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SCIENTIFIC PAPERS
Published 1934 and in the Press.

PLANT GROWTH, PLANT PRODUCTS, AND ACTION OF
MANURES.

(Deparhents of Bacteriology, Botany, Chemistry, Fermentation,
Insecticides and Fuagicides, Physics, and the Imperial College
Staff.)

(a) Prerr Gnowrs.

r. E. J. RussELL. " Chernhal Prcblcms in CroQ Proiluetiott."
Joumal of the Chemical Society, January, 1935, pp. 4&53.

[. E. J. RussELt. " Apflications oJ Ckmistry bt Modern
Agrieultwe." Journal of the Society of Chemical Industry,
1935, Vol. LIV, pp. 32s327.

nr. K. WARrNGrox. " Studies in lhe Abso{liol oJ Cal.cium Jrom
Nubient Sohtliotts uith SQecial ReJ*arce to thc Pl.scnce ol
Abscnce of Borod' Annals of Botany, 1934, Vol. XLVIII,
W.743.776.

Over a nine.week period the quantity of calciu.ur absorbed per
weekby Vitia Jaba increased up to the seventb or fourth week respec-
tively, according as to whether or not a trace of boron was present,
indications oI periodicity in uptake being obtained in the fo[ner case.
Less calciurn was absorbed from solutions renewed at weekly or fort-
nithtly intewals tban from unrenewed solutions when boron was
present, but the reverse was the case if boron were not provided.
This diflerence is attributed to the fact that renewal of the solution
<Ielays the appearance of the boron deficiency symptoms, and thus
prolongs the absorbing capacity of the plant.

The quantity of the calcium absorbed was approximately pro
portional to the calcium supplied, irrespective of the presence or
absence of boron, although the total ca"lcium taken up was much
reduced ulder the Latter couditions. No correlation was found
between the calciurn supplied and the nitrogen or potash content of
the plant, both the latter showing a closer affinity with the production
of dry matter.

Under full nutrient conditions tJre N/Ca and K/Ca ratios in the
plant Iell as its age increased, the fall being more marked in the
presence than in the absence of boron. A lack of boron, there{ore,
reduced the uptake of calcium more thar that of nitrogen or potash.

In the presence ofboron, the calcium absorbed per unit of dry matter
produced was higher from a pure solution of calcium chloride than
{rom a complete nutrient medium containing a similar quantity oI
calcium- In the absence of boron, deatl ensued the more rapidly ia
the plants grown in the single salt solution, so that ttre presence ol
other nutrients apparently increased the requirement of the plant for
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both calcium and boron. Although the evidence is not conclusive,
indications of an a^ssociation between boron and calcium were,
therefore, obtained.

Iv. W. E. Bmxcnrry. " Tha Etlect of Rubklium Sulbhate aad
Palladium Chbride oa tha"C,taoin oJ Planls." i\nnals oI
Applied Biology, 1934, Vol. XXI, pp. 398-417.

Comparisons have been made between the action of rubidium
sulphate and palladium chloride on the grorth of barley, wheat, oats,
peas and beans in complete nutrient solutions.

Over a wide range of concentrations rubidium sulphate was not
Iound to exercise either a beneficial or a harmful action on ttre growth
of any of the species tested. The germination oI the seed was likewise
not affected.

No benelit was derived from palladium chloride, but at a com-
paratively low concentration a harmful action occurred which be-
came more intense with increasing concentration. Stunting oI the
main root and laterals was a characteristic feature of this [oxicity.
With the lower concentrations the check was temporary, and tlie
roots eventually made normal growth, as good as that in the control
plants. With increasing amounts of palladium chloride the poisoning
effect becarne more persistent, until a concentration was reached.
which did not allow of any root or shoot recovery.

The tolerance of palladium varies with tle species, as was indicated
by the measure of recovery. Barley appeared to be the least, ard oats
the most sensitive of the three cereals tested. Peas responded at
much the same concentrations as barley, but broad beans made a
complete recovery lrom the initial checking, and the dry weights were
not reduced even by the strongest concentration tested. The effect of
palladium poisoning was similar whether the seeds were germinated
in the presence of palladium or whether the seedlings were not
introduced to it until they were about a week old.

v. J. T. MARTTN ard F. TATTERSFTELD. " Thc Ellcd of Environ-
mental Codiliotts upon Pylethlun (Chrysanthemum
cinerariaefolium). I." Aanals of Applied Biology, 1934,
Vol. XXI, pp. 670$81.

The eflect of soil fertility upon the insecticidal value of the flowers
bas been studied in a series oI pot experiments. On heavy soil the
pyrethrin I content oI the flowers was not increased by the application
oI fertilisers. The plants produced good yields of flowers, rich irr
p5nethrias, when grown in soil of low fertility.

Under conditions oI normal grordh and vitality, ttre exteDt of
production of the pl,rethrins irl the flowers was characteristic of the
individual plant and was dependent upon some factor which appeared
to be genetical in character. A plant initially producing flowers of
high or low Ixrcentage 1rcison content continued to give flowers oI
the corresponding degree of richness in succeeding years, indepen-
dently of the application of manures, or apparently of the number of
heads produced. Plauts derived from rooted shoots produced flowers
corresponding in quality with those initially yielded by the parent
plaot- The insecticitlal value of pyrethrum flowers may be improved
by plant selection, followed by vegetative propagation.
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In the fully-opened flowers, the complete disc llorets contained
90 per cent. of tle total pyrethrins present in the flowers, and of this
the grcater part was formd to be located in the ovaries.

vr. J. T. Menrrx and F. TATTERSFTELD. " Thc Elfect of Entiron-
,rerrtal Conditiortt ulott Pyelbum (Chrysanthemum
cinerariaefolium) II." Aanals oI Applied Biology, 1934,
Vol. XXI, pp. 682$90.

The effects of light, temperature and dormanry upon pyrethrum
have been studied. The partial shading of the plant during the five
months precedint flowering resulted in the production of smaller
flowers wit}l a reduced p5rethrin content.

The successful flowering oI the plant was largely dependent upon
the relative temperatures experienced throughout the year. A
dormant period, dependent upoa suftciently low winter temperatures,
was shown to be necessary for the normal production of large numbers
of flowers.

vrr. F. J. Rtcnanos. " On thc Use oJ Simultarcous Obsentalions on
S"uccessfue Leaaes fot the Study of Physiol,ogieal Charge ht
Rdatiot ta Leal Agc!' Annals of Botany, 1934, Vol.
LXVIU, pp. 497-503.

