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SCIENTIFIC PAPERS
(Published 1935 arrd in the Press)

PLANT GROW'TH, PLANT PRODUCTS, AND ACTION OF
MANURES

(Departments o[ Bacteriology, Botany, Chemistry, Physics, Plant
Pathology, and Field Experiments Section.)

(a) PLANr GRowrH

r. E. J. RussELL. " Tlx Plarc of Soil, Science in Agriaiture.'.'-
-Transactions of the Third International Congress of Soil
Science, Oxford, 1935, Vol. II, pp. f-10. (Presidential
Ad<Iress. )

rr- E. [. RussELL. " Inlaradions behoeen Roots and Sctils. Tlu
brcwing Ptant : ils Action o* lhe Soil atd on its N eiglt-
Dorzs." Proceedings of the Sixth Intemational Botanical
Congress, Amsterdam, 1935, Vol. II, pp. f-3-

trr. E. J. RussELL. " La Transitiort d''u.n Art d une Science:
I Eu* ae la wlture Agricol,e." I-ectue delivered to the
Academy of Sciences, Lisbon. May 23rd, 1935.

rv. E. J. RussELL. " The Fut*re oJ British Agrdcultwe." The
Royal hstitution of Great Britain, Discourse, March 8th,
r935.

v. W. E. BRENcHLEY. " The InJluerce of Sercon ard oJ lhe
Apflication oJ Limc or tlu Bolanical Composilior of Crass-
lind. Hnbage." Aanals of Applied Biology, 1935, Vol.
XXII, pp. 18&207.
(Figures of complete botanical analyses lor this paper
werb published in the Annual Report for 1934, pp. 142-59.)

The botanical composition oI the herbage of grassland under
constart manudal treatment vades consider-ably from year to year.
With complete fertilisers including nitrogen and minerals the
relative proportions oI the three main groups of species, i.e., Srassesl
leguminous ard miscellaneous plants, are not usually much affected
bv season. but with unbalanced fertilisers and on unmanured areas
lide fluctuations occur in the percentage oI these groups. Varia-
tions of individual species, however, occur on all plots. They may
be caused by direct or indirect response to season a:rd are much
influenced by the t11pe of manuring.

The application of lime to plots with long established manurial
treatment does not alfect the balance oI the three main groups
proyided the fertilisers are complete, but with urbalarced manures
I definite bias in one direction appears sooner or later. Ildividuai
species usually respond to lime at once, showing a change of
proportion at the first succeeding cut, but under certain soil condi-
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tions a delay may occur rutil a second dressing has been given.
f! 1v9uld appear that tbe maximum effect of Iiming is reiched
within a few years from the first application, after which"fluctuations
with season may again become more obvious.

Shade is also a factor which influences the balance of species in
herbage, some species being more sensitiye than others. fn-general,
no correlation can be traced between the arurual variat'ions in
yield and the botanical composition of the herbage.

rr. W. E. BRENcHLEy. " The Weed Flora in its Relation to Oob
and, Agriculfuml Trcolm,efit." proceedings, Zesde Intei_
nationaal Botanisch Congres, Amsterdam, l9BS, \rol. U,
pp.5-7.

The weed Ilora of arable land consists largelv of plants native to
the soi[, but the association of species is muc"h modified by cultiva_
tlon and crop competilion, rhe nature of lhe compelition depending
on the type o[ crop. Root crops help to clean the t"na on i..o,-i
ot the intense- cultivation during their growth, while clover, lucerne,
and stmtlar plants act as " smother,' crops, preventing the develoo-
ment of many weed seedlings. In the case-of cereali, the tjme L{
so\r'rng, whether autumn or sDring, is a principal factor in determiniag
the weed flora.

Rotation of crops is usually the most emcient means ofr-ontrollins
weeds, but sometimes fallowing is necessary, the principle of thG
being to encourage germinal ion bf t he weed seeds and. br.'destroving
the seedlings rep€atedly, to prevent the formation oi h""h ,;;a:
Most seeds need a dormanl priod before they can germinate and
the length of dormancy is a vital factor in dete;minini the efficiencv
of falowing. Many species also germinate most heeli at oarticula'r
seasons oI lhe year. a fact which decides the time oi their sreare-sf
vuherability. For successlul fattowing, cultivation musi be.in
directly after harvest and be carried out a1 sufficient Iv short intervils
to prevent rapidly growing species from ripening freih seed. FaIow-
ing improves soil fertitity, and as weeds and 

"rop 
alike benelit

after-care is important, for the weeds may reassert I hemselves with
extraordinary rapidity.

On old grassland the vegetation ilselJ constitutes the croD-
the less desirable species being regarded as weeds. The flora ii
much influenced by soil fertility, manuring and methods of cultural
treatment. Grazing has a direct influence on the weed {lora as the
various animals eat down the herbage differently, and altemate
grazing and taking o{I crops oI hay is a valuable-method of weed
control.

1'II. K. WARrNGrox. " The E llect oJ Constant and Fluctualirp
Ten.peruture on thc Cernlnalioi ol the Weed Seeds in Araife
Sol." Journal oI Ecology, 1936, Vol. XXIV, pp. 18e204-

Germination of a1l species v?s definitely inhibited iI the soil
was kept in an incubator or cellar where- the temperature was
prac,tically constant, and tight whotty or partialty exctuded. Some
weed seeds were more adversely affected than others, Alolecurus
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aglrsris hing the least and Pa,altet rkoeas the most sensitive of the
more importart species encountered. Removal oI the same samples
of soil to a glasshouse after one or two years in the incubator or
cellar resulted in a rapid germination of a variety oI weed seeds,
showing that their failue to appear sooner was due to unfavourable
conditions in the previous circumstances- This inhibiting elfect on
germination is attributed to a lack o{ suficient {luctuation in
iemperature rather thal to any reduction in light intensity, though
wit[ certain species this may also have played a part. Too long
an exposure to lhe constant temperal ure resulted in loss of seeds
by delth. the capacity for survival varying wilh the diflerent
species, Alopecurus agreslis, for example, generally failirg to
survive one year, whereas Alchcmi a araensis aud. Papaoer rhoeas
remained viable after two years.

vfir. E. M- Cnow rBn ero F. CRowTHER- " RafuJalJ aad Cottott
Yields in tke Su.d.a* Gezi,ra." Procedings of the Royal
Society of London, B., 1935, VoI. CXVIII, pp. 34i!-370.

The relationships between seasonal yield and weather fluctua-
tions for cotton grown under irrigation in the Sudan Gezira were
analysed for periods up to 23 years,

fhe anatysis conlirmed the generally recognised bad effects of
high rainfalL about the period oI sowing cotton, but showed that
this effect was not universal. An unsusPected but aPparently
qeneral elfect was discovered. Cotton yields were negatively
&rretated with the amount of early-May and June-rainfall. In
some areas vields were negatively correlated with laie rain{all and
with the tot;l rainfall in the precedirg year. The di{ferences between
areas in their responses to weather coutd be partially interpreted in
terms oI their situations and agricultural histories.

The progressive decline in yield at the oldest trial farm could be
largety accounted for by a signi{icant increase in total rainfall
duini tfre period of cotton cultivation. The total annual rainfall
in th; Suda; Gezira exhibited a signi{icant seven-year periodicity,
which was reflected in cotton yields, dura exports, and recorded
Iamines. It happened that the first trial of irrigated cotton and the
first use o{ the Sennar Dam coincided with minimal rainfalls on this
periodicity. The early promise and raPidly increasing difficulties
inav well have been due in part [o the recurrence of un{avourable
weither conditions and not necessarily to soil deterioration and
Dests.' Uniformly treated record areas could easily be established on a
normal commercial basis in irrigation prolects under central control,
and would provide valuable material Jor research in agricultual
meteorology, and a surer background for determining both experi-
mental and commercial Protrammes.

lx. E. M. Cnowtmn. " Rainfdl. ard Colton Yidds it the Su.da*
Gezira." E,rrlrpire Cotton Growing Review, 1936, Vol.
XIII, pp. lr0-u9.

The conclusious from the preceding paper (No. VIII.) were
summarised, and extended by testing the rate of change of the
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minfall effects with time. In no set of data examhed nas there
evidence that the effect of writ raia{a1l had increased or decreased
sigaifica-ntly over the period of cultivation. It is not, there{or€,
possible to use the striking agreement between actual and fore-
casied yields in some oI the recent years as support for the view that
soil deterioratio-n was being manifested ilr gratter sensitivity to the
harmful rainfall-

x. D. J. W^rsoN. " The ElJect oJ Potassium Chloride ot the
Diwnal Changes of lhe Cafiohydratzs of tha potafo Leaf."
Arnals of Botany, 1936, Vol. L, pp. 59-88.

