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Experimental Station Stafi

Director: SrR E. JoHN Russrn, D.Sc., F.R.S.
Assistant Director: B. A. KEEN, D.Sc., F.INsr.P.

INSTITUTE of PLANT NUTR"ITION and SOIL PROBLEMSi

TLe Jamer Maon Basteriological Laboratory-
Head of Department . .
Assistant Bacteriologist ..
I-aboratorv Assistant - -

Laboratory AtteDdant ..

Bobnical Lebontory-
Head oI Department

Assistant Bota st
Laboratory Assistant ..
LaboratoryAttendants ..

Chcuicd l:bontory--
Head of Department
Assistant Chemists

Post - Graduate Research
Workers

Barley Investigations
(Institute of Brewing
Research Scheme)

Special Assistant.. ..
LaboratoryAssistants ..

H. G. THoRNroN, 8.A., D.Sc.
HucH NrcoL, M.Sc., A.I.C.
Snrrre AnNoro
Morrv JounsoN

Wrxrnnrn E. BRENcEEv, D.Sc.,
F.L.S.

Kernrnrxp We-nrxcroN, M.Sc.
KATHLEEN DELLAR.
Mey Dortruonr
Merlorur MrssrNcrn

E. M. Cnowrnrn, D.Sc., F.I.C.
R. G. WAxxEN, B.Sc.
H. L. RTCHARDSoN, M.Sc., Ph.D.,

A.I.C.
Srcur G, HErNrzE, Mag.r Phil.

A. \!'arxrry, B.A., B.Sc.
E. R. Oncrenp, B.Sc. (Agric.)

L. R. BrsHop, II.A., Ph.D.
F. E. Dav, B.Sc., F.LC.
Donrs R. M. Menx, M.Sc.
E. Gruv
A. H. BowprN
F. J. SEABRoox
G. Lewrrxcr:
H. A. SurrE
J. W. DEwrs

Muxmr Russrtr
Aucr Kucneu

LaboratoryAttendants ..
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t aboratory for Fermentation 
j"rO-

Head of Department . . E. H. RlcHARDs, B.Sc., F.I.C.
(Iveagh Research Chemist).

Assistant Chemist .. S. H. Jrrvxrxs, M.Sc., Ph.D.,
F.r.c.

Post - Graduate Research
Workers . . . . J. A. Deyr, M.Ag., B.Sc.

J. G. SxRTTHANDE, M.Sc.
Laboratory Attendant .. MABEL PAvNE

l.aboratory for lurecticides and Furgicider-
Head of Department . . F. Terrensrrrr.D, D.Sc., F.I.C.
Assistant Chemist . . J. T. Meauw, B.Sc., A.I.C.
Laboratory Assistant .. IRENE R.exoarr
Laboratory Attendant .. Morry JoHNsoN

Gcncral Microbiology Laborator5r-
Head of Department . . D. Wlno CurLER, M.A., F.L.S.,

F.Z.S.
Assistant Microbiologists. . Lrrrrcr M. Cnuu p, M.Sc.,

R.Z.S.
N. W. Bennnr, M.A.
ANNrE DrxoN, M.Sc., F.R.M.S.

JANE METTLEJoEN, B.Sc.
I-aboratory Assistant .. MABEL DUNKLEY

Laboratory Attendant .. Hrroe Pansoxs

Phyrical Laboratory-
Head of Department .. B. A. KIEN, D.Sc., F.INsr-P.
Colloid Physicist . . R. K. Sororrtro, M.A., P[.D.

(Empire Cotton Growiug Cor-
poration Soi.l Physicist)

Assistant Physicists . . G. W. Scom Brern, M.A. (Gold-
srniths' Company Physicist)

G. H. CASHEN, M.Sc.

E. W. RussELL, M.A.
Post - Graduate Research

Worker .. .. W. C. VrssER

Assistant .. .. .. Jrssrc Werxrn
Laboratory Assistan" ' 

[ :. S.HARM..
Laboratorv Atteldalrts .. H. GIBSoN

' STELLA WAID
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Statirticd f,aboratory-
Head of Department . . R. A. FrsnER, M.A., Sc.D.,

F.R.S.
Assistant Statisticians .. F. YATES, B.A.

A. MARGARET WBesrEn, B.A.
Post - Graduate Research

Workers . . . . R. J. Karenxen, B.Sc., Ph.D.
J. \['. Horxrxs, M.Sc.
H. J. BUCHANAN-\4'oLLASroN

Assistantcomputers " f;&;"P.1.t:".t-"...
KrrrY Rorr

INSTITUTE of PLANT PATHOLOGY

Post - Graduate Research
Worker .. .. .. Mencor E. Mrrcarrr, Ph.D.

Apicultural Assistant .. A. C. RoLr
Laboratory Assistant .. EDrrH CoopER
Laboratory Attendart .. ELTZABETH STBLEY

Mycological Laboratory-
Head of Department . . W. B. Bnrrnrcv, D.Sc., F.L.S.
Assistant Mycologist . . MARY D. GLYNNE, M.Sc., F.L.S.
Bacterial Diseases . . R. H. Sroucsror, B.Sc.,

A.R.C.S., F.L.S.
Virus Diseases . . . . J. 

f..irrnsoN 
Sur:rn, M.8., Ch.B.,

Special Staff - Empire
Marketing Board
Scheme :

Physiologist .. .. J. Carnwarr, B.Sc., Ph.D.
Cltolo8ist .. .. FR NcEs M. L. Snrrrrero, ph.D.,

F.L.S.
Entomologist .. .. Manrow A. HeurrroN, ph.D.

Gla.sshouse SuperiBtendent MARGARET M. BRowNE
Post - Graduate Researchworkers 

hHJb[H^T'#f
Laboratory Assistatrt .. **:9i;*,:"
Laboratory Attendants Eore Ewxrrr

GlasshouseAttendan, .. irtfl"til::HI
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FIELD EXPERIMENTS
Guide Demonstrators

Platrt Physiologist
Assistant .. ..
Field Superintendent
Assistarts . . ..

Plart Physiologists for
Special Experiments
(Imperial College of Sci
ence and Technology) ..

Field Assistant
Laboratory Attendant ..

Secretary .. ..
AssistaEt Secretary
Director's Private Secre-

tary
Senior Clerk
Junior Clerks

Photographer
Laboratory Steward and

Storekeeper
Engineer and Caretaker . .

Assistart Caretaker

LIBRARY
Librarian .. .. .. Menv S. Asrw

SECRETARIAL STAFF

H. V. GARNER, M.A., B.Sc.
E. H. GREGoRY
D. J. WArsoN, M.A.
G. T. DETLEFSEN

B. WEsroN
G. F. CoLE
S. A. W. FnrNcx
G. wrlcocx
F. G. GREC,oRY, D.Sc.
A. T. LEGG
F. J. RTCHAR.DS, M.Sc.
W. G. Tlu prruex, B.Sc.
G. W. MESSENGER

Ketrrrrr Krvs

FARM
H. G. MTLLER, B.Sc.

J. R. MoFF r, B.Sc.
H. Cunnerrr
F- SToxEs
F. A. LEwrs
E. DAvrEs

J. R. DAvrEs
R. D^vrEs
J. UNDERHILL
W. HoLLAND
T. J. LrwIs
F. DAvrEs

W. BARNrcor
CoNSTANCE K. Carrox

ANME E. MecrMss
BEATRTCE E. Arrexn
NoRA LEVERToN
RosE RoBrNsoN
LUCY ARNoLD

V. SrexsrrEl.o, F.R.P.S.

A. OGGELSBY

W. hAacE
F. K. HAwxrxs

Director
Assistant .. ..
Bailiff
Ploughmen. .

Stockmen .. ..

Tractor Driver
Labourers ., ..
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Hon. Local Director

Assistant Director

Chemist
Laboratory Assistant

Assistant Manager
Ploughmen

Stockman .. ..
A.ssistant Stockman
Labourer

Woburn Experimental Farm
J. A. VoELcrER, C.I.E., M.A.,

Ph.D.
H. H. MANN, D.Sc., F.I.C.

(Kaisar-i-Hind Gold Medal)

T. W. BAxNEs, M.Sc.
R. DEAcoN

FARJU STAFF
.. T. C. V. BRrcrr
. - G- TVrrn

J. McCarruu
. . W. MCCALLTTM

. . D. McCaLLrru

.. K. MCCALLUU

Menben who have left rince Lr.t Rcport and the Appoiat
ment to which thcy proceeded

A. D. Inus, M.A., D.Sc., University Reader in Entomology,
F.R.S. Cambridge.

J. O. IRWN, M.A., D.Sc. . . Member of Staff of Statistical
Committee, Medical Research
Council, London

J. Wrsrenr, M.A., D.Sc. . . Reader in Statistics, Canbridge
University

A. F. Josrrx, D.Sc., F.I.C. Resiped, August, l93l

TEMPTORARY WORKERS, 1931
In addition to those temporary workers recorded in the list of

staff, the following sent oficially by Governments or Universities,
or coming on their own resources, have worked at the Station for
various periods during the year l93l :

(l) Fnou rHE EnrPrRE :

Colonial Olfice Agriadtutal O/ficerc: H. R.Hosking (Uganda),
C. G. Trapnell (Northem Rhodesia), J. H. Simmonds
(Queensland).

Ausbalia: Uiss E. C. Andrews (Perth), E. C. Tommerup
(Queensland).

Caaada: Prolessor R. F. Summerby.
Iadia: C. G. Hawes, T. J. Mirchandani.
Nao Zealatd: J. T. Carrpbell.
Fcibratud Malay Stalzs : F. Billington.

(2) FRou Fonrrcx CouxrnlEs :

RochcJella Foud.alion FelJows: Dr. F. R. Immer (United
States of America), Dr. H. Janert (Germany).
Fratee: Dt. C. Zinadze.

https://creativecommons.org/licenses/by/4.0/
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lt
Ilo anil: N. J. ,Cramer, J. H"dtS, S. H. Justensen, Miss H.
Van Straaten.
Htrqary: Dr. L. de Telegdy-Kovats.

Japar: S. Kageyama.
- Pobrul: Dr. Hedviga de Ziemiecka.

Sun.' S. Sharasuvaraua.
Uttikt Sbtas of Amaica: Mrs. M. L- Immer, Miss N. Riches.

(3) FRoM Bnrrrsr Isrts :

G. C. Ainsrrorth, H. B. Bescoby, Miss G. E. U. Clark, A. L.
Murray, O. Milbum, E. Mc{allan, R. L. Reed, Miss c.
Rotter, Miss J. E. Taudevin.
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t2

Imperial Bureau of Soil Science

Director : SrR E. J. Russrrr, D.Sc., F.R.S.
Acting Deputy Director : G, V. JAcKs, M'A., B.Sc.

Scientilic Assistants : A- J. LLoyD l-ewnrxcr, M.A., Iler-rx
Scmnretorr

Assistant Abstractor: JANET N. CoxBE

Private Secretary: Lvr.r V. Ivrs
Clerk : More B. SrerNss

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

throughout the Empire by providing tecbnical information, by
promoting contact betlyeen them, and by rendering alry technical

assistance possible when they are in tlris country. To facilitate its
work, the Bureau seeks to be well inlormed as to the personnel

engaged in soil work in the Empire and the problems on which they

are engaged. Each Government has been requested to nominate

one of its staff as Official Correspondent to the Bureau, who will
act generally as liaison oftcer in Bureau matters and assist in the

collection and distribution of information. The issue oI technical

information is not confined to Official Correspondents, but extends

to all workers in soil science who ask the a-ssistance oI the Bureau.

Special arrangements have been made to get in touch with Forest

Oftcers interested in soil problens.

https://creativecommons.org/licenses/by/4.0/
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Publications of the
Rothamsted Experimental Station

For Fatucn
" MANuRTNG ron Htcsen Cnop Pnooucrrot," by Sir E. J.

Russell, D.Sc., F.R.S. fgl?. The University Press, Cambridge.
516.

" ARTTFTcTAL FERTTLIsERs IN MoDERN AcRrcuLTuRx," by Sir E. J.
Russell, D.Sc., F.R.S. Bulletin No. 28, Ministry of Agriculture
and Fisheries, l93l- H.M. Stationery Oftce, or from the
Secretary, Rotiamsted Experimental Station, HarPenden.
Cloth, a/6 post free; or paper cover, 3/5 Post free.

" WEEDs oF FARuLAND," by Winifred E. Brenchley, D.Sc., F.L.S.
1920. Longmans, Green & Co., 39 Patemoster Row, London,
E.C.4. 1216.

RoTEAMSTED CoNTERENCE Rrronrs; being papers by practical
farmers and scientific exPerts. Obtainable ftom the Secretary,
Rotlamsted Experimental Station, Harpenden, Herts.

" THE MANURTNG oF PorAToEs." V6.
(l)t" Tst GRowrNG oF LucERNE." l/6.
(2) " TrIE Curtune eNo MANURING oF FoDDER CRoPs." l/6.
(3) " GnEx MeNtrnrNc ; trs PoSSIBILITIES AND LIMITA-

rroxs rN Pnecrrcn." 2/-.

" Tnc Cul.r(rnr AND MANTTRING oF SUGAR BEEr." 2/6.

" Anr eno SCIENCE or CulTrvarro:d." 2F.

" Pomn FoR CuLTrvATroN eno Heurlct ox rm
F^8 ." 216.

" MALTTNG BARLEY." 2/6.

" Rscrrr CIuxcEs IN SYsmus oF HUSBANDRY rN
ENcr,eno." 2/6.

" Tns IIEnEonnsmRE AcRrcuLTUnAL SITUATIoN: CAN
rrBE I PRovED ? " 2/-.

" TrG GRowrE or CnBernn WTNTER FooD FoR Lr\E
Srocr." 2/6.

(If) "T[IE MALING oF New Gn.{ssrexo: ExPERENcEs
oF PRACTICAL FAxtGRs." 2/6.

(12) " THE Pr-AcE AND MexecBuelr or SUEEp rx Monrru;
F^RuING." I/6.

(13) " Tnr TrcnxlQlrE oF FELD ExPERndENTs." l/6.
(14) " MrcrcrrzerroN AND BRrrIsE AcRrcuLruRE." 2/6.

Numbers I to l0 indusive are also published in book form :-
Vol. I (r-5), Vol. II (&f0), l0/- each, postage extra.

rout of print iD separate copies.

(4)

(5)

(6)

(7)

(8)

(e)

(10)
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t4

For Studcntr and Agricultunl Eacrtr
"THE RorHArdsrED MEuorRS oN AGRTCULTL,RAL ScrxNcE.,,O.j"Io iqIF. ^u-*. 

r-7_ (t842-1898), B0/- each. RovJ o"i"u",
vol. 8. (l90Gl9l2), vol. 9 (r909_1916). vot. ro (i9rGr92o).
vot Il (t920-1922). t2l6 eich, vot. l2 (I992-lgi5). vol. lB
(1925-1927 ), . 

33/6 each, vot. l4 (r928_t930), B5l-." postare
extra. Obtainable from tbe Secritary, Rotiramsied Expei_
mental Station, Haqrenden, Herts.

"The Rorneugrro Moxocnepus oN AcRIcuLTURt r Scttxct,,,
edited by Sir E. J. Russell, D.Sc., F.R.S.
" SorL CoNDrrroNs exo prexr GRowTE," by E. -J. Russell,

D.Sc., F.R.S. Sixth Edition. tSSt. fi,nsrdns. Gie."
& Co., 39 Patemoster Row, London, E.C.4. nlL- '

" TEE Mrcno-OncAxrsus oF TnE SorL,,' by E. T. Russ€ll andStajf of the Rothamsted Experimeital Stadon, l9B.
!o1gryn:, Green & Co., 89 Patemost., no",, iona*,
E.C.4. 716.

" MANUruNG oF GRAsSLAND FoR HAy,,' by Winifred E.
!^relchiey, D.Sc., F.L.S. 1924. Longmani, Cr.* e Co.,
39 Paternoster Row, London, E.C.4. i2l6- '

" A Lrsr oE Brurrsn ApHtDEs,, (i-Dcludine notes on their
recorded distribution and food-plants 6 Britah and a
food-plant qd"x), !y J. Davidson, D.ft., F.L.S. f925.
!plg-,1rt., Green & Co., B0 paternoster 'Row, 

London,
8.C.4. t216.

" THr PEysrcAL pRopERTTES oF rHx SorL ,' (with illustrations
aad diagrarDs), Ey B. e Keen, D.Sc. iSAt. Longm;.,
Green & Co., 89 Paternoster Row, London, E.C.e. it1_.

" PLANT NurRrTroN AND CRop pnonucrrox,, (beine the Hitch_
pgk Lqgtgrg, l9?4, University of Catifornia), ty E. ;. nurseU,
P.Sc., F.R.S. the Universiiy of Californ'ii "p;J ;d th;
University Press, Cambridge. i2/6.

" INoRGAxrc Pra}rr Porsoxs exo Srnrurexrs,,' bv Wiailred E.
Fr*"hlgy, D.Sc., F.L.S. Second Edition,,"ii""a 

""J-*-larged, 1927. The University press, Cambriage. t076.
" RECENT ADVANCES rN ENToMoLocy,,, by A. D. Jmrns, M.A.,

L|c,, r \.S -(witb _ilustrations), 19A6. J. & A.Cii*"hiil,
rl0 Gloucester Place, London, W.l. I2/6.

" A GENERAL TlxrBooK oF ENrouolocy,,, by A. D. Imms, M.A.,D.ft., F.R.S. Second Edition, revised, ld3o. Methu; & Co.
Essex Street, Strand, London, W.C.2. i6l-.

" Socrar BeneuouR tN INSECTS,,, lg3t, by A. D. Imms. M.A-
D.Sc., F.R.S. Methuen's Monograpl" ." nirt"gi"alSubj-eci"li-/-6i

" Srerrsrrcer M-ernons ron R.rsre.ncu WoRreRs-', hv R A
Fisher, M.A., Sc.D., F.R.S. Third Edition, ."Ur"a'*d *l
larged, 1930. Oliver & Boyd, Ediaburgh. l6f_.

" Ikr Couposrrrox .e,lro DtstnrsuzroN oF TEE pnorozoex Feuxe
oF rHE SorL." bv If. Sandon, M.A. lg21. Oliver & Boyd,
Edinburgh. f5l-. 

-
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The following are obtainable from the Secretary, Rothanrst.':d
Experimental Station, Harpenden, Herts :-

" Acnrcurrunel INvEsrIGATroNs AT RortraMsrED, Excrexp,
DrrRrNG A PERToD OF 50 YEARS," by Sir Joseph Henry
Gilbert, M.A., LL.D., F.R.S., etc. 1895. 3/6.

" GurDE To rm ExpERrt[ENTAL Plors, RorEAusrED ExpERr-
rrEmAL STATIoN, HARPENDEN." I9I3. John Murray
50 Albemarle Street, W. f/-.

" GurDE To rm ExpERIrrrrrrAL FAxtr," RorgrxsaED.

" GurDE FoR VtsrroRs ro rxr Fe.nrr AND LABoRAToRY."
Woburn. 1929.

" CarALocuE oF JouRxALs AND PERroDrcALs rN TE RcrrEA -
STED LIBRARY.,, I92I. 216,

" A Drscnr prrw Ce .roc[rB oF kTNTED BooKs oN AcRl-
CULTURE FROM I47I TO 1840, CONTAINED IN TM ROTEATd-

srED LTBRARv " (including Biographical notices of the
autlors and short descriptions of the importalt books).
1925. 331 pp. 22 illusttations. Clottr cover, l2l-; papr
cover, l0/-. Packiag and postage extra:-British Isles,
9d.; Overseas, Dominions and other countries, l/3.

TEE RorEAusrED EXPERTTNTAL Srettox Rtronrs :

r90&19r4 (annual). l/- each 192&19?t (biennial). 2/6 each.

l9ltl9l7 (trieanial). 2/6. 1927-1928 (biennial). 2/0.

l9l8-19e0 (triennial). 2/6. 1929 (amual). 2/6.

rSzr-l9,2 (bierrial). 2/6. 1930 (amud). 2/6.

lecr-1924 (biennial). 2/6. l93l (annual). 2/6.

Foreign postage exka.

" REcoRDs oF TI{E RorIrAldsrED STAF4 HaRPENDEx," containing
personal notes and accounts of events at Rothamsted past 19d
present. and of past members of the Staff. Pubtished annually.
i{o. l, 1929. No. 2, 1930. No. 3, 1931. 2/- each. Post free.
Subscription for first five issues, !6, payable in advance.

For urc in Farm lutitutcr
" A STuDENT'S Boox ox Solls enp MANuRES," by E. J. Russell.

D.Sc., F.R.S. The University Press, Cambridge. 8/--

For urc in ScLoolr
" IJssoNs oN SorL," by E. J. Russell, D.Sc., F.R.S. 1926. The

University Press, Cambridge. 3/-.
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For Gencrel Rerdcrr
" TIE FEnrrLITy oF TEE SorL," by E. J. Russell. The University

Press, Cambridge. 4/-.

" TEE PossrBtlrrrBs or Bnrrrsu Acnrcurrune," by SA Henry
Rew, K.C.B., a:rd Sn E. J. Russell, D.Sc., F.R.S. fg23.
ls. Obtainable from the Secretary, Rotharnsted Experimental
Statiotr, Harpenden, Herts,

'PERSoNAL REMrNrscENcEs or RorEAusrED ExpERrlrrNTAL
SrerroN," 1872-1522, by E. Grey, formerly Superintendent
of the Experimental Fieltls. 5/-. Obtainable from the Secretary,
Rothamsted Experimental Station, Ha4renden, Herts.

Other Bookt by Memben of the Stafi
" EvoLUrroN, IIERrDrry AND VA.RrATroN," by D. W. Cutler, M.A.,

F.L.S. 1925. Christophers, 22 Berners Street, London, W.l.
416.

" Th GENETTcAL TlsoRy oF Nerrrnar Seucrrox," by R. A.
Fisher, M.A., Sc.D., F.R.S. 1930. Clarendon Press, Oxford.
r716.

Mszotint Eogravingr

Mezzotint Engravings of Portraits of the Founders of the Statio!,
Sir J. B. Lawes (H. Herkomer) and Sir J. H. cilbert (F. O.
Salisbury), by Jrrlia Clutterbuck, A.R.E.
Signed Engravers' Proofs on India Paper, {4 4s. each.
Ordinary Lettered Proofs on haad-made paper, {2 2s. each.
To be obtaired from the Secretary, Rothamsted Experimeutal
Station, Harpenden, Herts.

Phnr and Drawilgt of the old Rothamttcd hboratory, 1852
These drawings show the old Rothamsted Laboratory erected in

1851, the fimt important laboratory devoted to agricultural
science, and the one in which much of the classical work of
Lawes and Gilbert was done; it survived till lgl4.

Tbe size of the volume is 2Il in. bv 14* in. : it consists of
four full page littrographs ma"de frdm ,i.awi"g" by Ct..l"
Lawes, son of Sir J. B. Lawes. {l per copy (post free).
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INTRODUCTION

The Rothamsted Experimental Station was founded in 1843
by the late Sir J. B. Lawes, with whom was associated Sir J. H.
Gi.tbert for a period oI nearly 60 years. Lawes died in lg00 and
Gilbert in t90l ; they were succeeded by Sir A. D. Halt Irom 1902
to 1912, when the present Director, Sir E. J. Russell, was appohted.

For many years the work vi,as maintained entirely at the expense
of Sir J. B. Lawes, at first by direct payment, and from 1899 onwards
out of an annual income of {2,4tN arising from the endowment
fund of d10O,000 given by him to the Lawes Agricultural Trust.
In l9Ol, the Societv for Extending the Rothamsted Experiments
was instituted for the purpose of providing funds for expansion.
In 1906, Mr. J. F. Mason built the Bacteriological Laboratory; in
lm7, the Goldsmiths' Company generously provided a further
endowment of {10,000, the income of which--since augmented by
the Company-is to be devoted to the investigation of the soil.
In l9ll, the Development Commissioners made their first grant to
the Station. Since then, Government grants have been made
annually, and, for the year l93l-32, the Illinistry oI Agriculture has
made a grant of. {27,fu0 for the work of the Station. Lord Iveagh
has generously bome the cost of a chemist and a special assistant
for field experiments for studying farmyard manure, both natural
and artificial ; while other donors have, {rom time to time, generously
provided funds for special apparatus and equipment. The Fertiliser
Manufacturers' Association and the United Potash Company provide
considerable Iunds for the rather expensive field work. Imperial
Chemical Industries help to defray the cost of a Guide Demonstrator
for the field plots besides helping with the actual cost of the work.
In addition, Beet Sugar Factories Committee of Great Britain, Beet
Sugar Factories, Anglo-Dutch Group, British Basic Slag, Basic Slag
and Phosphates Companies, Mcssrs. George Mouo, the Empire
Marketing Board, the Royal Agricultural Society, the Institute of
Brewing and the Department of Scientific arrd Industrial Research
make grants for specific purposcs. The result is that the Station is
able to deal with problems affecting modern farming in a far more
complete manner thb.n would otherrdse be possible-

The ma.in bltrck of laboratories v'as opened in 1919, and is devoted
to the study of soil and plant nutrition problems ; another block was
erected in 192-l for plant patholog-y at a cost of d21,I35 provided by
the Ministry of Agriculture out of the Development Fund ; and Red
Cables, the house adjoining the laboratories on the north side, has
been converted into an Administration Building to hold the Imperial
Soil Bureau, part of the Records and Statistical Department, Staff
Common Room and Conference Room.

Large glasshouscs, including special insect-proof houses for Virus
studies, were added in 1926, 1928, and l93l by aid oI generous grants
from the Intemational Education Board, Rockefeller Foundation,
the Empire yarketint Board and the \tinistrv of Agriculture.

The laboratories were completely reorganized in 1922.

B
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From 1926 onwards great changes took place on the farm. New
and greafly improved methods of field experimentation $'ere adopted
in 1926 on all but the classical plots, which remain in every way
unchanged; and the non{xperimental farm was reortanized in
1928, considerable numbers of live stock being introduced, ard much
of the land being laid down to Brass. The Iarm buildings were
considerably enlarged in 1930 with the aid of a grant oI dl,70o
given by the Ministry of Agriculture and a new block of buildings
containing the demonstration room, work-rooms for the experi-
mental staff, office and store-rooms were erected in l93l-32 at a
cost of {1,300 collected b1, public subscription.

The Library is steadily 6rowing, and now contains some 23,000
volumes dealing with agriculture and cognate subjects. The catalogue
of the old printed books on agriculture was published in 1926, artd
every elfort is made to obtain any that we do not possess. A collec-
tion is also being made of prints of farm arimals, of old letters on
agriculture, ard farm account books. Many of these Iie in farm-
houses, unused and inaccessible, not in tlemselves valuable, but
often of Breat help to students oI agricultural history and economics
when brought together as we are doing. Gifts of books and documents
to the Library will be greatly appreciated.

The extension of the experiments to various outside certres in
Great Britain, begun in 1921, has proved so advartageous that it
has been developed. Not only is uselul information spread among
farmers, but ttre Station itsel{ gains considerably by this closer
a-ssociation with practical metr. As part of this extension, the
Station, in 1926, with the consent of His Grace the Dul<e of BedIord.
took over from Dr. J. A. Voelcker th€ lease of the Wobum Experi-
menta.l Farm, so that tlis now becomes a part of the Rothamsted
organization, allowing us to make experiments simultaneously on a
light and on a heavy soil: a very advantageous arrangement.
Through the generosity of His Grace certain necessar5r changes have
been made in the farm equipment, and the grass fields have been
grouped and watered for intensive grazing. The Agricultural and
Road Machinery Manufacturers' Association also rendered assistance.
Harold H. Mann, formerly Director of Agriculture, Bombay
Presidency, India, and Agricultural Adviser H.E.H. the Nizam's
Govemment, H1'derabad, India, has been appointed Assistant
Director, with T. W. Barnes as Chemist, and ttre laboratories,
pot-cultue station ard meteorological station have been re-equipped
and reorganized. A Brant from the Royal Agricultural Society of
England has enabled us to appoint an additional assistant in the
Statistical Department to prepare the material for a fuIl summary
and discussion of the results of the last fifty years of experiments
there.

The activities of Rothamsted, however, are not confined to the
British Isles, but are gradually spreading out to t}re Empire and
other countries abroad. The Intemational Education Board sends
workers from all parts of the u'orld to study in these laboratories.
The Empire Cotton Growing Corporation has, since 1923, made a
grant of {1,000 per annum for the development of investigations in
Soil Physics, while the Empire Marketing Board has recently invited
the co-operation of the Station in solving certain agricultura.l prob-
,ems of Breat importance to the Empire.
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At the invitation of the proper authorities, the Director ard
other members of the staff have already risited the Sudan, Palestine,
Australia, New Zealand, South Afriia, and Canada to discuss
agricultural problems and possibilities of co-operation; in addition,
visits-are paid to the United States and to European countries,
including -Russia,.to discuss problems and method! nith experts
there, _and generaily to improi'e the equipment of the Institrition
and widen the knowledge and experienie'of the staff.

-Vore and more workirs are coming from the overseas Dominions
to carq/ on t}Ieir studies at Rothamsted. None but Universitv
graduates are eligible, and most are, or are about to be, on the stafis
of Government or other Agricultural Departments: men who will
become leaders in the aAriaultuml comrriunities of tleir respective
countrie-s. To our treat retret, lack of accommodation has compelJed
us to refuse some who wished to come. This is higb.ly unfortunite.

The most important of all these Empire -developments 
was

inaugurated in 192'9. At the Imperial Agriculiual ConferLnce of Ig27
it was decided to set up in this iountry-a series of Bu-reaux to act as
central clearing houseiof information "and to promote interchanse of
ideas and methods between ttre agricultural 

-experts 
of the diffirent

parts of t-he Empire. The Soil Buieau is located at Rotha.msted and
be. gan- operations on May Ist, 1929. A. F. Joseph, Iate Chief
Chemist to the Sudan Government, was appointed Deputy Dircctor ;with H. Scherbatoff and A. J. L. 

- 
Lawrence as Scientific

Assistants. In I93l A. F. Joseph resigned and his place was taken
by G. V. .facks.

- II view of te great expansion of the work in the last ten years,
tbe Committee bas deemedit advisable to acouire the sites adi6ininp
the laboratory in readiness for the time when iurther ac.o--6datioi
will be necessary.
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REPORT ON THE WORK OF TFIE
ROTHAMSTED EXPERIMENTAL

STATION DI'RING THE SEASON 1931

The purpose of the work is to obtair information about the soil
and the growing plant, and to put this information in a form in which
agricultuml experts and good larmers can use it. The work is done
partly in the laboratory, paruy in the pot culture house, and parfly
on the two experimental farms, the heavy land at Rothamsted and
ttre light land farm at Woburn.

Broadly speaking, the laboratory work is concerned with the
acquiring of information, wbile the field work aims at testing the
applicability oI this information on the larm and also at finding
solutions for important practical problems of presentday
agricultue.

THE FIELD EXPERIMENTS
The Conferences held at Rothamsted, and the visits made by

members of ttre Stafl to farms in different parts of the country, show
that certain general problems are of great importance to large
numbers of larmers: these are studied in the field.

(l) The most efficient use of artificial fertilisers on grass and
arable land.

(2) The provision of keep for animals when $ass supplies fall
short-

(3) The maintenance oI soil fertility in regions where mechaniza-
tion is advancing and live stock is being reduced.

THE EFFICIENT USE OF FERTILIZERS
I. GRASSLAND

Our earlier investigations have showa that the Iull value of
{ertilizers on grass land is obtained only when the grass is properly
used. Seeding, ma.nuring and management are closely connected;
we shall therelore describe all the grassland work in this section.

The older Rothamsted experiments dealt only with the manuring
of grass for hay; in 1921, however, experiments were begun on the
phosphatic manuring of grazing land in Great Field, the results being
expressed as live weight increase of the sheep in accordalce with the
method of the late Sir lfi.lliam Somervilte. These experimentsr
shorved that the method, while giving striking results on poor land
such as that oI Cockle Park, was quite unsuited to land in better
condition. It is liable to serious errors arising from differences in the
sheep themselves and differences in rate of stocking, and in our

-**-*"n. 

o, rr, Frtorr lg:i.ri. p. !5: *"*. ,r'-_,". o-t
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experience it can work only on poor land capable of considerable
improvement : land, for example, which without maaure will
produce only about lb. live weight increase of tle sheep per acre
during the season while after manuring it will produce 75 or even
I00 lb. per acre. On more normal grass laad, producing some
15G200 lb. live weight increase during the season, the method
fails; we accordingly gave it up in 1929.

In later experiments we have used instead the method designed
by the late T. B. Wood of Cambridge. The grass is cut repeatedly
during the growing season and the separate cuttinBs are weighed
and analysed. This reproduces part of the effect of the animal, but
not all ; it removes the grass but retums no manure. In spite of this
weakness, however, the method has been found to give useful
results.

The more recent experiments on grass land fall into three groups,
dealing respectively with the laying down to grass, the manuring and
treatment of the grass, and the utilisation of the grass.

1. The laying doun to grass. Up to 1925 there was only one
grass field on the farm, Great Field, which had been laid down in
the 1870's, a small trass field, New Zealand (Q acres) laid down in
1907 having been broken up during the war, in l9l5r. In 1925 we
sowed dowr Little Knott (lO+ acres), and in 1928 other fields also,
thereby considerably altering the distribution of the land on the farm.

The areas are :

Berore 1925.

Areble
Grass
Roads, buildiags and €oclosures

Total

t22t
130
27'

280

In the solving down various mlxtures were used, some with
indigenous and some with commercial strains; various previous
treatments were also given. By reason of our heavJz head of stock

-220 breeding ewes (half bred, Cheviot ewe by Border Leicester
ram), producint 340lambs ; some 60 head of cattle (mostly young),
and some 25 breeding sows (mostly Wessex Saddleback)-it is pos-
sible to graze the land thoroughly, and the management has been
consistently good. At first the herbage on each oI the different areas
had its characteristic appearance, but under similar treatment these
differences began to lessen, and now, 4 years after sowing, the
general type of herbage is much the same on all the grassland what-
ever the original seeding. On Sawyer's field six widely dilferent
mixtures were tested, yet the herbage is now fairly similar on all the
plots. Rye grass and wild white clover forrn about 70 to 80 per
cent. of the whole; the rest is chiefly cocksfoot, now 15 to 20 per
cent. on all plots, though the original seeding of 5 to l0 lb. Per
acre had < orresponded to a variation from l5 to 40 per cent. of the
numbers oI seed sown. Timothy Iorms about 5 per cent. of the
herbage. The actual figures vary from spring to autumn and from
season to season, but the order is the same. Of the other Ptants
sown little survives beyond some red clover. (Table I.)

225
27t
27*

280

. Se R.port lor l9l5-17, p. 9.
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T^BLE I.---Compariso[ o{ weights oI seed sowD r*ith percentage ar]ea rrow
occupied by tle vaious groups of platrts.

lcomposition of Mirtures Soun 1928. lb. pcr d.r..l

lS32-S?ritg.

I\-.

43.6
54.6

0.3

1.5

il.2
37.5
o.05
0.35
1.9

62.6
35.6
o.2
o.l
1.6

48.3
49.7

2.O

t*la ir, lrv. YI. VII. VIII.

Gra-sses | 2l
Clovers I a,

MiscellaDeous .. I Z

30.5
5

40

l
29

5
2

2S
7 5

Percentage area Dow occupied by the various groups.

l93l-SPtiltg .

Mixtures. rv.I, IL VII, VIII.

49.4
45.0
0.2

5_4

85.4
40.1

0.1

4.1

50.7
40.9
0.1

8.3

51.6
41.9

0.2
0.7
5.6

46.1
48.5

5_4

64.0
39.6
0.2

6.2

lgsl-Auttnn.
Mixtures I lY II_ VII. YIII.

35.15
&.06
0.1
o.2
0.5

3r.6
67.5
o.3

o.6

16.3
82.3
o.3

l.o

40.2
55.1
o.05
4.6
0.05

11.5
54.95

0.1

o.45

35.7
64.0

o_3

40.65
57.O5

2.3

i For Frc.trt.9. D!Et6 ot -.ds of tb. dillertrt plmts s R.tDrt for l9tr, p. 2a.

Grasses
Clovers
Weeds
Chicory ..
Bare Space

Gr4tses
CloveIs
Weeds
Chicory
Bare Space

3.62 
I

58.73
Gra-sses
Clovers
We€ds
Chicory
Bare Space
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Pcrc.nlagc gain in-

Dry llatter. Proteitr. Phosphoric
Oxide P O!.

Braintree (1030) .. ..
NorthauertoD (1031)

42
47

102
78 t95

26

in the next. The gain in protein may be considerable, much greater
than tbe gain in dry matter j superphosphate gave the foiiowing
increaxs in the first year in grars laid in tor bay i

Thcse results depnd entirely on the solubility of the phosphate.
In tbe first J'ear after application water soluble phosphate is most
effective, so that superphosphate comes out best. Citric soluble
pfrosphatg comes next, hence high soluble basic slag is second.
Ilineral phosphate and low soluble ba.sic slag are less effective. The
value of mineral phosphate as compared with the others changes a
good deal according to soil and season. In the drier conditions o{
Hertfordshire and the Eastem courties it came a long way behind
high soluble slag and was very similar to low soluble slag; in the
moister, warmer conditions of Devonshire it acted more like high
soluble slag and was much superior to the low soluble slag. -

In the second year the high soluble basic slag did better than
superphosphate at several of the centres, botb on the hay land and
on the Brass repeatedly mown, thouth it has not yet caught up with
superpirosphate. At the Devonshire centre mineral phosphate acted
as well as high soluble slat, though it is still behind on the two
years' programme, but the low soluble slag showed no sigl of
improvement.

The experiment is being continued to see what happens in the
third and fourth years.

Soluble phosphates (both water soluble and citric soluble)
increase the amount of phosphoric oxide (PrO6) in the herbage by
some 50 or 60 per cent. ; sometimes as at Northallerton, by much
r,nolg-; and of course this improves its value for forming bone and
building up the animal's frame. The amounts involved are, however,
only small, aad in none of these experiments has much of the added
phosphate been recovered in the herbage; at two of the centres
the results have b€en :

Pcrccnlagc oJ added PrO. lccooetud ;n re?earedly moon habagc.

llri".'"r
I Pbosphate.

Super

DartiDgtotr, lst year ..
" 2lrd ",, both yeals

Much Hadham, lit year

Here,- agair, the difference between low soluble and high soluble
slags is well shown.

Low soluble slag has given poor results in practically all of our

Low soluble
Slag.

ll
l0
21
l;

8
ll
l9
t4

I
-l 0

4

4
t2
l6
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of nitrogenous manure so Iar studied, and also for mixtures of
cereals with leguminous plants such as are used for lodder mixtures.
On the grass land the increased growth is obtained chiefly in spring ;

in summer and autumn the increase is less, or it may even vanish.*
The effect of reducing the leguminous plants is to cut down the
protein content o, the whole herbage so that the net gain of nitrogen
by the v'hole crop is only small. Non-le8uminous crops usually
recoyer 50 per cent. or more of the nitrogen added in the manure,
and the recovery is increased by giving a complete fertiliser; grass
land herbage, on the other hand, shows a much smaller recovery-
on the Park grass hay plots our highest figure is 37 per cent., when
sulphate of ammonia only was given-and the recovery is decreased
by using complete fertilisers, it may then IaIl as low as 14 per cent.

. Su@ocr m.nuring has Dot yet been studied.
I In tnis p€riod cofrpucatioE due to chanae io r.action w€re Dt *Eou!.
I Report lor 1930, p. 36 i tb. rButts were @dn6.d in 1931.
ll ro. dei2ils * Artiti.ial Fertilis Bull. ,E, Mioist y of Aeicult@, pp. ltsrE.

Recoverv of added nitrogeE in tie hay.
Park gm-ss first 18 years.t

Soulce oI nitrogen.
Phosphate and Potash.

Sulphat€ oI Ammonia
Nitnte ot Soda

For fodder rnixtures the recovery was even less ; in some experimentsf,
it was even nil.

As against these, the figures for the recovery of nitrogen by
non-leguminous crops grown singly are :

Cereals 4G-50
Mangolds 6G-70
Potatoes 5O-7011

In contradistinction to mixed grass and legr.rminous herbage the
recovery of nitrogen is increased by addiag potassic and phosphatic
fertilisers. When nitrogenous fertilisers are dear they are not very
suitable for grazing land unless special precautions are taken to keep
the grass youag and leafy by frequent and intense rotational grazing.
Otheru'ise the small amount of nitrogen recovered and the depressing
effect on the clover are serious disadvantages.

The increasc in amount of early grouth broutht about by nitro-
genous fertilisers has the great advantage that it enables the spring
grazing to start earlier than would otherwise be possible, and this
ma!'often bc a great convenience, especially iI supplies of roots,
silage or other succulent foods have given out-as not infrequently
happens. When nitrogenous fertilisers are as cheap as at prcsent
they may advantageously be rrsed for accelerating the early grazing
wheneycr this is needed.

Eflecls of Phosphatic Manures. Phosphates, unlike the nitro-
genous fertilisers, increase the proportion of clover in the herbage,
and so add treatl!' to its protein content. This increase is not
confined to the spring months, as happens with nitrogenous fer-
tilisers; it is maintained throughout the season, and is continued

20
l435
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This tendency towards uniformity of herbage comes about for
two reasons: species which are unsuited to the conditions soon die ;
and those which, while well enough suited, cannot stand up against
competition, are soon crowded out. In order to obtain Iurther
information on this important subject, experiments were started by
A. R. Clapham a-nd F. J. Richards, in 1928, and developed later by
D. J. Watson. These experiments show that Italian rye grass reduces
the groMh of perennial r]'e grass mixed with it, perennial rye Brass
reduces the grovth of cocksfoot, cocksfoot reduces the growth of
timothy, and timothy reduces the groMh of rough stalked meadow
grass; in Clapham's phrase the Brasses acted as " aggressors " in
this order. The order varied somewhat with season ; in another year
timothy was more " aggressive " than cocks{oot. Watson has
extended the observations by introducing clover (late flowering red)
and varying the manurial treatments. He finds that the heaviest
yield per unit area is obtained by seeding with rye grass and giving
a complete manure; if, hou'ever, altemate plants of rye grass are
replaced by cocksfoot or by clover, the remaining rye grass plants
grow much bigger, though the other plants grow much smaller than
if they were alone and the total $'eight of all the herbage per unit
area is reduced. In other words, a plant of rye grass suffers less
from the competition of a plant of cocksloot or clover (Montgomery
late flowering red) than it docs from the competition of another plart
of rye grass. The effect of omitting phosphate from the manuring,
however, is to cut down the aggressiveness of the grasses considerably,
leaving the clover freer to develop ; the omission oI potash from the
manuring proved a greater handicap to the clover. (Table II.)

TABLE IL-Mean yield of dry matter in grms. per square foot.

Sceilirlgs. Mdru"idl lredl enls.

lcomplete'jManure.l No N.
lNo
I Maaure.No P. \o Ii.

Ryegra-s.s
Cocksloot

68.8
46.4
38.6
52.7
62.2
4 t.3

40.3
46.9
34.t
62.8
43.3
36.9

46.1
33.4
30.3
45.5
3l.l
29.8

45 I 39.2
39.0 23.7
25.6 24.6
6s.l 37.O
43.6 37.i
48.: 30.8

Clover, .
Ryegrass and Cocksfmt
Ryegrass and Clover
Cocksfoot and Clover

In the experiments just describe d the plants u'ere allowed to
complete their growth; they wcre neither grazed nor mown. This
same order of ag6ressiveness, hou'ever, is indicated by the final state
of the herbage in the different {ields : rye grass, the most aggressive,
dominates the rest; among the gasses cocksfoot comes next; then
timothy and the others come a long way alter or not at all. In
other circumstances other grasses, Yorkshire fog, agrostis, sheeps'
fescue, become more " aggressive " and may dominate the herbage.

2. Manuring oJ Grass Land,
The experirnents on the manuring oI grass land have led to some

important results. Nitrogenous manuring has increased tlle go\tr'th
of grass but depressed the growth of clover. This holds for all forms
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TABLE I (coDtitrued) 
-Percentage 

Botanical Composition.

t93o-S,7ing.

77.5

--
4.9
0.3
0.2
2.t
6.6

1.4
1.4
2.4

0.?

o.2
2.9

22
15.0

Perennial Rye
Italian Rye
Cocksloot
Timotly . .
Fescue
Agtctis . .
Red Clover
Wild White Clover
TrcIoil
Chicory ..
Weeds
Bare Space

l93G-Autumt.

VI, VII,

8.{
2.1
0.9
1.3
8.1

28.6

23.8
19.9

1.6
8.6
0.1
8.S

3l.l

x.s
t6.2
7.5

o.l

35.5

) so.r
2t.7
4.7
0.0

rl.r
22.6
0.7

3.4
1.2
2.1

J.s
4.9

z.a
0.6
2.5

For pr€vious EeasureEeats see Report for 1930, p. 44 and Ior 1029, p. 24.
I'or particulars o{ seeditrg see Report Io! 1928, p. lot.

The most obvious difference between one mixture and another
has been that Italian rye grass has persisted as the dominant grass
where it u'as sown witlout perennial rye grass; otherwise little
difference between cheap mixtures and dearer mixtures persisted
by the end of four years. ft seems clear that, if the farmer is to
recover the extra money spent on costly mixtures he must do it
within the first few years, or he may never do it at all.

In the intervening years there were differences in yield and
composition of the herbage, and in the density of the pla::ts on the
ground. The mixtures were sown on April 25th, 1928; in July,
I929. only about 70 per cent. of the |and was covered with vegetatioh,
the rema.ining 30 per cent. being bare; by the spring of 1930 the
bare space was reduced to about 5 per cent. The figures were much
the same for all the mixtures. Variations in previous treatment,
however, caused considerable differences. West Bam, sor,m on
August 29th, 1928, and therefore very late, and Great Krott (A)
(S.E. part), sown on May 29th, 1928, on weedy land and \i/ithout a
cover crop, have both been slower in filling up.

VII. VIII.

i.s
12.6
9.4
1.4

63.7

18.7
6.1

io
6.4

6.1

J.r
5.5
o.7

l.o
5.5

G.,
15.5
4.8

;.
lt.2

5.3
1.7
3.9

57.4

13.4
8.8

6.6
5.6

9.5
4.1
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experiments, especially in the South Eastem Counties. It is said to
be more effective in'acid soils in Scotland and in the North of
Eneland, and if this be so it might be attributed as much to the lime
as io the phosphate. Precise comparisons are difficult to make,
but the lime value of slag approaches that of an equal amount of
ground limestone. There may also be an advantage in supplying lime
and phosphate together; at any rate, on some acid soils phosphates
rapiiily lose their availability as the result of chemical reactions in
the soil-

HOME-GROWN FOOD FOR ANIMAIS

Several methods are studied for providing ieel Jot animals wherr
grain supplies fall short.

Foddo Mixlures. Mixtures oI leguminous and cereal crops
:ue grown (e.g. vetches, barley, beans), cut 8reen, converted into
bay or silage, or alJowed to ripen for use as stra\f, and crushed grain.
Th-ese crops are cheap and easy to grow; they keep down weeds,
and they have proved of great va.lue as food stulfs because of this
elasticity in use-; no othei crops can be consumed in such a variely
of ways. The manuring oI a mixture, however, differs from that of a
single crop because t}le element of competition comes in. The
crops grown without manure, or with potash or phosphate only, a,re

ric[ in protein and starch equivalent; they make excellent Ieeds.
Nitrogerious manures, such as sulphate oI ammonia and nitrate -of
soda, increase the growth of the cereal considerably, but reduce the
vetches and peas f the total weight of crop per acre is greater, but
the feeding value is entirely changed. The new crop contains- no
more protein, but nore starch equivalent Per acre; it resembles
hay of moderate quality.

Several different mixtures are being sown at different times of
the year to see how far it is possible [o arrange for a sequence of
thesi crops suitable for the needs of a flock master, a dairy farmer,
or a crop-drying apparatus.

Lu.cenv. The work on inoculation of lucerne is continuing, and
search is being made for new stra.ins of organisms more efficient than
the one at prLent being distributed to Iarmers. These experiments
have revealed great differences in effectiveness between different
strains occurrin! in different soils ; none, so far, is as good as the
one we use. But the smallness of the number so far studied gives us
groulds for hoping that our search may be rewarded by the discovery
of one that is far better.

Nitrogenous manuring proved ine{fective in pot exPeriments to
raise the-fleld of luceme grown by itself, and it lowered the yield
oI lucerni grown with 6iass, beiides depressing the Iormation of
nodules, aplarently by riducing the root development. The protein
content oi the mixed herbage was decreased by the nitrogenous
manure.

Sales of cultures to farmers have again exceeded all records,
amounting to over 9,000 during the season, enough to inoculate
over 4,500 acres.
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POTATOES

The year l93l concludes the series of large replicated experiments
with potatoes using a g-block design, which has been found to give
particularly precise comparisons, The experiment has been tried
four times at Rothamsted, n 1927,1929, 1930 ard lg3l, and once
at Woburn, in 1929.

The comparisons to be made consisted of all combinations of
0, I ard 2 unit applications of ammonium sulphate,0, I and 2 units
of potash, applied as sulphate, chloride, or potash salt
containing potassium chloride. Thus, without replication, 27
different plots wou.ld have been required, of which 2l would have
been treated differently. The design adopted was to assign 8l plots
to the experiment arrarged in 9 blocks of g plots each, such that
within each block, 3 plots without potash ieceived respectively
O, l, ? units of nitroten, and likewise the three plots wilh single
potasl, aDd the 3 with double potash. The 3 plots with single or
double potash within each block again were assigned to the 31y'pes
of potash manure. The blocks thus differed only in the associitlon
of the 3 kinds of potash with the 3 quantities of nitrogen, and in
diJferent blocks each kind of potash occurs 3 times with eaah quantity
of nitrogen.

The effect of this arrangement is to give to the comparisons of
primary interest the full precision oI replication within small blocks,
while sacrificing information on possib.le htpothetical but highly
complex interactions between the diJferent manures. In aU experil-
ments save the first, each plot also was divided into two halves,
ascribed independently at random to receive or not to receive a
dressing of superphosphate.

The response to nitrogen in the five experiments is shown in
Table III.

TaaLE Ill.-Average respotrse to Nitrogen as Sulphate of Ammotria.

Sulphate ol AmmoDia applied

| .** | *.on
l::-8lD*"s

2.O2

5.m
4.60

Ayer.se in.us.d leld of

Tos F. .wt. of :Y. p.. acre.

r#:::l,3r,.*

192?
1020 .. l

ls30
l93l

l4oburfl-
1920

6.42
4.74
8.()4

t0.?0

4.45

7.27
5.48
s.22

11.62

5.11

0.12
r.23
2.15

0.20

t.07
1.78
1.O2
4.18

0.53

.42

.30

.20

.20

5.85
9.65

l:1.37

5.17

Yieds in tons Pcl ocrc.

0.87 
|
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Aver€e response to Potash

Yield.s in tons Pet acte.

Yi.ld i. toB Ft a@. v€.aa. i!c...s. o. d.cr.at io
yi.ld oI Pot tc

o12 n42

Both
dlaiE!3

0.02
0.24
1.36
o.l2

o.42

The returns in tons per crt. of nitrogen are all significant. The
variation between the different years at Rothamsted is evidently
ascribable to two main causes: (I) The unit quantity of nitrogenous
application has been varied, and as is onty to be exPected, the
highest retums per cwt. are found when the u.nit employed is smallest;
(2'i There is great variation ir tbe yield from vear to year, and the
hiihest return is to be expected, as is indeed found to be the case,

inlhe years of highest fela. These appear to be the major factors in
determining the return per cwt. of nitrogen.

A second respect in which the plots treated with more nitrogen
differed from those treated with less, lies irr the response to super-
phosphate. The average dilference in yield between the sub-plots
receiving superphosphate and the twin sub-Plots receiYrng none rs

given in Table IV.

TABLE Iv.-Increased yietd oI potatoes: tons per acre givetr bJ suPerPhosPhate
with v;rying suPPlies of sulphate of ammotria.

iog

.0.18
0.00
l.l0

0.21
0.48
t.60

.0 50

t921
l92S
1930
t 93l

7. r3
5.45
9.04

I1.40

5.04

6.95
5.45
9.48

11.70

525

t.0
0.50
o.40
0.40

0.501929

| *" j ."r,"
lsulphate otl DressioS.
Ammonia. I

Double
Dressitrg.

Cwt. P.O.
Per acrc
supplied.

1929
I930
l93l

o.23
0.62

-{).08

0.51
0.49
0.44

0.78 .{
r.30 L5
0.63 | .s

Average : Rothamsted
Wobum 1920

0.26
0.36

0.48

-o.14
o.90

-o.2s
.4

At Rotham;ted it is seen that there is a very gcneral and pro-
nounced tendency for the plots receiving more nitrogen to respo-nd
better to superpiosphate ihan the plots receiving less, or, what
amounts to ihe-sami thing, for the plots receivint superPhosphate
to respcnd better to nitrogenous manures than the Plots r-eceivin8
none. At Wobum, in the-one year tested, there is a marked and
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statistically significaat reversal of this ef{ect. The f ields in this
experiment were very small, but this does not impugn the signifi-
cance of the result, which it is hoped to examine more lully by later
experiments.

The interaction of response to nitrogenous and phosphatic
manures is ttre only interaction to show itself significantly in this
series of experiments; this supplies an o Posterio/i jltstificatiot tor
sacrificing information in a group of the remote interactions, for the
sake of added precision in the maineffects. Theactualdata,moreover,
for each year, show that the interactions sacrificed are in fact
unimportant, while the comparisons which have been made more
precise are of direct interest.

An effect on which higher precision than that actually attained
would be most desirable concems the contrast between sulphate,
muriate and potash salt as sources of potash.

Table V gives the average lelds in the five experiments, together
with the two comparisons muriate u. potash salt, and
sulphate r,. the average of the other two. Only in 1927, when the
precision of the experiment was considerably higher than has since
been attained, could the results for a single year be judged
significant.

TABLE \I.
ComparisoDof Sulphate oI Potash (S) wit]l Muriate of Potasli (M) and Potash

SaIt (P) a-s Fertilisers ,or Potatoes. Yields of Potatoes, tdni per acre.

S l1 P TI-P (M+P)

7.36
5.47
9.4?

I1.80
5.2a

7.08
5.45
9.42

1t.3r
5.05

6.59
5.44
9.10

11.68
5.20

+.40
+.01
+ .32

-.15

+.62
+.03
+.16
+.2r
+.30

Meaa . . 7.88 7.60 +.06

Nevertheless, in all five comparisons sulphate has shown a
positive advantage over the two Iorms of chloride, in such a way as
to confirm unmistakably the 1927 result. The average gain is only
about I ton to the acre, or 2 to 3 per cent. of a fair yield. -As 

betweeir
the muriate and the potash salt, however, the five experi-
ments show no sigaificant or consistent advantage.

FERTILISERS AND TIATURATION OF BARLEY
Studies by W. E. Brenchley in tlle Botanica.l Department bave

shown that the different Iertilisers in0uence the maturation of
barley in different u'ays.

Phosphatic fertilisers hasten t}re matuation both of the straw
and of the grain. On the ottrer hand, nitrogenous fertiliser and
sulphate, whether of potassium, calcium or ammonium, hasten
maturity of straw but not of grain.

Mustard is also slghtly bastened in maturation by sulphate, but
not on all soils: the effect was not sho\,ul, for example, on a fen
soil from Cambridgeshire.

rg27
1020 ..
1930 ..
l03l
Woburn, 1929..
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RELATIVE IUPORTANCE OF NUTRIENTS A1 DIFFERENT
STAGES OF PLANT GROWTH

In water culture experiments barley deprived of nitrogen during
early growth, but receiving it later, was soft and sappy, til.lered
little and formed little grain, showing that the addition bI nitrogen
at a later state did not enable it to make up for the early deficieniy,
as compared with plants that had had nitroten from the start. In
some instances Iate additions of extra nitrogen reduced gra.in forma-
tion by promoting fresh tiller formation. Spratt Archer suffered more
than the earlier ripening Goldthorpe, which continued filling its
gra.in in spite of the lateness of the nitrogen application.

SUGAR BEET
Sugar beet is included in the new rotation exp€riments at

Rothamsted and Woburn which measure each year the effects of
sulphate of ammonia, superphosphate and muriate of potash on crops
grown without dung in a six course rotation. In I93l sulphate bf
ammonia gave large and sigaificart increases in yield at both
Rothamsted and Woburn and mudate of potash a large and signi-
ficant increas€ at Woburn; superphosphate gave small non-signif!
cant increases at both centres. (Table VI.)

TABLE VI.
Average increased yield in cwt. of sutar beet per acre given by:-

Muriate oI
Potash.

I cwt. per acre.

Rotiamsted Roots
Tops . .

Wobum Roots
Tops . .

. Sigtrilicatrt. t Non-SjtBificaat.

