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Experimental Station Stafl
jl ANUA RT-DECE MB E R . t g33.

Director : Srn E. Joux RussELL, D.Sc., F.R.S.
Assistant Director: B. A. KEEs, D.Sc., F.Ixsr.p.

The Jamer Ma.con Bacteriological l.aboratory-
Head of Department . . H. G. TuonxroN, B.A., D.Sc.
Assistant Bacteriologist . . HucH Nrcol, M.Sc., Ph.D., A.I.C.
Post-Graduate Research

Worker .. .. .. C. B. T.{yLoR. B.Sc. (Aeric.t
Laboratory ,{ssistant .. SHETLA ARNoLD
Laboratory Attendant .. Ir{oLLf- Joxxsox

Botanicd Laboretor5r-
Head of Department .. WTNTFRTD E. BR_ENCHIEY, D.Sc.,

F.L.S.
fusistant Botanist . . Kernrrulr WARTNGToN, M.Sc.
Laboratory Assistants .. KATHLEEN DBrren

LaboratoryAttendant . Jflil.3,:*ifL."*""*
Chemical hboretory-

Head of Department . - E. [1. Cxournrn, D.Sc., F.I.C.
Assistant Chemists . . R. G. WrnnrN, B.Sc.

H. L. RrcHARDsoN, M.Sc., ph.D 
,

A.I.C.
SrcNe G. Hrrllrzr, Mag. phil.

Post-Graduate Research
Workers .. .- O. GArry,8.A., B.Sc.

S. P. Alyan, B.A.
Barley Investigations . . L. R. Btsnop, M.A., ph.D.

(Institute crf Brewing F. E. DAy, B.Sc., F.I.C.
Research Scheme) .. DoRrs R. )1. NEwroN, ILSc.

Special Assistant . . .. E. Gn-er

I-aboratory Assistants - . A. H. BowDEN
F. J. SEABRooK
G. Lawnercr
H. A. Surrr
J. W. DEwts

Laboratory Attendants .. MUREL RussELL

Biochemicarsection il:":lTX.s"., n.r.c.
MARTIN Nonuex, M.Sc.

I-aboratory Assistant . . P. W. WALDUCK
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Fcruentation laboratotY-
Head of Department . . E. H. RIi sanos, B Sc , F I'C'

(lveagh Research Chemist)

Assistant Chemist . ' S. H JENXINS, M Sc" Ph D"
F.I.C.

Post-Graduate Research
vr'orker .. .. .. C. N. Acrenya, B.A., M.Sc.

I-aboratory Attendant .. MABEL PAYNE

lnrcticidec and Fungicider Laboratory-
Head of Department .. F. TATTERSFIELD, D Sc, F'I C'

Assistaat Chemist .. J. T. IUARTIN, Ph'D , A I C'

Laboratory Assistants .. P. C. Bolrcs
IRINE RANDALL

Laboratory Attendant .. \loLLY JoHNsoN

Gcneral Microbiology hboratory-
Head of Department . . D. Warn CurLER, M A', F'Z'S'

Assistant Microbiologists tr#:r.". M. CRUI' P, M.Sc.,

N. W. BARRITT, M.A.
AliNrE DIxoN, M.Sc., F.R.M.S.
JANE M.EIKLEJoHN, Ph.D.

Laboratory Assistant .. MABEL DUNKLEY

Laboratory Attendant .. CoNsrANcE HULL

Phyrical Labontory-
Head of Department . . B. A. KEEN, D'Sc', F'INsr'P'

Colloitl Physicist '. .. R. K. ScHoFIELD, MA, Ph'D'
(Empire CottoD Growing
Corporation Soil PhYsicist)

Assistantphvsicists 
",x*:9..;T-B*f,1il;*;*|$.,,'
G. H. CASHEN, M.Sc.
E. W. RussELL, M.A. Ph.D.

Post-Graduate Research L. W. SAMLEL, B Sc , A'I'C,
Workers .. .. J. M. ALBAaEDA

N. P. MEHTA, B.Ag.

Assistant .. .. .. JESSIE 1VALKER

I-aboratory Assistants .. lV. C. GAME
R. F. S. HEARMoN

Laboratory Attendants H. Grnsox
STELLA WARD
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Stltitticrl Laboratory-
Head of Department
Post-Graduate Research

Workers

Assistant Computers

Honorary Consultant

Eatomologicrl hbontory-
Head of Department ..
Asistant Entomologists . .

Post-Graduate Research
Workers

I-aboratory Assistant
Iaboratory Attendant ..
Bee Investigatiors-

Apiarist
Apicnltural Assistants . .

8

F. YArEs, B.A.

I. Z,rcoperey. B.A. (A.erio.l
A. V. CooMBs

J. W. WEsr
FLoRENcE Prxxrrts
KITTY RoLT
MARGARET DUNcKLEY

Pno1. _R. A. FrsHER, M.A., Sc.D.,
F.R.S.

C. B. WrLLrAMs, M.A., Sc.D.
H. F. BARNEs, I!I.A., ph.D.
H. C. F. Nswrox, R.Sc., A.R.C.S.
AITRrLL M. LYSAGHT. M.Sc_
J. MARSfALL, B.Sc.
R. D. PrNcHrN, B.Sc.
ELIZABETE SIBLEY
Brrry Devrps

D. M. T. IIoRLAND, tr{.A.
A. C. Rorr
B. A. YoUNG

Phnt PatLology Lrbontor5r-
Head of Department . . J. HETDERSoN Surrx, M.B., CH.B.

m%Urjg5"!*r; rr^*, D. Grvxrr, M.Sc.

Staff-Empire Mirket-
ing Board Scheme :

Physiologist
Cytologist

.. J. CerowELr, B.Sc., ph.D.

"T.fB: 
M. L. srrrrcro, ph.D.

Ertomologist .. .. MARToN A. Wersox, ph.D.
Glasshouse Superinteudent Menc.A,R.rr M. BRowNE.
Post-Graduate Research

Worker .. .. .. J. M. BmxELern, ph.D.
I:.boratory Assistants .. EDNA Evsxsm

Manyonrr Suurrnsox
Laboratory Attendant .. ELSIE E. HUNT
Glasshouse Attendant .. Granys Cuno
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Ficld E:perimentr-
Guide Demonstrators

Plant Physiologists ..

Field Superintotdent
Assistarts .. ..

Plant Physiologists for
Special Experiments
(Imperial College oI
Science and Technology)
Field Assistants

Farm-
Director
Assistant ..
Recorder ..
Bailiff
Ploughmen

Shepherd ..
Stockmen ..

Pig Experiments
Tractor Driver
Labourers ..

Library-
Libraria:r ..

I

H. v. GARNEn, M.A., B.Sc.
E. H. GREGoRY
D. J. WArsoN, M.4., Ph.D.
Pnor, W. Sounrwonrn
B. WESToN
G. F. CoLE
S. A. W. FRENCH
G. Wrrcocx
F. G. GREGoRY, D.Sc.
A. T. LEcc
F. J. Rlcrenos, M.Sc.

G. W. MESSENGER
A. M. HrLL

H. G. MTLLER, B.Sc.
J. R. MoFFATT, B.Sc., N.D.A.
E. C. WALLTS
H. CI,'RR^NT
F. SToKES
G- HENDERSoN
T. Dow
F. Wonsrolr
A. J. SvIrx
G. W. Morr
J. UNDERHILL
W. HoLLAND
J. C.ux

Sccrctarial Stafi-
Secretary., ..
Assistant Secretary
Director's Private

Secretary
Senior Clerk
Junior Clerks

Photo$apher
Laboratory Steward and

Storekeeper
Engineer and Caretaker ..

. . MARY S. AsLrN

w. BARNrcor
CoNsrexcr K. CArroN

ArNrB E. Mecxxrss
BEATRTcE E. Arreno
NoRA LEIERToN
OLrvE MUNT
Menv Howeno

v. STANSHELD, F.R.P.S.

A. OGGELSBY
W. PE RcE
F. K. HAWrINSAssistaat Caretaker

a
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Assistant .. ..
Laboratory Assistant

Farm Stafi-
Assistant llanager
Ploughman
Stockman -. -.
Assistant Stockmen

Labourers ., ..

[emberu wLo have left between lrt Jaauary and 3lrt
Decembcr, 1933, and the Appoinhentr to whic[ thcv

procceded
R..4,. Frssrn. M.A., Sc.D., Galton professor of Eusenics.F.R.S. Unir".iiiy CoI"g", r"ra3r'---'
R. H. SrolrcHrox, D.Sc., Professor of Horticulture. Read.ine

A.R.C.S., F.L.S. UniversitS.

Temporary Workerr, 193&-
_In addition to those temporary workers rccorded in the list oI

staff, the following sent officially by Governments or Universities, or
comlng on ther.r own resources, have worked at the Station for
various periods during the year lgSB :

(l ) FBoM rIIE EMPTRE:
Cohrial Ofice Agricultural Ofiicers: B. S. Ellis (Southern
Rhodesia), H. L. G. Milne -(Ueanda), L. W. havmond
(Zamlbar), R. A. Scott (Tasmanii).
Auslral,ia: C. Stuart Christian, C. S. piper, A. Walkley.
Canada: Dr. J. D. Newton.
Ulf ,_! ! Gupt1, J. B. Hutchinson, R. S. Koshal, Dr.
B. N. Uppal, J. c. Shrikhande.
Urion oJ Sodh Afri.ca: A,. P. Malan, E. R. Orchard.

(2) FRoM Fonrrcx Couprn]Es ;
Dermark: F. Steynberg.
HolJard: A. Bigot, M. M. H. Evers.
Russia (Georyia): Dr. C. Zinzad,ze.

(3) FRoM BRrrrsH IsLEs:
yis; \. piggsJ.I. Bower, G. Emery, J. A. p. Evans, Miss
C. J. Gibson, D. P. Jones, A. Leechman, Miss E. D. Llor.d.
J. T. Moon, Miss J. E. Rudorf, W. G. W. Warren.

Woburn Experimental Farm.
Arpley Guire, Bletchley, Beds.

T.kphone 6, Tele!runs
Ridgmont 30

Hon. Local Director

Assistant Director..

Chcmist

.. T. C. V. BRrcsr

. . G. Tvr,tn

.. W. McCerruu

.. D. McCerrulr
W. McCer-ruu

.. K. McCerruu
A. SIBLEY

Starion
RldgmoEt, L.l}t,S

J. A. Yonrcrrn, C.I.E., M.A.,
Ph.D.

H. H. M.lr.rx, D.Sc., F.I.C.
(Kaisar-i-Hind Gold Medal)

T. W. BARNES, M.Sc.
G. W. Hemrs .

R. DrecoN

https://creativecommons.org/licenses/by/4.0/
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Imperial Bureau of Soil Science

Director : Srn E. J. RussELL, D'Sc , F'R S'

Deputy Director : G. Y. JAcKS, M'A', B Sc'

Scientific Assistants : A. J. Lrcro LAwxENcE, M'A', HELEN
Scnrnrerorr

Assistant Abstractors: JAxEr N' CoMBE

BERYL M. NoRTs

Secretary : Moxe B. SrerNes

Clerk : LucY Anxoro

The function of the Bureau is to assist workers in soil science

throughout the Empire by providing tecbnical information, by

promoting contact between them, and by rendering any technical

assistance possible when tbey are in this country' To facilitate its

work, the Bureau seeks to be well informed as to the persorurel

engaged in soil work in the Empire and the Problems oE which they

are engaged, Each Government has been requested to nominate

one of its stafl as Official Correspondent to the Bureau, who will

act generally as liaison officrr in Bureau matters and assist in the

collection and tlistribution oI hlormation' The issue oI tectrnical

informatioa is not conlined to Omcial Correspondents, but extends

to all workers in soil science who ask the assistance of the Bureau'

Special arr-angements have been made to 8et in touch wittr Forest

Ofrcers interested in soil problems.
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Publications of the
Rothamsted Experimental Station

For Fuucr
" Mrxunrxc FoR HTGHER Cnop pnooucuor,,,bv Sir E. T. Russell
.. . D.Sc., F.B.S. tgl7. The University p*ir, ii^Uri-a"i. -fl6. *'
" ARTrFrcrAL FERTrLrsERs rN luoornr.r icn iuiiunr-;;t'-v'Sil-f. l.

Russell, D.Sc., F.R.S. Bultetin No. ZA, l{inistrv'oi -i*il"f-t"i.
and Fisheries, Second Edition revised lggi|. iI.Ii. Sdtfi;
Office, or from lle Secr-etary, Rothamsted E*p..i-""trf Si"ii#,

...__Harpendeu. Cloth,4/6 post free; or Daper cbver. B/5 oost free" wp.?i or Ferxrexo,,, by Winifred el d."""U"v. ii.-Si..-i.i.5.lgzu. Longmans, Green & Co., i9 paternostei Row, ionclon,
E.C.4. t2t6.

Rorxensrro CoNFERExcT REpoRTs; being papers by practical
farmers and scientific experts. Obtainab"le't5;-the'SJ;;;;
Rothamsted- Experimenti.l Station, Harpenden, Herts. - 

---,'
"'Isr MeNtrnrNc op porarois.,' i/6-(l)*" Tne GRowrNG or LucrnNr.,, l/61

(2) " Tur Currum AND MANuRTNG oF FoDDEn CRops.,, l/6.
(3) " GREEN Mexunrtc: rrs possrsrrrrrrs exo Lrurte-

rtons rx rnecrtcr.,, 2/-
(a) " THE CuLrrrRE AND M^rLnrNG oF SucAx Brr;r-', 216-
(5) " Arr exo ScrrNcr oE CurIvATroN.,, 2/_.
(6) " PowER FoR CuLTrvATroN AND HAULAGE oN TE

FAxx.', 2/6.
(7) " M^LTTNG BARLEY.,, 2/6.
(8) " Rrcrrr CHAI.rcEs rN SysrEMs or Husrelrony luEwcrero." 2/6.
(9) " TrlE IIERTFoRDSEnT AcRrcuLrlrRAL Srrulrrox: Cetrr rn rraenowo ? ', 2/_.

(f0) " TsE GRow.TH oF Cmeprn WrNrrn Fooo FoR LrvE
SrocK." 2/6.

(fl) "Tm M,AxrNG oF Nrw Gnessrern: El@ERrENcEsor Pnecrrclr FAR[ERS.,, 2/6.
(12) " TEE Pr-e.ce exo MANAGETGNT on Smrr rx MonenxFerrrxc.,, {6.
(13) " Tm TrcaxrerrE oF FrELD ExpEnnGNTS.,, l/6.
(14) " MEcEANTZATToN AND BRrrrsH Acnrcurrurc.i' 276.
(I5) " REcENT DsyrroprmNrs rN MAIKET GlnarNlxi.,, zl_
(16) " PRoBr-EMs oF por^ro GRowrNG.,, 2/-.
(U) " MoDERN CsAwcrs rx uIE Tnrenmlr or Lrcsr Sorrs.,,nl.t-.
Ngyler_s I to 15 inclusive are also publishecl in book form :_Vol. I (r-5), vol. II (6_10), V,i. U 1tr-is1,-rori-;;,postage extra.

rout of prirt in separate copies.
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For Studcntr and AgricultEr.I ErPdt,
- Tr{E Rorreusreo MEMoIns oN AcnIcuLTURAL ScrENcE."

Octavo Series, vols. l-7 (1847-1898), 30/- each. Royal o9!1y9,
vol. 8 (ldlgl2). voi. 9 (1909-1916), vol. I0 (l9rGl920)'
vol. ll'(1920-19221, aZTO eictr, vol. 12 (1922-1925), vol. 13

(1925-19i7),33/6 eich, vol. la (1928-1930), 35/-, vot. 15^(1.9?2-

i93l), vol.'16 ir922-1932), 36/- each. Postage extra. obtain-
able lrom the Secretary, Rothamsted ExPerimental Station,
Harpenden, Herts.

"Tm RornausrrD MoNocRArEs ox Acntcurrunel SCIENCE,"
edited by Sir E. J. Russell, D.Sc., F.R.S.
" SorL CoNDITIoNs AND PLANT GRowl-H," by E. J. Russell,

D.Sc., F.R.S. Sixth Edition. 1931. Longmans, Grem
& Co., 39 Paterno, ter Row, London, E.C.4. 2ll-.

" Tm Mrcno-OncANlsus oF rnr Sott," by E. J. Russell and
StafI of tie Rothamsted Experimeatal Station, 1923,
Longmans, Green & Co., 39 Paternoster Row, London,
8.C.4. 716.

" MANURTNG oF GRAsstAliD F, n Her," by Winilred E.
Brenchley, D.Sc., F.L.S. 1924. Longmans, Green & Co.,
39 Patemoster Row, London, E.C.4. 1216.

" A LIsr oF BRrrISs ATHIDES " (including notes on their
recorded distribution and food-plants ia Britain and a
food-plant iadex), by J. Davidson, D.Sc., F.L.S. 1925-
Longinans, Greei & C;., 39 Paternoster Row. London,
E.C.4. 1216.

" Tsr Psvsrcer PRopERTIEs oF rHE SoIL " (with illustrations
and diagrams), by B. A. Keen, D.Sc. 1931. _ Longmatrs,
Green & Co., 39 Paternoster Row, London, E.C.4. 2U-.

" PLANr NurRrrIoN AND CRoP PRoDUcrIoN " (being the Hitch-
cock Lectures, 1024, University oI California), by E. J. Russell,
D.Sc., F.R.S. The University of Califomia Press and the
University Press, Cambridge. 12/6.

" INoRGANIC PLANT PoISoNs AND SrIuuLANrs," by Winifrcd E.
Brenchley, D.Sc., F.L.S. Second Edition, revised and en-
larged, lit2z. The University Press, Cambridge. 10/6.

" REcENr ADvANcEs tN ENroMoLocY," by A. D. Imms, M.4.,
D.Sc., F.R.S. (with illustrations), 1930. J. & A. Churchill,
40 Gloucestcr Place, London, W.l. 12/6.

" A GeNrnI Thxrroox oF ENroMoLocY," by A. D. Imms, M.A.,
D.Sc., F.R.S. Second Edition, revised, 1930. Methuen & Co.,
Essex Street, Strand, London, W.C.2. 36/-.

" SocrAL BErrAvIouR IN INsEcrs," 1931, by A. D. Imms. M.A.,
D.Sc., F.R.S. Methuen's Monographs on Biological Subiects, 3/6.

" STATrsrrcAL METHoDS roR RESEAICH l,i''oRxEn s," by R. A.
Fisher, M.A., Sc.D., F.R.S. Fourth Edition, revised and en-
larged, 1933. Oliver & Boyd, Edinbulgh. I5/-.

" THE CoMposrrroN AND DISTRIBUTIoN oF TIIE Pnotozoel FeuN.r
on rxn Sorr," by H. Sandon, M.A. 1927. Oliver & Boyd,
Edinburgh. l5/-.
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The followhg are obtainable from tle Secretarv. Rothamsted
Experimen tal Station, Harpenden, Herts:
" AcRrcuLTuRAL INwstlcerrols AT RorHAMsrED, ENGLAxD,

DURTNG 
^ PERToD oF 50 yEARs," by Sir _Ioseph Henry

Gilbert, M.A., LL.D., F.R.S., etc. te-SS. a76.

" Guror ro rE EXPERTMENTAT Prors, Rornensrno Exrtnr-
I,GNTAL SrATroN, HARPENDEN.,, l9lg. John Murray,
50 Albemarle Street, W. U-.

" GUrDE To rEE Ex pERTuENTAI Feru, Rorneusteo.,,
" GurDE FoR VrsrroRs ro THE FARu AND LABoRAToRy

WoBURN." 1929.

" CATALocUE or JounNers exo Prxrootcets rN TEE RorEAir-
srED LrBRA.ny." tSzl. 216.

" A Drscmrrrw Cererocw oF PruNTED Booxs ox Acnr-
cuLruRE rRoM l47l ro 1840, CoNTATNED rN TsE RorIIAx-
srE_D LrBRAxy " (including Biographical notices of the
authors and short descriptions oi &e important books).
f926. 331 pp. 22 illustrations. Cloth cover, lLl-: oqper
cover, l0/-. Packing a.nd postage extra:-British isies,gd.; Overseas, Dominions ind oiher countries, l/3.

TEE RoruAnd srED Ex PERTUENTAL STATToN RE poRTs :

190&1914 (annual). l/- each lg2?-r928 (biennial). 2/6.
1915-1927 (triennial). 216. 1929 (armual). 2/6.
l0l&1920 (triennial). 216. l9A0 (annual). 2/6.
lS2l-1922 (biennial). 216. l93r (annual). 2/6.
l92ts-1524 Oiennial). 216. lg32 (anncal). 2/6.
1925-1926 (biennial). 216. r9$ (annual). 2/6.

Foreign postage extra.

" REcoRDs oF TrG RorH,rMsrED STAFF, HARpENDEN,', containins
personal notes and. accounts of eveni. 

"t 
notn.rnitJftt ;3

present, and of past members of the Staff. published innuallv.
No. l, 1929. No 2, t930. No. B, l93t. No. 4. l9BB. 2/- eacf,.
Post free. Subscription for first five issues, ?6, payibte in
advance.

For urc in Faro Inrtitnter
" A STUDENT'S BooK oN Sorls eno MANURES,,, by E. J. Russell,

D.Sc., F.R.S. The University Press, Cambridge. AI.

For ur in Sc$oolr
" Lrssons oN SorL," by E. J. Rusxll, D.Sc., F.R.S. 1926. The

University Press, Cambridge. 3/-.
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For General Readcrr
" Tre Ferr,r AND rHE NArloN." by E. J. Russell. l93S George

Allen and Unwin, Ltd. 40 Museum Street' London, WCI

" Tni Fenrrrrrv oF rHE SoIL," by E. J. Russell. The University
Press, Cambridge. 4i-.

" Tnp Possrslrrrrris or Bnlrrsn AGRICULTURI," by Sir Henry
Rew, K.C.B., and Sir E. J. Russell, D.Sc., I.R.S. 1923'

l/-. bbtalnablc from thc Seiretary, Rothamsted Experimental
Station, Harpenden, Herts.

,.PERSoNAL REMINISCENCES OF ROTHAMSTED EXPERIMINTAL
Srartox," l8?2-I922. by E. Grey, formerly Superintendent
of the Experimental Fietds,5/-. Obtainable from 

-the 
Secretary

Rothamstid Experimental Siation, HarPenden, Herts.

Iranrlationr into other Languages
The following t:anslations of books by E.J. Russell were,

oublished durine the vear :

into Russr,u , '' Sori CoNurlolis .A.]iD PLANT Gnot'ru." tr{oscow,

l93il. Trans. by K. B. KotchekoII. (An earlier translation
app€ared in 1931.)

Into iircNI-tx : " PrextNurxrrroN andcRo PPRoDUcrIoN." Erivan
1933. Trans. by Prof. Kalartarian. (A Russian trarslation was
published at Moscow in 1930.)

Into'UKRATNIAN: " MIcnG'onc.qNt sMS oF THE SoIL." Kief, 1932'

Trans. bv P. K. Silakov.
The last edition of " SoIr ColiDIr oNS AND PLANr Gnor,rrn " was

also reproduced photographically in China, outside the coPy-
right convention.

Othcr Boob by Marbcrr of &c Stafi
" EvolurroN, HERTDITY AND VARrArIoN," by D. W. Cutler, Y.A'

F.L.S. i932. Christophers. 22 Berners Street, London, W I'
416.

" Tsi GpNsrrcer Tseonv or Neruur SELlcrIoN," by R. A.
Fisher, M.A., Sc.D., F.R.S. 1930. Clarendon Press, Oxford,
t716-

Mcazotint Eqravirg3
Mezzotint Ensravings of Portraits oI the Founders of the Station,

Sir.I. B."Lawd (H. Herkomer) and Sir J' H. Gilbert (F. O'

' 
SatisUuryl, ty;ulia Clutterbuck, A.R.E.
Simed Eirsrivirs' Proofs on India Paper, d4 4s. each.
Orfinarv iettered Proofs on hand-made paper, f2 2s' each'

To be ottained from the Secretary, Rothlmsted Experimental
Station, HarPenden, Herts.

Plau and Drawiagr of tf,e old Rothamdcd Labontory, 1852
These drawiass show the old Rothamsted Laboratory erected in

1851, the" first importart laboratory devoted to- agricultural
science, and the oire in which much of the classical work of
Lawes a.ud Gilbert was done ; it survived till 1914.

The size of the volume is 2l+ irr. by 14I in. ; it consists of
four lull page littrographs made from drawings by Charles
Lawes, sori oisir 1. B-. I-awes. ll per copy (post free).
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INTRODUCTION

. The 
- 
Rothamsted li.rperimental Station *,as foundetl in l&3

Dy_-the latc 5rr J. B. Lawes, with $hom was a.ssociated Sir I. H.
Gilbert {or a period of nearly 60 years. La*es jied i" i9bd *a
GII-b^ert in _1901_: they u.ere succeeded by Sir A. D. Hall from lg02to 1912, uhen the present Director, Sir E. J. RusseII, $,as appointed.
-{9r geny years the work was maintain;d entirelv at th6'expens"

of Sir J. B. Lawes, at first by direct palment, and fr<im t SSS o;;aias
out ,ot ,an- amual income of 12,400 arisiDg from the endovment
lung 9f {100,000 given bv him to the Lau.es Agricultural Trust.ln 1904, the Societv for Extending the Rothams-ted ExDeriments
was instituteC for ihe purpose ;i i,-"iai"g f;A, ;"ilf;;;;".
l! 1906, Ifrr J. F. llason built the Bacteri;logical Laboraiorv: in
1907, the Goldsmitls' Company generously "provid"a . t rltl".
endorment of {10,000, the iacome of uhjc}r-iince augmented by
the- 

- 
Cgmpany-is devoted to the investigation .i tfr" 

""if.ln l9ll, the Development Co_mmissioners madi their fi6t gant tothe St-ation. _ Since then, Govemment gralts have beei made
armually, and, for the year lgSI!-34, the Ministry of Agricultur; hL
made a grant of {25,5lO for the work of the Stltion. "Lord Iveash
has gencrously bome the cost of a chemist and a special assistait
for- field_.etperiments for studying farmyard -""*i, Uotn 

""t*"1and artificial ; while other donors have, frbm time to time, generously
provided funds for special apparatus and equipment. The" Feniliser
Manulacturers' Association and the United Potash Company provide
considerable funds for the rather expensive field work. "finperiA
Chemical Industries help to defray the cost of a Guide D"-o*ti.i*
for the tield plots besides helping with the actual cost of the work.
In addition, Beet Sugar Factories Committee of Great Britain, Beet
SWar Factories-Anglo-Dutch Group, British Basic Slas_ Ba^sic SIa_g
and Phosphates Companies, Ilessrs. George lt".-:'["- R;;;
Agricultural Socicty, the lnstitute of Brewin-g and the Deoartminrof Scientilic and'Industrial Research mak"e ..*i, i-'-."".ii.
purposes. The result is that the Station is aUte io?eaf-*ii; prr'bl;;
affecti'lg modem farming in a far more complete mamer thin woJd
otherwise be possible.

The main block of laboratories v.as opened in lglg, and. is devoted
to the 

_stud_y- 
oI s,oil and plant nutrition'problems ; 

"nott ". 
Uto"t *""

erected in lg2{ for plant pathology at a cost of fll.lBS provided bv
lhe. Ninistry-of Agricu.lture out oI the Developniint Fund; and Rei
Gables, the house adjoining the laboratories in the north side, has
been converted irto an Administration Buildine to hold the Imoerial
Soil Bureau, part of the RecorG and Statistic"a.l Depart-ent,'Siiii
Common Room and Conference Room.
. I-arge glasshouses, includrng special irsect-proof houses for Virus

studies, \ 'ere added in 1926, 192E, and t93l bv;id ofsenerous erarlts
from the Rockefeller Foundatiou, the Empiri Markeiurg Boar? and
the Ministrv of Agriculture.
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From 1926 onwards great changes took Place on the farm' New
and,greatly imp-roved melhods of field exp€rimentation were adopted
in 1926 on all but the classical plots, which remain ess€ntially
unchanged; and the non-experimental part of the IaIm was re'
organized in 1928, considerable numbers oI live stock being intro-
duced, and much of the land being laid down to grass. The farm
buildings were considerably enlarged in 1930 with the aid of a grant
of {1,700 given by the Ministry of Atricultue and a new block of
buildinss containins a demonstration room, \i/ork-rooms for the
expeririental staff, "office and store-rooms was erected in l93l-32
at a cost of f,1,300 collected by public subscription.

During 1932, the farm was well equipped with electricjrl appliances,
thanks to generous assistance by the General Electric Company and
the Nortti Metropolitan Electric Power Supply Company. The
Dunlop Rubber 

- Company also provided rubber equipment,
including a rubber road, ruLber flooring for cattle and pig pens and
rubber tyres for cart and tractor.

The Librarv is steadilv srowing, and now contairs some 25,000
volumes dealing with agriiut'iure and cognate subjects. The catalogue
of the old prinied bools on ag']riculture was, published in 1926, -and
everv effori is made to obtaininy that we do not possess. A collec-
tionis dso being made of prints of farm animals, of old letters on
asriculture. and-farm account books' Many of these lie in farm-
h6uses, unused and inaccessible, not in themselves valuable, but
often of sreat help to students of agricultural history and economics

when bro,-ueht togither as we are doing. Gifts of books and documents
to the Lib;ry wlll be greatly appreciated.

The extension oI the experiments to vadous outside centres in
Great Britain, begun in lgil, has proved so advantageous that it
has been developed. Not only is useful information spread arnong

iarmers, but thL Station itself gains considerably by this closer

association with Practical men. As--part of thq extension,. th€
ii"ii"n. in 1926. urith the consent of His Grace the Duke of Bedford,
i.-f. o"". from 

'Dr. 
I. A. Voelcker the lease of the Woburn Experi-

;;;iJ F"t-, so thit this now becomes a part of the Rothamsted

"ieaniiation, 
aUowing us to make experiments simultaneously on a

Iie'ht and on a heavy soil: a very advantageous arrangement'
Tirough the generosity of His Grace certah nece'sary changts have

u"Ln ira" iri the farir equiPment, and the Srass fiel'ls have-been

"rrr*it- ""a 
watered for iniensive grazing. The Agricultural and

h"r,i Machinerv Manufacturers' Association also rendered assrst-

;; -D;. 
H. ri. ltr"n, formerly Director of Agriculture, Bombay

pi"iia"*v, India, and Agricultural Adviser, H'E'H' the Nizam's
C-""*-#t, Uva"rabad, 

-lndia, is Assistant Director, with T' W'
;;;;; 

"i',"niitt, "na 
the laboratories, pot-culture station- and

Ii".'"r""i""1 station have been re-equipped and reorganized' A
;;;;i;# it'L noval Asricultural Societi of England has enabled

i. to .Jp"irt an additio-nat assistant in the Statistical DePartme-nt

t "i"-ii" tn" material {or a {ull summar5r- and discussion of the

ilriltJ-of the la-st fiftv years of experiments there'
The activities of Rothamsted, however, are not confined. to tne

griti$ iJl;-ilt -" gradually spreading out to the EmPire and

D
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other countries abroad. The International Education Board sends
workers from all parts of the world to study in these laboratories.
The Empire Cotton Growing Corporation has, since 1923, made a
grant of {1,000 per anmrm for the development of investigations in
Soil Physics. The Station regularly participates in work lor the
solution of certain agricultural problems of great importance to the
Empire.

At the invitation of the proper authorities, the Director and
other rnembers of the staff have already visited the Sudan, Pa.lestine,
Austra.lia, New Zealand, South Africa, India, Nyasaland, Taaga.nyika,
and Canada to discuss agricultural problems and possibilities of
co-operation; in addition, visits are paid to the United States ard
to European countries, including Russia, to discuss problems and
methods with experts there, and generally to improve the equipment
of the Institution and widen the knowledge and experimce of the
staff.

More and more workers are corning from the overseas Dominions
to carry on their studies at Rotharnsted. None but University
graduates are eligible, and most are, or are about to be, on the staffs
of Government or other Agricultural Departments: men who will
become leaders in the agricultural communities oI their respective
countries. To oul greatregret, lack of accommodation has coqrpelled
us to refuse some who wished to come.

The most important of all these Empire developments was
inaugurated in 1929- At the Imperial Agricultural Conference of
1927 it was decided to set up in this country a series oI Bureaux
to act as central clearing houses of information and to promote
interchange of ideas and methods between the agricultural experts
of ttre different parts of the Empire. The Soil Bureau is located at
Rothamsted, and began op€rations on May Ist, 1929. A. F. Joseph,
late Chiel Chemist to the Sudan Govemment, was appointed Deputy
Director; with H. Scherbatoff and A. J. L. Lar*rence as Scientific
Assistants. In l93l A. F. Joseph resigned and his place was takeu
by G. V. Jacks.

In view of the great expansion of the work in the last ten years,
t}Ie Committee has deemed it advisable to acquire the sites adjoining
the labora.tory in readiness for the time when Iurther accommodation
will be necessary.

During 1933 negotiations were in progress for the purchase of the
farm, and these were completed on May lSth, 1934. The Station
thereby came into possession of the farm and Manor house, the whole
estate comprising 527 a.cres. The purchase money, {34,000, was
raised bv public subscription.
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REPORT FOR 1933

The present-day work at Rothamsted is centred round the pro-
duction and utilisation of crops: their cultivation, ma.nuring and
management, the diseases and the pests that affect them, the
influence exerted by soil, season and other Iactors; so far as
possible quality is studied as well as yield. This latter part of the
work is done in association witl the expert buyers and users oI the
crop who, if they cannot aJways deline precisely what they mean by
quality, nevertheless recognise it when they see it, so that they can
set.tandards uhich, if not very definite, are at any rate those $at
the Iarmer has at present to accept. Attempts are made in the
Chemical Department to express the buyers' and users' requirements
in definite chemical terms so that the field e,<perimenter may linow
exactly what he is expected to produce; this of course would give
him a better chance of success than he ha,s at present.

The Rothamstcd work is thus brought into close touch with some
of the research schemes set up by various iadustrial organisations,
particularly the Institute of Brewing, the Millers' Research Associa-
tion, the Sriga.r Beet Factories, Messrs. Lyons Laboratories, and
others. At a certain stage it is generally found more economical to
hand certain parts of the work over to the association concemed
rather than to keep it at Rothamsted. For the past 12 years investi-
gations into the composition of barleygrown under various conditions
of soil, season and ma.nuring have been carried out at Rothamsted
under the research scheme of ttre Institute of Brewing. The work
has proved eiceedingly lruitful and has greatly helped agricultural
experts in advising larmers as to the production of malting barley.
It was linaUy so successful that it outgrew ttre accommodation we
could provide and reached the stage where closcr contact with the
maltilg and brewing hdustries was necessary than was possible at
Rotiamsted. The work was accordingly trajrsferred at the end of
llarch, 1934, to the School oI Brewing under Professor Hopkins at
the Birmingham University.

This friendly co-olEratioD. with the Institute oI Brewing has
been greatly valued by the Rotlramsted Sta{f, and arrangements
have been set up whereby the workers will still remain in touch with
each other.

With the discontinuaace oI the barley work it has been possible
to start a fuller study of cellulose formation in plants than has
hitherto been possible.

For the purpose of this report the work is divided into field and
laboratory investigations ; in practice, however, no sharp line exists
between them and all the iield work is in close association with the
Laboratory.

The field work is done at Rothamsted, at Woburn and at a
number of outside centres; the latter involve a large amourt of
heavy work for which H. V. Gamer and E. H. Gregory are resporr-
sible. The laboratory work is done chiefly at Rothamsted, but in
increasing amon[t at Woburn also, where the use oI electricity
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generously installed at Dr. Mann's expense, has greatly facilitated
experimental work. To an increasiag extent investigations involving
costly a.nd highty specialised apparatus are made noi at Rottramsted,
but at the Institution best equipped for ttre purpose, it being found
easier and altogether more effective and economical to move the
worker or the work than to set up and leam how to use the very
costly appliances modern scienc6 now demands. Investigations
involving X-ray photography are done in association with the
Royal Institution and ttre Textile Physics Department of tle I-eeds
University ; vitamin ezraminations are made at the Sir William
Dunn Field Laboratories, Cambridge; dough studies at the Milling
Research Institute, St. Albans. One of the staff of the Physics
Department is temporarily working at the Jobas Hopkins University,
Baltimore, using the elaborate high vacuum methods evolved by
Professor Patrick. The hclp a{forded by the Directors aud StaIfs of
these various laboratories is exceedingly valuable, ensuring us the
maximum of information for the minimum expenditure of time and
money.

THE FIELD WORK
As usual during the past few years, the lield work has centred

round three main problems :

l. The-,value of organic uranures ets compared with artificial
fertilisers ;

2. The eflects of artificial fertilisers on the yield and qnatity oI
crops ; the modifications brought about 6y soil and seasoaal
conditions ;

3. The processes ol soil cultivation.
Orgaric Manwes. So many farmers are aow abandoning strict

four- or five-course rotations, the feeding of sheep on arable land,
and the winter-Iatteniag of cattle in 1rards, thit ttre supply of
organic manure on ttre fann is much less than it used to b€. The
purpose of this work is to find out :

l. How the fertility of he soil is tikely to be aflected in con-
sequence oI these changes ;

2. Whether the lack of organic mzulnre can be made up in any
other way ;

3, What value can be put upon farmyard manure as a means of
maintaining soil fertility over a long period.

Tryo rotatiotr experiments have in recent years been started in
which organic manure supplicd in various ways is compared witi,
artificial manures alone without any orga8ic ma.nure. The treat-
ments include :

l. Straw made into farmyard manure in the old way;
2. Straw ploughed direct into the soil, along with artilicial

fertilisers ;
3. Straw rotted arti{icially by the " Adco " process;
4. Artificials only, without addition of straw or of any organic

matter.
The experiments are intended to run for a number of years, and

are designed to bring out both the immediate and the long term
effects. The {fust five-year period is now completed and the results
are set out in the Yield Tables, but we prefer to await a longer time
before discussing them.
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Green manuring receives considerable attention as a practicable
method of supplying organic natter to the soil. Our earlier experi-
ments and tf,,isi ai WoUurn show that it is very liable to prove
ineffective on the light soils that it was especially intended to benefit.
and the present experiments are designed to discover the caus€s of
tbe failuie and the best ways of overioming them. On heary -soils
more delinite results have tieen obtained; mustard ploughed in at
Rotlamsted has proved an excellent preparation for u heat . But we

do not lcrow suficient about it to be able to advise with certainty'
The ploughing-in of leys affords a simplc method of increasing

t.he supily o"f orlanic matter in the soil. Its effect is not easil]

""se*s,ed, 
irec"".e-the simplest comparison in practice is agains-t a

fallow vhich is itself kaotn to benafit considerably ttre succeeding
croo. In 1933 the vield of wheat following fallow was Sreater than
a{ter any ley, the i'ield {ollowing clover came next, t}€n came the
vield foliou.ine rve grass and clover, while that following rye grass
".loo" ** tUE ricor-est, being no less l-han 14 wt. ol grain -ard
23 cwt. of straw below that I;ltowing t}e fallow. The wheat yields

"it* lerrs cut twice were less than those after le5rs cut once and
then bdstard fallo&'ed: tle loss due to tle second cutting oI the
rve fiass levs amounted to 2.7 c',vt. of gra.in and 6 cwt. of straw.
tf,o.ftU o" the pure clover ley only the straw suffered, and not the
erain, the straw being depressed 3.7 cwt. per acre.
- The fallow was so beneficial that dressings of sulphate of ammorua
save no {urther increase in vield. After the once-cut leys sulphate
il ammonia gave a small increase in straw (2 c*t. p€r acre) but none

in srain. A{"ter the twice-cut levs sulphate of ammonia added 2 6

cwti. of straw and 0.9 cwt. of erain. Some of the barley in which th€
levs had been seeded down had received nitrogenous manuring ; this
in'creased the barley and aIfected the seeds ley, but had no effect
on the following wheat.

There was ir interesting dillerence between the e{{ects of the
fallow and the clover ley oir the uheat crop. Both increased the
vield of wheat as compared with rye grass, but in diflerent ways :
-th" falo* bv increasiai the number of ears per acre, and the clover
bv increasin! the num6er of grains pcr ear. This difference mav be

aisociated w'ith the time wlien the nitrogenous nutrients become

availablc ; the fallorv acts like an early nitrogenous dressing- in
oromotins tillerine; the clover acts like a nitrogenous dressiag
'that come-s too late-to increase the number of tillers, bui not too la-te

to increase the number o{ grahs per ear.

Puilrv Manwe. The great increase in the number of pouttry has

caused a frarked incrca^se il the output of poul1ry manure antl has led
to many enquiries as to how bestlt can- be used. Under the aegis

of the it[iniitry of Agriculture an investigation into- its manurial
value has been started; the field experiments are being made not
onlv at Rothamsted an'd Wobum, but on various other farms aJrd

ma.iket gardens. For ordinarv agricultural crops it was la-st year
usually inferior to artificials. For the market garden crops, onions
and drussels sprouts, it was distinctly superior at some of tbe
centres. More work is needed before any explanation can be given.
but the results show that the manuring of market garden crops
should not necessarily lollow the same lines a-s that of farm c.ops.
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,t proper investigation, planned on modem lines, is ctearly needed
to find how best to deat with them.

Tnr Errecrs oF ARTTFTCTAL FERTTLTSERS oN THE yrELD A,..-rr

Querrrv or Cnors

- The key experiments in this investigation are those on the
classica[ plots at Rothamsted and Wobu]ir and on tne six_coud
rotation more recently established at both centres and intended io
run.ior a long period of years. As, however, the effects of fertilisers
are knowa to be modified by soil and season, numerous exDeriments
iue made also on good commercial farms in different parts of the
country.

_ P*ky. 
-This work has hitherto been done in association with thelnstltute of l3rewing. The Report of the ten vears' exoeriments

has_ now been published and is obtainable eithei from Rdttramsted
or from the Institute.

S*gar Beel.- The -suga.r beet investigations are now made in
association with the factory orga-aisatioriand staffs. Owins to the
slender resources hitherto available, the scale of oDerations"has till
recently been small. l,ast 1rar, horvever, thanks tdt-he co-or"o1il"of the factories, a much better scheme was put into oDeration.
The_ first year's rcsults were d.iscussed at a Conierence Leil;; th;
Rothamsted and the factory staffs ; as the resuli ; ;iiri;;i;
expenmentat programmc was drawn up and is now being carried oui.

-The general purpose is to test the effects of fertiliserJat a numberot centres, and to make chemical cxaminations of the soil as de_
scribed later. Refcrence to the tables in thc full n"p"rt itr",. tn.t
the response to Iertilisem is less definite ttan tfraf oi-"-oi"i"* "imangolG, and we do not yet knorv how to draw 

"o 
or,ir"i ,*i"o

tor the manuring of sugar beet. The crop, of ioirrs6. reouiies
manurmg, but the ordinary methods seem ofien to be lesi eff&tive
than tor other crops.

. Part of the.explatration may be in tie fact that the sugar beet
farms on which the experiments were made werc above the"averege
in productiveres-s. The average of yields on these plots was I1.5 tois
per acre, while the average for the country was onlv 9.0 tons. It is
possible that more definite responses would have b'een obtained on
f5ms. bglow the average in productiveness. This, however, is not
tAe whole explanatron.

_ The experiments at Rothamsted. indicate that tlre subsoil
plays an important part in the feeding of tie sugar beet. In absence
of dung, potassic and phosphatic ferti-tisers in&eased the vield of
pots Td t-he percentage of sugar, when ploughed in so as to "get we[
down mto the sorl, to a greater extent than when driued in the usualway. On the light soil at Woburn tie result was reversed. Thjs
experiment is being repeated: the yielG were too low and the
standard errors too high lor complete iatisfactjon.

Sugar beet differs from all other crops in the verv hish con_
centration of its root sap, and this cannot f;il to modifv ,oir" ,."^,
or other the translocation of suqar from tie leaf. i ohvsioloeicil
study of the growing crop is needed before the ma.uutij probiems
can be fully solved.
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The spacing of the rows is panicularty important. So far as the
experiments ha--ve gone, thc closer the rows the better. At Rothamsted
.oir,s IO in"h"s.pitt gave 37 per cent. higher yield of rooF thanrows
:!0 inches .oatt: tli" susar content sas higher and the yield ot
.r... ,", ."ie *". raiscd io less than +t per cent. The yield of tops
lni hiiher also. This increase of sugar content of the root aPPeared

onlv w"hen the ro$'s were less that t5 irches apart : between the
20-inch and the ls-inch spacing there *'as no difference.

At Woburn similar re;ults were obtained: rows I0 inches apart
gave 2l per cent. higher yield of roots than rorvs 20 hches apart and
24 Der cent. more sugar Der acre.

bn the other haid,'as sho*n last year, nothing was gained bv
Eivins more cultivation than is needed to keep down weeds.
' if,"." is clearly a great deal to be leamed about the grorvth. of
the suear beet cr6o. 

"In our experimmts the yields have varied
from 6"to 16 tons per acre. The average f ield ovcr the corrntry is too
tow to enable the industry to be self-supporting, and it is unreason-
able to expect a subsidy to continue unless the fullest efforts are

made to raise them.
iotq,toes. These exPeriments, like those on sugar bee1, are made

not onlv at Rothamst;d and Woburn, but also at a number of farms
in varitius oarts of the countrv. The results since the commencement
of ttre seriL in 1927 up to aird includin5 1933 were gm-narised.lv
E. M. Crowther in a conference on Potato Growing at Rotharnsted in
February, 1934. ltany of tie exPeriments were simple I& oJ-2t
olot scdehes. testins d.ifferent amounts of superphosphate. More
iomolex ones had 36ro1 8l plots to test different amounts and com-

binaiions of nitrogen and fuotasU, ana a few had 27, 36 or even

162 Dlots to test all three nutrients.
, The results are shown in Tables I and 2 for the experiments as a

whole and also for a special group oI higtrly organic fenland soils'
Every experiment undeitaken is included ; there has been no selection

or elimination.

TABLE f.-SigDilicaut resPols€s oI Ftatoes to fertili-'ers.

NutrieDt. Soil. Negative. Iasigilicant. Positive.

Nitrogen

Phosph6ic Acrd

INTERACTIONS:
NaDdPP. ..
NaodKrO ..
P.o, and KP

FeD
Othets

2
3

ll
l6

Total (32) 5 27

Feo
Othe!s . ;

8
l3

Total (4O) t1 2l

Feo
Others

5
l4

I
8

Total (36) r9 t7

l I
r9
Iri

6
1
I
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In 90 per cent. or more of the trials there was a definite resoonqc
to sulphate of ammonia. Fenland soils, which are rich both id tohl
and in ava.ilable nitrogen, responded to sulphate of ammr"ilt;a;
frequently as the mineral soiG.

Each of 8 fenland soils responded to superphosphate. but onlv in
l3 out of 32 trials did the mineral soils give si$ificant respoas; to
superphosphate. In two experiments-supeiphosphate fu"fi"iiav
redxced the yield. In three experiments on acid peai_., ,nc",,soG
m LancashirF-tlere was no phosphate response. It is clear- then
that- fenlarrrd soils stand out qiiite distinctly from other soils in their
need for phosphate, a.s is, of course, weU r;ogds€d in practice.

.In 36 potash trials_ one half gave definite responses, with some
udrcation ttrat fenland soils were more responsive to potash tlan
mineral soils. In so far as the soils tested iu these exoeimmts were
typical, tley show that sulphate of ammonia is almosi alwi; ;ffect_
rve and that superphosphate is effective on fenland soilsi Suoer_
phos?hate on mineral soils and potash on all soils are much'less
consistently successful in increasing yield. The experiments show
that sulphate of ammonia and supeipf,osphate quite;fte[ ,, interacr
po6itively," i.e. tbey frequently riinfbrce iach ottrer,s effect. Thus ia
6 out of 16 trials the response to either sulphate of ammonia or surer_
phosphate in the presence of tle othei manure w;Ls sisnilicaitlv
greater thTr in its absencc. This hermonises with the strillns eff;L
of superphrsphate on fenland soils, for t}ese ..u toro"," to UE ,i"n i"
available nitrogen. The " intcractions,', or reinforcements of effects
ol nrtrogen^and. potash.and of potash and phosphate were much less
trequent. Positive signi(icant ellects were;btained 4 times out of 2g
lor rutrogen and potash, and only once in 17 trials for potash ald
phosphate.

The size of the responsc is shown in Table g. In most of thes€
expenments the standard error per plot was about 15 c\[-r. Der acre,
and a response of I ton per acre would be detected as sisniiicant fui
an experiment with l6 or 25 plots. The results are set out"bv showinc
tbe number of experiments in which the response ir cwts. oi potatod
per acre was from 0 to 10, l0 to 20. and so on.

Incaesse.

Respo[se in crit. per acre

Nitroger FeD Soils
(0.4 cwt. Nitrogen per

acre:9c\;r.t sulDhate
olammooia) ' AI Soils

Pho6phoricAcid Fensoils
(0.6 cwt. PrO. per
acre:4 5 cu't- super)Al Soils

(l.Oc$t. KtO per acre: 2 cwt. sElpbate oIpotash) AI Soils

Fen Soils
lsle
[-,Ftt

TABLE 2.-Req,otrse of potatoes to fertitis€f,s.

l7

315

8

ll2
,l*

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-1-3 pp 28

2b

TABLE 4.-Marks Ior Quality of Steamed Potates (1C29t.

Cwts. K,O
Per afre.

0
o.3
0.6

32.6
33.6
34.5

0
0.5
r.0

24.5
29.5
29.6

34.4

32.9

25.2
29.3
29.1

The practical conclusion is that the quality is determined by soil
and season, and leld by the fertiliser dressing. Quality is not likely
to be affected one way or the other by a good scheme of complete
manuring. and so the grower can aim at producing heavy clops
witlout fear that tbc quality will suffer. This same result was
obtained for barley.

Chemical analysis sho\r's consistent changes in composition pro-
duced by fertilisers which, however, are small and nothing like so
marked as those obtained on the same soil in different seasons. The
amount of dry matter in the fresh tubers was but slightly aflected by
sulphate of potash but somewhat reduced by potarsic fertiJisers
contaidng chlorine, e.g. muriate of potash and still more by 30 per
cent. pota-sh salts. (Table 5.)

Sulphate of ammonia consistently increased the nitrogen content
of the dry tuber. Superphosphate reduced the nitrogen content of
the dry tuber irl those years in which it greatly increased the yield.
Potash had no effect on the nitrogen content of the dry tuber.

Al&ough the potato is essentially a carbohydrate food, it is an
efficient crop Ior converting inorganic nitrogen--sulphate o{ am-
monia-into vegetable protein. The recoveries in the potato tuber of
tie nitrogen added as sulphate of ammonia ir the Rothamsted
experiments of 1929 to 1932 were 21, r13, 29 and 36 per cent., respect-
ively; h addition,20 per cent. may be recovered in the haulm.

TABLE s.-Elfect of Iertilisels oB the qua.lity atrd crmpositioD oI Potatoes.
Dry matter per cert.

Sulphate
of

Potash.

Mudate
oI

Potash.

30 p.c.
Potash
sdt.

Rate oI
DressiDg
c*t. I{rO
IX}. acre

Woburn, 1929 ..
RotbaEsted,I929

,, ls30
,, 1931

r932

27.6
26.t
23.1
20.9
22.6

26-7
25.9

20.5
22-t

2t'.2
24.5
22.7

24.4
24.2
22.1
20.2

l.o
1.0
0.8
0.8
o.8

Effect ol Sulphate of Ammoda oE Nitrogea Crtrtent of Dry Matter of Tubers

Rate oJ applicatioD, cst. per acie. 0 1 1.5 2 4

WobuE, 1929
Rothamsted, 1929

r930
r93I
t 93:l

1_44
1.52

r.40
1.:8

r.o,3

1.49

'g 1.47
1.46
1.35

t.61
,aa

r.eg

C*.ts. N per

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-1-3 pp 29

26

The resoolses to nitrosen were as a rule much the sarne whether
the vields iere high or loi. Two cwt. oI sulphate of arnmonia per
acre added between I and 2 tons oI potatoes to the yield in iust
one hall of the experiments, and the other results are grouped round
these values, some above and some below, in such a way as to ruake it
pcsible to speak of a general nitrogen resPonse at the rate of about
i5 cnt. of polatoes per crlt. of sulphate of ammonia'

The responses to superphosphate were very variable. In over ont
quarter oI ihe trials thi sriperphosphate plota yielded leas tlan those
without superphosphate. In one-third of the trials the resqolry
exceeded I iori per-acre : these more respousive centres ilcluded 7

of tle 8 fenlanil trials and 6 of the 32 trials on other soils. The
responses to superphosphate had no obvious cormection rvith the
productiveness oi iUe ioit. The yiekls in the- various expelrrgrts
ianged from 3 to l? tons per acre, yet some of the mmt prodgct!-v.1

soG responded whilc some of t"he low yielding soils did not. We still
have a food deal to learn about the factors determining resPonse to
phosphate- 

The responses to potash, on the other hand, showed some connec-
tion, though not a close one, with feld. At most of the centres rvhere
the responses had been smell the yields wcre over I0 tors per acre
wbich ii well above the average for the country. At half of the centres
the responses were less than-l0 cwt. of potaioes per acre. Thirty 

-of
the 36 hds {aU into a consistent Sroup *ith small rcsporlses, but the
other six centres (4 on light tenland soils and 9 on light sands) shou
venr large responses of about 3 tons per acre. In isolated soils Potash
fertjtiseidoubled the crop. Some soils have an acute Pota-sh shortage.
but the majority oI potato soils show only siight eflects oa f ield.

The reiirforcement of eJfect when superphosphate supplements
sulohate oI ammonia or when sulphate o[ potash is added-the
'' ii.rteraction " mentioned above- is-weU shown on ttrc [en soils- Tht
results are given ir Table 3.

TABLE 3.-Yields o{ potato€s, toas pel a.re. Fen soils.

Used
alone.

Used with
Sulphate ol Differenc€

(interadioa) .

Itrcr€ase tlue to Superphospl
Little Downham, 1932 . .
March, I932

Increase due to Sdphate oI I
Thorney, 1933 (no dung)
Thortrey, 1933 (duDg) ..

2.96
r.03

3.49
o.14

4.40
r.99

4.78
2.19

I.44 t 0.?l
0.89 i0.24

1.29 t 0.62
1.4510.52

The chemical work on ttre composition of potatoes has continued
on ttre linos of the quality investigations maile in coniunction with
Mers:rs. Lyons laboratori& in 1920. Fertilisers had but little elfect
on thr cooking quality of the potatoes : sulphate of ammonia. slightl-v-
decreased arrti potassic fertilisers slightly increased the qua.lity {or
steaming, but neither affected the quality for frying. The effec-ts
howeverl r.r'cre small and nothing li-ke as marked as the effect of soils.
By no fertiliser treatment was it possible to raise the quality of the
[othamsted potatoes to the level of those Srown at Woburn. (Table+1.
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The Rottramsted potato experiments of 1927 to 193, lrecorde{ 4
the ReDorts for those vears) i'ave smaller responses to potash fer-
tilisers ihan had been o-btainid-on the same fields from l92I to 1926'

The expla.oation may be that in the earlier years little stock was
keDt a;d tittle dune was used on the farm. Furtler, in several years
of ihe earlier period'ttre potatoes received no dung-but large -d."T"q
,-rf fertilisers.'In the laier years ttre potatoes always,had a basal

dressing of dung and the dr&sings of fertiliser were smaller.

TABLE 6.-Yield of Potato€s, Toas pe. acle, Outsido C€8t!s'

Dug.

Sllihar. ol A-turia.

yield.

I rtr- lou.Dti!]
None. I (:u*d lus.d. car

I rield. lFr.cG
\

yi.ld

-i;;s"t!-

Coll.l
orDbi Crifl.

Coll.)

3.16 rl ..j.i{ I o.Ea 0,19 3

silt
Light

tr.25

9.94

9.6

8.1!

t.9t

0_36

o,a

0.16

3

I

a

;:l ::
a 1t.4t 1.6<t

Light

Liebt

Lkhr

Light

L,8ht
Aild.d

10.58
10.13

1r.38

0.16

E.40

t.6n

7.1t

11.{,

t2.t4

1.63
2.37

0.65

-0.1?
r.oa

t.la
t.98

3.76

0.r.t

2

t
s

tt.46
lt.r,
12.18

-0.1.1o.58

r.o5

7.56

6.9t

9.llil

7.O'

lr.t0

3.O2

1.11

l.116

2.16

0.1,

1.6
15

l.!

1.0

l,!
l.!
l.!

11.80

11.76

3.6r

tzt 7

tltrtl .,

statt

sarity

Light

6.65

6.El
10.6,

11.57

E.6l

lr.l6
5.t1

t.r2
1.61

0.41
1.98
232
0.5,

0.66

0.2r

0.17

:l

!
t,
I
it

t
I

4.98

3.58

_

0.51

1.@

1.1'

-

t.or

. tatt.rt of Sola giEo. i Uun4te or Ptt4b si4tu Gh' ligu€ in he,' ttF 
'E 

3ignili5lt l

ln the 1933 exDeriments when the sunmer was unusually d4r,
nitroeen had someivhat less than its usual eflect though the increases

werei'erv profitable. Potash acted well at practically all the centres'
especiallj' on the liSht peatv fens, but most of all on the medrum
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loam at Doncaster. It was the only fertiliser effective for the early
Potato€s. Superphosphate acted unusually well, giving four successful
responses in five trials and showing up Eirticularly well on the heavl
soil at Rothamsted. (The results are girien in Tabie 6.)

Alongside of the field work cra the potatoes physiological studies
oI the growiag plant are made by D. J. Watson toiind out what the
fertilisers do in ttre plant. Potassic ferti-tisers decreased ttre concen-
tmtion of sucrose in tle leaf during ttre hours of daylight but not
during the darklress. They had no riognisable effect on the reducing
sugars, however.

Grusslnnd

- The manuring o{ grassland alters rot only the yield atrd composi-
tion of each of the individual species of plants Uirt atso the tatance
o-I competition between one plant and a.nother and tlerefore changes
thrc entire flora. Two groups of investigations have been made : wilth
phosphatic fertilisers, which broadly ipeaking tend to give a more
plo.ngunce-d leguminous.herbage ; and with nitrogenoG fertilisers,
which tend to make the grasses dominant. -

The work on phosphatic fertilisers h2q b€en done under trhe
aegis of the Basic Slag Committee oi the Ministry of Agriculture ; it
involvcs a large amount of anall,tical rvork for wliich R. G. Warren is
responsible. Tbe key experiments are made at Rotharnsted, and

unerous experiments are made at various centres in the country.
The outstanding result is the general superiority of superphosphaie
and of high soluble slag over the low solubte shg and, ori non-acid
sojls, over grourd mineral phosphate. On an-average the high
solut'le slag-has been about'thr& times a.s effective i'n supplyiig
phosphate to the plant as the lo\v soluble slag containing 

-equal

amounts of phosphate, while the miaeral phosphate has been on
cert-ain acid soils about as good as the h;gh soluble slag and on non-
acid soils about a-s poor as lorv soluble slag. The percenlage recovery
of phosphoric acid over the three or four years iJgiven in Table 7. 

''

TABLE ?.-Percerrtage Recovery of Phosphoric Acid io g or 4 ].cars in
G6sslaud Experjmetrts.

*.-.1 ,--.", ,l'*
Soil
PH

slac,

HiSb-

Na,,.l a @ko* tuil.-
ItlO-3! | H.y
,rrt* L"t
relr'$ | R.pe.Hly moE.

I mrEad -.rall-!31 Gruad. noE oDc.l"--'
I

r9tGlt 
I n y

rrrorr | rl",
rc!o-!l I H;y
,.*rt I ".,rotclt I Ra;.r.dr, ffin,

I qerzd
I

ooxG
3

E

3
1

8

8

17
13"

3a

26

til
'la

lo
r

luea _

1n.,.*.,*o

I r.t,,"ryacia

I a.r,*yacia

I M*;-

a

a
10

5

a

l3'
!9

,9

1!
1l

7

l8

t1

l!
ll

,l
3'

1i t1
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This suD€rioritv of the soluble phosphates sho$s itsell not only-in
increased vield ari larger proportion of good fodder plants, but also

in the hiiher content-of phosphorus in the herbage, wherebv rts

f".ai"" "i"" 
per ton is almost iertainly enhanced' A special feature

of the"work h; b€en the chemical control of the Phosphorus uPtake

bv the crop, and this has proved o[ great help in shoMng the relatrve

v"alues of the different fertilisers.
So far the experiments have not shown where the line is to be

a.a*" t t*""n tire high soluble and the low soluble slags'. Hitherto
this oroblem has been unimportant, because most samPles- on.ure

mark'et rvere either above 75 per cent. or below 30 Per ce-nt' solubllrty'
i.r'Ii".-however. there seems the probability that slags of intermediate

i"ioUitity will be offered for sale and the work is being extended to
cover these.

Fodder Mixtures. Further studies were made of the yield and

*---"itio" of fodder mixtures containing different proportions-of

oats'an<I vetches, grown with and without nitrcgenors manure- Ihe
vields of drv matier per acre !\ere h ghest uben the s€ed mlxture
iontained g bushets of oats to I bushel of vetches' Nrtrogenous

i"an"ru ir,"re"s.a t-he 1ield, but not siSnificantly. more.{or one

mixture thaJr for another; prevrous work has showr ulat rDe

i""."-." itl" tt 
" 

.tarch equivalent per acre and not in the quantity

of protein.
Lucetre. The irrrto,y'iation experiments are decribed later'-(p' 36)

noi somu time p.tt Professor W. Southworth, wbo is working at
notiarn"tea at"r tiis retirement from Canada, has been expeTtmgnt-

r"" 
'*ilfr-U:rU"at 

of luceme and black medick, and.has otrtained at
i&i.t" pior"i"i"S sort considerably more vigorous in eartt,[l: tI*
il;;;Jrnty Prov"ence variety. The percentage oI plants that died

during the first Year were :
- The new sort. Provetrce.

Rotbamsted .. 1.7 93 4
Wobum 0 15

The new sort is at least as p'rcductive as the Proverrce, both of

f.adi oli ."ie at a of s€,ed, and-turther experiments are be-q rnt99'
Cloaez. Cultures o{ the nodule organism have been pr€pared' wnrcn

in nrelimilarv exp( riments made in association wlth frolessor
eL5iJ"" et*ttv irnproved the " take " of clover on nelfy gown

i"iI"J *"iit*ti. Shodd any extensive resowing seem likely to
;;;, fi" work ought certainly to be- e4edited. so as to ensure

suoolies of the cultures in time to meet the tarmers neeos'
"*"iiit iii* xaie. This is provirg one of the most valulb]e fodder

".o* ,rtt th" f"ta. In our numerous cxpriments yielG of 25- or more

;;;!;;;; ; frequentlv obtaincd'on our Poor h'.ary land .rt
responds remarkably well to nitrogenous martulng' ant ls one or tne

;X;;;; i;;;;r;eiting fertiliser 
-nitrosen into valuable animal food '*rir""i"*ria'.ri.r'lti""t 

3r tu" farmyard' manure apptied to the 
-19-32

u" cr"p ai Wourr* was studied bi fotlowurg it with barley in f 9$'
ard comparing the yield with that given by sulPhate ol.iunmoma'

d-otoL'tU"t"U"a d-ung in 1932 there was an increase of 12 2 cwt'
;'i"L.. -.tLi over tie plots receiving no dung ; while 0'2 cwt'

"i ft*ose" apptied as sulphate oI ammonia in 1933 gave an 
-urcrease

ii'20.7'"*t. i6i"".". The resiilual elIect oI the dung was therefore
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approximately that of 0.118 cwt. nitrogen per acre. or 0.6 cwt. sulDhate
oI ammoda. No residual effect of sriphite of ammonia ,ppti[O in
1932 could be detected.

. l-fatgolls. In the Statistical Department an examination of the
yields of mangokls on Bamfield for ihe years 1826 to lg30 has been
completed by.R. J.- Kalamkar. The new facts brought out are that
the deterioration of lield usually observed u.here on"e crop is grown
contmuously has not been pronoutced on the plots receiirinsJam_
yard manu_re or complete artificials including nitrate of sodal but it
becomes more marked when either nitroRen o-r Dotash and phosphate
are omitted. Slow changes in yield oiher than deterioiatioi are
unrmportant except on the dwrged plots. The a.nnual variance is
Fcrglsed by rutrogenous manuring but decreased bv potassic
fertiliser and also by rape cake or dun-g. Variations in ,"irif.fi ao 

"otaccor'tn_t- for the variations irt yield -due to annual causes thoush
ralrrlall rn excess of the average appears to be somewhat harmful whin
rt comes m Spring, (Iid-flarch to end o{ May) and beneficial when it
comes in Jrure and July.

