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Experimental Station Staff

Director: SIR E. JoHN RussELL, D.Sc., F.R.S.
AssistaEt Director: B. A. KEEN, D.Sc., F.Inst.P.

INSTITUTE of PLANT NATRITION and SOIL PROBLEMS

The James Mason Bacteriological Laboratory-
Head of Department ... H. G. TnorNroN, B.A.

Assistant Bacteriologist ... P. H. H. Gn,rv, M.A.

Post - Graduate Research
\\rorker ... H, L. JeNser.

Laboratory Attendants ... SHrrr-e ARNor,p.
MunraL RusseLL.

Botanical Laboratory-
Head of Department ... WrrrrrBo E. BRENCHLEY, D.Sc.,

F.L.S.

Assistant Botanist ... Karuanrue Wanrlcron, M.Sc.

Laboratory Assistant ... Er-rzaarrH KrNcnau,

Laboratory Attendaots ... Karnr-rsx DeLLrn.
Mey Dor,r-lMons.

Chemical Laboratory-
Head of Department ... E, M. Cnoryrnrn, D.Sc., F.I.C.,

A.Inst.P.

Assistant Chemists ... R. G. Wannru, B.Sc.
H. L. Rrcn.lnosou, M.Sc.,

Ph.D., A.r.C.
SrcNe G. HerNrze, Mag.Phil.

Post (iraduate Research
Workers- A. J. Pucu, B.Sc.

J. K. Besu, NI.Sc.
-f . J, Mrrcaeroenr, M.Sc.
N. H. Pa.nsennv, B.Sc-

Barley Inrestigations
(Institute of Brewing L. R. Brsuor,, M.A.

Research Scheme) ... F. E, Dev, B.Sc., F,I.C.
Special Assistaot ... E. Gnsy.

Laboratory Assistaots ... A. H. BowDEN.
F. SEABRooK.
G. LawnrNce.

Laboratory Attendaots .-. Mauo Baecsy.
Ross RosrusoN,
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Laboratory for Fermentation Work-
Head of Department ... E. H. RrcHARDs, B.Sc., F,LC.

(lreagh Research Chernist),
Assistant Chemists ... R. B. Dewsor, M.Sc.

S. H. JENKTNs, M.Sc., A.LC.
Post Graduate Research

Worker- A. G. NoRi.rAN, B.Sc., ph.D.

Laboratory Attendant ... Mlsal- peyNr.

Laboratory for Insecticides and Fungicides_
Head of Department ... F. 'l'arrrnsrrElD, D.Sc., F.I.C.
Assistant Chemist *l.fl".r"u.ou, B.Sc., ph.D..

Laboratory Attendant ... Inrrr RANDALL,

General M icrobiology Laboratory-
Head of Deparrment ... D.a W.. 

.Curren, 
\1.A., F.L.S.,

Assistant Microbiologists LsrrtcB M. Cnuur, M.Sc.,
F. Z.S.

H. S,r:rooN, NI.A,
Arvrre Drxon, M.Sc., F.R.M.S.
Je^.'e Meru-ajouli, B.Sc.
B. K. Murenlr, D.Sc.

Laboratory Assistant ... N{essI- Du}rxI-rv.
Laboratory Attendant ... Mor_rr Jorh-soN.

Physical Laboratorl-
Hcad of Department ... B..\. Kerx, D.Sc., I,-.Inst-p.
Assistant Physical Chemist R. K. Scrlorrrlp, LI.A., ph.D.

(Empire Cotton Growing Cor-
poration Soil Phy'sicist).

Assistant Physicists ... C. W. Scorr Brnrn, B.A. (Gold-
smiths' Company Physicist).

G. H. Casurr, M.Sc.
['ost Graduate Research

Worker- A. '1. Sev, tr{.Sc.

Assistant ... ... ... Ke rleeir Aseorr.
Laboratorv Assistants ' I'. ol' ,l^#l;"^r"._.
Laboratory Attendants ... K. D. ANDERSoN.

Mo.-a Srertes.
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Statist ical Laboratory-
Head of Department ... R. A. Flsnsn, lI.A.' Sc'D.'

F.R.S.

.\ssistant Statisticians ... J. WIsHART' trI.A., D.Sc.
l. O. lnuIN, M.A., M.Sc.

Computer (Honorary) ... W. D- Cnxrsruas.

Research \\-orker
(Honorary) B. P. Scerrrncooo, I\'I.A.

Assistant ComPuters ... A. D. DuNKLEY.
FLoRExcE Pr.r-"*rlls.
.{uce KrNcuau.

INST'ITUTE of PLANT PA'IHOLOGY

E ntomological L aboratorY -
Head of Department ... -{. D. Iuns, \{.A, D.Sc', F'R'S'

Assistant Entomolosists 
3: il: ?.:-"T;"I;;t,,":k:
H. C. F. Nrwror, B.Sc-'

A. R.C. S.

Post Graduate Research
\Morker- MARIoN A. HeutlroN, B.Sc'

Field Assistant ... ... A. C. RoLT.

Laboratory Attendants ... EDIT8 Coo|ER.
ELrzaeerH SIrr-ev.

M lcological LaboratorY-
Head of Department ... W. B. BRIERLEY, D.Sc., F'L'S'
Assistant Mlcologists , 

.I;l:"r:i:v 
Sutru, M'B',

M,rnv D. Grvrrvr, M.Sc.
R, H. SrouclttoN, B.Sc.,

A.R.C.S., F.L.S.
lfaer S. Manux, B.Sc.

Glasshouse Superintendent MARGARET M- BnowNr.

Post Graduate Research'Worker- Pnlrr-rs H. Jennrrr, M.Sc.

Laboratory Attendants ... Lvle Ives.
Donrs TurrIx.

FI ELD EXPERIMENTS

Guide Demonstrator ... H. V. Genuen, IU.A-, B.Sc.

Assistant Demonstrator... E. H. Gnacorv.

Plant Physiotogist ..- A. R. Cr-erueu, M..{'

Field Superintendent ... B. WEsro.-.

Assistant ... -.. ... G. F. Core.
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I'lant Physiologists for
Special Experiments
(Imperiat College of
Science and Technology)

Field Assistant ...

Laboratory Attendant ...

9

F. G. Gnrconv, D.Sc.
A. T. LEGG.
F. J. Rrcaenos, M.Sc.
F. R. TuBBs, B.Sc., A.R.C.S.
E. R. Leo^-ano.

G. \.V. tr{EssENGER.

KerxLeB:{ Keys.

..lssistant Stockman

Tractor Driver ...

Labourers

I)irector ...

Bailifr

Ploughmen

Stockman

[,ibrarian...

Secretary... ...

Assistant Secretary

Director's Pri\.ate Secre-
tary

Senior Clerk

Junior Clerks

FA RM

... H. (;. lhllrn, R.Sc.

... H. Cunnart.

... F. Srories.'I. Lewrs.

... H. S. HARpER.

... L. UNoEnHrr-L.

... J. UNornnrlr.

... \1:. Horr-elo.
T. {rssrI.tort.

LIBRARY

.,. M.rny S. Aslrl,

SECRETARIAL STAFF

W. BenNrcor.

CousreNce K, Cerrox.

AxNIe E. MecxNsss.

Belrnrce E. ALLARD.

None Lrvuntor.
llcy AnI.tolo.

Photographer

Laboratory Steward and
Storekeeper

Engineer and Caretaker

Assistant Caletaker

V, STANSFTELD, F.R.P.S.,
F. R. M. S.

A. Occrlssy,

trV. Prlrcr.
F. K. HAwKrNs.
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Woburt Experimental Farm
H(rn. Local Director

Assistant Director

Chemist

Laboratory Assistant

r\ssistant tr{anager

Ploughman

Assistant Ploughman

Stockman ...

Labourers

J. DAvrDsoN, D.Sc.,
F.L.S.

W. M. D-rvrEs, Ph.D. ...

MuRTEL L. DrcK, B.A.

T. EDEN, M.Sc. ...

C. T. Grurr.rcsau, B.Sc.,
F.I.C.

J. A. VoELcKER, C.LE., M.A.,
Ph.D.

H. H. MANN, D.Sc., F.l.C.
(Kaisar-i-Hind Gold Medal).

T. W. Banrrs, M.Sc.

R. DEAcoN.

FARM STAFF

T. C. V. Bnrcnr.

G. Tvr.rn.

J. Trr.rn.

W. MCCALLUI.

J. McCar,r.uu.
K. McCerr.ux.

MEMBERS WHO HAVE LEFT SINCE LAST REPORT
AND THE APPOINTMENT'S TO 

'VHICH 
THEY

PROCEEDED

W'. C, CoLLETT, N.D.A. Assistant Trials Officer, Imperial
Chemical Industries. Ltd..
.{.gricultural Research Station,
Jealott's Hill, Warfield,
Bracknell, Berks.

Head of the Department of Ento-
mology, Waite Agricultural
Research Institute, Glen Os-
mood, Adelaide, South Austra-
lia.

.\dviser in Agricultural Zoology,
University College of North
Wales, Bangor.

Senior Chemist, Tea Research
Institute, Nuwara Eliya, Cey-
lon.

Entomologist, Ministry of Agri-
culture and Fisheries, Patho-
logical Laboratory, Milton
Road, Harpendeo.
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W. B. Herrrs, D. Sc.,
Ir.Inst.l'.

C. HercHeu, M.A,

H, Llovo Hltn, B.Sc.,
F.I.C....

H. J. G. Hrrvrs, B.Sc. ...

W. O. Jeues, B.Sc.

Wrr.rrpnro A- Mecrrtztr,
M.Sc. (Econ.).

R. O. Millar

H. [I. trIoRRrs, M.Sc. ...

H. J. PAGE, B.Sc., A.I.C.

W. A. Roecn, B.Sc.,
4.LC....

B. llunter- Bnrsrol
Roecn, D.Sc,

ll
Physicist and Head of the Soils

Division, Rubber Research
Institute, Kuala Lumpar,
Malaya.

Professor of Agriculture, Arm-
strong College, Newcasde-on-
Tyoe.

Research Organiser, Institute of
Brewing Research Scheme.

l-ecturer in Agricultural Chemis-
rry, University of Queensland,
Brisbane.

Lecturer in PIant Physiology,
University of Oxford.

Married Rev. R. Tyrrell.

Farm Bailiff, Herls Farm lnsti-
tute, Oaklands, St. Albans.

Entomologist, Department of
Agriculture, Nicosa, Cyprus.

Head of Research Laboratories
and Chief Chemist. Imperial
Chemical Industries, Ltd.,
Agricultural Research Station,
Jealott's Hill Farm, Warfield,
Bracknell, Berks.

Biochemist, East Malling Re-
search Station, East Malling,
Kent.

TEMPORARY WORKERS, I92Z and 1928

- _In addition to tiose temporary workers recorded io rhe List
of Staff, the following have-worlied at the Station for various
periods during the two years, I927 and l92g:_
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SsNr Orrrcretl-v sv Govgrr.rMrxrs ano Coaponatroxs:

(l) From G"ea, Britain and the Enphe-
Ministry ol Aybttltue Scholats: F. Crowther, E. E.

Edrpards. T. N. Hoblyn, G. V. Jacks, C. E.
Marshall.

Colonial Olfice A gticultuol Ollicers onil Scholozs : R. A.
.{ltson (Brilish Guiana), W. H. Beckett (Accra, Gold
C.oast Lolony), G. C. Coull (Aburi, Gold Coast
C-olony). R. Coull (Aburi, Gold Coast Colony), \'
Craig (Mauritius), G. H. Jones (Nigeria), A' E' S.
Mclitosh (Barbados), F. J. Martin (Sierra Leone),
G. Milne (Tanganyika)' A. J. Page (Burma)'
R. G. H. Wilshaw (Scholar), C. H. Wright (Ibadan,
Nigeria).

Foteign Ofiice: Major R. G. Archibald (Khaltoum), Dr'
H. C. Gt".n (Khartoum), R. E. Massey (Khartoum)'

Arsbolian Gooetnrneat: H. W. Kerr (Brisbane).

Indioz. Golernmeal: Professor Balmukand (Punjab)'
K. M. Munir (Punjab).

Nezo Zealarul Gorernrwnt: R. E' R. Grimmett.

Emphe Matkeling Bood t Dr. Magasanik (Palestine)'

Enpire Cotton Grclning Cotporation .Oflitets - and
' Scholarc: J. B. Hutchinson (Trinidad)' A. R. Lam-
bert (Suda'n), E. Lawrence. (Nyassaia-nd)' IM. S'
Martin (Ugarida), W' Allen' A. H. Lewis (Scholars)'

Messts. Nibom, Lrd.. G. E. Blackman, F. B. Marmoy'

Salte/ s Instittle: C. G. Akhurst (Fellowship)'

(2\ Frcrn b'orcigt Coutlries-
It ernational Eilucatiotr Boortl lrellotos: Professor Dr'

M. C' Arva (Roumania), Dr. Hans -Glomme -(Nor-
way), Professbr Dr' E. Handschin (Basle)' H' L'
Jensin (Denmark), A. Kalnins (Latvia)'

Gerrnany 2 Dr. W. Boehme.

lopan: Ptof . H. Katagiri, Prof O. K' Shiratori'

Nonr,ay r Ansulo Laddesal.

Palestir.e ; Dr. Felix Menchikowski'

Srom : W. R. Ladell.

Stteden : Dr. G. Fortenssen, Dr' G' Giobel'

United States of Aneica: Dr. R. Bradfield, Dr' Edith
Patch'

VoLUNTARY Wonxrns :

I- C. Baird. C. M. Blow, I. J. Brereton, H' Campbell' S'
Dickinson. Mis; D. E. Hazelt, H- Henson, S' E' J?c"b-'
(tmoerial botlege of Science), H. J. Johnson, G' O' Lunnon (So-uth

hfri""). O.. M-. A. P. Madge' Miss A. H' Pearce, E' Phdhs'
i.- wl' Sitnr*n, I. G. Thoias, Dr- H. H. Storey (Natd)' V'
Subrahmanyan (India), Dr. A. Wulff (Java).
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Puhlications of the
Ilothamsted Experimental $tation

For Farmers
" MANURTNG ron Hrcnrn CnoP Pnonucrlor," by E. J. Russell.

1917. The University Press, Cambridge. 5/6.

" WEEDS oF FanlreNo," by Winifred E. Brenchley, D.Sc.,
F.L.S. I920. Longmans, Green & Co., 39, Pitemoster
Row, London, 8.C.4. 1216.

" Fenu Sorr, axn ITs IupnovrurNr," by E. J. Russell, 1923.
Ernest Benn, Ltd., 8 Bouverie Street, London, E.C.4. 716.

RoTHAMSTED CoNrrnrNcr REPonrs; being papers by practical
farmers and scientifc experts :

" Tun MexunrNc or PorAToES." l/6.

" THE GRowNG oF LUCERNE." l/6.

" Trr Currunr AND MANURTNG or Fonorn CRops." l/6.
.. GREEN MANURING; ITS PoSSIBILITIES AND LIMITATIoNS IN

PRAcrrcE." 2/-.

" Tne Currunr AND MANURING or Sucen Brrr." 2/6.

" ART AND SCTENCE oF Currrvarrox." 2/-.

" PowER FoR CuLTrvATroN AND HAULACE oN THE FARM. , , 
2 /6-

" MALTTNG BARLEY." 216.

" RxcENT CHANGEs rx Sysrrus on HusgeNony rN ENcreNn-"
216.

" Tnr HrnrFonossrnr AcnrcurruR.rl Srru_rrrou: CAN rr
BE IMPRoVED." 2/-.

Emest Benn, Ltd., 8 Bouverie Street, London, E.C.4;
or from the Secretary, Rothamsted Experimental Station,
Harpenden, Herts.

For Students and Agricultural ExOerts
"THE RorHAusrED MEMorRs oN Acnrcurrun 4.L ScrrNcs.,,

Quarto Series, vols. l-3 (1859-f883), 2O/- each. Octavo,
vols. I-7 (1847-1898), 30/- each. Royal octavo, vol. 8 (lgOG
I912), vol. I (1909-rgl6), vol. l0 (1916-1920), vol. ll (1920-
1922), SZ16 each, vol. 12 (t922-t525), vol. tB (1925-1927), JB/6
eacb. Postage extra. Obtainable from the Secretarv.
Rothamsted Experimental Station, Harpenden, Hens.
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" Txr RorsAxsrED MoNocRApEs or Acuculrun u ScrENcE,"
edited by Sir E. J. Russell, D.Sc., F.R.S.
" SorL CoNDITToNS AND PLANr GRowrH," by E. J. Russell.

Fifth Edition, f926. Longnens, Green & Co., 39 Pater-
noster Row, Londou, E.C.4. l8/-.

" Tne Mrcno-OnceNlsus oF rsr Sorr," by E. J. Russell and
Staff of the Rothamsted Experimental Station, 1923.
Longrnans, Green & Co.,39 Patemoster Row, I-ondon,
8.C.4. 7 16.

" M.rxunrxc on Gnessrexn FoR HAY," by Winilred E.
Brenchley, D.Sc. 192,1. Longuars, Green & Co., 39
Paternoster Row, London, 8.C.4. 1216.

" A Lrsr oF BRrrrsH Apxrors " (including notes on their
recorded distribution and food-plants in Britain, and a
food-plant index), by J. Davidson, D.Sc., F.L.S. f925.
Longmans, Green & Co., 39 Paternoster Row, London,
E.C.4. 1216.

" PLANr NurRrrroN AND CRop PRoDUCTToN " (being the Hitchcock
Lectures, 1924, University of California), by E. J. Russell,
D.Sc., F.R.S. The University of California Press and the
UniversityPress,Cambridge. f2/0.

" INoRGANTc PLANr PorsoNs AND SrIxuLANTs," by Winilred E.
Brenchley, Second Edition, revised and enlarged, 1927. The
University Press, Cambridge. 10/6.

" A GENERAL TExrBooK oF ENrouolocy," by A. D. Imms, M.A.,
D.Sc., F.R.S. 1026. Methuen & Co., Essex Street, Strand,
London, W.C.2. 36/-.

" STATrsrrcAL METHoDS FoR REsEARcH Wonrtns," by R. A-
Fisher, lI.A., Sc.D., F.R.S. 1925. Second Editior. Re-
vised and Enlarged. 192E. Oliver & Boyd, Edinburgh.
15l-.

" THE Couposrrlox .rxn DrstntsurroN oF TIIE Pnorozoew Feuxe
oF rrrE SoIL," by H. Sandon, B.A. f927. Oliver & Boyd,
Edinburgh. r5/-.

The following are obtainable from the Secretary, Rothamsted
Experimental Station, Harpeudeu, Herts :-
" AcRrcuLTUnAr INVESTIGATToNS AT RorHArrsrED, ENGLAND,

DURING A Prruon or 50 YEARS," by Sir Joseph Henry
Gilbert, M.4., LL.D., F.R.S , etc 1896. 3/6.

" GurDE To rre Exprnruertal Prors, Rmx,exsrro Exprnr-
xrxrer Stettor, HIRPENDEN." l9l3- Johl Murray,
60 Albemarle Street, W, f /-.
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For use in Farm Institutes
" A SruDENr's BooK oN Sorrs exp Mervunes,,, by E. J. Russell.

1919. The University Press, Cambridge. 8/_.

15

" GurDE To rHr ExprRlxgNl.lr. Fmr_os "_Rothamsted.
1929. 6d.

" GutDE roR Vrsrtons ro tga Ftnu txo Legonrrony.,,
Woburn. 1929. 6d.

" C^TArocuE oF JouRNArs AND pERroDrcArs rN TEE RorEAlt-
srED LrBRARY." l9zl, 216.

" A Descnrmrw CATArrcrrE oF hrrrED Boors on Acnr_
GTTLTURE FRord l47l To 1940, coNTArrED rN TEE
RorHaxsrso Lran.rnv,', (including biographical notices
of the authors and short descriptiotrs ot in" inpo.t-t
I'oks). 1925. Bilf pp. 22 illustrations. Clotti cover,

\21-.: ee;yr cover, l0/-. Packing and postage extra:_Bri':.h Isles, 9d.; Overseas Oo-i"io* --d 
oth".

countries, I /3.

Trt RorsArrsrro ExpERruENTAt SrATroN REpoRTs :_
190&l9li (annual). t/- each,
l0lFl9l7 (tdennid). 2/0.
l9l&Igm (trienaral). 2/6.
t0?l-t922 (bienniat). 2/6.
192B-1s24 OienDid). 216.
l92F1526 Oiennial). 2lO.
r927-1928(biennial). 2/6.

Foreign postage extra.

" REcoRDs or tur RornerrstBD STAFF, HARPENDBN,,, con-
taining personal notes and accounts of events at
Rothamsted, and of past members of the stafr. pub.
lished annually in June. No. l, June, 1929. 2/- post
free. Subscription for first 6ve iisues, ?/6, payabte in
advance.

For use in Schaols

by E. J. Russett. 1912. The University
3l-.

" LEssoNS ox Sort,"
Press, Cambridge.
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For General Readers

" THE FERrrLrrY or rm Sorr-," by E. J. Russell. l9l3' The

University Press, Cambridge. a/-.

" THE PossrBlllrrEs oF BRrrrsH AGRTCULTURE," by Sir Henry

Rew, K.C.B., and Sir E. J. Russell, D.Sc', F'R'S' 1923'

8d. Obtainable from the Secretary, Rothamsted Experi-

mental Station, HarPenden, Herts.

" PERSoNAL R.EMINISCENCES oF RoTEAMSTED ExpBmurxrer
Srarrox," 1872'1922, by E. Grey, formerly SuPerintendent

of the ExPerimental Fields. 5/-. Obtainable from the
Secxetary, Rothamsted Exprimental Station, HarPenden,

Herts.

Other Books bY Members of the Stofl

" EvoLUTIoN, Hrneotrv AND VARIATToN," by D. W' Cutler,

M.A., F.L.S', F.Z.S. 1926. Christophers, 22 Beroers

Street, l-ondoo, W.I. 4/6:

M ezzotint Engravings
Mezzotint Engravings oI Portraits of the Founders of the Station,

Sir J. B.-I-awes (H. Herkomer) and Sir J' H. Gilb€rt (F' O'

Salisbury), by Julia Clutterbuck, A.R.E.

Sigued Engraver's Proofs on India paper, {4 4s' each'

Ordinary Lettered Proofs on hand-made paper, d2 2s each'

To be obtained lrom the Secretary, Rothansted Experimental

Station, Harpenden, Herts.
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INTRODUCTION

The Rothamsted Experimental Station was founded in 1843
by_ the late Sir J. B. Lawes, with whom was associated Sir J. H,
Gilbert for a period of nearly 60 years. Lawes died in 1900 and
Gilbert in t90I; they were succeeded by Sir A. D. Hall from 1902
to 1912, wheo the present Director, Sir E. J. Russell, was
appointed.

For many years the work was maintained entirely at the
expense of Sir J. B, Lawes, at first by direct payment, ind from
1399 onwards out of an annual income of g2,4OO arising from the
endowlnent fund of J,100,000 given by him to the Lawes Agricul-
tural Trust. In 1904, the Society for Extending the Rothamsted
Experimeots was instituted for the purpose of providing funds
for expansion. In 1906, Mr. J. F. Mason built the BacteriologicaL
Laboratory; in 1907, the Goldsmiths' Company generously pro-
vided a furlher endowmenr of 910,000, the income of wfiiah-
since augmented bv the Company-is to be devoted to the investi-
gation of the soil. In l9ll, the Development Commissioners
made their first grant to the Station. Since tien Government
grants have been made annually and, for the year 1927-28, the
Ministry of Agriculture has made a grant of .€26,959 for the work
of the Station. Lord Iveagh has generously borne the
cost of a chemist and a special assistant for field expreriments
for studying farmyard manure, both natural and arti6cial; while
Lady Ludlow, Sir Otto Beit, Mr. Robert Mond, Mr. T. H. Riches,
Mr, and Mrs. D. McAlister and other donors have, from time
to time, generously provided funds for special apparatus and
equipment. Nitram, Ltd., and the Fertiliser Manufacturers' Asso-
ciation, jointly defray the cost of a Guide Demonstrator for the
6eld plots and, in addition, provide considerable funds for the
extension of the work; the Potash Syndicate, Messrs. Brunner
Mond & Co., Fertiliser Sales, Beet Sugar Factories (Anglo-Dutch
Group) and other firms, also give substantial assistance. The
Empire Marketing Board, the Royal Agricultural Society and the
Institute of Brewing, make grants for specific purposes. The
result is that the Station is able to deal with problems afecting
modern farming in a far more complete manner than would other-
rvise be possible,

The Iaboratories have been entirely rebuilt in recent years.
The main block was opened in l9lg, and is devoted to the

study of soil and plant nutrition problems; a new block was erected
in 1923 for plant pathology at a cost of 32I,135 provided by the
Ministry of Agriculture out of the Development Fund, and the
house adjoining the laboratories on the North side, the Red
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Gables, is now being converted into an Administration Building to
hold the offices, Records and Statistical Department, Staff
Common Room and Conference Room.

Perhaps even more important has been the reorganisation
of the work of the Statioo so as to keep it in touch with modern
conditions of agriculture oo the one side and of science on the
other. This was completed in the laboratories in 1922, on the
Farm in 1994, and on the field plots in 1926, when the field
laboratory was erected and the new methods of field experiment
were adopted. In 1926, the International Education Board,
Rockefeller Foundation, generousl;r gave a grant of 92,000 for
the extension of the glasrhouses on condition that another
l:1,000 should be obtained; this was done with the help of the
Ministry of Agriculture and of the Society for Extending the
flothamsted Experiments. In 1928, the Empire Marketing Board
made a grant of JI,835 for the erectioo of special insect-proof
houses, and will make an annual grant of 92,345 for the study
<rf virus diseases. The equipment of the Station is now exception-
ally good.

The Library is steadily growing, and now contains some
21,000 volumes dealing with agriculture and cognate subiects.
The catalogue of the old printed books oo agriculture has been
published, and every effort is made to obtain any that we do
not possess. A collection is also being made of prints of falm
animals, of old letters on agriculture, and farm account books.
Many of these lie in farmhouses, unused and inaccessible, nct in
themselves valuable, but often of great help to students of
agricultural history and economics when brought together as we
are doing- Gifts of books and documents to the Library will be
greatly appreciated.

The extension of the experiments to various outside centres
in Great Britain, begun in 1921, has proved so advantageous that
it has been developed, thaoks to the grants of the Royal Agricul-
tural Society and the co-operation of the Institute of Brewing.
Not only is useful information spread among farmers, but the
Station itself gains considerably by this closer association with
practical meo. As part of this extension, the Station, in 1926,
with the consent of His Grace the Duke of Bedford, took over
from Dr. J. A. Voelcker the lease of the Woburn Experimental
Farm, so that this now becomes a part of the Rothamsted organi-
sation, allowing us to make experiments simultaneously on a
light and on a heavy soil: a very advantageous ar.angement,
Through the generositv of His Grace certain necessary chanqes
have becn made in the farm equipment, and the grass fields have
been grouped and watered for intensile grazing. The Agri-
cultural Engineers' Association also rendered assistance.
Dr. Harold H. Mann, formerly Director of Agriculture, Bombay
Presidency, India, and Agricultural Adviser to H.E.H. the
\izam's Government, Hvderabad, India, has been appointed
.\ssistant Director, with Mr. T. W. Barnes as Chemist, and the
laboratories, pot{ulture station and meteorological station have
been re-equipped and reorganised. A grant from the Royal Agri-
cultural Society of England has enabled us to appoint an addi-
tional computer irl the Statistical Department to prepare the
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material for a full surnmary and discussion of the results of the
last fifty years of experiments there.

The activities of Rothamsted, however, are not confined to
the British lslands, but are gradually spreading our to the Emp;re
and other countries abroad. The International Education Board
seods workers from all parts of the world to study in thcse labora-
tories. The Empire Cotton Growing Corporation has, since 192J,
made a g'rant of €1,000 per annum ior the development of investi-
,.lation_s in Soil Physics, while the Empire Markiting Board has
recently invited the co-operation of the Staticn in so'iving cerlain
agricultural problems of great importance to the Empire."

At the invitation of the proper authorities, the 
-Director 

antl
other members of the staff have already visited the Sudan, palcs-
tine, Australia, New Zealand and Caoida to discuss agriiultural
problems and possibilities of co-operation; in addit ion,-visit s are
paid to the Uoited States and to European countries'to discuss
problems and methods with expens ihere. and generally to
improve the equip_ment of tte Institution and widen thi knowiedge
and experience of the stafi.

More and more workers are coming from the overseas
Dominions to carry on their studies at R;thamsted, None bur
University graduates are eligible, and most are, or are about to
be, on the sta-ffs of Gor.ernment or other Ae.ricultural Deoart-
ments: men who will become leaders in the agiicultural comri.,uni-
ties of their- respective countries, To our freat regret lack of
accommodation has compelled us to refuse iome who wished to
come. This is highly unfortunate.

The most important of all these Empire developments has
recentl-v been inaugurated. At the Imperiil Agricultural Confer-
ence of 1027 it was decided to set up in this Country a series of
Bureaux lo act as central clearing houses of informition and to
promote interchange of ideas and melhods between the agricul-
lural experts of the diffcrent parts of the Empire. The Soil
Bureau is located at Rothamsted'and began operar ions on Mat. I sl.
1920. Dr. A. F. Joseph, late Chemist lo rh; Sudan Government,
has been appointed Deputy Dircctor; Mr. A. J. L, Lawrencc,
Scienti6c Assistant; and Miss H. Scherbatofi, 

- 
Translator.

In view of the great-expansion of the work in the last ten
years the Committee ha.s deemed it advisable to acouire the site
adjoining the laboratory on the South side in readiness for the
time when further accommodltion witl be necessary.
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REPORT FOR THE YEARS 1927-28

The purpose of the Rothamsted work is to discover the
principles underlying the facts of agriculture and to Put the
knowledge thus gained into a form in which it can be used
by teachers, experts and farmers for the upraising of coullr]
liie and the improvement of the standard of farming. .This
purpose has remained unchanged during the 86 years of lile of
ihe-station, a steadfastness which experience has amply justified.
A programme drawn up solely to suit a particular set of economic
conditions becomes obsolete when the conditions change and the
results may lhen be of little use; but accurate information properly
gained and tested always has value, and with this at his disposal
ihe fa.mer is better able to adapt himself to new circumstances'

While the purpose of the work has remained constant, its
application has changed. For many years the application was to
t6C increase of food production to ensure the feeding of the popu-
lation of the world. The nineteenth century closed with distinct
fears that popuJation migfit outstrip food resources: in 1898, Sir
William Crookes gave a closely reasoned address to the British
Association showing that without altogether new deYeloPments
there might be serious shortage about 1930. As the way out he
indicated the possibilities of producing nitrogenous fertilisers from
the air. This is now an accomplished fact; new sciences, among
them plant geoetics, have also developed, and food production
has extended so greatly that all fear for the future has gone.
Instead, a new tragedy has arisen: the farmers who have made
the world's food safe have greatly reduced their own livelihood
through the very success of their efforts. 'fhe Present situation
is without parallel in the history of agriculture.

The outstanding fact is that the price paid to the farmer for
his produce is so near the actual cost of production that he has no
margin for contingencies-indeed, his balance not infrequently
comes out on the wroog side. Mere increases in crop do not help
the situation: 1928 $,as one of the best of recent years for yield
but, financially, among'the most disastrous. The situation can be
met by lowering the costs of production and by giving the Jarmer
a moie equitable share of what the consumer pays. With the
marketing problem Rotiamsted is not officially concerned: our
business js to reduce, if possible, costs of production.

It is to costs of production, therefore, that the results of
agricultural science are now being applied : to increase the outPut
pir unit of labour and of money put into the land, and to reduce
ivastes and losses. While the Rothamsted investigations are
not directly turned to these ends, the information which they give
is applied ihereto, and it is extended and developed in such a way
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as to be of maximum service to those s,ho are seeking to help
the farmer.

Two important conferences were called at Rothamsted io the
winter 1928-29 to discuss the agriculturat situation. From these
it was quite clear that the old four-course rotation is no looger
a suitable basis for arable husbandry. Roots are too expensive and
uncertain. Wheat-growing in general does not pay. This is not
peculiar to England: one of the remarkable agricultural changes
of tie tv/entieth century is tlre shifting of wheat cultivatioo
from the wetter to the drier regions of the world- It is raking
place in Australia and Canada iust as much as here: regions of
30-inch annual rainfall which produced wheat in the nineteenth
century do so no longer: wheat has gone into regions of 24 inches
or less. Here in England wheat is similarly being restricted more
and more to the dry Eastern counties, where it will dor.rbtless
continue.

But it also appears that grass farming pure and simple,
however well dooe, is no complete remedy. Fbr the grass farmers
must buy store animals in spring, and sell animals in summer and
autumn: where too much laod is in grass, prices of spring
stores are forced too high aod of autumn animals too low.

The new agriculture that is emerging out of the present series
of changes includes the following features:-

(l) a closer coonection between arable and grass land than
formerly, especially an improvement in the grass and
the lengthening of the grazing season; longer leys in
arable regions and use of prolific fodder crops such as
lucerne; the fatteniog of young animals on grass, as far
as is practicable, instead of keeping them to be fattened
during the following winter;

(2) the growth of cheap wioter food for animals to ensure
cheap production of milk in winter aod to avoid the
oecessity for the present forced sales of unfinished animals
io autumn ;

(3) the substitution of crops of value, such as potatoes, sugar
beet, Brussels sprouts, cabbaSes, etc., for the present root
crops ; extension of fruit growing and market gardening;

(4) improvements in the methods of fallowing;
(5) the use of poultry, pigs, etc., to complete the coDversion

of home-grown produce into more valuable products such
as fresh meat and eggs, thus avoiding the necessity for
forced sales of grain.

All these problems are being studied on the Rothamsted and
lVoburn farms, and the information yielded by the experiments
is applied to them as rapidly as is possible.

CROP EXPERIMENTS.

Replacentenl ol the Old Root Brcah.

Potatoes. If potatoes are to be grown at all they must be
grown well, and in particular must be adequately fertilised.