In view of the poor responses to fertilisers sometimes obtained at
Rothamsted nhere the soil is too healy and sticky to be favourable
to sugar beet, different methods of cultivating the crop were tried.
Loosening the subsoil had a negligible eifect, delay in ploughing
under the dulrg reduced the yield, whfut reducing the distance
between the rows increased the yield. The last point has special
interest since precautions were tiken to have the-same number of
plants per acre in both comparisons. Other experiments have shown
that the yield may be increased by putting the rows closer together
but it was not clear whether the advantage was lrom the closeness
of the plarts or, what is more likely, from the i.ncrease in the total
number oI plants per acre. In the l93l Rothamsted experiment the
rows were in oue case 24 iaches apart with plants 103 inches apart
within the rows and in the other the rows were 16 inches apart and
ttre plants also 16 inches apart with the rows, thus giving equal
numbers of plants per unit area. The fact that there was a significant

Sulphate o,
Ammoda.

I cwt. pe! acre, I cwt. per &rc.

-ul1t
5l

1t
0t

10.
17.

t2.
r61
ll.
l5t
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advartage of the square over the oblong spacing shows that the
yield of beet depends not only on the numbers of plants but also on
their arrargement in the field.

Yield of roots. Yield of tops.

tons per acre totrs per acre

Square spaciry (16 i,1s. rows by 16 ins.) .. I3.2 la.z
Oblorg spacing (2a ins. rows by l0lins.) .. l2.l 15.6

Dung ploughed in at once .. 13.0 16.8

Dung left otr latrd 3 weeks belore ploughing

Ploughed only .. ..
Ploughed and subsoil loosened

At Woburn u'here the soil is lighter and cultivation for sugar
beet is easier, experiments were made (l) to compare sulphate of
ammonia and njtrate of soda applied at different times, (2) to test the
effect of salt, (3) with di{ferent methods of ircorporating the
fertilisers into the soil. On the Continent it is common practice
to give nitrogenous fertilisers rvell in advance of sowing the sugar
beet and in some cases even in the auturm. At Woburn in the wet
spring ard summer o{ l93l the application of sulphate of ammonia
and nitrate of soda three weeks before sowing gave on the average
l.5I tons per acre less sugar beet roots and 1.58 tons pcr acre less
tops than application at the time of sowing. The reduction of yield
was doubtless due to the washing out of nitrate by healy rainlall
on a light soil. Sulphate of arnmonia gave more roots ard a better
sugar content than nitrate of soda, and, contrary to the results of
earlier years, common salt had no effect. There rvas no advantage
from thorouglrly incorporating the fertilisers into the soil bJ, mearrs
of a rotarv cultivator as compared with harrowing. A number of
experiments over severa.l years at Wobum ald elsewhere have
shown no very marked differences il comparing nitrate of soda
given in the seed bed w'ith that top dressed but on the whole the
evidence favours the seed bed application.

Fertiliser experiments on two fenland soi.ls produced only small
and uncertain effects. The experiments on mineral soils at other
centres were in general harmony with conclusions &am in earlier
years, v'hich may be summarised as follotvs. For equal amounts of
nitrogen there is little difference between the alternative forms oI
fertiliser except that nitrate of soda tends to produce more top,
and to depress the sugar content more than sulphate of ammonia,
whilst calcium cyaramide sometimes gives rather inferior results.
Potash salt is generally sup€ or to muriate of potash, doubtless
on account of the common sa.lt it contains. If low grade potash
manures are not used, it is generally advisable to give common
salt. On good quality clay alld silt loams farmyard manure supplies
most of the nutrients needed artd only a light dressing of a complete
fertiliser mixture is required. On light soils good retums are obtained
from complete fertiliser mixtures even when used in conjunction
with duag. A suitable mixture would be 2-3 cr*t. sulphate of
ammonia,2-3cwt. potash salt (20 per cent.) and 3-4 cwt. super-
phosphate per acre.

12.3

l2 8
l2.s

l5.l
16.0

15.9
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EXPERIMENTS AT OUTSIDE CENTRES

Many experiments are made under the direction of H- V. Garner
at outside centres \i/here the crop in question is well under-
stood and_where therefore proper cultivation and maragement is
assured. These experiments are of great value in showin[ how far
the Rothamsted results are generally applicable and what;odifica-
tions are caused by diflerences in soil, clihate, or general husbandrv
conditions. FuII accounts are given in H. V. Garnir's articles in the
Joumal oI the trtinistry of Agricuiture.

Broadly spea.king the Rothamsted results usually represent
pretty well the average results from the outside centres.'

Poretors. Phosphatic manuring. The effect of sup€rphosphate
on potatoes has been tested a.t nine of the outside centres. Ctn the
fen soils marked increases were obtained not only from a dressing
of 5 cwt..superphosphate, but even from the additional 5 cwt. makia!
l0 cwt. in all. A similar big increase was obta.ined on tle oolitL
Iimestone at Burford: 4 cr*.t. super added l| tons per acle to the
yield wh.ich without phosphate liad reached'only the low figure of
4.1 tons per acre. On the other hand a rich silt at W-isbech,
which has been in the past heavily manured with super, responded
only to the first dose of 2 cwt. super and not at all to ad&tional
dressings. Two centres showed no response: Owmby and
Biggleswade: Ovmby ha-s in all the tests shown a responie only
once. At Rothamsted the response was this sea-son only slight-:
2 curt. potatoes per clnt. super.

Early potatoes on an acid sand at Potton did not respond to
superphosphate. The yields are given in Table VII.

TABLE VIL Efiect oI superphosphate on potetoes at di{fe.e[t outside ceotres

Cwl. per acE io@& ovs No
Pbo6ph.rr

Mah CrcP.
March Peatv FeII. 6.46
Ely L Rich" Clay 7.72

Fetr
Wisbech (G. Rich Silt ll.l8

Major, Esq.)
Wisbech Rich Silt 12.30

(Messr".
Hickman &
co.)

5

2l

2

23 12---a | 2
s2

Nit
32

28
55

Nil

l6

l8
29

8

l7

Nil

l5

Burlord Limestoae
Owmby Clifi LiBestone

4.t3
7.01

Bi88l€saad€ Saody Gravel 10.70
TuDstall Satrd S.85

. Tbe tbild do* is double the secood do*.

This year potassic lertilisers had but little effect either at the
outside centres or at Rothamsted. March had been suunv but from
April onwards till October the months had been much .6tt"r, -ote

30

-l
Eatlies.

Potton
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sunless arld colder than usual : in general character the season was
not unlike those of l9l3 and 1926, yet 1926 had been a good potash
year. Information is steadily being accumulated about the relation
between character of the season and {ertiliser eficiency, but the
subject is full of diftculties.

Nitrogenous fertilisers on the other hand were distinctly effective,
the increase per cwt. sulphate of ammonia being in cwt. potatoes:

Rotha,sted. . . . . . . . . . . . . . . , . . .. . . .. 
*t 

ru* 
zrdldose'

Bigglessade........ l4 l0
Midlaad Agicultural College . . .. . .. . . 14 20

Ety . . . . . ... - . . . . . . 16 -March . ... . . . . . -. . 6 -
These last two were black fen soils on which responses r-ould not

usually be expected, though in our earlier experiments on black soils
we have obtained quite good respons€s: they have beeo, for 2 cwt.
Sulpbate of Ammonia :

Cwt. potatoes.
additioual crop.

lg28 StourbridSe ...,...,.... 38

1929 Bourne ................ 20

In comparisons with Nitrate of Soda and Cyanamide, Sulphate of
Ammonia gave on the whole the best results Ior maia crop potatoes.
Nitrate of Soda came next and Cyanamide third.

For early potatoes, on the otler hand nitrogenous fertilisers were
p:actically ineffective: only Nitrate of Soda showed any sign oI
acting : this is the first set of experiments we have made with this
crop and we intend to continue them,

Winter cabbages 6rown immediately after lilting the potatoes
however, benefited by the nitrogen.

Otgaric Mantres. On potatoes organic manures have agaia
proved less effective than the standard artificials. The exp€riment
was made this time by the staff of the Midland Agricultural College :

fish manure was tested against home mixed artifi"ials and the I.C.J.
compounds; fish manure gave the smallest and I.C.I. compound
the largest increase.

BRUSSELS Spnours. On Brussels sprguts at the Swanley
Horticultural College, however, both poultry manure and high-grade
guano proved better than artificials : the results were :

48.05 i

t{.t:
6:.17

KALE. This important crop has not received much attention
irom agricultural hvestigators : we have started several experiments
with it which will be developed as the results begin to emerge.

Sprouts ..
Blo*.n Sprcuts ..

Total ..
i3.96
20.59
74.55

Halt NFutl 
^-

45.60
r7.08
62.68

{7.16
r8.64
65.80

Bruss€ls Sprouts, Cwt. per ac.,e.
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t h1. gre11. pgwer or r,*ro,]u.uuuu nitrogen. An experimentmade at the Mia,hnd A$icuttu;f CoU.ge wifii- *arr;;;i:;f ffi"

tave marked responses even to 4 cwt. Nitrate of Soda.
Nitratc of Sodd, Cut. Sto;tlad__0t24E,;;

Kale, tons .. r5.al 18.20 10:06 zi*z i:iTi
. ,Ht*.. .Nibogcnous- rnqnurcs. Tte average increased production

oI hay thrs year has been 6 cwt. for I c$t. Sutphate of 'Ammonia.

SOIL FERTILITY AND MECHANISATION.

. The systematic use of large scale machinery on the farm. calledror conventence ' mechanisation,,, is usually combined with aredu:rlion-in the nuuber oI live stock kept, *.i l*." *".." ."i"Umodifications-in the lertiLity relationshipi ot tf,u soil. 
-iou, 

irrr.'*ilt
troups ot problems are being investigaied

, (f) Can.fertility be sufficiently maintained by artificial fertilis€rs
arone or-rs rt^ necessary to retum the straw to ttre land in the form ofmanure, ll t_he straw must be retumed, what is the best *ay of
doing it ?

(2).Is it possible 
-to produce, by any cultural process, the samc

gooo e ects on trght land as are obtained by sheepfolding ?

(3) Green manuring.
(a) Falowing.

Jh:.,.91*i4 eiperiments at Rothamsted have shown that soil
r.en-!,lrry can b€ kept.at a certain moderate level by the use of artificialrertfllsers alone vflt"hout the us€ of farmyard manure, In Eeneral
bowever, the growth oI the crop has not [,een eno"gh-io fu;,i;;
weeos, and much expense has been entailed in c[anins. A com_bination of artificiat- fertilisers *ith occasionai i"U"*l'Ui*.ii
|a nrgvea effective in maintaining yields at low-exil"di;;;;
labour but with a loss of one year in"fo-ur or five.

The return of the straw io the land can be effected in severalways; three are under investigatron:

- (l) It may be converted into larmyard manure in the usual wav.In our experiments, about 2d per ceni. of the nit.d; i" ;;;;d
manure ts recovered by the pla.nt as against about 5b 6r cent iromartificialfertilisers. -

. . (2) It may be decomposed by the method developed in theseIaboratories.by. H. B. Huichinson and e. U. nict,ara" iJ put 
", acommercial basis by the Adco Syndicate : the straw is tieaGd *ithi;;

necessary nltrogen compound, phosphatc and limestone, to encouraserne acttvtty ol mrcro-ortanisms effecting the decomposition.

, (3) It may be ploughed under, and the necessary nitrosen andpnospnate grven m the form of artificid fertilisers. in the iutumn
a, smaller addition is necessary than in the 

"prirs, 
b""d" Il"lliiiureaoy contiuns some_ nitrate, which if it were not used bv theorganlsms would probably be washed away in the winter. "

lf t-his.method proves feasible in practice it has the advanta.se ofeconomy rn labour, for the com could simply be stripped and" tlestraw ploughed under while the soil was stili ivarm.
These problems are being studied in ihe-four-course rotationexperiment (p. I29).
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Cteen Manuring.
This affords a simple method of manuring both heavy and light

soils aad it requires no live stock; it car be practised on completely
mechanised farms. Its advantage in certain conditions has long
been recogaised, but of late years a number oI instances have been
recorded where it proved ineffective. The most striking is at Woburn,
where, over a series of yearc, treen manuring with tares and with
mustard has failed to increase the yield oI wheat or oI barley.
Experiments caried out a few years ago on several other farms
with the help of a Brart from the Royal Agricultural Society of
England also yielded negative results.

There are, however, uadoubted successes, and investigations
have been made and stil.l are in progress to {ind tl-le conditions under
which green manuring is likely to give useful results. Two of the
most important factors are the composition of the plant at the time
oI ploughing in and the time at which the ploughing is done. If
the ratio of caxbon to nitrogen i.n the crop is more thart 20, the
organisms effecting the decomposition may require more nitrogen
then is supplied by the crop, in which case they draw on the soil
aitrates that would otherwise either be washed out or taken by the
plant. If, however, the ratio is less than 20, the orgarisms may not
need the whole of the nitrogen, they then leave the excess in the soil
in the form of nitrate, which as before, is either washed out or taken
by the plart. Investigations have sho&ar that at Woburn the tares
crop failed to increase the growth of wheat because it was ploughed
under in autumn, and rapidly gave rise to nitrate, which was washed
out because the wheat plant, being insufrciently developed, could
not assimilate it, and in the following spring the wheat suffered
from nitrogen staryation. The mustard during its active growth
assimilated nitrate and so saved it from loss, but some nitrate
escaped assimilation and was washed out because the crop was too
small or the soil was bare. Also after the mustard was ploughed in,
some of it probably decomposed too slowly to supply useful quantities
of nitrogen to the wheat. The value of nitrogen depends on the time
when it is given ; when giver late to barley it reduced t}re ear tillers
and the number of fertile Brains and increased the vegetative
tillers. It seems clear tiat ttre process of geen manudng needs to
be clearly adapted to the soil and the crop so as to ensure liberation
of nitrate oniy when the plant is in a position to take it up.

Fal,lowing-
Since the Broadbalk field was divided into five sections in 1925

to permit of rotational fallowing* it has been possible to accumulate
considerable inlormation about the effects produced.

The effect on tle weed population is being studied by W. E.
Brench.ley and K. Warintton.

The census of buried weed seeds on Broadbalk field which they
began in 1925 is still being continued by the examination of samples
taken yearly, in order to determine the rate at which recolonisation
occu$ after fallowing. The rapidity with which some of the worst
seeds rea^ssert themselves is alarmingly great, and indicates the

. se 1t30 R.port, p. t?,lG p.nicrrls
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necessity for dilitent cultivation immediately the laad retums under
crop. Alter a single year under crop the soil may be re-stocked with
as many weed seeds of some species (as thymeJeaved sandwort) as
were preselt before fallowing, or even more. After three years ia
crop the numbers may far exceed the original stock ; black bent and
chickweed are notable instances. (Table VIII).

TABLE !'I[.
Br@dbalk Wheat Plots.

Erlect of 2 ],ears' {altovitrg.

Buried Weed S€eds Millions per ac ,e. .

{1925) (re28i (r930)

31.4
1.8

22.4
2.4

0.3

( r927)

Alch.m;ltd an ensis
ALaecurls ag".stis

su pyttifolia
Myosotis ar$ensis
Pa?attcr sPp.
Slclldia ,icd.ia
V.?onicd anelis

,, hed.rac-
Iolia

,, burbalt hii

Lady's I\taEtle
Black BeDt
Th,.me-leaved

Sandsort
Fortet-me-Eot
PopPy
Chickwe€d
Field Speedwell
IIy-leaved

Spe€dweu
I3r8e Field

Speedwell

t 1.4
ll.3
0.8

2.1
82.6
o.2
6.8
2.O

0.2

0.6
0.76

0.4

10.0
4.8
1.6

0.7
34.9
0.6
7.3
Ll
2.0

16.5
36.5

t.4
38-0 I

o.o3 Ir.6 i0.8 l

EIrect of 4 years' fallowitrg.

Bsried Weed Seed9, Millioas per acre' .

Alchctnilla afl.nsis
Atoo..u?us aglesris
Atnaio s.r?tllifolia

Mlosotas arwtsis
Pa?atcr s??.
St.lloiia ,neilia
Vdonicd amcnsis

., h.derdzfolia
,. turbaLrtii

Lady's Marde
Black Beot
TtyBe-leaved

Seadwort
ForSet-me-not
PoPpy
Cbickqreed
Field Speedwel
IlyleaYei SFedeell
I-arge Field SpeedweU

12.3
I1.3
0.0

1.6
o.2
0.?

i r.:
3.1
o.9

ol
26.5

1.4I r.o
0.4
0.3

0.6
112.0

0.3
6.6
1.7
0.3

0.04
23.3
0.4
0.8
0.2
0.3

Soil irnprovement due to fallowing is as advantageous to the
weeds as to the crop, and those weed seeds which survive the fallow
are able to produce very strong plants which form large supplies of
seed to restock the soil. If the nurtrber of weeds could be kept down
for a year or two after fallow, till the soil conditions became more
normal, the growth might perhaps be less and the rate of seeding less
prolific. Even after a bare fallow lasting for four years, the increase
in the buried seeds of some species, such as black bent (/loiaczzgs

. E ch rfuruE siv6 &e nee or 28 &tqdimtioat tLG.ctEa.t &..:.elDed b.i,a i squre
fer. OD. DiUion F. a@ @rn poo& ril! 160 p.! ? sq@. ,at.

i Fislle iD@opLt . will b. hish.r.

I s.t* I Arroi I xt.-i
'F.xorinal ,y.s lryed(192!) F.rld. tu crcp(r9rr) I ( r9r0)
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4gTrsrir) atrd lady's mantte tn))-o, anatsis\ isverv raDid. but
others appea.r to be more easily controLled Uy culti"atiin riretiroas.

ODe point oI great practical importance G t.bat fallowine oDera-
tions may be worse than useless if they are not thoroush-. hfter
the autumn ploughing the practice is to irave tle sround rLtoucheatill early spring, but during this period a few weEds. as sheoherd,s
pvrse (Cafsclla bursa-pasto/ia), thyme-leaved sandwort and la.g.
flowered speedwell a.re able, in favourable seasons, to flower aid
seed so that there may be more seed present in the soil after fallowing
than before. To mai<e faltowing ef'fective, ."fti".tio" 

"""a, 
io-*

treqrrent, and to be carried out during tle winter monttrs as well as
during the normal 6rowing season.

TABLE IX.
Ineffectiveness of fallori'in& as a lneaos oI destroyitrg certair weeds.

^ - Ateruna.sctpyllilolia. Millioas per a.re.
Before fallo*ing .. .. .. .. 0.9 '
After l,.ear's fallo*. .. l.O,, 2 .. 0.?,, S .. t.O,, 4 .. O.? .

ELEMENTS NEEDED BY PLANTS ONLY IN SMALL
9UANTITIES

Plarts are made up of some nine or ten elements in rather larse
amounts; of tiese carbon, hydrogen and orygen come from the ir
and water, and are not usually under control in this cou-ntrv: nitro_
gen, 

-po-ta-ssium, calcium and phosphorus come from ttre soil and are
regularly controlled by ttre use of artificial fertilisers : magrresium
sulphur and iron occru in some of the fertiliserianJ ;;-ih;i;;
supplied incidentally; in any case they .." *oally pruse"i in
sufficient amorurt in tlre soil -

Besides these, however, there are other elements needed onlv in
yery small amounts. How many of these there mav be is not'vet
Igrovm. ?he most detailed studiis have been with b6ron, the ne&i-
sity for which has been demonstrated by K. Warin$dn in these
laboratories.

Plants without boron neither grow nor flower aormally-special
s.Jmptoms ar_e produced, including deattr of ttre apices alld b'reak-
down of conducting tissues. These-effects aopear mich more raoidlv
in summer t"haa in sprir:g or autumn. Th6'dilference is not ii th'e
temperature but in tbe hours of daylight, since plants srown withour
boron in summer but allowed onty g-hours of <iavlish? ar" also-"1"*
to develop the symptoms, and bihave, inaeea, fte"ptaats $o; in
spnng.
_- , There is some superficial resemblance between the effects of[ght and of boron. Plants supplied with boron but allowed onlv
a_ short period of litht every day fail to develop flowers iust as if
they were deprived of boron; but they will produce flowers when
they are given more light, while ttrose withoirt boron will not.

The a.mount of boron needed by plants is exceedingly smal.l.
. ra".- ---pr"- w,l * u"l
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Of all plants yet tested, broad bears seem to require most, but even
for them access to 0.2 mgms. and probably less, of boric acid
(HtBOr) per week per plant during the growing season suffices, while
peas and barley require much less. Apparently all plants require
some.

Ttese very small amounts are usually, if not invariably present
in the soil. No clear case is known where addition of boron has im-
proved plart grorth in the freld. There are a few possible exceptions
which deserve further investigation: e.g. a, cedain tobacco disease
in Java may be attributable to boron deficiency.

Wheu the need of the plant is satisfied, further quantities oi
boron may easily do much harrn; citrus growers in Califomia have
suffered loss tbrough the presence of boron in the irrigation water.
Maruring with boric acid is certainly not recommended; indeed,
it is strongly to be deprecated.

SOIL PHYSICS
During R. K. Schofield's charge, the work on soil cultivation

*'as continued.
In the laboratory further search was made for easy and rapid

methods oI soil testing. A new machine, called the Pachimeter,
was devised by R. K. Schofield and G. W. Scott Blair to study the
process of rolling a plastic cylindrical mass of moist soil or clay
between two plates under a gradually increasing load. It was
tound that the load at which permanent lengthening of the cylinder
first occurs is, within limits, a definite and reproducible value which
varies considerably \aith the nature oI the soil or clay examined,
and this measurement promises to be of value irt soil classification
and surveying. The method has attracted a good deal of attention
outside the sphere oI soil investigations, and especially in the flour-
milling industry.

R. K. Schofield has developed a new rapid method lor deter-
mining the " base excharge capacity " oI a soil: it cousists in
measurint the decrease in conductivity of a potassium phosphate
solution when a weighed quantity of soii is introduced.

C. G. Hawes, Executive Engineer, Lloyd Barrage and Canals
Construction, Sind, spent nine months in the department studying
methods of distinguishing soi.ls likely to give trouble under irrigation
conditions.

IIETHODS FOR AGRICULTURAL SOIL SURVEY
In recent years there has been marked development irr the

number and extent of the soil surveys undertaken in this country and
elsewhere, and it has become essential to work out satistactory
methods for field and laboratory examinations. Much progress has
already been made in the United States and in Rus-sia. The Russian
methods have been studied in Russia during the past few years by
several members of the Rothamsted staff. E. W. Russell worked Ior
some months with a soil survey party in South Russia ; G. V. Jacks
and H. L. Richardson have worked there for shorter periods; while
E. M. Crovther, H. L. Richardson, and the Director have
traversed the country with tle leading Russial soil experts to lcarn
their methods from them at first hand.
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Somewhat diflerent metlods are used in the United States.
In order to make a carefuI study of these, one oI their leading

soil survey_ors, L. L. Lee of the New Jersey Exprimental Station,
was invited to visited Rothamsted for-a velar du-rins which time he
made two typical surveys: a detailed sirrvey of ihe Rothamsted
Iarm, showing how the hethods are used il making an intensive
survey of a small anea, and a more general survey of -Keut, showing
how they deal with a large area in t limited spa; of time. A num-
ber of meetings took place with soil surveyors-in this country, out of
which emerged agrcements as to procedurb which will prove oI great
value for Iuture work. One of the German ,. Kuliurtechni[er "
Dr. Jaaert,_was also invited here for a year to apply his heat of
wetting and other methods to the study of British soili.

GENERAL MICROBIOLOGY
Much oI the earlier work of the Station was concerned with the

effects oI partial sterilisation of soil, and the view was exDressed that
the increased numbers of bacteria following on the partialit"ri,ti.ation
treatment_ resu.lted from the suppression bf soil piotozoa. This has
been confirrned by much subsequent work and regular relationships
have been traced between the- numbers of bactiria and those of
protozoa ; when one is high the otber is low, and oice verca.

The furt"her deduction was made t.hat these higher numbers of
bacteria produced a larger amount oI ammonia in ti'e soil and there-
fore increased the total amount of plant food. It now appears ttrat
this requires important qualification; the amount of aniinonia and
carbon dioxid_e produced does not increase proportionately to the
numbers of bacteria, but much less. As the 

- bacterial irurnbers
increase so theh individual effciency decreases. In exlxrirnents with
cultures of bacteria in artificial media it was showa 

-that 
additions

ol th9 protozoa C oQidia reduced the bacterial numbers, ard increased
t!: individuat -efficiency. The relationships between numbers and
efficiency could be expressed by a straighi line, but the actual line
for ttrj protozoa-free cu.ltures differed Irom that expressing the results
fgr- th,e cultures containing protozoa in a waj, suggisting that
Lorytdtum stimulated ammonia production by the bacteria quite
apart from its effect in reducirg numbers of bicteria.

This work on the interacti6n of the various groups oI the soil
organisms is being continued.

The work on nitrification described in the last Report is being
continued.

EFFLUETT-T FROII{ SUGAR BEET FACTORIES
The study of rhc purificatiou oI effiuents from susar beet

Iactories bas been continued, and useful information f,as been
obtained in regard to the possibility of inoculating filters with par-
ticular strains bf bacteria. '

SOIL BACTERIA
Bootzrial Numberc in Fizld Soik
. An_ essential part of the work o{ the Bacteriological Department
is to Iorm estimates of the numbers of bacteria -in the ioil. The
plating method was used at Rotlamsted for marv years, and it
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served the us€ful purpose of showing which Iactors increased and
wbich decreased the numbers of bacteria in the soil, though it faited
to record many of the groups, so that the results were always low.

A great improvement in the method oI counting was made in
1928 by H. G. Thomton and P. H. H. Gray ; direct counts are made
from stained films, and the difficult problem of estimating the minute
amount of soil involved is overcome by mixing with a weighed
quantity of the soil a kno$ryr volume of a suspension oI indigo particles
the thickness of which has been determined with a haemoc5rtometer.
Bacteria and indigo particles are both counted in the stained films
Irom this mlxture, and, from the ratio of bacteria to indigo particles,
a simple calculation gives the numbers of bacteria per Sram of soil.

The method is not only much more rapid than the older one, but
much more complete. The plating method usually gives numbers of
the order l0 to 30 millions per tram of soil from our plots; the new
mettrod gives numbers varyint from about 1,500 million to 4,000
million per gram of soil. On the Hoosfield barley plots, for example,
the numbers varied from 1800 millions per gram in the soil of Plot
l--{ (unmanured since 1856) to 3,600 millions on Plot 4AA (complete
artificial fertilisers, including nitrate of soda every year since 1856).
Further, the numbers in the different plots varied in much the
same way as the felds, so that bacterial counts give some indication
of the order of productiveness.

Baclzriological Methnds o./ lssessizg Soil' Ferlilily
In recent years several bacteriological methods have been deyised

for assessing either the general fertiliiy of the soil or else some special
deficiency such as lack of lime or of phosphate. One of the simplest
and most elegaat is that of Winogradsky and J. Ziemiecka, and
fortlDately we were able to arrange with the authorities oI Ore
Pular+y A$cuttural Institute, Polan--d, for Mme. Ziemiecka to work
for some months in our laboratories applying the " Plaques moul6es "
method to the soils of the classical plots. The results gave correct
indications as to the presence or absence of adequate phosphate and
lime supplies on the plots receiving no nitrogenous manure or onlY
the normal dressings, but not on plots to which heavy dressings of
[itrq3'enous marure were given. Further examination showed, how-
ever, that Azotobacter was either absent from these soils, or occurred
in only small quantities; when a culture of it was added as part of
the test t}le results came out entirely correctly.

Couts of nitrifying organisms rrere made from some of the plots,
and ttrese showed some relationship with soil fertility.

During the course o{ her experiments Madame Ziemiecka isolated
an organism of considerable interest, whose cells possessgd th-e- power
of abiorbing certain indicators such as Brom Thl'mol Blue. She also
obtaned. a Myxobacteium which attacks cellulose, the first found in
our soils.

THE NUMBERS OF FUNGI IN THE ROTHAMSTED SOILS

The quantitative methods worked out in the Mycological Depart-
ment hate been used by Jagjiwan Singh for estimating the numbers
of fungi aad actinomycetes in the Rothamsted soil. The t]?es oI
furgi *ere much the same ir the differently manured Plots, but the
numbers both of types ard of individuals were alvr'ays higher on the
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more fertile plots. There was no evidence of seaso[al fluctuatiqns in
numbers, such as have been recorded for bacteria and for Drotozoa
Bamfield (continuous mangolds, the Ieaves alwavs olouehd;i1on-_
tained more fungi but less aitinomycetes than Bioailbali (continuorx
wheat) ; there was also some dilierence in the oroportions of ih.
tungal population. Barnfield contained more paicrte ia Oiit;i
but less -Frrsaulc and, Yet icillia than Broadbalk.

VIRUS DISEASES OF PLANTS
This work is carried out by J. Henderson Smith, rith the

assist-ance of J. CaldwelJ, U. A.'Hamilton and F. M. L. Shefrel<I.It talls rnto three sections :

l- The Naturc ol Virus. Juices extracted from diseased olants
are usually themselves infective and remaia so after passaee ttoueh
most porcelain filters. By using graded collodion mimbrines it hL
bee-n found possible to determine a limiting porosity (varyine wirh
different viruses), above which the Iiltrati iemaini inteiti""e Uut
below which the virus is held back and the filtrate does not ca-use
disease. Again, when hfective material is rubbed on the t"."".of certain plants, virus enters through the broken hairs and oro
91.:. I .lo9"l lesion at the point of eniry. tf tle materiaf isiuitibiy
drluted belore rubbing on the leaves, infection occurs in onlv a Iew
of the many broken hairs and only a few local lesions resuli. Such
experime-lts show that in infective iraterial virus exists in aoarti""t.i"
state and not generally diffused. The size of these p"rtici& f,"" **
estimated approximately; but it is still uncertain whether the virus
ls rtsell particulate or m€refy attached to other particles. Work is in
progress to determine which is the true explanation. Nothine has vet
!ee1 .found incompatible with the viiw that l.i-s i, '. h.,i"g
orgarnsm.

It is frequently asserted that viruses are invisible staees in the
hle-cycle of _visible- bacteria, largely because there is i regular
.rssocrauon ot speclhc bacteria with certain virus diseases. \4.e have
investigated one such case, and find that when the oi.nii -u ".o*"aseptically throlghout from sterile seed, inoculation'wiil,r U*iJri"^-
tree vrrus produces- tbe t5pical disease, and the bacteria usuallv
assocrated wrth it do not appear. It is also said that intracellular
mclusions which are characteristic of yirus disease are either coloniesof the virus or visible states of a usually invisible parasite.--Th,e
development of such inclusions has been *itched in individual livinp
cells from .their first beginnirgs to their complete iorm"tlrr, *a ii
the cases rnvestigated they are essentially aggregates, madi up bv
the coalescence of smalI particles of c]toplism'ivhich has been loiallv
coagrlated or precipitated under the'in{iuence of the virus-A cinematograph film has been prepared showine ihe wholeprocess. The final form of the inclusion iaries with tt? t.it ff""tand with the virus.

-_-.?.-Try bchatiou oJ Virus in, aad its cffects on, thc host blanl.wlthrn the infected plant the virus does noi-travel in the tran'spira_
tlon or water stream, nor, indeed, does it normally enter the striam.It delrberately introduced into the xylem vessels, it cannot normaltv
escape ; it therefore does not produce the disease, 

";i;;J;;iil
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it is artificially liberated. In Done oI the experiments der.ised to test
the point did virus enter an unbroken cell. Large quantities of
virulent juice can be injected into the leaf of a plant through the
stomata, but symptoms will not develop unless some oI the cells are
ruptured. The development of virus ilr the leaves oI an inlected plant
is followed by considerable alteration irr the enzyme content. The
mechanism of respiration is also greatly affected. This is being
investigated in detail, and the work is stiJl hcomplete, but it seems
clear that one of the first effects of the entry of virus into the cell
is a greatly enhanced respiration rate and a state of general excitation.

3. The relalion of Virus to Insect-oectols. By the development
of a technique for maintaining insects upon solutions apart from the
plant, considerable control has been obtained over the conditions
determining the infection of the insect. Data have been obtained as
to the time required for dyes and other substances taken in by the
alimentary canal to reach the salivary glands, iaformation which is
necessary for the correct evaluation of the incubation or non-infective
period alter the insect has fed upon diseased material. By use of
this technique it has become possible to investigate such problems as
the filterability of viruses which are not transmissible by juice, e.g.
leaf-roll of potatoes, and to approach the question why one insect
carries and arother does not.

A new virus disease has been discovered in Hyoscyamus, whiclr
is readily transmitted both by needle and by aphis, and has an
incubation period in the insect. At the same time, at least two other
unrecorded virus diseases were distinguished in commercial crops of
this plant. These may prove to be due to viruses already belter
known in other crops, e.g. potato; and there is reason to believe
that one at least of these new diseases is a composite disease caused
bv the simultaneous action of two different viruses.

BACTERIAL DISEASES OF PLANTS
'lhe angular leaf-spot or " black-arm " disease of cotton is being

investigated by R. H. Stoughton irr considerable detail, because o{
its importance in many oI the tropical cotton-growing countries of the
Empire. The results have proved to be unusually interesting.

The responsible organism, Baclerium malr.tacearum, is oI great
bacteriological interest, as it possesses a nucleus and forms accessary
reproductive bodies never previously described in this group of
batteria. It appears also to pass throuth a conjugation stage inwhich
two cells join together to form a fusion-body or zygospore, ofpossibly
different Dotentialities. It also " dissociates " or breaks down into a
number o'I strains, quite unlike in pure culture and having different
degrees of virulence. Strongly virulent strains may give rise to almost
non-yirulent ones, and these again reyert to the culturally-unlike
virulent lorm. The possible relation of this production of variants to
the life history is now being studied.

The geographical and climatic distribution oI the disease indicate
that meteorological factors play a large part in determining its
s€verity, Careful study has there{ore been made of the separate
e{Iects of air temperature, soil temPerature and air humidity.

Cotton plants were grown in special chambers in which these
three factors are controlled automatically over a wide range so that
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91"h 9." be kept constant or made to vary uniformly as desired.
The -plants are grown entirely by artilicial light, so thai experiments
at dillerent times of the year are strictly comparable.

-- Air temperatue playis the chief pirt in^ the development, as
gistinct from the spread, of the disease. Black-arm is essentially a
high temperature malady, and in the control chambers sev-ere
secondary irfection of the growing plant by sprayiag with a virulent
cultur_e is only obtained at temperatures above 30qC. The physio-
logical reasons underlying this are under investigation; theyippear
to be bound u_p with the relative rates oI gror*th of the parisite-and
the_pla.nt, and the carbohydrate metabolism of the plairt as showa
by its sugar content, Fluctuating temperatures, whether soil or air,
which resemble more closely natural conditions, giye the same result
as a_co,nstant temperature near the mean of the varying {actor.
- SoiJ temperature is less important. It plays, however, sorne part
in determiaing-the amount oi disease on^the very young seedlings
growrr from infected seed. The amount of this primary inlection is
reduced by high soil temperatures, e.g. above BOC., but not
sufficiently to oIIer any prospect of control by this method.
_- Air humidity is the chief factor determining the spread of the
disease, but it is important only during the short period required for
inoculatjon. Humid conditioni rru ,r"i""".ry Ior iuccessful^ penetra-
tion oJ the tissues by the bacteria on the surface, however they have
got there, but once penetration has been effected the eiternal
humidity has little direct effect.

Internal-infection of seed, which has been suggested as a serious
gayse 

- 
of primary infection, was found to be very rare; extemal

infection is the usual source. The primarv infection-can be controlled
and healthy seedlings raised by complet6 sterilisation o{ the outside
of the 

_se-ed, indicating that the organisms are usually carried on the
fuzz oI the seed coat.

The costly appliances needed for this work were purchased and are
maintained out of grants made by the Empire Marketing Board.

FUNGUS DISEASES OF PLANTS
W. B. Brierley continued fus study of racial problems in fungi.

.4. number oI natural infections of different hosts bv Botrylis cinetlu
were intensively analysed and, with few exceptio"ns, trio or more
races of the parasite were obtained from any sin!.le lesion. In certain
cases theJungus produced infections which couldnot be distinguished
from each other but the host lesions contained populations con-
sisting of different races or oI assortments of the same races in
different proportions. This method of intensive aaalysis was ex-
tended to other fungal parasites with similar results, and it seems
po_ssible that, in ma.ny diseases, infection may be caused by geneti-
cally- complex populations rather than by aingle races of specific
fungi.

- _-Nglnelous experiments designed to study the educability of
individual races of Borly/rs cinztea prodtced no evidence of change
lastilg beyond the one generation.

M. D. Glrnrte continued her study of the wart disease o{ potatoes.
Among varieties which, on the basis of field trials, have been officially
certified as immune are some which, under the more stringent con--
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ditions of laboratory testing, develop small infections. The devdop-
ment of the parasite has been traced in a number of these varieties
ard, in some, the increase of the disease seems to be prevented by
the development of a necrotic area in the region of infection by
which the plant sloughs off the parasite with the dead tissues.

Critical examination of doubtful specimens of wart disease has
been continued for the Itlinistry of Agriculture and the National
Institute of Agricultural Botany and reports have been made on
seventy-four specimens belonging to thirty-seven varieties.

Investigations into the relation of nutrition to certain fungal
diseases of the potato plant by L. M. J. Kramer, at Rothamsted and
at Woburn, showed no corelation between manurial treatment and
the severity of attact by bfuht (Phylophthora infestans\. The dis-
tribution of the disease was determiaed by the direction of the
prevailing wind and the presence of infecrive centres.

Pot culture experiments, ho\ffever, showed that excessive applica-
tions of phosphatic fertilisers increased inlection of tubers by pink
rot (Phylo?hlholo erythroseptical.

A method oI as-sessing the extent of Iungal invasion of potato
tub€rs was devis€d which corrects for the errors due to the size of the
tuber. It has been extensively used and is of wide application.

THE INSECT PESTS
14 heal Mid.ges. Observations made by H l'. Bames during the

past five years on the iacidence of wheat blossom midges on Broad-
balk, combined with studies oI the records of the Ministry's entcmo-
logical advisors, have revealed some degree of periodicity in their
attack. About every fourth or fifth year they do great damage to
wheat, but in the intervening years the damage is insuficient to
warrant any expenditure on control measures. The figures Ior the
damage on Broadbalk for the last five years are :

Year-
tlllI 1027 I tg28 I 1020 I 1930lr l0Jl

PerceDtage of damaSe to 8r-air | 3.2 i.7

Thus l93O and l93l were 1'ears of Breat damage on Broadbalk. The
Ministry's records show that 1916, 1920 and 1926 were also peak years
of damage. H. F. Barnes is following up these remarkable observations.
If they lead to forecasting oI attack some yaluable practical results
might be expected to emerge.

Varielies oJ Planls immune to insecl attach. Agricultural pests are
not easily controlled by direct methods such as spral ing, which is so
effective for hops and fruit. Indirect methods, including the use oI
resistant or immune varieties, are more suitable.

H. F. Bames has continued his search for varieties of willows
immune to gall midge attack; this year he has concentrated on the
midge that attacks the cricket bat willow (S- coerulca\ which causes
serious loss oI sets, and has found certain basket willows immune
to attack.

M. E. Metcalfe has been doing similar work on clovers and grasses,
such as timothy, rye grasses and cocksfoot. All varieties of red

21.4
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clover are as a rule attacked by the red clo\.er s€ed midse. but the
white clolers are not. The exteDt of damage depends on ihe time of
flowering of the-clo-vers; possibly it could be ivoided bv delal:ing
floEering until the flight of midges s over.

H. C. F. Newton is investigiting the causes of Dlant immunit\.
and has begun a series of ampu"tatio"n experimentsiJ;;;rtil;iiiti
organ or organs on the insect enables it to differentiate between the
varieties of plants.

Thc Pigmy M atgoW Bcetle (Alomaria liwaris\ has of late vea! s
been a troublesome pest of mangolds, but its life histon. could n"ot be
worked out because neither the eggs nor the larvae couid be found in
the soil. This has now been doneby H. C. F. Nerr.ton, so that further
knowledge of the pest can be obtiined which mav iead to the dis-
covery of suitable remedies.

Other Acfio-.it;es. 
_ 
The department has kept in touch with the

problems in the 
- 
British Empire, and during lg3l has helped by

identifyinggallmidges, on whicb H. F. Barnes iia recoenised sJciali.t
from Triniiiad,_ Brazil, Algiers, nussia, Germany,'Si.ily;'46;;;
Turkey, Sierra Leone, Uganda, Nigeria, Malay -,i fo*dsa. ''

INSECTICIDES
P1nelhrum. For some vears past F. Tattersfield and I. T. Martin

have^ closely dudied pyrethrum (C hrysanthemum c iniariaeJoliumJ,
the flowers of which when dried a-nd ground, form one of tfie most
effective and convenient of atl insecti;ides. Its popularitr- mav be
gauged-from thc fact that its production in Japan,'the chief so"urce
or supply, rose from 279,99I lb. in t 9t I to 11,622,906 lb. in l92g: its
cultivation has also been started in France, Switzerland. Spain and the
Argertine. Attempts are being made in coniunction wittr t C f
Fryer, of the Mini;trv of Agriiulture to der.ellop py."1h.i,- "gi;rg
in this countn : the resulfs are distinc l' p.6miii"c. A veiv poor
sandy-soil gavl an excellent s"-pt.. t" ri"iG"itrE;;";i;U;;
tned have not markedlv affected either feld or toxic quality of
the flowers.

Climatic ractors are, however, important. In tropical countries
Uganda, Tanganyila and Trinidad, ihe plant growi but r.r,ill not
produce flowers; on the uplands of Kenl-L, horiever. good croos of
flowers of high toxic va-lue were obtained. In tempeia"te condiiions
the nwnber and the p1'rethrin content of the llowers are reduced by
rerirrcjng..ll'," 11;u-ination (e.g. by cutting off the hours of davlight)
and_f inally with suFcie_ntly low iiluminat'ion ( 1,000 rr.at t lamlon"ly),
no flowers are produced.

..The toxic prlPerties-are due to tvro closely allied substances
called- pyrethria _I and II, which are esters of a ketonic alcohol,
pyrethrolone, and two acids, one monobasic and the other dibasic,
Neither the pyrethrolone nor the acids are toxic. onlv the comtrina-
tion of the lwo. The pyrethrin content of the flower-heads deoends
on the plant: the order of merit of the different plants teste'd has
been much the same in each of the three v.".s oi thu e"o.;-"r,t
There is some evidence that cuttings lro- ni,,t, vi"iai"* ,idt, ffi i;
turn produce high pyrethrin yieldi, though -whether tii prooertv is
transmissible by breeding is not yet certiin.

Hitherto plrethrum (made up as talc-pyrethrum dust) has suf
fered from the serious drawback that it is iiible to lose iti toxicitv
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after a time. F. Tattersfield finds tbat the cause of the loss is
oxidation of the poisonous principle, and this is speciallv marked in
the light ; it is much slower in the dark. The lossls greitly reduced,
however, by adding small quantities oI certain antioiidanls such as
pirocatechol, resorcinol, hydroquirone, pyrogallol and tannic acid ;
on the other hand phenol and phlorogiu'cinol'were less effective.

Fish-loison Plants. A number of plants are used bv the natives
of tropical countries for catching iish 

-by 
poisoning them. Manv of

these plants have been examined by F. fattersfie"ld and foun<i to
contain one of the most potent insecticides known, rotenone. Derris
is the best knowa of these plants ; its root, which is the most effective
part, usrrally contains some 2 or 3 per cent. of rotenone ; the quantity
is variable, however, and in samples received in our laboratory it hjs
ranged from I to nearly 6 per cent. Another plant, ,,cub(," Loncho-
carpus nicou Irom Peru, contained as much as 6.4 per cent.

Certain other plants were found also to possess insecticidal
properties, among them Mund.ulea suberosa,- Itorn India, and
N eordytanlnia fisifolra, from S. Rhodesia, but they seem less ef{ective
than the Derris and Haiari groups.

These insecticidal plants have undoubtedly a great future. Thev
are far and away the best and safest irsecticides and are very poteni
both against animal pests and against plant pests. The pirettrrin
prodxcers can be gro$Tl at home, and the rotenone producers in our
tropical empire, notably in Illalaya and British Guiana, and their
cultivation would open up the possibility of an important new
industry. F. Tatters{ield has been highly successful- in studying
these plants, and it is deplorable that the woik has had to be curtiiled
owing to reduction of grants just as it was beRinJting to yield results.
It would have suffered much more but for thi pubfic spirited action
of Mr. George Monro, who induced his company to make a grant of
f,100 for tlree years in order to keep the investigation g:oing in
readiness for active development whenever the opportunity arises.
The Empire Itlarketing Board out of its slender resoirices madi a grant
of f,50 to enable us to examine in detail some of the sampleJnos.
being grown experimentally in British Guiana.

BEE RESEARCH

, .A.n,important investigation into the causes oI swarming has been
begunbyD. M.llorlard. Young bees are hatchedoutin anlncubator
in weekly batches of 1,000; thiy are marked with distinctive marks
and introduced into an observation hive: their subsequent careers
are then observed. They alt go through a definite course. For the
iLst part of their lives they act as wet nurses to the brood-the
young larvae that will shortly become bees. Then, alter a time, they
pass on to household duties, such as the cleaning and ventilation of
the hive. Still later they become food finders, going out foraginB
for nectar.

All goes well so long as the number of larvae is enough to keep the
nurses fully occupied. But in late sprint the numberbl eggs laid is
yery hrgh, and each egg may in 2l days become a wet nurse seeking
larv-ae to feed. As the number of eggs becomes less the number of
larvae falls oIf, and then the nurse bees, apparently as the only way
of_using up their superfluous food and energy, stari producing queeir
cells.

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-1-65 pp 49

18

This causes trouble. Tbe queen cells disturb the old queen, and
when the next queen emerges, and in some instances even before she
comes out, the old queen goes off with many followers. Swarming
was induced in the experimental hive by introducing ahost of active
nurse bees; a few days before the migrants left home some of them
were seen three-quarters of a mile away, preparing an empty hive
for occupation. Wtren {inally the swarm went off it took with it
bees oI the diflerent categories-nursemaids, housemaids and food-
finders-in approximately the same proportion as in the parent
hive-

This rvork is being actively developed, but it needs more helpers.
It is one of the most Iascinating branches oI social biology.

In addition, a number of investigations are made with questions
of purely technical interest, though oI great practical importance.
Chief among these are the methods of ventilating the hive. Bee-
keepers had been divided on this subject ; some had advocated the
setting of the combs parallel to the front of the hive ; others prelerred
to set them at right angles, supposing that this would give better
ventilation and freer access to the combs ; this way called the " cold
wav," in contradistinction to the other or " warm way."

Observations over a number of years have showa that neither
arrangement has much elfect on the temp€rature; the bees manage
this for themselves. During summer they completely control the
tempcrature of the brood nest by fanning with their wings and
during winter they completely control the temperature of the
interior of the cluster by their own body warmth.

\4'arm air is expelled by the bees during the active season,
especially in the process of ripening honey, but in winter the chief
loss oI heat from a hive occurs through the walls, by conduction.
This is so importart that special studies have been made to see how
to minimise it. An outer cover w.!s made giving a space of 6 or 8
inches all round the brood chamber, this spa.ce was filled with planed
shavings. This additional protection improved the brood rearing
conditions in spring and autumn, treatly reduced the consumption
of stores in winter and afforded drier conditions in winter by
eliminating condensation.

The omission of the shavings, as in the " W. B. C." hive, reduced
the emciency of the cover ; the temperature in winter was no better
than in the single wa.lled hive.

The moisture evaporating from the bees gives rise to important
problems ir hiye construction. It penetrates the wall of the hive, but
if the outside of the wall is painted it is held back by the paint forming
a water blister. This penetration could not be stopped by coating
the iaside of the wall either with boiled oil or with the varnish
gathered and applied by the bees themselves. If, however, the
outside is not painted but only creosoted the moisture escapes. In
winter this led to the bees clustering well forwa.rd against the warm
south side of the hive instead oI retiring on their stores in the normal
way; fi.rrther, on slmnv days in winter the bees flew while those in
the white painted hives remained quiet. In summer, however, the
creosoted hives were unbearably hot to the hand. The bees were
quite equal to the emergency, and they kept down the temperature
to the proper degree by fanning.

Unpainted zinc was an effective rooling material. Painted white,
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it remained very wet inside with condensed moistue during winter
months, while painted black it became very hot in summer though
it was always dry inside.

FUNGUS DISEASES OF CROPS ON EXPERIMENTAL PLOTS
AT ROTHAMSTED AND WOBURN, T93I

M. D, Grvxxr
WHEAT

Mrtnew (Etysiphe graminis DC.\ was first observed in Jrme,
and was most plentiful in July. It was generally slight, but in Little
Hoos Top Dressing experiment at Rothansted and in the New
Rotation experiment on Stackyard field at Woburn the disease was
moderate to plentiful.

WETTEHEADS (Texr-err) (Othiobolus 6zczrizis Sacc.) was first
observed in May. The severity of the attack varied considerably
from field to iield and from plot to plot. It w.Ls more common on
wheat grown continuously or in altemate years on the same land
than when longer intervals occurred between each wheat crop. On
Broadbalk the disease appeared to be rather more plentiful on the
badly nourished plots 3-5 than on the others. It was considerably
more plentiful at Wobum than at Rothamsted.

The permanent wheat plots on Stackyard Field, Wobum, showed
such great differences in the incidence of disease on differently
manured plots that a detailed survey was made which will be pub-
lished later. On plots with a high degree of soil acidity the disease
was absent or very much less than on those with a higher pH.

Loosr Suur (Ustilago Titici. (Pers.) Jens.) This occurred on
several plots of Broadbalk. At Woburn it was found on the Con-
tinuous \l'heat in Stackyard Field and on the Green Manuring
Experiment in Lansome Field. It was also present on the variety
Square Heads Master, but rot on Yeoman II in the Precision Wheat
Experiment on Lansome. Its incidence was slight.

YELLow Rusr (Pwcinia gl,utnaruzr, (Scbm.), Erikss. and Henn.)
Was observed a-s slight in early June but increased as the season
advanced. The attack varied from field to {ield, ard from plot to
plot, and on the whole was more abundant where the crop was healy.
In Wobum, on the Precision \theat, it was more abundant on
Square Heads Master than on Yeoman II, especially early in the
season. It was very plentilul on Winter \Vheat Var., lVilhelmina
sown in Julv on Fosters Field, especially in September, when the
leaves looked yellow with rust. In October, however, though the
older leaves were still badly affected, the younger ones were green
and appeared to be growing away from the disease.

BRowN Rusr (Purcinia lriticina Errkssl. Very plentiful ir
September on Winter Wheat, var., Wilhelmina sown in July, in
Fosters Field. In October the plants appeared to be growing away
from the disease, as the young leaves were very much less badly
affected than the old ones.

Lrer Spor (Septotia Titici Desm). Was Iouad on all the wheat
fields; its incidence uras on the whole slight.

Foor Ror (Fusarium sP.'1. Was fouad on the underground Parts
of the wheat plants as a white mycelium. Its incidence was very
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slight at Rothamsted, except on Hoos Field \ltreat after Fallow,
where it was present, though not plentiful.

At Wobum it was verv slight on the Continuous Wheat on
Stackyard, while on the Green Crops as Manures in the same field it
was more plentiful, though still slight. It contrasted with White-
heads, which was very plentiful on some plots of Continuous Wheat
and very slight on the Green Crops as Manures.

OATS
MtLDEw (Erysi?ha graminis, DC.). Was found much nore

abundantly on the spring-sown than on the winter oats. The attack
was especially heary on the dark green, well-nourished plarts. It
yas {9u!d fairly plentifully on Great Harpenden, Pastures and
Broadba.lk spring oats, and was present bui not plentifirJ on the
winter oats on Great Haqxnden and Little Hoos fields.

Looss Snur (Ustilago Aoenae (Pers.), Jens.. Was Iound in the
winter oats from June onwards. It was scattered through the crops
and was fairly plentiful in Great Harpenden, in Little I{oos, and it
Wobum in Lansome Field. It was not found on the spring oats.

CnowN- Rusr (Pu.ccitia Zo&'i Niels). Was sliglit eirly in the
season, a.nd by August wa-s fairly pleutiful on the spring oats. It was
also formd in September and October fairly commo;ly on oats sown
in Fosters Field in Tulv.

season, and by August was fairly

Sosters Field in July.
LE_AI S-por (Helminthosfotiunr Aoenae (Bi. and Cav.), Eid.)

Was formd on both sprinei and winter oati at Rothamsied and
Wobum, varying in quantity from slight to moderate. In no case did
it appear to do much damage.

BARLEY
MtLorw (Erysiphe grambtis, DC.). Wa-s found on most of the

barley, in greatest quantity oD the plots receiving heary application
ol nrtrogenous manure.

WHrrEmADs (Texr-Arr) (Ophiobolus gramitis, Sacc.). Was
observed on the Continuous barlev in Stackvard Field at W6burn.

Nrr Brorcs (Pyenophoru lezes (Died. )- Drechsl. ). Was present
il aU the barley crops. It varied Irom slight to very plentlful on
different fielcls at Rothamsted and Woburn.

BRowN RusT (Putcinia aromala Rostr.\. Was generallv fairlv
common. It was verv hear"y in September on barley so*o irt luty
in Fosters Field-

LEAF SrRrpE (Helmb*hospotium gramireum Rabenh.). tvlra_s

found on most oI the barley crops at Rothamsted and Woburn,
killing <rccasional plants. The loss due to the disease appeared to be
slight.

Wh e If. gramireum did not appear to cause much loss in the
leJdl !t did serious damage in many poi experiments. For work of
this kind disinfection of seed is strongly recommended.

LEAF BLorcE (Rhynchosporium Seca&i (Oud.) Davis). Wa_s
found in most, but not all the barley fiekls. None was found on
Long Hoos, Rotation; it was most common on the Continuous
barley irl Hoos. At Wobum it wa.s moderate on the Continuous
barley in Stackyard and in the Rotation Cake v. Corn in I-ansome
Field. On most other barley plots it was slight.
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RYE
ERGor (Clavice?s fufurea (Fr.) Tul.). A little was found in

August on the commercial rye grown Ior seed in Great Harpeuden
Field.

BRowN Rusr (Pucchia sccdina, Grove'1. Was present but not
very plentiful except on the rye soum itr July in Fosters Field, where
the attack was moderate.

Lrer Bro,rcn (R\mchosporium Secalrs (Oud.) Davis). Was
present in small quantity on Little Hoos and Great Harpenden
Field at Rothamsted. On Butt Furlong Field at Wobum the attack
was unusually severe.

RYE GRASS
Eneor (Chtfuefs ?r.r?a/ca pr.) Tul.). Was found occasionally

on rye grass growing at the edge of Fosters Field.
CRowN Rusr (Purchia Lolii. Niels). Wa-s common in September

on rye grass in the forage plots on Fosters Field.

GRASS PLOTS
CIdoKE (E?icuoe typhita (Er.l Tul.). A detailed eye estimation

of the amount o{ this disease was made on all plots on Jr:ne 23rd,
1931, and checked on the following day. Efuhlac typhi*a was lormd
generally on Agrostis and very occasionally ot Da.etylis glomcrab.
It varied considerably from plot to plot, as has been observed for
many years. Liming appeared to reduce the disease, and ammonium
sulphate even after it had been discontinued Io: many years,
appeared to increase the disease except in the limed parts. 'Plots
ll-l and ll-2, which receive treble ammonium salts, had
little disease, but there was very little Agrostis in these plots except
at the edges and these plants were considerably affected.

A pota-sh- deficiency has long been regarded as a predisposing
cause for this disease. A careful comParison of comparable plots
with and without potash &2 and&I, 7 and 8,9 anil 10, showed
similar amounts of dis€ase in the individuals oI each pail of plots
except in I and 10. Plot 10, which lacks potash, had more lgrostris
amd. more EpicUoe than 9, but the proportiot of E?irhlac to Agrostis
appeared similar in each plot. This observation should be repeated
over a number of years.

The distribution of the disease must necessari.lv be oartlv deoe-
dent on that of Agtostis, and this varies rr"ry muih wiiU m'anuria
treatment. There is, however, some evidence which suggests that
the distribution of Choke varies on plots ir which the amount of
Agroslis is similar. In order to assess the parts played by the dis-
tribution oI lSzosris, the direct elfect of manurial treatment and
other factors, on the incidence of the disease considerably more data
are needed.

BROA-D BEAN
(On Great Knott Field, Rotharnsted)

__ CEocorerr Sror (probably Bacillus Lathyi Manns a.nd Taub.).
Very common.

Rvsr (Urornyces Fabaz (Pers.l de Bary). Very commou.
GREY MoULD (Bot4tis cinerea, Pers.). Very common, occasional

plants apparently killed by it.
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SWEDE
Frxcrn-exo-Tor lPlasnodiopkra Bras*icac lJ orora.j. Was

found on Barnfield, but was not common-
Mrc:law (Erysiphe Pol,ygot i, DC.\. Fairly common.