The effect of application oI potassium chloride on the diurnal
changes o[ carbohydrates in polato leaflets was studied on five
p,lots of the Six-Course Rotation. The changes in composition v/ere
all e,xpressed on the basis of 100 gm. initial dry weight, by using a
method of samplin_g which utilises tbe correlatibn beiweerroppoiite
leaflets, so that the effect oI changes in other constitue;i; was
eliminated-

It was found that the rate of formation and removal o{ starch
was not affected, which conlirms the work of James and Maskell.
The sucrose content was depressed but only during the middle of the
day, and there was no effect on reducing sugars,

Significant diurnal variations of starch, sucrose and reducing
sugars were found. There was evidence of rapid starch hvdrolvsii
with formation of sucrose ar sunset, and of ihe reverse iffeci at
sunrise.

It has been suggested that "residual dry matter," (dry matter-
total carbohydrate) might be used as a constant basis oi reference
for changes of carbohydrate conrent. Signilicanl changes oI residual
dry matter were {ound, however, during the course of the dav, so
that this method of expressing the results r.r'ould have led to
erroneous conclusions.

xr. H. G. Tsoni.rroN and HucH Nrcor. " Reducliol of Noilu,l,c
Numbets and Grwth, frodu.ced by the Addition oi Sodiu*
Nilrulc lo Lacerne in Sand Culture." -Journal o[ Agricul-
tural Science, 1936, Vot. XXVI, pp. f73-188.

A sand culture experiment with inoculated lucerne was made
to test the eflect of increasing doses of sodium nitrate upon tbe
yield and nitrogen content of rops and roots, and upon the;umber
and development of nodules.

There was no correlation between yield or nitrogen content of
the lucerne, and the dose of nitrate.

The number oI nodules, though unaffected by I grn. of sodium
nitrate, was progressive)y decreased by the stronger doses.

The length of nodules was reduced about 30 per cent. by l gm.
of sodium nitrate, and decreased progressively with stronger doles.

Nodules were fourd to shoy/ a definite relationship between their
overall length and the volume oI contained bacterial tissue. Using
this relation, the mean volumes of bacterial tissue per nodule and
per pot Ior each series were calculated. The reduction ellected by
nitrate was far greater when measured in this way, owing to thi
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srnall contribution of bacterial tissue derived from nodules less
than 1.5 mm. in length.

Increasing doses of nitrate also progressively decreased the
nodule nurnbers, and the content of bacterial tissue, per gram of
root. The effect oI nitrate was thus not due to reduced root grornth.

xrr. H. G. THoRNToN and J. E. RuDoRF. " The Abnormql
Structure ltrduced, io Nod.ules on Lwcerne (Medicago
Sativa I.) by the S*flly of Sodiwn Nibola lo the Host
PlazJ." Proceedings of the Royal Society of London, B,
1936, Vol. CXX, pp. 24$-252.

Luceme seedlings carryring very young nodules were trans-
planted into and grown in arr agar medium (l) with no nitrate, and
(2) containing concenlrations of sodium nitrate rantint from 0.05
to 0.2 per cent. The presence of nitrate Breatly reduced the gowth
of the nodules.

The following abnormalities were associated with the supply
of nitrate to the host plart :

(l) The cell-walls o[ the distal cap were very much ihickened,
the cell-wall malerial often projecting into the cells in the form of
concretion-like lumps. These thickened walls and the lumps gave
the same micro-chemical reactions as did the thin ceU-walls of the
normal tissue. The cell-contents were usually reduced and the
nuclei greatly shruaken.

(2) The endodermis thal surrounds the central tissue of the
nodule and also that which ensheathes the vascular strands were
abnorrnally thickened by a deposition throughout the cell-walls of
material giving the suberin reaction.

(3) Tiere was an increased tendency towards necrotic decay of
the central bacterial tissue and, where this did not occur, the cell-
contents were usually much reduced.

(4) In the younter portions o[ the bacterial tissue, the bacteria
occurred principally in the coccus stage o[ their life-cycle, a stage
usually associated with food deficiencl'.

xrrr. H. G. THoRNroN. " Tfu Action of Sod.iwm Nihate ufon
the Infeclion oJ Lucer*e Root-hoirs by Nod.ule Bacteria."
Proceedings of the Royal Society of London, B, 1936,
Vol. CXIX, pp. 47+492.

The actions of living nodule bacteria and of sterile filtrates
containing their secretions were tested upon root-hairs of lucerne
grown in agar medium in the presence and absence oI sodium nitrate
and ammonium sulphate.

Sodium nitrate at initial concentrations of from 0.I to 1.0 per
cent. prevents infection of the root-ha s.

Sodium nitrate at the above concentrations, and ammonium
sulphate at a concentration of 0.1 per cent., check the deformation
oI the root-hairs by the nodule bacteria. This delormation is a
necessary prelude to ilfection and the checkhg of it accounts for
the absence of infection by the nodule bacteria.

Sodium nitrate at a concentration oI 0.1 per cent. also checks
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the deformation of root-hairs by sterile secretions of the nodule
bacteria.

Both the living bacteria and their sterile secretions not only
cause deformed $otfl"th oI the root-hairs but in addition stimulate
an increase in their number and length. Sodium nitrate also checks
this growth-stimulation.

These ellects of nitrate in inhibiting the action of the bacterial
secretions upon root-hairs are mitigated by the addition oI dextrose,
together with the nitrate, to the medium surrounding the roots.
This suggests that the nitrate interferes with the carbohydEte
supply to the piliferous layer of the root.

xrv. L. HAvAs and J. Cemrvrrr. " Somc Exleriments on tlc
EfJects of Arimal Hormarcs on Plzlns." Annals oI
Botany, 1935, Yol. XLIX, pp. 729-748.

Present knowledge on the effect of animal hormones on plants
is examined; and experiments described in which a numb€r oI
glandular extracts s,as administered to plants. On the whole the
elIect was small.

xv. J. Carownrr. " Occurrelct oJ Copler Poiso*ing fu a
Ghsslptse Crop." Arnals of Applied Biology, 1935,
Vol. XXII, pp. 465-468.

Small traces of copper may produce in cucumbers a disease
simulating virus diseases, and care is necessary in commercial
practice to avoid any chance of copper contamiration, e.g. in
sterilising pots.

(6) PraNr PRoDUcrs.

xvr. A. G. Nonuex. " The Hemicell*l.oses. Part I. Alcoholic
Sodi*m Eyhoride as a Prelreelrnettt to Erlraclion."
Biochemical Journal, 1935, Vol. XXIX, pp. 9e952.

As a pretreatment to the preparation or direct determination
of hemicelluloses, an extraction oI the material with I per cent.
NaOH in 50 per cent. alcohol has been advocated as a deligailying
agent. The effect of various concentrations of alcoholic soda has
been studied.

When hot, I p€r cent. NaOH in alcohol concentrations up to 90
per cent. extracts in addition to lignin a considerable amount of
polyuronide material, the amount increasing as the alcohol con-
centration is decreased. When cold, the action is less drastic in
70 per cent. alcohol and higher concentrations, but is still appre-
ciable in 50 per cent. alcohol and lower concentrations. Alcoholic
soda is not a very effective delignifying agent in any of these
concentrations.

The polyuronide hemicelluloses oI different materials yary in
the degree of susceptibility to alcoholic soda. Those of immature
tissues seem to be more easily removed than those of older liglified
materials. No indication has been obtained that the material
removed by alcoholic soda represents a special group or qrlle of
polyrrronide.
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xvrr. A. G. Nonxr,r, and (in part) J. G. SERTKEAIDE. " Thc
Hemicdlt4oses. Pa II. The Associatiol of Hcnti-
cdh.l.osas uith lrgnz." Biochemical Journal, 1935, Yol.
XXIX, pp. 2269-2266.

The removal of pollruronide hemicelluloses from plant materials
by extraction with hot sulphite solution is affected by previous
chlorination to almost the same dEiree as that of ligrin, for which
the process was esp€cially desigaed. Some form of association or
combination between lignin ard this t1'pe of hemicellulose is
probable shce the extraction of the latter depends on a treatment
effecting the solution oI the former. Aqueous extractions lotlowing
chlorination are nearly as effective in the removal of the bemi-
ceUuloses as sulphite treatments, once the linkage has been ruptured.
The possibility arises that both lignin and hemicellulose may be
pres€nt in two forms in plant materials, attached and unattached,
dependent on the relative quantities of each present-

xvrrr. W. T. Asrrunv, R. D. PREsroN, and A. G. NonueN.
" X- Ray Examinatiott of thc EJlecl ol Retovittg Non-
Cellqlosic Consriluents frottt Vegebbk Fr'6ras." Nature,
1935, Vol. CXXXVI, p. 391.

