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SCIENTIFIC PAPERS
Published f930

CROPS, PLANT GROWTH AND FERTILISER
INVESTIGATIONS

Statistical Mycological Fermentation and Chemical
Departments; and the Imperial Co ege Staff)Departments ; the Imperial College Staff

D I. WTSHART. " A LlelhoaLI ethod. of E stimolittg
)I. F. E. ALLAN exn J. Wrsrurr.

thc Yidd oJ a Misiing Pht in Fiell Ex beinAal Worh."
Joumal oI Agricultural Science, 1930. \Iol. XX, pp.
399406.

In cases where a yield or other va.lue from one plot of a field
experiment is missing, a method has been developed for furnishing
an estimate of the missing figure, based on all the other values. The
calculation is given for experiments of the Randomised Block and
Latin fuuare arrangements.

II. R. A. FrsrER AND J. Wrsu,rnr. " The Arangemetl of
Field Expeinerts and the Stq.tistical Redwtiin of tie
Resrls, i930." Imperial Bureau of Soil Sciaice--
Technical Comrnunication No. 10, H.M. Stationery
Oftce.

This memorandum aims at explaiaine ttre princioles underlvinE
tbe field experimental technique rdcenUyif.uoriat.d ii n"tf-"r*t"A]
,ld qyes. witl appropriate illustrations from actual experiuents,
the full arithmetical working involved in the statistical reduction oi
t.he data. The memorandur stresses two points of importance:
(l) the desirability of uniformity of procedura, and (2) the necessitv
for a field tech.nique which shall minimize experimenial errors, ani
al t-he. sa1ne time- provide for an estimate of these errors by valid
statistical methods.

III. J. wlsuenr eND W. A. IllecxrNzrr (T],RRILL). ,, Srdirs
in Crop Vaiariot VII. The lnfluznce of Rainfall ort
tho yielil ol Ba e! at Rolhamsted." Jori"nal of Asri-
cultural Science, 1930. Vol. XX, pp. 4l?439.

-- The -mgt!o! elaborated bV n. 6. Fisher in his study of the
effect of rainfall on wheat is here applied to tle bar.[ev crod io Hoo"
Field, and curyes are published 

-showing for thirieen 'plots tbe
benefit or -lo1s to the final leld in bushels per acre d-ue to anbenefit or loss to the final vield
additional inch of rain over tie aradditional inch of rain over the average at anv given period of the
year. The main effects noted are these: (i1-Exceis of ra.in is
beneficial to the barley crop for a short period in summer and, in
the. case of certain- plots, over the auturnn and wiater period. (2)
Rainfall over the six months when the barley is not in t6e ground is
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iust as important as rainfall in spring and summer, and the time
at which the rain falls in vinter is important. (3) The curves for
2-O and 2-A are essentially different in character ftom those of the
ottrer plots, and point to the important effect of excess o{ winter
rain il reducing the yield of the plots having phosphate but no
dkali sdts (d.a., no potash, soda or magaesia). (4) Excess of rain
at time oI sowing is harmful il all cases. (5) The curves of the
" O " series (without nitrogen) iue much flatter than those of the
" A " series, which have a nitrogenous dressing in addition. (6)
The indication of summer benefit is not inconsistent with the con-
clusions of Hooker that a cool summer is desirable Ior barley. (7)
The farmyard manure plot 7-2 bears certain resemblances to the
curve for the corresponding plot 2b on Broadbalk.

IV. R. J. Kereuxen. " Studies in Cro! Variation VIII.
An Alflieotion oJ the Resistarae Formula to Potato
Data." lorrn of Agricultunl Science, 1930. Vol.
XX, pp. aa0-all.

In this paper a Iurther test is made of the validity of the Resis-
tance Fomrula srygested by Maskell to formulate the yield-
nutrient relation in a crop. The material investigated consists of
the results of the Rothamsted Potato €xperiment of 1929, desigtled
to give information as to the effect on yield of applying nitrogenous,
potassic and phosphatic fertilisers in various quartities. The
experiment confirms the conclusions of Balrnukand's paper as to
the possibility of fitting the Resistance Formula to experimental
data. The nitrogen constants are of the same magnitude as before,
but tle corresponding constants for potasb carmot yet be regarded
as well determined.

V. J. WrssARr. " On the Secular Varialion ol Rainfql.l a,
Rotharnsted .'' Memoirs of the Royal Meteorological
Society, 1930. Yol. III, No. 27, W. 127-137.