Since 1921, an experiment has been made each year to
discover the efiects of sulphate of ammonia and sulphate of potash
on potatoes: the results show that the two fertilisers are closely
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linked, and neither gives its best ellect without the other. 1'he
results wcre, in tons per acre:-

Sulphate oI Potash
Cwt. per acre.

7.06 7.16
7.74 7.85
1.10 7.45

With suflicient potash and phosphate the increases given by
I cwt. sulphate of ammonia per acre have been, at Rothamsted :-

o2a

Yd- D.t of I Drt of
P!.rtiq. I lnEor.

Sulphar. oI A,tlmia

Sulphalr o, Amooie. 011 3

Sulpbt of AEmi..

o 6.54
2 I 6.68
4 6.90

0
I
2

I
I

30

0.6
6.6

I1.9

1925 April 25 ... ] O"tot", o ...
1926 April 24 ... I October 2l ...
lS27 May 23 ... I October 6 ...

24
26
l0
20

i z.zslz.alI 6.6 I7.a I

I

1928 April r7 ... 
I 

October 10 ...

Excepting only in 1927, when the potatoes were set very
late, the increases are round about the usual 20 cwt. per acre.

At Woburn, the increments have been more taried '-

r*. I D.r. or
PL!titr8.

1926
t927
t 928

trlay l0
June 25
May 6-9

Lnti!8,

-.. Oct. ll-12 ,..
... Oct.27-ZA ..-

SulDbate ol Al!fuia
Sulph.te of A!r@i1

'.:. 6;i.;;fr':..
/

With sufficient sulphate of ammonia the increases given by
lcwt. sulphate of potash are much more variable: they have
been, at Rothamsted:-

Y..r. DrL ol plaltiDs.

No du!8. Du!s,

May 23

20
t0
No

iacrea-se

20-23
Depres- i

siotr
_lApril 1.7-20..-

(r) Meatr of muriate and 30 per ceot. pot -sh manure salts.t No experimetrt made.

The effectiveness of the potassic fertiliser is lessened by late
planting: indeed, for potatoes, as for sugar beet, we know of no
profitable scheme of manuring a late planted crop.

Potassic fertilisers are clearly much more dependent on the
season than nitrogenous fertilisers: the explanation is that they
increase the efficiency of the leaf, an action which is advantageous

2.48
9.73
6.20

'1',
1925
tgza
lg27

r928

g.2l
11.70
0.r8

9.45
6.52

58
25
l0

379
668

44r
479
120

68t

l8
23

6

22
ll

28o

April 29-May 4
April 23

7.69

In(rc td ldt. I,roE& Io! 1c*t.
Sulphat of Pot&!. MurLt of Potast.

CFr CrL
Nodula. DoDa. Nod@9. Dr!s.

8.75
s.03
8.79

6.60

7.06

8.26
I1.05
10.63

67
30
I

:
4G.46
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in sunless seasons; also they increase the vigour of the plant,
thus helping it in seasons of spring drought or other di6culties.

Sulphate of potash in our experiments usually excels thc other
potassic fertilisers for yield, though not by much, muriate running
it very close and the 30 per cent. potash salt is not far behind.
The average yields, in tons per acre, of thc last six years for
the dressing of 2 cwt. sulphate of potash' per acre and equivalent
amounts of the other salts, have been:-

Salts 3070.

t922

1923

1924

1925
r926
ls27

F.Y.M. 8.03
tro F.Y.M. 2.48

F.Y.II. 11.70
tro F.Y.it. 9.73

F.Y.M.9.18
no F.Y.M. 6.20
tro F.Y.M. 5.03

Gaio due to super

rz
ll.{3
9.22

0.36
10.97
6.E6
0.46

double d.essiog

9.55
8.30

12.47
t2.23
8.82

9.68
I1.36
7.38
7.35

s.2r
8.32

13.03
12.00
8.70
7.ts
9.42

11.52
7.16
7.O4

I F.Y.M. 9.45

I 
F.Y.M. 0.s2

F.Y.M. : Farmyard Manure.

The frgures from t926 onwards, when the new methods rvere
introduced, have more value than those for the earlier years.

Superphosphate was included in the tests in 1928. The results
show an average gain of 5 cwt. potatoes per cwt. of 36 per cent.
superphosphate at Rothamsted, and the following at othcr
centres, adequate supplies of sulphates of ammonia aod of potash
being given :-

Wisbech ... 3 cwt. potatocs,
Stowbridge tg cwt.
Woburn ... 8 cwt.
Rothamsted ... 5 cwt.
Aberystwyth Nil
Average: 7 cwt. potatoes per cwt. superphosphate.

At three of the five centres increases in yield continued
(though not at this rate) up to 8 cwt. superphosphate, at one
(.{berystwyth) there was no clear increase, and at one (in Lincoln-
shire) there was apparently a decrease: this is being more fully
(xamined this year. 'Ihe yields are givcn on pp. I43, ll-16, 170-1,:

The effect of the superphosphate is depeodent on the presence
of sufficient nitrogen and potash as shown in the following yields
at Rothamsted in tons per acre:-

Sulph.t! o, AlMoDi.,
oot. ll cwi. 3 cEi.

Witi super ...
No srper

9.03
9.t5

I1.05
9.76

Varyiq n;rrog.i, aA.44atc po,ash 1528.

I Rather less on tlle farmyard maEure plots oI I 922, 3 end 4.I FuIt Report.
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Varyilg potash, adt4tate nitlogen 1928.

$loh.t d Fotat
ocnl 1.rL 2crt.

With super ... ...
No super

Gaia due to super (3.cl*t. per acre)

8.26
8.00

tt.06
9.70

lo33
9.74

It has now become possible to arrange for a satisfactory
investigation into the inBuence of manuring on the quality and
keeping value of potatoes. Dr. Lampitt, Head of Messrs. J.
Lyons' laboratories, is conducting cooking tests (boiling and
frying) of all our samples fresh from the field and after storage,
and with his help we hope also to obtaio the percentages of dry
matter, sta-rch, nitrogen and other constituents likely to influence
quality.

Srgat Beet. The Beet Sugar Factories-Aoglo-Dutch Group

-generously 
made 8'rants in f927, 1928 and 1929, enabling us to

carry out extensive fertiliser trials at Rothamsted and Woburn,
and to repeat typical experiments elsewhere. 1'hese trials, being
in much more detail than was previously possible, have brought
out a number of important points, but they have also shown that
we do not yet properly understand the manuring of sugar beet
and, therefore, are not obtaining as large yields as we ought. 1'he
Continental recommendations which most farmers follow are not
altogether suitable to English conditions.

ln 1927, sowing was unavoidably delayed at Rothamsted
and the purpose of the experiment was to discover whether in
these conditions, which are always liabte to arise in a heavy
soil, any fertiliser scheme could make up for lost time. U.iortu-
nately, none of the forms or combioations of nitrogeo, potash,
phosphate proved successful, and we do not yet know how to get
over the difficulties of late sowing.

The other experiments of 1927 and tiose of 1998 were to
discover the efiects of the various fertilisers on the crop, both on
roots and leaves, the latter being important as stock food.

The leaves behave oormally towards fertilisers. Nitrogenous
fertilisers deepen their colour and increase their size : an additiooal
hundredweight of niEate of soda gave about one ton of addi-
tiooal leaf per acre.

The roots, however, are much less affected thafl the leaves and
are not nea-rly so responsive as mangolds. One ton of mangold
leaf will commonly give about 4 to 6 tons of root, but one ton
of sugar beet leaf may give only one ton of root and sometimes
much less, Sulphate of ammonia applied with the seed had but
little eftect: muriate of ammonia was rather better, but nitrate
of soda was best of all. None of the nitrogenous fertilisers, how-
ever, did much to increase the yield, while they all lowered the
sugar content and the weight of root formed per 100 parts of
leaf. Phosphate had but little effect either on yield or sugar
content. Potassic fertilisers also had only little action, but, of
these, potash manure salts was somewhat better than the muriate.

The results suggest that sodium, perhaps magnesium and
chlorine, play some part in the outrition of the sugar beet, and
that the plant cannot make full growth unless they are supplied.
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Rdhatskd, 1928.

Roots, toDs p€r acre
Tops, toDs per acrc
Sutar, per cent. io

root

I rrtrarh
r c*r. Iuurietcol xorrci Fot rb. I sdts.

9.25
11.59

9.t9
r2.39

9.08
11.26

9.23 9.06
11.60 11.32

n.6s ) n.27 17.61 t7.6I 17.60

Srp.!-

0.25
I1.64

r7.63

Roois, toos per acrc ...
Tops, toDs per acre . , .
Sutar, per cent. in ioot

No top Ni6o.halt

t4.00
12.49
14.22

l5.to
13.69
t1.16

r3.E2 11.12
ll.4? 11.98
18.07 18.00

The effect of nitrogenous manure in lowering the efficieocy
of the leaf as a producer of root is shown by tlle weight of root
made by 100 of leaf :-

Top dressing (Nifrcchalk)
Irluriate oI potash
Potash manure salb

Notre Sirgle do6c I Double dose
89-,1 78 A ?3 a
88.6 80.6 ?3.0

The results are disappointing and show that we still have
much to learn about the manuring of sugar beet, and about the
varieties best suited to our conditions. Our present varieties
come from the Continent, and in the long cootinued process of
selectioo tie search has been for roots rich in sugar suitable (or
the factory, but not necessarily for the farmers. As compared
with the sugar beet grown sixty years ago at Rothamsted, tie
1998 roots are much richer in sugar, but the yield per acre, both
of roots and of sugar, has decreased, and the efficiency of the
leaves has fallen considerably. The improvement has apparently
been mainly a shrinkage in size of the root, thus compacting tha
sugar lnto a smaller space:-

S{C.r.

FE @L htEt lCrL F..r..
*#1sP l

I t.0
17.80.8

5.1
12.2

l87r-3 ...
ls28

41.6
33.1

. -A.pparently there is room for considerable improvement, both
rn va etres and in management of this crop, lhe restricted response
to -fertilisers suggesting some kind of iongesrion in the ;lant;rt ls not always obtained: for example, at one of the outside
centres. (Durham) muriate of porash was distinctly effective, the
yields being in tons per acre:-

Wobun, 1928.
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UEi.t ot Potah, aL p6 .d!..rI
f .i5

Each plot also received I crt. $rlphate of ammonia and 4 cvt. super-
phoophata I)er acre.

Inclease l)er cll{. mDriate oI potash-2o cwt. sugar boet.

It is somewhat curious that the factory determinations of the
percentage of sugar in the roots were consistently lower than ours
made on samples taken direct from the 6eld.

CenrAr-s.
Under British conditions the most important fertilisers for

cereals are the nitrogen compounds: these act with considerablc
uniformity, I cwt. sulphate of ammonia giving increases that
range about 4] bushels of rvheat, 6 bushels of trarley and 8 bushels
of oats. The figures vary from season to season, but their
relationships to the meteorological data are not yet fuUy known.

Borley, 'fhe experiments on barley are made in conjunction
with the Institute of Brewing to ascertain the efrect of soil, season
and manuring on the yietd and malting quality of barley. During
192? and 1928 they have been continued at Rotiamsted, W-oburn,
Wellingore (Lincs.), Chisleborough (S. Somersel), Fitzhead (\'ale
of Taunton) and Longniddry: they were, however, discontinued at
the other centres, sumcient information having already been
obtained, The most striking effect again was the increase given
by I cwt. sulphate of ammonia per acre; this was greatest in
years of low yield and least in years of high yield so that the
efiect of the fertiliser is to even up the results: the yields have
been, in bushels per acre:-

Witioutnitrogenousfertiliser 19.9
Witl,r nitrogenous fertiliser ... 32.6

So far as the data go, the increments of yield seem to be
a-fiected by :-

(I) sufficient rainfall in spring to allow of tillering propor-
tionate to the nitrogen supPlY;

(2) sufficient sunshine in July to allow of head formation
proportionate to the nitrogen suPply.

The values of the increments for the past eight years have
been at Rothamsted :-

Hi8best Ra.de oI
Vaoaliotr17.9 28.0

11.4 I1.9

1924. 7E,' t92t. 1925, \W"

Increment oI yield,
bushels

Yield *ithout Di-
troSetrous mao-
ure, bushels ...

Rainlall in inches :
March
Apr

7.0 6.8 6.0

24.8 27.2 25.O

5.0I0.4

47.9l9.s

2.14
1.48
1.68

225.E

23.4

2.38
1.88
l.l0

130.4

22.t

l.14
3.r8
4.63

236.6

2.10
0.91
1.45

270.3

r.22
l.?0
2.4E

183.8

31.0

2.25
3.52
1.58

149.6

1.07
1.57
1.45

240.0

o.22
2.96
L95

l6l.l
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The high increments are associated with years of 3 to 4 inches
March and April rain and 200 or more hours of Juty sunshine,
1927 being the only exception. A higher increment might have
been exp€cted in 1924, but tlle abnormally wet summer aDd
autumn greatly ehcouraged tlre growtlr of weeds and protracted
the harvest-

TrrE NEw Nrrnocr^-ous MeNunss.

Four nitrogenous Iertilisers have been compared in deta.il.
The results were, at Rothamsted, for barley:-

Sulphate olammonia I

Muriate oI ammoiia

siisle Double

22.2
27.O
24.3
20.7

Sinire Double

34.0 37.8
36.2 47.0
32.8 43.8

35.5 34.6
34.6 37.5
35.O 35.8

32.1
31.3
3l.l
28.8

34.5
36.2
32.8
33.8

No oitrogen 15.4 21.4

All ferlilisers markedly increase lhe yield, wilh muriate
of ammonia coming out best as usual in 1g27, and quite wcll in
1928. In both years cyanamide has done well : it wAs applied a
few days before sowing. Urea dr.res not come up to muriatc of
ammonia.

These nitrogenous manures act best when they are applied
with the seed- ,cyanamide should go on even earlier. Usid as
top dressing, even ammonium nitrate (nitrochalk) is ineffective,
and when given late it only raised the percentagr of nitrogen
in the grain.

I ry..0 Nitrc.lelk epplied :
Illay 12. Jue 4. Jue 19.

30.8 33.0 3r.43t.9 32.i 29.5
2.118 2.110 2.160

Superphosphate ot ba ey. The Hoosfield barley plots afford
the best demonstration in the world of the effects of phosphate,
potash and nitrogen starvation on the barley plant. In British
practice, phosphate starvation is rare, the barley being grown
on-[y one or two years after a root crop which has been manured
with a phosphatic fertiliser. The farmer is more intelested in
the other problem: the efiect of doses of phosphate larger than
are oeeded to supply the bare necessities of the plaot. This
depends very much on the seasoo, tut also on the soil. In the
outside experiments the glacial drift soils at each of the three
Norfolk centres have ahvays responded to superphosphate. On
other soils, however, the response r.aries from season to season:
e,9,, at Rothamsted, a response was obtained in 1927, tiut hard)y
in 1928 :-

Grain, bushels per a.cre
Stnw, cwt. per acre ...
Nitrogen per cent. ir gra.io ...

31. r
30.r

2.07 5
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1927. 1V27. rc2a.1928.

33.6
32.8

Supephosphate
No superphosphate

Efiect oI supeq)hosphate

20.7 30.3
18.9 29.4

+0.8 +r.8

'lhe figures for the straw vary in the same direction. N,J
conoection between the meteorological data and the respoose to
phosphate has yet been traced.

Potassic lertilisers on barley. 'l'he efiect of potassic fertiliser,
like that of phosphate, is much less marked than that of nitro-
genous fertiliser. Few soils, except perhaps the thin chalks and
light sands, show signs of potash starvation, and it is not clear
that excess of potash over and above a margin of safety is
advaotageous: indeed, in some seasons, especially the good ones,
sulphate of potash appears to be harmful. During its 77 suc-
cessive years under barley, Hoosfield has passed through three
stages: the first, when sulphate of potash not infrequently
reduced the yield; the second, when it had no efiect; and the third,
when it increased the yield, potash starvation having set in at tlle
end of about 32 years. The vields of graio have been, in bushels
per acre :-

+0.9

(1) Sulphar€s of soda and of bagnesii arc also oditred as *ell as sulphate of Dotash, but
oaher plot3 sbow rhat tbeir effecrs are r€latively small.

Sulphate of potash caused a marked depression in yield of
malting barley at Rothamsted in 1924 arld at certain of the outside
c'entres in otber years: this is not common, but it appears to be
a true result. The present data suggest that:-

(l) in years of high spring' rainfall and good ripening
wealhe\ i.e., years favourable to the formation of well-
matured grain of low nitrogen content, sulphate of potash
may decrease the yield of barley ;

(2) in years unfavourable to ripening, sulphate of potash has
less depressing efiect and may even raise the yield of
barley.

These variations are of the same kind as for wheat and
potatoes, on both of which sulphate of potash acts beneficially in
unfavourable seasons, and has less efiect in good seasons, the
badness of the season being in each instaoce measured by the
lield of crop receiving no potash.

Actual depression of crop, however, seems to be confined to

Early years.
rlst 8 16.

Pbr u6?,59. l8&i. 1864. 1865- 1866. 1852-91. 190&15. t9ie27.

Complete
artitrciat

No pot -sh

4A 46.4 5i.4 55.4
44.9 6r.6 58.5

46.5
48.4

17.O
50.5

43.5
42.7 5

40.4
28.5

32.O
28.6

Difierencel +0.5 -6.2 -3.1 -1.0 -2.5 +0.75 +rr.8 +6.6
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barley, and apparently to sulphate of potash, for it has been
observed with muriate of potash only in 19211; whether the chlorine
ion is beneficial and the sulphate ion harmful, is not knowo.

Errgcr or Frntrr,rstns oN CoMposITroN AND QuAr.try oF THt
GnerN.

The percentage of nitrogen in the grain of barley depeods
on the amount of nitrogen the plaot has taken from the soil and
on the amount of carbohydrate it has synthesised during its
growth. A high nitrogen uptake makes possible considerable
growth and sumcient carbohydrate formation to over-balance the
nitrog'eo: the grain then has a low nitrogen content. It depends
on the favourableness of the conditions whether this possibility
eventuates. Late sowing, or a check in growth due to drought,
or a late supply of nitrogeo to the plant, may so cut down the
available time that the plant cannot make the necessary carbo-
hydrate: the nitrogen content of the grain then becomes high. On
the other hand, high rainfatl in the weeks after sowing, by reduc-
ing the nitrate in the soi[, but otherwise favouring growth, lowers
the nitrogen conteot of tie grain, as shown by the following data,
obtained at Woburn :-

Nilrogetr per @nt.
Ye3r
Barley sown ...
Raidall in inches

after sowiog.
March

...1
May rst-l6tn i

inclusiwe

r.06 I

ts22 I

April l0 i

I

t.23
tsz4

March I I

0.35
2.57

1.35

2.0r
ts25

March 3l

l.7l l-57
1923 tg2r

April 10 March 4

o-09
1.59

l. r8

1.03

0.35

1.34

0.79

2.55

r.43

In sufficiently favourable conditions, sulphate of arnmonia
may still further increase the carbohydrate production and thus
further reduce the proportion of nitrogen in the grain; in less
favourable seasons, however, insrrfficient carbohvdrale is produced
and the nitrogen content of the grain mav be raised. As the
nitrogen content is already low in favourable and high in un-
favourable seasons, it follows that sulphate of ammonii tends to
lower the nitrogen content of the grain in years when it is low
and to raise it in years when it is high. Larger quantities (2 cwt.
per acre) tend to raise it in any case. The Roihamsted results
have been :-

192i.

No Nitrogetr...

Sulphate ot ArDmoaia
Muriate ot Ammoda

1.599 1.452 1.015

1.585 l.7ll
1.552 1.684

Double
drelsing.

2.220
2.112

1.142
I.438

Single.
2.O29
1.985

As in previous years muriate of ammonia gave grain of
lower nitrogen content than sulphate of ammonia. potassic
fertilisers counteract to some extent the tendency for sulphate of

PeTcenlegc of Nilroget in Grcin.

ttl
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ammonia to raise the percentage of nitrogen; at Woburn, in 19r8,
the percentages of nitrogeo in the grain were:-

Etrc.t ol Sulphat ol AEEoDi2. E6€t ol Sulph.t.. of Pot6h.

Sup.rphcph.t! aod SulpLat ot Sup.rphcphat and Sulph.t ol
A@ri..

+Sulptate oi I No Sulphat
Irtt6h. of Potasn-

Irotah.
+SrrlDhat of No Sulphat

Aooooia. i o, A6moi..

t.372 1.310

1'he nitrogen content of the barley, more than any other
5ingle factor, determines its malting value. lt is closely connected
with the amount of " extract " and with the diastatic power of
the malt, the extract varying inversely and the diastatic power
directly with the nitrogen: it has also more subtle effects,

The investigations by Mr. Bishop oo the nitrogen compounds
of the barley grain have reached an interesting stage. The pro-
portions of hordein, glutelin, aod salt-soluble compounds are all
conoected with the percentage of nitrogen in the grain: for
different samples of the same variety (Plumage-Archer) the glutelin
increases proportionately to the nitrogen, the hordein increases
more rapidly, and the salt-soluble compounds less rapidly than
the nitrogen. The relationships are tbe same, whether the varia-
tion results from changes in soil, season or manuring; it appears,
therefore, that the ratio glutelin/nitrogen may be a varietal con-
stant of considerable interest to the breeder of barley for quality,
and this is being determined for some of the new barleys grown
by the National Institute of Agricultural Botany: the barleys are
also being malted by the experts of the Institute of Brewing.

The large number of analyses of British-grown barleys made
in recent years at Rothamsted has shown that the grinding bar-
leys are richer in proteio tharr is usually supposed. The 6gure
quoted in the standard British tables is 8.6 per cent. of proteio,
correspondiog to 1.38 per cent. of nitrogen; our results show that
the figures have been, for barleys which buyers would not take
for malting:-

vahalioo 45l-.nd less valmrion helow 101

1922 1.72 ... I.76
1923 1.73 .. 1.96
1925 r.86 ... 2.16
1926 1.58 ... 1.65

Mean
Protein on conven-

tional basis

r.72

10.3 %

. r.88

... ll.8 %

The results show thai less protein concentrates, such as
decorticated cotton seed cake or meal, or decorticated grouod nut
cake, than is usually recommendcd, necd be mixed with barley
meal for feeding to farm animals-

WrNten-SowN Oers ,llto 'Wgeer.

The experiments have given further information as to the
effect of time of applicatioo of the sulphate of ammonia' and
we are now able to sketch out the followinR as the probable
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facts. _ In its relation to nitrogen supply, the life of a cereal
plant has two well-marked periols: thi'firit, in which roots and
tillers are formed but no heads; the second, in which heads develoo
on the tillers, but no more new lillers are formed. For autumn'-
sown cereals, the first stage is so long drawn out that it can
be sub{ivided into a 6rst p-riod, startirig at the lime of e,ermina-
tion and continuing all thiough the winier, when roor firmation
is the chief process, and a second period when tillerine. oroceeds
aclively; at Rothamsted, this is mainly in the spring, ahJui March,
or early April. Roots, tillers and heads are ali inc-reased bv nitro-
gen supply. The heads, however, are increased in numbir onlv.
and not in size or number of grains : there is even a small tendeniy
for Ihe number of fertile grains lo decrease.

Applied during the time of titlering (which at Rothamsted is
about the month of March) the nitrogenous fertiliser increases the
oumber of tillers.

Applied after tillering has ceased, it can still increase the
amorrnt of grain, and also the amount of straw, though not as
much as if it had gone on early enough to increase the tiilers also.
The earlier application has therefore at first sight lhe advantase.
It suffers, however, in that some of the nitrosin mav be wash"ed
out by rain, leaving insufhcient for the cro-p unlesi an excess
has been added. In practice, rhe ordinary dressing of t cwt.
sulphate of ammonia per acre is best appiied late,"as it gives
more grain and but little less straw rhan if aDDIied earlv. i,,hile
the larger dressing of 2 cwt. sulphate of ammonia is besi apolied
early, as it then gives considerably more straw and somcwhat
more grain thao if applied late. The averages of all results for
lhe four ycars I925-28 havc been :-

Incrcdsas ot al No Nirrogcn-

Sulphate of Arnmoaia.
Oats (2 years) ...
Wheat (3 years) . . .

Early kt!

0.4 t0.8
5.3 2.8

Meatr oI all Tests with Sul-
phate o, Amrlonia a.d
lturiateolAmmoDia... 3.5 6.0 6.7 5.1 6.t 4.8 10.8 ,.6

Muriate of ammonia gives substantially the same r€sults
as sulphate of ammonia. 'lhe details are as foitovs:_

... I s.s s.r

... 1.0 4.3
14.0 8.7
7.5 43

7.1 6.6
3.8 4.6

Oats, 1925
Oats, l926
Wheat, 1926
Wheat, 1927
Wheat, lg28

49.6 I 59.4 61.2 66.4 sg.a 61.6 s23 I _75.4 71.2 77.O 77.4 77.3 7E.8 82.4 ) lt.a I n+27.O 24.5 32.8 I 3O.8 I 32.1 36.4 34.4 i gZ.O Zgs11.2 19.5 44.O 5l.O 40.9 {4.O 49.3 60.1 48 04:1.3 {4.4 60.6 {8.6 48.1 _ I _l-

Early la&

GMrlr. BusEaI! lir Adr
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S w, CB. Ptr AcE,

Eitly. Iit.

34.6
50.3
46.7
4&9

itc. DooDL il6..
Izta E rly. ht .E3dy.

Oa13, 1026
Oets, 1920
Wheat, 1026
What, 1927
wheat, l92E

s7.4
68.2 17.2
50.3 43.r
55.3 49.I

lco
u.8
50.0

24.5
14.1
4r.3
45.8
25.2

3r.8 30.8
50.0 60.0
43_7 41.9
51.4 48.6
32.5 36.7

36.7 3r.8
52.6
46.4
44.4

58.9
46.2
55.8

Cereal mixtures for green feed, hay or silage, and therefore
grown for leaf rather than grainr should receive their nitrogenous
dressing during tillering time.

Nitrogen in @heat gtaifi. An experiment was made in l92q
in conjunction with the Research Association of British Flour
Millers to ascertain how far the nitrogen content of wheat can
be altered by variations io time of application of nitrogenous
fe.tiliser. No significant efiect was produced by manuring,
although there were differences between the varieties: Yeomaa
II and Square Head's Master both contained more nitrogen in
the I'rain than Swedish Iron or Million III. The percentage of
nitrogen in the dry grain was:-

Dillercnt Vatieties.

Yeoman II ... I.700

Square Head's Master 1.698

Million IIL.. r.665

Swedish Iron ... ... 1.639

Dillerent Times ol Ap?lf;ng
N itro geaous F eiiliser.

No nitrogenous ferti-
liser

Early top dressing ...
Late top dressing ...
Early and late top

dressings ... ...

Gnesslexo.
Grass presents special problems because it is not a single crop

but a mixture, the members of which are competiog with ooe
another. Further, the value of grass is not sumciently expressed
by its weight: it depends not only on the kind of plant but on the
way the plant grows, whether leafy or stemmy. Two qualities
are important to the farmer: palatability and feeding value.
Palatability is tested in the Woburn experiments in Broadmead,
rvhere grass is treated with lime, basic slag, superphosphate, pot-
assium salts on separate unfeoced plots, all of which are then
grazed by animals free to wander whele they wili. They congre-
gate on the most palatable herbage and leave the rest: they choose
always the plots treated with lime and phosphate. Feeding value
is tested at Rothamsted; the plots are fenced in and the animals
are given no option as to where they shall go: they are weighed
each fortnight. The results again show the value of phosphate,
especiall) the basic slag of high solubility: within certain limits
they show that a 2 per cent. solution of citric acid is a useful
agent for estimating agricultural value, though others are being
tested with promising results. The experiments have emphasised
the importance of skilful and close grazing in the management of
grassland; this is even more important than maouring and,
indeed, some of tie records shorp that a properly manured pasture
badly grazed may be worse thal one left unmanured.

I.646
1.612
1.639

1.667
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Grazing experiments are, howevcr, the most unsatisfactory
of all field trials; they are crude and liable to gross errors, They
answer well enough to show strikingly obvious differences, such
as those obtained at Cockle Park; and, with proper precautions
to ensure success, they can make effective demonstrations, but
they give little or no information beyond what a competent grazier
could deduce on mere inspection of the herbage. The variations
in the individual animals, the marked difference in results accord-
ing as one more or ooe less is put on a particular plot, and
the impossibility of allowing for their mainlenance requirements,
complicate a problem already rendered difficult by the variations in
the land itself. We are endeavouring, during the present season.
to improve the method so as to make it yield more useful results.
We are- also 

. 
testiog the mowing method used successfully in

certaln rnvestrgatrons.
The results have given some interesting measurements to

show what grassland can do in various parts of the country.
The live weight increases in pounds per acre of the sheep grazed
on the unmanured plots have been:-

t9214
1925-..
1s26...
1927.,.
1928...

Average-
t92t-4 ---
1925
1926
1928

rE.e
2t7.0
271.A
203.8

ll5
81.

201

0t.

,a
I87
297
124

The live weight increases on the slag plots at Rothamsted
when that on the unmaoured is put at 100 a.re :-
Per c.nr. $trble io citric Acid. n

98
95

tt2
94

tt2
t27
ll0
tt2

100
50

l0{
I l5

l4l
m

104
109

128
r68
104
109

99
t23
95

t25

ll4

The 6rst dressing was given in lg2l, and the plots were
redressed in 1925.

Much clearer results are obtained in the manuring of hay
land. Experiments on this subject were begun in 1856 on grass
which even then was very old, and they have been continued ever
since, the laod being hayed every year, two crops being taken
rvithout grazing. The results are given on pp- 126-7'; they show
lhe imporlance of potassic and phosphatic fertilisers for ensuring
quality, and of nitrogenous fertilisers for giving bulk and early
growth.

The efrect of slag depends on its solubility: slags of 60 per
cent. or more solubility in the 2 per cent. citric acid solution are
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more effective than those of 40 per cent. or less. The results
were:-

Yi€ld, cwt. !6a@: NoEanutt.

Old @do'. N.t hy.
E@o.!, S(EEeL atul.., Ndroll.

l@pFE@t aiveo by slaa.
Yield rh.n uo@uuftd: l0O.

Elllre, So@is.t. tsr@Le, Nodoll
Solubilily. Solubiliry.

3?% 870/" AT ai'%

27.4
26.1

0.4

rs26 ...
t927 ...
1928 ..,

45.7
r8.8
14.9

109
ll5
t I9

ll6
169
l7l

tt2
123
t25

r00
r33
128

The rapid fall io yield of hay from the new ley is characteristic
of the Eastern counties, and illustrates one of the difficulties of
grassland farming there.

The experiments show that the old citric solubitity test is
of considerable practical utility in discriminating betBeen the
various slags now offered to the farmer, and they shos, the
t'isdom of insisting on a high solubility in general. Low soluble
slags may serve a useful purpose in special conditions, but they
should be bought only when the farmer has Bood reason to know
that they will act well.

FALLow.

One of the most striking of recent changes in agriculture has
been the increase in land under bare fallow. This represents a loss
of crop in the current year, but a gain, and sometimes a marked
gain, in the next, so that it is not necessarily as wasteful as it
appears. The fallowing of part of Broadbalk has given us oppor-
tunities of observing some of the results: on part of it that has
had a two years' fallow, the yields have been:-

77 ye.E, 1E52-19Za.

GEiL Str',e-
B[shtl I cr(
F.d.- I P6..e

No manure since 1839
Complete artidcials
No potash ... ...
No potash or phosphate
No nitrogetr
Farmyard matrurc ..,'

t3
ll
l0
6

28

27.9
55.2
66.S
47.0
x5.2
ta.1

27.8
32.0
3t.4
25.8
34.8
61.4

I r.8

2t.4
18.8
t3 6
33.2

30.8
2 r.8
l8.l
10.6
34.5

and in the proportion of grain to straw- Never in the 86 years of
successive wheat grorving has Broadbalk grown a crop so thick
set with grain, and we are unable at present to explain it. The
season was very favourable, but probably not more so than some
of the great wheat seasons of the past, 1854, 1867, 1863, f894,
yet in none of these was so much grain produced. Much of the
effect is probably attributable to the fallow, but whether the action
is the suppression of weeds, the decomposition of vegetable and
other matter, or some ph1'sical change in the soil, we caonot
decide. Something more scems to be involved than an increase io
plant nutrients, for no fertiliser scheme we have ,et tested pro-
duces this great increase in the proportion of grain. The ordinarv
fertilisers increase boti grain and straw: the fallowing somehow
caused the plant to produce grain and not straw. Thc investiga-
tion is being continued-

The result is a remarkable increase in the yield of grain
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LUCERNE.
The value of luceme as fodder is rvell recognised. but onlv a

comparatively small area has hitherto been giown, and thiJ is
mainly restricted to the south-eastern part of Eogland: elsewhere
it ofteo fails to survive. Investigations made by Mr. Thornton
during the past frve years have revealed both thi cause and the
remedy. Like other leguminous plants, lucerne is dependent on
the bacteria iiving in tlle nodules of its roots, and as thise are not
normally carried in the seed they must eoter the plant from the
soil: if they do not occur there, the plant fails to giow well. The
experiments show that the organisms are absint from many
of tie soils of tie north and west of England, but they occur in
the home counties and East Anglia, where lucerne'has been
grown for many years: they occur also, though probably in
smaller numbers, in the flat region stretching away from'thc
home counties to Cheshire-the region known io geographers as
the Midland Gate. Mr. Thornton has developed a-method of
adding the necessary organisms by a process of 

-inoculation 
which

is both sucrcessful and inexpensive, increasing the yield of crops by
20 per cent. or more in districts where the apprbpriate bacteria
are absent from the soil, and usually increislng the nitrogeo
content and therefore the feeding value. Iooculated luceine
seems to have as glod a chance of survival in the north and west
as in its old homo in the south-east and East Anglia. lnocula-
tion is particularly advantageous where lucerne iJ sown with a
cover croP.