Onty in very exceptional cases is it permissible to use the leaves
preseod on a shoot at one time as representative of a simple age series
irom which the history of single leaYes at successive stages may be
deduced. Included in the differences observed between the numbers
are dillerences due to the fact that, even at comparable ages, the
successive leaves constitute a series of inherently different physio
logical structures. To determine the effect of age on a particular leaf
thi corresponding leaves at various stages on replicate plants must
be used, even though this involves larger errors of samplhg. Further,
it must be recogniied that the age eifect need not be urilorm from
leal to leaf. Fin-dly, it is impossible to separate effects which may be

oossiblv ascribed io age as iuch from those due to change in con-
iitions"o{ nutrition, eti. As a leaf ages it becomes further removed
from the growing point and passes successively from the Position of
the toom6st leai 6n the shoot to that oJ the lowest living leaf, a
changi which in itself must have a far-reaching effect.

11u. E. M. CRowrHEr.. " Soil OTgunic Mafler atd Crc! Rotaliott."
SecoDd Conference on Cotton Growing Problems, Empire
Cotton Growing Co4)oration, f934, pp. 319329.

The experience of cotton exPeriment stations in different p-arts
of the Em6ire on crop rotation in relation to the maintenance of soil
fertititv Jas reviewed in the light of recent investigations on the
decomiosition of organic matter in the soil. The effects of crop
residu6s on the production of available nitrogen in-the soil may
eenerallv be interpreted in terms of the composition oI the materials
Eaa"a. in" weathir conditions, and the aptitude of the soil to store
water and soluble nutrients. There is an urgent need for rotation
exDeriments on cotton including such keatments as fallow, a

fuiuminous crop aad a cereal, tes-ted in coniunction with different
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maqurings and cultivations. The report of the discussion on the paper
contarns a number ol nteresttng comparisons of native and
European mettrods of cultivation ii the tiopics-

tx. Hucn Nrcor. " The Derhtalion ol th4 Nit/osen of Crob
Pl4n*, utith S{ecial ReJermce 'ta Assoeiaied dtowthi'
Biological Reviers, t934, Vol. IX, pp. 388-410.

- A resumd is given of some early views conceming the forms of
nrtrogen supposed to be taken up by plants; the modem view which
asslgns pre€-minence to nitrate..nitrogen is questioned. Hitherto the
malurial value of legumes has been assumed to lie in tieir residual
effects. In this paper evidence is presented that non-leguminous
planJ! c1n profitably utilise compounds of nitrogen buiit ip by the
symbiotic l.ife of n6dule bacteri; within their iost ptants'. ihese
products o{ symbiosis, being excreted by the legumesl are available
to other plarts growing in association with them. It follorvs that the
most economical method of manuring mixed vegetation (such as
pasture) is to supply enough [ime, phosphate, an]d potash.for the
te6umes, which will then supply the necessary nitrogen. The
importance of the double association of nodule bacieria an-d lezumes
with non-legumes has not been firlly appreciated.

A section is devoted to ttre discussi-on of accessory plant-grourth
factors, since it is tiought possible that lesuminou; piants ilav a
special part in the provision of such substanies in addiiion to ictins
as a sowce of nitrogen for simultaneous and later crops.

x. H. G. TEoRNToN and HucH Nrcot-. ,, Further Eddenee @otrlry yifpgen Uptahe o.f Grass growt ttdth Luaerre." Jtminal
of Agricultural Science, 1934, Vol. XXIV, pp. El{lS+:}.

This paper supplements the iaformation given earlier (See paoer
XIII, Report foi l93i!, pp. 6C7). Itatia_n -rye-$a"t gro*n in inu
presence of luceme in sand with no added nitrogen contained,
after 18 weeks'growth, more than twice as much nitroien as did erass
of the same age similarly grown but in the absence oilu.u*e. -

xt. H. G. Tsonwrox and Hucs Nrcol. ,'Sonta Eflects of
Clit?ing thc Tops ulol thc Root Deuetofmcrt ol fuccrttc.t'
Jgyqt^1! ot Agricultural Science, 19341 Vot. kXIV, pp.
632-539.

- Inoculated luceme was grown in pots of sand and watered. with
nitrogeD-free food solution. fn some of the pots the lucerne was
clipped once, in some twice, and in some it wai left unclipped. pots
were harvested on four dates at intervals of about t[iee weeks.
Counts and measurements of nodules were made and drv weishts
and nitrogen content of tops and roots were obtained. ' -

Clipping did Dot sigrificantly alter the nodule nuubers, their
p?n.iize,-9. the totql nit()gen contents of the plants, i.r., itr tops,
rncludug cLrppmgs, ph^s Eoots,

- Clipping, however, resulted in a decrease ia the nitrogen conteat
of the roots of about 40 per cent. as compared with unclipped plaots.
This nitrogeD was transferred to the tops where it was re66vexi in the
clippi.ngs.
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In ctipped plants the ,","1 yti: of the tops, including clippings,
was sligbtly increased, but that of the roots was greatly depressct.
This resulted in a reduction in total dr5r weight of the whole plants.

xII. HucE Nrcor. " Yield., Dwariot atd Drrughl-Reislance oJ
Lucelnp os Inllatenced by Frcquncy atd Timc of Cuhing."
Empire Journal of Experimental Agricultue, 1934, Vol.
II, pp. 38G39o.

It is recommended ttlat lucerne should be sown early in the
season, and that it should not be cut more than once in its seedling
year. Neglect of these precauti,cns induces $rall root growth,
whence a sparse, shortlived, stand may result. ff lucerne is aown in
srunarr on soil liable to dry out, it should not be cut in t}re year of
sowing iI drought resistance and a long duration of stand are
desired.

A brief discussion of the effects of clipping other plants is added.

(0) PLANr Pnolucrs.
xrII. A. G. NoRUAN and S. H. Jrxxr}Is. " The Delalrnin4fi{)n

ol Ligrin. Pa I. Etrors Inbodaced by tht Ptcsetce oJ
Ceiain Cafiohydtalas." Biochemical Joumal, 1034, Vol.
XXVIII, pp. 2l4l-2r59.

Some of the disturbing factors concemed in the determination
of ligniu by the 72 per cent. HrSOn method have been studied.
Certain of the sugars, particularly xylose ard fructose, give an
insoluble residue on standing with acid of this concentration,
and increase the apparent lignin figure when added to plant materials.
Pollsaccharides contaiDing pentose sugars produce a similar effect.
The disturba-nce caused by ttre presence of such carbohydrates
increases with time of contact with 72 per cent. acid, and at 2 hours
the effect is srna-ll.