MANGOLD
Rust (Uromyces Belae (Pers.l Tul.). Was found faidy frequent-

lv on Barnfield in October.- 
Br.rcx Lnc (Phoma Betae (Oud..l Frank). Wa-s found on Bam-

field on young plants in June, in moderate quantity. Alfected roots
were found but were not common at harvest.

I.EAF ScoRcH (fossibly ttotfarasitic). Wa-s common on plots in
Bamfield in October. It was on the whole more plentiful ir pl<,ts
which received nitrogen as manure than in those which did not.

SUGAR BEET
CnowN Gen (Bacterium tumefaeiers E.F. Sm. and Towns).

Was found on a few roots at Rotharnsted. It was uncommon, but
occasionally well developed.

Rvsr (Urctnyces Belae (Pers.) Tul.). Was found occasionally in
the sugar beet at Rothamsted. The attack was slight.

Lrer Sconcr (postibly M-parasr7rc). \4'as common both at
Rothamsted and Woburn. At Rothamsted, on Rotation II on
Long Hoos, it v/as fairly evenly distributed, and was moderate to
plentiful on every plot. The difference in manurial treatment did not
appear to affect the incidence of the disease.

At Woburn, on the Ma.nurial and Cultivation Experiments on
Butt Furlong Field, it varied considerably from plot to plot. Counts
were therefore made of the number of plarts showing " scorch " on
the micro-plots and on the plots in four blocks oI ttre main experiment.

There was some indication on the main experiment that late
application of manure and the addition of sulphate increased the
disease and rotary tillage reduced it. On the micro-plots, however,
the addition of sulphate did not appear to increase the disease,
which was on an average treatest on the unmanured plot.

REPORT ON INSECT PESTS OF THE ROTHAMSTED FARM
1930-1931

By H. C. F. NEwroN
Grxrnat. One of the most notable features on the Rothamsted

Iarm this yeax was the almost complete absence of darrage to the
cruciferous crops by Flea-beetles (Phyllotretu spp .) , although lilst year
two, and in some parts of the lields three, sowirgs had to be made
to get a ptant.

Insect fluctuations and their causes are receiving an increasing
amount of attention by entornologists. Very little is known about
flea-beetle attacks, beyond the broad generalisation that a dry hot
spell favours attack. Wet weather may be disastrous, ilr spite of
gineral opinion to the contrary, provided the temperatue be not
too low. The attack, however, is not determined only by the weather
prevailing at the time, but also by the chara.cter of the winter, for the
ilamage is done by beetles that developed during ttre previous summer
and sun'ived the winter as adults.
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Very little is known about the parasitism ol t}re Phyllobeta sgp,
One oI tlrem, P. nemorum, passes through its developmental stages
above ground and can be heavily par&sitised; the other species are
all undergrormd during development, and as far as is linor*rr suffer
but little parasitisation; and as these usually far outnumber
P. ttemorum, it appears unlikely that parasitisation can be an
important factor in causing the enormous fluctuations in numbers
recently witnessed on the farm.

FRrr FLY (Oscinella (Oscittisl frit Lintt.). This year an unusual
and widespread attack on the winter cereals by " Irit " took place
during the months November-January. The maximum emergence of
the last flight occurs about the months of August-September, but the
cereals attacked were not sowu till the middle of October, and of
course grew up much later. There is thus a period of some weeks
between the time when the flies are ovipositing and when the cereals
cou.ld become infected. It is probable that the volunteer com,
which came up plentifully alter the wet harvesting conditions,
maintahed the frit larvae in the interval, the young com beirrg
infected from this source. The actual dates are as follows for Broad-
balk, 1930:

Cutting wheat
Cultivation
Ploughing operations
Wheat clrilled

August l8th
August 30th
October 3rd-l4th
October l6th'

There was therefore a period of nearly six weeks during which ample
opportuuity for inlestation oI volunteer corn occurred; between
final ploughing and seeding on.ly a very short interval.

The spring attack of Frit fly was below normal,
WIREWoRU (Agriotes sfp.\. Damage due to this pest was

unusually bad on the classical barley plots, and is dealt trith more
fully in a later paragraph.

BROADBALK
WHEAT

Trln Fnrr rl-v (Oscittclla (Oscinis) frit Lim. As examination of
brown discoloured shoots observed at the end of November,revealed
the presence of Frit fly larvae. The attack nas spread generally
over the Iield and was in places severe. A number of observ-ations
were made to discover (a) the percentage of attack; (D) the number
of attacked plants that recovered; and (c) the spread of the infesta-
tion during the period under observation.

A number of random square yards were pegged out, and the
number of dead, attacked but living, and unattacked plants were
counted at iatervals.

The corurts on November 22nd and mid-December were, when
expressed as numbers of attacked plants per acre :

. Fc the pleot *etr th. dat6 arc 6 fouoc: 1931. Cuttiog, Atrgust 18th; plorghilg
oFdtioc b.gun AUABI 29tb a.d @otiau.d till S.pt mb€r l6rh , .drjvaric,
S.pt mtd ,Lt, S.pteober ,6tb ald Octoher roth-l2tb; ediDs, October 13rh. A srch lor
tdt-inf6ted pLntr dun s tt. L5t Eoath (Nove6D..-Drcmb.r, 1931, hs beo almct eDtitdy
lruitl€s Ia the .!6.De ot EIevaDt data @oemius the ouobeB ol lhe Irst tu{hr ol fril i! lba
tro v.6 it is not cLimed tbat tbe dilleaoe io tb. culrural E.rbods is -bouy r;DoEsbl6 ltr rh.
dilfei!!@ ia:!tacl, but it is ertainlv suss6riv.. Th€ @tter;, 4 b€ sidrt'v scillca uy repior
e. .@ ol tt fi.ld tre f@m whoter com.
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Plot
3
6
0
7
8

l3

rmber 22nd
22,418
10,164
4,UO

10,300
r4,036
4,7t2

Mid Decehbet
96,800
48,400
34,848
6t,s52

10,o72

The total number of plants per acre was about a million.
The v/orst attack encountered was in PIot 2 (farmyard manure),

and affects iust under l0 Der cent. of the total oiant iooulation.
There is-no correlatiori of attacks with manirrial tlreitment. but

the highest infestation was on an area in the Farmyard Manure Plot,
38 ptants to the square yard, or nearly 15 per cent. 

- 
seventy per cent.

ot the plants marked as " dead " had not recovered up to the begin-
ning of Ja.nuary. Whether the plant dies or not deperids on how far
the trub eats out the ceutral shoot. In wet weather the plant
frequently rots and is invaded by secondary parasites, e.g. mitei and
nematodes which complete the disintegrating process. Plants
attacked just aJter germination and during the next month or so
rarely recover : afterJanuary the pla.nts can" resist the attack.

Wmer Bure Fiv @jleny;i coarctata Fa17.'1 This fly was
Present, but did no appreciable damage. Another dipterous larvae
causing similar damage was also present, and is beina investigated.
This fly would appear to occur rither later thaD th-e Uuft fiy, as
Iarvae not fully developed were found as late as tle middle of May.
- LE-AI MINER (Agromyza s1.). This fly was much less plentilul

than last year and damage was small. Most of the mines were
inhabited by one larvae, but many with 2, 3 and sometimes 4, were
found. Occasionally also, pupafion takes place within the leaf
instead of in the gr6und. ttlitdria Us been iollected to fincl out iI
more than one species is present, and to see what parasites-if any
---€merge.

MtDGEs (Cofllaritia tlitici KtRBr., Silad.iflosis mosellana Gtbin.).
The midge aitack was the worst observed dirring the last five yeai.
Parasitism was very heavy, in some c.rses the ears being at iimes
almost black with ovipositing parasites.

Tm Wsrrr-sreu BoncR (Cc?hus Ngrn4*s Linn.). This was again
present, but damage was estimated zr7.

- PEASANTS. A good deal of injury was caused by pheasants in
the early winter.

Truorny Gness
The ears of the Timothy grass in the borders arould Broadbalk

were much attacked by the Timothy fly (Amawosom.a sp.l-

GREAT HOOS FIELD
CLASSIcAL BARLEY PLoTS

WIREWoRM (Agrioles spp.\. The most notable featue of the
year was an attack by wireworm. It was first observed on May 6th
and by May 13th the rows of barley on some of the plots looked as
if a fire had swept across them. The attack was most noticeable on
the unmanured or incompletely manured plots, and on the worst oI
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these, Gl, 50 per cent. of the plants showed signs of attack
and many were killed. On the completely manured plots the plants
were better able to keep pace with the tla.rnage, but even here many
gaps were made. By the end of June the surviving plants had
outgroum the attack.

The relative damage on the different plots was as follows:
(l) being the most damaged; (4) the least; in each category the
plots are arranged in the order of the damage done:

l. 6-l (most damage),4, 3,6-2, 3A, l.
2. 7-1, 7-2,44, rA, rAA.
?. 2, 44,4,3AA, TAA.
4. 2AA,2A, Rape Cake Plots (least damage).

The order in which the plots recovered wa-s as follows, (l) being
the quickest and (4) the slowest :

7-2 (recovery quickest) Rape Cake Plots, 4A.
2AA, 4AA, 2A, 3AA, IAA.
7-1,4,3,2,l.
6-l (recovery slowest).

I.
2.
3.
4.

This order corresponds fairly well with that oI the average yields.
Tna Gour Fw (CNarops taeniopus Meig.) was present a-s usual,

but the attack was less than last year.
Txrurs. Frequently dam€ed the young ears, but not sedously.

FOUR COURSE ROTATION EXPERIMENT
'V,lw,x. Cephus figmzus presert.
Practically no leaf miret (Agronyza sp.)-
SwEDEs. This year there was no loss from flea-beefles (Plyllo-

t?eta sI[.). A good deal of leaf damage to yorrng plarts was, however,
causai by pigeons, June-July. An attack oI rnildew was encouraged
by the late singling of tbe plants.

SEEDS AND BARIJY. No significant attacks.

ALTERNATE Wgeer Exprnnmxr
Early attack by Frit fly; wheat bulb fly (H?lernyia coarcta,a

Fall), wheat mifue and Cefhus pigma*s all present. LeaI miner
attack slight.

KALE
No flea-beetle attack.

SIX COURSE ROTATION
WHEAT. As expected, the wheat after fallow was attacked by

wheat bulb fly during March and April. However, the wheat seeding
had been so thick and so much early tillering had taken place before
the attack began that no loss resulted. The number of tillers in a
Iinear yard varied from 280 to 120, figures lar in excess of those
obtaining on Broadbalk. The average number of tillers attacked per
liaear yard was fifteen.

Cnenrocx PLor. Larvae oI Chortophila Dzossrcae Bch6 occurred
on the Charlock roots. This insect may be a serious pest of cultivated
Cruciferae.

SucAR BEEr. Atomaria &zcauri Stephens, the Pigmy mangold
beetle, was present but caused no loss of final " plant." The loss

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-1-65 pp 57

66

that occurred rf,as probably due to hares. Only two lawae of pqgo-
fi)na Lyocto t \gere seen at the end of fune. Numbers of the SDotted
Snake Millipede, Blaaiuhts puhtdatu; Boslc. were found us"itry itr
a-ssociation with I tamaia ; thewotrrds caused by the one appare-ntly
attract the other-

. BARLEv. There was slight wireworm attack in April and some
damage_by. wheat_bulb flies which must have been v6ry hte speci-
mens. Frit 1nd pgut fly attacks were insignificant. 

- A few'leaf
mrners were lound sirrrilar to the Agrcrnyza on wheat.

Crown. Porerors. No sisniiicani attack.
- Fo-RAGE Mrxrunrs. Slight ;ttack by wireworm (March-April)

after bastard fallow. Wleal bulb fly kilied many t drs during the
same period; in the \i,orst cases as many as four out of six t'illers
were attacked.

-- -No- 
damage was observed on the Rye plots, nor the Linseed and

Kale that followed

LITTLE HOOS
Fonecr Cno p ExprrurdENrs. Attack by the pea and bean weevils

(Sitou spp.) occurred, but was much leis seriorrs ttran last year,
when tle crop was spring+own a.nd so less able to withstand dariage.
An autumn attack by Frit fly occurred. -

WHEAT Ex pERtrrElrs. The auturnn early winter attack by Frit
fly was geueral.

GREAT HARPENDEN
SpnrNc Oers. A rather bad attack bv wireworm occurred

generally during April, and this, together wilh the rooks. deDleted
the plant. Spring Frit fly attack was small, but there was occaiional
darnage by a lepidopterous larva, probably Abamea secalis Bierk.

WIrrsn O,ris. A slght attackol wirtivorin occurred durins the
spring following the early winter Frit fly attack.

WHEAT VARTETI'TRrir-s aNo Rt,te P-rors. In earlv winter there
y.af ql -att_ack 

of Frit fly generally. Some plants whei about I foot
high_had the centlal shoot ki)ed by A pamba secalis Bjerk.

MIcRo SUGAR BEEI: Plors. Atpmaia lizaazis Stephens was the
ctrief pest here, but the sugar beet had been ,,dibbied " in, some
5 or 6 seeds to a hole, so that thoush some ola.nts were destroved the
final stand was not affected. Obdrvationi made on the lile "historv
of this beetle are beirg published (Anu. Af ft. Brbl., Feb., l932i.
_S_urrgulding dock plants were much eaten by P/eclzosc elis cotcinna
Marsh, but no damage to beet plants was noticed.

BARNFIELD
Alondlia atlacked the ma.ngolds in earlv Mav. but the numbers

were insufficient to account forlhe failure <it ttre-tirst sowing, which
appeared to be due in part to cultural conditions. Only or,; plectro-
scelis concinna was seen, and there was no evidence of ittack by this
beetle.

The second sowing did not appear to suffer from attack except
for a strip along the west side of Plots lC, IAC and lA, where tie
mangolds were taken but not the swedes. Pigeons probablv did
much of tbe damage, but earwigs were also "plenti tirl, obriinlng
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shelter from the grass banks at the side and perhaps from the chicken
pens. Three earwigs captured from the plants at-night were kept itr
the laboratory confined with 2 swede and B mangold plants. Within
5 days ttre plants were destroyed but no prefereice rias shown.

WOBURN
An attack on the micro-plots of sugar beet was the ontv thing of

interest this year. Only a few plants wele lost, the stems biine ealen
off a short distance above ground level witb a short lensth-of thc
central strand left. Mammils or birds are suspected. i Harpatus
was.collected by-spreading sackiag at night, but no damage could be
ascribed to this insect.

FIELD PLOT TECHNISUE
The- Statistical Department has been largely concerned with the

methods oI the interpretation of field and laboratory experiments,
and with the principles oI their desigr. The principlei which govcm
the dependence of interpretation on design have Gen made c'iear in
previous years. Many voluntary workers, however, are anxious to
illustrate particular aspects of these principles and to explore lurther
the practical bearing of the observations ma.de in unif6rmitr. trials
and il explicit experimentation.
_ Durirg the ygar three workers (F. R. Immer, S. H.
Justensen and R. J. Kalamkar) have takLn up the question of thc
most_ efficient u-se of lnnd in experiments in whiih an 6dge row must
be disca.rded. In such cases the narrower the strio use-d a-s a DIot
the larger the proportion of the crop re;ectJtromitre e;;rir"J;ij
data. On the other hand, it has bien widety verified thit, for the
same area harvested, subdivision into numerous small plots genera.lly
leads to a considerable increa-se in precision. Using indipendent dati
relatrgrg in twq cqses to potato€a and in one t6 sugar beet, each
enquiry showed that the best use of a given area cair be made bv
using 4-row plots, where halJ the total arei is discarded. Conseouentlv
where the precision of the experiments is chiefly restricted bv thl
experime-ntal area available, tfiis width of plot riray be expectid to
give the best results.

The efficiencv of the sampting method, both in its application to
yield trials and to the progress and $owtb of crops, lar!il1. depends
on the choice of the sampling unit, or set of drill-lengthl iixed bv a
single act of randomisation. Experience in previous vei.rs had thro-wn
doubt upon whether the form of sampling-unit origiaally chosen for
crop weather observations was the best possible:- (l) because the
4 quarter metres of which it was composed were all tiken from the
same drill row, and as had been firsi shown by Clapham, lengths
from the same drill row were somewhat hishlv correlated: l2)"be-
calse it was doubtful iI any additiona.l ir"iirion *"..ain'ed bu
spreading the sampling unit over a length 6f I0 feet, when" probabli
there was a real competition between the growth of para.llel'adiaceni
I9ys. By harvesting a small area completely in i-metre leirgths,
Kalamkar was able to test experimentall'y thjefficiinct.of diffirent
forms of sampling unit, with the result ihat a unit of'four parallel
lengths on adjacent lows was found to be actuallv the most eificient.
Since this form of unit is very convenient to take in the field, and in
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the crop weather observations can be used to simplify the whole
sampling procedure, its use in future is to be recommended.

As the existence of an accurate theory of small samples has
comc to be knoyn, mathematical statisticians on both sides oI the
Atlantic have devoted much work to investigations by experimental
sampling. Much of this work has been aimed at solving (practically)
somewhat abstract problems oI distribution, which presented
analytical diftculties to the mathematician. Rightly approached,
horvever, the subiect has a practical and scientific interest, for the
experimenter in designing his experiments rill want to know whether
the aaalysis of variance, or one of the tests which are particular
cases of this analysis, will, without additional precautions, be
suficiently a.pplicable to his material, even if it exhibits aromalies
of the third degree, such as skewness, correlation of mean with
variance, etc. An extensive sampling experiment has recently been
carried out by T. Eden, to test whether the analysis of va.riance,
applied to a randomised blocks sclpza, on such skew material, would
in fact indicate the true limits of significance. The distribution of
1,000 tests of significarce was found to be in complete conformity
with theorctical crpectation for normal data.

The analysis of variance has not, however, always been rightly
applied. The great simplicity of the arithmetical processes, when
applied to experiments desigaed to secure this simplicity, has some-
times led to a neglect of the fact that alry interactions which, as is
often advantageous, have been confounded with components of soil
heterogeneity, or which, as is usua-lly less satisfa.ctory, are between
non-orthogonal sets of treatments, as in many oi the older types of
experiment, require special care to obtain the true estimate of error.
Through neglect of this precaution the interpretation to be placed
on two of our previous exp€riments in 1929 and l93O have been
revised in the current report (p. 150 ; p. 156). Although no important
conclusions, but onlv the significance of certain manurial inter-
actions, are alfected, the point is one which deserves attention, as it
is very liable to give trouble to inexperienced computers, and should
especially be considered in experimental desigrl.

An increa.singly importart aspct of the application of the
priociples of experimental desigl, concems the desiga of co-ordinated
experiments carried out at a number of centres. During the year
two workers from Canada have been working on these problems, and
a report with recommendations has been made by J. W. Hopkins
to the National Research Council of rhe Dominion, on their co-
operative experiments ou the influence of seed rate on the yield oI
varieties of oats. Professor Summerby alsowas engaged in the design
of comprehensive manurial experiments on fields under rotation.

In the field of Agricultural Meteorology, A. L. Murray, of Dublin,
has taken up the question of the interpretation of the heavy loss in
wheat y'ield from Broadba.lk, ascribabte to winter rain; finding,
contrarv to expectation, that this loss is not to be avoided by using
spring in place of autumn dressings of nitrogeneous fertilisers. The
spring dressed plots show, however, an advantate in years $ith a.

wet summer. The classical experiment with mangolds, on Ba.mfield,
has been analysed by R. J. Kalamkar, in connection with the amount
and distribution of the rainfall. The yields Irom these plots are,
however, so variable that it would be unsa"fe as yet to interpret the
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data, 'gtil the influence of varying root number has been separately
aasessd-

The year has seen considerable progress in theory, especially in
regard to the analysis of covariance, as well as irr the practice of its
various applications.

THE ACCURACY OF THE FIELD EXPERIMENTS
The standard errors per plot oI experiments carried out in lgSI

are given in Tables X, XI and XII together \f,ith an average of those
obtained in previous years. It will be s€€n that these errors are of
the same matnitude as in previous years, and that there is little
difference in the accuracy obtained at Rothamsted ard the outside
centres-

TABLE X.
STANDAa, ERRoRs pEs PLor, 1031.

RotlarDsted.
Wcitu Pcr a.rc.

totrs,

Suga, B.el
Roots.l Tops
tons- I toos.

Barht.
}ain.rStraw
c'*t. I cqt.

Whcdr.
;rain.rStraw

Lzti* Squa%s- |

^""'*133r'110 :: | 5 v v t.3
2.0

1.9
2.1 1.5 3l

Raadoaised Blochs-
Average 1926-1930 0.7

t.2ls3I
0.31
0.5

1.21
t.0 v I 2.9

r.8l
l.4l

4.3

tsingle Iigure.

Oats. For.gc. Hoy.

Grah. StraY Hay. Grain. Straw

Ldin Squor.s-
AveBte 10261930

l93t ,. L' zq 3.1

Rddorniscrt Blo.At-
AveraAe f92&.1930

l93l z1 ,n 1.4

Per ccn, of Yield.

l 
r",*". S*gar Bed.

Roots.lTops.
Bulot.

Grai.D.lStrew.
Whcat.
rin.rStraw

Ldrin S*.arcs-
Averate 1925-1930

l93l
4.{ t 5.8

13.{
7.1
9.4 83 t7

Rdndornised Blochs
AveraEe 1926-1930

l93l
8.4

10.0
r0.!'
4.1

10.9'
6.4

9.1 I4.0
8.3 I
8.91

10.8
9.5
8.2

.SinSle Iitrrre.
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tons.

v

Beet.
Tops.
toDs.

Ll
t.2

Sugdr
Roots.

Lalin Squarcs-
Average 1926-1030

Randornised Blochs-
Averate 192&1930

l93l

l93t
1.5
2.6

l-3
l.o

t-o
1.3

Oals.
Edr.

Grain. Straw. H.y. GraiD. Straw

Lalii Sqaar.s-
Average 192F1930

l03l .. e: t2.2 7.8 7.9

R.rrd,o iset Blochs-
Average 1926-1930

lg3l .. l2-7 lo2 rLr

Pcr cent. oI YieU.

Lath Squarzs-
Average 1926-1930

,"*^, 
I

1' 9.1 I1.0
s1 I zg

Sutai 8..1.
Roots. Tops.

l93l

Raadoaised Blochs-
Avemte 1926-1930

l93l
,:

TABLE XII.
Average of Outside Cetttes.

Wcigh, pcr adc.

Ldh Sovues-
Averag; 192?-ro3or93l . .

Rdndorriscd Blochs
AveBge 1927-1930

193t ..

Hay.

4.9

,.1

Sugat Bccl. I Sucdcs. Barley.
loots. Tops. lRoots. Tops. CraiD. Straw
totrs. toDs. I toas. I tons. cwt. cwt.

l

2.O
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PGr c.rt. of l'i.U.

Suga.r Bc.t.
Roots.lTops.

S@d.s.
Roots.l Tops.

BGhr.
aitr. lStraE

Lalira Sqrdrcs-
Avcrete 1027-1930

l93r . .
5.2 6.4 8.1

8.4 63 3 I 8.5
7.7

Rardofiis.dBlochs-
Avcrage 1927-1930

l93l . .
9.0

r0.2
7.4
5.8

8.2
r0.3 lo.9

FARM DIRECTOR'S REPORT, T93T

Weather. Tlr.e general character of the weather is shown bv the
graph^of deviations from average values (p. 62). The features 6f theyear October, lg30-September, lg3l wire tlie wet November and
l)ecember, the mild winter and the cool, moist summer with a wet
harvest. The mean temperatures for June, October and N;";b;.
were respectively 1"F.,2.1"F. and 0.3.F. above the 52 vear averase
but for all the other months it was under tnu 

""".ig.. 
tfr"-toii

deficit for-the y-e-ar beingT.IoF. The only really hot rv;.ih;r;;;;;d
between -Iune 20th and lulv l0th.

Tlere was very littlifrdst apart from a fortnisht of quite sharD
weather at the end of Febmary and beginning of liarch. i'his. alon'c
with occasional night frosts driring the"winte;, brousht th;;iilile
land to a good powdery tilth by the spring.
- Eve,ry month from April t6 Septimbe"r experienced fewer hours

oI sunshine than the 38 year mean, the deficit totalliog altosether
191.6 hous. October had 28 hours and March B8.Z froui aUoie th.
mean.

- 5.1 inches of rain in November made the autumn verv wet_ but
luckily this did not affect any of the farm work. lrfv 

"ira 
ari"*t

together had 2.1 inches rainfall above the Tg yeari ai,eraee. bu"t it
was not the arnount that made the bad hari,est 

"o -r;h'. th"
numerous small showers. The total for the year was 2g.g inches,
being l.15 inches above the mean

.,\ljhoygh- -t!9 
past season was wet and. cool, yet October, lg30,qf Mar9h, 1931, were unusually dry. In October, ontv 1.2{ inches

lell, aganst the average of 3.ll inches, and the dra.ina.se throueh6t rnches of bare soil was 0.211 inches as a,qainst the "averaee "of
1.63 inches for that month. In March the 6tal rainfau was"0.09
inches, and measurable rain Ietl on two days only. The oinfall;;
the lowest shown in our 78 years records foiMarci. exce"t loiM".".t
19^29^ (0 06.5 ins.), tbe [orvest recorded figure for'a.ny l".^iU !"i,ii
O.063 ins. in December, 1864.

Cro|-?-ittg, f930-I932. (For dates, yield and other information,
see pp. l0SI14.)

Rye was sown irt Long Hoos, Sections I. II and III. in Seotemher
1930. This was fed off t"o sheep irr Lfarch, fSat, anA t"-'il'iil:
Sections I.and III (old divisiou) had previously been 

-duneed idt
belore sowrng qt the rate of 14 tons per acre. Seition II had- cariied
muslard folded off with sheep in Au-gust, lgg0

Dung was carted out to iitfle Hios in September, lg30, at the

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


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

https://doi.org/10.23637/ERADOC-1-65 pp 63

63

same rate ; this was the Iirst application of dung since the termination
in l92l of the old experiments on residual values. Several good crops
had been growu r,lithout dung. Forage and wheat were later sown in
this field.

Beans were sown in Great Knott after wheat, on October 2nd,
and proved successful, apart from some thin places due to damage
by pigeons. Belore harvest the plants were 6 Ieet high il many
places. The lower portion oI this field is stil.l rather infertile, however,
and the crop was distinctly lighter there.

All of the 1930 sugar beet and potatoes were out of the way before
October, thus enabling tle following crops to be sown early. Broad-
balk was sown on October l6th. All the sowing was completed under
favourable conditions, although rather later than in 1929; the
ground was fairly moist, and not dusty as it had been for the
preceding crops.

The kale in Pastures was used between the middle of December
and the end of February, l93l ; some was carted off to stock, tle rest
folded.

This folding caused some puddling; nevertheless, the {ield after
ploughing worked down to quite a favourable tilth. On part of thc
land Marvellous oats were sown ; the crop, however, was disappointing
ard much inferior to the mixture of barley with beans. May'weed-
usually, like iron grass (Polygorium aoiculare\, bad in this Iield-
spread rapitlly where the plant was thin. Another part of the land
carried the l93l experimental potatoes growrr witlout dung; the
yields were amongst ttre heaviest obtained here. The old kale stems
caused no difrcdty in ploughing or sowing com, but somewhat
hindered the preparation of the potato ground.

Part of the Great Harpnden seeds ley wa-s ploughed up in
September and sown with Grey winter oats; on the remainder
sheep were fed during the winter, the land was ploughed ir January,
\dth narrow, well set-up furrows, and crumbled to ar ideal tilth for
spring oats alter some frosts. Just alter sowing, a sharp spell of
frost occurred; during this period crows attacked the seed, yet the
crop was considerably heavier than the winter oats. Wireworm and
crows both affected the spring oat experiment carried out on this
area-*

One year seeds in Fosters yielded heavily, estimated at over 2 tons
hay per acre. The crop, however, was used for stack silage because of
the very showery weather. To it was added the produce Irom our
rotation and forage experiments, making a total of a.bout I0O tons
of green matter. The final product was sweet, dark brown silage,
much relished b-v stock. The \*'aste round the outsides was smaller
than anticipated; it was roughly estimated at about l0 per cent.
The outside material was carted to out-wintered cattle and the
small amount they did not eat was tramped into the grourd as

. The mean yields of the spriDg varieties t'ere in cq.t. per acre.

Manellots .. ..
Golden Rain II. .,
Victory

Glain.
.. t9.6
.. t8.7
.. 17.4

Straw.
24.4
27.O

It is dorbtt[l *h.ther .ny ol the difr.re!6.ft siSdlieDt es tbe plots ee@ Dot ed.qu.i.ly
r.pliet d o EodoDi*d (p. 14)
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manure. Analyses showed, however, that in spite of the pood
appearance, the rraterial contained much less protein than is usialy
found in farm crops

Silage from olle year's s€€ds ,nix-ture ..
Silage from general forage mixture

3.95t.21
o.96

1.22
t.22

56.7
68.4

Per ceEt itl 6e,mple as received.

Per ceDt. ia Dry Matt r
Silage from one vear's s€eds

oixture
Silage ftorn geoeral ,ora(e Erix-

tDrc

2.82

3.87

2.aB

3.04

53.1

5r.3

32.t

33.8

9.t2

7.99

Yit-T1 yo,.l, (cut green) contain 6 to 7 per cent. of protein in tle, oats and wb€at (cut green) contain o to z peiEiil6ilii 'i
d,f .,11tj:.,--y4" |^egumi-nous crops contairi lZ to 20 fer cent.

AII- the oats in Gieat Harpendin, winter andn m April, 1931, v.ith 20 lb. Western W,
Ax- lne oars m Ureat Harpenden, winter and sprins. were rrnder_

sown m. April, 1931, v.ith 20 lb. Western Wot[trs Ivee.ass ;d5lb. trefoil Der acre. This is rn ha rririce,l r^. 
-i---,i-'--'^'*l]-*llper acre. This is to be utilised fo. teeairig "sheep on

/inter, then it will be drmged and sown with fab. ''during the winter, then it will be drmged ,rrd so;;th
_ Laid com was a less serious proble"m tt - i" tt 

" 
pi""i"r. f,r""".trne w.tnteJ o-ats were worst, but the power_binder 
-proved 

of sreat
value- m--dealmg wrth them. The Little Hoos wheit experi-rients
yere badly laid and had to be sclthea, white severaio-f th;iil"db;lk
plots were also bad.

.. T1". *e3F".- :eriously hindered tbe harvest, particula.rlv from
the plots- r'hreshrng 

-took a long time, arld much oi the prodrice had
to be carted Erto the shelter of the Dutch Bam. By the erid of harvest
we were a full fortn_igtrt later with ou. general iarm ;..k iir; ;preuous years. Lucloly a very fine spell of weather during October
and part ol November allowed us to catch uD apain
. After the ewes and lambs had 

-used tn" ioig: Hoos rye (p. 52)itrras ploughed up. Sections II and III were soui 
", M.r?f,i qil

with linseed, -wbich yielded IO cwt. grair p". ""* fi ii-Ii6"lii
19 c-ut ulth the horse bilder, but easy to manage with the oower_bmder. Sectron I was sowr with kale on June l3th. It came well
a.nd did not sulfer from the flea-beetle. O"siitu tt ii a"a iir;;;;i;;i
growing season,the final yield of I&I8 t"r" i;; ";;;-*;-d;#;ri;;considering t}re autumn dung. manuring byileep, ana i c\trtIJJrh"i3
ot arrunonra per acre : in lOB0 t]te yield had been 4 or 5 tons 1*i,"r"higher.

Bamfield mangolds 
- 
were sown on April l5th-l7th. The seedwent in deeply on a -dust-y tilth and grlrmination *., ,fo* ."auneven. rney were therefore re_sowr on May 26th, and save a

splendid plant and a splendid crop. A few swedei sownL . ..f?*r.ra
wrth the.mangoldsdeveloped even better ; theirsuperiorsize comiared
\&'rth ne€hbourmg mangolds was striking. In the drv autumir th"
crop .was- carted in idetl conditions, the" Iand beine'mu;hl;; ;;i
up with the carting than usual. It was a plouehedl ift"i .""i";""
dung to-the proper plots, in this good co'ndition.'fo, trvi'ui.,i
now we have tried two different spacings on each of tt 

" ,f"*. 
-ii

was hoped that \Mith narrower drills the-foliage *orta ,".rJ q"i.f.fy

23.0
16.2
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grow over and check weeds; instead, the low yielding plots where
this effect was most desired, gave smaller plants than with wide
spacing, thus deleating the object of the narrower drills.

In Agdell the wheat on the fallow haU was very poor. On Plot lC
and on the top hall of 3M the germination was very poor indeed.
The seedlings appeared to be drowned by the rain before they were
orooerlv established.' Tw6 observations in the Hoos Field Rotation were noteworthy.
After the hay crop, the residual effect of all the manures, including
dung and straw plus artificials on the following wheat was very slight.
Aftei the swede crop, however, the residual effect of straw plus
artificials, rvhich had greatly increased the yield of swede tops, was
obviously greater than the direct eflect of straw plus artificids
applied direct to the barley, despite the very heavy dressing of
nitrogen given; the one plot was laid, the other was not to any
extent.

On the other hand the direct effect of straw plus artificials on the
hay crop was treater than the residual effect, and indeed exceeded
the effect of any otler [eatment.

The forage experiment in Little Hoos gave high yields. The
best plots could not well have been heavier, being about 6 feet high
and tlmost lodging when cut Breen. The wheat mixtures seemed
superior to the oats, the oats growing very slowly in the early summer;
it was therefore surprising to find that the oat mixtures were the
heavier after all. The half plots left till harvest were very badly laid
and suffered from birds.

In July another Iorage experiment $as started. Its aim was to
explore the possibilities of producing early and latet green crops so as
to extend the operating season of a machine lor drying green crops,
u'hich rvould deal chiefly with luceme and grass in the maitr Part of
the season. The weather between July and November w;!s more
than usually farourable to growth, nevertheless the maximum autunn
yield l'as onll' 7 tons of trcen matter Per acre, no mote than the
much cheaper temporary grass growing nearby which, however,
would have been more difficult to cut at that time of year. The
experiment is contiauing to the iate spring oI 1932.

Conbol oJ Black bent (Alolecurus agrestis'1, at present the worst
weed on the arable la-nd at Rottramsted. It is much worse in autuma
sown crops----{ereals and bea.ns-than in those sown in spring.
Several methods of reduction are being tried :

(l) R1e is grown as ttre wiater cereal ; this is Iolded by sheep in
spring and then ploughed under in April or May; the Alopccutus
seed can thus germinate, but the resulting plants can Produce no
fresh seed. Rye, however, has some drawbacks. It is more costly
than certain other sprirog foods, and in l93l it appeared to ha.ndicap
the succeeding.ka.le crop. This is being folJowed up experirnentally.

(2) Spring oats are grown instead of wi.uter oats. If this proved
succeislul the sheep feed would be supplied by cheap one-year seeds
mixtures or rape kale instead of green rye.

Gzass. ThG was a most favourable season for grassl,and. Pastures
continued greeu and in active growth throughout, although the start
was slow, ard for a Iortnight at tle beginning of July growth almost
ceased. Sawyers I and III received I c\Y't. Per acre nitrate of soda
early in February to etrcour€e an early spring bite; the result,
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howe-ver, was very disappoiating, ttrere being very little early growth
at atl. L?.ter on, however, this field provided excellent keep for the
ewes and lambs. It was then shut up {or only 6 weeks and gave a
39.c,wt. crop of hay. Despite the niirate an<i the haymakin!, the
Wild White clover iorrned a thick carpet in tle aftermlth.
- All the other grass showed steady improvement under the
favourable conditions and gave a splen&d afiermath lor the lambs
and for flushilg the ewes.

. Liue Stock. 
_ The chief development has been with sheep. Three

rnvestigations have been started :

(l) A study of the suitability of hall-bred ewes, bred at Rothams-
ted by using a Scotch halJ-bred ram on the best of our commercial
Scotch halJ-bred ewes. An attempt will be made to breed from
some of the ewe-lambs.

(2) Comparison of a fint-cross between a Cheviot ewe aud a
Dorset Hom ram with ttre Scotch ha]I-bred. Six ewe hogss of this
Dorset Hom cross have been purchased from the Earl;f Ekin .

these are, as far as is Lnown, thd ody o""s at pi"r*t i" tt;;";E:
If they are as satisfactory as the half-bred, and in add.ition can taie
the ram over a wider period oI time, tley may become attractive
commercially. The Dorset Hom is also beiag tried on the Scotch
hall-bred ewe, although this is a second cross.-
__ (3) Examination of the possibilities of breeding from ewe lambs.
Many farmers do this successiully, but tle average type of ewe lamb
which we have purchased durhg tne past two "yeaii has been too
young and small, and ttre resu.lt has been unsatisfactory. We are
trow trying bigger and more expeasive half-bred ewe lambs at
Wobum with results which, at present, are more promising.

In October, 1930, the floc[ consisted of 98 Laf-bred ewes, 97
gimmers and ewe lambs and 300 lambs. All the ewes were put to the
Suffolk ram. Lambing ,began on March lOt"h and extinded till
April l4th ; tle number of Lambs on May 30th was l8Z, consistinR oI
2 triplets, 62 doubles and 57 singles.

Catlk. Ia October, 1g30, the stock consisted oI Iour in-calr
Shorthom heifers and 23 cross-bred Angus stores. During the year
polled black calves were purchased locally from dai* farmers
(Polled Angus bul aad Sh;rthom cow), and two mort heilers;
there were bom also six calves. The four hbifers during their lactation
period reared 35 calves between them.

This mettrod gives us well-reared a.rlimds in suficient number to
stock our trass Land adequately, and at less cost than the purchase of
store cattle in spring. It is capable of considerable develolment, and
we hope that the services of a recorder may become available so as to
help in working out t-be variorrs problems connected therewith.

Pr.gs. Iu October, 1930, the herd consisted of 2l Wessex Saddle-
back sows, otre large white boar and one Wessex boar ; no fresh sows
have been purchased, but 8 have been brought into the herd from our
own litters. By far the treatest numbei of ttre pigs have been
crosses, sold as stores soon a{ter weaning (some 12 wleks old) or for
pork when about five months old and *eighi:rg from 80 to ll0 lb.
dead weight.
_ BuiUings. The building developments outlined in the previous
Repgrt.have now been completed, although the equipmeni, both
mechanical aud electrical, is not yet complete, throug:h Iack of funds.

E
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Iftlkmrnts. The iollowing firms have lent us imPlements in
additi6n to those mentioned in the 1930 Report :

Austin Motor Co. (tlactor).
Viller Wheels, Ltd. (Patent Tractor Wheels)'
R. A. Lister & Co. (power{riven sheepshearing machine).

We have also been indebted to Messrs. Massey-Harris, Ltd., for the
loall for a few weeks of a four-wheeldrive tractor, tractor-plough and
cr.rltivator.

Sroff. C. Frith ieft us in July, 1931, and went as assistant
to a iirmer in Cambridgeshire, who is adapting his system to
mechanisation. J. R. Moffat came in December, 1931, as

voluntary assistanl, and is occupied with our sheeP investigations
and with our various farm records.

METEOROLOGICAI OBSERVATIONS
Meteorolosical observations have been systematically made at

Rothamsted io. maoy years; these recorG- are being used in the
Statistical Departmeni iir interpreting crop records. The Station has
co-ooerated in tle Asricultural Meteorological Scheme since lts
inau'euration bv tbe Miiistrv of Aericutture G 1926, and possesses all
the e"quipment iequired of a CropWeather Station. The obsen ations
taken ruder this scheme include :

OBSERVATIoNS TAI(EN oNCE DArLY : I a,m. G.M.T.
Temperalures-maximrun and PPi-"m (screen), solar

m qmum, Srilss muumum.
Rcir (inches) ar,d Sunshine-@ours and minutes.bV QaqpbeU-

Stokes recoriler) during the previous 24 hours'
OBSERVATIoNS TAKEN THRtcE DAILY: I a.m., 3 p.m., and.

I p.m. G.M.T.' Temfnalurcs-wet and dry bulb (screen), 4 inches and- 
8 inches under bare soil.

Wittil-dn*ncm and force (continuously recording
anemobiagraph) .

W ealher - (Beadort letters ).
VisiWity.

These, toge-ttrer wittr notes a.nd observations oI crop Srowth a-rs

used ia <Irafrng up the weekly statement for the purpose of the
Crop Weather Report of the Ministry of Agdclltue.

edaitional data are collected under the lollowing heails :

RaDIATToN.-A Callendar Radiation Recorder (on loart from
the Imperial College of Science) gives a continuous record of the
radiant- energy falling on a receiver situated on the roof of the
laboratory. The.ecoids axe comPard with thos€ for South Ken-
sington, ind are also used in piant physiotogical studies in the
Station.

RATNFALL AND DRATNAGE.-The raia lalling on one thousandth
of an acre is collected in the big gauge erected by Lawes in I87r'
Samples oI the water a.re analysed irt order to ascertain its nutrient
value.

EvAPoRAnoN.-The amount of water that evaporates in 24

hours {rom a porous porcelain cantlle dipping-into a botUe oI water
is measured rfuily by the loss in weight. This measurement has

been Iound to give a lood generaf indicition of ttre " drying power "
of ttre atmospiere airing-rafuless periods which, being controlled

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-1-65 pp 68

67

UV qi"4, -radiation, and humidity, is diftcult to complete from
standard data.

Sorr Teuprnetunr.-Soil temperat[e records are taken ulder
grass as well as bare soil. These aie a continuation of experiments
which have been carried out for some years past and wiich havefor their object the determination of ihe btit times for making
single temperature measurement for use in catcutating averagei.----'

3

:-

3

a )
!

)

Raturfall (inches).
ffean Temperature ("F)

coo
Sunshine (Hours).

?<a
;aa

'o

lD
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SCIENTIFTC PAPERS
Published l93l aud in the Press

CROPS, PLANT GROWTH, PLANT PRODUCTS AND
ACTION OF MANURES

(Chemical, Fermentation, Mycological and Statistical Departments ;

and the ImPerial College Staff. )

(a) CroPS

I. E. I. RussELL. "The Chargilg Ou ooh itt Agriculture"'
Pr:esidentid Address to Section M (Agriculture) at the
British Association Centenary Meeting, September, l93I'

A survev of the chief changes in practical agriculture and of tbe
chief movements in agricultural science during the past 100 years'

II. E. I. RussELL. " Die Whbung aon Diingemitleln auf dm
Einlcertra4 Etgebtisse dzr oo* Lawes und Gil'berl bqoanea9tt
Felfutersihe ir d-er lanifui*chafllichett Vetsuchssw' nt
RothattrtuL, l8{B-f93O." Archiv fiir Pflanzenbau, 1931,

Vol. YIII, pp. 149.
A summarv of tlii chief results of the Rotharsted field experi-

ments from thi vear 1843 to 1930. This is based on lectures delivered
bv the author in Denmark, Germany and Hotlatrd, and it includes
discussions of many of the Points ra.ised by agricultural exPerts in
those countries.

(D) PLAxr GRowrH

III. W. O. J^ws, " Studies oI the Physiolo1kal l.n!oat!,tc1.of
the LI ineral Ekmcnk in Plants. II. Polassium: ils Dis-
tribution, Motarc*t and. Relation tp Grcrutk in the Potato."
Annals of Botany, 193t, Vol. XLY, pp. 425-Ml.

The fresh weieht, drv weigbt, arrd weight of potassium were

determined at refrrhr iniervaE in the leaves, stems and tubers of
ootato Dlants thriughout the season of grotth. From ttrese data.
ielativdgrowth rat&, potassium and water contents, and rates of
absomtioln and mieration of potassium are calcutrated.

Tfie relative grinth rate 
-of 

the whole plant i! similar to ttrose

alread.v establishid for maize and otler plants. The curves of the
individual orga:rs show a much shorter inilial lag phase than that of
the whole pl;t. The latter is shown to be due mainly, tlough not
entirelv. tir the diminishing weight of the mother tubers' The
residuii lae may represent the Srowth of the meristem' i'e increase

in the number of dividing cetls
The time curve of potassium content of the whole plant 

- 
(ex-

oressed either as perceniage oI dry weight or oI water content) shows
i sierificant connection with the relative grot'th-rate curve
tr:o:gl+s. P:> 0.01). This con-nection disappears in the individual
organs oving to the comparatively short periods oI rising relative
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growtb rate. In later phases grovth rate declines more rapidly than
potassium content, but less rapidly than potassium absorption,
suggesting a heaping up of potassium in non-meristematic reiions_

Tbere is a significant positive correlation (I}O.OI) belween
polarsium and water contents ttrough the growtl period and a
definite connection in spatial distribution. Itls sueeeited tiat the
mecharism of ttre relation is complex, hvolving ii least solution
tension, osmotic pressure, and adsorption forces. The result is a
tendency to establish an equi.librium 

-between 
potassium a.ud water

at somewhere between I and 0.5 per cent. potassiun, in ttre active
parts of the plant, and somewhat lbwer in the mature tubers.It is showu that potassium ions may move from one organ to
another either with or against the average concentration ddient
between them. The movements contrary to such gradients a; alwavs
in the normal direction o{ the transpirition strein, while those wiih
the gradients are against the stream.

Tbese movements, together with the heaping up and final
removal of potassium from the leaves, suggest thit a continuous
circulation ofthe element goes on. The upriird movement probably
depends mainly on mass movement ir the transpiration streirn, whiie
the downward movement is due to some fufferent mechanism,
dependent upon concentration gra.dients, but faster than diffLsion-

IV. fi q Qlpconv, AND F. CRowrHEn. ,,A physiological
Stwly of Varietd DilJeterces in Plants. II. Furthir Eviict*c
lor thc DilJoe*ial Reslonsc if Yidd. of Barhy yori4tias to
!!!!ytial DeJiciencies." Annats of Botanyi te3t, Vot.
XLV, pp. 67$592.

Further evidence is presented lor the existence of a differential
response of varieties of barley to various iyp€s of manuring.-lhree varieties were gro.rtr'n, namely, ttre hybrid plumage Archer
and th€ paretrt forms Plumage and Engtsh Archer- Four" tlpes of
manuring were used: fully manured iontrols, and deficiiniv in
nitrogen,. in phosphorus, and in potassium. Forty-two replicatis of
each vanety lor each manuring were used, giying 5(X cultures in all-

Each set of replicates was sampled fortnisitlv throushout the
perio-d of vcgeta.tive growth, each'harvest re"presienting i. random
sample of six pots.

The_ resulting data were treated by the analysis of variance
method, and values for differential response of simifi-cance far sreater
than 100 to I are obta.ined for each part of th;plart.

The behaviour of the varieties is compared with the previous,
rtsulls o_f 1927, and a large measure of agreement is found,;howing
that with some certainty the varieties studied mav be characterised
by their manurial eficiencies.

- The hybrid form appears to inherit specific manurial eficiency
trom both parents.

V. " ALUMNUs." " A Compariscn oI the Ellcct of Rai{all ot
Sfring and. Autumn4rLssed Wtiat at 'rtothahsbd Experi-
,runlal Slation , H al penderr." J oumal of A6ricrniural
ScieDce, 1932, Vol. XXII, pp. l0l-114.

During the lirst twentv-four vears of the Broadbalk wheat
experiment the nitrogenoui manuies *ere applied whotly in the
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autumn. This paper describes an enquiry into the possibility that
the large average loss of yield ascribable to w'inter rain on Broadbalk
had b&n due especially to this early p€riod. It is found that the
curves of loss due to rainfall would in fact be scarcely changed had
the manudal treatments been applied alwa]'s as they are now.

An additional fact $'hich attracted notice and was verified b1'
further data is that the advantage of springi.ressed over autumn-
dressed ptots, though little influenced by \ inter rain, is considerably
affected by summer rain. In fact, it aPpears that before a dry summer
the autumn dressing is the more advantageous.

YI. J. O. Inurr. " Ot thc Infl,uence of Soil Tempenture on lhe
Germbtation Intetral oJ Czo1s. " Journal of A$icultural
Science, 1931, VoL XXI, pp. 241-2:fi.

The data collected under the Agricultural Meteorological Scheme
of the Ministry oI Agriculture have provided information for a
number of years in a number of places on the dates of sowing and
appeaxatrce above ground of wheat, winter oats, spring oats, sPring
barley, tumips and swedes.

The present paper summarises tiese data, and determines the
correlations and regressions of germination interval on soil
temDerature.

For all the cereal crops the correlations are significant, and,
except for spring barley, high. The results for the winter-sown
cereils a.e dillerent from ttre spring-sown and we may summarise
them by saying that the " germination interva.l "for winter wheat
and oaG is iholtened by from 1.5 to 2 days for each increase of a
degree F. in 4 in. or 8 in- soil temperature; for spring cereals the
corresponding shortening is about a day.

VII. J. O. Inwtx. " Precisiott Records in Horticulture." Jolrrr,al
oI Ponology, 1931, Vol. IX, pp. 149-194.

The present study is based on observations made on apPle trees
planted in connection with the Ministry of Agriculture's Horticultural

-Meteorological 
Scheme. This scheme had as its object the study of

the relation between weather and the gro$tb of horticultural crops.
A meteorological station, where one did not already exist, was

set up in every station particiPating in the scheme and obserwtions
on apples, plums, black currants and Iras were made in each place.
The bbservations were started in 1925 and are still continuing. It
was laid down that the !-arieties used were to be the same il each
place, and a standardised programme of observations was dram up.- 

In order to determine *hether phenological phenomena in horti-
culture are capable of precise and objectivc measueqent by the
sampling method, a.n experimental trial was made at East Malling
in the spring of 1930.

(c) Prerr PRoDUcrs
VIII. L. R. BrsHoP. " Thr Pruclical Apfilicalion oJ lhe Results

ol Rxearch to the Ploductior. ol M al, and W on .' ' Joumal of
the Institute of Brewing, 1931, Vol. XXXVII, pp. 3tt5-369.

A study of results pa.rtly obtained by Miss E. M- Thomas under
the late Pr6Iessor Schrj,ver-- It is shown ihat about 35 P€r cent. of the
D.itrogen in the barley becomes " permanently soluble nitrogen "
in the wort from the resulting malt. For six rowed barleys
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the figure is 29 per cent. Differences from this figure reveal differences
in modification. The highest value is obtained at a mashing tempera-
ture oI 5OoC, and declines on each side of this temperature. Am-
monia, amide and amino nitrogen increase slightly with increase in
barley nitrogen content but, in this case and with change in mashing
temperature, the main changes are due to changes in " pep-
tide " and " undetermined " nitrogen.

Tlhe simultaneous studies of the carbohydrates showed that,
other factors being constant, maltose production has a sharpll,
marked optimum at 60'C., while the dextrinous substances in wort
increase slowly to an optimum above 70oC.

IX. F. E. Dev. " Laborulory Brcus with thc Ncto Hops." Joumal
oI the Institute of Brewing, 1931, Vol. XXXVII, pp. 202-
205.

The author's laboratory method Ior small scale brewing was
improved in details and shown to be of value in investigations
involving questions of flavour. It wa-s successh ly applied in the
examination of small quantities of hops under more controUed
conditions than are possible in large scale trials.

X. A. G. Nonuex, " Studies ott the Gums. ll. Trugaca*thiu-
lhc Soluble Constituent oJ Gum Trugacanth." Biochemical
Journal, 1931, Vo!. XXV, pp. 20G204.

Tragacanthin, the soluble constituetrt in tum tragacanth, may be
separated by ordinary liltration itr exheme dilution. Uronic acid
units are fouad to be present and to constitute about otre-half of ttre
molecule. Arabinose was the only sugar formd; no galactose could
be detected. Hytlrolysis products were prepared, the analytical
figures for which give rise to the suggestion that a portion of the
arabinose is united to the uronic acid to form a resistant nucleus, and
the residue attached by glucosidic linkage, and therefore easily
removable.

XI. H. L. RTcEARDSoN. " The Use of Hydrogm Peroxida fot
Eslimatirg HumiJicarioa.." Soil Science, 1931, Vol. XXXII,
pp. 167-17r.

Six per cent. bydrogen peroxide, as used for measuring " degree
of humification," was found to exercise a considerable action on a
wide range of rmhumified plant materials, and this action was
increa.sed by the presence of soil. Consequently, the method may be
useful for following progressive stages itr the decomposition of a
single material, but it can give only approximate results and should
not be used for comparing materials of different origin.

(d) AcrroN oF MANURES

XII. T. J. MIRcHANDANI. " Thz Effect of Summer Greqt Marures
ot the Ammonia and Nitrate Contenb of Soil Cropped tot
Wintd Whoat." Joumal of furicultural Science, 1931,
Vol. XXI, pp. 1158-468.

At the Woburn Experimental Station it was found tha.t winter
wheat after summer taras was poorer than that after surnmer mustard
in the early years of continued experiments both when the green
crops were ploughed in directly and when they were folded off by
sheep. Further, after a few rotations the wheat yields in all cases
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sank to a very low level. Systematic soil ana\ses throughout two
seasons showed very low contents of nitrate and ammonia, and small
scale plot experiments within the main wheat plots gave very large
responses to nitrate o{ soda. It is concluded that ttre low fertilit}' of
these plots is caused by an acute shortage of available nitrogen
i.E late spring and early summer when the wbeat has a high nitrogel
requirement.

XIII. E. M. Cnowrurn AND T. J. MTRCHANDANT. " I+'inrd
Leaching atd, lhe Manurial V alue oJ Greer Marures ard
Cro! Residues Jor Winlal Wheal." Journal of Agricultural
Scieuce, 1931, Vol. XXI, pp. 493-525.

It is suggested that the striking failure of winter wheat grown in
rotation n'ith two summer croln of tares or mustard on the sandy
soil of ttre Woburn Experimental Station is due to the production of
dtrate and ammonia from the green mamrres at times when the
wheat is unable to use them eficiently and the consequent loss of
nitrate in the drain€e. Owing to the low CA ratio in tares, the
nitrogen nitrifies very rapidly and the loss by leaching is very great.
Mustard, on the other hand, reduces the winter loss, but the nitrogen
present in ttre mustard and that absorbed in the decomposition o{
the excess carbon compounds are liberated too slowly to be utilised
efrciently by the wheat and much of the nitrate subsequently pro-
duced is also lost by leaching.

Nitrificatiou experiments in the laboratory and pot experiments
on wheat showed that nitrogen was Bade available more rapidly and
more completely from materials with fBCifN (tares, mustard+
blood, straw f blood) than from those with 26C/lN (tares + strartr
mustard, straw + blood). The yields in unleached pots were much
higher with materials with l3C/lN, but in pots leached systematically
during the winter the two typ€s of organic matter $ere equaily
effective. The reduction of crop by leaching was closely correlated
wittr, but not proportional to, the extent of early nitrate lormation
as measured by ttre anount of nitrate leached from t}le pots. It is
suggested that early nitrate formation reduces the yield not only b]'
increasing the removal of nitrate by leaching, but also by increasing
the amount converted by the soil micro-organisms hto Iorms tvhich
become available again only very slorvly.

Tares material formed nitrates and mustard material removed it
more rapidly and completely tha.n equivalent mixtures. The less
intimate association of t}re proteins and cellulosic substances in the
mixtures aplxars to be suficient explianation of ttrese differences.
There was no evidence of specific toxins or stimulants in mustard or
tares. The bearing of these results on crop rotations and green
manuring on light soils is discussed.

XIV. E. M. CRowrHEn AND R. G. WAIREN. " Repo on Laboru-
tory and Pol Culture Wo* attd. Discussiol oJ tfu Yields ard
Composition oJ thc Ex?etirnental Crcps from the Field
Expeimcnts o?t Phos,hatic Fertilisers." Apperdix to Ninth
Intedm Report oI Permanent Committee on Basic Slag,
1931, Ministry of Agricultue, pp. 7-31.

An account is given of a series of phosphatic fertiliser trials on
grasslard both for hay and with repeated mowing in partial imitation
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of grazing conditions. The herbage in all cases was analysed for
nitrogen and phosphoric a.cid so as to assess improvement in feeding
value and the recovery of the added phosphoric acid. Pot experi-
ments on some of the more recent types of low soluble slags gave
results only very slightly superior to those of the older t1pes.

XV. E. It. CRoWTHER AND H. L. RTCHARDSoN. " Studies on
Calcium Cyanamide. I. The Decon?osition of Calcium
Cyanamid.e in the Soil a*d. its Effects o* Germination,
Nitrification ard Soil Reaction " Journal of Agricultural
Science, 1932, Vol. XXII, pp.30G3 .

These studies were undertaken as an investigation of the modem
standardised lorm of Calcium Cyanamide. Its rates of decomposition
by various powdered minerals and in a number of soils were compared.
In different soils ttre rate varied considerably, but given thorough
mixing, most of the cyanamide was colverted to urea or ammonia
within a lew days. The rate of disappearance in a soil was found to
follow a logarithmic law, being proportional to the concentration of
cyanamide in the soil solution.

The toxicity to germinating seeds was examined in laboratory
experiments, and was found to be caused by the cyanamide itself,
not by impudties or products of decomposition of the fertiliser. It
fell ofI rapidly as the hten'al between applying Calcium Cyanamide
and sowing the seeds increased, in accordance with the rapid dis-
appearance of the cyanamide.