A detailed study of the rainfall at Rothamsted over the 76
harvest years, 18&1929, has revealed the fact that not only have
there been sensible changes in the average yearly rahfall of a
similar character to those observed at other stations in England
and Wales, but the distribution of raia{all throughout the year has
changed. The maximum in auturnn (and equally the minimum in
spring) occurs significantly later today tlan was the case 76 years
ago, but there is some siga that this movement is norv reversing
its dtection, as appeared to have happened towards the end o{ the
eighteenth and again in the midclle of the nineteenth centuries, as
judged from early records at a number of other stations.

VI. S. H. JENnNS. " The Detaminatiott of Cellulose itt
Straws." Biochemical Joumal, 1930. Vol. XXIV,
t42S-t432.

Cellulose in straws may be readily determined by treating the
straw witl hot dilute alkali and rnineral acid, and then witl cold
allaling fuypochlerite solution. The new method girrs results
which are practically idential with those obtained by t}le Cross and
Bevan procedure. The advantages of tle hypocblorite method are

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-1-63 pp 4

74

that 12 to 16 deterrninations per day can be carried out bv one
worker, and large scale preparations of the ceLlulose in strawi may
be made without inconvenience-

VII. A. G. NoRuAN. " The Biological Deconposition of
Plant Mataials. I. Tht N atuie and Oaaility of tlie
Fu{waldehyd.e-yielditg Subdatces bt -Sbau.r'Bio-
chemical Joumal, 1929. Vol. XXIII, pp. tA5B-1366.

A method is given for determining the content of hemicelluloses
irt a plant tissue. Figures quoted for " pentosan " obtained bv
use of the Krober factor are ulreliable be&use of tbe hexose ani
uronic acid groups in the hemicelluloses, and the furfuraldehvde-
yielding groups intimately associated with the cellulose. If afow-
ance be made for these and for the pectin present, a valid figure mav
be obtained for the pentose units of th1 hemicelluloses." A nre-
paration is then made of the hemicellulose of arv tissue and its
pentose content determined, thus giving a factor f6r that material.

The nature of the hemicelluloses of oat and rve straws is
described and the {ufuraldehyde-yielding substance associated *ith
the cellulose in each case, shown to be xvlan.

\:iII. A. G. Nonrrex. " The Biolopical Decombositiot of
Plant Matetials. lI. The Role-of lhz Furiuraldehydi-
lielding Substances bt lhe Deccm f ositiott 'of Straits-"
Biochcmicat Journal, 1929. \'ol. xXIII, 156?_t984.

The course of the decomposition of straus is followed bv freouent
analyscs. The most prominent feature is the rapid loss oi cellu.lose,
ac.ounting for the major part of the lost organic matter. There is
a marked early loss of hcmicelluloses, which is bv no means com-
plete, as certain groups are biologically less avail-able. Subiect to
structural and physical variations, it is agreed that the decom_
position of mature plant materials in the presence of assimilable
nitrogen depends on the balalce between cell-ulose and the available
hemicelluloses on the one hand, and the resistant materials. chieflv
lignin. c,n the other. No evidence exists for stating that the hemi
celluloses are of pre-eminent importance as satiilactorv decom-
positions have been observed in the case of stra\ s extraited to be
practically hemicellulose-f ree.

IX. A. G. NoRuAN. " The Biological Deconbositiot of pl4nt
Materials. Part III. physiological lSndies ih some
Cellulose-Decomfosing Fuigi." - Annals of Apolied
Biology, 1930. Vol. XVII, pp. E75-6I3.

Certain Iungi were isolated which, thoush activelv attackine
cellulose in- strar.r's_, make only a meagre gro"oth or, ""luf*" .g;;
plates. Al1 had their optimum temperatrire above that usual ior
fungal growth; three, indeed, could develop at 50.C. The ther-
mogenic poEer oI the orgadsms i.udividuallli was tested on sterile
straw. A considerable and rapid rise in tempelature was observed
rn most cases, and some rise in all. The hiehest temDerature attahed
was- 49'C due to'frichoderma sr. The -period of maximurn heat
productlon was shown to correspond closelv with that of raoid
loss oI hemicelluloses. Cellulose decompositi6n does not aooeai to
result in the production of much heat-. Certain combindtions of
orga-nisms were tested and the theoretical differences between com-
petitive and co-operative association defined.
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x. A. G. Nonuen ,rxo 
".'lu. 