X-ray studies of the progressive removal of the rytan associated
with the cellulosic fibres of manilla hemp support the view that
the incorporation of xylan in cellulose is a {orm of mixed crystal-
lisation. The eIlect of puri{ication of common fibres by removal of
ligrin and encrusting hemicelluloses was also studied. Improved
delinition through sharpening of the crystallite orientation tf,as
observed, without reduction of intensity.

xlx. A. G. NoRMAN. " Tfu ComPosilion oJ Crude Fibre."
Journal of Agricultual Science, 1935, Vol. XXV, pp.
52+54iJ.

The determination oI crude fibre is one of the oldest o{ routine
agricultural analyses and is widely used in checking the composition
of commercial feeds and similar materials. For research purposes
or digestibility studies its use may be misleading because the crude
fibre fraction obtained does not bear anv definite or constant
relationship to the structural constituents oi the material or to the
cmde fibre of any other material. The cellulose is partially attacked,
and the lignin extensively removed in the process o{ its isolation.
Much variation is found in the ligrrin contents oI crude fibre frac-
tions, highly tignified naterials not necessarily yielding a crude
fibre high in lignin.

Since the presence of liglin exercises a direct effect on the
digestibility oI the material, any empirical method of determination
of " fibre " should include all the lignin and to achieve this any
alkaline treatment must be avoided. Acid hydrolysis may b€ a
possible alternative method, if a correction for protein be made in
tle case o{ materials high in nitrogen and ihe liguin content
subsequently determined.
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xx. L. W. SAMUEL. " The Anino-Acid Co*le . of Whcat Flout
Do*gi." Biochemical Joumal, 1935, Vol. XXIX, pp.
2331-2333.

In an ulyeasted flour dough the amino-acid content increased
steadily vrith time.

In a yeasted flour dough the amino-acid content ilcreased
slightly for about aI hour and then decreased to adr almost constalt
value.

The rate of utilisation oI amino-acid by yeast in a solution
similar to the dough liquid indicates that in a yea-sted dough the
protein is decomposed about ttdce as rapidly as in an unyeasted
dough.

x)(I. L. W. SAMUEL AND R. K. ScnorrEro. " The Bindirg of
Clncial Phosphoric Acid. by the Proteins oJ Wkeat Fl,oar-J'
Transactions of the Faraday Society, 1936, Yol. XXXII,
pp.76G769.

Making use of the fact that glacial phosphoric acid is a proteir
precipitant, measurements have been made of the capacity of the
proteins of wheat flour to bhd this acid by shaking them up with
an excess o{ the acid and determhing the amount remaining in
solution by back titration on an aliquot.

Solutions of potassium chloride, hydrochloric acid and tr!
chloroacetic acid are slightly diluted by shaking with wheat starch,
but tJrere is no appreciable change in the concentration of a solution
containing about 8 gm. of glacial phosphoric acid per litre, o\Ming
to the balancing o{ a very small upta-ke of acid by a " binding " ol
some water by the starch. The concentration change caused by
adding flour is therefore due to acid taken up by the protein.

The capacity of thirt],-seven flours to bind glacial phosphoric
acid varied from 6.7 to l0.l milliequivalents per 100 gm. offlour.
The uptake teaded to be greater for the flou$ of higher nitrogen
content, but the acid bound per gram of nitrogen varied from
3.52 to 4.82.

Although electrometric titrations revealed differences in the
proportions o{ the constituent metaphosphoric acids in diflerent
batches of glacial phosphoric acid, determinations ot lhe binding
capacity of a gluten with eight dif{erent sotutions gave a variation
of only 5 per cent. between the highest and lowest values,

The uptake per gram of a gluten varied only slightly with the
concentration of the acid between 0.02 and I.0 normal, and was
independent of the amourt of gluten added, provided not more
than a quarter of the acid was removed from the solution. In
confirmation of a theory oI the molecular structue oI the meta-
phosphoric acids, put forward in an earlier paper (No. Lxr, Report
Ior 1934), it has been found that protein removes certain meta-
phosphate ions lrom solution in prelerence to others. It has further
been found that different proteins are selective to different degrees
showhg ttrat their basic troups can be differentiated as regards
their action on gla.cial phosphoric acid.

Reasons are given Ior thinking that the uptale of trichloroacetic
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acid by gluten from a 0.5N solution is a mezLsure of its hyddon
binding capacity; if so, the additional titratable acid bound
(roughly 30 per cent.) when glacial phosphoric acid is used, must
be in the form of hydrions associated with polybasic anions.

The lowest 1H at which the materials could be washed free of
anions (the isoelectric point) was found by Loeb's ferrocyanide
method to be: the gluten, ,H 6.1 ; the gliadin, pH 6.85; the
glutenin, ,H 5.5', ard one of the flours, pH 5.95. The rH values
were in each case close to those of the materials as procured, and a
correction of a few per cent. only had to be applied to the acid
uptake to obtain the acid binding capacity.

(c) AcrroN on M-r.NunBS

xxr. E. M. Cnowrxrn (with D. N. MCARTHUR). " Re?M on
Swed.e Expetime*ts in 1934." Appendix II. to Thirteenth
fnterim Report of Permarent Committee on Basic Slag,
Ministry of Agriculture and Fisheries, 1935.

A series of eight 6 x 6 Latin square lield experiments on swedes
in Scotland was carried out [o compare two medium-soluble slags
against low- and high-soluble slags and mineral phosphate. At tlyo
centres the crops without phosphate Iailed cornpletely. On the
average of the six experiments with highly significant responses
low-soluble slag doubled and high-soluble slag trebled the yield.
The medium-soluble slags gave intermediate results, but the differ-
ence between them was greater than would be expected from their
citric acid solubilities.

xx[r. E. M. Cnowrnrn and R. G. WARREN. " Re?ott on FieA
Er|erinLenls in Engl,and, and, Pot Cdtwe Worh atd
Laboralory Work at Rothamsted." Appendix I to Thirteenth
Interim Report of Permanent Committee on Basic Slag,
NIinistry of Agriculture and Fisheries, 1935.

A series of pot culture ex:p€riments on eleven basic slags, including
two new medium-soluble slags, showed that the yield of perennial
rye-grass and its phosphoric acid uptake Iollowed very closely the
amount of citric soluble-phosphoric acid supplied in both single and
double dressings of all of the slags. Mineralogical analyses on the
ground slags showed that two medium-soluble slags had diflerent
assemblages of crystals. One contained the two silicophosphates
commonly fourd in high-soluble slags, and the other contained a
new form of silicophosphate. The medium-soluble and the low-
soluble slags contained apatite, olten intergrown with a ca.lcium
silicate.

xxlv. E. M. Cnowrrrn. " Tha Marurittg of Sugar Bect."
British Sugar Beet Review, 1935, Yol. IX, pp. 7l-73 and
105-6.

The results of over 100 manurhg experiments on sugar b€ret
during 1928 to 1934 are reviewed and compared with those {or
similar experiments on potatoes. The sugar beet gave significant
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req)onses to nitrogen in half the experiments, to phosphoric acid in
one-tenth and to potash in one-fifth. Potatoes were much moie
responsive, significant effects being obtained in about Iive-sixths
oI the experiments with nitrogen and in one-half of those with
phosphoric acid and potash.

STATISTICAL METHODS AND RESIJLTS
(Department of Statistics)

(a) TEcHNreuE

xxv. F. Yerrs. " Incomilelr Lalin Sqtares." Journal of
Agricultural Science, 1936, Vol. XXVI, pp. 301-315.

A description is given of the statistical procedure approPriate
for the ana\zsis of a Latin square having missing the whole oI one
row, one column or one treatment, or one row and one colum.n, or
either and a treatment, These are the only t,?es of incomplete
Latin squares (except those which can be dealt with by the missirg
plot technique), of which a neat statistical anallsis is possible.

It is shown that incomplete Latin squares of these t]?es $ve
unbiased estimates of error and are therefore valid experimental
arrangements. They are consequently likely to be of use when the
€xp€rimental material is such as to preclude the use o{ a complete
Latin square owing to the fact that numbers in one or both of the
natural groups is one less than the number of treatments to be
tested.

xxvl. F. YATES. " A Neu Melhod. of Aratging Variety Trials
i*oolaing a Large Number oJ Yaieties." Journat of Agri-
cultural Science, 1936, Vol. XXVI, pp. 424.455.

A new method of arranging variety trials involving a large
number oI varieties is described. This type oI arrangement, for
which the name " pseudo-factorial " arrangement is ProPosed,
enables the block size to be kept small without the use of controls.