The vaf,ue oJ Joddei ctops. Chemistry is not yet sufficiently ad.-
vanceo to grve a complete statement of the feedins value of these
fodder fiops, and it is still necessary to use tle animal"as the means of
testing. It is proposed to use sheepand pigs, and feedine exDerim€nG
of a new ty?e have been designedlo elimiiate t}te effect"of iariations
rn location of the stalls and to reduce the effect of individuality of the
arimal.

THE SOIL CULTIVATION EXPERIMENTS
..In view of the changes brought about by mechanisaiion in the

cultivation oI wheat and otherlereals, a number of experimenii
have been made on different methodi of seed-bed 

"r6*r"ii""including shallow and deep ploughing *O rot"ry.Jt".[iori,-"."t-iri
conjunction with spring harrowing, rolling and top dressine with
sulphate ol ammonia. No sig-nificant differences in vield oi erain
w_ere observed between any of the treatments, and thd choice oi the
drllerent methods would apparentty be dictated bv their relative cost
and_convenience. Neither rolling nor harrowing increased the yield.

tne condttlons were, however, unusual in that sulohaie of
ammonia bad no effect on the yield of grair. On the other irand the
Jaeld of straw was itrcreased by the addition of nitrosen. The resoonsc
to nitrogen varied acalrding to the cultivation. Ro'tting increasid it.
. It wou.ld be interesting to know nhether the graii would show

srmrtar responses to cultivation on land where sulphate of ammonia
increas€d its yield.

THE II\IPROVETTENT OF FIELD PLOT TECHNIOUE
Some interesting adva-nces have been made durins the i;in the

theory oI field plot design, particularly in tt e metf,&s ariaihUfe ioi
combtnlng several different problems into one exDeriment. Here the
method of " partial conlounding,, has been developed : this con_
s_iderably increases the uti.lity of .. confoundins ,,'for combininE
drtter€nt problems into one experiment, since it-serves to providE
more llexrble arrangements. Tbe methods of analvsis when tie data
are rncomplete have been extended to cases wheri seyeral plots are
lrussing,_ and their validity estabtished. Conrenient ;ilird";
lorming Latin sq uares for field experiments h 1've b€en placed on record .
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The working out of the exPerimental data has now become a

formidable task, as shown by the Iollowing numbers of plot yields
analysed :

Nut rbel oI EzPeirrra rs. Plol Yi.lds Analyscd.

Rotham-
sted anal
Wobum.

Outside
Cetrtres.

Total.
Rotham-
sted atrd Outside

C€lrtres.
Total.

1925
r926
1927
1928
192$
r930
l93l
r932
1933

8
t3
l2
ll
t2
t4
t3
l7
l6

I
5

t2
t2
24
4l
49
78

8
t7
t7
23
24
36

84
93

328
740
802

1267
1565
l34l
2044
2153
2085

73
150
392
352
918

1968
3752
149

32A
8r3
952

1659
l9l?
2259
4012
6945
6628

FARM HUSBANDRY PROBLEMS

With the completion of the farm equipment it has now become
oossible for the fa-rm staff to take up a number of farm hu"bandry
iroblems which previously had to be neglected. Three have already
been started. and it is hoDed to take up others as opportumty anses.

Swrces oJ louer aboui the farm ht{ldings. With the setting up of
the srid sv;t6m. manv farmers are now in a position to obtain
electiic current as a souice of power, and naturally they wish to loow
how its cost compares with that of the intemal combrstion engine.- -A
Drosrarlme of iriLvestieation was draua up early in 1931, when Mr'
'Borlase Matthews gen-erously gave his services in workint out Plans
Ior a complete inst-allation. 

-Ii 
was not, however, possibJe 

-to 
obtain

the necessarv capital, and the work could not be put in hand. In
1932. however. Sir Hrgo Hirst gave a munificent donation that
assured adequate equipment, and the North MetroPolitan Electric
SuDDlv ComDanv aereed to connect up the farm, and supply current
att ioecial'ratl s6 that the investigation could be begun in real

earnesi: Mr. Rowland and other officers of the General Electric
ComDanv thereuDon desimed the installation and selected the
uorriime"nt : The'purpose 6f the work is to see what electricity can

uielillv do about ihe buildings under the condirions o{ a good com-
merciai farm, and how the costs compare with those of the older
methods. The Royal Agricultual Society made a Srant-out of-its
Research Fund to a.[od of the appointment of a Recorder, and a

schoe of measurements was drawn up after discussion with the
Oxford Institutes oI Agricultr:ral Engiireering and- of- furicultura'l
Economics. The various oPerations, threshing, $inding,- etc', -are
done alternatelv bv al eleitric motor and by an engine (usually a
tractor) and thi work done, the time required, the units of electricity
or e-allons of fuel consumed, a.re all recorded, along with such other
meisurements as give further necessary inJormation about .lle
oroduce. We shall Ihus be able to find how many units of electricity
lre eouivatent to I sallon o( fuel for work about the buildings.

Uirder ordinani commercial conditions of working the lrcwer
reouired to do . p-.tticrlt piece of work varies widely according to
thd settine of the machine ind the condition of the Produce it deds
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with, but these variations are reduced to a minimum in successive
tests. A firther result of this irvestigation will be to furnish agri-
cultural engineers with information about the wastage of power that
so often occurs on farms.

For purposes oI these investigations the Intemational Harvester
Company kindly placed a new tractor at our disprsal in order that
we might include it in the tests in comparison with one that has done
five years' good work on the farm.

Shetp husbatdry iwesligdliots. These investigations were begun
by the late H. G. I\liller, and their general trend was foreshadowed in
two papers, one read before the Rothamsted Conference on Sheep
Husbandry *, and the other read before the Farmers' Club in t93lt.
The experiments include some on the flushing of ewes and the treai-
ment of the breeding flock. A flock of four nippled ewes is being
built up to see if they are btter mothers than the rcual animals
with two nipples only.

Baco*-pig iraesligations. The herd consists oI Wessex Saddle.
back and cross-bred sows crossed with a Large White boar.

The experimental work on pigs was extended during the 1'ear by
the introduction of a complex experiment, designed to test the
possibility oI applying to animal husbandry problems the metlods
which have been so successful in increasing the efrciency and validity
of Iield plot experirnents.

Individual feeding wa-s resorted to, and three hlocks, each of 24
pigs, were formed, to test the effect of green food, of dry feeding ucrs*s
wet feeding, and oI variation in the numbers of pi{F per pen (equat
floor space being assigned to each pig). The experimen[ w-as very
successful. The results af(ord a striking demonstration of the import-
ance of green food in the dietary oI the growing pig. They also show
the advantage of wet over dry feeding, this being attributable to the
greater food corsumption of the pigs on wet food. There appeared to
be no differences due to variation of numbers in a pm. The standard
errors per pig were satislactorily low. Tbe details of design and
numerical data are given in the Yield Tables at the end oI the Report.

The experimental design adrptcd embodies several novel and
interestine {eatures, and the mcthods cmplol etl should prove of great
value to those who have to undertake this t1rpe of investigation. The
work is being continucd this year.

These various experiments are being continued under J. R. I[of-
fatt; their results are not yet suftciently advanced for publication.
The efficienry of the managcment is attcsted by the circumstance that
the lamb carcase sent to Smithlield wa.s awarded a First Prize. the DiE
carcase a Highly Commended, while the bacon factory ptace a laigE
proportion oI our animals in the A class.

PLANT BIOCHEMISTRY
The work on fertilisers and crops has expanded so much that it

has been necessar5r to make further provision for chenrical examina-
tion oI the growing crop, and A. G. Norman has therefore been put i.n
charge of this work. In conjunction with Mrs. Norman, he is studying

I Jl. F.t1'tE' Clqb, lr!1, pp. roclu, oDbi!.bL trcd .t s.e P.rr'l, Oub, t WtiaL!
G.!d6t l-d@

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-1-3 pp 36

33

esp€cially the transition from the ea.rly stage in the lile of grass and
cereals when the plant is rich in protein and in minerals, to the later
suge when it contains much cellulose. This completely alters its
feeding value and much affects the return a farmer obtains from
his fertilisers.

These studies of cellulose will be greatly facilitated by the
collaboration of the Textile Physics Department of the Leeai Uni
versity, Mr. Astbury having kindly undertaken the X-ray photo-
graphy of the various samples whereby their intimate strirdure is
reveale-d -

THE NATURE OF THE SOIL
Field experiments necessarily remain purely empirical and

limited in value until sufficient is known about the soil to show how
far the results obtained on one Iield are likelv to be obtained on
another. Laboratory investigations of the soii are therefore made
on the physical, chemical and microbiological sides.

PHYSICAL PROPERTIES OF THE SOIL
These are studied in the Physics Department. B. A. Keen's well-

known investigations o{ the soil moisture relationships have formed
the basis of much subsequent work, including that of W. B. Haines,
which showed that the old " equitibrium values " of soil moisture
content had no actual existence although certa.in characteristic
moisture contents could be recognised. Some of these are now
being studied by G. H. Cashen using sensitive electrical methods;
they correspond to some kind of combtration with successive but
uniform increments of moisture. The well-known " sticky point "
appears to be the seventh of these stages.

Kaolin appears to behave like clay, and as its chemical and
physical composition are better known than thos€ of clay, it has
proved lsefirl in the interpretation of the clay phenomena.

Water, however, is not the only liquid with which the clay enters
into srrme sorf of combination. E. lV. Russell has studied the be-
haviour oI clay and various organic liquids, using the change in
specific volume of the clay rvhen immersed in them as a measure o{
the degree of the combination taking place. So far as can be ascer-
tained, only polar liquids interact with clay, and t}re extent of the
rnteraction (i.e. the redrrction in specific volume) is approximatelv
proportional to :

(l) The number of exchangeable ions the clay' can hold in
equilibrium with a bu{fer of pH7 ;

(2) The mean charge density on the surlace of the ions ;
(3) Some property of the clay expressed by the shape oi the clal'

titration curve.
When the liquids evaporate from the wet paste the ctay particles

tend to cohere, forming aggregates or crumbs. This occurs, how-
ever, only in pclar liquids, and it is marked onll'when the clay has
an appreciable base exchange capacitl,, when its Particles are small,
and the exchangeable cations and polar groups of the liquids are also
small.

.{ll these phenomena can be explained on the hypothesis that the
exchangeable ions of the ctay particles interact with the molecules

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-1-3 pp 37

34

of the liquid if these are polar, the interaction being the simple
orientation of the dipoles by the electric charges on the ions and the
clay. This hy'pothesis pronises to be useful in furthering our know-
ledge of clay and of crumb formation in soil. E. W. RusseU having
been awarded a Rockefeller Fellowship, has procceded to Professor
Patrick's laboratory at the Johns Hopkins University, Baltimore,
to continue the investigation, using the slxcial high vacuum
technique which has been develo@, there.

A new line of investigation, the interpretation of which is not
]rt in sight, has been opened up by R. K. Schofield- The curves
expressing the relation between calcium uptake by difierent clays
from calcium salt solutions of different pH values vary according to
the clay, but the variation occurs only at pH values below about 9.8 ;
above this the curves are all similar. Whether this is a specilic
property of the calcium ion, or whether other ions behave similarly,
is not yet kaown. The resldts are, however, curious and almost
certainly conceal some property of considerable importance.

The clay investigations are already throwing light on other
problems besides those relating to the soil. G. W. Scott Blair is
making with dough a series of experiments parallel to those alreadl'
made with clay, dealing especially with viscosity. He and R. K.
Schofield first cleared up a difficulty on tbe theoretical side by show
ing hov/ to modify the orfinary Maxwell equation expressing the
rel,ation between rate of change oI strain to rate of change of stress
so as to makJ it fit the facts in regard to clay and similar substances.
The new results are no\y being used to study the stickiness of dough
in association with the Research Institute of the Flour Millers'
Association. This particular property is much used by the baker in
assessing the value o{ the dough ; it is being estimated by mears of a
Kachinsky balance. The rheogram measurements already described
have been extended and for the first time the important elastic and
plastic properties oI dough have been expressed in absolute (c.g.s.)
units, while standardised methods have been set up for preparing
reproducible doughs from flour samples.

The effect of yeast on these various properties has been studied in
conjunction with L. \1I. Samuel.

The important technical applications of these various results are
worked out at the Flour trIillers' Association Laboratorv. The work
affords an excel.lent example of the way in which a scientilic investi-
gatioo Otolerl! done may widen out wholly unexpectedly and throw
light on problems far remoyed from those originally in mind.

CHEMICAI PROPERTIES OF THE SOIL
The work during the past year has been concemed chiefly with the

plant nutrients in the soil. The lertiliser experiments at Rothamsted,
Woburn and the outside centres are all organised Irom the Chemical
Deparhrent, and a considerable part of the time of the stalf is taken
up witt the chemical work associated therewith.

Side by side with the field experiments on organic manures, E. M.
Crowtherand his staff have sincdlg2T been studling their decomposi-
tion and that of crop residues in the sorl, to Iind the relation between
the productio! oI " available nitrogen " and the nature of the
organic material and the geaeral soil conditions, including the time
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interval betlreen addition of the material to the soil and utilisation
of the nitrogen compound by the plant. The staning point was the
remarkable fact that treen manures, especialJy tares, do not keep up
the productiveness of the light soil at Woburn for wheat. -Thi
conditions in the field favour rapid decomposition of tht crop
residues and loss of nitrate by leaching, but this is not the whole
explanation. E. M. Crowther and H. H. Mann show that in pot erperi-
ments baxley benefits from the nitrogen of the tares so long as it is
sown immediately after the burf ing oi the green crop, but it does not
benefit from the nitrogen contained in the mustard. The ef{ective-
ness o{ the nitrogen speedily decays, however, and iI the sov'ing is
too long delayed, the cereal gains but little Irom the tares. This is
not eDtirely a dninage effect, Ior it happens u'hether the soils have
been leached or not. At Rothamsted the nitrate stored up during a
summer or autumn fallow suflered a similar " decay " : it IeU to a
low level during winter. Yet the wheat crops that followed did not
suffer in the same way: the yields corresponded more closely with
the levels of nitrate present in autumn, and varying with the treat-
ment, than to the uniformly low levels of the early spring. E. M.
Crowther suggests two possibilities, both of which are being further
studied: the nitrate may be converted by micro-organisms into an
insoluble Iorm which is later broken down and becomes available to
the crop ; or it may be washed into the subsoil and held there till it
is taken up by the crop. Usually the plant nutrients are supposed
to be specially associated v.ith the surface soil, and the subsoil is often
neglected by chemists. The above results suggest that the production
and utilisation oI plant nutrients is related to ttre structural and
textural characters of the whole of the soil profile.

In acid soils and on grass land, nitrate formation does not proceed
far, and considerably more ammonia accumulates. Evidence is
adduced that grass frequently or even normally obtains its nitrogen
not from nitrate, but from ammonia.

Soil aral,ysis. Now that so many field experiments are beirg made
at outside centres b], the Rotharnsted staff or in association with
them, it has become possible to take up once more the important
question of soil analysis. Nothing in agricultural science has had a
more chequered career. Hailed at the outset as a great scientific
triumph, it had to be abandoned because its results were so often
useless to the farmer. It is now recognised that two distinct problems
are inyolved: soil analysis for advice in regard to manuring, and
soil analysis for the characterisation of soils for purposes of soil
surveys. Two groups of methods are therefore needed, and these
are being worked out in the Chemical and Physical Departments.

For puqroses of advice on manuring it is usual to adopt some
" availabilitv " method. A number of these have been devised and
some are faiily well received on the Continent. They and others are
being tested in the Chemical Department on the wide mnge of soils
obtained from the replicated plots at our outside centres where,
therefore, the actual manurial response is known.

For soil survey pu4roses, new methods of characterisilg soils are
being studied both in the Chemical and Physical Departments, and
then tested on groups of soils lnowa to differ in proprties. An
important survey of the soils o{ a large rubber estate in Malaya is now
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being made, one of our former workers being out there lor the pur-
pose; based on this survey is an extensive series oI manurial trials.
A comparison is being made of certain tropical and sub-tropical soils
by some of these new methods to see how far the relationa alreadv
found are likelv to hold true generally.

This work t'ill be facilitated by the investigarions on rhe inorganic
soil colloidsnow proceeding under E. M. CroMher. Anewmethodhas
been worked out for the direct determination of aluminium in soil
clays, and Sir William Bragg has kindly given facilities for using
X-ray methods in the investigation oI the clay structure.

Rare clmunts it platt nutrition. As for hunian beings and animals,
so for plants, there are certain food substances which must be
supplied, or normal growth does not take pLace. In one of the Iirst
investigatiors made by }liss Brenchley, at Rothamsted, small
quantities of manganese were shown to be advantagmus to cereals ;

later work by Samuel and Piper at the Waite Insiitute, Adelaide,
showed that in its absence the oat Dlant is speciallv liable to " erer.
speck " disease. The Chemical D6partmeni is n6w engaged ir i
study of availabilitv of manganese-in deficient soils tiabli to this
disease.

Miss Warington showed that sma.ll quantities of boron are needed,
and trom various parts of the world thire have since come accounts
of p_lant diseases associated with boron deficiency. The appearance
of this deficiency is less rapid in spring and autumn thaa in iummer.
but planls require boron whatever the season. Some of the effects
of reduced hours of &ylight superficiallv resemble those of boron
&ficimcy, e.g. both miy-prevent flowering, but the characteristic
effects a.re entirely distinct. One resu.lt of lick of boron is to reduce
the uptake of uutrients, calcium being more affected tian either
nitrogen or potash.

Fedihser from waste coal,. In recent years various humic sub-
stances have been prepa.red from waste coal {or which fertiliser value
might reasonably be expected. Careful tests oI materials supplied by
well-hrown experts in coal chemistr5r have, however, fa edt-o reveal
zurything of value to the farmer. Claims of better success harre been
put lorward in Germanv, but so far we have no evidence that these
are justified.

LUCERNE AND THE NODULE ORGANISMS
The demand for cultures of the nodule organism stiU continues

satisfactorily, and we are informed by Jlessrs. Allen and Hanbun
that enoryh were sold last year to treat seed for 4,200 acres.

- Meantime, H. G. Thornion is continuing the study ot the relations
between the nodule bacteria and the plant. He finds that the
infection of the host legume increases verv sreattv at the time when
the- true leaves open. .4t that stage the r'oo"t haiis exude something
whrch apparently causes the nodule bacteria in the soil to multiply ;
and, rn turn, to produce something which causes the root hairs to
curl ; and at tle bend thus made thev enter. H. G. Thomton has now
isoLated from the bacterial products a gum which causes the root
hairs -to,curl and also to grow, so that'it is either itself a growth
stimutating substance or iiis associated with one. Its action-, how-
ever, is neutralised by a small quantitv of nitrate in the presence
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of which the root hairs remain straight so that the bacteria cannot
enter, hence the \flell-known effect of nitrate in reducing the number
of nodules or inhibiting their formation. This neutralising effect,
however, is overcome bv addition of a little sugar, sugtesting that
the carbon/nitrogen ratio, known to be important in other asPects of
micro-organic life, is important here also.

SOIL MICRO.ORGANISMS
Some years ago it was shown that the number of bacteria in the

soil is not constant, but varies from day to day, and even from hour
to hour. Improved and more rapid methods of counting have now
enabled this work to be extended by C. B. Taylor, and it is shown
that the fluctuations still take place even when the temperature and
moisture content of the soil remain constant : this confirms an older
observation by D. W. Cutler. The fluctuations of the total number
revealed by the direct staining method are of the same kind as those
of the special groups that grow on the culture medium used in the
ptate method ; this is being further examined-

The respiration of different soil micro-organisms, as measured by
oxygen uptake, is being studied in the Microbiology Department.
Thilesults are unsuitable Ior brief summary, but an interesting point
brought out is that in young cultures the resPiratory quotient
(COr/Or) is greater than l, while in older cultures it is less than l.
Theiate of oxygen uptake per 1,000 million cells reaches a maximum
value about 60 hours after inoculation, whereas the rate of carbon
dioxide output per 1,000 million cells is at its maximum in the first
24 hours after inoculation, and falls off as the culture ages.

An interesting survey was made by Miss Dixon of the Protozoan
lauras in the tobacco soils of South Russia. Atl the soil samples con-
tained protozoa, even those taken at some depth below the surface,
while the upper layers of the soil contained them in considerable
numbers. There rvas, however, no relation between the protozoan
fauna and the soil ty?e. Variations in acidity have but little effect
on the {auna, thougli ihe optimum pH value varies somewhat for the
different species.

Perhads the two most important actions of micro-organisms in
the soil aie the breakdown of'the nitrogen compounds wiih produc-
rion of nitrate and sometimes loss oI nitrogen; and the decomposi-
tion oI the non-nitrogenous comPounds to carbon dioxide and water,
a change which eitlier involves their complete disappearance 9r
leaves i residue of humus. Both have been studied in detail in the
Chemical, Microbiological and Fermentation DePartments.

Both changes are much influenced by the ratio of carbon to
nitrogen in thi substances present. The imounts of nitrite and of
nitraie formed are both lesi when the ratio is high than when it is
low. The rate of decomposition o{ sugar is Sreater when the ratio is
low, but as S. LI. Jenkini shows, the raie of decomposition of cellulose
is less affected. though it varies in the same way.

The changes degird on the nature of the Eitrqge[ comPourd- In
the decompoiit on-of straw, ammonia is taken up by the organisms
rather tha?r nitrate in the early stages oI decomPosition, but not
in the later stages; in the end both are equally utilised, though
nitrate caus€s J greater loss of nitrogen. In the decomPosition ol
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sugar there is no evidence o{ any preference for arrmonia over nitrate.
I he loss rn presence of ammonia was about 14 p€r cent. Eith a CN
ratio of 8, but was nil, or even replaced by a siieht eain. when i'he
ratio w-as 84. Evidence is given ihat the-loss o"f e.;o* nit o*"n
takes place r dthin the cell of the micro-organism ant is not a simile
decomposltron of ammonium nitrate. There is also evidence thafin
presence of nitrate the loss is still greater, though no definite tigures
can yet be given.

. Frmgal tissue is fulll available to micro-organisns as a source of
Lulrggen ; it-is as easily and as completely. nitified as ammonia and
rt lett no resistant unnihifiable residue-

. In. all- these decompositions brought about by micro_oreanisms
there rs also.mrrch. resynthesis, the organisms buililing up thjr body
tlssues out of the decomposition prodrrcts.

. The sticky part of the humii residue left in the decomposition offarmyard manrue is supposed tr_, have considerabt" pt v=i."i-"fi""i i"tic sojl ; its formation has been studied in dem.il. 'It-is 
most easilr.

pqed.whgn the decomposition is begun by f,,ngi;d th; ca*A
rururer Dy bactena ; the optimum pH is about 9.5 or 10. Nitrate and
lungat tEsue are better sources of nitrogen than ammonia. and the
action proceeG better when the mineral- b-ases are soaium oi lirt^*i".than when tley are calcium or magnesrum.

PURIFICATION OF EFFLUENTS
D. W. Cutler and E. H. Richards, and their staffs, are applyiue thes€

results with considerable success to the purification ,f 
"H;";i'. 

i;;
sugar beet factories and from milk factories. In Uotf, .ar". o..""i"
matter has to be decomposed and in both cases microoreani.;;ri
far the ch-eapest agencies for doing tbework. The conditfia;;;;r"d
are a ready supplv of ox] gen, suitable reaction and suitable carbon
nrtrogen ratio. The requirements may vary at different stases in the
decomposttron : thus the decomposition of complex substirces Like
protelns and lats proceedsmost rapidly when theiirst stages are done
unoer anaeroblc, and the later stages under aerobic conditions-

For sugar beet Iactory effiuentiapprop.i"to .onaitio*-t au-" Ue",,
worKeo out, and the results are embodied in a reDort issued hs fhp
Delnrtment oJ Scientific and Industrial Researcf,,Gdei*ili;;
all this work has been done. For milk factory 

"mr"ni, 
tir" piotL''-

is proving more difficult because of the p."r.r6" oii"i-;-tt i; i, ;;;i;
trouble long familiar to sewage experts, called upon t,j A"J *iif, tf,"
soap rn domestic s€wage. In view of its importanc-e a soecial investisa_
tron o_l tbe- decomposition oI fat has been started. Conditions hive
been tound under which both the fat and the casein can te nre_
cipitated- from the effiuent, leaving a tiquid that ;" b" ;; ;;;.
biological filters without fear of clolgiag tiem.

PLANT PATHOLOGY
A new stage in the history of the plant pathology Department is

9peled wlp tr9 _appginkn€nt of J. Henderson Smiiii as liead and otu. samuel as Mycotosist in place of W. B. Brierlev. and R. H.
)toughJgn Iespeqqvely. Professor BrierleV is writinp his resuttsror publrcatron- ttofessor Stoughton,s have trera puEtshed. t}rr"
Dnntmg to a close the work on Black Arm of cottoir. tte tai:teriat
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itisease caused bv B. Mahacearum, an investigation hitberto financcd
bv the EmDire 

-Marketing 
Board. Miss Glyrrne has continued her

oiork on Wart Disease 6f Potatoes and on Take-all (Ophiobolus
gzczrinds. Sacc) on wheat. The Wart Disease investigation is widened
'so as to include a study of some of the new varieties under examina-
tion at Ormskirk, a ipecial grant being given by,the -Ministry of
,Aericultue for this DurDose. A rapid method devised by Miss Glynne
is"used for distinguishing immune from suscePtible varieties This
method, rvhich n&ds only a lew weeks for executio-n,- gives results
which agree in eeneral with those obtained in the field after some

two or t"hree veis trials: it is therefore a great convenience to the
ootato breedei. because it showshim at once what material to discard

lna ,"1"t to preserve. Miss Gl,'nne finds a-n intermediate group oI
rnLto varietik which can be aitacked by the disease organism, but
ivhich have the power of sloughing it off, so that it does no damage

to the crop and iauses no apparent loss in the field''- yit. dt*n" also continu'ed her suwey of fungus diseases on the
experiment"al plots, which is giving a mass of valuable observational
data.

ihanks to action on the Part of the Ministry of Agriculture, it has

})een mssible to continue in full the investigations on vims L'lseases

of pfints. hitherto financed by the Empire Marketing Board' No
.fu-r.i". .hr"ii." 

".n 
u" repottria tnit yeai, but there has been a go9'd

deal of"eeneral orosress as the result of much quiet steady work' ln
mite of"manv aiteripts, no method has yet been found of growing the
*rrs outsidl the Dlant. The analvsis of virus diseas€s has con-

iir"A. 
-e-i"t 

tr, 't tiru .p", " diseise o{ tobacco has been -Iound'

".u.ua 
Ua, a mixture of-two separate viruses, neither of which- alone

""" "t"air." 
it. The aucuba virus of tomato, which has been in- our

laboiatory for some time, is now shown to be a mixture of two whrch

""t 
aiii*iniiy -a.pp.tently are to someextent mutuallv inhibitorS"

i-he oroducti-on of frius srmiptoms by a trace of molybdic acid and

rrrhios of other chemicals has been further lollowed uP, as also-has

[f," fit pf"ya by the insect that carries the virus from one plant

to another,'- ;-;d"ir- has been made bv J. M. Birkeland on the -application
,, prr"f"itG. Lr $re seiorogidt methods so much used in animal

pathology.
ENTOMOLOGY

The chief investigations in this Department are concerned with :

lil-iil;'f;;;;; kP.nsible for t'he variations in numbers of

insect oooutations ;"'- @]'fl;;;; of the attraction of insects to the plant that
thev attack ;-"-irJ 

uethods bv which thev can be kept in check'
iii studvins tfre variationi in numbers of insects from trme to

ti-".'C.-4.'Wiltms has arrangpd some ingenious lighted traps.to
take'samDles of the nisht flving insect PoPulation' lhe catcbes lor

"rJ r"oiot. hour of the night are kePt distinct ' lnd rePrd: ?re
;;"" ;'ht*il* the meteorololical condilions throughout the nignt'
iiitjai* *"iit""* i".oiai 3t ointttt, temPeratur', Pressure'.wind
directioriantt velociw, humidity, cloudiness, and degree ot bnghmess'

D#;; b.l"t "-*6t, but it ii too earty to discuss them as yet'
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. . H. F. B-arnes showed that the infestation of wheat bv the two
blossom-midges C. tritici and S. mose atu;r;;;iil;ih; il;
y:T 10.6 

an9 t.4.per.cent..kemet attack respectivet "s;dG;Jru.o per cent. in- 1932), probably because of the earlier e-mersence oI
rne rxoges whlch prevented them ovipositing on the wheat '
, ,TA" g{ ry F. Barnes' observationj on wh&t midg, 

"r" 
.r_*-

lsed rn I able E.

TABLE 8.-Damage to Wleat by Wheat Mid&s : BroadbalL.
_ (a) By Cont@inia trittci Kftbv.

-Per 9q0 ears wrreat. isgi 1928 rsie' 
-isi6 

rs:|r
ilg 9l11y." l,?80 2.1s6 rs.e63 ra,i66 re,iiiNo.-or ro6t graro .. 239 203 f,€4 I,39.f t;ZOlrerc€ltage ol gtaiD

attacked .. 0.95 0.79 5.9 S.g 6.4

1932 1933
?,356 t,611r,030 126

4.9 0.66

Dctiee oI Parasitism

(D)
Per 5fi) ears wheat: '

No. oI La,reae
No. of lost graia . .
Perc€Dtage oI grair

atta.ked

Dcgr€e ot Parasitism

192&9 1920-30r930-l r93l-2 1932_3s.6% 27% 53% 46% 13%

By Sitotti flosls moscllaaa. Cubii.
1027 _1028 t929 i03o r93l 1932 lg337_t ?,94- 587 3.748 s,O27 3,114 iio541 t,4a6 4J1 2.7@ 4,032 2,2@ tii)
2.2 6.7-- 1_8 tt.7 15.0 10.6 t,4

1928-9 1920-301930_t t03l_2 tg32-373% 1s% 86% 86% eail
The degree oI parasitism of the gall midge (,,button toD,,sa.llsron bast<et wiltowJ was much less tti'"n i, iBezl u"iri, luJfrt r3?Jcent., iastead of 58 per c€nt., and the numbei ;a #dg;il"6.-

siderably higher. rt6 totar numuei oa*G;;J;;l'% ;fr#Jfrom tie plants, however, showecl 
"o -..tiJcU"r,g[.

Population oI 500 gal ls ot tiAe @Ldge Rhald,oihqa h.kroAia.

ts32
IS33

1\Iidgas. Parasites.
Midges and
Parasites.

PercoDta,qe
Paresitism-
-*

l3
1,480
2,810

t,66'
12a

3,112
3,230

.. !.C F NeMon is studying the phenomena of oviposition bv
]l::l11l,^:i dllfrent wiuow"sp es- fi," p-,iii.* i, tliifi;ff,;:insect chooses certai, .pe.t", oi .ut,i.r, i; jIv ri. #i , 

".ii,?rllJ"iil
others.. and whether the 

"p"ci". 
piuie..udlr;-#T;d;'li j,.#""f;

The phenomena of gall formation'are af.. U"irg ;rii.l". J;;;;1ithat wi.Uows can be divided into tnree groups: those on which esssare laid and galls formed; those on *r,'i.t 
-igg, 

":* 
1"ll"uili",i'J fffi.fonled: 1nd those on wbich no eggs are laid.

.--A sawfly (ptelorridea nclaru-sbi") U"f,.u"" io*.ra" the differentwillow species in just the opposit.'e way to ttre miage.- ihi. su;;isthat.a chemical constituent'oi the leaf is concemed."and iti"."-ffllrrito the one insect but artracfivc t" tf," 
-.iir*.-:iniil;;i, 

fHil;closely followed up.

3,,.-{lf,ili"1f,i,,ffi ',"T'l.i**,xxgHlfdffi ffi "{lgJ
of the same thrips ; so f.. ii e 

'f,-gus 
has not been idcnfified.'----
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INSECTICIDES
The work has been chiefly concerned with insecticide plant-s.

Thos€ containing rotenone and the pyrethrins are most valuable
because. althoush highlv poisonous to insects, they are comlEra-
tivelv (armiess"to tninin'Ueines and domestic animals. Curiouslv
enou-sh- rotenone is highh Doisonous to fishes also. There is an

incrdsing demand for t"hiisibstance which, so far, cannot be made
synthetic"ally on the Lrrge scale; it therefore has to be extracted
from pl,ants.

hlrethrum (Chrysanllrmuw cineratiazJoliuml is a valuable
inseciicide, its flowers containing two imPortant active PnnciPles-
the Dwethrins I and Il. Experiments are made in collaboration
wittiihe Plant Pathological Dipartment of the Ministrv of Agricul-
ture to ascertain the ;ffect oi soil, season, manuring and other
cultural oDerations on the yield of pyrethrin per plant and per unit
area. Th6 ohnt is perennial in habit, but requires a period of dor-
mancv oth6rwise ithves poor lields of flowers: generally speaking
it e ct"imatic conditidns of this iountry al4)ear to suit it better than
those of tropical countries. The possibility of obtaining by cross-

fertilisation 'new and more Potent;trains than the old ones is being

examined.
llnfortunatelv. pwethrum dusts quickly lose their eflicacv when

exposed to air an-d light. Methods havi now been devised for partiallv
overcoming this.

Two gr-oups of tropical plants, Deris spq. arLd. Ltmclneatf'as spp '
contain ioteione as well as otber insecticidal substances, and are

i"J"a"O in tt 
" 

i""estigations. Some of this work is done in associa-

tion with the East MiJing Research Station and wit}l the- DePaJt-

-"ot of Agti"rlt*" of th;Federated }Ialay States: it is clear that
Malay can produce excellent samples.' --iir" 

in.i"."irs aemand for roienone and similar insecticides and

ttu tr"i thrt th; British Empire can suPPly the necessary Plant
materials either from the tropical or the temp€rate regions makes It
ven' desirable that this work should be develolrd 

- 
m-uch more

intensivelv than is being done at Present. F Tattersfield,has struck

^ ".." "iuaUfe 
line ot iork and hls results are being closely watched

t u ini""ti.id" makers at home and in the United States' With more

"tri.t-"" 
he could make much more rapid progress than, is-Pos-

iibt" at nresent. )tessrs. Geo. llonro kindly provide firnds for-a
technical' assistant, while a substantial subscription has recently

.om" i.or" tfr" *"it-kt o*,lr firm o{ Messrs' S B' Penick & Co ' of
N-;*i;;k. The Department is still understaffed and could work to
much grcater advaniage if more funds were available'

BEES

The useful irvestigations carried out !V O' y T Morland over

ttre last eleven vears on the tecbnique of honey production,are now
trearins fruit- and tris services are increasingly in demand among

u.o[Jo"tt. 'C,onsiderablv more work has been done this year. on

,'f," f""t'"* a"t".-itine th'e rate of accumul,ation of honey in tle hiv-e'

as measured bv continuous weighing, and on internal economy ol.tbe
hive, studied 6y closely watching the activities of- marked bees.rn a

A; ;il N# an<I iiteresting-observations are being made which
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are giving much valuable information about honey production,swgl1nt, and other subjects of great importrnce io-LJieu#_Hltherto no work has been done on bee diseases. but at the
.urqen1 leguesJ of a Iarge number of bee_keepers these are now io-Lerncluoed.ln the programme. The bee-keepels have expressed theirrjrter.est by the very convincing method of subscribing through theBritish Bee-Keepers' Associati6n the sum of {zsro. i"ai-toiiii*vears .towards the cost of the work. fhe AgricultiriJ iese;chc11p1],r1nressed. by this keenness, h."" sr"riAi ;""qid'ffi;;t,
:o rnll1 bactenologist }tas now been appointed to studv the Foul
Droo<r t lseases. tt. L. 'l arr- of the Universities of British-Columbia,
Monkeal.and Cqnb.n.dger commenced *ort on ttiarl ifu4. iil.Kot-D.amsted aut-horities have, on their part, provihed i eood_si",edlaboratory. exctusively ro, ri i"roiifiti;{'-if ; i8#-it".rurmer support \y l be forthcoming, so ihat the laboratorv mav beruly. used tor ttte working out 

_of the hig]rly important anrt 6xtrerirelv
rascrnatrng problems associated with bees-

THE STATISTICAI DEPARTMENT

^ $'ith 
-the departure of R. A. Fisher to t"k; ;; hi; r"* duties ongj,.*l ti , 19ls as calton professor of tt" U.fi".-*ityiiiJri-,

m€, uepartment enters on a new phase of ils existen;. professor
rtslers work at Rotharnsted has revolutionised the science ofstatistics and tbe technique * uioio6cJ- efrrifrJ,tii#l.,iaagriculture must corsider iisetf indeed ?;,t*;#-i;;;;'h^h ;1.especial attention for so long. His o"n accou:lill *. ;;;i. il;;below..It is with great pleasire tb"t;;;;bt" ;'ffi;"&i h?i;consenred to remarn an honorary member of the staff in a consultantcapacitv.

- \\'ith the improvement in the quality of agricultura.l exDerimenta_tirn, and thc spread of the new me'thodJ, i["-E;;;e;""if;'ffi;_
ment lor analytical and advisory work are continuallv i"_;:i";Mr..yatts, who succeeds professoi Fisb; ;H;J;?fr;,D";;;;.1.,7
rvhile following the lines laid dorm by _i" t"e""**;, ilfff;J;;to expand the agricultural side of tn"" Oeli.rt-""J;H;;;;?
make the_ new methods available to stationi ;E;ii ; #f;;.fr;.n the old-lines and in problems where tley L";;;;;i#; ;;;ifjThe techniq-ue of Animat Husban&y "-#,tu;;;#;i;;il;ffi;"fartehind that of fietd crops : *d ;;:i ;i;ii;;;-;til li ftffifi'Aand overse-as Jeel the need of some c""tiat .t"tiJ"ailaiil".ffi;
ment.to.which they can tum for adyice on tli"-t.v""Gi 

"_riri-ii"Tiand the in-terpretation of results ; ."-", i"a""a,'io",iif;ffi; iil;services of a computing office which couiJi;i; th";;#fi;il; t:arithmetical work off iheir shoulders.
IJ would be impracticable and un_necessariiy costly to urge thaleach Agricultural- Institurion or Department' a.lri 

"_p"-.ii""iiiwork. should ir.ve a kained Statistical' Staff. rl.""n if,.'i"J".""il.::liII *jytd be so equipped. rh" D;;;,fifr; ii"n'.ifii#i"?nas slnce rts inception devoted considerabli t,^" to U"tpi"g e*p"r*_menters from other institutions. ir nas recerved a constant streamof workers from all over the world, "ft.;-;;d; ;,t'ili,i',ffil:o*1, d3b: ang spendqC weeks, or .o"tf,., fi--?ppifr"C1fr; i,J;methcds to them, or in discovering now io appili 'th&; ;;problems.
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It is gratilying to kno\y that new field exPeriments laid-down in
most oais of ihe Emoire and in manv foreiR-n countries follow ven'
closelir the methods'devised in the'Department; frequently the
Depaitment has assisted in the design-of the exPeriment. or the
intirpretation of the results. Many repons involving-experimental
data'have been brought here for discuision and examination belore
final Dresentation to ihe orooer authoritv. The work is handicapped
bv sh'ortage of staff, and iouid be greatlv extended at relatively little
cost.

The *'ork o{ the DeDarhnent is erpanding in another direction'
As the q'ality of ttre e*i*timert.l tesuits impioves, so do the ct,llec-

tions ot'data'obtained i,vet a sequeoc€ of years merit more care{ul
summarisation and cntical eramination. Mirch of this twe of work
is rrrsentlv necesv[v. Reference has aheady been made to the Part
ptuv& uy tn" Strti;tical Department in the-Field Plot work All thc
ither Dipartments. howevlr. hom time to time apPeal to the
Departmht for assistance in tlesigning exPeriments. and for aid in
deiling with the results $'hen ther- are obtained.

THE CONTRIBUTIONS OF ROTHAMSTED TO THE

DEVELOPIIENT OF THE SCIENCE OF STATISTICS.

R- A. FrsnBn.

In 1919. the vear in which the Statistical Laboratory was founded'
the function of the statistician was understood to consist in the

determination from the data presented to him of certain- average

"J"*,--"i" 
o. tot capable oiscicntific iaterPretation, and.'lso by

il" *i orq"*titio oi the second degree, squares and Products' o{

" probable irrors " regarded as adherent to the averages obtarncd'
'llie term averases ir ihis expression is to be interpreted somewhat
;Jeil.-;-;n 8; more {ullv'explained, and any ekensive body of

<tata is capabte of vieldine ;n uirending variety of such quantttie-s'

Exactlv w'hat aver&es tdobtain from the data dePends inevrtabl!
on whit kind of iniormation it is desired to elicit, and is to thrs

"ii"J 
t.i t tt.tittical question. A comprehension of the aritlmetical

.r.o.it 
" 

ia. troor"uer, rieeded to ensure that the averages obtained

It aU U" app.optiate to the mearings \ hich it is hoped to place upon

them; mbieover, extersive bodies of data usually -contam. 
rntorma-

tion on Doints which were not in mind when the observations were

;;",';d;;;" k";*led.ge is needed to determine what t,?es.of in-

i.n"lti"" *" 
"".ilable, 

;al by what methods they can be elicited'

As a verv simnle example, it was shon'n in f92I (I) that- whert

the two metiods field appribiably different results, it was Preterable
to calculate the ielativi-growtl rate of plants or animals,. trot as

some olant Dbvsiolosists had maintained, by means ol a lormula

"tr"fo"o* 
td tliat o{'simple interest, but on one a'nalogous to com-

oormdirtterest. Again, with a sequence of annual figures, of the -type
IiJ"J."i-i, 

""."T-ic 
anil vita.i statistics, and in the records of

iriteorological observations, and the " classical fields " at Rothams

, "*@oD'rb' 
(,u'n'

ri;;,r,;;r';G; Ptrli d-.r!i " A . ApP. Bior., vlt' 36?'!7''
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ted, it was shown in the same year (2) that bv means of a series of
averag.es related to the temporal order of the-sequence. the greater
part otthe slow-changes. asffibable to soil deterioration. weed i;festa_non, changes iD 

-variety or cultural practice, could be seDaratedlrom,,the annual fluctuations, ascrib;ble to weatber vahationsano expenmental 
-error,,, so as to enable these two classes oflirn-atron to be studied without serious mutual interference and

co.nfusion . The most extensive *".k of thi; ;ilrrnd;;ai;; ;h"Iaboratory-was the calculation of ttre au"rag" 
"ff""t. 

ot-rn#or.-ofl.ilf
ractors such as rainfall and sunshine at all -p".iod, 

of th" ve... on-ih"yield of crops- groun on the classical fi"tdi.-ihi";;;ii-:ir* ;;,ramral and wheat (B-). arld later the method was applied to suashineanc wneat, to ramlall and barley, and more recenilv to rainfall andmangotd.s. 
- 
A later series of papers is concerned with the exoeri_menrar evaJuatlon of the constants of fomulae, expressins. theincrelse in rield produced uu 

"o""esriue "ddil;;'"i-5;";"_;1"fertilisers (4).

, - The interpretation of all such estimates, fomred bv the com-Drnauon ot tnexact observations, requires that the discrepancies alstrsoouro De taken rnto account. This is ttre purpose of thJ calculation
of. a. probable error, or standard erro-r, but."';i;;;.il";;;;i;g
with the work oI " Student,'in Ig08 h; J;;;;;;J;'iffii;"
c_oncept of a probable error is insufficienti, 

"ri"i r.i irrii"iii"" i"the small 
-numbers of obsen.ationi us.aliy;";ll;-b]" A,;iHli;:;tal work but that it is possiblc in suitab-dd. t";ili;;;?;il1"

or- slgnlltcance lrom which the notion of a standard 
"rro. 

_.v Lelirinated, and in uhich it plays therefore;;t-"'i;;;;;.
.\eruler tne theorettcal nor the practical signilicanie of this adrrirncewas rcadily 

-appreciated, pa.rtly' because .j"a".i" 
"i"ti"fr"i"ii'i"."not aware of &e serious dicisi6ns whi"h "+;;;;;;;;ffid;;]F lti" {wgys ,of rimited data, partrv [,ecause 
-;-Siiiitr;#x,

rrearec an rsolated and especiallv simple-case, and it was not undei_stood that the cxact ma[hemat"ical t.".t*.rit? .tt"i;;;":;
lrrclrec cases -aFsmt rn practical research was at all practicabie.
]-h:,*"+.:r developing ixact metlods 

"ppi"pri.t"-i"'ifr""Jir"rnature ot the experimental data is proUaUty'ttrjt ;p"J.f th";;;.,1 the statistical laboratory which is bcst Lno,an. fii, " 
p".U" ir"to, the.fact tlal many biot"ogisrs were in- a p,;iil;"6;;ffii"i;;

l^,I_u,Tt"g" 
of introducin_g. irch metnoas as ancillarv to their o$ar

llles, as rs exemptrtred rn (5) : parfly to the fact-that the exact

Lffi *,+1tt.-+":*,'.sft r#trh;::t?ffi lu",Tfl+.rihffi
r#':j,.'li,\tirx'1t *'"$;,,*ffi '.I's: ru"*'lJH.sii. J,; iffi ,:"*Ilr,.l

i,;ml,,*il.s*+ra:,#*lmt**r::*HtrT:*'IftT"#ffiF,#.i';.ff
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mathematica.l treatment of problems hitherto regarded as irsoluble.
opened a new Iield of study in mathematical s6tisiics (6), which
sripplied the fouadation upon which simple and exact 'practical
oroiedtues were based. Much discussion was naturally engendered
ty the fact that many procedures widely used and believed to be
sitisfactorv aooroximations were Iound to be wholly misleading. As
might be "exfdcted both mathematical statisticians. and biologists
otier than afronomists, whose work involves numerical tests, such
as geneticisti, entomologists, marine biologists, etc., have been

strongly represented among voluntary workers.
Among types ot data to which particular attention has been Paid

is that prLe"nled bv series o[ arLndal Iigures, such as those obtaired
in meteirolocical records. drain gauges, and the classical experiments.
This tl'pe of"data, to which the-bulk of officiai statistics belongs, has
,,ffored the sreatest difficrdtv to economists and sociologists, and it
rvas inevitai'le tbat such progress as had been made at Rothamsted
in the d,evelopment of rietf,o<ls o{ analysis should have attracted
interest outside the sphere oI agricultua.l science.

Althoueh tbe sohition of the problems of statistical distribution
*a. orimaiilv necessitated bv thi immediate requirements of prac-
ticaliesearch, it has broughiwith it theoretical consequences fu- the
development of the mattiematical theory of estimation. The best

methoi of averagilg, or of combi.ning l.he observations, for any
defined purpose, -mali be Uterred lrom the nature of the errors to
which diiler6nt types of estimate are liable. The practical,importance
of this step is tli;t it enpbles the computer to go ahead with coII-
tidence thdt he is getting the whole ot the value out o[ tle material
beine analvsed. Its thloretical importance is that it gives the
oua[]ties oi coherence artd exactitudi to the processes of inductive
rlasoning, by which conclusions oI general application are- deduced
from oaiticrilar observations (arguments from tle sample to the
oooulition) : wbile other bra.nihi of mattrematics are applied only
io'deductive reasoning. A whole series of papers deals with this
develooment {7).

en^v sweer]iae tieoretical advance' simpty because it affects the
wav iriwhichpe6ple are thinking of their problems, is likel) to have
unixoected conseiuences. One striking effect, due to a too close

o."-ot.oottion wiih academic ideas, rather than wittr tie practical
iurooses'for which these jdeas were developed, is that the scienti{ic
intdrest of the subiect is thought to be extrausted- lt is, indeed, true
that schools of tlought, whose whole horizon has been occupied for a

generation by probiems of " curve litting," should fT{ frytt*t
,a,eir;.*-_o,,tl"r,"uffir-w"-"

*,.'i'L 'r'' iri:'ii-iiit-.. i 
'({,. i -3, r ii rh" uoodm" or F't oi Resr+itel tgrDura: -anq l}eDis;bud;ootReRblo!.;hcie!tS.,(lg22',Jour'Ro9.Stat's9.'Lxxx\.(ondirioc Urdd wtri"b !: oeasures the Div reBd.v beLmtr uDeewirroa aDo.-ntPULlc5t:

ira.!r r.". R"" strt sm.. Lxxx\'ll. 'l'12 419: 'Tbc GPoeral sdplroe u'slnbuhoo o' roc

irJrli,tJConaaLi". CaO.iP;r " (1923), Pd. kov. Str. A, l2l 6i1673i'l6rsolsr8'ut'ane
;,i ii.lfi,i.iii iiiriii'-i-r rsis ,. P,i; ni,. ,t- , \,- 12 5, 5 r 're ; " the \rodenr< o( t be Dis Lribur ion
ii. \-"-#ii"sl-:"ti:''i,r -nii'i* i,t b.p-r";. i-;" !;r*rtv " (rslo), Prtr' Ro) soc', {.rr0'
lo-zs : " Tbe siDplins Lnor ot Esrimalcd Devia!6' loStrbPr sith orbcr lllnclroloDs o' th'
i'-*itis ana A;Dti;lioDs of tbe lDtPsrals aod Denralive ol llc \d al Lmr }ucuon
Brii. As., ltath. T;b16, \ol l (I031) (lnlrodocuo!). pP. r!vi_x!:r'

17\ R A Fisher.-" A ttatheMticrl Eluilelion oi the Vetlo.ls oI Determidng the A@uracv

"r 
,li 6tli li"'riti-i" tl,j'iLi" e*i, *a Ll. ruu squre EBor " tle2ur, rloDtblv Nori6 or tb.-ri;: -a1i;;:-;-.' ix*t. 7;,.r;d ; " oD rbc rtathemli.ai Foudaloc or .rt@rtiqli',iii.'i;l;pljlliii*. iiii.s*. t-""aoo, a,ti xxtl, Iezr. Pp.3oe 368: - thsn-or statisti@r

!:(i'm,d;n." PrG. CaD. P[il. Se. vol. XXll, 1925. Pp. i00_?25 i loveR ]'(oo'b!urv, . rrr
i.ji,"lFiil!"il-,i,r.-xirr. is3or'PD. ire-sri; ' I"""?* P'obabiiitv aDd tbF u* oI Likrlihood
rlO32), PM Cam. Phil. S@.. XXVllt,2l;'261.
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faced with vacuity, when the methods of estimation apDroDriate to
a:ry particular case can be set down at once bv any noviid rtioGo*.
t\e theory ; but the fact remains that haa curl,e tittins be"r, ,""*ala
solely l.s_a Tgals to the practical purpose of 

"ticitin'e 
the sci""tiiic

tacts d.env_able lrom tle data, the predominant feetGg uould hare
been merety that a troublesome obstacle had been re-moved. The
ground has at tie same time been clear"d of a"other miiaporehen.]i,
derived from the same source. In the period nhen Aiehl'"'i*ii;i""t
methods of estination were habitual, tt" .-o,-i3i iltf-r;;i'on
extracted by the sla.tistician depended largely on ti. p".*"J 

"iilano actrrnen. - Hrgh co[elations, ar:d sigrrilicant iesults. u.hert
99talne9, 

were displayed.with some pride, as- in som" way implving
personat c-ompetence. \4-hen, on ttre ottrer har:d, mettrods lgro'ufi t,_,
De lu-uy ethclent are used, the amount oI information which the data
are capable 

-of_yielding has also been assessed, and it ls useteii eJUe.to commend the statistician if it is much, or to reproach him if it islittle. The statistician must be treated lo" Iil..;;;i;;; ;h;;"
business it is to exceed expectation, than a. . 

"hu,"j"i 
;t;;;;;;;.

ro assay how much of value the material submitted to him contains.
The idea oI treating " amount of i.nformation ;; * . rn.th"*.ii*f
quantity, like. the ideas of likeli.hood, *a ot i"tri*i" ,""*a"v. l.
itselJ derived from the theory oI estimitio". a" 

"r"uniia 
prrt? ifr"srausuct.uls task rs how to evaluate the limitations of tie data in

hand ; a.s_is stated emphaticalJy by E. B. Wils;;: -
.,,We must expect ttrat in ma.ny cases tie statistical indications*il+.lTg * temporarily _to abandon our problem because oI arealrsatron ot the lact that rnateria.l adequate to its solution

_, "-Fot b.e bad.. -Ameicar Jouru. oJ Cancb, I9Br.lhe ex_haustioD of the task of improving on inefrcieut methods ofcalculation brings us at once face t6 face i,ltl iU" a"f*t.- ii- 
":ril;mental tecinrque or in observational procedure, to which'theintrinsic limitations of the data are due. '

. The work of fu 1fp" to which the Statistical Laboratorv hasqyq m9t attentioD is the improvement of Iield experimenf{ lS)-.{r rne uime t"bJs work was started, it was customari to 
".r.v i,,itlhe., 

operations of 
"field ptot experimentation 

-witn 'srli;;"";"
ro rtre.measunng ol the land, sepa.ration and weighini o[ t]re crooetc, wrthout the experimental results attaining i. ,ivtUi"* -lif"
comparaDh precrston. This was due to the heterogerteitv "oI thesoil, which was always found to be 

""*i;;j;;-fi;;;;ir;;;i.

,l
iln,*fi*fr'rr***[iiffi *i$r,r.,',;"'i

ir*u;'.*,..*nir'tsmffi
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trouble had. been given to choosing a " uniform piece of land " In
these circumstan* subdivision of the experimental area into smau

reolicated olots performed tbe double service of diminishing tne
;;;.ir"";[J err6r. and of providing an estimate of the error that
reirained. The rationale and impl.ications of this procedurc were'

however, for some time the subiect of a certain amount ot mlsunder-

standirg.
In ihe fimt place, u'hereas the obiect of diminishing the

cxrrerimental erroi is much aided by replication rePlication is onl]'
onl of manv methods of furthering this aim Care in ensuring that ln
all ooints tle experimental area is treated as in agricultural practice.'

tfr"'"fmi""ti"" ii bord"t rows, accuracy in seed rates spacing, ard
measurement of the experimental area as u ell as care.ut the sePara-

tion- weishine and analysis of the produce, all make their contributron
i" iir" 

-ii-Gt 
of inlo"rmation which the experiment finatly gives'

ii i. o"fu when the " working errors " are reduced to unimPortant

""*tiii& 
tUtt soit heterogeniity becomes tbe maior- cause of error'

ind that greatly increased precision can be attarned by lmprovlng

tbe replicition 
-and 

arrangement of the exPeriment On tbe olher

han<I ieptication is the sole source of the estimate ot eror, by wnlcn

il;;;hi;;a ;ts"tficance of the exPeriment is to be assessed The

oti-.t" of 
"..ot"i. 

not created by the statistician out of nothint' but
i" i"iltt"a ito- tt 

" 
observations by a process of estimation- analogous

to that used in the estimation of any other quantity' and- requrnng

ih";;;"; i";rperimental <Iesigri ii the eatimate is to be a valid
one.

Owins to the fact, however, that the material conduct oI an

"".*1iri&t- uJ- u"."' regarded as a dillerent business from its
.iJt"ii""l i"t"m."tation, sirious lacunae had been permitted between

*uii-n"al it'i."i, u""" ao"", and what was t-o be assumed

i.L.tn"-.J"d pti.p"so. In ionsequent" methods of statistical
anahsis had beerr widely used, which ga\e definitely- mi-slead'ng

estirirates of error ; and, on the other hand, methods ol -lleld exPen-

;;;i;-h.J t6 employetl r,r'hich were htrerently incapable. oi
vieldine a valid test. lt was necessary to treat the questlon or rne

il.td oiocedure. and that of statistical analysis as but,two-asPects
ni 

" 
.inele oroblem. and an examination of the relationshrp -between

,h*;ff;;;;t .howed that once the Practical field-procedwe was

ii?i. 
"rtu 

t"i"*t" *ethod ol statistical'analysis could be valid,' 1d'
what was'of more practical imPortance, that its valdrty.de.penced on

the introduction oi a raldom elemmt in ttre arrangement ol tre pro6'

H'"ti"iri*'tit" ti ih"-p-ti"r]"t process oI randomrsation carried

out- determined in advance the correct statishcal analysrs ol rne

,iiird*in" t-ogi".t itructure of each of the -possible. 
types of rau-

Oi*i*ti.,ir-i. ".'*ily 
sorted out by tbe aritlmetical arrangement

klown as the analYsis of variance'
When not more than eight varieties, or treatments' or.combina-

tions o{ t}ese are to be compared, a very comPlete elrmlnlu9f ol T"
e.rors due to soil heterogeneity is possible by means ot tre -La n

;;'":;; ;ii;h tilor-"u"i oi t"pfotiors is equal to the number of

il";;U;; ;";i; ; *ni"h 
"pp".tJo""" 

in each iow and once i,. each

;;il;-;i'ti; .c"*". tt, if'art from this restriction' -thg 
plot" tte

;;t"d;t t td6 . *'"iid'*d usuallv much diminished estimate
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oI error is available, as was inJerred theoretically, and later demon-
strated.^experimentalty by Tedin, on the basii'o{ eZ ""it r-itytnds (9) ; systematic arrangements in a square mav sive corr_
srstently either an oyer- or an under-estimate. A simple "and more
flexible .arrangement, adaptable to any numters oi-1;t-;;i"
anc reprcatrons ts ttrat hlo\4Tr as randomised btocks, in which
each block contains one plot of each treatment, it "* U"rn. ai"tnbuted at random within it. Both these arransements are no\l
used all over the world with the erception ot Franci tiaiu, *a ,lrt.oI Germany, where orher methods 'believed t, U. s.ii"ii"trrf'U.a
been previously adopted.

A very considerable advance in precision which bas been d,emon_
strated at Rothamsted, but has noi as yet been .. ;d"it;d;t"d
abroad,. is.made possible by a factorial irr"nge-"nt ;a-tie.tm_ili,
so that lt, tor,example, some plots receive phosphate and others none,
tnese sets wl.u be equal in number, and similar in the manurial andcultural contrasts within tlem. A large nurnber such as 24 or 4gtreatment combinations are thus testei. simultaneouslv with comparatively little repl.ication, the loss of *Ui"f i" *aa.'sood Lv th.
rnner. or rmptrcrt r-eplication, which the factorial arran"qe;ent makes
possrDte. .Ihus t-hough 48 such treatments may be riplicated only
3 times, the whole information of I44 plots is"availaile for er.eij
s.ingle contrast anrong tle treatments dested, aad ;;.X; i"; iir;drlierential effects of each treatment in the presence'or aisence ofg$grs The increase ir precision obtained'Uv 

"o-Uloi"*-""""rrfdr.tferent. questions in ttre sa.me experiment is due to ttre f"act th"t,with a factorial ,arrargement, eviry plot 
"".t"Urt"" eq".Uv t"

alrswenng each ol tXem, whereas had Il4 plots been distribut6a iI
3 experiments for 3 separate questions tUeie woUA have-il;;I,.
{8. plots. available for each. ivery important Gil;;r";;;i'"
ga.irred- by coutructing large and iompiez, experimenL, ;";;;Tth;
gaur ol. preclston, namely that each question is exarnined i-n a con_
srderable variety of -subordinate circu-nutances, so that all results
are grven a much wider ilductive basis than is possible witl si.upie
experiments. There have been examples of sucb ti:ctori.i*p"rl. ii.at Rothamsted and \l'oburn since i92i-

A. priaciple of undoubted value in the arransemetrt of fieldexpgriments, the practical possibilities of *Uicn'.re 
"t,ff- 

Uli"i
explored _(10), corsists in sacrificing information on interactionl
of..subordinate iaterest, which it m::f often U" 

"oniia""tfv-i*"r""nwiil be unimportant, by confoundirj them with 
""il 

ili;i;;;;it".
so eurunatmg a larger proportion of the latter from thi moiermportant comparisons. " Coufourding, has been successfullv
e{np]gyd in several experiments, and-it is certainlv 

-caDabieJ
yleldng lor equal labour, a much needed increase in "orecGion. It
has. however, the real disadvantage, as has ;;p";.[;;-;;"rJ
o.ccas!o1s, that later workers, not r-eitisine tle irirr""i" 

"iia"irrt.*tlonal hmitations of the experiment, nav-e beeri teiapted to drawle$tmate conclusions involviag ttre contra_sts which have been

"ulpffi *ltb ffi{xffi S;F[]r*,nS]J:IfS:{Ti:i:.:r#,H
J",,91)^o""-.H:;1TIitrBf,i itr R'pri"t'dB!F'i6!!,.,'
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deliberately set aside. With increasing lcrowledge oI the principles
of experimentation it will perhaps be possible to utilise its advantages
more Ireely.

A great deal of attention has been given to experiments involvhg
the particularly important and particularly intricate problems raised
by residual effects, requiring repeated experimentation on the same
land, and especially to evaluating such effects upon land under a
normal agricultural rotation. It is possible to treat such experiments
as replicated in time, and desi6ned to eliminate errors due to tem-
poral as well as local fluctuations. A four course rotation of 100 plots
has been laid do\yn to examine the availability of the nutrients in
farmyard manure, in artificially rottcd stra\M, and in stra\v rotted in
in the grouad, in addition to a comparison between superphosphate
and rock phosphate, in the year of application and in subsequent
years of the rotation. The experiment should also demonstrate
whether or not the humus manures produce, relatively to artificial
Iertilisers, a gradual amelioration iD the condition of the soil. A
six-course rotation of 9O plots has been established, both at Wobum
and at Rothamsted, with a view to assessing the seasonal fluctuations
in the response of six crops to the three chief manurial nutrients.
In this experiment dl treatments progress continually over all the
plots of the experiment, so that as time goes on, more and more of
the soil heterogeneity is eliminated from the averages, ard {rom
other comparisons. A three-course rotation on a sirnilar plaa,
involving both humus and green manures has uow been laid dom.

The departmelt has been much concemed with the development
of an adequate sampling technique, Iit for studies in plant physiology,
evaluation of damage due to insect infestation or plant disease,
agriculturat meteorology, yield determination, and the provision of
qualitative samples for analysis (lI). The key to this whole group
o1 problems seems to lie in lmowiag how to sample the growing
crop, with a precision known roughly in advance, and accurately
determinable Irom tle sample data. The official programme in
agricultural meteorology has been much reduced, but sampling
observations on wheat organised by the departmcnt are now carried
out at eight centres (12), with the result that at these Places at least
there is someone who knows how to sample a crop irr a reliable arrd
comparable manner. The same principle has been later applied to the
meteorological researches connected $rith forestry and horticulture.
The method has been apptied in a number of cases to exp€rimental
vields. and is esoeciaUtuseful where the plots have been sub-divided
6elow the timit of ec6nomical harvesting by agricultrral methods.
Its other applications may be expected to develop as the pos.sibitities

rul A. R. Cl.Dh.m-" Tb. Eslim.hon ol Yield iD C.rcal CDps bv S.DrpUng M.thods," Jotm
&;ic:S.i.. vol. ilx. r9r9. DD, ,l{-:3i: l. Wi5b..t aDd A. R. ChDh.b- 'A Studv io S.mpling
T;hnioE: Thc Effai of Airi,icirl Fe'tilE; on the Yi.td ol Pol.t6. JouE. Asric.s(i.,vol. XIX.
192r. Db. 6ou.6l8 : r{. R. cl.Dh.m-" srudi.. in SuptDs TehniqE : c.Ml EtFntut :

l. Fial{i T.chnioue." loun,. Airi.. Sci., vol. XXI. ls3l, pp. 367'171; T. W. SrmFotr " studiB io
samDlid Tebriioir: C.F.l EtDerim.nL5. II. A smu{aile ThBbins .Dd winnoriDs M.chiDG"'
I"di!- A-dic- sci.: voi. xXl- l13l. DD, ,72.!75 : A. R. Cl.Dhao-" sludi6 i! s.mplina T.chniqrc:
e2Et E;arie;ti. lII. R;ul's;id rtie6ioo." loum, ARn.. S.i., vol XXI, lrtl, pp. !76_590 i
R. l. Kali@Id-" A study itr s.6plhs TEbDtqi. Pith Wh..t," Jour. ARn.. S.i. vol XXII,
lp!-r, pp. 78!.?el ; F. R. ld@r-" Srudt o, s.e,lins TeclniqE ritb sqar B€.r5," Jow. &ric.
R6 ,({, letl, pp. 8!t-647.

llrl lom. Mi!. Atric,. vol. XXXIX. r_o, lr(M.Eh. l9!l), pp- l,n8r_1,08a: bL XL, No.t
Uu;, ris!), pp. r06.i08: vol. xL, No. i {chtobei, r03l), pD. [sl-59!; vol. xL, No. l0 (J&urv,
l03r), pp. lO!.9O4

D
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-of 
the method, and tle procedure of its correct execution, become

better known-
The use of statistical methods in the design of experiments is,

of course, applicable in laboratory as wel.t as"in Iield ixperiments,
and the- field technique developed is applicable to o'ther than
manurlal problems; many voluntary workers are concemed with
these otherfields of work, at home oroverseas. By appll,ing statistical
methods not. only to the interpretation but aiso'to- thi desigrr oI
expenments lt rs not uncommon for the value of the exDeriment to
be increased five or tenfold, a result which could not Le obtained
from improvcd methods of interprctation onlv, unless orevious
methods had been excessivel-v ineffiiient. '

THE WOBURN EXPERIMENTAL STATION
Soon after the first period of fifty Vears of the Woburn Exoeri-

mental Station terminated in f926, aha Roval Asricultual Sdietv
Tadg l gJant to Rothamsted to provide a special assistant in thL
:latistical Department Ior the purpose of w6rking out the results.
This. has been done, and the Report is now being frepared for pub-
Itcatlon.

