Experiment Station. Wide variations were found in samples
taken at different dates but, on the whole, numbers v/ere low
compared with those obtained from similar plots at Rotharnsted.
A neighbouring soil (Penn [oam) gave much higher figures. Con-
siderable numbers of protozoa were present even during severe
frost, but rapid increases occurred after thawing and the numbers
then reached rvere much higher than at other times in the year.
Cou[ts were also made on dry, irrigated and alkaline soils at
Logan, Utah, and some degree of activity was indicated in them
all.

The kinds of protozoa are very similar in all soils so far
examined, and their numbers are roughly proportional tc the
numbers of bacteria present.

(c) FuNcr.

LXI. W. B. BRTERLEY, S. 'l'. JEwsoN AND M. BRTERLEY.
" The Quaatilat|ue Study ol Soil Funf. " Proceedings
and Papers of the First International Congress of Soil
Science, 1997. Vol. III., pp. 1-24.

A summary of investigations on the quantitative estimation
of soil fungi. 'fhe plating technique is divided into its component
factors:-(A)Factors of Sampling: (l) methods of sampling, (2)
amount of sample, (3) depth distribution of fungi in relation to
sampling, (4) storage of samples, (6) comparison of samples; (B)
Factors of Suspension: (l) sampling of sample for primary sus-
pension, (2) shape of contaioer, (3) suspension liquid; (C) Factors
of Disintegration: (l) method of disintegration, (2) violence and
duration of shaking; (D) Factors of Dilution: (l) method of dilu-
tion, (2) degree of dilution; (E) Factors of Plating : (l) method of
plating, (2) number of plates, (3) size of plates, (4) amount of
medium, (6) composition of medium, (6) acidity of medium, (?)
competition on plales; (F) Factors of locubation: (l) perie',| of
incubation, (2) temperature of incubation; (G) Factors of Count-
ing: (1) method of countiog. These factors are studied inde-
pendently and in combination and it is shown that if they are
rigidly standardised a technique is obtained which gives a satis-
factory degree of accuracy in replication experiments.
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LXII. E. McLrNNeN. " The Growth ol Fungi in Soil."
Annals of Apptied Biology, 1928. Vol. XV., pp.
96-r09.

Sterile soil was iooculated with a known quantity of spores of
four difierent fungi, incubated at 90 C. and at intervals rePre-
sentative samples were plated out by the dilution method and an
analysis of the plate population made. Results shoe'ed that
high platc counts were not in any rray connected with vegetativc
growth and supported Conn's idea that in such a case one is
simply measuring the sporing capacity of the forms used,

Samples of moist soil and of soil which had been dried in a
'vacuum desiccator over calcium chloride were plated out b)' the
dilutioo method and the number of fungal colonies per Plate com-
pared. A marked decrease was noted with the dried sample.
The reduced pressure was found to have no efiect as drying under
ordinary air-pressure gave comparable results.

Suspensions in soil, and in sand, of fragmented mycelia and
of a mixture of fungal spores, were io turn plated out directly
and after drying. No colonies developed from the sample in the
desiccator containing only m1'celia, rvhereas the sample containing
spores was in no way affected. It is suggested therefore that the
decrease obtained after drying is due to the desiccation of the
vegetativc mycelium in the soil and since the reduction in the
number of colonies per plate is very pronounced after this treat-
rnent, it is thought that the normal fungal constituents of the soil
are present exteosively in the mycelial condition.

(d) Aro-e.

LXIII. B. M. BRrsroL RoAcH. " On the Alge of some
Notmal English Soils." Journal of Agricultural Science,
1927. Vol. XVlI., pp. 563-588.

An account of an iorestigation of the algal-flora of four
Engtish soils by means of dilution cultures of freshly gathered
samples of soil from the top, second, fourth. sixth and twelfth
inch depths and from the top 6in. mixed. A counting method is
described applicable to the green alge and diatoms, by means
of p'hich it is shorvn that these alga are distributed throughout
the top t2in. of soil, though at the sixth and trvelfth inch depths
they are considerably less numerous than nearer the surface.
At the fourth inch depth the numbers of individuals are not signi-
ficantly smaller than on the surface and may be even greater.