In plant materials the effect of t}le presence oI xylose in the
hemicellulose may be almost excluded by a hydrolJtic pretreatment
with dilute mineral acid, or minimised by reducing the time of
contact to 2 hours. The validity of ao acid pretreatment is not yet
proved, since the action of dilute acids on lignin is uot loown.

Because of the presence of xylose, the figures generally quoted for
lignin are, in most cases, too high, and must be revised. The
disturbance due to peDtose is caused by the slow production of
furfuraldehyde and its condensation with lignin to form an insoluble
phenolfurfuran resin. Furfuraldehyde itself may give a"n insoluble
product by dehydration and condensation, but the former reaction
probably takes precedence as long as there are lignin groups un-
satis{ied.

xrv. A. G. Nonxex and S. H. JENrsNs." Thc Detuminatitt oJ
Ligaia. Porl II. Ertors Inlrcduced by thc Pruscncz oJ
Proteits-" Biochemical Joumal, 1934, Vol. XXVIII,
pp.2l6G2l08.

Proteins alone give no precipitate on standing with 72 per cent.
H'SO., but when added to plant materials increase the apparent
Iignin content. The lignin residue then obtained contains uitrogen.
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1he magnitu<le of the distu$anc;roduced is quite different if the
material is previously subiected to a hydrolltic pretreatment,
indicating ar interaction between the hydrolysable constituents and
protein, which enhances the disturbing effect of both. The protein
disturbance is probably due to the linLa6e of protein fission pioducts
with lignin. Direct linka6e between protein and lignin is unlikely,
because the ratio of increment produced to nitrogen pres€nt is very
variable. Small additions of protein cause a proportionately greater
disturbance thar do larger amounts. The magnitude of the
disturbance camot be reduced by decreasing the time of contact
with the acid but may be reduied in mosi cases by dilute acid
pretreatment.

xy. L. W. Seuwr. " Thz Detcrminalion of Amino-Acids itt
Whzat Flour." Biochemical Joumal, 1934, Vol. XXVIII,
pp.273-282.

The claim that proteolysis occurs in flour extracts has been
studied Ior the few hours immediately subsequent to separation of
the extract. The technique of Brown for t}le estimation of amino-
acids by the Sgrensen method has been applied to llour extracts.
hoteolysis, as measured by tle production oI amino-acids, did not
occur in the flour extracts studied.

For one flour of the four studied (a low grade) the amino-acid
determinations made on the extract at varying ,H values showed
an increase with time if the solution were titrated to y'H 9.0 be{ore
and after the addition of forma,ldehyde, but no increase if tlre
titration were carried to y'H 8.0 only. It is suggested that this is
due to the enzlrnic production of substances containing carboxyl
and aminogrcups and having a low acid dissociation constant, which
do not titrate even in the presence of formaldehyde until pH 9.0 is
reached.

(c) AcrroN oF MANURES.

xvr. H. L. RrcHARDsoN. " Studies ot Cal.eium Cyaromid.e IV-
Tfu Use oJ Cahium Cyanamid.e and Otker Fotms of Nitrogett
on Grasslaid." Joumal of Agricultural Science, 1934,
Vol. XXIV, pp. 491-510.

Ammonia added as sulphate o{ ammonia disappeared rapidly
from a pasture grassland soil, while very little nitrate accumulated-
Winter applications of sulphate of ammonia produced less increase
in yield or nitrogen content o{ repeatedly mown herbage ttran did
spring or late autumn applications. Calcium cyauamide ia late
autumn or early winter was on the whole less effective ttran sulphate
of ammonia, but in spring the two were substantially equal. There
was littie evidence t}tat calcium cyanamide was " slow-acting " in
comparison witi sulphate of ammonia. A fortnight after application
there was little difference in the soil inorgaaic nitrogen from the two
Iertilisers. Dicyanodiamide was practically inert so far as the effect
of winter dressings on yield or nitrogen uptale was concemed. The
greatest recovery of added nitrogen in the herbage was less thaa
40 per cent. ; part of the remainder may have beea locked up by
microbiological action. The response of ttre repeatedly mowtr
herbage to 2 otrt. pr acre of sulphate of ammonia was rapidly
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exhausted atrd later in the year there was a marked reduction in
yield through the depression of clovers in summer bv the beavier
growth of grass after a spring application of nitrogenous fertitiser.

xv:r. H. L. RTcEARDsoN and E. M. CRowrHER. ,,Sludies ot
Cal.cium Cyanamide V. The Utilisatiott of Cakium Cvara-
mide i* Pot Culture Erleine s." -Ioumal of Arricuitural
Science, 1935, Vol. XXV., pp. 132-150.

In pot cultue experiments with barley and mustard conducted
in -several soils over a number of years, the yield differences between
calcium cyanamide ard a"mmonium sulphaie were generallv small-
Calcium cyanamide gave slightly pooier results tlan arnlnonium
sulphate in soils with high responses to added nitrogen but definitelv
better ones in soils which contained much availabie nitroeen and iil
which calcium cyanamide greatty retarded nitrification. "

The pot culture experiments confirmed the conclusion from
earlier laboratory work that in normal soils calcium cyanamide was
converted through urea into ammonia within a few dals. Nitrate
accumulation was less complete and slower from calcium' cyanamide
than from ammonium sulphate. In one soil the nitrogen from
calcium cyanamide remained as ammonia for several weeks, tf,e nitrate
content being below that even oI unmanured soil.

Where the ammonia from calcium cyanamide remained for several
weeks, tillering of barley was more rapid and the final yields and
nitrogen contents were higher than with ammonium sulphate. It is
suggested that ttle young barley plant utilises ammonia nitroeen
more readily than nitrate, provided the ammonia is thorousfuv
distributed through the soil. It is clear that the amount of niiiati
obtained in ni.trification tests should not be used as a measure of the
relative values of calcium cyanamide and other nitrogenous Ierti-
lisers.

xvrrr. H. L. RrcxenosoN. " Field Erberiments ott lhe Actiott of
Colcium Cyanamid,e on Germinaing Secds and ot Cha ocik
it Bay!e2: 

-_pmpire Journal of Experimental Agriculture,
I935, Vol. III, pp. 4l-49.