Various possible types oI pseudo-factorial arrangement are
discussed in detail and the necessary formulae developed. The
appropriate methods of computation are illustrated by numerical
examples based on the results of a uniformity trial on orange trees.
It is shown that pseudo-factorial arrangements are likely to be
more efrcient than arrangements involving the use of controls.
In cases where there is considerable soil heterogeneity they are also
markedly more emcient than randomised blocks containing all the
varieties. In the chosen example gains in efficiency ranging {rom
26 to 57 per cent. were obtained,

xxvrr. F. Yerrs and I. ZecopaNav, " The Estimatiott oJ tk
Efrciency ol Samfl.ing, uith SPecial ReJeretre lo Semllittg
Jor Yield in Cereatr Erperimerrrs." Journal of Agricultural
Science, 1935, Vol. XXV, W- s.577-

The estimation of the yields of the individual plots of replicated
errperiments on cereals by sampling methods has been practised
since the year 1929 at Rothamsted and its associated outside centres.
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The present paper contains an investigation o{ the actual efrciency
of the sampling processes adopted in the Rothamsted experiments,
as reveald by the sampling and experimental errors. Qrportunity
is taken to review the theory of sampling errors and their estima-
tion. It is shown that with a given relation betwe€n experimental
and sampling variation and betrf,een the work involved in sampling
and in the rest of the experiment there is an optimal percentage of
sampling. It is also shown that in many cases there is little to be
gained by pushing the sampling beyond certain fairly welldefined
limits, even when the work involved in sampling is small.

This discussion is oI importance not only in considering the
application ot sampling to the estimation of yield, but also in all
samplilg processes performed on replicated experiments. The
estimation of plot yields by sampling is an application of only minor
importance, since it is always possible, and often simpler, to harvest
the whole of each plot; but in many other cases sampling is a
vital necessity, and results can be obtained by its aid which could
otherwise only be obtained with excessive labour, or not at all.
The determination oI the necessary amount of sampling in such
cases, and the balance between the sampliag and the size of the
experiment, is a problem which continuously confronts the experi-
menter. In particular, the individual observation of every plant,
of every tree, or of every animal in an experiment, may often prove
to be unnecessary when consideration is given to the amount of
information obtained.

The paper also contains suggestions for certain modifications of
the present sampling procedure lor cereal crops. The most important
of these (already employed by some workers) is the use o{ sampling
to determine the proportion of grain to total produce on each plot,
the vield of total produce being determined by full harvesting.
It is shown that this method is capable oI greatly reducing the
samplirrg errors with considerably imaller samples than are at
present taken, and it seems likely that the method will prove a
useful alternative to the present method. The details of ar efficient
fietd technique remain to be worked out and tested in practice
before it is possible to make a definite assessment o{ the ielative
advantages of the two methods-

(r) ExAMrNArroN oF R.ESULrs.

xxvrrr. W. G. Cocnnex and D. J. WArsoN. " An Ex,erirrwr.t
on Obsenters' Bias bt lfu Selecliott of Shool-Heigl s-"
Empire Journal of Experimental Agriculture, 1936, Vol. IV,
pp.69-76.

In this experiment twelve observers were asked to select by eye
and measure the heights of two shoots from a quarter-metre of each
oI rows of wheat, so as to give what they considered a representa-
tive sample of the distribution of shoot heights. None of the
observers' samples was {ound to be representative of the population
sampled, and their estimates of the mean shoot height were all
positively biased. This supports the evidence from other investiga.-
tions that the only sure method oI avoiding bias is for the sampling
to be random.
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The sampling process actually used in the Wleat Sampling
Observations--selection of the two shoots nearest the ends of the
quarter-metre-app€ared to be satis{actory.

xxlx. W. G. Cocnn-rx. " The Stotistdcal Anal,ysis oJ Field.
Counts of Diseased. Plants." Supplerrent to ihe Jo-urnal of
the Royal Statistical Society, 1936, Vol. III, pp. 49-6?.

The statistical analysis of the data obtained by examining every
plant in a field or green-house for disease at certain intervals is
discussed. Tests of significance are given, with numerical examples,
to detect (l) whether diseased plants tend to congregate in pa.tches
scattered over the area or in groups along or across the rows; (2)
whether the distribution of plants recently inlected is related to
that of plants previously infected ; (3) whether neighbour infection
is present.

xxx. W. G. Co*rnrx. " A Nole o* the Influerce of Rainfaltr
on the Yield, of Cereal,s in Relation io Maflirial Treat rE tl-"
Journal of Agricultural Science, 1935, Vol. XXV, pp.
51G522.

The study of the elfect of rainfall on the yields of wheat from
the continuous experiments on Broadbalk, Rothamsted, gave clear
evidence of a close relation between the linear response in yield to
rainlall and the manurial treatment oI the soil. In later investiga-
tions of a similar nature on barlev at Rothamsted and on wheat
and barley at Woburn, the linear eflect of rainfall on yield was not
si8ldficant. This note shows that the relation between seasonal
variations in yield and manurial treatment is just as clear at Wobum
as on Broadbalk, the difference between the two centres being that
similar studies on minfall effects have had more definite and
successful results on Broadbalk. At Woburn, indeed, Iittle progress
has been made towarals elucidating the particular weather factors
whose quantitative influence is important.

Ror both barley at Woburn and wheat at Rothamsted, which
were the cases examined in detail, the grouping of yiekls according
to manurial treatment remained after eliminating the effect of the
significant weather factors which were found. This shows that at
both centres there are irfluences, other than railfall elfects of the
type examined, whose effect on the seasonal variations in vield is
closely associated with marurial treatment.

Some discussion is given of the appropriate test of signilicance of
the di{ference between two rainfall cuwes and of a some,ryhat
analogous case which arises in the interpretation of the results of a
series of replicated experiments at different centres.

xxxr. M. M. BARNARD. " Att Examinatiott ol thc Satnllittg
Obsentalions ol Wheal of tha Cror-Weather Sc6me."
Journal of Agricultural Science, 1936, Vol. XXVI, pp. 1156-
487.

Sampling observ-ations are now being taken at ten British
agricultural stations on each of two standard varieties of wheat.
These observations {orm part of the Cropweather scheme spon-
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sored by the Ministry of Agriculture aud Fisheries and the Meteoro'
logical Ofrce, and their functioa is to provide information on the
influence of meteorological conditions on all stages of tle wheat
crop's growth from germination to harvest. They also supply
information on the coonections existing between the different stages
of the crop's growth.

The present paper describes a. preliminary investigation of the
results of the first three years, 1933, 1934 and 1935. The followirg
points have been investigated: (a) the length oI the interval Irom
the time when the crop is sorivn until it appears above ground;
(D) the date at which the crop has twice as many tillers as plants
and the rate at which this tillering occurs; (c) the maximum
number of shoots {ormed per unit length o{ ddll row; (d) the
maximum rate oI increase of shoot height ; (a) the yield of grain per
acre.

Associations ha!'e been found to exist b€tween each one of these
quantities, ard either specific meteorological factors, or earlier
measurements oI the crop's progress. In some cases both tlpes of
association occur. In the case of the yield of gain, no association
with meteorological factors has manifested itself. It would appear,
therefore, that such relations are likely to be complex and must
await further data for their elucidation.

During the last three 1'ears a close connection was found to
exist between the yield and the shoot height at ear emergence,
greater yields being associated with talter crops. It is probable,
therefore, that measurements of the crop's growth, possiblf in
conjunction with meteorological measurements, will give more
reliable predictions of the yield than those obtained from the latter
alone. The practical application of this aspect of the results is
discussed in Paper No. XXXII below.

xxxu. F. YATES. " Crop Estimation end Folecastirtg :
I,ndicatiotts on the Samfli*g Obsentations on Wleol-"
Joumal of the Ministry of Agriculture, f936, Vol. XLIII,
pp. l5Gl62.

The estimation ol the yields of agricultural crops, and the
forecasting of such yields before harvest, are problems oI considerable
importance in agriculture, especially since the introduction of a
measure of control in agricultural production and marketing. The
present paper discusses the forecasting of the yield of ttre com-
mercial wheat crop about six weeks before harvest by means of
simple measurements on the growing crop.

That this is a possibility is indicated by the results of the Iirst
three years oI the sampling observations on wheat, which were
taken at ten stations under the Agricultural Meteorological Scheme.
These revealed a very close connection between shoot height at ear
emergence and final yield oI grain. There was also a slight negative
correlation with plant number.

The problem of estimating the yields oI conrnercial crops at
harvest by sampling tLe standing crops is also discussed. Some trial
sampling of this t,'pe was urdertaken by the observers of the
Agdcultual Meteorological Scheme,
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THE SOIL

(Departments of Chemistry and physics.)

(c) Sorr Cressrrrcerrox.

xxxrr. E. M. CRowrHER. " Sorna lrductioe Methods in ped_
ology." Transactions of the Third International Consress
of Soil Science, 1935, Vol. I, pp. 33$843.

Thre€ supplementary methods of collecting and analvsins soil
data are proposed with the object of placing so-il classification"on a
f irmer inductive basis.

The collection o{ local soil names would reveal manv natural
units which must be accorrunodated in anv general soil clasiification
a:rd might also show the dominant pedogenic factors. Thus ir
Great Britain the traditional names emphaiise the parent material
or the recent geological history, whilst there is a conspicuous absence
of na.mes for soils now recognised as belonging to the maior world
Sroups.