*oor.. " studies o* Peitin.
Pad IV. The Oridaliol oJ Peelin $t Fcnlor's Reage*t
and ils Beating on thz Genesis oJ lk Hem;ceUuloscs."
Biochemical Journal, 1930. Vol. XXIV, pp. 4024O9.

Pectin readily undergoes oxidation by Fenton's reagent at
30'C, yielding products giviag on hydrolysis, galactose and galact-
uronic acid. These are probably polymers containing mainly
galactose-monogalacturonic acid and galactose-digalacturonic acid.
The products resemble in appearance and general properties ttre
structural hemicelluloses, and some support is lent to the view that
the hemicelluloses may be formed in nature by the protracted mild
oxidation of p€ctin.

XI. A. G. Nonuex exo J. T. Merrrx. " Studies on Pectir.
Part Y. The Hydtolysis of Pedin." Biochemical
Joumal, 1930. Vol. XXIV, pp. 64S6@.

Hy&olyses of pectin were carried out with hot dilute alkali
and acid, and the rate of hydro\sis follou'ed by aaalyses. The
pectin ring seems peculiarly susceptible to the former and is very
rapidly destroyed. C4rtain dienolic Iission products of sugaxs are
{ormed. and render the determination of the uronic acid content
unreliable. In the couse of mild acid h1'drolysis there is firstly a
production of pentose by simple decarboxylation oI the uronic
groups. Later, degradation products probably of a Iura"n type are
formed.

No conclusions as to the arrangement of the units in the pectin
molecule, or as to the type of linkage involved can be drawa from
hydrolytic studies owing to the production of degradation com-
pouads interfering with anall ses.

XII. L. R. BISHop. " The Prcteins of Barley during De-
relopment and Storage and, in lhe Metwe Grain." loturrral
of the Institute of Brewing, 1930. Vol. XXXVI, pp.
33&349.

The proteins oI all varieties of barley behave in a similar regular
marurer. For each variety studied, the proteins all increase regu-
larly with the total nitrogen content. The rates of increase of the
different proteins differ-calculated as a percentate on total nitrogen
the perceutate of hordein nitrogen increases regularly with in-
creasing total nitrogen content, the percentage oI salt-solubfe
nitrogen decreases correspondingly while the p€rcentage of Slutelin
nitrogen remains constant. The actual quantities of salt-soluble
nitrogen arrd glutelin nitrogen for any given total nitrogen contetrt
diffei between different varieties which consequently are charac-
terised by them. This applies only to mature grain. In immature
gra.in the salt-soluble nitrogen is high and the glutelin nitrogen low,
i condition which has also been found to occur ilr par0y developed
grain.- The formation of the separate proteins has been followed in
barley grain as it develops on the plant, ard it is concluded that
develbphent of the proteirs in the barley grain is essentially a
synthesis of the simple compounds which enter it uP to a definite
e(uilibrium point controlled only by the total nitrogen content
and the variety.
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XIII. L. R. BrsHop. " The Nihogen Content and ' Quolity,
gf Prylq." Joumal of the Institute of Breqrine, 1950.
Vol. XXXVI, pp. 352-364.

An attempt has been made to summarise the factoE and proD-
erties which are of va.lue i, g*ding anticipations of the brdwhig
qudity of the barley in each Sason -and distiict.

Soil and season are the most important factors goveming vield
and quality. Variety and artificial nitrogenous maiures haid lesseffT! I! is-suggested that the most important aslxct of soil com-
po_sition is tbe absence or presence oI olganic nitiogenous matter
which is regarded as resufting in nitdfi;ation in s"ummer which
supplies nitrogen late in the plant's life $"ith resultant high nitrogen
8ratn.

These considerations and previously published statistical work
on weather effects could be 

-used 
to 

-niide 
anticipations of vield

and quality of harvest in aDy district ai'd season.

. 
After harvest i-udtrnent of yield and quality cam be assisted by

t ho*.lgdg" of the nitrogen iontent and th-ousand com weight
from which can be predicted the amount oI ,,extract,, on m-alt
acid " permanently soluble " nitrogen in the wort.

XIV. L. R. BrsHop. " The Prediction of Etbact.,' loma!
of the Institute of Brewing, IggO.' yol. XXXVI, pp.
42t-434.

. By a statistical study it is established beyond doubt that there
is an hverse relation beiween the nitrogen content of barlev of one
variety and the extract yield of the resilting malt. An inirease of
extract with increase of grain size is demonstrated almost as
conclusively.