Field experiments on the effect of time and method of application
of calcium cyanamide to seed-beds showed that there wal no inter-
ference with germination by dres.sings up to 3 cwt. per acre, given
one week or more before sowing. The interval betwaen sowiai the
fertiliser and the seed might safily be reduced to a few days, o;ven
in favourable conditions to a few hours, for moderate applications,
provided ttrat the fertiliser was cultivated into the soif before ttre
seed was sown. A moderate application two days after sowing the
seed was found to be safe if the fertiliser was left undistubea on
the surface of the soil.

In a replicated field trial on charlockdestructiotr in barley, with
comparisons under different weatler conditions, calcium craiamide
proved much less eftcient in destrorying the charlock ttran [ainit or a
solution of copper sulphate. Both tlie barl€y and the weeds that
survived ttre cyaramide treatrnent respnntled to ttre added nitrogen.
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xrx. E. M. CRowrEER. " Cotnparatioe Field Tials or Calciun
Cyatamide and Othu Nibogenous Fertiliserc ott Ardlc
Cro[s" . Empire Joumal of Experimental Agriculture,
1935, Yol. III, pp. r2$r44.

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

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

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

_ Vol. XCY, pp. 31153.

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

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

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

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

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

(a) MArHruArIcAL TIEoRY.

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

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

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

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

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

'depends 
on thL

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

science and technology and especially to all biological workers.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(Department of PhYsics.)

(a) Sorr Cur,rrverror.

xxlrll. B. A. KEEN. " Tfu Fuietions oJ Mahanical Pouer in Soil
CuJtfualion." Journat of the Institute of Automobile
Engineers, 1934-5, Vol. XXIX, pp. 179-194.

This paper reviews the cultivation studies made at Rothamsted
and desciibed in previous Reports. It describes experiments in which
rotarv cultivation was compared with the traditional methods. The
irnmridiate effect of the implements on the soil was measured by
iakins blocks of soil immediatelv before and after cultivation, and

sievirig them on a set of sieves. 
-(See 

Paper No. XXIX, Report for
f933.;. 73.) It was shown that for spring cultiEtion, the extent ot

disiniqqrati6n produced is controlled far more by the character of ttre
precedi"ng wintir weather than by the implement. Rotary cultivation
hoes not-produce a much finer tilth than traditional imPlements, as

is freouentlv alleged, but a much looser one.
Eiperi.,ients 6n intensive surface cultivation between the rows of

root ciops such as kale and sugar beet, gave the unexpected result
that culiivation in excess of tbi mirimum necessary to keep down
weeds, not only gave no beqe{it, but actually reduced the yield. The
result was obtiin'ed both on a tight sandy soil and a heavy loa.m, but
it needs repetition in a variety oI seasons before a finalconclusion can

be given.

(D) Puvslcer PnoPrnrms.

xxlx. E. W. RussELL. " Thc Interulioa of Clay utith Waler anil
Orsarlic Liqaids as Measwed bl Sl*ilic Volumc Chang*

"nZ " 
n"iolio, lo lhe Phetortena oJ Crumb Formation in

Sols." Philosophica.l Transactions of the Royal Society of
I-ondon, A, l9g, Vol. CCXXXIII, pP. 36r-389.

Clav particles can form strong aggregates, or crunbs' wben dry,
onlv if-ttie clav particles are sufficiently small, if there are a suftcient
nuiber of srnail exchangeable ions on the clay, and if the clay has-f""" 

a.i"a t.orn a alsperiion medium whose molecules are polar and

suffcientlv small.
Indiviilual clav particles have an appreciable interaction with !h9

molecules of potai liquids ; they do not interact, or only sli8htty' with
non-Dolar liquids. On the hy'pothesis that no differential interaction
occuis betwien the exchangcable ions on the clay and a non-polar
t *rato.arUon. the magnesiuir ions on tht clay have about seven and
tf,e calcium ions about three more molecules of water of hydration
tllan the sodium or potassium ions. Independent evidence is given
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These results have been interpreted on the hypothesis that
cations can orientate polar molecules of tle dispersion iiquid around
them, and this power is proportional to theii surface'densitv of
charge. This power is also possessed bv the free nesative chare; on
the clay particle. When the dispersi6n liquid ha; nearlv ali been
removed the cations bind the negitive cbaries on two clai oarticles
together by mean-s of lridges of itrongly ori-entated molecirles of the
Porar osPersron ltquld.

xxx. E. W. RussELL and R. S. Gupr,r. ,,Onthe 
Measuremenl of

Imbibitional, Wakt." foumal of Agricultural Science, Ig#,
Vol. XXIV, pp. 3IFBr5.

. .Two meth_ods of determining the weight and one method of
determining the volume of watei imbibed-bv a soil have been dis-
cussed. The results of these methods have been shown to be con-
cordant by an independent method.

The tentative conclusion reached is that the weight of water a
soil ir-nbibes can be readily determined by Fisher,s ri'ethod or from
the Keen Raczkowski boi, but that the'volume of imbibed water
cannot yet be directly determined accurately.

xxxl. B. A. KEEN. " Phlsial Measu/erneds ol Soil ir Relation
lo Soil Type ann F-edi@." Second Conierence on Cotton
Growing Problems, Empire Cotton GrowiDg Corporation,
1934, pp.3tl-3I9.

This paper summarises a number of separate investieations at
Rothamsted which have one underlying principle in coirmon*to
ascertain what tlpes of physical measureirents on soil are most suitedto distinguish differences in the natural or inherent fertilitv of
different soils and, as a related investigation, to what extenf soil
types can also be distinguished by physical measurements. A wid.e
variety ofsoils was employed, for wiriih, as was expected, a numUei
of general correlations existed betqren the resilts oi different
methods. But, as would also be expected, the relationships become
more diffuse when an endeavour is made to distincuish on'e soil tvoe
from anot-her. It seems possible that, when two "diJferent measriie-
ments are plotted together, a soil type will be characterised bv an
area on the paper and not by a cun:e; one Dair of measuremerits_
the sticky poirt and exchanleable bases--sbbwed a general segrega-
tion of the soil t3rpes examinid into separate areas.

The assessment of inherent lertility by physical or physico.
chcmical tests is, natura.lly, a still more iliffiiuli froblem. fioi=rr"r,
in the case of a series of Malayan soils. where 'the vield oI rubbei
afforded some guide to the localworker in forming an-estimate of the
inhererrt soil fertility, it was found possible to d.iiferentiate between
good fertility soils and the remaind6r by measuring the ignition-loss
of the soil, and the ignition-loss per gram of clay- " "
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xxxll. J. U. ALBAREDA. " Caruclcrizqcidn de Suelos Trolicales y
Sub-Troficales mediante Determinaciones Fisicas y Fisi
coqulmicas-" (Tlu Chtrackrisatiott of Trofital and Sub-
Trolical Soils b1 Meats ol Physical atd Physico-Chemical
Delerrnilaiio*sl. Publicado en la Revista de la Academia
de Ciencias, de Madrid, 1934, Vol. XXXI, pp. 32G350 and
457-514.