The outstanding results are as follows :
(l) Green manuring is not an infalible method of improving

sandy soils: in the Woburn experiment it failed completelvl. '
Experiments are now in hand to discover the dondit-ions for

success.

, _ 
(2) The residual values of farmyard manure and of cake and corn

fed to anirnals on the farm appear on this sandy soil to be much less
than hdicated by the recognised Tables.

. This problem 
-urgently needs following up: there seems little

doubt that many farmers entering new farms ire called upon to pay
compensation for something that mav never benefit theni-

(3) Lime is urgently needed on tbis light sandv soil. as indeed on
a large number of other light soils, but it is easily ipplied wastefu[v.
Certain conclusions can be drawn as to the beit ;iv of usins linie
for different crops, but new experiments are needd to test"them
before they could be generally recommended.

.J4) When cropped continuously by wheat or by barley the yietds
suffer marked deterioration whatever the man"urins. ' Fanirvard
manure or heary dressings of artificial fertilsers detav-the settiie in
of tbe deterioration, but do not prevent it. This deteri"oration of viltd
is accomprnied by a serious loss of organic matter in the soil, n6 bss
than oae-thiid. of the_ initial supply-having disappeared fiom the
plots that receive no farmyard manure. There is-ilso a loss of ex-
changeable calcium which was intensified bv the use .i 

"ufpt 
rie ,f

ammonia and reduced by nitrate of soda. 
-Superphosphatd 

had nr,
appreciable effect on tbe soil reaction, and eve-n ifterhftv vears of
annual dressings there was no sign that acidity was being'pioduced-
Several causes appear to contribute to the deterioration in vield
when one and the same crop is thus grown year after vear ori the
same land. Weeds become very troublLome ind, as in o'ther exoeri_
ments at Rothamsted, they exercise a particularlv baleful effeci on
yield. Certain plant diseases, especially those aisociated with the
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soil, tend to accumulate. The loss oI carbon and nitrogen Irom the
soil probably depresses productiveness.

It is not vet clear whither other crops such as market garden crops
would suffei the same kind of deterioration, though observ-ations on
certain market gardens on the same kind oI soil and not far away
from Woburn suggest that this may be so. No method of recuPeration
has yet been tested. This of course brings us back to the oldpropem
oI soil sickness, which formerly received much attention at Rotham-
sted. The earlier investigations were with horticultural soils and the
treatment adopted was partial sterilisation, which has norv become
general. For firm land, however, this method is unsuitable." It seems evident that the subiect should be re-investigated
One special aspect, clover sickness, has been studied in conjunction
with i. Goodey of the Institute of Helminthology, St. Albans; this
work is still continuing.

(5) Although tight soils are notoriously susceptible to drought
we cannot fina th;t either the wheat or the barley has suffered
through lack of actual rain{all. A dry spell at a critical time may
of course do harm, but over the Iifty years there was no evidence of
anv uniform iniury caused by drv weather. In 1933 in sPite of the
rec"ord drought,ihi arurual raiirfall being t7.8 inches only, we obtained
on the lighiland at Wobum over 60 bushels of barlev, SO bushels of
wheat, li tons of sugar beet and 8 tons oI Potatoes without excesive
manurial treatment.

(6) The experiments show the conditions under which malting
barley may be produced on a light soil.

(i) Th; acia plots have enabled us to study in detail the effects
ot acidity on plint growth, with the purpoie of recognising the
symptoms thafappeai before yields begin to suffer, and when there-
fore-dressings of lime would be most advantageous and economical.

INSECT PESTS AT ROTHAII,TSTED AND WOBURN, T932.3
H. C. F. Nrwror:

GENERAL. The year was notable for very severe attacks: (f)
on sugar beet by the Bean apbis, Aphis rumicis L. (piertiful also
on thi surroundiirg beans), (2) on kale by Flea-beetles (Phyllobeta
spp.) in numbers su.mcient to necessitate resowilg, for the firct time
sin-ce 1930, (3) on barley by the Gout F-ly, CltorcPs ltettiopus Meig.
Darnage by pigeons is increasing, and a large area oI kale on Great
Knott was' siripped oI its foliage when the plants were some six to
eight inches h'gh.

BRoADBALx. Wheat. There rvas no winter attack by Frit Fly
but some toss of plant by soil insects occured durilg the winter
months. !l heat Eutb Fly (Hyleuyia coarctala Fall.\ did. not cause
appreciable damage, though many tillers were destroyed; the
atticked titlers on ttre fallowed plot were about twenty times more
nunerous than those on the unfallowed. Wheat I-eaI Miaer (Agro'
myza (Domt myza\ azhigna Fall . ) was rare; \4'heat Midges (Cmlozaa
t/;tki Kirby, Sitodiplosis mosella*a G6hin) were notably less abun-
dant, the figures for the last seven years being :

Year .. .. .. 1927 1928 1929 l93O l93r l$2 1933
Percent€e grain

attack 3.2 6.6 7.7 l7 .6 21.4 16.4 2.1
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Hoos Frrro. Foun Counsr Roteuor. Ba ey sulfered, arr
unusually severe attack of Gout Fly; Wheat Bulb Fly was generally
present on the wheat, but the LeaI lliner was rare. The classical
barley plots u'ere Iallowed.

B.rntFmro. Mangolds. An attack by Alomaria /rzcazr! Steph.
the Pigmv Mangold Bectle, reduced thc plant on certain arelas,
notably the 4N, 5N, 6N, 5A and 6A plots. Bou etiella ho ensis
Fitch, the Mangold Springtail, rvas also responsible for some loss of
seedlings, 

. 
especially 

-on 
the nortlern side of the field. Damage by

birds again ocgurred in a semi-circular a.rea around the poultry
experimetrt (chiefly plot IAC) extending outliards some t.r elae rows.
The damage consists in the loss of both cotyledons at an early sta,qe
before the second leaf appears, so that such as survive remain siuated.
Plectroscelis concinta March and Pegotnyia hyoscyami Patz. vr'ere not
seen.

GREAT KNorr. Kale (second sotttittg). The first serious outbreat
of Flea-beetles (Phyllotreta spp.) since lg30 destroyed the entire
plant of the second sowing of kale. The species concemed were
P. urdulala Kuts.50 per cett., P. ,rernorum L. 2O per cerrl-, P. atla
14 per cett., P- diademala Foudr. ll p€r cent., P. oittulq Red,t- 4 Der
cer\i., P. nigi?es F. I percent. The kale was sown on May l6th and
was attacked during the last week in May and the firit week in
June ; the Flea-beetles spread across the field irom the directioD of
Knott Wood-from south to north. Areas were spraved with a hand
atomizer using (l) parafrn and (2) a parafin-pyrethrum extract, at
a rate of one gallon to the acre. Two sprayings were given, but wittr-
out ultimate elfect. Atomized paraffin has been claimed in the pa.st
to be very successful as a rcpellent for thcse beetles. A difficulty ivith
small areas is that the wind tends to drift the atomized spray, and
it is possible that the complete treatment of the field would be rnore
successful. No marked benelit resulted from the addition of the
pJnethrum extract.

The kale was resoun on 26th June. Except for slight damage orr
the most southerly rows it was urtouched; arrd in spite oI the
drought a reasonable crop was obtained

First Sowirg. On part of the field the kale had been sown earlier
(26th April). This a.rea escaped serious da.mage as the plants were
well esta blished in the cotyledon stage when the Flea-beetlis aplrared.
Du/;ng llu yeol thc tidd uas an erccllenl illustratiotr oJ the iifotlnrcc
of ea y sowing in co*wcliott uith Flea-beede altack.Tiis plot ri,as later
subject to severe damage by pigeons, the maiority of the plants,
when about 6 ins. high, being stripped of their assirnilating tiisue.

LoNc Hoos. Srx CoURSE RorArtoN. Sugarbeet- Agood"plant,'
was not seriously affected either by Springtails or the occasional
Pkclrcscclis coteirna Matsh that were piesent. The gappiness
occurring later which necessitated some transplantation wii onty
partly due to wireworm attack. Bad grou:ng cond tions were
chiefly responsible and the plants " went off " wilh a blackeaing of
the root resemblng " Black Leg " s),mptorns. A heary infestation of
Aphi_s rumicis I., the Bean Aphis, iollowed, which together with
the drought, brought growth to a standstill. On l?th -August the
whole plot had a yellowed appearance due to ttre effects of the aphis
on the outer leaves. These leaves were now etrcrusted on their under-
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sides with dead aphides and a mould-like {ungus-tbe latter probably
bein6 instrumental in bdnging the infestation to an end.

Ba ey- Colsidertble gapping of the plant at the end of .lPril was
caused by wireworm, but there was less Gout Fly tha! elsewhere.

Whaat ald. Folqqc Mirture g fered.from wireworm attack in the
early spring. Sitnia lin<4to L. attacked the few beans left in the
foraLge mixiure; some of the oats Eere affected with a kind ol
" whitehead " due to the stem being ringed by al rmidentified agent.

TEREE CouRsE RorArIoN. Sugar beet suffered. from Real Aphis,
but less so than the Six Course Rotation; rabbits destroy€d occas-
ional plants.

Ba ey. Wieworm attack continued during April and Itlay, and
was followed by an infestation of Gout FIy considerably above the
normal.

OaJs. Wireworm caused maly bare patches in the oats in series
III and II.

Pasrunrs. The barley experiment u'as attacked by wireworm in
eprif-Ua1r, 

".osir,g 
an rri".r"ri plant ; on the t'heat eiperirnents the

damage done by this insect was not significant.
Sagar Beel. No serious damagc to the " plant " was caused.by

insecti though arr occasional wircworm was found. As in the rotatioD
experiment,aou'ever, a large number oI scedlings showed a-blacken--
ini of the root and remainld strmted-many etentually dlng off.
The striking difference in size betrvcen such plants and those un-
affected was to be seen oler the uhole elperiment. The symptoms
could not be ascribed to insect attack, ard though resembling those
of Black Leg, rvere probably a drought effect. An *tack of A?his
rznricis, less severe than on Long Hoos, followed.

Gneer H,lnprxorx. Bzr$sels sbrouls. Early in the season some
loss of plant t'as caused by harei or rabbits a-nd by Chottofhila
(H^tlemiia\ bassicae Bcb6, the Cabbage Root Maggot. In the autumn
i"6 *iirt"i months a general but not severe attack of the Mealy
Cabbage Aphis, Bruticoryne brassicae L. occurred. Only about l0
per ceit. ofthe plants rvere inlested to any extent, and of these only
i third rvere b;dy infestetl. Syrphid larvae and H5menopterous
Darasites uere orLsent. but the- parasitisation was low. Three
farasites were brid out. They uere ihe Bracorud. A|hidius btassicttc

ha, th" cna"id,,4 saftusotlgatisNe* (: aezezs Walk.) the clnpid,
Allabia brassicai Ashh., the iigures telative to APhid numlers,$ing
lSperceot., S Per cent., I per cent., respectively. Oi these-theJirst is
the only effective figure, ai the trvo othir irsects are probably hy'per-
parasitis. These figures are extremely low-as the aphid is often
Darasitized l0O Der cent.' Cabbage wiite nty (Al'eurodes brassr'caa Walk.) was Plentiful
during the same period.

Ba ey . Gont Fly severely attacked tle crop, every third tiller of
a numbei oI plants ixamined being affected.

Fosrrns. Whcat. \heatBttlb Fly was generally present. Thrips
were unusually plentiful in the summer here, as on the other cereals.

LrrrI-E Hoos AND LoNG HcoS Beans- Atlack by Alhis
rumicis L-
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WOBURN
The {arm at Woburn was inspected on June l6th, but no serious

insect damage was seen.

FUNGUS DISEASES AT ROTHAMSTED AND WOBURN,
1932-33

Il{ary D. GTYNNT

WHEAT
Mildew (Erysiphc graminisDC.) was slight by July on most of the

wheat crops uader observation. It was moderate on some plots of
Broadbalk and on the \lVoburn Six Course Rotation, and varied from
absent to plentiful or rlifferent parts of the Six Course Rotation on
Long Hoos and the Commercial Wleat on Fosters.

Whiteheatls (Take-All) (Ophiobolus gruninrs Sacc.) uas Iound on
wbeat grolvn continuously or in altemate years on the same land, and
wa^s much more plentiful on the light land at Woburn than on the
heavier lard at Rothamsted. On wheat grown altemately with green
manure on Stackyard and Lansome fields at Woburn the disease was
moderate, reaching a maximum of about 13 per cent. plants infected.
On certain plots oI the Continuous Wheat, Stackyard field, as many
as 43 per cent. of the plants were infected at harvest. Plots with a
high soil acidity (pH below 5) were practically free from the disease,
A detailed survey carried out since l93l showed an increase il per-
centage diseased plants from I93l to 1932 on all plots alfected by
the disease. In the following )ear there was an increase in inlectiorr
in all plots numbering seven which, in 1932 had less ttlan 35 per cent.
infected aud a decrease in infection in the seven plots which had 35
per cent. or more of their plants infected in 1S32. The significance of
this obsen'ation is not yet clear.

Loose Smut. (Uslilago Tritici (Pers.) Jens.) was rare except on
certain blocks of the Precision \tleat on Larsome field at Woburn.

Brown Rust (Puccbtia hiticina Er*ss.) was slight in July on
most of the Wheat and was moderate on ti'e Commercia.l Wheat on
Fosters {ield and the Cultivation experiment on Pastures.

Yellon, Rust (Puccinia ghtmarum (Schm.) Erilss. and Henn.)
apg:ared in June and varied from slight and moderate to plentiful
at Rothamsted, while at Wobum it was never more than slight.

Foot Rot (Fusariurz sp.) was occasional on Broadbalk, slight on
the dternate Wheat and Green Manure expriment on Stacky'aid and
a little_more plentiful on tle Green Manruing experiment on i-ansome
field, Woburn-
. Leaf Spot (Septotia Ttitici Desm.) of little if any economic
importance, was Iould occasionally.
OATs

\fi1dew (Erysiphe gramirisDC.\ was getrcrally slight except on the
Forage oats growrl on Pastures field, where it was plentiftil.
_- leaf Spot (Hebniathosporium Aoenae (Bi. and Cav.) Eid.) was

slight on all oat crops grown at Rothamsted. None was gro*n at
Wobum.
BARLEY

M dew (Erysifhe graminis DC.l varied from slight to plentiful
on differen{ crops at Rothamsted, and was rare at Wobum.-
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Whiteheads (Take-All) (Olhbbol*s gzazrzis 
- 
Sacc') is mo-re

common on wheai than on'bail6y, on whicl it was found only on tbe
iontinuous Barlev experiment oir Stackvard field, Wobum A detail-
ed survev showed a variation in different plots of from 0to 15 Per cent'
plants iifected. As in the case of u'heat, littlc or no disease aPPeared

in plots with a high soil acidity (pH below 5).
Net Blotch lPvtenobhoru lezss [Died.) Drechsl.) varied from rare

to mod.erate at R;tha;sted, and was not recorded at Wobum' In
iil;;*di"* vear it was much more common and rvas found on all
the Larley cr-ois, beirg plentiful in several of them'

Brornrr Rust (Puccinia anomala P.ostrr.\ r'aried from slight to
moderate at Rothamsted and was slight at Wobum'

I-eaf Stripe (Heluinlhosbmium gramineum Raberrh ) was found
on all the bdrlev crops, and varied {rom s[ght to moderate at Rot-
hamsted and slisht tb ptcnti{ul at \ -obum. There rras more on the
Si* to"r." Rotition it wobum than at Rotlamsted. Infection

"ecmerl to be mostlv secondary, and did not kill the plants'--- i"ut Stot"l (Iihyachospiiun Secal's (Oud.) Davis),, u hi.ch. is

usually lound. on leviral of'the barley croPs, could not be found this
yeat.

R]'E--- 
1-*o R.:st (Pucci*ia secalina Grove\-. 

-Occasional 
slots. of

Brown Rust were iormd at Wobum on the Six Course Rotation, but
none at Rothamsted.--- 

i""t ntot.n (Rhtnchoslori*m Sacalis (Oud ) Davis) wls moderate

o" *" -ixed ruiiU 
""tchion 

the Six Couise R6tation at Rotbamsted
and-Woburn.

GRASSES--Ets"t (Cladcels iur? lca (Fr.) Tul.)' None could be found'
th";;f, ii i"d bd ci,mriron in ihe previdus season on a number of

friJfi"ltt"i t"ti i" ripen between fields and on the edge of plots'

GRAss Prrrs---Ci"ii tfo;rU"c tvbhina (Fr.) Tul.), which was forurd chiefly on

Aorostis and much ieis on Dactylis glomerata, apPeared to have

ie"mained tairlv constant over tle four years in which eye estimations

iii;iiioi;inaoa3, "*""pi 
tu"t aftei ttre addition oi Iime in tg3z

iii; ;;; d;r;;'in tlisi:ase from slisht to absent in the least acid

;l"i;. A. before. the d'isease was mosiplentifuI on plots qhigh fad
I;;;J-A;#"- Sulphate, and wis less on those whicb had

;;;;i"a lim". The dise& was plentifut onlv on fairly 19ta pl:t'
i"tt s.S or less). Agrostis was also most plentiful on these plots l he

ifi;; ** ; mairv instances attackerd by the larva of a small

dtpieron Attlwmyit-sprcla, Meig., which lays ils eggs on the sudace

of the lunsus stroma."^ t;;;;;;;ny grown in Iorage mixtures and was unusually

free {rom disease." --fio*"u ftfin"* (Paeaast'ora TiJoliorum de Bary) was slight on

I-ansome 
-field, 

Wobum.
BRoAD BEANS-- 6lo"-of.i" Spol (Bacillrts Lathyi Mants qld Taubenh') was

plentiful on Little Hoos, and moderate on Long Hoos'
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, .,,GreJ Mould ,Urr.r* .r.r.rf-prentifur in Juty on both fields,k -l,tng tllc,leaves, so th_at by mid-July about 20 per ir:nt. of the plants
on t-ong Hoos appeared dead.

Ru:t. (Uromyces Fabac lPers.l de Bary) was very slight.
Porarors

(Variety .{llv.) All the potatoes appeared healthy in June antl
July. At Rothannsted the trips, h:wevii, died;*ly;iGfit;r.;;;
to the drv season

Stemtanker (Corticium Solani Bourd.. and Galz.) was moderate
on Butt Furlong in the Six Course Rotation at Wobrr."_-
,,, BF:k I.q (Bacillus 

-phyta_phtholrs Appet) was rare; only one
attected plant was found at Woburn.
Suc.qn Bnrr

On the whole verv healthv-
.Btack I*g. A litile was f'ound on pastures Field,, Rothamsted,

and on Larsome field, Woburn.
MeNcorns
. Black-I-eg. Early in June blackened main roots were detected
ln some ol the youlg seedlings.

rllosaic (possibly Vinrs). -A leaf Mosaic was verv common on the
mature crop and varied in incidence from 3 to i0 rxr-cent. on dlttererliplots. It was clcar that the disease had sprdad f-; ;".t;;"-;;
in[ection, advancing apparenfl y indexndenilv of ;;;;i' ;;.i:ment trom one plot to the next. In generai ttre Dlots reccivins
nrtrogen were much more affected than those without, but rhere $.ilittle llosaic on the dunged plot next to tt. 

"o-"itroe"n .iri;. ir;Ience rs rnconclusive as to how far the distribution oJ tbe Mosaic i.
fortuitous.
Swrors
. -B-row1-- _Rot (Physiological or Bacterial). T e crop aDDearednealtnv-tl[ the auturnn, whcn it was found ttrat about 50 pei cent.
were aflected by iritemal broruring.

FARII{ REPORT, 1933

^ Wealhq. -The outstanding feature of the year October. lg32- to
september, 1933, was the abnormally hor aird drv weather. ih;total rain-faLl was only 22.4g inches, comp rred .ritf, if," 

-gO_""".

average ot 28.70 inches. The two periods in which the drouehts ivere
most severe were the three winter months November. Deceirber and
January, when only 4.488 inches fell as against if," ,".r.e" ,ii.id0rncnes; and the lrve summer months April to August, i.r,hen onlV
5.629 inches felt, less than half tbe 80_yeai average ;iij.OUlrJ"J.
This.seriousty affected the growth of lite sprinel";r-;e;i';;;.
ucto.ber,.wrur 4.842 inches, was l.ZgB inihes-above the ave"rase.ma{lng the condltions very unfavourable for root_tifting. The breikrn rne orglght tn September helped the kale croD and ihe srassland
conslderabty, but the rain was too late to help the root cropsi
,, The total sunshine for the year, l,gl2 hours, was 255 hours abovethe 4lr-year average, and of this excess, the four months [une to
september_ ,'relded 170 hours. March gave the biesest ionthlv
rncrease ot Eo hours. The only months showing a deiiease of morirnan + hours were November and May with Ig and 84 hous deficit,
respectiyely.
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The mean temperature for tbe year was nearly 2'F. above the
normal of +{t"F., ihe mean for ev&y month excePt October and
Ianuarv beins above the s5-vear average The warmest months
iere lliarch, j,rty, eug*t and Septembei, while January was cold
and dry.

EIJ*I of ueathet ott ctols
The remarkably hot and dry season had a depressing effect on the

growth and subsequent yields of all crops other than corn croPs.

The kale in Great Knott made very little Srowth durin8 the
summer months, most of the Srowth being made after the break of
the drought in September. The leld was only about l5 tons per acre

instead of the usual yield of about 25 tons Per acre.

There was a marked increase in the Percentage of seed and chat
Dotatoes on all the Dotato experiments, with a resultant low total
i,ield. Two strips ofnon-expeiimental Potatoes which had received
i dressing of dung yielded a normal crop of about 8 tons Per acre'

The swar beet remahed stunted tluoughout its growth and the
vielrls rerE verv low. This was due to the small size of the rnots
6roduced. and n-ot to a tesened number of plants The dung which
iuas dug into ttre sugar beet microPlots on Pastures lield hardly
d.ecomdsed. at all, for-at lifting time-it appeared in much thc same

cond.ition as rvhen it was applied.

Park Grass plots yielded only one crop of hay instead. of the
usual tuo crops,-and the one crop was below the averaqe yield from
all olos. In isdetl field seed. 6own under barley made very little
eroi,.th. Th" Br6r.-d was ploughed up and sown with spri-ng S35.m
igal. T h" seids in the rt-couri rr-,ta[ion gave a Poor yield, while the

clover in the 6-course rotation failed completely and was ploryhed uP

ald sown with tares.

The Iarm hay crop Iailed almost entirely, but this was partly due

to tle fiekls beiirg giazed until quite late in spring before being shut
for hav. The sraz;-E land also suffered badly and no grouth took place

after ihe end.-of liie. By July many of the fields Presented a very
brown and parch6il appeaiarice-ana atiditional feeding hed to be given

to some of ihe stock."The topping oI the Pastures seemed -to 
have a

altri-"t f.i i"tfr* than a b6Iiefi6al effeit, owing to the dry period
immediatelv fouowine this operation. The attenlpt at measuring the

feeding vaiues of giiss miltures in Sawyers I had soon to be

abandoned.
All corn crops were well up to the averate, wheat yielding an

avera.ge of aborit 23 cwt., oats l8 cwt., and beans 20 clat' p€r acre'

Conaftio"s were ideal for harvesting, and much of the corn was not
stooked, but was threshed straight from the iietd. The corn crops

d"""J'o.fiet than usual. Hafuesting commenced on Juty 25th'
aid was finished bv Aueust 2lsi. The crops were also of better
oualitv than they liave Seen for the Past few seasons, the barley
tilng iotA insteaa oI being led to pigs, as is usual.

The earlv harvest and suitable weather conditions were ideal for

""t"-n Jeini"e oDerations, and several of the fields were shallow
ploughed with t"he iractor immediately after harvest'
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C/op?ing, t932-38.
Dung was applied to Great Knott for kale this vear, at Z0 tonsper acre. The eastern 8 acres were dunged and ao'wn witU rve io

autumn-and lolded off with sheep in Aprii, while the rest of rtrJiieia
was stubbte cleaned in autumn and aress€d with duns in spring
Drilling took ptace on Aprit 26th, 2 ctt. of .uipf,"i. & 

-il;;;i;
berng applied before dritling and I cwt. as a toi dressins in lune.

^ 
l he se€dlmgs. on- a Iarge part of the field were- badlv aainagdA Uy

flea beetle and had to be resown. The plants on the plrt whiih was
left.were rather thin and had to be ha;d-hoea i; k-"6; d;;-;#"
until the kale grew away. One of the gruat 

"auaniae"iif 
k.i" i; tiat

nand -hoernt rs unnecessary if a good plant is establi;hed, and if much
hand-hoeing has to be done much of ihe advantage of kjle over otherroor cr-ops is lost. An experiment carried out 6n the tarm in iStZ
sho\4 ed that both thinning and intensive inter_row cultil.ation of
kate srgnrrlcantly reduce the yield of green material. The part of the
crop whrch -r,r'as 

_affected most by the flea beetle \r.as thai fo[owingthe rye folded off, and this vas probabll.due to the difficultv inobtaining a suitable tilth for the srirau seeds afteiifr" l"rJ;.r.--' ''

-_ Be_a-ns_v-ere sown in Little Hoo_s_field efter "pri"g 
o"i;,'i" LongHoos I a-f!er_ r,r.!1eat, and in Long Hoos Vii 

"ft"', 
,n?.p teer. tir"

crops rn.Lrtfle Hoos were very irregular and that aftei whiat was
remarka-bly poor, but after the foldad green crop a good yield was
obtained-

IIo_st of Pastures field ras devoted to exDeriments on Dotatoes
sugar beet, wheat, barley and forage. Victor ivhert ;; ;";;; ti;
4 acres nearest the wood after pigs had run over the bean stubble oflast year's croD.

_ Tw_o- small'strips of non-experimental Dotatoes were grown inIrng Hoos lV and Pennel's piece. Both tlese strips weri duneed
and w.ere planted with Dunbar Cavalie, pot"toe"- 

-fi'"1ioo 
*"r-*8oa

considering the dry year, and the qualit'y, from th" 
",rU..I" 

*iit.fvlew, was weU above that of the Ally us€d for the exDeriminis. The
better price obtained for the Dunbart";J;;;"ii;i"6ili;;til#;
in quality.

Sections l,-II, III of Long Hoos were sown with Marvellous
sPnng oats and undersou,n with Westernwolth,s rvesrass and trefoil
The yield of o.ats was not very high, but tt e q""fit'v ir" e;a-. 

-- ----"
roster's held was sown with Victor wheajt and the;uthern half

was undersown with Westernwolth,s.y"g.;."aliJrli: il;;;;
was an excellent crop of good qualitli. 'The 

uadersown *"d, ild;
il::t-i, fl."yl owing to the heaviness of the wheat crop, the late
s€edmg and the drv season.

Great Harpendln field contained three crops. Eieht and a helf
acres were.under Plumage Archer barley, 2 acies 

""a'", 
Una"J .naz acres under brussels sDrouts.

,."_1.gll ":Sry {ield on the farm is at present heavily infested with
wrreworm, r'htch ls causing great damage to ttre crou;. 

-Investieations
are to be commenced into possible methods of control and, eradiiation.
Classksl and, other Erlrimatts
_- Broadbalk was so.wn on October lgth, section V being fallowed.
The.wheat grew weU despite the season, and ripened about 

.a 
fr.t.ieLi

eaflrer rnan usual. It was cut by Juty 2gth, and the field was im_ire-
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diatelv tractor-ploughed. The effect of the previous year's fallow-on

se.tio; II was verv- marked, but Section I, in its second yezu atter

i.ltow. aooeared n6 better than the other sections'--- 
ri.'-ii[ra. 

^rt"r 
an earlv winter ploughing, worked down to a

nice tilth 
"nd 

*"" to*n on-April l3th Gerrnination was slow' and

i#"rr.it ."a. fitii. ti."d*"i' dr.ing the summer' Ttre final yield'
how'ever. was better than was at one time exPected Lartlng condl-

tions were rather unfavouable, but the land was Ploughed uP

immediatelv afterwards to benefit from the v/inter frosts'
--fi"* iiiU U"tlev plots were iallowed thls year preParatory to
returninP to the narroiv spacing of rows and the one vanety oi seed'
^r"r*,fr" ?r"lt-t*ii=ttt til" b"iley has been sown in rol's l8 inches

aoart - ti'o varietiis of seed being used The wide spactng enabteo

tie weeds to be kept in check, but with the retum to the narrow

C in"t .r".in* after'only a one year's fallow, it is doubtful whether

the cleairing iffect of tlie fallow will persist long' Plumage Archer

witl be the varietv so!r'n next year."'"fi;3'-;;i" *t.tior, lpotttott, bartey, sugar beet) has been

started in Long Hoos VI to compare the effects ot Ptoughrng rn

iil?ii"-a.t "* ifitii.io* iott.a uv tt'e Adco process' The e{fect of

iwo dilferent ereen manuring crops ploughed uader in 
-spnng 

ts oemg

;;;r;;;ti-;; *i"tui .to"ppi,g' Thiiexperiment sho,ld prove of

ii"#iii.-r*ifl,. ri *i-ri tr,ril't" i'n"t extent the Iertilitv of the land
':;;;';;i.i;;d bv .r..* and artificials' and under what con-

ditions green manuring gives the best results'-. frl.ti"t gardening "ciops were introduced into the experim€ntal

".#il;; ihi.';;f iot it" tit t time, the crop under test.being

bnisels sprouts. Dried poultry manure was tested aganst sulpnare

of .--o"i" for its nitr6gen ei{ect, and agaulst-suPerPhosp.{Bte :9r
its ohosohate effect. Thi plants were Put in dunng a" mther cry
iii.'"i"ii-a tii i" u" i'l-t"i.a i,,. The iveragc leld of about 3o
,1,*t. oer acre is considered quite satisfactory' Pourtry mernure wels

also t'ested, on several other crops.

Liocst'och
Piss. The chief development with [vestock has been the estab-

['#:;; ;'; H-ir pii-il* 6 develop a technique or an animal

;;;ir;;;; tlaf s"tisr"ie" the requirenients of m-odern statislical

IiffiJ'ibl;';-{r,.* ut."k" eacu containing ttrree pens 
. 

Each

ii?iil rrtriri*irio"lt. on- ."tio" bv an arrangeme:t of trough

:"Zi**o. o"" tot eich pig, leading lrom the main pen rhrs enaDres

ii1'ri* 
"i 

*tit" to ue <iisiributedlquaUy oyel aU the .grouPs 
ot Pens

i^tlia of a the pigs on one treatment being in the same--pen '

ii"-"."J-lw if L"groop is thus distributed iqually over all the

;ii.J. il;;A'"ab.ttig ".io"i"t"d 
*ittt one Particllg ration , ,"'-"ciirjr] r"-oi,i.ui;i 1932' th;;tock consisted of ? cows and 100

".;;;e fi;;;i#;ei:atv;' rhe cows are Prit-to a.Polled

Hilililil ihe policy of buving in other black p.olled calves to

;ili;1;ih;-;";; i' tulv ."t"1 h;s been continued ln th-' vear

6li Ht."rildi,:si'rt"rntE rsge, over 6o calves were reared For

;h;:il;;;;". ;ii;, ;;.rirs the calves remair in covered vards'
*a ift *.."a *it ter is spenl out They are usuatty f inished ofI on

grass in summer.
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l!"r?: !fu gxperimental programme commenced. in lg3l h:"
contrnued-along_the same [nes, In the autumn of lg32, we put 4g ofour iome-bred Half-bred ewe lambs to the tup, and of ihesrj onlv tBlambed. The rams used *".e a Soutt doi#'-a "'fJir-J'."-lamb. It--remains to be seen whether the 

"*"-1.-U" 
-JUiJl-i" ialambs will prove better mothers in future.

^. Th: result of the first lambing (lg3i|) of the Dorset Horn cross
Cheviot gimmers is given in the re52 hepok. W" *"i"iiifi"i,iJriirln gettmg- t-hese gimmers to take the Dorset Horn ra.m durins thesurrmer, but the same ram wiu agaia be run with them ii the
summer of 1934.

- ,|l] iI" ewes.and ewe lambs,possessing Iour welldeveloped. teatswere agarn pnt to a ram with ttre same characteristic. A rim lambor our-own b-reedng was used this },ear, as the progenv of the tworams descended from the Bell flocli weie 
"".kl't;J'"4p..;;;-Iormation.

- 
The resuJt of the lg33 flushing experiment appeared in the lgg2Kepoft. rn t_tre autumn of 1983, another experimeint on the same lineswas commenced. Aly dilferences betweeir the treatmenti wil notbe seen urtit ttre t9B4 lambing, *rO tn"-ioJt.-ffi;;;'fi il"next Report.

STAFF

.P- C. Wallis came in December, 193g, a-s a volurtarv assistant
SIrd has now been transferred to tUi, strtf a, fr.* ne;.d* f:T:Moon rras here for a short time in the summei *- ,rf,i.i.i' *3irc,to help with the livestock er.?erimental *"*, ."a f.* Srr*'.dff;;
a post in Kenva.

. 3t ft" local ploughing match our two horsemen, F. Stokes andA..tJwts, secured 2nd and Jrd prizes respectively foi their work.

METEOROLCIGICAL OBSERVATIONS

* Meteorological observations have been systematicaLlv made at
Iotlqut-"! for many years; these records" are U.i"e,i*Ji"1fr"
Jtatlstlcat L)epart_ment in interpreting crop records. Tie Station hasco-operated tn the Agricultual Meteorological Scheme since irs
rnaugu.ratron by the trIirristry of Agricu.lture ii I926. and possases ai
the equrpment required of a CropWeather Station. fU" o'Us"*aiior.,
raKen under ttlrs scheme include :

OgsrnverroNs rAKEN oNcE nerry : g a.m. G.M.T.
Temperatures-maxtmum and minimum G-*i, -f", -u*i-rrn,grass milrrmum.
Rcrz (inches) ar,d. Sutshinc (hours and minutes bv Camobell-

Stokes recorder) during the previous"24 horirs.

^ OBSERv-ATroNs TAKEN TrIRrcE DArLy : g a.m., 3 p.m., andI p.m. G.M.T.
Ternpelotu/es-wet and dry bulb (screen), 4 inches and g inches

under bare soil -
lYind-dvection and force (conrinuoustry record.ing anemobiagraph).

Wzaliez- @eaufort lettLrsl.
Visibility.
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These. tosether with noies and observations of crop growth are

usecl in &afrng up the weekly statement for the purpose of the
Crop \\'eather Report of the Ministry of Agriculture.

Additional data are collected under thc Iollowing heatls :

RADIATIoN.-A Callendar Radiation Recorder (on loan from
the ImDerial Colleee of Science) gives a continuous record of t}te
rad.iant'energy fafing on a receiver situated on the roof of the
laboratorv. Tbe reco-rds are compared with those for South Ken-
sin6on, lnd are also used in pihnt physiotogical studies in the
Station.

RATNFALL lNo Dnerx.rcr.-The rain falling on one thousandth
of an acre is cotlected in the big Eauge erected by l-awes in I87l'
Samples of the water are analysed in order to ascertaia its nutrient
value.

Thrce drain gauges, each of one thousandth of an acre in area,

orieinallv installid 6v Lawes in 1870, and fitted wi h continuous
rec6rderi in 1926, eive the drainage through 20 inches, 40 incles,
and 60 inches of ulcropped and undisturbed soil. A sma[ contlnu-
ously recording raia gaile is used in coniunction with these'

Eve ponetroN '-The amount of water that evaporates in 24

hours from a porous porcelain candle dipping into a bottle of water
is measured <iailv bv the loss in weight. This measurement has

L*-fo"na to eiui a good. general irdication of the " drying power "

"i in" 
"it"*ri.* 

clirrinirairless periods which, beilg corrtrolled

by wind, ra&ation, and humidlty, is difficult to comPute from
standard data.

Sorr- Trupenerunr.Joil temperature records a're taken under
erass a-s well as bare soil. These are a continuation of experiments
ihi"h h"r" been carried out for some vears Past and which have

for their obiect the determination of the best times for takng

"irrgt" 
t"-p"i"t*" measurements for use in calculating averages'
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SCIENTIFIC PAPERS
Published 1933 and in the Press

PLANT GROWTH, PLANT PRODUCTS AND ACTION OF
MANURES

(Deoartments of Bacteriology, Botany, Chemistry, Fermentation
and Statistics)

(a) PreNt Gnowrx'
r. E. I. Russrrr. " Thc Rothamstd Exietimettts ot the Grout'h-' - it Wlr"ot- 1843-1933. Ninelv vears of cotttittuous uheat on

h. fie)d.1' Proceedings of 
-the 

World's Grain Exhibition

-a' Co"f"t*"", Re-gina, Canada, 1933' -- 
Vol' --II

lalso Mezogaztlasagi 
- Xutatasok' 1933' Vol' VI'

pp. 522-54j.\

The broad conclusion from these exlrrimen-ts is that wheat can

h. ;;; ,;; Ji.t v"* oo the sam6 hnd, but even with good

J,irtirliir^' itt" yield ieteriorated. Bettel letcls are.obtained by

.i*ii* tt" *Ul.i in alternate years with'falJow-i"- between and

t";;;?.6; i. th"" slower to set-in, but it comes all the same' Still
tretter vields are obtained by growing wheat only once T t9ur y.ears

and ha-ving other crops in between ; here also there may be detenora-
+ion but it takes very much longer to set rn a'nd rs,easlly av.olo-e9'

et Rothamsted the iontinuously cropped w49at lell-ott rn Jneld m

iir; filt tt v""*, from 17 bushals do\4'n to lI bushels per acre but
il." iil;';i 6t;"* th"t" has been onlv little furtbe-r fall .The
iilrn"tJ *t J-i'"Uow also fell to 1l bushels Per Scre but took 60

r-ears to do it instead o{ 25. The four-year rotation has been Eomg on

ior SS vears and the yields of u heat are as Sood as trey.were. /u years

ll,o;r',h;;;tfioris llots, so that we mist apparently wait a good

i?it-t.,nn"t b"tot" the iI bushel level is rea'ched'-1t'13;il;i;d ii seems impossible to obtain an average of .less
.r'"" tli t *+"L per acre bv mere exhaustion of the land and so long

ii-*""a. "t" t 
""i 

Aown. Ii, however, weeds are allowed to-grolY' the

I-i"ia" ."oiatv f'au to low levels. We know of no way- ot reducmg

I'i. 
"i"titt 

,tior" 
"ffective 

than permittinB the comp€trtron ol weeos'

'Tie continuous growth of wheat at Rothamsted has not' aPPa-

rently, led to increased tendency to disease'

rr. H. H. M^NN. " Rerorl o" Tea Cultiualiott in lfu Tatga4iht'' " il)ril-n and ii Dewtol'ttz"L " Crown Ageuts for the

Colonie6, London, 1933, PP' l-54'
This reDort was t}le result of a visit to t}le Tanganyika Territory

i" til';,i;I;"; ;"Igii. - 
At a result the opinion is erPressed that

i["'ti"aiti"ri *i ir"o*"ui" tot the extension of tea cultivation to

;";;;;5d0oo ,cres. The areas suitable lie both in tle U-sarntara

il;;il1i'il-ir..tt .t tle Territory, and in the south€rtr

Highlan& in the south.

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-1-3 pp 67

64

ru. H. H. MANN. " Reiolt on Tea C|ltit)dtiofi awl its Dewlobrflcfit
it^ 

-Nyasaland." Crown Agents for the Colonies, Lo'ndon,
r933, pp. r-41.

^_The 
aqth91 visited Nyasaland in lg32 on behalf of the Coloniat

gttrce, _and_ this report is based on obscn.ations made durins thatvisit. In this colony there is a welldeveloped tea ar"a,lvins]rihe
extreme south, and the cultivation already extends to a"litt'ie over
12,000 acres. It lies on soils derived from i series ot g.*it"i-s"",
and.has proved itself very. favourable to the crop. fnE report maies
a cntlcral examlnatron of the present position of the indEstry lyith
suggestrons lor lts lmprovement, esp€cially h the matter of incieasiag
the yreld and improving the quality of the tea.

rv. H. H. MANN. " The Climatic and Soil Requirements of Tea-,,
Empire Journal of Experimental Agricuiture, tffi;'V;.'i,
pp.245-252.

..This paper summarises the information at present available oD the
soil and climatic needs of tea culture, especi'ally 

", tf,"v f,.ue 
-U"u"

revealed by the recent work done in Indijand Ctylon.

v. R. 
-J. Kereuxe*- " The InJhrence ol Rainlall ot the yield of
Yferllt r! \r@msted.;, Jotmh ot e[.icuft*rr S.i""cL,
1933, Vol. XXIII, pp. 57I_879.

Analysis shows that the variatioo in the yield d.ue to annuat
causes cannot be accounted Ior by a single weaiher element, rain. 

-

An additional irlch of rain above the normal, durine the period
extending from the ;iddle of Uarch to 

"uo"i it "-eni 
Ji-Uli,.t

harmful, possibly because of the difficulty in """;d;;;;;, 'tit'h
and delay ia sowins. r.hich resutts i" 

" 
in".t"ni"g ii-tilfiffi;;

preriod.

. The-yield appears to be benefited by an adtlitional inch of rain
above the normat, particutarly during t[" -;th";i J,;;.;;l,rly.

vr. K. WARTNGToN. ,, The bflueace oJ Len*th of Dat, on thc
Resfonse_.of _pta s ta Eom." 'A"r-E ,f'il;r. igtjtVol. XLVIII, pp. 480-482.

The delay in appearance both of flowers and of boron deliciencvsymptoms observed in spring and autumn compaiJ *tth ;;;r"
gro\trrr pEnts rs due to the reduction in lengttr of 

-day 
rather than thelowered temperature, bul no special ass*6tirr-b"d";;ti; H"ltffior Doron :uld Ilower production has beeu found except in so far as allmensretnatrc processes are aflected by a lack of this itement. Withfuia-range of 7-16 hours, the length ot a.y nas no G"._!-iri-tt" iria'of rle plaut for boron and theiharacteristl" aeii"lencv SnrrrlGrn" 

-^-,I

similar under tong or short aay conaitioni, irroueii-i;," i6il iiL*
ress pronounced ln the latter iastance. shortenin! t.he iav does notresult in deteneration effects a, ,r" *a""ea Uv--.j*k ;tr;; ilL;
ttre influence of the two factors may bd;;ild;;;;b1d;;
to each otier as where floweriag is-prevented. 'Th" ;.*;;;;;factor modifies the eflect of the" other, but the lack'of Uoron 

"x-"f,the more fundamental influence on th; d""t-
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(r) PLANr PRoDUcrs.
ut. E. J. RUSSELLardL. R. BIsEop. " InaesliEations o, Ba qt.

Re?ort on lha Tefl yeals of Er|eriftatLs utder tfu ltstitulz
of Bwlbtg Research Schemc. 1922-193f." Joumal of ttre
Institute of Brewing, 1933, Vol. XXXIX, pp. 2U-421.

A summary report which brings together tle results of laboratory
and field experiments over ten years on the effects of soil, season,
manuring, variety and cultivation on the yield and quality of barley
and on the relationship of the chemical composition of t}re barley
to tle properties of the malt and beer prepared from it-

!1II. L. R. BIssop and F. E. DAy. " Prcdiclion of Ertfa{r, II.
Thc ElJect oJ V ariely ott lhz Relalior behoecn Nit/ogen
Conlenl and. Ertruct." JotxTlal of the Institute of Brewing,
1933, Vol. XXXIX, pp. &,S551.

The effects of nitr(Een content and thousaad cora weight on
extract yield proved to be similar for all varieties of barley tested.
For constant values oI nitrogen content and thousand corD weight
ttrere are constant diflerences between varieties. A list of these
varietal constants is given.

rx. L. R. BrsHop and D. MA.RX. " Reguhities in th. Cafiolrydrate
Composilion of Ba ay Gruia." lovral of the Institute oi
Brewing, 1934, Vol. XL, pp. 62-73.

Ia each variety the individual carbohydrates oi barley grai:r
iacrease regularly wittr the total carbohydrate. There are small
differences between individual varieties vhich are more markd in
the general distinction betweeD. two- and six-row barleys. The
carbohydrates of extract (" reserve carbohydrates ") ircrease more
rapidly tha.E the remainiag carbohydrates (" cell carbohydrates ")
with increase of tota.l carbohydrate. The unit on rvhich these relations
show most accurately is for quantities calculiated at so much l)er corn
(or per thousand coms).

In each of the above reslxcts the behaviour of the carbohydrates
paraUels that of tle proteiDs. BotI suggest the regularities result
Irom equilibria oI a mass action t)rpe duriag development of ttre grain.

The similarity between the proteins and carbohl'drates also holds
in malting, durirg which tle proteins are broken down to give
asparagine and tle carbohydmtes to sucrose.

x. L. R. BIsHop. " Predictiofi oJ Extrod, IIl." Journal of the
Institute of Brewing, 1934, Vol. XL, pp. 749I.

The carbohydrate re$rlarity principle has been applied to giv_e

practical resulis in the form of a.n extract prediction equation, which
can be used where tle variety of the barley is unknown-a common
position in practice. It ap-pears to be frarticu.larty accurate and
uselul wittr Califomian barleys.

The size of tie protein factor iD this equation demonstrates the
incompleteness oI the original hypothesis of Haase, that Proteil
simply replaces carbohydrate and so exerts a corresponding r4ucttgn
oI ex[raci. While this is respoDsible for hau ttre obseri,ed eflect tie
other half is due to a " sealhg up " oI carbohydrate by protein,

t:
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which becomes more marked in high nitrogen barleys. This applies
to the Institute of Brewing Standard Method of Extract Determina-
tion ; with fine grindiag " sealing up " does not occur.

The success of the insoluble carbohvdrate factor over a lride
ran6e oI barleys affords strong support to the " carbohvdrate
regularity " hypothesis.

xr. A. G. NonuaN . " A Ptelimina4t Inoestigatirm oJ the Dnelap-
med ol Sttuctural Conslituents in the Ba el Pl,ant." Jolurn;al
o{ Agricultural Science, 1933, Vol. XXIII, pp.216-227.

Barley plants rere sampled weekly during tle season and various
analyses, especially for structural constituents were carried out.
The natural cellulose fractiou increased from 30 to 35 per cent. The
amount of cellulosan in this fraction increased with development
and markedly so after tle point at $hich gro$ th increments lessened.
In the later stages the quantity remained consta.nt. LigDin hcreased
steadily till the last week or so. In tie young plant the major portiou
of the total pentose material is ia the polyuronide hemicellulose, while
irr the mature plant it is accounted for by ttre cellulosan.

xrr. (a) A. G. Nonxer and S. H. Juxms. " A Ne,o Melhod for the
Determhtatiott oJ Cellulose Bosed. ulon Obserualions qn lh.e
Reuotal oJ Lipin ard Olhcr Etcrusling Materials."
Biochemical Journal, 1933, Vol. XXVII, pp. 818-$r.

lrrl. (D) A. G. NonueN and S. H. Jrxxrxs. " Liguir Contcw
of Cellulnse Prcdtds." Nature, 1033, Yo). CXXXI, p. 729.

In any metlod for the estiqration of cellulose, ttre cellulosa.u
fraction should remain intact. Many metlods heretofore proposed
involve some pre-treatment, either alkaline or acid or both, whicb
attacks or removes the fraction in part. A new metlod is proposed
suitable for all classes oI material, employing neutml and acidified
sodium hypochlorite followed by sodiunr sulphite and avoiding the
use of gaseous chlorine.

The products obtained from cereal strars are found to be not
quite lignin-Iree, even after allowance is made for an error in tiat
determination. The error is due to the production of some resistant
material Irom pentosan groupings in the presence of 72"/" H,SO..
The ma€ tude oI the error in lignin content of natural matedals
such as woods, due to this disturbing factor, is very considerable,
and there is reason for believing ttrat the figures hittrerto quoted for
straw and hardwoods are as much a-s 25-30"/. too high, but for soft
woods rattrer less, owing to their lower pentose content.

(c) AcrroN or Marun:s.
XIII. H. G. TsonxroN and HucH Ntcol. " Thz EfJat oJ Sodiun

Nitrate on the Gtoroth and Nilroget Content oJ a Lucerte atd
Cruss Mirture." Journal of Agricultural Science, 1934,
Vol. XXIV, W. 265-282.

IDoculated lucerae was grown a.lone and in association with
Italian rye graas, in pots of sand watered witl food solution and
given three different doses of sodium nitrate. The dose oI nitrate
did not affect the dry weight or nitrogen conte[t of luceme when
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grown alone, save that the highest dose checked t}re root growth
somewhat.

\&-hen lucerne and Italian rye grass were grown in association, the
growth of ttre grass varied directly with ttre dose of nitrate applied,
and the gowth of the luceme varied inversely to it. Checkiug of the
luceme gronth was probably due to root competition with the grass.
The nitrogen contents of the combhed luceme and grass tops and that
of the combined roots were also inversely related to the quantit-v
of nitrate applied. There was evidence that witiin 3 months of
sowilg the grass had obtained nitrogen fixed by tle luceme nodules.

xw. J. A. DAJI. " The Decomposition of Greea Ma*urx in Soil-"
Journal of Agricultural Scietrce, 1934, Vol. XXIV, pp.
t5-27 -

The followiag four materials were used as green manures and their
decomposition ia admixture with soil was studied under laboratory
conditions : sugar beet tops, yolug mustard, young tares and matue
mustard. Soluble carbohydrates, hemicellulose as measued by the
furluraldehyde field, and cellulose are chiefly responsible for the
total loss of orgaaic matter duriag decomposition. The ratio of
available carbohydrate to available dtrogen determines tle rate
of decomposition, this being rapid lvhen the ratio is low and slower
when the ratio is high. Young plant materials used as green mauure
decompose so quickly ti.at nitrogen may be lost either by very
rapid nitrification or by some process as yet urknown.

xv. E. M, CRoWII]ER and H. H. MAIN. " Green Manuring and
Shee! Folding on Light Land-An Accoun of the Greett
Mau.oing Experhnents at the 14 oAurn Expeimenld Station
1893-1S33," Journal oI the Royal Agicultural Society of
England, 1933, Vol. XCIV, pp. 128-151.

The agricultural details and the rrheat yields of the two series of
green manuring e.xperiments at the Woburn Experimentai Station
are summarised and discussed i:r relation to the composition of the
soil and the green crops, and to the results of recert pot cultule and
laboratory expriments on the manurial value of green manure
material. It is concluded that a Iarge mustard crop rapidly growu in
soil of moderate to high fertility provides a means ol avoiding loss
bv carryi:rg over some of the nitrogen arrd ottrer nutrients to a later
rriod uhen they may be util.ised by some more valuable crop. A
iood crop oI tares provides a direct addition of nitrogen in a form
iuhich betomes arr"ijable at once. Whether it is used oi tost depends
on the immediately Iollowiag crop a.nd the weather. The whole art of
successful green manuriag on light laud lies in careJul adjustment _of
tle cropping so tlat the nutrients in tle green manures will be
efiiciently used by the following crop.

xvr. Hucrl Nlcol, . " Rothamsted ErPeiments on Residual, Vahrcs
of Leguminous Crofs." Tbe Empire Journal of Experi-
mental Agriculture, 1933, Vol. I, pp. 22-32.

The results of cropping exPerimeuts lastir:g Irom 1899 to 1922
showed that tle ettecd irt p,"receiLng crops of legirmes could be traced
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by increased yields o{ grain Ior several years after legumes had ceased
to be grown. The residual value of lucerne was markedly suJrerior to
ttrat of red clover and six other legurnes.

xur. E. M. Cnowrsen axn W. E. BRENcHLEY. " The Fertilising
Val.ue ard NitriJiab ittt oJ Humic Materials Prepared from
CoaJ." Jovrnal of Agricultural Science, 1934, Vol. XXIV,
pp. 156-176.

Hunic acids artd arrmonium humates prepared b1' a patented
process of gentle oxida.ticn of coal nere exa.mined as fertilisers by
laboratory nitrification e;rperiments and pot-culture tests on four
soils and by a number oi {ield experiments on a ratrge of soils and
crops during a single season. In all tests the effects of ammonium
humate could not be distinguished from those of ammonium sulphate
of equal ammoniua content. The nitrilication tests arrd the Pot
cultures afforded some evidence oI a slow production oI aittate or
available nitrogen {rom the humic acid. In the field experiments, as
in the pots, there was no clear evidence of aly Iertiliser value apart
from that due to tle ammonium present. The close aSreement
betrveen laboratory measurements on nitrate accumulation alxd
yields and nitrogen contents of barley for seven trcatments in four
soils shows that the laboratory technique a-Iforded an adequate
measure of the availability of the fertiliser nitrogea.

xrnrr. E. M. Cnowrr$n eNo R. G. WARIEN. " The Fertiliser
Yalue oJ Basic Slags and Oth.er Phosfhales." Agricultural
Progrers, 1934, Vol. XI, pp. 99-f05.

The results of recent field and pot experiments carried out under
the aegis of the Ministry of Agriculture Perma.nent Committee on
Basic Slag are reviewed. Most of the field experiments were on land
mown for hay for four seasoDs, but a fey/ experiments were also made
on frequently-moua young grass. In all of the. experiments the
phosphoric acid percentage in the produce was corsiderably increased
by the more active fertilisers, and in several o{ them the proteir
conte[t of the hay was also increased. The percentage recovery in
the crop of three or four y'ears of the phosphoric acid added gave
consistent results throughout the series of experiments. The mean
recoveries v'ere: for superphosphate, 2l per cent. ; Ior high soluble
slag, 20 per cent. ; for low soluble slag, 6 per cent. Basic sla6s with
from 20 to 35 per cent. of tleir phosphoric acid soluble in the con-
ventional 2 per cent. citric acid are much less effective as sources of
available phosJhate than those with more than 80 per cent. of ttreir
phosphoric acid soluble in this reagent. A sharp distinction must be
dra\r-n between acid soiJs (pH about 5) and neutral soils in considering
tle value of mineral phosphate. On the acid soils it was as eflective
as the more solubie phospbates (I7 per cent. recovery), but on the
neutral soils it was as ineffective as the low soluble slag (6 per cent.
recovery).

In an qxperiment on grassland which was grazed for most of the
year tle effects of the phosphatic fertilisers were similar to those on
repeatedly mown young grass
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STAtrISTICAL METIIODS AND RESI'LTS

(DePartment of Statistics)

(a) MATEEMATTcAL TEEoRY

)(Ix. R. A. FISTER. " The Sampling Enor ol Eslimakd Dniatcs'
toselhq with Othet lllustrations of tlw Proie ies d"d Affl'cL-
tiirs of lha Inlasals lfd Doioalirtcs ol thc Normal Enw
Function." Maihematical Tables, 1931, Vol I, pp' xxvi-
xxxv.

The mati.ematical properties of the Hermite functions Ff" and th€
ctosetv retated functio'ns'G, are summarised' together with tleir
iJ.ii6*Ui, to the intesrais f" of the probability integral The

definition'of f. is exteided to include positive and non-integral
values of tt.

It is shown that if the deviate of tbe mean of a normal distribrr-
tion irom a fixetl value is estimated by the deviate of the mean of a
samole and this deviate is expressed as a fraction t ol the estmated

.t"ir["ia "-i,i "ithe 
sample, then the distribution of t can be

obtained in teEDs of f fimctions.

The moments of the truncated norrnal distribution- about its
t"nninus are easilv exDressed in f functions. The method of moments'

;h;;pdd i;;ttiriating the parameters of the distribution, is in
tili-" 

"*I'"m"i""t, Si"ing thE same solution as the method of maximum
likelihood.

If the Darameter rz of a simple Poisson series is a variate' then-

,itft 
""ttti!, 

aitUU:rtions of nr tlie resultant modified distributions o'
iiii-"*i":t"7"i tnu ioisso" series are expressible in terrns oI the r
functions.

xx. F. YATES. " Tlu Analysis ol Mult|?h Clossilications uith
[Jneoual Numbers in lhe Dilferent C'ass's"' J ournal-ot tne
A-H; 6iatistical Assoiiation' 1934, Vol' XXIX' pp'

5l-66.

A tvDe of problem which frequently confronts the statistician is
the an;llsis of data which can be classified simultaneously m two or

more difierent wavs, as, Ior example, the anal,'sis of ihe.+ct-oence ot

disease in differeui towns, where the towns might be classltled accoro-

ing to population and also according to geographrcal Posluon'

The statistical procedure aPProPriate -to the .case yh"I 99
numbers in ti,e vari;us sub-classes are equal is sPecialy .slmPle'.ano
ha-s been verv fullv developed in connection with the rePlrcated rrelo

trials h asrildtde. The brocedure is a sPecial case ol tie metnoo

lnown as 
"the analvsis of v-ariance. When anal,sing tables In whrcn

the numbers of the various sub-classes are unequal the pr-ocedure

aDDroDriate to equal numbers requires considerable modlircauon'
th'is daoer considirs tle general cas€ of a. P xq table, as weu. as ttre

more'special case of a 2 x? table, and is largely a fultrer exPosrtron oI

tia mrihods adv@tod ia a previous paper'
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xxr. Cx. ?rNz^DZE. " Bibliography of Statistical, Methods, cfuiefly
on the Af|lication of the Adysis oJ V ariance." Duplicaied
copies, Rothamsted Experimental Station, lgBB. -

In the last few years the application of statistical methods to
biotogy has grown considerablt', and the new methods associated
with t-he name of R. A. Fishei have spread far afield. But it has
alread-y becomc very difficult to fintl the \ridely scattered papers
publish- ed on this subject in many countries and different jounials.
Therefore it has become necessa.ry to anange a classified bibtilgraphy.

There are two objects in viiw in pr&nting this bibtiogfapiy :
(a)tointroducethe beginner to the stuily o{ the analysis of viriinci ;
and.{r) to supply + adv,anced researcl workers tith the principal
publications up to tle end of t933.

The following are ttre classes in which the bibliosraphv
has been arr-anged: (l) Field ExDerimentation : (2) Horticiltrire.
(3) Plant Phfiiology j 1+y soii Science and'*i B;;teri;Lrv ;
(5) Meteorology; (6) Fisheries: (7) Books and Ceneral Wortiin
Statistics.

(6) TEculirerrE or Flrro Exprnrurrrs
xxrl. F. YATES. " The Formalion of Lalin Sauares fot use bt

FieA Expe7ir.eds." Empire Journal 6f Experimentat
Agriculture, 1933, Vol. I, ip. Zl5-244.

The value, zls a means of eliminatine fertilitv differences. of
square irrrangements of plots, satisfying tf,e concHtions oI the l,atin
sqwfe, was early recognised. W]en first introduced, however, the
importance of an unbiased estimate of error was not realised, and the
arrangements adopted were all svstematic. usuallv of some soeciallv
simple type, or alternativelv oi a tpe which rias believed' wouli
remove most completdy the soil differences ordinarilv existine.

Randomisation has now been practised for some 
"years, bit the

exact procedure o{ randomisatiorapproDriate to a L;tin souare has
never been clearly defined. In thii piper it is shotn ihat the
raJrdomisation of rows and columns, or iither and letters. amone
themselves, wilt provide an unbiased estimate of error, but tfrat inerE
is something to be said when using squares of sma[ iize fo, -"tirrna random s€lection from atl possibli squares of that size.

The squares up to size 6,i 6 have now been completelyenumerated
and are here presented in a form suitable for i".tirie . ,.r,ao-
selecti,or from all possihle squares. Specimen squares frJm z x i to
12 x- 12 are also given from which by iandomisaiion of rows, columrs
atrd letters, or any two of these, s[uares may be obtaiaei ior ex-
perimental use.

XKII. F. Yerrs. 'Tlw Atalysis of Reblicaled Ex bcrimznts
ulun tfu F,ield Results arc llromilatz.'t Emoire ioum"l oi
Experimental Agricuttue, lg3g, Vot. f, pp. t'ee-fiZ.

The principles of randomisation and replication. recentlv intro-
duced into the design of agricultural field trials. have er;.flr, irr-
creased ttreir accuracy, and have rendered possible vat]d tesis of
srgTulrcance and estimates oi ttre experimental errors. But as in all
experimental work, it sometimes happeru that accidental caues
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uDset the orisinal desian, so that the methods of anal,'sis which are

ni litr".ilu aoiropriate-require modification. In general, replicated
field triais aid so'arrangedthat the mean yield of all the plots receiv-
ing a given treatment frovides the best estimate of the effect of that
trJatrient, free from any extraneous effects, such a-s fertility differ-
ences, which are allowed for in the design.

If the vields of some plots are lost, or unreliable, the balance
of the origiiral desigrr disapiears. The simplest method of obtain-
ine unbia;ed estimites of ihe treatment effects, and making tests of
ih'eir sienificance, is to estimate the yields of the missing plots, and
then oeilorm the analvsis of variance on the completed set of values
The flrmule appropriate to the case of a sbgle missing p.lot of a
rand rmised. bloci< oi Latin square were first given by Miss- Allan-and
Dr. Wishart. A simpler method of deriving these formulae is here

described. and the procedure appropriate to the case where several
vJues are missins ii developed.'The validity of the ordinary tests of

signiticance is als-o examined. it being shown that tbere is no serious

clisturbance.-'- 
A new use ot the missing plot tecbnique is suggested for analy"srng

interactions which are beliel;d to be due to a few anomalous values'

xxrv. R. K. S. Munnev. " The Value of a Unilotmily Trizl i't
Fiel.d Erferimertation uith Rubber." Joumat of Agricultwal
Science,1934, Yol. XXIY, PP. U7-I84.

Sanders'method of utitising previous crop records to correct
experimental results by meani of a linear regression is bnelly
described.---The method is applied to yield figures kom rubber trees.in
Sumatra, and the precision of a dummy experiment rs..thereby
increased nearlv fr-,rir-fold when the " preliminary ' ard " expen-
mental " vears 

-are 
consecutive. When the " experimental ' year,ts

three veirs hter than the " preliminary " year the error o[ the
adiustid vields is reduced to about a hau.--'ttli 

",lo.f"a"a 
that not only has the method of correction been of

,"t"" in ttre oarti"ular instancl investigated, but that a uniformity
trial utilised 'in this way should be of praciical value in any maior
field experiments with rubber.

xxv. F. Ylrns axD D. J. WATsoN. " Obsenter',s Bus in Srylt'".g
Obsenalinns o, lVlraol." The Empire Journal oi Experi-
mental Agriculture, 1934, Vol. II, pp' 174-177'

A!. exDeriment carried out at Rothamsted to determine the bias

.f &rf"iJr[i ori"*ers in maki.ng pla.nt and sboot counts of wheat is

described. The observers were those making samPling obsewatlons

":i-*il".i .i "t"us centres, under the sch6me of the Agricultural
Gt"*ofoeiot Co.*ittee, iD order to determine the Principal events

which B;k the progress of ttre wheat plant from SeEnrnatron to

-itority. The &peiiment is of interest in showing thtt JT. 8"
bia-ses iir plant corints can occur (due to ttre difficulty of decidi"S
;hri; ;i;L a"a *nrt are t drs), and emphasises the need 

-oJ
arranging^ comParative trials for obs€rvers who have to take
measurements liable to bias.
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(c) GENE-rcs

xxvr. R. A. FrsHER. " The Eoolutionary Modificali+n of Gctt*ie
Plpttonma." Proceedings of the Sixth Iirternatioira.t Con-
gress of Genetics, 1932, Vol. I, pp. l6j-l72.

The possibility of explaining observed genetic Dhenomena in
terms of evolutionary mooifications is reviewe"rl. Tt is ;ho&T that the
phenomena of dominance ard recessir.eness, of multiple allelomor_
phisrn and other genetic phenomena, together r,rith -'.rrv a.ro.r"nt
anomalies, may be satisfactorily accountid for by the #oclises of
natural selection as the result oI evolutionary niodificdtion of the
whole gene complex which conditions the inanifestations of ihe
particular genes b€ing studied.

rxrrr. R. A. FrsnER. " Selectiott ifi thc ploduction of the Eur-
Sporlbry-Stochs." Aanals of Bota.ny, l9BB, V6l. XLVII,
pp. 727-7X3.