The unmanured plot of Broadbalk wheat field was found to
contain the same main species as the adjacent farmyard manure
plot, but was poorer in number of indivrduals. Thirty-five species
are described from each plot; they seem to be divisible into two
groups, the true soil forms and casual species. Of the true soil
forms some grow equally well on the surface and in the lower
layers, whereas others are more numerous on the surface thao
within the soil. The same main types were a.lso obtained from
Barnfield and from a cotta8e garden, but the blue-green species
were less coospicuous in both of these soils.

Erperimental evidence is given to show that many of the
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alg@ of the soil exist in a veg'etative conditioo rather than a resting
condition. Biological notes are made on some of the more im-
porlant or interesting soil species.

LXIV. B. M. BRrsroL RoAcH. " On the Catboa N1/,itioa
ol some Alga Isolated. lrom SoiI. " Annals of Botany,
1927. Vol. XLl., pp. 509-617.

An account is given of the growth, both in daylight and in
complete darkness, of five species of soil alga, isolated in pure
culture, on media containing mineral salts enriched with various
sugars. It is shown that all five species are capable of growing
in complete darkness, provided that a suitable organic compound
is present in the medium, and may rherefore be re8'arded as true
soil alga, but that the five species re3ct quite differenrly to the
conditions imposed upon them, and that they vary considerably
in the extent to which they are able to grorv in the dark. It is
concluded that it is not justifiable to regard the soil alge as a
homogeneous physiological unit in considering the relation which
these organisms bear to the problems of soil fertilitv.

LXV. B. M. Brrsror- Ro.rcs. " On the Infuence ol Light
ond ol Glucose on the Grouth ol a Soil Algo." Antals
of Botany, 1928. Vol. XLIL, pp. 317-3{6.

Scenedesnus cost latus, Chod., tat chlotelloides, Bislol
Rooch, grows in liquid cultures at diferent rates according to
the external conditions imposed upon it, and there appears to be
some internal factor which limits the growth of the organism at
a temperature of 24.50 C. to a maximum rate in the light repre-
sented by the figure 0-47-0.475. 'Ihe maximum rate of growth is
realised under purely photosvnthetic conditions with a compara-
tively strong_ light intensity, and. the addition of glucose to the
medium produces no signiGcant increase.

As the light intensity dimioishes and the rate of growth by
means of photosynthesis becomes less, the alga absorbs glucose
directly from the medium to supply the deficiency due to retarded
photosynthesis, but only in such quantity as will bring rhe totat
growth rate up to the maximum 6gure. As the intensity of the
light continues to diminish, the alga absorbs increas-rng amounts
of glucose up to a maximum quantit\', which is approrimately
equivalent to the amount assimilable &'hen the alga is grown io
complete darkness with glucose as its sole source of carboo.

With light of low intensity, rvhen the rate of growth due to
photosynthesis is lorv, the total rate of growth of the alga possible
in a glucose medium is equal to the sum of the rates due to
photosynthesis alone and to the maximum amount of glucose
assimilable in the dark.

With low and moderate intensity of illumination, the rate of
increase of the growth rate in a mineral salts medium due to
photosyothesis alone appears to be directly proportional to the
rate of increase io light intensity, until a iertain illumination
of optimum efficiency is reached; beyond this optimum successive
iocreases in light produce progressively smaller increments in
growth rate as the alga approaches more clearly to its maximum
rate of growth.
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LXVL B. M. BRrsroL RoAcH. " l'he Present Positiot ol
out Ktotoledge of the Disttibutiot and. Functions ol
Alge in the SoiI." Proceedings and Papers of the
First International Congress of Soil Science, 1927.
Vol. IIl., pp. l-9.

A summary: special attention is given to the distribution of
alga in the soil, to methods for distinguishing between restiog
and vegetative cells, to the carbon nutrition of soil alga and to
the nitrogen cycle in the soil,

(e) INsEcrs.

LXVII. H. M. Monnrs. " The Insect and other Interte-
brote l;aua ol Aroble Land at Rothanrsted' Part Il."
Annals of Applied Biology. Vol. XIV., 1927, pp.
4r2-46t.