An attempt is made to extend the method of " single-value "
determinations, introduced by Keen and Coutts, to the classification
of soils into their appropriate genetical ty'pe. A large number of
" single value " determinations was made on 125 soils Irom four
different soil t5pes. By takirg pairs or functions of tlese determiDa-
tions, and plotting the value of one member against t}tat oI the
other member of each pair for the soils, it is possible to pick out

(a) ttrose groups of determinations which are measuring approxi
mately the same fundamental property of the soil, so can give no
inlormation about di{ferences between one soil $pe and anotier ;

(D) those groups of determinations which are measuring soil
properties that are more or less characteristic of the soil in any one
soil t]?e, but which vary from one t1?e to another. While no pairs
of determinations that were found rigidly belonged to either of thes€
groups, several were found which nearly did, so that it is possible
to make a fair separation oI these soils into their four genetic tlrpes
by t}le method of " single value " determinations.

xxxrr. J. M. ALBAREDA. " Sobe la Ferlilidad. de Algu*os Suelas
Tro?ical.as." gh4 Feil;lir! of Rubber Soils). Publicado en
la Revista de la Academia de Ciencias, de Madrid, 1934,
Vol. XXXI, pp. 5l&519.

An attempt is made to extend the method of " single value "
determinations to ttre gradirg oI rubber soils into different fertility
groups. Two metho& have been found which are reasonably emcient
classifiers oI t}te soils into the two groups of gcod and poor rubber
soils, but there is as yet no method that can give a finer classification
tlan this simple dichotomy.

xxEv. R. K. Scsorrrro. " Soil Waler." Transactions of the
First Commission of the International Society of Soil
Science, 1934, pp. 185-191.

Soil acts as a rescrvoir of water which is available to plants.
Some of this water may be held bet$een the clcavage planes of the
clay minerals. The free energy of bindirg of the stored water can be
found Irom determinations of freezing point depression and equilitr..
rium humidity. The first determination covers the moisture range
for normal plant growth and indicates that the sharp decrease in
permeability with fallirg moisture is a dominating factor h wilting.
The moisture content at 50 per cent. humidity and the heat of
wetting are connected with base exchange, a cluster of water mole-
cules being held rather firmly to the active " spots " where base
exchange takes place. Base exchange capacity aad fineness of sub.
division laqgely influence the permeability of ttre compact masses in
the soil, while these and also the humus content mainly control their
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structure stability. The circumstance that water within the compact
lasses wil! not drain away and can only be removed by suctio; of
plants-on neighbouring drier soil, or by direct evaporation, has its
reflection in traditional agricultural prictices.

xxxv. G. W. Scorr Brern. " Delinition and Translatiott of
Rhcohgical Tetms used ir SqiL Physics." Transactions oi
the First C,ommission of the Inteirational Societv of Soil
Science, 1934, pp. 15$167.

Rheology is defined as the science of the flow of matter, and a
gret pany terms used in soil pbysics ttrerefore may be classed as" rheological terms."

The use of such terms in the intemational literature is subiect to
two t)pes of uncertainty: (a) uncertainty as to definition of ierms;
[r) uncertainty as to traDslation of terms. Wittr regard to (4), it is
desirable t}rat definitions should conform as far as frssible tb lxtaE
lished_ usage not only in Soil Scieace, but atso in'other fietds- and
should not conflict wit}r the traditional meaning of wor&. The'term
" plasticity " is discussed in this connection.' Altloueh (D) is a
separate problem, it is a closely allied one. As an ei'amil!. th"
translation of the English term " stickiness,, is discussed. 'It is recommended that a committee should investigate these
problems, and standardise usage as far as is possible.

MICROBIOLOGY.

(Departments of Bacteriology, and Fermentation.)

(a) Becrrnre.
xxxu. H. G- TnonxroN and P. H. H. Gnev. ,, The Numbers of

Bacterial Cel.ls itt FieA Sqils, ds Estirnqtad by the Ratio
Mahad." With aQpcndix by R. A. Flsnrn, F.R.-S. proceed-

ilC.s 9! _qhe Royal Socieiy of London, Series B, 1g34,
Vol. CXV, pp. 622- 3.

There are two serious difrculties in estimating the bacterial
numbers in a soil sample from the microscopic examin"ation o{ stiined
fikns of that soil. The firct is that of diterminirg with sufficient
accuracy the mass of soil in the film and the second that of estimatin!,
from rardom microscope fields the numbers of organisms i; ih"liffi
when these organisms are not distributed througliit at random.

A technique is here described in which these dificulties are
avoided, by determining, in random microscope fields from a parallel
series of stained filrns, the ratio between tie number of bacteria
and the number of indigo particles, of which a counted susDension
has previorsly been added to a given mass oI soil. The bicterial
numbers calculated lrom such ratios are, of course, ind.ependent of
the mass oI soil in the film.

It is found tlat the ratios obtained from parallel rnicroscooe
fields are distributed at random, although counfs of bacteria takin
by themselves from the same fields are much less uniform.

The accurary oI the method has txen tested in the Iollowing
experiments :
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(a) The bactcrial numbers in four portions of a sinsle soil samole
agreed wit-hin a standard error of 3.3 per cent. -

(D) The numbers found in films prepared by three workers from
the same soil sample showed no significant differences.

(c) The numbers found bv two workers indeoendentlv countino
different microscope fields fiom the same filrns'agreed is randori
samples.

(d) Counted suspensions of bacteria added to sterilized soil were
estimated with a standard error of 3.5 per cent.

The bacterial numbers found in Rothamsted field soils bv this
method range from l,0OO to 4,000 million per gram of soil. -

Samples taken from some of the Hoos field plots showed a
relationship between the total bacterial numbers and the average
yield of straw taken over a number of years.