. . 
Aa outline.of Winge's ttreory of doubleness in stocks is given, and.

ol lts rmplrcatrons.

_ A simple method of diagrammatic representation aDDtied to Miss
Saunders' drta of lgl l, shcws both tlat tf,e observed ex6dss of doubles
is due solely to their greater viability, and. that one familv there
r:eport€d wa-s exceptional in Srving onty one quarter dou6les, as
should the progeny of a plant freed from the pollen lethal.

. The close 
-linkage between the pollen lethal and the factor Ior

doubleness is due to selection acting iut.rmatically in the DroDasation
of the ever-sporting line , which h-as thus built ip the ;er-'spordg
character-

rxun, H. J. BUCHAN^N-WoLLASroN. ., Somt Modcn Statis-
tical Melhods. Thc alllicarion to thc Solutiot ol H"ryiis
Race Problems." .fournil du Conseil Internatidnal oou?
l'Exploration de ta Mer, l9BB, Vol. VtIt, pp. i+i.

The form of the distribution of vertebral count of herrinss has
been used by Schnakenbeck as a criterion of racial difie'rer

. It is here shown tbat the observed chenges of form can
be wholly accounted for by differences in the" mean 

""rt"UJnumber. The vertebral mrmbers in a shoal mav be regarded as
highly grouped normal data, any apparent skewness or ot[er diifer_
-ences of form being due to variation of the mean irl relation to the
boundrries of the grouping iaterval. Moreover the variance does noi
differ signilicantly from shoal to shoal.

Methods of fitting the normal curve to highlv srouDed data bv the
method of maximum likelihood have been devildped'(the methira of
moments being inefficient).

. . A.disa:ssion of the general principles of ttre analysis of variance
is included, in connection with ihe arialysis of the g6rgraphical dis-
tributicm of tle mean vertebral nurnber 

-of 
tIe dilferint"shbaJs-
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THE SOIL
(Departm€Dts of Chemistry, General Microbiology, Physics and

Statistics)
(a) Sorr CulrtverroN

xxx. B. A. KEEN. " Expeimental Mdhods lor thc Study of Stil
Cultfuation." Empite Journal of Experimental Agriculture,
1933, Vol. I, pp. 97-102.

Samnles of tle soil immediatelv before and immediately after
cultivation are sieved on a set of four sieves r,r'ith mesh sizes from
l* ins. square to rt ir. The fraction remaining on each sieve is
wi:iehed a;d expressed as a percentage of the total. ComParison of
the-pre- and p6st{ultivation {igures affortls a measure of the dis-
inteiation produced bv the passage of the implement.

Resuls ihow that 
-on 

thir heJry loam soil of Rothamsted, the
imDlement is much less effective thar the weather in producing
disinteqration. Trials were also made with rotary cultivation' which
showed- the ilcorectness of the common assertion that the rotary
cultivator Droduces too {ine a seed-bed' The soil <Iisintegration is no
ereater than that produced by a ridging or bouting plough. The real
Eiflerence is that ihe tilth is much looser: a 'l-in. entry of the tines
into ord.inary comPact soil produces a tilth that is 6 to 7 inches deep.

(D) Pnvstcer PRoPERTTES

)orx. E. W. Russnu. " The Significatee oJ Ccrlaia ' Sirgb
Valw' Soil Constlnts." Journal of Agriculturd Science,
1933, Vol. XXIII, PP. 261-310.

A deta d statistical eiimination, using multiple regression

analvsis. has been made of Coutis' 6!t Natal soils. The purpose was to
clisc6ver what type of in{ormation is given by each physical constant
and thus to spicify whictr constantigive tf,e maximum amount of
independent iilformation about the soil.

Several phlsical measurements, such as -the sticky-point, the
moisture coriteirt at 50 per cent. relative humidity, and the weight of
water held per gram oi soil in the Keen-Raczkowski box (Report
fsif-ZZ. o. 4t t a;e closelv correlated with the base-exchangc capacity
*t -"a,ited'bv Schotield's potassium phosphate buffer method'
The clav conteni is of minor importance in predicting these Properties'

ThJswellins and pore-spaci parameteri in the Keen-Raczkowski
box are more cimple,i. Thi sweifing depends on the base-exchange-

caDacitv and a soil structure term; the pore-sPace dePends on the
cliv content and a soil structure term.

-The 
xylene equivalent measures a property of soil that is ilAlqeP-

dent of tlie orgariic matter Present, since it can be almost 99 qft"ly
predicted froir other measurements made on tle soil after it has

6een treated with hyd.rogen peroxide to remove humified organic

matter.
ihe so-called imbibitional water, as determined from the xylene

and moisture equivalents, is of little value Ior -prediction Purposes ;

the two primarv variates are always corciderably better'
Givei tle keen-Raczkowski box parameters, and the xylene

"o"iua"nt 
ior these Natal soils, none bf tbe other parameters add

v6ry much extra inlormation
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xxxr. H. JAN.ERT. " The Afplbofi.m oJ Heat ol Weflins Measuru-
menk to Soil Rcsearch problani." -fouinal of A_"rricultural
Science, lg34, Vol. XXIV, pp. fBAiS0.

The author's modification of the method. used. by Mitscherlich
is described-

Measurements of the heat of wetting, obtained with a number oI
s.rngle-base (homoionic) clays p,reparedin tt 

" 
tuUooio.v, .n-r, ii.t

uus vatue represents a specific proportion of the heat ofitvdration of
the adsorbed cation in its free state.

The. heats of wetting with water and with organic liquids areproportional. The heats of wetting with a given tiqiid ar;i;t c;_pletely determined by its dipole m"oment an"d molecirlar vd;;.-""'
lhe heat ol wetting is correlated with other phvsical measure_ments. lhe method a.lso distinguishes changd fi the phl,sical

condition of some of the permiirent ptots a"t noilamsiea'-aia
Wobum.

xxxrr. R. S. KosHAL. ', Tlu ElJects oJ Rainlall atd Teruberututc
ol -Pttcolaliott tfuough -Drair 

Cor.r.gri.,, Jo.rr"J 'oi li;_culturat Science, 1984, Vol. XXIV; pp. IoefBE.
. Parti-al regression equations representing the average drainaee

9,bT*"d p any- mont!- irl terms of the temperature aud rainfall "oI
that month, and including terms representing the mean secular rateor change.ot the draurage discharge and of iG regression coefficients
on raulaJt and temperature. have been fitted to the thirtv_six series
ol oDs€n?trons.pro{d9d by the three Rothamsted drairi gauges ;the twelve months o{ the year.

, An account is grven ofadequate and direct numerical methods othan4t'flg e_qua-tions involving observed quatrtities, and chosel
runctron_s ot them, as independent variates, and of calculatins
standard erors appropriate to the several sorts of comparison wbJcf,
are to be made-

. In-the absence oI direct knowledge of the amount of water con_tained from time to time in the soil-mass 
"t 

tUe grug; ii h; d;"
customary to assume that the lower average drain&e 6f tho."_ro"i
months is_directly due to a greater .-oirrt of "rip"i.tir" i.G""place m t"hese months. The results of the present'enouirv direjattention to_a_-second possibility, namely thai tn" *"t"i 

""it"rrt-"itne gaxges drlters considerably at different times of the vear. andtnat the h€tr graulage in wiater is in part to be ascrib;d to theaccumulation of water during rhl rainy nionths of autumn,;hi; G;rower dr_:utrage rn sunmer is due to the partial depletion of the
gauges during the lower rainJall of the sprin! monttrs.'

(c) pEysrc^L CmmsrRy
xxxrrr. R. K. ScsorrBLo. ,, Rab*l Mcltnik of Eramirino S/,)"IL The Usc oJ yNitroptiwl fo, er""ir;ns ti-" &oti;-.;

Joumal of Agricultural Science, l03il, V;1. XXUI, pp.
2-254,.

.By thg use of a solutiou of ,-nitrophenol ir lime water a raDid
and srmpte measurement can be made of the lime taken up bv a ioilsample in reaching neutrality. The same *"thod 

"ht; 
-i;
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acid-washed samples gives the exchangeable base content at PH7'
With slisht modiiicati-ons in the technique other weak aci(h may be

used. suih as acetic acid and phenol These enable the Iimg uplare
t" u-,1 *"**Jt" pH 4.6 and'9.8 respectively' By combining thgse

determinations witL the amount of base dissolved out of the so by

nit6 iiEi th;-g"*i"l 
"ooo" 

of the buffer curve can be traced from
pH 1.4 to pH 0.8.

xxxv. R. K. ScsouBro. " Rapid Mcthod's of Eramining 
-Soils'""'- ' iii ittUseof DihvdroiettPotassium Phoslhate in Study-

B ase E r'chargi Capitcily." Jownl of Agricultural Scielce'
1933, Vol. XXIII, PP. 25F'260.

The reduction in the electrical conductivity of a mixed solution
of K-HPO. and KH"PO" caused by the addition of soilrs a measure

of thi ootaisium uDt;ke.-and is therefore an indication of the " base

"r"n*ia 
capacitv"' of ihe soil at pH7. Two disturbing {actors are

noted. ind ii is c6ncluded that the method is likely to be most useru

where a rapid comparison of soils of a similar nature and PH ls

required.

xxxv. E. M. Cnowlren AND S. G. HEINTZE " Oxidzs of Matt.
sanese and Ouinhviltott+ Error in Measuremetls oJ SolL
'l{r*t;o"." fto"ddi,,gt and Papers of the Second Irrter-
national Congress (10j0) of Soil Science, 1933, vol lr'
pP.r-6.

In earlier oaoers (Paper XVIII, Repon 1929, p' 58 and Paper

XXXVI II. Re'poh, 1930, p. 84) the error of tbe quinhydrone electrode

in manv soils was attributed to the production ol basrc matenar Dy

the reriuction of oxides of manganese by the qui'ihydrone uon-

iir "L* oftnit 
"*planation 

was;btained'by the demonstration.that
soils showins the qriinhvdrone error yielded up to 2 5 mg equrvalents

oer cent. of- mrncanese, when ertracted with potassium chlonde

laturated. with q-uinhydrone, whereas soils without qurnhydone
.-- ""*. *r" tiore tian minute traces of manganese Furtfrer, t}te
amount oI "manearese reduced by quirihydrone and extracted by

ootassium chlori"de was sumcient to account quantitatively lor the
ioiohudron" error. on the assumption that the manganese dtoxrde

rias riduced to hvdroxide and aftir allowing {or the buffer capactty
of the soil. It was also shown that oxides of iron caused no dtsturo-
*r"" *ra tft.l tle changes in the ratio of qxinone to bydroquirone
could have only trivial elfects on the pH value'

xxxu. S. G. IIETNTZE. " Ttu Use ol lhe Glass Ek*ttode i* Soil
Reattior anil Oriddion'Redwtiott Potznlial Meost/e-

-;;.;;' lotutal oI furicultural Science, 1934' Vol'
XXIV, PP. 28-41.

The slass electrode with an electrometer triode valve as amplifier
a"* -.i]"-t" "it measurements on soil suspensions and on soil
8"r-ui -oGi *iooeU to wet the glass. It has the advurtages lhat it
may be used in higfuy oxidising or reducing systems and m alkalrne
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soil, but it has little merit over ttre quinhy&one electrode, where this
is lsrown t9 be reliable. 

- 
The glaG eteitrode forrns a satisfactory

reference electrode in ot<lation-reduction potential measulements,
as it allows both Eh and pH measurements irithout alteration to the
system, whilst its high resistanr"e minimises polarisation. Oxidation-
reduction potentials of soils depend so closely on the pH values of the
soils that they should not be c6nsidered sepirately. For constant pH
values_ highJy contrasted soil types may give'similar oxidatiln-
reduction potenti?ls. After wateriqgqing iir t"he laboratorv for oue or
two_da-ys, there is a marked fall in fo:tential for soils hro#n from the
conditions of their forma.tion to contain organic matter which is
capable of rapid decomposition as soon as moisture temoerature and
soil reaction become favourable In the main soil zones of Eurooern
Russia, this change on waterlogging reaches its marimum in'the
chemozem belt.

(d) Oncemc Cnernsrny
xxx14l. A. WALKLEY AND I. ARMSTRoNG BLAcx. ., At Examina_

lion oJ the DegtjarclJ M ethod. for Determinine Sqil Oruanic
Mader, and a prolosed Mod;[icqtiot of theZhromic"Acid
Titration Methad-" Soil Science, t9A4.-Vol. XXXVII, pp.
29-38.

The chromic acid-hydrogen peroxide method of Degtiarefl for the
raprd determtnation of soil carbon was shown to eiv:e-entirelv fic-
titious results. The hl.drogen peroxide not onlv ierved n; ,ir.f,rl
pxrpose, but introduced a fundamental error, sinie its reaction with
chromic acid Iollorvs a different course in the determinati;";th ,;it
from that in the corresponding blank. Two molecules oi arO "-r";;iwrth four molecules of H,O, in the absence of soil but with tfiree in
t"he presence of soil or ignited soil. The eain in aDDarent carbonthough this error approximately balancd ttre inct'mpleteness of
oxrdation for the conditions undei which Degtiareff appiars to haveworked. A oew approximate method givi;{ aUood 'ZO p"i i*t.
recovery of carbon was proposed. Finely'divided soil is treited with
standard potarsium dichromate and twice the volume of sulphuric
acid added toraise, t-hetemperature ; after beirg stirred f*-;;i";i;
the rruxture is diluted and the excess dichroimate titrated. This
procedure is more rapid than others so far proposed, and it is believed
ttrat it, may prove uselul for comparative purposes whcre no very
exact determination is required.

xxxull. J. A. Dayr. " The Detambratiott of Cell.ulase in Soil-',
Biochemica.l Journal, 1982, Vol. XXVi, pp. 1275_1280.

Cellulose in soil mixed with piant materials is determined. bv
tre_atrng rt witb. hot dilute alkali and acid and then with a solution oi
sodium hypoctrlorite in the cold. Celtulose is ti "" uiti".t"J -ittSchweitzer's reagent, precipitated with alcohol ."a a"il.-i"1a 

-t"
loss-of seight on ignition. This method wiU recover almost the wholl
ot.the cellulose added when different plant materials are mixed with
soil.
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MICROBIOLOGY
(Departments of Fermentation and General MicrobioloS,v)

BIoLocrcAl AcrIvITrEs
xxxx. I. G. SHRTKqANDE. " The Production ol Mt.tcus duing tlu

h*ombosition of Plant Muleritls. I. The Ellert oI E"1!iro't-
netlal' Condi loz.s " Biochemical Joumal 1933, Vol'
XXVII, PP. l55t-1562.

The conditions under which stickiness is produced in decomposing
materials and manures has been investigated by means of a sPecial'ly

devised ohvsical test. In the presence of a mixed natural flora, iug-h

;;i;1il'"ii;ki;s are giveri with either sodium nitrate or mould
tissue as the source of nitrogen. The linal reaction of the manure

"i.i"-r-af, i"nr*ces the de"gree of stickiness if at alJ apple.iable'
ii rE otgls to 10.0, whether dbtahed by fermentation or subsequent

adiustment. seems to give ttre maximum stickiness' N a or K rons are

-2.. "itective 
in the iranifestation of stickiness than Ca or Mg'

xr I- G- SHRIKEANDE. " Tlw Prodrctiott oJ Mucus during llu--' 'Dtrnmbosil'mof Platt Malerials. II.The ElJect ol Chatgas

ii ini'ptoro." 'Biochemical Joumal, 1933, VoI XXVII'
pp. 156&1574.

A number of soil fungi and two cellulose- decomposing. bacteria
in oure culture and in different associations have been tested as to
il"IJt""t * tn" production of stickiness' -Either.fungi or bacteria

*Uif"-*"iiAne -i"di"pendently do not produce stickiness - Fungal
decompositioi followed bv S lirochaela cylolhaga Produc€d a

marke&lv stickv manure, even if the period of action oI the tungus

ru.s ,e.! brief.- Simultaneous inoculation produced little stickrness'

xL,. I. D. NEwrox. " A Saudy of ttp Comfosition and Utilisotion*'' 
".ir1ii1-l| iiir".';- ttre 

-eri"a" of Applied Biolosv, 1934'

'fol. XXI, PP. 251-26$-

The three elements corrunonly applied in ihe form oI mineral
r".tif[o"-U ]..t" pt 

"tice 
dirl n<it pi6duce rapid decomPosition of

i t* **iceurrrrt! in incubated culiures, whereas ttre addition of all
;; o."irti.t " elements produced rapid decomposition

Funsi aDDeared t6 be more important than bacterla m the
a"".t#titi'od-of 

- 
tu" titt"t paper ce[ulose, and ttre numbers of

I"r-"iili;iiie ur"t*ia i" 
"euirt6s" 

{ermentation cultures increased

*itn "r"il&,tti""J 
i'essential " element or group of " essential "

elements.'-"-O'iff"rent 
horizons or layers of the Alberta peats studied differ

"*.1;;-;;ffi;.t"g",if 
d""otnpo.ition and in reaction.or.pH

iatu". t}r" surlace samples of Peat usualy contarnmg less asn uran

t]rc deeoer samples.*" 
il;';it;;;;;"tent of the dillerent samples varies rather widely'

and the subiurlace tayer usually contains about twlce as mucn

nitroeen as the surface layer.*-ifl. 
i"t"f-"Uoi"Uorus"content of the different samples d€es not

r*"; ;;"h'; ti; nitrogen coutent, a.rrd th€ calcium oxide per-

ceniages and tle pH values indicate tlut the Camwood and SPruce
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Grove peats require liming and that the Winterbum and. Stonvolain
peats do not require liming for satislactory crop production."'

The cellulose coltent of the peats varies lrom none to about 4Z
per cent. of ash-free cellulose, and the lignin from about 20 to 49 Dercent. A decrease in cellulose content jJusually accompanied bv'an
increase in, lignin. Cguulosg. lignin, and ash t<igether iearly aliays
make up about two-tlrirds or more of the u.eigh[ of the peat: Nitr;-
geneots organic matter would account for a6out B to'16 per cent.,
and petroleum-ether-soluble material for only I 1xr cent. br bss of
the total peat.

, Growth of _oat seedlings and bacterial plate counts ind.ic?ted that
t.h-e lertllrty oI Carnwood swface lrat was not greatlv increased or
attected by the addition (about ttrree to four-monihs earlier) of
ord.rnary applications of fertilisr.r salts.

,,At the end of an incutation period of E0 days appreciable losses of
ceuruose rao occurred rn ttre Carnwood peat cultures to which au
abundant supply of fertiliser salts had bi:en aaAea; ana Uacteriai
numbers _were increa-sed by the addition of fertilisei salts. In the
case-of the \4'hterburn peat the losses of cellulose, if anv. were
wlt-hrn the exp€rimental error of ttre determination.

After nineteen days' incubation at a retatively high temperature
(5q'9.), all of the cultures of Spruce Grove peat !hoo."<i loss ot
cellulose, the largest loss occunin! in the cuttuie to ronLf, fin" *a,
given, in addition to an abuadant-supply of the other nu*""t 

"a[.

THE PLANT IN DISEASE: CoNTROL oF DISEASE
(Departments of Entomology, plant pathology and Statistics)

(a) INsEcrs AND rrrErR CoNTRoL
xlrr. H. F. BARNEs. " Stud,ies of Flatluaiiotts in lrsect pobrta_

lions. II. The l{estation 61 Ueaaou Foxtail Gra^ss (rtoi_
curus pratensis) W the GaU M,id.ge Dasynewa alooecirrig!!4 .(g?idon ydac)." Journat of Animal Ecbbgy,
I93:,, Vol. II, pp. 9&106.

It is shown that the relative tiEes of emergence oI the host
insect and its parasites are important in regulat g tU" suUs"orrent
numbers of the host ircect. Eady emer[ence 6f the para_iites,
togetler with late emergence of the host "insect, mJ ,":rlail;
grea r!y- mcreased population of the injurious insect, iri other words
an epidemic outbreak.

xLrII. H. F. B^rres. " Gall Mi.dges (Cecidonyid,ae\ as Entmics
gl_!!!t:"t." Bulletia of Entoimological Rfuarih, lgE;ta.
XXIV, pp. 2r&18.

- This paper concerns those galt midges whose Iarvae are ore_
daceous on mites throughout tle world. This is the third paper deal_
tng wtth zoophagous gall midges. previous papem dealt'with those

i"ffd,ffiffi: ^phids 
(le2e) and psyllids, Tirfoids, Ateuroditls and
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xLIv. H. F. BenxBs. " A Camlium Mhcr of Ba-shz, Willauts
lA gtomyziilncl attdik lquilincGall Midge (Cec lnnyidae'1"
Annals of Applied Biology, 1933, Vol. XX, PP. 49&519.

This contatB a resumd of inlormation about DiPterous cambium
miners (Agromyzidae). The morphology and bionomics of Dilygom-
yza baneii Heirdel sp.n. are described. A list of Sali.z species, in-
cludine the Cricket Bat willow, attacked bv the larvae is given, as

wel airecords of two Braconid parasites and an inquiline gall midge
and its parasites.

xl-v. H. C. F. NEwroN. " At thc Biologlt oJ somc Sfeeies oJ
Longitarsus (Col. Chryson.l lioing o* laguort." Bulletin
oI dntomological Research, 1933, XXIV, pp. 5rl-520.

The li{e histories of five spcies of. Longitnrszs feeding on Ragwon
are described and their part in the biological suppression o{ theweed
indicated.

xLvI. H. C. F. NEwroN. " Antfu Biolo$t o/ Psylliodes hyoscy-
ani. Linn. (Col. Chrysom.J, the Hcrbare Flea Bee e uilh
Dxc,,iptiotti ol ttu'Lamii Sragrs." Annals of Apptied
Biology, 1934, Vol. XXI, PP. I$-161.

P . hyoscyqmi , \s)allY a rare beetle, occured in epidemic numbers
on the 

-Heribane 
crop ai a medicinal herb farm. Iti life hi'tory was

investigated and recommendations Ior control made.

(0) Becrrxr,rl DtsEAsEs

xrvrr, R, H. SToucHToN. " Thz lltJluenec oJ Eruironmental
ColiliriorLs ot the Deofufmena oJ |hc Attguhr LeaJ-spot
Disease oJ Cotton. V. The lrlhznee of Aheruntirg and
Varybg eofulitio*s ctt l{ectiott." Annals of Applied Bio
logy, 1933, Vol. XX, PP.5S0-6It.

A regular diumal variation in soil temperature is shom to have
tle same effect on primary inlection as a constant temperature near
the mean oJ the fluctuatiors. The mean soil temperature at the time
of sowing and for ttre first few <Iays of germination is the chief con-
trolling factor in primary infection. Similar results are obtai-ned for
ttre variation in air temperature. Plants kePt in total tlarkness are
entirelv resistalt to in{ection. The relatiors of the whole series of
experiirorts on the influenc,e of environmental conditions are
fiscussed.

xl.vrn, C. G. H,$rsrono, H, R. HosxrNG, R' H SToUcHToN
and F. Yrres. " An E$ctimctt ot lfu lttcidcncc and
Sfud oI AneuJu LeaJ-Sfot Disease of Cotlmt i* Ugatda "
fumals of Applied Biology, lgili|, Vol. XX, pp. a0+42'O.

. Experiments on tle incidence and sPread of the angular leaf-
spot tliseas€ of cotton, carried out at two centres in Ugan<Ia, are
described.

Treatment of the seed by sterilisatiotr with sulphuric acid and
mercuric chloride resulted in a reductiou in ttre arnormt of the
disezse tiroughout the season.
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_- Treatment of the seed with a bactericidal dust had a si*rrificanteilect on total germination, the plots sown with ihi; .*di;;; "greater number of plants at the end of the seas"^, i"-a"GJ"rU'ii"i
those killed bv the 

-disease

Primary irifection tas almost entirely limited to plots sown witl
seed inoculated with the orsanism.
., Spread- of the disease oicurred in a d.irection down tle slope ofthe6round and along the lines of the s"rf;"t;;i. -"- *" "'-*

lhe rmplca[otrs of the exoerimeut are discussed and proposalsmade for modifications in techirque.

(c) VrRUS DrsEAsEs
xr-rx. _J. HENDERsoi Surru. ,, 

Some A.ipects of Virus Discasc ittPtants." Empwe .Journat of *ffi;J"t t 
"G;;ii;,

IgJ3, Vol. I, pp. Zo6_Zt+.

,,_-1, 
guo"r.l account of the prcsent position of research in virusolseases

r.. J. Cerorvrrr- ,,_!.he physiolag of yirus Diseases. IV. The,;:r:: 
"J 

th: yl(us 
:age,rta.ol411ryba or yc ao Mosai.c oJt orruu. A,aaats oI Applied Biology, l9BB, Vol. XX, pp.l0o,u7.

. A. method is discussed whereby it is possible to count the sDotsiound. o.n tbe teaves oI N. gtutiisa 
"rtJiL.iirrrii""l,itf'lt;fi,1containing different ditutioni of aucuU" *"."i"-ri"ir.' fil"-f*"ifilt

!!:-T*b"l o{lpots fo}nd i5 p16*rlioraf to tte ano,-iof&iJi;
rs raKen as uldlcating lhe Darticulate nature o{ the virus. A method
]s,.sxggested, ror countin_g the number of virus particles present in a
lurce. lr ls shown t-tlat tle amount of virus pres6nt in a iuice does notincrease after asitation or after ireatmenl i;,h ;";i;;1fi;";;;;With trrysin and diastase the a.mounr or !.rus rs aDDarendv .tF_creased. This decrease, it is suggested, i. a* to tliS #;Sti;rattrer than to the destruction 

"f 
;fi" ;;. -Th;-;;,fri 

r?,,,f"r[#-cation of. the-virus in the tissues .i lV. grrrt_"7i.1;";;J"Irid
compared with the much greater multipliSation h ;;;iG;^

LI. F. M. L. SnrFFrrro. ,,Virus 
Diseases and, INracel.hlat

,, Iwlusions it plank.,, N"t"re, tef3, Vot. CXiIfl". 6Sluany vrnx dseases itrduce the occurrence of abnormal'rihero_
mena in the cells of t}e host, large pr"t"i" 6"di;;fd ;;i"fi5frIX
freJrous work on_Aucuba Mosiic-disease h.a ."esJt"d ifl.i1G
DooJes were coagulation products of the cltoplasil Attempts werernererore made to re-produce the phenonieni bv phvsicojhemical
means. _varlous metlods were used and varying dedees of successobt+.ed. By treating plants wittr salts of" mitvb8ic ;"ia;-;;possible to parallel aLI 

'the 
microscopic- eif*t ;i;#;;;;

dsease.

ut. l.- M. L. SEEFFTELD. ,. The Deoela!ruent of AssimilsloryTissuc itt Sotaraceous uosx t"1ecr"i iiii i;;;;"i;;;i
oJ Touara." Annats of nopuea iiologJ,, iiili, V"f. XX, ii.57-69.

- ,The development oI the chloroplasts 'nt Solarym todiflotum5. lltcolersieum and. Nicotiana rahccui i, a"roiU"a -i';p,r*;;are made with plants in ected with aucuoa mosalc.
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In the normal plants after cell division ceases in the meristematic
tissue certain minute bodies, which are present in the cltoplasm of all
young cells, commence to enlarge. A vacuole is formed in each, and
this gets bigger as the proplastid increases in size. A starch grair is
formed in t[e vacuole. The outer stroma becomes pigmented and
pores are formed in it. Increase in size conti.Eues, the mature plastid
being about 5p in <liameter. A second or third starch grain may be
formed in the vacuole. Chloroplasts sometimes divide.

In plants inlected with aucuba mosaic certain of the leal tissues
are devoid of plastitls and the cells may be rurdifferenliated. The
absence of chlorophyll is brought about by the inhibition by the vilus
oi the development of the plastid primordia. Usually the primordia
are destroyed. If plastid development is not prevented in a very
early stage, perfectly normal plastids are formed. Matur: plasti<Ls
are nevei affected by the virus but occasionally intermediate stages
may be.

Soon after inlection with aucuba mosaic disease, these plants are
characterised by the production of large intracellular inclusion bodies
in many of tle"cells,'Such bodies arinot found in the meristematic
tissue, but incipient bodres appear when the cells are rncreasing in
size aad after plastid development is well advanced. For this
reason inclusion- bodies are formed indiscriminately in green and
chlorotic areas, ttre virus presumabll, having reached the Sreen tissues
too late to iahibit plastid development.

An attempt was made to determine whether the prevalence of
intracellular iaclusion bodies in tegumentary tissues and their rarity
in assimilatory tissues is due to di{ferences in the pH of the tissues,
but the results obtained were rather indefinite.
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TECHMCAL AND OTHER PAPERS
GENERAL

Lrrr. E. J. RusssI,r. " Recent Chnnges in lhe Sowces of our Food.Supt'ty:' Geography, rg3g, v6l. XVIII, pp. gr-iOi. - ''
uv. E. J. RussELL. ,, 

Boohs and thc Farma." Association oI
Special Librades and Information S*".o*, i""ii A";""I
Conference, Bristol, September, 1933.

Lv. a J. . 
RussELL- " La Trq,nsition d,'un Art d une Science:Empbiow et Recherclu ScienliJique * iir;ir&tii:," Scientia," September, f9$, pp. i9i_197.

Lvr. E. J. R!ssI!L. .,The Changing Courdrysidc: Hou can we
T,::" P 9.h41* ty i,-)', Addr;s deriveiJ a(., th; ordi";
l"".o1l t*t*S, of the University Court of Wales atuenbrgh, tiecember l4th, l9BB.

rrrr. R. K. ScsonlEro. ,, Simple Deiual,ions of Sofl.e lrnbo afltAaal;y2ty;fs in Capi .ary Flozo.,, physiis, l9*, tI"i. iV,pp. 122-128.
Use is made of.geometrical constructions to demonstrate thecondttlons urder which a plot of V/flRa against *pR eives a unioue

curve independent of the.i,alue of it, and it* t"tt 
"li f,.*1"".i"i

can be taken of discrepancies due to modified fl; 
";; th"-;;li-;i

roe 
-luDe._ ln a srrutar way, the reasoning from which the velocitv

gradlent GN at the wall oI the tube can be diduced from experimenta't
figures for-Y, p and R has been set out in 

" 
geo-"i.i;;i6;;;i"h

should be helplut to those to whom a prcto.ill represent;ii;;;G
a ready appeal. The deductions, tUorigtr simpfe,'inuoi;;; L"*';igenerallty. 'lhe data of Farrow, Lowe-and Niaie for t*o per 

""rri.starch paste are considered by way o{ example, and it is sh6wn thatthcir forrn,

. .,G.: (Vi rRB). (N* 3) where N:d(tog V)/d(tog p)
or. tne equatlon tor the velocity gradient at the wa[ has smcial
l9vantages. l-ater work, by disclosing a wider basis, has showri that
^ 19:a-n9t be constant, as they supposed, and also that. wheremoorrted ow occurs neax the wall of the tube. V/rRr becomes
Vpl.rRr, the limiting value for large rad.ii.

rrrrr. G. W. Scorr Burn. ,,On 
thz Natwe ol ,yield.-Value., ,.

Physics, 1933, Vol. IV, pp. l13- 8.
The problem of the flow of materials at stresses far belorv their

normal yield-valu.--s,is discussed, and it ls pointea oul Oaitfr" ,fr"r"_
ness wrth w-tuch lneld-values can be measured depends on the erouL_
lng ot.t"he retaxation times for the different strai;s set uo witlin tliematerial, an uneven distribution making for . ,fr..o"I a"ii";tr""
Any sbarp and drastic change in the relixation ti;;'J td;;;;
as a whole may justifiabty be said to constitute a vield_vahie- ttre
questton as to wNch of these points is actually tak6n as the vieltt_
value depending on the conditiors of the exftriment. These'con-
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siderations are reinforced by a discussion of the results (to date) of
certain experiments on flour doughs, and it is claimed that flour
dough is a peculiarly suitable material for such investigations. A
new rapid method for studying flow in flour doughs, recently de-
scribed in the literature, is discusrd. The dangers oI cla-rsifying
materiah in hard-and-fast rheological divisions is emphasised, while
it is pointed out that Ior practical purposes, and given adequate safe-
guards, such classilications may be ertremely useful.

Lrx. R. K. ScHoFrEto. " Capacitnwe Hygroscofy and Some of its
Appliations." Nature, 1933, Vol. CXXXI, p. 96.

Lx. HucH Nrcor eNo F. M. L. SHEFFIET-o. " Afllicatiotts oJ
Photagraflry to Agricu urol Research." The Photographic
Journal, 1933, Vol. LVII, pp. 27-35.

Report of lecture given before the Royal Photographic Society
on January Uth, 1933.

CROPS, SOILS AND FERTILISERS.

rxr. H. G. TnonNrox exo Hucn Nrcol. " Thc Cultwe oJ
Lucune in Creat Bitain." Journal of the Royal Agri-
cultural Society of England, 1932, Vol. XCIII, pp. f-20.

rxrr. A. G. NoRuAN. " Sorne Asbecls of lhe Chcrnisby of the
Plant Cel.l-Wqll." Science Progress, 1933, Yol. XXUII,
Pp. 225-245.

Lxrr. R. A. FTsHER axo F. Yams. " Wheat Prcqision Obsmt-
atiotts." Jom of the Ministry of Agriculture, 1933,
Vol. XXXIX, No. 12, pp. 1082-4; Vol. XL, No. 3, pp.
20G8; No.7, pp.59l-3; lio. 10, pp.903-6.

These four reports contaia summades of the observations carried
out on the gro$th of the wheat plant under the supervision of the
Agricultural Meteorological Committee, acting for the Ministry of
Agriculture and Fisheries, the Department of Agriculture for
Scotland, and the trleteorological Office. The observations are
ta-ken by sampling methods, and last year were carried out at eight
centres. They are designed to determine the principal events which
mark the progress of the wheat plant from germination to maturity
so that the effect of weather conditions, in combination with varying
soil tlrPes, can be studied.

rxrv. H. C. LoNc. " Sufptession oJ Weeds by Fettiliserc and
Chemioals." (Sections 4, 7, 8, l0 and Il, prepared by
W. E. Brenchley). Published by H. C. Long, " The Birk-
ins," Orchard Road, Hook, Surbiton, Surrey. 1034.

Lxv. E. J. Rus$LL. " Soils atd Manures. The Farmers'
Guitlz lo Agria&ural, Rasaarch in f932." Royal Agri-
cultural Society of England, 1933, pp. 199-236.

rxvr. E. M. CnowrrsR- " Soik and Fertilisers-" Reports of
the Progress of Applied Chemistry, 1932, Vol. XYII,
pp. 4,,477.
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Lxur. E. M. Cnoryrurn. " Soits and Fett,ilisers.', ReDorts ofthe Progress of Appled Chemistry. I9gB, Vot.'Xvifi.
pp.519-552.

rxv r. E. trI. CRou.THER (rvlrH R. Srewarr\. ,, RebM of thz
Analysis oJ Soils Srb-Commillee of lhe As;cultwal'Educ'dtiol
Association." .A.gricultural progress,- 1984, Vot. XI,pp. 106-114.

LxIx. Hl cH Nrcor-. " The Odow of Sor7. 
, perlumerv and

Essential Oil Record, lg33, Vol. XXIV, pp. Sa_SZ. 
--' -'-

BIOLOGICAL.

rxx. J. F. B{R-\Es. " pests of Willous.' The Times, lgBB,
feoruar).6th-

LxxI.--Il F. BARNES. ,.Grass Seed prod.ucliort and GaltMidges." Herbage Reviews, lg33, Vol. t, pp. i_e 
-- ""--

Lxxrr.. H. F. B.rnsrs. ', Tx,o Ju het lnstarres of Flies Suatm_
tng at Rolhar slcd Expelimenlal Statiqn,uith Soue Referctces
to Iherl Phenorrlcnon,' .Entomologists. Monthly M;€azhc,
1933, \'ol. LXIX, pp. 230_2.

Lxxr . H. F. BARNES. ,,Ttu LiJe Histoty of the Embelo,Moth." School Nature Study, t93A. rr''ot.'Xinff i-I pp
7-l r.

Lxxrv. H. F. Bannrs. " Clinbing Roses and fhe pe bbcred.
,l/o/1r. " Gardeners'Chronicle,"Ig33, Vrt. XCIV, p'pl iiS
and 217.

Lrx!.- H F. BAiNES. ,, Recenl Afuiances_Enlomoloev-.,
Science Progress, I9BB, Vol. XXVII, pp. iS 58i. 

'-'"*'
Lx\! r- IL F. B.*xrs. , Recert Adoattes_Enlomolosy.,,

Scicnce Prosress. 1938, \'ul. XXVIU, pp- tt5_ti.- -"*
L\x\rr.- C. B. \\rLLrAMS. ,.The BollWotmsof Cottotr.. F;mr)It

C_ottun. Growing Review, October, l9$'. ,oi. X (4),''pp-
273-281.

rxxlrrr.-C- B. \\'rrrr.urs. ,,7'lla Co .,t Stainer probleru.,,
Empire.Cotton Grorving Review, April, 1934, V.f. .ii ii1,pp.99-110.

Lxxrx.-D. llonl.rr-o. " l'emleruture in thz Bee Hi|te.', Conercs
lntcrnariunal D Entomulogie, paris, juiUet 1992, I9Bg,"pp.
879-881.

rxxx.-D. tr{oRrAND. " Morc about Suatzzs.,, Report of Bee-
keepers'Arurual Convention. Cheltenham, eug, fSaS, pp.
t7-19.

rxxxr.-D. ]IoRLAND. ' The Feeding ol Bees.,' Bee Kingdom,
l9_3?, V.l IV, pp. 92-9i (Repriniaj from the lo;;i%;ihJ
Mrnrstry of Agriculture. 1929, Vol. XXXV, pp. 94i_950.)
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WOBURN EXPERIMENTAL FARM
REPORT FOR 1932,33

By Dr. J. A. Vor:rcrcn, C.I.E., M.A.

The season of 1933 was marked specially by a warm summer and
a low rainfall-I7.77 iaches as against the usual 24 irches. Botb
autumn and spring crops were sown under Iavourable conditions.

Apart from some difficulty in securing a good plant of swedes and
sugar beet, al1 crops did well. The summer drought gave an early,
but not a deficient harvest.

METEOROLOGICAL RECORDS.

tg32-
Oct. ..
Nov. ..
Dec. ..
r$3-

Jao. .

Feb. ..
Mar. . .

April ..
Mey ,.
June ..
Julv ..
Aug. ..
S"pt- ..
Oct. ..
Nov. ..
Dec. . .

Tota.l or
mean for
ls33 ..

Ilours.
98.4
43.2
49.6

63.9
94.1

185.4
150.2
163.9
220.5
251.4
246.1
17 t.2

Grass
Min.

'F.
3?.4
34.7
31.6

27.1
28.6
29.5
33.2
40.1
43.9
49.0
46.6
43.8
3S-l

2.1.0

'F.
54.2
48.2
45.5

No.

t1
9

l_:"-*"",:t,^,

"F.
40.7
38.0
35.,1

40.1
45.1
54.0

62.8
69.5
74.5
75.2
68.0

l

I ft.
Itin- i itr

l('rouno. I

'F.
48.8
43.7
40.5

Ins.
3.43
1.22
0.48

1.40
l.6l
2.42
1.05
1.87
1.89
1.49
0.90
t.84
t.44
1.52
0.34

98.6

34.8
38.1
43.8
47.7
54.3
52.6
15.4

37.1
3S.4
43.5
50.0
56.9
64.3
69.0
67.3
6r.l
50.9
43.5
34.4

l6
l5
l5

6
l4
l3
ll

5
11
l6
l7
ll

t1.77

CONTINUOUS GROWING OF WHEAT AND BARLEY.
STAC(YARD FTELD, 57TH I'EAR

(No manure since 1926)

Whool.-" Red Standard " v/heat, at the rate of f2 pecks Per
acre, was drilled on Nov. I7th, 1932. The land, especially on the
ammonia-salts plots (2, 5, 8) was still very weedy, particularty with
twitch, and thi: plots mentioned sulfered from the winter frosts.
But, on the v/hole, the wheat came up rvell and not much damage was
.lnne hv hirde thanks to continrral watchins- The effect of lime-done by birds, thanks to continual watching- The e{fect of
thorleh last apolied in l9l8 or earlier, was still to be noticed.though last applied in l9l8 or earlier,

Tie farmyard manure and nitrate of soda plots continued to
)k better than the ammonia ones, but were more weedy.look better the ammonia ones, but were more weedy.

l'* I

-|--i40.8 5r.{ 36.417r8.8
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A. wged s^ryvey- disclosed some changes lrom the earlier weed
population. Of various weeds known as ',-twitch." the most oromin_
ent was lfokrs rzolJis, unlmown ir earlier veais- Asroslisi)ulsatis
(creeping bent grass) was another later introduction, while'the
ordrnary twitch (Titkum refets\ was hardlv oresent. Nothins but
hand-ho_eing was successful ih ke;ping these wieds in check. dther
weeG that showed up *ere mayweei, veronica. convotmlus- hoe_
weed, coltsfoot, vr_tch[ng and pxippy. J\Iayrveed, while abunda-nt Jn
Ine xmed plots, drd not occur on very acid plots (2, 5. g) : it was verv
prevalent on the nitrate of soda piots, aria on'ttrese iitier ana oir
the tarmyard manure plots vetchling throve in particular. By the
time of harvest the unmanured plots were a mass of mav,weed anti
Hokts mollis. The dry weathei, weeG, and absence df manures
resulted in low yields. The crop results are gi\rn in Tahle I.

Table I.-CONTINUOUS GROWING
Stackyard Fteld-produce

oF WHEAT, 1933-

Pef acfe.

6.96
1.89

1.71
t.07
3-50
5-16
,.96

9.87
1.07
t.r9
3-?t
8-94

1.61

.1.93

2-32

{i.10

1.4o,

5.39
5.rE
4.07
5.{l
?.16

T.il

tb.

6
6

8
It

E

6

l0
1
4
t
7

1

8

.t

8

57.5
t7.0

57.0
57.O
57.0
57.0
57.0

67-lt
67.0
67.O
67.O
9.8
57.0

57.0

5i.0

5?.0

I

tb
,bb
3a
lb
,l

5a
6b
6
1
E.

Eb

Ebb

0b

10.
l0b
ua
ub

II ur.s tpplFd -{nDulrv 16 rcln
(fou@ed b, rio \.a6 FaIa's 1926.281.

lor.boun13 re R.mrr 1927-rN
No xaEllE sini€ ts26

r,f,f"r.
lb.

Cnatr,

qqry.,*! . .

surpn.r. ot Ammooia
As 2a, Mrb 5rs!. LrDe,Jan.19Oi, reFak.t 19Oi,

As,a,;th , ioc m" r; ri:a;
As ?b, vith 2 tons Li@, ftp"it"al""., rsOs l.rrrrate or Sa<r.:50 lb. Atrrhon,,
Nitr.te ol Soda=25Ib. -\mhoni"Uim.al iIatruc tsupcrprosplate ana luloraii

or yor.sh,
ltimrat MatiuB.Dd s,nDrrrc ot i*""i, l
As 5a, ritt I lon Lnn€ i,n rq6s
MiD€ral llanuB wirh Niirart ot Soda ::
u:Tfl;19#j* -1:',i"-, r" y",^, b,rpr"ti

^ili:.,il!",ll, 
.*: ri*, .1"... ie,ri. -p""r"i

rl,n.ral lianuE a"a s,ipr,ate or i,i,-onii
lo@ttdt rn.It rn r veaEt.ili:.THl "*,: u6". ri".. is,,;. iip".rJ

irimglrdue ad, iD altha!; ve.E: Nit..;
rrin.rrt rtanu* e;rt s,t it 

"r'i.a, i"-,r,ii
-. ro alernare yeaB) :.suFrDhGDh.t€ aod r"irrar. of s.yt.
Rrp€ Dct .,
sulphare of porash .nd NilraG or i:odala@rrrd Manurc .. .. . _

2.6
l.l

.8
2.6
1.8

1.5

4_0
l.i
1.4
,.6
4.0

1.0

3.6

.1.1

1.8

I.5

3.5

,1

6

.l
6
4

Barley.-" Plumage Archer " barley, at the rate of 6 oecksper acre, was sown on llarch 23rd, in drills lg inches aoart to iacili_tate weeding. Notwithstanding the cleaning *..f .fi"Jau ilr"l tfr"
Projs. Eere. ver)' weed],, especialll. with -spurry. 

A 
-newcomer.

colrsroot, also appeared, especially on the ni[rate of soda Dlots.
, rere. as.wth t-h-e wheat plots, the farmyard manure ind limedplots seemed to be the best

Owing to the dry weather, to weeds, and the absence of manures,
a very small croD was obtained_

The results aie given in Table II.
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Tablc II.---CONTINUOUS GROIDING OF BARLEY' 19:13.

St ckyard Fleld-Produce per !one,

Mrl,c ADli.d AlDu.llv to 1916.
{io[@ed by'drc yeG' F.lror ,9r6'rE).

For mdunr3 K R.Nrt l9r?.r8
No daru.es;n t92r, 1930, or 1934. For @oUB io Istl atrd l0:!,

* fmtnot..

1.1i

X.rrnna b 1931dd losr:
Pbts. Ouantity p€r acre.

1-7 U!@ned.
&, sb, E..,8bb S crt. supdphGphate, lI c*t. SulPh.te of Poi.sh, lt ctt. SulPh.te ol

ammonir-
9., 9b 3 .rl SuFrph6Phat , U cvL solph.te of Pot .h, ,.16 ctt. Nitt'.te ol

loa 3 cwt. SuperphGprr.t., ,.36 cst. Nit.at. of Sode.
lob UDbourd.
u. U e!. Sulpb.te oI Potsh, ! 30 crt :{ltrat oI Soda.
llb UloeruEd.

ROTATION EXPERIMENTS
THx UNEXHAUSTED MANURTAL VALUE of CAXE AND CoRN (SrAcK-

Y.{RD FIELD) 193:}.

Series C. The clover (alsike) stubble of 1932 was Ploryhed in,
and " Red Standard " wheat, at the rate of 12 pecks per acre, was
drilled on October l7th, 1932. The wheat carre up well and gave an
excellent crop for tbis land. It was cut on July 28tI. The results
are grven in Table III.

Table III.-If,IIEAT ,IFTER CLovER.
' Produoe Per acre.

tb.

5.57
.1.9t
5.5'
7.78
7.74
7.00
7.17

+24
9.m
1-24
6.89
8.03
4.19

ro:r

ro.za
14,t8
16,0t

6.3'
11.55
17.39

t

2b
,bb

3b
3bb

6b

7

8b

10b
Ua
11b

1

21
40
l8
40
4E
t6
18
l,
56
26
t6
l9

5'

6l
10
5{
4.t
40

116

Plot.
Weight per

Bnshel
lb.

l. Ca.Le-fed
Corn-Ied

21.5
24.0

Bushels.

AEe@i.
5 cit. LiDe, Mar., 1906, r.p..t.d 1900, 1010, 191, .!d

-x",.i reri :: ::
EFated Mt., 1906,.

lls ard, in alt@ate FaE, Snlphat of Alrmolh ..
toE LiN. D<..189i, rep.ai.d l9t9

ni, Iam tat in llt mrt

Head Cont. TdiI Cdn.
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. .This soil has only 0.104 per cent. of nitrogen; the soil of Series
A 

_ 
(green-cropping), with hardly less nitrogen (0.96 per cent. and

0.100 
-per cent.N.), gave, i.rr thi same yeri ana on tf,e same land.

only about 9 bushels of r+'heat per acre.
Series D.-Swedes, that foliowed tle wheat crop of lg32. erave a

small but uniform crop. The yields are given in T;ble IV. ''

.. The root-crop was divided equally between the two plots and fedort by sheep. One lot of sheep had BO cwt. of mixed'Linseed andt tton cake, tbe other lot 30 cr.r,t. of mixed wheat, barley and oats.giving respectivety ?i.6 lb. and 26.4 rb. ;iid;;;;;J. 
*'- --'"'

GREEN CROP AND GREEN MANURING
EXPERIMENTS

(a) Stnc\nrd Field-Series A -

Y 
p^p: Pt,tgB.. Wheat afu Oeen crols fed olf bt Sto.f .

. .." Red SJandard " wheat, at the rate of t2 peci<s oer 
""ru. 

*""or red on NoveEber 3rd, 1982. It came up well, but the land wasnot clea[; tne pnncipal weeds were mayweed and veronica withpoppy, especially on the tares Dortion.
After March tbe wheat fell iway as is usuallv the cas€.

U. 
ft. -op *". .ut on August 8tt{. Th" ;JL;i" fr"" i" f.Uf"

Table V.---GREEN MANURING EXPERIMENT.
WHEAT AFTER GREEN-CROPS FED OFF BY STIEEP.

Table IV.-SWEDES, t933, FOLLOWING WHEAT.

Stackyard Fteld, t933. produce per acre.

Head Con. chaII,.rc.
Bushels.

l. After trIustard led
off (uDlimed) ..

2. After ltustard Ied
off (limedl

3. AIter Tares ied off
(ualimed)

4. AJter Tares fed off
(limed)

Tail Con.

8

I
t3

t2

l0.l

9.2

r t.6

8.8

12.3

12.8

I5.0

15.5

Tbe yields are, as usual. low_
Lou,u halJ, 1933. Green Crobs.

After remova[ of the wheit crop of 1982, twitch was picked outas far as possibte. Tares_B bush6ts d;;;*_;;;;';;d;;p"i26th, 1933, and mustard---60 lb. per acre_on U"y fiit,- *a !-I""

Produce per acre.

82.1

59.2

6t.8

58.1

9.87
7.89

Cake-Ied
Com-fed

t.
2.

t.4l
1.31
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fair crops. They were grazed July l2th to 3lst, by sheep whig! had
ll cwt. of mixed cake per acre, supplying an additional 8 lb. of
nitrogen per acre. To permit further cleaoirg of the land, no second
crop was grown. Wheat was sown on October 23rd.

Table VI gives particulars regarding the green croPs.

Table VI.---GREEN-MANURING EXPERIMENT'
STACKYARD FIELD, T933.

Irwer Half,

Totel Nittogen
Fr ecre.

tb.

Yustard
l{ustard
Tares

20.1
14.5
39.9
85.3

The mustard contained on the average 1.7 per cent. of nitrogen ;

the tares 3.3 per cent. Lime gave a marked increase in the yield of
tares.

(bl Lansomc Fidd.
Here rvheat followed the ploughing-in of the green crops of 1932,

" Red Standard " wheat at the rate of 12 pecks per acre being sown
on October tlth, 1932. It grew and ripened welt, though weeds-
chiefly chickweed, veronica, and mayweed-were rather abundant.
It was cut on July 28th. The results are given in Table VII.

Table VU.-W'HEAT A.I'TER GREEN-CROPS PLOUGIIED IN.
I,aasorBe Ftcld, 1933. Produce per acre.

4. TaEs Dew series i 9.3 J 62.0 I

5. CoDtrol new series I 8.4 I 63.0 I

The yields are small and differ little from those given in Table V.

LUCERNE INOCULATION, LANSOME FIELD
This exp€riment was started in 1932 when two cuts were taken

which gave together, as hay, 0.70 arrd 0.68 tons per acre, respectively,
from the aon-inoculated and inoculated plots.

The plots were then harrowed on four occasions, and hand-hoed,
and twitch was also dug out. Owing to the drought, only two cuts
were taken in 1933.

The green-weights, hay-weights, and nitrogen contents were
determined. The results are given in Table VIII.

t2.7
12.2
I t.7
ll.5
9.4

t7
l0
l3
t2

4000
2950
6676

10238

1144
874

1322
ta22

I

Head Corn.

i No. ot I w"igtt p"'
Plot. Bushels. I Bushel.lb.

l. l\Iustard old s€ries 9.1 I 6o.g
2. Tares old series.. 9.t 61.4
3. llustard ne\r series 9.8 6f.0

Tdil Corn. Slrau,
Chaff,.tc.

Dry Matter.
per acre.

lb.
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Table VIU.-LUCERNE INOCULATION EXPERIMENT.

Gaaai.
Tons pr acre.

Ha1t.
Toos pei acre.

Nilrogtn.
lb. per acre.

IDoculated
Noa-iaoculated . . ..

8.98
9.36

3.r2
:r.28

r57.0
152.8

The inoculated plants contained a hkher percentase of nitroeen
and gave a slightiy higher yield of nitroeen &r acre. ilthoueh tieir
total weight was less than the non-inoculated ptauts.

MANURING OF GRASS LAND, BROAD MEAD, I93:}
The area was again fed this year by sheep, so that there are no

crop_weights to record. The herbage has bein much improved bv
the heary grazing, especiauy on t-he farmvard manurJ oloi fsi:
daisies on the lime plot ({) are now much reduced in numbeis. ' ' '

During the wirter the iime plot (4) and that with suDerDhosDhate
and sulphate of potash (3) were the greenest. In the iprins. inole-h ls were most plentiful on the lime plot.
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WOBURN FARM

REPORT FOR 1933 BY DR. H. H. MANN
AND J. R. MOFFATI

The weather during the l,ear 1932-33 was much more favourable
lor crops generally on the litht sandy soil at Woburn than
would have been expected. Though short in amount, the rain came
at very opportune times up to the end of July, and, as a result, there
was a very satislactory crop of hay, particularly in the pastures laid
dotm in 1930 and 1931, while the grain crops (wheat and barley)
were quite good. The Iact that from 25 to 28 bushels of good wheat
per acre iyere trown without special manuring in the rotation in
Stackyard Field (an area which is not usually considered as very
suitable for wheat) shows how well the corn crops behaved.

After the corn harvest, however, the drought became more severe,
and this showed itself in the condition of both swedes and sugar beet.
The former, at one time, almost entirely lost their leaves as a result
of the drought, and, though the5r recovered later yet the final yield
vr'as affected. .dll the same it reached 9 tons per acre in the four
course rotation in Stackl'ard Field, where it is grorrr without anv
special manuring, except a small dressing of superphosphate. A
peculiar rot developed in these srvedes, however, in January, and
during the feeding oi the crop to sheep on the land a considerable
proportion of the roots became useless. The cause of this rot has not
been clearly made out, but it seems clear that it was in some walr the
result of the drought conditions in the earlier part of the season.

Sugar b€et showed a very much reduced top growth durilg
,\ugust and succeeding months, and a very small crop was expected.
But the actual weight of roots obtained was unexpectedly large,
while the sugar percentage was about normal.

Potatoes and kale proved excellent crops, in spite of the drought.
Liaestoch

In the autumn of 1932, 108 ewes were put to the ram. The 88
that lambed produced 155 lambs, of which 5 were triplets and 58
doubles. The ewes were in splendid condition and did their lambs
well-helped, of course, by the very good crop of grass which was
available; 44 ewes and their lambs (88) were put in the old pasture
of Broad Mead in May, and were there all the summer till the end of
September. They throve very rvell under these conditions.

The pigs have done well. Starting the season with 336 pigs,430
were sold during the year, while 316 rema.ined at the end o{ the period
under report. There remains a stock of about 30 breeding sows at
the end of the yeax.

The {arm did well at the Bedlordshire County Show in July,
1933, when second and third prizes were secured for pigs, while a
Iirst prize ras obtained for lambs.
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Notes on the Construction and Use of the
Summary Tables.

The presentation of the results of simple experiments is a.o easy matter, it beil8 usua[y
sumcient to give the mean yields o{ the individual treatme[ts 'with a,l associated standatd efiot
by which diflerences may be compared ; a dillerence of t}rce times the stardard ellor o{ a treatmelt
meatr may be regarded as significant- Io the cas€ of complex experimeuts, ho*'ever, where there
arc aII combinatioDs of several groups of trea.tments, the meie preseotatiou oI the Eeaa yields of
the sets o, plots rcceiving all the difiercnt combinatiotrs oI treatments does not give an adequate
or easily compreheDded survet oI the results.

In order to illustrate the poiDts iDvoh,'ed we will lirst consider the simple t ?e of complex
erpe ment in which therc are aII combinations oI two statrdard fertilisers, Ditrogetr and phosphate,
each a.t one Ievel in additior to no applica.tiotr. This is called a 2 X 2 arrangement, atrd irlvolves
the lour trcatmeBts

O, N, P, NP.
Eaclt treatmetrt vill be replicated se\.eral times, using a raDdomised block or Latin square layout.
Itr what follows the symbols are takel to represent the mean yields of each particular combiaation
oI trcatments.

There are two respotrses to N, one ia the abs€nce of P, aamely (N-O), and orc in the presence
of P, namely (NP-P). These t$o respotrses may difJer, but Jrcquently the difference iisma.Il-
too small to b€ distinguished Ircm exp€rimental error-atrd in such cases it is oftetr suflicieot
in cotrsidering the results of the experiment to take the average req)oose to N whe[ P is both
preseDt aad absent. The average respoDse is clearly

+t(N-o)+ (NP-P),1

+(NP+N-P- O).
The differential respotrse to N in the prcsence atrd absence oI P , usnally called tbe ifiteraction

bet\reetr N and P, is the ditference between the response to N when P is present, and the respoEse
whetr P is absent. It is given by

t(NP-P)-(N-o),1

Note that with this couvention there is n)i;I;n**3;." ** ir the average resporse, also that
the differetrtial respoDs€ to N in the pres€nce and absence of P is the same as the dif{ereotial
rcsponse to P in the presence and abs€nce of N, i.e., there is only one interaction betwee[ N a,ld P.

If potash is also included itr the experiment l.Ie have a 2 x 2 X 2 airaogemeat with the eight

O, N, P, K, NP, NK, PN, NPK.
The average rcsponse to N is the aveag€ of Iour rcsponses a.nd is therelore

It(N-o) + (Np-p) + (NK_K) + (NpK_pK) l,
or

*(NPK+NP+NK_PK+N_P_ K_O).
The itrteractiotr betweeD N and P is the average oJ the interaction whetr K is present and the
interaction wher K is absent, i.e.,

+l{NPK-NK PK+ K) _ {NP-li P+o),1

tiNPK+-NP- NK PK-N-Pr K. O).
The diflereBce between the intcractioBs betweer N and P vhen K rs iresent aqd absent is called
Lhe \e.ohd ord"r inreraLtioD bct\een N. P and K, and is gireD by

[{NPK NK_PK+ K) _ iNP_N_P+O)],
NPK_NP_NK_PK+N+P+ K_O.

Just as there is otrly orc interactio[ betweetr two treatments, so there are t]ree firct order
itrteractions betvreer tiree treatments, oBe betweer each of the paiIs of the treatments, but oDly
ore second order interaction between the three treatments.

The summaries of this rcport are so arra"nged that as far as possible the main ellects and first
order interactioDs are available witllout the necessity o{ takitrs- out any meaDs. The Jirst order
itrteractions are ofteo given itr the form of resporse t6 one treatment in ihe preserce oJ, aod itr the
absence of the other, under the he3dlng of "dilferential responses. , The staidard errors (prelaced
by the sign - ) applicable to all comparisotrs wh ich are I ileiy to be of iDterest are also sho[;i. Thev
arededucedlrom-thestatrda.rd-erroisperplot,whicharegrvenintbedetailsoltheexperimeat.'

. The rough-rule lor use lrithstaDdard errors is that a quaDtity is significaot if it is_gEater tlatr
twice its standad error, and the dil{erence betq een two quantitieihavios t_}re saie standard
errcr is sigEiJicart iI it is three times tbat stardard error. t'hus the mean reiponse to sulphate of
ammonia in the 1934 Bruss€ls Sproues expedeelrt at Woburn is given as g.dl c*"t. +1.89 cwt.,
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$,hich is ttrerefore signilicatrt, since the respons€ is almos,t 5 tlmesits staDdard etloI..The teE)oDses

ioG" 
"U"."". -ap"r"t""ce of poultry mahure ale 12 38 cwt' and 5 clst', each IIith a staodard

"iriJ-! foi,-""a'trr. differeniial reipoose (or rnteractioD) which i5 the dillerencc oI these.: tho}th_
*rpoestive- rs not sicrliicant. bcins odlr about t\lo and a half times the sBtrdard error of e&h of
ih:il. -iil ;;r;;;t. iutohat. or"u-"ion,a in th' prercnc. of Poultn'danure, i M,is siSrilicant,
i;;; -; ;fiiiil jt. ltanda'd .',o,. I Ic sam; rEteractioi catr be looked at lrom the poiot of
;;.":;;;;;; t";";ti.r ;;"r" in o, abscncc and presence ol sulnhate of ammooia The'e
r.."""*"]i" rj.il ifai.i,i .,rt., .g.i" rvrlh a standard error o, - :167' Siviot a oeatr req)onse of
i.ii-.*t. *iit ..t."dard erro. ol"-t.89. Thc mcan responsc aDd the response iE tbe abs€nce of
.ri"ft.t" "ir.*..i" "i" ttrerefo.":rg"iticant, but tlte 

_rcsponse in the Presence,ol sulphate of
;;;;Li;;tii;d not sie-nificaDt. ive have here a case oI commoo occurretrce where oBe o' two
,f.."Uti* i.-.i."ii.""t arld"the olher is not, but vhcre thc tso quantities do uot difler siSnificatrtly
from oEe another.'-- St-ia"raii-^, *sides their use for testing the si8nifrcance of (onrparisoDs froE ore.pt+tcgtt
cxD€riment- arc of ioDortanle uhen the resulis o{ a iumber of experiments are combiaed, siDce

;i5; ;;" ;;,";*, r; of the reliabilitY oI each cxperimeDt, and also give the iuformation necessar]'

i.ii"Iir" ":rr" r"i the varjation t roni experimerit lo experrment in lhc eflect uDder survey is a

rcal one ; whether it can bc attributed 1o experimental errors '
'_-_ 

ilr".""o"J""a nigher orde, interactions ire likelt to be o{ eveD.less importance than the firsi
*a.i i"t"i."ti""i, 

""d 
thi. f""t is made use ot n ionlounding' \'hich-is a Eodification of the

;;A;ilt;i;t'*"tlod, introduced rn order to ke€P the nu;ber of plots Per block small *hile
Ji.*l"g .1".g" o"-ber oi different tratments- In coifounded experimeots certain comPadsons
r.o....i.ion iieh order interactions arc confounded 1r e. mixed up) with d'ffereDces betweetr

Li[i"lir,i,. ii-it 
" 

i . iii itt-g"."ot 8i\ cn abovc, thc plots reciivin8 the treatmeuts N Px '

N-, Fana x miglt be put in one s;t oI sub--blorks oI 4 ploti, aDd the piots-receiving treatmeEts
sb- lii. ix "iJ 

o in'another set o{ sub'blotks of 4 Plbts. The secoad order iDteraction would
iir"l, s. ."-rf"i.t" -Jounded. On rr resutar land a c6nsiderable rDcrease in precisioE may re$rlt
irom teeoioi ttle'Utocks small. 'Ihefi aie manl examples of confoutrdinS of !'ar)'rng comPlexrty
i; G";;;;i.;ri" "i this rcport. l here r. not sPa(e ro discuss all tbe.imPlications o' confounding
fri.., Urd it r"iff U" seen that in general the rcsirlts of intcrest, namely the main elfects and Iirst
lia"i i"t"i."tio"", .i. unal{ected"by confoundrng, and tables iEvolving these intemctioos only can

U"-ur.a *;ttout't"S"rd to the co;Ioundin8. In certain cases,.c8..3.Y!x2 and 3x3x2
exoerimetrLs- *here bme of thc frr"t older i;tcrdctiotrs are unavoidabl): sliShUl coDfoulded'these
ir[r".ti.* 1."" 

"fightl] 
biSher standaral errors tban the others ; this is itrdicatrd in the tables

themselves, the correct stand.rrd erlor" I'eiIlE 8i\en-----iU" 
niif, "ra", 

i"teractions arc not onlt. u-nimportant, but it canr often be cotr{ideotly piedicted
ihat thev a-re likelv to be ver\ imall in mignitudi romparcd with rbe experim€trral errcrs. Thet-

i."-tfr*!f.* -t]" 
,'."J to proiide an esr.ima"t( of experiinental -error rostead.of tle usual estima!"

Drovided bv reDlication. Thi. makes posibl< coriplex expcrimetrE in which each combination
5i;;A;Jt ";;-;-;; "Ji:. t1,"" .'^uti"g grcatir complexitv to be attaircd with a reasoDabl'
;i;6;J pi;-il;isif p;Lt" .*p.;-.n"t it \l'rsbech is an ixadple of this tvpe of lavoot'

I acre
I bushel (Imperial) .. . .

I lb. (poutrd avoirduPois) ..
I c$t. (hutrdredweight,

l12 Ib.)
toE (20 c\tt. or 2,140Ib.1..
metric quintil or DoPPel
Zetrttre! (Dz.)
metric ton (tonne)
bushel per acre
lb. per acre
c\rt. per acre

; 0-453 KilogramEe . .