Inoculation, however, is not the only thing necessary to
ensure success. Lucerne is very liable to weed infestatio;, in
spring with the usual annuals, in autumn with specia.t weeds like
groundsel aod chickweed. Trials showed no ad\,tntag.e, however,
in delaying the sowing for the sake of extra cleaning: spring
sowing in a cover crop has given the best results in our trials ai
widely separated as Somerset, Monmouth, Monte.omery, Cumber-
land and Rothamsted-

_ Soil acidity is a potent cause of failure of lucerne, being
harmful both to the plant and the organism. Acid soils must bi
Iimed before inoculation. Alwav has obtained evidence that in
Minnesota a second crop of Iucerne sown immediately after the
ploughing in of a first crop that has parrially failed has a
greater chance of success. No evidence for this was found ar
Rothamsted, rror of any acid resistant strain of org.anism that
could be used on acid soils. Up to the present |iming remains
the only way of making an acid soil fit for lucerne. -

Mr. Thornton, assisted by Mr. P. H. H, Cray and by
generous I'rants from the Research Fund of the Royal Agri-
cultural Society of England, has developed methods for preplr-
ing cultures of the bacteria on a largi scale for distribuiiou
to farmers I he has also worked out a simple and effective way
of putting the cultures on to the seed. The bacteria travel safelv
and are still vigorous at the end of their journey: indeed a pack-
age of them is being sent round the world to see if thei will
tolerate the 12 weeki of travel thereby invotved. The criltures
can_be kept_ on the farm for at least two months before they
need be used.

Althouih no advertising has been attempted the demand
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for cultures has increased rapidly. In f927, 900 were sold, suffi-
cieot to inoculate 6,300 lb. of seed. ln 1928, the cultures were
funher improved so that each one would inoculate twice as much
seed: 1,750 were sold, representing 94,500 lb. of secd or nearly
1,000 acres of lucerne. The business of selling culturcs, however,
is not suited to the Rothamsted organisation; it is, therefore,
being handed over to a trustworthy and efficient firm who are
undertaking to keep close touch with tie Rothamsted workers
and embody in the process such improvements as from time to
time may be effected.

THE ACCURACY OF THE FIELD EXPERIMENTS.
A new method of 6eld experiments was introduced here in

1926 and has been used exclusively in all the new field experi-
ments both at Rothamsted and at Woburn. Its purpose is to
,aet over the difficulty of soil variation, and to measure the prob-
ability that the result is due to the treatment and not to soil
tlilTerences or mistakes by workers. Dr, R. A. Fisher and the
staff of the Statistical Departmeot have worked out suitable
arrangements of plots, the most conve[ient in practice being a
grouping into btocks each of which contains one each of the
proposed treatments, or ;oto a latin square, each row and each
column of which contains one, but no more, of each treatment.
From the figures for yield, a standard error is worked out which
shows the degree of trustwortiiness of the result. A difference
in yield equal to the standard error of this difierence can be
obtained about once in three trials even $rhen the experimenter
is coovinced that he has given exacdy the same manuring and
cuttivation to each of the plots, but a difference twice this size
rvould be obtained by chaoce only once in 22 times: it is there-
fore much more likely to be true. The chances against the
difference in vield being due to causes other than the difference
in treatment aie:-

For difference equal to its Standard error
double

3tol
22to1

three times 370 to I
four times 16,780 to I

For most agricultural purposes a chance of about 30 to I is
good enough. The " standard errors " given in the follorving
iables are those for the yield values, and they have to be multiplied
by 1'll4 (i.e., r'2) in order to give lhe standard crror of the
ditrerence between treated and untreated Plots-the 6gure one
usually wants. To attaio a probability of 30 to l, a difference
must be roughly three times the standard error given in the
tables. 1

The method necessitates a large number of plots: during
thc vear 1928 there were at Rothamsted and Woburn:-

Cereals
Potatoes

... 240

... 250
Sugar Beet ... ... 222

Remarkable accuracy can, however, be obtained: in 192?,
the potato experiment of eighty-one plots testing difierent quanti-
ties of nitrogen and different quantities and kinds of Potassic
fertiliser had a standard error of only 1.14 per cent. The values
for all the experiments so far done are given in Table I.

-, 
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'Ihe standard error per plot is, for a number of the experiments,
about 5 per cent. of tlle average yield; for others, including those
on mangolds and sugar beet, about 10-15 per cent., the larger
errors being at W'oburn, One of t}re many advantages of the
method is to show up the faulty experiments and so indicate the
oeed for improvement. Thus the increased error in the wheat and
potato experiments at Rothamstcd in 1928 as compared with
i927, was traced to certain special circumstances which were
fully investigated and will be sedulously avoided in future. The
increased error for the Woburn barley in 1928 has oot yet been
explaioed.

The large number of plots treated alike in any one experiment
enables the average yield for this treatment to be determioed much
more accurately than could be done with only one plot. Conse-
quently, the " Standard error of the mean," the 6gure which is
quoted in the summaries of results of experiments (pp. f3l-175')
and which varies ioversely with the square root of the number of
plot yields averaged, is much lower ttlan the staodard error of a
single plot, as is seen by comparing the two adjoining columns of
the Table, It is, for many of the experiments, only It to 3 per
cent., while for most it is less than 5 per cent.

Efforts are now being made to improve the accuracy still
further by eliminating the waste occurring at harvest and during
cartage and storing : a method has been worked out in the Plant
Physiological and Statistical Departments which has the furth€r
advantage of reducing the labour of harvesting; it consists in
taking, just before harvest, a large number of samples from
measured lengths of the rows, chosen at random, weighing them,
and, for cereals, threshing in a miqiature machine. The rest
of the crop is then left to be harvested in the usual way, but no
measurements need now be taken: tJle whole labour of separate
harvesting, separate stacking, and separate threshing, with all
the losses involved, is eliminated, A comparison of the new with
the old method was made last year and will be carried out on
a much larger scale this year: at present, the method seems
distincdy promising in providing more accurate figures, better
samples for analysis, and speedier results than could be obtained
before.

The great advantage of knowing the standard error is that
the figures for yield can be safely used for a wide range of
PUTPOSeS,

At present, tiey are being correlated with the meteorological
data, the methods of collection of which have been constantly
improved. 'Ihis enquiry has been extended beyond the scope of
our own station. Dr. Fisher has developed appropriate statistical
metiods for working up the masses of meteorological and crop
data that have already accumulated in this country, aided by Dr.
trVishart, who has supplied tables for testing the significance of
results reached by means of these methods, while Mr. J. O.
Irwin, working under the Ministry of Agriculture Crop Record-
ing Scheme, is studying the problems connected with the tech-
nique of observation.

1 FulI Report.
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PLANT GI{OWI'H AND gUANTll'y OF FER'I'ILISERS.
Of the many attcmpts to find the relationship between the

amount of plant growth and the quantity of fertiliser applied,
the most widely discussed is the attractive ooe of E. A. Mitscher-
Iich, which, however, is open to some criticism. Professor Bal-
mukand, rvorking in Dr. Fisher's laborator.y, has shown that the
results may be expressed in terms of two constants, one reprc-
senting the importance of the Dutrient to the crop, while tlre
other represents the amount of nutrient the crop can extract from
the unmanured soil. The 6rst of these coostants is presumabl_y
a crop and even a varietal factor, and the secood is a soil factor:
the coostants promise to afrord a means of estimating both,
and so of expressing numerically both the crop need alld the
amount of available plant food in the soil.

DETAILED L.{BORATORY AND POT CULTURE
INVESTIGATIONS ON FERTILISERS.

The laboratory work is carried out io the Chemical Depart-
ment by Mr. R. G. Warren and Dr. H. L. Richardson, under Dr.
E. M. Crowther, and the pot culture work by Dr. W. E.
Breochlel' and Miss K. Warington.

Cyananide. No experiments had been made at Rothamsted
with this substance since 1920 and, as the method of manufac-
ture has considerably altered, an extended series of investiga-
tions lvas begun in 1927 and is being continued, The modenr
material is practically free from the dicyanodiamide which used
to cause much trouble, and it is also easier to handle than the
old samples: it still needs, however, to be applied a few days
before sorving. In our experiments, it has been as effective as
sulphate of ammonia on barley at Rothamsted, but less on
potatoes at Woburn and sugar beet at Colchester. The incre-
ments in crops for I and 2 doses of cyanamide and of sulphate
of ammonia have been :-
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The comparison is made ou the basis of the increments
and not of the yield figures: it therefore carries all the errors
of the experiments and acquires valitlity only as data accumulate.
'l'he very low value at Wobum in 1928 is probably fictitious and
arises from the circumstances that the increment for sulphate of
ammonia was abnormally high, being indeed the highest we
have ever obtained.

Much work has been done in the Chemicai Department by
Dr. E. M. Crowther and Dr. H. L. Richardson on the dccomposi-
tion of cyanamide in soil. The first reaction giving urea is brought
about by some chemical change not understood: the urea then
changes rapidly to ammonia and this, through the action of micro-
organisms, is oxidised to oitrate,

While the general course of the decomposition is probably
the same in all soils, the rate at which it proceeds varies in
difereot soils. The most striking result is the delay in the forma-
tion of nitrate even after all the cyanamide has decomposed: the
ammonia remains unnitrified for some long time, In spite of
this, however, plants make good growth, suggesting that they
are using the ammonia,

Ammonium Chloride.-The experiments described in the pre-
ceding pages ald the carlier reports, show that ammonium
chloride is, in general, superior to ammonium sulphate in equiva-
lent amounts for cereals and, so far as the experiments have gone,
for sugar beet but not for potatoes. Further ioformation is
being accumulated.

tlrea. This substance compares very favourably with
sulphate of ammonia in equivalent quantities; it has the advan-
tage of high concentration, containing 46 per cent. of nitrogeu
against only 20.6 in sulphate of ammonia. Further, it has less
tendency to make soil acid,

Bosic Slag. Mr. R. G. Warren has shown that a solution
of sodium chloride afiords a better means of assessing the agri-
cultural value of basic slag than the official 2 per cent. citric acid.
Basic slag increased the amount of manganese in the barley
grown in pot experiments : if it did the same for oats it might be
expected to cure the " grey fleck " disease, which is attributed
to denciency of manganese. The manganese in the slag, hor,-
ever, did not appear to increase the yield of barley.

Su?erphosphate. In spite of much experimental work by the
staff of the Chemical Department, no indication can be found
that superphosphate ever makes a soil acid, Farmers in the
west country and io the north maintain that it increases the
liability to fioger and toe in swedes: on this we have hitherto
been unable to make experiments.

Dr. Brenchley has shown (in confirmation of Gericke's earlier
work) that barley utilises phosphate for increased growth only
in its early stages of growth, although absorption of phosphate
continues almost throughout the whole life of the plant. Early
sown barley can utilise phosphate for at least l2 weeks (varying
with different varieties) while later sown barley cannot, its period
of utilisation being shorter, Further, the period during which
phosphate can be withheld without injury is louger for early sown
than for late sown barley. These advantages in favour of early
sowing have not previously been recognised.
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Sodium Silicate. Sodium siticate has long been shown to
benefit the barley crop at Rothamsted: evidence is now obtained
that this is due to an action in the soil enabling the plant to
take up more phosphate, rather than an actio; in the plant
enabliog it to use phosphate better, as was previously supposed.

Elements need,ed, only in srnall arnouflts. The necessity of
boron and of manganese in small amounts has already 6eeo
demonstrated in earlier reports. Recently, R. V. Allison, in
Florida, obtained striking crop increases by the use of copper
sulphate on certain Florida " muck " soils, which appareDtly
resemble some of our fen and peat soils. Dr. Brenchley has made
trials on a number of crops on these soils, but found no response
to copper sulphate: there seems, therefore, no likelihood of it
proving use{ul here.

SOIL CULTIVATIO.\-.

The experiments oo soil cultivation follow three general
lines. Measurements are taken in the field of the draught or
drawbar pull of the implement and of the effect it has had on
the soil. Laboratory experiments are made to study the physical
properties of the soil, including stickiness, tilth, its relations to
water, air and temperature, and so to explain the field observa-
tions. Finally, field experiments are made to test other and simpler
methods of achieving the same results as present-day cultivation
methods.

Earlier work had shown that heavy dressings of chalk, such
as were formerly given in Hertfordshire, markedly reduced the
drawbar pull necessary to get a plough through tle soil. The
smaller dressings now customary have been tried during the past
three years : five tons per acre of 6nely divided chalk and 30 cu,t,
per acre burnt lime ; but at Rotlamsted neither caused any appre-
ciable reduction in drawbar pull, though another property was
afiected, as shown later.

Among the attempts to simplify cultivation, the rotary culti-
vator is one of the more promising: it achieves in one operation
what the usual implements do in two or three, and thus ofiers
the possibility of reduction in cost. It proved better in 1926 than
either the ordinary ridge or flat cultivation for swedes during the
first part of their growth, but not afterwards; the rotary cultivated
plots then "capped " or hardened considerably; ordioary cultiva-
tion methods were used for the succeeding barley in 1997, but
th6 effect of the 1926 rotary cultivation was still visible and was
entirely benefcial-a residual efect that was riot expected and
cannot yet be explained. The values for yields were:-

Bdley, 1927. Hoe G€leral
Plowtred. M@

Grain.
Per cent,
Bushels

Srrdu.
Per cetrt.
BEshels

I17.0
27.A_1 21.6

91.0 92.0
21.9

s3.6
r8.3

100.0
23.8

4.89
1.16

tll.l
2t.7

95.3
18.6 0.46
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In 1928, swedes were again grown, but on different land:
this time, however, rotary cultivation caused oo " capping " and
no difierence in growth, as compared with ordinary cultivation.
This variation of result with season vr'as expected, and is being
studied: the bad effect in the summer and autumn of 1926 is
not easily understood. The rotary cultivator produced in each
year as nearly as can be measured the same degree of disintegra-
tion of the soil as ordinary cultivation, except when the soil was
in an unkind or difficult condition for cultivation: ifl this case
rotary cultivation was less effective than the ridging plough,
The experiments further showed the value of the ridging plough
in breaking up an unkindly soil.

The purposes of cultivation are threefold: (l) the formation
of tilth, (2) the conservation of moisture, (3) the suppression of
'lir'eeds. It is not agreed how closely (2) and (3) are lioked, but
it is certain that weed suppression is an important function, and
this has been studied by Dr. Brenchley and Miss Warington
on the permanent plots of both Woburn and Rothamsted. One
of the chief factors is the time the weed seeds can live in the
ground. Cultivation encourages the germination of Black bent
(Alopecwts agrestis). Poppy (chicfly Papaoer rhoeas), however,
survives much longer in the soil: its seeds are still germinating
in a sample of Broadbalk soil taken in 1925 and continuously
cuttivated ever since in a glasshouse, where contamination is
reduced to a minimum. The seedlings are remoyed as they appear,
so that no fresh seeds reach the soil, yet already the number of
plants appearing has been at the rate of 33 millions per acre on
the plot receiving no nitrogen and up to 205 millions per acre
on one of the completely manured plots.

The Pinoiples ol cultitation: the ,neanitug ol tilth.

- A great deal about cultivation must remain obscure until rre
know what it does to the soil and how it does it. The science of
cultivation is only in its infancy, and is far behind the science
of manuring I advice can be given only empirically and tenta-
tively. The subject is, however, steadily being devetoped by
Dr. Keen and his stafi, Dr. Schofield, Mr. Scott-Blair and Mr.
Cashen. The mechanical principles involve the movements of
layers of soil against and over each other and against the metal
surface of the implement. Special methods have been designed
for working these out: measurements are made of the Static
Il.igidity, i.e., the energy required to cause a soil paste just to
flow; and of the viscosity (more strictly pseudo-viscosity) of the
paste once it has begun to flow. The measurements of static
rigidity are closely related to the observed Draw Bar Pull, but
represent onlv ons g1eu, of the factors iovolved, e.g., a dressing'
of one ton per acre of slaked lime reduces the static rigidity,
but not the dynamometer values.

" Single ualue " soil constai.ts- The only method at present
available for the physical specification of a soil is mechanical
analysis, but this is tedious, and the results have only a qualita-
tive value- Attempts have been made from time to time to
develop other simple measurements of some single property (or
group of properties) easily expressed by a 6gure, and thus serving
as " single-value " soil constants. The subject has now been

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 45

4+

re-opened at Rothamsted- The " sticky polnt " (i.e., the mois-
ture cooteot at which a plastic mass of soil and water is just
about to become sticky) is promising. It is closely correlated
with the loss on ignition which may be taken as an approximate
measure of the amount of the organic and the inorganic colloids :
it is not, however, correlated $/ith the percentage of clay. The
amount of moisture in a.ir dry soil is correlated with the percentage
of clay, but not with the loss on ignition, i.e,, not with the total
colloids: this moisture is tierefore presumably held in the mioute
interstices between the small particles. On the other hand, the
clay aod the sticky point, and the ignition loss and the air dry
moisture content, are significantly correlated. These results indi-
cate two ways in which the water is held in the soil. The organic
and the inorganic colloids control the sticky point, while the
minute ioterstices betq'een the small particles control the air dry
moisture content. Confirmation has been obtained by repeating
the measurements aJter treating the soil with hydrogen peroxide
to remove the non-structural organic matter. 'fhe two values are
therefore of help as a means of soil specification, and an extended
co-operative comparison of them for many different soil types
has been agreed to by the Interna'tional Society of Soil Science.
This work will be controlled from Rothamsted.

THE CONSTITUENTS OF THE SOIL.

The Otgoflic MatteL
For some years past the chemical changes occurring during

the decomposition of plant residues in the soil, and eipecially
those concerned in the formation of humus, have been studied b1'

Y.. H.J. Page and his staff, G. V. Jacks, C. E. Marshall,
C. W. B. Arnold and others.

Lignin is the main, though not the only source of humus, but
the plant residues apparently humify as a whole.

Humus is very complex in composition, and its efiects in the
soil are not yet fully known. There is an important difierence
between the humus of the soil and that of leaf mould and peat:
while all three kinds of humus yield up ferric iron after hydrolysis
with acid in boiling solution, ioil humus gives ter.ous iion aiso,

Now iron may play an important part in the oxidation pro-
cesses in the soil: for example, the artificial production of humic
acid _from lignin by atmospheric oxidation io strongly alkaline
solution takes place only ir, the presence of organically'combined
lron.

The clay and the rcaction ol the soil.
The reaction of the soil is closely associated with the amount

of the bases. particularly calcium, tirat ran be replaced by other
bases when the soil is mixed with a salt solution, Mucir work
is being done on the amounts of these replaceable bases in the
Woburo soils.

The exchangeable calcium is greatly reduced by sutphate of
ammonia, and slightly increased by nitrate of sodi, superphos-
phate and farmyard manure. The exchangeable potassium iJvery
low: it is hardly aflected by nitrate of soda or sulphate oi
arnmonia in spite of the fact that this reduces the calciuor, but
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it is much increased by farmvard manure. A method is badlv
needed for estimating the extent to which the soil is saturatei
with bases, or, alternatively, the extent to which thc bases have
been replaced by acid hydrogen: attempts are being made to
solve this probtem by mixing the soil with excess of calcium car-
bonate and extracting with sodium chloride.

_ The most widely used and most convenient way of measur-
ing the reaction of the soil is the quinhydrone 'electrometric

method. Miss Heintze and Dr. Crowther uied it for a series of
Gold Coast soils and obtained clear and definite results at least
one-third o{ which subsequently proved to be quite erroneous.

The trouble was traced to the manganese dioxide present in
certain soils in a form which reacts with the quiohydlone pro-
ducing a base and a corresponding reduction in icidiiy. Siniilar
errors have been found in English soils and merhods of detecting
and avoiding them are being worked out.

SOIL MICROBTOLOGY.
The investigations in soil microbioloev fall into two maio

divisions: (l) th; study of the micro-organilms living in the soil,
their kinds, numbers, mode of life, their various aitivities and
their relation to one another.

(2) A detailed study of soil micro-organisms directly affectins
plants: the nodule organisms of the-leguminosa, organism"s
parasitic on plants and producing diseases.

- The chief groups of soil micro-organisms are: bacteria.
fungi, including actinomycetes, alga, protozoa and nematodes:
all are studied ar Rothamsted except ihe nemarodes, which are
left to the lnsritute of Helminthology, St. Albans, ihough it is
hoped to effect some co-operation tith this body as thi work
is now beginning to sufier through so artificial i restriction.

All the organisms, except some of the protozoa, feed on the
organic matter in the soil, some of tiem alio ferment part of it:
in either case, they decompose it, producing humus, nitrates,
piosphates and compounds of calcium, potassium ind othei
elements of great importance in soil fertility. Soil micro-organisms
are, to a large extent, the producers of soil fertilitv, thoush thev
also reduce it by assimilating to themselves nit.ates ant phoj-
phates that would otherwise serve for plaots. It is this close
connection with soil 

_ 
fertility that .iustifies the extended study

made of them at Rothamsted,
Broadly speaking, fungi predominate in acid soils and

bacteria in reutral soils, and of the substances they decompose
fungi assimilate more, build up more protoplasm and- retain more
nitrogen than do bacteria: they are less economical as plant food
producers because bacteria convert more of the orga;ic matter
into carbon dioxide, water and ammonia. For thiJ reason tess
of the nitrogen can be nitrified in an acid than in a neutral soil.

There is considerable difficulty about estimating the numbers
of fungi and sludying their activity: Dr. Brierley has shown how
to obtain comparable data under strictly contiolled conditions,
but the results have no absolute value and rhe higher figures are
not intrinsically more probable than the lowei ones-. More
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can be dooe with the bacteria. Their numbers can now be
estimated by Messrs. Thornton and Gray's direct method much
more rapidly and completely than before: when the counts were
first made at Rothamsted by the old plating method, a usual
estimate (kocwn, however, to be very incomplete) was 10-30
millioas per gram, and tie experiment took ten days to comPlete :

now the estimate (which, however, includes dead organisms) is
1,000-5,000 million per gram, and the experimeDt takes only two
hours. The numbers are related to those of the protozoa; thev
are high when the protozoan numbers are low, and low when lhe
protozian numbers are high: this is because the protozoa feed on
ihe bacteria. The " nutritive values " of the various bacteria
difier; for one of the most 'r nutritious " ao increase of 3,400
amtxbe (Haimonetla hyalina\ per gram involved the disappear-
ance of 1,441,000 bacteria, i'e., something over 400 bacteria were
consumed to produce one amceba. The effect of the Protozoa.on
the decomposition of plant residues by bacteria and fungi is being
studied: ii apparentlf difiers according as the action is a fermen-
tation or a consumption for food.

One of the moit far-reaching factors in the situation is that
micro-organisms need adequate supplies of nitrogen and of phos-
phate an"d can decompose carbohydrate orrly in propo-rtion to the
amounts of lhese substances present' This is the fundamental
orinciole underlying lhe making of farmyard manure. Straw
is or.ri unde. thi animals as litter and, being mingled with their
excretions, is decomposed by micreorganisms to form the familiar
black, sticky substance knrNvn as humus. In doing so, however,
the orsanisms assimilate some of the ammonia of the excretions,
conue.iing it into their body tissue, in which form it is insoluble
and some"of it is not easlly nitrifiable. Thus the nitroSen in farm-
vard manure is of three' kinds: the original complex nitrogen
lomoounds of the straw and solid excreta; simple and easily nitri-
fiable comooun<ls {urea and ammonia) of the liquid excreta: and

complex nitrogen compounds of the bodies of lhe micro-organisms
derived from these simple compounds. Not all of this nitrogen
is readily nitri6ed; Dr. Jensen, in the Bacteriological I)epart-
ment, shorvs that only the excess of nitrogen over.a certain
amounl is quicklv nitrihable. the proportion o[ non-nitrifiable and
therefore l.is uscful nitrogcn depindins on the lmounl of carhon
present and also on the reaction of the soil. In a neutral or
alkaline soil, for every 20-26 parts of carbon, one part of nitrogen
nitrifies only slorvly; for an acid soil the figures arc one- part
nitrogen foi e.rerv 13-18 parts of carbon' This accords with the
observation that' farmyard manure is much more efiective in .r

ne:rtral than in an acid soil, and it explains why farmyard manure
and other plant residues conlaining less lhan about 1.5- per
cenl. nitrogeo in the dry matter suPPly very little nitrate and are
therefore oi iittle help in soil fertilitl', thus emPhasising the very
serious nature of the losses vrhen the soluble nitrogen comPounds
in farmyard manure Are leached out by rain.

A iticiol [armyoril mawre. This fuller knowledge of t]re
mechanism of ihe decomposition of cellulosic materials is not onll
useful in the manaSement of farmyard maoure: it forms the
basis of a method of producing an artificial farmyard manure,
closely resembling the ordinary material. Straw need not be
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put under the animals for tlle purpose of effecting its decomposi-
tion ; the organisms work equally well if it is wetted with a solu-
tion of a nitrogen compound such as an ammonium salt or
cyanamide containing sumcient phosphate. The important factors
are the presence of sufficient nitrogen (0.75 parts to each 100 parts
of ripe cellulosic material) and of pentosans at least equal in
amount to the lignin; when these are correctly adjusted, the
organisms rot down the material and give a black humus manure,
The method has proved of value where insufficient live stock is
kept to make enough manure, as in market gardens, plantations,
and some special types of arable farming: it is now used exten-
sively in many countries, and new waste materials are continu-
ously being tested. Cocoanut husk has this year been success-
fully converted into a manure containing 0.4 per cent, nitrogen,
and little, if at all, inferior to farmyard manure. Rye straw
presents special difficulties, because it cannot readily be'werfed:
means are being tested to overcome this.

Another practical application is, perhaps, some.what un-
expected. The chain of processes beginning with plant residues
and ending up with carbon dioxide and ammonia ii the basis of
the purification of sewage and other emuents. Sewage has on
several occasions been the subject of investigation at Rothamsted,
the purpose being'to obtain from it, if possible, a useful manure,
For the moment this investigation is suspended pending the suc-
cessful drying of the very prornising sludge finally obtained.
During the past two years, the same problem has appeared under
another form. The effiuents from sugar factories have usuallv
been run direct inlo rivers where thei have caused considerablL
nuisance and damago to fish. At the request of the Department
of Scientific and Industrial Research, an investigation wis begun
to discover some suitable and effective methods of treatmint.
The work is being done partly at Rothamsted and Dartly at the
sugar factory at Colwick, Nottingham; the problem is to remove
the waste roots and tails of the beets and to convert the plant
juices contained in the effiuent into carbon dioxide, watei and
ammonia as rapidly and economically as possible. The experience
gained at Rothamsted with this particular decomposition'enabled
Messrs. Cutler and Richards to start several lines of exoerimenr
as a result of which a microbiological process was devi'sed that
gives almost complete puri6cation. The effiuent is run tirough
a clinker filter on which a film of organisms develops, includiig
bacteria, protozoa, yeastJike bodies and, probably, othcr fungil
some of the bacteria decompose the sug.ar rapidly to produce
acids and gas; others do not decompose sugar, bui presumably
attack the products formed by the 6rst. Nearly 260 different
strains of bacteria have been isolated and studied, ind the remain-
ing population of the film is also being investigated. The film
is well suited for the development of protozoalbetter. indeed.
than the ordinary nutrient agar of the laboratory- but it can also
be attacked by the larve of the " sewage fly ', (Coltembola
Acheuteutes).

The problem now is to cheapen the process and to discover
what degree of purification is in fact necessary, for every per
cent. of purification beyond a certain point addJ to the expinse.
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Orgatisms directly allecting plonts i Lucerne ond its nodde
or ganism.

In the Bacteriological Department, Mr-'fhornton has con-
tinued his studies of the relations of the nodule organism to the
lucerne plant. The organisms enter the root hairs, they travel
along into the root, then multiply aod cause the cells to multiply
and form a nodule. \'ery few nodules are formed so long as the
seedling leaves alone are present: they suddenly appear when
the true leayes emerge. Apparently the opening of the leaf is
accompanied by the extrusion from the root of some substance
which stimulates the bacteria and eDables them to infect the root
hairs. This substance can be found in the medium surrounding
the root: a water extract of sand in which lucerne seedlings have
just formed their true leaves, stimulates the growth of the
organism in artificial cultures more than a water extract made
just before the leaves open. Attempts are now being made to
discover the nature of this substance.

Earlier experiments of Mr. Thornton and Miss Brenchley
showed that the co-operation between plant and organism re-
mained effective only so long as connecting channels were made
between the nodule aod the circulating system of the plant ; these
are oeeded to convey carbohydrate from the plaot to feed the
organisms and to remove the nitrogen compounds made by the
orgdnisms. lt is still a mystery how the plant comes to make the
coonection as soon as the nodule is ready, and the mystery is
deepened by the discovery that a minute trace of boron is essen-
tial: unless this is present, no connection is made, and the nodule
bacteria can neither pass on to the plant the nitrogen compounds
they have prepared, nor draw their necessary carbohydrates from
the plant; they therefore decompose the cells of the plant root,
thus becoming harmful. Mr. Thornton now shows tliat the same
result is obtaioed if the carbohydrate supply to the nodule is
cut ofi by keeping the plants in the dark.

Soil alge. Dr. Bristol Roach has collected and summarised
her work on the soil alga. The mode of life of these organisms
differs according as they are on the surface exposed to light or
below the surface in darkness. When they occur on the surface
they function likc other greeo plants, assimilating nitratc, phos-
phate and other plant foods from the soil and carbon dioxide
from the air, which by photosynthesis they transform into organic
matter rich in potential energy, All this is added to the soil when
they die, When they are carried down below the surface they
do not necessarily die: they can change their mode of life,
become saprophytic and feed on some of the organic matter
already existing in the soil, apparently the soluble or easily decom-
posable organic compounds: they can, for example, secrete ao
eozyme that lirluifies gelatine. There is oo evidence of any
erciss of decomposition products that could contribute to plalrt
nutrition, and the generil functions of the alga in relation to
soil fertility seem to be:-

(l) they assimilate nitrate and phosphate from the soil' con-- 
veiting them into insoluble nitrogen and phosphorus
compounds ;

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 50

49

(21 wheo-living at the surface of the soil they increase the
supply of easily decomposable organic matter rich in
energy ;

(3) when living belovr the surface, they assimilate soluble
or easily decomposable organic mitter in addition to
the nitrate and other nutrients referred to abor.e;

({} the) can lhus be regarded as agents for increasinp rhe
stock of energy material in t he soil and for immobil-ising
soluble nutrients and rrrganie compoundsr convertin;
them into an insoluble bur readily decomposable forml

DIS!]ASE OI{(iA\ISIIS .{\D PESI'S-
Disease irr plants may result fronr several causes: from in-

sufliciencl or excess of some essential requirement, from the
attack of a parasite, either fungus, bacterium or insect, or from a
vlrus, a name glven to some obscure agent, the nature of which
is not understood. For the present, the-firsi group, the so-calea
physiological diseases, are not studied alth;ugh' numerous in-
stances occur on our plots where defciencies br excess of the
laflous nutrients have become intensified by iong continuance on
lhe same land of an unaltered scheme of croooi-ne o. manurinp,.

One of rhe difficulties of the work is that'iom"e of the orga.'-r-
isms, cspecially, perhaps among the fungi and bacleria. mav-not
be fixed in their relationship to the plant or, indeed, in'rheir
own characters. Under consiant or chinged conditions a sDecies
may assume a different form, sornetimes with different oroo'erties
and, indeed, ma) be mistakelr for a new or anothe; s;ecies:
further, *hile harmful in some conditions, it may be .eiatively
harmless in others.

Dr. Brierle-v is sludling thc nature and the extent of thc
chanBes that can be indueed in the common parasitic fr_rngus
Llolrytis cineret, bl alteratiorr in its food and other cnui.onrn"f;r^l
factors.. lle finds thal st,nre of these charrges are purely tem_
porarl, disappearing. at once when tlre old con"dition:' aie .eito.ed:
some are more permanent! lasting for a number of latnerationi
and showing g'radual reversion whilsl still others are'apparentl-r.
quite permanent. Further work is necessary to asceiiain the
consequence of these important results and their retation to the
incidencc of disease in crop plants. Further changes in conditi,ons
may influence greatly t}re efectiveDess of a fun{us in attacking
plaots,

Dr. and Mrs. Brierley find Ihal certain soecies of ljusariunr
which cause root diseasa in wheat behave bifferentlv in nrrrp
culture and in soil : in pure culture the development of'rh. fi".,l
shorvs a marked rclation rvilh temperature. being slorv al l30 i-
more rapid at hi;.iher temperatures, but ceasing abor.e JOo C. ln
soil, 6q*"r"., no differen.e cor_rld be observEd, the amount of
disease produced at 30o C. being apparently iust as much as ar
lo\!er temperatlrres.

These and other observations show the necessitv for close
study of the conditions in rvhich a disease organisni is actine..
and thel have led some ro adopt the view thal studies of crJu
diseases can be made onll in the actual district where the diseasi
occurs,
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With improvements in electrical equipment it has become
possible to maintain experimental conditions constant for long
periods and, in consequence, to reproduce in the laboratory speci-
fied conditions, especially those of temperature and moisture

In order to see how far the studying of a tropical disease is
useful in an English laboratory, an investigation is being made
by Mr. Stoughton of the " angular leaf spot " tyPe of the
"Black arm" disease of cotton caused by Bactetiun ntahncearint.

Cotton is grown in glasshouses and develops ripe bolls with
good lint and healthy seed. Infection experiments under coD-
trolled atmospheric conditions are carried out on these Plants.
Cotton is also grown from sced in a series of special chambers
in which light,-air and soil conditions are controlled, and the
natural and artificial infection of young plants is examined in
relation oarticularlv to air and soil temoerature. and air moisture.
The results are compared with those 

-obtained by Major Archi-
bald and Mr. Massey in the Sudan. Already it aPpears that
this co-operation of tropical and British workets is advantageous :

it is certainly economical to do as much as possible of the pure
investigation work at home, reducing labour for the troPical
workei and allowing him to devote himself wholly to those
problcms which can be solved only on tlre sPot. The funds tor
ihis investigation have been provided by thc Empire Marketing
Board.