The genetic interpretation of typical soils might be expressed
in terms of a logarithmic time scale analogous to the dH scale
(i.e. negative logarithms to the bas€ 10 of [ime ia vears]. Em-
pirical methods of classification and mappirg for advisory'purposes
tend to emphasise local di{ferences and oUscure the comrioir factors
which become important when the soils are to be linled uD $,ith
those of other regions. In parrially surveyed countries theie is a
danger that valuable observations mly be missed by non-specialists
working from crude statements oI too restricted geaetic th-eories.

.{n analysis of the distribution of t"he soils-of the EuroDean
U.S.S.R. in relation to rainfa.ll and temperature brought oui the
major characteristics of the Russian soifzones and sh6wed which
ones were sufficiently widely and regularly spread to be regarded
as in substantial equilibrium with climatic factors, and which were
not.

(D) PHysrc^L PnopBnrrEs.

xxxv- R. K. ScuoFrcro. " The lF ol thc Walcr it Soil.,,
Transactions of the Third lntemational Congress of Soil
Science, 1935, Vol. II, pp. 37-48.

A treatment of soil moistwe relationshiDs based on energv
considerations has the advantage that the results obtained are trir'e
regardless of the mechanisms at work.

Buckingham's assumption that there is an equilibrium suction
for each moisture content does not provide a satislactory practical
basis.

The suction needed to withdraw water from a moist soil is, irr
general, greater tharr that against which water will enter the soil
at the same moisture content-

In order to deal conveniently with the whole range of suction,
use is made of the lotarithm of the height in centimetres of the
equi!'alent .water (or other liquid) column. The symbol y'F is
used for this quantity.
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The determination of 1F by direct suction, freezing Point,
vapour pressure, vertical columns, centriluge and absorbent materials
is considered.

It is shown that by carefully distinguishing wetthg from drying
conditions the results ol investigations on plant wiiting and field
moisture capacity receive a rational interpretation.

It is suggested that in ordinary soils the difference b€tween the
behaviour on wetting and drying is due more to micro-plastic
resistance to swelling and shrinking, than to surface-tension effects.

Further lines of enquiry are indicated.

xxxv. R. K. Sorormlo and J. V. BorELHo DA CosrA. " Ifu
Delarminatior. ol thc PF al Permane Wihhg atd at the
Moislwe Equfualent by the Fruzitg PoiN Mdhod."
Transactions oJ the Third International Congress oI Soil
Science, 1935, Vol. I, pp. Gl0.

Attention is drawn to two defects in the technique of Bouyoucos
and McCool for determining the freezing point of moist soil which
lead to serious errors.

Results obtained, when due regard is paid to these Points,
agree well with the b€st deterruinations by vapour Pressure and
seed adsorption, and give the " wetness " of soil at Permanent
s,ilting as approximately ,F 4.2.

Delerminations of the freezing point at the moisture equivalent
give values between 2F 2.5 and y'F 3.0. A truly constant figure for
all soils is not to be expected.

xxxvr. E. W. Rus SELL. " Tha Adsorpliott of Liry ls by Clays."
Transaction of the Third International Congress of Soil
Science, 1935, Vol. I, pp. 4&50.

Al analysis is made of the factors on nhich the apparent specific
volume (or density) of a clay in dif{erent liquids depends.

The results of this analysis are in accord with the hypothesis
that clays adsorb non-potar liquids only weakly, if at all; but that
the adsorption of polar Iiquids is due to the orientation oI the electric
dipoles in their molecules in the electrostatic fields around the
exchangeable ions held by the clay and arourd the negative charges
on the clay substrate.

xxxvll E. W. Russrrr. " Thz Bittdittg Forces behueen Clajt
Padicles itt a Soil Crumb." Transactions of the Third
International Congress of Soil Science, l9il5,Vol.I, pp.26-29.

The hypothesis is put forward that clay particles are held
together in a crumb by orientated molecules oI a polar liquid, which
was the dispersion medium in the paste from which the crumb was
formed. These polar molecules lie between the negative charges on
the clay surface and the exchangeable cations that have dissociated
from the clay, and they are strongly orientated in the electrostatic
field between these charges. The binding link postulated between
two clay particles consists of three units: orientated molecules,
an exchangeable cation, orientated molecules, and it binds a negative
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charge on the swface of one clay particle to a negative charge on the
surface of a second. This ht'pothesis accounts satisfactorily for the
main experimental Iacts conceming the hardness of crumbs and the
conditions under which they are found.

(c) Puvsrcer Cnrursrny.
xxxvrrt. G. Nacrrscnurnr. " On tha Lal.tice Shrinhage aul

Structure of Montmoilll,nila." Z,eitschrift ffrr Kristalle
graphie, A, 1936, Vol. XCIII, pp.481-487.

A detailed investigation rvas made of the lattice shrinkage upon
dehydration and the structure of montmorillonite, described by
Hofmann, Endell and Wilrn. The d(oor) spacing shows a pro'-
portional increase from 10.5 A to nearly iS A during the uptake
o{ the first Iour molecules of water per Al.Sir(OH).01, and a slight
increase of 0.6 A during the uptake of the-next ieri molecules of
water. -q.t still higher moisture contents this spacing rises to nearly
I9 A.

These results can be explained by assuming that the first {our
molecules of water per unit cell enter between the layers of the
structure and thus change their distance, whereas the bulk of the
next ten molecules of water remains at the surfaces of the crystals.

When water is replaced by methylene iodide or by methyl
iodide there is no indication that the liquidtakes up definite Positions
within the lattice.

Some difficulties of explaining these results quantitatively by
the detailed structure of montmorillonite are pointed out.

xxxrx. E- M. CRowrnrn and S.G.HeIlrzE, (with D.J. HIssrNr,
Cnarnuel. ) " Report of the Soil Reaction Corflrniqee on tho
Imtestigaliott of the Glass Electtode Melhad." Transactions
of the Third Intemational Congress of Soil Science, 1935,
Vol. I, pp. 128-132.

The gla-ss electrode method was tested on 2l soils at six lab-
oratories and lxoved satisfactory.

The agreement between the (uinhydrone and the glass,electrode
methods is satisfactory for soils without quinhydrone dri{t, i.e.,
for soils which give cloiely similar potentials aAout l0- seconds and
60 seconds after adding the quinhydrone. For soils with quin-
hydrone drift the glass electrode results are similar to those measured
by quinhy<lrone after about l0 seconds. Such rapid measurements
by quinhydrone are not reproducible and for soils with large quin-
Uydione drifts the 1H values should be measured by the glass
electrode.

In order to decide whether the quinhydrone method is appro-
Driate. determinations should always be made rapidly (preferably
within I0 seconds) and again alter 60 seconds, and the latter readings
used when the drift is small.

xL. S. G. HEINTZE. " Soil Oxiilalioa-Rdwlion Potentials atd
PH Valaes." Soil Research, 1035, Yol. IV, Pp.35I-355.

The oxidation-reduction Potentials (EH) of the rnajority of a
H
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larse number o{ witlely differirg soils, measured by four independent

woikers. tend to folloi the ,H values of the soils' I he relatrons p

i.".ii"if:iiii tf,J between'platinum eleck.'de potentials ard y'H

values in bu{fer solutions. It is suggested that the tstl values ror

most soil-water suspensions are essentially -rough. ,tl-measurq-
ments made by a pLtinum-platinum oxide €lectrode' EH values

-".i'U" *J tda.t6ct acutelf reducing conditions in soils but other-

wisL aopear to have little value. A proPosal to use EtI measure-

ments'on acid-treated soils {or diagnostic PurPoses w.as cntlclsed

on the grounds that they include several independent 
'actors*li"t 

"o"Oa 
be separated ind measured accurately'

xLI. R. K. Scnorrero' " The lrteriewllation ol tlu DilJuse
Do*ble Lav s Swroutding Soil Parlicles"' 'lransactlons

of the Thi;d International Congress of Soil Science, l9&5,
Vol. I, pp. 30-3i1.

Eviclence is set out to show that the simple equation, xr:y
tv+-z).lor the Donnan membrane equitibrium is not aPplicable. to
r]i,iti.'t""a*e the diffuse double layers surroundrng nerghbounng

particles only interPenetrate to a limited extent'

Freezhg point measurements of moist Li', Na',K', Jttg'.,9""
."a ."ia-*i"irA soils demonstrate that the interpenetration is less

the wetter the soil.

The atlditional freezirg point depression 4ue to ionic dissociation
is broadlv soeal<ing, a mezLsure of the repulsive pressure caused by
ii:e intenieni:tratioi ot the ditfuse double layers which is liable to
destroy the structure of alkali soils'

(d) Orcexlc Cmulsrnv

XLII. E. M. CRowlHER. " Fbst atd Seco Repork of- the-

Orsanic Carbon Conmitlec." Transactions of the Third
Iniernational Congress of Soil Science, t935' Vol. I, pp'
llrH27, Vol. III, PP. 82-83.