50.8 Kilo8rammes
I 1016 Kilogrammes.
lf loo.o Kilogrammes.
l'l 220.46 tb.
' iooo xilogrammes.

o.9 Hectolitre per Hectare

1.256 dz. per Hectare ..
25.12 dz. per Hectate.

0.796 cwt. Per acre.
0.892 lb. per acre.

CONVERSION TABLE.

0.364 Hectolitre (36.384 litres)

o.lglArdebper
l.l2 Kilogramme Per Hectare. . l.(Ng Rotls. P€r Feddar

rl?.4 Rous. per Feddan

Etrglish bushel : I.032 Americanr

0.963
0.184
r.009

113.0 R
1.366

o.tgl
l.(N9

117.4 R

i3 FeddaD.
|4 Ardeb.
)g Rotls.
Rofls.
i6 flaunds.

I totr per acle
I dz. per Hectare ..
I kg. per Hectare ..

In America the Wiachester bushel is used : 35'236 litres l
bushels.

The vields oI sraitr itr the replica.ted exPerirncnts are€iveu iE (\{t' per. acre' One bushel oI

*bT.. 
,.;iil.-ad 

lb., 
"r 

M'r"y'*"igh. i2 ib , of oats weighs al lb' aPProximatelv
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CHEMICAL ANALYSIS OF MANURES USED IN
REPLICATED EXPERIMENTS, 1933.

trlanures. 9',. N 1/. Pp. %K,o
Sulphate of Amm.
Bicarbonate of Amm.
Nitrate of Soda
Nitrochalk
Poultry luanurc (l)
Poultry Matrure (2)
Poultry Marure (3)
Poultr, Manure (4)
Poultry Matrure (5)
Poultry Manure (Iresh)
GuaDo
Dung

20.8-2t. t
17.7

t5.8-16.r
r6.6
3.85
4.38
3.58
3.68
1.37
1.26
6.50
0.08

;"
4.05
2.89

1.80
16.4
o.25

1.67
1.04

:"

ose

%Pp,

Total.
Soluble

itr lvater.
Soluble in
Cit. Acid.

Basic Slag High Sol.
Basic Slag Irw Sol.
Mineral Phosphate-

(90% through 12 mesh)
Superphosphate (6)
Superphosphate

I {.9
l;.1

25. t)
l6.l
17.5 ra

14.4
3.5

Sulphate of Potash
Potash Manure Salt 3O9i,
Irluriate oI Potash ..

{9.21
30.9 ) g/. KrO

..52.3)

Poultry ]ranures l(os. l-5 were obtain itr a dried, grouad lorm.

(l) Used itr all poultry manure experiments except at Rottramsted,
Woburn, Portobello, Hotreydoo.

(2) Used at Rotha.msted.

(3) Us€d at Woburn.
(4) Used at Portobello.
(i) Used at Honeydon.
(6) Used only in elrrimetrts testing basic sla8s.
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Three Course Rotation, 1933

Four Course Rotation, 1933

Six Course Rotation, 1933

Sulphate of Ammonia
Mu a.te of Potash

Superphosphate

2r.29io N.
52.r%Kp
u.0% Pp5

llanures.
o/! Organic

Matter- %N ": P"O, "r" KrO

Chafied Straw
Adco
Superphosphate ..
Sulphate of Ammonia
Mudate o{ Potash
Sulphate of Pota-sh
Nitrate oI Soda ..

l4.l
0.301
0.30,

,1.2e) 2r.2f)

rIs

0.0s7
0.265

.0e) r7.

1.053

I'*
e) 62.3F),t:

r Apptied in Autumn. 2 Applied in sprinS.

Yanures.
o/o Organic

Matter. %N l" P,o" 9: K.o

Chafled Strav
Dung..
Adco ..
Superphosphate
Mifleml PhosDhate-

90% throu'gh r20 mesh
Muriate of Potash
Sulphate oI Ammonia

18.6,1
0.301
0.507
o1o'

2L2

0.097
0.203
0.265
17.0

,"!

1.053
0.859o,*

52.1

AVERAGE WHEAT YIELDS OF'VARIOUS COUNTRIES

Country.
Mean yield per
ac;e, l92l-32- Country.

Mean yield per
acre, 1923-32.

Great BritaiB
EDsIand aDd Wales
Heitfordshire

Fraace. .
Cr€rmaoy
Belsium

17.5
17.3
l6.l
11.4
15.8
20.4

Deomark
Argentfue
Australia
Canada
United Statas..
U.S.S.R. (Europe and Asia)

22.5
6.7
6.4
s.2

5.6+

Norr.-FisuresforGreatBritaiD,EnglatrdatrdHertfordshirearetakeofromtheMiEistryof"-" i;?;"i*;- 
" 

-;I cut,rat stiiEii*l i.oi. ez. otue' fisures from " rntemafio.al
Y;ar Book of Agricultur4l Statistics," 1925-33'

'192+32, excludiDg 1931.
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METEOROLOGICAL RECORDS, 1933

Ra.in Dralnage thrcugh soil. 
I

Temperature (Ilean).

No. of f-r
Total
Fall

t/l000th

Gauge.

Raitr],
Days

(0.01 irch
or more)
ul00oth

Gauge.

20 ins.
deep.

I ft.
lIiD. in Solar

, gr'd. lla-r.

Inches. I No. tnchos.l Incbes.i Inches.l Hours.i;1;; I i; ffi;"titff'ti";;;'t%:i
2.151 I t6 t.,iti t.BJo t6i6 lo:.4
2.s22 | l6 I t.s88 le. o ;2.052 | rso.s lsg.zl ro.zl+r.a
o-s25 I ? 10.000 io.oro lo.orl lrss.< lss.ll es.sla6.tI.593 I6 0.t7J l0.ts8'0.t{8 I t6s.2 l6t.al4s.2l53.{I-033 1 I4 0.00,0 I 0.00s , 0.002 2{0.6 I 68.41 4s.zl se.sl
1.425 | 12 o.ooo i 0.000 I o.ooo 2162 | :.3sl 5531 6441
0.653 I ? O.OO0 r 0.000 0.000 I z+t.z I zt ;l ..;4-l | 64 3l
2-152 I 12 0.496 0.442 0.492 i rss.s I oz.gl 5r.41 sg.sl
1.484 i 14 0.t79 0.118 0.06J ' sl.d i ss.*l 44.11 4l

Nov. .. | 1.471 t5 0.890 0.85; 0.8s1 .;t.3 {J.l 3i.6 43.4
Dec. .. i 0.J3+ I 0.1i9 0.099 0.07r . .4 3rj.4 29.{ Ji.g

Toral or
llean t8.615 I52 6.832 7.30i 6.918 ]?91.0 ;6.1 -r2.2 49.8

RAIN AND DRAINAGE.
MONTHLY MEAN FOR 63 HARVEST YEARS, 18?O.r-r932-3.

.F,
62.0
82.3

101.3
I15.6
124.3
128.2
133.1
133.0
t18.2

96.3

53.7

i
r01.6 i

.r'IiL.

.F.
26.1
25.7
30.3
33.9
41.0
44.0
50.0
48.6
46.5
39.8

25.9

37.;',i

RaiD-
fall. _""* | "-,

20-in. 40-in. o,r,r, I 1,,-,n
Gau6e. Gauge. Crrv". lC"rg..

Sept.
Oct.
Nov.
Dec-
Jatr.
Feb.
March . .
April
May
Juae
Julv
Aug.

Ins.
2.37 t
3.t27
2.869
2.809
2.399
2.001
1.982
2.038
2.096
2_172
2.116
2.822

Ins. Ins. trt. | ".0.810 0.787 i 0.726 I 34-l
l.?79 ll.zisir6rsl ,ie q
2.r8e J.r{s i z.rra I z6.s
2.390 I :.49r g.szs I e;.r
1.968 i 2.r6J l.o6s I 82o
r.a88 i r.602 I r.;zsl z+.r
1.058 t.r8t l.t2f I 53 4
0.663 l 0-242 ozos I rq;
0.50s I o.szs 0.543 L{.1
o.sr4 | 0.s44 I o.ss: I z:t r
0.715 i 0.74J I o.oss I to.:o.7ol o.zr8 I o.ozo I ro.a

29.202 14.786 15.556 lr4.7r3 | i0.6

Drainage o/o oI
RaitrlalI-

E1,'aporatioD.

56.3
78.3
88.7
90.2
80.1
59.8
36.4

25.0

27.4

306
52.1
73.8
84.7
86.r
76.1
56.6
34.?
25.9
2,1.1
25.6
25.8

:0 in.
Gauge.

Ins-
1.56r
1.348
0.680
0.419
0.it3l
0.513
0.s21
1.375
1.588
t_658
2.001
1.9r8

Ins.
1.584
1.368
0.624
0.317
0.r36
0.399
0.797
1.296
1.520
1.628
t.973
1.904

Ins-
1.645
1.498
0.751
0.430
0.334
o.4i2
0.860
1.330
1.553
r.649
2.011
t.946

40-itr. 60,in.
Gauge. G;ruse.

40-itr. 60-in.
Gauge. 

I Gauge.

50.4 14.4r6 13.646 14.{89
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CROPS GROWN IN ROTATION, AGDELL FIELD
PRODUCE PDR ACRE.

C.
Complete MiDeral
arld Nitrogenous

Manurc

2.
Clover

Average of first twenty-one Courses' 1848-1931.

I
Roots (Swedes) .. cu't.'|
Barley- |

Dressal Grain .. bush. I

Total Stra* .. c"t 1l
R.2nts I

Dress€d Graiq .. bush.iil
Total Straw .. cwt til

Clover I{ay .. cwt.$
l\Ihei.t-

Drc.ssed Grein .. bush.
Total Straw .. cwt.t

32.0

21.6
r3.3

23.r
22.5

l6.l

r9.8
13.2

l3.l

25.6

2L.6
2t.2

174.0

22.7
13.6

26.9
24.2

206.5

26.6
15.6

r8.2
13.2
52.1

29.4
29.8

362.0

30.3
18.4

27.5
29.1

3r0.0

35.0
21.7

22.3
15.3
52.0

2S.0
29.3

118.0

13.9
1.4

55.0
I1.4

Present Course (22nd), 1932 and 1933.

86.0

9.5

55.2
7.4

20.2 5.1

6.0 2.2
3.3 1.3

54.8 50.2
6.3 4.8

9R.61932 | Roots (TurniPs) .. c*'t.
1933 | Barlev-

I Dr;-ssed Grain .. busb.
I r"t"r c. in .. crrt.
I weight p€r bushel. lb.
I Total Stra'* .. c\a't.t

3.7 5.4
2.0 L 2.9

52.9 I 53.0
9.1 14.0

{}Based on 8 courses

SBased on 13 courses.

C.r..,rArro" s, ,rc.-Ploughed : December l3th-l5th' Harro$ed : Ilarch 23rd and May 3rd'

s""alli"T l^#J*i'z"l'a. v;;'t , Pil;A;A*h;'' IIatrures applied Mav 3lst-June 2nd' 1e32'

Ilarvested : Au8:ust l8th.

11.
Mineral Manure. I

No Nitrogen.

*Plots 1, 3 anal 5 baseal upon l9 couGes. Plots 2, 4 aDd 6 based upon 18 cou$es'

rO.
Unmanured

r since 1848.

Fallow.
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WHEAT AF-IER FALLOW_HOOS FIELD
Without Manure, l85l and since.

SoIIEME FOR COMPARTN(] A THREE 
oyEAR 

FALLOW WITII A ONE YEAR

. Each of the tl*-o strips oD Hoos $heat after Fallow is to b€ divided into four pa.rts. In the I,ears'hen_a-strip is in- crcp, onc quarter is to continue to be fa.Uowed, so that this qarter has a iree-
],ear lallor'. .Dilferellt quarters arc to be selected {or fallow in successive veirs in the rotation
gi\en in tle follo\rinB lahle

Cropping oI strips ll al1d B,
C:Crop. F-Fallorv.

.\. comparison of the cifect oI a three year {allo', Nith tbe e{{ect of a. one vear la.lto\r. witl beIosiible in esen. rea,

llal{ the. e\pernr)eDr s.ill contrnue to be \rheat alter one sear fallo\l, and continuit}.\rith
Pre\ rou\ re<ults s.rll thI. bc maintained

ItN

Dreased GIaitr -bushelsTotal graio---r\! t.
Weighi per bushet- Ib
Total shaw- <(t

2t.i
t2.i
61.6
t9.l

r6.2
9.3

tio.4
I7.I

20.8
ll_8
61.9
ls.l

19.6
I l.;l
ti l.{
18.{

14.1
3.1

58.8
12.6

( t LrrIArroNs, Erc. Croplred sectioDs. ploughed : Scprember Jnd. Harro\red : Octoberl5rb and lrarch Jtsr. se"d sou,, : octnber litb. it'ii.t,j na's*'.id] H.*".t.a : Jutv l6rhFallowed sections Pbushed: september 2nd, tra;,i.t."a]",*^i,tlr,?.",ed: rtarch 3tst

I I

:l :l

3 ]

! t

-\l A2. r3. BT. BJ, Bit. ]l!.

l93l
r933
1934
ts35
r936
1937
1938
r939
1940

F
F
c
F
C
F
C
F
r'

C
!'
F
F
C
F
C
I.
C

C
F
C
F
F
F'

C
F
C

C
F
C
F'
C
F
F
F
C

Flr
CC
FF
CC
FF
I'C
Fl.
CF
FF

FF
l'c
FF
CF
FF
CC
FF
CC
FF

PRODUCE PER ACRE, 1933.

:-_-T-_-i-l
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HAY_THE PARK GRASS PLOTS, 1933

I

3

4t
1-2

5-t

6

i
8

9

l0

t1-L

1'
t6

ti
l8

ll-,
l2
13

l1

Superplrospla.€ or lim€ (3, cwt.) . .

Strp€.ph6phate ol lime (31 cet-), ad double drNing {112 lb.)
SnlpbatP oi AMonia { -86 lb. N,l

(\. halt I'n@nuFd {olorn€ doublp dt6rns ,\mmnnra salt.
{ 16 Ib. \.) 1856.9i

(S. bar) SuperpbGpbate (r. c*t.) Sulphat of Potash {t00 lb-)
folosi.e double il6siDa Amb. salis (:86Ib. N.) r8i6-97 -.

Completc \ircral ltarure as PIot 7 ; folowitrg double desing
.{mE..alrs ( \C Ib. I.) t8i6.68.{mE..alrs ( \C Ib. I.) t8i6.68

(nmplptp llin.ral \tanur I SuD-r. (rl .wt.r : SdDhrre oi Polash
(5u0lb.J ;5dport" of Soda (luU lb,) :Sdpb.tn ,iasnesia t l00lb

llitrPrJ llanur $iihout Pot,sb ..

Coqpl.lr )lmpral Ilatrure and doublr drcs<i,g (.112, Ib. Sulphale
ot AmDonia {=86|b. \.)

vi@ral :Uanur (without Potasb) ad doubl..k?sing .llmm. salrs( 86 lb- N.)
Coqpl.r. Minsal MuuF aod rrbh dBsi,€ (618 lb.) Sulphal.

oI AIm. {lrg lb. N.)
As Plot Il I ud SiU..k ol ka ..

I-m urd ..
Dung ll I tonsl,n 1905, and even loud b tar sitre {oDirrcd I9l i)i

Fth Cudo (6 cwr.) i! r90i iod c\?ri ,ourrh lar suc
aoDplere nlinml yaour and doublp dri:sins (5501b.) Nilra!.eot

Soda (=86|b, \.)

rlin ral yae (without Super, ), ad doubh drsinS Sulphare ot
AI@, ( - 86 lb, N.). 1905 iDd sbe i louoEirg titioer;ts aDd
.\ rm. salts suppl ving rtre @6ritu.brs ;f I bn of-b.!.,, I 86i-l oo,t

Fmy.rd Du[A 04 lonsl io l90i ud even lourh rear srtu.
{ohi,ted rn rsrT), rouowils Nithte o( Sodi ( 13 rb. N.) aDd
:{irP.als, I872-1904

Famtrard Duns (14 toGJ in 1905 aod c"ery fourtb year si,.e(ooitt.d in I9l7); Faah inrereniu ler Ptor zli reeivG
Sulphat of Potash (lo0 lb.l: SuFDhcDbate t2OO lb_) andll rm. r"irrarp ot Sode ( 20 tb: S.): loltowiis liirrar. of
Porash a1d SuD.mbosphaL", t872-t9o{ ..

(6i88 lb.)

(39i1lb.t

(3110Ib.)

(570lb.)

12112 \b.)

(570 rb.)

lb_
763

1,390
78t.
672
1t1
19t
40,

?,097
2,198

601

l7.Ll
9.9
8.2
9.3
6.t

10.7
6.2

25.3

7.8

,,180
,,891

1,899

,,381

31.?

12.1

20.1
20.!
2X.5
li.1
10_3
t1,,1'
60.9
2i.0
31.:,
i:.6
61.ii
69.8
68,5
10.6
45.3
39.9
t8.?
55.i
31.1-
19.0
14.7
36.1
3I.11
?1.2
19,.1
2X.i

1,001

1,661
1,12t

1,697
810

{,265'
4,995
2,321
3,036
4,5i1
5,034
6,51,3
5,3G8

863
3,tii'
3,196
4,507
1,363

1,641
1,248
3,06'

1,798
1,686
1,973

2,834

9,588
:,491

1,9r1

, _ -ql99n4 !im! ya, applied to the soutbcm portior (timed) of tte ptors at rle Bte of ,,ooo tb. to rhe ade in the Wi rreEot 1903 .t, 190;-8, 1915-16, 19r3-9r, t9-o7-r8, i9e1,3r, and at rhe r;re oI 2,500 tb, to rie acre in tbe winte. of t92o,rl,erc.pt sb€re orheMie srat.d-
Up to l9L4 the limed ud uDliEed plot c'nts were Dot *parately si!€n in rhe Amuat ReDort but rhe @tu of tlerqo *6 CrveD. Ftum l9l5 otrsuds th. eparare fiSu6 aE giv;n.

'B6taDical sampre $rted b.foe Deighing @d is Eot included i! the total weight.

Culrlv^rroxs, Erc,-ltaDE appli.d: Febtury 21st-23rd, ltarch 28ttt, ,oth and }ta!, tgtb. Cur: June r4th,g2nd.

vanuiDg (arbdrs stat€d m per acre.)

sinsle drGsing (2061b-) Stdphat3 of Ammonia (=$lb. ti.), (rith
Dus also 8 r@F, 1856-63,

UDmarured laftcr Dus 8 yeN, 1356-63)
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PARK GRASS PLOTS

BOTANICAL COMPOSITION PER CENT'
1930 (lst CroP)

PIot llaouriDg. LimirS.
Gradi- L umi- Other

Orders.
"Other Orders"
cotrsist largely

of

t7 -5
0.3

43.1

35.3

l_'

6.:l

7.t

l.t

nalYi

0.3

l:,.6
I l.{
6.8

:14.,

Ironlodon
his|idtts

( AchilLz
I milltloliuttt
I Henchrm' sPholitylitm
Achilha

,,tilbloliurn

otlgdra
Cono?odiut t

ihnrildtlt tt
Ardhisc&s

ryb.sJ,s

sPhondyli rn
Achillea

,nillelotiu,n

-4chillea
nilklolit rrt

Cerdstint.
tuBa,urn

Ulrmanur€d

Complote Mincral Matrure.

CodDl€te Mitreral Metrure
add doublB AEm. Salts.

Co,Exrlete Minctral Manure and
doirble Nitxate ot Soda.

I-imed I 53.7 l

UDlimed i 47.6

Limed I 5r.0

unlimed I €.4
I

Limed 99.4
unlimed r 100.0

r-imed I no.,
(sun) I

Limed 89.7
(shade)

Uniimed 96.8

Limed IUnlimed I not
Limed f
Unlimed )
L.6,7881b. 9{.0

L.3.05r rb. I 93.6
Unlimed 87.1L,

I I-. g.uo tu 8o.;|
I L. s?o lb. I 8l.l
lunrimea i so.s
I

Ili
r L.l77l tb. 72-S
I

I L. 57o lb. 66 I

I u"ri^*r 84 3

28.8
43.1

5.9

:1.3

I t.;

J.l

l4

6.4

7.1

6.3

l5

T8

lg

As Dlot 7 following double
Nitrste oI Soda, lE5&75.

SiDgle Nitrete ol Soda.

Mineral trIaDure (rrithout
suD€r} and double Sul-
pbite'Amo. lgos aod since.

Farm\ratd DuEg itr l9o5 and
eveh' Iourtli year since
{omitt€d lolT).

20 I Farmv-ard DuDg in l0o5 and
I "veiw lourth vear siDce
I t"mitt"a in lbl?) €ach
I intewening Year SulPhate

of poh-sh, SuPer. and Ni-
I trate oI Soda.

I ( Tantocrm
,.,.s 11c:#rff,-
s.7 llA"hl*".d"t"
- - I milkfol;u,rtot I A.h; 20

,nilhJoti{m

9.8

lo.o
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FOUR COTIRSE ROTATION EXPERIMENT,
ROTHAMSTED

RESIDUAI VAIUES OF IIUMIC AND PHOSPHATIC FERTILISERS.

For detalls, see 1932 Report, p. 127.

MANT RES APPLTED, SEASON 1932-3.

For atral)rsis of lertilisers, see page I 0l .

tAs Mioeral Phosphate.
. Itr 1932, owing to a mistake, 35.26 c\rt. oI orgaoic matter was applied a-s F.Y.M., instead oI

50 qrt. The total N, I<, O atrd PrOr, however, werre cottect.

CULTIVATIONS, ETC.

Barley. Potatoes. Wheat.

Variety

Date oI Sowing ..
Manures Applied-
Dung and Adco . .
Artilicials to Adco

atrd DunB
Stiaw
Artificials to strara'

T.eatments 4 atrd 5
Date oI Harvesting
Previous Crop
Culti!.ations-

Ploughing

Italiatr ryegrass
arld commdcial
vrhite clover
April 29

Oct. 14

Oct. 29
Oct. 21
Oct. 29, Feb. 28,
March 30
March 7
Failed
Barlev

Oct- 18
Nov. 7
Feb. 28, Mar. 30,
April 7
Ap l7
Oct- 3
Wtreat

Norember 7
May 2
Jure 26
April6&7,May

tl
Yay 23, Juae 26

Plumage Archer

March 22

Oct. 14

Oct. 29
Dec. 5
Dec. 5, Feb. 4,
tr{arch 15
March l0
August I
Potatoes

Dcc. i

Ally

Aprit 12

Yeomatr

November ll

Oct- 13 and 14

Oct. 18
Nov. 7 aad 8
Nov. L Feb. 28,
March 30
Nov. 9, March 8
August I

rB and 1.1

llar. 22, -\pril ,S
July4, Nov.7&8
Nov. ll, Mar.Harrowitrg

Hoeitrg
Ridging

Grubbing

TreatrDetrt.

Organic Fertilis€rs (c1rt. per acre). -{dditioDal Artilicial Fertilise$
(cu.t. per acre).

Orgatric N. K"O P,Ou
Ma.tter-

N. as
S. of A.

KrO as
Mur. Pot.

PrO5 as
Super.

s0 (as F.Y.v.)* I 1.363 | 2.e09 I 0.546
50 (as Adco) I 1.071 0.567 0.S4O
9?-26 (as straw) 0.3?9 1.325 0.122

None
NoDe

I
2

4
5

o.437
o.729
t.121
0.36
0.36

0.691

1.6?5
0.6
0.6

0.654
0.260
1.079
t.2
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PLAN AND YIELDS
Barley-AB, Plots l-25.

Yields in lb. grain above' straw below.
Sceds Hay-AH, Plots 26-50.

Crop failed.
N.W.

Wheat-Aw, Plots 76- 100,

Yields in lb, gratn above, stra\f, below.

l-il ti r

Potatoes AP, Plots 5l-75.
Yields in lb.

N.W.

; I ros.o

N.W.

5
60.3
72.0

I
i0.2
58.3
I\T

I
54.3
68.0
II

3
32.6
42.4

4
60.1
74.9
III

5
56.6
61.2
III

I
36.4
46.6

3
42.3

IV

4
70.5
?8.5
I

46.1
56.6
II

3
11.0
;G.8
III

5
57.r | 49.6
79.2t,65.1
I-

4
56.2
73.8
II

I
34.9
45.6 I

IVr

I
43.1
45.9
III

3
71.8
91.2

I

4
51.3
70.2
IV

42.5
68.8
II

zl
29.0 i

40.5

-lz, I

cs.l l

sz.r IIII I

+
55.1
68.4

1
64.3
77.2

I
61.0
IV

3
28.9
44.1
I1

N.W.

4
7 t.2
s0.8
III

2
66.6
81.9
IV

72.O

II

3
53.0
UT

I
14.1

r06.8
I

5
71.8
94.1

82.3
t21.7

I

I
61.0
75.8
III

4
7t _4

88.8
II

3
58.4
84.4
IV

62.8
77.2
II

1
61.8
79.7
IV

63.4
98.8

I

4
57.9
80.6

3
t32.4
85.6
III

80.2
III

4
6t.2
8.1.3

I

I
53.8
72.2

5

IV

3
60.4
87.r
II

5
66.3
88.2
III

l2
ian.o

a2.4

3
76.2

118.8
I

1

59.9
81.1
II

4
68.1
97.9
I\'

3
153.8

IV

1
25r.8

I

I
143.0

2\5
8?.5 I ros.o

,, I ,r,
3

r23.0
4

1S2.5

III

5
162.5

IV

128.0

I

1

94.5

II

163.8

IV

4
t52.8

3
148.8

III

I
t59.0

I
90.0

II

5
r67.8

I
148.5

IV

3
r93.8

I

4
144.2

I1

81.8

III

42
188.5 98.2

,ul
15

l{8.0 153.0

III ]

3
146.5

II

,'l'l'
iIIIIIiII

II_. 1-

5

I\' III

3

I
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SUMMARY OF RESULTS, 1933

IIanure. of
Wheat.

Cwt. per .{cre. totrs per
Barley.

Clrt. per Acre.
Seeds Hay.
C{t. p.a.
lrv matter.

Grair. Stra$. Grain. Strau_.

I
l\Iatrure 

I

r.iir'r. 
I

20.6 2i.6 2.62 r3.3 It.l
I
II
III
IV

28.6
22.5

23.6

40.8

29.0
30.5

2.9r
1.73
2.71

23.6 28.3
lg.s 24.9
15.8 16.8
r2.8 t6.7

t"'^."" 
IAdco 
t

16.7 r.80 10.6 i.1.8

I
II
III
IV

31.5
24.O
91.7
:5.5

{6.5
29.5
30.7
31.3

2.34
r.60
r.50
3.00

20.9 26.8
16.9 20.7
l4.r l9.l
18.4 2t.4

rr.""." I

aslStran 
t

,0.3 23.0 ll.9 t5.5

I
II
III
1V

29.1
23.t

45.4
2.68

2.82

i6j 3a,
I i). (i 16.2
17.2 20.11
t 5.5 r9.3

Superi

92.1 30.8 :.80 10.3 25_t

I
II
III
IY

23.4

26.r,

32.2
34.0
34.7
37.1

4-6r ll 25.8 I 28.8
2.a4 ll zo.o I, zt.o
3.53 I 22.O 27.4
3.45 li zr-o 2s.7

I
Rock I

Phosphate 
I

2i.4 36.1 3.0ir I It.:,1 2{.0

I
II
III
I\'

24.2 37.8
27.5 22.O
25.4 33.7
21.7 29.5

2.80 l2. r J6.4
l.6i ri.6 25.2
I 98 t0; t,r ri
i.98 13.6 iJ.4'tii

__ The trumber I delrote.s application oI manure at the beginnilg oI the present sea-son (1939-3) ;Il application in the previous season, etc. The plots above the tines have-oot yet had any manuie.
except those due to receive supe4)hosphate a;d rock phosphate, $hich in-the seaso;s lg3l-2
aEd 1932-33 received one -fiJth oI their quitrquennial toial oi potash and nitro8etr. In the two
previous seasons these plots. like the corresponding plots dutto receive organic manuresi \r:erc
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SD( COURSE ROTATION EXPERIMENT
SEASONAL ET'FECTS OF N, P,O5 AND K'O

(I'or detaila see 1932 Report, p. l3l)
CULTIVATIONS, E'I'C.-ROTIIAMSTED

Forage. Clover. Wheat. Potatoes. Sugar Beet. Ba.rIey.

Variety

Date of Sowing Oct. 8
Matrures applied Nov. 7,

Date of Har-
vesti os

Previous"crop
Cultivations-

Ploughitrg

Harro'wi-Dg

RoUing

SiDgling
Hoeing

Ridgiag

Grubbing

Mar. 0
Juoe 6

Potatoes

Oct. 4

Oct. 8,
Mar. 3l

Broad Red

Aprif 29
Nov. l,

Mar. I
failed

Barley

May 17

May 19

May rg

Yeomaa II I Any.

Oct.4 April 12
Nov. I, April lI

Mar. I l

July 26 I Oct. 2

Clover

Aug. 16&
17, Oct. 3
Oct. 4,

Mar. 3l

M"y f

Apr rg

Sept. 16,
April 5

April 10,
May 2,
May 18

Aprit 10

AF Ir&
15, May
t8

May 23,
June 14&

22

Nov. l1-13

Forage

Aut. 17,
April 5

Oct.4,
April l0
May 4, 8
&10

April 10,
May E& ll
Jur,e l9-22
J une 14,
July l7

Kuhn

ilay 8
May 4

Plumate
Archer

March 22
March l0

Aug. I

Sugar Beet

Nov. l?

March 22

April 14

CLTLTIVATIONS, ETC.-WOBURN

Sutar Beet. Barley. Forage- i Wheat. Clover. Potatoes.

Variety

Date ol Sowing
MaDures a.pplied

Date oI Hari'est-
iag

Previous crop
Culti!.atiotrs-

Ploughing

Harrowing

RoIlirg

Sinslil1t

HoeiDg

Ridgi!g

Kuhn

Nov. l0

Forage

July rr,
Sept. I
April 24

July 15,
Oct. 12
April 29,
May I

May 8
May lI

April29,
lday 13

J$e 22 &

Mzy 27,
Jutre 26
&27

Plumage
Archer
Ma.rch 23
March 23 &

July 28 &
29

Sugar Beet

Mar. 15

Mar. t5, 23
&25
April ll
&25,
May 12

Mar. 29

Yeomao II
Oct. 14
Oct. 21,

Mar. 14
July 31

Clover

Sept.9

ApdI 29

Oct. 14
Oct.27,

Mar. 14
Jl:ne 22 &

Potatoes

Oct. 14

Oct. l4 Oct. 12 &
14, Mar.
24,
April I I

| &29

Broad Red

May I
Oct. 28,

Mar. 14
Juoe 26

Barley

Arly

April2l
April 20

Sept. 14

Wheat

Oct.4,
Apri.t 5

Oct. 14,
Aprit Il,
April l9

April rg

April lg &
2t

H
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ROTHAMSTED, T933
. C lover-Bc, Plots 16-30.Forag,e-BF, Plots l-15.

Yields in lb,, hay as carted.

IP
135

3N
l4l

3K
ul

2K
1r9

OK

2N
152

OP
141

1N
t08

3P
r18

4P

4N
149

ON
92

4K IK
104

2P
109

wbeat-Bw, Plots 3l-45.
Yields io lb., graiu aboye, straw below-

SBgar beet-Bs, Plots 6l-75.
Yields in lb., roots (dirty) above, tops

centrei sugar perceutage below.

N

I

N

I

Potatoes-BP, Plots 46-60.
Yields in lb.

Barley-BB, Plote 76-90.
Yields in lb,, grain above, straw

below.

N

t
I

Crop falled.

IN 2P 'l IP IK

,l "I 4K 3N 2N

4P 3K ,\ '1 4N

OK
55.O
90.8

3P
60.0
97.8

3N
53.3
95.1

OP
44.9
84.8

!N
46.8
87.0

IK
62.7
90.8

4P
65.8
96.7

2N
69.0

r03.0

2K
60.2
94.8

3K
63.4

100.6

2P

19.5

IP
59.5
9r.0

4N
68.2

I10.3

ON
49.5
76.2

4K

77.8

IP
212

3K
215

4N
242

2N
216

ON

4r 2K
284

OK
164

IN
231

4P
298

OP
2ll

3N
231

IK
293

3P
276

2P
215

2P
124
145

l4-18

3P
134
r6l

r4.35

4N
140
l7r

14.64

3N
163
168

14.38

4r
140
144

14.21

'1K
162
138

)4.64

4P
178
150

t4.2i

OP
172
143

14.73

3K
2r3
t62

14.99

2K
I44
163

14.38

OK
114
1s2

14.30

IP
t3i
t66

14.82

2N
118
157

14.61

ON
r53
162

14.41

IN
162tu

14.35

2K
60.1
75.2

3K
58.8

IK
61.4
17.8

3N
61.6
78.4

3P
76.8
91.7

OP
60.8
14.4

IP
59.3
?8.0

2N
66.9
47.4

ON
58.2

IN
6S.9
87.8

4K

93.6

OK
60.3
7S.0

4N
63.8
94-4

2P
68.6
92.9

4P
75.4
98.6
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woBURN, 1933
Sugar beet-Cs, Plots t-15. Barley-CB, plots 16_30.
Ytelds in lb., roots (dirty) ab,ove, topa ytelds in fb,, graln above, str.a*

ceDtre, sugar percentage below. below.

OK
55.8
125

3N
74.5
143

2P

136

IN

t24

OP
ti1.2
130

4N
80.8
136

2N
67.0
t27

4P
83.0

3K
78.2
139

2K
80.0
139

IKION
67.8 61.5
116 89

3P
79.0
t28

IP

128

4K
7 5.O
12l

N.W.

I

N.I,!I.

i

Forage--4F, Plot.31-45. Wheat_4w, plots 46_60.
Yields ir lb., green wetghts. Yields In fb. gratn abovc, straw

below.

C.lover--to, Plots 6l -75.
Yields in lb., green wetllhts.

'Potatoes-- CP, Plots 76-90.
Ytelds tr lb.

I N.w.

.Orvitrg to a mistake the ploughing ridge was hade in the middle of the row oJ plots 86-90. The
soil wrs as far as possible tumed bacld again.

ON
538

11.76

2K
647
362

r7.30

IK
660
355

OK

344
17.59

IP
673

16.66

IN
540
283

17.58

3K

293
17.12

3P
617
316

16.98

3N
645

16.63

OP
639
305

t8.7 5

4I(

369
11.73

2P
535
3r3

16.7 5

4P
569
320

16.20

4N
693
400

16.40

2N
671
33r

17.41

IN
308

2K
383

IK
385

4P
394

4N
424

3K
375

ON
30r

3P
380

3N
354

OP
409

4K
371

OK 2P
455

2N
39S

IP
379

4P
30.8

60

3P
33.0

IP 3K
53.5
r00

3N
66.0
t25

ON
23.8

IN
25.2

56

4K
42.a
84

1K
55.8
106

2N
6t.8
ll7

2P
27.0

65

OP
33.0
i5

2K
47.4

94

4N
60.2
134

OK
57.8
1t9

4P
212

3P
226

OP
314

2N IN
384

2P OK
259

3N
268

4K 3K
475

IK
251

IP
262

4N
285

2K
453

ON
1t2

3N
142

4N
501

2P
5r6

3P
508

4K
192

OK
458

2N
620

IN
518

3K
548

2K
505

IK
.17S

4P
542

ON
451

OP
490

1P
466

l
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ROTHAMSTED, T933

l.-Mearl yGId8Irei acie ard increrDenta ta Jdeld per c8t of N, PrOr aad f rO.

* Crop failed. t l93l aod 1932 oEly.
SigdJicant results in heal,'J. t ?e. Negative sign meaus depressiotr.

2.-Average percentage tncrements tr yield for each application of N, PrOr aad KrO.

r930-32
1933 Average,

r930-32
r933

1933
error,
r933

Suliar
Beet

Roots
(1irashed)
tolls

N
P
K

6.80
0.80
0.65

-0.08

2.13

-0.230.lt
0.58

+0.90
+0.90
+0.54

Clover
Hay

Dry
matter

Yield.
N
P
K

24.7
20.6

0.9
1.8

+5-9
+5.9
+3.5

Tops
tons

Yield
N
P
K

11.21
3.58

-0.16
- 1.20

2.7A
0.38
0.11
0.06

+0.39
+0.39
+0.23

Wheat
Grain

YieId
N
P
K

24.6
0.31

- 1.2
2.7

20.3
10.5
l0.l

Sugar
perceDtage

IIea[
N
P
K

17.15

-0.10
-o.270.41

14.48
0.33

-0.930.07

+0.54
+0.54
+0.32

Straw Yield
N
P
K

55.9
30.21

2.7
3.5

32.8
18.3 +5.7

+5.7
+3.4

Bar:ley
Graia, Yield

N
P
K

1.9
_1.0

o.2

0.7
l1.l +3.6

+3.6

Potatoes
Yield

N
P
K

7.18
2.t2
0.09
3.6r

4.51
l.l0

2.a3
1.42

+r.2r I

f r.zr I

+0.73 I

+7.1 )

+7.1
-+c.+ 

i

Straw
Yield i 31.8N i l3.r
Pi6.7
Ii 4.8

29.S

r4.8
3.8

+4.9
+4.9
+2.s

f,'orage
Dry Yield

N
P
K

36.5
19.3
0.9

- t.8

32.5
26.1
-6.5
- 5.2

N P x
1933Average

1930-32 _t 93:J
Awerage
t930-32 r933

Average
1930-32 r933

Sugar Beet-Roots
(wa.shed)

Tops
Sugar percentage

r.9t
5.66
0.66

- 1.59
2.05
0.34

1.49

-0.300.10

0.75
0.61

-0.96

-0.34
-2.440.62

6.85
o.54
0.12

+6.3r
+2.1r
*0.55

Barley---Grain
StIau'

5.1I
6.74

0.43
3.87 -0.47.3.18

7.15
7 -41

0.00
3.78

3.58
3.2t

+2.33
+2.46

CloYer Hay---dry matter 10.99 o.42 2.05

Wheat- 4raiD
Stra{'

2.08i
ro.22t

7.72
4.39 -1.070.21

7.47
3.30

2.64
1.36 -4.03

- 1.74
+4.33
+2.63

Potatoes 4.60 3.66 -o.40 9.42 12.61 7.89 +4.O4

Forage--iry matter 8.14 12.02 0.67 -3.01 - 1.48 -4.00 +s.42

* Crop Jail€d. t 1931 a.trd 1932 otrly.
Si&dficaat r€sults iD heavy tlpe. N€ative siga meaDs depressiotr.
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woBURN, 1933
t.-Meall Jdelds per acre and lncrements in yield per cri't. of N, P !O r and KrO.

. 1931 atrd 1932 only.
Signilic€nt results iD heavy twe- Negative sitn meafls depl€ssiod.

2.-Averalle percentatle lncrernents in yletd for each application of N, PrO, and KrO.

' l93l and 1932 otrly. (tSAl crop was tares).
i l93l atrd 1932 oDIy.
Si8Eficaat results in heavy type. N etive siBD DeaEs depr€ssion.

Average
1930-32 1933

Average
1930-32 r9331933 1933

Sugar
Beet

Roots
(washed)
tons

Yield
N
P
K

5.58
0.70

-0.t32.02

Ll5
4 -O7

-1.92
-2.44

+ r.26
+1.26
+0.76

CloYer
IIay

Dry
matte.

Yield
N
P
K

23.8.

-6.2'
-3.6r1.44

26.3

- 15.0

- 18.0
13.7

+8.4
+8.4
+5.0

Tops
totrs

Yield
N
P
K

6.84
r.09
0.99
2.87

5.89
2,a9
o.20

-0.08

+0.96
+0.96
+0.58

I|lIheat
Grain

Yield
N
P
K

8.2*
r0.3r

-0.7*
- 1.6*

15.5
27.r
- 1.4

4.6

+5.s
+5.s
+ 3.6

Suga.r
percent-

age

Meatr
N
P
K

17.09

- l.3l
0-04
0.85

17.09

-2.41
-o.52
-0.04

+0.55
+0.55
+0.33

Straw Yield
N
P
K

27.4.
24.6.

1.6.

-6.4i

3r.6
54.9

-8.9
- r0.8

+7.8
+7.8
+4.7

Barley
Grain Yield

N
P
K

20.2
19.6
0.4
3.8

26.2
9.5
7.1
7.O

+4.r
+4.r
+2.4

Potatoes
Yield

N
P
K

9.40
6-87
0.55
0.83

8.97
0.29
1.7 4
0.s7

+ 1.94
+ r.94
+ 1.17

Straw
Vield

N
P
K

41.1
22.1

-2.79.5

45.5
26.9

0.9
2.2

+7.6
+7.6
+4.6

Forage
Dry
matter

Yield
N
P
X

34.2.
28.8.
2.4.

- 1.0.

47.5
24.9
-6.93.8

+7.7
+7.1
+4.0

N P 1{

r933r930-32
Average

1933 r930-32
Average

1S33 r930-32
Average

1933

SuEaa Beet-Roots
(washed)
Tops

Sugar percentage

2.54
2.O3

-o.54

6.67
7 .36

-2.t2
-0.921.99

0.05

- 3.14
o.5l

-0.46

8.23
9.96
1.22

-6.66
-0.36
-0.06

+2.00
+2.44
+0.48

Barley- 4raiD
Straw

15.36
8.16

5.46
8.87

0.15

-0.90
4.05
0.3I

5.t7
6.t I

6.6E
l.l8

+2.33
+2.5t

CloYer Hay--dr), matter - 4. t0+ -2.28. - to.27 1.57+ 13.04 +4.77

lt/heet-Grain
Straw

r6.801
r3.50t

26.11
26.O9 -0.r61

0.861
-1.35
-1.21

-4.781
-5.931 - E.58

+5.72
+3.69

Potatoes t2.36 0.49 -0.l8 2.91 1.67 2.71

f,'orage--dry Eatter 13.241 1 .47 0.r81 -2.11 - 0.881 t2.U
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TTIRBE COURSE ROTATION EXPERIMENI,

ROTTIAMSTED, 1933
EFFBCT OF PLOUGHING IN STRAW, AND OF IrINTER GREEN.MANURE CROPS
Object.

I l",?:: r.,--".J!:!!!.sibility oI usiEg stran' in aututm to conserve tritrogen, improvo tiltialld Itratly to improve crop yield,
, l1-:?1LT 1!"_qrcct apilication of strau, aad artilicials with Aatco compost made rroE
_ equal straw, aDd arso with dressin_gs of artificial fertilisers.3, In combiaatioD w.ith the above t6 measure the inproveoeat itr soil fertility by wintercroppiag with iJr€ or vetahes.

Rotatlon
The rotatioE is barley, slgar beet, potatoes.

Tteafuents.
(a) l. No straw. Artificials apDlied in sDrins. IArl2. Shaw irt autnmD, artilicials in sDriis. "lst'f) '

3. :traw in a:rqqD, part oI artiticials ii au'tumi, remahder in spring. (St 2)
- 4. straw made iDto Adco coEpost applied itr autumD. {Ad) '
(o) *"I" "9. 

q9-p1o 
"l 

plots whicb receive the above d.ea{ments io alterDate )rears.5enes I. 1932-3 atrd altemate y€ars thereafter-
Series II. 1933-4 and alterDate_v€ars thereafter.(r) l. No winter green-manure crop. (6)2. WiDter gr€en-manure crop oi rye. 

'1n;
3. WiDter greeD-matrure cro! of r,-etches. ' (V)

TreatEeots (c) are giveu every yrar.
Tbere are thus 24 combinatiois-of tiese trcatme.ts, aid each is repres€Dted every year ooeverjr croP.

A$rltlerrrent.
.,^-:].1"_i-r: ryT 

!]ocks of latrd, earh of wbich carries a difleretrt crop. The crops rotate rromolocl( to brock rn successive vears. Each block coDsists of tweDty-four piots, carryGg the rweDty_j?,^.^,j:11":T qys.a gL.ango.- .. e pror c"En;;; i;;;;"1 ii. "I-" [."t-",t tbroushout[ne experrment. rbe experioent is situated in I_ong Hoos field (VI). Arca o{ ea.h plot: f'/5fth

ffi" ot appri".rtorr.
Straw is applied at the rate of 5ll c*l. p€r acre.

urgT.i.oo'rt"oJr*.o' 
Adco compost alplied^per acre is the amount derived ftom the rottiDg oI

Wherever artiiicials are armlien in ihe exi?€rimeot they cotrsist oI N, I>p5 aDd KrO in the ratiot: l : 1.25.
Wtrerererstraw_is-appli€d,artiJicialsaregiverasIollows:0.4c\lt.Nperacre,0.4csrt,pro.

per acre, O.5 c*t. K,O per acre. In rreatmetri St 2, batf these quaoiities aie given with the strawirl the autumn

^ _ 
The Adco compost is made with (tandard Adco powder used at a rate to glve 0.4 crvt. N atrd

9.: 
.^11 

L,o^. !9 
51! cwt. of straw. 

. 
\ -heo tbe AdcdcomEsai; appriJ-tJ ii" prot", a dressios ofu.,, cwt. K,u per acre rs eivetr witb it. Treat,etrts Ar, Ad, St iand St 2ar; thus equalisd in

:Tg1j :I_fr-P-4l qd K,o... rlatiuon srouad cnarkil $'pi;; ;i;h"t i.i-"ot, Ar, st I aDd:tf, z af, a rate equv.aleDt to the CaO con-tahed iD the Adco p6wder used in makirg the quantityoI Adco compost applied in keatmeDt Ad.
- Basal dressings are given to every plot o, the potatoes aDd sugar-beet blocks ia additioa rotle above applicatioD. Barley receivd ao aaaiUoirat ii-r ar"s.r;? 

*-- -
_ ^Sugo, _B.al i O.2 crtrt. N, 0.2 cwt. p,O!, O.gd cwt. KlO per acr:e; potato.s i 0.4 cwt. N, 0.4 cwt.Pp6, 0.5O cq't. KtO per acre.

Form oI Fertlllsers.
PrO, is givetr as superpbosphate tbroughout the exfEriEeDt.

Autum[ applicatioDs. All croDs
Spri-Dg applicatiotrs.
B,.rh1/

Srgar4c4

N KtO
(ixeatEetrt St 2) Sulphate oI AmEoda Muriate'ofpotash

Sulphate of AmEroDia Muriate oI Potash
Sulpbete oI AmmoDia Sulphate of Potash
Nitrat€ o{ Soda Mu;iat€ of Pob.sb
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Notea.(l) Green crops are sown as sooD ,!s possible after harvesting the pret/io-us crop, and are

'-' 
"t"""1"a iit S to 4 we€ks belore sowi_ag the next sop, i.4., there is no uniform tine for sov-
io! aia pto"ghiag h throoghout the;xperiment. WeiSht of crop Ploughed in is estimated
by samplinS.

(2) Sugar-beet tops are carted off.
iSi ilir*ttt"s ft;- tbe scheEe made ia 1032-3, the first year oI the experiment'

Ia\ Adm was aDDIied iD SDriDs.
il,i stt"* --." di'v.n at th; ra6 of 80 cwt per acre, with Adco corresPondiDs'

rlr ne iico usea tor tiis experiment was taken frbm the same batch as for the Four Course
" not"tio". lscc faz l'li. Fo! aralysis oI other ,ertilisers se' fag' l0l'

CULTfVATIONS, ETC.

Barley Potatoes Sugar Beet

Varietf
Date of Sowitrg
Manures applied

Artificials-
Adco ..
Slraw

Date oI llarvest-
ing

Cultivations-
Ploughiog

HarroEing

Rolliag
SinBtitrg
Hoeing

Ridgitrt

Grubbirg
Previous Crop

Plum4ge Archet
April 5

Novemb€r 4, April 6
March 3l
Novembe! 8, April 4

August 14

November 0 & 10,
April 4

November ll & 15,
April 5

Aprif 14

Wheat, Oalsalrd Barley

Allv
April 2l

November 4, April 2l
Apr 2l
NoverDbet 8

Octob€r 3

November I & 10,
April 18

N6w.mtFr ll & 15.
April 20, May 6 & ls

-{pril 20

June 24

April 20, n[ay 15 & 18

JuDe 29
lnne 14 & 22
ijyheat, OaLs and Barley

Kuhn
May 8

November 4, May 6
May 2
November 8

October l9

November I & 10,
Itav3&4

Nove;ber 11 & 15,
May5,8&10

May8&lI
Tune 22 & 23
iune 13, July l?, 2l &

22

\!-heat, Oats and Barley
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PLAN AND YIELDS

Suliar-Beet-Ds, Plots 49 -7 2.
Yields in lb.,.oots (dirty) above, tops centre, sugar percentage belorr.

Potatoes-DP, Plots 25-,18. yields in lb.
N

stloII
158

ArVI
265

AdRI
184

st20II
171

A-rRII
t48

AdOII
201

AdRII
lt6

St2RII
175

ArRI

st2vII
126

AdVI
180

ArVII
t27

St2VI
220

St2RI
227

stlvl
258

st20I
242

ATOIStlRII
122

STIOI
24a

ArOII
143

stlvII
t28

Barley-DB, Ptots l-24. Yields io lb,, grain above, straw betow.
N

N

STIRI
9n7

146.5
14.94

AdRI
s2.2

r29.0
14.98

AdVII
72.4

109.0
14.60

AdVI
127.8
17t.0
14.78

AdRII
93.7

r05.5
14.85

stlvl
119.4
t42.0
14.89

stlol
106.6
154.0
14.73

st2vrI
115.6
154.0
15.02

stlvII
103.4
t36.0
14.40

st2vr
158.8
t98.0
t4.78

St2RI
141.7
t48.0
15.57

st20r
t47.6
154.0
15.07

ArRI
97.4

132.O
15.00

ATRII
ttg.2
t43.5
15.t4

Ar OI
t30.1
ti2.0
t4.92

AdOI
171.2
178.0
15.35

sttorr
rr8.9
122.5
t4.25

ArVII
123.4
141.5
t4.44

st lR
119.6
r65.0
16.05

II AdOII
148.9 l

186.6 I

15.2.5 l

I

St2RII
132.3
172.0
15.16

st2 0rI
158.4
11s.5
14.62

ArVI
r93.7
2t5.5
15.04

ArOII
154-6
163.0
14.62

STTRII
17.4
30.1

St2RI
28.3
44.1

ArRI
33.5
48.8

st20II
26.2
45.O

ArOII
2t.2
34.8

I 
^, 

o,
20.5
32.5

sttol
35.8
62.2

St2RII
26.9
.11.8

stroII
26.8
40.0

ArVII
33.4
48.6

AdOII
31.0
48.5

st20r
48.8

ATRII
26.8
46.0

st 2 v _I
24.6
41.4

ArVI
!r0.0

STIRI
37.0

AdRI
29.5
34.8

STIVII
25.0
38.2

AdVII
38.7
69.8

ArOI
56.3

AdVI
34.3
46.0

st2vI
37.6
51.4

stlvl
34.0
46.8

AdRII
28.6

AdVII
183

STIRI
240

AdOI
r99
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SUMMARY OF RESULTS

Maaured, 1932-33. Not vet MaDured.

-{rtifi-
cials.

Adco. Straw.
(st r)

Straw
(st 2)

,{rtiIi-
cia.Is.

Adco. Strarv
(st r)

Strava
(st 2)

Mea".

Suliar
Beet

Roots t.
( +0.36

Noi1e
Vetches
RyegIa-ss

2.47
3.68
1.85

2.43
1.7 5

2.02
2.27
I.84

2.80
3.02
2.69

2.64
2.85
2.03

2.94
2.31
2.26

2.A3
1.38
1.78

2.24
1.96
2.27

3.01
2.20
2.51

2.7t
1.97
2.20

2.67 2.4 8 2.0 4 2.8 4 2.51 2.51 2.00 2.16

I Tops
: Totrs p-a.
I ( +0.68s)
I

Noae
Vetches
Ryegrass

3.84
4.81
2.55

3.97
3.82
2.88

3.44
3. r7

3.44
4.42
3.30

3.67
4.06
3.10

3.16
3.20

4.16
2.4t!
2.35

2.73
3.04
3.68

4.01
3.44
3.84

3.6 4
3.02

Mean 3.56 3.29 3.61 2.9 8 3.76

I Sugar
I percentase
I (+0.305)
i

None
Vetches
Ryegr"ass

14.99
15.04
15.00

15.35
14.78
r4.s8

14.73
14.89
14.94

15.07
14.78
15.57

15.02
14.87
15.12

14.52
14.14
15.14

15.25
14.60
14.85

14.25
t4.40
15.05

14.62
t5.o2
15.16

11.66
14.62
15.05

Mea,t 14.99 15.04 14.8,5 15.14 15.00 14.10 14.90 11.57 14.93 14.7 8

Total
Sugar
ClIt.p.a.

None
Vetches
Ryegass

7.4
11. r

10.0
7.2
5.2

6.0
6.8
5.5

8.4
8.9
8.4

8.0
8.5
6.2

8.5
6.8
6.8

8.6
4.0
5.3

6.4
5.6
6.8

8.8
6.6

8.1
5.8

8.0 7.5 6.1 8.6 7.6 6.0 6.3 6.8

Potatoes
Tons p-a.
( +0.597)

None

Ryegrass

5.07
5.69
4.78

4.44
4.02
4.1I

5.54
5.76
5.36

5.40
4.91
5.07

5.11
5.10
4.8 3

3.19
2.43
3.30

4.49
4.08
2.59

2.86
2.72

3.95
2.At
3.9r

3.79
3.14

5.18 4.19 ,5.01 3.11 3.01 3. s6 3.36

Barley
Glain
Cwt. p.a.
(+2.34l,

None

Ryegrass

13.0
17.8
r5.0

9.2
15.3
r3.3

t6.0
15.2
16.5

14.5
16.8
t2.6

16.3
14.4

9.5
14.9
I2.0

13.8
17.3
10.0

12.0
I t.2
7.8

11.7
ll.0
t2.o

11.8
13.6
10.4

12.6 15.9 14.6 14.6 12.1 10.3 11.6 11.9

StIaw
Cwt. p.a.
\+4.47)

None

Ryegrass

24.7
29.2
21.8

I4.5
20.5
15.5

27.4
20.9

2t.8
22.9
20.0

23.4
20.2

15.5
21.7
20.5

21.6
31.2
12.7

17.8
r7.0
13.4

20.1
19.8
18.7

I8.8
22.1
16.3

16.8 24.0 21.6 21.9 21.8 16.1 19.5 19.2

Staodard erroG are comput€d Irom plots trot yet maaured.
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BARLEY
The-fertluser yalues of sulphate of ammonia and ammonium blcarbonate,

applled eady and late.
RB_PASTUR.ES t93,:r

PtaD atrd yields irr lb., gtab above, straw botrow.

SysrEM of RrpLrcATroN : 6 aaalomised blocks oI 8 plots each.
AREA oF EACH ?Lor : .I/5Oth acre (J5 by 57.1 tiDLs). '
IREATMENTS: AII combinations of:

N

(a) S Sulphate of Ammonia \ attierate of0.2clnt. N per acre.B AmEonium bicarboDate I -
(b) O No applicatioa

E Early applicatioo (iE the se€d_bed).
L- Iite appticatiotr (as a top drcssiDa).

^ EL Both earty and late applicatioos {"doubte dressiDst.
LULTrvAlroNS, ETc.: Harrowed: March 24th, 27th, atrd M;i l6th. k sowD: March 25th.Early Earrurcs apptied : March 27th_. I-re -;"r""-.ppli"d ;fr;r-iiA." Roued :-eiiiii'Harvested : AuSust t6t}. Varietv : plumage Arch"r. pr;;;;.;;; ,-i}e}n"..,AND^RD ERRoRs irr pror: c.ain", 1_i.ao i'*t. pe;,;;;';-iti;;;;. str-aw:3.19 cu.r.pe! acre or +12.0 per ceat.

BEL
42.t
63.9

SL
39.5
58.8

SE
32.5
50.0

o
27.A
39.0

SE
29.0
43.8

BE
35.2
51.3

SL
44.3
61.0

o
47.8
64.2

o
46.4
62.6

SEL
52.0

SL
5l-6
1t.2

BE
49.6
68.0

BL
47.1
72.6

SEL
44.O
67.0

o
42.4
53.4

BE
45.4
60.6

BEL
40.0
53.5

o
4t.l

SEL
47.2
66.0

BL
55.0

o
45.3
60-2

BEL
48.9
66.6

SE
51.2
70.6

BL
53.3
74.7

o
36.8
55.7

SL
38.0
57.0

BE
35.0
57.2

SE
41.2
68.0

o
39.6
57.5

BL
38.5
54.5

SEL

60.0

SL
35.0
51.8

o
39.8
56.7

BE
49.8
72.0

SE
49.0

o
35.7
58-8

o
33.4
45.4

SEL
36.0
60.5

BEL
42.0
68.5

BL
36.5
60.2

SE
34.8

BE
37.9
59.4

o
34.9
45.6

BEL
42.O
62.8

SEL
42.9
62.a

BEL
42.2
58.0

BL
31.4
5l.l

SL
32.O
50.5 48
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SEPARATE TREATMENTS-COMPARISON OF BICARBONATE AND SULPIIATE

I

I

-T * h.t"r""
I NiE eD I €.rly

NitrogeD
late

Nittogen
ea.rly aad

Lrte

AmmoaiuE bicarboaate
Sulphate of A6monia ..

lDifi. 
@ia.-sd.l (+1.3\ + 1.1 + 2.0

Stra\r'. cwt. per acre. (* 1.304; tro N, +O S22)'

Ammodum bicarbotrate
Sutphate of Ammooia . .

Difl. lBic.-Sut.) ( + t. 8 4)

OTIIER EFFECTS-MEAN OF' BICARBONATE AND SULPHATE

) rz.s

i 't+o'n"t l

".* 
'] 

r"*,.". i**;lri=;-1 .-,'4.* p"--"*l
Early
llte ) rz.s {

27.4
26.8

19.9
17.9

18.8
17.1

l3:3 ,e.2 ll zm 28.4

17.5r 18.6' 19.21 24.31 27.15

+ 0.F +2.s 1+1.?

Crain c\t. D€r acre. (+0.967; ao N, I 008:l )
Me.Jr Yield - 18.4.

Meao leld : 26.7.

Standard ErroE: C) +0.883, (') +0.483, P) +0.83?, C) +0.922, C) +0.662, (') +r'r3'

CONCLUSIONS
TheresoonsetonitrogenissiRnificantinthecaseofthestraw,butbarelySoin

,t 
" 
'*i"'lithl**.ir]" i"n"i""i.'i" .is.ificant difference between the two times of

.""filii",i. 
-r".'i. 

liie additionat iesfinse to the double 6ressing sigrrilicantly less

;f,fi;til;'ffi; i;iiliili" a;;I !. rr'" differences betwein ammonium bi-

;;;il;i" an'd sulphate of am--monia are not sigrrificant'

^"ffi;. -- " '1"" lata I earlY and '
No Nitroeen : NitrogeD Nitroger

ttitron"n o.t:v lata I earlY and
late

( 27.5 27.2 27 8

| :z.r 26.3 29.0

- +,1, +03 -L'
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WHEAT
Effect of fult year's fallow, summer lallow and of temporary leys of cloverand ryegrass, the increase due to top Ar"""in! *fin 

-"'"ip[-.t" 
of ammonlabeing used aa a standard for comparison. tSG fs3i""'t it, p. t42, 

^ai,1932 report, p. 136, for previous stiages oi tt i" "*pJiri"b.'
RW-FOSTERS. 1933

Pl"alr and yieldE trr lb., grain above, Etraw beIow.
Arr.atrgement of treatrrtents ln the thlrd year.

tolsrols.
t8.I 16.5 I 4.i421.4 22.2 | 6s.8os, lo21.3 99.2 i 38 I;;., #6 I ;;:;s,os.
22.1. 26.1 39.-9i,Y,U
33.8. 3 t.l 63 ros,o
22.7+ 2l.0 4l.o32.6. 33.2 ] 61.2

s'o
23.6 r9.8
35.S 27.2oS.
27.3 2A.5
34.7 35.2s! s!25.5 3s.O
30.2 46.2oo
22.A 34.1
28.0 4l.rl

sro
33.6 3t.6
60.6 45.9
oSr

34.4 32.8
42.8 13.7s. sr
30.3 35 6
45.7 41.6oo
35.1 31.243.2 40.3

oo
35.6 38.240.9 45.0s3 s.37.3 30.1
44.O 46.9s.o
40.6 41.8
56.4 53.0oS"
39.0 40.3
16.2 61.2

s!o
,. 36.1 47.2.1\ 83.6 ?l otos,I 5t.9 15 7I zo.s 6s.8ls"s,
| .15.7 46.8
| 73.0 65.2

'oo 38.7 49.3
68.8 63.4

s!
47.6
65.9
o

48.0
65.0
s!

48.0

o
42.8
57.4

os,
31.3 28.6
39.7 32.4s!o
34.t 29.463.2 33.4sr s,20.0 26.634.0 40.9oo
28.0 21.4
29.0 40.6

oo
21.1 27.O21.2 35.8sr s'22.1 27 e
26.6 36.4
oSr

27.t 26.3
33.7 30.2sro
28.7 11.4
39.0 20.1

o
36.6
52.6
s.

36.3

s.
40.0
53.6
o

35.4
49.6

o
30.3
x7.2
s.

47.2
45.6
o

25.9
32.6
s,

28.8
3t.2

o
16.3
t6.4
s.

20.3
24.2
s,

26.0
32.0
o

26.6

s,
I5.0
28.4
o

26.2
32.6
o

22.O
22.8
s!

25.5
28.O

s,
23.0
30.0
o

21.9
3t.6
s!

25.1
28.6
o

19.8
20.0

sr
29.3

o
28.3
33.4
o

26.1
27.9
s!

28.6
3r.9

s' sr
37.2 36.r
49.8 47.9oo
37.5 39.5
50.5 50.0sr s,42.5 44.76r.0 53.8oo
40.1 38.6
41.2 43.2

-Sr

o
21.4
23.4
s.

3r.2
38.3
o

23.2
3r.0

st
4.1
56_8
o

40.2
62.6
o

47.7
63_8
sr

42.3
69.4

s!
32.5
47.6
o

29.2
30.6
s!

30.3
39.2
o

30.3
33.1

s,
25.4
53.6
o

32.8
18.7
o

28.7
36.3
s!

36.2
43.6

OS,
29.6 3t.3
10.4 36.7S.o
34.t 31.2
17.9 33.8oo
25.3 34.0
27.4 41.0s! s,
26.5 30_3
29.6 31.7

os.
17.2 38.-O
66.8 66.6s.ou.4 30.361.6 6!.4o8,
4.7 40-660.6 68.8s:o
39.0 &.762.6 56.8

+ Estiaated.
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ArraaEement of trealrnenta ln the fir€t and second yeara'

FY""ir,-l-o--rlr
Fdlow

L,I

-G-rL---s'I]L
I

Clover
I
o

I
l----s.l'

Cl. & Ryegr.
lr2

-sr-- o.-
2l

I

FaUow
LL

Ryegtass
ll

Cl, & RyeEr.
lrl

C:loeer
212

(H-I,r,II -r-l-; 1 I

Cl. & Ryegr.
lr2

Clover
lrl

Ryegrasa22.s---l-o*
Fallow

L', I
s._ 

-o-I ; lr I I I L

CloYer
I I

Cl. & RyeEr.
I 2

Fauow
IL
s-- - -o

RyeErass
2l
o__ _s

2 I ',li ri

Sysrar or REPLICATroN: 4x4 I3tin Square, each Plot subs€queotly sPlit iDto 8 sub_Plots by

thr€€ succ€ssive drvisions into halves.
enaA oriece aroxrE PLot: l/80 acle (21 liDks x 59 5links)
il ti-"iti, f-ir"t 

"ot 
: Levs iowa urder barley No ley, clovi, r,'etra'ss'.and clover atrd ryegiass'

'*H;fii;it';;i; 
"o "'iL"sio iol ot tulplate of immonia (Sr) at the rate o{ 0 2 curt N per

aclll.
S"."il'-*.., HaU plots su6ivided {or le}.s cut once and sumni"r faUowed (l),- or cgt 1'rica (2).**illii.t" 

wi16'ii r"vi *"'"irui"ia& ,or lisht fallow (!) or itrtcnsive lallow (I) - .

Third^;d,;*E;;;;a*rii plot suMiuided for Do-Ditrogen (O) or sulPhate of ammonie (s') at
th; Iate of 0.2 c\^rt N. Per acre.

cr"#;;;;:;;. , iiougf,"a , 
-o.tou". lst-sth Harowed : october 5Sr 6th' 7th aD{APril 8tb'

---'s:,*-**ri, iit"t i dtl"ra tth -v".i"ty, vi"to' Top dress€d: March lSth Hsrvested:

July 3lst. Previous croP: H4Y.