Wort disease ol Pototoes.
In spite of much investigation, no field method has yet

been discovered for treating the soil so as to kill all sporangia
of the organism (Synchytrium eadobioticum) causing this disease.
Treatment with sulphur has been efiective on occasion, but not
always: apparently, tberefore, the active aSent is not the sulphur
itself, but some substance formed from it. The acidity produced
by the sulphur accounts for part of the effect: the disease is
almost completely suppressed s,hen the soil acidity is raised to
pH 3.4. But this is not the whole explaration: suppression
sometimcs occurs at lower acidity. ExPeriments by W. A.
Roach and Miss Glynne suggest that thiosulphuric acid (a possible
product of oxidation of sulphur in the soil) has a special toxic
efiect over and above that due to the hydrogen ion concentration.
This investigation will be followed up when suitable methods
can be found.

Miss Martin has confrrmed thc lact that the fungus is oot con-
6ned to potatoes, but can attack various other solanaceous plants,
and has discovered a number of additional hosts.

Vius diseases ol PLan s.

These diseases are spreading and they have caused so much
loss at home and in the EmPire that the Empire Marketing Board
has made a special graot for five lears to aUow of the aPpoiot-
ment of an cntomologist, a cytologist and a plant physiologist
to work in collaboration with Dr. Hetrderson Smith, and to
provide special equipment and the nccessary, but costly' insect-
proof glasshouses in which thc investigations may be carried out'
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Nothing is known of the nature of virus except that it is not
a recognisable organism ; the name is entirely nonrommittal and
is used to denote the agent causing these particular diseases.
Virus is often contained in extracted plant juice, and certain of its
properties have been studied, e.g,, its reaction towards alcoho!,
temperature aod ageing, but the problem is rendered difficult by
the circumstance that a virus disease apparently may oot in all
cases be a single disease, but a complex caused by two or more
viruses closely related, but difiering in stability or other property.
A virus may not be specific to one plant: the foliage of potatoes
sufiering from mosaic will iofect tomato plants, though that of
healthy potato plants will not. Other solanaceous hosts may also
be infected with the virus of potato mosaic, but not the non-
solanaceous hoSts tested. Two viruses mixed may give a disease
different from that caused by either: the aucuba mosaic of tomato
2rzs potato mosaic causes a Tomato Streak Disease; Miss Jarrett
h-as shown that the mottled type oI Streak Disease frrs potato
mosaic also gives a Streak Disease.

These investigations are further complicated by the great
difficulty of getting healthy plants for experiments: plaots may
havd a virus disease, but show no symptoms. \A'ith certain
viruses, intracellular bodies have been found in the cells of dis-
eased plants, but their nature and significance are still uncertain.

ENTOMOLOGY.
In the Entomology Department the main work has been the

study of certain insect pests and possible methods for their control.
In nature, control is largely efiected by parasites, and this fact
has led to the investigation of the extent to which some of our
insect pests are parasitised in the field. Special attention has been
devoted to the parasites of Frit fly and of certain injurious Gall
Midges with reference to the species involved and their economic
status.

Preliminary trials by Dr. Davidson on the efiects of certain
substances, absorbed by the roots of plants, on sap-sucking
insects have led to further exploration of its possibilities. In
conjunction with Mr. Henson, Dr. Davidson has shown that broad
beans watered with suitable concentrations of pyridene could be
rapidly freed from aphis attack, Aphides infesting such plants
failed to multiply to any appreciable extent and rapidly died.
On control plants without pyridene, infestation was constant and
multiplication rapid. The efiects of pyridene on the plants, in
the lowest efiective concentrations, was noticeable in a reduction
in the dry weights of those plants, but the subiect is one requir-
ing much fuller investigation. Dr. Barnes has studied the life-
histories and parasites of injurious gall-midges affecting osier
willows, meadow foxtail and wheat, with a view to discovering
possible means of their control. In the case of species infesting
osier willows, evidence of significant varietal difierences io
susceptibility to attack is receiving attcntion, both under experi-
mental and field conditions.

Graots from the Empire Marketing Board for the purpose
of controlling noxious weeds by insects, have led to work being
undertaken on this subiect in conjunction with the New Zealand
Government and the Cau'thron Institute at Nelson. The bramble
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is a serious menace in New Zealand, and the possibility of con-
trolling it has been attempted by the shipment of consignments
of the beetle (Cotabts zubr) from the South o{ France to that
country. Gorse is another pest plant, and very large numbers of
the weevil Afion icis, have been sent to control it. Ragwort
is a third pest, ard man)'thousand pupa and eggs of the moth
Tytio jacoba have beeo shipped to Ncw Zealand. Before being
sent out, the insects are tested at Rothamsted on all likely
plants growing under British conditions; in New Zealand they
are further tested b€fore liberation, so that the prossibility of
danger is reduced to a minimum.

This work has now been carried beyond the research stag€,
and methods have been erolred for the reBular transmission to
New Zealaod of the insects concerned. 'fhe scheme in futute is
to be centralised and further develope<l under the special facilities
available at the laboratory of the Imperial Bureau of Entomology
at Farnham Royal, and the co-operatioo of Rothamsted will con-
sequently terminate.

Dr. Handschio has devised apparatus for studying the move-
meots of insects in the soil in response to chang'es of temperature
and humidity, rvith greater refinement than was hitherto possible.
His work on the subject is being continued on his returrr to
Basle, and rvill be further elaborated before any pubtication of
the results is made.

I NSECTICT DES.
'l'he investigations carried out under the direction of Dr. F.

'l'attersfield in collaboration 6rst with Mr. C. T. Gimingham
and norv rvith Dr. Hobson, have, for their general purPose, thc
discover-lr of new and improved substances for killing the insect
pests of fruit and other trecs. N{uch of the rvork is done in the
laboratory and insectary, but as soon as a promising substance
is found it is tested in the open on growing trees. so as to fir,d
out how far it would be effective in practice.

tnsecticides fall into two great groups: those used in r,vintcr
against the eggs, rvhich :rre generally laid by the parent on the
tree io be attacked, and lhose used in summer against the young
aoimal as soon as possible after it hatchcs out. The eggs, being
more resistant than the young animal, need a stronger poison:
fortunately, the tree is then resting and is devoid of leaves so
that it can tolerate substances that would iniure it later on :

hence rvinter rvashes must and can, r,l'ithout harm, be fairly
potent.

Tlre older winter washes were made up of caustic soda, or
lime and sulphur; more recently tar distillates have come into
use and these are nov standardised sufficiently rarell for practical
purposes. Being by-products they are likely to chaDge if the
metlrod of treating coal should alter. Othcr rvinter rvashes
arc sought at Rothamsted, the work being done on systematic
:rnd fundameutal lines, finding out u'hat clremical groups are most
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l()\ic to insect eggs ard then cornhining these so as to build up
a suitable insecticide. ()f the substanccs tested, a dinitrocrestrl
has proved highly effective, aod is easy to make on a large
scale: it is so potent that t to I ouncc makes sullicient wash for
a large standard tree, and few, if any, of the eggs, escape. This
high efiectiveness is a great advaotage $'here transport is a
consideration. 1'he only complaint madc by the practical men
who tested it is, that when it gets on the hands and clothing, it
stains them yellow.

The summer washes, being used against voung living insects,
need not be so peoetrating in action, but they must be harmless
to the young leaves. Two kinds are io use: stomach poisons
and contact insecticides. 'I'he stomach poisons are used against
insects or caterpillars that eat the leaves: lead arsenate is Fropular
among growers, but is open to various objections; attempts are
therefore being made at Rothamsted to nnd something different
but equally good. Some of the silico-fluorides are proving valu-
able; thel' also are easily made on the large scale, and are free
from the stigma attaching to arsenic. The contact insecticides
kill by touching; how, exactly, is not koown ; they are used against
sucking ;nsects such as grcen flies and capsid bugs. Nicotioe is
most commonly used: it is made only by few firms, and always
from one substance, tobacco I alternative substances a.e, there-
fore, highly desirable. 1'he necessity for high toxicity to the
insect and harmlessness to the leaf rules out maoy possibilities,
the desirabilitl. for harmlessness to human beings further narrows
down the choice, and has restricted it up to the present to certaiu
paraliins and to vegetable poisons, the latter being the more
convenient. Much work has been done on these at Rothamsted.
'l'he method is to try the parts of the poisonous plant on the
insect to find where the poison is, then ro isolate it and study
it in detail, finding its chemical nature, methods of detection and
estimation. Four plants are especially promising: Derris from
Malay, which contains its pr-rison in its roots; Tephrosia from
tropical Africa; a climber, Haiari (both white and black varieties),
from the forests of British Guiana; and Pyrethrum, the only orre
rvhich grorvs in temperate regioos. All these could be cultivated
in their respective climates, and the chemical work is so far
advaoced that the chemist can advise the grower and breeder
whether he is maintaining, increasing, or lou,ering the toxic
properties of the plant br his treatment. Remembering the
remarkable improvement following the chemical control of the
sugar beet crop, there seems great scope for improving these
insecticidal plants. 'fhe most poisonous of the principles when
extracted from the plant prove to be extraordioarily deadly to
certain iosects: a spray contaioing only about one ounce of the
pure poison from pyrethrum flowers dissolved in a ton of watcr
is fatal. Fortunately, it is not harmful to human beings. Thc
Derris compound called Tubatoxin is only slightly less potent,
and it is also highly effective against man1, parasites.
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At present, the poisonous substances are most easily obtain-
able by growing the plant, and they need not even be extracted
except where transport is important. The cultivatioo of these
plants bids fair to become a useful industry, pyrethrum at home,
and the others in the tropics; this part of the problem is being
studied in close co-operation with the Ministry of Agriculture
Plant Pathology laboratory at Harpenden.

BEE RESEARCH.
The prevalence of acarine disease has hitherto considerably

hampered work, but the Ministry of Agriculture has now agreed
to remove the restriction on the programme of work which had
previously cut out the study of bee diseases. Cane sugar has
been compared with beet sugar as wi[ter food, bLrt no difrerence
could be detected. Further tests were made of the resp€ctive
merits of the "warm" and "cold" way of arranging the frames
in the hives, and the data are now being examined in the Statisti-
cal Department. The programme of bee research is drawn up
by a Committee of Bee Experts who, from time to timc, meet
to discuss problems of importance to bee keepers.
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SCIENTIFIC PAPERS
Published 1927 and 1928 and in the Press.

I.-CROPS, PLANT GROWTH AND FERTILISER
INVESTIGATION.

(Botanical, Chemical and Statistical Departments.)

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

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

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

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

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

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

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

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

The importance of fineness and evenness of grindiog is shorvn.

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

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

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

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

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

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

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

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

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

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

-'Ihe 
absencl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(a) MEcHANTcAL Axalvsrs.

(Chemical, Physical and Statistical Departments. )

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

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

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

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

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

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

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

See Paper No. XXXI. for abstract.

(b) Pnvsrcer, PRopERTrEs.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

A theorem is estabtished connecting the static stress at any
$-ater content with the pressure deficiency and the dry area of the
surface. This, together with general considerations of the

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 70

69

energy conditions of physical equilibria, appears to dispose of the
two assumptions from which the high values for the cohesive
stress at saturation have been deduced.

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

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

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

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

The attainment of equilibrium conditions of moisture in a soil
column is a slow process, and moisture distribution cooditioos in
the freld are therefore esseotially dynamic' The present paper is
a prelimioary account of the relation between evaporation factors
and the daily level of the ground water table in large cylinders
of soil exposed to field conditions and kePt uncroPPed. From the
data, whiih included the period of the great drought in l9ll, it is
possible to construct curves showing how the free water level
would fall in al initially waterlogged soil during a continuous
and unbrokeo drought, It is found that after the water table has
receded some 70 cms- below the surface in a heavy loam soil,
the subsequeot fall is very slow, and in a further six months the
level falls oolv an additiooal 20 cms. This slow movement shows
that capillary action is practically inefiective in raising water
througtr a higher distance than 60-80 cms. in a heavy soil under
field Conditions, and the result emphasises the importance of those
cultivation methods inteoded to protect the moisture supply in
the soil from evaporation at the surface.
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XLI. G. W. Scorr BLArR AND E- M. CRowrHEB. " The
Flow ol Clay Pastes through Nozotr ?'abes. " Journal
of Physical Chemistry, 1929- Vol. XXXIIL, pp.
32r-330.

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

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

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

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

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

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

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

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

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

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

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

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

See Paper No. XLIV. for abstract.

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

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

(d) OnceNrc CHEMTSTRY.

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

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

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

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

(a) BAcrERrA.

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

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

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

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

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

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

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

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

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

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

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

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

-grorin 
intermingled with older plants -a considerable

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

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

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

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

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

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

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

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

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

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

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

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

(b) PRorozoA.

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

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

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

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

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

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

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

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

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

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

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

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

(c) FuNcr.

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

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

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 78

77

LXII. E. McLrNNeN. " The Growth ol Fungi in Soil."
Annals of Apptied Biology, 1928. Vol. XV., pp.
96-r09.

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

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

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

(d) Aro-e.

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

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

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

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

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

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

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

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

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

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

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

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

(e) INsEcrs.

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

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

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

Mycological Departments.)

(c) INsEcr Pesrs ANo rHErR CoNTRoL.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Benzyl-pyridine is the most toxic pyridine derivative tested.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(D) Fuxcus PEsrs AND Ttrern CoNTRor,.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(c) Becrrnrer. Drsnases.

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

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

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

(d) VrRUs I)rsBAsEs.

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

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

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

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

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

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

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

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

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

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

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

The booklets in this series contain the Papers aod Discussions
at the conferences held from time to time at Rothamsted on
present-day problems in crop production. The Papers are written
by well-known experts and discussed by some of the best prac-
tical farmers.

The Gtouing ol Lucette. lf6.
'l'he Cullure and Mttiuritrg ol l,'odder CtoPs. l16.
Greea Monwiag. 2f -

The Cullute ond Mau.r; g ol Srgar-Beet. 2/6-

The .4rl atd Science ol C tioation. )f -.
Pouer lor Cultiaation und Hadtge on the Farm. 2f6.

Malting Baiey. 2f 6-

Recent Changes in Syslems ol Ilusbandry ir England. 216,

The Hertfordshirc Agricultural Situation i Cdn il b.
Inproted.? 2l-.
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METEOROLOGICAL OBSERVATIONS.
Meteorological observations have been systematically made at

Rothamsted for many years. The deviation of sunshine, mean air
temperature and rainfall from their average monthly values is
shown in Figs. I and II for the seasons lg26-27 aod 1927-28
respectively, an excess being recorded above the horizontal line
and a deficiency below.

The records now taken at Rothamsted are as follov/s:-
Contituous self-rcgisteting rccords ol z-

Barometric pressure, (Negretti and Zambr? barograph.)
Radiatioo. (Callendar recorder.)
Sunshine. (Campbell Stokes recorder.)
Wind direction and velocity. (Negretti and Zambra anemo-

biagraph.)
Rainfall. (Negrelti and Zambra hyetograph.)
Drainage through 20 inch, 4O inch and 60 inch gauges.

(N€retti and Zamlra special design.)
Air temperatur€. (Negretti aad Zambra thermograph,)
Soil temperatures at 4 inch, 8 inch and 12 inch depths, both

under grass and in bare soil. (Negretti ar,d Zambra
recording thermometers and Cambridge Instrument Com-
pany electrical resistance recording thermometers.)

Recotils tahen at srdted, hours e@h ilay,
In addition to the above, the usual barometer, air and soil

temperatures and rainfall readings are taken at 9 a.m.; these are
supplemented by furtber readings at 3 p.m. and 9 p.m. of certain
selected factors-wet and dry bulb for relative humidity and dew-
point, soil temperature at 4 inch and 8 inch depths- A daily
reading is also made of a simple atmometer, to obtain a measure
of the amount of evaporation from a wet surface during the pre-
ceding 24 hours. Full notes are also made of the general weather
conditioos.

The detailed information obtained from these records and
observations is employed by the Statistical Department in inter-
pretiog the crop records, and is also used, together with pheno-
logical notes and observations of crop growth, io drawing up the
monthly statement for the purpose of tbe Crop-Weather Report
of tie Ministry of Agriculture. The continuous self-registering
records are used by the Physical Department in their studies of
borderliqe problems Meteorology and Soil Physics.
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THE FARM E CROP RESULTS
ocToBER, 1926, TO SEPTEI\IBER, 1927.

The farm year was characterised by unusual wetness and
great deficieocy of sunshine. In tl,e period under review there
was 8 inches of raio above tbe average, and a deficiency of llg
hours of sunshine. There was no summer; the mooths June to
September inclusive gave 6.5 inches more rainfall and 142 hours
less suoshine than usual.

The year opened well. October was dry with night frosts
and very favourable for the preparation of autumn seed beds.
W'ork was well forward, the potatoes haviog been lifted io
September. Practicallv all the winter corn was got in under good
conditions during the month.

The rain came in November and totalled 5.32 inches for the
mooth, which was more than twice the average 6gure. Ploughing
was stopped and the seed beds were beaten down rather badly.
Root harvest was contioued under bad conditions, the crops being
above the average. (Swedes 19 tons per acre.) December was
mild, bright and dry, and formed a welcome change for the water-
logged cereals. The favourable conditioos continued till severe
weather and snow in the latter half of January stopped the
ploughs for a week. Alt cereals, except a piece of late November
wheat, had wintered well. February brought hard weather and
several torrential falls of rain, 3.98 inches in all, and was an un-
favourable month for cultivations; and it was noi until the third
week in March that more genial conditions set in. Spring wheat
was drilled on March 9th, and a start was made with oats and
barley sowing during the month. A dry April with cool winds
follorved, which caused the wet furrows turned in March to dry
out very harsh i seed bed preparation was difficult and the land
under cereals cropped badly. Barley germinated uneveoly, due to
rough tilth. The drought continued in May and increased the
difficulties of seed bed preparation for roots, but conditions were
excellent for spring cleaning. '\iy'inter corn aod spring corn where
sorvn on good tilth looked well, but barley sowir on rough tilths
had suffered from drought and was poor.

I\Iangolds were slow to germinate and had only iust chitted
by the end of the month. The drought continued till June llth,
when a period of exceptional wetness set in, the month giving
no less than 3.56 inches of rain, which was too late to repair the
damage to the root crop. Mangolds failed on Barn Field and
were replaced by swedes. Taking advantage of the first showers,
sugar beet was sown oo June llth, swedes on 14th. Potatoes
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planted on May llth did not appear through the ridges till late in
June. July was dull, cool aDd rather wet. A tlemendous crop of
charlock came up with the young sugar beet and great labour
was needed to save the plant. Haymaking was carried through
in catchy weather. Corn was looking well, except barley sown on
rough land. Spring sown Little Joss was particularly good, but
later than the other cereals. August was an exceptionally bad
harvest month: the average rainfall was exceeded by 1.69 inches,
and in the week ending 20th there was over 2in. of rain. The
corn crop was not badly lodged, but a few 6elds were cut one
way. Clover grew tall under the barley, swedes aod potatoes
looked well, but late sown Sugar Beet rvas disappointing and
seemed to make little progress. Harvest began on August 4th
with black winter oats, but no barley rvas cut during the month.
Conditions were if anything worse in September when no less
than 5..16 inches of rain fell. Barley was cut during the month
and much difficulty rras experienced in drying the crop owing to
the great amouot of clover in the sheaves. Spring wheat was
cut on September 5th and carted on the t3th, yielding 16 cwt.
per acre, an unusually favourable result. Four acres of barley
remained uncut at the end of lhe month. Owing to the wet
weather a certain amount of corn was put in the stack in rather
damp conditioo. Winter wheat yielded rvell (22 cwt.), barter
gave an average crop where the seed bed had been good, but
rough sown barley only yielded 9 cwt. Oats were a good crop,
averaging about 22 cwt. Potatoes (7 tons) and swedes (19 tons)
were aaerage yields for the farm, but the disappointment of the
season was late sown sugar heet which oniy yielded 3] tons.

ocToBER, 1997, TO SEPTEMBER, 192E.

I. Fann Policy.

The principal feature of the new farm year was the con-
tinuation, on a considerable scale, of the policy begun in tg2b of
laying down part of the farm ro grass. -fhe rveather conditions
giveo below were rather unfavourable for this. In co[sequence
of this policy, an extensive programme of fencing had to be
undertaken, involving the splitting of a number of the old fietds.
The aim was to have an arable core surrounded by grass, particu-
larly where the farm lands were bounded by woods. The details
of these developments are given in Section V below.

When the grass programme is completed in 1929 it will leave
five fields (viz., Pastures, Gt. Knott, Fosters, Little Hoos and
Great Harpenden) of approximately 19{ acres each, run on the
rotation-wheat, hay, wheat, winter oats, and roots-+ach of
these breaks, of course, remaining open to any modification sub-
sequently desired. In addition to the classical fields, Long Hoos
(24 acres) has been set aside for experimental purposes and has
been divided into six sections run on the rotation-hay, wheat or
oats, roots, wheat or oats, roots, barley. The ordnance acreage
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of 280 acres will then consist of: grass (123 acres), arable (87|
acres), classical experiments and exhaustion land (42| acres), the
balance being accounted for by buitdings, cottages, roads and
minor endosures.

II. Weathet.
The new farm year opcned with the land wet, but the rnonth

comparatively dry and warm. There was little chance, however,
for the sodden furrows to dry out, and this made the preparation
of an autumn seed-bed difficult and unsatisfactory. Potato lifting
was, naturally, under these conditions, a sticky operation, as was
the lifting of the other root crops.

The land continued wet throughout the winter, but on Decem-
ber 15th a period of sharp frost set in (22 deg. being registered
on the 19th)- 1'his gave way to heavy rain on the 22nd, which
was followed by heavv snow on Christmas Day. Deep drifts
formed and the farm road was closed for ten days. Severe con-
ditioos continued in January, there being 17 deg. of frost on the
l8th. Thus work on tlre land was at a staodstill for over a
month, but the cap of snow saved the winter corn.

February with bright warm weather aod only a slight excess
of rainfall (.138io. above the 75 years' average) brought a wel-
come change. Drier conditions prevailed from now to the eDd
of the season; each month had less raiofall than the average,
Septcmber being no less than l,64in. below its average of 2.43in.
Therc rvas a deficit of sunshine ddring l{arch, .April and May,
totalling 89 hours, but this iias more than counterbalanced by the
excess of I71 hrs. during the remainiog four months.

Thcse conditions made it difficult to secure a spring tilth, the
soil drying out hard, and receiving little further rain to soften the
clods. The soil in the autumn-sorvn fields had settled down very
hard, and it was impossible to procure a tilth there for grass-
seeds. The long dry spell, however, greatly favoured fallowing
operations, both before sowing the roots and after removing the
first crop of hay. During hay-time and harvest conditions were
almost ideal.

IIl. Crops. (For dates, yields ar,d other information see Table
on p. 120.)

Wheat and winter oats were sown under unfavourable coo-
ditions, with the esception of Broadbalk, where a two years'
fallow on the top two-fifths of the field had brought the ladd into
excellent condition. W'heat wintered well, except for 7 acres in
Gt. Knott, which would have been ploughed up but for pressure
of other work; it yielded only 9{ qrs. per ac. Crey winter oats
in Stackyard looked rather doubtful in February, but after a good
harrowing and manuring came on well and gave an excellent crop.
Black winter oats in Gt. Knott had to be ploughed up.

The titth for spring oats and barley was, on the whole,
pnor, and the dry spring held them back. In the barley in l-ong
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Hoos there threatened to be a very heavy crop of charlock which
was controlled by spraying.

Harvest was conspicuous for the absence of laid grain, ex-
cept on two or tiree of the most heavily manured Broadbalk
plots. Broadbalk yielded exceptionally weil, and Stackyard oats
and Pastures wheat were both very satisfactory, but the remainder
of the grain crop was disappointing.

Potatoes were planted by April 2lst in Gt. Harpenden. The
land was in a dirty condition, but dry weather and frequent
cultivation efiectively cleaned it. Sprayiog was carried out on

July 26th. There was little blight, but, although the seed was
fresh from Scotland, a certain amount of l-eaf Roll and Mosaic
was observed. The year ended with conditions ideal for lifting
the crop.

Sugar beet and swedes were grown in the same field as the
potatoes. Three-tractor ploughings, with other cultivation, made
a good seed-bed, aad tlre beet was sown on May 6th. Swedes
were sown from IVIay gth, after being dunged heavily in the
dritl. Both crops progressed steadily throrrghout the season aqd
did well.

Mangolds which were sown oo May 2nd were slow in starting
because of the poor tilth, and were not thinned until Juoe 20th,
but after this went forward steadily.

The clover hay crop was good and well secured.

lV. Stock, Etc.

Thirty-t\tr'o young cattle were bought in March and kept in
store condition on rough grass until early summer. In
August, 1il of them were sent to W'oburn for box-feeding, the
remaincier being fattened here either inside or on the grass.

Sheep were purchased for the basic slag grazing experiment,
and for this purpose 110 Scottish half-bred ewe hoggs were
obtained. At the close of the experimeot these sheep were re-
tained to found a permanent ewe flock, and run with Sufrolk and
Hampshire rams. In September three score Masham lambs were
bought to fold oo rape and kale.

It was possible to increase the number of pigs this season,
because a piggery was erected by the farm staff during the
summer. A start has been made with building up a herd of pure
Wessex Saddlebacks.

A new Dutch Bam was built alongsiCe the old one, thereby
doubling the area under cover, which is now almost I0,00O sq. ft.

V. Gtass.

The following two tables give the details of the grass pro-
gramme. The new divisions of the fields with their fences are
shown in the map of the farm.
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T^BLE I.

Fi.:l

Little Kaott tsl6126
7 ls 128

2216128

26111

t7 15128

24l4l2E

28lel28

2614128

2614128

21l8lzE
B l3l2s
2418128
1l1l29
1le lzt

2tl4l28

Great Knott 5l

,, l0

Fosters 3l
2*

west Bamfeld l2l

Sawyets 9I

8l
1
4

Gt. Haipetrdetr 4l
5

New Z€alatrd 7*

Stackyard 8

SorilgD.ta Nt,e CDp.

Sprbt_Oats No._:

I
6 acs. wleat I
4 acs. Spring

Oals

Rape 4

Wheat 4

4

Barley 1,6, 8,
7,4,5

Bartey t
1,2

Ilarley 2,3
4

Barley 5

4

Winter Oats 3, l, 2, 4
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T^aLE II._DETAILS OF GRASS SEED MIXTURES.

Gra,ss. Number of Mixture.

| 2 316 6 7 8 010
4444

l0 910 16 30 5l0r14
8 7 810t0 l0 6 5 8
22242422

l0
22 l0 521

235
2221t2t23
llll
23343344

I
lllltttltl

2

'n

Italiaa RyeSrass
Perennial Ryegrass (Evergreetr

Iadigetrous) ... ,..
Cocksfoot (I.ate FE. Itrdigenous)
Timothy (I-ate Flt. Itrdigenous)
Tall Fescue
Meadow Fescue ...
Meadow Foxtail (Cotswold) ...
Rough Stalked Meadow Grass...
Early Floseri[g Red Clover ...
Iite Floweri[g Red Clover

(MoDtgoEery)
Alsike Ctrovcr ... ...
Wild Wbite Clover (Ketrtish) ...
Treloil ...
Chicory...
Rape

30 31 27 35* 41 34 3A 32 29 26

fud8lDoa.tr.iB oDry !s.d qept wll@ otb.ryis. iadieLd io Tabl. t.
. 5 heira d,mdri.I
t Io sh.de ol r6d onlv
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WOBURN EXPERIMENTAL FARM
REPORTS FOR 1996-7 AND I92?.E,
By Dn. J. A. Voer.cxen, C.LE., M.A.

SEASON i926-7.

This season was the third unfavourable one in succession.
A wet November delayed the early growth of wheat, and all crops
were afiected by the absence of sunshine and warmth after May,
and by the wet August and September; ripeaing of cereal crops
was unsatisfactory and han'est was badly delayed. The first cut of
hay was poor, while the second cut was ruined by the wet. Sowing
of tle root crops was ruined by weather, and the yields were
below average.

SEASON 1997-8.

This season was distinctly better. Autumn operations were
concluded without difficulty, and wheat came up well. After
Christmas, cold and dull weather persisted until May, and sowing
oJ spring crops was delayed. However, the warmer weather of
tlle next two months was a great help to all crops, except potatoes
which suffored through drought, and grass that had sufiered from
the earlier dull weather. Harvesting was carried through without
difficulty.

RAINFALL.

L9g}-?.

2.22
3.39
0.40
2.15
2.87
2.09
1.35
0-70

1.79
3.r9
4.57

1997+.

t.elo f.IL

I

t3
l3
l9
to
I

l8
ll
20
11

t.20
2.t7

3.60
t.15
1.56
l.ll
1.43
2.30
2.6A

0.70

t7
t8
l4
24
l2
l8
l6
!4
l7
l0
20
t0

Octobe.
Noveaber
DeceEber
Jatruary
February
March
April
May
JuDe
Julv
Autust
Septe&ber
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FIELD EXPERIMENTS.

I.-CONTINUOUS GROWING OF WHEAT AND BARLEY
(STACKYARD FIELD).

As stated io the Report for 1925-26, it was decided to fallow
these plots, which had become iofested witi weeds. Intensive
cleaoing operations have been in progress in the past two seasoos,
includiog hand-digging to remove twitch and bind weed. The
dominant weeds-coltsfoot artd mayweed on the wheat plots, and
spurrey on the barley plots-were attacked by repeated ploughing
and harrowing, but the wet season of 1926-2? enabled many of
them to root afresh after the operations. Better progress was
made in 1927-28, especially on tie wheat plots, and at the end of
the season all the plots were clean, lvheat and barley will there-
fore be sown for ttte 1928-29 seasoo, but no manures will be given,
so tlat tie efiect of two years fallowing, coupled with the withhold-
ing of manures for three years, may be ascertained.- The average yields for the 6fty years during which the exPeri-
ments rar before the fallowing operations, are given in Tables
I and II-

2.-ROTATION EXPERIMENTS.

The Unexhausted Value of Cake and Corn (Stackyard Field)

(a) Series C.
r92?.-BARLEY.

The details of the preparation of the land for barley by folding
the previous roott.op with sheep were as follows:-

Con-fed Plot.
Swedes, 13 t. l8 cwt. per acre, plus oats equivalent to
14.27 lb. nitrogen per acre.

Cahe-feil Plot.
Swedes, l3 t. per acre, plus linseed and cotton cake
equivalent to 37,7 lb. nitrogen per acre.

Barley was sown three weeks after feeding was 6nished. The
yields were ;-

Barley after Swedes, Produce per Acre.

11.2
12.6

II r.rI c-rI wdrnr.

lb.
39.5
49.0

lb.
42.6
44.O

In spite of the increased amounts of nitrogen given, the extra
yield on the cake-fed plot (1,3 bush. corn aod 1.4 cwt. straw) is oo
greater than on the correspooding area of Series D in 1996, when
oo cake or corn was given (Report 1926-26, p. 103).

TI
Cortr-fed
Cake-fed

16.8
l8.l
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1928.-CLOVER.

Red clover rllas sown in the barley crop of 1927, aod gave a
good plant. In the middle of March it became patchy ard the
parasitic eelworm '|'ylerchus ilipsaci was found to be present.
Although the crop improved later, it was patchy at harvest, and
no reliance can be placed on the difterence recorded on t re two
plots :-

Produce per acre of Red Clover.
cwt.

l, (CaI<e plot) 33.4
2. (Corn plot) 69.6

The aftermath, although regular, was of small amount, and.
owing to the lateness of the season, it was ploughed in.

(b) Series D.
1927.-CLOVERS.

Mixed clovers were sown in the barley crop of lg26: red
clover ? lb., alsike 3 lb., trefoil 3lb. per acre. Owing to the sea-
son the crop was cut late. The actual yields of hay per acre
were :-

Corn-fed plot, 60.7 cwt.; cake-fed plot, 42.6 cwt.
The cake-fed plot was damaged by rabbits and its yield was

appreciably reduced.
Owing to the late season no second cut was taken.

1928.-WHEAT.
" Little Joss " wheat made satisfactory early growth, but

bega. to look yellow in May. With warmer weather it recovered
somewhat. The yields were as follows:-

It should be noted that the swedes failed in l92b and l92l;
hence there has been no corn or cake-feeding on these ptoti
since 1916.

3.-GREEN MANURING EXPERIMENTS.
(a) Stackyard Field. Series A.

Uppet HaU-

r 927.-\]\/HEAT.
Following the green crops of 1926, ,,Little 

Joss " wheat
was sown, and up to April looked very well, Then tie usual signs

Wheat after Clcvers, Produce per Acre.

Tail
Cbaf, .tc.w.ishi -

I Cortr-fed
Cake-Ied

17.6
t8.6

lb.
69.7
80.4

lb.
lr6
139

15.2
t7.2
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of failure began to appear, and a considerable grcwth of poppies
was also noted. The yields were very poor, as has been the case
for years past :-

Wheat after Green Crops, Produce per Acre.

I a-u.r..
T.ll

I
2

4

Aitq Tares Ied ofi ...
After Tares fed ofi,

limed 1923
Afte! Mustard {ed ofi

lb.
21

l8
24

l4

lb.
4.0 68.6

2.1 68.6
0.E 68.0

2.O 68.0
Alter Mustard Ied off,

liBed 1923

The application of lime has again produced no improvement;
if anythiog the reverse. 'fhe problem of accounting for these
poor yields of wheat from a plant that always looks exceedingly
promising io its earty stages, and which follows an excellent
growth of tares or mustard, is one that still defies solution.

Ig28..-GREEN CROPS FED OFF BY SHEEP.

After the wheat harvest, tares and mustard were sown as
usual, and mineral manures (super 3 cwt. sulphate of potash I
cwt.) were applied to both plots. A good crop of each resulted,
which was fed ofi by sheep that also received 3 cwt. of linseed and
cotton cake per acre. The land has been ploughed and sown to
wheat.

Lotoet Hall.

r92?.-GREEN CROPS FED OFF BY SHEEP.

Tares and wheat were sown, mincral manures (super. 3 cwt.,
sulphate of potash I cwt,) being also applied. Excellent crops
were obtained. These were fed ofr with sheep that also consumed
3 cwt. of linseed and cotton cake per acre.

1928.-WHEAT.