Samples of soil were takeo from six of the plots of Barn Field
on the farm of the Rothamsted Experimental Station, and insects
and other invertebrates found therein are recorded together with
the approximate depth at u'hich they occurred. Of these plots
one receives no manure, one superphosphate ooly and one ammo-
nium salts only, while of the other three, all of which receive
dung, one receives superphosphate and potash, and another ammo-
nium salts in addition. The total number of insects and other
invertebrates per acre in the undunged plots were 1,208,000,
1,410,000 and 1,734,000 respectively. Of these, 673,000, 999,000
and 1,424,000 respectively vere iosects. Similarll, in the dunged
plots the tdtal oumbers of insects and other invertebrates per aire
rvere 12,948,000, 9,448,000 and 10,5i6,000 respectively, and of
these 2,323,000, 2,2f5,000 and 4,677,000 respectively were insects.
Each sample was taken in 6ve layers so that iL was possible to
record the approximate depth at which each individual occurred.
The greatest number, both of insects and of other invertebrates,
occurred in the upper 6ve inches of the soil. It appears that arti-
ficial manures have little or no eflect on the soil fauna, while the
effect of dung in increasing the fauna is very considerable.

V.-THE PLANT IN DISEASE; CONTROL OF DISE.{SE.
(Chemical, Entomological, Insecticides and Fungicides, aod

Mycological Departments.)

(c) INsEcr Pesrs ANo rHErR CoNTRoL.

LXVIII. H. F. BARriEs. " The British Gall Midges ol
Peas." Bulletin of Entomological Research, 1928.
Vol. XIX., pp. 183-r85.

In Britain three species of gall midges exist whose larva
may be found in pea pods I the pea midge, Contarinia fisi, which
is the most common and is sometimes a pest i Lestodi?losis p,si, a
predator on the former; and Clinodiflosis ?isicola, an inquiline.
The larva of these three species are discussed ani! the last-named
midge is described in detail for the first time.
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LXIX. H. F. B-{RNES- " l4heat Blossoor Miilges (Cecido-
myida, Diptera). Difierences between ' Conlatinia
ttitici ' (Kirbf) afld.' Sitodiplosis ,nosellano' (Gehinl."
Bulletin of Entomological Research, 1928. Vol.
XVIII., pp. 286-288.

In the past, rvherever Cecidomyid lane have been found in
the ears of r,i'heat, the presumption has been that the species
concerned was C. tritici I this error has been made both in England
and North America. It is shown that in the vast number of
cases of infection the species concernd is S. mbsellaaa, which
attacks the kernel and rot the anthers as in tticiti- Futl descrip-
tions and figures are given for separating the t{'o species in
question.

LXX. J. DAvrDsoN. " On Some Aphides inlesting Tr,lips."
Butletin of Entomological Research, XVlll., Sept.,
1997, pp. 51-62.

A detailed technical description is given of three species of
aphids obtained from various sources on tulip bulbs and iris
corms. These species were reared and observations made on
the progress of infestation on tulips- Antraphis thli|@ is shown
to be a serious pest of stored bulbs, and when the latter are g'rown
early in the season in glasshouses, multiplicatioo becomes rapid
on the growing leaf-spathes which leads to distortion of the plants.
The other species, viz., Rhopalosiphoninus tuliP@llo aod Macto-
siphum gei are of less importance: the first mentioned along
with Anuraphis tuli?@ have up to the present been imperfectly
known and detailed figures illustrating their distinctive characters
given. Infested stored bulbs should be collected and subiected
to treatment io order to prevent widespread infection of other bulbs
in the same store and various methods of treatment are given.

LXXI. J- DAvrDsoN. " On the Occurtence ol the Parlheno-
genetic atrd, Sextol Fonns in Aqhis tumicis, with
Special Relercnce to lhe Infltence ol Enrironnrental
Factots-" Annals of Applied Biologl', 1929. Vol.
xVI., pp. 104-134.

This Paper discusses io detail experimental evidence as to the
factors which tend to the production of alate dispersal forms,
aptera and sexuales. Especially notable are the effects of over-
crowding on the host plant leading to the production of alate
forms: the effects of removal of the groviog points of bean
plaots on the degree of infestation of the latter by the aphids: and
the efiects of duration of daylight and temperature on the incid-
ence of the sexual forms.

LXXII. W. M. Devrrs. " T'he Ellecl ol Variotion in Rela-
tfue Humid.itlt on Certoitt Species ol Collembola."
British Journat of Experimental Biology, 1928. Vol.
vI., pp. ?9-86.

It was found that, with the exception of the genus Eirotto-
bryo, Collembola devoid of a tracheal system, are tery susceptible
to atmospheric dryness. Species which possess a tracheal system
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are capable of withstanding complete dryness for a period of l0
hours or double the maximum time fouod for non-tracheate forms.
The influence of variation in relative humidity in the death-rate of
various species has been studied, and at a uniform temperature of
260 C. a saturated atmosphere was found necessary for survival.
The work has a definite practical bearing, since it explains why
methods of controlling Bowletiella horleasis require to be carried
out in early morning or after heavy rain during the day : at other
times this insect retreats below the soil.