CIIt. per acre Per cetrt.

Persholeplot.. ..
P€r halt plot
Per quarter plot
Per eighth plot

+1.?3
+r.34
+1.63
+2.36

17.4
,L6.7
+7.O
+ r0.r

t2.21
:t 1.87
+2.08
+2.38

+7.3
+ ri.l
+6.8
*.7.1

STANDARD ERRORS PDR PLOT
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YIELDS OF SEPARATE TREATMENTS

Clover Clover aEd
Ryegr"ass

I cut or light
fallo*,

2 cuts or iDten-
sive fallow

I cut or light
falloq'

2 cuts or irten-
sive fallow

:io nitrogeD . .
NitrogeE (1S33)
No Nitrogeh . .

Nitroge,r (1333)

No Nitrogen ..
Nitroeetr (1033)
No Nitrogeo . .

Nitrcgetr (1033)

30.7

29.1
3l.0

42.6
45.6
45.0
46.6

:8.1 26.6
29.0
20.5
22.t

32.4
21.9
21.1

EFFECT OF LEYS, FALLOW AND NITROGEN)GEN WITH BARIEY
N with whest)(Mean of oEc aad teo cuts, N alrd no Af ]4th -hg"t) _

Fallow

GRAIN :
No NitroteD with Barley
NitrogeD *'ith Barley

Mcon (+0.172]

Diffcrcnce l+0.943)

No NihogeD witi Barley
Nitrog€a with Barley

M.an (+0.661]-

Dlfl"r*r4+ 13r)

I cut (or light fauow)
2 cuts (or iDteEsive lallos)

Diffclzn a (+0.817],

I cut (or light lallow) . .

, cuts (or iateasive Iauow)

cst. per acre
25.9 ' 22 0
25.1 I rs.l

30.3
30.6

30.4 16.4

+ 0.3 +0.1

13.6 20.5

I 16_4I ro.s l

| + t.o

25.6 20.7

23.0

31.4
30.0

-5.5
l+0.5es)i

- 0.5 -2.6 -0.6
l+0.172)

per acre| 2a-7I zt.a
44.9
4!.3

29.1
23.6

34.7
3t.0

STRAW : cwt.
20.0 33-8
2t.0 31.9

- 2.6

(Mean of and No

Fallo\\ Ryegra"rs

30.1
30.8

+ 0.7

42.7
44.6

STRAW: rler acre
23.l

No J Nitxo-' No Nitro.l No Nitrc-l No I N;tro
Nitro- 8eo Nitro- geo iNitro-r geE lNltro-. e."
Jen , 

(1931) gen (tg3l)t getr (IOBt)i gen lllear
GR-{IN : c\r't. per

i 4l.7
.10.8
44-O

29.7
30.2
32.3
30.3

42.7

18.5 I 17.7 26.2 21.5
17.6 l?.3 24.1 | 25.4
13.0 14.7 251 I 21R
16.3 i 16.5 ,, Zt.S ) ZS.t

24.4
19.4
2t.o

10.6
20.3
t8.4
r9.5

EFFECT OF CUTS AND FALLOWS

Dilfctcn, (+1.01)

r7.5

I

Ry%rass I Cbver iCtovcr aad
| | Ryegrass

30.7 l

- 1.1 l

_i_
e6.6etl

wheat and barley)

Clover Clor'eratrd Mcaa of)
Rye6rass aU kys' i

: cwt. Per acre
25.2 21.8
26.1 19.6

21.6
20.3

+0.9 -2.2 I - 1.3
| (+o.a72l
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EFFECT OF NITROGEN APPLIED WITII WIIEAT

\o Nitrogen. .
Nitrcgen 1933

30.2
30.0

GRAIN :

l8.l
17.5

per acle
25.5
24.9

2r..1
22.3

fleah

Differcn e (+1.18) 0.6 -0.6 + 0.9 -0.1
' \+0 8R

2 cuts or iEten- fNo NitrogeD-.
sive {allov,/ lNitrogetr 1933

oE1",*"41:.:tl

31.0
30.7

13.8 1 25.1
16.4 | 27.r

18.9
20.2

19.3

- 0.3 +2.6 l, + Z.O + 1.3 + 1.9
(10.6 81)

Dilfeftncc (+0.834\.. .. - 0.2 + 1.0 + 0.7 + 1.1 + 0.9
(+0.182)

I cot or light /No NitrogeD. .

Iallow \NitrogeE 1933

DiIf",;Gl1sl-

STR.A
42.2 t) 22.8
43.2 24.2

W: cEt. Der acre
33.8'l 27.5 \ 28.0
35.8 I ao.z ll 30.2

+ 1.0 + 1.1 + 2.2 +3.2
{+0.681)

2 cuts or inten- fNo Nitrcgeo
sive fallow lNitrogen 1933

DilJerc&ce l+1.18)

44.5
14.7

r5.6
19.4

25.4 2t.2
,3.1

22.1
25.1

+ 0.2 +.r.8 + 3.3 + 1.9 +3.0
\+0.681),

M con DilIelence | + 0. 8 3 1) +0.6 + 2.6 + 9.8 + 2.6 +2.6
\+0.1E2\

CONCLUSIONS
The orevious leys rroduce large differences of vield in the wheat croP' both of

*"i";5;i;;;*.' r'r'" Gia foU"owing fa)low is griatest, that following clover alone

i;;: th.t f"lil;g the ririxture ot cloier and ryegrass next, and that following rve-

;; J;" Ieast, tf,e difference between fallow ind rvegra-ss alone being no less than

i4.0 cwt. of grain and 23.1 cwt. of straw.- -' 
fire-nitr;sen applied to the bJer shows no fuU1. signiticant effects either on the

*tt*i""i-.. ?i 
'.ii"'*.-it..eh 

tt "t" 
is some indicition of a depression in vield of

.traw o'n all Dlots exceDt tho-se tollowing the lev of rvetrass alone--"-o""i;;^i$;;ih 
ti.e.".irt" i"Li;s of a second iut of the lev significantlv de'

oresses the subse,luent ti--eld of the grain (-2 4 cwt ), and straw (-6'4 cwt )' rnere

["i"" iitri" airioJni" uit,t""n the ciover and ryegrass and rvegrass alone'*"8;'ih"".'i;;;i; 
,r* .""otJ .ri a"p.".."t ihJ vield of the straw only' this dep-

t*"i;'i:#;;j'u"i"g iisrrlii*,, fhe depression is less than that of the other

tevs. thoush not quite srgnificantlv so.'- ih"-Ji?i;;";;; betw"een the light and intensive fallow are not significant'
Alter the three teys the nitrogen applied to-the wheat increases the average nerq

.rt.r"in bv 0.9 cwt.. #a tnrt ot ti".trli, by 2.6 cwt., both increases being signifrcant.

In"the caie of the $ain, but not of the straw, the increase.only apPears on ule Plots

";itiit i" *i., irri; i;;"* teing r.s cwt. ihe effects of th6 nitrogen after fallow

are small and not siSnificant.

Mean oI
oll leys

21.7
21.6

n,.."."" ] cto"er Jctover "ni nyegrass
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WHEAT

:f ,ff H{i{ ji#i,'f ",."I#?"fl f ,""1#i#,,,#f T'#_lxH,?,*a
Rw_pastures, 1933

plat! alld ytelds in g.a|r[Eeg

72

Tr€atment. i crain. Str *.
s Dp-H 1N557 866s sh- | o 640 880PDpR_ I O 576 t.056PSh- |N574 roe4
PShRH lO5r0 686sDPR- 1O478 696PDp-H lO6?t t.021
s shRlr I 0475 632

Graitr. Straw.
o 715 1,154
N 682 1,153
N 650 1,609
o 597 1,012
N 777 1,088
N 54r 869
N 870 1,246
N 486 794

P Sh-
P DP_H
s sh -IIP DPR-
SDpRH
s shR-
P ShRH
S Dp-

823
896
590

I,121
834

1,376
r,08r
I,097

o 588
o 653
N 495
o ?80
N 59t
N ?7t
o 801
o 741

N 676 t,044
N 730 1,099
o 679 s52
N 636 r,096
o ?58 974
o 726 1,050
N 792 t,264
N 907 t,t62

S ShRH
SDpRH
P ShR-
S Dp--
P Sh-tr
s sh_
PDpR-
P Dp- II

o 70s I,098
N 784 1,026
N 732 r,166
o 682 94{)
N 586 943
N 436 646
o 606 861
N 700 979

N 729
o 8t6
o 826
N 658
o 614
o 669
N 642
o 716

1,005
I,009
1,058

896
712
983
950
978

sh-Dp- Treatment.
s sh-
SDpR-
PDp-
SShRH
PSh-Il
PShR_
S Dp-II
PDpRH

Grain.
N 804
N 881
o 840
o 667
o 77a
N 781
o 714
N 824

Stra$r.
t,419
r,366
t,120
gI8

1,092
r,218

975
1,275

Giain. Straw.
o 8691,202
o ?981,088
N 854 r,082
N 843 1,256
N 9t8 I,349
o 1a7 IJ12N 898 t,327
o 8691,150

N 8901,348
N 1,044 t,672o 741 94()o 802I,103
o 739 680o 671 890N 724I,045N ?28 t,029

N

5YSTE'{ OE I(E PLICATION
ammonia. The ,oll,
(P-S) X RX H, {DrAlle or aecn sus-prof

Tr.r.[TMENrs : All combil
(a) Seed-bed prepar
(b) De€p cultivatior
(c) Not rolted (-).
(d) Not harrou-ed l.
(e) No sutpbate of I

acre.
CuLTrvarroNs, ETc. : plo

l5th. Rolled : March
JuIl' 3lst. Plots ha
6 iDs. apart). Varie

5r^NDARD ERRohs : Grail
Straw : P.r sh^l- ^L

tErd oE R.E
ammonia.
(P-S) x I

f,TMENTS :
(a) Seed-l
(b) Deep
(c) Not n
(d) Not h
(e) No sul

acre.
IIVATIONS,
l5th. Roll
JuIy 3lst.
6 iDs. apar
'DARD Era!
Stras' : Pe

SvstErd

(P-
AREA or
Trat.f,Tu

(a)
(b)
(c)
(d)
(e)

CuLTrvl
l5t:
J"I:
6iD

: 6 raDdoDised blocks oI 8
,*lov.*q ttr*ra9lioil G;;;
rP-n ,i,"al"l-+._ tP. ar'i;;

PLor : I/80 acre 1az.s iirt 
" 
'i z-Ofi"

plots ea.h, the
s),mbols as ab,
Dp-Sh) x Rx.
) links).

tar)r cultivatior
)w cultiv-ation

oJ arnmoiia (l
ith- I{arrowed
,rch I lth. Seed
od (16 lIretre I
, : Beans-
t. or ll.Iy". Pi
:r suttsplot : 4.5

; beiag
are pa

h sima
iEs.) (

the ra1

lober €
,: Octo
hs per

Fplot :
:. or 13

5e plots I

aboYe) a
x I{.

LioD with
,n (3!-a i

, (N) at tl

r e€.h, the plots
)ols as abovel i
Sh)xRxH.'
s).

cultivatioD witl
dti!.ation (3!-4

umoiia (N) at .

I{arrowed : Oct
I lth. Seed soeE

,r sulphate c
coofou[ded

iller (S).

I cw-t. N. De

' sulphate oJ
oofou[ded :

ler (S).

cw-t. N. per

aad March
Harvested :

t, drills set

:- ot l2.Oo/o.

_ate of 0.2 cw-t. N

6th, 7th, aad M
tober 71tr. Harves
3r sub-plot, drillr

| . 2.79 cutt. ot 12.
t3.10/^.

split loi
tially o

- tototill
ib).

e of 0.2

n, 7th,
)er 71tr. .

sub-ploi

,.79 cB*
1%.

g split lor

'a,rtiaUy I

ar tototii
(sb).

rte of 0.2

6th, 7th,
ober 7th.
r sub-plo

. 2.79 cv
3.10/^.

with simar tototiller
!-a iEs.) (Sb).

at the rate of 0.2 clx

October 6th, ?th, a!
ceE: October 71tr. II.
Dgths per sub-plot, ,

sub-.plot : 2.79 cvrt. o
c*.t. or l3-4ol^

tioD with simar
)n (3!-4 iEs.) (S

' 
(N) at the rat€

/ed : October 6t
)ed soeE : Octob
:e leDgths per s

Per sub-plot : 2
4.54 cwt. or l3-!

vr sALu s uE- pL(rr : ,r/Uu acre {tt2.E IiD}s x 20I-irMENrs : AII combiDatio[s of ] '

il 1ee9-be4.preeared-by lroughing (p), or rotar
:i fltr",.:H'l1i:Xt8 ':nsJ 

(D 
' anh suattow

dJ Nor harroued (_), ard harro;ed (H).e, 
^orutpbate of ammoda (O), atrd sirlihate oI

,JE"5,ir,ilf 

'"i",ii*,1ili&1::silJl"tli,*:ur\ ors(. 
. 
rro-rs ban ested by samphng metbodrDs. apart). Variety: Victor. previ;us.,"",

i*i lHii',;["ffi ,',li] l?il Bf l;. ? i"i Xi; I

i by ploughins {p}. or rotatu
(7-s ins.) (opl ;,trii shauow t
Dd rolled (R).

ETc.: Plougbed : October ith atrd 6th
r(l: Ir'larch l5th. llanures ,nhr1p.] . [r._^rrcn t5th. ltanures apphed: trta.rch

tarvested by sampir-n8 metbod (

s sh-H
PDpRH
s shR-
SDpR-
P ShRH
S Dp-H
P Dp--
P Sh_

o 734
o s70
N 808
N 916
N 859
N 716
o 758
o 655

1,t86
1,380
r,363
1,335
t,269
1,030
1,043
t,058

704
889
703

634
494
6t6
615

936
1,064

999
976
905
880

1,081
820

N
N
N
o
o
o
o
N

662 943
542 7a2
588 9ll
665 887
606 703
524 77a
7731,It4
888 t,290

73

o
o
o
N
N
N
N
o

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-1-3 pp 132

129

YIELDS OF SEPARATE TREATMENTS (BLOCK EFFECTS ELIMINATED)

RESPONSES TO TREATMENTS

SaANDARD ERaoRs: t) +0.785, (t) +0.569, F) +I.lr, (r)+0 805, f) +r.48, (')+0.926, (?)+2.10,

C) +1.31.

Sballow i Dgrp

Not t Not I

Harowerr { Roled J 31.4
I nou.a I aa.a

H.oo*"dlLll*l ,0.,
I n"uea I zo.s

40.8

36.4
38.6

33.1
41.6

38.0
39.0

I ll Dillddtial R6Dol's

Lv-. ll proo.t I sio . I' coltiv.rill ti H--"e
1,-w*ll - l llsharro*l D..p, Abs.or JPr6

"","----a+"r-a*

Rollins Ll Sulph. ADG
Ab6.nt I k6.n!li Abs€nt I Pt4

Simar m;rls I

plousb .. l- r.8r
Def'p minus

shatlow..l+r.2r
Harrowing. . l+r.61Rouins ,. + 0.6'
Sulphate oI I

AmmoDia l+ r.rr

+0.8'
+ t.4"
+r.5'

+ 1.2'

+l6'
-0.1'+0.0r

-0.3.

l*o r'
l+ r.2t
I

l+l.a

-o.4'

+ 1.13
+0.3"

0.0r

-o.1.

l*0.,

l*il'
l+0.4'

- 1.6'

* 1.0r

-rl It

+o 7'

-0.23
+ 1.63

+u:l'

+o.lr

- l.5r

*0 sr
+ l,03

+1.01

-,,l-,.u.
1r.e. l.r-9.7.
+0.5'l+0.8'
+0.3. 

l+ 
r.o.

-l-
STRA\!'--{\!t. per acre

Simar ,rinrs
prough .. l-r.7t

DeeD rrlirls i

shlltow .. + 7.lr
Harrowins.. - I.5t
Rolitrs -.. + 0.95
SulDhate oI

dmmooia l+ J.9.

*, ,'
- l-o?

l+z.z'
l*r.u'

l.;,
t-2.o1
l-o r
l*r.r"

-u.7?

-l {?
+ 0.7r

-J 3'

-(r7'
+1.21

+2.6"

- t.27

-lo.z'

+ r.8,

i+l z'

+2.o'

+0. r,

i+3.7.

-o.11

+0.8?-v'
*l za

i-3-o,

+ r.4'
l'2.4',

+u.g'

l-3 4i
I

-o.2.
- t.8!

l+r.z'
I

0.0.

2.4.
1.33
1.3.

+

GRAIN---r\r't.

2t-t | 21-5
zz.+ I zt.z

22 I | 21.5
vtr' I zez

24.3 22.1
22.8 22.5

\ot
RoIled
Rolled
Not
Rolled
RolIed

Not
tt".-*"a 

{

,,*r"** 
{

20.0 2t.4
zt.s I za.z

23.9 
I

I1.5

!t.822-5 1 2t.5

STRA$' -{\r't. per acre

Nol No lr.lo lNo
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INTERACTION BETWEEN CULTIVATIONS AND NITROGEN

Ploughed
Not harrowed I Harrowed

Simared
NothaEowed Harrowed

GRAIN- -c*t. per acre

No Sulph. Amm.
Sulph. Amm. 23.t 25.5

224
23.1 22.1

DifJ. (+1.14) +0.2 + 2.1 + 0.3 - 0.8 i+0.t 1+.ato)

STR-{W---{*t. per acre

No Sulph. Amm.
Sulph. Amm.

33.4 30.7
38.0

32.0
36.4

32.1
31.r

32.0
36.0

Diff. l+1.85) + 3.9 + ?.3 + 4.1 0.0 + 4.0
(+0.s251

CONCLUSIONS
There are no sig ficant effects of any of the treatments on the grain. Nor are

there any significant €ffects of the cultivations on the straw. The application of
nitrogen, on the other hand, has significantly increased the yield of strawfthis increase
being sigdficantly greater in the presence of rolling. The average difference in
response-to nitrogen by the straw Ior the ploughed and simared plots is barely sig-
nilicant but there is a :ignificant interaction between this effect and harrowin!, tfie
response to nitrogen being considerably greater on the ploughed than on the
simared plots which are harrowed, but somewhat less on ihe ploughed than on
the simared plots li,hich are not harrowed.
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F'ORAGE MIXTURE
Variation in proportion of oats and vetches.
Effect of nitrogen on yield and compoaitlon of different mixtures.

RF-PASTURES-I933
Plaa and ldelds tn lb,-creen lvetllhts.

t0

\

1

[-o,ox:o
I 56.5 i 4B-s

s is,Olr.t
tr' ts.t | +z.a

B
o

E:E
ON

49.2 7A.O

BAACBAACC
N O N O:NN O N O.N I

54.' 47.8 49.' 51.8 I 586 |i 58.6 |

AIDDEIJ-.........-
ooNOtNl

C
N

c l^
olNu.t 

I 
rz.e47.1 42.8 , 61.9 63.7 I63.i 

i 
6r.7 | 71.7 

|i 
6r.z I zl.z 

| 60

SysrEu oF REpl-rcarroN i SxS Iitia square- Each plot divided Ior nitrogen comparison.
Ar.Er oF EacE SuB-pl-or:0.Olt3 acre (,iO IiDks fe.:; ti"ts1.
Tr.&arxBNas : AII combitrations oI :

(a) S€edings (l urit:501b. per_acre) (b) ISo nitrogea (O). 0.J c\rt. N. per acre asA B C D E sulphite oi a'mmonia (N). '
Oats (uoits) 4 3 2 I O
Vetches (uDits) 0 I 2 3 4

B^11-E:-uLrX".,-Muriate oI potash at the rate of 0.5 clnt. KrO per aqe, and superphospbatc atttre rate ot 0.5 cwt. PrO! Irer acre.
CuL"rrvaaloNs, Erc. : Ploughod: Ma,rch 25th. MaDures applied: March 25th. Seed mqn: March25th. Harrowed : M;ch 2bth. Rolled : Aprii i.t- "fi. ri^t 

"i.p 
i.ii"a .oa tt" .eed*ai

resown. Plouehed : Mav tdtb. Sred :owD : _Va-]- I ?t,h-aDd I Sth. Harr;wed : May t Zth and t at b-Rolled: May-l?tb and l8th. Top-dressed: f(tay ffna. i"*""tJ, e.gr.t t6th. previous
crop : l,eaos.

Sraxoero Enno*s I,BR 11'HoLE PLor : (Total dry matter) +2.S9 cwt. per acre oI +t5.6 per ceDt.
PER SUB-I,I-or : +1.5{ cl*1. p€r acre oI +9-b per crot.-

SA,'.LTNG:-Trro_grab samples, c;mprisi'g fro-m te; to fiJteen ha,dfuls, taLetr whe. the croD n?-s
rtr swathes. werghed atrd separated, after sampling, iDto oats and \.etches. Components u.e'igbed
$.heu air dry.

DRy-M^-rrER.:.Eagh llot chafted s€paratelyatrd equal volumes of chafied material from replicates
_ Dulked. Wbote thoroughty Dixed atrd duplicate saEples taken ror dry matter.
SAr prr NG ERRoRS (Fr.sintle. sample) : Of air dry s.eigbi as percentage df greeo weigbt : + I.Zj;ol p€rcentate ol oats iD air dry material: +2.16.

EBBAA
NNOO.N

60.6 33.3 3{.5 33.0 , 28.2

CEEDD
O N O N,O

i aa^ | ., o | --, I

EBBAA

i:. [:. i:."_[1. i-:. ID rc ic ls isoiNioloiNl
51.2 | 6r.6 i oo.t I 62.6 ; 62.s i

BIol
1o.2.1

D
N

55.1

B
N

4t.6

c
N

36.2

N
A
o

36-8

c
o

3t.6

E
o

53.7

c
N

E:EolN
8.9 , 31.5
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SUMMARY OF RESULTS
GRDEN MATERIAI

CNt. per acre 4 Oats
0 Yetches

3 Oats
I Yetches

2 Oats
2 Yetches

I Oats
3 Vetches

0 oats
!t vetches

8r.6 | ss.z
32.4 I 35.5

32.0
+ 0.8 + 0.3 +4.2

TOTAL DRY MATTER
Determined on duplicste sarnples froin each plot, oats alld vetches beidE separated ia

the salnple.

CONCLUSIONS
The yields of dry matter are significantly different for the different mixtures, the

ooiimuri vield beirig that of 3 of oats to I of vetches. The response in dr5r matter
yietcls to riitrogen iisignificant, but not significartty different for the different mix-
tures.

C1rt. per acre 4 Oats
0 Vetches

3 oats
I Vetches

2 Oats
2 \'etches

I Oats
3 \:etches

0 Oats
4 Vetches

Meart

f without
Oats { Nitrogetr

Lwith Nitrogen
17.9
18.l

16.2
15.9

10.5
1l.J 6.2

12.4

f Without
Vetches{ Nitrogetr

LWith Nitrogetr
2.0
2.1

5.6
6.3

10.1
10.8

11.0
r3.0

7.2
8.1

-Without
Total I t{ittog"o
- - 

Dry J with Nitrogen
li .9
18.I

r 8.2
18.3

16.1
17.8

15.3
17.0

11.0
13.0

15.7
16.8

I u,""lofi. \+1.14),
(+0.e80)

18.0
+0.2

18.2
+ 0.1

17.0
+ 1.7

16.2
+ 1.7

12.0
+ 2.0

16.2
+ 1.1

Without Nitrogen
lfith Nitroger

36.4
40.6

43.6
46.$

37.8
45.6

36.9
40.2
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POTATOES
The ferti.liser value of poultry manure in terms of equiyalent sulphate of

ammonia and superphosphate.
The fertiliser values of ammonium bicarbonate and sulphate of ammonia.

RP-PASTURES, T933
Plan and yields in lb.

wl
I

I

I
!

t
I

I
Bouts. 3l

SysaEM oF REp..cafloN: 6 randomised blocks of 6 plots each. C,ertaiD interactions partially
confou aled with block aliffere[ces.

ARE^ oa EACE PLor : l/65 acre (45.5links x 33.8litrks).
TREATMENTS : All combinations o{ :

(a) Nopoultrymanure. M, poultry ma[ure at the rate o10.6 cwt. N per acre, v.ith additional
superphosphate (0.005 cwt. PrOs per acre) to Sive witi the PrO5 oJ the poultry maDure
0.6 c\rt. P2O, per acre.

(b) No sulphate or bicarboaate of ammonia.
S, Sulphate oI ammoLia \,
B, emmonium tricarboDate fAt tbe rate ot 0 6 cwt N Per acre'

(c) No superphosphate. P, supe+hosphate at the late oI 0-6 cr*t. P'O5 per 1919.
CuLrrvarloNs; Eic. : Ploughed : April 20th- Harrowed April26th. Ridged : Aplil 28th. trIatrur€s

applied : April28th. Potato€s planted : May lst and 2nd- Grubbed : May 94th ard Jutre 26th.
E-;thed up: July lst. Potato€s li{ted: Oct.3rd. Variety: Ally. Previous crop: Beans.

STANDARD ERioR pER PLor: _ O.531 tonsperacreor -L l0.loo.

B
172

P
t6l

SP o
r66

MP
t08

MBP
l{1

}{
19'

s
145

BP
101

MP MS
190

B
101

MBP
221

MSP lUS MB
ll{

o
I I3

SP
131

s
176

MB
t86

MS
138

M
198

s
158

MSP
l;t

o
t32

MSP
l{:l

P
r80

B
ti5

M
t7l

BP
l3;

MP
196

BP
t78

MBP
l3t)

SP
ll{i

MB
t -16

P
103
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YIELDS OF SEPARATE TREATMENTS (BLOCK EFFECTS ELIMINATED)
Tons per acre -\-either Super. Poultry

IIa.nure
Both Mean

Neither
Sulph. Amm.
Bicarb. Amm.

4.01
.1.83
4.38

.1.26
5.39
4.99

5.40
6.17
5.21

6.38
8.44
5.89

5.01
5.71

Mean 1.11 4.83 5.61 6.21

.StaqdlJd erro! (oI a single yreld) applicable to secord order irtenctions (which are partia.Uy
coDloutrdedl 0.412 tons. For otber sijndard errors see belo\v.

DIFI'ERENTIAL RESPONSES
Tols per acre Mean Poultry l{atrure

Absent i Presetrt
Superphosphate
Absent Piese,lt

Ammonium
None Sutphate] Bicarb.

Poultry maDure. .
Superihosphate. .
Sulph. -{mm. . .
Bicarb. "q.mm- . .

+ 1.261
+ 0.511
+ 0.7 0,
+o.112

+0.473
+0.98r
+0.55r

+0.603
+o.421
-0.34r

+ 1.20r

+0.801
+0.121

+r.333

+0.604
+0.08r

+1.76. +t.2or | +0.86.
+0.62r +0.49r +0.58r

T.p.a. (+0.21?) fieither Sulph. Amm, Bicarb. Amm

No P.lI
Poultry manure

4.14
5.89

;.1I
6.31

4.68
5.55

Mea1, (+0.154) 5.01

CONCLUSIONS
The responses to pouttrJ, maflrre, to superphosphate, and to sr:lphate of arlnonia

ar.e au,srgmhcant. _lhe response to ammonium bicarbonate is small and not sig-
rullcant and is significantly less tban the response to sulphate of ammonia. Th"e
extra- response to poultry manure in the abse-nce of the nitrogenous fertilisers over
tnat In therr presence is not large enough to be significant.

MEAN OF NO SUPERPHOSFHATE AND SLFERPIIOSPIIATE

4.61
5.92
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SUGAR BEET

_ Effect of dung and mineral fertillser8, applied in the surface soil and ln
the subsoil.

RS-PASTURES, 1933
Plan and Jdelds in tb,, roots (dirty) above, tops ccntre, sullar percentaEe below.

117

s
1

I

12076

SysrE!,r oF REpl-rcartoN: 3 RatrdoEis€d blocks of 16 plots earh.
AI.EA oF EacH PLor: 0.0029 acre (tO ft. x 12| ft. ro;s).
TREATMENaS : A1l combiDatioos of :

(a) Jf O:No nitrogen-
LN:0.6 c,"t. N per acre as sulphate of ammooia.

(b) [-q.:0.6- cst. PrOo l)er acre as iuperphosphate a.rd I.0 crx.t- K,O pe, acre as BO% potash
'( salt.
lD:20 toos dung pe-r acre, ard potash salt and superphosphate as itr (A).
I u- No ml,rerats or duDg atrd Dinerals.

G) .] I -Minerals or dung and DiDera.ls applied itr tbe surface soil.
I 2:.Uirerals or duDB aDd minerals apptied in tbe sub-.soit.
_13:M.itr-era.ls or duDg-and minerals apitied in both surlace and subsoil (double dressitrg).
The rrhole area sas hafld dug two ipits deep. Manures applied itr ihe surface wjre

iDcorporated with the first spit, tbose itr thtsubsoil hth the secood-;pit-
CuLTIvATloNs, Erc.: Dug: May 2Dd-8rh. trlaDures applied : Mav 2Ed-gth. Seedsown: Mav tgth

llaqoy4 : Ma-y- l-6t! atrd lgth. Rolled:May t6rh. l8tl aDd tgth. Ho€d: July 20th add 2tst.
Silgled Jun€ 27tn-29th. Rows t5 ins. apai. PlaDts t0 i,ls. apart. Lifta i Noverlber gtll
aod lottr. Variety: }(utl-[. Previous crop: Beaos.

STaNDARD ERRo-Rs_pEi PLor : Roots (*ashed) i :t |.f3 toDs per acre or l?.5go. ToIx : + l.g4 toos
per acre or I7.5%. Sugar percentage : jt0.355. MeaD dirt tare : 0.1415. '

NAo I OA3
355 i56q
30.0 50.0
15-17 t6 58

oA2
51.0
39.5
15.86

oD0
32.2
2A.5
t5.24

oA2
3S.0
36.0
r5.83

NA1
46.4
72.4
15.68

oDl
66..1
74.5
15.88

NA3
52.8

15.94

NDI
53.1
51.0
15.48

NA3
52.0
53.5
15.97

oa3
61.9
14.5
16..13

oAl
50.6
41.0
16.20

NA2:NDo oAo
55.9 30.9 3?.3
51.0 30.5 3t 5
15.68 t4.93 15.3t

NDI
58.0
62.0
t4.84

NDT
57.5
63.5
15.54

oD0

r5.3S

NDO
30.9
40.5
15.01

oD2
56.t

15.57

oD3

73.0
15.90

ND3
70.8
71.0
15.13

NA2
47.0
44_O
15.9 t

NAI
40.s
43.5
15.86

ND3 OD2
71.5 55.9
i7.5 62.5
15.4; 16.20

oD1
46.4
54.0
15.91

NAT
35.0
36.5
15.77

oa0

28.5
15.05

NAO
36.1
42.O
15.08

oD3
69.5
86.0
15.25

N.{2
46.0
46.5
16.06

oD2
62.3
53.0
16.09

NDO
36.3
39.0
15.17

ND2
57.7
54.5
t5.16

oDo
42.9
35.5
16.r6

NA3 ND2 OD3
45.4 42.4 38.3
4.1.0 49.0 53.5
16.86 16.32 15.3.1

oal
24.6
25.5
16.17

oA3

24.O
16.29

oal
36.7
33.0
I5.94

ND3
59.8
71.5
15_45

ND2

64.0

oDl
64.3
63.0
r 5.68

oA2

39.5
16.86

oa0
44.3
37.0
r5.88

NAO
14.2
42.0
15.84
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SUMMARY OF RESULTS

Sulph.Amm.
ph. ,{mm. . .

ROOTS (washed) toas per acre
4g9rl 637r1 65Ort 7-88rt 7.74t 8.06r
s.1tr | 664,i 6.6sr | 7.52t1 7.3st | 9.0o,L

Super, Potash & Dung

;halloN Deep Shallol\' -llear?
and

Deep

\o Super. and Potash onh'
Super.,
Porash Shallo1v Deep Shallon

or aDd
Dung Deep

6.40
6.51

1.81'
1.i62

St4trdad
Errors

e) +0.653
e)+0.462

Mean .. 1.79x 5.21' 6.59' 7.522i 8.53' 6.46 i'i+o st,
(5) +0.336

r) +0.772
e) +o.546
(')+0.386
(r)+1.0e2
f) t0.398

piIf . .. 0.061 +0.14.

\o Sulph.-{mm. J.l0' 5 161
Sulph. Amm. 5.80r :.901 8.10

+0.27. +0.18. -0.361 -0.11.)+0.941 l+0.115
TOPS-tons pe, acre
5.96r ti.l4' 9.931 8.60r I ll.0lr
7.34' 8.431 9. r5t 8.69t I1.7'.1,

Mean .. 5.453 7.28' 9.i12 8.61' 11.372 7.61

DilI. -- .- +o.7or + 2.71. + 1.38. ,0.7 8. +0.0# +0.7F +0.975

SU
NoSulph. Ame. 15.53' 16.10r
Sulph. Amm. 15.303 15.77r

IGAR PERCENTAGE
l6 l8r 16.43r t5.82' ', I5.95r I 15.50' 1J.88
rs.88r t6.!61 15.29' r5.671 15.341 1i.60

o jr0.205
(,)+0.145
e)+0.102
(.)+0.290
(5) i0.106

Mea* .. 15.12' 1i.9 4' 16.03' i 1i.34' 15.56' 15.812 1o.42' 15.7 4

-ors"Diff... ..I-o.ze, -0.33' -0.30t1 0.17r _ 0.;a.i _0.zErl _0.1

No Sulph. Amm.l l5.O
Sulph, AmE. 14.6

Mea* .. I 11.E

Diff... -- -0.4

TI
16.I
l7.l

16.6

+ 1.0

OTAI SUGAR_
| 20.6 | 2r.4
I 2tt I 217

I zo.s l' zt.e
i

| +o.s ) +o.stl

2{.9 ')1.i 
';.0 

20.3
,3.0 ll.9 2?.6 20.3

2,t fi 23.8 26.3 20-3

L, -13 +rn 0

CONCLUSIONS
The roots show a significant response to dung and to minerals applied deep, but

not to minerals applied shallow. On the other hand the diflerence between minerals
applied deep and applied shallow, though suggestive, is not significant. The tops
while responding significantly to dung and minerals show no difference between
minerals applied deep and applied shallow.

The response to sulphate of ammonia is significant for the tops but not the roots.
The sugar percentage is significantly greater on the plots receiving minerals only,

than on the plots with no minerals and the plots with minerals and dung. The
depression rvith sulphate of ammonia is also significant.

The experiment as a rvhoie is marred by low yields and very high standard errors.
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SUGAR BEET
Effect of varvine sDaclnq, ol rows' of sulphate of ammonla and of ploughlnE- - - 

or hirrowlng ln mlneral fertilisers'

I noot" Top.
l(dirty)

RS -Pastures-1933
Plan and Ylelds in lb.

Sugar I Roo* Tops

I (dnty)
Sugar

Percetrtage

148.? 180.0 15.05
168.6 199.8 15.13
302.4 278.5 18.06
t16.7 177.0 15.86
216.9 208.5 16.12
)27.5 258.6 15.53

t75.i 2ll.l 15.39
,66.3 253.2 15.77
247.3 201.0 16.37
923.7 A23.1 16.89
101.6 2u.7 15.59
t59.4 194.0 15.71

182.6 173.9 15.94
31t.9 275.5 16.92
22A.4 230.5 16.37
230.8 224.0 16.08
136.3 166.0 18.t7
196.2 210.0 16.29

27a.2 300.0
954.8 2{i1.5
143.1 155.0
179.4 169.5
318.0 

'53.5200.9 178.5

NlSroBH
N,SrsBP
N!SzoBIr
NrS,oBP

- 
SloB P

SrsBH

16.12
16.29
15.71
16.29
17.07
16.03N iS,58P

N,S,oBH

N!S,oB P

- S1.Bu

- S,oBr
NrS,oBI{

N,SIsB1i
\1s'oBs
- S'"BP
N!S roBP
N rSloB P

- 
SloBE

- S,oB r
NrSroBP
N,S,,Br
- S, .BII
N.SloBII
NrSrsBH

\rsloBP
N,SloBH

- 
S1,BP

NrSrrBr.

- 
S,oBn

N!SzoB P

329.6 297.5 16..10
302.9 322.5 16.37
247.6 200.5 16.26
211.7 210.5 15.86
132.1 125.0 15.7i
163.2 151.0 16.17

28r.8 254.0 16.72
173.3 153.0 16.49
252.8 251.0 16.00
165.6 166.0 16.61
239.3 264.5 l;.91
321.2 346.0 16.ll

- S-B"
- sroBP
NlSriBP
N1S'oBtr
N,S158H

N,S,oBu ,ti8-5
t5{.4
185.2
263.3
!44.6
,88.7

304.9
2to.2
328.4
t7{.9
lil.r
219.'

251.5
!85.5
t$1.5
,41.5
265.0
,26.0

t6.02
16.37
l5.gl
r6.63
16.00
17.18

- S"nBH
\!s,oBP
N rSriB P

N,S,lBIi
- 

SroBP

N,S,oBP
NrSrbBI{

- SroBE
NrS,oBP
N!S,OBI{

- 
SIrBP

- S.oBr
NIS:OBH
Nis;oBP

- Sr6Bs
N,SloB
N!SrsBP

275.0 16.66
2t3.5 16.08
266.5 17.12
200.5 16.52
t95.0 15.45
230.0 r5.83

- 
SrsBP

N1S'oBH
N!S15BH
NrSroB P
.SroBlr
N!S:oB P

N,S,oBn
N,s,oBx
NrSr58 P

- 
S,oB P

NrSroBx

- 
Sr!Blr

N"S.oBP I

' 
- s,oB"
N'shBH 

L

I - s,oBs I

N,S".BP I

N,S,rBH I

N,S,"BP l

3to.ri 219.5 16.58
299.3 338.5 15.68
165.0 156.0 16.55
tg?.s 183.5 16.63
,58.0 288.0 16.61
985.0 233.5 15.?l

176.0
148.7

186.0
256.6
200.4

t98.5
t86.0

209.0
3t9.0
212.O

15.80
15.60
16.35
15.48
15.65
r6.00

279.8
184.5
248.4
327.1
307.t
ls6.s

307.:l
I50.{i
llri.;
161.7
:75.5
lio.:l

t63.f,
190.4)
,s5.0
32{.0
183.5
188.O

330.5
l8l-0
:155.5
156-5

r83.0

16.s1
16.43

16.26
16.:3
16.26

15.80
15.42
16.00
16.17
15.60
15.42

36

SysrEM oF REPLrcArroN : 12 rardomised blocks of 6 P!9t:."1th:.,Stft1i degrees of Ireedom

represeDtitrg interactions are partially coDfoutrded Nith block dllle-rences'

ARx^ oF EacE PLor : lAtter relecr rng ei!i-'"*ij toioir'"ptttos:00lil5acres:15itrchspacing:*iiig"o?"i'* 
'i6ilh-i;;t,6.di:i2 "c'ds 

ptot' jtu"lt! rzotinlsro'vs x I5'15links'
TRIATMENTS : AII combi[ations of :-'*'i;; R;;;;;.."d i0 inches (Src). l5 inches (Sr5) atrd 20 inches (S!o) apart'

lii i.il'."i5r'ii" ir "'"-oni"i-t ;;iph"i.;i ammonia at tLe iati or 0'3 c\st' s Per acre
' {N,) a;d 0.6 ctr1. N Per acre (N').
r.r ri*yjr -llli-neia,t fertilisirs tsuperphisphate at tbe rate ot 0.5 c\I't. P!o! per acre and 3070t"' ;ilh ;.;; ii;'iii. oi l.b "fi ii,o per acrel ptousned.in (BP) ;trd harro*ed in (Bs)'

c"rrru^r1i'^?l#". ii'i",e[J , Ap'li lotn ' Eirtv manures ipPlied : April.6th I-ate manures
"- ";;;ild 

, Iit;;litb. seLl so*n': ]liv- i 
"na 

rbrt Harro;& : April'26th Mav 8th eth and

iSii:"h;ia ,li;; ;i, ririn 
""a 

l;it,."ii;; ;j,;. i4ah, r5ah, 2itb and.sch-..lurv -r2th 
and

iffi l#jid i^ii";iirtn-L,,rv iti, 
'Ln"a 

' o""t"t" ll't-N"""-ber etb PlaDG l0 inches

aoart. \irietyl xuhs. PreYious crop: Beaos'
sr^!,-Jiio e**oni"ER pLor : Roots: jO.bOO too" p.r 

""ru 
ot +7 -65oh. Tops: +0.781 ton-s.p€r

a.re or r lo.39o/^. susar percenta 
-: 

+0'346: lleao dirt tare: l0 in'h spacinS: 0 1291'

15 iDch spaciDg 
':-0. 

| 228, 2b iEch sPacitrg : 0'0947-

Percentagei

N
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138

SUMMARY OF RESULTS

TOTAL SUG-A,R----crlt.

22.8

Spacing

l0 in. Spacing ..
15 in. Spacini ..
20 itr. SpaciDa . .

No Nitrogen ..
0.3 cs't. Nrtrogen
0.6 c\-t. NitroEetr

7.87
8.18
8.13

8.95

TOPS-totrs p.. a"t" 110
No -\itrogen . .
0.3 c*r. \itrosen
0.6 crat. Nitro;en

7.70
9.05
9.40

SUGAR PERCENTAGE
No Nitrogea ..
O.3 ctAt. NitroqeE
0.6 c\rt. NitroEen

1tFo, second order i[teractions only.

}IAIN EFFECTS
trlEAs YTELDS : Roots, 6.i2 totrs j Tops, ?.52 tons; Sugar Fercentage, 16.14 ; Total Sugar, 9l.O cst.

Iri.37 21.1
! il t.1i ,; i: _ o s8 16.0r _0.3; id.8 _3.st.t)0 u.ll _ 1.12 16.02 0 ti.6 _3.i

+O]oJ -0.111 -o.lrir =ru98 ;il7t -rt- 
-- _ _ t

,ot5 {$a(hed_) Tops Sugar perceDlaac .rotut srff;p.4. utu. tonst,.J. ,y/. .\crual DiIf. c*.p.a. b41. ,

.55 8.i;{ ,** 
_- 

* 

-

Standard Error
=0.083 !0.117

Nltrogelr

Tops
Dilf .

t9.9
19.3
t1.7

J4.4

Jt.r;

ao.r3l , +0.I8.,' +O.Oa8 | J:o.0E2

Sugar Percetrtage
Actual Daff.

-0.03
-0.30

No Nitrosen ..
0.3 cwt. Nitrosen
0-6 cwt. Nitrolen + 0.24

-0.13

6.83
7_75
7.96

+0.92
+ 0.21

20.8
!1.5
20.7

+o.o7t | +0.100
Statrdatd EEor l+O.l0g +0.111 ]:0.l6t !:o.22 8

5.55
6.22
6.26

8.96 I 6.157.02 5.578.07 5.59

4.78
5.50
5.03

7.38
7.85
7.85

7.19
8.4
9.t0

17.5
20.0
19.6

16.3J
16.27
16.01

t5.74 I

r6.m I

15.6s I

15.99
16.28
15.64

( 10.2 r9)*
t6.64
t6.07
15.96

I Roots ($Bshed) l, Top. ll s".-
t toas p.a.l D.ff. llrotrsp.a.- Difi. )l \;r,t ] rotat sugB.r I

lcwr. p.e.i D;fl- 
|

Sugar Percentage
lctual Difl.

r !g 16.:6 22.6i.3i 0.29 16.01 _0.2; ls.5 _3.1

ii

I Basals ploughed
uuder

I Ba-sals harrowed in

i Roots (*ashed)
toas p.a.i Dilf .

6.40
6.64
6.51

6.96
d.08 i-0.86

tons p.a.
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INTERACTION Of,' SPACING AND SULPIIATE OF AMMONIA. MEAN OF

BOTII BASALS

Roots { lYashed)

(+0.r88)

Total Sugar

Nitrogen \itrcgetr
tl

Spacing
l0 ins.
15 ins.
20 iDs-

7.50
6.26
5.46

6.62
5.14

7.59
6.62
5.31

l
25 0 24_6
20.l 12r.4
17.6 | 18.6

24.6
21.0
16.7

INTERACTION OF' SPACINGS AND BASAI.S. MEAN OT' ALL LEVELS
OF NITROGEN

INTERACTION OF NITROGEN AND BASALS. MEAN OF SPACINGS.

B"""1 
",1"*"1"

Basal minerals
ploughed

in

Basal minerals Basa.I minerals

Roots (\r'ashed)

(+ 0.144)

Tops
totrs per acre

(+ 0.228)

Sugar Percentage
(+ 0.r00)

Total Sugar

19.r
20.r
19.3

No Nitrogen ..
0.3 cvrt. Nitrogetr
0.6 c*.t. liitrogen

6.92 5.89
6.22

r6.38
16.31
16. r0

16.13
16.15
15.76

7-06
6.90

ti.;9
?.53
8.00

7.07
1.51
7.936.12

CONCLUSIONS
The effect of vary.ing the spacing of the rou's is verl' marked, the I0 inch spacing

giving 3f per cent. greater field than the 20 inch spacing. The sugar per-
centage of fhe lO inch spacing is also significantly higher than that o{ the 20 inch
spacing, so that the l.ield of sugar for the naxrorivest spacing is no less than 35 per
Cent. greater than that of the widest spacing. The yield of tops is also considerably
greater Ior the narrowest spacing. The spacing elfects do not show anv significant
departure {rom proportionality to differences between the row widths excePt for the
sufar percentage which (perhaps somewhat surprisingly) shorvs no increase from
20 inch to l5 inch spacinf but a considerable increase irom 15 inch to I0 inch, the
difference oI the increases being significant.

The sulphate of ammonia produces no signilicant effects on the yield of roots
but significantly lowers the sugar percentage, particularly in the higher dressing, and
sigrrificantly increases the yield oi tops." Basak lloughed uader"produce si'gnilicantly greater yields of roots and tops and
significantly higher sugar percentaEe than basals harrowed in.

There are no significant interactions.

Tops ll Sugar Percetrtage
tons pei acre i (+O.rgO)

(+0.2e8)

Nitrogen I Nitrogeo

7.60 i 8.78 9.25
6.78 I 7.80 8.10
6.r2 I 6.65 6.56

Total Sugar
cwt. per acJe

None

16.65
r6.03
16.08

16.26
16.18
16.24

16.2I
15.84
15.11

-- I a-oo
.. I s.ee
.. 5.90

7.44
6.31

8.12
7.69
6.57

il

I 7.1r
| 6.02

5.11

mirlerals Basal mi[erals

in
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KALE
Comparison of Marrow-stem and Thousand -head.
Effect of thinning, alrd of heaw nitrogen dressings.

RI(-GREAT KNOTT, 1933.
Plan and yields in lb.-creea material (Total of atl llarvestinlis)

MTN3IHUNo MTN,
306.0 180.0 38?.4

MUNO I'TN, MTNI
39i.5 350.1 449.6

HTNl
391.7

MTN"
406.1

IITNl
345.2

IIUNO
325.6

IITNO
317.5

MUNO
435.3

M TN,
42r.9

HUN,
507.3

HUNl
494.5'

MTNI
129.2

I1TNS HUNI MUN3
38i.7 495.9 583 I

MUNl
585.5

MTNO
33r.4

HTN,
411.7

MTN3
402.7

MUNl
503.1

IIUN! HUN3 MUN,
468.7 510.2 576 A

HTNO
364.3

MUN,
597.7

MUN3
547.O

HTNs
356.2

I{UNs
488.?

I

MIINI HUNIIMUN'
197.2 507.7 572.9

HTN!
465.3

HTNI
409.4

MUNI
535.5

HUNO
318.1

MTN,
427.3

MTNO HUNO MTN'
340.r 3S6.3 500.5

ItUNs MTNI ]MTN,460.3 4I56 I {76.5

HuN. n u N, trl r,x.
418.7 506.1 417 A

TITNO
370.r

MUNO
481.4

HTNl
120.7

HUNT
506.3

MTNO
383.4

HUN.
524.1

MUNO HTN
438 0 989 I

MUNl HTN
559.1 387.1

HUN, MTN
509.3 398.6

MTN3
421.3

MUN.
522.1

IITN"
368.6

* Fourth harvesting of this plot estimated .

SysrEM oF REpLrcATroN: 4 randomised blocks oI 16 plots each.
ARE  oF EAcx PLor: .0178 acle. (96.5 tinksx4g.l links.)
TREATaMENTS : All combinations oI:

(a) trlarrow-stem (M) aDd Thousatrd.head (H).
{D} UtrthiDtred (U) a.trd ThioDed to 18 ins. apart in tbe rows (T).
(.) No nitrochalk (No), atrd nitrocbalk at the rate ol I cwt. N. per acre (Nr), 2 cwt. N per

acre (Nr) ard I cwt. \. per acre (N3) (aU applied in thre6 equd ddssiirg;).
BasAL JIANURTNG : Superphisphate at the rate o{ 0.5 6vt. p:O5 per arre and muriate of potash

at the rare of 0.8 cs.t. K,O per acre (appjied Nirh seed). 
- - '

CuLTrvArroNs, Erc.: Tractor cultivate: May l5th. HaEowed: Iutre ?th, 8th, gth a l23rd.
Rotled :^May,l6t_h, Jgqe 8th, 9th, t2th, i3rd fid July 7th. H;ed: July 3tst-August 2nd,
AnSust 2lst,22nd aad 25th. Thinned: AuSrst 2l;t a;d 22nd. Manu?es"applied : May f$h.
?gth, lut)l2a!h, 26th, Ausust 23rd a.nd 94th. Seed sowtr: May t6th. Re-iawn: Jun;26th,Harvestrd: Degenlber 3rd, Ilth, t8th, Jaouary lst, 8ti, ti[h, 12nd, 2fth, Feb-ruar], Eth,
r21h, fgth ald 26th. (ODe r$elIth of eaci\ plot ilas harvested otr each date.) Rorvs ipaced
2 It. apad. Pre!.ious crop : Wbeat.

STANDARD ERRoRs prR PLor: Totat oJ all harvestings: Gr€en ma.te al: I.IO tons or 10.0 per ceat.
Dry matter: 1.70 cwt. or 5-52 per cent.

N

I

I
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TOTAL YIELDS

Varlctlcr and TtLnlnE

NttroEen and Thinnlng

Green Material (tons pel acre)
(+0.275, Mcatrs + 0.195)

Drv Matter (cirt. per acle)
(+0.424, Me..ns + O.30O)

Mar!ow
Stem

I'housand
Head.

Marrow
Stem.

T-housaDd
He3d.

Thioned
Unthitrned

10.18
t3.05

9.40
I l.l5

9.E 1
12.10

27.4
35.0

2i.i 27.8
33.8

11.62 10.32 10.97 31.4 30.2 30.8

Green trfaterial (tons per acre)
(+0.389, Me3as +0.275)

Dry Matter (cwt. per acre)
(+0.601, Means +0.424)

n. lr lr"*t.xlz"-t.n 3 cwt. \ \o\ I cNt. N 2 c1nt. \ 3 cwt. N

Thin,led
Uat]linned

M.an

8-77
s.30

r0.21
12.91

10.36
13.00

9.99
13.18

25.8
27.1

28.4
36.0

289
35.9

2i.9
36.r

9.01 1t.56 11.6E 11.58 26.6 ) 32.2 32.1 3 2.0

CHANGES OF YIELD WITH TIME
Decreaae per week

Varledea and Thinning

Green l{ateriat (tons per acre)
(+0-028,1, Mearc +0.020r)

Dry Matler (cs.t. p€r acre)
(+0.0471, Meatrs :0.0334i

llarrow
St€m

Thousand
Head

Marrow
St€nr

Thousatrd
Head

0.20
0.3e

0.20
0.27

0.20
0.32

o _47
o.83

0.46
0.60

0.48
0.7 2

0.28 0.21 0.2 6 0.6 5 0.53 0.59

NltroEen and Thinning

Green Uaterial (tons per acre)
(+0.0{O2, Means +0.0284)

Dry Matter (crl.t. per acre)
(+0.0668, Meaas +0.(N72)

, 
""-. 

N 3 *.-, ^\ lio N

o.22
0.39

0.12 I 0.26 1 0.32 0.32

I

Thinned . .

Unthinned
0.66 i O.57
0.82 1 0.85

0.10 o.l8 I o.28 0.16
0.r4 I 0.35 o.37 0.39

0.30 0.60
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MEAN RATIO OF LEAVES TO STEMS

Varleties and Tbi[ninE

Nitrogen and Thhning, NitroEeo and Varieties

Greeo Ma,t€rial ( +0.0433)
(MeaDs +0.0307)

Dry Yatte. (+0.0494)
(Means +0.0350)

No N. I cwt. N., cwt. No N. il c\rt.

NitroSen aod ThiDEiDg
2.46 2.54 2.51 t 2.522 7.)

2.31
2.56
1.74 ) t.77 r.70 I 2.18 t.77

2.47
1.86

1.58
2.76

t.60
2.74

2.54
t.8l

Nitrogetr and Varieties
1.56
3.49

1.46
2.8{ 2.E2 i 3.r0 2.A6

t.42 l.61 1.63

2.12 2.12

1.38
:.1.85

2.1;

RATIO OF LEAVES TO STEMS-CHANGES WITII TIME
Varletiea and Thinnlag. Decrease per week.

I O,*. Material (+0.030?)
| (Means +0.021?)

i lt"'-* I Tuousaaa ll u"".I st- I r* 
ll

Dry Matter (+0.0350)
(Mea,ns +0-0247)

M"'r"* I Th"**", -ll M"".
Stem Head ll

ThiDoed
UtrthiaDed

t.69
1.23

3.{6
2.5{

2.58
r.88

1.8,
1.38

3.21
2.12

2.52
1.90

Mean 1.46 3.00 1.60 2.8 2

2.14 I 2.16

Green l{atelial ( +0.00552)
(Ileaus ;!0.00390)

Dr]' Nlatter (+0.00482)
(lleatrs:!0.00341)

Marrow I Thousand
Stem I Head

Marrow
Stem

Thousaad
Head

Thinaed
Unthinned

0.0528
o.o.1lo

0.069,
o.052{

0.0610
0_0167

0.04{9
o-o338

0.0471
0.034t

0.0460
0.0310

0.0469 0.0608 I 0.0538 0.0 391 0.0106 | 0.0100

Head
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RATIO OF LEAVES TO STEMHH^NGES WITH TIME

Nltrogen and Tblnning,. Decreaae pct week.

ll * Eatter (+ 0.O06tl)
(Meals I 0.001182)

-:.::-l-:= -l-:=::-l

CONCLUSIONS

There is a sigri{icant response in yield of green material to the first dressing of
nitrogen, this reJponse being iignifica-nily great6r on the unthinned plots. The furtJber
dressings of nitrbgen produce no further increase in yield. The effect on the dry
matter is substantially the sarne.

The thinned plots give significantly less yield than th€ unthinned Plots, this
difference being significantly greater where nitrogen was applied.

Marrow-stem gives significantly greater yield than Thousand-head, this dilference
behg signilicantly greater on the unthinned plots.

The plots receiving nitrogen show a significantly Sreater decreae in yield with
time thin the plots yithout nitrogen. The unthinned plots show a significantll-
Ereater decrease- than the thinned plots. Marrow-stem shows a siSnificantly Sreater
decrease of dry matter than Thousand-head, but not oI treen material.

The ratio of leaves to stems is siSnificantly Ereater on the thinned than thc ut't-
thinned plots. Thousand-head gives a sitnificantly $eqter ratio than Maxrow-stem,
both for-green material and dry matter, the varietal differences being significantll'
sreater o; the thinned plots, and on the plots without nitrogen. The ratios are sig-
iificantly reduced by tlie application o{ nitrogen, there being no dilferences between
rhe various levels of nitrogen. For dry matter this reduction only occurs on the un-
thirured plots and Ior green material the reduction is small (though siSniiicant )

on the thinned plots.
The only sigrnificant changes oI the ratio of leaves to stems with time. are 1l) a

simificantlv sriater decrease on the thinned plots for both green material and dr)'
m-atter; (i) i sigaificantly greater decreasc with Thousand-head for green material
onlr,.

I cart. N. 2 c*1. N.la c*t. N.lI cwt. N.]2 cwt. N. 3 cwt. N

0.0562 0.0666 | 0.0542 i 0.0465 0.04{4 0.03880.0759 . 0.0564 i 0.0562 0.0666 : 0.0542 i o.(Nts
0.0537 l0.05lr 10.030t i0.0427

'0.0332 0.0163
0.07:19 . 0.0564 i 0.0562 0.0666 | 0.0542 i 0.0465 0.u{-14 0.0388 :

0.0537 . 0.051t : 0.0391 0.0427 , 0.0392 I 0.0371 00332 0.0163

00618 0n53tt oal\U OOeC6 l. O.ot l0.04t8 uOaAA OOnat
i

Greetr rDaterial

MeLn
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BRUSSELS SPROUTS

Effect of poultry manure compared with that of sulphate of ammonia
and superphosphate.

RD-Great Harpenden, I 933

Plaa and yields tn lb. Saleable Sprouts (Total of all pickinlis)

N

MN,
63.8

PN.
70.I

P
68.5

MP
76.0

MPNl
93.8

MPN,
87.3

o
69.7

MN,
72.1

MPNl
83.7

PN,
78.9

MN'
82.0

o
82.6

PN.
93.8

P
106.5

N,
89.7

MN.
82.5

M
70.2

MPN,
77.4

Nr
64.3

N,
7t.0

M
68.3

NIP
90.9

PN,
68.2

Nr
64.3

PN,
89.5

PN,
i7 _t

MP
90.8

MPN,
88.8

N,
96.1+

P
105.8.

MP
90.9+

N1
77.1.

PlNr
77.7 | at.3

M
84.9

MPNl
89.6

MPN1 MN,
17.2+ i4.7*

M
78.3*

o
73.t.

o MN,
99.1 96.2

MN.
81.5

N, PN,
56.9*

MN,
60.3 r

PN'
55.4*

MPN,
i8.1*

48

.The results of this bkrcL were reiectcd owing to evidence oI serious tiee competition.

SysrEx or RlpLrcArroN: 4 landoBised blocks of l, plots each.
AR.EA oF EACII P.or : 0.02417 arre (9 yards x I3 yards).
TREATMENTS : All combhations of :

(a) No poultry manue aod poultry matrure at the rate oJ O.6 cwt. N per acrc, with the additiotr
of superphosphate at the rat€ of 0.005 c*t. per acre, to Sive a iotal oI 0.6 cwt. pro. per
acre (M).

(b) No 
-sulp-bate 

o_I_ammoda, 
-snlpbate of ammonia at the rate oJ 0.3 clrt. N per acre (Nr),

and 0.6 c*t. N per acre (Nr).
(c) No superphosphate, and superphosphate at tJrc rate o{ 0.6 cwt. PrOs per acre (p).

CDLrrvArtoN-s. Erc- : Spriag pioughed. Ro ed : May 22nd. Hoed : June 2ftb" July 7th, llth aod
August 26th-28th. MaBures applied: May 26th, 27th, soth, Slst aod Jutre'8t}. ptatrted:
Ma, 26th apg 27th. 

-Harvestlq 
: November lStI and l4th. December llth and lgth, Jatruarylottr aDd Februarjr 6th and 7th. Previous clop: Kale.

SIANDATD EaRoB pER Prot : Total of all picLitrgs {saleable sprouts) : J_?3 cwt. or 12.55%.

INDIVIDUAL TREATMENTS

Saleable Sprouts --clrt. per acr€.

Mean iew: 99.75 cut.

Piclings o 1I P -\1P N1 MN1 PNr )lPNr N, -uN2 PN' ]IPN,

lst ..
2nd ..
3rd ..
4th ..

13.64 r2.25
8.56 7.63
3.51 2.26
5.24 5.36

13.86
8.49
9.90
5.85

16.95
6.45
2.34
5.98

r 1.67
6.68
2.06
5.43

13.63
8.69
2.72
5.24

r3.81
4,52
3.40
5.47

14.55
8.58

5,43

12.58
7.71
2.47
5.53

I t.63
9.62
2.6t
4.85

12.48
6.86
2.45
5.16

15.44
7.37
2.23
6.17

Tatal 30.95 2i.50 31.10 31.72 2 5.84 30.28 31.20 32.8 8 28.69 2 8.61 26.99 31.21

-8
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INDTVIDTTAL TREATMENTS -PERCENTAGE BLOWN TO TOTAL

PN, ]fPNr

I1.9

PN"

13.4
I l.l

20.9
8.8

20.8

I 24.2 Ils.li
lzr.e I
sp.outs.

23.6
10.6
2?.2

24.4
8.2

25.7

22.1
9.5

21.3
9.4

No

21.O
10.7
27.2

10.6
13.8

21.4
10.0
23.6

25.1
lo.7
28.6

INDIVIDUAL TREATMENTS-PERCENTAGE FIRSTS TO SECONDS
Firsts deoote E)routs too large to pas.s through a l] iD. riddle {bloltn sprcuts excluded).

RESPONSES TO TREATMENTS
Saleable Sprouts-total of all plckings.

Differential

\one Single

sulph. -\mm. - 0.97'
9 sulph. amm. - 7.!34!

STAxDARD EiRoRs: e) +r.24, (r) +t.53, e) =17{t, ili ,rJ.l6.

POULTRY MANURE, SULPIIATE OF AMMONIA AND SUPERPHOSPHATE

+oso'
- 1.16.

-0.58.

+2.17r
+0.63.
-2.31'

crlt. per acle
Mean oI Super aod No

Super (+ 1.52)
ldeao of all levels

NoN o-3 cwt. N 0.6 c*t. N
oI N (+1.24)

No Super Super.

28.52
31.58

!7J3
20.9t

29.76 29.12
31.94 30.37

28.49
28.80

,8-s? , ,srt i soii- ,r.75 |

CONCLUSIONS
There are no significant effects orr the total of saleable sprouts for -all pickings

thoush there is some indication of a response to suPrPhosPhate, n'hich b€comes

sieniiicant when the first picking only is considered; the effect oI suPerPhosPhate,
in fact, appears to be coufined to the first Picking.

The fertilisers produced no significant effects on the ratio oI blown to saleable

sprouts, or in the iatio of firsts to seconds.

PickiDts. o ]I P ]tP \lr{1{l P{MPN.fx' I\.' 1 PN. ]IPNt

lst
2nd
3rd
4th

224.1
50.3
2t.0
12.3

233.8
7t.6
34.5
14.9

275.3 22t.0
48.0 52.8
47.0 40.a
lo.l t2 2

207.2 212.6 tlt2.l 266.7 1244.4
{s.6 I 58.3 6S.3 68.8 : 79.8
33.1 I 31.8 2a.6 42.6 37.7
12.9 I r2.3 9.0 12.4 t2.7

225.r
50.2
31.5
10.0

175.0
85.3
33.6
15.2

,12.9
59.3
37.3
t2.5

SAIEABLE SPROUTS_TOTAL OF ALL PICKINGS

Poultry Manure -.
Lltrv l\Ianule

lst
2!d
3rd
4th

Abscnt Prescnt

26.5
I1.8
28.7

+ I :tit I 3l.tt -218r -3 98r +0.1s. I_t.{t. -r 306. ' J07. 
;

- 2.;0. - t.97r - |'-3.t8r -o.30' - | I
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148

BARLEY
WOBURN

Residual effect of dung applied to Kale in 1932.

WB, LANSOME-1933

Plan aDd yields in lb., lireel weifl,hts

D1
{8.0

D2 03 02S DoS
-13.0 3:1.0 {1.0 {5.5

o0
33.0

D2S 01 03S O0S

Dl 03
43.0 37.5

DO
43.0

D3S
19.0

ols 8
4l.0

02s
49.0

D2
17.O

D0s
51.5

03s
.r9.0

o0
36.0

Dts
63.f)

Dls
52.0

ori
38.0 

I

D3S
5ii.t)

o0s
56.0

D3
46.0

NW

1

ol
36.5

D2
12.n

D2S
;0.0

DO
{9.0

02
12.0

D2
44.0

o3s
51.039.5 44 0

D3
39.0

o3
29.5

I Drs
48.0

D0s
i3.0

02s
{3.0

ol 02 D2S
11.5 6t

SysrEM oF REpLrcATroN : 1932. 8x 8I-atin Square. 1933, Half the plots treated with sulphate oI
ammoda, the one degyee o, fteedom Jor the interaction OvS x OvD x (0+3) v (f+2) bein8
coD{ound€d $ith row dif{erences between ror,vs I and 2, 3 and 4, 5 and 6, 7 aDd 8. Columns are
not orthogotral *'ith the 1933 sulphate of ammoda and its interactions. (The cootinuation of
the er.?eriment in 1933 $as Ilot cotrtemplated u'heo it was originally desiSned.)