During the preparation of the land after the green{rops a

good deal of twitch was removed. The wheat came up well and,
up to February, was in excellent condition. After this it began
to fall ofi as usual. By July the appearance was very poor, and
but low yields were obtained:-

tt

ll.4
10.7
s.2

0.0
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'Wheat after Green Crops, Produce per Acre.

T.il

lb.
{l

Ch.6, .tc.

9.1?.1 
I

I

7.1
?-0 I

lb.
8

21
20

old
Plots

New
Plots

lb.
58.?

58.7
58.9

3.7 60.0

These results urgently call for enquiry. The low yields follow
the application of mineral manures in the previous season, when
an excellent green crop was obtained, and the land was further
enrtiched by the 3 cwt. per acre of cake received by the sheep
folded on the tares and mustard. A further point at present
inexplicable is the depressing effect of lime on the wheat grown
on the mustard plot.

(b) Lansome Field.
1927.-WHEAT.

Little Joss wheat followed the green crops of 1926 that had
been ploughed in, At first the plant looked weaker on the mustard
plots, but improved later. In the early months of 1927 difference
was observed betweeo the old plots begun in 1892 and the new
series commenced in 1922, the former being much the worse- By
June the growth of mayweed on the old plots was so great that, to
prevent it from seeding, it was decided to cut this area at once,
and to plough the land. Mayweed was less serious on the new
plots, and was pulled out by hand, but, even on this area, thc
yields were almost too small to record; in all cases they rvere less
than I bushcl per acre:-

\\'hear after Green-Crops Ploughed in, Produce per Acre.

6l I 0.8
32 I 0.?

.6 | o.o.

/1. AIter Mustard ploughed in 1l
\2, Alter Tares ploughed in f

3. After llustard ploughed in
4. After Tares plouahed in ...
5. Control (tro green-crop) ...

plots harvested Sreen; no
I yields taken

c\i{.
2.4
2.6
4.4

1928._GREEN CROPS.

Mustard and tares were drilled and mineral manures (super.
3 cwt. and sulphate of potash I cwt. per acre) applied. A fair
crop was obtaioed and the mayweed seemed somewhat reduced.

r"l
"t2dl

I After Tares fed ofi ...
AJter Tares ted 06,

liDed 1024
After Mustard fed ofi
After Mustard fed ofi,

limed 1924
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The crop was ploughed uoder in mid-July and a second crop
sown. These did not attain much size up to the time they were
ploughed under in preparation for the succeeding wheat crop.
Mayweed was still very noticeable, especially on the old plots.

4.-THE RELATIVE VALUES OF LIME AND CHALK FOR
LIMING PURPOSES. STACKYARD FIELD. SERIES B.

1927.-OATS.
In the preceding year seeds were grown on one half of the

area and luceroe on the other half (Report f926-26 pp. lO9-1I0).
The whole area was ploughed in the winter and oats were so.wn.
A good growth was secured, that on the seeds area being the
better. The figures in the following table refer to this area only:-

Lime and Chalk Experinrent-Stackyard Field-Series ll.

. W.ight pe! bBhel tatcn d whole produe:s$ lb,

Subject to the restriction that the duplicate control plots (Nos.
I and 7) difier in yield, it appears that, on the avera{.e, the chalk
series gave I cwt. more corn, but less straw, than the lime series.
Hence, over the duration of this experiment there has been littlc
to choose between lime and the equivalent quantity of chalk;
further, no additiooal beneft has been obtained from dressiogs
of lime (or its equivalent in chalk) exceediog 2 tons per acre.

This experiment has oow been discontinued.

6. MANURING AND LIMING OF GRASS LAND-
BROAD MEAD.

Since 190I manurial experiments on grass land have been
conducted in Broad Mead. As a rule the land has been alterna-
tively grazed aod hayed. Since 1925 the field has been grazed
each year. In addition to these manurial experiments there were
two other series of experiments in this field, the one being on
diferent varieties of lime (Buxtoo, chalk, magnesian, lias, and

Oats, 1927, Produce per Acre.

['l,ot. Appli.alioE Fr a.re in 1919.
Ilad Tsil

I No Chalk
2 Chalk:10 cwt. lime ...
3 Chalk: I ton lime
4 Chalk: 2 tons lime ... ...
5 Chalk: 3 tons lime ... ...
I Chalk: ,1 tons lime ... ...
7 No Lime
8 Lime l0 cl*t.
I Lime I ton

l0 Lime 2 toDs ...
ll Lime 3 tons -.-
12 Lime 4 tons ...

25.4
33.9
33.4

35.6
32. r
31.6
28.3
29.4
34.6
27.O

lb.
ts2
l14
166
192
180
156
2ta

228
252
t80
104

r3.l
l7.t
15.8
19.0
16.3
r6.8
17.9
16.8
16.6
l8.s
16.4
t8.8
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oolite limes), the other on diferent forms of lime (lump lime,
ground lime, ground limestone, ground chalk). These series re-
ceived nothing except the lime and the droppings of the grazing
animals.

Owing to a re-arrangement of the programme of work, it has
been decided to give up the two last sets of experiments (on
liming) and to retain only the original manurial series of 1901,
less one unimportant plot.

It is appropriate, therefore, to summarise the results of the
two sets of experiments on liming which are now to he discon-
tinued. These have shown that the use of lime of any kind or
form has been beneficial, although, as shown in the manurial
experiment (see (c) below), the addition of fertilisers produces a

further improvement.

(a) Varieties of Lime.

The experiment began irr l9l0; three applications at 2 tons
per acre were given duriog the peridd 1910-1928. All the difier-
ent varieties of lime have improved the pasture, in the order-
chalk, Buxton, lias aod oolite, magnesium.-The unmanured plot
remained rough and unattractive to stock; on tbe limed plots the
effect appeared to be an improvement in quality of herbage rather
than a change in botanical composition,

(b) Forms of Lime.

This series began in December, 1924. A single application
was given at the following rates:-Lump lime, ground lime, 2
tons per acre; ground limestone, and ground chalk, 4 tons per
acre. Up to the time of discontinuing the experiment, benefit had
been obtained only from the two first materials.

(c) Manurial Experiment.

As stated above, this experiment is being continued as a
demonstration of the advantage of lime with mineral manures
on grass land. Lime at 2 tons per acre has been applied to one
plot six times in the full period of 1901-1928. Little effect was seen
untit 1910, when 3 cwt. of super and I cwt. of sulphat€ of potash
were put on, similar dressings beiog given also in 1913 and
1920- This plot, although giving a small hay yield, is now much
the best for grazing. Next in order are the two plots receiving
basic slag and super, with the addition of sulphate of potash io
each case. As would be expected, the proportion of clover in
the herbage has increased. The biggest hay yield comes from
the farmyard manure ptot, although its quality is inferior. Finally,
the unmanured plot remains rough and neglected by stock, and
provides an excellent contrast to the other plots.
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REPLICATED EXPERIMENTS.

Below is given a list of the replicated experiments done at
Woburn during 1927 and 1928, together with the page numbers
on which the tables of results will be found- One experiment of
1926 which did not appear in the last Report is included.

OTHER EXPERIMENTS.

A number of smaller experiments were also undertaken, as
tbllows :-

N.ture of E4enE@t.

Efiect of Ammolia Salls aDd Potash
Efiect oI Ammonia Salts and Potash
Top-drcssirg Experiment : Sulphate

oJ AmmoDia. Nitate of Soda,
Common Salt

r926
1926
1927

See p. 164
See p. 164

Nat@ of ErFri@lt.

1096

1927

1928

r928

|)27
lsrT

1928
t928

t927
and

1928

Potatoes

Potatoes
Potatoes

Sugar Beet ..

Barley

Potatoes

Potatoes
Sugar Beet ..

Luceme

Nikogenous Fertilisers : Sutphate oI
Ammonia and Cyanamide, each in
Sillgle aod Double Dressings

Efiect oI Superphosphate ...
Nitrogenous Fertilisers : Sulphate of

Ammonia, Urea and CyaEamide,
each in Sitrgle atrd Double Dress-
rnSs ...

(a) Comparisoo oI Nitrogelous
Fertilisers : Sulphate aod Muriate
oI Ammonia and Cyanamide: (6)
Preparation of Seed Bed ...

Effect of Fertilisers otr yield al1d
quality

NiGogelous Fertilisers : Sulphate o{
Ammo ia al1d Cyanamide, each
rariti and without Nitrate oI Soda

Nitrophoska and Compoutrd " B " ...
Efiect oI Superphosphate ...
Nitogenous Fertilise$ : Sulphate of

ammoda and Muriate oI ammonia.
each applied with seed. Nitrochalk
a-s top-dressing

Pota-asic Fertilisers : Muriate of Pot-
ash, Potash MaEure Salts...

Nitiophoska ... ...

Efiect oI Inoculatron

See p. 157

See p. 160

See p. 154

See p. 158

See p. 156

See p. 162

See p. 164

See p. 155
See p. 156
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THE USE OF THE SUMMARY TABLES.
The summaries of the significaat results from the replicated

experiments, whether these are stated as produce per acre or as
a percentage of the average yield, are accompanied by estimates
of the standard errors to which these results are liable. The
agricultural precautions which have to be taken io order that
these shall be certainly valid were explaioed in the Report for
1925-26. An explanation of their purpose is desirable here in
order that a full use of the summaries may be made by those
who do not wish to make for themselves a detailed examination
of the yields recorded for individual plots.

An experimental yield will difier from its true value either
in excess or deficit by afl amount exceeding its standard error
aimost as frequently as once in 3 trials; it will, howcver, be
wrong by more than twice its standard error only about oncc in
22 trials, and by more thaD three or four times its standard error
once in 370 or 15,780 trials respectively. The odds ag.ainst an
error of any size having occurred thus increase very rapidly in a
small range of multiples of the standard error. -Whereas 

experi-
mental diferences of less than twice their standard error might
always be ascribed to chance, arrd are, therefore, for safety, ig-
nored as '' insignificant," differences only slightly g.reater than
these cannot reasonably be disregarded, but must be ascribed to
genuine manurial or cultural effects, such as the experiment was
designed to examine.

The rejection of the insignificant differences is thus a neces-
sary preliminary, but only a preliminary, to the interpretation of
the experimental results. So far as has been practicable all signifi-
cant results are noted, and exhibited in the summaries of signifi-
cant results. In the more successful and extensive experiments the
staodard error has been reduced to so low a figure, sometimes
considerabJy less than 2 per cent., that quire small differences in
yields can be detected, whereas wirh a standard error of 6 per
cent-, all but big and obvious differences in yield must be ignored.
1'he change in precision from standard errors of 5 per cent., to
standard errors of 2 per cent., or less, thus represents a very
large extension in the range of agricultural efects which can be
examined experimeDtally.

Once an efect is shown to be definitely significant it makes
titde difference whether the odds against it being due to chance
are 100 to I or 1,000,000 to 1. Chance is efectively excluded in
both cases, and the interest in the result is novr concentrated oo
the actual gain in crirp, either in yield per acre, or in yield per
cent., which the experiment has demoostrated, The relation of
this gain to any additional item of expense incurred, such as the
cost of a maourial application, then determines the balance of
advantage in practical procedure. Read in this way the summary
tables qive the direct results of critical experimentation.

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 120

!

,{

<i

B

119

6lN N NAINN N

l.{ cr c{ .ocli lc{cr N I -
9;;i >.rii: ri,$*:*iri, x
E88rEg,F.B iA ,H',H.Hri i

ai 6.r N cl 6i

I la{.i I icr N li I

9&** 6d, rix: ti i"
,ai,;,x << < l;.; < ;

A

FF r FrF!: !-
9r 9r s. g{fl ar5!r9r9{$9r9! s.r 91 9r 9r$s9r ar

ct ri 6t F.F' rc.i..;ddi..'dd r6t.j ct di..'d9' Id
ld Fii6l! i lGr

+ a 5 4A P:;,i}erA eA E -"er P 5
e, 3 z e.fi 3zgg3i63 d,3 3 332e. 4

'., i eii:
r € E! .d

,6,1- 3 i6s€ I I

o<o H 5 o<t-,=
-!. thl, g!*(,
idi =5 H E!nFil

3"*I E# ,g E"Fdg

91 39r9r.l

o <>;o

::::
ti '6

xi!t
5 E YOEErc<o

:::: i:: ::
q;df" 

-Eq'gE"a sg
;.93H Lq !, { E

gslfi g$ Es

a;; I

; n ;i a1tr.: P *t '1
o o J oot tr-- ioiulJo c_

6i n ;6i F:66:-@: ;i6i 3
z(r
,^L

b; : > $:

91 9r ir 9r 9r 91 9t

Fi Fj j {r..:ot {i I:: l

$ 6 >. b;ixg
< < 4 <d;i

9rs! !r9!9r$9{91919r$ ar9r

6i od d d r!' <' cti i,ai6i I d6t

+.o ! ! aid ! a ! ! ri.o
6fli'gg:,:,i'Et* 6'i

9if

-l

oo

ln
> : : : :ci : :lq
O 'u"9 'tc
-! b, d:.. dH Ir.E iq-E*i

=s= '!r"gEEex
<! e.q 99o 9"':
EtE *f xt tE!!33E 66Eii66J

o
- # cE
E A BEM -' ;rii
E f Bh

stF

oo

9_;
;i;
thA

Gal
o\

E-,tari
il

;
z
F.ari

nz

z

oo
14

ari
F
n

5.o

E6

U)qE

< >;o

i(oco++-ico+o l <oo

SEEESEEE8+g 8E 8oo

!E i!!::: : :

o
* et ? hh-qt.E
0i.: @-:l;; Y o N \

tFfEdd;53f

:.8 :

d8d

: i::**::::-:
oo - x
- 9 {-trE E { - e:Pu h!9 E br g;FEEE'Tg$B

3 B Ii:6 ts,ii'i O E 6 di O

.ll

to

I

A

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 121

t20

lau c"loo

!:99 !q |':! 90 FF(. e .o F 6 F FFoo6@
!r 9r Sr 9r9r !1 ar$gr 9i 9.r 9{ Sr 9r g\SrSrag.r

<idci I F.d d c.i.j6 r-' d ci d ao'I cfdFi.i6 I Ii - I HH.\ ci I I

;EgiSEi8gEE A FSTFBSS

i:::::i::
9-uts'tt E hgs.Ei 9: > =c6:>,6 EE 3 Eig;,5ff

'+' '. .!+
O -- 99 qj

8.iEi33 -q's€5* 35xe'esa E 5,r 9* g
,6Ho€' n i96d ,5

E E3-3E * ?
= 

!, i?id -. d=!Hi iEEEEEgEip{ dletr J EA<OOi

: : i : : ; :- : i : i :;*
: !(; - -: :!q !rr*9 HEEE;EE E

P 9 3X,4f;fi^8' E FF' FXXEeI- oooo'IiEE E

adtifrE#55EJud it

:T E E:EJ
99: :s;u e

E
*e

>& ..,i

s'e
is'' r

Itl

'

.grr e -b

8* "3€H8 qfr
=;i != c E5 aB,:l
>,ti 5=AE=6i5'I

3 ii)
6A

-:aN
o\

Fa
H

fr

;
z
ha
frl

&

z
o
z
B
oo
I
o
a
rr1
Fr

o

t6

i

e
O

F€.

.le

te ! rr- E _giE oi; Eg! , ,

E E*;=jIErr XEEr r

- -9-Hnoh rE o-E6* EEexEfa ; fl€
E ;FSE#EE ,fr EfiA

ci c.i r 6tdbi6,i ri r ri : I iiN N I I

a ir 0.0.0.(q.6< o <<<>E

I

I

I

9r

t
z

$

z

I

9.r

t
z

z

:? :v c Atii i :,3d

a

o

!r

o

9r

o

o

9r9r

!i)

$

9! 9r

<,i
;-9r 9r

dci
$!

FFF FFFFFF F F F
Lj6id | +:ci d r. oo-ej ct 6j j

6ri I i6I N

;EE, ;8 E;sg i g I

c.r6loI6r6ir^r6cI--'"-- er'
loln la i66 6- o
l6ld
ri,i i u*i ; ;t, lT rao o a<< d <<z o a
co.o @ qo oo oa co ca
cr cr 6r.r6lN c.r .l

r oo'i d i6td d i
oi: ci ri ub rir; ; Iaa a aaiJ b o<< < <<o o z

t'b ri

-.
9c9r

ri+ I

ti, t6

9l

ll e
tn

n

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 122

t2t

CROP YIELDS ON THE EXPERIMENTAL PLOTS.
NorEs.-In each case the year reJers to the ha.rvest, e.9., Wheat 1928 means vheat harvested iD

1028. Io the tables, total straw itrcludes straw, cavings alld chafi. These l ere $reighed
separately prior to 1928. In 1928 the 68ure given as total straw was arrived at as the
difierence i total sheaf weight-weight ol graill.

CONVERSION TABLE.

I acre
I bushel (Imperial)
I lb.(pound avotdupois):
I cwt. (hundiedweight,

1l2lb.) ...
I toD (2o cwt. or 2240 lb. ) :I metric quintal or
Doppel Zenher(dz)
I bushel per acre ... :
I lb. per acre
I crt. per acrc
I ton per acre

0.453 Kilogramme

50-8 KilogramDes
1016 Kilogrammes

,100.0 Kilogrammes.
\ 220.46 lbs-

0.963 Ieddan.
0.184 Ardeb.
1.009 Rotls.

fll3.0 Rotls.
''' 11.366 Maunds.

0.9 Hectolike per Hectare
1.12 Kilogramme per Hectare ...
1.256 mekic Quintals per Hectare

25.12 metric Suintals per Eectare
(dzAa).

0.191 Ardeb per Feddan
1.049 Rotls per Feddan
I17.4 Rotls per FeddaD

ln AMica the winchGtd bashel is u5€d-35.236 UErs. 1 E!€Iish b\rshel:1.032 Amqi@ bEhels.

CONVERSION TA3LE.-.CWTS. TO BUSIIELS.

CROP. 4 5 l0 15 lz, \Z't8[t
Wheat (601b.) bushels
Barley (521b. )Oats (421b.)

1.87
2.15
2.67

1.31
5.60
6.46
8.00

7.47. 9.33 18.67 28.00 37.33 46.6? l56.00a.62 t0.17 21.51 32.31 43.08 53.85 i6,{.62
10.6? r3.3r 26.67 40.00,53.33 

] 
66.67 

i8o.0o

The yields of crain
standard bushels oI 60,

iII the
52 and

1925-26 Report were givel Ior the Replicated Experioeuts ir
42 lb. respectively.

AveraEe Wheat Yield of Vartous Countries.

a@, 1919-27.

France
Germanv
Belgium

Great Britain ...
EDgland ..-
Hert{ordsbire

..:i
I

NoE.-Figr!6 lor Giat BritaiD, ED€:lald ad Hertfordshire d talm &@ th€ Uinist y of ASri.dt@3 " &rio rural
St ti5fi6," Vol.62. otber lgures lrom " Ilte@tioDal Y@ BeL of Ag:icultuEi StaGtics," 1922-28..1W,1-27.

17.4
17.3
16.3
r0.8
t4.t
20.0

De,lmark
Argeothe
Australia
Canada
Uaited States
U.R.S.S. (Europe

22.5
6.6
6.6
8.6

3.7
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METEOROLOGICAL RECORDS, 1927 allld 1928.

Rain. Drainage thro!

No. oJ
Total Rain,y
Fall Dals.

r-1i.,th (0.01 nrch 20 irs. 40 itrs.
Acre or more) deep- deep.

cauge. ;hrth
Acre

_ 
C.r8". 

_

Lgh soil.

60 itrs.
deep.

Bright
Sun-

shiDe.

Temperatuft

t\f?Y Min g

(Mea")

Solar
Max. Min.

No.
l8
l5
18
12
t1
t9
20
l9
17
t7
l8
t2

I.865
3.435
0.960
1.205
0.000
o.7 45
1.651
r.852
3.704
I.268
2.338
2.464

1.995
3.630
l.l t3
1.588
0.019
0.739
2.O73
2.100
3.89S
1.4t 3
2.6A2
2.453

1.842
3.496
1.038
1.484
0.0r9
0.723
1.889
r.967
3.823
t.342
2.366
2.761

Hours.
62.9
46.0

124.9
165.6
226.1
183.7
130.4
178.4
I ll.3
g7.5
54.6
3t.6

"F.
43.S
43.1
50.5
53.0
61.6
62.5
65.4
66.8
69.7
56.4
46.4
37.0

.F.

33.1
38.8
38.6
42.9
46.8
53.6

48.1
44.O
36.5
30.5

"F.
38.3
37.8
42.6
46.0
52.7

59.4
60.4
66.2
50.6
44.7
38.5

"F.
72.3
73.9

101.4
114.9
121.5
127.8
121.8
129.6
llt.5
97.4
72.1
5t.2

'F.
29.4
29.4

37.6
42.1
49.5
48.2
43.8
38.7

28.8

Total or
Mean ... 36.509 t96 21.487 24.t01 22.7 50 1413.2 53.9 4r.6 48.I 99.6

t928-
Jaa. ... 4.l0g 2l
Feb. ... 2.075 lO
Mar ... 2 4M t7
April ... I o.so6 I 13
May ... 1.4,$ I 12
lune ... I 2.204 14
Jurv ... I 2.51r i 6
Aug. ... : 2.216 12
srpt. ... | 0.786 1
Oct. ... I 3.867 l9
Nov. ... 3.16r I tG
Dec. ... 2.778 I t7

4.413
t.441
r.093
0.351
0.066
0.160
o.457
0.496
0.000
2.2A7
2.217
2.045

5.462
r.$2
1.3t8
0.646
0.170
0.279
0.430
0.734
0.039
2.454
2.647
2.485

4.571
1.710
1.283
0.589
0.r36
0.246
0.434
o.612
0.017
2.284
2.447
2.341

64.9
100.2
92.8

t27.3
169.8
230.0
276.3
1S3.0
2t2.O
126.5
72.1
48.S

45.9
48.0
48.1
52.9
59.2
63.5
71.9
66.5
63.7
56.4
50.4
4\.7

35.0
36.1
38.1
42.2
47.3
52.9
52.t
46.3
43.1
39.7
32.1

37.6
39.5
41.3
45.1
50.9

62.9
60.3
56.2
49.8
45.2
38.5

103.3'
r12.8
t24.O
129.8
121.9
I16.1
08.2
80.4
6r.7

73.1
88.2
94.0

25.2
29.7
3r.7
32.7:

42.6
47.3
41.1
38.8
38.0
36.3
24.1

Total or
Me3'[ 28.458 161 15.o32 I8.709 16.730 1?13.8 41.5 48.7 100.3 36.6

'Mer ot 2l obe.datim onrv-
t M@ ot 29 otEe8atjoN ooli.
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RAIN AND DRAINAGE.
MONTHLY MEAN f,'OR 58 HARVDST YEARS, T87O-1_I927-E.

CHEMICAL ANALYSES
REPLICATED

OF' FERTILISERS USED
EXPERIMENTS, 1927-8.

% K,O

IN

%N

20.67-21.20
25.5+26.08

15.37
46.48

19.30-r9.75
10.00

'lu or.a
16.79-16.94

40.80 &.03 
I

49.44-40.58 i

5l.oo-5r.83 i
32-60
26.9
l8-r5 l

Draitrage. Draitrage % oI
Rainfa.Il.

Evaporation.

20-in. 40-ir. 60-in.
Gauge.

2o-in. 40-in. 60-in.
Gauge.

2O-in. 40-itr. 60-in.

September
October ...
Nover]1ber
December
January
February
March ...
ApdI
May
June
J"tv
August ...

Ins.
2.426
3.t35
2.77 4
2.819
2.419
2.O73
2.040
2.030
2.O29
2.267
2.7 4A
2.683

Ins.
0.832
1.808
2.102
2.403
1,984
1.547
1.088
0.664
0.46S
o.557
0.737
0.715

Ins.
0.805
t.772
2.149
2.496
2.1a2
1.656
t.221
0.743
0.534
0.586
0.766
0.728

Itrs.
o.7 42
1.647
2.O24
2.383
2.083
1.581
1.154
0.708
0.501
0.564
o.112
0.683

34.3
51.7
75.8
45.2
82.0
71.4

23.1
24.6
26.8
24.6

56.5
17.5
88.5
s0.2
7S.9
59.S
36.6
26.3
25.8
27.9
21.1

30.6
52.5
73.0
84.5
86.1

56.6
34.9
24.7
24.9
25.9
25.5

Ins.
1.594
1.327
o.672
0.416
0.435
0.526
0.952
1.366
1.560
r.? l0
2.01I
1.968

Ins.
1.621
1.363
o.625
0.323
o.237
0.4r7
0.819
t.2a7
I.495
r.681
1.982
1.955

Itrs.
1.684
1.488
0.750
0.436
0.336
o.4s2
0.886

1.528
1.703
2.036
2.000

Year 29.443 t5.638 r4.789 50.6 53.1 50.2 4.551 13.805

A@ of @ch 8atr8E joljDth ae.

Sulphate of Ammonia
Muriate oI Ammonia
Nitrate of Soda

lo.3 as NH;5.3 as
10.09

Pota^sh
Pota-sh ...

Salts (30%)
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FInsr Snnms : Crassrcer ExpBntmNrs or
Lewns aNo Gttnnnr.

CROPS GROWN TN ROTATION.
AGDELL FIELD.
PRODUCE PER ACRE.

ro.
Uobd@d sile

la{&
YE. CROP. 6. I &

I ctow
r F,IN. I d
| ' Bo*.

M. I g*:i,*'.*.i
1.

Average of First T\r.enty Cour€es, 1848-1927.

Roots (Swedes) cwt..i 32.7Barley- |

Dreased Grain bush. | 22.2
Total Strawt cwt. 13.6

Bean+
Dressed Graitr brsh-
Total Skaw cwt. I 

-Clover Hay 
"-t. i -\ }l.at-

Dressed Grain bush. 21-O
Total Strawt cwL 23.4

11.2

20.2
13.4

13. r
9.2

27.1

21.6

t7 5.7

23.1
r3.7

28.1
28.6

195.9

27.4
t5.7

14.2
13.2
52.3

30.6
29.4

355.3

3l. r
18.8

28.9
30.8

302.1

35.4
21.8

30.4
29.8

15.3
52.6

Twentleth C,orutse, 1924 -27.

26.3

15.77
53.0

693.0
t7.4
59.8

31.5

16.70
38.0

866.0
9.3

53.6

re.olil
72.o ll

re:z.o l'
20.5 I

51.6

50.7

\4.2

1924
1925

ls26
1927

Roots (aurD.ips) cwt.
Barley-

Dressed Graitr bush.
Ofia-l Grain lb.
Straw lb.
Total Strawi c1rt.
Wt. of Dressed I . .

Grain per bushel I ro
Proportiotr of Total'l

Graia to l0o of I
Tobr straw I

Clover Hay 
"ui.Wheat-

Dre.*sed Grain bush.
Otral Grain lb.
Strarr lb.
Tota.l Strawt cwt.
Wt. of Drassed l
tJra.ln per ousn. ,
Proportioo of Total )

Graia to 100 oI I
Total Stlaw )

r0.86
42.0

633.0
7.2

76.3

20.15
51.0

1859.0
18.6

60.1

7
49.0

678.0
7.5

10.09
94.0

602.0

7 5.5

19.07
73.0

53.0
626.O

7.0

53.3

77.O

101.7

8.60
59.0

54r.O
6.6

64.X

72.4

32.2

66.0
1846.0

19.6

6t.2

2l I t.0
21.8

59.6 60.6

47.O
1878.0

t9.l
59.5

47.6

Present Course (2lst), f928.

1928 Roots {Swedes) cl*t. 19.7 11.7 1,13.8 163.6 293.2

. P[oLs l, 3 ard 5 bar€d upon 18 yaB Plor. 2, 4 and 6 b@*d opoE 17 )t.eI ID.-ludes str,e. qil@ ed ctiaE.
Md!,E applied d€ ercry iou yes, rtrid to s@irs of swrd6.
t Mi.sal_Maa@ r 52E!!.supgrphGphaL(35%);600I}.Surphal,eofPotsh; I0O Ib. Sulphate oI Soda;

2OO lb. Sulplate ot M^a'Ero, All Der' alE
Nittog@B U&lE mO lb. Sdpbata oI AED@j! ed 2,000 !b. RaF eke F!.@.

5t.260.9 38.9
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SrcoNn Srnrcs : RBprrcerro ExprnnrrNrs.
EXPERIMENTS ON CEREALS.

Barley : Comparison of Nitrotenous Fertilisers, Sulphate and
Muriate of Ammonia, Urea and Cyanamide, each used in
single and double dressings.

Effect of Superphosphate.

Great Harpenden, 1927 .

NE

2U
P

2M
P

2C 0(D) o(o) 0(D)
P

2S
P

ls
P

IM
P

IC IS IU 2C
P

2U 21I

o(o)
P

0(d)
P

IU
P

o(r) rTI IC
P

o(")
P

0(d)

]U o(o) 0(d) 2(c)
P

o(.)
P

2C 2S 0(d)
P

0(D)
P

o(,)
P

1S
P

I\I IS 2U
P

0(D) IM
P

TU lc
P

2S
P

2M 2M
P

IC IU
P

o(r)

Sls'tr or Rtruc 
'Ior..-{ 

r..itoors.d
blaLs of l2 pbt eacD.

ArE ot plot L ac!.

O.-No Nitioga"

U, q q X.-NitrosE i! ldE of Ue,
Cruai.te, Sulpbat aad Mui.t of

l. 2.-SiD3L .Dd akoH. dt!3nD8s .t tb.
r.!G ot I .od 2 wts, Fi.@. S/ADD

P.--.sup.rph6ph.te at ti. r.te of 3 cr!3.

lr.nEB ipp&n lr.rch 2&29.

B.dey ,m ADril l{, hrv..t d
S.pt.67.

Actual weights h rb.-iotal CratE,

Blocks. o(a) 0(D) o(.) o(.d) 1U IC rsirM :L IC 2sl2M
A
B
C
D

34.?7 5
30.5

23.25
37.125
43.0
32.375

32.5
31.25

39.125
29.8?5
30.25
28.5

42.0
12.47 5
50.125
48.563

45.625 35.t25 53.875
51.5 58.875 45.?5
53,625 44.875 {6.0
51.125 51.625 56.625

60.0
62.25
59.375
64.0

46.625

49.375
49.5

36.625'67.75
6?.0 65.25
58.0 67.75
50.0 63.0

Actual Weights In lb.-Total Straw.

52.0
12.O
70.o
55.0

52.O
66.0
57-0
57.0

lun.o
lzo-s
lee-o

loz.o

59.5
49.5
53.0
61.5

46.5
69.5

55.5

,n-o lnr.u
ts.s l tz.s
5l.o 6l-5
48.0 46.5

A
B
C
D

c
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Barley, 1927 (cont.)
TreatBtents.

tEa@.

^ I without Dh()shateuraro 
| *ith pbolsptite

^. r without DhosDhate
(wrtb pnospDare

NiEoseo. S/A@

Il-l 15.5
12.5 18.5
14.8 l8 2
16.0 22.5

t6.4
19.7
18.3
21.6

17.3
18.8
2r.2
20.5

16.6
t6.2
18.8
2I.3

t5.5

l0.l
25.4

23.8

27.7
24.3

t7.2
18.7
19.5
22.O

21.7
22.r
24.4
24.3

fr.zr
)r.so

Nm.-Th. pbcpbatc di6.Mc.s are iftr! ..d id thc c& of th. sorpbt ard cF!.Eide plots, .Dd &.lE.d in tL ca..
ol it Euiat aad ltg ploB, by soil di6em....

(2) Sumrnary of Slgrdflcant Results.

(l) Summary of Average Ylelda, Separate

Average of all
Nitrogenous Treatments.

Grain, cwts. per acre ...
Grain, pe. ceDt.
Straw, cwts. per acre...
Straw, per ceat.

lvithout Super. With Supe!.

r7.5
105.3

20.7
104.6

Standard Error.

o.35
2.10
0.43
2.r9

15.7
94.7
t8.9
95.4

102.5 i

ll3.e 
I

7t.2t08.9 lo8 7
t42.O lo8.l

103.2 102.3
105.7 124.t

103.9
113.4

Straw, per ceot.

Avelate of plots
witb atrd

\r'ithout Super.

""""* "r f 9
Nitrolen 1 ;

Gr"ain, cEts- per acr€,

I1.8
17.0 I l8.l l. l8.O r 16-4
rE.o l 23.6 lrz.e lzr.e

Stra$, c\irts- per acre.

20.4 I20.0 t20.8 r20-o
22.2 | z7 .o I zo.z I ze,.s

98.8
t32.2

Quantity oI f
Nitro8en I

77.5
s8.2 I

t3?.8 |

Statrdard Errors.-Graitr 0.85 c*ts. or 5.15 per ce[t. ; Stxaw 1.06 cwts. o! 8.37 per cetrt.

_ - 
SigDi6cant respoNe to Superphosphate itr both Grain aad Straw. Big respotrse to siatle atrd

double 
_ 
nitrogeD-. No difierences between tbe equivaleut nitrogenous aaItu-res appear -in the

sitrtle dressiog, but the double dressilg gives no Iirther iacrease with Cyaaamide ana very littte
with sulphate.

I

S'Amm. Urea. S/Amm.
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Barley: Comparison of Nitropenous Fertilisers, Sulphate and
Muriate of Ammonia, Urea and Cyanamide, each used in

single and double dressings.

IS

P

2S

P

*l

0

P

I\I 2C

P

0

P

2M

P

IU

P

0 :]S 2U

P

IS 0 IC 0

P

rci 2u

P

Iti
P

0

P

2M

P

IS 0 2C I]I

P

0 2S

SErlr oF RrplrqroN.-A R.ndmis€d BL(Ls Dt l2 Diot @b. AE of Dlot .t .r. O:No NirM: t, c s M:
NillEga i! Iofu ol Ur@, cyruide, Sulphatc ad Mui.L 6f ADE@ie ; r, Z: Siod._iDd doubh dtr.6ilrs it t[c rjre il i ."a
?_ cri. F!.ltr-giAED- -: d-its.quiEl€oli P.- SrFrphcphac .t lha iE o! 5 c*t. Ds .Eg V.!i.tr, SDr.tt A;:trer.M:DllB appued M.!.b 28. B.rley 6oh Mattb 2a, ha6red AuSEt ?1.