Caution is at present necessary in discussing results obtaired lrom
samples taken on a single occasion, since there is evidence of rapid
changes in numbers of bacteria vith time. Successive samples taken
from garden soil showed significant changes in total bacterial
numbers during the course of a day,

(r) Brol.ocrcAl AcrrvrrrEs.
xxxvtl. C. N. ACHARYA. " Studies on the Anaaobic Decom-

{ositiott of Pl,ant Materials. I. The Anaerobic DecomQosilion
of Rie Sbaa (Oryza sativa)." Biochemical Journal, 1935,
Vol. XXIX, pp. 52&541.

Many of the changes taking place in ttre soil during the cultivation
of rice are brought about by microorganisms actirg in the presence
of small amounts of air, The anaerobic decomposition of organic
manures is therefore of particular interest in the growing of this
croP.

The course of anaerobic decomposition of rice straw and its
major constituents has be€n followed. Decomposition app€ars to
proceed in two distinct stages, urz. (l) the formation of organic acirls,
and (2) the conversion oI these into gaseous products: acetic and
butyric acids are the main products of the first stage, and carbon
dioxide and methane the main products o{ the second. From 100 gm.
oI straw eitler about 20 gm. of organic acids, or or,.er 20litres of gas
containing 50 per cent. metiane, are obtainable. This yield is
equivalent to about 7,200 cu. ft. of gas per ton of straw. The
ritr€en requirement for anaerobic digestion is low, l0O gm. of straw
requiring about 0.1 gm., or less, of nitrogen, while for aerobic
decomposition 0.6{.7 gln. of nitrogen is necessary.

xxxvur. C. N. AcsARyA. " Studies ott the Anaerobic Decom-
fosition oJ Phttt Mateial* II. Some Faaors InJluzncing
the Aracrobic DecomQosilion of Riee Struu (Oryza sativa\.n
Biocbemical Joumal, 1935, Vot. XXIX, pp. 95$960.

A temperature range of 3G35'C, OH 7.5-8.0 and straw: water
ratio of about I to l0 are lound optimum for the anaerobic digestion
of rice shaw by mesophilic organisms. The organisms required to
decompose the straw are contained by tle straw itsell and further
inoculation is unnecessary. Additions of phosphate have no stirmr-
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lating effect. Fjgg,ly qrgund straw does not ferment quicker than
chaffed. straw. NHTHCOT and KHCOT, either singly oi better still
rn.admixtu-re, are found most suitable for neutralising the oreanic
acids {ormed during anaerobic digestion. The reaction o"f th" .;ei;
can atso-be controlled by periodic additions of alkali. Urea or
cyanamlde may replace ammonium bicarbonate, but not Droteins.l-he amout of CO. and CH. produced is approximatelv tie same
irrespective of the volume of free space aUoi.e the cultuie medium,
provided accumulated gases are iemoved so ., to preveni -hr.gn

concentrations of COr, or the reduction of the y'H value of tf,e
medium.

xxxrx. C. N. AcruRyA- ', Studias ort thz Ataerobic Decombosiliotr
ol Plan Materiols- III. Comfarisott oJ ttu Ck i oJ
Decom[osiliott oI Ricc Struu undi Anaeribic, Aerobic attd
Partially Aerobic Coditioal" Biochemical Joumal, lg3i,
Vol. XXIX, pp. Ir lG.lt90.

. The greate-st loss of dry matter is recorded when rice straw is
fermented under aerobic conditions. The loss is less under partialty
aerobic conditions, such as tlose existing in swamp soils, jnO f""r't
of all under strictly anaerobic circumstaices. Cefiulose ancllisoin
are more easily atta,cked under water-logged than under un""riUit
co.ndrtroDs. Partially aerobic conditioni resemble anaerobic con_
druons rn regard to the nature of the products obtained. Under the
former set of conditions smaller amounts of organic acids and
methane, and larger amounts of COr, are formedl Thu ;itr;;
factor and nitrogen equivalent decriase in the fo o """"ia?,'.aerobic (0.536; l.ll iespectively), water-lossed fO.SSSl O.teir
and anaerobic (0.069;0.169), i,iiich also !Eor"'. or&i"""i,l,1
decrease in.tle amount of pro6in accumulated. Th; p;.t:";;"i";;j
unoer aerobrc condrtrons is mosdy insoluble in water, while under
water-logged conditions it remaina in solution.

xL. E. H. RTCHARDS and J. G. Snrurserop. ,, The prcfercntial
Utilization oJ Differcnt Forms of lttoryanic Nitrcpin in tt*
Ptloylgy_tjl." oJ pta Materiik,' - Soit Scieice, lg35,
Vol. XXXIX, pp. r€.

Experiments were carried out to discover whether the oreanisms
concemed in the decomposition of cellulosic matter exerc'ise anv
pref€rence for a.mmoniacal or nitric nitrogen, when both forms arl
available to them in equal concentrationsl The results sho*J tfr^i.
rn the early stages of breakdown there is a definite preference for
ammonia rather ttran for nitrate. This selection a'ppears to Ue
shown only in t}te early stages; after straw had t"ii t".-"rt"J
under optimum conditr-ons for 14 days, about equal amouuts oi
ammonia and uitrate rernainea unassiiltata.
- The nitrogen factor is always lower when nitrate is the source of

nitrogen than whetr arnmonia is used. The loss of nitrogen is sreatest
when nitrate is pres€nt. As a result of this loss .f; p.;d;biy;

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-1-66 pp 19

t06

elementary nitrogen fmm nitrate, the relative assimilation of
ammonia may be greater than the ligures indicate, since the &op in
nitrate includes nitrogen lost besides that assimilated.

xl-t. S. H. JENKINs. ' The Biohgical Oxiilatia, of Carbohydratcs,
IV. Thr Phospltorus Requiremanls of Percolating Filters."
Biochemical Joumal, 1935, Vol. XXIX, pp. ll&132.

Previous work has shown that the oxitlation of carbohydrates in
biological filters is influenced by the supply of available compounds
oI nitrogen. In the work described in this paper, experiments were
made to find the requirements of phosphonrs compounds by a filter
supplied with sucrose and an ample amount of nitrogen. The results
showed that the biological film oI orgenisms responsible for sugar
oxidation reached maximum activity in a very short period when
excess of available phosphorus compounds was supplied ; once this
eftcient state had been reached, the lilrn was able to exist without
any diminution in activity on a much smaller ration of phosphonrs.

Inorgenic compounds of phosphorus were forutd to be more
readily available to micro-organisrns than the organic phosphorus
compounds present in beet sugar factory effiuent. The former were
used preferentially wben both sources were present simultaneously.