Ammonilication and nitrification were studied in pot and fieid
experiments; within a few days the soil ammouia content was
practically the same whether nitrogen was added as sulphate of
ammonia or as Calciurn Cyanamide, but the final state of nitrification
was often slower with the latter. The extent of the retardation
depended on the type of soil and on environmenta.l conditions, shor*--
ing a reduction witb improved aeration in the pot experiments, and
being very stght in the field experiments.

The elfect of Calcium Cyanamide on soil reaction lsas consistenfly
good as compared with the acidifying action of sulphate of ammonia,
and it was shown that the use of Calcium Cyanamide was equivalent
to the addition of its own weitht of quicklime with a corresponding
dressing of sulphate of amnonia.

XVI. B. K. Iluxrnlr. " Sludies on Caleium Cyanam'ide. II.
Mhrobiohgical As|ects ol Nitr'ifhation in Soils utder
VarW Eraironmental Cottd.itions." Journal of Agricultural
Science, 1932, Vol. XXII, pp. 335-347.

Extensive series of bacterial counts and determinations of CO*
production showed that under laboratory conditions both of thes€
iere increased by the addition of Caicium Cyanamide to soil.
Bacterial numberi were also increased in pot Lxperiments. The
aEunonification and nitrification of Calcium Cyanamide in soil
were studied in the laboratory, and the degree of aeration was found
to influence considerably the rates of disappearance of urea, and of
production and disappearance of ammonia, as well as the rate of
nitrification. In solution cultures Calcium Cyanamide w.Ls more
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toxic than dicyanodiamide to nitrifying organisms, although in soils
the toxic action of the former is relatively less because o{ its much
more rapid disappearance.

XVII. H. L. RrcnenosoN. " Studies on Colcium Cyanam'kb.
III. Stonge and Mixing ztith Supetphosphale." Joumal of
Agricultural Science, 1932, Yol. XXII, pp. 348-357.

There was no appreciable loss oI nitrogen from Calcium Cyana-
mide during storage under good larm conditions for two years, and
only slight changes in the forms of the nitrogen present. Less than
I per cent. was converted to dicyanodiamide after one year. Mixiag
Calcium Cyanamide and superphosphate caused changes that varied
greatly with the conditions ; in a farm mixture spread in a thin layer
after mixing, one-slxth of the nitrogen was changed to dicyanodi-
amide within a day, and one quarter in a month. In a series oI
laboratory mixtures the proportion of nitrogen converted to dicyano-
diamide varied regularty with the composition, a maximum o{ 5O
per cent. being reached in the rnixture containing 20 per cent. of
Calcium Cvanamide.

Both this paper and the first in the series contain apPendices
describing the special analytical methods used ir the investigations.

STATISTICAL METHODS AND RESULTS
(Statistical Department )

(a) MATHEMATICAL THEoRI'

XVIII. R. A. Frsnrn. " The Moments of the Distributiott Jor
Normal Samples of Measures of Deladure Jron Notmality."
Proceedings of the Roval Society of London, A, 1930,
Vol. CXXX, pp. 16-28.

Two methods are given for discussing the distribution of the
ratios of the sl,mmetric fimctions k , kn obtained from
samples from a normal distribution to the powers of l<2 of the same
degree.

The first method consists in the development of recurrence
relations expressing the ratios lrom a sample of n in terms of the
corresponding ratios from a sample of n-l observations, and of a
paxameter distributed independently in a lstown distribution.
Theoretically, all the properties of the general distribution could be
obtained from these relations in conjunction with a study of samples
of 3,4, 5 . . observations.

The relations are used to derive the exact values of the first three
even moments of the simplest ratio y, and of the simpler non-
vanishing moments of the simultaneous distribution oI all the
ratios. It is obs€rved that these moments are very simply related to

the corresponding moments of the distribution of k, k . . . given
1I1 a Preuous PaPer.

The second method is an application of the method of sl, nbolical
operators developed by the author, which confirms the generality
of the relationship found. The moments of the one distribution rnay
thus be inferred direcfly from that oI the other for which the com-
binatorial procedure is available.
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XlX. I. WtsH.cnr - " Tfu Meat atd second Momatt Coefuietr
oi th, MuttiOle Conelalion Co? frcient, it Samples from a
'ilmnal Poiutation" Biometrika, l93l Vol. XXII, pp'
353$6r.

The exact distribution of tbe multiple correlation coemcient was
giten in the Proceedinqs of the Roval Society, A (Vol CXXI. pp'
6sa-oza) i" 1928. Frori this anv required proPerty of the distribu-
tion ma'v be directlv obtained. In the present paper the mear and
variancd of R'! Ior'nz:2, 4, ard 6 axe calculated, ard -t!e- 8e1ryr4
formula inferred. It is pointed out that the moments of R itself do
not seem to be capable of simplification-

XX. J. WISHART. " Notes o* Frequency Constan'Ls." Jorr-mal of
ihe Institute of Actuaries, 1931, Vol. LXII, pp- 17+177 -

A note on the notation and use oI statistics derived from sums of
pouers of the observations, with especial reference to previous dis-
iussions bv Lidstone and Steffenson on lhe moments of Pearson and
the semi-iivarian t s of Thiele.

XXI. R. A. FISHER AND J. WrsrLA.Rr. " The Deriuatiun of the

Pqttern Formulae o1 Tu o-.ay Partiliotts Jron thnse o!
Simbkt Paltems." Pioceedingsof the London Matbematical
Soci;ty, l93l , Series 2. Vol. XxxllI, Pp. 195-208.

A method is developed of calculating the function 9f rl !o !e
a-ssociated witl aDV two-wav partition -in the eva-luation of the
cumularts of the sampling diitribution of the approPriate moment
statistics A. bv expandiniit in terms of the functions of partitions
having simptir pitte*ti When columns of two or three entries
occurihe siinplification is extremely rapid. 1he method is, however,
eeneralised for all cases." A proof is given of the vanishhg oI the lunctions corresponding
to all pattems" in which the ro*s riay be divided into two groups
haviag only a single column in common.

XXII- l- WrsHARr. " The Analvsts ol Varianee lUus'ruted in its
Aiplication to a Com pler .lgricultural Et perin'ed on S,ugar

Biit." Arcbiv fiir Pfl-anzenbau, 1931, Vol. V, pp 56l-584'

A tlescription is given oI a complex experiment on ttre 
-manurin^-g

of two variities of s'usar b€et, carried oul at Rothamsted in 1929'

The special experimen ldescribed is o f a complex type, but is treated by
deterinining i number of standard errois appropriate to sPecia!

comparisons. While there is less certa.inty in such a case- as t-o thJ
eenJine validitv of these errors in their ippropriateness lor all the
Iomparisons possible, the treat advantage in precision to be obtained
by combinirg diverse enquiries in large aJId complex expenments
sdems at thi! early stage to outweigh the convenience of simply
demonstrable estimates of error.

XXIII- T- O- IRwl)i. " Mathematical Theorems imtohted' in the

Ankysis oJ I'ariance." Joumal of the Royal Statistical
Socitiiy, 1931, Vol. XCIV, pp. 284300.

In ttris paper prools are given of the essential theorems involved
in ttre " anityiis ,if variance:' method which R. A. Fisher has inven-
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ted. An endeavour has been made to treat them in an elementary
manner, so as to make them available in one place for the
mathematical-statistical student oI average ability, or any others
interested in the subject. For this reason somewhat full ptoofs have
been given and points dealt with in detail which will appear obvious
to the highly trained matbematical statistician.

(6) GrNrucs
XXIV. R. A. FrsrrER. " The Eoolution oJ Domh.anee-" Bio-

logical Reviews, 1931, Yol. \rI, pp. 345-368.
The theory that the genetical phenomeron of domina.nce is itself

a product of the evolutionary process ratler than a necessarlr con-
sequence of the biochemical organisation of the nucleus, was first
put forward in f928, in connection with the facts which are now
lsrov.n about mutations in species bred in la,rge numbers for genetical
purposes such x Drosophil,a arrd. Gammarus. Since this publication
very numerous groups of genetical facts have been brought
to the attention of the author respecting the domesticated
sp€cies, and species showiag polymorphism in nature, which strongly
confirm and amplify the original proposition, ard in conjunction with
it, throw much [ght upon the genetic situations in thqse forms.
This paper draws togetler the evidence from various fields, and
indicates tle special cases in which the theory may be tested by
further experiment.

XXV. R. A. Frsnrn, F. R. IMmn aNo OroF TBottt- " The
Cenetical Interfuetatiott of Statistics oJ the Third. Deyee bt
the Study oJ Quantitatil)e luheritatte." Genetics, 1932,
Vol. XVII, pp. tO7-124.

A genetical interpretation is given for various second and tlird
moment statistics nhich are of use in studying quartitative
inheritance.

Published data. taken from lettuce ard maize, and unpublished
data from barley crosses are used to illustrate how the proElem may
be attacked. The special needs of data adequate for-this purpose
are illnstrated, arrd certain possible precautions in planning- the
experiments are pointed out.

A study of the skewaess of seven distributions for strains of mice
selected for high ard low tailring number indicated that the theo-
retical negative associa.tion between the statistics A, aJld &u in selected
strains could probably be evaluated.

Formulae are given by which the elfect o{ the dominance bias in
the heterozygote in relation to the measurable characters oI the
homo,,ygotes in Fr or Fr distributions or various types of crosses maJ,
be calculated.

The two common sources of bias (metrical and dominance) are
discussed and data from a barley cross used to illustrate the results
obtained when the former is of major importance.

Since the combined effect of the dominance and metrical biases
may be obtaiaed experimentally in many different ways, an empirical
test of the consistency of the genetical interpretations is ava.ilable. a-s

well as an opportunity of evaluathg ard eliminating the metrical
bias.

Standard errors are given for the dif{erent statistics used.
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THE SOIL

(Chemical and Physical Departments)

(a) Sorr Cre ssrnrcetrol
XXVI (a). E. .I. RussELL. " Pinciflks antl Metkods oJ Soil

Utilisation uith lll*stratiotts Jrom lhe Btitish Empile."
Proceedings of Second Intemational SoiI Cougress, Russia,
1930.

XXVI (e). E. J. RussELL. " The Soil Resources oJ the Emfite."
Proceedings of a ConJerence on Soil Science Problems held
at the Rothamsted Experimetrtal Station, September
I6th-l8th, f930. Imperial Bureau of Soil Science
Technical Communication No. 17, 1931, pp. 23-28.

These two papers contain accounts of the methods by which the
sofu of the most important types in the Empire have been brought
into culti tion and in many instances made to ilcrease in produc-
tiveness.

A survey of the soil resources oI ttre Empire is urgently needed in
view oI the important social aud economic problems involved in
further development and land setflement. Much progress has been
made in mapping the soils of Australia, and material is b€ing assembled
in other parts of the Empire on which a Feliminary suwey could
be based.

XXVII. E. M. Cnowrsrn. " Soils ad Climal4." Ministry of
Agriculture, Report on Agricultural Meteorological Con-
ference, 1931, pp. 5-ll.

Earlier work (c/. Report 1930, XXXI, p. 82) is briefly reviewed
and supplemented by an analysis oI tle distribution o{ soil typesin
European U.S.S.R. in relation to climatic Iactors as measured by the
meal armual rainfall and temperature. It was found that for points
distributed at distances of about 70 miles over the area betweeu
65" N. and 45'N. and 28'E. and 58" E. the soil tyPe, as shown on
Prassolov's map on the scale of I to 2,500,000, the values for an
arbitrary index of climate (R-30 crns. + T + 4' C) fell within the
followhg limits for 290 out of 318 points: Brown soils ard alkali
soils, negative; chestnut soils,0 to 0.6; southern Chemozem, 0.6 to
1.0 ; oriiinary Chemozen, 0.75 to 2.0; thick and Azov Chemozems,
1.0 to 3.0; degraded and leached Chernozems, 2.0 to 4.0; strongly
degraded soils (secondarily podsolised), 2.0 to 4.0; podsolised, peaty
podsolised, gley podsotised and bog soils, greater than 3.0. For the
areas covered by seven of these soiltypes therewere significant regres-
sions of rainfa-ll on temperature. The degraded Chernozems and the
secondadly podsolised soils lell into the same clinatic band and the
distinction between these soils mav therefore depend on the hterval
since the forest invaded the steppe. The graphs illustrating the above
groupings and the form of the empirical relationship chosen show
quite clearly that Lang's " Regenfaltor " (R+T) fails completely
tb goup climates in accordance with soils. The lactor (3 cms. per 'C)
used to separate highly leached soils from all others a€re€s closely
with that derived from American and other data in the earlier paper.
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(D) Mechanical Analysis
XXVIII. ERrK TRoELL. " Thz Use oJ Sodium Hypobromitc lor

ItE Oridation of Otgatb lllaia bt lhz lle a cal Atalysis
of Sqils." Journal of Agricultural Science, 1931, Vol. XXI,
pp.47G483.

Fresbly prepared solutions of sodium hy'pobromite may be used
with advantate instead of boiling hy<hogen preroxide in mechanical
analysis by the pipette method. Soils containing manganese dioxide
or large amounts of organic matter may be treated rapidly ; changes
io the clay are minimised; the reaEents are cheaper and more stable,
and the method allows further simplificatious in technique.

(c) Prrsrcer ho?ERTrEs

XXIX. R. K. ScEoFTELD AND G. W. Scorr BLATR. " firz
InJluewe of the Plorirnitt of a Solid Wall on lha Consister.ct
of Viscous atd, Plastic Materiols. III." Joumal of
Physical Chemistry, 1931, Yol. XXXV, pp. 1212-1215.

In earlier work evidence was obtained that when clay pastes are
lorced through narrow tubes, the consistencv of the material near the
wall differs from that of the bulk oI the material. A corstruction was
developed for obtaining plastic constants referring to the paste in
ttre central part of the tube, by assuming that the modified Iayer was
of small thickness compared with the tube radius. A simpler and
more complete treatment is now given which indicates that alttrough
tbe thiclness of the modified layer ma5'be appreciable, the original
construction proposed stilJ gives a close approximation to the true
values oI ttre material in bu&. The treatment has now been carried
up to the limit of the present accuracy of the experimental methods.

XXX. R. K. ScHorrxLD AND G. W. Sco"rr BL?JR. " Delth
ad Rigidiry of Sedinal in Fhqutalntl Clay Sus|entiols."
Transactions of the Faraday Society, 1931. Vol. XXVII,
pp. 629432.

An extension of experimental work on the phenomena of rigidity
in weak clay suspensions, (S€hofield and Keen, ' Nature,'1929, 123,
492) with reference to the rigidity and volume oI the s€diment.

The strength of the rigid stmcture depends on the exchangeable
ions and the added salt, but the relationship is not at present under-
stood. The volume of the sediment after flocculation of the clav
witl varying quantities of difterent ions seemed to depend only o;
the nature and concentration of the clay, suggesting that the measure-
ment might be of use in soil investigations.

XXXI. AsHUrosH SEN AND C. H- WRrcHr. " The Electrical
Corductittily of Aqueous Soil SusPensions as a Meastte of
Sail Ferti.ligr." Journal of Agricultural Science, 1931, Vol.
XXI, pp. l-13.

The increase, on standing, in the electrical conductivity of an
aqueous extract of soi.l over its initial value serves as a qualitative
mqrsnre of soil ferti.lity (Atkins. Joumal of Agricultural Science,
l9A, 14, 198). Measuements rrere therefore made on old soil
samples from the Rothamsted classical plots which have been talien
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and carefullv presewed in *r"u'Jo,r* at intervals since t}re early
davs of the iieid experiments. The increase in conductivity is highly

"orrelat"d 
with the recorded crop yield of the season in which the

Eiven soil samole was taken. fh; correlation is shown to be an
ixpression of tire progressive decline in the fertitity of the soil over
the period of the experiment.

XXXII. AsEUTosH SEN. " The Measwemctt of Ebclrical
Cottduel.itrity of Aqueous SoiL S*spe*siott and. ils Usc in
Soil Fariiry'Studiel" Joumar irf Agricultural Science,
1932, Vol. XXII, pp. 212-294,.

The effects oI season, cropping, manuring, and cultivation--on the
chanse h the electrical conduitirity of aqueous extracts of soil, were

studiid, in view of the possible use of this heasurement as an index of
soil fertility.

There G practically no change in the measurements for unmanured
olots of low vield.' Ttre addition of easily decomposible organic material causes, in
geoeral, a marked increase in the measurement.- Continued fallowing has little effect.

For soil under perianent grass there are marked seasonal varia-
tions, and where compa.risons-are being made the soil samples thoyl<l
be tiken at the sami season and under comparable meteorological
cmditions, while for arable soils the most suitable time is after the
soil is prepared for the crop, but before manures are sown.

(d) PHYSICAL CmursrnY
XXXIII. J. K. BASU. " Studies on Soil Rencriott VII. An

Ehcrl;diahsis Abbaralus tot thc Delcrmiraliot oJ Reflue-
abtz Boses-i;. Sqiii." -Jouina of egricultural Science, 1931,

Vol. XXI, W. 48+452.

A six-unit apparatus of two compartment cells is described and
it is shown that ilie technique may be modified to exclude the. katiors
from soluble salts from ,iither 

-ttre total bases as determined by
direct titrations of the dialysate or from the individual bases as

determined by analysis.

XXXIV. E. M. CRowTHER eNo -J. K. Bl.su. " Studics on Soil
Readion V I I I . The l$lucnee oJ Fotilisers atd Ltry ot the

Rebtnceabk Bascs of a L;*a ecA Soil aJtcr Fifty Ycarc of
Cchtinuots CtolPi;E uiti Barky and Wheal." lovnal of
Agricultural Science, 1931, Vol. XXI, pp.689-7f5.

At the completion of a 5Gyear cycle oI continuous-cropping with
both wheat and barley on a lilht sandy soil at tbe Woburn Experi-
mental Station, soil samples from all oI the plots were analysed for
reolaceable bases.' The soi.t had litfle or no calcium carbonate originaUy and com-
oarison with earlv soil samples showed that the unmarured plots
iost aUout half of iheir replaieabte calcium in the 50 years. -The loss
of calcium was much greiter on plots with ammonium sulfhate-and
the croD6 failed compietelv in about 20 years. Plots with sodium
nitrate Lr larmyard manuri retained consiiterably more calcium than
the uDmanured plots.

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-1-65 pp 81

EO

The effect oI superphosphate was so slight
purposes it may be regarded as without effect
bes€s.

that for practical
on the replaceable

The linal replaceable calcium was reduced at the rate of 0.8 mol.
CaO per mol. of ammonium sulphate added throughout the experi-
ment, and increased at the rate of 0.6 mol. Ior the equivaleat amount
of sodium nitrate. The relatively low value foi the ammonium
sulphate effect is due to the low base content of the very a.cid soils
and the low calcium bicarbonate content of the water. io increase
tle replaceable calcium of the ammonium sulphate plots to that of
the sodium nitrate plots required 2.8 mol.-of CtO per mol. of
ammonium sulphate when the lime was applied at intervals oI about
l0 years. A rule is proposed for calcuiating the effects of various
nitrorynous fertilisers oD the lime content of the soil.

Most of ttre added lime was recovered many years later when the
ori6inal lime content was low, but added lime was rapidly lost by
leaching from soils of relatively high replaceable calcium content. '

A uew mettrod was devised determinins the " desree of unsatura-
tion " or " exchangeable hydrogen " of s<jits. A mjiture of soil and
calcium carbonate is extracted with .lf.NaCl, and the difference
between the calcium and the bicarbonate contents of the extract is
taken as a measure of the replaceable calcium and hydrogen.

(r) ORGANTc Crreursrny
XXXV. M. M. S. Du Totr exo H. J. PAGE. " Studies o* thz

Cerbot atd Niboger Cydcs in the Soil. IV. Nalural and,

4rtiliejal Humic Acids." Joumal of Agricultural Science,
1932, Yol. XXII, pp. ll5-128.

The preparation of natural humic acids from soil, Deat (DoDD-
lerite) and " Adco," and of artificial " humic " acids from sircr6se,
celll'lose, dexEose and glycine (Maillard), hydroquinone and lignin,
and therr punlrcatlon are described.

Their elementary compositions and their behaviours under
conductimetric titration urith ammonia have been studied. The
artificial poducts from sucrose and furfural did not behave as acids
but all the natural products, and the artificial products from cellulose,
hydloquinone aad lignin possessed the properties of colloidal acids.

Preliminary investigations into the " iumification " of furlural
and a,-hydrox5rmethyl furfural, and into the interaction of dextrose
with amino bodies, are described.

SOIL ORGANISI\IS
(Bacteriologicat, Fermentation, General Microbiological, and

Mycological Deparhnents)

(a) BACTERTA

XXXVI. H. L. JrNsEN. " / Coflbarisot of Tuo Agar Media lor
C ounting Soil Mino-otganisms." Joirmal of-Agricultural
Science, lg3l, Vol. XXI, pp. 832-848.

A statistical test was made of the variation between bacterial
and actiaomycete colony numbers on parallel plates on dextrose-
casein agar, the medium used for the counts involved in the author's
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Hfk_11.a-*" decomposition.. (See pape-rs_Xl.Vl to XLVIII).
l ne medlun was comp,ared in this respect with Thornton,s mannitoi-
f P.aragme agar, and like the latter medium, gave generallv satis-ractory resl]ts, though on both media counts of altinoirycetes'tendud
to $ve subnormal variatrce.

(6) korozoA
XXXVII. L. DE TELEGDy-KovArs. ,, The Grcuth atd Resdira-

tiott oJ Bacteia it Sard CuJtutes in thc prcsett; ;"d ;fr;"
of Pr-gtanai' Annals of Applied Biology, tgaZ,'Voi. iil,pp. 6e86.

Experimentf were carried out on carbon dioxide production from
sand treated T+ peptone and glucose solution, oi fitt sir";;a
ammoruum_ sulphate solutions of different C[,[ ratios. "The media
were. inoculated wittr various types of bact6ria *a- p.oior*.'-f t
y.as Jgund that x,hile the presence of protozoa increas6a the carbon
glgog,e productrpn, especially in thc cg-se of mixed bacteria cultures,
lno also caused greater bacterial efficiency, yet the number oibactera was lower ; an increase in the numbir oi protozoa bevond a
*rtain point, however, reduced the output "i ;;; 

-fr;d..
lae{ycTg tne concentration of glucose from 0.6 to 0.2 Der cent.
resulted in a greater percentage pioduction of carbon dio,da[. LJi"
mteDsrtrcation of tle effect cairsed by the presence of piotozoa.
An increase in.tbe CA ratio in the presince oft otrioa .as'i"fiow.a
D-y a maxked ucrease in carbon dioxide production, while in their
absence there was no definite effect. Wlere'tle CAiiali;;;;A;;;;
to.less thar l0/I there was a fluctuation ,f ;;-be; liiU""tidi
cultures.

(c) FUNGr

XXXVIII. W. B. BRTERLEv. ,, Biologhal Races in Funsi arrdthetr Signilicance in Evolutiotj' An"als "i ;;Dfu
Bio.logy, 1931, Vol. XVIII, pp. 42O414.

. .A discussion of biological races and fungal variation in relationto tlre specles concept and the evolution of new species. An ,, orbital
conceptron " ot systematic categories and evolutionary relationships
is put forward.

(d) Brol,ocrcAl. AcrrvrrrEs
XXXIX. D. Weno Curr-un exo B. K. Mut<ERtt. ,, Nitiite

Folmation blt Soil Bacteria, othcr than Uiiorrrlroii.',,
Proceedings oI the Royal Society (B), f9gl, Vol. CVIU,pp. 384-394.

Four species. of noa-spore-forming bacteria capable of oxid.ising
ammonia into nitrite have been isohled from noha*rtea ioit a"3all dilfer widely from Nihosomonas or Nitrosocoiiii.

These organisms are able to carry out this reaction in arti{icial
medr^a as-wel.l as in soil, and some are able to assimilate nitrite.
^, 

Rapid Brollth takes place on nutrient 
"eur, 

JJi'h"-;i.;n"" otu.l per cent. sucrose stimulates nitrite production.
F
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XL. N. W. BARRrrr. ' The Liberuliott of Elementary Nilrcgen by
'-"' 'C*ioi.;; 

Biochemical Joumal; 1931, vol XXV' pp'

1965-1972.

Much confusion exists in the literature re-garding the liberation
.,f ,,it.oeen bv bacteria. This is due chiefly to inaccuracres uI

.ravti.it meihods and insumcient attention to the occurrence or

nitrites or nitrification.""'ii'.aa]tii'"-i, iite uue..tio" of nitrogen b-y-reduction of nitrates

it is shown that free nitrogen mav be formed bJ' the mteractlon ot

;"iil'#;;d" ;J;i#G ;tr!t the reaction ralls below pH 6 0'

il-rfi.;;i"ffi*i"tion 
-of 

.ttuot'vdrates bv producing an acid

..action miv result in the liberation of free nltrogen - . ..- -- 
Ammoniirm nitrite in culture solutions is quite stable at ordrnar,'

temperatues and does not give rise to free nitrogen'

XLI. N. W. Bennrrr. " Ttrc Biologkal Filhariot 'I \'Jyy'-"* srr;.oi3if"ii""t " Bio"h""ti"'t iournal, l93l' vol' xxv'
pP' l4l9-1446.

Bacterial oxidations involve organic slnthesis whic\ in tie case

of sucrose iavolves from 25 per cent' to 33 Per cent of trre matenal'

This svntlesis accounts for the incomplete absorPtlon ol -oxygen 
m

the 5iay oxygen absorption test and ttre accumulatlon oI l rn ltr a'

biolosical filter.-"TB;;-;i sectional filters showed the relation of 
. 
nutrition

"."ii"t 6-tu" .fi;i;; and functioning of the filter' The.rate.of

iurification is proportional to growth of filn which rs determrne-d Dy

i#'"""i"ri-tt tit"'of the nutient' Growth of film tendc-.to.limit
;;.;i." ;ii;lii .*ential to oxidation and this imp-oses..limits^on

;;;;; ;i ti; ;"rttcies constituting the medium of the filter' The

rrse of eravel oa;sing I inch mesh is to be avoided since It lavours [De

fi;";B;;;i;f ;a'eiotic conditions, indicated bv a.lowering of pH
i; ;ii;ir;;; ;"ti"ns due to the formation of organic acids'"' H"-irl";h ;f ihe tilm and re efficiency of tht filter dipend upon

d"dii;!;ittG; ;a phosphorus requirerirents, viz', a C,N..ratio of

is'*Jdlp,oi ,"tio of I0. 'Nittog"n iixation occurs in.the filter but

not to a 
'su-ffiiient extent to ensure adequa'te Punllcatron- .

NitriJication occurs when the concentration of oxrdlsable orgaruc

matter falls below the equivalent of 0'03 per cent' sucrose'

XI-II. S. H. hxxINs. " Tha Biological Oxidation oJ C afio'
htinte Soiutions. I. The Oidation oJ Sucrose 4M A' mo"'e'rl-iiita"ri ii"arunl Filters' 

- 
Biochemical Journal'

r93t, Vot. XXV, PP. 147-160.

A studv was made o{ a percolating fi.lter which consisted- of six

inaeoenclerit sections. The solution led to the filter contalned sugar

;iil';;;;. -wh;t 
the biological film was mature the amounts.of

5;;*;d-;i;"*;; o*iai."a uv i""i, 
"ection 

were found.' -lhe results

:;:;; iir;i th; iirst section 
-was 

most effective in -o4d$ing sug.ar'

#rriil'trrJi*t i"ti"" was least effective' However, if the last section

*.i 
"i.."a 

i" tf," position occupied by the first, ard thus-received

a moie concentrated solution of sugar it became qurte as- etficrent a-s

ir,'Jii*i-iritii,ii. 
"ir," 

o"ia"tio" o-f ammonia wa! found to proceed
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mainly in the lower sections although nitrification could occur to a
limited extent in the upper sections of the filter in the presence of
0.06. per cent. of sugar.

XLIII. A. G. NoRnAN. " The Biohsicd Deconbositior ol Plant
M aterials . I V . The Bioctvmicd Aairitirt k Stous'of some
Cdlulase-Deconposing Fungi-" Annals of Applied Biology,
1931, Vol. XVIII, pp. 244-259.

A number of frmgi isolated from rotting straw were tested for
ability to utilise different carbohydrate constituents. In general all
substances but tignin were attacked to a degree relatively propor-
tional to the apparent total loss of organic matter. The nitrogen
factor, i.e., nitrogen irnmobfised by 1009. of straw, was determined
in each case. The differences are considerable and varietal. They
are Dot related to any particdar straw constituent.

XLIV. E. H. Rrcneros exo A. G. Nonnex. " Tht Biolaaical
Deconpositiott oJ Pla Matoials. V. Sornr FacMs D-etc/-
mrning lhe Quantity of N;tlogen Immobiliscd, Dtoin Deeorl-
Pociti.on." Biochemical Joumal, l93l, Vol. XXV, pp-
t769-r778.

The amount of additional nitrogen immobilised during decom-
position oI plant materials replesents only the eq-uitibrium
between fumobilisation ard ammonification. -Besides 

the added
nitrogen, plaut proteins may also be attacked, or microbial nitrogen
may be liberated and re-utilised. The term " nitrogen equivalenl "
is suggested as a measure of the efficiency of the microbii.l tissue in
decompositioa, and defined as the nitrogen immobilised in the
course of removal oI 1009. of organic mattei from any material.

XLV. A. G. Nonuen. " Tfu Biolagbal Decompositiott of Plant
Materials. VI. The Effe+l ol Hydrogen-ior Concenhatiot on
thc Rato of Immobilisatiott ol Nitrogett by Straw."
Biochemical Joumal, 193I, Vol. XXV, pp. l?79:1787.

The rate of immobilisation of available nitrogen in dilute solutions
oI various hydrogen ion concentrations was studied by percolation
of the solutions through straw filters. Sl.ightly alkaliire-conditions
favour immobilisation -and more organic m-atter is fermented away
than under neutral or slightly acid conditions. The alkaline filtei
showed an initial lag not observed in either of the others. This lag
is due to a primary flora relatively inactive in cellulose decomposition.
The loss of hemrcellulose is more gradual in filters than in iompost
heaps.

XLVI. H. L. JENSEN. Thz Mi.crobiologSr of Farmyard, Matture
Decorn|osition in Soil. I. Changcs it the Microflaru and,
lheir Rdatiol ta Nit/ilication." Joumal of fficulturat
Science, lgBI, Vol. XXI, pp. 38-80.

When farmyard m.urure was added to soil the energy material
contained h it produced a rapid increase in bacteria, actinomvcetes
lnd fungi which resulted in a part of tie manure Eitrogen 

- 
being

locked up in the form of protein. Only after the numbersbf micro-
organisms passed their maximum did the production of nitrate
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become active. After passing the maximum this nitrification
diminished gradually, leaving, after a year, a considerable portion
of the manure in an unavailable form. This fraction was contained
partly in the cells of the micro-organisms themselves and partly in
lhe "-humus 

which is very resistent to decomposition and which
tended to increase slightly during tle period.

XLVII. H. L. JENSEN. " Thc Mictobiology oJ Farmyard Manute
Decanlositior i* Soil. II. Decom\osiliott of Cdlulose."
Joumal of Agricultural Science, 1931, Vol. XXI, pp. 8I-100.

Addition of larmyard ma.nure to approximately neutral soil
(pH 6.5-7.0) gave rise to an abundant development oI cellulose
decomposing bacteria of the genus Vibrio. Wberr it was added to
faintly acid soils (pH 5.7-6.2) these organisms were partly replaced
bv Siirochaeta cytolhaga. Atlower pH values only fungi were active
iri the decompoiition of the cellukise. Similar results were obtained
by adding filtir pap€r or straw to soils of different reactions. Cellulose
dlcomposing bacteria did not form humus-like compounds when
growing on filter paper in sand culture but at least two fungi
-Mlrcogoaz gra and, Stachybotrys s1. gave rise to such comPounds
when growing in sand and in sterilised soil.

XLVIII. H. L. JExstx. " The Mi+tobblogy of Farmyaxl Ma*utc
Decomposition ir Soil- I. Deeompositiort of the CelJs oJ
Micro-oryanisms." Journal of furicultural Science, 1932,
Vol. XXII, pp. l-25.

The addition of microbial substances to soil resulted in a rapid
but temporary increase in bacteria and especially actinomycetes. A
ftaction of the microbial substauce was readily nitrified but there
remained a very resistant residue. This was not identical with
fungal chitin which is readily nitrified. lt the case of Mycogonc nigra
and, Sl4chtbtlys, the humus-like substance contained in tieir
mycelia formed part of this resistent residue.

THE PLANT IN DISEASE: CONTROL OF DISEASE

(Entomological, Insecticides and Fungicides, and Mycological
Departments)

(a) Ixsrcrs, AND THEIR Coxrnor.

XLIX. H. F. Berrts. " Obsentatiqns ot GaJl Midges Alfecting
Fruil Trces." Joumal of the South-Eastem Agricultural

' College, 1931, No. 28, pp. l70-U7.
Notes on the bionomics and control of Daqmeuta fyi Bortch('

Conlainia fyivora Rlley, both ou pear; Thomasiniana oaiilerda
Riibs. on rose and apple, ar..d. Daqmewa sp. on black currant. This
information, which deals with recent literature and the author's own
itrvestigations, brings up to date the section dealing with the sarn€
subjeci in a previous papr (Barnes, Maloial Jor a Morograph of llu
Brilish Caidomyidae or Gall Midges, Joumal of the South-Eastern
Agricultural College, 197, No. 24, pp. 6FIttG).
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L. H. F. BARNEs. " Further ResuJls of 4r, Investipalioft ilto thc
Rcsistanee oJ Bashet Willous to'Buttpn Gaij Fotfiatiorr.,'
Annals of Applied Biotogy, l93l, Vol. XVIII, pp. i5_82.

Twelve commercial varieties of Salit triandrc have been oroved
undgr experimental conditions, to be very 

""r""ptiUf" 
i, iit'r* -Uy

the button top midge (Rhabilophaga hd+roi* ru.iw.\; three varietG
ot 5. PtalPoalea, one variety of S. ttimhalis, three hvbri& oI S.
dn;nalis al,d fualpwca, and, S. qlba var. vilalthra have 6roved to be
totally immutre. It is suggested that hybridisation of S .'t/iand/a ar]Ld
S. ft rPul.a or S. ttimhalis or S. alba should be attempted.

LL H. F. BAxxEs- " Tha Se, Ratio aJ thz Time of Emerperue and
lhz Ocatnerce oJ IJnisexual Famities bt'the Gqil Mid!""
(Cec lom-yidae)." Journal of Genetics, lg3l, Vol. XXiV,
pp.225-2.?4.

Unisexual families are shown to cr;a:rr b Rhqbd.obhapa hctercbia
H.Lw. and Thomasitialra oculipe a Ri.bs.

LII. H. F. BARNEs. " Ga Midges (Cecinoa&tae\ uhose Lamaa
Prewd Setd Prod*tiott h Glasis (Gaiheaei . ' ' BoUetln of
Entomologicat Research, 1931, V;1. XXII, ip. f9$20A.

- Brief notes .u- e trven on 18 species oI Cecidomyidae, the larvae
of which bave been recorded frbm various parts- of tire world as
preventing seed formation in grasses, with 

-a list of the srasses
attacked showing the gall midges concerned and the coun"try of
on$n.

LIII. A. Srrrr. " On the Stflicturc ol thc Immaluc Sta.ses of thc
Frit Fl1, (Oschella ftit Linn.\." -Annals 

of Aoolied"Biol'oev
r93r, Voi. XVUI; pp. 352jA69.

The morphology of the immatue stages of Oscine c frif Lir:lr'-
are described aud figured ard certain observations of a 

-biological

nature are recorded.

LIV. H. C. F. NawroN- " Ott tha so-called. ' Olfactorv pores' in thz
lloneylBee." Quarterly Jouma.t of Miirosc5pical Science,
1931, Vol. LXXIV, pp. 647-668.

The structure of the ca.mpaniform sensillae on the wine-bases oI
the honey bee is described toaether with the ess€ntial featu"res of the
late-r developmental phases in the pupae. The observations made
lend no support to the view that the nerve fibres of the sensillae are
exposed to the air so rendering them specialJy suitable to the rece}.
tion of cbemical stimuli from i distanie. Tde origin of the cellulir
elemelts composin_g- the sensillae is discussed and it is sutgested
that the neurou oI t}re sensory system connected with these'd'rgars
is situated in the bypodermis and is in fact tlre sensory ceU itseli.

LV. MARToN A. HAMTLToN. ' The Molbholos.t of tht Wate,
Scorlion, Nefa cinnea. Linn. (Rhi*twil Hitercbtqa\."
Prociedings of the Zootogicat S'oci6ty of Lonaori, tgit,
pp. 106&1134.

A description of the morphology and histology of a common
fteshwater Heteropteran, the " Waier Scorpion." - A short account
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of tbe biology and tife-history is given followed by a detailed account
of the anatoinv. both extemal and intemal. Particular attention is
Da,id to the m'uscular and nervous sYstems not hitherto described,
iod.Uo*irre various interesting adaptations and modiJications to
the unusuai-mode of life. The respiratory system and some of its
peculiar points of anatomy and physiology -receive considerable
ittention. In Nepa a great many of the normal functions of insects
have become subiueated to the more pressing immediate need for
air, with the resrili that such organs as wings and wing muscles'
spiracles, etc., are being used in ways, and for purposes which are
almost unique, owing to tbe adoption of a Permanent sub-aqueous
habitat. Finallv an account is giveu of the integument and sense

orsans which ha?e aho been rathEr neglected by morphologists, witb
th; one outstanding excePtion of the abdominal sense organs. These
are again unique slructures pertaining to the abdominal spiracles
and owing their eistence to the unusual needs of the insect.

LVI. R. P. Hogsox. " Caleium and Hydroger lon Corce rat'ion
attd tfu lttttr[acial Tetsi<tt oJ Plnithrurn Extratk." Jo,urr:^al
of Agricultuial Science, 193i, Vol. XXI, pp. l0l-114.

The addition of a pyrethrum extract to a petroleum solvent,
semi-refined white spirit, considerably lowers its-interfa.cial tension
a{ainst $'ater. The 

-tension 
also depends uPon the reaction of t}te

a(ueous phase, decreasing as the alkalinity increases.

The addition of a6ral W.B. to a solution of p,'retirum extract
further lowers the inierfacial tension more especially against acid
solutious, ttrereby decreasing the sensitivity of the tension value to
the pH oI the aqueous Phase.

The presence of calcium salts in the aqueous phase raises the
interfaciil tension of solution of Plrrethrum extract.

Alkaline salts counteract the effect of calcium salts and the
resulting tension values can be correlated with the ratio of calcium
to hydroxyl ion concentration.

LVII. J. T. MenrrN AND F. TATTERSFIELD. " The Elqluation of.

Pi,rahrum Fknterc (Chrysanthemum Ciwrcr'iaeJoliuml."
Joumal of Agricultural Science, 1931, Vol. XXI, pp. ll&135.

The analvtical methods o{ Tattersfield, Hobson and Gimingham,
and Gnadin{er and Corl for the determination of the pyrethrins in
p,'rethrum flowers are compared, and certain modifications in
technique suggested.

Good concordances have been obtained between analytical data
and irrsecticidal tests employing Afhis rumicis-

A new method for the rapid and approximate evaluation of
uradultered samples, employing small quantities of material, is
described.

Observations on the p)'retlrin content of individual flowers in
the various stages of devdlopment are recorded, making use of a
modification of the method indicated
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LVIII. F. TATTERSFTELD AND R. P. IIoBsoN. " Extrqtts oJ

Pyrethtunt: Permnnence oJ Toxicil'y ard Stabilily of EmuL
siozs." Annals of Applied Biology, 1931, Vol. XVIII,
pp. 3-243.

Pyrethrum flowets (Chrysarlhemam cinerariaefolium\ both as

whol; heads arrd as powdei retain their insecticidal properties at
ordinary temperatures and at 28'C. for considerable periods if stored
in closed vessels. If exposed to the atmosPhere in a. thin layer as

finely ground powder there is risk of loss o( toxicity. - -
tilc-ohol and petroleum extracts o{ pFetlrum retain their toxicity

in temDerate cliinates over mat v monihs. Alcohol extracts readily
give pdrmanent emulsions when idded to water ; petroleum extracts
iequiie the incorporation of an emulsifier. Water-miscible petroleum
extracts of can be prepared by the addition of -certain
materials, slih as ammoniated^Agral W.B. and neutral turkey-red
oil.

A study has been made of the degree of permaneace oI the
active principles of alcoholic and water-miscible P€troleum extracts
at ordiirary British temperatures and at 28"C. and also in emulsions
of these eitracts in alkiliae spray fluids of varying pH. The artiv-e
orinciples Droved more perm"nerit than has usually been supposed'
' The reldiness with- which water-miscible petroleum extracts
d.isperse in the aqueous phase and the stability of the emulsions
Iorined under a variety of conditions have been investiSated.

LIX. F. TAI-TERSFTELD. " Pvlelhlurn Flotaers: A Qaantitqlioe
Stud.y oJ Their Deulopimt." Annals of Applied Biology,
193I, Vol. X\{II, PP. 602-635.

An account is given of the examination oI the flowers- of pyre-
thrum plants (C- iiwrariaefotium) grown in Harpenden. The plants
*"." ai"ia.a i"to Ulocks and rand6mised, tle flowers being harvested
from a dozen plants each week over a Period of 8+ weeks, the flower
heads ranged irom the small bud stage in the first week to the over-
blown stage in the last week.

The vi"eld in numbers a.nd weight oI heads per pla.nt, the dia-
meters oi the receptacles and the content of py'rethrh I and II were
determined. There was a considerable amount oI variation in all the
factors in the flowers from di{ferent plants.

A statistical aaalysis showed that :

(a) there was no sierrificant variation in the numbers oI
' ' the flowers with time, but that position of the plant in the

bed had a significant effect ;

{6) the time of harvesting had a sigrriJicart effect upon the
content of the pyrethrins, whether taken separately or to-
gether a.nd whethir expre'ssed in percentages, Parts Per flower
head or parts Per PlarLt,

There was a quantitaiive development of the active principles
in the llower hedds from the small- bud stage up to the time oI
maturity of the flowers, wbich more than kept pace, on the whole,
with th; increase in weight of the flowers. Thus the cortent of
pyethrins, both relatively and absolutely, rises to a maximun at the
maturity of the flowers.
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The mean percentage content of pyrethrins fell after pollination,
and ttre Iading of thd flowers; thii corresponds witti the rapid
increase in weight of the heads on the foriation of seed. Th-ere
would appear to be a loss, which might be serious, both in percentage
content of active principles aud in yield oI flowers if'harvest;d
before being fully open. 

-

(6) BACTERTAL DrsEAsES.
LX. R. H. Sroucnrox. " The In[luenee of Enviro*mea.tal

Corrditio.rls on the Dnel,ofmerrt ;f th4 A;eulat Leaf-S bot
Disegse oJ Cottc>n. III. The Inflience oJ ib Tenp'etatlrc
yy__lyleaion,ll Anaals of Applied Biology, tgil, Vol.
XYIII, pp. 524-53a.

Experiments carried out in the Rothamsted control chambers oq
the influence of air temperature ou ttre anguLar leaf-spot disease of
cotton .plauts, resulting from spray inocu.lation of young plants,
+ow thlt- high a.ir temperatur& iavour tbe develo"pmen"t bf the
disease. Maximum infection occus at an aL ternperatdre of Bd-86.C.
with decreasing incidence at progressively lowei temperatures. Ata con-stant_ air temperature of 3$4O"C. cotton plahts make no
groMh, a.nd eventuallv die.

Infection takes pla.ie more readily when the inoculation is carried
out during the non-illuminated Deri;d.'The relation of these results-to the experiments on the influence
of soil temperature is discussed.

(c) VrRUS DTsEAsES
LXI. J. CarowrLr-- " Thz Physiohsy of Virus Diseases i,n

Plants. II. Furthel Stud,ies- ar. tt; M'owment of Mosaic in
thz Tomato Pl.ant." Anna.ls of Applied Biology; l93l, Vol.
XVIII, pp. 279-298.

The results oI experirnents discussed in this paper suDDort the
general view that the agent of virus diseases wi[ travel onlir'tbroueh
living tissue. No entry into the living tissues is possible thl.oueh t"he
epidermis, the r-oot hair, or the xylem vessel walls. The ageit can
atrd does travel, however, in the water stream, if it be"iniected
mechanically into the xylem. The absence of the agent t.oir ti,e
bydathode exudate has been demonstrated. The ageni cannot enteral unbroken cell nor can it move tbrough areas of dead. cells. Traces
of toxic substances Irom the inocula to be tested mav Drevent the
iafection of experimental plants, even wben the virus as"eni is oreseni
Movement upwards and downwards in tbe plant t"t "ipt"*'-"i"-L,less at the same rate. The agent appears io move aloire the Drotc
plasmic strauds rather than to G -carried 

bodilv in "the pirloem
strancls. The effect of darlness on the developmeit of tne fi*s in
the plant artd on the plant itsell is discussed. '

LXII. F. M. L. SHETFTELD. ', The Formation of l*tracel,lular
Inclugions in Sol,anaceous Hos]"s Infecled "witk Aaeuba
Mo.saic-.of 

-Tomalo." Annals of Applied Biology, l93l.
Vol. XVIII, pp. 471-498.

. ,A description is given of t}re mode of formation of intracellular
inclusions pioduced by aucuba mosaic oI tomato in Sola, un nigru,n,
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5.. nodillorum, S. lrcofersicum, Nicotiana tabarum and Hyoscyamus
irgel,

Soon ajter trfection the rate oI streaming of the c]rtoplasm is
increased, then minute particles of protein appea.r in the cytoplasm,
which carries them passively about the cell. These particles aggre-
gate and fuse to form large masses which are still carried passively
but moJg slowlv about the cell. These fuse uatil all the protein
material is contained in one or occasionally more granular masses.
In ttre tbree Solanum species examined this mass becomes rounded,
and it may lose its granular appearance and become vacuolated. In
N. tabacuttt. the body does not always round off and, n H- niget it
very seldom does so, but remains as an irregularly shaped granular
mass which may, however, become vacuolate.

There is no evidence at any time of autonomous movement, the
pa.rticles and the fully Iormed body being carried, as are the cell
nucleus, mitochondria, etc., of the normal plant, in the cltoplasmic
stream.

After the spherical body is formed a spike-like crystal appears
in the cell.

The cell remains at rest for the space of several weeks. Often the
rounded inclusion body and the nucleus are ju-xtaposed, but there is
no special significance in this, it is merely the accidental result of the
mode oI formation of the body. Particles tend to accumulate where a
number of strands of plasm meet; usually severa.l straads converge
on the nucleus.

Ultimately the body breaks down, giving a number of protein
crystals. AJter some months these dissolve. In H. riger t}:.e inclusion
bodies are confined to the chiorotic areas, where they are abundant
in all tissues. In the other species studied they are distributed over
green ard yellow tissues. They are very abundant in the hairs, less
so in the epidermis, and very rare in the palisade and spongy tissues.
lt E. niger the development oI the palisade tissue is arrested, in the
other species the development is not so obviously affected, although
$ovrth is retarded.

These inclusions app€ar not to be organismal in nature; they
seem to be products of reaction of the host cell to the virus, but they
may contain the etiological agent of the disease.

TECHNICAL AND OTTIER PAPERS

GENERAI
LXIII. G. W. Scorr Brarn AND R. K. S:l:oFTpLD. " On. the

Attotflalaus Fl,ou oJ a Strong Solution of Lithiun Chl,oride
through Narow Glass Tubes." Philosophical Magazine, lg3l,
Vol. XI, pp. 890-896.

In connection with plastometric measurements oI clay pastes the
behaviour of non-colloida.l solutions was investigated in the plasto-
meter. A strong solution of lithium chloride was found not to obey
Poiseuille's law for the flow of viscous liquids through glass capil-
lary tubes. It seems that small strains are not irnmediately dis-
sipated during flow, possibly owing to the tendency of the ions to
maintain a non-raldom distribution. In addition, evidence was
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found oI auomalous flow close to the tube-wall, which has hitherto
been fouad only with suspensions. l.)ris phenomenon was
unexpected arrd no explanation can be given at present.

Mixtures of glycerine and water behave normally, showing that the
anomalies observed with lithium ch-loride solutions are not due to
delects in experimental methods.

LXIV. HucE Nrcol. " Ueber ein ungeutohnliches Beisfi.<}
reg.innaler Sedincnlation." Kolloid-ZeitschriIt, 1932, Vol.
L\{II, pp. 302-305,

A suspension oI cellulose is described, which shews two kinds oI
regional sedimentation (producing visible layers in the liquid). One
of these kinds is discussed at len6th, and a theory of the mode of its
formation a.nd persistence is put forward. It is supposed that the
formation oI the layers of cellulose is not due to temperatnre Bradients
in the liquid, but to srnall diflerences of specific gravity of the
particles induced by a general cooling of tlle suspeasion.

LXV. R. H. SroucuroN. " An Itnltoved Method. of Maintafuhg
Conslai.t Eut tidity in Chsed Chambers." Joumal of
Scientific Instruments, 1931, Vol. VIII, pp. f64-166.

An account oI a device used for controlling the humidity within
plant cha-mbers. The apparatus depeads Ior its action on the con-
trolled vapourisation of water from wet muslin, the humidilied air
being carried into the chamber by a rapid air stream.

LXVI. E. J. Russrrr. " The Feeding oJ Britnin." Schal
Nature Study, 1931, VoL XXVI, pp. 29-33.

LXVII. E. J. Russnr. " Can Farming be Made lo Pay? "
Country LiIe, 1931, VoL LXX, pp. 63-64.

LXVIII. E. J. RussrLL. " Agtirukutal, Developnart oJ the
Empire." Science Progress, 1931, Vol. XXV, pp.87-108.

LXIX. E. J. Rus$LL. " Science and Crcp Protlwfiott, 193O."
National Farmers' Union Year Book, 1931, p. 89.

LXX- E. J. RusstLL. " Corwnunisrn on thc Land in Neut Russia."
Faber and Faber, 1931.

LXXI. H. G. Mrrr-rn. " Prcblems of Sheel Farming-" Joumal
of the Farmers' Club, lg3l, pp. 106-fl7.

LXXII. W. B. Bxcnrrv. 'The Trairing ol Botqrrists fo/
Econotnic and Industrial Positions." British Association,
Report oI the Centenary Meeting, 1931, p. 134.

CROPS, SOT.S AND FERTILISERS
LXXIII. E. J. RussELL. " SoiLs and Fertilisers." Agricultural

Research in 1930. Royal Agricultural Society of England,
1931, pp. 13&178.

LXXIV. E. J. Russr.tt. " Loaer Liae-Stochcostswith Feltilisels."
Farmer and Stockbreeder, 1931, Vol. XIV, p. 281-
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LXXV. E. I. Russrn. " Tlv Prittcibks oJ Maruittg." Encyclo-
paedii oI Scientific Agriculture, PP. 694-706. B'illiere,
iindal and Cox, London, 1931.

LXXYI. H. G. TEoRNroN. " The Culrioation aail lruculatiotr of
Lucenz." Journal oI the Farmers' Club, 1931, pp. l$34'

LXXVII. H. G. Tsomrox. " Luerne ' Itmculatiot' and the- io"ar" AlJeaing ix Sr.rcess." Imperial Bureau of Soil
Science, Tdchnical Communication No. 20, lgel.

LXXVIII. F. E. Dev exo H. LLoYD HrND. " The Fermodation
Industries.- ADnuat RePort of the Society oI Chemical
Indusky, 1930, Vol. XV, PP. 5ll-5.51.

LXXIX. L. R. BrsEoP. " Swedish Brctaittg Scizttcz." Jcrurtal
of the Institute of Brewing, 1931, Vol. XXXVII, pp'
ll&118.

LXXX. R. K. Scuorrno. " The Gollet Hoof-" The Field, l93l'
January 31st.

LXXXI. H. V. GAPsIER. " Mi.rolloLs- Fe iliscr Trials in Co-

ob.ration uith Schools." Sdhool Science Review, 1931,

l,io. XLVIII, pp. 371-376.

LXXXII. E. M. Cnowrsrn. " Soils aud Feiilisers." Reports of
the Progress oI Applied Chemistry, 1930, Vol' XV, pp'
449-4.89.

LXXXIII. H. L. fucHAR.DSoN . " Nit/ilicalio,t." Encyclopaedia
of Scientific Agricultue, P. 8i|8' Ba iere, TindaU and Cox'
London, 1931.

BIOLOGICAL
LXXXIV. W. B. BR-EREY. " Scierue oJ tie Ycar 1930' Thc

Biolagi.oal Sciatces." Annual Register 1931, Vol' Clxxlr,
pp. 153-159.

LXXXV. H. F. BAxxrs. " Dascaiftiott ol ' Anbl4ldidla
bmaricum' KielJcr." Bdletio de la Societd d'Ilistoire
Naturelle d'Afrirlue Nord, 1931, pp- 271-272.

LXXXVI. H. F. BARNES. " A Neu Prdaeous Gall Midge
( Dibl.. Cecidomvidaz)." Bulletin of Entomological Research

issi, vot. xxll, pp. 2osm?.

LXXXVII. H. F. BARI\ES. " Notes on tha Outbleqh ol lhe C abbage

Abhid 'Blevico/vne btassicae' -Linz." Joumal ol the
S<juth-Eastern Agricultural College, 193I, pp' I78-180'

LXXXVIII. H. F. BARNES. " Noles ott the Parasites of lhe

Cabbaqe Abhid ' B/eticor^/ne bassicae ' Lbn." Entomo-
togists: Moittty Magazine, 1931, Vol. LXVII, pp 55-57'

LXXXIX. H. C. F. NrwroN. " Notes on Some Parasites Reared

from Flca Beelks o{ the Genus' Phvliotleta' (Chtysomc-
'lidae." Dnlomologijts' Monthly Magazine, 1931, Vot'
LXVII, PP. 82-84.
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WOBURN EXPERIMENTAL FARM
REPORT FOR T93T

BY DR. J. A. VoELcKxR, C.I.E., II.A.
The season w:rs very rmfavourable, for corn crops in particular.

Wheat carne up well in the mild winter, but the cold and cheerless
spring a.nd an almost sun.less rainy summer prevented crops from
maturing well. But these conditions were favourable to grass, and
gave heavy crops of hay and grass for feediag. A sunny period
towards the end of June fortunately favoured the getting in of hay.
Root and Iorage crops did fairly well, and spraying with Bordeaux
mixture saved the potato crop. The com harvest was prolonged by
the uncertain weather, but the experimental crops were gathered in
with fair success.

Woblrn Mct.orolokical Records, Octob.r, 1930-Dcc. bcr, lggl.

FIELD EXPERIMENTS
l.-CoNTINUous GnowrNc oF WITEAT eNo Benr:v.

STACTYAID Frrrp, 55rn Yran.
Whqat.

"Square Head's Master " was drilled on October 2nd, 1930, after
dressing with " Conrrsine," and the crop cafire up well. No manures
were applied, the last having been put on the crop of 192S6, ajter
which followed two years'fallow (927-8), wheat sowing being
resumed in October, 1928. Accordingly the present is the tbird crop
since fallowing, and the fifth siace any manurial application. The
harvest results are given in Table I.

Rainfa .

Bright
SUD-

shioe.

Tern?erutuc \M.ail.

Total
Fdl.

No. oI
Raitry
Days

(0.01 in.
or Dore)

!Iax.
I rft. IMrr I in l(;a<
I crouad. I uin.

Jan.
Feb.
March
April
May
JuDe
Julv
Aug.
S€pt.
Oct.
Nov.
Dec.

1930-
Oct.
Nov.
Dec.
l93r-

t.24
1.70
0.08
3.61
2.82
2.84
3.71
3.65
2.41
0.04
2.81
0.88

ins.
l.0l
3.74
2.28

No.
l4
l9
l9

1S
2l

6
l9
20
t3
t7
l8
l3
5

l7
t2

Houls.
126.5
64.8
18.9

52.7
59.3

146.3
105.8
159.8
173.4

r33.9
r06.2
t00.9
59.8
31.4

'F.

50.0
{3.8

42.5
43.6
14.7
62.1
00.1
66.2
67.1
65.r
59.6
55.2

45.1

31.8 37.6 28.0
32.9 38.0 I 30.4
30.4 I 30.6 I 25.8
3eG I 4s2 I 364
43-6 | 53.7 I 40.3
so.2 I6r.6 I 48.6
520 I s33 4g.O
49.8 SO.O I 4?.S
45.O 65.0 12.O
37.8 I 40.3 35.5
4o.o 1 16.1 I 35.6
35.9 41.6 33.2

.F.
+4.3

34.1

"F-
50.8 35.2
49.5 32.4
40-0 32-r

Total or
Meaa oI
l93l .. 26.lri 180 r269.9 54.5 *, | *, | *,
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Table I.--CONTINUOUS CROWING OF WIIEAT, 1931
Field-Produce Der acre.

llaour3 Appli.d Aou.lly to 1926
(berore the trc ,€4 Fdbr rtr6-r8).

For .oouts 5 ReFn 19r7-rE.
No Ueute3 ir 19t0, 1930 or 1091.

