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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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