Although sugar is believed to be oxidised in the living cell ura tbe
stage of hexose-phmphate, all the evidence obtained indicated that
intermediate compounds of sugar and phosphorus were absent from
the solutions undergoing oxidation : the hexose-phosphates exist
within the cell itself, and under natural conditions are not ordinarily
found outside it.

xrrI. A. G. NoRMAN. " The Biohgiial Decompositiott of Plant
Mateia.ls. Part IX. The Aerobic DeamQositiott of Hemi-
cellaloses." Annals oI Applied Biolcgy, 1934, Vol. XXI,
pp.451-475.

The decomposition of the hemicelluloses of plant materials occurs
rapidly under normal aerobic conditions. Over seventy common
fungi were tested as to their ability to utilise on agar plates the crude
hemicellulose from straw. All of the fungi grew $'ell, the maiority
at least as q'ell as on glucose, and a number better than on that
sugir. It seems likely that the ability to ferment hemicelluloses is a
general property of common fungi.

From soil and manure were isolated twenty aerobic bacteria
capable o( utilisirg hemicelluloses. Their morphological characters
and biochemical reactions were determined. All the orgalisms
utilised an exceptionally wide rarge of sugars and pollsaccharides,
so that differentiation by the usual means was difficult. Certai[ oI
the forms agreed with the description ol Achrouobacta ubiquilun.
None of these organisms in pure culture could be described a-s very
active in decomposing isolated hemicellulose, or that iz sifu in straw.

This suwey led to the view that fungi are more active and
isportant in the natural decomposition of hemicelluloses than
bacteria-
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THE PLANT IN DISEASE: CONTROL OF DISEASE.
(Departraents of Entomology, Insecticides antl Fungicides, and

Plant Pathology.)

(c) Ixsecrs AND rrrErR Coxrnor.
xlrrr. H. F. Baaxss. " Srud,ies ol Flrktuotions i,n Insecl popula-

liru\. IlI: Thc gall m tge, ithabdoph€a hete robia i.Lu.,
oa Blnek Maul oaricly o/ Sdix tJiE;idr; ar Slsla . I_zicasler-
sh e,lg27-33." Jouinai of Animat Ecologyi rgei, Vol. IIt.
pp. 165-81.

The changes in popllations of the midge and its parasites in the
over!,t rntering generation have been traced over a period of six
yea-n. A drought which seriously damaged the grovth ?rf the willows
is claimed to have caused a great dimin-ution in-numbers of both the
host midge andits parasites. A sudden fall in relative parasitism in
1933 is discussed and compared with a similar occurrencein the second
of this series of studies- '

xlrv. H. F. Bentrs. " Sozre Biol.osical and Econonic Asbecrs
ol the Gall Mrdges." Science P"rogress, lg34, Vol. X)I.IX,
pp. 73-86.

A comprehensive sunrv of this famitv of flies dealins sDeciallv
with t!: biological phenomena exhibited"and its econom'ic import--
ance. Recent and hitherto unpublished data are included.

x!v. F. TATTERSFiELD. " An Ap{aratus fot Testing Cothcf
Irtsccticides." Amals of Appiiid Bioloey, f $4, Vol. XXI,
pp. 691-703.

A description is given of the desiga of two atomisers for use in
quantitative laboratory spraying for iesting contact insecticides.
. ..Tabl9s. and.graphs are given showin[ the wejghts of spray

oelvered by each torm upon known areas placed in different positions
inside the spray iars, and an examinatioh is made of tbe cianee in
th9--distributiou of the spray with the progressive closure of- the
onlrce and increase in the distance Irom the orifice of the surface
sprayed.

xl,vl. F. TATTERsFrrrn and J. T. Menrrx. .. The Loss of Actittily
9l lyllban II." Joumal of Agricultural Scieice, l9B{,
Vol. XXIV, pp. 598{26.

The loss of activity of plrethrum llowers and preparations has
been studied-

The degree of concordance between the content of Dv,rethrin I.
as determined by the acid method, and the insecticiciil value oi
pyrethrinised dusts, before and after exposure to air and artificial
illumination, has been statistically examined. The pvrethrin I
values, corrected for a small residual amount of extrane^o-us matter
indicate fairly closely the degree of activitv of t}le samDles. The loss
of pyrethrins on exposure has been traced out quantiiativelv.

- A domparison was made between two saniples of pyretUrum
flowers, one rich and the other poor in pyretirins, ii -order 

to
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determine the degree of concordance between the pyrethrin I content
and their toxicity. The pyrethrin I value as determined bv the acid
method, subject to a small correction, gave a good indicatjon of the
relative activities of the samples.

Pyrethrum flowers, both finely and coarsely ground and as whole
heads, have been exposed undei various coi.,&tion. for different
periods up to-one year. There was a relatively rapid loss of pyrettrrin
I in cases where the ground flowers were elposed to suniilht and
air, but when stored in covered trays or tins ihe loss of pyrithrin I
was much slower. The p,'rcthrins undergo change at a iiower rate
in flowers stored as whole heads than in-the grornd state.

lnethinised dusts and ground flower-heads lose their pyrethrin
content when exposed to sunlight in an atmosphere of air of nitroeen.
The loss in nitrogen is less rapid than in air a;d appears to be dui to
a reaction other than oxidation by free oxygen. The effect of tem-
perq:tlre upon the rate of loss of tie pyrethins is shown.

The rate of loss of the pyTethrins in a methyl alcoholic extract of
flowers, when exposed to iirnlight and air, was studied.

_ The stabilisicg effect of tannic acid and h1'droquinone when
added to a talc-plrethrum dust rvas confirmed. it was shown that
such mixtures lose their plnethrins at a slower rate when exDosed in
thin layers to air and artificial illumination. Biological triald sholr.ed
that the addition of these anti.oxidants did not augment the initial
insecticidal activity oI the pyethnns.

(D) VrRUs Drsresrs.
xlrrr. J. Carnu'Ert. " The Physiology oJ Virus Diseases ir

Plads. V. The Mwement oJ thi Viius Age ia Tobarco
aad. Tomalo." Annals o{ Applied Biology, 1984, Vol. XXI,
PP. l9l-205.

It has been found that the virus may be present in tissues whicb
do not show s)mptoms, and that slmptoms of mosaic appear in
those tissues which develop after infecaion. The concentraiion of
virus is higher in the chlorotic areas than in t}te green areas. In
no case was the virus found to be transmitted in the embryo. Under
some conditions, the virus apparently travels in a direction opposite
from metabolites.

xLvIII. _J. CALDwELL. " The Physiologlt ol Vbus Diseases in
Pla s. VI. Sone EfJeck oj Moiiic'on the Metabolisnt ol
the Tomalo." Annals oI Applied Biology, f934, Vol. XXi
PP.206-224.