The use of this relation is in assisting the valuation of barley,
and in the control of malting operationsl for which it is accuraie
eDough to be of considerable value in practice.

XV. E. M. CRowrmR. " Note on tlw phosphori.c Acid of
Barky Grain." Joumal of tle Instituie of Brewins
1930. Vol. XXXVI, pp. Ba9-36t.

Determinations of phosphoric acid in barley srain from exDeri-
mental plots conducted ir connection with the Inititute of BrewinP
Researd Scheme, showed that tte iotJ raree ;l;;;. il;;G?
narow (0.74.19 l.l8 per c€nt P"O" in dry riatter) and not closely
connected with ottrei atralytical ,iata from the'samples. Therbwll evidence that it was sligbtly increased by phospbatic and
slightly decreased by nitrogenoius ;anuring.

XVI. A. W. GR.EENETLL. " The Aaailab,ility of phosbhatio
Fediliser as show by an Examinaiiorr'of th; Soil.
Solutiot anl Pla l G/:outh." Journal of A'ericultual
Science, 1930. Vol. XX, pp. 55-9-522.

The rate of growth of barley a.nd chaages in the phosphate
concentration of the soil solution were follow-ed in oots iontiininp
an acid soil limed at t\f,o rates and comparing sla€, 

":rp".ph;:ph"t":aod no phosphate treatment. Limirk in;ea;d tire 'phos'phate
concen-tration. The eflects of phosphatiic fertilisers were iom6what
variable; on lightly limed soil thiy reduced the phosphate con-
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centration. There was no correlation between crop growth and
phosphate concentration. It is suggested thaf barley .."
take up phosphoric acid diectly from tbe solid particles of soil or
fertiliser.

XVII. J. Cer,owrr,r... " A Note on the Dichototnous Brarchittg
oI lhe Main Sle of lha Tomato (Llcopasium csoular
/rrz)." Annals oI Botany, 1930. Vol. XLIV, pp.
495-498.

Occasionally in the experimental material it nas noticed ttrat
plants appeared having dichotomously branched stems. One of
these is described in this note. It is shown that tle arrargement oI
the leaves indicates that the bifurcation is of the main stem and
not axillary in origin. The stelar tissue divides exactly into two-
one half going to each of the limits of the fork.

STATISTICAI METHODS AND RESULTS

(Statistical Departments)
(a) General

XVIII. F. E. Auex. " The General Form oJ the Oihogonal
Polynomials for Simlle Se/ies, uith Prools oJ theh Simlk
Pfo?erlies." Proceedings of the Royal Society of
Edinburgb, 1930. Vol. L, pp.31G320.

In " Statistical Methods for Research Workers." R. A. Fisher
has given a numerical mettrod of polynomial fitting by means of
orthogonal functions, developed from their terminal dilferences.
It is shown here that tie use of terminal differences mav be made
to supply dtect and simple proofs of the algebraic prirpedies of
these polynomials, and a general formula for them.

XIX. F. E. ALLAN. " A Pnce ik Table of the Relaliorl
behseen the Ttuz and the Obsemcd Conelrition Coefrcient
lrom a Sampk of Fout." Proceedings of the Car6ridse
Philosophical Society, 1930. Vol. XXVI, pp. 68&51-2.

Jn ihis paper a table is fumished, for samples of four, of tle
95 per cent values of the translormed correlation, z, for different
vahres oI the correlation ( iu the populatioa sampled. The table
is based on the distribution of the correlation coeftcient given by
R. A. Fisher in 1915.

XX. R. A. FrsFER. " Moments ond Ptod*cl Mona s of
Satnpling Disbibutions." Proceedings of ttre Loudoi
Mr.thematical Society, 1929. VoL XXX, Series 2, pp.
199-238.

Much previous work has been expended in studying the distri-
butions of various s5rmmetric functions of the sample values of a
vadate having a known diskibutiotr, and it has 6een recogr:ised
that tie moment functions of such statistics must be expressible in
terrns of the moment functions of the distribution sampled.

OnIy a few such expressions had, however, been o6tained with
exactitude, and the great complexity of these gave litde promise
of a solution of the general problem. It is here shown thai, when
the Pearsonian moments are replaced by more suitable statistics,
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