AREA oF EAcn PLor : 0.004591 acie (20 ft. X f0 Jt.). Area harvested : 0.004238 acres.
TRElTMENTS: 1932, Sulphate of ammonia at the Iate oI 0(0), 0.2 (1), 0.4 (2) and 0.8 cEt. (3) N per acre

(ith and x'ithout dutrg (D and O) at the Iate o{ l5 tors per acrc. Basal (plots receiving Iro
dung) : Superphosphate at the rate of 0-5 c\It. Ppu per acre, and 30 per cent. potash maoure
salt at the rate of l-0 c1!t. KrO per acre.

1933, No sulphate of ammooia and sulphate oI ammoda at the Iate o{ 0.2 cwt. N per
acre (S).

CuLarvATroNs, ETc. : Dug: Ifarch 20th -27th. Harowed: March 30th. Rolled: March 30th.
MaIrures applied: March 3lst. S€ed so*a: March 30th. Harvested: JuIy fgth. Varie8:
Plumage Archer. Previous crop: Kale.

SaANDARD ERxoR pER pLor : Green material : +5.47 cwt. per acre or 6.76%.

Dl DOS
12.5 58.5

DO
{J.5

o3
{ 1.5

DIS

D3S
53.5

o2
34.5

DI

o0s
{3.0

D3
48.0

o0
40.5

03s
51.5

ors
43.5

DO
40.J
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YIELDS

i49

GREEN MATERIAL
OF INDIVIDUAL TREATMENTS

No Nikogen, 1933 NitrogeE, 1933

C\I.t. p€r acre
l+2.71\ 0-8 c{,"t.

N. 1932
0.4 cl*t.
N. t932

0.e crt. I

N. 1932

106.4
109.3 L

No N. I 0.2 cwt. 0.4 c!it.tst2 Lle32lN. tsgz

7a_s | 66.s I ar.l
92.2 ! 89.5 i 93.0

No N.
1932

74.O
97.2

| rczz
I roc s
I

94.3
114.8

I 97.7
103.5

Cl[t. per acre
(+ r.93)

I "" I o., "*.I r.. reaz I N.. leoz
0.4 c\t t.
N., 1932

0.8 cl*t.
N., 1932 (+0.967)

Diffe/en..
l+1.37)

No Dung
DuDg ..

88.5
10t.0

87.6
102.2

89.5
98.2

90.2
103.2

69.0
101.2 + 12.2

u""" t+t.an I e4.s I sl.s 93.8 96.7 I5.1

I*tcasc (*1.93) I +0.1 .1 +2.9

ITIEAN OF NITROGEN AND NO NITROGEN' T933

MEAN OF ALL Ig32 TREATMENTS ADJUSTED FOR COLUMN DIFFERENCES

PERCENTACE DRY MATTER (BULKED REPLICATES)

Dutrg
1932

CONCLUSIONS
There is a simificant residual effect of the dung applied in 1932 and a significant

"ff;i';i ih"- t'riil;t"-.r t-*."i. applied in 193i, iire increases in Sreen materral

being :

15 tons dung applied in 1932; 12.2 cwt. per acre'
o.2 cwt. N. apclied in 1933: 20 7 cwt. per acre'

'<e rcsults indicate that the dung supplied produc
2O-7 cwt. Der acre.

dung supptied produced the same increase.inTd;;J; i"-{i;i"- iii.iir," or"i iuppt'ied produced the same ircrease.in vield

"r -""i'rotGtf "" 
0.I18 cwt. -r-. per a&e as'sulphate of ammonia The equivalence

..,^?.rl r^- .-L"+.-ri.lli, the <emc if worked on the drv matter ligures: ln any case;.,9rili b";;;i;;tt"ity-tt " ""*. if worked on ihe drv m,alter licuJ,es' ,:1^tY.,ti::suurla'lrqrr "'^" "-"* -d;;;i"tti"* it "undetermin-alile since l5ulkedthe accuracy of the dry matter
replicates wire used.'ffi"[{;;;;;.ce of anv residual effect of the ..l'lPhate o{ ammonia applied in

q .^. .,f ,nv interactions between the dung and the 1933 nitrogen'

No N., 1933
N., 1933

1932, nor of any interactions dung and the 1933 nitrogen.

84.7
105.4
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l5l

SysrEM oF REDucartoN : 12 randoEiscd blocks ol 0 plots each. Cortain degocs oI lreedo& lor
hteractions are partially co ouDdd with blocts.

AnlA or EACH PLot (alter rejecting edge rows) : t0 ilch sPacint : 0.01666 acre.- -15 
inch spaciBg :

0.0160l ac!e. 20 inch spicing : 0.015 l8 acres. PloG actsaly 16. 15 litrks x l20 liaks rows.

TTEATxElrrs : All combinatiorN oI :

(a) Rows spaced l0 inches (Sro), l5 inches (Sr!), atrd 20 iacbes (Sr.) aPart.
iUi Xo sUinate oI ammonia (-), sulphate of ammonia.t the rat€ ol 0.3 cwt. N Per acre

(Nr) aDd 0.6 cwt. -\ per acre (Nr).
(c) ila;il Eiaelal lertiliirs (supirpf,ospbate at the rate oI 0.6 cwt Ptor ler e.re-aDd 3070

pot4sh salt at the ,ate of 1.0 cr;'t. KiO Pet acre) plough€d itr (B,) atrd barov,ed in (BB).

CoLTrvAfloNs, Btc.: Plough€d: May lst_sth. Irlatrutes aPPlied: ay lfth. Se€d solvl -: May
eth. Tractor clrltivatia'tr: April'lgth, 2lst aad May 8th. Harrou-ed: May 8th and lfth.
Rolted: May llth. SiDgled: lune gth. Platrts I iDches aPart. Hoed: llay 29ti, Ju[e l6th
and 2oth, aid Septemb€=r lst.2bth. Harvested: November 2lst. Variety: Kuh[. Pt€vious
clop : Brussels splouts.

STAXDATD ERRors pERPLor: Roots: +0.753 tons per acle or +8.17%. ToIR: r0.570tonsFr
acre or :E8.5J%. Sugar percentaSe: r 0.284. MeaD dirt tere : l0 iDch speciot: 0.1981
l5 itrch spacing : 0.1954, 20 ioch spacirg : 0.1821.

SUMMARY OF RESI'LTS
Yields of Separate Treatments. (Block effects elrntnated)

Basal mioerals plouShed under Rasal minerals harrosed iD

l0 ins. l5 ins. 20 ins.
;p*t"g ,

l0 ins. 15 ins.

No Nitrogeo
0.3 c\rt. Nitrogen
0.6 cvt. Nitro8en

ROOTS

9.04
t0.13

lo.7r Ill.6? i

s.25
10.51

7.18
8.34

+0.

7.60
8.34
8.87

TOPS-totrs

6.48
8.61

17.81

6.57
7.01

8.17
?.00

6.50
8.02

SUGAR PERCENTAGE

17.64

. For secodd order interactions only.

No Nitrogea
0.3 cwt. Nittogen
0.6 cl*.t. Nikoten

No Nitrotea
0.3 c\I+. Nitro$n
0.6 ort. NitroSea

No NitrogeD I

0.3 cwt. Nitxogctr i
0.6 cwt. Nitroger I

'25-4 r3t-7 I

35.3 l'
I

9.30
8.55
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MAIN

-- ]IeaD vield.. Roots: 9.22 tons i Tops:
32.4 cwt-

152

EFFECTS

6.67 tons; Sugar Perc€ntege: l?.55; Total Sugar :

Roots (\!ash€d)
To sp.a. Dill.

Tops
Tous p.a.l Drl,

Sugar perceltage
Lctnal I Dilf.

Total Sugar
:. p.a.l DiIf.

I0.24
8.96
8.47 -Tzs

-0.19

?.1{
6.50
6.38 -,ta E

- 0.12

17.78
t7.55
t7.33 -iea

-0.22

36.4
3t 4
29.3 -;.0

StaEdard Error I -!O.Ii4 +0.218 i0.rr? !0.1 +0.058 +0.

Ras^ts ploughed inl s.or i -,, harrorredini g.lt +0.43

Suga, perceotage
Act[al't Diff.

Total
p.".1

Sugar
Dilf .

6.61 31.717.58
t7.536.73 I + 1.2 -ios 33.1

Standard Error .:.o.o11 :0.066

INTERACTIO^- OF SPACINGS AND SULPIIATE OF AMMONIA, MrrAN oli-,BOTH 
BASALS

Roots (uashed)
. ToDs per ac re

{+0.r85)

Tops
TorN pei acte

( +0.216)

Sugar PerceEtag€
( +0.r07)

Tota1 Sugar
Cwt. per acre

, Roots (Nashed)
Tons p.a. Dilf .

Tops
ons p.a.l Dil/.

Sugar Percetrtage]l Total Sugar
Actual i Dy'l. llc\\+. p.e. DiJJ.

No Nitrogen . .

0.3 crt. Nitrogeo
0.6 cl*t. Nitrogen

7.98
9.43

10.20
+ I'sl
+0.f 1

5.60
6.64
7.r8

+ 1.04
+ 1.14

17.69 I I 28.9
17.62 - 0.07 33.4
r?.34 - 0.25 )) 35.4

+iz
+ 2.0

Standard Error i +0.154 a0.21 :0. r l7 +0.16 +o.o5ll +o.oEzttl ] -

\itrogen
0.3

40.8
35.9
29.6

37.6
32.1
30.6

30.8
26.2
27.a

8.12
5.12
6.65

\itrogenNit!ogen
0.3 0.60.6 0.6

\itrogen
r 0.3

I 9"'t
0.3 u.6

1r.58
10.32
8.71

10.50
9.15
8.82

8.64
1.11
7.88

l0 in. Spaciag
15 iD- Spacitrg
20 in. Spacing

6.83
6.61
6.62

8.4811 r?.761 17.921 r7.65
7.78 il t7.681 r7.681 r?.39
7.06 | r7.62 I 17.38 16.98

Spaclng

(uashed)
ti DifI.

=l!' -0 "'
Nitrogen
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INTERACTION OF SPACINGS AND BASALS. MEAN OF'ALL LEYELS
OF NITROGEN

Roots (washed)
Totrs pe, acre

( t0.2r8)

Tops
Tons per acre

(+0.165)

Tops
ToBs per acre

( !0.r65)

5.74
6.78
7 .131

Sugar Perceltage
(+0.082)

l0 in. Spacirg . .

15 in. Spacitrg . .
20 in. Spacing -.

Basal minerals Basal minerals

t0.51
9.15
8.67

INTERACTION OF NITROGEN AND BASALS. MEAN OF ALL SPACINGS

3:.1
99.8

30.8
28.8

6.51
6.45

7.05
6.50
6.30

9.97
8.?8
8.27

27.2

t7.73
17.56
17.44

17.79
t7.57
t7.37

17.8u
17.;1
l7.ll

Roots (washed )
Toos per acre

(+0.218)

Sugar Petceltage
(+0.082)

Total Su8ar 
L

C\rt. per acrc.

29.3
34.4

Basal minerals Basal millelals Basal minerals Basal minerak I

harro\red

No Nitroger ..
0.3 c\!t. Nitrogen
0.6 c$t. Nitrogen

7.64
9.24

10.14

4.32
9.7 4

10.21

5.45
6.51
7.8S

17.59
17.68
17.31

CONCLUSIONS
The l0 inch spacing gives the greatest yields of both roots and toPS ard the hithest

sugar percentage-, the yield of total sugar being 7.1 cwt. or 22 per cent greater on the
l0 inch than on the 20 inch spacing.

Sulphate o{ ammonia significantly increases the yields of roots and tops, the
responie to the second dressing being si8nificantly less in the,case of the roots. The
sugir percentage is significantly decieased, Particularly by,the -second dressing, -blt
thE tofd sugaris increised by 5.2 cwt. or 16.0 per cent. by the single dressing and br'
7.2 cwt. or 22 Wr cent. by the double dressing.

The nitroge-n shows a iignificant interaction x'ith spacint in the case of the roots,
there being a"considerably imaller response to nitrogei at the wider spacings.-

Basalsiarrowed in gii,e a siSnifica-ntly greater yield of roots than basals ploughed
under. This is the opposite oI the effect at Rothamsted.

Total Sugar
Crt. per acre

under in under in ,nde. i itr
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/t
l:r1

BRUSSELS SPROUTS
WOBURN

Comparison of the effect of poultry manure with that of equivalent sul-
phate of ammonia and superphosphate.

fiD-Lansorne, 1933

Plan and yields i, lb. Sateable Sprouts. (Totat of all picktngs).

NP
48.81

NM
58.88

NM
50.43

o
40.26

N
47.37

P

PM
46.11

o
38.62

PM
52.31

NP
49.62

NPM
.16.87

M
{6.94

M
40.49

NPT{ P
32.36

NPM
.18.49

PM
39.30

NM
.19.s3

P N
55.07

M
51.s4

N
53.86

o
39.23

NP
51.43

SysrErr oF REpLrcATroN: 6 m.ndomised blocks o{ { piots ea.ch. Secotrd oraler i[teractiotr con,
{ourded 1[ith block differences.

AI.!A oF EACE PLot : 0.01033 acre. (5 yds. X l0 yds. )

TRE^I'MENTS : AII combinations of :

(a) No poultry manure, and poultry matrure at the ra.te oI 0.6 cltt. N per acle u,ith add.ition of
superphosp-hate at the rate o{ 0.116 cst. pro6 per acre, to gi\-e; total of 0.6 cwt. pso,
per acre (M).

(6) No sulphate of ammonia, and sulphate of ammonia at the rate oI0.6 cut. N per acre (N).
(r) No superphosphate, atrd superphosphate at the rate of 0.6 c$t_ p,O5 per a.crc (p).

BAS^L tr{ANURTNG : }Iuriate oI potash at the rate oI 1.0 cwt. IirO p€r acre.
CurrlvArror,is.-Erc. :-Culti_v_ated: May 29th. Hoed: August 2nd. Manures applied: June 27tn.Planted: June 2?th. Harvested :November 3fth, J-aruary 3rd, ana Janu'iry Bftli f,revious

crop : Brussels sprouts_
SaANDARD ERxoR pER PLor: Total oI all pickings: 4.61 c1!t_ or ll.4 p€r ceDt.

INDIVIDUAL TREATMENTS
Saleable Sprouts ---.wt. per acre.

Mear, 1)iew: al0.45 .0t-

Pickitrgs
Sub-Blocks A Sub-BlocLs B

o NM NP MP N P M NMP
lst
9ad
3rd

17.32

9.58

26.74
8.85

1o.42

23.62
8.56

11.t2

22.55
6.70

1o.54

21.04
7.71

10.41

ru.24
5-69
9.61

21.90
8.60
9.77

26.51
7.64

I l.l9

T!! - ::t j!":_'uy, 43.30 39-79 45.16 29.58 1 10.27 45.3 4

INDIVIDUAI TREATMENTS-PERCENTAGE BLOWN TO TOTAI

sw

I
I9

Pickings
SuEBlocks A Sub-Blocks B

o NM NP MP N P M NMP
lst
2Dd
3rd

16.2
5.t

20,4
6.9

16.7
5.0
7.4

16.5
6.2
6.5

17.9
5.5

11.2

5.9

16.4
1.6
6.1

16.4
6.1

I

lr
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INDIVIDUAL TREATMENTS-PERCENTAGE FIRSTS TO SECONDS
l'ilsts deaote to Dass throush a f+ in. riddle encluded

PickiDSs Sub-lrlocks A Sub-blocks B

lst
2nd
3rd

so.2 i rr8.B I 64.2 122.3 i 39.r

\o Firsts iE 2nd. and 3rd. pickiDgs.

RESPONSES TO TREATMENTS
Saleable Sprouts total of allpickirgs

DiIlercntial Respotrses

C$'t. per acre

Sulphate oI Amm.
Poultry MaDure ..
Superphosphate ..

+ 9.01r
+ 4.81r
- 1.891

Statdald Etlors: e) +1.89, f) +2.67.

POULTRY MANI]RE, SULPH-A.TE OF AMMONIA AND SUPERPHOSPHATE

Cr,!t. per acre
Meatr oI P and no P (+1.89) 

ll
Mean oJ N and Iro N (+1.89)

NoN NoP

No M.
M.

31.85
40.03

39.64
43.14

36.14
42.51

39.50

CONCLUSIONS

The total saleable sProuts show a significant response to poultry manure-and to
sulphate oI ammonia, ih" .opott."t to-these two Iertilisers not being -significaltly
difierent. The percentage of firsts to seconds was significantly increased by sulphate
of ammonia anti ty pouliry manure, the increase due to sulphate of ammonia be-ing

significantll, the greaiter, but there is no further increase when the two were applied
together."The 

superphosphate shows no siSnificant effects on the. total saleable sProuts,
but signifi;ni1], dlreases the percentage of firsts to seconds in the first Picking'

Sa.Ieable Sprouts-total of all pickings

\.{

Sulphate oI

-{bsent Present

Superphosphate

Ahsent Present

Mean
ResPoftse Poultry

Absent

Manure

Presetrt

- 12.38'

-3.20!

| +a.on' 
I

-*e'l
+8.39'
+ 3.50'

+9.64r*a"r 8.1S'z
2.51'

44.23
45.68

| +r.44' l

- 1.26' i
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156

PIG EXPERIMENT
The Value of Green Food.
Comparison of Wet and Dry f,'eeding.
Effects of differing numbers of pigs per pen (wlth equal floor space per pig).

ARRANGEMENT
Three randomised blocks oI 4 litters o{ 6 pigs each, sex a-trd litter beiDg equalised as Jar as poGsible

over the differetrt treatments (the interaction of the feeditrg treatmerlts is partially coDloutrded
witi litters, anal itr blocks II a;d III sex is also partially cirtounaed with iitters)." Each block
cortains oae petr oI8 pigs (l3ft. x 6 ft. 3 i!s-), two peas of 4 pigs (6ft.6ias. x 6It-3itrs.) and
4_ pens of 2 pigs (3 ft. 3 iDs. x 6 It. 3 ills.). Each oI th;se sets of pens contaiEs two pigs otr each o,
the ,our Ieealiog treatments, namely wet or dry Ieeditrg witll or witlout greeD ,ood. Pigs Eere
fed individually itr small petrs (l ft. 8 ins. x 3 ft. 7 ins.) openirg off the main pens. Food con-
sutDptioD aEd live $'eights $ere recorded seekly.

DETAILS OF ARRANGD}TENT

Block and Duration. Block I (2r \L'eeksl Block II (22 weeks)

I 12il9 ti 90 29

Block III

27 128
8l ] lo.4

(20 weeks)

Litter \o.

Age at start ($ks ) .. 7 S t0.91 t3.6 12.0

Ser H GH GH

Dry aad Greetr Food
Wet and Green l_ood
DryFood ..
$'et Food ..

84
84

48
48

4 2- a
a4 2

- 84 9
4 28 -

8-
24
24

8

1-
82
82
-4

-128
28
4-

28
4-
-428

a4
2
2

84

84
2
2

84

The aumber 2, 4 or 8 indicates that the pig was otre oI a peE oJ 2, 4 or 8 respectivety.
H denotes hog (i.r. castrated male) ; c denotes gilt (i.e. Jemale).

FEIiDING R.A.TIONS

24
8-
8-
24

of ] RIo.k.
Experiment l

I Perceata6e Ratiotrs.

5-18
5 l{
t-9

I
tt ..
III

l9-21
t5-22
l0-20

l3
IJ

Middlings
Bran
Homiry chop
Rariey meal ..
Flaked maize
Fish meal
lleat meal ..

Two per ce[|.. mitrera]s (3 parts liDe, I part salt) added to each ration.
Gre€n food (kale, vheat, oats and vetches) {ed twice daily at the rate oI about i lb. per head

p€I day.

60 50 40 28
l4

l5 20 18
:10 25 30 30
t0
r0 l0

l0 t0

G
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ti7

INITIAL AND F,INAL WEIGHTS AND FOOD CONSUMPTION
Pigs receivinli Green Food

,

Block. I II III'-,--
Litter. 9i 12'19 2lll?lzolze'+,r ,.:; :r'3i 58

: - rHoss .. i :r , 37 - , 40 r 
rtyf 

#:tE-- 
(':, 

-, iB iB+ ltDrvl clt .. -. 14 I :; , l; - I r; 14 :]6 ll ;o* 38
.,, . luos' .. .. 29 l 4i Jo 3; +l 13 J8 io - 6Jsetfcitis .. .. 28 - I 50 J7 {0 ti 5i {s {3 {3

Final WeiEhts (lb.)
n-.JHogs .. +. Jr8 | | :.rui I l;:.: I *' i rsi 196 l:.:{tl r.r;"',Icilts . . lslllllJl9ll- I 163 ll70 li3 '. l6u* 136

u,^. f Hogs - I 190 :i:19 :.:05 l8:.: l9o 176 I l{0 !'.lo Sold
""'1CitG .. .. l9r | - :.r3j :ll:r ls; :jl{ :.rJl I 1lu 186 :106

Total Food Consumption (lb.)
^_. rHoss .. .* ?lel - lrius l619 -. 1 i6il- 73e 3.i6+;4J
"')1ciri... .. 516.50:r ljgb I - I - 60r- li:.r .-,{E I ** .156'.tl3
**,-.|Hogs.. .. les: azr lzsr lou; - los; ;tsl+89 7r; 86t :*ut{Citi. .. .. 649 - 908 844 707 84.1 84.1 -- 8rg - eso aaa ]

I

* Hog. I Cilt. *r Pigdie,l.

DETAILS 
.

I er*k r II III , uea.n or

_ Total

r Commenced .. .. .. .. Apr,l llth trtay lotlr JLrne t5th
Time 1week.7 . . . . 2l :2 l0 :.: I

Average age at start tseeksr . . I l.l I l.:.: I0.5 10.9
Average wt. (lb.) fAt narr .. .. 35.6 3l.S 41.2 36.6

\At end .. .. 197.2 178.4 180.1 185.2
Number'of pigs receiving grcen lo^d

reiectedll3i
Regiessioo of Iinal on jnitjal rL1. .. {.il , 3.5: :.l.ul ;J.68

.-_
STANDARD ERRORS OF TOTAI LIVE.WEIGHT INCREASf,

(Per Pig-fb. aad per cent. ol Increase) 
____

Wilhout elimitratiotr oi diflereBces oi initial $reiSht .. f6.f lb. or f0.8ll
With elimiuatiotr of di{fererces oI initial rveiSht . . . lr.3 lb. or 7.60-0/"

With elimination of itritial weight and food consumptiotr 9.3lb. or 6.290,'0

Meatrs oI two initial and two fiaal rirei8hts (initial weight eliminated). . 9.9 Ib- or 7.029,0
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SUMMARY OF RESULTS
EFFECT OF' LACK Of,' GREEN FOOD

Remaircd till ead of
experimetrt.

Without Green Food
\^'ith GreeE Food

8r3
3

185.I
18t.9
r83.2

185.7
175.4
179.2

196.I
t9t.3
r90.6

1.10
+r.18
+0.339

l5
4

6.61
+r.23
+0.324

6.94
+2.41
+0.398

Total or
Mean

Itrcrea-se per prg p€r week (lbs.)
Mean o{ Wet and Drv
Difference (W-D)

Statrdard Error o{ dil{ereDce. .

Food per 1 lb. iocrcase (lbs )
MeaD ol Wet and Dry
Difference (W-D)

Standard EIIor oI dif{ereme. .

, Four ilr a pen
I Eight ir a pen

7.08
+ r.63
+0.205

4.469
+0.t24
+0.14I

{.504
0.159

i:o.262

4.306
+0.334
+o.234

+0.196
{.596

*0.234

EFFECTS OF NUMBERS IN PEN
Mean Flnal Wetlihts adjusted for differences of inltlal welght

Two itr a pen 173.4
179.0 l

179.S ;

CONCLUSIONS
Green food appears essential to the health of young pigs kept under the conditions

of the experiment. Pigs on wet food had a significantly treater live weight increase
than those on dry, food, owing to the greater amount of wet food consumed ; there was
no significant di{ference in efficiency of food utilisation for the two types of feeding.
Variation of numbers in a pen (with equal floor space per pig) appears to have no
effect.

Doing badlt' and lrst *'eight during
removed {rom ex- two or more {eeks

periment (excludinS thos€

WET AND DRY FEEDING
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\Yobum rliffers signlicantly t ffiH:Yr:'.'.f"es in response to phosphate and
potash and in the strong negative interaction between nitrogen and potash. The other
first order interactions are also negative (though the dilferbnces ari not significant).

Excluding Woburn and the early experiments having different levels of manuring,
the remaining experiments show a sigrificant response to nitrogen, significantly di{fer-
ent for the different experiments (though showing no correlation with year or place).
Thev also shorv a small but definitely significant general response to phosphate, not
significantll' different in the different experfunents. The general response to potash
and the interactions are not significant. The significant depression of yield with potash
at \\'ye in 1932, therefore, and the significant irteractions at Wellingore and Wye
in l93l appear to be due to chance and may be ignored.

An earlier series of single plot experiments was carried out in the ,vears 1922-2{i.
There were 5l experiments in which the yields were recorded, carried out at 18 centres.
Al[ experiments (wit}I one or two minor exceptions) contailed the treatments O,
\PK, NP, NK, PK, the levels of manuring being the same as in the replicated
experiments 1927-28. The experiments are reported in detail in (1). The mean
responses were as follows ;

-0.385
-0.121
=0 

31.1

+0.3I6

* Dressed grain converted Jrom bushels per acre.t Computed frcm the variation in the response under comideration froE expe ment to

The average responses to nitrogen and the complete fertiliser are significant.
There are indications of a significant variation in response to nitrogen and iomplete
fertiliser {rom experiment to experiment. The difference in response betweeu the
complete {ertiliser and the sum of its components does not approach sigrrificaace
(the standard errors shown are not appropriate for testing this difference).

1 E. J. Russell atrd L- R. Bishop, " Investigations on Barley. Report otr the Ten years of
Experiments under the Institute of Brewing Res€arch scheme, 1922-193f." Supplemeot to the
lownal of the lhstilrte ol Breui g, Vol. XXXIX., No. ? (Vol. XXX., Des series:); 1993.

Graia
cBt. per acre.*

+2.66
+ r.82
+0.rs
--{.11

Sta[dard
Error. t

'Io Complete Fertilislr (\-Pl{ O). .'roNit;gen (NPK PIi) .. '.. .. .: ::
lo Phosphatc (-\PK-N K)
To Po1a,h (\PK-\P) . .
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EXPERIMENTS ON POULTRY MANURE AND AMMONIUM
BICARBONATE

No. oI
Plots

Rothamsted isee pp. l4{i-7 for details)
Wobum (See pp. 154-5 for details)
I-ady MaDner's School, Bakewell (A)
Lady Ma.nner's School, Bakeweu (B)
Grummar School, Burlord
Dartingtotr Ha[, Tot]xes, Devon (A)
DartinEtoo Ilall, Totne", O."o" iei .. .. .. :. .:
Fa.kenhaE School, Norfolk ..
CounLy School, G,odalmirg, Surrey
Messrs. Sp€trcer ThoEas, Honeydon, Beds. J. W. Dalta-s, Esq., Coutrty

Organiser,.
Tbe High Scbool, Newc-astle, Staffs.
Sailols' Orphan Homes School, Ne1lrlands, HulI
Herdordshire Farm Institute, Oaklands, St. Atba6
T. H. Ream, Esq., Porlobello Farm, Dr. Potton .. ..
Church of EnglaEd School, Staindrop, Co. Durham
The Horticultual Cruege, Swadey (A) ..
The Horticultural College, SwaDley (B) ..
Coutrty School, Welshpool, Montgomeryshire (A)
Coutrty School, Welsbpool, MoattoEeryshire (B)
South-Ea-stem A8ricultural Crllege, Wye, Kent (A)
South-Eastem Agricultural Cruege, Wye, Ketrt (B)
Ouadle School, Pete.borough

la
I
2
2
2
lb
lb
2
2

48
21
l6
l6
l6

16
t6

I
2
2
I
I
2
2b
I
2
2
2a
I
2

I6
t6

l6

l6
l6
t6
16

l6

E x p eritnental An argetnents

(r) Arcombiratiotrs" {r%} ' {.%} . {r&..}
Ratrdomised blocks, second order interactioB codounded.

(ra)Aucombina,io4s"{r%} " {[|f },. {..&,}
Randomised blocks.

ro'l(rb) A, combiDa,.jon'.' 
tH$ E||i . {.1^ } ' {r,3", }

Ratrdomised blocks, oae ioteractiotr degree oI lreedom cotrIoutrdeC.
(2) No N, S/A, B/A, P.M. ')
(2a) O, S/A, wet and dry P.11. I Latrn Squares.
(2b) o, i S/A, s1.t, r,.u., Cuano. .)

Rates of Marurbtg
_ S-ulphaig o_{ ggeoda at the rate oI 0.6 cwt. N exept {or Rothamsted (0.6 a.nd 0.3 cwt. N),
Dart^ington lall (0.57 cwt. N), Oaklands (0.3 cvit. N), Potton (0.4 c*'t. N), Swaoley (A) (0.6 and
0.229 cst. 

^N).- 
Superphosphate at the ra,te oI a.pproximately 0.5 cwt. P,Os in typei f, fa, tU,

except {or Oaklands (0.25 cwt.), i.e, the equivaletrts of rbc P.O. itr tle poultn mairurc. ln tvoes
2, 2a, 2b a baral dre$ing was g,vetr. at the rat€ of 0.6 cwl.. P"O, except lorbundte 10.6t .rai J,Swadey (2.0 crrt.) ard Wye (0.44 cwt.).

Centres Type of
Expt.
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Cotr.farison of Poultry Manure with Equioalent Artilicial's. Ty?esl,la and.lb

cotrstructing
at Rothamsted shere there was no confounding.

C onclusiott s

Sulphate oI ammonia and superphosphate Bive signiJicantly greater yields on the average
than poultry manurc, therc beitrg tro significant differctrces in respotrse (considered as a. perce[tage
o{ mean yield) at the four stations where there was clear rewonse to {ertilisers.

Place Clop No
Manure

Poultry
Manure

s/A
aDd

Super.

P.M.-(N+P)

Actual
Percellt.
oI yi€ld

Per cetrt,
oI m€an

Oaklands
Swadey

Potton

Honeydon
Da.rtingtoE

IIall

ril*,"'ii-
sted

Potatoes : toDs

o"iio" 
' 
ii""

Sprouts: Total
saleable : cut.

e';""lLrii.;it.""
Kale : tons
Sprcuts Total

sa.l€able : cwt.

8.80
7.41

21.30

30.95
33.76

2r.67
28.85

r.39

5.O2
8.29
7.36

26.O9
39.01
t.37

23.7 5

27.50
40.63

4.9r
8.60
6.70

2i.24
43.14
t.54

25.t1

31.20
42.94

+0.11
-0.3I
+0.66

- l.16
-4.t3
-0.l7
-r.39
-3.?0
-2.31

+2.2 +8.8
-3.7 + ll.8+8.7 +7.1

-4.7 +r0.r
-r03 +1.7
-ro.9 +r3.2

-5.8 +3.r

-r2.5 +10.3
- 5.7 +8.r

44.3

28.8

23.0

Y

In corctructing this table the second order interactions are assumed to be tregligible
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Summary

Tyles 2, 2a arul 2b

tFirst picking October 5th, second picLing October 18ti. After this eleven oore pickings were
made, but most o{ the individual pickings did Dot cover the whole expedment and are rot
worth coasidering sepamtely-

lSaleable sprouts.
C onclusiotts

Most of the experiments show a signilicant rcspotrse to nitrogetr, The yields oI potatoes with
poultry manure and ammonium bicarbonate ar€ less, but not significantly so, thatr with sulphate
of ammo a. Swedes and matrgolds give significa.rtly smaUer yields {.ith poultry manure than rith
sulphate oI ammonia ; the differeDce v{ith ammonium bicarbonate is llot signilicant. .wet poultry
manure at Wye produced no response. Sulphate oI ammoda depressed the yields oI sprouts at
SwaDIey si8nificantly *hereas the deprcssion with poultry marure was smatl atrd trot si&fficant,
b€ing signi{icantly less thatr the depressioD with sulphate oI ammoda; guatro occupied aa
intermediate position.

Place Crop
No Sulph. Sulph.

Bicarb. trIanure
Stan-
dard
Erlor

Staitrdrop
Welshpool

(A)
Burlord
Newcastle
Fakenham
Bake$'ell

(B)
Newlands

?.83
10.62

7.83
6.81

12.15
8.61

6.65
11.57

10.15
I1.90

8.95

12.36
9.27

8.29
12.09

9.45
1r.63

8.86
6.67

t2.24
9.32

r1.67

9.44
11.56

8.70
7.59

12.18
9.50

7.70
12.23

11.43

8.5 3
7.0 8

12.24
9.17

7.60
11.89

0.323
o.507

0.250
0.t55
0.925
0.304

o.287
0.633

Mean of P otdo Erpelinents 8.98 10.03 9.71 9.8 6 9.61 0.112

Welshpool
(B)

Outrdle

Swedes : Roots :
totrs per acre

Tops: ,, ,,
Swedes : Roots ,,

8.50
2.39
7.41

10.32
3.43

10.03

r0.64
3.64
8.53

9.68
4.09
6.84

9.7 8
3.39
8.20

0.612
0.263
0.491

Bakewell
(A)

wye (A)

Mangolds : Roois
tons per acre 24.91

24.29

28.19

28.54

26.46

26.27

26.73

25.68

0.557

0.542
WetP.M.

23.62

Swanley .
(A)

Brussel Sprouts :

cwt. per acrc
lst and 2trd
pickings*t

Total oI all
pickiDgst

Tota.l of blo*'tr
sprouts

3.11

25.16

8.88

2.58

22.19

7.38

2.t7

19.50

7.90

Guano

2.47

21.95

s.06

3.91

23.43

9.34

2.93

22.45

8.51

0.665

1.r99

Potatoes : tofls
per acre
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SUGAR BEET FERTILISER EXPERIMENTS
FACTORY SERIES

Treatme[ts : All combitrations oI sulphate of ammonia at the rate oJ o.]t cwt. 
-N, 

superphosphate-'*":t tL t"t"-"io.l i*t F"Oo, ana--"riate ol Potasb at th€ rate ol 0 5 ct t xp Per acre 
-

sv.di? Jiliiti."', ri ,"iaii-i*a ur*G "r'l plols each (tbe secoDd order inreractioo beins

craJounded) at each o, 14 ceotres
e.*" ii"L-nJi"lt ,-iiO acre. (Ipswich : 0.0684. Ne$'ark : O OgT5 Felstead : o 048! 

- l-o^pPleton :
'- --oriqhs- irvi..io"ton: o.08?b. Kins's L)'trA:0.098t. Ely:00833 Candey:009J8-)
VarieiG': Ely and"Peterborough, Ku-hn P. ; KiDg's Lynn, Marstcrs; Poppleton' uobrovrce;

remainder, KleiEwaazlebetr E.
M".h;;J;ii "h";;JLalyses 

of soil sa.mples frcm each experi'nent have been carded out'

Factory SoiI Frevious
c."p

Date of
So*'ing

Date oI
Harvesting

Farming notes

l. Balderton ] Sandy loam
(Newark) i

2. Ipswich 

I 

satrdy loam

3. colwick 
I 

saody loam

4. Newark 
I 
s,"av t.".

5. Fetstead I Heavyloam
I oo clay.

6. Briss I Sardy toam

7. Poppleton I a,"u" t..

I

8. BarilDey I Sandy loam

Saldy loam

Sandy loam

Heav,v Ien

Fiae sandy
Loam

9- Allscott

lo. Wissington

ll. Pet€rborc'

12. Kitrg's
Lynn

r3. Ely l1::l ",,
14. CaDtIey I San<ly loam

Beet

Oats

{dunged)
Beet

Kale

Barle-v

Clover Hay

Barley

Peas
ldunged)

Early
potatoes

Bcet

April 25th

May loth

April 24ti
& May lst
May 5th

Apil 25th

April28-20tll

May grth

May 8ti.

May l lth

May l2th

April l4tl

April I lt-h

April 27th

I

oct. r6-23rd 
I

I

Nov. l6-2lst 
I

l
No\'.2-6th

Nov- lst

Oct. 16-17t}I

Sept. SOth-
O.t 3rd

Nov. r4-l6tb

Nov.gth.

Nov. 1s-lotb

Dec. l-l4th

Oct.20-rlst

Nov.25-28th

Dec. I8-I9th

Very acid, crop laited.

DuDe for 1932 beet,
tops lolded by sheeP
in euhrmn.

l0 cllt. lime per acre a
{ew days before sow-
lng.

Not highly Jarmed
recently.

6 tons chalk per acre
{or b€e-t.

Held out *ell aga.inst
drou8ht but not up
t- stafldard of disttict.

Poorish land very
higbly farmed.
Previous crop Lale
sheep€d vrith cake.

Dutrged in Dec., 1932,
at l0 loads per acrc.
'Wiieworm damage.

Field DafirlaUy poo, but
highly farmed.

Poor land well cul-
tivated.

Rich soil, with Iairly
hish water table.
+ c_wt. Nitrate oI soda
giveD il1 June.

After 2 beet crcPs.

5 tons waste lime in
laD., 1933. Poor soil
veru well Jarmed.
Cro:p so damaged by
wircworm that ia June
it sas prcposed by
the grower to abandotr
the experime[t as a
failEre. The soil is on
a terrace which may
receive sater and
nutrients by seePage
from higher grouDtl.
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Plant Density (Mean Values\

Yield ir
toas per

I punt" r"
t-housa.nds

I p"r 
^"re.

3. Colq,ick
5. Felstead
6. Brige
8. Bardney
9. Allscott

12. King's
L,.nn

14. Catrtley

1.918
1.942

- 0.748

-*t

1.850

+r.12
+0.?0
+0.s3
+1.73
+0.68
+0.81

+ 1.70

+osz
+o.9r
+1.81+Y'

+r.50

7.2
Ll

10.7
12.s
t2.4
t1.4

16.4

0.5
0.s
1.0
1.4
1.3
0.9

1.5

22
25
l9
22

25

DistancE I weigbt of] lrcrease ir
in inches I roots in I yietd Jor
between I tts. per ] 6ne adtli-

plant. I tjonal beet

S.E. per plot t.p.a.
BeIore I Aftlr

AdjustiDg' for plaut
numtrer

Samlling errorc in Samfiing Jor Sugar Conted
(10 Roots irl Each Sar ple\

No. of
analysed

sa.mples
per plot

Standa.d Error
Per Sample

0.37
o.27
o.52.
o.36
0.48
o.32

2
2
2
1
4
2

._ :-]i:liT1f.g :-ietween plots is lower (but Dot signi{icanfly so) thaa o.5z a.trd probabty 0.46rs ule D€st estrmate ol san ptiDg error,

Summary TabLes

See {ollovriDg pages.

Conclusioas

,..Jhe SspoDses oI roots to suipbate oI ammonia and potash are sigo.i{icatrtly dillerent at tbe
rdrll_, -Teg! ceDtres, p+.Jh"ry is-.a signilicant tregative itrteractioD "t t".ee" ihem, though thjsrotefactrcE does Dot differ significaDfly from ce[tre to ceDtre.
,-,lbj :Sg- p_..99otages_are significaatly deGeased by sulphate of ammonia, aad itrcresed by
F!ota$!, the \,?riatioDs in tbese el{ects Iroo ceDke to ceitre 

_not 
beins sienificatrt.The to?s on- rhose experimeots where they *"r" ;.ishd- ;;;' siilltcaattv dilterentrespooses to sdpbate olam@onja at the differeat cenhes, bui show no pota:st;ifec'ts'. --_---

..-]b: ,".t""*" t9 iu.perp!96pha1e are not si$J ri;1 ;h;-;;r;;"i.d;" a whole, tror areEere aDy srgDtrcant lnteractiotrs iavolvios suDerDhosDbateIt is dificult to offer aDv cslahefion 6f tte L-ft"* signilicant effects on ptant Eumbe, atAllscott.

4.
6.

10.
13_

14.

Nesark
B.iCS
Allscott.wissitrgton

EIv ..
Cantley

lsi
l8
2t
20
18

t7
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EXPERIMENTS AT OUTSIDE CENTRES.
Meadow Hay. 4th Season. '!7. H. Limbrick, Esq., Badminton Farm,

Badminton, Gios., 1933.
.5 , 5 LatiD square witb split ploG. Sub-Plots : l/20 acre.
Treatments :- Phosphatic drissings at ihe rate ol I c\*t P,O3 per acre, a.D-d -muriat€ of potash at

the rate of f ci!t. (0.5 c1vt. ["0; p". acte. The phosphates werc apPlied in 1930 atrd potash
in 1931. No {urt}er manudng this year.

Soil: Light red loam, 8 ins. deeP. Hay cut: June 29Dd.
StaDdard-Error,: perwboh ptoi: 1i.s+ cui. p"r 

"cre 
or +7.530; ; per sub-plot: :l'79 cwt

per acre or f /.r,-o.

1\{uriate
of potash

No
Phosphate

Mineml
Phosphat€

Low sol.
Slag

High sol.
Slag

Super.

Notre 24.0
23.8 22.6

23.1
21.3 21.0

26.7
26.4

2 4.7

ll[ean
(:t0.821

)iIf.(+1.13)
23.9

-0.2 + 1.1
23.8

+ 0.9
24.8

- 1.7
26.6

- 0.3
2 4.5

- 0.5
(+0.505)

()onclusions

The response to suPerphosphate applied io 1930 is just significaat. There are no efiecls of
potash applied ia 1931.

Meadow Hay. 4th Season. JV. Eydes, Esq., lTalton Lodge Farm,

Chesterfield, 1933.

| ,,o,*,Yieid
SxS I-atin square. Plots l/15 acre.
Tr€atmetrts: Phosphates at the rate of

I cwt. PrO. per acre apPlied itr 1930. No
further Eanuring tiis year.

Basal Matruring : Nil.
}Iay Cut : July l8th.
SiaDdard Error per Plot: +009 cwl. p€r

a$e ot +4.7Yo.

. Concluslons
The response to the phosPhatic dressings

is signilicani, low soluble slag being sitdJi-
cantJy below miaeral-phosphate atrd suPer_
phosphate.

C$-t. per acre

No Phosphate
Mineral

Phosphate
Low soluble slag
High soluble slag
Superphosphate

St- Error

+1.9
+2.5
+ 3.7

t0.62;

Barley, G. H. Nevile, Esq., Wellingore Hall, Lincs., 1933.
6x6l,atil1 square. Plots I/120 acre-
Treatments : ' Sutphate oI ahmoaia or ammonium bicarbonate at the rate oI 0.2 cwt N per acre'

Superphosphate at the Iate of 0.4 cwt. Ppu per acre
Ba-sal Matruring : Nil.
Soil: Lieht loa; on Lircokr H€ath Variety: Plumage Archer. MaDures aPplied: March lSth

Barl-ev so*n: March l6th. llarvested: August l7th. Previous crop: oals
Special No:tes : Plots barvested by sampling method (5 raDdom samPles Per sub_plot eacb consistitrS_ 

oI 4 half-metre rows side by side ) Rows sPaced 6 ins. aPart.
Staoalard errors per plot: graii: +1.88 cwt. fer acre or +8.0% ; straw: +3 04 cwt I)er acre

ot 10.7'k.

Drv Mattet

Matt?r
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cwt. N per acre.
Superphosphate

LIean l+0.543)I cleasc (+0.768)

Sulph. Amm.
Amm- bicarti.

24.8
+ 3.1

25.2
21.1

21.1

Grain: c\trt. per acre (+0,768)

Straqi: cwt. per acre (+1.24)

Meal I rnc/,4''e
(+0.113\ ) (+0.626)

per acre )

Mean \+0.877)
Inclease (+1.24)

C;onclueions
Significant respoDse to nitrog€n bottr iD graitr and strav. Ite ater-age response to

luperphospfiate and the awerage aliJference betwe€D tbe two Ioros of tritrogen arc;ot significatrt,
but there is indication, signiJicant in the case oI straw, aDd almost so in ihe case of t;in, that
bicarbotrate is less Iavourable, as compard with sulphate of ammonia, in the p=resence o{
suprphosphate tlaa ijl its abs€oce, th€ average respotrse to superphosptrate bei[g sienificatrt in
bottr graiD and stmw wheD the ammooium bicarbonate plots are omltted.

Barley. South-Eastern Agricultural College, u7ye, Kent, 1933.
6xO Iititr squarc. Plots: Ul20 acrc.
Treatmells I Nitrojenous maaures at tie Iate of 0.2 cxrt. of N per acre. Superphosphate at tle

rate of 0.4 cwt. P,O5 per acre.
Basal maouri[g : Nil.
Soil: Loam. Coldharbour serie.s. variety: plumage Archei. Marures applied: MaEh 23rd.

- Barleysowr: March 15ttr. Hareested: August Sti. Prewious crop: Barley.
Special Notes: Crop slightly damaged by vrireu/orm. Plots harvEsted bf sampliag method

(5.raodom samples per plot each cotrsisti[g of 4 balf-metre ro*s side by side). -Rois 
spaced

7 ins. apart.
Standard_ e-rors per plot: graia: +3.57 cvt. per acte or +13.5% ; sfu.aw: +3.10 cwt. per acre

or ll.Oyo.

Grain : cfi. per acre (+1.46)

Superphosphate
Nitlogetr (0.2 cwt. N per acre)
NoaeISulpb.rArnm.

I Amm. I bicarb,
Mcon

(+0.E43) \+1.19)
Notre
0.4 c*t. P'o,

22_6 27.O
29.8

26.9
28.t 2/.4 + 1.9

Mean (+1.03)
Inclcase l+1.16)

28.1
+5.0 + 1.1

26.4

None
0.4 cwt. P,O,

20.6
22.1

23.5
25.5

2 3.1
21.0 +0.9

2 4.5 2 3.6

Superphosph ate
(+0.716) (+1.01],

I o.a ..rt. P"o"
24.4
26.4

28.3 j 31.4
31.5 28.9

2 8.0
2 8.9 + 0.9

zs.sLso.zIzs.t
+ 1.5 1 +1.8 

i
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Stra\D : c\trt. Per acre (+1.27)

NitrcteD (0.2 cs,t. N Per acre)
None L Sulph. I Amm.

I Amm. I bicarb. eo.r$) | (+1.01].

175

28.S
31.7

29.0
29.5 +1.5

Mcan l+0.898\ -.
Inclease (+1.27].

I zs.t
| +Is

30.3
+ 5.0

Conclualono
sisnificart r€sDoase to litro(eo both ,or graitr aqd straw rithout any siSniJicatrt diffelenc€6

betf,e€; the two to;ms. The rcsp6nse to superiho6phate is not larSe enough to be siSrificatrt.

Potatoes. G. Major, Esq., Newton Farm, Tydd, ri7isbech, 1933.
3 randomised blocks of I Dlots each. (No replication.) TPo degr'ees of fr€edom for secotrd order

interactions are coof?xaded with blocks and the error is estimated from ioteractiotrs of
deviatioDs from regressioD eflects. Plots: l/60 acre.

Treatmeats : Sulpbate 6f ammotria at the rate oI O, 0.4 and 0.8 cwt. N' suPerPho6Phatc at-the-rate
of 0, 0.? and 1.4 cs.t. PrOr aDd sulPhate oI Potash at the rate of 0, l 0 atrd 2'0 cwt Kto per
acre iD all combinatioDs.

Basal malruriog : Nil.
Soil: Oeeo "ittl r"tt.r hea\.y. Varietv: King Edward. Maaures applied: APril l7tl. Potatoes

Dlantid: Aprit 2lst. Lilted: September lst. Previous croP: Peas.
Staadard error ler plot : -0.360 tons per acre or +2.7ok.

2 8.3

NoPoKo
408

NoPI.
175

N,PoKt
49t

NrP!Kr
530

N,PlKo
533

NoPlKo
491

NrPoKo
467

NoP[,
468

NlP'K!
553

N!P,K!
64{

NoPrKr
441

NOP:KO
448

N1P'Ko
.186

NIPOK'
413

sulndaty i tona pea acre
Mean of aU Potash ( +0.2.OE)

Plan and Yields ln lb. of Indlvidual Plots

N,P,K,
552

NrPlKl
416

NoPoKr
411

N,PrK! NoPoK,
514 i 459

N,PoKl NsPrK!
481 531

Superphosphate SulDhate of Ammonia
NoEe' i 0.4 crt. N I 0.8 c$.t. N

M.4n
(+0.r20) ( +0.r70)

No,le
0.7 q,.t. PtO!
1.4 cwt. P'O.

I1.70
t2.t2
12.8{

12.55
r3.?8
14.01

t3.ot
t4.21
l5.tl

12.12

14.05
+ 0.80
+0.83

Mea,. l+0.120) 12.25 13.28 11.16

(t0.110) + 1.03 + 0.88

Superphosphate

None
0.4 cl*t. P,Or

24.7 27.5
29.0
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Mean ol all Superphosphate ( +O.2OE)

Sulphate oI
potash

Sulphate ot Ammonia
NoDe 

I 
0.4 clrt. N 

i 
0.8 cwt. N ( +0.120) (+0.170)

\one
1.0 cst. KrO ..
2.0 c*,1. KrO - .

12.03
12.18
12.55

12.96
13.14
13.75

r3.02
13.90
14.87

12.8 7
13.10
13.72

+0.23
+ 0.62

Mean lto.t2ol 13.28 14.16

Incr. l+o.r70l + 1.03 +O.EE

MeaD of a[ Nitrogetr ( +0.208)

Concluslong

. . SigDuicalt responses to_all thrce autrients, with no sigEilicant fallitrg off itr the responseswith rhe hiSher dressings. There is a sig!.iJicandy higher risponse to sutp"bate ;i ;;---;;[;;
superphcsphate itr tie preseace of one anorh:r, atrd 3ls; to $rperphosphate'aad sulphate of potashin tie presence oI one atrothcr. The secotrd order iat€actio; i; ah6 signifi;aat.'.Ihe em6rs arevery low, but not exceptionall)' so lor this farm

Superphosphate Sulphate of Potash I U"""\-one | 1.0_cst. J 2.0 cwt. li (*O.t2O)
I K,o I K,o ll

r+0.170)

NoDe
0.7 c*t. PrO.
r.a cwt. Pp.

t2.14
13.20
13.26

12.4)
12.96
13.94

12.70
t3.51
14.96

12.42
13.22
14.05

+ 0.80
+0.83

Mcan \ao.lz0l 12.87 13.10 13.72 13.23

In r. (to.r70) + 0.23 +0.62

Potatoes. R. Starling, Esq., Little Downham, Ely, 1933.
4 randomis€d blocks oI I plots each. Plols : l/60 acre.
Treathents: Sulphate oI ammonia at the rite oI 0, 2 and
_ iuperphospn"te at the rat! oI 0. 6 and 12 cwt. per acre.
Basal malruritrg : Nil.
Soil: Good quality bla.ck soil with clay. Varietv: Maiestrc I
Marures applied : April I lth. Potat e! phtrt€d: Aprii ll$.'

Wheat.
StaDderd erlor per plot : + 1.88 totrs per aEre or + 13. 18%.

4 crt. per .cre ir coEbiaatio! Eith

sproutcd Scltch).
Lift€d : October 8th. Prcvious ctop :

Surnma.y: tons per acre (+0.943)

Sulphate o{
AmmoLia (p.a.)

Supe rphosphate (cFt. p.a.)
NoDel6l12 l+0.s11) \+0.7 70)

None
2 cEt.

7.67
13.61
14.31

13.17
t6.20
17.04

13.43
15.74
r7.31

I 1.12
15.18
16.22

+ 3.76
+ 1.01

Meai (+o.511)
Iner. l):0.770)

11.86 | b.17
+ 3.61

I ts.ee
+0.02

14.27

Coacluslons
. significant response to both fertilis€rs-lrith significatrdy less additioDar respoDse to the double

drsr3itrS than to the single, that oI superphcpbaG being n;,gligible.
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Potatoes. J. A. Tribe, 'Willow Farm' Binnimoor, March, 1933.

I randoEised blocks oI 4 plots each. S€cond ordel itrtenctiorl coDIoutrded. Plots : U60 acre.
Treafmenfs : 2 cl1t. sulpiate o, aEmo[ia, 7 cwt. sltPerPho6lrhate, aDd 2 cwt. oI sulPbate oI Potash

per acre in dl combi[ations.
Basal Eanuring : Nil.
S"il , O*p ttit Fen on clay- Variety: Sclt h Kitr8 Edward. Maaures-apptied : APril lltn'

Potaties planted : Apr f5th. Lifteit : S'ePt mber 2hd, Previous croP : Sutar Beet.
Stan<tard erroi per plot :-+0.694 toas per ax.te or +5.6o/0.

Indivtdual Treatrnenta: tona per acre (+0.34E)

Sub-blocks Ao INK INP iPK
Sub-blocks BN lP IK INPK

12.03 
| 

1l.84 | ra.sz I 
tr.zz l1.67 

| 
12.17 I1..17 13.0s 12.36

F.rtiliser
Res?orLse

0.211
1.211
0.12r

2.79
J ir)

Sulphate of S uperphospbate

Ab6etrt I Pres€nt Present

Standard errors: e)io.246, (') t0.3{8
C.oDclualo

There is a signilicaot req)otrse to suPerPhosPbate' Ereater, but Dot siSEiJic4ntly so, -9tr 
the

pr"t"-*i"i"i"ip"irrt. iLre is no e"ia.a,i oi aali general potash effect or oI aoy oitroSen efiects.

Potatoes. T. H. Ream, Esq., Portobello Farm, Sutton, Beds-, 1933.

4 x 4 l3titr souare lrith sDlit plots. Sub-plots l/8O ac!e'
iii.-."t i3"".-l*-Jn.ti "t tl. '.ri of o aod 0.5 cwt. Pp5 Per acre in combitration with-'- ;fi;; ;i;-;"h-If tu" i"t" of o aod 1.0 cu't. xp per acie Each Plot diYided, orc hall

reciivrns Niirate of Soda at the rate of 0.25 cwt. .\i per acre'
4"."t--""uri"s , N" duos. sutphate ol ammoda at the Iate ol 0-4 cwt' of N Per acre
frii i, a".'-' viii"w i xi"livtota. Itranures applied : March 29th Top dressing aPplied :*" 

M^" iith. Poiiio.i olant d': March 29th. Liftid:June30th Previouscrop: Oats --
Statrdaril errors per whoie plot : +0.51 I tons Per acre or ) L6'07o/o; Per sutt-Plot : +o zu4 toEs

per acre or +8.93%.

Mcan
( +0.071)

Tons p.a. \either Super.

+os7'
+o.27'

:.70
3.o0

+ 1.45.

-0.03r

0.00'

-o.20'

+0.481

+0.44r

+0.40!
+yo'

il 316 
1ll 3.21 I

3.18

| + o.o5

+o.l0r
+ r.52r

No Ni ua .. 
IN/Soda ..1

3.50 :1.61
3.;8

,Icdn | +0.256)
DiII. (t0.2or

I z.as

| +o.to
| 3.71

| +0.11
3.51

+0.07
2.64

Mean iDcrease due to Super: 0.19 totrs Per acre' trleaa increase due to Potarrh:0 88 toff per

Conclusiona
There is a sieaificant resDoDse to sulphatc oI pota_sh of 0'88 tons per acre or 27 7 Pcr cent'

ffr" t-"ii i."p.t!" t" suPerpLosPhate rs not signiircant, nor is tiere atry stgD of a resPonse to
D.itnte oI soda.

l[

Respoases to Fertillsers : tons per acre

Sulphate of ammonia
Sup€rphosphate
Sulphate oI potash
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Potatoes. J. Morris, Esq., Honey Farm, 'lTimblington, Cambs., 1933.
.l randomised blocts of g plots each. Plots : l/60 acre.
Trealments: Sulphate oI ammoda at the rate oI 0, ll atrit 3 ce't. p€r acre i[ coDbinatioo vith

solphate ol potash at the rate of 0, U aad 3 crt, Fr acre.
Basal aaruring: 7 cwt. superphospbate per acte. No durg.
Soil: Black Fetr,ligbt ard peaty, clayed in 1910. Variety : Kitrg Edward, otrce grow!. Manur€s

applied : April 2lst.
Potatoes platrted : April 2lst. Liit d : fuobe, 4th. Previous crop : Wheat.
St4trdard error pe! plot : +0.702 tons F! aore or 8.84%.

: tons per acre (-0.381

Sulphate oI
pota-sh

Sulphate of Ammotria
None lllo*t. l3 cwt.

Mean
(+0.220\ (+0.3111

Notre
l+ cwt.
3 c\\ t.

5.99 I 7.40
8.06 | S.ZO
a.12 | s.42

9.72
ll.r3

7.02
9.18
9.66

+ 2.16
+0.lE

Mea,t (+0.220].
Lt /. lto.Strl

7.!rg I a.ac
+1.10 +

9.47
,-56

8.62

Concluaioaa
Signi{icaot respoases to botl sulphate oI ammonia atrd sulpbate of poh-sh. ID both fertilisets

tne additiooal respoDse to the double d.essing is less tha! the rcsponse to the siagle dtessiag,
siglilicatrUy so itr the ca-se of potas-h- The iocreased respoase to either lertiliser iir the preseuce
oI the other is trot large etrough to be signiJica$t.

Potatoes. W. E. Moton, Esq., Thorney Abbey, Peterborough, 1933.
ExperiBeats otr sulphate of atlmonia and muriate oI pota,sh.
4 X 4 I3Jitr squares. Bedlam Farm, 4 raDdoEised blocks. Plots : l/60 acre (Gores Fafm, 27 acre

field, 0.019.1ade).
Treahnents : 2 cr*"t. oi sulphate of ammooia atrd ll cwt. ol muriate of potash per acre.
Basal dalruring: 7 qlrt. of superphoBphate I)€r acre in all cases, u'ith beet tops plouthed i! or

IarEyard manure as shom iu t-he table.
Average standard error per plot: + 0.524 tons per acrc ot + 4.92o/o,

Varietv I Maaures
(Majestic) | Applied

Plevious
Crop

Ba-sal
Manu BtPlanted

Australia l0 acre Scotch I Mar. 3l Apr.5 I Sept. r3
Australia I 16 acre Scotah I Apr. 6 Apr. 16 I Sept. l3
Bedlam l8 acre znd Scotchl Apr. 3 Apr.7 I Sept. 16

Bedlam lrstRe&h | 3rd Scotchl Apr. 3
Gores 27 acre I tst Scotch I lrdr. 3l

Sept. 13
Sept. 4

Apr. 4
Apr. 5

Beet
Wheat
Beet

Wheat
Oats

Wl!eat

Beet tops
Dutrg
Beet tops

Duag
No dung
No duDg

Dung
Gores I stone

BridSe lhd Scotchl Mar. 3l Apr. l0 Sept.4

Yields :

Soil (Fenlad) N

A11stralia
Bedlam
Bedlam

Gores
Gore-6

l0 Acre

16 Acre
l8 Acre
First Reach

27 Acr.
Stole Bridte

Black, rather
hea\ry

Silty
Light
Light aud

blow)r, otr
peat

Litht
Light

10.55
10.04
u.77

7.51
6.72
9.23

12.31
t2.40
12.60

7.61
1.t5
0.64

10.3?
I t.93
I1.83

11.10
11.51
12.f 1

9.08
9.00

10.1f

10.62
t0.62
r3.00

10.8t
10.21
9-S7

12.06
12.99
13.48

Farm Field LiIted

FanD I ar"tu o K NK
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Ferdlieer Effecta

Austlalia
Australia
Bedlam
Bedlam
Gores ..
Gores ..

l0 Acre
16 Acre
16 Acrc
FiIst Reach
27 Acre
Stone Bridge

1.63
2.37
0.65

-0.17
1.08
t.I4

-0.1,0.58I r.o;i s-03I t.ruI r.lo

-0.380.0r
-0.36
-0.53

1.28
1.46

Conclualons
Five out o{ the six erperioeDts show a signilicant rcspoase to nitrogeD and aa equal -trumber

show a significatrt responie to potash- The rispoases to Soth maaures are sigailicantty different
at the diff;rcat places, even whin the experimeits showing no respoDse are excluded. The average
hteractio4 betdeeD the tsro maaures is'trot siFnilicaot, 6ut tlle two experiments o[ Gores farm
show a Earked (sittrilicaot) positive i[tcractioi, nitrogeD aDd Pota-sh produciD8 Sreater iDcreases
iE the presence ol ooe aLothe!.

Sugat Beet. Tunstall, Suffolk, 1933.

A. W. Oldershaw, Esq., County Organiser.
!t x 4 Iatir square ll'it]l split plots. Sub-plots : 0.000 acre.
Treatments:- Nitrate of-sodi at the raG of 0, 0.2, 0.4 aod 0.0 cwt. of N. Fr acre. Oae hau o

each plot teceived sulpbate of a.mmonia atrd the otie! hall equal alnEonia nitro8eD as am_
Eoaium humate i.B fS32. (Se€ 1932 RePort, P. 2f0.)

Baral manuring: 3 cw.t. superpho6phate atrd 3 c{rt. Buriate of Pota-sh per actc.
soil: Acid saia. varlety i i<kif,ranzleb€a E. Manures aPPIied: APrit 28th. B€ct 6ostr:

May 6ttr. Lilted: D&ember 6th. Previous ctq): Sugai beet. Meatr dirt tarc plot! 1-lg:
o.li23: plots 2G32 : 0.03.

Staodard errors Per whole plot
ToDs per Per cent.

Ylelds of Treatments

Nitrate of
da (per acte

ROOTS (washed)
toos per aare

Humate I S/A

TOPS
tons per acre

Humatc I S/A

SUGAR
PERCENTAGE

HuEate I S/A

TOTAL SUGAR
Cllrt. p€r acre

Humate I S/A

None
0.2 clrt. N
0.4 c$t. N
0.6 cwt. N

13.28
15.55
16.42
15.82

13.06
t4.53
15.40
r6.03

4.17
5.00
6.88
6.18

4.22
4.51

6.69

17.75
17.39
t 7.80
t7.l I

17.88
17.5.1
t7.43
17.16

17.1
54.1
58.8
54.1

18.7
51.0
53.7

Effects of Fertlliser (mean of amrnonlutn huEate and sulphate of al,rmonla

Niirate of
da (per acre)

ROOTS
Totrs

Per acre

,wa-shed) TOPS
Tons I

Wr arre 
I 
Incr.os.

SUGAR
PERCENTAGE

I l,ereas.

TOTAL SUGAR
C\rt- r

pn ut. I lrrrr*"

Mcan
None
0.2 cst. N.
0.4 cvt. N.
0.6 c*t. N.

15.01
13.17
15.04
15.91
16.92

+ 1.E7
+0.t7
+0.01

5.18
4.20
4.76
5.82
5.94

+ 0.56
+ 1.06
+0.12

17.52
17.8t
17.44
17.66
t7.14

-0.35+ 0.20
-0.52

52.6
46.9
52.6
58.2
64.6

+ 5.7
+ 3.6
- 1.6

St. Error .. +0.3 +0.146 + 0 .206 ll +o.oso-lt- +0.127

I Average Increase witi I

I Nitroger I Potash llnteractio
| (+0.26:') | (+0.262) I (+0.621)

Roots (wasbed) .. | +0.438 | +2.s2Tops .. .. | +0.292 I +6.65
Suiar p€rcctrtage .. | +0.180

+0.2r9

Per $rb-plot
eraEr€t Per cetrt.
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Differences of 1932 Dressings (Humate minus Sulphate)

Nitrate of Soda
per acre

ROOTS
(washed)

TOPS ]i SUGAR
ll PERCENT-

toos per acre I ecr
TOTAL
SUGAR

C,\rl.t- per acre

St. Error
+ 0.51
:L0.27 8

+0.27
t0.1s0

+ 0.01
+0.079

+ 1.9

Norle
0.2 cwt. N
0.4 cwt. N
0.6 cwt. N

+o.22
+ 1.02
+ r.02

-0.21

-0.05
+0.49
+0.13
+o.49

-0.13
-0.15
+0.46
-0.05

+0.4
+3.r
+5.r
-0.9

St. Error .. -0.555 10.301 +0.158

Conclusloda
Both the roots atrd toPs show a si8:dIicatrt tesPotrse to nitlate of soda' vith a sigEilicantl]'

smaller respoDse per uoit dressitrg at the hither levels.
The suiar peiceutage is siguiiicaody d&reased by increasiug dressiots of dtrate of soda' with

tle eiception'oi an aa-ornab; (sit.ifi;5trt) reversal of this effect b€tween the si,gte aad 
'loubledressing.

The"residual effect o, arDmonium hudate above that oI sulphate of ammonia is dot large enough
to be siglilicaot.

Sugar Beet. Tunstall, Su(olk' 1933.