The reDorts summarise co-operative work conducted for the

Internatioial Society o{ Soil Siience and organised from Roth-
amsted.

Nine soils were analysed for organic carbon by several methods

at eleven laboratories. The dry combustion results by a number of

-.inoa. e""" such concordant results that the choice between

ilete."tioa. i. probably to be made on the Srounds of laboratory

"onveni"r,ce. 
Thi rernorial of carbonates by repeated treatment

*ih aolrhrto,r. ".id 
solution gave resu.lts agreeing with those Irom

""o"trte' detetminations of total and inorganic carbon. fn wet

"oirb*tion. 
tbe recoveries of carbon varied with the details of the

i".fr"io"". A number of rapid chromic acid or dichromate titration

-utho& e""" usefirl apiroximate results when corrected by

"pprop.i"ti 
factors. Clrloiide in two of the soils interlered seriously

with many of the anatyses.
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xLItI. ALAN Werrr.ry. " An Exafihtalion of Mdlnd.s lor

Determining Orga*ic Cafion and Nit/ogcn itt Soils."
Journal o{ Agricultural Science, 1935, Vol. XXV, pp.
59&609.

The details of the Dennstedt dryrombustion method Jor
determining carbon in soils were described, and soue simplifications
suggested.

The Bargor modified Kieldahl method Ior carbon and nitrogen
in soils requires cdefully standardised heating. Error may arise
from contamination of sandy soils by material abraded during
grinding in iron or porcelain mills.

For many heary soils the addition of water before the Kjeldahl
digestion is convenient but not essential. For healy alkaline soils
with little organic matter it is advisable to gdnd the soil very Iinely
and to add water.

The rapid dichromate titration method of Walkley and Black
for soil carbon gave satisfactory approximate results. The details
oI the technique were improved and methods were devised for
overcoming disturbances due to chlorides- The method should be
uselul in advisory and survey work in which the errors of soil
sampling in the field are inevitably high.

MICROBIOLOGY
(Departments o{ Bacteriology, Chemistry, Fermentation and

General Microbiology)

(a) Becrrnre

xr-rv. C. B. TAyLoR. " Shnrt-period Flucttatio*s in the Nrmbcrs
of Bacterial Cells in Soil." Proceedings of the Royal
Society of London, B, 1936, Vol. CXIX, pp. 26S.295.

Significant changes in total bacterial numbers, as counted
microscopically by the ratio method, have been shown to take
place lrom day to day, in (a) soil freshly taken from the field;
(D) soil incubated at constant temperature and moisture conditions ;
(c) sterilized and re-inoculated soil incubated at constant tempera-
ture and moisture conditions.

Using mannite-salts and soil extract media with the plate
count method, significant day-today changes in bacterial numbers
have been recorded in fresh soil.

Signiiicant changes in bacterial numbers at two-hourly intervals
have been obtained in fresh soit by both total and plate count
methods.

In fresh soil, fluctuations in bacterial numbers have been
correlated with moisture on one occasion only, Ehen intermittent
rahfall may have bcen a limiting factor. In the experiment here
described fluctuations were at all times independent of soil tempera-
ture changes.

By incubating soil under constant conditions of temperature
and moisture it has been shown that the bacterial population may
change in spite of those conditions being kept uniform.

There is evidence that fluctuations in total numbers are made

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-1-67 pp 20

lt6

up of a series of fluctuations occruring independentlv in different
groups oI bacteria.

xl-v. H. G. THonr,rroN and C. B. T^yLoR. " Shott-letiod
Fluctuatiotts ht Bacterial Nnnbers in Soll." Transactions
of the Thtd International Congress of SoiI Science, 1935,
Vol. I, pp. l7Ll79.

Methods used Ior the estimation of bacterial mrmbers in soil
fall into two Broups, ptating methods and microscope counts of
bacterial cells in a IiIm of soil suspension. The accuracy oI both
types of method is discussed. The latter alone can give an absolute
flgUre and has attained a satisfactory degree of acauracy lr,ith the
development oI the " ratio method," which is described. The
rrethod is based on obtaining the ratio between cormts in a soil
fiLn of bacteriat cells and of indigo particles, a known number of
which have been added to a known mass of the soil.

Both plate and ratio methods show that the bacterial population
of soil fluctuates at short intervals durins the dav ind nieht.
These fluctuations are commonly hdependint of ctianses in til
moisture or temperature and atso take ptace when soil"is kept in
an incubator. Their cause is as yet undetermined.

xlvr. H. G. TEoRNroN. " The Symbiotic Relalionshib bchoeett
SoiJ Brcteia aid Hiehel Flanx, as ezcmblifik by te
Legrmiwsae." Transactions of the Third 'Iriternat"ional
Congress of Soil Science, lgBE, Vol. II, pp. 8l-94.

The normally beneficial relationship betwe€n the nodule bacteria
and their host plant can be disturbed by changes in the phvsiologv
of the latter, especially where these lead to a nirrowing of the raiio
oI available carbohydrate to nitrogen in the tissues. firere narow-
ing is due directty to a shortage of carbohvdrate. the bacteria tend
to become activelv parasitic and to desirov the nodule tissues_
Where the ratio is narrowed by excess of inorianic nitrosen uDtate
host resistance both to infection of the root-f,airs and t6 groi"th oi
the nodule sets in.

Different examples of host resislance are aDDarentlv sDecific
to the variety of nodule organism. These includi a resistairce to
infection by no<lule bacteria derived from most other leeume
species. There are also experiments which suggest that notules
produced by one strain may confer an acquiredimmunitv against
infection by cerrain other srrains normally-capabte of infitiig the
plant in question.

- This problem is of special importance owing to the discoven.
th-at some strains produce nodules that do noi benefit the hosi
plant, owing to causes as yet unexplained.

(D) Aruorner
xl,vlr. D. Wam Curlen and L. M. Cnuup. ,. Thc Etfect o.

Bactoial Products otr Armebic Gtooth.', Iou.ii.i "iExperimental Biology, t985, Vot. XII, pp. s.iSt.
The two common soil amoebae Hadmaaella hyalha arfi,
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Nacglaria gruberi were grown in pure cultue u.ith the addition of
filtrates from bacterial cultures, and also with the filtrate derived
from a suspension of crushed bacterial cells. Filtrates prepared
from youag cultures of two bacteria, both of *'hich could be used
as food by the amoebae, were \rithout effect on H. hyalina; a
filtrate prepared from the crushed cells ol B. mycoides inhibited
reproduction in N. gr*bni, and also hastened the onset of cyst
Iormation-

(c) BtoloctcAl ACTIVITTES

xrurr. C. N. Acnenve. " Stud.ies ol thc Aaaerobic Decom-

?ositiol ol Planl M al.erials. IY. Th4 Decompositioa of
Plott! Substaues of V aryitg Comfosition." Biochemical
Joumal, 1935, Yol. XXIX, pp. 1459-1467.

In the anaerobic decomposition of oat, wheat, rice and barley
straws, bracken leaves, young grass mowings and rape seed cake,
it was found that in all cases the chief decomposition products wete
acetic and butl'ric acid, CH. and COr. The materials richer il
nitrogen yielded more butyric acid and CHn. Addition of nitrogen
had only a slight stimulating effect on the decomposition of materials
ol low nitrogen content (e.g., straw). Hemicellulose and to a less
extent cellulose was decomposed, whilst lignin appeared to remain
unchanged. Lipin has a marked inhibiting effect on the decom-
position oI protein and other constituents.

xux. S. H. Jrxxnrs. " The Biological Oxidation oJ Carbo-
hydrales. V . The Deconlosition oJ Cell*lose in llu Activakd
Sludge Ptocess and ir Percolaling Firlrrs." Biochemical
Joumal, 1936, Vol. XXX, pp. 497'505.

Cellulose is one of the constituents of serrage and trade efluents
which decomposes readily under anaerobic conditions with the
formation of methane. As little is known about its rate of decom-
position in the aerobic processes used {or purifying sen'age, suspen-
sions of pulp cellulose were addetl to an activated sludge and the
rate oI decomposition under different conditions fouad when air
was blown through the mixture. In another experiment the cellulose
was passed through biological Iilters.. Contrary to expectations,
as much cellulose disappeared in the activated sludge process whea
the C/N ratio in the mixtures supplied was 80,/l as when it was 8/1.
But in the Iiltration experiments l0 per cent. more cellulose was
oxidised with the lower ratios. The results showed that the amou[t
of N used by micro-organisms decomposirg cellulose may vary
within wide limits depending upon the amourt of N suPplied. Thus,
by providing plenty of N in the filtration experiments, for every
100 parts oI C decomposed 4.3 of N were used; with a small
supply, 100 of C used I oi N ; while Hutchinson and Richards found
thai for straw to decompose properly the initial requirement of
100 parts of C was 2.5 of N.
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L. N. W. BARRrrr. " Thc TreatmeN and Disposal of Milh

Factoly Efr4.ents. I. By Means oJ Percolatitg Filters and
Seplic Tanks." Journal oI the Society of Chemical
Industry, 1936, Vol LV, pp. 48T-54T.