The effect of aucuba mosaic on tie tomato, as regards growth
and metabolism is examined. The carbohvdrate content of the
tissues is reduced by the disease whilc the respiration rate is actually
increased. Nitrogcn metabolism is apparently unchanged.

xl.rx. J. CALDWELT, G. C. ArNswonru and G. H. BERKELEY.
" A Couparisott oJ Ettglish and Canad-iar Tornato Virus
&,seaszs." Annals of Applied Biology, 1934, Vol. XXI,
pp. 56&58O.

The mosaic and streak diseases and their causative virus or
group! of viruses, found in Canadian and English horses were
examined and compared.
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L. F. M. L. SHEFFTELD. " Exbetime s Beairu on thc Natwe of
Intraccllulat ltclusiotts ii pl4nt Virus Diieases-" Anna.ls oi
Applied Biology, 1984, Vol. XXI, pp. 480_4bit.

The intracellular changes resultant on infection with aucuba
mosaic and H-y. _III diseases are described and are compared. with
the cltological effects of tobacco mosaic virus. With the iwo former
vimses, inclusion bodies are Iormed by the aggregation and fuiion
of.minute partict_e.s which appear in tlie cytop"llriic st."rm. Witl
toDacco mosatc disease an amoeba_like bodv is Droduced and this
persists for some u.eeks before suddenlv disipoeirine aEri"_ 

-li i"
a.ccompanied by striate material all of-which i timaielv" firses into
one large body. Similar amoeboid inclusions and so;etim; J;
striate material are formed on infection wittr Wingara,s ringspoi
disease of tobacco.

Attempts have been made to parallel these conditions in healthv
cells of Solanaceous plants by treatment with substances known tL
coagulate protoplasm. Almost all the re_agents used induced
stimulation of the cytoplasmic stream similar io the initial sierr oi
virus infection. With salts of molvbdic acid, all the..,tot&""i
abnormalities due to aucuba mosaii or Hy. III disease i""" Booimitated. Treatment with lactic acid induces the formation oi
amoeboid bodies like the X-bodies of tobacco mosaic, bui these
bodies persist for only a few hours.

Attempts have also been made to inhibit the formation of in_
clusion bodies induced by several different diseases in a numbu, of
hosts but no success was obtained.

The experiments support the view that the intracellular in_
clu.sions of plant virus diseases are essentially products of the host
cell.

u. M. A. WArsoN. " Somc Faclots Inllueuiw thc probabiJitl
of lrJection by Aphids with the Viias Hv. itt -', Reo._,rt Jf
the Third Imperial Mycological Confere-nce, 1934, p.' 19-

_ - 
Regular weekly infections with Hy. III into Hyoscyamus and

lobacco showed that the per cent. infection bears a positive relation
with the number of aphids used. Seasonat variations occur in the
per cent. ihfection which may be correlated with (c) the amount of
virus present in the host plant, (D) the condition df'the Dlant to be
infected, or (c) the condition of the aphid vectors. These' variationi
may be due to differences in temperature or total radiation.

In winter and in cool dull weather the per cent. infection aooears
to be higher than in summer, or in bright iunnv weather. This'mrv
be tested in the fietd by spraying experiments which should be mos't
successfu[ in the optimum infection periods of cool or overcast
weattrer.

Lrr. J. M. Brnrrr.rNo. " Serolagical Studies of pla . Virusas.,'
Botanical Gazette, 1934, Vol. XCV, pp. ,ite+aO.

Juice from virusdiseased plants contains an antisenic fraction
inseparable from the virus in addition to the antisenii constitrenfs
oI a normal healthy plant. This fraction is specifid to the oarticular
virus, and the anti-bodies induced by one virus differ quilitatively
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Irom those induced by other viruses. It is possible to free a virus
from the atrtigeaic constituents oI normal plants, btlt not possible
to separate it from the antigenic factor accompanying it, and the
Lalter is probably either the virus itsell or a virus-protein complex
of haptene nature.

ul. J. M. BRKELAND. " Photadyrumic Actiott oJ Mdhyktu
Blae ot Pla* Vhases." Science, 1934, Vol. LXXX,
PP. 357-358.

Unlite certain arimal viruses, the viruses of aucuba, tobacco
mosaic and tomato streak were fouud highly resistant to the
photodynamic action, though (Wingard's) ring*pot virus was
quickly inactivated.

TECHNICAL & OTHER PAPERS

GENERTI.

LIv. E. J. RussELL. " The School atd the Resea*h lrrrlih.te."
Durham Couaty Association of Teachers' Magazine,
" DeiG," November, 1934.

Lv. E. J. Russrn. " Wirehss aul tk Farmcr," Discovery,
1934, Vol. XY,pp. 62.a6.

Lvr. W. G. Cocnnex- " Reccat A&tarcas ia Malhemalical
Statistics 1933." Journal of the Royal Statistical Society,
1934, Vol. XCVIII, pp. 8&127.

The sections contributed to this review cover papers dealing witb
moments and semi-invariants of sampling distributions and with
orthcgonal po\'nomial theory.

Lvu. O. GArrr,. " Att AQ$arcnt Patadox itt tlu Thcny oJ Heats
of Dilution of Conpktely Dissociated Ekrtrolyles." Pbilo-
sophical Magazine, 1934, Vol. XY[I, pp. 4e6i].

Lvu. O. GArry. " Membarc Equilibria and. thc Phase fuic."
Philosophical Magazine, 1934, Vol. XY I, pp. 27&288.

IJx. G. W. Scorr Brern and R. K. SCEoFTELD. " Thc Co*laney
of St/oU Lithium Chloride Sohdions al Loto Velocitjt
Gradizttts." Philosophical Magazine, 1934, Vol. XYII,
pp.22L229.

Measurements of the logarithmic decrement of a cylinder execut-
ing rotational oscillation while immersed in a strong lithiun chloride
solution revealed no inconstancy in the viscosity, even though the
final amplitude was so small that the maxinum velocity Sradient
was only 0.003 sec.-r.

The data confirm and extend that obtained by Ostwald and
llalss using a capillary viscometer in which tlte velocity gradient at
the wall for the lowest stress was 0.6 sec.-r.

The anomalies reported earlier by the authors appear to have
been due to the abiuty of the shong salt solutions used to " creeP "
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