LXXIII. ,W. M. DAvlEs. " The Bionomics ol Apion ulicis
(Gorse lveerill uith Special Relerence lo its Rdle in
the Cotttol ol (Ilex europaus in Neraa Zealaad."
Annals of Applied Biology, 1928. Vol. XV., pp. 263-
286.

The external morphology of this species in its difrereot stages
is described aod the details of its biology aod feeding habits arc
given. The efiects of the feeding of the adults and larve on the
host plant are described, together with tabular results of a study
of pod infectioo from samples taken from 62 districts in Great
Britain. As high as 92 per cent. infection was observed in some
cases. Prolonged tests were carried out with respect to the
possibility of the Apiot attacking cultivated leguminous plants.
but gave negative results. The species is considered valuable
for the purpose of attempting the control of the spread of gorse
in New Zealand and shipments have been made to that country
for this purpose.

LXXIV. F, Tarrecsrr4o axo C. T. Grlrrxcnau. " Sttdies
on Corlacl lnsecticides, Pai V. The Toxicity ol the
Amines aad. N-Heterccyclic Compounds ,o ' Aphis
Rumicis L'." Aunals of Applied Biology, 1927. \rol.
XIV., pp. 217-239.

The toxicities to Aphis rumicis of certain alipathic and aro-
matic amines and of some of the simpler nitrogen-heterocyclic
derivatives have been quantitatively determined.

Tetramethylammonium hvdrate and chloride are more toxic
than the corresponding tetraethylammonium compounds. This is
in keeping with the firdings of Dale and his co-workers, who have
shown that tetramethylammooium has certain physiological effects
similar to those of nicotine, which are not shown by tetraethyl-
ammonium,

The aromatic amines, on the whole, sholo little insecticidal
actioo. Aniline and most of the aliphatic anilines are only slightlv
toxic to -4. tumicis. 'fhe substitution of aromatic groups in the
amino group of aniline increases toxicity more than the substitu-
tion ofaliphatic groups. There are ioteresting relationships in
regard to toxicity among these compounds.

oNitraniline is one of the most toxic of the aniline derivatives-
Among the heterocyclic compounds, nicotine is highly pois-

onous to .4. runicis. The heterocyclic rings constituting the mole-
cute of nicotine are much less toxic than nicotine itself; pyrrole
and pyridine show comparatively slight iosecticidal action. The
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order of increasing toxicity of the simpler N-heterocyclic com-
pounds is pyrrole, pyridine, picoline, lutidine, quiooline and iso-
quiooline, acridine.

Hydrogenation of pyridine and pyrrole increases their toxi-
city, piperidine is more toxic than pyridine and pyrrolidine than
pyrrole.

Benzyl-pyridine is the most toxic pyridine derivative tested.

LXXV. F. TATTERSFTELD aro C. T. Grurrcxeu. " Studies
on Contacl luecticides, Part VI. The ltsecticidol
Actior ol ahe Fatl! Acids, theb Methyl Esters ond
Sotlium and Ammoaium Salts." Annals of Applied
Biology, 1927. Vol. XIV., pp. 331-368.

The toxicities to Aphis rttmicis L. of the fatty acids from
formic to stearic and of the sodium and ammonium salts and
metiyl esters, applied as spray fluids, have been quantitatively
determined. Two unsaturated acids, undecenoic and oleic, are
included.

There is a rise io toxicity of the acids with increase of mole-
cular weight as the series is ascended from acetic to undecylic
acid. Formic acid is exceptional. Beyond undecylic
acid, there is a fall in toxicity, and acids higher in the series than
tridecylic, show only slight toxic action.

The sodium salts of the fatty acids are in most cases much
less toxic than the corresponding acids, though the difference is
less marked with the higher acids- Oleic acid and sodium oleate
are of the same order of toxicity.

The ammonium salts are generally less toxic than the corre-
sponding acids, but the difierences are much less thao in the case
of the sodium salts. With some of the higher acids, e.g., myristic
and oleic, neutralisation with ammonia increases toxicity. The
relatively high toxicity of the ammonium salts may be due, at
least partly to liberation, by hydrolysis, of free fatty acid in a very
finely divided state.