9.60
12.26

10.05

13.07
5.90
4.14

13.50

!8.0

i.o
iro
66.0

[6.8
!9.7
6r.0
68.6
6?.0

68.0
60.0

6E.O
60.0

01.0

00.0
69_0
50,0
6r.6
eo.6

1.37
1.r0

2.14
5.82
1.89

2.26

3.C0
6.51
3-ll
1,86
1.73

2.92
7.2t

4.94
5.60

3..16

!t.Eg
2.5!
3_07
1.25
t.60

2_1
2.6

10.9

ln
1.2

6.8
1r.8

9.2
3.3

6.4
12.9

8.1
10.2

6.2

8.S
1.8
5.6
7.9
i.o

1

3b

6

sb

11a
rlb

i.2\

As rb, with Li@, EFat€d Je. 1006 ..
Nit!.te of Soda
Nittet oI Sod.
Min r.l M.orr. (SrF4,hosphat ud Sulpbt

ol Pot$b)
UiE6.l U.rrtts dd Sdph.t ol.lEEoEi. ..
A5 6., xith LiG, Jtu- 1905 ..
Minel Mml,E ,itn Nitat ol S.rili
UDoorEd..
UiDanl M.nulca ad, i! altE[.t. ,r.ts, Stl-ptat o, Atmmi.
As 8., piih Li@, Je. ,905, rep€at d JaD. I0l8
Mi@r.l Me'lE aud SrlD[at oI AEEotriia

(oEttt€d i, .lt@te yeas) ..
As 8b, wirh Lide, J@ 1905, rcpeated Jan. lelE
Mitrdal M.nuc and, in .ltemt y6rs, Nikara

nl SrY!,
Ni!6d Uaol,B ad Nit!"rt€ of Sod. (@itted

ir dt.6rr. ffil
soD.rDbo6Dh.tl and NiEatE ol soda ..
Rra DEt ..
Sul'Dh.t of Pot !h.rd Nit'att of Sod. ..
F,rhEri MrnnE

6-6:l
12.57
6.00

3.8?

9,60
11.11
10.51
11.53
1.t7

8.85
11.85

This season's crop may fairly be taken as representative, and the
results as comparable with those of 1929, the first year after the two
years'fallow. On every plot, even on 2a and 8a, known to be very
acid, there was a crop of some kind, and not one that came at first
and then died amidst a mass of weeds. The crop on plot 2a (sulphate
of ammonia only) was 2.6 bushel per acre, the best since 1900. But
in spite of the early promise, the lack of suashine caused the grain
yield to be disappointingly small in relation to the straw. The
unmanured produce was 2.8 bushels per acre only, the minera.l
manure plot (Plot 4) gave 6.8 bushels, and the farmyard manure
plot (ffb) 7.0 bushels per acre respectively. These figures compare
with lO bushels, 17.8 bushels and 21.3 bushels of corn per acre,
respectively, in 1929, the Iirst year after the two years' fallowing.

The highest yield was 12.9 bushels, on Plot 8aa, which had
received sulphate of ammonia with minerals and lime in earlier years,
and which in 1929 had yielded only 7.9 bushels of com per acre.
Indeed, the highest yield of corn ir l93l were obtained on plots
previously treated with sulphate of ammonia (2b, 5a, saa, 8bb),
u/hi.le dtmte of soda showed a distinct lowering, Plot 3a having fallen
from I2.8 bushels in 1929 to 4.9 bushels, PIot 6 from 12.8 bushels to
9.2, and Plot 9a from l7 bushels to 7.5 bushels.

The yield of the farmya.rd malure plot has fallen from 21.3
bushels in 1929 to 7.0 bushels in 1931, a value only slightly above
that from the rape dust plot. Plot 2b, which last had lime in Decem-
ber, 1897 and in 1929 gave a grain yield of l.f bushels per acre only,
produced-without any firrther application of lime or any artificial
fertiliser-no less than 10.9 bushels of corn per acre in 1931.

May'weed and vetcbling were the chief weeds. Mayweed did not
thdve on the acid plots (2a, 5a, 8a), but appeared wherever lime had
been applied.

r"- I

p.r I

i;-" :: .. :. ::
Line, J441905, repeated 1909, 1910,
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Ba ejr
Two- dilferent varieties, " Plumage " and " Archer,, were sown

on all the plots in altemate longituainal strips, each from 5 to l0
rows wide, according to the width of the Dlo-ts: and. in addition
Plots 8, 9, l0a, I la wire remanured but not ielimed l" .iae, t.-see tfre
relative influence of certain manlues on the two varieties. The
manures supplied were :

A.EDonia
Per acre.

Snperphosphate
per acre.

Sulphate oI
Potash per acre.

IS3l

8-Sulphate oJ
AEmonia and
Miuerals

0-Nitrate of So-
da & Minerals

loa-Super and Ni-
trate oI Soda

lla-Sulphate of
Potash and Ni-
trate o, Soda

Mirerals ody
Trrdncrt Pio, to lS26 lt)

Sulphete oI ADEonia wrth lime
Sulphate ot Ammonia with lilrle

The seed was dri.lled on March l9th. A furrow along certain plots,
the result of ordinary instead of the usual one-way plo"ughing, ciuseri
som€ urevenness of germination and growth.

Spurry was very thick on Plot 2t (sulphate of ammonia alone)
bu-t wbeie lime had been used (2b, 2'bb,'5aa, SU, g-. StU) ;iii
sulphate of ammonia, the barley continued to tlrive. The farinvard
manure-plot (llb) was quite fa.ir, but the crop on IOb (rape <iust)
failed almost entirely. As tle season progreisea, the bdlev did
not seem to tbrive as well as the adjoinin{wheat crop, and'plots
2a,6a,8a and 8b (all unlimed) carried littli more ttran ipurrv. On
ttre plots (4a,4b) which had had minerals only but no niti"ose;. the
crop -on the unlimed balf (4a) was decidedly juperior to ttrai ori the
limed portion (4b), this being the reverse 

-oI 
vihat trad been noted

Bf9Jq. The reslrts-are.gi-ven in Table II. Since fallowing, the drop in
yield is shown by the following returns :

3

3 l
l

I

rl
rl

rl

l93l.
bushels.

Nitrate of Soda alone
NitBte of Soda with mi[erals
Farmyard Matrure

10.7
t6.9

10.1

13.4
8.6

11.9
22.t

12.8
t4

15.0

l8.l
14.6
18.3
21.7

20.3
23

24.9

24.2
33.4
30.6
34.7

Ib,

50

50

26

lb.

50

e) Al&r 1926 th.r. haw h..! two ydis of falow ald rlca th. c@F hlr be@ 8!;tittout @nure-

Plot.

t93l
926 andl
be{ore I lml

1926 aad
t)erore

3
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The two varieties behaved rather differently. During the period
of Brordh, " Ardrer " appeared to be the more delicate ard more
affected by the weatler, yet on the Iully-manured plot (9) it gave the
same yield as Plumage, and on the plots deficient in potash, phosphate
or nitrogen, it gave higher yields. The results were:

Yield, lb. per acre.

FUIIy maoured
No matrure
No Nitrcgen
No Phosphate
No Potash

1249
u6
748
978

I180
no $ain

391
422

lr08
670
860 |

1356 |

Plumage a-s
Percetrtage
of Archer.

103.4
66.6
87.0
72.1
18.2

61.3

4^
l1a
l0a

Very acid plols 8a & b, 2a, 5a
Rather acid plots 2& 5b
Onlv faintly acid plot 3

r509
no grain

638
546

A curious result was obtained, however, ou the plots which had
formerly received nitrate of soda and were therefore less acid tharL
the rest, and had a.lso been limed. Here the earlier additions of lime
did not benefit the Plumage, ttrough it did improve the Archer.

Lioe added to very aod plots, Lim€ edd€d to sliSbtl, &id proti

Twicc li,Iled
(2bb)

TFic€ limed
(2b)

Five tiEes
limed (2aa)

I PIuDaBe Arner lPluEas(
I as D€r
I cenlaseI l"r
i .t.bu

51.4

56.7

70.7

592

586

622

The yields of straw varied in much the same way as the lelds oI
grain, except that nitrogen deficiency lowered the yield to approxi-
mately the same extent Ior both varieties.

Weeds.

Polyganum corwoloulus was abundant on Plot 5a, which had bad
minerals, but a.bsent from 3a, which had had oone. Mal'r,r,eed was
much less common ou the barley plots than on the wheat.

2.-ROTATION EXPERIMENTS
TnB UxexnausreD MANURTAL VALTTE oF Clxr exo Conx

(Stacrveno Frrro)
Seies C.

The swede crop of l930-about 12 tons Per acre, beiag l{ tons
more on the cake-fed than on ttre corn-fed plot-was pulled in
January, 1931, and fed off by 40 sheep.

" Pl'rmege Archer " barley, at the rate of 3 bushels per acre.
was drilled on March l6th, on the land ready earliest, and over the

Limed
(3aa, 3bb)
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remailder on April 8th. Despite the late sowing, the barley came up
well. Meantime, alsile clover had beeu undersowa, to foni.r the crop
of 1932, and grew very welJ. The barley crop was cut on Aueust 24th
and the resufts a.re given in Table III.-

Table III.-BARLEY AI.TER SWEDES.
Produce per acte,

Tail.
Corn.

Weight-
lb.

Stravr,
Chaff,
etc.

10.8
r9.3

L
2.

Cora-fed
Cake-fed

l 75 30.4
77.3

28.6
28.0

On this rotation com and cake had been respectively fed with
roots in tlte yea.rs 1923, lg27 and now again ir lg3i, but sa, Iar, with-
out incr",asilg the yield of barley from ttre cake-feeding by more than
l 3 to 2 bushels per acre.

, During the feeding-off of the roots the cake plot had received more
than 2+ times as much a.dditional nitrogen from the cake as the com
plot had received, yet the lelds on the two crops are identical. In
1930 t}te ca.ke plot had given 9 bushels of com pei acre more than the
com plot.

Series D
The barley crop ol lg30 had been considerably laid and the under-

sown red clover was very patchy, very poor driring the winter ard
dead by.- the end of Marih.- It was plo;ghed op arrd.bik" *as 

"oo'rron April 8th, but came very slowly. Tlres were then drilled in-
3 bushels of seed per acre-- on May 28th, and ca.me up moderatelv
well mlxed with alsike : the crop, tut on Seprember 29'th, yielded:"

Corn-fed plot
Cake-fed plot ..

Tares-as Hay t-per acre.
cwt.

.. .. 15.9

., .. 13.9
. R€.koned o! a t6n o, l5% nroisture.

'fle 
land was ploughed after remova.l of the hay crop ard put into

wheat.

3.-GREEN CROP AND GREEN MANURING
EXPERIMENTS

(a) Stachyrd, F,izl.d-S eries A
Upper hali. 193I. \&Aeat alter Green Crops fed off bv Sheeo-
In 1930 it was found possible to grow and to feed off tio crorjs.

The sheep had also received { cwt. of iotton cake per acre, while feid-
ing on each crop. " Red Standard " wheat, at the iate of 3 bushels per
acre, was drilled on October l8th; it came up well, and, as usual at ihis
early period, looked as well as any whea.t on the farrn; in contra-
distinction to the usual experience, it did not fall away in May, and

Nitrogen
supplied
by corn
or cake,
lb. per

Nitrcgetr

per
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also the wheat after tares looked b€tter than that after mustard,
The crop was cut Augxst 18-19. The resrlts are given in Table IV.

No. oI
Bushels

Wcight I Tail
,r Bushel.l C-orn-lb. I ru

Stras,
Chaff,. etc-
Cl t.

L AIter Tares fed off (uo-
Iined)

2. Aftcr Tares {ed off {limed)
3. After Mustard fed dfi (unl

limed)
4. After Musterd Ied off

(limed)

Lauer Half
- 
After ploughing up the wheat stubble of I9AO, the land was

gultiva!9{ during the winter, and a good deal of twitch removed.
Tares (3 bushels per acre) were drillid on May Zth and mustard
(3O lb. per acre) on trIay 26th-both lots comins up well. Thev
were fed off by sheep with mixed linseed and cotlon cake (l| cwi.
per qgre of. the- "*" Sri"S 4.?4 per cent. of nitrogen). Thi hnd
wa-s then ploughed and second green-crops were drilled on Ausust.l7th, 

t-hese beiag likewise fed off and the land prepared for wh"eat_
The second green crops did not grow weU, oriiag to the want of
warmth.; consequently only I cwt. per acre of mixe-d cake was given
to the sheep.

J*lq V Sr"T the -respective weights of green and dry natter.
and of nitrogen from the greenrrops grown.
Table V.-GREEN MANURINC EXPERIMENT, Stackya.d Fleld

10.5
8.7

8.7

8.6

;
l

826 I

lb.

60.0
59.7

60.0

58.4

6l
I
7

tl

First C/o?. Seco^d Cro?.

tb.

r00

166

178

182

Nita llito

I ,0.

Tares
(udimed

Tares
(limed)

Musta.rd
(unlimed

Mustard
(limed)

46.3

80.4

61.4

87.7

21.9

22.\

17.7 1005

l6.l

(b'1 Lansome Piece. Green-crops ploughed in.
Here,. as, in ,Sta:kyarg Field, it had been possible in l9B0 to

fl ftTu-"Ltlil,*l#;HiJ,-fi,""|ff :Ti"f oflffiill33l"*':';'^*Hq
l7th. This came up well and the land was t<eirt verv tairfv-ci""j1
throughout the season. The newer series looked.att"'. *iilrif,il

Table IV.-WIIEAT AFTER GREEN-CROPS, FED OFF By SHEEP-
Produce pei acrr, 1931.

(Lower Haf), 1931.

Ib. I lb.

aa2,

'rurl "o

5.t

1.3

6.6

0.0

ffi
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the old, and the tares plot somewhat better than the mustard plot.
The results are given in Table VI.

T.ble VI.--GREEN MANT RING EXPERIMENT, LansoEe Plece,
I93I. WIIEAT ATTER GREEN qROPS PLOUGBED IN.

Produco per acre,

Hcod Corn.
I

I s**,Tail
Corn.

lb.

WeithtBushels
per acre. ChaII, etc.

l. Mustaad plot : old series. ,
2. Tar€s plot: old series ..
3. Mustard plot: new series
{. Tares plot: Dew saries ..
5. Cootrol : tres series (weeds

oDlY)

9.8
l4.l
r3.0
t2.4

9.1

3
1

l6

68.5
56.5
66.2
6X.4

68.3

l0.l
10.2
14.6
22.2

10.9

.:1._PERMANENT PASTURE, IIIANURIAL EXPERIMENT.
BROAD MEAD

The frve plots in Broad Mead comprising this series were grazed
in 1931, no further manurial application being given. All the plots
improved considerably tlrough ttre closer grazing of them with both
cattle and sheep, but the finest and best grazed plot was, however,
rmdoubtedly Plot 4 (limed), which again was characterised by the
presence of many daisies; these occur only sparsely on the other
plots.

5.-FORAGE CROPS, LANSOME FIELD
Mixtures of wheat and beans did well together, and the crop

stood up well, except that when tares were used along with wheat,
they had the effect of throwing the wheat do\pn.

WOBURN FARM: REPORT OF H. G. MILLER, 1931

The sowing down of the poorest parts of t"he farm to grass,
commenced the previous year, has now been completed. In April,
l93l Road Piece and Great Hill were sown down under barley. The
wet season caused this to grow rankly, and in a few of the lowJying
parts of the field it was badly lodged. The grain felds were con-
siderably lower than the a.ppearance of the crop had indicated, and
deliays arose through wet weather and the demands o{ the experi-
mental plots.

The following mixtures were sown :

No. l. 25 lb. Provence Lucerne (per acre).
I . . Kentish Wild White Clover.

No, 2. 25 ,,
1,,
1,,

Provence Luceme.
Perenaial Birdsfoot Treioi.l.
Wild Trefoit.

The yield oI straw from the tares plots exceeds that from the mustard.
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No. 3.
(A) 14 lb. Provence Lucerne.

16 ,, Kentish Indigenous Perennial Ryegrass.
I ,, Kentish Wild White Clover.

(B) As (A), with Grimm Lucerne instead of Provence.
iCi es iel, witb cultivated Wild White Clover instead of

Kentish.
(D) As (B), with cultivated wild White Clover instead of

Kentish.
No. 4. 7lb. Provencc Luceme.

12 ,, Kentish Indigenous Perennial Ryegrars'
5 ,, English Grazing Cocksfoot.
2 ,, Kidney Vetch.
I ,, Cultivated Wild White Clover.

The division between Road Piece and Great Hi.ll has now been re-
arranged by erubbing up the old boundary hedge, and erecting a
fence;t right-angles io tie Ridgmont Road, this fence dividing tbe
whole 20 aires inio two equal arias. The followhg dia6ram indicates
the relative positions of the different mixtures :

Ncw dividiDg Ience

Gt Hill
Bottom.

I

Sacro

ilrlrl
I

I

I

I

I

mln

l;"
l.i^

I
I
-)
,l

Iit:

F,

l":

M

4acra

Ii

I
I

I

I

I

l

rlrl
t.t
t:
t;

riq
,l*

lo,

t
I

r

5ar.es

llain roa,l td RidEmont.

The shading indicates narrow, uninoculated strips, all the rest
beins inoculate?. In the 5 acres of Mixture No. I were placed a few
sma.[ plots of different varieties of lucerne, but the barley above
them l'odged, and near Honey Pot the yormg seeds l!'ere rather thin
ard were"therefore patched in April, f932, about 4 acres being done
there and on one or iwo other lrcrtions of the field. The estate is now
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laying-water on to this new grass, to the portion of Road piece sown
down in 1928 and to ttre 3 acres of Butt-Fulone sown itr lgBO.
_ The details of the cropping are given on pp. Id3-6. Three acres of
Brussels sprouts were grown in Butt Close ii -the 

hope that we misht
,sell some as well as having the tops for the sheep, b-ut prices were"so
low that ttre wbole was fed to tbe animals.

As at Rotha.msted, we found ttrat spring oats did coosiderablv
better tha.n wirter oats irt 1930-31 ; t]ev we"re, however. sorm earli,
r.urder favourable conditions of soil and iertilitv-

In tbe spring the Estate carried out ttreir #riod.ical reDairs to the
farm bui.ldings, and took ttre opportunity of ei:ffectiog sevdral notable
improvements, extelding aDd iEproving the accommodation for
pigs, putting more windows in the roofs and reconstructins the
bounda.ries of the covered yards. Atl this has greaflv improv& the
appearance and util.ity of the buildings.
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THE USE OF THE SUMMARY TABLES
The summaries of the significaat results from the replicated

experiments, whether these are stated as produce [)er acre or as
a percentage of the average fleld, are accompalied by estimates
of the stardard errors to which these results are liable. The ag!-
cultural precautions which have to be taken in order that these
shall be certainly valid *'ere explained in the Report for lg25-26-
An explanation of their purpose is desirable here in order that a full
use of the sunrmaries may be made by those who do not wish to make
for themselves a detailed examination of the yieltls recorded for
individual plots.

An experimental leld wiil differ from its true va.lue either
in excess or deficit by arr amount exceeding its standard error
almost as lrequently as once in 3 trials; it will, however, be wrong
by more than twice its stardard error only about once in 22 trials,
and by more than three or four times its standard error once in
3?0 or 15,780 trials respectively. The odds against an error of any
sizg hanng occurred thus increase very rapidly in a small range of
mr:ltiples of the sta.ndard error. Wlereas experimental diflerences
of less than twice theA standard error might always be ascribed to
chance, and are, therefore, for safety, ignored a-s " insignificant, "
diJferences onJy slightly greater thar th"se. ln.ontrrt, -whirh the
experiment was desigred to examine cffmot reasonably be disre-
garded, but must be ascribed to genuine ma.nurial or cultural
effects-

The rejection of the insigrrificant diJferences is thus a necessaxy
preliminary, but only a preliminary, to the interpretation of the
experimental results. All significant results are notad, and so far as
has been practicable, exhibited in the summaries of results. In the
more successful and extensiye experiments the staadard error has
beerr reduced to a very low figure, so tha.t quite small dilferences in
yiekls can be detected, whereas with a largei standard error, all but
big and obvious differences in yield must 6e ignored. The change in
precision from stardard errors of 5 per cent. to standard errors-of 2
per cent. thus represeDts a very large extension in the range of
agriculturai effects whicb can be exa.mined experimentally.

Once an effect is shown to be definitely significani it makes
little difference whether ttre odds aga.inst iG being due to chance
are 100 to I or 1,00O,00O to l. Chance is effectively excluded in
both cases, and tle interest in the result is now concentra.ted on the
a9tg4 Cai" in crop, either in yield per acre or in'yield per cent.,
which the experiment has demonstra.ted. The relation oI this gain
to aly additional item of expense incurred, such as the cost of a
ma.nurial application, then determines the balance of advantage in
practical procedure. Read irr this way the summary tables giv; the
direct results of critical experimentation.
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CROP YIELDS ON THE EXPERIMENTAL PLOTS
Norar.-Itr each case the year Efers to the barve5t, ,.8., Wteat l93l means wheat harv€stcd in

1031. In the tables, t tal slraw iocludes sh'aw, caviDgs and cha{f. These welc wcighed
sepa-rately prid to 192E. Since 1928 the liglre givetr as total 8tras io the r€plicated
exp€rieeDts h.as bae! arived at a9 tle differctrce: total shea, seiSbt-s€ight oI8reitr.

CONVERSION TABLE.

0.903 Feddao.
0.184 Ardeb.
l.q)o Rotls.

113.0 RoOs.
l 368 MarDdr.

0.191 Ardeb pcr

I totr (20clrt. or2, 01b.) :
I Eetric quiatal or Doppel

Z.entner (d...)
I bushel per acre ..
I lb. per acr€
I c$'t. per aqc
I ton per acre
I dr. per Hoctare ..
I kg. per Hectare ..

IE AD€r'ic. tle WiDchestatr boshel is Esed - 35.236 litr€3. I Eaglish bushel : f.032 AE fican
brsheb.

CONVERSION TABLE.--{WT. TO BUSHELS.

Ctop.
Cwt.

I 2 3 4 5 l0 l5 20 25 30

$theat (60 tb.) bushels . .
Bsrtey (62 lb.)
Osts (a2lb.)

1.87
2.15
2.67

4.31
5.33

6.60
6.46
8.00

7.17
8.62

10.87

0.33
t0.77
13.33

18.67
21.54
26.67

28.00
32.3r
.10.00

43.08
53.33

14.87
53.85
66.67

66.00
64.62
80.00

The yidds ol graio itr tie 1925-28 Report were giveE for the replicated experieetrt! il
standard boshels of 60, 62 aEd 42 lb. Esp€ctively.

CouDtrv.

f .O4S Rotls per Fedda!
117.4 Rotls per Feddaa

GEat Britaio. .
Etrglatrd

Hertfordsbire
FraDce
Germany
BelgiuE

t7.5
t7.1
16.4
10.9
14.5
20.3

Norr.-Fi8u!r6 Ior Grcat Britaio, Etrg-laod aDd llerdddshire ar€ t3Le! ftoE the Mi[istiy of
A8ricultur€'s " ASricultural Statistics,'' Vols. *63. Otb€r liSrres IroE " Iiter-
aatioaal Year Book of Agricultur.l Statistics." l9lS-29.
.rs24-28.

0.405 Hectare
0.364 H€ctoutle (36.304 liiles)
0.453 Kilotranme

60.8 Kilogemmes
1016 Kloglammes.

J 100.0 Kilogt-aEmes.
\ 220.46lb.

0.0 Eectolitxe per Hectsrc ..
l.l2 Kilogrdmme Fr Hectare
1.256 dr. per H€ctale

25-12 dz. per HectaE.
0.706 crt. per a.re.
0.892 lb. per acre

Average Wleat Yleld ol Varloua ConDtates.

I Mea,l yield per
CouDtfy. I acre, l9l+28.

22.8
6.6
6.4
8.9
7.0
6.8

U€a.o yield Fr
acre, l9l9-28.

cwt,
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METEOROLOGICAL RECORDS, 1931

P.aiD. DrahaSe through soil.

BrEht
Sutr-

shiIre.

Temperature (Mearr).

Total
Fall

ur00oth
AcIe

Gatrge.

No. of
Rainy
DaF

(0.01 iach
o! Erore)
r/r00oth

Acre.
Gau8e.

20 ins.
deep.

40 ins.
deep.

60 itrs.
deep.

Max. Mitr.
I ft.
itr Solar

Ma,x. MiD.

193t.
Jatr'
Feb.
Mar. .
Apdl .
May .

Junc .
Jurv .
aug. .
Sept. .
Oct.
Nov..
Dec. .

Iaches.
t.704
1.870
0.09r
3.460
2.632
1.620
4.942
3.455
2.124
0.664
3.202
1. t00

No.
2t
20

3
20
l6
I

IO
t7
l6
I

2l
t2

Ilches,
r.231
1.180
0.073
I.638
0.878
0.007
1.440
1.609
o.829
0.000
2.425
0.643

Itrches.
1.323
1.329
0.166
1.083
0.971
0.064
l.666
1.68r
0.904
0.0r0
2.425
0.606

Inches.
I.321
1.301
0.160
1.689
0.993
0.041
1.703
L8A2
0.802
0.003
2.374
0.662

Ifours.
64.8
65.4

163.6
ll5.?
t72.6
I98.0
157.8
t65.6
120.6
118.4
68.0
40.5

'F.
41.6
12.7
46.2
51.4
59.2
65.3
65.9
64.1
58.2
64.4
50.0
11.8

.F.
32.8

3t.8
s9.2
u.g
60.8
62.5
5t.3
46.4
40.9
39.O
36.2

"F.
36.9
3?.1
38.0
14.3
51.3
58.C
60.8
58.7
54.4
45.2
14.7
4l.l

.F.
04.9
8t.4
97.1

t04.5
llt.4
133.6
142.7
127.a
1t3.2
l0l.l
78.8
62.9

'F.
2A.7
29.8
27.9
36.7
3S.6
46.9
18.7
47.4
12.O
35.7
33.8
32.3

Total or
Meao 26.677 l8l t1.853 t2.0t2 12.75t 143t.9 63.6 41.5 47.9 10t.3 37.5

RAIN AND DRAINAGE.
MONTELY MEAN FOR 61 IIARVEST YEARS, I87O.I-I930-31.

RaiD-
rdt.

Drainage.
Evaporation.

2Gitr.
Gaute.

4Gin.
Gauge.

6GiE.
Gauge.

20-iD.
Gauge.

lfGin.
Gauge.

6Gin.
Gauge.

2G.i,r.
Gauge.

40-itr.
Gauge.

60-itr.
Gauge.

SepL..
Oct.
Nov. ..
Dec. ..
JaD. ..Feb. .,
March . .
Apnl ..
May ..
Juoe..
Julv ..Aug. ..

Ins.
2.381
3.r39
2.881
2.871
2.11O
2.O25
1.966
2.05t
2.068
2.215
2.739
2.663

Ins.
0.8r9
1.791
2.2U
2.451
t.s76
r.6l I
1.048
0.673
0.483
0.531
0 728
o.7r7

Itrs.
0.794
r.760
2.2ffi
2.553
2.169
1.625
1.176
o.7 54
0.551
0.561
0.758
o.731

IBs.
0.733
1.629
2.131
2.437
2.070
t.i52
Ll12
0.718
o.6r8
0.640
0.?09
0.687

34.4
57.1
76.5
85.4
81.9
74.5
53.3
32.8
23.3
21.O
2A.A
26.9

56.1
74.4
88.9
90.0
80.I
60.8
36.8
2A.A
25.3
27.7

30.8
51.9
74.O
84.9
85.9
14.6
66.6
35.0
25.0
24.4
25.9
26.8

Ins.
1.562
1.348
o.677
o.420
0.435
o.518
0.918
1.3?8
1.585
1.682
2.011
1.946

Ios.
1.58?
t.379
0.621
0.318
o.241
0.404
0.790
1.297
1.517
1.652
l.g8l
1.932

Ias.
t.648
1.5t0
0.750
0.434
0.340
o.417
0.854
r.$3
1.550
1.673
2.030
t.976

Year . . 20.4t1 r4.s3l 15.692 r4.836 50.8 60.4 14.480 13.7t9 11.575

Arca of e.ch taugc Ufoq)th acl€.

Dtailaa4e lo ot
RaiDJatl.
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CHEMICAL ANALYSES OF MANURES USED IN
REPLICATED EXPERIMENTS, 1931

l" P,ot

ManEres. %N. Manurcs. Total-
Soluble

io wate!.
Soluble

itr Cit. Acid

SElphate ot A Erh. (l )
SuJphate of A oE. (2)
MBriate of An m. . .
Nitrate of Soda

Cyaoarnide

20.8
2t.0
26.O
15.7

20.0

Superphospbate (3)
Superphosphate (4)
Superphosphate (5)
Mineral Phosphate
(90% trough I20 rbesh )
Basic Slag-High Sol.
Basic Slag-Low Sol. . .

18.7
11.O
l6.t
26.5

14.9
l5.l

16.9,:

t1.1
3.6

Manures. %K,o %cl Manures. %N. %P,o, o/.K,o

Sulphate oI Potash
Muriate oI Potash. .
Potash MaDure Salts

)
Salt

49.3
61.4

,,:
563

Chickel Maaore
Guatro
Coaplete Fertilise!,

I.C.r.

r.37
l2.l

t0.3

l.6l
r0.3

10.8

0.72
2.a2

20.7

Used i! R.F. l-l{4, R.w. l-48, R.O. l-?2, R.B. l-32.
Used in R.P. l-162, R.S. I-4t), W.S- r-144.
IIs€d i! R.F. l-14,1.
Used i-a R.P. l-162, R-S. 14& W.S. l-144.
Used iD T.II. l-25, M.A. l-15O, H.G. I-25, O.G. l-25, K.G. r-16, F.G. l-25.

l_
c

lo

(l) Used i! aU cases excapt potatoes alrd sugar b€et at Rotla,rnsted e,trd
Wobum.

(2) Us€d for pot toes aod $r8ar beet at Rothaast€d atrd WoburD.

FOUR{OURSE ROTATION

Maoures,
% Oryadc

matter %N. % P,ou % 1<"o

ls30 193 r r930 l93l r930 r93l r930 l93l

Chaff
DuDg
Adco
Superphosphat€
MineEl Phosphate

(90% through
120 rb€sh)

Muriate oI Potash
Sulphate- oI AE-

mollla

42.2
.6

,:
83.3
l6.t,r{

0.376
0.8E2

":,

2G 20.8(r)
2t.0(2)

o.273
0.498
0.330

0.r13
0.330
0.195
17.4
26.1

0.080
0.154
o.282
16.7
26.1

62.6

0.625
1.11
0.287

61.4

o.925
0.449
0.121

(l) Used otr all cases except swedes, treatEetrts 4 aud 5.
(2) Used Ior sw€de-s tieatoetrts 4 aEd 5.

SIX.COURSE ROTATION

Maourcs. %N. %P,o, %K,o

Sulphat€ oI AmEoDi

Superphosphate ..
Muriate of Potash

1930 1931 ls30 ts3l t 030 l93l

.9 20-8 (l )
2t.ol2l

17.4 r6.? (r)
,11,r,

61.3 61.4
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CROPS GROWN IN ROTATION, AGDELL FIELD
PRODUCE PER ACRE.

. Plots l, 3 aod 5 based upoa l9 coursas. Plots 2, 4 atrd 6 based upo! 18 courses-
I Includes straw, cr.vitrgs atrd chall.
t Mi.neral Maaur€: 628 lb. Superphosphate (36'/.) ; 600 lb. Sulphate oI Potarh : l0O lb.

SElpbate of Soda; 20O lb. Sulphate of Magtesia. All per a!!e.
NitroSenous Manure-206 lb. Sulphate of A-6monia ard 2,000 lb. Rape Dust per acre
Ma,lurqs applied otrce every four years, prior to sowing of Swedes.. Estimated hay yields, calculated from the dry Eatter.
tt Estimated Irom the remainitrS plots.
ll Based on 8 couGes.
5 Ba-sed on 13 cours€s.

Year. C.op.

everaEe ot ffet f

o.
Uomaaured

sinca 1848.

M.
Mineral Maaurct

No Nih'oger.

C.
)omplete Mioeral
alld Nitrogenous

Manure.

5. 6.
Fallow. I Clower I

or neans.llt
*""ty-""a-C"""t

3. 14.
Fallm I clover

I- n"-",

8., lE4t-1931.

r. 12.
Fdlow I clower

lor Bea,os.

Roots (Svede3) ,. cwL
Barley-

Dr€ss€d Graio bush.
Total Stl-asl cwt.

Beani-
Dressed Grain busb. | |
Total Straw cwt.

Clover Hay clrt.$
Wheat-

Dressed Grai! bush.
Total Strawt ., cwt.

l6.r

t9.8
13.2

13.1
9.2

25.6

21.6
2t.2

32.0

2r.6
13.3

23.r
22.5

174.0 I 208.5

zzt I zse
13-6 I rs.s

| '*,I rs-sI sz.t

zo.s I zs.r
28.2 I 2s.8

l3lo.o

| *n
I zr.z

| 22.sI t6.eI 62.0

| ,n.n

I zea

352.0

30.3
18.4

27.6
25.4

Present Couase

1928
ts29

Roots (Ssedes) cwt-
Bartey-

Dressed GraiD bush.
Olfd Gri.i.o tb.
Stiaw lb.
Total Stxawi cwt.
Wt. of Dress€d 1 lb.
Grair per bush. I
Proportioo of Totlll
Grair to 100 oI I
Totel Straw )

Clover Hay (lst Crop) cst"
(2trd ,, ) c*t-.

W}leat-
Dreaqed Graitr bush-
Offalcraitr lb.
Staw lb.
Total Strawt cwt.
Wt. of Dressed I lb.
Grain per bush. I
Proportion of Total I
Grain to l0O of 

'Total Straw l

I 1929

I1.7t9.7

6{.5

0-9 I r 1.8
16.0 | 5s.O

6180 t7500
7-o i s.s

55.X 1 $.2

4.3
3.3

5.O I A.2goo lrzls
l170.o lr14r.o

r r.s I r4.2
58.6 | so.O

26.6 38.4

1930 and 1931.

t43.8 163.6

18.8

14.4 I tl.5qzo I lso
?65.0 ltorr.o
rr.6 | 12.8
65.8 | 56.6

38.2
r3.6

5.6
6r.0
oo.0
29.t
59.9

69.6

3.2
94.4

t?48.O
20.2
58.0

t2.6

298.2 223.2

rs.r ] zo.o
40.0 I 64.0

746-0 lr619.0
9.3 18.0

65.4 I 66.0

74.7

0.t
5.0

t94.0
2.4

59.0fi

72.9

28.0
15.6

2.O
285.0

20.3
58.2

17.8

1930

l93r
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Wheat after Fallow (without Manure, 1851 and since).

Hoos Field, 1931.

f Yield Der ecre-busbels
uressed GrarD t weigt't pu. u""l"t-tu.
offal Graitr Der AcrG-lb.
Straw Ddr A;rs-lb.
Total fuaw oer Acro----cwt. . .

ProportioD df Tot4l Graio to l0O of totat

14.20
68.7
6l.r

12.6

12.99
6l.l

100.0
t270.0

t4.6

64.9
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rtz

Yidd ol Ha,yanui!8 (.EorL stat d @ D.r 3.'t),*,1
I

1

,
t

+'t

+z

5-1

6-t

0
7

8

I
10

l1-1

11-'

l,
ll

It

1!

1a

t7

18

lc

20

3rtr
2615
,060
219l
1638
180,
3262
2339
2691

11.10

3o8l

3366

ttt9
4131

1t42
3r5t
3036
76r'
8044
6008
6522
83r3
7880
?508
StlE
,18,
6a9a

615l
1$1
66!r3
41n7
,1319

3837
4t6l
!ora
2100
3014
1571

6081

a86t
aog,

3176

3704

5611

60u

5t,15

lb.
1103

7E9
650
60r
6114
a8E
830
3t?
794

8e0

9e8

r0ro

l3a3
1l8t

l2l,
e43
95t

,31,
206'
l4la
lat,
2114
te?2
,900
21,4
5e0

lt66

l6E0
mE8
168'
t0E1
l26l
Elt|

l!61
ec5
711
63E

,100

1610

ta,t9
1a0t

10€,

t4ll
1539

lllt
l618

lb.
2138
1886
l50l
1690
1094
I3t4
2114'
198'
1897

3250

2lll

23?d

277G
2946

3310
2308
,086
t320
699'
3594
4lt0
684S
5917
4798
688,r
1592
1928

1761
6t96
i1961
33?6

2949
1798

l7{9
2376
3{6!

4tIl
4111
,530

,191

229'

4015

3698

3627

!1.8
,8.6

,4.8
lE.,
ll.9
la.5
2,1.9
,t.,
{3.1

31.9

35.1

43.3
a4.8

60.0
14.l
lr.l
tr.8
66.0
6r.a
66.5

E?.t
86.8
r!.0
tl.0
?3.6

69.?
1e ,6
6e.e
19.0
t0.r

41.1
tA.14.'
3r.?
lr.7
!8.e

66.6

6l.tu.,
t6.7

40.6

68.7

6l.E

5r.E

L2.3
8.E

6.7
6.1
6.1
9-t
a.0
E.9

0.9

10.8

11.6

lt.0
13.1

l3.E
10.5
10.6
26.9
22.e
15.E
t6.E
27.6
2r.o
t2.1
,?.1

6.0
,1.9

r8.6

18.8
1r.l
1,1.1

9.6
13.0
10.8
8.!
7.t

,t.6
t7.,
1t.9
17.1

lr.l
1!.8

17.1

1a.7

18.0

50_9
56.3
61.1
37.5

crop. I crcp.

19.8
16.0
18.rtr.l
l'1.t

20.9
20.3

,1.1

I
,
!

+1

+,

tst

!.,

8

I
10

lr-1

tl-r
t,
l3

tt

1!

!o! ri@ed I 31.6

Nt liD.d I ,5.6

lided .. | !r.6
l6

l7

ll
(6?88 lb.) 49.,r

i39r1lb.) I 57.3

(3160 tb.) ,3.6

(570 lb.) 25.0

(r?7, tb.) | lr.1
(570 tb.l I r7.8

Grtud Lid. ps appli.d to the $utb.m portio! (liE€d) ol th. plots .t the r.t of ?,0O0 lb. to th. .cre in th.
lvint -o, 1003-4, 1907-8, lt15-16, lgr3-ra; l0r7-r8, ud.t th.;at of,,600 lb. to the.crc io lb. Wiot r ol
l9m -rl. .rept rb.re orb.Fie stat€d.

up to lota $. umed.!d u4l@.d plo! r6ulr! *er. troi *p.r.tely ai@ io tb. A@ul R.Pon, but tb. tr].{ o,
lh. l,o r.. riv@ FrcD 1116 otrErib th...D.r.t tilr,c e 4iw!.. ft. @!d cED rs en.d sla; lb.lis:r6 ai;.. ae 6iim.t d biy yi.ld., .rlcd.l.d f.oE tb dre mtt t.

HAY_THE PARK GRASS PLOTS

Sinsle dressing (206 lb.) Srlphak ol Amhonia
(=13lb. N.): (ritt D@3.1$ 8 yec 1666-03)t.): (stD D@ad$ a Yec la06-66)

(.lter DU!3 E ye.E, 13n6-63) ..
U@.our.d ..
SuFrpnGplat oI Lib. (4 crr.)

SuFrphosphate ol Umc (4 .Et.) ard doublc
dre.sins (4r2 Ib.) Sulphat ol Al@oni. (-
86Ib. N.)

N. balr) U@ured lollotiua doubl. dr..6iDg
AEb. salis (:86 lb. N.) 1856 9?

(S. hall) SrFrplcphate {31cwt,) Sdphat of
PoLsb (600 lb.l; lolloriDe doubL dr...ira
AEE. salts (:86Ib. N.) 1856 ,7

Cooplere Mio.E! IlaDur. 6 Plot 7; lolloriDg
double drsirs {nn', slk{:86Ib N.)l35c-ii

Completc Mireral Maourc: sup€r. (3*cwt.) i Sul-
phlte oI Pot4h (500 lb.) i sulpbar. of soda
(l0O lb.) : Sulobat o, M.cD6ia (100 lb.) ..

UiEr.l U.nur witLout Pot !h ..

U.@luftd ..
Duna (ra bB) in 1906, ind everr lolrttr ,td

.in@ (oDitt?d l9r7), Fish Gu5o (6 cit.) in
lDo? eld eEy loulth yar sm@

CoED).tc Miftral Ma.urc .od dotrbL dr.$iDa
(!60 lb.) Nitr te ol Soda (=861b. N.)

D,.-&
(-rBlb.

u-i.i- tJiim't s'p...i, .'d ao.tii
g Sdpbare ol Amo. (:86 lb. NJ, 1906
rc.; ,oll,oEila Min.nls ed Atr. E lts
ing tle coDrtitucnts ol 1 lou o, Hay,

i,c rii to,ii t" rim6 -; *;
.iG (oDitt d iD rgu), fo[o*ioa

Sodz (-al lb. N.).Dd !ri@als,
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PANI, GRA.I}S PLOTS
BOTAI{ICAL COMPOSITION PER CENT.

1926 (lst Crop)

Manuring. LimiEt
Grami- Legumi Other

Orders
" Othe! Orders
consist lartely

of

s

l4

3

I5

!?

t8

lg

20

U[Danured.

Complete lli-aeral Manure.

CoDplete Minerel Mantrre
and double A-Em. Salts.

Coaplete Uircral Ma tre aad
double Nitiate of ka.

As plot 7 following double
Nitrate of Soda, 185&75.

Single Nitrate of Soda.

MineBl MaDore (witiout
Super) atrd doEble Sul-
phate ADm. 1905 a.nd since

FarElrard Dung in 1905 atrd
every {ourth year siqce
(omitted l9l?).

Farm]'atd Dung iIl 1905 aod
every Iourth yea,r silce
(omitted iE l9l7) each
iDte&.eoint year Sulphate
of potash, Super., ard Nit-
rate of Ha.

Lim€d

UnliDed

I-ime.i

UnliEed

LiEed

Unlimed

Limed
(sun)

Limed
(Shade)

UDlirtred

Limed
Untimed
Limed
Unlioed
L.6,788lb.
L.3,951lb.
UdilDed
L. 3,150 tb.

L. 5?0 lb.

UDlimed

L.2,772lb.

570 lb.

Unlimed

L,

6r.7

49.0

81.6

73.3

98.7

90.0

96.0

94.8

9?.9

No t

03.t
80.6
17.4
00.4

84.I

t4.8

87.6

I

I

90.0

a7.7

7.8

6.1

4.8

6.2

0.1

atral t

0.6

t.8

0.1

o.t
o.t

t2
1.8

2.5

1.2

3.8

30.5

4,1.3

13.7

20.5

1.2

0.4

4.4

d.

3.4

2.0

8.2

8.5

6.t
lo.4
22.2

8.4

14.3

12.7

8.0

Ptantago

Planldgo

HerdalcLrn
sfhondrlisn

Achivea
milhfotium

sPhondylitm
Tara*ac{m

u tgctra
Antb,scus

sylvestis

AnthAscus
s!11)rslis

Anthiscts
sthcsl?is

R{nu, kalosd

Rurna, dcclosa
R*rraa u4osa
Rdnuucslus sPP.

Rai*ncthas s?P.

Ranur.cultls sP?.
RdnuflctlLts sPP.

Tarardcurn
0*lgarc

Ra\ancat{s s??.

Tdlau@urt
turgarc

Ra {}cttus sff.

Plol
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PARK GRASS PLOTS
BOTANICAL COMPOSITION PER CENT.

1927 (lst Crop)

Plot MaDuriag Li[litrt Grami-
nea

I-egumi Other
Orders

" Other ord€rs
coasist largely

of

7

t1

t8

l4

l5

l9

2t)

U[Eanured.

CoBplete MiDeral MaaDre.

Complete lfitrer-al Manure atrd
double A.EE. Salts.

CoEplete Miaeral Manure
aEd Double NitEte of Sod4.

As plot ? tolowinS double
Nitrat€ ot fua, 1858-75.

Siatle Nilrate oI ka.

l[itreral Uatrlrle (without
Sup€!.) ard alooble Sul-
piate A!om. 1906 aad
srtrce.

Far6yard Dury in l0O5 aad
.very ,ourth Jrear since
(oDitted l0I7).

FsrEyard Dutrt itr l9O5 atrd
every fourth Year since
(oEitted in lglT) each
iaterv€dDg year Sulphate
of Potash, Super., aad
Nit 'ate of Soda-

Limed

Ualimed
Limed
Udioed
Limed

UDlioed

Limed
(surl)

Limed
(shade)

UDIiEed

Limed

Unlimed

Limed

Udim€d

L.6,788Ib.

L. 3,961tb.

Ualimed
L.3,160Ib.

L. 670 lb.

UDlimed
L.2,772tb.

L. 570 lb.

Udimed

62.4

71.3
42.1
00.4
09. t
99.3

96.2

97.4

68.3

74.5

82.4

78.0

s7.7

9?.0

s8.2
87.9

88.0

s0.3
88.8

94.3

93.2

1.4

2.1
25.3
9.7
0.3

t.0

28.7

5.9

1.6

1.3

0.1

0.t

2.1

t.3
3.5

3.0

0.6

1.8

33.2

28.3
t2.0
20.9

0.6

o.7

1.0

r3.0

19.2

I6.3

23.5

2.2

3.0

1.8
9.1

9.9

8.4

5.1

5.0

Plairago
,dncc:!ta

HaracLt t
sPhotulrliun

Tdlar@tan
tutgNa

Planta&

Achitlea
,ti eJotit ]r,

A&i .aa
fiillrfolir.nt

Pldntago

Ptoatap

Pldilqo
haccolola

He/aatc$n
sPhotulll;sn

Ri.fir, eatoso

Ach;tted
milkfoli/|r,

Heracleurra
sPhordlthafi

Ran0tattss s??,
Rdntncll'.s sP?.
R*me, aearosa
Rsna, ocatosd
Cenlasaa

nigrd

utltNc

Ccnldwca t igro
ConoPodiurn

iLnudorura
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BARLEY_HOOS FIELD, 1930
Corrected resrdtr to replace Table on p. 124 oi 1930 Report.

As itr 1920 the_rows were-widely spaced to Iacilitate weed coatrol. Itr l0BO, however, the tield
was^s6o-wa roDtrtudrDatty, wittr a row spaciDg-of l8-inches, iDstead ol the 24 iBch spacitrg adopteArn !92U. Ihe tr,vo varieties were sowu by the half_drill strip method, and to equalise- tle ir.rei
fgrtai}.r.ows at the sides c{ €ach plot \re;e aot iocluded iD the w"ish"d p.-odu...' Io comDutinc
rDe yrelds p€r acre the wbote area harvested experimeDtally was unfo*unatelv takea a.s'beitr;the area occupied.by earb .variety separatety; tfe yietds pi, .ii" f"Uii.n.a ilG-iglO-n6li,iwere tbererore bal, wbat thev should hrwe tFcn

lA@!ot! 3tit d & D!' adr)

Totil I'l*s'l '"s:s- ir.:s__--,ril;:,?;;
Spr.tt

b!t!"ll

t-i;ai-

lo
20
30

0
60

IA

2A
3A
4A
6A

IAA
SAA
3AA
4AA

IAAS

2AAS

SAAS

4AAS

rcn
3C
ltC

7-t

7-2

&t
G2

IN
2N

UaEatrurcd.. ..
Superphcsphate oaly (31 cwt.) ,.
A-tkali Salts oEly (200 lb.Sulphate of

Pota-sb: 100 lb. SulDf,ate of
Soda.; lO0 lb. Sulphati of Mag-
tresra)

Complete MiDerals; as 30 with
SuperphGphate (3I cwt.)

Potash (20O lb.) aod Su;emhc-
phate (31 cwt.i . . .'. ' ..

AEmoniud Salts otrIy (208 lb. Sul-
phate oI Ammoda)

SuperphospLate and ArDm. Salts . .
Alkali Salts and A-mE. Sdts
C.oEplete Mitrerals altd AEE. Salts
Potash, Super. atrd ABm. Salts ..
Nitrate of Soda orr.ly (276 lb.)
Superpbospbatc and Nitrate of Soda
A.lkali Salts aad Nitrate of Soda . -
Complete Minerals aDd Nitrate of

Soda

As Plot IAA and Silicate of Soda
(4001b.)..

As Plot A aad Silicate ol Soda
(40o lb.) ..

As Plot 3AA and Silicat oI Soda
(40olb.)..

As Plot 4AA ard Silicate oI Soda
(400 rb.) ..

R6F Cakeody (r,000 lb.)
SuFrpbosphate and Rape Cake ..
Alkali Salts and RaDe Cake
Complete Miaerals itrd Rape Cale

UnEatrured (arter duDg (14 toEs)
for 20 yeais (1852-71) ..

Farmyard Manule (14 totrs)

Unr,laBured sitrce 1852
Ashes from I-aboBtory furEace . .

Nitrate of Soda only (2?5 lb.)
Nit-ate oI Soda only (2?5 lb.i

0.7
9.8

3.6

7.2

8.4

2.5
t8.o
?.8

t4.8
13.3

1-7
l8.l
8.0

17.0

6.9

20.5

12.8

rs.2

t l.9
18.0
14.6
16.6

7.9

3.3
4.6

4.2
13.5

0.7
Lt

3.0

9.5

8.3

4.1
r8.9
5.3

t7.7
t2.l

4.8
ls.0
8.0

r7.4

ll.0
2t.1

13.5

21.0

t2.5
t8.l
18.4
r 7.8

9.8
t6.3

1.9
6.7

3.4
lo.3

13.4
10.0

14.3

19.0

16.5

21.7
36.8
25.8
39.3
33.r

24.5.
38.8.
24.6.

37.7.

30.2.

30.7.

31.2.

39.9.

38.1

37.6

22.6t
11.6

11.1
l5.t

28.7S
31.7 ( (

l.s
8.2

6.6

6.7

8.3

1.3
17.7
l l.l
l6.s
19.4

8.6
r8.0
I1.0

18.7

7.8

2t.t

14.3

20.7

r3.3
21.3
l9-l
19.0

8.8
18.2

6.1
6.4

17.5

r.6 I ?.8
7.6 9.8

4.3 I 8.?

,., L,-,
s.z I s.e

I

6.6 I r3.7
16.8 | 2o-4
8.2 I rso

17.3 123.6
t7 s I 2t.7

a.s I rr r.
r8.s lB.r.
10.9 I 16-6.

ro.s I zr a.

I

ra.l I rc l.
zz,, I zt.e.

,r., Ln.n.
,o., | ,0...

,r.n | ,o..
rs.a | :z-o
rs.o I zo.l
20.2 I 22.6

t0.l
19.0

4.6
6.6

4.8
14.4

t3.51
28.r

8.0
9.3

r7.8$
20.0G

ll lcEt: 2.t6 busbels. 1912, all plots werc {allow€d.r r-ota! strap rDcludqs straw, caviEgs and chaff.. 00 yea$. 1868-1928. i 60 vears,-1872_t928. S ?6 yeats. 186A_1028. $S d9 y.ars, t850_loqa-
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SCHEME FOR CONTINUOUS ROTATION
EXPERIMENTS COMMENCING 1930

FOI'R COI'RSE ROTATION EXPERIMENT, ROTIIAMSTED.

.The. Ro-tatiotr -experiEent itr Great Hoos field wa-s desiFed primarily for investgatint tbe
rcsrdual effects of certain humic and phospbatic fertilisersl previous ro-tatioo experitenL, at
RottraEsted_ aad else-where, sufieled fiom'a radie.l aefeci lo iesign-, 

-whit .orit"a io [rg.experimeDtal erro-Is. lLe arrangeDent oI these experiments was so"lilrit *iil tt u 
""-u "-p, tE"same,treatmeat fetl repea-t*ly on tlle same plot of b.nd, atrd repetitioDs tnus <Ii<l nothi-ai to

errErnate perEaaetrt soil differeaces betweeD the plots. Ttre preseo{ exDeriment avoids ttris de"Iectby emurint t.bat the period of the cycle oI crop'rotatioa iff"^ii"-'tl" p.riod oI the cycle oIIna.Durial teatm€nt
T-he-croppillt follows a Norfotk Rotatioa, iavolving a four year cycle of barley, seeds, wheat,

s\eedes.r The seeds mixture is Co6Eercid W'hite Clo;er aad I1ati."'nv1-l.a*, 
"6iected 

in ordeito lessen t-he risk of Ctover sicloess. To mini'ise the risk oI frii-ny'atfiJl i" ttu soU""q"""i
whea,t crop, the seeds ley is ptouthed i! before the middle of A;Eusi. 

- " ---
. l hele are iour areas (terEed " Series ,,), each bearing ond crop of the rotatioo, so that alllour crops a,re represetrted antrually.

TleaheDta.
The treatroeDts coEpared are :

Hrnic lertilise$

Phospbatic tertilisels

f. Dung-
2. Adco. compo6t-
3. Straw aDd Artificials.
4. Superphosphate.
6. Rock phosphate (Gafsa).{

.Aay Sive! llot rcc€ives alwa,s t}le saEe treatment, but the tre.,tmetrt is applied to the plot
oDly o[ce itr {ive yea.rs. The period of ttre maiurial c},cle (five years) ttrus diifirs from thal ot
rne crop fotatron (tour years).
. IlJormatiotr is thus obtai;ed of the effect o{ the fertilisers, uot only iu the year of applicatiotr,bEtalso in the first, s€coDd, ttrird atrd fourtl },ears a.ft . appticatoi. 

-- --
lTh 'lserifl " of the-.experirbent--compris6s twenty-fivi'plots, atrd itr tle fifth ,,ear of tie

expenEetrt alrd iD succ€€diEg years, al] plots will have beetr tr;ated, aod drere siu be ;presented
tor eaci treateeot plots shich have had applic2.tioB of Iertilise6 itr the current year,'alld ode,
ry9t eT". and.four years-previgudy. 

- Ttre irarvest resulls for lggGgi, ttrerefore,'betoag to thep.eparatory period, atrd rill Dot be iacluded in the final a[ah,sis-
There is Eo replicatiotr in atry olre year, but this wiII be pnivided by c.'rryiBg oD the exlFriDent

over a fixed period. I,1 twetrty years, otr aty tiveD ptot_ each staA; of tlie t'reatment ;ill have
@CuIteO oDce \,yiti everv croD_

Ihe quaftities of feriilise; to be applied are calcutated as folloEs:

^ 
Dutrg aDd Adco are each giveE ia qir;atities vr'hich supply 50 c*t. * orgaDic aatter per acre.

As much straw is applied as went to rEake the ca_lculated iir6uot of Adco, i;,, that amouirt which
gives 60 cwt. of orgaD.ic- Datter per acre itr the Iorm of Adco. The quantity ;f straw applied will
11 te,leral give.a coEiderably Sreater arDoutrt of orgaric matter tian th6 Dulg or idc", since
Lhere is a loss oI oBanic Eatter duriDg t.he Eaturatio;of tiese fertilisers.lhe Adco is made iE a pit or biD, so that there is Do outside uorotted porriou. To prevent
straw (applied as chaff) blowitrg away, it is thorouthty soaked before applicitiotr, and mdistened
subsequeDtly iI Decessarv, -

The Dutrietrt-conteqt of the tbrce hDeic lertiliseIs is <ualised by additrg sulphate of ammooia,
Euriate of potash aDd supe_rp-hosphate. to_raise the appti'catious k; I.8 cfi. N'per acre, J.O cwt.firo per acre,. aDd 1.2 cvt. _P,O-r per acre. The artiliciiti given wittr tie straw ari applied ia thre€
do6€s, to eiDimise Ioes bv leachitrs.

The phospbatic fertilisers of ftatmeDb 4 aod J are given 4t tie rate of 1.2 cFt. total pror
Per acre, and wiln them are given sulphate of ammoEia;t the rate of 1.8 cwt. N per acre, iad
muriate of potash at the rate of 3.0 cwt. IqO pe! acre.

The rock phosphate is Gafsa, grouDd soih;t 90 per ceot. pa.sses tbroush the I2!.) mesh.
. The artificials given with thdhurDic lcrrilisers;re alt afptied *iti tiem in the first year oI

the maELrial cvcle-Ihe phosph;tic lertilisers oI treatmetrts 4 and 5 are applie.l only io the Iirct year of the Eaaurial
c,'cle, but.the accompaafitrA sulphate of ammonia anil muriatc- of pota-sh a; applied one fifth
aaDually throughout ttre cycle.