IC

P

0
(cl
P

oo
(") (d)

Effect of Superphosphate.
Long Hoos, 1928.

A W.N.W. B

Actual r,l'eights in lb.-Total Str:aw,

2C

P

2Ir{ lS

P

o
ld)
P

0
(c)
P

rc] o

"l'o

with
Phosphate.

0(") o(D)

53.5 59.0 67.

IC IS rll 2u 2C

Without
Phoephate.

58.75 58.25
55.5 66.0
79.25 70.75
59.5 76.0
81.0 70.5

o(dlo(.)

B
C
D
E
F
G
H

71.0
51.0
90.5
68.75
74.7 5
76.0
84.0
65.76

64.7 5
61.?5
6!_25
59.25
74.75
67.5
67.25
74.25

91.5
89.O
89.5

1o7.0

81.0
68.25
69.5
71.23
97.25
93.0
80.75
8{.5

t12.2s
83.0
9r.0
85.0

1t2.0
r09.5
106.25
I12.0

0
(6)

zsl o lz<
(D) 

I* l"

Actual Wei8hts ln lb.-Total crato.

Without With
Phosphate. Phosphate.

Block. o(a) oo) ]o(4 !ryr IU IC IS lrI 2U :)C JS 2]I

B
C
D
E
F
G
H

47.5
29.5
36.75
42.0
44.7 5
35.5
40.0
39.25

43.5 47.O 32.75
32.5 28.0 32.?5
38.25 53.5 42.25
44.O 41.25 40.75
45.75 49.25 38.75
+oo i+or +ro
as.o lll.o eo.zo
40 75 137 25 1t.25

53.25
41.25
48.75
56.0
57.s
43.0
50.0
42.7 5

49.o
41.25
43.0
44.25
57 .15
46.5
42.7 5
46.O

64.5
36.25
53.5I
s3.7s
56.25
45.25
45.O
43.5

u.25

56.75
49.5
54.5
45.5
6t.25
48.0

58.25
38.0
37.0
56.5

45.25
53.0
49.7 5

58.6
47.5
45.5
52.75
66.5
51.5
47.O
51.0

45.7 5
35.0
57.25
56.0
55.75
45.5
46.5
48.0

46.25
43.0
54.0
49.5
65.5
54.5

53.5

67.15 t 69.75

C

lL0
(o)

25 2M

rrrlll
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Barley, 1928 (cont.)
(t) SuErnary of Average Yleldar Separate Treat oelrta.

Av.r.se Yi,ld rr crt. IP..ant. l

Ito
Si!8le Dr6io8.

v.r-. 
I 

xa^l c," 
I 
u*

{ u'ithout DhosDhate l4.2
I witt plo-spra't 14.4
lwithoutphosphate 23.8
lwith phosphate 24.9

15I 17.3 15.4 I 18.7
rqn rzr rgoltRl
29.8 30.0 127.r 3r.8
34.6 32.0 30.8 130.4

j

16.5
l8.r
34.0
35.O

19.3 l7.l
t8.2 20.5
37.4 32.O
36.r 36.7

20.0
15.9
36.1
30.6

16.4
16.8
29.4
30.3

)o.ar
) r.az

Nort.-Ia. phGphrt di6aE6 @ iadeased h the c.!. ol t!. sorplat .!d cr!D.Ei& plots, &d d€sas.il in tlE .&
of tLe Dciat .!d !,E plots, by soil diEertG.

Average of all
Nitrotetrous TreatmeDts.

Graio, cv,ts. per acre
Graio, per ceot.
Straw, crrts. pet acre
Strarf,, per ceDt.

(2) Summary of Slliniacant Results.

i

without Super. With Super. I U..". Sta[dard Error.

16.4
98.8
29.4
08.5

o.24
1.46
0.38
1.28

r6.8
10t.2
30.3

10t.5

Average of plots
with ard

\rithout Super.

MeaD
Stendard eror

Mead
StzDdald error

Graitr, cwts. per acre.

S/Amm. M/Amm. Cyao.

14.3
16.7
t8.8

I6.6
0.59

Graih, per cent.

Cyan.S/amm.

Q,antity or J !
Nitrogetr I ,

Q'aatity or J !Nitrogeo t ,

l?.E 17.3
t7 3 18.7

l

100.7 105.5
113.0 107.9

tI.5
t7.9

107.0
104.3

I07.6
115.5

Straw, crrts. per ac!e.

24.4
32-rr31.3r28.8
s4.6 1 30.2 1 33.t

I00.0
3-68

Straw, per cent.

81.7
104.0 96.5
t2t.4 113.3

t00.0
3.14

3l.l
32.4

29.9
0.04

SigoiicaDt lesponse in both graio aDd straw to the sinSle dressi.Dg, aDd a further respo[se to
the doubfe &essitrg iD the case ofmuriate and cl'aoaoide. Tbere are Do difereac€s between the
equivaletrt aitrogeioous malures in the case ol'8rain, but with straw the cyaDamide Plots are
silaifcantly b€l6w the sulpbate atrd ,ouriate ,tots. The lespoDse to suPerPhoq)hate is aot
siEDiicart,-but there b eyiiieoce tlat it improved the yield of ska*, and ttrat tbe Buriate Plots
respooded bettlr tl,aD the utea plots.

16.6
100.o
29.9

100.0

86. t
104.1
112.9
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Nitrogenous Ferdlisers as Top Dressings:
Sulphate of ammonia.
Muriate of ammonia.

Each in single and double drersings (1 and 2 ctt. per acre Solidus Amm.).
Applied: (c) Early (April llth) ; (6) Late (May 30th).

Wheat : Great Knott, 1927.

NW
a

SErEr o! Rtfusrtox.+la pbts i!
E @doEi*d bl@ks ol 0 plot cach.

o.-No top dr..siDg.

r, 2-D!6iDg ol l.!d 2 {t. Sulpb.t ol
A4ro6i. (S) or equiqlelt Xui.L ol

^o,rmi. 
(u) pe. a@.

E.-Ealn 60 Dei ce , phrb tilqEd
(A9.n rr),

L.-Lte. Shooa @mbe. .a!.d E ti-
n@ (M.y 3o).

Whet lom OcL ?, 192!; irct d
AnE ?*8,lgn.

s

Actual weiEhta tn lb.-Total Gfaln.

R

Blocks. OA

71.375
79.0
7 t.5
64.73

oulo"lo, ISE ISL IME 
'" "'

--i-l

i,*t_t
I ss rzsl
lzo.zs I

ltz.tzsl
10.25 

|

,o [rr.
6e D5 70 25
59.125 7l.O
?5.25 86.5
07.0 72.475

63.5
67.25
56.0
82.5

P
a
R
S

41.626 42.5 61.25
50.375 68.0 74.5

56.5 57.0 71.125 59.875
51.375 47.3i 5 62.5 71.875

I

P
a
R
S

118.5
137.0
r33.0
t22.6

135.5 124.5
123.O 144_5
t17.5 174.0
164.0 t81.5

118.5 107.0 88.0
126.5 98.O 118.0
126.0 t29.5 1s4.5
168.5 t61.5 143.0

13r.0
I13.0
139.5
I63.0

147.0
117.5
169.6

120,0
13 t.5

143.0

(f) Surntnsry ol AveraAe Yields, Separate Treatmeuts,

Siryte I siqle Double
M/A-Em. M/AEm. S/AEm.
early. I late. early.

Doubte Double I

M/Amm. Mi Am-m.
eaiy. late.

Double
S/AaE.

late.

26.7
48.0

26.2 |4e.l 
]

ERRATUM:

On lioe { for "solidus Amm." read
"Sulphate of Ammooia."

IML 2ME OA 2ME oA I oB

OB 2SL ISE IML ISE 2SL

IME OC 2SE l\IE tsl- 0c

OD 2ML TSL 2ML 0D I 2SE

ISE 2SL I OA OA 2SL 1 IML

OB IIUL 2ME 2ME ISE I OB

OC :III- ISL rsr. I zse I ,ur

IME 2SE i oD rc loo lrue

6s.375 71.25 71.75 63.875 70.125171.5 76.875
84.0 i6. r 25 ao.s ss.rzales.zs 

I 

eo.ozs sl.szs

Actual Weights i.n lb.-Total Straw.

26.8
55.3

29.1 zo-s I zg.o
468 I 61.4 | 48.6 65.8

24.1
oo.o 

]
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Wheat, 1927 (cont.)
(2) Surnmary o, SlEtrtficant R6ults.

GBiD, *t.
GEi!, Fr eht. ...

StEr, per @nt. ...

(4) Re,cE to m6B ot 16 pbrs.
(rJ Rer6 to E aE or 8 piots.

SignifcaDt respotrse to double top dressitrg io tie grai!, aEd to both dressiBgs itr the straw.
With sh_aw the double dressing produaed tro furtber iDcrea-se wheE applied late.

Wheat : Pastures Field, 1928.
s.E.

Squarcheada Master Ssedish IronYeoman II
A lst SYsEr or R!PLrc^!oN: I .:n-

dmis.d bleks (3 to each
vdietv) of 8 Dlot-i erh.

Sulpb.t of Amooia at ih. rst
of I crl. p€r.@. Mui.i. ol
Aoo6j. equiv.lEt to St r-

1,2:No T.p DR.si4.

7:Sulphate Early ed Iate.
a:Muriat Edly .nd trt ,

7 aDd 8 ihB had doubie tb.
am@t ol Nitroc@ siEn to 3,

lst,h4H: Ti@ ol appli€ti@

lstE rlr: Appli.il UaEh 7.
zod &tty: Arrli.d ilatEh 14.
3rd Edly: Applicd riaEh 21sL
Lt Di!3silg! cppli€d 6 re!.k5

Wler rofii Ociober 2r, ttr :hd6t d Au€Et l?, 1928.

3rd G

H

582 {, I

B 2nd

C3rdFlstJ

i 6 r 3 \ , , .1, , ,,. . , u , ,1, , ,
2ad

t 6251

Actual Weigbts tn lb.-Total craln,

Variety.
Average

per acre.

r.
*ts
5T
G}

0.73
2-W
1.05
2.t1

itd

25-O 20.a99/ lml
49-O 62.3

lma m6.2

E

%.2
1m-o
19.2

r@.0

,el
9e.6
{9.9

101,4

iEi l3rt"l
t-frr i r.r"o
I 107.6 I D.3
I 66.61 .ej
lrlze I 

m2

782 34 ,1.1" 6514 82 ,i,1,],1,1, 8735

Average in c$t. per acre ... ze.z 2x.8 26.0 27.r

Time. I

;l;

o r$ aE l:iit!
l

*b
514

(6).

91.1
45.8
93.0

26.5 .2 25.2 2A.B
1070 tm.2 t@.0 101.6
53.0 51.9 4a.8 !9.0

104.9 105.4 9e.l lq)_?

1.03
.1.09
l.{9
3.02

56

rI A{1 B

ll silr

IF

Yeomatr II.

Squareheads
Master

Svedish
Irotr

lst 77.25 80.25 94.75 87.0 82.0
2nd 79.0 79.5 80.0 80.0 75.5
3rd 60.75 68.5 60.75 64.75 92.0
3rd 79.75 67.5 60.7it 71.5 75.75
2nd 61.25 67.0 73.75 66.75 62.75
lst 60.5 55.5 50.5 66.5 75.75
3rd 58.25 64.0 63.25 88.75 83.75lst 48.0 49.25 55.75 50.0 68.0
2Dd 55.25 58.5 59.5 76.75 68.25

86.O
66.0
86.75
72.O
49.25
75.25
60.25
69.O
64.5

i7 7s i!.ib 2{.9 124.6

87.75 90.?5 30.6
83.2.5 85.25 :8.r 127.7
50.75 65.75 21.6
57.25 77.O 25.2

1t.2s 71.s 23.6
64.0 7S.75 25.r
62.28 61.25 2o.7 \22s
oo.s oo.s zg.o I
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Variet]'-

Actual Weights in lb.-Total Straw.

96.7
107.0

95.
84.
88.5

i
Average '
iu cFt.

Per acre.

Yeomatr IL B
c
D
E
F

H
J

114.2
1t2.7
60.2
95.7

100.7
1o7.7
r03.0
85.2
84.6

114.0
71.5

1t7.25
105.0
101.75
94.7 5
17.75
71.0
86.5

48.5
71.0

lst
2nd
3rd
3rd
2nd
1st
3rd
Ist
2nd

*ri
35.2 I

,8.81

I

S\redbh
Iron

Average i.o cwt. per acle 37.0 33.2

(l) Summary of Average Yields, Separate Treatments.

1t6.25 39.6
lll 25 35 6
84.25 32.0

r39.0 36.8
114.25 35.6
r03.0 33.1
107.25 32.2
76.75 24.1
80.5 29.7

125.25 I14.0 108.5
100.0 9s.5 97.0

I t9.25 S7.25 87.7
67.0. 100.5 107.2
81.75 102.25 tO7 .2
68.75 52.5 87.5
76.5 97.25 96.2

. Estieted FiSl,B.

Variety. No
Muriate Sulphate

oI oI
Amm'oia Amm'nia
Early. I-ate.

Muriate
of

Amm'da
Late.

Sulphate
ol

Amm'nia
Early
atrd

Late.

Muriate
of

Early
and

I-ate.
Early.

Grain,
c\r't. per

Yeoman II
Squareheads Ma-ster
Swedish Iron

26.5
233
ls.8

28.O
22.O
21.2

27 .6 29.7
24.1 25.5
25.7 26.2

28.4
25.8
23.r

26.4
24.6

28.8

24.7

Straw,
cwt. per

YeomaD II
Squareheads Master
Swedish Iroo ...

33.0
3 t.6
22.9

37.4
33.2
27.O

34.4 40.3
35.6 35.1
30.0 34.6

36.4
35.9
28.7

34.2
36.2
32.s

37.1
42.4
3I.5

(2) Sumrnary of Stgntficant Results, avcmglng varleties.

Average Yield
per acre.

No Top
Dressiag.

Early Top
Dressing.

I-ate Top
Diessing.

26.4
105.4

Early alld
Late Top
Dressiag.

Grai[,c*t....
Grain, per cent.
StBw. cwt. ...

25.1
100.0

Straw, per cent.

24.9

!2.9
s9.l

25.8
102.s
35.8

r07.3
) 35.2

I r05.e 100.0

_ The late dressiDg produ(ed a sigdficaDt respoDse in gr-ain and straw, while the difference
betrxeeo the muriate aDd sulphate plots is not signGcaai- There is evideoce that the straw
responded to some extent to the earlydressiDg. The axperimeDt does not permit oI valid conclusions
b€irg drawn as [o difiereoces b€tweeu varieties Dor be-tweeD t]e three d;tes of the early dressing.

QF

97.15
s6.0
89.5
97.0
92.0
73.0
?0.0
50.25
73.O

T-

Standard
Error.

23.2
92_5
29.2
47.7

o.71
291
t.22
3.A7
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Barley : Nitrogenous Top Dressing, Sulphate and Muriate oI
Ammonia,

Great Harpenden, 1927 .

s.s.w.

Plot l. Plot 2. Plot 3. Plot 4. Plot 5. Plot 6.

Area in acres...
Yield of grah itr lbs.
Yield in cwt./acte ...

I.28
920

6.42

2.10
2252
8.53

2.12
I983
8.35

2.18
2ta7
8.96

2.10
1359
5.78

2.16
l63l
8.74

Badey sowtr April 4-8 ; harvested Septcabet &7.
Plots I atrd 6:No manure.

ilffi 3 fit t=illll""l.X"itff-',ill&'S;Af.Ti;* *'acrel apptied Juue r0-rr.
No strrw eeithts taLen.

Suffnary of Reaults.

AveraSe Yield ol Grain. C,()ntrol. Muriate. Sulphate. MeaE.

lb. per acre .,. ...
cwt. per acre ... ...
Pet caot.

68r.94
6.10
81.?

8l5.21
7.55

101.1

979.r0
8.74

tL7 _2

835.76
1.16

100.0
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Barley : NitroS,enous Top Dressinp, Nitrochalk.
Long Hoos, 1928.

E.S.E.
I. II. III. IV.

Surnmary of Resulta,

AYerage Yield.
No Top

Dregsing.
Early
ToP

Dressing.

trliddle Late
Top Top

Dressing. Dressing.
Itean.

Standard
Error.

Graitr, cwt, per acre
Gaain, per ceot"
Str:w, cwt. per acre ...
Stxaw, per cent.

15.5
98.4
30.r
07.4

t5.4
97.5
3r.9

r03.I

16.5
104.5
32.t

103.9

15.7
99.6
29.5
95.6

15.8
100.o
30.9

100.0

0.6t
3.85
r.lt
3.50

Per cetrt. Nitlotea iq
dry mattlr of glain ... 2.07 5 2.1l8 2.1l0 2.tN 2.116 0.0264

No siSnifcaot I€sipous€ to treatmeat iD Sraio aod shaw. I,ete top dr€ssilg gave signitrcaltly
higher percentaSe oI nitrogea itr dry matter o, Srain tia,l the contot.

13 C D CBD ,\lA C D 1l D B C

TIM txrs: Sysrtr o, Bxpuc rrox:-{ rurrcdiEd bbcrs
A - No T@ Dl6ils. oI I plots 6clt-
B : E3dy T@ Dr6lla oI NitrEhalt, U.y 22nd. AE oI at Dlot = .,. .or-
c : Middb To? Dr.6i.t ol Nitroch.lt, Jun. 4tb. B.rLy sr4 UaEb 2a ; h.ry6t4rd AugrEt 2t,D: bt 'IoD [rrEs6iDe o, Nitrc.-ba[, ]uD. lot . 1928.

B^te ol appli.ati@:2 ert" F! .ft. Vrd.ty: "St ldrdl"

Actual Ybrds b lb.

Block.
G.ain- Straw.

BC D B C D

r. ...
II.
III. ...
IV. ...

36.0 35.5 39.0
43.5 41.15 39.25
45.3 51.5 51.75
40.0 43.6 54.76

41.25
39.O
48.0
47.75

91.0
85.6

87.0

96.5
88.25
92.5
79.5

94.0
82.75
96.25
86.25

m.75
77.5
77.0
85.25
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POTATOES.
Nitrogenous Fertiliser: Sulphate of Ammonia.
Potassic Fertilisers: Sulphate oI Potash.

Muriate oI Potash.
30 per cent. Potash Manure Salts.

Each in single and double dressings.

Long Hoos, 1927.
IY.N.W

ABC

VrrErv: &r.n Cdr:ite.

SesEr oF REpuqflox : I r.r.ldised bh.k of 9

Atra of pbt il acre.

Oud ds: SulDbai. of AEtodia at th. r.t ot
2 a.d ,1 st. Dd a@. pota3h it t!. r.t ot
2 .rd I t. *r a@ .s SulDb.te or iE.qi,va-
leEt B uiEt @Potarh MrlE Sdt3.

O : No artiicial iran@.
N: NitoS.o as Snlpb.t of Alnmoi.-
S : Solptrt ot Pot st.
U: l{ui.t ot Pot6b.
P : Pot4h M&ure saltn

AI plo& b.d l0 toDs F.Y.M. appu€d M.y l{'16

Arti6d.b appliril ldry 17-U.

IroratG p[.!t€d M.y 2&26 ; Lifl€d Occob.t &2{.

G

x*
Za

l,
I

I

o00,
04
20
24
40
12
11

356.5 382.0
365.0 401.0
308.5 36'4.0

379.5 379.0
421.0 420.0
382.5 424.5

366.5 349.5
360.5 361.0
395.5 319.0

409.5 402.5
408.5 411.0
403.5 369.5

428.0 400.5
438.5 358.5
465.5 412.0

348.5
354.O
335-5

380.5
389.0
409.5

399.0
{o8.0
436.0

395.0
357.O
362.5

394.5
404.5
323.5

112.5
4.{0.o
436.5

345.0
302.O

377.O
46i.5
463.5

4,10.0
388.0
356.5

411.5
395.5
401.5

{{6.5
47 4.O
455.0

411.5
473.0
405.5

389.5
,1o0.5
405.0

3d9.0
390.5
436.0

351.5
344.0
333-0

333.5
430.5
403.0

413.5
38t.O
396.0

NI N2 N2
00P4

N2 lNalo
o lP2 lo

N2ON2
O PI M9

.szs*
It{ s2 tI2

Nil N. t Na
P1 lo ls{

\2 \4 0
\I4 S4 O

N400
54OP2

0
s2

N20
tr{2 lI.r

N4 N40s2 0
P2

N2ON4
P2S2O

\2 N4 N4
P252O

N4
S4

N20
52 TI2

N4 N2 O

.lT2 P4 S.I
N2 N2 O
P4 O II2

0
P4

N2 N2
oM4

s4 N2 0
NI400

N4 010
M4054

O N4 N4
00P2

0
0

0N4
II2 O

N2 N2 N4
O M4 P4

0
P4

N2 N4
54 M2

0
lI4

N2
0

\, N{
0

ttll o I

sz lP, I

oo0s2 \4
0

\4
P4 P2 S{ trI2

00
0s4

N2
P2

N2
0

N1 
I,nl

Actual Weight in lb,

D

II
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l4l

5.8a 7.70 7.g5 6.{
1.

Standard Erior 0.245 tons.

(2) Summary ol SiEdflcaDt Results.
(a) Effect of Potasslurn Salts.

Potash
Matrure
Salts.

98.0
n.2

routrt oI Potash I 0
in cvrt. per acre | 2
S/Pot. ... ) 4

Standard Error 0.141 tons, or 2.02 per cent,

(b) Efrect ol Sulphate of Arnmonla,

Average Yield i.n totrs pei acre. Average Yield, per cent.

Amount ot NitroSen. .{mount o{ Nitrogen.

) 4 0 1

I
Amoutrt o, Pota-sh{

L

0
2
{

6.54
6.51
6.l9

7.06 7.16
7.36
7.4X

93.5
93.0
88.5

r00.9
107.6
103.1

\o2.2
t05.1
106.2

Standard Error O.l4l toas or 2.O2 per cent.

(4)
.P,9F---b -. !D)

2 1 oiz 1

a.az 7.tnl 7.9,
er.7 rm.8 

lr0{5
6.92 7-13

08.9 101.0
6.95

99.2
7.00

100.0
0.082
l.l?

7.37
105.2

7.r0
101.4

6.66 0.100
05.1 1.43

(a) R.f6 to @.ns or Z7 ptors. (r) Ref6 to oas of t8 ptots.

- .. T1" lgt fh Manure S-alts depress the leld slithtly in tbe single dressin8 aod sigtrificantly
iD the double dressing ; a similar but slighter effect appears witb Muriate. ln 6tb casei tbe efieci
is least- otr _the _hitb- NitrogeD plots. The Sulphate of Potash caus€s no depression, although
the higher dressing gives Do further increase in yield.

,.38
7.35

6.92
7.16
7.04

6.86
6.46

Average Yield, per cent.

Sulphate, Muriate.

98.9
105.5 102.3
105.0 100.5

(l) Sumrnsry of Average Ylelds, Separate Tre.tments.

No Nitrogen. 2 c$t. S/Amm. 4 cl,t. S/Amm.

Oulity of uu.i.t" 
I 

n.rr,r.s. 
l.rro.,"l "'n.r"

P,]1,S, Sulphate Muriate P,T{,S,

3!
!'

0 6.5.r i.06 7.16

6. a,6 6.35 6.63 'i.i1 ;.61 i.22 0.;l

I 6. $0 5.80 5.88 7.10 ?.35 6.60 7.15 7.96 6.39

AveBge Yield in toDs per acre.

Subhate. Muriate.
Pota-sh
Matrure
Salts.
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l +2

POTATOES.

Nitrop,enous Fertiliser : Sulphate oI Ammonia.
Potassic Fertiliser: Sulphate of Potash.

Each in single and double dressings.

Superphosphate.
Great Harpenden, 1928.

N.E.

B SBflr or RPLrqnor r Elp.rid.nt
Lid dom a i! 10'27. Th. Donio h.r-
l.6t d @3ist d oI 3 randdEed blocls
oi C plots e.b divided ilio 2 $Lpl,ots.

Afta of whoL plot r + .@.
O. P:No Pbcpt6te &d SuFrph6phal..

at th. ate of 3 rL Fr @. Sdpb.te
ol A@i. .t tbe Etc ol O, ll and
3 crt. B .cft. .nd Potsh at lhe .at
of 0. l dd 2 cirt. p.r a@ Sulph.t! ol
Potash in aU c@birBli@. All plot5
r!c.iv.d l0 t@ E.Y.M. P.r ade.

Ani6cial Mdur! appli€d Ap!,I 1&1?.
Polatoe plaltld AtrU l7-r9; Lft€d

Treatment No.

S/Amm.
Potash ...L

Actual Weights io lb. Phosphate Sub-plots.

mocu 
I

A. 139.0
B 197.5
c t56.0

1.15.0 193.5 2€O.5 l?4.5
rez.s I 254.s 282.0 t43.0
z+s.s I zzt.s zsg.s i zro.o

205 5
221.0
251.0

149.0
r68.5
144.3

200.5
206.0
210.0

195.5
210.0
191.5

219.0
205.{l
229.5

IAlslc
197.5 I 14t.5

180.5
247.0

180.0
25L.6

1s5.0
ts2.0
230.0

2{O.0
221.5
263.0

149.5
159.0
182.5

201.0
256.O
271.5

30 6P 90

3P 6() 9P

0P]6P 50

sol60 sP

20

2P

9P

90

40

4P

10 70

IP 7P

20 80

8P

lolro
relre

70

7P 8()

8P 5P

502P

40 8P

41, 80

5c)

5P

70

7P

2P 30

3P

IP

lo
30

3P

6P

60

Key to Tieatrnenta.

3

;
0

I
;
0

2

r+
0

Actuaf l eights tn lb. No Phosphate Sub-plota.

213.0
2t3.5
229.5

2{6.5
2{i5.5
281.5

I 3 I ; ri ; i
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(f) SurDrnary of AyeraEe Yield8, Separate Treatrrrents.

To[s per a,cre.

Witfrout Sup€rphosphate. With Superphoophate.

No
S/Amm.

I i cwt.
S/Amm.

3 cnt.
S/Amrn.

No
S/Amm.

l* clrt.
S/Amm.

3 c\rt.
S/Amm.

ratrtityofPota-sh 0
i[ crt. per acre ]
S/Pot. .., 2

6.09
7.62
6.58

8.42
s.t5
8.13

8.00
0.76
9.71

6.60
7.87
7.06

8.75
9.03
8.79

8.26
11.05
t0.63

(2) Summary of Signiicant Results.

Average Yield. Witlout Super. With Super. I{eatr. Standard Error.

Tors pe! acre ...
Per cetrt.

8.17 8.65
s7.l 102.9

8.41
100.0

0.tI
r.29

Averate Yields tons per acre. Per cetrt.

Quaatity of S/Amm. guantity of S/Amm.

0 1l 3 0 ll
Quantity of Potash') 0

iu cwt. per arre I I
S/Pot. ... ... ) 2

6.34

6.82

8.59
9.OS
8.48

8.t3
10.40
r0.19

76.5 t02.2 96.7
91.0 108.2 123.7
8l.t 100.6 l2l.l

I Statrdard erro! 0.32 toas Statrdard erro! 3.84 per cent.

SigDifcant iesponse to all tbree matrures. No further response to the higher dressing oJ
Potash, or to the higher dtxogeoous dressing in the abseace ot Potash.
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Nitrogenous Fertilisers :

Potassic Fertilisers :

Spacing of Plants.

144

SUGAR BEET.

Long Hoos, 1927
(a) ManurtnE Experftnent.

N.W.
B

Sulphate of Ammonia applied with seed.
Nitrate of Soda as top dressings at rates

of l, 2 and 3 cwt. per acre.
Cyanamide, applied I week before sow-

ing at three rates.
Muriate of Potash.
Potash Manure Salts.

s,N, I C4 lS,0 C3
L IK L K

S, NI
K

S. N5 O, ^-3 O. 0
LI,K

C2
K

o,Nr s.0
L )'

C4
K

s, N3 Cl O, Nl O, N3KLKI- c3 c2
LL

O,NI S,O
KK

CI
L

S,NI'S,N3
KK

o,0
L

o,0 s,Nl I c2 0,N2L K lL lK
O, N2 S, N2 CI CJ

KKLL
o, N2

L
s, N2 CeKK o, N3

L

s, N2 S, N3
KL

c2 lc3K IL
S,N2 O,O C4 S,N3
LLKK

o, ur]s, Nr
K]L

S, N3
L

o, Nr
K

o, Nr o, N2
LL

o, N3
K

S,O
K

s, Nl o, N2 0,Nr s,0
L L t- t-

s, uz ]o, Nzl o,oL lKlK
c3
L

o0
K

cl c4 s, Nl
KLL c2 0, N3 Ct C3NKKK cr lcg lcr ls.oKIL IL IK

SBrrr or RlPuc^xor. :
Si! r.lddi3cd blocts ot 12 plolr ac!-
AE .{ plol : .O2t .ft.
O,: No b6d dtEils.
, O : No to, irr!*iDs.
S : B.sr drtssilA ot 1 wt, D.r a@ SdDh.t of Aotuia.
C (1, a 3, r) : B$.1dft$ins. oI Cr{@ide equi!.I€Dt to 1, 2,3.nd 4 cwts pcr.@ Sulptate ot Alnr[o!i..
,N(1,2,3): ToP dt6iDss oI NitEt? ol Soda Gquiv.leot lo 1,2 ed 3 cwt. per .@ Sulphac of AEmi..

Ea4n-.djoinilg pai! of plott .tlott d at raldoD to rtc{ivc 2 crt. Fr acie Uuiate olt potarh ( K) G equivaleot lrotahM.!@ Sdtr (L).
A[ ploG ]ad 8 lc Fr a"F (,pprct.) ot Lndoo R.fe,
crzlldi& .ppli.d J@ 1. olb€r B.sd Mrlc J@ 8-9. Top Dressing Atr€Ea 10. S..d som Jle 16.

ArlLd NovdtE 2l DeDb.r I0.
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t+5

R@ls Actral w.iahts ia lb.

0,0 cl s,0 o.Nl o.\2 o,N8 I c2 I ca I c. s,Nl S,N2 S,N3

B
c
D
E
F

153.5
159.5
157.75
203.5
180-0
117.5

m7.
177.75
173.75
ztt.25
147.5
118.5

190.25 193.?5
144.5 r,,2.75
159.0 2@.75
189.0 229.0
121.0 153_75r0E.5 151.25

197.25
t19.75
167.0
222.15
r97.5
137.

2]l,7.5 ztA.O n\75 227 .25 2$.O
1A5.5 199.25 202.5 214.5 197.0
183.25 198.75 $2.0 1rc.25 t77.?5198.5 2$.25 A5 L7 .AtR S 217
196-25 19?.75 16n.25 m3.i5 215.25
151.t5 117.0 r55.i5 112.5 lil.75

224.O
t74.25
163_0
2N.
?Ll.?5
lll.25

2m.0
174.6
104.25

5.
lt-7.O
152.0

B
c
D
E
F

_ 
a.a-O

lm.o 542.0 547.0 58!.5 8.10.0(i7.0 451.0 415.5 603.0 5e6.0456.0 4&5.0 5.14.5 664.0 56.1.0(o5.0 5€6.0 506.0 766.0 73?.54?3.0 382.5 419-5 42-r.5 655.5357.5 358.0 366_5 177.5 455.0

*a *t "r, * -"--5{4.5 565.5 6,10.5 621.6 550.0
57E.5 {55.0 644.5 596.0 5aO.0
703.0 ?r0.5 735.0 678.5 739.5643.5 a.O 59?.0 711.0 t'74.O372.0 t90.5 369.0 4a2-5 475_5

666.5
715.6
63.1.5

?38.5
512.i

836.0
731.5
50?.0
422.5
652.0
517.0

Summary of Results, averaging the Nltrogenous Trealrnentg.

Average Yield.
lluriate of Potash

Potash. llanure SalLs I1eatr.
Stardard

Error.

Roots, toDs pet acre ... 3.30
Roots, per ceat. ... ,.. 97.7

3.45
102.3

3.38
r00.0

0.05
t.48

Tops, toDs pe. affe .,. ] lO.0O
Tops,fer cert. ... ... | 98.0

11.04
r02.0

10.82
100.0

0.t6t
1.49

Sumrnary of Results, averaEtag the Potash Equlvalenh.

Average Yield itr totrs pet acre.

Top Dress

Ayerage Yie

ill crvt. per Top Dr€ssitl
{mm.r acre Sl

ld per ceot.

I in cwt. per
rAmm.

2 3 00 I I 2 3

f No Basal --- --.
Roots { Cyaaamide

L Sulplate of Ammonia

a".t-..-
Tops I Cyanamide

Lsulpbate oI Ammoda

... 3.01 3.:t5 I

... 3.21 3.63 |... 2.86 J s.62 
|r;t;"J

... I e.sz lro.so I

.. 
I 

eos 
lrr.48 ]

3.32 3.17 89.2
3.43 3.62 95-l
3.54 :}.45 84.6

11.33 12.5r E0.4
t0.44 u.52 79.2
12.27 t2.99 80.2

99.3
l0 7.6
to7.2

98.4
101.5
104.9

102.8
I07.1
102.2

97.4
100.3
I06.0

I04-7
96.4

I13.4

I15.6
108.4
120.0

Standard Error: Roota,0.14 tons or 4.15 per ceat i Tops,0.48 to[s, or 4.{5 per cent.

' Cy@id. plots @ived oo Top DBing, and tbc @luoc ol thc table ref.r i! the ca* of &b Esr
to dtEsioas equit?lcnt to I, 2, 3 ed 4 cwts. Fr a@ Sulpha!€ oI A@Eooh.

Potash Ma rre Salts show sigEiica'at superiority over Mudate. There i.s a sitaincant
t€spotrse to single top dressing, oDly the leaves sho.ring any further req)onse to the highest
dressiDgs.
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1.16

SUGAR BEET.-(Cont.)
Long Hoos, 1927.

(b) SpaclEg Erperlrneat.
strip'rotals la lb. (left to rlEht).