_ Milk factory effiuents equivalent in strength to I per cent. of
ftesh milk contain the organic and inorganic substances required for
bacterial growth and in this respect are suitable for trea[ment by
biological oxidation in percolating filters. llechanical sepaxation of
the fat, however, with its accumulation in the filter, inhibits its
own oxidation and causes clogging of the {ilter, resulting in a Iow
rate of purification. This elfect appears to be associated with an
abnormal growth of fungi.

Preliminary treatment in a septic taak brings about separation
of fat, and thus avoids this diffiiult5 in subse{uent treatinent on
a percolating filter. A ra.pid lactic acid fermentation also occurs,
the effect oI which depencls on the bufler capacitv of the salts in
solution. With distilled water containing I per cent. oI milk the
reaction oI, the liquid falls below 1H 4.6 (the isoelectric point of
casein) and causes precipitation of casein and inhibition-of pro-
teolysis. When hard tap water is used the ,H of the liquid may-notfill below 5.5; the casein then remains in solution and undeigoes
aligestion by proteolysis. Such a liquid is quite suitable lor treatment
on a percolating filter at a rate of 100 gallons per cubic yard per day
and leaves behind a tank sludge of low nitrogen content.

The use of alkali in the wash waters also falours proteolysis
in the storage tank, but rhe addition of waste waters iontaining
sugar will result in abnormally hith acidities and may cause
precipitation of casein even in'soluiions of high buffer cipacity.
Such tank efluents, especially if of high biochemical oxygen demanil,
have wide C/N ratio and would not be particutarly iuitable for
treatment on a percolating filter without addition of available
nitrogen and probably also of phosphates.

u. .{.. G. Nonuex. " The Decornlositio* of Ligttit in Pla*t
Matqials." Transactions of the Third Intemational
Congress of Soil Science, Oxford, 1935, Vol. III, pp.
l05.l08.

Knowledge of the defects in the determination of lignin have
Frmitted conclusions as to the availability of lignin to be placed on
a surer basis. The determiaation of lignin is affected by the presence
of pentose units and proteins unless special precautions be ta.ken.
Determinations made on decomposing materials are apt to be
misleading because pentose-contai;ing constituents are prolressively
rcmoved and microbial protein concurrently symthesised. When
these disturbing factors are taken into account it may be shown
tlnt lignin under aerobic conditions is slowly but steadily fermented.
Over 4O per cent. and probablv more than 50 per cent. of the tignin
of oat straw was removed in twelve months.
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LIr. H. L. Rlcuenosott. " Tke Ninoger Cyck in -Grcssland
Soirs-" Transactions of the Third Internattonal Longress

oI Soil Science, 1935, Vo1. l, pp.2L9-221'

In normal qrasslard soils the equilibrium levels of ammonia

and nitrogen ar6low, the level of ammonia being consistentl) above

that o{ n'itrate. These equilibrium values show no clear seasonat

;i;s* ;;;i{""1";i longiontinued mamrial treatments' They are

ranid'iv re,stored a{ter th"e addition of nitrogenous fertitisers' Added
rJ-o'rrir nitrosen aDDears to b€ absorbed by lhe herbage no- less

raoidlv thal niirate nitrogen. Incubation experiments on sorl Irom
ttri: pirk Grass plots sh6wed that the amount o[ mineralrsabte

nitrosen rore to a'maximum in early spring and fell to a minimum
in laie summer, unless the sulTuner were unusually drv'

THE PLANT IN DISEASE: CONTROL OF DISEASE

(Departments of Entomology, Insecticides and Fungicides' and

Plant Pathology)
(a) INsEcrs AND TEIR CoNrRoL

rrrr, C. B. WILLIAMS and P. S. Mrrxe. " A Mechanical-Inseol
--' ir;i.'' U r.r^ of Entomological Research, 1935' Vol'

XXVI, PP. 54il-551.

The trap consists of two nets in the mouth of which are-electric

t""r *frl"n Lfo* t 
"urrent 

oI air and the insects therein into the nets'

ihe arm bea.ing the two nets revolves slowly and the level can be

altered.
Lrv. C. B. WILLIAMS and F. J. KILLINGToN' " Hemerobiid'a'e-

and Chrysopidae (New.\ in a Light Trap al Rothcmsted

Exoarinkntii Staliott." Ttatsactions of the Society for
Bri'tist, Entomology, 1935, Vol tI, pp. l4el50'

A list oI the species of two familiesol Neuropteracaptured in the
lisht traD tosethir \Mith an analysis o{ their sexes' I imes of appear-

a-ice during itre year and times ot ftight during the niSht'

rv. C. B. Wtrrreus, " Thc T imrs of Aclitily,of C-e ait
N octurna.l f*secl,s, chiefly Lepidofleru, 4s Ntutcakd'. ay a
Light Traf." Transaciions of the Royal EltlgTgloCrcal
Soiiety of-London, 1935, Vol LXXXIII, pp. 523-555'

The paper contains a description of the light trap with its bottle-
chaneini mechanism which enables Ihe insects to be sorted accordmg
to thi ti"me of night tl'.at they enter the traP. Tabulations are.given^

showing the time ot flight at night of about eighty species ot
I-eoido-ptera. as welt as some species of other orders and also certain
{amiliei and orders, The results obtained in two years a're shown to
be very similar.

Lvr. C. B. Wrrruus. " F*rther Eviderce Jor tlt Mi{atim oJ

BratterJties." Bulletin de la Soci6t6 Royale Entomologique
d'Egypte, 1935, PP. 250-26r.

A collerction of a.bout thirty records of alirectional movements of
butterflies in various parts,oI the world published as evidence of
migration.
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LVII. H. F. BenNrs. " Oz the Ga.ll Midges Injurirus to the
Culrioation oJ Willows. ll. The So-cal.led. ' Shot Hole'
Call Mddges (Rhabdophaga s11)." Annals oi Applied
Biology, 1935, Vol. XXII, pp. 8G105.

Previous workers assumed that only one species of gall midge
was responsible for " shot hole " damage on willows. In this paper
four species, three of which are described for the first time, are
recognised. Their bionomics have been worked out. AII the species
reproduced by means oI unisexual families while three of them are
single brooded, the remaining species having two broods a year.
All the species are restricted to one slrcies of cultivated wiltow.
Certain parasites which attack the midges are recorded.

Lv r. H. F. Benrws. " Studies oJ Fluctuations in l*sect
Pofulotiors. IV. The AraAis Mid.ge, Dasyneura arabis
(Cecidomyid.ae\." Joumal of Animal Ecology, 1935,
Vol. fV, pp. 119-126.

The bionomics of this species are given. The dates of emergence
and the number of generations during the period 1928-34 have
shown the constancv with which the minor variations caused b\'
differences in weathir conditions become levetled out bv the end
ol each year. Delayed fertilisation of the females is sho#r to send
uP the numbers of males in the ersuing family. In addition as the
season advances the percentage o{ males decreases.

rrx. H. F. BARNES. " Stud,ix of Flurtuati.ors dn Insect Poful.a-
tiotts . V . The LeaJ-curling Peor M,idge , Dasyneura pyri
(Ceci.domyid.ael." Journal of Anirirat Ecology, 1935,
t{ol. lY, pp. 244253.

The dates of emergence and number of generations of this
spcies during the period oI 1928-1933 are given. A limitation of
generations by the length of the season in which new growth can be
{ound on pear trees is suggested. The parasite Misocyilops marcha.li
is recorded as attackint the second and ensuing generations of the
midge but in no case the first generation of the yeir. The sex ratios
of the various generations of the midge varies, aJthe season advances
so the percentage of males increases. This is exactly the reverse oI
what happens i Dasyneura arubis (see Paper No rlrrr). This can
be explained on the hl,'pothesis that the further developed the eggs
are at the time of entry of the sperm the more males result.

Lx. H. F. BAnNEs. " Sr dirs ol Fl.uatuations in Ircect PopuJa-
tions. VI. Discussion on Resdts of Studies I-V." Jotrrral
of Animal Ecology, 1935, Vol. IV, pp. 254263.

Additional data on the wheat blossom midges and the button
top midge of willows brirgs the published information complete
up__to 1935. It is showa that the major fluctuations in numbers of
gatl midges are caused by the actiol o{ weather on the insect, the
host plant, and the irsects' parasites. The whole series o[ srudies
is discussed from this view Sroinl.
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Lxr. J. MARSHALL. "'fh4 Locatiott ol Ol,factory Receptors in
Ifisects : a Reoteu of Experbnental Edd,ence., Traniactions
of th! Boyal Entomological Society of London, l9BE, Vol.
LXXXIIt, pp. 49-72.