Methylation of the fatty acids reduces toxicity; all the methyl
esters are less toxic thao the acids or ammonium salts.

Both the ammonium salts and the methyl esters show, like
the acids theinselves, increase of toxicity u,'ith increase of mole-
cular weight up to a certain proint- The formates are exceptional.

The fatty acids do not show marked toxicity to the eggs of
Selenia tetralunaria Hiifn- at concentration below 2 per cent.

Possible relationships between certain physical properties
(physical state, volatility, dissociation constants, partition coeffi-
cients and surface tension) of the fatty acids and their insecticidal
action are discussed.

Determination of partition coefficients as between olive oil
aIrd water and comparison of thg figures with the relative toxici-
ties show a steady rise in toxicity rvith a decrease in the partition
coefficients lwarei/oll1 from aceiic ro capric acid. Foriric acid
is again exceptional. With lauric and oleic acids there is a break
in correlation. The bearing of the solubility relationships of the
acids on these results is considered.
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LXXVI. F. TATTERSFTELD. " The Relationship betueet
the Chemical Conslitution ol Organic Compounds and
lheit Toxicity to Insects." Journal of Agricultural
Science, 192?. Vol. XVII., pp. l8t-208.

An analysis is made of the relationships between chemical
constitution and insecticida! action io the vapour phase- There
is rough correlation between the molecular weights and volatili-
ties of organic compounds and toxicity, but it is probabte that
these relationships are only indirectly involved and that they
indicate a connection of a more direct kind with some other
property such as adsorption.

An account is given of the toxicity to insects of certain plant
products. The most potent of these are certain tropical legu-
minous plants used as fish-poisons. A brief account is given of
the chemical deriyatives found in these plants, One of them,
" tubatoxin," is one of the most potent contact insecticides
known.

A list of the groups of organic chemicals tested for their toxic
action on Aphis tumicis and the eggs ol Selenia tettaluaario is
given. A more detailed account is given for each group of the
relationships betvreen chemical constitution and insecticidal action,
It is shown that the substitution of certain radicals in the benzene
ring profoundly afiects toxicity, but that toxic action depends
not only upon the radicals, but the number substituted and, in
certain cases upon their relative position.

An analysis is made of the bearing of certain of the physical
properties of these acids upon toxicity ; such are volatility, physical
state, partition coefficients, dissociation constants and surface
tensions of their solutions in water. None of these properties
entirely accounts for the toxicities shown by the fatty acids, but
to a certain extent with some of them correlation is sufficiently
close to indicate the necessity of further study but on simplified
lines.

LXX1r'II. F. TarrERsFrELD. " The Deconposition ol
Naphlhalete in the Soil anil the Ellect tpon ;ts Invc,i-
ciilai Actioa." Annals of Applied Biology, 1928. Vol.
xV., pp. 57-80.

When naphthalene is incorporated thoroughly with soil, it
shows a fairly potent toxic action on wirewormsl uneven distri-
bution lessens its efficiency as, owing to its low vapour pressure
and consequent slow, spread, it produces only a small zone of
toxic action.

The persistence of the toxic action depends upon the soil
type. In soils rich in organic matter, toxicity disappears more
rapidly than in soils less rich in crganic matter. Toxicity persists
longer in sterile soils and in sand than in unsterilised soils, and
in dry than in moist soils.

The rate of disappearance of naphthalene from soil has been
determined- It depends verv little upon volatilisation, but almost
eotirely upon some factor inherent in the soil, which is more active
in soils rich in organic matter than those pooi io organic matter,
and in unsterilised soils than in sterile soils.
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The bacterial numbers of the soils are at first decreased by thc
addition of naphtha.lene, but tiere is a rapid rise during the period
when acceleration in the rate of decomposition of the naphthalene
is taking place. All the evidence indicates that the loss of oaph-
thalene from the soil is mainly due to bacterial decomposition.

Methods of estimating naphthalene are described. They
depend on formation of naphthalene picrate. Picric acid can be
more readily titrated by alkali in orange and yellow coloured
Iight than in white ligbt.

LXXVIII. J. C. F. Fnvzn, F.'ferrsrsrrsl,o AND C. T.
GIMNGHAM. " Ettglish-grotln Pyrclhturn os en Insecli-
cide, 1." Antals of Applied Biology, 1928. Vol. XV.,
pp.423-115.