. It [a b.er deid.d io sqbstitut. pot.io6 fo. sr€d6 ir rr3, .ad &lorina ylN

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-1-65 pp 131

130

Tlrre of Appucadon of Ferdllsers.
In deterEui-trs the time of application of the fertilisels, the Priacipte lollowed has beetr to

eive the f.rtils..ito each crop afi time rhe! they are likely to be most ellective'
' The scheme adopted is a-s lollows:

ti Wn d--O"ic. 
""d 

Adco alrd accompaoltrS artilicials itr ooe dos€ iD the AutuDn
Ai'-"* iilo" I&'i"-e"tr-o, t"r -"otip iviig a'tricials splrt itrto three dces, ooe applied

itr Autumn, the reEainder tlrough the winter.
Treatoiot^s { and 6. Phospbates and potr-sh in seed_H.
Sut-ol"t" of e--ooi. of triatmerts 4 aird 6, sPht itrto two Parts, otre aPPlied itr ttre seed-bed'

thc otf,er ec a sDritrs toD dressiEg.*'l;iz'6-:-id;*-"ia -io"o"."a 
accompauving artijicials in oue do€e in Autumn, unlegs

ntait'is verv weak. wiet the Danurcs should be splrt into two or three doses't*sii*".i4-ifrii"il"r-"---ppri""ii"" to u" aet".ioir.d by state o, Plant, but to be conPleted bv
tie end oI January.

Treaim;Dts 4 aEd 5. Phosphat-es aDd Poh-sh i-o the Autumo -SulDbate of Aromooia itr two doses, oDe itr Autum,l, aDd oDe ra sPntr8'
L\\'E;;b.,-;nd i".drt -Dung and Adco aqd accompanying artiiicials in otre do6e iD Autuol '
$;;;;;?; ia aut"..i, aotl accoapaoying artiiiciils i! three d<>ses, oue ir Autua!'

ald the rcmaidng two through the riDter.---T;tmeats 
4 

-ard 5. All artificials to be give! itr tie seed-bed'

Arraagement of PlotE.
The exDerimetrt coosists oI {our series of plots, each senes 8rowitr8 oDe croP of -the Norfolt

r"t":ti;;. 
-E;L-;;; 

h"t zs ptot"' io s blocks-of 5 plots each. F-ach treatmrEt is aasiStred to oie
olot in each block, chos€tr at raDdom; atrd each block has one treated PIot lB eacn year' qrose!

iiit"u" .t .."a.i , ii""Uv each treatmeat is applied once itr each year 
'o 

otre Plot i-u each series'
'**#iJ-trJtIn;i;-"t loico"d as to rive R;domised blocks of Iive Plots each iE each series'

l"t'" iiiu S""o 
".teme 

deierm.ines the Year oI applicatioD o' the treatEetrt in each series'*'fiiii-"t"-l* 
.i,i-ii--"*tvlilotl *."'ia area ('.62436 acrc itr series A, B and c, but 023347

acrc iII 6eries D).

Flrat Serles (Plots l-25).-Y€ars of Appltcatioa.

lHence treatment I is applied to the appmPriate plot in block C io tbe lirst ,'ear of tle exFri -
medt : to tiat in block D in the secoad year ; A i! tbe tlird, atrd so forth )

Second Serles (Plots 26-t0).-Yea8 ol Appucatlon.
rE^rr.!xt5: a B Bteks. D E

Thlrd Serlea (Plots 5l -75).-Years of ApPucadon.

Fout'tb S€riG8 (Plot8 76- of Appucadon.

Bl@ts.
AECDErii v r II tv u, II, uI, Ir, v
i III Iv v II =t[" su6ive
t i Il Iv III v.aE or rh.
lI tv II I V cyd.-)
IVITVIITI

I
t
5

IUtvnvlvIV III I
VIVII
IIIIII

IV TI
I III

IIV
IIIlvtv

TstBrt.: 810'16'
ABCDE

IVIIIIVTII
,ITIIVITIV
tlvnlvlll
.TVIIVIIIIaIIIr[vtv

DBvIIItrvIII rylvr
III

I
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SIX COURSE ROTATION BXPERIMENT, ROTIIAMSTED AIYD WOBI.IRN
This experiment is designed to fumish data on the effect of varyiag aEounts of the three

staodard fertiliseG, dlxogen, phosphate, and potash, oa the yield of six crops of a rotatiotr iD
tlo differctrt reather coDditio[s of succ€ssive ]'eam.

Rotadon.
lte sii couEes of the rctation are : barle, clover hay, wheat, potatoes, foragetrop, $gar-bcet.

The forage-crcp colsists of equal parls (l bushel per acle each) of rye, beaDs aqd vetches. Itis
sornr iD a,utumn, cut greeE and followed by a catch cmp ol mustard. The mustard is ploughed io
itr eady autuatr, atrd followed by rye to be ploughed in betore sorping sugar-beet. After wheat,
rye is sostr and ploughed irl iD spring befoE plantiag potatoes.

The variety of barley us€d is PluEage-Archer, aud oI wheat YeoBatr II.
AranEelrrent.

lbere are six areas, called " series," in Long Hoos rv, which are ctof,ped in this rotatiotr so
tbat each crcp is represeLted every year. Tbere are fi{teetr plots of U40th acre itr each series, each
oI lrhich receives a differelt treatmeat. Thus tbere is tro replication of a Sive[ crop $.ith a Sive$
treatmeot ia aly oae year. Plots do not receive the same t.eatmetrts throughout, but oa each
plot ttre fitteeo treatoents follow ore aDother iE a delioite order in Euccessive yeaN, and in this
way cuEulative effects of a txeatrne[t are avoided.

TteattneDta.
The fifteeo trealments ale :

Nitroge! set. 4, 3, 2, l, O units o, N, each with 2 unifs P atrd 2 uaits K.
Plo6'phatr set. 4, 3, 2, l, 0 Enits oI B each ritl 2 udts K aDd 2 ueits N.
Potash set. 4, 3, 2, l, 0 uEits oI K, each rith 2 urdts N aad 2 uDits P.
I u.trit oI N:0.16 cwt. ol N Fr acrr.
I uDit ot P:0.15 cwt. of PrO. per ac@.
I unit of K:0.26 cst. oI KrO per acte.

The fertilisers used are Sulphate o, Aatroaia, Superphc?hate aad Muriate of Potash. The
a8ount of Supe4)hosphate applied is calculated on the basis oI total PtOs coDte,lt.

The potassic aDd phqsphatic fertilisers a.re applied to the autuED sol rr crops, Bheat add
forate-Eixture, and to the clove!. sowE uDder barley in the previous spriDg. i4 the Autumtr, aDd
the nitn4eEous fertiliser is giveE as a spriq top &essing. Tbe spriEt so*! crops receive all
their tertilisers at the time of sos'iDg.

Witiirt eacb ot the thr€e sets of treatheDts, tie trcataeots 4, 9, 2, l, 0 utrits fouow each other
iE tbat order iE successive yeaE.

Otr series 2, 4, 6 ttre order of the sets ol txeatmeats is N, P, X, aDd on series l, 3, 6, the order
is N, K, P, i.r., otr plots of series, 2, 4, 0 tteatrnetrt ON is followed by treat rent 4P, OP by 4I(
aDd OK by 4N, shile or series l, 3, 5, ON is tollowed by 4K, OK by 4P, aad OP by 4N.

Co.tlluaoce ol the Experlftent.
AIter 30 yeals oa tie saEe laDd, e4ch plot has colDpled 5 rotatiols by crops, atrd 2 by trcat-

mertr. L co[tiqued lor a furtie! period, it will be necessary to omit one state o{ ttre crop rotatioD
oo each series, sithout breakitrg the sequeBce of aaourings, Aftea two sucli breaks the exPed-
DeDt could be cotrtiDued uotil every clop q.ith every tEatment had occuEed on each plot.

EatlDate ol Error.
AltioEgh ttrere is tro actua.l replication, atr estieate of eryor ca! be Eade ,toD the deviatioas

of the Yield/Quaotity oI fertiliser curve, from a sEooth form.
I! t028.30 tle sii crolx of tie rotatioa were scatterEd io various fiddt of ttre Iarrn, so tbat

the e{reriEeot proper started oE its perEaaent site iD IrDg lloos Mn !ees@ lgSGgl-
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Four-Course Rotation, Great Hoos Field' Rothamste4 1931

(Second Preliminary Year)'

For full particulars oI crFdment $. P' f2S'

glotr lu acr.

i,T#-ffiffiroiwgr*!*iffi k".i#{ffi :j:;;"",^--..",.,*
; qffi:'jffi s't 1,$]ttl*-"J'Ji1ffi *l
,.o,h,#),H(ili, *o- i" t"ra .rp..

' Xf'"'f'":*1'"'

Treatmetrt.

Organic Fertilisers. Artficial Fertilisers.

Organic Mattetr
(cwt- pet acre).

N. cwt. per acte as
Sulphate of Amm.

K,O cwt. Per acre
as Mur. oI Potash.

P'OE cut. pet acle
as SuperphosPhate

(except in T'mt. 5)

I .. 60 (as F.Y.M.) 0.067 0.168 0.552

50 (as Adco) 0.s30 0.741

3 84.58 (as Stxaw) 1.413 2.855 1.082

4 .. None 0.36 0.6 t.2

None 0.36 0.6 1.2
(as Galsa rock Phos.

Season 1930-31.

Treatmert.

Orgatric Fertilisers. Artificial Frtilisers'

N c*t- D€r acre as I K'O cwt p€r acre I Pror cwt -Pe' 
acre

i"ri'nii5 &-e-;. I as'Mur. of'Potash' I as suPerPhjPPh4te
' I l(except i.o T'mt 5)

Organic trIatter
(cwt. per acre).

I .. 50 (as F.Y.M ) 0.317 r.663 0.741

50 (ae Adco) 0.51s 2.530 0.179

134.22 (as Stxaw) 1.358 1.517 1.07r

1 Nore 0.31i 0.6 l.:

Nooe 0.36 0.6 1.2
(as Gafsa tock Pho6.)
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a W-Wheat (Plots l-25) (IlalreEd by 8alopunglEeliod).
H .om: Oct l0th, lsio. Halv.3t d: Ara. ,?l!- Vdi,ty: Y66.r.

Yleld of Graln ln clFt. t cr acne. 
N.W. 

Yleld ot ltrlw ln crt. pe. .c!c.

b

!
$c,ltr

d

A G'_SwGdca. (PlotE 26-50.)
S.€d iom r l{.v ,01tr. Litled: Nov. 6n7lD. V.rEtv: Gart@ s ll.6ifimt.

Washed Root8-toha per acne. Tope-itonr per acre.
N.W.

v()9'
E

d

A H--Secds Hry. (Plot8 5l-75).
S€€d som: AFil ,rDd. Cut r Ju[e r4th-

Yteld ol Dry Matter ln qrt. I,er acre.

N.W.

ab

o:,t c
E

d

14.4 16.2 11.2 11.2 20.3

19.1 12,4 ll.0 10.3 12.5

21.4 r0.6 10.5 9.7 rl.2

22.O 11.4 20.2 6.4 B_3

11.4 r0.8 16.6 l9.E

31.9 30.2 24.4 21.8 37.2

36.6 22.4 20.5 2t.4 25.5

,15-0 ls.3 rg.2 2 t.0 23.6

44.3 2r.3 12.O 16.4 14.5

28.3 20.1 30.0 17.6 45.0

12.7t 8.40 5.9r 5.69

10.0r 4_51 13.00 6.99

6.03 0.86 r1.28 13.23

7.85 10.74 8.tl 8.(N lt.72

7.36 t0.31 8.?3 7.O2 8.71

1.46 l.l9 1.20 1.29 1.40

1.17 0.7E 1.46 l.l4 1.57

1.01 0.s0 0.93 1.75 2.50

t.05 1.1I 0.s8 r.32 2.O2

r.02 t.03 1.08 t.25 1.64

33.0 33.0 3r.9 3l.2 36.6

34.4 43.6 40.3 29.3 30.4

36.2 43.6 58.6 30.8 34.8

38.r 46.5 33.7 32.6 13,2

43.6 37.4 ,16.9 40.0 36,2
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a B-Barley. (Plots 76-100.) (Harvested by sampunE method.)

Se€d sorD: Mar.h 6th. Hd'6ted: Au8!5t 2?th. Vaoetv: PluElage Archer'

treld of Graln ln c$t, per acne. Yieli of Straw in cst. per acre'
N.W.

b

9o
Y
0q

l,

26.5 20.9 14.0 12.8 12.0

14.5 l4.l 25.9 ll.4 2A.3

16.4 t8.9 I r.3 22.1

23.1 8.S 10.5 15.5 12.8

t9.8 7.0 9.0 10.5 23.O

35.4 27.0 18.4 19.0 17.0

r8.9 18.0 35.0 25.2 36.2

25-5 21.2 25.2

30.2 12.8 17.8 27.1 23.8

30.9 0.7 16.4 18.2 36.E
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Si:<.Course Rotation, Long Hoos IV., Rothamsted. 1931.
F6 fr l psticols oI dp.rieot c p. l3l.

N-t, !, l. I ald O o!il! ot N, ach rith , @its P,Or ud , @its l(.O.
K--1, l, ,. r ed O uil3 ol KrO, eh nlb , unils N.!d, uits Prq.
P-a, E, ,; I dd O uits or PiO3,..ch Fith , oits N ..d , units IqO.

I ur i ot N-0.10 crl- N F rcrc .s Sdphrt. ol AlD@i."
I [!it ol K--O,r! crt. r.O pc! a@ a i'uiat€ of Potash"
I rit of P-{.1! cL P,Or F!..rc a SuFrpho.pt.t .

Bw-Wheat-{Plot l-15) (Harve8ted by sampltnE mcthod).
U.nrc rp9lild: OcL ,l-3oth, 1930. Sad sm: Oct. 3!4 1930. nelEst d - Aog. tr3l. V.ti.tt: Y6@ia tI.

Yteld ot Graln in cwt. per acre. Yleld of Straw ln cwt. per acre.

BS-Jugar B€€t-<Plots 16-30)
ltaloc applicd : M.y grL- Se€d !o*!: }lay 9ih. Ulted : Nov. 3-Gt[. Vdiety I Koh&

\4'aahed Roots-toaa per acre. N. Tops-tons per acre.

N.

Sugar Percentage ln Roota

3N
t7.76

4P
17.81

2P
l8.lt

3P
l?.88

3K
u.87

ON
t7.65

2N
17.99

IP
t7.54

OK
17.99

4N
17.48

1N
17.a2

OP
l7.ss

4K
17.87

2K
t8.24

IK
18.14

BB-Barley-{Plota 3l-45) (Harvested by sarnpltnE method)
X.!!e appu.d: Feb. ,7 th- Sed Som: MaEh 6th. H.rct€d: Aug. ,gth. Vdi.ty : Plumase AJchs.

Yteld ol Grata tn cwt. per .rcre. N. Yield ot Stiaw tn c!f,t. Ircr acre.

3P
23.8

OP 0\
l4.l

4K
18.3

2K
20.6

4N
23.8

2P
21.8

3N
19.5

OK
t7.5

IK
17.9

IP
18.5

2N
19.8

IN
14.0

3K
19.3

4P
16.4

3P
43.2

OP
42.a

ON 4K
36.7

2K
44.1

4N
5 t.0

2P
40.9

3N
42.7

OK
36.8

IK
38.4

IP
38.2

2N
42.2

IN
28.1

3K
4t.9

4P
35.0

3N
6.M

4P
6.32

2P
6.99

3P
7.40

3K

ON
5.88

2N
6.54

IP
6.39

OK
6.89

4N
7.81

IN
5.53

OP
6.40

4K
7.34

2K
7.ll

1K
?.16

3N
8.65

4P
7.80

2P
9.67

3P
10.23

3K
9.07

ON
8.04

2N
8.24

IP
9.54

OK
0.99

{\
t 1.33

IN
0.33

OP
10.70

4K
10.28

2K
10.40

IK
9.56

2K
22.2

OK
19.2

OP
r0.2

2P
22.6

3N
20.4

3K
20.0

IK 4N
21.4

4K
20:9

ON
t3.2

4P
10.4

3P
10.6

IP
18.9

2N
20.6

IN
18.9

Yield ot Str'aw tn c!f,t. Ircr acre.

2K
27.4

OK
23.7

OP
23.4

2P
23.6

3N
23.8

3K
27.1

IK
30.4

4N
3r.9

4K
30.4

ON
18.3

4P
23.0

3P
26.7

IP
21.9

2N
27.5

1N

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-1-65 pp 137

136

B C--4lorc!-{Plot!:46-6o),
Ur!qr...ppli.d: Oct ll.t,1l!0. S..d.om: Apnl,rad Cot: JED roth.

Yl€ld ol Dry Matter ln cst. per ac!e.
N.
4

B P-Pot bcc{Plob 6r-75)
t&nott .!rrb.l: Apti 1aah. Pleat d: AptLth. Irt d: Oct bL V.d.tr: AIr.

Ylctd o( Rool! h to!! DCr acre.
N.
t

B F-trorage CmIF{Plot8 76-m).
X.Drr6 rt D[.d: n rcU 18tn S..d .drn: Oct 3rd, Ie$. Il.r!.!r.d: J[nc 10tt (louorrd b, Dat d).

Ylcld ol Dry Matter l[ cFt. Der rcre.
N.t

3P
12.9

OP
12.9

IK
I1.8

4N
15.0

2N
r3.2

IP
18.9

4K
20.0

2K
t8.2

3N
l6.r

IN
r0.0

2P OK
t8.0

3K
17.5

ON
13.6

4P
t8.2

4P
8.04

OK
tr.33

IP
7.18

OP
6.52

IN
7.63

3K
8.82

IK
?.10

2P
8.73

ON
?.83

4K
10.28

2K
7.79 8.45

4N
8.40

2N
8.14

3N
7.47

4K
25.3

OP
2S.3

3K
29.3

OK
24.2

ON

2P
30.7

3P
31.8

4N
43.9

2N
32.9

3N
38.S

IP
40.4

2K
33.6

IN
32.1

4P
30.4

IN
27.t
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SUMMARY OF RESI'LTS.
t.-Table showhE IncreEents tn yleld per swt. of N, PrO. alrd KtO, together slth thc

Crop.

Straw, cwt.
Suga! B€et-Roots, toos

Tops, totrs
Sugar Pe! Cent-

age
Barley--Grain, cwt.

Strar, cwt.
Clover--d5r mattet, cwt.

Potatocs-toas
Forage-dqr Eatter, clrt.

$'heat--4raiD, cwt. 16.,1 i 4.8
4l.O t 7.5
2.91 f r.o2
3.94 i r.87

-4.27 LO.Ull.8 a 4.6
19,2 t 5. r
5.7 *6.2
0.79 t r.21

29.9 t 9.0

---4.9 t 4.8

-1.1 t 7.5
0.57 t 1.02

-3.41 i 1.87

--4.0r t 0.44
0.7 14.60.7 t 5.1
2.r t8.2
2.70 t l.2l
2.7 I 9.0

19.2
30.3

8.74
9.52

17.88
20.1
25.6
15.?
7.42

32.0

1.2
1.3
0.43
0.04

f 2.8
t 4.6
t 0.6r
t l.12

-0.20 t 0.26
-{.6 + 2.7

4.3 I 3.1
2.3 t 3.7
5.12 to.72--{.1 15.4

standard errors of the incrementa.

2.-Table lhoFtng tlc average percentage lnc.ernents tn yteld fof each appllcadolr ol
N, PiO! atld KrO, wtth thelr standard erora.

Crop. N P K Statrdard Er!o!.

Wheat---G.ain
Strew

Suta, Beet-Roots . . ..
Tops . .
Sugar PerceDtage

Barley--Grain
Strae

Clover---dry matte! . .
Potato€s

Forage--dry mattcr .,

12.43
15.58
6.48
6.20

-o.228.88
tt.23

5.41
l.5l

14.04

-3.86
1.28

-5.36---o.0t
0.55
o.37
t.97
5.15
1.25

1.56
0.80
r.60
0.09

--{.28
-o.7E4.22

3.63
L7.34

-4.70

1 9.73
t 2.47

t2.91
a 0.37
t 3.41
t2.9t
+6.02
t 2.31
r4.22

SigDi{icaot rcsolts alr i! bold ty?e. Netative siSn meaDs dePrcssioo.

-[lean
Yield. N P Ii
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PLors : l/aotb .ft-

[=l: 3: i: I # 3 t*E si ttr"Jx*,1!H]9r # i HiH F3:
r-,.,'r,:-'r.ii';iT,u&-#: jBl9;minH.t"T.aoarutts(i5.
I Eit oI K G0.r6 cit. ILo pef a@ $ Muiat of potesh.
r EDrt or P-0.16 c.rt P,O. p.t e@ .3 Sspspbo€ph.t ,

I38

Six-Course Rotation ; Stackyard Field, Voburn, 1931
For fuII paft:dars of clFliEed se p. t3t, Rothamst d Repo.t.

c P_Potatocs (Plot! t-t5).
M.o[t€. applhd: Aprlt 30ah. Phatd: U.y tst. UIt.d: ScpL rg-ioth. Vadetr: Ally.

Yteld ol Roots ta tona Der acne,

C F-troragc Crop (ptotE 16-30)
M.nlrt. .r'pli.d: Ap.il 4tb. Sed sl)E: Octob.! 18th. Herv.st€d i Ju. t6ii (folored by E!.t td).

Ylcld of Hay cltrtaldlg 15 per ceDt. tf,ater, h cwt. per acre.

C W-Wh€at (plot! 3r-a5)
U.!ul!' .pplied: Aplil 4tb. Seed .orr : Ocr t8t!. IlaBc.tcd: Aua. l1.!Oth. Va.!.r: ycoE tt II.

Yield of St aw tr sFt. Irer acte.

26.2
4K 3K

25.2
IK

29.8
IP

30.0

ON
r3.3

2N
25.O

OK
29.9

OP
27.4

2P
32.A

l\
21.9

2K 4P
2i.9

4N
38.{

3P
32.1

2N
11.07

4K
I r.39

3K
11.46

2K
11.67

3P
11.30

3N
D.6A

ON
9.46

OK
I l.l8

OP
10.18

2P
It.9l

IN
8.2E

4P
9.9t

IK
10.20

IP
9.68

4N
10.64

2K
49.3

OK
52.9

4P
55.7

3N
52.3

2P
43.3

IK
47.7

4\
51.8

IN
41.3

OP
48.4

4K
53.4

3K
47.O

2N
45.4

ON
32.9

3P
64.8

IP
47.0

Yleld of GratD ttr cwt. per acne.

3N
to.2

4X
9.2

3K
10.9

IK
13.5

IP
14.2

ON
6.0

2N
9.3

OK
I0.7

OP
I r.3

2P
14.1

l\
9.7

2K
t0.4

4P
r0.4

4\
l7.l

3P
r2.6
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C B-Barley (Plots 46-60).
Maou.es applied: Matlh 17th. Sed socD: llallrh 18th. Harested : Aug. 21st. leriety: PluEaae Archer.

Yleld of GralD tn ccrt. per acre, Yield of Srraw tn cwt, per acne.

C S-SuEar Beet (PloB 6l-75).
X.!rlts.pp[cd: U.y 6tt. Se€d sorr: lray ?at. Luted: OcL r9-trsL V.riety: Koh!.

Washed Roots-toaa per acne. Topa-tolrs per acre.

sugar. PercentaEe lD Roots,

IK
r0.86

OK
16.58

2P
r7.08

4N
r6.00

3N
r6.31

4P 2K
t7.42

OP
t7.74

IN
t7.2a

ON
17.19

3K
t7.34

3P
17.40

1P
t7.48

4K
17.43

2N
t6-74

C C--Ta!es (for Clover) (PlotE 76-m).
MeoE appu.d: AFn rEth. Sed s6F[: ltay 28th. Ctrt: S.p!

Hay conlatnlrrE 15% Water---<wt. pcr acte.

IN
19.8

ON
17.0

3P
25.4

OP
20.9

OK
18.4

2N 3N
25.3

IP
28.4

3K
23.9

4N
99.3

4P
24.8

2P
24.3

4K
26.1

IK
29.t

2K
27.7

IN
41.6

ON
51.6 49.3

OP OK
52.9

2N
41.8

3:f
43.0

IP
50.2

3K
68.7

4\

4P
48.8

!P
51.4

4K
53.7

IK
53.7

2K
65.4

IK
4.93

OK
5.70

2P
6.92

4N 3N
7.54

4P 2K
6.70

OP
6.68

IN
6.61

ON
6.22

3K
7.18

3P
1.32

IP
6.94

4K
6.97

2N
5.86

IK
4.28

OK
4.36

2P
6.02

4N
l0.rl

3N
8.50

4P
6.94

2K
6.55

OP
7.78

IN
8.61

ON
8.63

3K
8.61

3P
7.64

IP
7.20

4X
I0.25

2\
8.66

OK
2A.A

IK
23.4

4P
2A.O

ON
24.5

1P

2K
32.0

4N
29.5

3N
29.6

OP
28.6

4K
30.8

3X
31. r

IN
29.O

2N
32.2

2P
27.4

3P
3t.l
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SUMMARY OF REST'LTS

l. Table shostdg Lncrcrrenta ln ldetd pet cwt. of N, PrO6 atd KrO, together wfth thc
staodard erlora of the lncremcnta

Crop.

Pot4toes-toEs
Forage--dry matter, cst.
Wheat--4rain, cwt- . .

Slfas, cvt. . .
Batley-GraiD. cwL ..

Slxaw, clrt. ..
Sugar Beet-Rmts, tons

Tops, toDs. ..
Sugar Perceatage

Tares---dry matter, cT f,t.

o.72 t 2.34
12.? t 8.5

-2.4 t 4.0
2.1 X 6.2
4.8 t A.2

-5.7 t 18.0
r.l9 I 1.10
1.60 t 1.71

-{).58 t O.58

-r.l t 4.6

0.67 I 1.40
0,r t 3.9

-2.2 X 2.1

-7.9 t 3.1
4.1 t 3.7
6.7 t 10.8
l.9l a 0.68
1.7r i t.o2
0.95 t 0.34
6.1 ! 2.7

10.72
41.0
tt.2
27.2
24,3
52.6

0.71
8.15

17.t8
24.4

4.62 t
27.6 X
16.5 t
36,5 +
20.0 f
28.5 *
2.61 t
3.56 t

8.5
4.0
5.2
8.2

18.0
l.l0
r.7l
0.58
4.6

1.04 159 +

2. Table shoPtng tle perceotage 
tffiT#J""a..JS, 

fo. N, P,Or aEd K,O wlth thetr

Crop. N P K Staodard
Error-

Potatoes ..
Forage--dry matter
WIeat--CIailr

Strarr
Barley--4lain

Stras
Sugar B€et-Roots

Tops
Sugar Perce[tage

Tares--dry Datter

6.30
10.03
22.Ot
20.02
t2.32

8.13
5.88
6.61

-o.903.68

t.0t
4.65

-3.18t. t5
2.98

-r.642.66
2.76

-{.60-,o.70

o.08
---4.00

-7.284.19
3.20
7.11

r4.45
r39
6.48

t 3.26
12.38
16.29
t 2.47
+ 3.84
i 6.13
x2.48
r 3.13
* 0.60
t2.75

SigEificaat results are itr bold t}?€. Negative sign Eeans depression.

' Tops partially eat€a by barkiag deer, daoate visually estiDated.
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REPLICATED EXPERIMENTS AT
ROT}IAMSTED

HAY
Temporary Ley Experiment : Preparation for 'Wheat in 193L'

R H-Long Hoos (Section 5) 1931'

N.E.

I.

II.
III.1

w.

cR(2) cR(r) c (2) c (t)

c (r) cR(2) cR(r) c {2)

cR{r)l c (2) c (r) cR(2)

c (2) c (l) cR(2) cR(l)

SysEr o. Ps"uqtrox: 4x4 l2ti6 Sqnar'

AII o! Eacs P!'I: .1r1.(rE

CR:Clover and Ry%Eas
FiBtcoD4t: Iulv 1st_rod. Oo Plols tEked

(2), a;@nd coP ,6 cur otr Atr8 z7r!

PEvi@ cbp : Brley.

Actual Green welghts in lb.

442
422
40t
395

316
271
265
436

Sumrnary of Results-Dry Matter'

Average yield. Clover. Clover and
Ryegrass.

Mean. Standard
Error.

First CroP.
C*t. per acre
Per ceot.

39.8
r03.1 9ti.E

38.6
100.0

1.08
2.80

Secotrd CroP.
Cwt. p€r acre
Per ceat.

19.5
87.3

l6. r
112.7

14.3
100.0

The tlilfetence between:the mixtures is not significaat for €ither crop'
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BARLEY
U-ndersowings_for temporary ley of clover and ryegrass.Nitrogenous Fertiliser. Sulphate of Ammonia.

R E-trosters, 193I.

III.

N.E.

l R- C CR-
l- o R- CR- C_

-CR -C R- o-
c- cR- o- R

SV.EU oF RrplrqfloN : .t r 4 tarin Sque, FitI
ArB or Er.H SuGPlor: .01355 a.E.vaRnryr PluoaeF Arbp. uodeem with
_ rtrrro Rv. cla (R) and Brcad Rcd crovft {c).

or 0.2.w1, \ Fr a're, applipd lo ooe out ofpr.n pair of sub.plots lindi@tpd by the utat-oeDt slrbol MEiE on i,har h;rrl
MaDtE aDDled: MzEh13.d
Se.d sm Bdl.y, Meh 2rrd: Rve ctsand Clover, ADril23rd.
Bdley Han6ted: Affir r?th-
Previo6 mp : TeDpo-Ery fry.

rv.

Actual weights tn lb.-crain,
i

Row.
Without Sutphate of AEmonia. Witi Srlphate of AEDooia.

o C R CR o C R CR
I,
II.
III. ..
rv-

106.50
t12.25
8t.00
80.00

70.50
82.00

1t 1.75
rr9.00

108.00
r00.50

86.00

68.75
76.25

134.00
91.00

s5.25
112.50
8?.00
s7.25

98.25
99.50

t17.50
13r.50

90.00
120.50
83.25
93.00

97.25
61.75

130.25
1t0.75

Actual weights tD lb.-Straw.

Row.
Without Sutphate of Ammonia. Witi Sulphate oI Am&oEia.

o C R CR o C R CR

r. ..
II,
III. . ,
IV.

145.00
I51.50
86.00
98.25

t06.50
t05.00
156.75
152.75

117.25
128.00
88.25

109.25

91.75
114.75
165.00
122.50

12A.7 5
164.00
129.50
130.76

119.25
t17.50
166.00
I59.50

164.25
163.00
119.25
118.25

122.75
155.15
179.75
159.00

Sumrnary of Results.

No
+ Lev +

Grain-
Without

S-/Aam.
with

S./Amm.

t6.8

r6-3

16.0

t8.6

l5-5

r6.t

15.4

18.7

15.7

l6:9

97.0

r00.2

97.9

tt4.2

96.r

98_8

94.5

102.2

96.2

r03.8
Mea.D r6.l 17.3 15.8 16.0 16.3 98.6 106.0 07.0 98.4 100.0

Srra@-
Without

S./Amm.
with

S./Amm.

20.o

28.0

21.1

23.4

t9.7

23.5

20.7

26.1

20.6

23.5

s0.l

103.7

97.1

105.4

88.6

r05.5

93.2

t15.7

92.4

r0?.6
MeaD 21.5 22.4 2r.6 96.9 101.6 97.1 104.5 t00.0

Sta.Edard Errors : SiDgle treataeat -r.Or*?i;, U.ry. ,.i{H. 
", 

n.rU
_ MeaE of S./AEmi. and No S./ADrm. -o.eO "*t. "i l.Sii 6.ii cut. or:.2.7"
The effect of, Sulphate of Ammonia on the straw is deliD.iteiy signilt.r"a, tri6" iifi"*"il a*"trot rcach the 6% Ievel of sisnificance ro, s,",,. rh;;a;;;;;ira3, "iffrli"i "r_t".
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OATS
Variety Trial.
Nitrogenous Fertiliser : Sulphate of Ammonia at four levels.

R O--C,t. Harpenden, 1931

E

B
VGVMV

MVG MVG GMV

3 I 2 3 2 1 I 1 I 3 I 1 I I 4 3

4 I 1 I .1 2 2 3 1 4 I 2

DE
Syi r o, Brpldttor: 6 r.ldobi-d 1110.-16 ol i plos,

.r.! .oMiviiled iEto t.
Art^ or E^cE PLot: U80th.c.t.
TrqrE!..s ($b plot!) :

t-S/A@ ia the 6t or 0.t cal- N Dcr.@.
t - S/AE& at the hte ot 0.4 cwt. N Fr acd-
a-S/A@ ai tbe rat 010,0 t, N pera.re.

Urnurt. .pplied I Feb. ,6-rot!.

F

v.ri.ti. (m.ln Dlot ) : v:vi.tdy.
c:cold@ Rrh II.
U-U.wtIottSedffi: Fchm.ry 25th.

Oats H.w€sr€d : AurBt l8-m!h"
P'evbll @p: T.Eoordy L.y : lBt crcp ratFD for h.y ,

alktmth e.te! oft by shep airD lumiF .Dd dm.

Actual Pelghts in lb.--G.aln.

Block. fI G

B
C
D
E
F

I 2 3 1 I 2 3 4 I 3 4

15.75

24.25
26.25
17.50
24.00

l?.50
92.25
24.75
36.00
22.25
31.00

33.00
29.75
29.50
26.00
30.25

24.75
31.00
30.25
33.00
29.25
36.00

20.00
15.00
22.25
29.25
16.00
t7.50

20.50
25.50
20.50
28.50
25.15
27.00

23.50
22.25
21.50
10.25
33-00
31.50

3t.50
24.(n
26.00
35.25
33.25
37.25

15.50
r 7.00
13.25
27 .7 5
18.50
15.25

22.50
16.00
18.50
32.50
22.25
22.75

25.00
28.00
29.50
39.25
20.25
21.25

29.00
21.50
28.25
43.50
30.50
25.00

Actuat reelghts ln lb.-Straw.

Block.
]I G

I { I 3 { I 4

B
c
D
E
F

23.60
!2.75
34.50
28.50
21.50
30.50

28.00
39.75

96.75
21 .7 5
u.76

38.50
38.00
41.50
35.00
3r.00
33.25

35.25
42.50
40.7 5
44.25
33.50
39.25

28.00
25.00
40.50
28.75
32.00
27.25

30.75

36.00
35.00
31.75
44.00

10.75
38.50
43.00
40.50
43.00
3S.50

42.00
39.?5
1t.7 5
43.50
47.26
48.75

31.50
38.50
24.50
31.75
30.00
30.50

32.00
34.50
37.50
47.25
31.75
35.50

37.50
49.75
4t.00
42.50
38.50
45.25

4t.25
38.25
45.25
44.75
49.75
5t.25
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-- Th1'Ary9f;. !9_ttrogeE is deJinitety significaDt, -but the experimeDr is not sumcietrtly precise
ro sao\r a.ny o[terence Detwee! the varieties, either i! difrere[tial respo,s€ or in average yield,

Summary ol Results,

r" | .r c-r | .. *,. | .u "*. No.

Victory
Golden Raio II
Maivellous ..

t2.8
t4.3
15.5

16.0
r7.6
t9.4

r9.8
20.5
20.9

21.2

22.6

17.4
18.7
19.6

22.2
21.6
20.4

26.0
26.O
94.1

29.6

25.9
3r.3
28.0

27.O
2ta

lIeaD t1.2 20.1 22.O 18.6 2t.1 25.4 28.2 30.5 24.4

Per ceat,
Victory
Goldea Rai! II
lla.vellous -.

68.8
76.S
83.4

86.2
94.7

l(N.4

106.8
110.3
t\2.7

1t4.0
120.1
122.O

93.9
100.5
105.6

84.3
81.9
77.3

98.6
98.5
91.5

u2.l
110.7
98.0

122.t
tl8_7
106.3

104.3
102.4
93.3

IlleaD 16.4 95. t 109.9 I t8.7 100.0 81.2 96.2 107.0 115.7 100.0

Standard Eirors.

c9t. Per acre. per cetrt.

SingIe
treatment.

Mean
of3

varieties.

Mean
ol 4

treatmetrts

SiDgle
treatmetrt.

Meatr
of3

varietie3.

Meatr
ot4

treatmetrts,

Graia
StrarP

t.23 0.56
0.62

0.89
0.78

6.6
4.6

3.0
2.4

4.8
3.0

I
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WHEAT.

Comparison of Sulphate and Muriate of Ammonia in early and
late top dressings.

R1V-Little Hoos, 1931.

c

SYSE{ oF Rr?lrc.rroN : 6 rardon-
is.d bldLs of E plois eact.

&rl o! ErcB Pror: r/6oth acE.
TnE^rEN.s: Sdphate o. Iluiat

of Al@@i. eDpned @ly d latr,
or mitlE or bolh, bakitrg 8 co@-
bi@tioc, of wbich t*o tFithout
eitler dr6siDs) e idotic.I

^ Basar manr: l'16 toc fmvardu maoore per ae
E3dy DaDE6 applied : UaEh 2otb.
hte nanlrB applied : l{sy Ist.
Wheat so*D: Octobd 10th-
wl@l Ury6t€d : AugBt 2raiL
vdietr: Uillioa
Prcvtols clop : Oett.

S.E. M,E.L. S.E,L. o(l) S.L. M.E. o(t)
},T.E, o(2) S,L. M.L. IT.L. S.E. oe,

MFl IT.L, S.E. NI,E, tI.E. o(t) s.E.

S.E,L. o(l) o(2) S.L. o(2) t[.L.

o(t) o(2) S.E,L o{l) }I,E, S.E. S-L,

II,L, If ,E, S,L. S.E. S,E-L. 11.L. IU.E.L, o{2)

Actual wetghts ln lb,-Grain.

BIock o(l) o(2) S.E. }I.E- s.L. I"r ..... ] l'r.rr.

B
C
D
E
F

35.00
43.75
38.50
45.73
37.00
35.50

38.25
41.15
36.25
38.25
39.50
32.50

40.00
43.50
38.00
12.O0
34.00
37.50

47.00
41.7 5
41.00
45.00
34.25
4t.25

39.75
41.00

38.00
29.50
33.50

4Llr, i

lo.so I1t.25 
1

38.50
37.00 I

sz-oo I

37.50 | 36.50
4t.so | 14.75
43.75 I 14.Ot)
qo.zs i +s.zs
ss.so I gs.oo
38.00 I 33.75

Actual wetghts tn lb.-Straw.

Block o(1) o (r) S.E. 1I.E, S.L. M.L, S.E.L. I M.E.L.

B
c
D

F

70.25
71.00
71.25
86.75
72.O0
81.00

70.50
68.75
73.00
62.00
75.00
60.50

76.50
88.50
77.75
82.50
73.50
14.75

81.25
88.25
93.50
99.75
79.75
92.00

8l.75
86.00
42.7 5
8t.50
71.50
84.75

89.75
90.50
82.25
68.75
15.25
73.75

91.50 88.00
99.50 99.50
90.25 I 98.50

100.75 I 96.?5
96.00 | 98.?5
90.00 I ?8.50

E
B

SFI

I
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Sumrnary of Reault6,

Avs.8. YtH.IHII Early. E&ly.

Grain- I

cwt. per acrel 20.6
per ceDt. | 97,3

91.0
98.9

r9.6
92.4 105.4

2r.6
102.1

21.4
100.8

22.1
105.8

21.2
r00.0

0.624
2.94

Straw- I

cwt. per aclel 38.6
Per cetrt. | 86.8

42.5
95.8

43.6
98.3

47.1
107.6

43.2
97.6

50.7
114.4

60.0
112.8

44.3
r00.0

r.496

Mean of Sulphate and Muriate.

Average yield.
Not

applied
early.

Applied
early.

L{eaa.
Not

applied
early.

Applied
early.

Mean.

cat. per acre.
Not applied late
Applied late

20.6
20.6

21.7
21.9

2l.l
21.3 43.4

45.1
50.4

41.8
46.9

Meaa . . 20.6 2l.8 21.2 40.9 47.7 41.3

Per cetrt.
Not applied late
Appued tate

97.3
97.3

102.2
103.3

s9.7
100.3

86.8
97.9

101.7
tI3.6

94.2
105.8

Mean 102.1 100.0 107.6 100.0

Statrdard Ei.Iors : qry"-S-Clg Treatmeat 0.44 cwt. ot 2.08yo. Straw-1.06 cwt. or 2.39%.
Mean of 2 Treatmetrts 0.31 cvt. or t.47%. 0.75 crt. or 1.697;.

- Takitrg_ tie av_erage oI sulphate and Duriate, both grain and stra!. al! increased sigtrificaauy
by tle early al4licatioE, blrt otrly stra* by tie late applicatioD. The plots receiviEg eu-riate havi
dv-en hither _yields tlan th@ rcceiving sulphate iE both Blain aDd atra*, the ditreieace in grai!
beinS decidedly siSxdfic.nt.

Grai11.
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Wheat: Comparison of Sulphate of Ammonia and Cyanamide
in small repeated top dressings and rwo spring top dressings.

l
Il.
III-

IV.

R rl?-Long Hoos
NE

s.c. o. S,S. R,S. R,C.

R.S. R.C. o. S.S. S.C.

S,S. R,S, S.C. R.C. o.

R.C. s.c. R.S. o. S,S,

o. R.C. R,S.

(Section 4) 1931

SYsnr o! RtPuc^nox: 6 r 6 Iatin Solre-
Arq o! E^.8 Pbr: ryrooth acre.
VrrEY: Y6M-
TBrENrs: ReDcat d Sqlphat of Altlmoj. (RS) t
cr-eide {RC) c..h in 8 apolietioos at.rd oI OctobGr,
NoveDber, D.@ber, Joualy, Feb.E.ry, Ueh, April,
May. Sprila Su.lpbat of Amooia (SS) , Cya.h'd!
{SC) i! 2 applic.tioD!, Mercn ,oth aod May lst. Th. 6rtb
trFamlDt coosists of no top dftsing. Oustity Sulph.tc
oI A@oaia ald CrrsEide at tle Bte of 0.{ crt" N rE
Seed sovn: Oct 3.
Hd6ted: Aua. 21st,
Previous @p: TeEpoBry L!y-

Actual weightd in gramrrres.

Row.
Grain. Strav/.

o. R,S. R.C. s.s. s.c. o. R,S. R,C,

I,
II.
III.
r\r.

360
340
319
356
416

479
488
507
399
449

357
375
308
390
378

446
408
441
422
452

482
524
396
520
430

678
676
612
710

986
868
982
815
851

739
776
591
781
763

910
839
442
847
875

9a2
980
720
976
860

Surnmary of Results.

Avelage No
Ni't :ogea.

Repeated
S/Amrr.

Repeated
Cyaramide

Spring
S/Amm.

Sprirg Meatl, Standard
Error.

Grain-
curt. per aare
per ceEt.

15.6
85.8

20.2
tll.2

13.7
86.6

18.9
103.8

20.5
1t2.6

t8.2
r00.0

0.688

Stxaw
cwt.per acre
per ce[t.

29.9
84.0

39.2
I10.2

3 r.8
80.5

37.6
105.6

39.4
I10.6 100.0

r.39
3.91

For ttre two qryes of tritxogen takea together, spring dressings are significaDtly superior to
repeated dlessiags. F.o! the two ,rethcrls oI applicatioa taleo togeth$ sulphate oI ammonia is
superior to cyaaadide. Repetitioa treatmeot is strikilgly uEJavourabre in ttre case o{ cyanamide-
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Wheat Cultivation Bxperiment

R W-Little Hoos, 1931

E
B
sP

c
SYsrE!. o! RlPuc^fl of, : 4 randoD-

i*d bl@ks of 3 plots, e3ch plot
sHivided llto 4-

A!!r or EacB SUB-Pror: ry60th

CuLarv.flors ($aia plots) :
O:@inary pto€h.
S:SiEE.
P:Pulv€rator plouCb.

D
CuLrrv roNs Gub-plotsj :

R- Roled.
HR:Haffial rnd Ro[.d-
N:NeitI6 Hdov.d Dc RolLd.

Basal Mer: 13-16 to[s tarmrard

S'eed i'a: Octone! roth.
Hdested: AlgBt 2iltb-
PrEvious crop : Wiute! oats.

]r,."o

Actual wettihts ln lb.--Straw.

in lb.-Grain.

s P o
H RNHR }IIR N HR H R N HR

,^23
B28
c28
D30

20
28
25

l6
29
27
28

22
2A
31
34

30

36

26

30

20

3l

34
38

34

29
30

31

30

30

22
96
29

31

24

Block
S P o

H R N HR H R HR H R HR

A
B
C
D

68
65
74

76
7l

70
7Au
64

59

78
70

75
74
70

79
85
68
93

75
70
67
88

67
71
63
75

55
67
7S
88

70
64
s0
88

58 66a+lzrszlsr
78 lzl
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Surb'nai.v ol Rcaults.

Averege yield.
Ordilary. Simar. trIean. Sta.adard Errors. i

Single I Meaa.
Ireatmetrti

GraiD--cwt. Fi acre.
Neitber Ilarrowed Dor

Rol]ed
Rolled ody

t4.9
t5.s

13.4
l4.l

15.4
l6.l

14.6
15.4 Io.zss 0..o3 

|

Ilteatr 15.4 13.7 t5.7 t5.0 0.624 o.285

Hartosed or y
Harrowed and Rolled ..

16.7
15.9

14.6
15.4

17.8
18.8

16.4
t6.7 795 0.403

Ileafi I6.3 t5.0 18.3 t 6.5 0.621 o.:85

Geaeral Meal .. .. 15.9 14.4 17.0 15.8 0.517
I

Grai!-p€r ceEt.
Neittrer Harrowed aor

Rolled
Rolled otrlv

91.1
t01.2

85.0
89.3

07.3
t02.1

92.1
97.5

2.56

Mean 97.8 87.9 9S.9 95.0 3.96 l.8l

Harrowed o!.ly
Harrowed and Rolled ..

106.3
101.2

92.7
97.E

lt3.r
110.1

104.0
106.0 )s.os i

2.56

]Iea! 103.8 95.2 tt6.l 105.0 3.96 l.8l

Ge[eral]GaE.. .. 100.8 108.0 r00.0 3.28

Strarr---cwt. pe. acre.
Neither llarIoEed ro!

. Rolled
Roued @ty

37.8
41.8

37.0
39.6

4l.o
43.5

38.6
41.6

l

2.A0 0.032

lIeatr 398 38.3 42.2 40.1 9.06 0.659

Harolvedody.. ..
r Harmwed and Rolled ..
I

38.7
39.8

97.1
38.4

39.0
37.4

38.4
37.9

2.34 0.932

IIea! 39.2 36.S 38.' 38.1 2.06 0.650

GeaefalMein .. .. 39.5 37.6 39.1 t.90

Straw-per cetrt.
Neither }IarroB€d

Rolled
Rolled only

96.6
106.8

94.6
10t.4

104.8
I11.3

08.8
106.5

6.03 2.38

trIearl t01.7 108.0 102.6 5.28 L68

. HarroEed oDly
Harro\ ed aod Rolled . .

99.0
101.7

95.5
s3.2

99.6
95.5

98.0
96.8

2.38

Meaa 100.3 94.3 97.6 97.4 5.28 r.68

GeneralMean.. .. r01.0 96.1 102.8 100.o 4.86

Fot the Srain pulverato! cultivation is sig JicaDtly sup€rior to siEar coltivatioD. The pulvcra-
tor is lot si;dric.iatly sulrrior to ordinary ;uluvatioi, add tle iDferiority of the siEa! to ordio ry
cultivation is bareli sitD.i6cant. }Iarl(;piut sigtrifica.o y incrcas€s grain. For the straw the
ligBilicalt lo6s due to batrowing is ooly shorl otr the roued Plots.
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FORAGE CROPS
Cor.e.doa to 1930 Expertrneot. (See p. f56.)

The conclEsiotrs d-rallrl from ttris experiment stzDd without alteration, Fith the exceptiorl that
the respoase to potash for graill and straw should have been stated to be si8nilicadt otr the oats
dixt[res as well as the barley mixtures, this respolse not beiag i,1 Iact signilicantly difiereat Ior
the two cereals. In tie table shori'ing Effect ol Pota-sh and SEperpho6phate (p. 144) the yields o,
the differert mixtures are based o,1 differeDt truDbers o{ plots, and are ,lot equalised {or rows and
coltlEns.

There is, also, aa arithDetical error itr the same table (Effect oI Potash aDd Superphosphate).
The yields Ior skaw, barley with peas, without and witi pota-sh should read 26.2 aad 28.8 respec-
tivel, instead oI 20.9 alrd 34.I. The correspondjng meaDs ol all mixtures now become 27.8 and
29.8 iastead oI26.5 and 31.2.

The slistematic afiargement of the strips oJ vetches atrd peas, and oa.ts atrd barle, not com-
rnerrtrd oD in the 1930 report, was atr error in sowiDg. In the ori$tral desigD the layout coDsisted of
taadomised, pafus ol strips, after the Eanner oI the 1929 experiEetrt oE sutar beet.

Forage Crop: Comparison of Oats and Wheat, Vetches and
Peas. Basal Crop of Beans.
Effect of Sulphate of Ammonia and Nitrate of Soda.
E(ect of Muriate of Potash and Superphosphate.

RF-Little Hoos, 1931.
N.E.woowowwowo

Key to Treatineit6.

o

P

P

P

P

P

P

I,

II,

III-

IV.

vr.
VII.
.1/III.

rx.
x.
xr.
)(II.

1 8 6 to ll I 3 l2 3

ll 3 9 1 8 6 l2 I l0

3 I l2 S l0 6 I II 5 I

l0 { 1I 6 I 3 I s t2

12 8 6 I I 10 1 ll 1

6 I l0 s .l 3 8 12 1 ll

6 I 12 1l l0 I 2 7 3 8

I I 5 3 l2 II 2 il s l0 6

l0 ll 5 8 t2 I 3 4 6 I
g 2 t, I lt 6 3 1 r0 8 .1

8 I 3 t0 I t2 6 ll 4

2 l2 1l 8 I 1 6 I l0 3

l--rl--'i--'I ' 6 1 8 I l0 lt 12

l

-lxI

I

-l}.
e lp '4 s/A

5
s/A

-P
s/A I Nisx-p l-

N/S
K Y

P

NiS
K
P

SYs I or Rilirc^rtoF: 12x12 taiia Square, with
hldoml*d paiE of rcB &d coluons .Uotr.d ro
dlLEot Gdinsi

Arq o! Eaca P!or: 1r60th !de. Har cut for hay, lulli.mt d.
X.Nt.l T@tm@t| : No Nitrogetr ,. Sulpbate of

Atr!furh (S/A) at th. Ete ol 0,2 .Fl. li r' ac ,.
Nitrrte of Sode (N;S) at rhe rate of 0.2 .pi- N mr r.F
Pot6t o Msiate o, Pot6h (K) a! the Ere of 0,6 crr.
{,O p.r aqe. No Pbospbate , SuDelphospb.re (P) at
th. Ete ol 0.6 crt. P.O. D.r acft.

O-O.t at tLo rate ol 3 bushels pe a@.
w:Wh€t .t tb. r.te ot , hrshels per a@.

\_:\'er.h6 at the rabe ol I bulhel pe! acrc.
P : Pes a t th. Ete ol r bushel D€. aft.
Basal Crcp : BeG at tle Bt€ oI I bushel Der a@.
AI plots @etved Ad@.t the lat€ of 14 toB (app.o!.)

per acr (Septemner 12t!).
March 24th-25tb.ManEs ewn: March 24th-25tb.

8.a6, p€6 and vetcles sEE: Octot'.r 9th-10th-8.a6, p€6 and vetcles s
Other crcF: Octob€. 1lth.Othet crcPs: Octob€. lltb.
Peas redriled : Md. 25ah.
Hall-plols cut for hay: Jtrly 9th-14t!.
Re@hder ha6ted : AuGt 17tb.rllt.
Pr.vioB coD r Wirt4r O.-t&
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Actual weights in lb.-Grain and Pulse.

sl6 \2

I.
II.
III.
IV.

vr.
\rII.
vIIr.
rx.
x.
xr.
XII.

I.
II.
III.
IV-

vI.
VII.
VIII,
rx.
x.
xL
XII-

24
t7
24
28
23
26
28
l8
24
22
22
l6

t8
22
25

t8
24
2t
22
2l
20
22

2A
28
21
21
29

20
22
22
24
21
24

62
44
48
46
54
48
55
42
38
1S
42
48

24
t7
22
22
24
20
26
l8
20
2l
ls

62
50
53
64
65
50

48
5I
45
58

54
54
32
47
62
46
6l
54
54
5I

48

I8
20
l8

26
25
30

l8
21
24
20

,, lrri
44
42
53

57

49
rl6
43
50
42
49

60
46
48
44
60
44
48
44
1A
49
49
49

64
48
46
48
50
44
46
36
50
5I
4g
15

5S
58
64
55
81
58
58
41
7A
62
56
60

Actual wetEhts in lb.-Hay (Dry Matter).

Ros. I 2 4 6 'I 8 I l0 II t2

I.
II.
IIr.
IV.

vI.
VII.
VIII.
rx.
x-
xr-
XII.

60.9 24.8 I 59.3 i 73.3
5s.o 162.4 169.2 i63.2
?o-3 | 56.3 I 67.8 58.8
oe-e lss.z 151.7 147.6
lo.sloo.elsg.slss.r
3s.6 l4?.r 141.t 143.7nt I aa: I 4z.o 48.7
s+.0 lls.o I i4.z 144.1
sa.r I ro.l 197.6 I 42.2
sz.alrg.slst.elro.z
,r7.8 146.5 153.5 143.0
ta.z \ +t.r lso.l i43.a

69.6

58.6
53.5
57.9
47.6
55.5
66.7
51.1
54.8
59.4
61,4

80.5
74.7
64.6
68.6
61.0
55.9

52.7
60.5
59.3
52.5

77.O
78.6
58.S
65.1
64.9
45.2
50.5
58.0
56.5
56.8
55.9
5r.7

64.9
60.7
66.2
58.8
47.4
47.7
53.6
50.2

68.9
60.8
53.2

70.6
63.8
58..1
63.8
70.r

54.8
54.7

5S.S
565
51.9

80.8
66.6
64.8
68.8
70.1
53.8
51.4
58.0
64.1
52.6
68.1
58.9

66.4
64.8
69.7
65.5
6t.2
45.4

56.8
55.1
63.6
61.8
59.0

12.1
72.1
63.8
68.3
63.1
56.2
61.9

51.1
59.6
58.3
54.0

20
l8
18

22
16
22
l5
2l
24
l6
2l

l8
20
2l
25
26
14
24
19
20
l8
20
l8

2t
20
18
24
28
2l
21
l6
20
20
24
20

22
20
l7
22
24
t8
27

22
11
25
14

20
20
L1
28
21
l8
27
l8
I9

l9
2l

28
2A
23
24
24
2a
30

29
I8
16
21

20
22
24
30
24

22
2S
l8
31
2l

Actual weights ln lb'-Slf,aw.

52

56
55
52
46
54
47
53
54
40
54

6l
54
5l
58
6l
6l
6t
13
63
58
51
48

67
54

52
50
46
50
7A
54
46
46

60
49
50

62

62

48
54
44
49

Row. I 2 3 I 7 S I r0 l1
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SUMMARY OF' RESULTS.
Separate flelds. Mean of all aeed t-irftnres.

Staldard Errors : flay, Dry Matter:
GraiD atrd hrlse :
Straw :

L23 c\rt. or 2.39 Der ceDt.
0.69 cl}t. or 3.54;er cent.
1.05 cwt. o! 2.26 i€r ceDt.

Avera€e yield ilr cwt. per acre.

lio Nitrogen. Sulphate of NiEate of Soda.

Without with
Mur.Pot.

\4rithout
Mur.Pot.

with
Mur.Pot.

Without
Mur.Pot.

with
Mu!.Pot.

Hay-Dry matter No Super
Super..

47.9
47.1

47.9
45.1

50.7
53.5

55.6
50.3

63.5
53.S

18.9
17.5

49- r
46.0

56.4
55.1

Grain and h:lse No Super
Super..

20.2
21.4

21.6
21.7

18.6
18.t

18.8
19.3

192
r9.0 I_i
62.6 i

17.s I

Straw No Super
Super.,

42.3
12.9

42.2
42.7

47.5
48.3

41.5
47.5

Meau of aU hanurial treattrents.

Average
yield in
c\vt. pe!

Eay, Dry Matter. Grain al1d Putse. StE\r'.
Oats. $7heat. lIealls (a Oats Oats. Wleat. \teans (a)

Vetches
Peas

54.1
50.7

61.7
49.4

52.9
50.0

21.4
18.2

20.1
18.4

20.a
18.3

47.8
45.7

47.7
44.3

47.A
45.0

Meaos O) 32.4 51.5 19.8 r9.3 19.5 46.8 46.0 46.4

St2,rdald Errors-
MeaEs (a)l O,BOI

-lqe9" O)l 1.271
o.447
0.715

0.287
1.290

Mean of potash and no potash.

Hay, Dry Matrer: 0.869 cwt. or 1.60 Der cFnt.
Grain ard Pulse: 0.488 c!+t. or 2.50 ier cetrt.