A. W. Oldershaw, Esq., County Organiser.

5x6 Iatitr souare. Plots; l/56 acre
iri.t-i-"t ,'S""."a yeai, iro lurther chalk apPlied (See 1932 RePort p-208, for litst year's

dre.s.s ags.)gr.et maiuiinE: 3 cs't. suDer. 3 cwt. muriate of potash and 3 cwt. oI dtrate oi soda Pet acre.
S"it: e"ia ""ia. 

V"ti"ty,' Kleirwanzleben E. Beet sown: May 6th. Lilted: Decemtler lst'
PEvious croo : Sucar beet.

Standard errors per pbf : Roots : +0 978 t ns Fr acte or +8.93-Fr ct-n--t. ; toPs :- +0 
-6()0 

toos- 
pui acr. 

"r il6.go per ceot.: sugar porcentage: it0.276. MeaD dirttare: o 0060'

Chalk
tons p€

ROOTS (washed)
Tols I Itcreasc

pe. "".. I

TOPS
Tons I ltclease

per &re I

SUGAR
PERCENTAGE

I Incledse

TOTAL SUGAR
Cwt. I Inclaasc

p", a"r" 
I

Madn
Node
I
2

I

10.95
2.94

I1.40
13.23
13.26
13.91

+ E.46
+ 1.63
+0.03
+0.65

5.80
2.36
8.00
6.61
6.88
7.t6

+ 3.64
+ 0.61
+ 0.27
+ 0.28

16.35
15.89
16.49
16.32
16.53
16.53

+0.60
- 0.17
+ 0.21

0.00

36.0
9.3

37.6
43.2
43.8
46.O

+28.3
+ 5.6
+ 0.6

St. Error +0.437 +0.618 - lr :18:l i0.399 :0.123 +0.171

Concluslons
A trarge response to oae toa oI chalk (applied itr 1032) - Thc roots show a siSdilicant lurther

:""-;; tw; tons. but little fLrrther respoose. The similar itrcrease to tso tons i[ tbe case ot
t"-* [ oot itseU sigpiiicaot, but Eay be coni'dered so io the Irght of the higher yields with three
and foua tods.
--The sugar prcentage is sigtrificaotly itrcteased by otre ton oI chalk' but there is Do further
incre.se witb ttre heaviet dressings.
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Sugar Beet. J. Morris, Esq., Hcney Farm, lVimblington, Cambs., 1933'

8 raDdomised blocks of 4 plots each. Plots : 0.0153 acre.
iieatments : Superphospiate at the ra.te oI 0, and 3 cwt. per acre in combination with Buriat4 oI

potash at the Iate of 0, and l+ cwt. per acrc.
Basal matruring : nil.
Soil : Light {enlaDd restiog on Peat. Varjetv : Hiueshog.
Manures"aDDlied : Mav 8tb-. Be'et sown : Mav t ottr ' I-if6d : December 28th PreviouscroP: W}Ieat'
Si;a;;[i;; per'plot ; roots : 1.402 

-totrs per acre or 12 8?% sugar percentage : 0 42'4'

Meatr dirt tarc : 0.0722.

Roots {vrashed) tons per acre (+0.495) Sugar PercentaSe 
, 
(to.l50),

suDmhosohete I ttar I ltrat
ri'nj r r-"*t. ll r+r'.3in) l(ir'.1s5) 1J0.106) (i0.150)

None
Ii c*t.

to.48 I \o.ss ll fi.72
ro.s6 rr.lo ll 11.03 + 0.31

None
l+ clit.

15.01
lJ.l{

15.16
t5.12

15.10
15.18 + 0.08

Mearl
(+0.350)

Incl.
l+0.495)

10.71 11.041 10.88

*lo r, \

Mean
l+0.106)

l+0.150)

15.11ll15.11

0.00

15.11

Total Sugar cwt. Per acre

Muriate ofpotash Superphosph ate
Nooe I 3 c*t.

None
l+ cI!t-

31.5
33.4 33.6

32.1
3 3.5 + 1.1

Mean
Increase - -

32.1 | 33.1
+ 1.0

32.9

Conclusions
No si8li{icant elfects.

Peas. H. Inskip, Esq., Stanford, Biggleswade, 1933'

I ranalooised. blocLs of 4 plots ea.ch. Secotrd order intem'tiotr cotr{ounded Plot'::,lryOTrei.---
Treatments: 4 cst. high:soluble basic s1a8, 2 cli't. nitro-chalk, and I c*'t sulpbate ol Potasn

per acte in all combinatiols.
Ba$l manuriDg : Nil.
S;l 

' 
S;;A;fi""1. variety: Laxton s Superb. Manures applied: March gth Peas sosn: March

8tb. Ficked : June 2orh. Previous croP : Potatoc-s.
Standard elrors p€; plot : 2.46 cwt- per acre or +7 16%.

Individual Treatments : cttt. per acre (+1.42)

Sub-blocks A Sub-blocks B

o NP NK PK N P I r lxx
32.1 36.2 34.2 I 3r.6 :19.8 34.0 34.0
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Fertiliser

Ba-sic SIag
Nitro-chalk
Sulphate of

Pota-sh

Mean
Res?otsc

Nitro-chalk
Absetrt I Present

;;""'*'* l
Absent I Presetrt I

+*0,
-2.30'

+0 50r t.90' -0.85r
+4.96r +2.05r

- 1.00, , -3.90'

standard errors : (r) t.00, e) r.42_ 
conclusions

SignilicaDt req)onse to nitrogeo aott a signilicaat depression irr yield by potash, appearing
mafuly otr the plots receiving dtrogen, though the intenctior is trot signi{icant. No evideDce of
aDy phosphate effects.

EXPERIMENTS CARRIED OUT BY LOCAL -WORKERS.

Hay. Hertfordshire Farm Institute, St. Albans, 1933.
One strip oI each o{ two se€ds mixtures, the double strip beitrg divided tnnsversely into 30 plots,
. giviag 6 ra[domised blocks oI 6 plots each {or manurial treatments. Sub-plots: l/l0o acre.
:Treatmetrts: No phosphate, basic slag (85% citric sotubitity, 15% PrO5), at the Iate oI I cwt.

PrOr p€r acre, Gafsa rcck phosphate (0O% through i20 sieve) at the rate oI I cwt. P,O6, aloDe. aDd with 0.5 cst. KrO per acre in the ,orm of 30% potash salt.
.Mixture (l) : 6lb. Italia.n ryegnss, 20Ib. pereDrial ryegrass, 6lb. late flowering red clover, I Ib.

rough stalked meadow grass, I lb. yrild white clover. Mixture (2) : 20Ib. perctrdal ryeglass,l* lb. witd white clover.
B,xsal maauring: Nil. Soil: Healy trinty loam, weU supplied u,ith cbalk. Marurcs applied:

7th January. Cut: 6tI June. Previous crop: Oats.
Special Dotes : Grazed ull May 5th. The yields ara therefore one morrth's growth in a very dry time'
Siatrdard eraor : per whole pl;t-l .82 cqi. or 5.89%, per sutlplot-2.23 ;wt. or 7 .22"/o. ' '

Dry Hay : c\,rt. per acre

Notre Basic
Slag

Mineral
phosphate Potash

Slag and
Potash

Min. Phos.
and Pot-ash

Mixture I
Mixture 2 15.2

46.3
17.0

:13.3
18.2

42.8
15.1

16.2
16.2

41.1
19.6

44.9
16.9

D{f.l+t.41)l 28.5 29.3 2 5.1 27.? 30.0 I 27.5 28.0

Meaa of bofl Mixtures (+0.814)

CEt. per acre No
Phosphate

Basic
Slag

MineIa.l
Phosphate

Mean
(+0.470)

No Potash
Potash. .

29.4
29.0

31.6 30.8
33.4

30.6
31.,

MeaD (+0.576) 29.2 31.{ 30.9

Conclusiona
The.e is a siSditica.trt response to phosphate, not signJicatrtly different for the two forms.

The iateractioDs of the two mixhues $.itfr the matruria.l treatm;trLs are not sig[ifi@,Dt. The
mixtures appear to give very differeat yields, though there is Eo statistical test aplUcable to this
differetrce-

Respcnses to tr'ertlllsera : cwt. per acre

0.f 0r
+ 3.50r

- 2.4ir

+i.io,
2.60'
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Meadow Hay. 3rd Season. LadY

Sx6Iitio square. Plots: Ulg8th acre.
Treatments: I-ow a]ld hiSh soluble slag, rock

phosphate aod superPho6Phate at the rate o{
1.0 crt. Pto. per acre.

Basal maourrng : Nil.
Soil : Limestoie. Maoures apPlied : lIarch 27th

103t.
I{av cut: Iulv l8th and l$th
Sta'na"ra eiroi pet plot: +3 81 cwt. Per acre

o! +8.3 %.

Cotrcluslons
No sigtrilicant effects.

Mtart
No phosphate
Rock phosphate
Low soluble slag
High soluble slag
Superphosphate

sr""d-d E';I +1J0
I

_2.1
-0.1\ + 0.8
+ 0.8

+2.10

Hay. 3rd Season. Lady Manner's School, BakeweU, 1933'

3 ratrdomised blocks of eiSht Plots each. PIoLs U16l acre,
i;;t-;t"; Nitrate ot ioai at tne rate oI 2 c#t., superphosphate at the rate of 3 cl,.t ' aad 30%

Dotalh salt at tbe rate of I cwt. per acre itr all coxobi-Dations'
Basai manuriog : Nil.
S.if , Li--*t"l. uanures applied: APril 3rd and 4th. Hay cut: July 3rd alrd 4ttr'
Sta,ndard error Per Plot: +533 c*t. Per acre or +11.6%'

Indivtdual Treat,dents: cwt' per acre (+3.25)

o]NPl"lolrlllrPK;NPK
40.6 52.8 4t.0 36.9 52.5 67.4 | 42.3 6{.1 48.4

Respon6es to Fertlllser6 : cEt. pef act€

Fertiliser. Mcat Nitrate ol Soda
Abs€trt 

I 
Present

Sup€rphosphate
Abs€Dt lPrcs€nt

Potash Salt
Abs€rt 

I 
Presetrt

Nitiate oI Soda
Superpho6phate. .
Potash Salt

+ 16.5r
+ 3.0t
* e.l

i*n' +3 2r
+8.1r

+ 16.4'

+o.4t

+r6.6!

+ 6.41

+ Il.8'
+o.2'

+2r.2'
+6.0t

SiaDdard errols: 0) +2.30, e) +3.25.

CoEclualoEa
Significant response to nitroSea, but Dot to suPerPhosphate o! potash'

lvleadow Hay. Znd Season. Lady Manner's School, Bakewell, 1933'

3 raodomised blocks oI 9 Plots each. Plots : 11216 acrc'
i;;;;;, 8 ;;;.! co;Post, 2 c.*t. of tritdte oI soda, 3 cwt of superPhosphate' atrd I c*t of

30:/o potash salts.
Basal maauriDs : Nil.
Sii; Ij;""i;"'". LiLures applied : March 29th, 3oth atrd 3lst Hav cut : JuEe l2tr'
Staod.rd "t 

o. p"t plot: +?J3 cwt. I)er ac!e, or +19 6%'

Manner's School, Bakewell ,1933.

| *",0,
I 
ct*t. per r
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First Year's Treatm.nt

NPK I Compost

184

SuDo.ry : cEt. per acie (+4.45)

Mecn (+2.57)
Incr. (+3.63)

28.3
51.O
36.2

39.2

-0.3

30.4
46.6
42.1

39.8 I

+o 3 
]l

27.4
46.8
44.O

2 8.8
49.1
10.5

+ 20.3
+ 11.7

Concluslona
. -The yields udth.artificials.are si&d{icandy Br:eater thatr those with compo6t, aDal both are

sr8DrircaD-tly greater tlatr tbe lelds witloDt matrure. The manures applied in the preyious year,
oD the otber hand, shos oo apparent residual effects.

Meadow Hay. Haileybury College Farm, 1933.
H. W. Gardner, Esq., Hertfordshire Farm Institute.

6X 0 Iatin Square. Plots l/50 a.re.
Treet DeDts-: Pa-sic StaS (15% PrO. 85% citric solubility) aDd grouod mjlerat pbosphate (28%

PtO., 007,0 through 
-120-sieve) _at the rate of LO cwt. ptOr pe-r ."r. io --Uii"U"i *itt'aill]

pot-a-sb salt at 0 aad 0.5 cwt. KrO per acre.
Basal DaDurios : Nil-
Soil:.CIay load. Matrures applied: JaEuary 4th. Hay cut: July 4th.
StaDdard effor Fr plot: +3.02 cwt. per acie or +l0:tyo. ' '

Cwt. p.a. (+ r.23) No pbos-
phate

Ba-sic Slag Minerel
Phosphata

Meon
(*0.7101 l+1.001

No potash
Pob-sh salt

26.8
30.5

28.5
28.3 33.8

29.0
30.9 + 1.9

M.an (+0.8f
In r.zsc l+1.1

2 8.6 28.1
- 0.2

32.8
+ 1.2

29.9

-^.-1E{- l3{ltg1:e to DiDetar ,n*n?J.l"f"?x". respoDs€ to basic srag. The req)oDse to
Pota$r r5 BOt Slgrulicaat.

Barley. F. Richardson, Esq., Sansom Wood Farm,
Calverton, Notts, 1933.

K. R. Davis, Esq., Notts Education Committee.
lx,l l-atiD square. Yields from 8 plots otrlv obtaiDed. plots l/4O acre
TltatoeDts: applied.in 1032 to fotato crirp: Mineral mixtuie (2.12 q t. sutphatc of ammonja,

il.gu cfi. superpbosphate, 3.28 clrt. J0% pota-sh salt per acrel. cotrcmtraied fertiliser U-C ii
No. r), organic m-eourc (H.O.p. No. 9 fish maaure). TLe fish aianure and the mineral mjHrre
oD atr eoual N.P.X. ba-sis-

Barol maauring : appli€d in 1932 : l2loads duDs Der acr€.
SoiI: Very liebt saDd otr Bulter saDdstoDe. V;iety: Spratt Arcber. Seed sorfn: March BOtb,

^ If.arvested:-Auggst l6tb. previous crop: potat6es.
SF"!J,i.J,": , Plots ha.rvestf,d by.sampliBg'riethod (16 ratrdoE saEples per plot each cotrsistitrgol4 tralt metre rows). Rows 8ins. apart.
St udard eEors per plot : Grai! : L59 cirt. per acre or ?.0%. Straw : 3.48 cEt. or 13.7%.

|"5
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St. Error +1.12 + 1.5E +2.$ | + 3.1t-t-
conclualona

No sitdticalt effects'

Wheat. A. Hunte!, Esq., The Farm, Wilford, Notts, 1933'

K. R. Davis, Esq., Notts Education C-ommittee'
4 x 4 Istin square. Plols : l/5O acre.
ii"-tfr'.i*li"riiJ inlsifto s"s"r b€"t : Mineral mirturc, I.c_I. corc.,ltrated lertilisef No. I,__--"t 

tU"-rat" & a.Ocwt per acre-and Fish matruie at the mte of l0 cwt per a,cre'

Fish Manure atrd miDeral oiixture on an equal N'P K basis'
Ba-sal manuring : applied to sutar beet in 1930 : 12 loads oI Farmyard Eanure nPr acre'

Gii$;;i ;li.'i"ty, l-ittr. 1.*l 
.#i 

",iii, N.'i;;;is3i H"*At"a 
' 
Ausrst 22nd'

Meat
No ma[ure
Mitreral mirture
Conc€rtrated

fertiliser

Previons cioD : Susar Beet.
SDecial trotei : PIoG hawested by samplitrg method
' of 2 balf metre rows). Rows lO ins. aPart'

Standatd errors per plot : Grai6 : l.l4 cqt. ot 6 4%_

4x4I-atio Souare. Plots l/80 acre
iieatnens: i levels of sulphate ol ammonia

Basal maouring : 2 c'\rt. of superphosphate atrd
2 cwt. of sulDbate oI Dotash per acre

Soil: LiEestoDe. Variety: Dunbar Cavalier'
tua-nures aoolied : April I'Oth Po{atoes Platrted :

April I iti\. Li{tea: Octob€r 2oth. Previous
croD : Seeds.

Sundlrd ettor per Plot: +0.425 toas Per acre

17.8
18.2
18.0
t 7.5
11.4

Conclualo'ta
No siSDificatrt effects'

Potatoes. J. E. Arden, Esg., OwmbY

J. A. McVicar, Esq., CountY

(16 rarldom samples Fr Plot each coosisting

Stlaw: l.4l crt- or 6-l%.

STRAW
cwt. per

23.0
23.1
22.3
22.8
23.5

Clifi, Lincs.' 1933.

Organiser.

Increase

- 1.1

-0.8
+ 0.1

or 11.02ok.
Concluslons

+0.f9
+0.83
+ 0.21

sicni{icant response to iacreasing dt oiugs & sdphate o{ aEmotria' tbis response sbowing oo

signili;Dt dePartu:re froE ProPonioDalib wlth tbe amourt o' the lertrlrser'

GRAIN
cwl-. 'per I Incra&sc

STRAW
cwt. Vr I lic?cLsc

acre 
I

St. Erlor

+ 0.3 + 1.6

+5.3
+ 3.1

22.9
22.5
22.4

:t2.9
2J.{

2 5.3
22.8
24.1

28.1
25.9

+0.4
+ 0.9

GRAIN
cvt. Fr I

acne ] I[crea-se

- 0.2
- 0.7

-0.8
Ellor +0.809 +o.zos 

" 
+o.ssz

oI
(p.".)

Yield
totrs p.a.

None
lI cjrt.

+o.212 +0.300

10.56
9.50

10.29
I l.l2
I1.33
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Potatoes. Midland Agricultural
4 x 4 I-atin Square. Plots l/60 a.cre-
TreatEeats : ' 4 levels of 'a mixed ,ertilis€r

coDtaining I part of sulphate of ammonia,
S.parts superphosphate atrd t part of sulphate
ot potash.

Basal maDuring : I totr of lime per a.re applied
Itr autumtr lg32 atrd 12 tous o;I duDg per acre.

Soil: I-rght loatu. Variety: Scotch-*iEg Ed-sard. l\raaures apptied :'April ?th. poiatoes
ptaqted : Aprrl I Ith aDd l2tb. Potatoes lifted:
Octob€r l7th. Prevrous Crop : Seeds hay.

Standard errors per plot : 10.]'6A tons per acre
ot 

=6.170;.

College, Loughborough, 1933.

Artificials
Yield

toas p.a.
dressing

Mcan . .
Norle
4 cra"t. . .

8 cwt. ..
12 cwt.

8.97
8.34
8.89
9.r6
9.50

+ 0.55
+ 0.27
+ 0.31

+03r,St. Error .. +O.ZzO I1-l
erndusloaa

-,_,If-f :g::t: IespoD:: to.arrificiats is jusr large enoDgh to be siSnificaat, wittrout anysrtntlcaat devratloDs rrom proportiotrality

Potatoes. Midland Agricultural College, Loughborough, 1933.
4 raDdomised blocks of 9 plols each. plots 0.0m5 acre.
lreatmeDls: Sulphat_e of Aflmonia at the ra.te of O, I* aDd A crt. per acre i.D combiDatiotr with
- 

sulpbate of pota-sh at tie rate of O, Itr atrd 3 cwt. per a'c!e
ljasal_Eanurhg: 12 toDs of du[g itr the autum! atrd , cvrt. of suDerpbGphate in the sprilg.Soil : Litht loam. Variety : Scotcb Kiag Edward.
Matrurcs applied : April ith.
Potatoes.platrted : April llth and t2t}. Uft€d : October 17ttr. p!€vious cloD : Se€als.
staDqard error per ptot: +l-19 toEs per acre or J ll.77o/o.

Potatoes. Norton New Council School, Doncaster, 1933.
4 randomised blocks of 4 plots each, plols U:m6

Treatmetrts : 3 tim€s o( applicatio! oI a dressiDt
_ of 3 cwt. ol sulpbate oi potash per acre.
,l,asal Eaouring : ,1 6r.t, o( superDhocDhate atrd

3 cwt. o, sulphate of ammoiia_per icre.
Soil : Medium I-oam.
Variety : llaiestic. Scotch.
Pot2.toes platrted: April toth. Liftad: Autust

241h.
Previous Crop : Potatoes.
aT$.;"..;r*. n,ot : :E0.88.:! toos per acr€ or

- The reE)onse to potash ," 
"*"u..oa,t1?HHi"."o, 

greater {or the April drcssinS olanlor the otlrer two- -

Mcat
(+0.3111

9.92
10.27
10.04

l+0.182)

10.0 6

Surrmary: tous per acr.e (+O.Egl)

None
, lt c\it.

3 cEt.

9.91

Concluslons
No siSnif icant eflects.

+ 5.12
+7.60
+ 3.94

10.29
I1.09
9.53

9.44
10.00
10.53

9.99 I to.Jo
+0.31

Mcdrt
None
March 7
Apdl t0
May 22
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Potatoes. Kinmel School, Abergele, Denbighshire' 1933'

4 Btrilomised btocks of 8 plots each Plots: l/67 acre'
ireatments: All combinaiions of 3 cwt sulPhate o[ ammoEla' + cr['

sulphate of Pot4sh Per acre.
Ba-sal Manu.inc : Nil.
SilFil;1".-hi, ;;th some clav aDd stoDes vari€tv: Great scot-*i;il#'i ff;-i itt. L'in"a, S.pt"-t..29th. Preiious-ctop: old

superphosphate and 3 cwt.

Maaurcs epPtied : MaY 4th.
tr'&93.

Indivtdual Treatrnents : tons per acre (+0'496)

ll
olNlP r lxe lrr

4.61 4.41 5.6:] 4.80 5.28 I 5.32 i.80 i 
6.50 52e

Responsea to Fertllisers: tons per acre

SuperphosphateFertiliser Medn
ResPozse

Sulphate of

Absent IPreseat
Absent Prcsent

+r.o2r
+ 1.061

+0.r6!

+0.541

+0.6rr
+ LOg'

Standara erors : P) +0.35r, e) +0.496. 
CoDclualona

There is a sigrificatrt resPons€ to "";;-i;;;tt, 
but tro apParetrt respoase to sulPhate oI

amEo[ia, aor do* the rcsponse to Pota-sh reach siSDrJlcatrce

Sugar Beet. County Fatm lnstitute, Moulton, Northampton' 1933'

4x4I-ati,l Squar€. Plots: U60 acre.
Tteatments: 4levels ol e mlxture ot {ertilisers (conteiniaS sulphate of "SLt"}i:-"^P.-*-*"' ^"'*;;+;A;ttu&t"g'analvsis : N : 5olo ; iasoluble Pio' :

l:u:"trfl#Bli:r"f iis,*,s/,O6t 4ok I KrO I Llo/o.
lotrs of farmyaral ma[u]

3.aoh ;
g#.#;i#"',',"rff ,':ilrm#ir*\,'Lt,;13r1i!!E#Iil*#i""1."r,**,

'rr 
: szurov roarr rr\or uaul'Lu! ".*u rv'-1iili"]n*iii#ixa 

F "'ioo" 
ttop 

' 
secood veai seeds'

April 2?th. Beet plaoted: APril2ath.I 4R +^ns er a.re orl"'j;;":,.;;;r;,';'6;.:-'*tii'r r r t t";p"iacre or 1r1.24'lo ; toPs: +148 tols per acre or

ifi:i6#;:id;; #;"iiii *'o.ss6. fi?.i al't ii'"-' olio+o tihit'eDts-correcaed s€Parat'rv)'Staai<lard errors peiplot : roots : +1.12 to-ns Per acre or

Fertiliser RooTs {wa-shed) ll ToPS
lors o.z. ' Ittocaic lltonsp.al lnrreasa

Suga! Percentate
I ltrctcasc

Total Sugar
cwl. p.a..l lrtcrcLsc

Mean
Nooe

5
lo
l5

9.95
8.26
9.38

I1.85
10.30

+ 1.12
+2.17
- 1.55

11.11
9.02

10.5,
12.x7
t2.54

+ 1.50
+ 1.85
+ 0.17

16.72
18.92
16.80
18.12
16.76

-0.12
-0.38+ 0.34

33.2 I

zs.o I

3r.5 I + 3.5
38.s l+7.1
3.4.5 | - 1-1

St. Eror +0.560 +0.792 +o.i12 +1.049 +0.279 !0.395

coEcluaions
Bot-h ttre roots aad the toPs show a significaut resPoDse t' artilicials ltr-the case of the roots

there is a siqoilica,Dt falling ott rn .espooJ"6i ""Jfl'til*i *itt te hitbest dressins The- similar

;I:iil""?"i?ffi'ffi,;p"'-i";;;;.;;i";.id "-'"-'ic"iii"'"t 
There ari oo significant differ€Bces

itr sugar perceatage.

+ o.l8t I -0.28'sulDbate oI ammonia -. | +0.17'
srrimhrrohate -.1 + 1.01'SuDerohosDhate -. | + 1.01'
Suiphite oi potash --.| +OAZ'

+ roo,
+ 0. r8r
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Sugar Beet. R. Goodhand, Esq., Redbourne, Kirton-Lindsey,
Lincs., 1933. 

.

A. McVicar, Esq., Counry Organiser.
6 x 5 Latin square witl split columtrs. Sub-ptots : I/toO acre.
TreatmeEts: 

-5 
I€vels of a compoutrd fertitiser (cont;ning sulphate of ammonia, nitrate of soda,

superphos-p-hate-^mrriate of-pota-sh aad staamed boue louil to give the {ouowing a-nalysis;
1TT9"i1\j 3600/0; dtric N: 2.40%; -sotubte 

plor: t2.7so/o; N"2Ot to.OO% ald 5oo" r'p.,
3.O0% ; half columns harvested early or trate.

Basal matruring : Nil.
Soil.: Umesto-ne. Variety : IfleinwaD'lebeo E. Marures appli€d : April l2th. Beet sown : April l8ti-
^.Lifted, 

early: October 4th; Iat€: Novemb€r l3th. pievious crirp: OaLs.
Staada_rd_ errors : Roots: per half column, +0.714 toas per acre-or +4.62%. per whote plot:10.537 toas per^arre or +3.48%. .Per sub-plot: a0.550 tons per acre "r'jl.SZ%. Tops': per

balt columD, _l 0.830 tons per acre or 18.5?%. perwhoteptot: +0.269 iotrs per acre or +
7:9^l Zo-.. P_er sub-plot: +0.969 toDs per acreor +S.98%. Sugarfrrceotage: pir half column-:
+0.154.?er a'hole plot : +0.292- per;utFptot : +0.249. Meaa-dirt t3re : OiOgjA. (Treatments
corrccted separately. )

Fertiliser
cwt. p.a.

Roots (Washed)
tons p.a.

Tops, tons p.a.

Early I Late Early I Late

None
4
8

12
l6

t3.66
14.45
14.78
14.86
t4.74

15.t7
16.t7
16.45
17.02
t6.78

6.90
7.76
8.78

10.28
9.9 t

8.07
9.54

10.70
11.73
r3.39

16.18
16.36
15.74
15.64
15.34

16.38
16.48
16.12
16.34

44.2
41.3
46.5
46.5
45.2

49.7

53.0
55.6
53.0

Yields of Separate Treatrnents

Sugar Perceotage ll fotat srg"r.

Early I Late ll Early | - Late

Effects of Fertiliser (rrean of two harvestings)

Fertiliser
cwt. p.a.

Roots (Wa^shed )
toDs p.a-l ltrcr€a-s€

Tops
totrs p.a.l IDcrea-se

Sugar Percentage

] Ircrease
Total Sugar

cu,t. p.a.l Itrcrease

Noae
4
8

t2
t6

15.11
14.42
15.31
15.62
15.94
15.76

+0.89
+ 0.31
+0.32
-0.r8

9.71
7.44
8.65
9.7 4

11.00
I1.65

+ l.l7
+ r.09
+ 1.26
+o.65

16.0 4
t6.28
18.42
t5.93
15.99
15.56

+0.r4
-0.49
+0.06
- 0.43

49.4
47.O
50.3
49.8
5 r.0
49.I

0.5
+ 1.2

- 1.9

St. Error +0.239 +0.338 i +0.344 +0.486 +0.130 +0.I84

Effect of Tilne of Harvesting (late minus early)

Fertiliser
Cwt- p.a.

ROOTS
Tons p.a.

TOPS
Tons p-a.

SUGAR
PERCEN.

TAGE

TOTAL
SUGAR
Cwt. p.a.

St. Error.
+ 1.82
10.452

+ 1.96
+0.525

+ 0.37
+0.0973

+7.0

Notre
4
8

t2
l6

+1.51
+ 1.12
+ 1.67
+2.16
+2.04

+ 1.17
+ 1.78
+r.92
+ 1.45
+3.48

+0.20
+o.12
+0.38
+ 0.70
+o.44

+5.5
+6.0
+6.5
+9.r
+7.8

St. Eror. +1.0r + l.l7 +0.218
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Co!tcluslona

Both the roots atrd tops show a sitDificant resPons€ to the fertiliser' set o{{ atainst a siStrilicant

*au"?# ii-"rl.i p**"nLge Tte 'isl"""e 
p'r'"sit a'essing is siSnrficao'lv less {or t}e higber

dressinss itr ,tre case of the roots oua "5i1"ifi. "*t oI the to=ps. fhe similar effect in tbe su'ar

oercenti*e is not large enou8h to be slrlrificatrt'*'*fn?ri"ia. .r-i.ih rootJand top" i "ig.'ifi"rntty 
great.r tor thelater harvestitrt. The suSar

,..*;i;J'i;;;;;La-sea "igniriatrtiv' 
-lli irt" ""ti 

6t the LoPs and sugar perceDtase (but not

or the roots) this drflerence t" t,g"""-ai'dy'i;"-t-eiior increasilg dressings ot fertiliser' i'e ' the

i"*rii*iil t""" more effective;tr the late harvested croP

Susar Beet. I. A. Ctadock, Esq., C'ollege Farm, Elsham' 1933'
' A. McVicar, Esq., CounrY Organiset'

5 x 5 l-atitr square \f,ilh sPlit plots Sub-plots l/l0O acre
Treatments: S levels of a complere #iij;6t"i;i;8 "itrate 

oI soda, supemh.rsDhate. muriate

or Dotesb atrd steamed bone n.'"'ii- it 'i[i?Ji&i'i'loly'i" , nit'i" i,I : i.6% ; solubte-

ildfil:il-r,ilrl'jii"" plo.-, i"rz;1i'5' ii i* -'tt"tt flots top dressed with r c*t or
Ditrate o{ soda.

Basal metrurine : l0 Ioads oI larmyard m:ulure pe! acre'
soil: Dreepwold. varietv: DiPPe rlr.Jt."t* iirirl"ii 

'ipril 
24th ToP-dressrnS appl ied : Juae l2th'*" #'"#-lao;l 2dth. L^iited: october'l3th Pr;vious crop: wleat -.phJ;;il;LfJ;;;ili";il;. fi;;Liii"-x' i-zizzo p'r acre 

^Meatr 
Yierd per pratrt:

^ *i ii61; Glean) Meaa iicrease ii!"ia i"t """ 
additioml ilant : +0 370 lbs'

Meao dirt tare : 0.125.

Standard Errors

Plant number
Rools (totrs)

trumber
Roots (tons) adjusted
Tops (toDs)

tor plant Dudber
+0.433
+0.403
10.330

+2.94
+2.74
+2.U

+o.522
+0.470
+o.322

+ 3.51
+3.20
+4.50

Sutar percentage t0.260 * 0.3.r6

ROOTS
(washed)

SUG.{R PLANT
XUlIBER

p.a.

PL-ANT
N U,\ltJ cR

Fertilise!
CIIt. p.a. ToDs p.a.

None I N/S NiS

16.00
t5.96
15.68
15.54
15.40

t5.52
15.92
15.40
l5 38
15.00

E-ff""a" of Fl"atlt... (mean of top dresslnti and no top dresstng)

TOTAL
SUGARROOTS

{*-ashed)

TOPS SUGAR

Tons Tons
p.a.

11.59
s.7{

10.68
1r.56
r2.53
13.43

+ 0.94
+0.E8
+ 0.97
+ 0.90

15.58
15.76
15.94
15.54
15.46
15.20

15.8
43.8
46.4
46.1
46.6
45.9

2727 6
2,i120
26860
27490
28260
283i0

-Lo-14? !+o-l-

1 P','

Mean
None

1
8

t2
l6

11.72
t3.91
t4.57
t4.9{
15.10
15.10

+ 0.66
+0.37
+ 0.16

0.00

TOTJS
Tonsp.a.

Notre Nooe I N/s

Per $hole Plot
Per acre per ceot.

+1047

4!.1
46.8
46.6
46.0
.15.9

Cwt. lf
P." I

per

Per Sub-Plot
per ceat.

+1869

\one Nls

Yields ot Separate Treatments

TOTAL
SUGAR

Cwt. p.a.
Noae ; N/S

10.66 I r0.70
I.o9 112.02

13.65 14.18

14.91 I 15.30

+rrrll
-o.10 t

-0.0sll
- 0.26l,l

l lo.ta,t

+ 1110
+630
+770

St. Error +0.27
li"olr6
t-

24880
26r20
26810
2a{20

ll

I
2

46.
46.
41.
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Effcct of Top Dr€sslnE

PLANT
NUMBER

P.a.

I St. Error
+ 0.29
+0.1,18

+ 0.45
+0.148 -0.28

+0.098

-0.48
-0.04
-o.28
-0.t6_o.40

+0.2r9

NoDe | +0.6J ll +o.sr4 l-o.r8 l +0.04
I rg 11 +0.e312 +0.58 + t.o2

I 16 +0.3e i -0.06
I St. rrror i l0.J3O I I 0.3Aorttl

Concluslons
The roots show a-sig[iflcant response to the complete fertiliser with a srmilicaDdv low.rrespome p€r uDlr iertttrser in the higher dressjngs; dressiDgs above g c\I't. proiuce littld effe;-I_{, !i11ot ,.u, of this resporse is-aue to tte iig;iJic."ii""*-**-i, ir,. "l-U., of ,o"t" *iii-rtrcreastng appllcarroDs ol lertrlrser ; bere again dressiDgs above 8 c.$t. produce little elfect.

-^- --r-L",,_oJ,",1.o..n9y 
a srgbilrcaDt respotrse to the complete lertiliser without any Iower rcspoEseper D_rur rertrrrser lD tbe btgber dressiDgs,

-._,. l-T,,"lgir" pe-"Etagc is sign(icantty decreased by the comptete fertiliser, tb€ decrease perurur rerr s€r E€rDg srgnifrcaafly greater for t_he hicber dressinss-_
The top dressjng oI ajtatc of soda i-ocreases-thi yield oI ro6ts and tops, the lattr! siguificaotlyatrd tbe former simificantlv if allowance. is maae loi plaai aurrb"., -*h-ia d*" tror appear to teaffected by this tr;a.tment. 

-Su8ar 
percentage ts siSnitiiantly decre*Lal'- --

I nere a.re Do srgruJrcatrt iDteractions of the top dressi.trg atrd tle coEplet€ fertiliser.

Sugar Beet. A. S. lUilliamson, Es q., Thonock, Gainsborough, 1933.

A. McVicar, Esq., County Organiser.
{x{ I3tin Square. Plots : l/60 acre
Treatments: Z s'jdt-hs oI siniliDg as shown itr tbe summarv_
*o"1--ffxrl^"^C,.-3^?* oj-sulpbare of amDonia, 4l crt- suFirpbosphate, 9t crt. DEriat€ oI lrctash,
Soil : Sand. Vari€ty :

aDd l0 loads of farmyarit maDure Der acre.
: Sand. Variety: Klelnwanzteben Ii. MaouM-aoures applied: April loth. Beet sow.: Aprif 2fth.Lifted: Octobei 23rd. Previous *op, U.ri"y.
dard errors per plot: roots: +0.??6tons DerStaadard err^ors,pel plot : roots: an.iie't"* j"i ** or +5.68o/0; tops: +1.909 tans per aor +f6.8?% ; Sugar percetrtage: +0.538. 

'Analysis ofiarlan& pe-riormia on cteaa roots.
pruL . r@6 : -1_u. / /o rons per acre or +5.trE% ; tops : + 1.309 tans per acreor +16.8?% ; Sugar percetrtage: +0.5J8. 

'Analysis ofi*i;; p;ri;r-;d;; cbaD roots.

SiDgling
Inchcs

ROOTS (Washed)

tons p.a. 
I In lcatc

TOPS

toas p.a. 
I 
ltct ase

SUGAR PER.
CENTAGE

I In re&t

TOTAL SUGAR

cst, p.e. I In.,acars.

Mcan
8

l0
t2
11

13.69
13.48
13.71
19.72
r3.8r

+ 0.26

-0.02+ 0.09

f.76

7.20
8.28
7.81

-0.55
+ 1.08
-0.17

16.34
16.28
16.30
t4.42
16.38

+0.02
+ 0.12

-0.01

14.E
43.9
44.8
46.1
45.2

+0.9
+0.3
+ 0.1

St. Error +0.389 +0.560 +0.654 *0.925 ll +0.26s +0.360

Cooclualona
No sigtilicant effects.

Fertilise,

Cwt. p.a.

ROOTS
fwashed)
Tons p.a. Tons p.a. il TAGE

TOTAL
SUGAR
CBt. p.a.

+0.3
-o.7
-o.4+ t.3

0.0

-loso Ii -880 l

ll -1300 Ill +szo I

ll +"o 
I

+1182 I-l
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Sugar Beet. E. Addison, Esq., Riby, Lincs', 1933'

J. A. McVicar, Esq., County Organiser.

4 x 4 Irtitr souare. Plots : l/50 acre
iiiit-"iE , 

-l t"r"t o{ a co;pound lertilis€r (coutai.i-og sllphate of a,mooia, nitrate oI soda'----In";.i" 
"i 

pot""n, superpiosphate and ste'amed bote flour) t9 Stve th! folowing aJlalys-is:

"--o"i. N-, g.s7"; iitr^ic N':1.9%; K'o : 7.5% ; water soluble P.o." 62ok; insoluble
P,O5t 0.7o/o.

Basal manurios : Nil.
S"il , wold- iariety: Kleinwanzleber E. Manures alPli€d: April loth' Beet sovD; APril

l3th. Lifted: October 3rd. Previorrs crop: wheat
prr'n[-Ji"ts t t"" "" whole plots. Mean plait number : 2785s pet er-e Mean yield per plart,

1.3?2 lb- Meatr increase ii yield Ior ode additiooal platrt: +0 231lb' 
.su"LJ.-L^ o.iolot : Planinumber: + 1042 per aire ; roots' uoad.iusted for Platrt number :

+Oga too! p.i 
""r" 

or +2.62y": rooE adjuated for platrt trumber: .*0'178 tons Per acre

;i-+i.e6t-;'top" , +0.-379 toi l>er acre or 2.57o/o; $get Percetrtage | +0 428 Meau
dirt. tare : 0-0804-

ROOTS (Wasbed)

rGp-^. I I'e,a.

TOPS

tonp.^. 1 INt.6.
lrr"oo o.o.un r^"t
I t ,**'*

TOTAL SUGAR

cwt. p.,. I I*t@.

Mean
6

12
t5

17.06
17.06
1r.35
16.97
16.87

+ 0.29

-0.38
- 0.10

11.7 4
13.50
14.64
15.25
15.58

+ 1.14
+ 0.61
+ 0.33

15.18
15.45
15.45
14.98
14.82

0.00
- 0.47

- 0.16

s1.8 I

527 |

53.6 I +O.C
50.8 I -2.t5o.o I -o.t

St. Error +o.221 +0.317 +0.r90 +0.269 +0.2r4 +0.303

Coaclusloas
The roots show Do ,espoDse to fertiliser. The toPs resPotrded situificantly' but with a not quite

"ie"irii;;i"i;ii"i 
;.ii"* p"i ""ii at"*iog at tie hthe! leveli The sutar percetrtage is situi-

Iicantly depressed by the fertiliser'

Sugar Beet. Cavendish Lodge, Clipstone, Mansfield'

R. N. Dowling, Esq., County Organiser. H' T' Cranfeld, Esq''
AdvisorY Chemist.

6 raDtloEised blocks of I plots each. Plots: U50 acre'
i'';"fi;;i c;;";d iulstoae at tr'. iate "r b, ao ana oo cvt p'r acre in all combinatio'ls Eith

Euriate o{ potash at the rate oI 0, I }, atrd 3 cwt Per acre'
Basal manuritrs_: 2 ctri. of tritrcthalk per acre'
Soil: Sa[dv sravel Irom BuEter DrtIt. Very acid' varjety: llernwaDzleoetr'.
il;;;*Jp;':;; , &;il iztl. n""t pta"t"f, : Mav l2th ufted : october sotl'
Previous croo : Kale.
3;;;;e-",rt'.; il;bt : roots : +0.930 totrs per acre or +32'6Byo; toPs: {0 691 tons pet acrc'
"*ii'i;.ii;;; ;*; perceot{e, io.lza.'eoav"lt oI variaace peilormed on clesn roots'
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RooTs fw6hed) Tons Dei acre
lluriire I LiDesbne t.wl. p.a.)

or potash I None I 30 6tr

AOPS Tm rE acre (+0-182)
i Li[Btooe {crr.p.a.) | Mai
I Nour | 3U I 60 l(.n.162

None
I + crvt.
3 cwt.

l. t2
1.66
2.67

2.05
3.81
4.08

3.17
3.0,
4_O1

2.12
2.83
3.60

+0.71
+ 0.77

None
r i cnrt.
3 cwt.

Ll7 I 2.25 3.30
1.58 I 3.40 3.o3
r.6? I 3.76 3.sg

2.24
2.67
3.34

+ 0.43
+ 0.6f

M.dn I

(+o.2lst I

l+o.31ol I

I

SI

I

1.82 | 3.31 3.41

+ 1.49 +0.10

--G..\R PERCEf,-'I'AGE (+
l-imestoDe (cEt. D.a.)

None I 30 60

| 2.85

I

0.194)

Meo.r.
(+0.162)

(+0.229\

1.81 3.14 3.31

+1.33 + 0.17

)TAL SUGAR CEr. Der a
Lim6loDe (cEl. p.a.) |

Nooe r 30,60 I

I
i

NoDe
I i cnt.
3 cwt.

16.18
r6.28
t6.08

15.50
15.75
16.22

15.82
15.87
16.42

15.8 3
15.9?
16.24

+ 0.14
+ 0.27

Nooe
I + cwt.
3 cwt.

3.6 I 6.4 iro.o
s.4ir2.ole-6
8.6 irJ.2 lla.3

6.7
9.0

11.7

Meart
1x0.112)

(+0.158)

,u rr) ,r.r), ,u.0,

-0.36 +0.21

16.01l
ri5.8 10.5 1) 11.0

+4.f + 0.5

9.1

- 
'rhe sinsle atressins 

-o{ 
,r-*."" "r*rfrSrltlrillli"*"" *" yierd of rcots alld tops, but t}e

ajrd-itional rcspo_me to the double dre$sirg is small aDd insignific;ot, ard is sEnificantiy less thatr
that,to the single dressiDg. The drersitrg of limestore has no eflect oa sugar percentage.

llulgte of _pgtash sigirificandy- iDcreases the roots, tops atrd sugar perientage,lhere being
Eo s-igDificaat differcrrcEs betweea the rcspoDses to the singL &essing-and tle additional respon;
to tbe double dressitrg.

The rcsponses to muriate oI potash are llot significantly affected by either dressitrg o{ limestoae.

Sugar Beet. F. Bell, Esq., Markham Moor, Notts, 1933.
J. McCloy, Esq., Second Lincolnshire Sugar Co., Brigg, Lincs.

4\4 I-atiD Square. Plols: l/50 acre-
TreatmeDts,:_-4 levels_of a loqplete fertiliser oI the following a.tralysis: N, S% ; water soluble

P.O6,5.7o t insoluble PrOo, O.lyo; KrO, t0%.
Basal matruritrg: 12 loads of {armyard manure per acre ploughed in ir winter.
Soil : Poor saod on gravel. Variety i Kei-E N. Eoglisb. Mdnure-s applied : Aoril Sth. Beet sowtr :April25th. Lifted: Sepkmber l8th. Previoua crop: Bartey.'-
Standard Errors^ Ir€r.plot : roots : +0.414 tons per acie or +6.0f% ; tups : +0.?74 tons per

acre or {20.690/o; sugar percertage : 10.500. Meaa dirt tare: 0.0536.

'fons p.^. I ltur.ds.

Mean
4 cwt
8 cl*t

l2 cwt
l6 ctt

I a.soI t.z+I assI z.o+

I o.ss

The tops, but not the .""1 , "h.* " "ig:8"":-Itt:o"Snse to increasiag dress,nss or fertiliser, the
sugar perceDtage a depressioD, barely si8rificarL, sith the highest &essiDg.

au"o* or*...-n.^"o ]

I I*-^" l,

+ 0.21 | 3.66 + 0.18
+ 0.12
+0.57

21.80 0-00
22.t0 + 0.30+ 0.06 3.78
2t.oo t -110

+o.2o7 ) +o.2gT +o-ssz l-t--i +0.517 +o.zso l-l

TOPS TOT-{L SUGAR
Cwip... I l*r.as.

i zg.9
I :s.lil 3o-all :r. r
I zs.a
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Mangolds. Oakerthorpe, Derbyshire, 1933.

G. Limb, Esq., Derbyshire Education Committee.

4 randomised blocks of 8 plots each. Plots: l/?Oth acle. U93rd acre harvested.
Treatmeuts : Sulphate o{;mmoda at the rate o{ 0 and 3 cwt., 3070 potash salt at the rate of

0 aod 4 cwt., and duog at the m.te oI 0 al1d l5 tons per acre itr all combi,1atioDs.
Basal ma.nudng: 4 c!.t. superphosphate per acre.
Soil: Mediuo-hbaly loam on clay sub-soil. Cna.l measurcs. lariety: Yellow slobe. Manur€s

apptied: May lst, Seed sown: trfay 2od, Lilted: November 3d, aod 4th, PreYious croP:

Stardard erroG p€r plot: Roots: +2.r7 toas per acre or +19,.a9L. Tops : +0.410 totrs per acre
or + 13.1%.

IndlYidual Tieatl]lenta

ToDs per acre o N K D NK ND I(D NKD Mean

Roots (+1.38)
Tops (+0.206)

t1.57 I 17.46
2.62 I 2.86

20.08
2.82

21.09
2.88

21.76
3.46

21.82
3.46

23.71
3.19

24.09
3.68

20. d8

Reaponses to f,'ertrlisers Roots: toaa per acre

Fertiliser Mean Sulpbate of Amm.
Absent PrcseDt

Pota-sh Sa.It
Abs€nt rPresellt Abs€nt

Sulphate of ammonia
Pot -sh Salt
Dung

+ 1.121
+3.68r
+ 4.21r

+ 4.06'
+5.08'

+3.28'
+ 3.35!

+ t.8lr

+ 6.44'

+ 1.03'

+2.98'

+2.2a'
+ 4.908

+0.56!
+2.41'

Staldard erroE : e)+0.9?6f), +I.38.

Topa : tona per acre

Fertiliser Mean Sulphate o{ amm
Absent Present

?otash Salt
AbseDt I Preseat

Duog
Absetrt lPresent

Sulphate oI aEmonia
Potash Salt
Dung

+ 0.491
+ 0.331
+ 0.36r

+0.26'
+0.31,

+0.41'
+0.4rr

+o.422

+0.43t

+0.56,

+0.30r

+0.44!
+0.40t

+0.54'+!u'

Staadard errors: F) +0.144 (') +0.206.

Conclualona .
SiSailicaot tEspoDs€s to dong atrd to Potash bot]l in t-he roots and the toPs, atrd-sulphatc.ol

aoaoia ia tne toirs oDly. The reE)onse to Potash in the Presence of duDt is less, but Dot sig_
!,iIicantly so, tian in the abseace oI duag'

Kale. Midland Agricukural C,ollege, Loughborough' 1933.

4 ratrdoBised blocts of 6 plots each. Plots : l/50 a.rc.
ireatments: NitrochalL_at the rate oI o, 3 and 6 cwt. per acre in combination .lfit-h t-himin8'

Plaots were 1 in. apart berote hi6ning, I It. apart alter thi0uitrg'
Basal Banuring: 12 dols o, du!g, 5 cwt. slag (15% PtOr) and 2 cvt. potash salt (30% KrO)

So ; Lisht loam. Variety : Ma,rrow stcE. Matrures aPPlied : APril 26th. Kale driUed : April loth
Cut : October lTth-November 9th. Previous crcp : Wheat.
Sta,Dilad Error l)er Plot : 2.21 toos Per acre o. G.87%.
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. .significaDt response ro aitrogen, rhe ffioiigc'*-lii!1".i.r.* *. ,rt rerriliser ar rhe hiSher levettrot being siSriJica$t. Significaat-reducfiotr i" fi"U ty td.i-og Gir,""i Lii.ig"iA"".t in6"""ti"o"wit-h nitrogeE.

Kale. Farm Institute, Sparsholt, Winchester, 1933.
4 raadomised 

_blocFq of 6 plots each. plots 
U6O acre.

rreatmetrts : Sulpbat€ oI aEmoDia at tie rlte oI O, 2 and 4 cwt. per acre In combhatioa withtbinninA.
Frfd .qasgrl"g , S 

"wt, 
superphosphate aEd I crt. JO% potash salt ge! acreror : LrtDr loaE Brth flrDts, thinly overlying chalk. Va;iety : Thou:and Head.Ma,ures ap^plied : May 22\d. Seed sowr i ru?y zera. xJ.i"t-,5"-i:Jdr-lcth-cara. prcvious

crop : Sainfoirl ley.
Specia.l Notes : It wasaoted tbat ol1 ooe side oI (he exp€riDetrt tbe Lale wa-s colsiderably ttritr[er- tlaa ou the other and kate had to be pt""t a 

"oi 
t'o fiU ,pi-:p-s.--- 

-'*
StaDdard erro! per plot: +1.28 totrs per dcre o! +ll_O%.

Tons per acre
(+ 1.103)

oon**,o*, {"* 
, 
n'" ) Meart

(+0.637)
EJfect of
lhinting
(+0.901)

Not thintred
Thinned 25.7A

32.89
32.97

38.28 33.46
30.83 -2.63

Mcon l+0.760)
Ir,cr. l+1.103)

zt.ao ) 32.% I s6-02+5.43 +3.09
32.15

Tons per acre

Sulphate oJ Afimoaia. Cwt. p.a.
(+0.640)

Medn
(+03r0) (+0.523].0 2 4

U,ltiiaDed
Thitrtred

r0.92
[t.26

12.42
12.33

10.36
10.55

11.23
12.0s +0.82

Mean (!0.a531
I cr. l+0.610)

te.os I u.ea I tota
+0.29 -i-92

11.6 4

. The double dresst,,., 
",,on,." 

.,.-1x1!1x"ril,?antly depresses the yield, The dirrercnc€sbet}een the thnoed an-d unuimea pros are no;6r;;;-.dh r5'f;,#it#t

Spring Cabbage. R. C. Vood, Esq.,Avoncroft College, Evesham, 1933.
5x 5I-atitr Square. PIoLs : l/tOO a.rc.
Treatmetrts: Plots rec.eivitrg dtrogea had 0.39

cyfl.. J'l per acre, lbose recf,ivirg potash I.J2
cwt. ltru per acre.

Basal maEun-Eg : Hoof and hom (f4%N) at tle
rate of l0 cwt. per acre.

Soil: Lrtht loam. Variety: Early Offetrtram.
Marures applied: March t8th.' Cabbages

plantedr September 28th, 19J2. Cut: M"ay
22nd, Previous crop: Runner beans.

Sta[dard-error per plot: +l.lt toDs pe! acre
or +8.19%.

Yield
Tons p.a. no ilr.ssir.g

No manure ,.
Nitrate o, soda
Sulphate of pot.
Both . .
Nitrate of potash

+0.99
+ 0.23
+1.63
+ 1.38

St. Error +0.496 +0.f 01

- A sieaiJicant respoDse to Ditrogen..N_oXfili-u$:fiespoose to potastr. The respor$ to nitrateof pob-sb is entirely accou[ted Ior-by its Ditrogetr coDteDt__.
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Brussel Sptouts. Bowman's Fatm, London Colney' 1933'

H. V. Gardner, Esq., Hertfordshire Farm Institute'

SfaDdomisedblocksoJlourplotseach.seconilorderi[teractiotrcotrJcun.led.Plots:I/5oacre.
i;;, 

"-"t" 
, ilip;"t"-oJ a'nionia at tne rate of 2+ ewt., superPhosphate at the rate oJ 6 cwt'

ana s"tplati of pota-sh at the rate of 3 cwt. Per acre in all combiratiotrs.
sas"l-M;uiiog : I.Iit: Soit : Medium to heavv loa'm. Manures aPplied : J 'roe-2gth' 

Ptatrted : May
---fflr".rt"a', October 26tI, 27tb, Dece;ber l{tl-l5th' January 25th, March 8th' Previous

crm: TeEDorarv Grass.
st""i"ft'f -".'p.i pi.t, iot"i 

"r 
dt pi"nios", graded sProuls : t3'62 cwt Per acre or + 9'a8% '

Indiyldual Treatrnents : cwt. per acre

PicLiDgs -t""-TI '- i.- sub-blocks B i--
ONPINKPK,N:PKNPK Me&n

Total
( + r.8r)

lst
2nd
3rd
4th

6.8 r 6.9
9.8 I 9.6
8.8 I 8.8
s.6 I a.7

9.9
12.5
10.r
r0.4

9.1
lr.4
I1.6
l0.l

Graded SDrouts
r0.3 | '7.4 I 5.7 i ?.8
rd.6 i 0.1 I ?.1 r2.5
tt.2 l0.l
9.7 9.2

7.7 10.0
s.z I 9.5

8.1
10.9
9.8
9.5

35.0 12.9 46.8 J5.8 29.2 39.8 12.8 3 8.3

Total
Total Sprcuts

42.1 
| 

10.s 
| 

50.6 
| 

51.r 
l- 

42.4 
| 

34'e 
| 

17'1 
i 

51 7 45.6

Graded sprouts : total of all picktngs

Fertilis€r
Sulphate oI

Ammonia
Absent Piesent

Superphosphate

Absent r Pres€nt
I

Sulphate o{
Potash

Absent 
I 
Presetrt

az.o'l-6.+'-1' l*1'Sulphate of Ammonia
Superphosphate ..
Sulphate oI Potash

+ 1.1r

- 0.2r
+ 9.?L

+*, | -rJ+ .2r | +8.rt

+2 0!

+6.03

t0 zr

+ 13.4'

Stan(lard errors : e) +1.28, (r) +I.81.
Increase due to Potash ln dLtrerent plctlaga

Graaled SProuts : cwt' Per acre

lst 2nd 3rd 4th Mea.n

Stlper abs€nt ..
Super presert-.

+ 1.78
+3.68

+3.12
+5.r0

+0.62
+3.29

+ 0.60
+ r.20

+ 1.53
+ 3.32

Mean . . +2.73 +1.11 +1.96 + 0.eo ll + 2.43

rtr the vielils oI glaalea 
"proor, 

,ure isl?f.?i1lou""'**'.nt '"tron"" 
to potash' *-hich shoEs

i" "l ili'i'"i.-ire.. 
-ftis 

resp'onse ls signit'i;;;t;;'';?;1h" earlidr pickinsi so tbat potash trot

ontv incre^ases tn"e total yiela but also Sives atr earlier crop'"*'i;:;:;;;;.',€"i."p",* t. *pillJiu" i'LiiJ;k*itt' pot'ds.b is.s'sniricaot' a depressron

*i.r,",ii ""t*rir'*i"i conierted ioto -i rr"-r".*;,t potash:iquauy the resPotrse to Potasb is

.i""[i""ritt" ereater-in the presence of suPerPhosPbate'
" Srloh^'tJo{ .--oDia bas produced tro e{Iects'

ilT;;;i;s-" J $"d"d'"p'o,t" to Lt"r oial sprouts p'ck(d rs not arfect€'a bv treatments

*itrt in-" iooitfu i*."pIon (notiquite signili'ant) tbaf Potasli ioclcases tlri\ PerceDtage

Responses to Fertllioers : cwt. per acre
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Tomatoes. Hertfordshire Farm Institute, Horticultural Dept., 1933.
CoDtiauatioD oI tle tg32 er.perimetrt oD the

sase plots (lift 1932 Report. D.226t
8 raDdomised btocks oI { ptoti each. plots :

U-trUJAt, acrc.
TTIlmSnts : Organic matrures applied in I I toporess,ngs; sutphate ol ammonia appliedrD 22 top dressings - (at hat{ rate). "Top

dressrDgs to pro\ride N at the rate of 4.! c$.t:,
solub)e PrO6 ai tle rate of 5.8 cwt., itEoluble
Pr06 at tle rate of 2.2 c\ 1., atrd K.O at ttre
rate of 8.0 cwt. rEr a.

BT:t qaluring : l0 r-on-s_ aung, ! ron sutphare
ot polasb, l totr time, 9! cwt. superpbosfbarc

^ aqd 2+ cwt. steamed boDe floui per acre.
Statrdard error per plot : 9.44 toDs Der acre or

6.70o/n.

Arry possible diflereDces betweer t 
conclustons

-^"t"a'urv-iiu-il*ii';r#sI;i[fi:';Tous ki.ds oI nittosenous toP dressitrss aPpear to be

Lettuce. Oaklands Farm lnsritute, St. Albans, 1933.
H. W. Gardner, Esq.

6 raEdomis€d blocks of g plots each- som
blocl<s. plots: 11 souare wairs 

e secoDa order interactioos beitrA partialycotrfouDded witll
Treatmmts: Sulphatc of amironia. at the rate of O, tl aDd A cEt., superpboGphatc at the rateor 0, 3 and 6 cwr., a,d sulpbate of potasrrii ta";#"r,6, i""i', "#?,"*re, iD atr combina_
Basal maturins : Nil-
Soit : Medium loam. Varietv : I-ohioit,sCo6,.B* : March 0th. MaDures apptred : March gtj.
affi:',.#;',,Tffi ?l;l"tluq"l;,ll#r,*;t"dl".111??:t-s#Ei.;op.1g,""o'toay

Number of Lettuce cut per l/l(X) acre
Y:11-rI419".t" gllotash ( +40.3) mean oranHvets of Nitrogen ( +,().3)

Super-
phos-
phate

Sulphate o{ Ammonia
0 crt. I U clrt. 3 c\trt.

Sulph.
of pot.

Superphosphat€
O cEt. | 3crt. I 6cw-t.

Mean

0 cwt.
3 cwt.
6 qr't.

4ro I 36is71 | tzr
336 248

285

365

354
331
316

O cwt.
I c$t.
2 cwt.

395
343
324

305
315

285
359
303

351

314
373 

| a13 314 Meafl 351 316

. The effects ot treatm"o* oo *" o"-*1fl#i,l3l? 
"rt.r" oot l"rg" eEoush to be siRnilicatrlowtns to tle hisb variabiliw. rhe rnean weigrt [i r;.tir;i"1ii"o#.fi;Tl lso .eco,aea 

"oaaqalysed, but Do simificart'elIectr wcre touda- .tfris i" t.-* "*pitJfilr#tt" t"ttu"o t"od"ato be cut otr reachiDE a delinite siz.e in vrew of this coasi-d-e..fi.""it"irrl"jir.ught worrh sbi reto publisb the meatr weights.

Yield l

Mean of all Levels of

51.44
4S.S6
52.28
52.88
50.65

Sulphate of A,,lmoria
O c*t. I rl cwt. I B cwt.

351
336
314
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ABBREVIATED LIST OF THE FIELD

Notes or the coastruction aod use oI the summary tables . . '

Crnversion tables
Chemical aDalysis oI maaures used io replicated experiments

Avera8p wheat yield of various coutrtrics

Meteolologicalrecords ..

O.s.tcal Erpe.ltnents
Rotation.-Agdell
Wheat alter Iallow.-Hoosfield
Maugolds.-BartrIield . . ..
Hav.-Park Grass' Botanical composition - | $3O lst (roP

Wheat.-Broa.dbalk , . .

Barley.-Hoosfield (faUow in 1032-3)

r03
104

t05
r06
t07

108-100

I l0-l12
lr3-rl?

u&r2r

Modem LoaE Term ExPerlments
Four Course Rotatiotr.-Residual values oI humic and phosPhatic fertilisers "
sir Course Rotation. Rothamsted atrd Wobum 

-seasoaat 
effects of N, PrO. aDd Kp

Three Course Rotation.-Utilisatio[ oI straw and green rnaaurirs Efiect of ploughing
io straw, and of Fioter Sreeo-manule croPs -.

Short Tora Exlrerlacntr.-RothaEated
Barley.-Sulptrate ot aEmonia and ammoniofi bicarbotrate al4iied early and late

\Vheat.-Eflects of various teEPorary leys .

Wtreat--Autumi alld sPring cultivatioos, toP dres.sing of sulphate oI 
'mrlronia

Forate Mixture.-Various mixtures oI oats and vetches, sElPhate ol arnmoda

A.Dlrlral Husbaodry Exper'lrnenta
Pigs.--Gt! u lodd, wet r' dry Ieedbg, size oI Peo '.

Su6m"l€8 ol Gtoupa ol Erpara[rents
Experiments on rnaltint barley. 192:_1933

ExperiDetrts otr tr oultry mallure ald ammorium bicarbonate, 1933

Suga! beet ,ertifis€f experiEetrts, Iactory s€ries' l9:|3

Potato€-s.-Poultry Elanure, sulphate of aEmoEia, aEmordnm bicarbonate, super_

phospbete.. '- ' 133-134

SuBar b€et.-Dulg aod minerals aPplied in surface aDd in subsoil ' 136136

Sugrl beet.-SPacinS of rov.s, sulPhate of aomoda, Ploughi[8 or harrowing i! minerals 137-lg0

Kale.-Two varieties, thitrlin8, heavy Ditrogea dressints l4Gl46

Bfircagts sproEts.-Poultry Dalurc, sutPhate ol amEoBia, suP€lPhosPhate ' " 14&147

Short Tefla Erlt€dloont..-Wobufll
Barley.-Residuat effect of dung .. .. - 14&140

Sugar beet.-Spaciry oI rows, sulphate o{ amEoBia, plouthing fi harrowing in minerals 150_153

Brussels q)routs.-Poultry manure, sulphate oI ammonia, superPhosPhete 15{-155

.. l6&t68

.. 169.t60

.. 16l-166

.. 16?-17,

.. 122-123

.. L2+127

.. 12&130

. . r3l-132

Page

0&90
s9

I00-l
l0l
t02
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IIay.

Ba,rley.

Potatoes.

P.g"
t73
173

t7:'rt74
174t75
l?5-176

176

t77
t77
l7t

l7&t79
l79.lm

t80
l8l

r8l-182

Sugar bert. Tutrstau, Sufiolk.-N (0, t, 2, 3), residuals of huEate ,. sulphatc
Tuastau, Suffolk._Residuals of chelk lO,l,2, g.1l
WiDblhgton, C.mbs._p, K

Peas. StaDford, BiSgleswade, Beds._N, K, slag ..

198
ExperllIretrta at Outalde Centres

Thorney, C.ambs (si:( experirietrts)._N, K

Barley.

Wheat.

Potatoes.

Sugar be€t.

llangolds.
lialc.

BadmiBtoD, Glos.-Residuals of I(, sulEr. aEd other phoqrhat€s

-gTterfield, 
Derby.-Residrals of super. and other phoE h.tes

We[iogoIl, Lincs.-S/A and amD. bicarb., p
Wye, Kent.-S/.A aod amm. t icarb., p ..
Wisbech, Cambs--N (0, l, ,), p (0, r, 2), K (0, r, 2) ..
Little Dowrham, Ely, Cambs-N (0, r, 2), p (0, t, 2) . .
)tarch, Cambs.-N, p, X
Suttotr, Beds.-N. P, K
Wimbliu8to!. Caobs.-N (0, f, q, K (O, t,2l . .

I.C,I.

TCI

fertilis€r,

{ertiliser,

.. lt2
.. 183

.. 183

l&l-t84
.. t8,1

191

and

and

fish
.. 184-t85

lish
.. 186
.. tE5
.. 186

.. 186

.. t86

.. 187

.. 187

har-
.. l8&r89
.. 189-100
.. tso
.. lgt
.. l0l-t92
.. 192

.. ts8

.. 193-194

.. 104

Evesham, Worcester. N, I{, aftl

ti

Haileybury, Herts.-K, phoq)hates..

loughborough, Leicester.-N (0, l, 2), thinning
Sparsholt, Winchesrer. -N (0, t.l), thinnitrg

SpriDg
cabbage.

Brussels
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ERRATA

Paper No. YII, p.70, 1932 Report; for Vol. CXXXIX, read
Vol. XLI, W.72-6.

Four Course Rotation Experiment, 1932 Report; see note on
p. 110 of present Report.
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