The toxicity to Aphis ntmici; l. and to certaio caterpillars of
spray fluids prepared from samp.les of pyrethrum (Chrlsanthanuflt
cinetariafolium\ grown in England from Swiss and Japanese seed,
have been quantitatively determined.

Pyrethrum flowers, grown in six different localities, shorved
only sliglit differences, and, for practical purposes, all the samples
had approximately the same toxicity- They did not difier in this
respect significantly from a sample grown on the cootinent.

The toxicities of extracts of equal weights of pyrethrum
ffowers tested at different stages of development dilfered very
tittle. Artificial drying of the flowers had no significant efrect on
the toxic properties. The flowers were about ten times as toxic
as the stalks, weight for weight. Prolonged exposure of pyre-
thrum to rvet conditions led to some loss of toxicity, but contrary
to the usual opinion, if stored in a reasonable manner, it remained
for long periods without deterioration. Caterpillars of different
species showed marked differences in susceptibility to the actioo
of pyrethrum. The biological method employed has proved suit-
able for evaluating samples of pyrethrum.

LXXIX. C. T. Grnucneu eNp F. Te:rrBnsrrsl-o- " Labo-
ralory Ex?eriments Nith Non-afienical Itsecticiiles lor
B;t;ng Insects." Annals of Applied Biology, 1928.
Vol. XV., pp. 649-658.

A convenient technique for experimeots with insecticides for
biting insects is described.

The silicofluorides of sodium, potassium, aluminium and cal-
cium, used in the form of spray-fluids, showed considerable toxi-
city to young larve of several species of moths. The degree of
resistance varies with difrerent species and is greater with older
larve. Considerable, but irreguJar, injury to foliage was noted,
and much further work is required to establish the conditions
under which these compounds could be safely used.

Foliage sprayed with extracts of certain tropical plants is
extremely repellent to young larve. Even with high dilutions of
the extracts, the foliage remained uneaten, and the larva eventu-
ally died of starvation.

.4 short review of some recent work on laboratory experi.
ments with non-arsenical insecticides for biting insects is given.
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LXXX. F. Tarrrnsrrer-o, R. P. HoBsoN enp C. T.
Grurrcneu. " Pyrethrit I. ond, II. Their Insectici.dul
Value ond. Esliflation ht Pyrelhrum (' C. cinetatia-
lolhm'\ 1." Journal of Agricultural Science, 1929.
Vol. XIX., pp. 266-296.

Pyrethrin I. and II. have been isolated by the method of
Staudinger and Ruzicka from tlte insecticidal 'plant Pyrethrum
(Chryunthemrm cineratiafolitm). Both are shown to be highly
toxic to tie insect / . iumicis.

Pyrethrio I. was found to be tlte most toxic substance so far
tested by us and it was about ten times as toxic to these insects as
pyrethrin II., it is concluded t6at it is maioly responsible for the
insecticidal value of pyrethrum.

Two micro-analytical methods of determining the pyrethrin
content are described : (o) by means of the acids after hydrolysis;
(b) by means of the semicarbazone.

The analytical results are obtained for a series of pyrethrum
samples agreed with their observed insecticidal properties.

Comparisons of the pyrethrin contents, as estimated, with the
results of direct toxicity experiments both on the pyretlrum
samples and the pure pyrethrins, confirm the validity of the
analytical methods.

LXXXI. F. T-{Trsnsrrel-o eNo R. P. HoBsoN. " Pyrethrin
I. and II. Their Estination in Pytelhtim (' Chtys-
aathemum cinetarielolium ') fI." Journal of Agricul-
tural Scicnce, 1929. Vol. XIX., pp. 433-437.

The analytical method previously described is found applic-
able to flowers grown from Japanese seed. A short anall tical
met-hod for evaluation is described.

(D) Fuxcus PEsrs AND Ttrern CoNTRor,.

LXXXII. S. DtcxrNsoN. " Expernnents orthe Physiolog!
ond Genetics ol the Silut Fungi.-Seedlitg Infectioa."
Proceedings of the Royal Society (B), 1927. Vol.
CII., pp. 174-176.

The apparatus devised by the author (see 1925-1926 Report,
Paper No. LXXII.) for isolating individual spores from a culture
has made possible the present investigation. The results show
that no infectioo of oat or barley seedlings by pure cultures of smut
fungi occurs when one gender (sex) is present, but when, under
similar conditions, two genders are preseot, 90 per cent. iAfection
and over is obtained.