Lxu. J. MARSHALL. " On the Sersitiaifi ol the Chemoreceftols
on the Afitprrna and, Fore - ta.rs%s oJ tke Honey-bee, Lpis
Te!!!l_a L " Journal of Experinientat Bioiogy, 1985,
Vol XII, pp. U-26.

Lxrrr. H. L. A. TARR. " Studies or E tolean FouL Brood o
Bees. I. A Desuiltion oJ Straizs o/ Bacillus alvei obtained
Jrom dilJerctt, Soirces atd of arciher Sb*ies occurriw in
Laruae afficted. uitk this Dise*se." Airnals of Appiied
Biology, 1935, Vol. XXII, pp. ?Og7t8.

Strai,rs of Baci us aJaei from fiow cotntries have been studied in
detail, and certain differences were fourd with respect to the ability
oI these organisms to produce acid from a seriis of fermentable
carbon compounds, It"has been suggested that these variations
might form a basis for differentiating itrains of this organism. The
characteristics of another spore formiag bacittus which appears
to take the place of B. Aliei in craai cases o{ Eurooean foul
brood have been described in detait. The various thmries which
!.ave been preselte4 in an attempt to explain the etiology of this
drsease are brieflv discussed

rxrv. F. TerTnnsrrEro and J. T. Menrr}l. ', The ptoblen oJ tlu
Evqhtation of Rotenone-cor.teifiing Plants. l. Derris
Elliptica and Derris Malaccensis." Amals of Applied
Biology, 1935, Yol. XXII, pp. 5?8-6O8.

Seven samples of Derris root have been exa.mined chemicallv,
and the following determinations carried out: rotenone (crude an'd
and recry_stallised), ether extract, methoxyl content, ana dehydro
compounds. The importance of using standard methods of araiysis
is stressed-

Insecticide tests have been carried out and comparisons made
between pairs of samples tested on the same day.

When comparisons rvere made between pairs belonging to
dilferent species ol Denis, the determinations'of rotenone'by the
Present methods, ether extract or methoxyl content did not express
accurately the relative insecticidal potencies of the pairs of sarnples.
Whe-n comparisons were made between pairs of the same speiies,
all tlese delerminations appeared to givi a closer measure oi their
relatlve actrJ1tres.

The estimation of the dehydro compounds, or oI rotenone plus
the dehydro compouads in the resin, gave a betier assessment of'tbe
relative potencies than the other determinations, whether compari-
sons were made between samples of the same, or oI different species.
Further work on other saJnplis is, however, needed.
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Lxv. F. TATTERSFTE to- " Fish-Poison Pla ts as lrcectic'idcs'-" ' i iiii 
"f 

aecentWotk-" The Empire Journal of ExPeri-
mental Agi'icult ure, 1936, Vol. IV, pp. l3&Itl4'

The insecticidal importance oI the various crystaLline derivatives
isolaled from fish-poiion planis, and the difficulties met wlth rn

i"h;-;#i;i evaliation bf these insecticidal plants are briefly
discussed. The relative imPor{ance of several species o{ l)errts'
Lonchocarftts, and Tefltosia is discussed'

(b) VrRUS DTSEASES.

Lxw. I. CALDWE rL. " Phvsiology oJ Virus Diseases i"-41!:k'
ViI. Exberinents on Pwifications oJ the Virus oJ y elt'ou)

Mosaic 'oJ Tonato." Annals of -\pplied Biolo$', 1935

Vol. XXII, pP. 60-85.

Purification bv Vhson arrd Petre's method, slightly modified'
eave an infect ive hateriat that always contained ortanic nitrogen'
ind was active over a rH range from 2.0 to '10.5 : but there was no

"r.iA.r"" 
in"t the virG could 

"be recovered pure in crystall,ine form'
Various melhods used to purify the virus stilt further are descnbed'

rxvrr. J. CALDWELL. " On thc Intara{tio* oJ Tuo Snoins oJ a,

Pli* Virus. Exleimerts or Induced lmtn*nily-i* Plan-ts"'
Proceedings ot ihe Royal Society, B, 1935, Vol' CXVII'
pp. 120-139.

Two strains oI the Yellow Mosaic Virus oI tomato have been

i.of"t"a, oi'rrtri.f, one, although not apParently -an attenuated
{orm of the olher, irnmunises host plants against the second"l he

tlapes oI interaction which may occur when two viruses are Present
sirirultaneously in the one hostire discussed and differentiated'

rxrT tt. C. S,tuu'er, R. J. BEsr and J. G. Belo. ':-lurlhe.t
Shtdies ott Qualititiue Metkods @ilh Two Pla*t Viruses"'
Annals of Alplied Biology, 1935, Vol. XXII, pp' 50&524'

The arransement of experiments for the comparison of several
virus samples'is discussed- and suitable methods suggested' The
amount oi inoculum, provided enough is used to -cover 

the eaJ.

does not alfect the n'umber of lesions produced by the spatula
technioue: but the conditions to which test plants were subjected
shorth/ before inoculation bad a considerable effect. Tbe /H and
electrolyte conient of the inocuia influence the number of lesions'
The opiimum ,H {or tomato spotted \Milt is from 6.0-8.5, 

-Iortobaci mosaic'(with concentration 0.0H.2 M) about ?-.0. Th9
influence of ofdising and reducing agents on the virus of spotted
wilt is further discussed.

rxrx. M. A. HeurnoN. " Furthar Erpetitunts ot the Arti-
ficial Feedittg of Myzus persicae (Srd?)." Annals of Applied
Biology, 1935, Vol. XXII, pp- 213-254.

A method is described for the feeding oI M. percicae on media
containing a radioactive indicator. By this means it was shown that
M- aerciie Dicks uD the indicator from the medium and transmits
to a'teaf, on ;hich ii i" f"d t.t"., t.or,ttant proportion oI the amourt
imbibeit. Evidence is Siven to show that the virus probably behaves

as does the radioactive indicator.
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(c) FUNGUs DrsEAsES.
Lxx. M. D. Grvtxr. " Itrci.d.etrce of Take-all ot Wlwat aul

Barley on Experirfl.entql Plols at Woburtt." Annals of
Applied Biology, 1935, Vol. XXII, pp. 22L235.

- _Su5v9ys made in 193f, 1932 and 1933 of the incidence of Take.all,
Olhiobolus graminis Sacc. in the continuous wheat and barlev
manurial experinrents at Wobum Experimental Station showeil
ihe disease was presenr ir varying a"mount in most plots : the per-
ctntage b€int usuallv higher in wheat than ia barley and little oi no
disease occunirg in plois rvith a rH value of 5 oi less. In wheat
Take-all appeared to increase in each plot until 3E per cent. of the
plants were infected and then to decrease.

TECHNICAL AND OTIIER PAPERS
GENERAI.

Lxxr. E. J. Russrrr. " Jacob G- Lifman atd Soil Scie*a."
Soil Science, 1935, Yol. 40, pp. 3-7.

Lxx[. R. K. Scnonrrro and G. W. Scom Brern. ., ?fu
Infuencc oJ the Proimily oJ a Solid W all ot the Coxiskncy
of Viscous ard Plaslic Matarials." Jourr.al of Physicil
Chemistry, I9BE, Vol. XXXIX, pp. 9?!981.

Measurements have been made of the rate of flow of an aoueous
paste of barium sulphate through tubes differing consialerabli both
in radius and length uader a series of pressure heads. The iesults
show that for tubes of the same radius and under the same pressure
gradient, r he rate of flow is independent oI the length oI thi tube ;from which it is concluded that under the conditions of these
experiments, this material shows no progressive breakdo[ar with
time under shear, as suggested by Ambrose ind l-oomis for bentoqite.

For- different radii, however, curves Ior V/zr Rsagainst PR/2L
were obtained which, as previously recorded, do noi coincide as
they should if at every point in the tube the velocity gradient
depends only on the shlaring stress.-The h1'pothesis previously advanced that the proximity of thepall of the tub€ causes a sheath of material to shear moie easilv
than does the bulk of the material, appears therefore to be the only
one at presenl that accounts for the facts,

Thc case of this barium sulphate paste is particularly interesting,
as the particles are roughly cubical in form, and the thickness of
the modified layer is many times the average particle diameter.

Lxxrl. C- B. Wrrrreus and G. A. Eurny. " A Photagaphic
Moonlight Record.er." Joumal of Scientific Instruments,
1935, Vol. XU, pp. Ul-I15.

An appararus in which a cylindrical lens produces a line image
ol the moon on a strip of photographic paper. The lens is moved
by clockwork to follow the moon's appaient movement across tbe
*y and the sensitised strip is darkened when the moon is shinirg.
The apparatus can also be-used, with some adrustments, as a sui-
shine recorder.
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