No No

Hay, Dry Matte!-
No Super
Sup€r

47.9
46.4

53.t
5t.9

55.0 52.O
50.9

93.0
90.2

t03.2
100.8

r06.8
105.9

101.0
09.0

trIeaE 47.1 52.5 54.1 5 t.5 91.6 102.0 106.4 r00.0
GraiE aad Pulse-
No Super
Supr

20.9
2t.B

I8.7
18.7

t9.0
i 8.2

19.6
I9.5

107.2
110.5

95.6
95.8

$7.5
93.3

r00.1
99.9

Ilean 21.3 18.7 18.6 1S.5 108.8 95_7 95.4 100.o

Straw-
No Super
Super

42.2
42.4

4?.5
48.r

50.9
46.9

46.9
45.9

9t.0
92.2

t02.4
103.7

109.6
10t.2

r01.0
s9.0

lllean 42.5 47.8 48.9 I 46.4 91.6 103.0 105.4 r00.0

Staadard Errors :

Stra$: 0.741 clrt. oI f.60 fer cent.
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Meaa of nitrogeD and no nltrogen.

Average yield.

cwt. per acre. Per cetrt-

No
Pot -sh. Pot -sh. lleatr.

No
Pota-sh. Potash. fIean.

Hay, Dry Matter-
No Super
Super..

50.7
5l.5

53.3
50.4

52.0
50.9

98.6
100. t

103.6
97.8

10t.0
99.0

Mean 5t. t 51.8 51.5 99.3 100.7 r00.0

Greio atrd Putse-
No Super
Super ..

19.9
r9.0

r9.s
20.0

19.6
19.5

98.5
97.3

l0l.?
102.5

100.1
99.9

lIeatr l9.t 19.9 t0.5 97.9 102.1 100.0

Straw-
No Supe!
Super ..

46.3
15.7

47.4
16.2

46.9
45.9

99.7
98.5

t02.2
99.5

101.0
99.0

I\Iean 46.0 {6.8 46.4 99. r r00.9 100.0

Standaid Errors : Hay, Dry Matter : 0.709 c1f,t. or 1.38 per ceat.
Graitr atrd Pulse : 0.399 c\rt. or 2.04 per ceot.
Straw : 0.605 cwt. o! 1.30 per cent.

Ditfererc€s ol seed mixtures : Itr all cases the vetch mixtur€s give higher yields thao the Pea
Dixtuies, add tie oats Eixhrres give hiShet yields thao the wheat mixtores, but the lirst oI these
dilterences oDIy ieacLes t-he level of sigailicance iD the hay 8ie€E weiShts, aod the secoad only irt
the hay green weights atrdhay dry Eatter. (The experimetrt is Dot capable of giving a very Precise
rrdict oll tlese poitrts.)

Manurial Efiects : Nitxogetr is sig[iJicatrtly beDeiicial in tie case ol the hay aDd tie straw, but
siSnificatrtly depresses the yield ol graio aDd pulse. Nikate oI soda Sives a siSnificaEtly higher
yi;ld +h,. Sulpf,ate oI Ammonia in the case ol the bay aDd the straw ; in th€ case of the Srai! and
|ulse there is oo siguilicart differeBce. Pota-sh siFriJicatrtty increa-ses the yield of Staia and pulse,
aad ol hay seighed ia the greea statr, but it has ao sitdlicaot €llect oE the straw, aod ao aveESe
effect oD ttre hay dry mattet. Phosphate shows no getrenl effects.

For t.}re bay dry matter the higher yield of plots ieceiviat either Potash or PhosPhate comPated
with tlose receivin! aeither or bo6 is atatisticdly sitdficatrt, as is the higher yield iE strar of the
aitxate of soda plots reeiving ao ph6phat€ compared with those reclivilt PhosPhate. Thele i5 ao
evide[ce tiat tLe maaules act differeatly oD the diffeteEt typs of crop.

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-1-65 pp 155

151

POTATOES
Nitrogenous Fertiliser: Sulphate of Ammonia.
Potassic Fertilisers: Sulphate and Muriate of Potash and Potash

Salts (30%).
Each in single and double dressings.

Superphosphate.
R P-Pastures, 1931

N.lv.
GDA

Sup.rDhGph.G .t tb. r.!c ol
0.6 flL p.r .@ P.O. aDDli.d
ro @. ort of act Fit of

D 3ub-plots, iudiet d by thcs tE.t6@t syDbol occufiDa

Fadyard m.n@ : ll loG Fr
acre, apprctibeltly, at pli.d
to pEvioE Np ol KaL.

XA.!tr. .ppucd I April roth.

Polato.3 p!.nt d: April l3th.

C Potato..lift d : Scpt. loti.Oct.

Prdiol,! Cmp: K.l. lGd ofl Dt

Key to Trertrlleats.

Actual Betghrs tlr lb.-Sub-plots with phospbste.

SYsrlr or RtPltqnox: e
@dobied bleb o, 0 plot!
@cb. E ch plot divid.d ilto t

AIB o! ErcB Sus-Plor:

TssnErs : T6tila 0, 0,, .ad
0.4 L De! @Nin lotE
o{ SulDh.lG ot Alt,l!mi., 0,
0.4 .!d 0.8 c*r Fr .N qO
in tn. ll'm ol SulDhat ol
Pot Bh, Muirate ot P6tsh.d

8M 75 45
2

8P
8S

8P

3
l- 'j I 9M

,: _t_
8Slru .lP

2 8M:-
- i-leP 3

4M ll; 5M

r l4lri7M 3 6S 5M G l o}t i

9S8P I 4P
8tl

4S

-i6P 3
3

OP a 1P g 6Pi
-l3lelrl1P

-t-l- - 5P
9P

8M l

-les, 25Ml- i- 61,I
8P j g

t-
?P 65 ?M G I g

Treatseat No. I 3 1 6 7 8 I
Sulpb./ADE.
Potasb

0
0

I
0

2
0

0
I

l
I I

0
2

I 2
2

E.q

{-6
BlocLs.

B C D E F G H I

00ol
02
l0
tl
t2
20
2l

268.00 i 263.00
198.75 | 284.00
213')i t A26 75

I

243.oo l2it.75
ztg.zs 'i zat.zs
236.76 I 321.00

I

247 _5{t I 329 (n
258.50 306.00
:79.50 250.26

25t.25
297.60
327.60

29t-15
31o.25
303.60

356.25
305.60
350.25

213.76
189.00
214.25

212.76
223.00
218.60

228.25
222.50
256.50

241.60
269.50
239.00

258.75
258.75
27 4.50

3r7.50
265.26
308.60

256.00
238.15
157.25

241.76
246.16
306.25

326.25
298.00
289.00

r00.00
171.50
t83.25

223.7 5

187.?6

221.60
268.50
263.00

2?6.O0
253,60
213.75

235.15
257.25
280.25

329.25
294.60
313.00

266.00
283.76
183.25

306.00
245.00
3r0.75

282.75
233.16
285.00

H
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Actual w€tg,htE tn tb.---Sub-plots stthout Pho8pb.t .

Effect of Quantlty of Nltrogenous and Potasslc Fertlllsers, in telatlon to

00
0l
o2
l0
ll
t2
20
2l

161.26
266.60
245.76

266.00
25A.16
26A.26

268.60
285.60
289.00

StaEdard Errfis: Siogle treatieat: 0.385 toBs o! 3.3Y/-o. 
- -^,Me; of 3 treatmetrts : 0.222 lons ot l g*/o'

Mea! ot SuPer. atrd Do Supet.: 0.189 toos or 164%'

Etrect ol Quantiqa and Quallty of Potasslc Fertiliaers, In relatlon to SuperphosPhate'

St"od..d E.-t.: Siatle treatEeat: 0.386 toas or 3.33o/o.
lleias : 0.272 t@s or 2.35Yo.

Hitritcty si$dicaot lcq)onse to sulPhate of ammolia aod sitDificatrt rcspoNe to suFrPh(E'
9batc. No tEspoase to Potash.

24r.50 1252.76 | 1e4.75 | 251.50 I 275.60 | 176.25 i 249.00
zaz-za I soz.oo I zot.so I zza.oo I262.25 12J6.25 1242.@
5sz.oo I ssn.zr I zol.oo I zz+.so 264.00 207.25 215.60

zso.zo laot.zs l2oo.oo L283.00 l26l.00 ,241.25 1232.50
ie2.oo l5oo.:s I ztz.n I zsa.ts l2s4.oo i104.50 i255.50
zg4.0o lego.zo 1203.26 1301.50 12E0.00 !2ll.0o i240.25

318.76 13 .26 ll88.OO I279.50 l319.0O l216.50
si8.z5 l 2?z.oo l r$.26 1 24.?6 1 29s.76 i 261 50
ii.zs I stz.za | 203.75 | 2$.60 i 30?.00 | 207.60

2U.75
210.75
238.25

250.00
221.00
2t7.75

251.50
262.50
249.25

Summary of Results.

Average yield in toDs per acre. Average )'reld pe, cetrt.

No
S/AmE.

Siogk I

SlADn.l .T"#l ]IeaD.
No

S/Amn.
Single

S Amm.
Double
S;Amm Mean.

i tio Potash
witlott { sitrgle Potasb. .
Supel I Double Potasb

l0.ll
10.79
1r.33

I1.35
I t.23
11.63

r2.26
11.94
I1.97

I l.i{
I r.32
I1.65

8i.4
93.3
98.0

s8.l
97.t

100.5

106.0
103.3
103.5

s7.2
s7.s r

t00.7

trIeaD 10.?4 I1.10 12.06 I l.{0 98.6 104.3 98.6

I No Potash
With { SiDgle Potash. .
S"per I Double Potash

I1.02
10.69
r0.27

t t.78
I t.65
I2.10

l3.l I
12.08
12.87

11.97
t1.41
I1.75

95.3
s2.1
88.8

101.9
100.8
104.6

113.4
104.4
llt.3

r03.5
ss.2

l0r.6

llearl r0.66 I1.84 12.69 1Li3 102.4 109.7 l0l.4

I Mcaa o, $rper aDd no sup6 10.70 r 1.62 I1.57 sr.5 100.5 107.0 100.0

Average 'ield iD to[! per acne. Average yield pe! ceat.

}Iuriate I

of Potash.l
I

Potash
Salts.

Sulphate
oI Potash

Muiiate
,f Pot -st

97.2
r01.5
99.0

Pota3h
Salb.

93.OI rot.o
I No Potash

Without { Single Potash
Super I Double Potash

11.21
rt.48 I t1.74 I 10.76
lr.?5 I rr.45 | 11.74

99.1
t01.6

Meatr ot Single aad Double
Potasb 11.60 1I.59 t1.25 t00.3 100.2 s7.3

I No Potash
With I Sitrgle Potasb
Supet I Double Potash

11.22
lt.9?
11.66
I0.77

I1.54
12.16

97.0
106..1

t03.5
r00.8

93.1
| 99.?

I 106.1

Meao of SiESIe ard Double
Potasb I 1.77 lt.ll ll85 t 01.7 e7.o | 102.1

I

Sulphate
oI Potash
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SUGAR BEET
Correcdoa to 1929 Experirae[r.

--^i*1d:t_=l---$q of ttris experimeot-rcv€ated certain defects *bich vitiato ttre oriainataEary$s. A Deqt anal[srs bas D.rr tf,en hade. The pri.ocipal correcti@ i5 t}at tb. staoaarderrojs givetr iE the ori€inal summary ot 'esJe irgzs R,i;- rt ;-r6l5i"JJ#sa"oury t- "-"tt.. No statdard errors applicabte fcir all -compa;soos cari te 'ai$guedL tt" L-Uo (z),.of sepataGtreatmelts. The standard errors of tabte (6), coEparirg SJpEte aeiii"i", liit;te oi Soa-iaDd Eo dtrcgea, sbould be :

Roots. Tops. Sugar Perceatage.

0.008

ToDs per acre
Per cent.

aDd-ttre suhlrary u[der (6) sta,lds Eitiout correctioa.
_No resporse to or iateraction witi phoqrhate is sigDiticant. Table (.) should tberefore readas Iollows :

(c) Ef,ect ol Salt atrd Chlortde ot potash, ayeEgtng fo. Vartety, phosphate and Nllfogen .

Tbe suEloarl/ should read :

_..^T"-. rrS:ry, of yield due_to salt rs barely sigDilicart itr the case of the roots, but is defi-ErrejX sr8lrrrcaDt r.tr tne cSse o_f t}_e !ops: Muriate oJ potash shows Do sie_nilicaat efiects.rDe statroard errors Ei\rea in -Iable (d) do- not apply to the compariiiras showa, aEd lto effectof phosphat or 
'ariety-caa 

.l,ih to }'e ciear- ty rdgul-A&trt. il. ;#.-";;; 
"""r Eore stroDglyto the poosible irteracti@s discossed at the Io& dtio6:' 

"*.E"tt&'S- to produce .fcctsof aiy iEportaEce.

Roots. ToPs. 
:

Average yield-
totrs per acrc.

Wittrout
IIur-1'Pot.

with
Mur.pot. lleao.

Without
Mur./Pot.

witb
Urlr./?ot. lleatr.

Witiout Sdt
With SaIt

7.24
7.54

?.38
1.32

7.33
7.63

5.13
5.56

5.35
5.60

6.24

Mean i.11 7.45 7.43 5.34 5.48 5.4t
Standard Effor 0.107 0.08t
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Sugar Beet: Comparison of Dunging immediately before plough-
ing and tl-ree weeks previousln Test of loosening
sub-soil by band diggrrg. Variation in spacing.

R S--Great Harpenden-l93l

A N.E. B

SYsttr o. Rrruc.flox: a ..!.iooi!.d
Dldtt ol8 Dlots .eb-

AE^ o! E^d Plor: .0O'OE .d!.
Vtui.tr : Ii6r"
TrBrllltrs : AI coEbinatioE ot :

_ duDa.d th@ w..ks bef6. Diou?bintD (DlL du!.d iEm.diat iv l;ft,;
plousbiD3 (D2). Ploushed 6Drv tpl, Plou{h.d aDd bad d& - tlrl:
Spacira l0 iE. bv 16 i$- -tSI\ ;
Speha 14 iB. by 10 ,/3rd iB: tSfl
DuD6 .t tbe Et ot,0 taB p..;rr.'

Basd Dt!.siDs: SdDhat of A@onis
at tb. r.t of 0.t *t. N D.r ..8. K cl
at th. EL of 0.6 crt IqO pcf .8.
suD.rphocphat it th. iat ofo.t crt-
P.Or !.r aaE.

S.rd soE: Mr, E-gth.
B..t lift d: Oct. 31-N@. trd.
PrEi'lou @p: T.ED@ry l.y. t.t NDLl6 lq h.v. AIt@i.tL afin 6lt

by shc.D, rhicb rd! .lso t d 6
t@iP8.!d cor!-

7 I 7 t

6 I 4 1 8 3 6

6 5 8 3 I 4 5

4 I 7 6 7 8

6 4 I 7

3 I 5 8 6 1 I

to Treatments-

I 2 4 6 I
DI
P
SI

D2
P
sl

DI
H
SI

D2
H
SI

DI
P
S2

D2
P

DT
H

D2
H
S2

Actual E€lght8 tn lb.

Block-
Roots (dtrty)

I 4 6 1 8

A ..
B ..c ..
D ..
E ..
F ..

lt? | t27lrr I rsot2s I tzz
128 I r2E
126 I t32u9 I raz

tl0
ll,
124
122
tl8
l14

190
126
128
124
122
122

r08
96

112
r09
113
100

ll8
I2
lr8
l9t
llg
ll2

104
106
lr8
ll0
ll6
lll

108
lr9
ll7
t02
tl5
122

B ..c ..
D ..
F ..

t27 | r13
.t20 I 136lm I r3.5
Ls2 I uol4l I rsl
r28 I rso

rr8
r26
115
134
lr9
120

Topa.

t38
t12
162
t32
I43
124

120
109
t26
r31
t2r
108

t29
134
132
l{0
140
t28

tIS I 134rra I 141Ig8 I tza
r3o I rzo
133 I r3Al3r I rg

c
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Sugar Percentage.

Block.

t9.53
t9.43
19.50
19.38
19.67
r9.38

1s.38
t8.98
19.09
18.53
ts.26
18.59

r9.38
19.47
20.06
t9.61
19.61
r9.06

qlrryqql 9fllqgtts.

19.26
t8.?6
1S.03
19.39
19.32
19.61

19.20 i lS.6l i 18.86
.18.78 18.70 i 19.20
20.08 I0.8r i 18.86
18-92 I 10.03 19-90
19.26 i 18.08 1 re.6l
20.06 1 18.86 1 18.70

ll

Average yield.

toDs per acrc. Per cetrt.

x 16-" 124'x IoI"
Meatr. Spa.inS

l8" t 18"
Spacing

24" x lO*"
!dea,a. r

13.07
12.58

l2_83

I1.4?
I1.96 12.27 r03.3

99.4
90.6
94.5 97.0

ll.?r t01.4 99.6 I

I Ploughed oaty
Duqed I Ptrough€d & ba,nd dug

Irte I
Iuo"

13.95
13.34

!9.58
t9.28 13.0{ 110.2

105.{
99.4
97.0 103.0

13.6{ ll.{3 107.8 98.:l

MeaD o, dunged early aad late, . 13.24 12.08 12.66 104.6 95.4 r00.0

MeaE o, ploughed ooly
lMeao of ploughed aud dug

13.51
tr.96

12.O2
t2.t2

106.8
102.4

095-
95.8

' To?s-
' f Plooghed oDly -.
Dunged lPlouShed & Desd dug

Earlv I- 
t ueaa

t5.13
14.80

14.62
15.43

15.12 s8.8
92.8

91.0
s6.7 04.8 I

t3.26 l{.97 95.7 s3.9

I Ploughed oDly
'Duoged I Ploughed & baad dug
I I-ate ). I u"a"

17.17
17.00

18.24
16.40

18.78 109.5
106.6

10r.8
102.8 t05.2

17.21 16.32 108.1 102.3

Ilea,a of duaged e3rly atrd late . . 16.25 !5.6{ r5.s5 t01.9 98.1 r00.0

llreaa of ploug[ed @ty ..

lMeen 
oI plouChed aad dog ..

16.60
15.90

15.38
t5.92

104.0
99.7

96.4
9S.8

Sotar Perc€trtate
i! Roots.

Ploughed oDIy. PlouShed aad hard dut.

Spacin8 Spacing
21" xtO?"

SpaciDg
16" x 16"

SpacrnS
21" x 101"

18.96
19.38
19.13

t9.53
ts.48

19.l9
t9.18

N{eaD 19.09 19.26 19.60 ts l8

8

l9-32
18.8t
19.38
19.20
19.09
19.26

7

i Roots (washed) j

I Plooghed oDly
DurS€d J Ploughed atrd haid dug
i Earlv I
, t M"ao
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Staadaad Errors,

Tols per acrc. Pe! ce!t.

Singlc
treatmeDt.

Meaa
ol2

treatments.

Mear
ol4

t eatmetrts.

Sitr8le
treatldent.

Meaa
o{2

txeatmetrts.

M€art
of4

treatEeDts.

Roots . .
Toos

0.2r0
0.417
0.145

0.148
o.295
0.103

0.105
0.200
0.0?3

r.66
,:,

l.17
t.*

0.83I'
Detinitlly siEauicant effect oI Ume of applyrng dulg, both oE roots aud tops, t]}e latct

application Seing superior. The square spacin81fu iigriilicantly suPerior to the rectatrEular sPaciag.
ii ieoeral, and the ehect is significa4tly greatcr otr the Plots without hard diggitrg, both as reaards
roo,-Ls aad tops, The sugar perc€ntdge ia sigtrilicatruy higher otr the haqd du8 plots with square
sDacils than_ otr the rcr;^ininq plots. T4ketr itr coDiulctioq with the yields this imPlies thal tic
6tal ield oI sugar is signiri-cantly iacreased by square spaciog, blrt is oot a,fiecttd by haad
diSgioC.
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REPLICATED EXPERIMENTS AT WOBURN
Sugar Beet : Nitrogenous Fertilisers, Sulphate of Ammo,nia and

Nitrate of Soda.

Chloride Dressi.g, Sodium Chloride.

W S-Butt Furlong, 1931 (Micro-Plots)

t.

Sysrtl or Rrrucafloi: 6xt L.ti! Sq!r!.
&r o! E^ca P!dr: 0.0{16! a.r!.

TE^rExrs: No dltor.a , SrlDtEa. ot.{@i. ! NitEG ot Sod. at tt; nt oI
0.63 crt. N Dcr acr, Sodi@ Cuoltd. .t ttrt ot 1.3 crt. CL Fr..t!.

All dot3 lrccirrd @booatc or liE .t tl. Er.
of I too pei .@,Sup.rpbcph.t .t tt! nt ot
O,a sl. P.O. D.. e.r. .!d llEi.t oI Potrh
.t tt r.tc of 0.E aL K.O F..r!.

U.auE.pplt d: X.y gth.

S..d son: l{.y gth-

B..a Ijtt d: !iov. g!id.
Ptgrlo[!.r!p: S..d! .ora rms h.rr.t.

N.E.
I

45 6 I 3

3 I 5 { 6

6 4 3 l

6 5 3 t .l

I 1 6 3,,rl l 1 6 5

Key to Treatrlents.

ylelds lu lb. corrected to coDstant plant number (46).
l-

Treat8rent. I 3 4 5 6

Sulphate ot AmEoda
A*itlate oI Soda
Sodiuxo Chloride

Ror
toots (washed). Tops.

I 2 3 1 5 6 I 4 6

I. -. I 36rr -- I rz
ur. .. I srtv. .. I zsv. .. I s6vr. .. I sz

48
41
43
53
49

42
42
48
48
12
48

40
46
34

39
39

48

4t
4S
47

47
4l
47

48
14

42
46
43
44
43
43

64
65
sl
80

0l

74
72
64
68
60
62

55
40
43
52
47
55

7l

5l
69
63
67

76
6l
74
77
64
63

Row.
Sugar Percedtage.

I 3 1 5 6

17.50
17.10
r0.36
16.25
18.01
t7.22

17.56

t6.76
17.22
17.22
18.02

16.70
16.70
t6.18
16.87
16.47
16.70

11.50
I7.39
I8.?6
16.82
17.60
t7.4

t7.44
t7.27
16.48
17.00
t6.92
17.54

t6.75
16..12
t7.27
16.93
17.62
17.84

I,
II.
III.
rv.

vr.
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Sugar percentage. No Nitrogen. S/AmB. N/Soda. Mean.

Witlout Cbloride .. ..
With Cbloride

t7.07
t7.24

l7.l I
17.33

16.65
17.t4

16.9s
17.21

Meatr 17. t5 t7.22 t 6.90 17.09

Standard Errors.

Surnrnary of Results corrected to constant plant uumber (46).

Average yield.
Toos pel acre. Per cert.

No
Nilrog. N/Soda MeaD.

No
Nitrog- S/Amm. N/Soda lfeaD.

Roots-
Witiout Chloride
With Chloride . .

9.65
11.28

13.68
13.78

12.96
r 3..14

t2.10
12.83

77.4
90.5

109.8
1t0.5

104.0
107.8

97.0
103.0

Meatr 10.46 13.20 t2.46 84.0 tl0.l 105.9 100.0

Tops-
Without Chloride
withchloride,. ..

t2.77
t4.02

18.10
18.62

r9.20
19.92

16.69
17.52

71.6
8l-9

105.8
I 08.9

112.2
116.5

97.6
102.4

Mea.o 13.39 18.36 19.56 17.10 78.3 107.3 114.4 r00.0

2.44 1.99
2.rr I 1.720.510 0.361

0.156 I 0.r10

The elfect of the nikogetrous dre.ssings is defi[itely siSnificant. Nitrate oI Soda is siSaifi
ca.afly superior to Sulptra6 of Ammonia ia tie ca^se oI the tops, but is not siSnilicaDtly ilierior
in tn6 caae oI the rooG. The effect oI chloride is iust sig:oificart. The sugar Percetrtage is
sigtrificantly itrcreased by sodium chloride ; the dePressioa \rith Nitrate of Soda is not siStrificant.
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Sugar Beet : Nitrogenous Fertilisers, Sulphate of Ammonia and

Nitrate of Soda.

Chloride Dressing: Agricultural Salt (NaCl), com-
padson of early and late dressings.

lncorporation of Fertilisers by means of Simar or
Harrow.

'W S-Butt Furlong, 1931.

SysEr o! PGpucArrot : 12 rudoEis€d t'lelrs ol l2 plots a.h, d.
bl@t of ach pau beina simaftd.

AEA or E^cE Plor : 1/901h e@.

T.B^rer.s : No Ni&osetr, Sulphate ot At@oDia , NitEte ol Sod.
at the Ete oI 0.6 c*4. N p€ atre. ASdcdtlrEl Salt at the Ete of
1.5 cPt. Cl per a@.

The Eboie oI the ,@ wa treated with I io! of CsboMte of IiE.
Ds a@. AII plois re'ved Suxrphcphate at tte dte oI0,5 dt.
P.O, per .cE dd Murbt of Potash at the rate ol I cwt. KtO

Th€ whole oI the nanl,c r€re appli€d @ty (E), lI@ *e€ls
b.t@ e*iDs, @ rate {L), at time of so*iig.

Blqks B, D, F, H, J, K wcF sib*d alt r fiEt Datrurialdj6itr€ ad
rll otlrr bl6Ls harcw.d. Simadla sas t6t d ,g.ici bmiD8
as a @.rbod of ir@rpoEtiDs lhe natrllc witb lbe eil, mther rhab
s a cEltivation tEatment.

Marr,s .pplied 6ly: April l7tt. Lat€ : May 8th.
S€ed soM: May 8tb.
Bet LiIted : Novemle! lth-18th,
Previ@crop: S€€ds em aoonA beley.

N.
B

D

I2 3 6 lt l,i,
I I I 7 t0 8 6

8 I t: 8 4 3 I

F

4 l0 6 5 0 l0 1 I

ll I 4 5 4 12 6 1 4 10

l0 2 8 s 3 8 I1 I I 7

3 1: 6 I I 10 t2 I 6

3 I 7 I 6 I t0 I 6 4 I 5 I t2 t0 2 1 8r6

l5 8 t2 r0 7 I 1 ll 3 E 6 t2 8 6 IO t2 5 4

I 12 6 I 3 4 8 2 I !,, I tl 8 l0 3 I 1 I 3 I I

Key to Treatrnents.

o
S
N
o
S
N
o
s
N
o
S
N

o
o
o
I
I
I
o
o
o
I
I
I

E
E
E
E
E
E
L
L
L
L
L
L

I

3
4
5
6
7
8
0
l0
ll
t2

l0
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Weights in lb. corrected to constant plant Durnber (100)-Roots (dirty).

Block.

B
(l
D
E
F
G
H
I
J
K
L

158.7
109.4
142.0
80.0

t05.I
98.1

104.O
124.5
96.6

r06.9
95.8

120.0

121.6
132.9
r08.4
to4.7

7 5.7
77.t

102.8
115.5

88.S

105.2
108.0

783

6;5
108.6
87.0
70.1

i95.?
| 96.6

127.9
115.8
79.2
75.6

r03.9
92.5
59.7
46.5
47.|
44.6
84.2
86.0
60.9
38.4
68.9
8t5

125.2
r38.6
t40.6
99.3
s5.o
s2.4

106.O
lroe.g
f22-2
96-5
936

Irzz.o

146.0
r 43.5
t17.7

96.4
l0l.t

98.O
68.O
70.3
88.9
86.5

126.9

116.8
123.8
83.5
70.5
83.4

84.4
75.7
93.7
16.5
70.8

108.5

145.4
144.3
I58.5
lll_6
108.7
107.5
t10.9
125.0
102.7
128.9
114.4
138.4

t31.9
122.5
t 32.5
87.6
97.1

1o7.2
113.2
113.6
124.2
113.9
135.1
It4.9

112.8
ll9_5

7 5.O
70.6
6?.9
62.S
75.7
93.0
84.2

t12.8
92.3
95.9

150.7
157.3
143.7
103.1
102.8
r18.0
I r3.3
t18.4
114.0
144.3
116.5
127.5

128.t
139.3
t39.0

8S.9
107.6
I14.4
108.1
l2l.o
t l9.l
1I3.7
102.5
r29.1

146.6
s7.6
6r.6
76.7
72.6

104.1
68.2

100.4
97.6
96.2

Weights i[ lb. corrected to conatalt plant number (fooFTops.

r12.9
124.2
g0.r

43.$
34.8
67.0
96.S
39.6
70.4
63.2
70.0

145.4
93.0

140.0
62.9

123.3
r23.0
t 41.0
t0,1.4

5 t.9
48_5

t01.5
120.1
;3.4
45.1
76.1

100 ,:i

127.6

193.9

i 5.o
6r.1

l06_o
tot.0
88.5
68.I
66.t

I l{.1

J

155.6
127.5
t 63.8

73.0
64.9

103. r
46.8
39.4
63.0
71.0

t3t.8

93.4
69.6
83.3
43.3
50.r
43.3
69.9
50.0
51.5
38.6
45.6
81.6

17.76
17.62
17.44
t8.64
t8.12
t8.24
18.36
ls.i8
t8.75
I8 :la
l8_41
17.06

r30.5
r21.0

7 5.6
64.8
66.0
76.5

118.5
88.2

102.4
44.7

112.6

93.4
95.4
56.0
55.7
37.8
35.6
51_1
77.O
49.1
69.3
70.0

127.4
8r.4

t80.5
47.7
72.5
89.5

101.4
85.2
47.4

112.9
19.2

124.4

125.9
160.7
t94.6
65.4
87.6
81.9

lll.9
130.2
93.4
84.7
92.9

t25.9

174.56l.l
107.0

1100.9
| 6z.j
i6?3
I cas
lroa.e
l

17.56
t7.22
17.79
17.61
t8.24
18.30
t8_35
18.0{
18.l9
lE.l9
t 8.61

lrzol

Sugar Peicentage in Roots.

I

It.t3
17.04
17.7J
t 7.90
18.42
18.84
t7 56
18.24
I8.86
l8 99
l8 3J

I7.39
t?.38
17.98
17.49
18.t8
t8.06
t 8.04
t 8.24
l;.95
t8.70
t1.82
17.79

t7.4t
16.67
l ?.0{
18.30
17.74
17.95
t7 _22
t 8.07
l$.02
t8 02
17.62
17.79

17.42
18.0r
17.90
17.73
18.l2
18.07
l8_ l9
r8.58
18.30
17.68
r9.rl
t6.93

17.22
t7.56
t6_17
t4.24
18.6l
18.41
t 8.04

11.27
r8.24
l /-.04
18.53
t9.24
18.35
18.4t
18.06
t8.98
17.95
18.25
18.27

16.88
17.68
14.42
17.84
t7.96
18.01
18.96
18.52
18.71
18.99
19.38
l7 78

16.8?
16 0s
r6.s3l
18.47
17.78
19.l0
l8_07
t7.73
t8.70
18. r2

17.78

I
18.44
19.21
t4.42
17.84

i 
r7.50 re.r8

130.7
127.5
t46.S

77_t
61.4

122.7
100.5
71.1
86.4
65.7

128.8

J Estimated.

78
17.56
17.84
17.68
Li.62
17. 95
t8.t8
18.13
17.95
l8_ l2
18.93
I ti.2.1
I r-.56

16.07
17.22
16.65
17.21
t8.48
i8.07
t 7.56
17.58
18.6{
18.70
17.78
17.i3
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Sumrnary of Results corrected to constant plant number (lO0).

Average yield.
Early Late

No
Nihogeo S/Amm. N/Soda

No
trogeD S/Amm. N/Soda

Roots (nrashed
toos per acre

Harrovred atrd tro salt
Harrowed aDd salt
Simared and Do sa.lt
Simared ard salt . .

rool
9.58

r1.94
lt 76
10.95
I1.t7

10.78
1t.66
t0.91
10.18

9.96
9.r0
9.59
9.81

13.61
13.39
13.03
13.49

12.11
13.0r
12.10

Roots-
per cent.

Harrowed aad ,1o sa.lt
Harlosed and salt
Simared and Do salt
Simared aDd salt . .

87.4

83.3

u2.6
Itl.0
95.2
97.2

93.8
101.5
94.9
88.5

86.6
79.2
83.4
85.3

118..1
t16.5
113.3
117.3

110.5
I13.2
105.3
105.4

Tops-
toas per acre

Harfo*ed and ao salt
Harrowed atrd salt
Simared aad oo salt
Simared and salt . .

roJl
9.13

t5.41
15.43
1o.90
12.02

13.78
r6.07
t2.17
10.34

10.35
89r
8.67
9.57

15.96
16.72
t2.82
t2.92

14.79
t7.82
r3.r0
t4.84

Tops-
per ceDt-

Hairowed and no salt
Harrowed and salt
Simared aad no salt
Simared alld salt

82.0

?l I

I19.9
r20.1
84.8
93.5

107.2
125.1
97.0
80.5

80.6
69.4
67.5
14.5

124.2
130.1

99.8
100.5

ll5.l
138.7
102.8
115.5

Sugar
PerceEtage-

Harrowed aDd no salt
Harrowed and salt
Simared al1d no salt
Simared and salt

rzsr
18.t3

r8.05
t7.89
18.00
t7.98

17.70
17.78
t7_77

17.97
18.20
t8.24
18.23

17.84
17.78
I8.21
i8.40

17.77
I7.60
18.37
18.02

I

StaDdald Errors: Roots:0.869 totrs or 7.85 per cent.
Tops : 1.702 tols or 13.54 per crDt
Sugar Percentage : 0.252.
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EEect of Nltr.ogenoua Manures.

Meatr oI Salt atrd No Salt.
No

Nirogetr. S/Amm. N/Soda. Mean. Error.

Roots- | Early .. : 9.81.
totrs peracre lLate.. .. I 9.82

1M."" - -I r 
972

r 1.96
13.38

12.67

i0.88
tr.48

10.88
I1.83

0.270
n.68 l1.36

Roots- Earlv
Eer cetrt. I-ati..

llean

85.4.
83.8

104.0
r 16.4

94.1
108.6

94.i
102.9

2.35
845 I t0.2 I01.6 98.8

Tops- I Early .. I

I-ate- - -- |

t---------------1
| 
,.." 

I

9.84.
9.38

13 44
t4.60

13.t6
t5- 16

12.I5
t3.05

0 528
s.6 t t4_o2 14.16 t2.60

Tops- Early
per ceDt- I-ate. .

1u."" .. lti

7A.6. 104.0
?3.0 i r 13.6

?{.8 I 100.1

t02.4
1t8.0

94.5
t01.5

4lt
1 I0.2 g8_0

1...,,
Sugar perentage- ?". ,

i 
u"."

t 7.98.
18.I6

t8.07

17.98
t8.06

17.68
t7.96

17.88
18.06

0.088
1S 02 17.89 17.97

tThe 12 plots without nitroten or salt that should have received thei! basal dressing early
received it late i! erro!, and have boen included in the late troup.

Nitroten is si8nificatrfly beneiicial, both to the roots atrd tops, aDd tle late dressiDg oI aitrogen
is sigli{icatrtly superior to the early dressiDg. There is Do indicatio[ that the late applicatio[ of
the basal manures is superior to tbe early applicatio!, except possibly iD raising the sugar cotltent-

Sulphate of ammonia is sitailicarltly superior to dtrate of soda Ior the loots, but there is Do
djllereEce iD the case of the tops.

Salt produced no effect, either irl the cally or late dressiog.
Nilxogenous dressinSs siSrdficaotly depress the sugar percetrtage; the depressioq beitrg sigDi-

ficaEtly greater vrith niuate of soda. The plots with early dlessiats have a sigaificatrtly lower sutar
cortetrt ttran thos€ with late dressings ; this ditference is mo6t marked iD the case of the sulphate
o{ amrDoda plots.

The dilference between simarint aad harrowiDg is not sigDificant, (t!e crperiment is iDcapable
oI giviD8 a precise verdict on this point).
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REPLICATED EXPERIMENTS AT OUTSIDE
CENTRES

Grassland. Meadow Hay.
(Basic Slag Committee).

'W. Eydes, Esq., lTalton Lodge Farm, Walton, Chesterfield,
Derby, 1931. (DH-). Second Season.

Permaneot llrass.

1. Sysr6! o. Rr"u.^rtoN: 5x5 btin Square, plots split lor Pot.sh.
AE^ oP E^ca wEorE P!ot: 1/15 au€.
Soil : Clay 6in. deep.

S :Sup..phcpha te.
il: MiEar Ptcphaie-
L:Low Soltrtte SlaA {Citric elubility 2;].070).

H:Hieh sluble Slag ( ,, ,, 96-r%)-
.-,Uuiate of Potab at the rate o{ 0.5 cet. K:O P.r ac.e applied to

one our oI each pai. of suEplots (indicated by tb€ t.eatment
srrbol @rufting oD that hall.l

Phcphatic d.6si.ss at thc rate oi I .st. PrOr !8. acre, applied

Hay cut : J\rly 27tI.
Hay weiAhed : lwust 6_7t!,

tI,

III,

IV,

\-.

Witlout Muriate of Pota-sh.

I
II

III
IV

76.7
9?.3

113.9
97.4

ll0.t

s4.4
108.4
rll.7
to7.2
104.0

86.3
1t7.2
ll2.t
101.6
t02.0

to2.5
97.3

115.6
100.5
sl.8

104.7
107.6
t07.6
108.0
108.7

99.5
ll? l
too 5
108.7

106.9
I t2.8
t28.2
I15.0
132..1

98.8

t20.9
120.3
105.3

1o41 tt? 2
101.0 r20.9
I16.l r20-9
I12.7 1t0.0
82.4 105.3

HL
M o S

yln
-l- o 1 L

S o
L H

L ]I S
H 1

OS
- H I, M

Achral weiEhts in lb.--Dry Weights.

Surhrnary of Results-Dry weights.

Average yield. Phcs-
phate

Mineral Low
Slag.

High
Slag. Super. Mean.

Standard
Error

Without Potash
With Potash . .

26.5
21.6

27.8
30.4

J i.l 28.8
90.8

:,18.J
J 1.8

27.i
,9.6 0 78S

Mean 27.0 29 I 2i_1 i9.8 30.0 28.7 0 658

AveraSe yietd-
per ceat.

Without Potash
With Pot3sh . .

92.6
96.r

97.0
106 2

s4.9
96.6

r00.3
107 3

08.9
I to I

966
103.4

') t'a

trIeatr .. 94.3 l0l.6 ss.z I roa.e 10{.5 100.o 2.29

Significa:nt respoDae to mineral phosphate, to high soluble slag, and to superphosphate.
€frect oI pobsh is also significaEt.

\\'ith Yuriate of Potath
iT
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Grasslaod. Meadow HaY'

@asic Slag C-ommittee)'

W. H. Limbrick, Esq., Badminton Farq Badminton, Gloucester-
1931. (GH). Second Season'

Pcraan€nt Era!4.
Sysrlr o, Rtt c ttox: 6xa l:ti! Sq!.E, PloB 'Plit 

lo' Po"'h'
Arq or E^cs Sut-PI,t: Vx)tt.ctl.
SorL: LiAbt tld lo.D, E irt d..P.

B-No pD..Db.t .

A: srp.4Do.Ph.!.
D:xil8 l Pt .pt a..
C:r-r Sorubr. Sr.r (Cittic !.rhbitily ,1.0'/.).
E-Hig!solEbbsr.g( . - 16.!0/.).

Hrrl ol a.n ob. lEir,cd I c't. Xui.t of Potrth F. .ct!' 
'PPlitd eoE out ol'4t Daii of 3rb'Plot lio.lic.t d bv t!. tmtllE"yEDol

cllttiDg @ th.t hd0-
Pt6pb.tic dt*ir{B.r tt. .rt of r crt. Prq Fr.@'
ti.y cut : Jon ,ttD.
HA, Eighcil Jdt at!.

Sigtrificaat rq?otrse to high slag aod to sBFrPhoeP-hat The.rcs.pou{ to ouriat€ oI Pota-sh
i" ,rB "ic"ilii."il 

Hiil 
"rag"aoa 

J"p"i"." "i3iiti"."ity 
suPerior to lb$' slag but not to mitretal

Actual welghts tn tb. (Green weight8).

Row.
B c D E ts C D E

witl uJ.i"t" oi Pot*tit. witi-.rt ttl t.iate 'ot Pot'.sn.

I.
II.
III.
IV.

365.5
303.0
375.5
363.5
448.5

206.5
321.0
360.O
430.0
426.5

326.5
327.5
350.5
329.0
350.0

335.5
304.5
381.0
355.0
378.5

323.0
389.5
354.5
390.5
434.0

325.0
323.0
384 5
387.5
413.5

257.O
336.5
336.0
362.0
341.5

323.0
300.5
335.5
370.5
35r.0

286.0
337.0
377.0
368.5
386.5

307.5
358.0
326.5
383.O
398.5

Sutnrnary of Resulh (Dry weiEhts).

Average yield
c$t. per acre.

Nol
Phosphate.l

n r"*, I

Phosphate.i
Low
Sla8.

High
Sla8.

Super. Mean. Statrdald
Error.

Without M/Pot
With M/Pot

40.1r
45.:l

.14.3
43.1

43.I
43.4

45.3
47.tJ

{6.8
47.1

{4.1
45..1 ) r rz

Mean 43. t 43.7 13.2 .t(;.{i {7.0 14.7 0.840

Average yield

wltiout M/Pot
Witn Mi Pot

sl.5
l0l 3

0g.l
96.J

96.4
96.{}

101.2
107.2

t0{.7
105.J

98.6
101.4

2.6 t

Mean 96.4 97.7 967 104.9 105.() t00.0 l.88

phosphate.

;

t
t;D

I,

II.

III,

rv.

BIA-t-
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Barley : Efte* of Nitrogenous Fertilisers, and of Sulphate of
Potash and Superphosphate.

G. H. Nevile, Esq., Wellingore Hall, Lincs.-1931. (VBr.

Straw computed by ratio oJ graitr / total ploduce.

Plsn ahowhg Nltroe€dous 'rreat neats
applled to vhole plots.

Sysrr o, Rlruoiro{: 4 x 4Irtin
SqE n witb plots sub'.divided into a.

AE ot E^cE WBoE PL6: U50th dr..
Soil : Light loab on U!@Itr H€th.
Vdjetr : Pl@rs. Ar.her.

Plots subtvided to rmive Do Potsh d
SupdphGpbare (O), Sdohate oI Pot-
asn (I(), .t tb. rat€ oI 0.6 crr. K,O
Ixr acre, SupdphGpb.ie (P) at ti.
rate oro,4.r1. PlOr Der aft. dd Su.l-
phar€ o, Potash tud Supelpbcphate

Plots }aF'ested by @pliag method.
Marr6 applied: March ,7th.
Batley em : M@h 27th.
Barley harvGieal : S€ptemb€r 2nil.
Pievioc CoD: Oars.

O=No Nittogeil
C:Cy2n.ride. ) ar the ranN:Nitrte ol sode. I ol 0.2 &t
S:SolDb.!. o, 

^tm@iz. 
J N p€r .qe.

Plan and Actual Wetghts.

Gl'ai! (dry weishts) Ib. Stra* (dry *.iAhts) lb.

19.4 17.9 l?.8 t7.7 18.0 15_7 19.0 17.6 19.7 19.3 2t.5 ,0.9 19.3 ,0.8 20.9

19.1 19.8 18.5 19.0 l?.9 1?.2 t9.l 1i.3 21.2 20.6 ,0,, lrr,o 20.s 19.9 19,8 t0.a

21.5 21.5 20.3 19.3 t7.g 18.9 19.2 ,8.0 22.6 ?1.9 20.1 20.0 ,3.6 20.6

16.1 t5.1 1?.5 tt.9 15.0 l8_0 18.4 l7-9 11.3 L7.7 1r.l 17.9 75.2 19.? 17.0

16.6 15.5 14.5 15.8 15.0 16.8 13.2 20., 19.1 fi 19.9 19.1 17.0 21.6 20.1

14.6 16.6 17.8 17.9 13.6 14.C 13.9 27,6 19.6 t8,l lr.9 18.8 18.8

15.1 13.4 14.1 1b.1 16.9 13.9 12.4 r5.4 19,3 18.5 17.6 18_7 19.0 15.6 15,9 17.6

16.!t 18.8 15.8 r3.3 15.5 14.0 16.7 lE.2 21.2 30.8 20.7 19,8 1?.9 18.5 71.5

o S \ c

S o c N

N' c o S

c \ s o
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Staldard Errors : CorDparisoas iDvolving

Sub-teatmetrts otrly, over a siDgle maiD trcatmetrt
Sub-.lxeatBetrts only, over all main treatmeDts
Maitr lreatmetrts, over a single sutltreatment
Main treatments, over the meao oI all sub-treatments

Summary of Resulta.

No Sulph.

GraiD-
No Potash or Super.
Sulpbate oI Potash
Soperphosphate
Pot -sh atrd Sup€r.

3t.l

27.9
31.4

,8.0
30.8
31.9
21.1)

30.?
30.4
t8.0

,8.9
33.8
23.6
3().4

20.5
30.8
29.4
)9.7

l0{.1
98.0
93.4

105.3

94.0
t03.4
107.0
92.5

t0r.9
101.9
!)4.0
c8.o

94.6
1t0.0
99.2

101.9

98.9
103.3
98.4
s9.4

Mean - 29.9 r9.6 10.0 30.3 :9.8 100.1 s9.2 99.2 l0l.{ 100.0

Stralr-
No Potash or Super-
Sulphate oI Potash
Superpho6phate
Potash a[d Sup€r.

31.9
3r.0
3r.8
34.9

33.0
36.6
40.6
3t.5

35.2
37.2
36.6
34.5

33.0
36.4
35.4
34.9

35.6
36.t
34.1

91.8
9t.9
91.5

100.,

94.8
105.4
116.6
93.3

101.2
107.0
105.4
99.1

94.7
1o1.7
10r.0
100.4

95.6
102.2
r03.8
98.2

Mean . 32.6 35.9 34.9 34.8 93.8 t0r.5 103.2 100.4 100.o

Graia.
c$t. Pe! Pe!acre. cetrt,

1.43 or 4.79
0.?14 ot 2.39
I.36 or 4.52
0.631 or l. ?8

Staw-
cut. Per Per

l7l or 1-92
0.857 or 2.40
1.55 ot 1.47
0.460 or 1.32

The respoos€ to aitrogea by the stlaw is sitnificart, but tlle gaiD sihows ao such tespoirse.
There is Eo sitli{icant diflerence betweeD the different ,orms of nitroSen. The superphosphate
aad potash produce no sigDi{icaDt effects.
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Barley: Effect of Nitrogenous Fertilisers, and of Sulphate of
Potash and Superphosphate.

H. B. Bescoby, Esq., South-Eastern Agricultural College, W'ye,
Kent-l931. (ZB-).

Pr.n shovrnd NltDgooG ltreatmats
aPptled to whole plots.

SYsEr oF RiPLrc^flotr: 4 x { Latir
Squ.te EitL plots sub-divideil anto l.

As^ o, E^cEWEor PLor: U5othacrc.

Vdiety : Pluoage Alcber.

C:Cya@ide. I .t tbe Bt
N-NitEte of Soda. I ol o-, c,L N
S-Solp!.t6f A@i.l pd *rt-

Plots subdivided to r@ive @ Potesh or
Sop.lpncplEte (O), Sulpbat oI Pot-
ash (K) at the rate oI 0.6 *t. K,O
per a@, SaFrph6p[at (P) at th.
ate ol o.rt cwt. PrO3 p.t &e, and
Sulptat of Potasb &d Supelpb6

Plols he6tld by smpliDg methoal.

ilanu6 applied : March ,6th,
B..l€y em: March 26tb.
ll.,!6t d: Augct 14th.

Pi.eio6 Ctup: Beley.

PlaE and Actual weilihts in gralIrmes per sample.

516 456 i02 t4.t i!6 461 398 570 {38 601 568 448 406

1i3 t"(6 46 t- 6Xu 1e1 504 121 157 620 470 113 536 i23 509 399

{i.1 tli 5r8 18r 463 49i 395 576 502 417 3!9 396 465

1i7 526 ,07 3r3 354 ,111 4E8 170 ,89 563 423 343 .131

!r! 4a8 .115 496 4?0 .lt4 {66 505 111 4tr! ,r34 528 1XX 39E 666 54i

126 12 t' 450 126 551 lt''i 413 600 402 .176 433 682 54;

118 122 {39 3i t' 162 458 {06 505 48? 125 339 410 442

!46 !28 396 146 453 477 lll)3 370 x50 i23 .185 463 462

N c o

S !i o c

o S c \

c o N S
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Graia. St "iw.
Starldard Errors : comFrarisons iBvolvidg crt. pet pet cwt. Pet PGrecre. ceot. acie. cent.
Sub-treatmeats only, over a siDtle maia treatmeat 0.7t4 or 3.34 l.l4o or 4.92
Sub-txeatmeats otrly, o!.er all m-ain featoetrts 0.377 or 1.67 0.570 or 2.48
Main treitments ovit a sitrgle sutFireatoent 0.822 or 3.64 1.319 or 6.80
lllarn treatmentsover the meaa of all sub-treatmeob 0.490 or 2.21 0.876 or 3.78

The req)onse to nitrotea is derinittly signilicatrt, the sulphate of aDDoEra aad dlratc ol
soda beiDg siSnificaafly sriperior to the cyanamide, both on grtia atrd straw. There ar€ Do ot}..
sigoilicatrt effects.

Summary ol Resulb.

N"l
,tiu.C-l

(;rafur.
No Pota-sh or Super.. .

Sulphate oI Potash ..
Superphosphate
Potash and Super, . .

18.4
21.6
10.0
20.6

23.3

:4.8
23.ri

,1.0 :11.4
J{.3 :2.3
J4.8 :ll.o
:14.9 ,1.,

,2.0
:12.6
J:t.l
l:].6

81.4
95.8
9!.7
s 1.2

103.3
98.9

t09.0
t04.5

106.3
107.6
109.7
ll0.l

99.0
98.6
96.9
93.9

97.5
100.2
102.3

9S.9

Meall . . ,0.4 ,4.5 2l.S 2l.ii 90.3 104.2 108.{ 97.1 lu).0

Straw.
No Potash or Super.
Sutphate oI Pota-sh .

Superphospbate
Potash alrd Super.

18.2
:t.3
:t0.1
19.r,

13.9
:12.6
J6.7
)1.1

J5.(i
:lri {;
ls.6
)i _1

21.,
lo.{

JJ.Ii

l{.1
t3.0

?8.'
91.5
8d.6
83.8

t02.8
97.2

115.0
106. t

I l0.l
I14.6
19r.9
ll7.?

97.6
96.9
s 1.2
47.7

97 -2
100.0
103.9
98.8

Mean . . 19 I 27.O 2t.i :3.' 85.0 t05.3 t 16.3 93.3 r00.0
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Barley: Efiect of Nitrogenous Fertilisers, and of Sulphate of
Potash and Superphosphate.

J. M. Templeton, Esq., Sparsholt Farm Institute-l931. (SBr.

Sysrw o! RxruqfloN : { x 4 htir Sq@e, sirh plots sub-divid€d into .t. ptsn 6h.wtBll Nltrog@oB Tftarft@ts
Axa or E^cs Wuor P!-.: U50th acE.
Sor!: Ftinty l@D @ clalk
VaItrY: Phnrase AEns.

C:Cyodrud€. I
N=NilErc ol soda I At tbe nte ot 0.2 cwl- N Fr aqe.
S:Sulpbare ot Amoaia ,

Plots suHr-vrded to tt@v. oo Potash q SuF phcpbak {O). Sulphat. oI Porash (X) er rbe nte oI 0.6 crr. tqo D.r a@,
supdprrG?hale {P) at rhe Et! oI 0.1 cDt. P,Or Fr am, Dd Sulpbate .n Potash &d SuF pbo€pbare (PK).
Plots hrct.d by s@pltue @thod.
MarE.ppried:Apil1?th. H@6ted:Au€strottr-r1st
Bal.y s(,m: AF r?th. Previos crcp: Oatsand VetcD6.

Plan, and actual weights iE gralrrrnes per sample.

314 ,83 288 ,80 ,81 69t 4i4 381 410

306 339 3!5 338 *", ,i, 317 385 550 a3t- 1i7 460 .18{ 125

!06 3t0 33? ,56 338 51ri 3!8 355 63X hi7 388 5rl5 419 55C

351 ,85 366 369 515 56i .181 512 581 i26 566

3!! 335 388 367 316 6r6 687 5.1,r 7.lt 585 .186 505

423 38' 346 396 3t1 3;1 312 il:l i,i2 661 63i 01i 5{9 800

,t01 339 359 358 393 I 36i 367 i6i 5,J8 618 630 5t? 631 677 609

35.' 3{7 378 356 38.1 3r5 368 397 685 (r8 546 601 68t i06 7i9

applied to Fbole plot6.

I

o N S c

S o c ti
c ti o
N c o s
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Sumrrrary of Results.

Crt. p6 aae

*,e"i,**lLl*f"et|;
p.r ceat-.---.'-',-

r'ro I s',r*.i I rit rr I c"-". 1 u*Nrbos-l A^. 
I 
or soda I dnde I

Gmin-
No Potash or Super
Sulphate of Potash
Superphosphate ..
Pota^sh and Super . .

I5.6
17.I
16.2
16.9

17.8
17.1
18.0
17.9

16.9
t7.2
17.0
17.5

17.0
17.6
16.3
17.8

16.8
11.4
r6_9
l7-5

90.6
99.6
94.1
98.6

103.5
103.0
105.2
104.1

98.6
100.4

99.1
102.1

99.r
102.8
95.2

t03.6

97.0
t01.5
98.4

102.1

\Iean 16.4 17.8 ti.2 17.2 17.2 95.8 I04.0 100.0 100.2 100.0

Staw-
No Potash or SuDer
Sulphate o{ Pot;h
Superphosphate ..
Potash aDd Super . .

26.8

27.1
24.9

29.6
28.1
25.4
29.6

31.2
28.0
30.1

24.2

27.O
29.1

28.4
24.5
27.9
28.4

94.8
sl.3
95.7
88.0

104.7
99.4

104.0
104.6

102.0
110.4
98.9

106.3

99.8
102.0
95.4

102.I

r00.3
100.8
98.5

100.4

tr{ean 26.2 29.2 29.6 28.3 98.3 92.4 t03.2 104.4 100.0 100.0

Glaiu.
c*t. per per

stasdard Errors : comparisons iovolvitrg , t*' cetrt

Subtreatoetrts ody, overi single main treitment O.?04 or 4.lO
S_ubtreatmeEts or.ly, over all maia treatme[Ls 0.352 or t.OtMain treatDerts, over a single sutFtreatmeDt 0.284 ;r;,aOMair treatmetrits, over the nean oJ all sub-tre.t-""t" O.SOi "ii.SiThe srxa.w, but oot the Arain. shows a sitnilicaat respoGe to dtrogen, \^ithout aDy differeDcebetweea rhe differe,t forms: Tbe r."p"n* 6t tte grain-i. p"-t-.rr-i.""-""i-.is.ir'rcaat, ana tnere aretro sDperphosphate effects.

Stra*-
c*t. per per

2.O4 or 7.2O
1.02 or 3 60
2.O4 or 7.22
1.02 or 3.82
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Potatoes: Efiect of Superphosphate and Sulphate of Ammonia.

G. Major, Esq., Newton Farm, 'Wisbech-1931.

SvsEr oF Rradc ror : 4 x 4 Iiti! Sq@, ,it! split Ptois.
Asa o! Ercr Wqor Pror: Ustth a@.
Son: Dep sil!
Vdiety: Yo*shit Kilg rdwat&
TrzrEfus: S@ho6rhat at tb. Dte oI 0, 21, 5 ed l0 wL tE .@' ald

h,!l ol .^.h Dloi n;eivat i! ailditid , RL SulDbak ol A@ia per dt as

siEle dd d;ubte dtBiEs. Dolble SElphata oI Aooooia is idi6t d bv tb"
EEh@t syDbol @ring oo tlat hdf.

All plots t@ircd 4 c*t. Surpba& of Pot sh ad , cPt. sdpnate ol AE@oniA Fr

MelE aPplieal: AFil 14th-
IEd duls€d in aut@ ol 1030.
Potstc plarieat: Apr l6th-
?otatG litted : scpt@her ,bd.
PrevioG@p: What.

I II.IY,

0 i 5 i
2l

0
l0

; I 0
4

I 6
4 -

Actual weights in lb.

Single Sulphate of Ammoda. Double Sulphate oI Ammonia.

0 2+ 10 0 2' 5 l0

I.
II.
III,
IV,

353

397

365
35r
366
371

405
389
349
298

363
385
340
362

431
348
312
366

392
377
356
381

36S

338
363

4I3
355
285
360

Surnmary of Results.

AYerage yield.
(Clear Weights.)

Tons per Per CeEt.

No
Supe,

5 cwt
Super

Io"*t 
I

Super.l Mean.
No

Super
2+ cwt-
Super.

5cwt.
Super.

l0cqrt.
Super. Mean.

Sitrgle S/Amm.
Double S/Amm.

t0.97
11.38

11.35
ll.?6

11.26
r0.96

1t.33
11.04

11.23
I1.29

97.4
I0l.I

100.8
104.5

100.0
97.4

r00.6
98.1 100.:]

Meen - . I l.l8 I t.56 Lrl I !.18 I I :,tti 99.3 102 7 98.? 99.3
lr0o0

Standard Error o{ Single treatmeDts
Staldard Error MeaD 6f StDgle aDd Double S/Amm.

No signilicaot ef fects.