Summary of Results.

rr.!ui!s6@pEvioupa&.
SysrEr op BBpLlc^rtor: 216 plots, each

.m8 a@, in s€ts or 3.

N - l{ i!. spacins.

M : 18 ir spa.ir8.
W - 22 i!. sp.ci!s.

Roots. Tops. 
I

Strips \ ]I \ ]T

I
2
3
4

494.75
487.00
493.25
490.50

361.75
439.50
35i .7 5
392.i5

377.75
395.25
104.25
371.15

1780.5
1458.5
l54l-5
1537.5

1269.0
1391.0
1203.0
1230.0

1207.0
r 150.0
1200.0
1030.5

8

{56.50
4t 1.75
451.i5
{30.75

319.00
350.25
299.25
3l{.00

326.25
337.00
2W.i5
3t2.2i

1645.0
1487.5
1178.0
I435.0

1246.0
t272.0

883.5
877.0

1071.0
9.r6.0
796.O
978.5

10
ll
t2

383.75
369.25
3{0.00
39-1.75

305.2;
304.50
261.25
292.25

262.U)
213.7 5
233.00
269.75

I179.5
1152.5
1257.O
1143.0

036.0
I t34.0

851.5
r030.5

868.0
863.O
7G1.5
sol.0

AveBge Yield. Narrow
Spacing.

}Ie(tium
Spa.ing.

Wide L u..n.
Spacing.

Standard
Error.

Roots, totrs per acne...
Roots, per cent.

4.04
I19.5

3.10
91.8

3.38
100.0

2.99
88.6

o.062
l.8l

Tops, tons per acre ...
ToDs, Der ceDt.

13.02
120.3

10.33
95.4

9.12 10.89 0.249
81.3 100.0 2.N

The oarrolr spaciag gives a significantly higher yield than the Eedium and wide spacings,
while with tops the medium spacing also does signifrcatrtly better thaD the wide.
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SUGAR BEET.
MANT'RING.

Nitrochalk as top dressing, applied :-(a) early ; (b) early and late.
Superphosphate.
Muriate of potash and potash manure salts.

CULTIVATION.
Subsoiling. Ridging.

Great Harpenden, 1928.
N.W.

RFFRRFRFRFi'R

I

II
III
IV

VI

VII

VIII
IX

x
XI

XII

o
S

o

s

S

o
o

s

s

o

o
S

Sysrx o. REPUc^nor : tzx12

Aru o! Pl,r: .Ol{ .@-
Trr^ !xrs: Uuiat ol Potsh

.t the nt of 2wt !s.@dequit€lot Pot.b MdE
SalB (30%). SuFrpb6pharE
.t tue nt oI 2 cst, Der a@.
ToD iL6iD( of Nitocbalt at
tt rat ol 2 i, Dd ade,
.peli.d arly {I@ 23,, .ad
bott! ady ud r.t {July 21).
All Dlots h.d besd dtBi.E of
l0 t@. .mDGr iD si!t!r, ed
2 flt, Fr ecR Sulph.te oI
AD6ori. ritb otber fti6ci,L

R, F: P.iE oI .Eips o@ Ey
.Iott d .t Ead@ to riled
..d 6ri e€d b€d.

S, O: P.iE of seiF 0r. oth6 w.y
allott d .t md@ to sub&ilinc
aDd Dot " sub.$ilint. Thi
l2plotsof 6ch tEtE ot had3
.llott d to ach of rlE I culti-

S.td .om M.y 5 ; rts lift d
O.totE 26 Novmb.r s.

2 6 I l0 I l2 It 4 3 8

I s I 3 'i ll l(l 6 { t2 2

6 3 2 n l0 ., t2 3 I I

I t2 .l 8 ti 3 2 I II l0

l2 I 8 3 ll 6 I I l0 2

l0 lt I l2 2 .t 3 I {i

4 2 :] t I to 6 t2 8 ll

l0 t2 8 2 I1 I I ; 6 3 I

3 t2 .1 8 I {} 2 l0 lt 6 5

I I t0 {t 1 8 t2 1I 3

5 ll 6 l0 2 3 8 I I 1 t2

ll I 1 {; t2 3 ; 8 l0 I

Key to Treatmeuts.

Manure. I 3 { (i b I l0 I I t2

Mur./Pot.
P.M.S.
Super
Nitrochalk (early )
Nitrochalk (lata)...

x

x
X
X

X

x

X

X
x

X
x

,.l:
xlx
xlx x

lllllllllll
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SUCAR BEET, 1928 (cont.)

Actual WelEhts tn lb.-Roots.

3 ! 5 6 7 I 10 1l t2

III
III
IV

VI
\qt
lttI
rx
x
XT
XII

204.5 238.5 304.5
210.5 323.5 327.0
239.0 26.!.5 2E5.5
303.0 288.5 270.0
24a.5 2i5.5 277.0
262.0 3!O.5 293.0
222.5 mi.5 2.5
302.0 266.5 325.5
2&-O 2$5 214-0
215.0 305.5 362.0
32a.0 290.0 315.0
397.5 335.0 2E3-5

241.O

264.0
287.0
283.0
215.5
361.5

261.0
3,t7.0
262.O

280.5
235.0
313.5
234.5
w2.5
2is.5
290.5
269-5
l0l 0
365.0
2io.5
272.O

204.0
286.6

2.6
339.5
271\,5
2t'5.0
2{3.0
332.0
.$s.5
299.5
211.0
324.5

317.0
298.5
293.0
253.0
313.0

307.0
180.0
231.5
363.0
299.0
326-5

36tI.0
21E.0
311.0
291.5
241.5

1.5
2m.o
241.0
2t-7 -o
369.5
?8r.0
311.5

205-5
136.0
243.5
280.0
332.0
2arl.5
317.0
23S.5
312.5
t?3-0
332.5

9.5

274.O
267.5
?e5-5
336-5

5.5
3,15.5
2i2,5
290.0
269.5
29i.5
355.0

m.5
33it.5
319.0
290.0
252.O
2t'2.0
291.0
242.5
2t'3.5
32{.5
211.5

n1.o
w2.o
307.5
247.O
2ao.0
30t-0
312-0
233.0
2-15.5
211.5
405-5
?n.5

ulo
427.5
349-0
3a9.5

324.0
31i9.5
311.5

412.0
331.5
319.5
2i6,b
278.0
299_0
217_0
332.5
323_O
35i-0
310.5
351.0

I

rl
II
III I

w

vtrurrIrxl
xrixrr I

m4.5
w2.5
251.5
325.0
2i3.5
3lt-5
298.0
305.5
275-5
335.5
35a.0
rlo9.0

360.0
3.17.0
311.5

367.0
390_0
$a-5
72i-O
303.5
%5-0
321.0
352.0
354-0

354_5
1106-5

360.0
345.0
125_O
362.0
3.r8.5
344.0
345.t
{14.5
356.0
467.0
473.5
3a?.5

409,0
360.5

306.;
261.5

302.5
354.0
319.5
353.0
303.5
371.5

355.0
248.0
297.5
315.0
359.5
345,0
395.5
rot_5
1i2.0

3O.1.0
311.0
830.5
31t.0
503.5
357.0
396.0
450,5

376-0
362.0
396.0
397.5
,tl1.5
351.0
394-5

(1) Sumrnary of Average Ylelds-Separate Treatments.

Top Drcssing. 0 Early. E-arly arld Late.

Super-
phosphate.

No Sulrr-
phosphate.

Super-
phospbate.

No Supe!-
phosphate.

Super-
phosphate.

No Super-
phosphate.

Roots, tons per acre.
Muriate of potash ,..
Potash matrure salts

9.33
9.27

8.47
9.00

9.18
9.47

9.37
8.9;

9.01
9.22

9.10
9.42

Tops, tolrs per acre.
Muriate of potash ... 10.37
Potash manure salts 10.48

10.I2
10.27

lt.74
I1.79

11.03
11.81

12.20
12.63

12.08
t2.63

17.98
17.98

Sugar i.tr roots, Irr cent.
Muriate of potash ...
Poh-sh manure salts

t7.42 t7.7t ti.i2
I7.9(i 17.58 t1.52

11.20 11.26
t 7.31 17.30

(2) SulnInary of SlEntffcant Results-Marurtng Experirnent.

9.23 9.06100.8 09.011.@ 11.32101.5 go.0
17.61 t7.@

(a) Rcf6 to EeB of atl ploB. (r) Ref6 to ec or ?2 plots.

The effect oI the D.itroge[ous top dressitrS is tbe only sigDi6caDt result. There sas a signii-
caot respoDse lrith tops but lrot with roots. The application of top dressiot dqrressed the sugar:
conteDt si8trificantly.

9.08
99.2tt.
98.5
17.61

Actual Weiehts in lb.-Topo.

4.0
112.O
330.0
354.5
339.0
402.O

341.0
35C.0
313.0
361.5
412.5

432
406
s5.r
3.t6

300
311

359
517
16.{

34r.5
.r33.0
3!0.0
4m,o
378.5
345.0
a6r-0

t25,5
312-5
342.0
539.54:13.0

st"oa.'u l u-i"t I Pot.l
Etu- I oI IM.M Nd
{4) | Por.sh. I s.l!,. SoFr.
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SUGAR BEET. Great Harpenden- contd.
Cultivatlon Experlrnetrt.

Column Totals (lett to rlEht).

R6t ,Ib. ...
ToF,lb. ...
NEber of pLlt3 ...

Summary oI Results--Cultivatloa Experirnent.

Average Yietd. Ridged. Flat.
Not Sub-

soiled-
Sub-

soiled. \Ieaq.Error. Error.

Roots, totrs F,er acre ...
Roots, per cent.
Tops, toDs per acrc...
Tops, per cent.
Roots,truober per acre
Roots,aumber Pcr ceat.

9.52
t04.0

11.46
r00.3
185r 3

104.5

3.78
96.O
11.40
99.7
l69l?
95.5

0.27
2.CL
0.20
t.72

369.4
2.09

g.t4
99.8
I1.23
98.3
I ?409
98.3

9.17
100.2
I1.63

101.7
r 8021

10t.7

0.r0
1.06
0.21
t.85

80.0
0.45

9. t5
100.0
I1.43

100.0
17715

100.0

Ridsed beats flat sicDifca[tlv i.o the case oI rcots, atr effect due to increas€d luBbet. Sub_
soiling pioduced a sipiri'cantly laiier numb€r of roots, but this was trot redected irl atr iacreased
yield.

3622 3745.5 SaOt
4ut.5 4166 {062
zaw 27?o 2435

Row Totals (top to boftom).

o S o S s o o S o o

Roots, lb. ...
ToF, lb. ...
Nrber of plalts ...

32m
4!6r.5
2982

3-146.5
4541
3025

3{98
41i2.5
2053

34{1.5
4053
3081

3151.5
3840
2998

3105
SSGI
2853

3305.5
1231.i
JO16

3329.5
4290.5
3022

3519
12;5
2962

365.1.i
.I620.5
2937

5251.5
3023

;t _i_l

tttttl
3392
4104.5

97

tt
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Swedes :. Comparison of Phosphatic Fertilisers, phosphate of
Ammonia and Superphosphate ; also of Sdphate of
Ammonia and Urea.

Long Hoos, 1927.
N.E.

I 2 I

{ 3 I

4 ; 3 I

I { 5

2 3 I .t

I

II

III

IV

SvsEr o? Rlruq or : kti! SqurE. ptoB, + aft.
sor"ly,Dg 75Ib. P, O..Dd la.?51b6. N. p6 riE

1. UEac$riv.l@ttoz
2. Srrlpt t of AEDdi. .t th. rat oI | 6it. Fi a@.
3. &rl@oiuE Pbcpbat .t th. rat! of t.l *r' F. acrr.
a. U!!a.r 1+Su!qph6ph.!. ar th. rrt of I nri Fr..ft.
5. Sorph.l,. of A@j. s 2+SoFph6pbit .t th. Er. of a nb. !.r
,tn prob !!..i!rd I wL Uoii.t of PotGh p....ta
Matu B .ppu.d Jtr 20.
Sed soin J@. 2a ; toot3 lifi.d Nov@b6 26 aDd BO.

Actud Wetghts tn lb.

Row.
Roots. Tops.

t 3 { I 2 3 { ;
I
II
I]I
IV

I236
1448
I468
1236
l2n2

l48s i 1106 I 1428lss6 t472 l21Ar4oE ra28 I 1264raosirlsolrszr
1168 lsiz I t17ztt

1280
t252
t264
l416
1504

473.0
428.0
467.0
481.5
141.5

.197.0
454.O
425.5
503.0
481.5

465.5
484.0
482.5
4I4.0
405,5

43i.5
478.5
519.0
478.0
431.0

498.5
593.0
473.0
437.0
434.0

Sumrnary of Results.

Avcrage Yield
per acre.

No Phosphate. Phosphate applied.

trIean.
Stzndard

Error.
Urea. Sulphate.

Amm'dum
Phosphate.

Urea and
Super.

Sulpha.te
alld Super

Roots, tons ...
Roots, per cetrt.
Tops, tons ...
Tops, per cent.

14.82
08.9
5.12

08.0

14.88
99.3

r00.0

15.19
101.4

5.23
t00.0

r5.0{
100.4

5.23
t00.1

14.90
r00.1

5.28
101.0

14.98
100.o

5.23
100.0

o.22
1.45
0.12

The yields otr the Pbosphate plots app€ar to be greatet than thos€ oa the tro-phosphate plots,but tbe ditreretrce is not iignifciot.
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CULTIVATION EXPERIMENT.
Rotary cultivation : method of making a seed bed.

Barley, Sawyers Field, 1927.

SysrEr oF Alpltsroi: Tliplicare stripd Plots lt a6e.

S pEparEd by Si@ar tutotild, Aptil 14, 1947.

c,, C. : 6 S itr 19'26, trt t@t d6Cin1927.

C - H(E dltivaied and di* ham*Ed, lIa, 2.

P : Plowhed, AP'il S ard 14 i dr.g hrM€d &d rolred,ltav q,1VZ7.

aI olok rvidElv Dlodrh.d i! lduarv, l9?7. 3 ol. soFrpbcptat , I nr-
lruiatf, or Pota.li ei r wr. Sulpb,L d AElt@ra pe. eE, aPP&d ()E -hol
.E, April19, $q7.

BarLy ern, M.y 7. Hreted O.tober iFl2-

Actual Weights in lb.

Grain. S and, C C P

1
2
3

409.7 5
400.5
383.75

282.87 5
301.125
344.15

2a4.125
345.?5
308.875

Total 119.1.0 928.7i' 938.75

Stlav/. SandC C P

I

3

602.0
698.5
i02.o

4i3.5
641.5
601.5

439.0
621.5
627.0

Total 2002.5 1716.5 r687.5

S,

C,

C,

C,

P.

C,

C!

P,

Summary ol Results.

SandC C P f,Ieart.
Statrdard

Error.

Grah, cx.ts. per acre
Graitr, per celrt. ...

12.I
117.0

l0.l
91.0

to.2
92.0

I r.0
100.0

o54
.1.89

Straw, c*.ts. pet acre
Straw, per cent. ...

21.7
rll.t

18.6
95.3

18.3
93.6

19.5
100.0

o.46
2.35

Plots cultivated Ii'ith the Simar implement in 1926 show a significant superiodty over othe-rs

;" U"tl c.ai;iod st*w io 1927. Tbis ias probablv a residual efiict trom previous years, as only
one of tlese plots was in 1927 treated di-fiereDtly {rom the horse cultivated PloLs'
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CULTIVATION EXPERIMENT.
Swedes, Great Harpenden, Ig28.

A IB
I

C D BD C CA D IJ D C B

Sysr3!. o! Bpuclrox : a !i.d6ii.d Dl..b d 4 DtoE G..!.AE ol ach Dlot: Ji .&.
No rmrrrd U.ME'.tc.Dt ih.! ploB @n d . rE! duor€d ir .ffi- AII Dlor.

Dad z.c.t Sdphrt oa AEE@it 2 c'L XEi.re of po6€h.Dd 2 cpr_ SiD6:pbcpbat F..r!, applli U.y 6.

A: RidC€d Sed b€d.
B: PEDaftd by Sitr rototillE. tla lik d
C : PrEDeEd ty SiuE EtotilLt. bur ldt iLt.g : PEp.t€d by Sha, Drotillei, lc{t tht, .!d Sibar iEDI@6t u!.d a6h h.t@ bE ir rdv
sp@ar crrftivatiE u.y 7{. S..d sm, Ly 0. R@is Utttd Noru!6c( 2f-%

Actual Yields.

, SignificaDt 
-depression itr both roots aod tops in the case of the plots simared and left f,at.A furtler sigEi6caDt depressioD with- loots iD tle case oI the aoubty simarea plots. Thes€

depressioDs are accounted Ior by the decrs-sed numbers oI plaats.

I R@ts in lb.
Bfock, I

Tolls ia lb. Numb€r of Roots.

B c D B C D BC D

I
II
III
IV

280.1
2392
2395
2566

2886 2529.5
2117 2062
2437 2039
2472.5 238t.5

61
1967.5
2046.5
t906

121
t00

89
158

126.5
107
r03.5
I31.5

08.5
85.5

122.5

90
47.5
00.5
01.6

l0l8
l0ll
954

991
1022
899
966

903
?81
832
805

8t5
173
730
776

Sumrrrary of Results.

| ^"",.o" "r*. Ridged. Simar a.nd
Ridged.

Smar aad
Flat.

Simar,flat
and Simar.

trteafl. Statrdard
Error,

Roots, totrs per acr€ ...
Roots, per cant.
Tops,c*Lperecre...
Tops, per ciEt.
Roots, Iluaber per acre
Roots, nuDber per cetrt.

22.67
108.5
2r.03

1I2.0
19660
lt0.t

22.n 20.12
109.1 96.2
20.s2 17.08

111.4 91.0
19390 16620
t00.2 93.6

I8.02
86.2
16.05
85.5
164?0
87.t

20.90
r00.0

100.0
177@

I00.0

0.50
2.39
LI3
6.03

338.8
r.gl
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UNIFORMITY TRIAL.
Oats, Sawyers Field, 1927.

s.w.
I'lot.\DCDEFGH

6

5

4

3

t

Aita ot ca.h pl,o!: L aEE.
AEa 16 duDtld iD 1026 16 Sr.d... No oth.r

Soirn F.t"Day 1&19. nawestrd A!8ct 22, 2&
30.

Actual Weights tn lb.

I'lot. B c D E F G H Total.

Total Graltr.

5
4
3
2
I

262.O
229.23
229.25
207.25
187.375

271.5
263.25
249.s7ii
25t.625
244.625
212.125

245.97 5
255.37 5
zil.375
265.7 5
238.0

289.0
,30.75
212.O
259.375
231.315
220.25

242.125
3t3.625
310.500
262.000
2I5.250
210.8?5

290.375
2i6.625
2tu.625
257.000
262.8i5
232.t25

271.0
231.625
2i5.25
235.625

229.47 5

261.5
258.876
229.125
268.875

242.25

1933.875
2045.125
2047.000
2029.500
186I.875
t7 5A 625

Total 1105.125 r406.000 1498.625 14i2.7il 159.1.375 I599.625 1463 625 t485.875 I17t 6.000

Total Straw.

6
5
4

I

252.5
24t.5
256.0
214.5
226.O

259.5
266.0
256.0
26i.5
273.0
241.0

234.0
238.5
237.O
260.5
238.0

272.0
236.5
237.5
252.O
224_0
235.0

259.0
300.0
256.5
246.0
218.0
2u.0

288.0
270.5
2U.0
259.5
269.5
249.5

255.0
277.5
26n.5
252.5
257.0
212.0

282.5
247.5
259.5
274.O
261.0
273.0

1850.0
2t27.O
2022.5
2068.0
1993.0
1899.0

TotaI 1223.5 1563.0 1428.5 I461.0 1490.5 1621.0 1534.5 1637.5 11959.5

Surnmary of Results.

Grain, Straw.

lb. I "*. lb.

Average Yield per acre
St.ndard deviation --. .--
Standard deviation per ceDt,

2493 22.3
263.9 2.36

lo.6

2515 22.7
195.7 1.75

7.7
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WOBURN.
Barley: Eflect o{ fertilisers on yield and quality.

Butt Close, 1928.
s.

B
Sysrr oi R!P!rc^r,ox: 4 E!alo@-

is.d blo.ls ol E plots ach.
Aq of pl.ot : ll.@.

Sdphate o( AE@oi. (N) at tt€ r.tc
ol t L p6 .@; Sdphat ot
Fotash (R).r t!. nt olllcii. pd
.d!, ad S!D.rDh6Dh.!. (P).! tte
nt ol 3 *t. tE ad!, in all @-

UUllB applied April 19.

B.d.y $m, M.Eh t? ; Ha..tcd

v^RrE Y: " Spr.tt AEhe!."

Actual Weights ln lb.-Tot l Graln.

Block. | "
P \ K NP KP NK NKP

B
C
D

43.25
34.0
12.0
23.25

37.25
61.2n
41.5
52.26

61.25
48.0
4i.o
77.7 5

57.O
55.75

55.5
38.75
19.75
60.5

13.25
66.0
44.0
59.75

47.25
64.O
45.25
48.5

3t.25
57.25
42.5
53.25

Actual Weights ln lb.-Tot l Straw.

B
c
D

59.75
45.7 5
67.0
&.25

86.0

75.5
80.0

93.25
60.75
73.75
68.5

80.75
64.5
70.15
86.0

56.0
79.5
59.0
63.75

94.5
81.0

Fl.0

41.7 5
71.0
65.0
68.5

P.r ( t. Nikos@ i!

72.7
@.8
19.0
m.6

1.316

18.2
tm-o
23_9

100,o

l34a

2.05
tt.2a
2.31
s.60

0.036

SigaifcaDt iflteraction of the dtrogenous and potassic fertilisers. I! the abE€oce of otre the
other i.Ec!e2-ted the yield sittri6caDtly, but in the presetrce oI oEe there 1,as ao eflect due to the
additrt ol the other. With skaw there was a direct siSnificant respoDse to Sulphate of Ammotria.

Summary of Resulta.

lt-.z m.90J.2 1t4.7
m.o 26.583.0 111.3

1.206 lixo

l:l
*ilrlxlx'll"

.\N
.\IiPL) * *i" *ln *lp tpl I x

N
OK

lp
l

.r"iL s,*. siA,,-. s/pot sh

[,*,- lrwl vm{ yffi l,* l"mr,l
r9.0 r9.9

10.1.!
23.1

54.0
62.O

I

tles Iv1. I

us.o 
I

1.346

2t.9t.2
.5

110.9

l3a?
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WOBURN.
Potatoes : Nitrogenous Fertilisers, Sulphate of Ammonia and

Cyanamide, each in single and double dressings.

Lansome, 1926.

V^rtE$ | Kins E(rFard-

I
II
III

SvsEr o, Rtfuc noi: IztiD Squ.ra

^ft. 
of ..c! plot 28 ft x S1 ft.= Jl aq!.

lS: I cei. Sulphate of AEEmia F! eE.
25 : 2 crt. Sutphat d A@i. Fi..rt.
lC : SilgL Cy.qnid. - 1 crt. S/A@.
2C: DoubLcy.._- .:2dt. S/A@.
All plot h.d . besl drBils ol P.rr.d M3E , Sulphat o,

Potsh .!t Sqqpb6pb.t , .Drli.d nt! S'A!u. itr tb.
Doutso{rylO;gcarpli.dAFil23; rC @ Apdl I). Dug
..rt d.ldsFEd XAi&a.

Poteto6 pLlt d U.y (}lr; lilt€d Oclobcr 11-12"

IV

Actual Yields in lb.

Sumrnary ol Results.

2C IS lc 0 2S

IS IC 2C 2S 0

2S 2C 0 lc IS

0 2S IS IC

rC 0 2S ]S 2C

Rows. 0 lc IS 2C
'S

I
l
III
rv

,93

268

282

368
331

298
298

370
320
32t

321

380
354
359
317
255

387
334
370
3li

Average
Yield.

No
Nitrogen.

Single
Cyatramide

Single
Sulpha.te.

Double
CyaDamide

Double
Sulphate.

Mean. Stardard
Error.

ToEs per aare
Per cent. .,.

6.S
8S.5

1.26
98.8

7.38
100.4

7.7 5
105.4

7.86
106.9

?.35
100.0

0.20
2.il

Sit[ifcatrt ,esponse to dtroSetr itr both single and double dressiEgs. The difierence between
Sulphate alld Cyatra nide is i[sipincaDt.
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WOBURN.
Potatoes : Effect of Superphosphate.

1CCr. Butt Oa.
V.d.tr: A...l C(E rd..

s.

1 , Sta.l<Frd

I
II
III
ry

I
II
III
IV

SvslE or R*t:c rloi : 4x4 L.dn SSr.Ir- Alaorcarlplot t r....
TrutInB : Sup6pno.pb.t d rt r:t od 0, 3, 6 and I crt& p.E &r!.
Bc.r Dr.riD8FrgAT : rc tdr P.YJ. !.t .c!.

192a : rr tc P.YJ., U crb. Sulph.te of ADEta .!d ll wr' Uuiate ol Potash P.6 .(.!.
Artttd.l lldlf€s apCidrretT: JDE lsr&

\lm: ue, 5.0.
FotAtG DLd.d (l0vl I lt!6 , trot to.. Iili.d flgfi | O.tola yl-8.' 1r92E: Ilry 6{. trceE: octoDer z-4.

Actu.l weights i0 lb.

Sumrnary of Results.

1927: No response to Superphosphate on very low y'clds.
1028: Signitrcant respoose to Superphosphate.

3 6 0

6 I 0

0 6 3 I

3 0 I 6

Vri.rv aRoE I. Allv.' tRo.! u, IiI .!d Iv, Mrj6tie

N.W.

6 3 0 I

0 G 3

6 0

0 9 6

Itow.
1927 1928

0 I3 6 I 0 3 (;

I
II
III
IV

234
259
217
198

231
214
215
198

257
208
221
200

215
939
205
224

713
708
713
580

7t6
776
7t2
804

6St
894
773
174

779
837
86?
807

-\lcrage
Yield.

Ba^sal.
Basal

+3 cwt.
SoIrcr.

Basal
+6 crt.
Sup€r.

Basal
+ 0 cs.t.
Super.

llean. Standard
EEor.

1927 To[s per acre
Per cetrt. ...

4.06
I00.2

4.10
10t.3

3.S6
97.8

4.08
100.7

4.04
100.0

0.11
2.82

I928 Tons per acrc
Pe!cent....

t2.25
m.t

13.43
08.8

t 4.00
r03.0

14.69
108.1

13.69
100.0

o.27
2.00
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WOBURN.

Potatoes : Nitrogenous Fertilisers, Suiphate of Ammonia, Urea,
Cyanamide, each in single and double dressings.

Lansome, 1927.

N.W.

VrRrErY: Kins Eneard.
SysEr or RlplrcAsor. : 4 qndoEiled bioct!.
Atu of Plots : +.@.

l-2 Nitroe@ ai tbe Bt o{ l} eDd 3 cEls. per.cr., Sul-
phate of Ajmdi, d it-s equiEl€!!, applied \lay lg.m.

S - Subnate or A'll@ria

All Dlols had halal dtBilB of 3 cwr. Super ad 2 cat,
MurPot. per aft appli.d lrL, lg.m ; ele 10 tds duDB
Dcr ae, aDplied May +13.
Potatc planted May 23; lifted October 1+18.

o(a) IU 2S o{a) 0(b) 2C

2U IC ls o(c) zIJ 25

2C 0(b ) o(c) rC 1S lL-

IS 2S 1U 2t: 2C o(a )

2rj 2C o(a ) IU lc 1S

1C 0(b) o(c) 2S 0(b) o(c)

Actual Yields in lb.

Block. o(a) 0(b) o(c) ]U TC IS 2U 2C 2S

B
C
D

4t0
361

3i,5

432
361
361

4ll
369
338
289

436

376

426
376
380
362

3S9
436
456
3I5

407
382
38I
383

42!

371
361

418

Sumrnary of Results.

Siogle
o

ToE rr a@ 6.53
Pcr .;t. ... 96,6

7.09
101.7

6.89
102.0

7.17
106.1

6.93
102.6

6.?3
99.6

6.43 6.70
95.2 100.0

0.2{9
3.69

Sia.ai6cant response to single dressing oI Nitrogen. The double dressing of Urea and Cyana-
mide pioduced no ilrther incre-ase, while ihat oI SuiPhate of Ammonia reduced the yield

Dc
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Potatoes: Nitrogenous
mide (each with
Compound " B.

WOBURN.
Fertilisers, Sulphate of Ammonia, Cyana-

,and without nitrate of soda), Nitrophoska,

Stackyard, 1928.

N.W.

1r'i
I
l6 t3 9 l0 I t7 ; t2 48 3 6 l4 ll t8 7

l; :l 11 l3 ls ll ii l;

C

6 t0 3 l8 7 t2 ,l , l5 + lt 8 " l 
,o 

l,n
D

rz I s rrlr ojro l5 ; l, 94 ') 8 t3 rI18|r0

Vrtut : U.j6tt. Bl,o.t A son wli! 'Ally."
Slsftr oF RrpLrc^f,ox : { rudooir.d bl,o(b oI 18 plo(s @h.
Aiu oP PLd: .lt ..t .
TruflsNrs : C@poud F€rtiliE " B " dd NitDptcta €quiv.ldt to U .*t. pcr adE Sqlphat of

A@i. i Sulpb.t of A@nia ad C,@ide witb &d without Nit .t of Sod. at tb. Ete of U crt.
S/A@. or equival6!, together pith SulPhat o{ Potalb and SuPerpbcpbate. to n&e toequivalenc witL
c.mpould fertil&rs.

KEY TO TREATMENTS.
OtheF itr cwt. D.r .cre

212
ll1

PIots 12 io l l had C.lcium Sulphate a<ld€d equitr.ldt to th2t i. 2 a.d U .*t. Sup.rDb.@bate d stom.. PtoB 16.!d lE h.d Phcph.le in the l()m ol lrotasid PhcPhate equi\aLnt to tlEt i. Sup.rplEpbat -
AII Daois b.d la r(E F,Y,M, Dd a@, Anifirial 6alE .pplial May 5 9.

PotalG pLtrrd M:y 5{ i blt d (ltob.r 2l-26.

tt

15

liirr.. :i'r* liiiffil*"1,H I vor.,'oo""o.

27t1l

N*.c." T"B"T-Nil*-
1 PhGt .

z tl - -l*1 I - -lI
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Actual WeIghtB tn tb.

1 x il 6 S I 10 ll t2 l3 l4 t5 l6 17 18

B
c
D

?it2
&!rl
810
i5i

iu
82?
87.r

7i,-t
812
83.1
t-t1

05-1
0.15
793
047

7t3
686
itn
706

7?3
7'o!
69t
761

?tl
7aa
do7
i t-9

8.r5
80,1

7?t

r-11
801
757

805
7ai
833
0?0

783
86{)

i t-l

i62
82r
095
617

iu2
t-71
684
731

610
t0l
645
711

63t
663
iil
62.1

531
?50
?i5
570

ll.1 11.3 l2.l 13.0 l3,a 11.5 13.? r3.0 tl.{ 13,1 12.9 t2.l 11.6 12.0 11.8

Summary of Slgniffcant Results.

Witrr Pot sb a.d PbcpbatE equiEhal
to @Epomd t6tilis.

NO
NitDgo.

-84
89.5

13,5a
102.3

0.2.1
t. t'i

14_l{)
l0a.r

14.10
106.2

13.79
l03.r

12-71
95.7

13.58
102.3

13.28
tm.0

0.&3
2.5\

. (r) R.r6r to E ra of 16 Diob.
(r) ad€t: to roaE of 8 pbts.

SiSnificant response to Nitrogen except rrhere Cyanamide \tras the oDly Nitrogenous Manure
appued. No signitrcant difieretrces betweeD the other flitrogeEous tertilisers, or betweeD the
plots receiving Phosphate as a Calcium Salt atrd iE other forms.
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WOBURN.

Sugar Beet : (a) Comparison of Nitrogenous Fertilisers : Sul-
phate and Muriate of Ammonia and Cyanamide.

(b) Preparation of Seed Bed.
Butt Ciose, 1927.

R F R F R F R 
" 

o "'i'** . * F R .F. R F

Qu^!qIE6 r lrftos.a !t th. r.t or 0, 1, 2 eL p.r ..i! sEEr o, atfuc flor: 3 EldoEii€d uoct.s of t8Sulpt t of At!)tlnie d cquiriLdt plots .acn.
S - St lphate of A@i..
ll : Mciat€ ol A!I)o@i..

B, F - AII.EEE SEiF rith !id€!d ad fat seed bed.

AREA oF lacE Ptor : .; .@.
s..d $m June 16. Piru.d J&. 6.13, rc28.

AI plol5 @iv€d 
-3 

crt.-Supc..Dd 2 crt.-Muiateol.Porrh p€r .F, rtlpli.d FitL orh.r Eanufts J@ t0-U. DuDs appli.dr.rrnr.rr 2}24 (14 kB& p6 a@). GD@d cndt Aprit 0 (f bD r{r_a@).

Actual wetghts rn lb.

RlocLs. 0c OS 0tt IC IS ltI 2C 2S 9I
ROOTS.

^{F
'{F
"{s

100.5
I00.5
68.0

101.5
126.5
166.0

67.6
I14.5
95.0

147.0
135.5
t21.5

90.0
119.5
10t.0
148.5
162.0
129.5

95.0
127.0
129.5
r 63.5
150.5
t8{.5

79.0
91.0

104.0
102.0
131.5
I36.0

79.0
145.5

92.O
143.5
134.5
157.0

114.6
99.5

114.0
154.5
136.0
t55.5

125.0
123.s
109.0
156.0
17t.0
192.5

06.5
133.0
121.5
t26.5
t84.0
t91.0

TOPS.