LXXXIII. S. Drcxl|,rsoN. " ExPeirnents on the Physiology
ond Genetics of the Srnut Fuagi. Cultlurol Chatacters,
Part I. Their Peflnanence ord Segtegotion." Pro-
ceedings of the Royal Society of London, 1928. Series
B, Vol. CIII., pp. 647-556.

The Smut Fungus used in the experiments described is the
Covered Smut of Oats (Usldlago letis\. After isolating a chlamy-
dospore and allowing it to germinate on a suitable medium, the
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Erst sporidium formed by each of the four segments of its promy-
celium was isolated, transferred to test-tube slopes, and allowed
to develop in culture. Four cultures of strains were in this way
obtained from one chlamydospore. This has been repeated with a
number of chlamydospores of known parentage.

The strain obtained from any one of these isolated sporidia
was found to difier io one or more cultural cha.racters fr-om the
other three strains arising from the same chlamydospore. A brief
description of certain of these cultural characters is given.

The segregation of these cultural characters was fouod to
be on a 2:2, 3:I and 4:0 basis. It is deduced that this segrega-
tion rnay take place io either tire first or the second of the " reduc-
tion divisions. " So far the segregation of any one character was
fouod to be independent of that of any other.

No conclusive evidence of somatic segregation has up to the
present been obtained, the strains remaining constant during the
time tiey have been in culture. The cytoplasm has been shown to
have no determining influence on the cultural characters so far
described.

LXXXIV. W. A. Roeor. " Imrnunity ol Potato Vaieties
Irom Atloch by the lVart Disease Furgus, ' Synchy-
ttium etd.obioticum' (Schilb.) Perc." Annals of
Applied Biology, 1927. Vol. XlV., pp. l8l-I92.

The present investigation is an attempt to determine, by
graftiog together pieces of immune and susceptible plants, whether
the cause of immunity from wart disease of potatoes is carried by
chemical compounds which can traverse unchanged a graft fusion
layer or by those which are unable to do so,

For tiis purpose all the eight possible types of plants have
been truilt up by grafting together root, shoot and tuber systems
from either immune or susceptible plants.

In none of these experiments was the reaction of the tubers
towards wart disease changed; hence the cause of t}le immunity
is probably not carried by any compouod which is able to traverse
the plaot, and the problem is thus considerably narrowed down.
ExarDination of the proteins from immune and susceptible varieties
by immuno-chemical methods is a hopeful future line of attack,

LXXXV. W. A. Roecn AND MARy D. Gr-rruvr- " The
Toxicity ol Ceiain Sulphrt ComPounds to Slnchy-
lrium endobioticum, the Fungus cousing Wart Disease
ol Potaloes." Annals of Applied Biology. 1928.
Vol. XV., pp. 168-189.

The toxicities towards the winter sporangia of Synchytrium
end.obioticun of certain of the simpler sulphur compounds which
are at all likely to be formed wlren sulphur is added to soil were
tested and compared with that of sulphuric acid. Sulphuric
(H,SO), sulphurous (H,SOJ, dithionic (H,S,OJ, trithionic
(H,S.O.), tetrathionic (H,S.O.), and pentathionic (H,S,O.) acids
were toxic, and this toxicity was of the same order in each case
at the same hydrogen ion concentration. Their neutral salts were
non-toxic. These facts suggest that the toxicities of these acids
are mainly due to their hydrogen ion concentrations.
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Acidified solutions of sodium thiosulphate (Na,S.OJ, sodium
hydrosulphite (Na,S,O.) and sodium formaldehyde sulphoxylate
were about ten times as toxic as sulphuric acid.

The evidence suggests that the toxicity of these acidified solu-
tions, in excess of tiat accounted for by the hydrogen ion concen-
tration, is due to the thiosulphuric acid present in each of tiem.
In view of the instability of some of the compounds and the l€ngth
of time taken to exert their toxic action on the fungus, this conclu-
sion must be regarded as tentative.

Of the other compounds tested sodium hydroxide was found
to be a little more toxic than sulphuric acid and persulphuric acid
about ten times as toxic ; hydrogen peroxide, calcium polysulphide
and sulphuretted hydrogen were only slightly toxic.

LXXXVL E. M. Cnowrnen, MAxy D. Glnrre ,rt.to W. A.
Roacu. " Sulphut Trcotment ol Soil and lhe Cottrol
of lVai Disease of Potatoes in Poa ExPerhtuent$."
Annals of Applied Biology, 1927. Vol. XIV., pp.
422-427.

In a series of pot experiments on potatoes grown in an acid
soil artificially infected with the wart disease fungus, treatments
with sulphuric acid and various combinations of sulphur and cal-
cium carbooate, yielding a wide range of soil reaction, gave almost
complete freedom from infection when the acidity of the soil
had been raised to a very high value (pH 3.4 or less).

Heavy dressings of calcium carbonate, alone or with sulphur,
giving a soil reaction of pH ?.6 or more, also reduced infectioo.

The fact that partial and even, in one experiment, complete
suppression of disease was obtained at lower acidities, where
the effects on the disease was not closely related to the degree
of acidity, supports the tentative conclusion already drawn from
field experiments that sulphur, in controlling wart disease, does
not depend entirely on its effect in raising the acidity, but has
also some other mode of action. Whether this toxicity which
sulphur exerts apart from its effect on the acidity can be enhanced
sufficiently to be of any practical value requires furthcr
investigation,

(c) Becrrnrer. Drsnases.

LXXXVII. R. H. SroucnroN. " The Influenee of Erwirott
mental Conditions on lhe Deoelopmett ol the Angulor
Leol-Spot Disease ol Cotton." Annals of Applied
Biology, 1928. Vol. XV., pp. 333-341.

The serious disease of cotton caused by Bacteritm molta-
cearun E.F.S., is associated ivith unfavourable climatic conditions.
.{n apparatus has been devised for controlling air temperature and
humidity within a chamber. It has been found that the limiting
air temperature at humidities above 80 per cent. relative satura-
tion for secondary attack by the disease is 32o C. above which
infection does not occur. At 70 per cent. relative humidity, infec-
tion is slight at 25o C. At lower humidities, no infection occurs
at a temperature of 28o C.
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LXXXVIII. R. H. SroucnroN. " A Method ol Maintt;n-
ing Constant Htmiility in Closeil Chomber*" lournal
of Scientific Instruments, f928. Vol. V., pp. 366-366.

-fhe iostrument depends for its action on the vaporisation of
water from muslin covering a carbon filament resistance lamp
enclosed in a tin through which a stream of air is blown, and
controlled by a hair hygrostat within the chamber.

(d) VrRUs I)rsBAsEs.

LXXXIX. J. HENDERSoN SMrrH. " Ex?erimeris zDith a
Mosoic Diseov ol Tomoto." Annals of Applied Bio-
logy, 1928. Vol. XV., pp. 156-167.

A description is given of a mosaic disease produced in tomato
by a virus, possibly identical with Johnson's Tobacco Virus 6,
which differs from that of ordinary tomato mosaic in the brilliance
and intensity of its leaf-symptoms, but in other respects is indis-
tinguishable from it by the characters investigated.

The filtered juice of infected plants transmits the disease in
dilutions in water up to I in 10,000, retains its activity for a year
or more at room temperature, and withstands heating for 10
minutes at 80o C., but is inactivated at 90o C.

It is not inactivated by alcohol up to m per cent. The virus
comes down with the precipitate, and is not destroyed when the
formation of precipitate is prevented by the addition of NaOH.

Attempts at cultivation of the virus outside tie living prlant
aie described I all were unsuccessful. The methods employed in
filt.atioo, inoculation, etc,, are given in detail.

XC, J. HsuornsoN Surrx. " The Ttansmission ol Potalo
Mosaic to Tomalo." Annals of Applied Biology, 1928.
Vol. XV., pp. 617-528.

lnoculation by leaf-mutilation with the foliage of normal
potatoes produced no disease in tom{to, Nine varieties of potato
we.e testd.

Similar inoculation with foliage of mosaic potatoes produced
a characteristic disease in tomato, Five varieties of potato were
used, of which three had been tested in the experiments with
normal foliage.

The characters of the disease aie described. It is transmis-
sible back to potato again and to other solanaceous plants. The
virus is filterable, is still infectious after high dilution of the
extracted juice, and remains active on keeping for several months,
It is less resistant to heat and alcohol than ordinary tobacco
mosaic,

The disease resembles closely the spot-necrosis disease
described by Johnsoo as obtained by inoculation of tobacco with
foliage of normal potatoes, the chief difierence being the greater
resistance of the potato mosaics here described.

It is probable that there exist several strains, differing in
resistance, of the virus causing rnosaic in the potato.
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