^{F,{F
"{F

I85.0
195.0
I15.0
132.0
t81.0
250.O

117.0 I64.0
226.0 218.0
131.0 163.0
2?9.0 245.0
238.0 274.0
196.0 251.0

170.0
243.0
r99.5
294.O
211.0
270.O

125.0
167.0
157.0
179.0
243.0
295.5

t31.0
2a6_O
140.0
228.O
217.O
255.O

216.0
176.0
I63.0
299.5
23,1.0
250.O

2{1.0
236.0
175.5
262.O
255.0
350.0

192.0
2i6.0
206.0
2r6.0
262.O
305.0

I]T IC 25

IS IM 2CIUC ]S 0s 2M lll olr

0s 2s lM

rs sMl2closloM lc rs ocl2MlrcloMlss
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(1) Sumrnary of Results, ManurlnE Experlrnent.
ROOTS.

TOPS.

Quantity
of

Nitrogetr.

Average Yield in tons per acre. Avenge Yield per ceqt.

Cvatramide. I Sutpnate. Muriate. Cyanamide. Sulphate. Muriate.

0
I
2

4.35
5.16 4.34 4.684.98 5.65 5.42

m.5
107.3 90.2
103-5 lt 7-5

97.2
t12.7

Standard
Error 0.34 7.02

(2) Sumlrrary of Results, Cultivatiotr Expeddtent.

L\-erage Yield. Ridged. Fl:rt. Mea.n. Sta.Ddard Error.

Roots, tons per acrc
Roots, per ccnt. ...

2.57
90.3

3.t3
109.7

2.a5
100.0

0.08
2.77

Tops, tons per a.cre
Tops, per cent. ,..

4.22 5.40
87.8 1t2.2

4.81
100.0

0.17
3.11

_ Wetl.mllked superiority o, flat over ridged seed bed. Sigaificant rcsponse to both siDgle
aod double Nitlog_en except in the case o{ the Sulplate ptots (siagle dtessiof1, while with Cyaia-
mrde there was a depression in yield with the higher dressing.

Quartity
of

Nitrogen.

Average Yield iB Tons per a.cre- Average Yield per ceot.

Cyatramiale. I S"tprr"t.. I ftf".i"t"- Cvanamide. SulDhate. ftl";^t.
0
I
2

e.l6
2.88

2.@
2.58 I 2.80
3.26 i s rs

1r0.9
t0I.0

9I.l
90.5

114.5
I S8.r

I rtr.s
Stardard

Error 0.16 5.60
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WOBURN.
SUGAR BEET.

Nitro$enous Fertilisers : Sulphate of Ammonial Each applied
Muriate of Ammonia f with seed.
Nitrochalk as top dressing.

Potassic Fertilisers: Muriate of Potash.
Potash Manure Salts.

Nitrophoska.

Butt Furlong, 1928.

1t2

SysrEv oF R.lLrcadon : 6 hndomised blocls

AE oI ach prot : rt &e.
TrE!.xENc: S'rlphate &d Uuiate of AE-

monia aI@ at the Ete of rl wL S/Am.
pq a@ or equivatot, also at ba]I thb late
@bined witb equivalot Nitrrhalk s
Top DrKiDs, Muiate of Pot*b dd Potash
IIar SalLs at the Ete of 1 dt. p€r acre
M,/Pot. or equivaletrt. Supephcpbate at
th€ Bte oI 1+ cet. per a@. NitmphGka
equivalat to r* cwt. S/A@. Basal
Me@ : 12 to6 F.Y.M. rr aqe March m-
April 4. Arti6chl iI ilc aDplied May
22 , ef,@oa top d!*ine, which w6
appli€d Jrrly 5.

S€ed em, lday 18 ; Roots litted Nov@b.!
8-13.

roirr
.d

€a

o=

rll
!*

SupcratI+cEt. l><

I 6 l0 t1

2 8 I tl
1 10 a I r3

rl I I

I 4 I ll

4 I3 ll 3

413

4 13 310

tl
t;
t13

Key to Treatrnents.

,i*1.1.

Actual Weights in lb.-Roots.

niulul, 8 ,, O]r'
s0r
86{
757
902
9s2
164

13

?8s lmr
726 I aat
r:z i scr
azr I sso
?m gtr

^t ,r*

812
890
81t
759
871
663

76{)
88r.
830
803
ili-
881

iui
651
7U
880
869
738

885
861
861
873
720
76{

861
763
9t2
9ll
7\3
891

135

689
739
806

B
C
D
L
F

930 761
12ti 623
701 735
8r7 802
708 879
800 8t5

8r0
729
841
752
881
92t

I

S/Amm. .-. x xi x

M/Amm. ... x x x I x

^l xlx
tl

lfanure.

lrr

I

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 164

163

A
B
C
D
E
F

848
698
678
859
786
812

820
680
733
631
863
?16

669
651
859
542
651
736

630
4rl
631
875
622

8,()
734
931
710
682
768

6.10
398
937
615

729

'1,
879
535
717
850
667
563

706
638
602
552
617
646

1l) Sumrnary of Average Ytelds, Separate Treatrnents.

Yield itr tons
I)er acre.

Sulphate o{ -{mmoda. illuriate of AmmoDia. Nitrc-
phoska.

ToP
Dressitrg.

No Top
Dressing.

ToP
Dressing.

No ToP
ftressing.

Roots
f Muriate oI Pota.sh
{ Pota-sh Manure Salts
I No fota-srr

r 3.92
1.1.30
13.70

t 3.51
14.02
I3.93

t4.17
t4.12
r 5.81

15.03
14.50
13.74 ) 'u.*

Tops
f Muriate oI Potash....l Potaqh Manure SalLs

I xo rot*'t
I2.06
13.22
T 2,I I)

10.99
t t.?t
lt.72

13.88 12.62
12.95 t2.36
13.94 10.98 | 

,,,,

Sugar
percentagc
in roots

f Muriate of Pota<h...
I Pota<h Manure salts
I lo eot sn

18.37
17.60
18.70

17.80
18.43
17.97

17.85
17.72
t7.72

17.68
17.98
I8.33

17.63

(2) Sumrnary of Slgnincant Results.

Avl"ie yi.td. SErph.t- Am.
SulDher.+ !d@te+ Sr&drd
Nrtirh.lk. Niteb.ll. Elc (z).

tRoots, tons per acre 13.82
Roots, per cetrt. ... 95.9
Tops, ton3 per acre 11.47
'Iops, per cent. ... 91.8isugarlrercetrtage... 18.07

14.42
t00.1
I1.98
9;.8
t 8.00

14.00 15.10 0.32
97.2 104.8 2.20
t2.49 13.59 0.45
!)9.I 108.7 3.56
t8.22 t7.?6 0.r8i

15.30
106.9
13.93

llt.4
17.63

0.55
3.80
o.77
6.17
0.3r.

14.41
100.0
12.il

100.0
t7 96

(.) Rd6 to ears ot la plots- (6) Rd6 to lEE of 6 plots.
. Flw 46 pbts only.
t R@ts reisn€d dirly. AppDri@t€ly m% 3hould b. $btEct d fd taE.

Mudate of Ammonia beats Sulphate of Ammonia siSai6cantly, while the rcspotrse to top
dressing is s8trificanlt only in t-Ile case o{ tops. Nihopho6ka plots appear to be better tiaa the
plots receiviot aU Nitrogen as basal. No siSni6catrt difierences in sDgar contetrt and no rcqrcose
to pota-sh.

Actual welghts ln lb.-Tops.

8910 ll
829
570
594
792
683
829

799
711
8&t
810
655
797

803
416
565
7ll
672
710

679
4t9
557
610
647
718

741
521
992
643
863
591

I Block.

IIL
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WOBURN : OTHER EXPERIMENTS.
Manpolds and Potatoes : Nitrogenous Fertilisers, Sulphate of

Ammonia and Muriate of Ammonia (one hal{ at sowing,
one half as top dressing), Muriate of Potash.

Mangolds, Warren Field. Potatoes, Lansome Field, 1926.
All plots received 0 tons F.Y.M. alld 2 cwt. superp]rosphate per acre. Plotr l, 2 atrd 3 had

in addition a basal dressing oI I cu't. Sulphate of Potash, while Plots 4 ard 5 had 2 cwt. SulplBte
of Ammonia (oae half at sowing, oEe half as top dressjnS). Area of each plot I acre.

5_

AdditioEl .Uduing p€r adc.

Produce in f l{aagolds
] tons per acre 1 Potatoes

23.28
6.19

21.8
6.07

r?.96 |

5.38 
|

21 49
5.61

;1uu'* 
I

Mang,olds : Top Dressings, Sulphate of Ammonia, Nitrate of Soda,
Salt.

Road Piece, 1927.

Area oI each plot l acre. Basal dressing: 3 cl*.t. superpho6lrhate, 2 cwt. Kaidt aod I cwt.
Sulphate of ,{mmo[ia per acre-

Produce of Roots
in totrs per acre ) ,..rn t6.9t m.o' 

]

20.51

LUCERNE, INOCULATION OF.
Mill Dam Close, 1928.

Yleld of Lucerne Hay per plot (.15 acre),
Inoculated.

65S I BO2 1553
I

s i lr rorar l e'u"ag' pe'I
acre, cwt.

614 60' 3u:. 3a1 
I

Diference in favour of the I[oculated Plots:6.6 c\rrts. f,er acre.
Standard Error of this Difierence:2.6 cwts.
The yielq of hay from the Inoculated Plots is sitnifcantly Bieate. thaD that:from the rot-

Inftulatert PloLs

I
No r r. Sulph.t I Nitnr. ol Soda

ot A6E@i.. equiv, roS/AE,

.lulG
IN "r..'rS.nr I

I crL S/A@. | .quiv. to S/AD. I 3 nL S.rL
3 rt. Sdt. L t. :dL

Not Inoculated.

'17Plot \umber.

Yield in lb.

I Proi Nuh.r ... ...

AYerage per

Yield in lb. I J32 0;8 ,){ 420
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REPLICATED EXPERIMENTS AT OUTSIDE CENTRES.
Grassland. New Hay. Effect of Basic SIag.

(Basic Slag Committee.)

W. H. Pratt, Brooke, Norfolk, L926-1928.Mr. B.
s.

I

II

III

IV

SYsBr or RrPlra.ror I Ltio Sq@.
AEof ..ctplot - l.@.
Soil : CarrEE bdrldd cLy.

L : I-d 3ohbi. daC (frs%).
M: edi@ slubl€ .lrs (60.0%).
H: Hish soluble slas (86.8%).
SLcs appli.d at the Etc of lq) D+ P' O. Fi .@ i! iLEt, $e6.
No t]Eurls ia l9e7 or 19eA.

Actual WeiEhts ln lb ,

t92i

Sumrnary of Reaults.

Itow. C L ll II C L ]I II C t, ]I H

I
II
III
IV

I 194
u54
t 3l7
1450

rl87
1230
143$
l24l

1367
122i
1086
1488

t583
t221
1523
lsgS

499
449
;54
GO7

049
m6
152
790

063
r-35
800
81t

87t
780
904
999

336
389
513
430

62r
420

58{
537
677
680

i22
813
599
i20

Average Yield in .wLs- ler acre.

Hi<h Hlah

l$26
tszi
I S28

45.i
18.8
14.9

4t.5
2;_0
19.0

46.1
2S.9
22.1

52. !)
31.7
25.5

47.0
26.1
20.4

2.5t'
t.06
0.92

00.0
;l_1
;3_ I

0;.7
9{7
93.t

97.0
I13.4
108.6

I ll.2
I20.4
l2;.1

1o0.0
lo0_o
r00.0

5.38
.r.01
{.59

Total 79.1 80.i 98.1 I t0.t 94..1

t926, Significaot resl)otrse to high soluble slag oDly.
1927. Sigpificant proSre-ssiv. increases up to Dedina soluble slat. The high soluble

produced tro further incleas€.
192E. Si8lificant rcspofte to a[ grades of slag, which raDge themselves iE order oI citric

solubility.
1920-28. hrye seasonal lalling ofi itr yield. Efiect on yield is least *ith the low soluble

slag and Bteatest \ritl the hiSh soluble.

| |

CIIH

]III

]I

1996

i-l
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Grassland. Otd
(Basic

Mr. E. Habberfield, Home

t926

166

Hay. Effect of Basic Slag.
Slag Committee. )
Farm, Enmore, Somerset, 1926-1928.

SysiEx or REpuc^rroN : latin Square.
AM ot crch plot : I a@.
Soil : Red cray, t@ @ eDilst@.

c : conr&l.
L: lrw slubl€ slas (37.3%).
M : Iledim eluble slas (m.9%1.
H Hrgh elublP slas (E6.E%).

Sleas appued at t.he ELe ot 10O lbs. Pt O. per .@ io Uarch, 19 .

Actual WeiEhts in lb.

1927 1928

I

II

III

IV

L C H II

H t1 L C

It II C I-

C L ]I H

Itov{s. C L ]I I{ c L H C L }T H

I
II
III
IV

783
804
807
667

?91
l027

708
823

912
905
959
717

11.19
875
852
556

837

768
590

685
921
76i
945

906
983
879
8r-0

995
742

1046
427

3r2
308

214
4t2
304
295

321
468
416
356

317
2i0
355
323

Sumtnary of Results.

A!'sage Yield p.r a@

H,gh

1926
1927
r s28

26.1
9.,1

29.9
29.6
lL2

31.7
32.5
13.0

30_6
32.2
11.8

29.9
30.r
ll.6

2.t5
1.08
0.86

sl.4
86.8
8r.3

100.0
98.4
96.8

106.1
r07.8
t20.r

102.5
107.0
102.0

100.0
r00.0
100.0

i.2,t)
3.60
7.38

Total 62.8 70.7 i ?E.I 74.6 71.6

1926. No sigDifica[t response to keatmeDt.
lg2?. SigDifcant pr9gr9$siv.e ircrease up to medium soluble slat. The high solubte pro-

duced Do lulther increase iD yield.
1928. Medium solub-le.slag gave sigrifcanfly grcater yield thaB the others, while all Srades

of slag did signifcaDtly better than Cotrtrol.
1026-28. PooI yield irl 1828. All trades of slag have improved the yield, but Eedium

soluble slag has doDe rathir b€tter tha; high solu'ble.
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Basic SlaS, on Arable Land.
(Basic Slag Committee.)

Mr. Hyatt, Andoversford, Glos., 192&27.

1026: Swed€s (Ied ofi otr lard). Sowr June 2.

1027: Oats (carted aad \r,ei8hed greetr). Harvested Septemb€t 6.

I
II
III
IV

" l. , m lr-
LC SH lt
S

]I

Hl
L

}IL
'--

c

H

1t ]I LC S

soil: Lo.m @ liE6tone (li€ O6Ute).
SYsrEr or Rr"uqrto! : tatin Sq@.
A@ oI *h plot: il.@.

L : I.' sor[bL dis (37.3%).
M : i&diu6 lolubL sLa (@.9%).
H : HiBh sohble sLs {E6.8%).
s : Sut tpt r6PtEt .

Bate : 1([ It . Pr Or Ft.{t!,.Ppli€d May, 1920.

B.sd ll.ffiilc: F.Y.M. l2lo.& Der .m, I dL Sulph.t ol
AlrlttEia.!il1 t- Xui.t ol PoLash (d a.c ld St!d6 i!
1926. No ttlrtb.t l[.!@ aPPliGd in 198r.

Actual weiEhts to lb.
1920 I92;*

Row. C
I

I
L \I Il S C I. I HS

I i21
II 824
III i45rv 683y 757

923
915
88r

471

I03l
t037

977
87S
90,1

1067
1053
886
917

1035

I132
1123
toz1
to25
925

282
300

2J8
262

2+5
295
258
237
290

266
241
265
252
256

2i6 2s3
3tl 303
252 212
302 214
2M 267

Summar,' of Results.

AYerase Yield. control. S*:ilIe.
Med.

Solublc.
HiSh

Soluble.
Super-
h'sph't

General
Mcan.

Standard
Error.

1926 Per acre, tons ...
Per cetrt.

8.33 9.61
80.8 93.5

10. i8
104-5

lr.l3
108.0

11.68
113.3

10.31
r00.0

0.2ri
2.53

192; Grain. peracre, bush. 40.E 1o.4
Grain, 

-per ceot. 102.3 lol.3
J Straw, per acre, cwt. 15.8 15.2
lStraw, percetrt. ... lol.l 97 2

36,0
s0.2
14.9
95.I

45.3
I13.6
l?.5

lll.E

36.9
s2.5
14.8
91.7

39.8
100.0
I5.7

r00.0

t.08
2.70.
0.42
2.70.

. The oars krc @ted ud wei{hed sreD, but latd :@pl6 w.E dried ed $r6ned. FoE the tbe
.t"* i,i-ra..t 

"i;;--J.t-; 
we; cahidated, but ue anal-Fis or riue w€ Fdo@.d @ tne o'rciEl

btds id lhe sialdrd eld ttrE obrain.d E.ppeodrd as atrew lo botb grri! .!d straw.

1926. Sisnificatrt respoDs€ to all gt'ades ol slag. SuPerPho6phate Plots did sEnifcadtly- b€tt€( thatr- EediuB atd low soluble ploLs.
1027. Signiflcart ,espoase to high soluble slag only.

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


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

https://doi.org/10.23637/ERADOC-1-85 pp 169

168

Basic Slag, on Arable Land.
(Basic SIag Committee.)

Mr. Reeves, Matley Hyde, Stalybridge, Cheshire, 1926-28.
1926: Snedes (carted otr). Roots ard Ieaves weiShed togetier. So1ra May 19. pulled

NoveBber $13.
1927: Oats (cut as hay atrd weighed greea). Harvested Septeaber 8.
1928: Seeds Ha].- Cut JuDe 22.

ABCD
gil: Milht@ glit
SYs.Er oP REl-rc^nox : hri! Squ.re.
4ft. of ea(i plot : .02a75 .N.
Prrl&c EeErg : 2 lds Fr ..rr li@ sh6 {ZO.&}% tiD.). l crL SlrDhrr.

or 
^El!ll,u 

.d 4 qt3. K.inia p6 .d! f6 @ts iD iil25. '

L: Ld SorobL St s (37.9%).
x: u.di@ so&Inc St r (00.9%).
H: Irish Solut{. Slra (86.8%).

BtEt D r.s ledly .t Ea.d bv sh.v d Sr.8! .ppEn at the Et of lm tb6. pr O. D., a@ i! ADnl. loqi. B.gthrgZT.ld*smtkig[ed'Irdljio&r rr6mg: Iot. sulplEt ol A@i..!d I *t. Mui.t of Porsh p.r
t'otca - a;"&;i;.ftro.r.,-;T;fG "* 

ir igei6.

No Eee i! rge? o! 1918.

Actuat Weights ta lb.
192 7 t928

H L .\I c
L H C ]I
1T C H L

c ]T L H

Block. C L -\t I{ C L MH C L ]I H

B
c
D

l0l9
l2it
tI66
I143

9t8
1246
tl75
It64

1208
t122
t232
I123

I060
t327
1378
l3t 3

472
360
lrog

40,0
382v

365
421
418

3i2
382
38r

t58
218
146

155
1m
189
184

I85
2t2
165
l?0

163
t08
l?6
l9l

Sumrnary ol Results.

Avera8e Yield.
Control.

Lo\\.
Soluble.

Med. Hish
Soluble. Soluble.

GetreraI
trIean.

Standard
Error.

1926 Swedes.
Tons per acre
Per ceDt. ...

17.85
95.5

17.48
93.5

19.70
105.4

19.75
105.6

t8.85
100.0

o.52
2.18

192i Greer Oats.
Cwt. per acre
Pe, cent. ...

128.5
to4.2

1t 8.6
96.3

12A.4
1o4.2

117.5
95.4

t23.2
I00.0

?.41
6.01

1928 Seeds Hay.
Cl*t. per a.cre
Per cent. ...

s2.6
94.0

55.7
r00.6

56.8
102.6

56.5
102.0

55.4
100.0

1.38
2.19

1026. Medium.aEd higb soluble slags show sig[ifcatrt superiority over low-1027. No siFni6canlt r€sDoase.
1028. Evidetce of r€spoise _to slags, x.hich ody approaches significaace ir the case of themedium soluble slag.

rrtt
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Potatoes: Efiect of Sulphate o{ Ammonia and Sulphate of Potash,
each in single and double dressings.

Mr. J. Luddington, Abbey Farm, Norfolk, 1928.

B C

VlIuEr, : ltaj6tic.
Son : Bhck te ovdlyiDg clay.

SEEI oF RaEronoi: 0 r&dmi*d
blo.ts of I plots @ch.

AE ol acb plot : *. aclq

TlstIHE:
S/A,m. ..d S/PoL .t the retc ot 0, 2

F . .!d 4 trts. F! ace, it all coDbi!.-

Uppd 6s@ : amor[t ol S/ADm.

b€turE: aEtEt o! s/PoL

Basl MdEiDg 4 wL strperphcphate

Mall,G epplied: AlEil 91.

Plant dAplil2{; lilt d OctoDct 1-2.

G H

D

Quantities oI

S/.{mm. Si Pot.
B GH

00
o2
0.1
20
22
24
40
42
44

157 230
215 219
258 267
325 zil
261 301
261 374
273 323
309 286
268 238

l

201 246
233 r84
,09 192
295 210
239 25i
r80 255

244 299
265 289

226 203
209 254
I97 2t7
27t 379
281 269
312 244
311 172
327 297
314 24a

286
2t7
187
254

239
300
308
25a

l8t
162
288
276
224
240

286
283

201
192
180
254
,30
204
2i6
260
306

To,1s per acle.

(l) Surnrnary of Average Yields.

No S/Amm. I 2 cwt. S/Am-m. 4 cwt. S/AEm.

\4
KO

N2
KO

N2
Il4

N2
KO

N4 NO
K2 KO

N2 NO N2
KO K4 K2

NO
K4

N2
K2

N4
K2

N4
K4

N4
KO K4

N2 N4 NO
K4 K4 KO

N4
K4

NO
KO

NO NO
K2

N2
K2

NO
K4

N4 N4 NO
KO K2 K2

N2
K2

NO
K2

N4
KO

N2 N4 N4
}(2 K2 KO

N4 N2 NO
K4 K2 K2

N4
K2

N2
K4

NO
K4

N2 N2 NO
K4 KO K2

NO N2 N2
K4 KO r<4

K4 KO
NO
KO

N4 NO NO
r<4 I(O K4

NO N4 N4
KO KO K2

NO
KO

NO
K2

N4
KO

N2 N2
KO K4

N4
K4

NO
K4 K4

N4
K2

NO
K4

N2
KO

N2
K2

N4 NO
K2 K2

N4
KO

NO
KO

NO
K2

N.1
KO

N4 IN4xrlrz K4
N2 NO
K2 KO

NO
X4

N2
K2

N2
KO

N4
K4

Actual Weights in lb.

No Pota<h ---
2 c\r't. S/Pot....
4 cwt. S/Pct....

7.66
7.4S
7.92

10.23

9.17

9.77
I0.38

9.80
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I
n
III
rv

Potatoes, Abbey Farm, Norfolk (cont.)

(2) Surnmary ol Stgnlflcant B€sults.

Potatoes : Effect of Superphosphate.
Mr. J. H. L. Luddington, Abbey Farm, Norfolk, 1928.

Soil I Bb.r ,!o ov6lrtDg &y.
Vdld: v.irti.t pLllcd Aptn 2l; lilt€d O.t b.r l.-2.

Sy3rBorRlEc l.ox : Ltiosqu.E.
A,t dc..l plot: tl .s!.
Trt^rErr: Sopaphqhri..t th. E!. d 0, g a.!d 8 dt. rE.dl. Ed.l X.!Eba: 2 rb. S/PoL .Dal 2 dL S/A!m- !.t

..ta Yirllrt l!"ll.d AFil2{.

Asrud wet8ht! tr lb.

Sutntnary of Reaulta.

Average Yield. No S/Amm. 2 cwt. S/Amm. 4 crrt. S/Amm. M@.D. 
L 

Stardad Error.

Tons per acle
Per cent.

7.69
84.7

9.57
105.4

9.98
t00.0

s.08 0.26
l()0.0 2.87

Significant rcsponse to nitrotetrous maaure ody. Potash produced tro additiotral e6ect.

8 1 0 2

0 2 8 1

0 1 rt

1 8 0

I
II
lII
rv

651
520
605
503

Average
Yield.

No
Super.

2 cw"ts.
Super. SuIrcr.

8 cwt.
Super. Mean.

Staudard
Error.

o.33
3.21

Toas per acre 8.10
77.8

10.05
96.4

10.07
105.2

t2.67
t 20.6

10.42
I00.0

Sigtritrcant resporlse to all applications of Superpbosphate.

866
901
813
940

706
714
614
893

143
780
714
m4
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Potatoes : Effect of Superphosphate.

Mr. G. Major, Newton Farm, Lincs., 1928.

V^rEy : Kba Ed7rd, pLnltd April I ; lift d Octoha 3-1.

SLsr8r o! Ralr{nox : hdE 59l,.E
ArE oI proi: sl .@.
TiurErr : SuD6ph6ph.t .tt!. Et.of 0,2,l.!d8 L r,.t.st ; Basd

M.nudla a crt. S/tbt. .!d { t. S/4.@. p.r.dt-
f/&ntl!.s applid Aprit 0.

Summary of Results.

,{verage
Yield.

No
Super.

2 c\rt.
Super. Super.

8 c*-t.
Super. NIeaD.

Standard
Error.

ToLs per acre 16.98
Per cent- ... 97.6 99.6

17.55
100.8

17.75
102.0

17.40
I00.0

0.27
1.54

Ile t6potrEe to Superphcpbata is soa[, oDIy the E cwt. shoviDg sigaiicatrt iDcrcese over
c@tol.

I
II
III
IV

0 2 8 ,t

1 o

li { tl 2

2 8 1 0

Actual Wetghts tn lb.

Row. 0 2 4 8

I
II
III
IV

1225
1201
I154
1I68

t259
I197
tl59
1236

1225
1324
1208
1166

127 |
I169
1287
1241
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Sugar Beet : Comparison of Nitrogenous Fertilisers, Sulphate
and Muriate of Ammonia.

Col. F. Wilson, Stanway Hall Farm, Colchester, 1927.

E.S.E.I II III TV

Trr rrrv.s: vlil!t": KhiD W.!rLta.
A : C@t6L Sy.ru or Riruc ttor : 4 r8d@i*d bloctcr.
B - S/A@ 2 rt. witt s..d +r c*l To" DRs6io6 Aiu or trd Prrr | ,t ad!.

tE rcc
C : M/Am.ouitaletrtof S/AEd B5.r X.!t'B aDDlid Mae 1.

Arl pbt! Ed i! a{did@ . 4lsils of 3 cwts. Supcipbcpba!.. Top dlEiDs applid sdsi Fr.L ia J@.
.od rI wr. Mqrt r.of Porah pe!e@. Hrffi.*,.H^I*"

Sd: Ughr ..!dy lodr"

B c B C C B c B

Actual WelEhta tn lb,

Blocks. B c

I
II
III
IV

750
035
021

1008

896
983
854

1033

705
0sr
75?
988

Sumtnarlr of Results.

Average Yield. Coltrol. S/Amm. M/Amm. General
Mean,

Staadard
Erfor.

Tons per acrc ...
Per cent-

8.07
100.2

8.41
10{.5

7.67
95.3

8.05
100.0

0.30
9.17

No signifcanf response to eithe! lreatment.

tt
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Sugar Beet: Comqariso! of Nitrogenous Fertilisers, Sulphate
and Muriate of Ammonia, and Cyanamide.

Col. F. Wilson, Stanway HaIl Farm, Colchester, 1928.

. Thi. plot disd.d ed . rElE..lctiLt d for it
f!@ ihe otls 24.

li3

So0 : Lktt..ldy lo.o-
V^rrr y: Xl!i! W.n J.!.i-
Sv.rr olRtilrc^rroN: Ltin SquarE,
An ol...b dot: it.(t..
A - B.!d dry, a c't. SuF.ld g crt. S/Fot- F rc&.
B - B.5d+40 Nillled .. C}zqel4m D. .! Nitra& of

Sodr ritl r..d.
C : Basd+m D. of NitrceE s Cr,'.EiL.
D : Bas.l+@ lb. ot NitrcSE a Mui.L ol AnEooiL
E = B.sal+ @ lb. ol N ilt!€@ 6 slnphaL ol Aooooia.
Cy.@id. .ppri.d rAt 3. Oth.r rne!,E M.y $-31.
S..d .oE M.y 3. Lilt d Noe.ot r 15.

Actual Ytelds ln lb.

I

II
III
IV

B c D E

B E D C

c D E B

D B E C

E c B D.

Row. B c D E

I
II
III
IV

m6
325

453
346

556

4t3
380
397

369
3l?
300
335
512

332
358
167
418
4U

396
4&5
367
324
503

Sumrnary of Results.

AveraSe
Yi€ld.

No
Nitrogen.

Itt/Amm. S/-{mm. General
Meatr.

Standard
Erro!.)iit.Soda alotre.

Totrs per acre
Per cent.

6.09
86.?

7.54
107.4

6.79
96.7

i.2a
103.7

7.11
105.5

7.00
100.0

0.26
3.74

SiSnificant response to nihogenous ma.Dures, except vrhere all Nikogen was applied as
Cvanamide. This treatment was sigdfcaDuy below the meaD of the others.
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Experiments at other centres, carried out by the local workers on
the lines of those described on the preceding pages.

Potatoes. Mr. E. J. Roberts, College Farm, Aber, Caemarvonshire,
1928.

Iatitr Square: Plots + acre. Soil: Light tr.ve[y loaE.

- Sesal M+uring : 8 toDs F.Y.M. itr AntuDn of 1927, 2 cwt. Sulphate of Ammooia aod 2 c\rt.
Sulphate oI Potash l)er acre.

Potatoes. Mr. E. Arden, Owmby, Cliff, Lincolnshire, 1928.
Latir square: Plots a acre. Soil: Ctifi Iltrd (OdUtic LiEestone).
Basal Ma[uritrg : 2 cwt. Sulphat€ oI Ammoda, 2 cg't. Sulphate of Pota"sh per acre.
Matrures applied April 23.

Average
Yield.

No Super-
phosphate.

2 cwt.
Super. Super.

8 cl*t.
Super.

Mean. Sta11dard
Error.

Toas per acre
Per ceot. ...

15.78
99.3

15.62
98.3

t 6.12
I01.5

16.03
100.9

15.80
100.0

0.36
2.27

No evideoce of response to Superphoephate.

.{verage Yield-
No Super-
phosphate-

2 cwt.
Super. Super-

S cwt.
Super-

Mean. Standail
a Error-

Tons per acre ...
Per c€[t-

8.18
10s.2

6.79
90.6

7.73
103.3 9{i.s

7.19
100.0

i.27
3.66

SignifcaDt depression due to the applicatiotr of Superphosphate.
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Sugar Beet. Count5z School, Welshpool, Montgomeryshire, 1928.
Plots io tripticate: ;b acre. Soil : School galden.
Basal Manurirg : I0 toas F.Y.M. 3 crrt. Superphosphate, I ccrt. Muriate of Potash per acre.
Ilatrur€s applied May 10, excrpt Nitrogetrous, which were applied alter siaglirg (6 ia. hig!)

about June 20. Seed sow! May 10. Lifted October 16.

Standard
Error.

r 1.00
101.0

t 8.90
r05.9

Si$ritraant response to Muriate with rcots, and to Muriate aad Sulphate with tops. The
differeoce betsreetr the Sulphate aDd Muriate Plots is not sig[ifcallt.

Sugar Beet. South-Eastern Agricultural College, Wye, Kent, 1928.

t4.54
12.00

I6.25
15.27

14.88
r3.18

t4.71
12.39\

15.70
15.7i

14.72
15.55

Roots. totrs per acre
Roots, per cetrt.
ToIx, tons per acre
ToIx, per cetrt.

Sulphate oI Muriate of
Nitrosen. Ammoaia Amm-:2 cwt. Meatr.- 2 c\It. Sulphate.

1t.89 10.89
109.2 100.0
20.67 17.86

1t5.7 t00.0

Basat Maro;ng : l0 loads F.Y.M. ia March, 4 cwt. Kainit (May 9) and 4 cwt. Superphodphate
(May-10) pe! acre. V-arieties: Dippe E and Strube's Greetr Top. Nihogelous Malures appfied
May 19. Seed sowtr May 9. Roots lifted Novemb€r 8. Plots iB quadruplicate, each $ acre.

No Nitmgen. I cwt. S/Amm. Equiv. M/Amm.

SuEar Percetrtage.

Variety. No Nitrogea. I cwt. S/Amm. Equiv. M/Amm.

Dippe...
Stmbe..,

AveraEe Yleld lE tons per acre.

Average
Yield.

I

I DipF ...

I 
strube ... lt
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Lawes Agricultural Trust

TRUSTEES

The Right Hon. Earl Balfour, P.C., F.R.S.

The Right Hon. Lord Clinton, D.L., J.P.

Sir J. B. Farmer, M.A., D.Sc., F.R.S.

COMMITTEE OF MANAGEMENT

The Right Hon. Lord Clinton, D.L., J.P. (Chairman\.

Prof. H. E. Armstrong, LL.D., Sir David Prain, C.M.G., M.A..
D.Sc., F.R.S. LL.D., F.R.S.

(Vice-Chaitmanl. Dr. A. B. Rendle, M.A.,
Sir J. B. Farmer, trf.A., D.Sc., F.R.S.

F.R.S. (Trcasurerl. Dr. J. A. Voelcker, C.I.E., M.A ,
W. C. Dampier-Whetham, F.R.S. Ph.D.

J. L. Luddington, Esq.
The Owner of Rothamsted.

The Incorporated Society

for Extending the Rolhamsted Dxqerirnerrts

The Uur,ose o, this Soci.t! is to collec, nn ch needed /undt lor continuinE
and exrending the v)ork ol ,he Rothornsted Stariorr.

His Grace the Duke of Devonshire, P.C., K.G., G.C.V.O.
(Chairnan).

The Right Hon. Lord Clhton, D.L., J.P. (Vice-Cha man).

Sir J. B. Farmer, M.A., D.Sc., F.R.S. (Trcasarer).

Sir E. J. Russell, D.Sc., F.R.S. (Hot Seadoy).

Barhzrs : Messrs- Coutts & Co., 16 Irmbard Street, E.C.3.

Audtkns : Messrs. W. B. Keen & Co., 23 Queen Victoria Street,
E.C.4.
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