: 0.386 or 3.43 per cert.
: 0.192 or l.?0 pe! cetrt.

2i cwt
Supei
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Potatoes: Ef,ect of Sulphate
and Superphosphate.

A. \7. Oldershaw, Esq., County

I?5

of Ammonia, Sulphate of Potash

Organiser, Tunstall, Sufolk, 1931.

Sysnr or Rxplrc^ oa : 6 EodoEi!.d bldk of 6 plots ecL
AruoiE^qB Pror: U85tI aft.
Soil: USht sd, wry por.
variety : Grat S@tt.
TRBTnNG : t.C.I. @DDtete Ferdlikr ald SdplDt€ ol A@oni.

at the Ete of 0.6 cqt, N pq acrE, SulDhate of Potash at the Et
ol 1.21 wt. r,O per .ft .!d SqE at the Ete ol 0.63 cet.
&O, FJ rd. The I.C.l. I{tilis @at!tud N, 10,3 Fr..ot. ;
l',Or, 10.8 p.r e!t. j K:O, 20.? Irr @1.

Blcls I-3 e oa ch.lLed laad, bl*ts 46 oa uncLalted Lod.
The .balked ag Ecaved 5 tc per a@ of lutup chalk
duing ,int€r 1925-6.

Mant,c applied: Apd 2rst.
Potala6 planted: Aplil 2rnd-
Potatc lifted: October ?tb.
PEeous @p : Blck what.

\ NK NPK

ICI NP o

o NPX \K
ICI NP \

N NPK NK

NP C) ICI

NPX NP NK

o ICI N

NPX NK o
N ICI NP

NP c) NPI(

N ICI NK

Actual welghts in lb.

Block. o N NP NK NPK I,C,I,

I,
II.
]II,
rv.

vr.

185
r82
172
103

286
274
258

253
218

3u
294
966
291

284

280
292
284
2ts

259

3r9

328
313

33r

313
334
3ls

Summary of Results.

Tons p€r acre
Per cent.

7.r0
68.7

9.91
95.8

I1.02
106_6

0.286
2.77

9.80
94.8

rr.er 
I

1t5.2
t2.30

1I8.9

Defidtely siSnificant respoase to Ditrogetr. A siStificaat iEprovemelt is produced by super-
phospha.te. Th, difference between the I-C.I. mixtur+rd the ba.latrced dressing is trot siSnifictrt.
The chalked bau of the lield has not given markedly diferert results ftolrl the unchalked.

I,C,I.

10.34
100.0
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Potatoes: Effect of Sulphate of Ammonia, Sulphate of Potash,
and Superphosphate.

H. Inskip, Esq., Stanford, Biggleswade, 1931.

SysrBroF Rrpuc^ of, :,1@doDiedbl@ks,..chol9plot&
split fo! $FrphosplBt€-

ArEA oF E^cE PLo.; 1/100th acE.
Soil : Lisht sEvel
Vanet, : Ar@ Bamd.
Tm^rrENrs: Sulphate of Aoooai. (S) at the Ete ol 0.3

and 0.6 c-t. N pe. .@, Sulphate ot Potash (K) .t tDe Et€
ol 0.75 ald 1-5 cst. tqo Dd a@. Supe4,hGphat at tbe
Bte oI0.4 cwt. P.O, D.r ad applied to (r out ol @h p.i!
ot suEpl,ots (irdieted by tne tr@ttrlmt symbol @cliDe

M@uB applied : Aprd l3th.
Potat6 ptarted : April 14th

Potitcs lift d: Sept@be. tSth-lgth.
PevioE cop: SprcuG-

Actull weights in fb. (dirty)

9S
IK x

2K
IS
2K

,S
OK

OS

T
ts
5

ls
]o* 1S

IK

OS
OK OS

OK
1S
2K

ls
OK

2S

5
OS
IK

OS

T ;
2K

;
IK

OS

T

G
IK

OS
9K

2S
2K ;

OK
OS
IK

2S
2K

IS
2K

OS
OK

IS
OK

IS
JK ;

IK

OS

Y

,S
IK

2S

5
IS
IK

OS

5
IS,I IS

OK

Block.
lvith Superyhosphate.

0-0 o-t 0-2 I 0 l-l l-:l I0 ,-l 2-2

C
D

256
913
259
2ll

:138
)52
228

201
t7;
ftil
22t

266 91r l239 247 
1250 97r i2t7 269 I

Iiri+lr^n+ qnrtrnh,

288 l8rl J37 2i5
136 l; -l :lil 246
:lS; J;, 291 l7l
26:l l;l :JO 167
hiic _--

C
D

961
182
255
222

215
219

231

907
213
:40
,{8

217
218
216
250

250 :,lEti
,2r) 2-11
950 ls;
231 2i3

27o goa I zazz6s zso I 251
274 :oo I 295
z:s lzerl 24all

D
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Staldard Ertor : 0.336 toEs or 3.14 per ceDt.

Mean of Superphosphate altd No SupeiphGphate.

Cleao weithts
Average yield tols per acre. Average yield per cert-

No
Potash.

Sin8le
Potash.

Double
Potash.

llean. No
Potash.

Single
Potash.

Double
Potash.

]IeaD.

No S/AE&.
Siogle S/Amm.
Double S/Ama.

9.9t
10.31
tt.20

10.15
10.57
I I.76

9.43
I l.5l
11.40

9.83
10.80
I1.45

92.7
96.4

1o4.7

94.9
98.8

110.0

88.2
1o7.7
106.6

9t.9
10t.0
107.1

Staldard Erfor : 0.259 toas o! 2.42 per cetrt.
The tespoDse to sulphate o, aEmoEia is delinitely signiticaDt. There is a significart respoEse to

sulphate of potash ia the prese,Icr oI sulphate of armmonia- No respoDse to superphosphate. The
deplessio! of yi€ld shoFr by superphosphate at the hither levels of nitrogen ard potash is trot
sitDificant.

of Results.

CIe3n weights
Average yield toEs per acre. Average yield per cent.

No
Potash.

Sitrgle
Potash.

Double
Potash.

trIean No
Potash.

Sintle
Potash.

lloublc
Potash.

Mean.

Witiout
Super

No S/A.D. 
I

Single S/AE . I

DoubleS/Ao.

9.81
10.25
I l.l4

0.04
10.t7
t2.23

9.68
t t.60
I I.50

9.8r
10.6?
r1.63

91.8
95.8

104.2

92.9
95.r

114.4

90.6
108.5
107.6

91.8
99.8

108.7

MeaD 10.40 10.78 10.93 10.70 s7.3 100.8 102.2 t00.r

with
Super

I No sle-.
I SiDsle S/Am.

lDouble 
S/Am.

10.01
r0.36
I1.25

10.36
t0.96
I1.29

9.17
11.12
t1.29

9.85
10.91
11.28

93.6
96.9

105.2

96.9
102.5
105.6

85.8
t06.8
105.6

c2.t
102.1
105.5

Mean 10.54 10.87 10.63 10.68 98.6 10 t.7 99.4 $$.9
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Potatoes: Efect of Sulphate of Ammonia, Sulphate of Potash,
and Superphosphate.

R. Starling, Esq., Northfield Fatm, Little Downham, Ely, 1931.

c

Sysrt. or Prluc nox: I r.!doo&.d blocls, ..c.b oI 9
plots, split d Nittltla.

Alr o! E^cr SUE-Plor: Ut0oth .@.
Soil: Bla.k F@

Potato6 plaotaal I ApEil otb.
Potatc lilted: Octota ?tb-8tt.
Prleions ftp: Oats.

TrrFE:{as: SoFrpborphat (P) at th€ Et ol 0.6.d
l0 crL rE a@, Supbr& of Pot$h (K) .t tbc rlt ol
0, I e.d .l cwl. !E .@. Sulph.t of Ammir it iL trt
oI 0.4 sL N Der .c.r, .ppli.d to oE out of @b Doi! of
3ub-ploG irdiet d b, tha irt tD.!t syDhol oeurlna oo
tlrr h.rl.

Xan!ft. appli.d: Ap.il t!d.

IP

T
IP
5 zp

OK
G
OK

zp
IK

IP

T
oo
OK

2P
2K

OP
2K

2P
,:

IP

v IP
OK

op
IK

2P
TK

IP

T 2P
OK

OP
2K

OP
IK

ip
IK

2P

5 ,P
2N

OP
IK

IP
OK 2P

2X

OP

5 1P
2R

2P

5
IP
2K ,P

IK

2P
OK

OP
2K

OP
IK ;

OK
tP
IK

op
OK

OP
2K

Actual tn lb.

Block.
With Sulphate oI AmEonia.

0-0 0-l o-2 l-0 l-l 1-2 2-O 2-t

B
C
D

175
203
213
114

t73
ta7
217
160

239
170
189
163

205
:56
26t
210

232
224
201

230
208
256
207

224
243
286
258

271
283
254
24t

225
252
2A1
238

Wittrout Sulphate o{ Ammolia.

B
c
D

t94
r96
209
122

t48
134
185
l0l

r88
146
t7l
144

158
213
185
t49

176
173
I95
2t1

204
178
231
155

t77
106
245
r93

263
223
230
242

2t4
188
241
t79

BD
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Sumrnary ot Results.

Average yield iIr tons per acre. Average yield per ce[t.

No
Super

SiDgle
Super

Double
Super Meall

No
Super.

SiDgle
Super.

Double
Super. llean.

wrthout
S/Amm.

No Potesh
SiEgle Pobsh
Double Potash

8.05
6.32
7.24

7.41
8.43
8.57

9.05
t0.09

0.17

8.32
8.48
8.33

88.1
69.2
79.3

86.2
92.3
93.8

99.1
tt7.t
100.4

9l.l
99.8
9t.2

Mean 7.20 9.64 8.38 78.9 00.8 105.5 9t.7

witb
S/Amm.

No Potash
Single Potash
Double Potash

8.20
8.00
8.49

10.40
9.82

10.06

I1.06
11.77
I t.l9

9.89
9.87
9.91

89.8
87.6
93.0

113.0
107.5
ll0.l

12t.1
128.9
t22.6

IO8 3
t08.0
108.6

llean 8.23 10.09 11.34 9.89 90.1 tl0.5 ji1.J lo8 3

Mean oI Do S/AarD. and
S/Amm. 7.12 9.19 10 49 9.13 81.5 100.6 t14.9 100.0

Staodard Error : 0.612 tons or 5.61

The response to superphosphate and to sulphate of ammonia are definitely signiJicant. Thc
lower yields of the plots receiviEg potash ody are statisticaly signilicant, and there is some
evidence that th€ sulphate of ammoda is more effective iB the preseoce oI superphosphate.
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Potatoes: Effect of Sulphate of Potash and Superphosphate.

J. A. Tribe, Esq., Villow Farm, Nr. March, 1931.

NONOON

SYsEr or Rt?uc^rton: 6xO Lltin Squ@.
Arl^ or E^@ Plor : l/70tt.@.
Soil : Pd FaLid.
V.ri.ty : Afrn chi6r.
Trt rnNrs: SoFrpb6phit (P) .( rh. 8.. or 0,6 .!d locrt.

Da .r, Sulpb.t. of Pot !h ll() it rh! Ete oi o |!d , crt.
F .e, Sdpt t. d Amb6t .t tt .at of 0.a di. N

XaNftB epplied: April 9th.
Potrto6 pLlted: April l3tl.
Pot toc lilt d: Octob€r ,td.
PrllrloE .top: W!at.

t23456
Actual welghts ln lb-

Summary of Results.

Average yield
corrected lor dirt

tare.

Tons pr acre. Per ce[t.

No
Super.

Single
Super.

Double
Super. l{ean.

No
Super.

Siogle
Super.

Double
Super. Mead.

No Potash
Potash..

6.38
6.53

1.01
7.64

7.50
8.21

6.97
1.46

88.4
90.5

97.6
t05.8

r03.9
113.8

90.6
103.4

Meaa . . 6.46 ?.85 7.22 89.5 r01.7 108.8 t00.0

Staodard Effor MeaEs of No -\itrogeD and Nitroeen - 0.284 or 1.24 D€r ceDt.
The improvertreDt due to superpbosphate is d;rinitety sisnj licant,' both Fith atrd sitiout

pota-sh. Pota-sh ploduces a significant efrecr at all levels oi suftrphosphate. fn air".TeifJioi
EitrogeB is trot signiticaEt, this comparison beiDg ba-sed on oily_tbree replications.

OP
IK

2P
OK

OP
OK

IP
OK

IP
IK

2P
IK

IP
IK

OP
OK

2P
IK

2P
OK

IP
OK

OP
IK

IP
OK

OP
IK

2P
0x

2P
1X

OP
OK

iP
lx

2P
IK

IP
IK

IP
OK

OP
IK

2P
OK

OP
OK

2P
OK

2P
1K

IP
IK

OP
OK

OP
IK

IP
0x

OP
0x

IP
OK

OP
IK

IP
tK

2P
IK

2P
OK

C.oluon. 0-0 0-l l-0 l-l 2-0

latrd2 No Nilrogel
Nitrogeo

134
196

155
186

228
198

184
245

233

3and4 No Nitrogen
NitrogeE

2.r8
:08 212 918

253 285
272

990
258

6aodo No Nitrogetr
Nitrogea

261 247 250
303

296
310

24A
294 331
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Potatoes: Efrect of Nitrate of Soda in various dressings.

T. H. Ream, Esq., Portobello Farm, Nr. Potton, 1931.

In co-operation with R. S. Brieant, Esq.

SYsIir or Rr?uc flor: 6x5 trti. Sql,&.
AqE or E^cE Plor: U5Otb a.e
Veiew: Ni@t!{old.
so : V6y p@; lkbt eDd oD " s.Ddy Hc.th."

A:No Niliat ot Sod.
B:1 dt Nitnte h.l@ $ri!a ald 1 cvt. t p dt!...d.
C:2 nt. Nitrit b€lore sryinA.
D:3 c-t- Nitrat b.loE $wi@.
E:2 cet- NirraG bdoR gwi!s'.!d I ctt, ioD dt!...d-

Basal r&uirg: I wt. SuFrpbo6pb.tc .[d t cFt. Sulphat of Potah p.r

MarE s apDlied: llaEh ,5th-
Potat6 plalt€d: April 6th-
Ilotar6 Uft d: Jol, 6rh
PrEvious crop : DrDsEd estr Dotatoa folroi.d by !p@ts.

IV

E D c B

D E C B

c B D E

D B E C

B c E D

Actual wetlihts tn lb. (Ware).

Row- B c D E

r. ..
II.
III.
lv.

164
214
220
186

200
227
200
217
204

106
192
171
2U
185

r9l
174
256
203
254

t72
I94
26r
254
210

Sumrrary ol Results.

dL T.D. l** crt. T.D.

Toos p€r acIe
Per cfot. ..

4.32
96.0

4.8r
102.2

4.51
95.9

4.82
to2.4

I 4.87

lroa.o l,;:;'
0.120
2.&

The respo[se to Nitrate of Soda is trot signi{icaot.

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-1-65 pp 183

r82

Potatoes: Effect of Superphosphate.

Comparison of Nitrate of Soda and Sulphate of Ammonia.

T. H. Ream, Esq., Portobello Farm, Nr. Potton, 1931.

IV. III- II. I.
Sysrrr. or ntpuaf,ox | 4xil L.tiu Sqt,& with rplit plols.
Ai''^ or B^cE weo'l P!or: r oth .d.
Soil : V.ty Fd lkht 6.rd
Vrttety : Nitutlold.
TE^rEm6: S[DqphoeDh.r. rt the rrtc of 0. 2. a .!d 8 cr( E .r.

HelI oI ach Dlot rleieit SEIDhlte oI Atuotri. .rd !!. otha h.li @_iv.d
Nit-.t! ol Sod- Nih.r. of Sode equir.leot io SEh'h.t ol A@i.-
Sdph.t of A@i. it ih. Et ol r;rL 0a .('.. Nirrt! oI Sirdr i!
i.odlc.t d !y ttc EE t@Dt ltaDol oeaiDa @ rt t hilI.

B.!.1 U.DEiDs : I nL Sdpt t od Potash pd .@.
Potato6 pl,.!ted : AprU 6t-h.

Foteto6lifted: Jdy al!.
PEvi@ Np: Duosed crly FtatG, fouor.d br sp.outa

Actual

o : 8
2

8
I 0

8 : j 4

1
0 2 8

in lb.

Column
Nitrate oi Soda. Snlphate of AhmoDja.

o 2 4 8 0 4 8

I. ..
lrr-
III-

I rv.

153
162
152
l6l

143
t48
160
156

t63
167
l6{
176

129
137
t78
t45

l3r
t47
r39
164

t27
135
153
t35

117
157
163
l{6

126
t56
t54
t93

of Results.

Average yield.
No

Super.
2 cwt.
Super.

4 cr*'t.
Super.

8 cwt.
Super. IIeaE.

StaDdard
Error.

Iods Ixr acre-
S/AmmoBia
N/tua
Meau

3.89
4.2t
4.06

3.68
4.06
3.87

4.t0
4.19
rr.30

3.7 4
3.94
3.84

3.86
4.18
4.02

0.t25
0.124

Per ceEt--
S/Ammouia

N/Soda
96.S

t04.7
r00.8

91.7
101.2
98.5

to2.2
llt.7
107.0

93.2
98.2
95.7

96.0
104.0
100.0

3.ll
3.09

Nitrate oI Soda sigliticaatly suFrior to Sulphate oJ Ahtuotria- No respo[se to Superphospbate_
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Sugar Beet: Effect of Potash Salt, Superphosphate, and Sulphate
of Ammonia.

R, Starling, Esq., Norhfield Farm, Little Downham, Ely, 1931.

SYsEr ot Rt?Lrcrrrox: { rudomi..{ blGL<.
ac! ol S plors,5plit Ior ait!oS4.

 LU oF ErcB Waor P@r : 1/5oth .a..
Soil : Cod bhcl t D od ihc clay.
Vrthty: KLjlnuLh.o E.
Maut!. .ppli.d: Apiil rsth-
Bet !orn: AFil 15th.
B..t ltt d: Nov.ober 6rh-6tb.
TBrrfiirs : Sup.rDh6phah (p) at tlE r.t <,t

o, 5 .Dd 6 c-t, D€r ..8. Poqsh Salt (Kt .t
th. Et. ol0, Il ed 3.pt. D6 .ft. Sotph.t
or AdmoM at th. Et of t
.pDlied ro oE. out oI e.cb Eir oI ;ubDrot:
ildic.t.d b, thc t!..tE nr ;Ebol driEir;
@ rhrt bru-

Previols .roD : Oats, oot duog.d:

BD

;
2K

2P
IK

IP

T IP
2K

zp
2K

OP

5
IP,:

G
OK

OP
OK

OP
2K

IP
lx ,P

IK

,P
OK

OP

5
OP,: IP

T
OP

5
2P

T
IP

T OP
2K

lP
2K

OP

T
2P

T OPlx

zp
IK

,P
OK

IP

5
2P

:

IP

T OP
OK

OP
1K

op
OK

ip
2R

2P

5
IP

: lP
0x
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Actual *elghta lE lb.

Block.

Wittrout Sulpbate of ADrEode.

0-0 GI 0-2 l-0 l-l t-2 2-O 2-t

Roots (urwashed)-
A ..
B ..c ..
D ..

374

lll
360

3?l
379
381
370

378
382
407
3i0

388
378
381
423

407
388

386
367
377
408

367
39r
376
373

385 372
403 378
394 380
365 102

With Sulphate oI Ammonia.

B
c
D

370
384
300
393

384
392
388
379

3S5
402
404

397
36r
385
4t8

.r00
387
398
382

379
404

3S8
388
391
370

380
.1ll
395
383

399
3S4
389
413

Tops'- hout Sulphate o, ia.

B
264
265

274
r83

268
3l I

292
264 287

2U
300

,65 244
214

With Sulphate of AElfilonia.

B
,90
3t2

,30
260

2Sl
287

960 211
296

307
303

246
267

258 i 272
25A | 257

Sugar perceDtage-- Withoui Sulphate of A.DmoDia.

B
C
D

17.48
16.33
16.60
18.05

t8.30
t 8.8t
18.52
16.45

t 7.3I
17.49
18.30
18.75

17.54
16.62
17.42
l?.01

17.48
17.48
17.65
16.84

17.48
17.48
17.36
18.t8

18.41
17.48
17.36
17.01

l?.48
16.56
17.71
t7.43

18.30
16.50
18.36
18.30

r'ith SDII)hate of Ammorf

B
C
D

t6.78
16.?3
16.21
t7.48

t7.70
t7.43
16.79
11.25

t4.42
16.44
r6.00
17.70

r6.76
17.36
l?.54
16.33

16.93
t6.44
t 7.88
18.88

16.96
16.s6
16.76
16.73

t7.31
18.06
17.59
t7.82

t8.25
t?.88
17.54
16.86

18.30
16.r6
l8.ll
16.84

' Tops weighed on Block A aad B oaly, oE area o, hall plot : Ulooth acre.
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Sumrnary of Results.

Average yield-

ToDs per acre. Per ce[t,

No
Super.

Single
Super.

Double
Super- MeaD.

NO
Super.

Siagle
Super.

Double
Super. Meao.

Roots-

Without
S/AIDm.

No Pot -sh Salt
Sirgle Potash Salt
Double Potash Salt

15.3.t
t5.16
15.52

15.86
15.57
t5.53

t5.93
15.69
15.48

15.48
15.45
15.62

98.3
97.1
99.4

t0t.8
99.7
99.5

97.5
100.1
99.1

99.1
98.9
99.3

lIeatr t5.35 15.66 15.14 15.48 98.3 100.2 98.9 9S.l

with
S/ADEI.

No Potash Salt
Single Potash Sa-lt
Double Potash Salt

t5.52
t5.60
15.90

15.71
15.83
15.59

15.62
15.85
t6.l I

t5.64
15.76
t5.87

99.4
99.8

10t.7

101.0
101.4
99.8

100.1
101.5
103.2

t00.2
100.9
t01.0

1[ean 15.67 15.73 15.87 15.75 r00.3 100.7 t0l.6 100.9

Meatr ot No S/Amm.
S,/A&m.

&
15.51 15.70 15.65 15.62 09.3 100.5 I00.2 100.0

Tops-

Wit-hout
S/Amrn.

No Potash Sa.It
Siogle Potash $lt
Do blePot*h Salt

23.70
20.40
25.85

24.82
24.tt
25.18

22.63
2J.12
25.67

22.54
25.56

97.3
83.7

r06.0

101.8
98.9

103.3

92.9
94.9

105.3

97.3
92.6

104.9

trIeaq 24.70 23.81 23.94 95.7 10t.4 97.1 98.2

with
S/AEm.

No Pob-sh Salt. .
Sitrgle Potash Salt
Double Potash Salt

26.87
21.47
25.80

21.64
25.15

22.90
23.04
25.40

24.81
23.15
26.11

I10.3
80.8

r05.9

l0l.t
to4.4
lll.7

94.0
94.5

to4.2

10t.8
96.2

107.3

NIean 24.8s 25.71 23.78 24.80 102.0 105. ? 97.6 t01.8

Meatr of No S/A.Bm. &
S/AraE. 24.08 23.75 24.37 98.8 103.6 9?.6 100.0

Sugar Percentage ia Roots-
I No Pota-sh Salt

Withoutl Sitrgle Pob-sh Salt
S/Amm.l Double Poa-sh SaIt

17.09
t8.02
17.85

17.15
17.36
17.62

17.56
t 7.31
17.86

17.55

with
S/Amm.

No Pota-sh Salt
Single Pot2-sh Salt
Double Potash Salt

r6.80
t7.20
t6.86

17.00
17.53
18.85

t 7.69
17.38
17.35

t 7.19

Standard E[or: Roots: 0.304 totrs or 1.95 p€r cent.
Tops : 1.5?6 totrs or 6.47 per cent.
Sutar perceDtage : 0.348.

The roots show a small but deiiDitcly sipilicatrt respoos€ to Ditrotetr. For the tops tie dil-
Ierence, tbouth greater, is aot siSrdlica[t oxriat to the highet statrdard error. T-he sugar perceotage
is sie[ificantly depr€ssed by nitogeo. Thete are ao other signilicatrt effecb.

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-1-65 pp 187

186

Sugar Beet: Effect of Potash SaIt and Superphosphate.

J. A. Tribe, Esq., Villow Farm, Nr. March, 1931.
ONONNO

IV.

II.

II I,

vI.

SBrtr or R.rt,lc oi: 6x6 Iiri! Sqo&.
AE o! E^ca P!or: Ufllth ade
S.il: BL.l F6,.hout r-U tL drp, @ cr.r.

TE^mr.rs : SuFrpb..Dh.t (P) .t r[G Ei. ot
0, t .!d 6 crt. Dd aa!, Irohsu S.lt (Kt rr
tu. lai,. of 0 .!d I I c'r D6 .@. aDd SqiDti.t
ol AE@d. .t thc Et! of 0 ,1 t. N. p.r...!.

UrNt!..ppli.d : AFil t3it.
B@t alrilbd : lt y 6t[.
B.rt lilt d: Dec.ob.r 7th.
Prrvioq qop: B..t.

OP
OK

2P
OK

IP
IK

2P
IK

OP
IK

IP
OK

IP
OK

OP
IK

2P
OK

OP
OK

IP
IK

2P
IK

IP
IK

IP
OK

OP
OK

2P
OX

2P
IK

OP
IK

2P
OK

2P
IK

OP
IK

TP
IK

IP
OK

OP
OK

2P
IK

IP
IK

IP
OK

OP
IK

OP
OK

2P
OK

OP
IK

OP
OK

2P
IK

IP
OK

2P
OK

IP
IK

Actual wetghts tn lb.

Row.
Roots (unrashed). Tops.

0-0 0-l l-0 l-l 2-0 2-t 0-0 0-l l-0 l-l 2-O 2-r

I.
II.
III.
IV.

vI.

385
425
289
147
432
417

329
396.
414
386
433
45t

348
408
382.
454
431
112.

416
424
416
447
50t
454

383.
389
441
466
499
452

388
502
438

503
432.

126
159
153
tt7
146
195

143
l9l.
r36
t34
132
182

96
r38
t73.
145
l2l
132.

172.
156
174
164
l4l
r36

137
l4l
144
130
186
ll5

133
163
t73
155
t78
r57.

- 
tThese plots discarded atrd values calorlated from the GmaiaiDt plots. Tops were weithed

o[ I plotr ody. Area Uz4ottr acre.
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Statrdard Erro! : Roots : 0.434 toDs oa 3.82 Pet ceut.
Tops: 0.?57 tons or 4.73 Per ceDt.

Roots. toas p€t
aare.

pe.

Nit ogeD
No Nitrogeo .

1r.34
I l.4l

99.7
r00.3

Mean t1.38 100.0

Tope-
NitrogeD
No Nitroge[

16.?6
t5.23

1o4.8
95.2

Mea! . . 15.s0 100.0

The elfcct of suprpbosphatc is aot si8]rificaEt. There rs Eo evidelce oI a[y Pobsb or utroSen
elfects. Tbe experime'nt #as marred by-the acidity of certeitr Plots.

Surnmary of Results.

Roots

Avelage yield toas per acre. Average yield pe! cedt.

NitrogeD and No Nilrogerl. Nikogen aod No Nitrogen.

No
Su1ler.

SiEgle
Super.

Double
Super. \Iean.

No
Super.

SiDgle
Super.

Double
Supe!. NIean.

No Pob-sh
Pota-sh ..

10.96
10.75

I1.00
t2.0r

11.74
I1.78

I1.2.r
I l.5l

96.4
94.5

96.7
105.6

103.2
103.5

98.8
101.2

llean 10.86 I l.5l I1.76 11.38 05.4 10t.2 103.4 100.0

Tops-
No Potash
Potash ..

16.00
r6.39

14.37
15.23

16.84
t7.t2

15.71
16.25

100.0
102.5

89.S
95.2

105.3
t07,r

98.4
t01.6

Ilean 16.20 t4.80 16.98 15.9S 10 t.3 92.6 106.2 100.0
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Sugar Beet: Efect of Sulphate of Ammonia and Superphosphate.

Messrs. C. S. & G. M. Wilson, Stanway Hall Farm, Colchester, 1931.

Srscr oF RipLrc^noi: 4 BrdoEi!€d blocts

Aru o! E^ci PEr: U60ih ac.!.
So : Lisht i.!dy ghY€l
I/diety: KLi!*.n2lcber
T.brEMs : SupaDb.Abte (P) .t tte nt€ et0!,eilacrr. rE acE Sdpt t ot AEE da

(S) at tL. rat of 0, U ald ! sL p.tr.dE.
AI ploB tuivld 30 Der 6t. Pot !h S.lt ar th.

hte o, ,+ crt. F '@, 
aDd duD8, E ioads D€.

xzrt,G applid: Aprtr ,8th.
aet plant d: April ,8th.
Bet lilt d: Nov@ta t d-iat!.
PEvio[. q!p: Bdley.

D

Actoal rctEhts In lb.

B

IP
ls

2P
OS

OP
0s

OP
IS

IP
OS

OP
2S

OP
ls

IP
2S

2P
2S

IP 2P
OS

IP
IS

OP
2S

2P
ls

IP
OS

!P
2S

2P
ls

OP
OS

OP
OS

OP
2S

IP
2S

OP
IS

2P
IS

OP

2P
2S

2P
OS

IP
1S

2P
2S

tP
OS

OP
OS

IP
OS

2P
rs

OP
IS

2P
OS

IP
IS

IP
2S

Block- 0-0 0-l 0-2 l-0 l-l t-9 2-0 2-l

Roob B
luDwashed) C

D

349
458
424

440
394
409
460

463
334
447
444

402
406
449

42A
409
461
485

421
459
451
498

338
426
392
366

443
486
471
499

460
458
471
417

A
ToIr6 B

c
D

2t3
29t

260

299
290
330

360
396
390
421

2t5
337
230
253

286
320
318
381

381

43t

2ll
303
274
240

288
385
317
395

3t0
400
367
367

A
Sotar B
Frceotag€ C

D

19.45
t9.34
19.67
r9.34

19.92
rs.00
I8.64
19.14

19.46
18.78
19.40
r8.82

t0.92
t9.05
19.05
18.83

19.68
19.28
18.76
18.47

19.17
19.86
t9.t I
18.36

19.74
19.35
19.40
19.r2

r9.92
19.51
19.12
t9.05

19.23
t9.92
t9.28
r8.93

c
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Suinmary ol Reaults.

Average yield.
Roots (cleaE)-

Totrs per acre. Per cetrt.

No
SEpet.

Sirgle
Super.

Double
Sup€r. Meao.

No
Sup€r.

Single
Super.

Donble
Super. Nean.

No S/A6m.
SiDgle S/Amm.
Double S/Amm.

9.26
10.r3
10.04

9.66
10.61
t0.92

9.05
I1.30
1r.10

9.33
10.68
t0.69

90.5
99.0
98.2

94.4
t03.7
106.?

88.5
110.4
108.5

9l.l
104.4
104.5

IIean 9.81 10.39 10.48 10.29 95.9 t01.6 102.5 r00.0

Top"-
No S/A-En.
Siagle S/A.EB. -
Double S/Amm.

6.98
8.08

10.49

7.20
8.74

10.12

6.Sl
9.21
9.67

7.03
8.70

10.09

81. t
93.9

l2l.s

83.6
t01.5
u7.5

80.3
107.7
112.3

8t.7
101.0
117.3

Mean 8.52 8.68 8.62 8.61 99.0 100.9 100.1 100.0

Sugar perc€ntage-
No S/Amm.
Siogle S/Amm. . .
Double S/AmE.

t9.42
r9.32
l9.l I

19.24
19.05
19.12

19.40
19.40
19.34

19.36
19.26
19.r9

MeaD 19.29 ts.t{ 19.38 t9.27

StaDdard Errors : Roots SiDgle treatmetrts : 0.402 tDos or 3.9? Per clot.
,, Means : 0.232 toDs oa 2.27 P€r c€Dt,

Tops Si!81e t eatments : 0.330 t Ds ot 3 89 Pet "eot.
sut"r Frce,taSe sia8l" i;orr"ot"Yffiz 

0 190 to.s or 2'21 Per ceat

Means : 0.108.

Delidtely sigDificatrt r€spolse to tne single dressi!8 o{ sul,Phate of amEoDia, botn Jor roots
aoa toos. *itl i further si6i6cant respoose oJ tle tops to t[e double dre-ssiDg but no further

oro"iir"ri of th. toots. -The respoaie to superphosihate ,ot the roots ls Eot siSailicatrt, atrd
thire is Eo si8n oI etry effect oa thelops. No srgdficeat effects oD sotar FrceltaSe
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Experiments at other centres, carried out by the local workers on
the lines of those described on the preceding pages.

Potatoes. J. E. Arden, Esq., Owmby Cliff, Lincolnshire, 1931.

J. A. McVicar, Esq., County Organiser.
a v a Ltia sqtr4 | Plots r/&)tb .@. sol : LiGtoo..
-8.5d UuEiDe : DuE i ! cL Sulph.t oI porash ed a crt, Sutphat! oI AmoDi. D.r..t!.vdety : Kitr€ Edwd. Irot 106 i,tiDred: Ap,il l5tb. Lift d,'Oc;be! 6t!" 

_-'- 
-"rtthoE @p : r ,.@ *<rs.

Average
yield.

No
Super.

, cr\t-
Super. Super.

8 c$'t.
Sllper. lleatr.

Statrdard
Eraor.

Tons per a
Pe! cent.

7.01
102.3

6.83
99.7

6.57
10t.8

6.60
06.3

6.85
100.0

0.187

No apparetrt matrurial effects.

Potatoes. Midland Agricultural College, Loughborough, 1931.
ax,l I:tlD Sql,*: Plots l,60rh acr, Soil: Ligbt t@m.Trarrrrrst FEh Uoe, LC.l. Corpoud ua;E, Bohe.dade mLt@ at th. Et. of 0.83 cet. N, 0.E3 cdr. pio., ud

1.66 *L ICO DE s@-
I+!f , Kr"c InT+. Pot r!6 phlt d : April lir"h. Litt d I S.pt ober,6rh.ri!ffu ctop : Y..ds bay.

Average
Yield.

No
Matrure

Fish
Maaure,

I.C.I.
Compoutrd
I Menure

IIome-
made

Mixturc.
lIeao. Staodard

Error.

Toas per acr€ 5.68
74.5

7.85
r03.0

E.7l
u4.2

8.26
108.3

7.62
100.0

0.22t
2.90

- The _les'poase to the EaDlrres is definitlly sigDilicatrt. There is a sigtrilicaat dilfereDce
bebf,een I.C.L ad fisb danure, but not betweeil Le.I. atrd bome-made, or tioE6.made atrd fGhltralure. Neither is the differeace beteeeD the iaorganic (take[ together) aad the fish maaurcs
si8[ificaDt.

Potatoes. Midland Agricultural College, Loughborough, 1931.
a R.odoris€d blocLs ol I plor! €ch. I,lols t/a8.8 .crc, SoiI I Lifht ltu,
lrlrrlqxrs: sulph.te ol ADooEi..!d Strrpbate of por.3h.t rhe"nte or it aaa S crt. u ee.rr...I rvldunng: J cst, sup6pbo6{'bar€ Dei a@. No duni ii@.vaiety: Kilg E lv.ttt. Pot t6 pletad : Apiil u$. LiIrlt: s.pt Dbs ,,ttLl,ltqoB @p : s'..d! Dr!r.

The response to Sulphate of AEloonia ts deliEitely signilica[t, the yield behg proportional
to the quaDtiry of EiiroSen supplied. No respoDse to potash.

Average yield.
toDs per acre. per ceDt.

No
Nitrogen.

SiDgle
S/ADm.

Double
S/AmE.

No
Nitr:oge!.

Sitrgle
S/Amm.

Double
S/Atum.

No Potash
Single Potash ..
Double Pota-sh

7.86
7.O2

8.58
8.35
8.69

r0.33
9.73
9.99

87.0
90.6
80.9

98.9
96.3

100.1

I19.0
I l2.l
It5.2

flearl 7.48 8.5{ 10.02 86.J s8.4 115 .t

ll{earl . . 8.68 r00.0

StaDda-rd Error (Sintle txeahetrts) 0.455
,, ,, (meatrs) 0.263 3.02
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Potatoes. County School, !(/elshpool, Montgomeryshire, 1931.

a R.ndo6i6.d blocb oI 4 ptots *b. Plots 0.00468 ae. Soil : Medim l@6 (We!.I@L sbale).
TBArEms I SElDbate ol A@ia, Nlh-ate ol Soda ad Cy@ide et the Ete of 0.6 cwt. N. Pe .@.
Bas.f UauuilA : ,l cst. SqtEphcphlte.nd I *L Sutphatc of Poiash p6.r.
V.riety: GEai S6t. Potakt€s plrt d: May lott- Lined: Sepiembe! 22ad-r5th"
PEei@ @p : PotatoG"

Average
yield.

No
NitrogeD.

CyaDa-
mide.

Nitate oI
Soda.

Sulphate
of Amm. Mean.

Standard
Error.

Toas per acrel
Per ceat.. . 

I

4.75
6S.3 105.6

7.45
109.4

7.92
115.7

6.84
r00.0

0.323
4.12

Definitely si8[ificant response to dtrogen. No siStrificaDt dil{erence between t}?es o{
litrogen.

Potatoes. Grammar School, Burford, Oxon, 1931.

, uDequal RandoEised btocts ot 4 .od l2 plots ecb r6pdtivelr, Bitb spUt plots. sub_plors: r/200th ace. Soil : lJme'

Tru EN"s, Maf T6ts, Sr9elphosph.te at tbe Ete olO,O-3,0.6, 1., cwt. &O: Per acre. Sub_plots: SulPhate oi
Amooia iod Cya@ide at $c rrl" ot 0,6 cwl, N. per a r".

Ba5al ManurJs. Sulpbate oI Poiasb at rhe rar" oi l.l (Br. K:o pPr a, re.
Vdiety : Ring George. PotatB pldted: Apil ,7th. Litted: Octo!€r Ist.

* L.*' I n"*,. | ."*. I
super. lsuper. I super. I s,r'. I ireql

With S/Amm.
Wittr Cyaramide

3.93
4.33

5-45
5.98

5.89
5.40

5.60
,1.98 5.t7

75.6
83.4

101.8
I I5.l

tt3.4
104.0

to7.8
95.8

100.4
99.6

Mea[ . . 4. r3 5.11 5.65 5.29 5.20 79.5 110.0 108.7 t0l.8 100.0

Statrdard Error siagle trcatment: 0.431 tons or 8.30 Per cent.
Statrdard Error Meatr of S/Al]lm. and Cyan. - 0.353 tolrs or 6.80 Per cetrt.
Stanrdard Error tr{eao oI all levels oI Su?er. : 0.176 to[s or 3.40 Per cent.

There is a signilicant respotrse to the 2 c*'t. dressirg of superphosphate, but no additional
respoose to the -beavier dreisings. There are no siSnilicatrt differences behreen Sulphate oI
AmmoD.ia alld Cyanamide.

Potatoes. Sailors'Orphan Homes School, Hull' 1931.

a . I t:rin SoLlm. Plots 0.00459 a@. Soil: H.avv alluviuo.
rrrNqrrrs i SulDbal" of AdmonE, Nitm!" ol Sod. aod Cran.Didc at thP Btp ot 0'6 rst N p" ii r''
Bi,J Dr6re: riB!, Su!)@hosphaF, 3, Ft. sulphare oi Poash P'' acre.
vanerr tiei! Pinf,. P6t3i@s plantsd: APril 29th. LifrPd: oct.3rd_7tb.

Average No
yield. I Nitroges.

Nitrate oJ
Soda.

Sulphate of Cyatra-
llean-

Standard
Error.

Tons per acre I

Per ceDt.. . 
I

7.88
94.1

8.46
r01.1

9.42
112.5

8.37
100.0

0.483
5.77

The resporse to treatmetrts is not large enough to be significatrt.
t Otre plot of this treatmetrt discaided and a value ca.lculated for it frcm the

relaaitritrg plots.
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Potatoes : Messrs. Hickman & Co., Visbech, 1931.
'W. F. Cheal, Esq., Horticultural Organiser.

,l x4 Lrrb Sq@e. Plols O.nrO7 ae, Soit: E) ?p sitt.
Basa] vanDos : 4 cwr. Sdpbat- of potas!, 4 .wi. Sjphate or ADmoDje F acre.

tlftv,ous ( rop - Rhubalb.

Average
Yield. Super.

2 c\\t.
Super. Super.

8 c$t.
Super. IIean.

StaIldard
Efior.

Tons per acre
Per cent.

t2.30
95.4

t3.16
102.1

t3.08
101.5

13.03
101.1

12.90
100.0

o.27 t
2.099

^ 
The. effe_ct of Superphosphate is just signitica.Dt. No {urther rcsponse to tie higher levels of

Superphosphate.

Potatoes. Lady Manner's School, Bakewell, 1931.
4x4 kti. Sque. Plots Utrot"hacle Soit: Lim6ro.tsEi_her slonv
Irc f:gMs.: Solphare oI A!@oDia, Nih-at. oI soda dd Cytu.mid€ ai th. ht or 0.6 cwt. N Der .@.ga+r uegr.gj , cEr slrpdphcptEte, 3 wL sdphale d pot*b Der a@.vatrry: K$g ndFard. potatG plaDted : Uay 8th. tifted: S.Da- 2rod-r8tb.

Averase | ..
Yjeld Nitrogen.

Sulphate 01

Cyarlamide
Nitrate of

Soda. trIean.
Standa-rd

Error.

Tons per acre
Per ceat.

.. I 6.61

| 
846

8.29
105.6

8.04
102.4

4.42
t07.3

7.84
100.0

0.196
2.50

- DefiniteJ! sigftficant re,ponse to nilxogeD. No sigaificant diJfereaces betq.een the va ous
forms

Potatoes: T. Gornall, Esq., Upper Birks Farm, Garstang, Lancs., 1931

J. J. Green, Esq., Director of Agriculture.
{ . ,l I a$D Squai, PloL! l/57tb a.rp. Soit: Mus,Bel Manunns : sulphat€ oi Ammodia aod sulpbate of potash ee.h at the rare oL cwt. per ac.e, and 10 toas rmyaril
vdiery: Ri,g EdBed \,ll. PorarGs pla]tpd: \tay l1th. Litredri,pr.!2Dd.fr€uoc c.op: Spring @ts.

AveIage
Yield.

No
Super.

2 c\\*..
Super. Super.

8 cv't.
Super. IIean.

Statrdard
Error.

Tons per acre
Per cent.

2.69
iot o

2.67
r00.3

2.69
t01.0

2.60
97.7

2.66
100.0

0.078
2.95

Paltial failure of crop; Do response to maaurial trealme[t.

Potatoes. J. B. Everatt, Esq., Garthorpe, Lincs., 1931.
J. A. McVicar, Esq., C.ounty Organiser.

4 x I trri! Sq@. Plors U80r.h .@- Sril I Wa!p.
P.+ U-!f!r"Cj Surphate 6t A@oaia ad SuDer;ho6pb.r€. ab .r r!. nt or 4 c,t- E a.n
Ydiety : Kitrs Eim;d" poratG p!2Dr.d I xiy ii!- 'Urnit a Ga 16t'rEvi@ doE : SuAe BeL

Average
Yield.

1""
lsu. or eot.

I cllt.
Sul- of Pot.

2 c1r.t.
Sul. of Pot.

3 cwt.
Sul. of Pot. lIean.

Stardard
Error.

Toos per acre .. ] 11.88
Per ceEt. .. .. I g6.f

12.39
100.3

12.84
103.9

12.30
99.6

12.35
100.0

0.350
2.83

No si8aificant manurial effects.
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Potatoes. J. W. I-Ialkon, Esq., Garthorpe, Lincs., 1931.

J. A. McVicar, Esq., County Organiser.
r xi Lrti! Sqt,& Pror. r/80ih..i!- So[: W.!p.
Ert.l Xl[Erins : SolpbaL ol ADE@i. ud ssFrphcPhrt , aI at tb. ni. ot a st. p.r .@.
v.d.ty, U.j6ti:. Poiato6 pLlt d: AFil ltth. LUt d : O.t 6rb-
PEviors mp : P@s.

Ar.erage
Yi€ld.

No
Sul. of Pot.

I cwt. l

Sul. of Pot.
2 cwt.

Sul. of Pot.
3 c\rt.

Sul. oI Pot. trIean.
Statrdard

Error.

Tons per acae
Per ceDt-

10.12
98.4

10.54
102.4

10.29
100.0

10.2t r0.29
100.0

0.312
3.04

No appaletrt Ealrurial efGcts.

Sugar Beet. South-Eastern Agricultural College, Wye, Kent, 1931.
a ! a htir sdw- Plot! Ul()th .@. Soil : SUtv lo.sr.
TIt rruas; uori.t oI Pi,tsh, at the El,e ol l.a crL p.{ .@, ed Seli rt th. rrte of l.la nt tc..ci!.
Ba!.f UaluriDe: l2 to!. dua, Sulotat4 oI At!@Ei. .t tb! Ete of , crt, Fr a@, aad Sup.4,h6phaL .t tb. El,G ol

vdi.ty :' Io.irr.rEbtE E. Batson: uiy 6tb. Liltd: OcL 13ttr.
Prlvloqr ciop : Oats

Average yield. No
Pota-sh.

Muriate of
Potash.

Salt. Muriate of
Potash atra

sdt.
llea[.

Staadard
Er!or-

Roots (cleatr)
totrs per acre
p€r cent.

I l.l8
100.7

10.82
97.4

I l.3l
101.8

I l.l2
r00.1

ll.ll
100.0

0.169
1.53

Sugar perceDtage in
Rrrols 18.43 I8.68 18.63 18.99 18.68 0. r46

No siguific..trt effects. fhe differetrce of sugi4r percetrtage for the vadous treatDents is aot
sit!.i6cant.

Sugat Beet. South-Eastern Agricultural College, I7ye, Kent, 1931.
a x { L.tin SouaG Plots l/t()rh .@. so0 : siliv loaE.
'frrr rirs: Sulpbat of A.mmolia at th€ Et oI l.3l crt, p€r am, Nit!.t of Sod. .t lhe Bt€ of t.06 st. Fr a@, ald

C@id. a! tbe Btc ol r.6 crt. Dc! e@.
Bs;rf Mrui"R , l, toE dus, a ct;t. Sup6pho6pbat , aid 2 crt. Mui.i. ot Potcsh per acF.
V.!i.ty: Klei;w.rEletEE E. Eet som : Mey 6tt. Lilted: October t3ih.
PEvious @p : Oats

Ave.aSe
Yield.

No
Nitiogel.

Sulpbate ol
ADmoDia.

C)'atra-
Eide.

Nitrate oI
Soda. trIeao.

Statrdard
Error.

Roots (clee.tr)
ToDs per acre
Per ceot-

11.79
9S.?

I1.89
100.6

11.17
99.5

L85
100.2

I r.83
100.0

0.145
t.22

Top6
T@s per acre
Per ceDt.

12.89
92.8

r3.63
98.r

1,1.13
10t.7

14.94
107_5

r3.90
r00.0

o.152
3.25

Sogar Perceotage
Roots

ut
18.93 18.48 18.61 r8.39 18.60 0.08?2

Thcie is a si8[ificatrt iBprovemetrt due to litrog€E iD the yield oI the tops, but Do sigaificaDt
difierencr betseeD the difleretrt ki[ds of nitrogeD. The roots did Dot respoDd to treatment.
Si8litrcaat depression in sugar percetrtage by Ditrogetr, but ao siguificaDt differeEce betweetr the
varioEs lorEs ol nitrogao.
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Sugar Beet. The Universiry of Leeds, Askham Bryan, Yorks, 1931.
4 4 titb squir.. Plors l/80th a(re, soil : Med,uo lo.m oo mvel.
TrE^rlElrs : 2.wt. Sulphalc ol AmmoEi. p€r acre stb *d, NiLak of sod. Fitb e.d. dd Nikate oI So.ta s top dt!si.8€adv,leDt ro 2.wr. SulDhar€ ol Amnoda,
3a! l Ud-ulitrg: l0 toc F@ya.d }l.n@, , cst. Su[Eryh6phate, I c*t. Stlared Bore Flou, .nd I .rr. 30 Fr c.r!Potstr S3lt Fr ace.
Vdi€t_!: Kleior@l€ben E. Bet $Ftr : ay 6tb_ Litred : Octob€r 3orh.
Prerious .roD : (}al3.

Average yield. No
Nitrogen.

Nitrate oI
Soda with

seed.

Nitrate of
Soda top
dressiI19.

Mean.
StaDdard

Erro!.

Roots (clean)-
Tons per acre
Per ceDt.

7.93
80.8

9.04
102.5

9.27
105.0

9.05
102.6

8.82
100.0

0.250
9.84

Tops-
Toas per acle
Pe, cetrt.

s.78
87.8

I I.43
102.5

ll.g7
107.4

I l.!tl
lor.3

1 I.l;;
100.0

0.448
4.O2

Sugar percentage itr
Roots 16.90 16.58 t6.78 16.76 0.195

_ Signi{icarlt resloDse to niti-oteD. The differeac. betweetr t}te diflereDt forms of nitrogeD is Dot
si8nificatrt. No sigDificatrt diflere[ces itr sugar FrceDtage.

Sugar Beet. Gregory's Farm, Watton, 1931.

H. W. Gardner, Esq., Hertfordshire Farm Institute.
1 .I liriD Sql,e. tlors 0.0123.@, Soit: cEldlv-Brter eur.TDBrExrs I DrDa and S'nDb.t ot AmEonia 2.i;t. D.r r@. SurmhGDh.t 3.57 crr_ E .d- poa\h satr r3o ereil) -rt th. Br ol 2 cel Fr .8. Li@ .r the Et of , roE pd .&, Cr.sDide er tli nE oi r *r pcr aci r'na

lilae {ll p.r c.Dt.) .r &€ Et o, 3 c*t, Er a@.Vdi.ty: RLilr@Lb.o E. Bdt em :_ May lst. Lift d : SepGEb.r tzrb.
PEvioG qop : Tmip'

AveraSe yield. DunSoDIy

Dung,
S/Amh.,

Super ard
Potash
Salts-

Dutrg,
S/Amm.,

Super, Pot-
ash Salts

and Lime.

DuDg,
C,'atramide
SIag aad
Potash
Salts.

llean.
Standaid

Error.

Roots (dirty)-
Tons per acre
Per cent.

10.04
89.4

r 1.39
t01.3

12.15
108.1

I1.37
l0l.2

I t.24
100.0

0.328

Tops-
Toas lxr acre
Per ceat.

9.57
87.2

10.86
98.9

12.21
tll.2

n.27
10r.7

t0.98
I00.0

0.407
3.71

Signilicaot_-improvement by aitilicials, reith further sigEiticaDt ilIlprovelnelt by lime. No
appreciable diflereEce betreeD sulpbate of ammotrja and suftr, and cyatamiae ad siag.

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-1-65 pp 196

Average yield.
No

Phosphate. Slag.
Rock

phocphatc.
Supe!-

phospha.te llean.
Staadard

Error.

Roots-
Tols per acre
Per ceDt.

16.96
96.2

18.21
103.3

17.20
97.5

18.14
102.9

t 7.63
100.0

0.261
1.48

Tops-
Toas per acre
Per ceDt.

s
4.80

89.t
6.41

I19.0
4.93

91.5
5.41

100.4
5.39

r00.0
0.093
1.73

Avelate
yield.

No
Phosphate.

Mineral
Phosphate.

Low
Slag.

High
Slag.

Super-
phosphate. fIean.

Standard
Error.

Roots-
ToDs lrer acrr
Per ceat. . .

28.53
t00.6

29.01
102.3

28.99
102.2

27.76
97.8

27.54
97.I

28.37
100.0

0.804
2.83

Tops-
Toos per acrc
Per ceot. .. 97.8 105.6

2.60
100.9

2.57
99.7

2.47
96.0

2.51
r00.0

0.089
3.45

No signif icant results.

_ SiSrdticanl rcsponse to slag aad to superphoGphat!, but rlot to roct phosphate. lLere is Eo
siStriIicaDt differeace.between slag and supe+hoebhate irr tlrc case oI iooLs, but for the tops slag
rs $8E rcaEuy aupenc.

Swedes. County Farm Institute, Mou1ton, Northampton, 1931.
6 y 6 l2tiE Sq@. PloE 0.0, .@. Soil : S.!dy lo.D.
Illr:rrtNts.: SuFrpbo+_h.-te, MiDerd Pho6pt.t . Higb aad ljs e|tble sra8, dl pDvidilg r .sr. p,O. F a@.
Ba!.I M.l[rioa: rl c,L Sulph.t of AEe@i. .rd 3 c*t. (30 Der eot.) Poust SalLr E .-cE.Vdi.!y: GartoD's Slp.rlitire. SDed6lom: Iun.0th. Liltdj: NwaEb€r t2th. _

P!€YiorB @p : Wh..L

r95

Swedes. County School, Welshpool, Montgomeryshire, 1931.
r xl ktir SquaE. Plots t/l@ttr .m. Soil: M.diu6 roeE (weDr@k staL).
T.t^rrEm3: Su!'6phcpbat , R@t Phcph.t .nd Slrs, pr6viditr€ I .vr. PrOr !.! .@.
Ir.lal M.nuiaa | , *L StrlDhate of At@oda od ll crt. SolDbat ol Potah o.r.cE,
Vdiety I lrrd D.rbr, Srdl6 $m : Miy 20rh. Lilr.d : No!@ber lsr{rb, _

Prcvioc @p : So8.r AaeL

Swedes. Oundle School, Northamptonshire, 1931.
6^5l:ti!Sq@. PloB VSOtt ae, Sor: He.vy l@E otr OtJord clay,
I,qr!.Elrrs: Soplrpho6ph?t , liiDtEl Pbcatte. Hish aad ln $ltrble sLs, .ll prcvidiDa I crt. P:or per ae.
B.s.l M&uir'8 : I .y!. Solphate o( A6oo!i. Fr .G.
Vri.ry: PupL Top. Sepd6 $m: May liih. Ulr.d I Solember 23rd.
PtevioE @p: Gre, Wint . Oals.

Average
yield.

No llineral Irw Solu-
ble Slag.

High Solu-
ble Slag.

Super. Mean. Standard
Error.

Roots (cleaD)
ToDs Ircr acae
Per ceDt. . . toz.2

33.50
96.3

33.86
97.1

36.2r
104.1

34.7 5
s9.9

31.17
t00.0

r.20
3.46

No si& ficant eflects.

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-1-65 pp 197

196

Cabbages. T. H. Ream, Esq., Portobello Farm, Nr. Potton, 1931.

J. IV. Dallas, Esq., Counry Organiser.
6 \ 5 Latin Squaft. Plots l,/50th .@. Soil : Very p@r liShl erd oo Sardy Healh.
Bel [I.nui!g d Potar@s: 3 (wt, SuFrpb6phale aDd 3 cs'r. Sulph.te of Potasb p.r .cr.
Vuiety I Christl@ DruDhead. Cabba86 plalted: July 2lst. couDted: D@Db.! ?th.
Prcviou!.tup : E&le Pot tc, to rbrch ell the EellB were .ppli.d.

Cabbages. T. H. Ream, Esq., Portobello Farm, Nr. Potton, 1931.

J. 107. Dallas, Esq., County Organiser.
a !. l,rir sd|,e rirb sDUt Dlors. Maia Plot! L30i! a@, Soil: \'ery p@,lkhi sd o! Sindt lletL
ti-t-ms,' IoMirs .pDlietioB of Su!.tpbcph.c6 to pFtio'rs cr@ Plots split fd StrlPlrir. oI Am'Dou .t th.

6t. oL rL Dd acn, &id Nitlar. oI Sod. .quiv.L.t to Sulph.teb, A@ooi.-
B,sl Mmtrid: 2 Fr, SulDhat oI Potah Det .@
v;.i"t;, chtis"!".s Dru-li.d- C!bb.s6 pElt d: ftly rotb- cut: DeeEh.. ltth-Jalry Uth.
Prctidrs @p : PoLtG, to thi.h .ll eaoutls wct .PPli.d.

."rage no. oI cabbage-s githired
Average weight per

Average
Per acre.

No
Super.

2 cwt.
Super.

4 cl*t.
Super.

8 c*t.
Super. Mean.

No
Super.

2 cwt.
SuPer.

4 cwt.
Super.

8 crrt.
Super- lIeatr.

S/Amm.
N/Soda

1.18
1.32

1.22
t.33

1.20
1.30

1.21
t.22

l.2l
1.29

2318
2865

2198
2790

2798
2948

2978
2925

2572
2882

Mean I.15 1.28 1.25 1.23 1.25 :591 2194 2872 2951

Staadard Error: single t eatmeot : 0.038. 259

The weight per cabbage is si8liicaotly higher on tle nitrate of soda plots, aod the number of
cabbages cu-t is aho highei, though aot siS!'ificaatly so- There are oo otier sigrd{icant effects.

Kale. Midland Agricultural College, Loughborough, 1931.
a x a hrio sourc, Plots u5ottr .@, soil : uaht loee
TE .'wxr< i I n.laqinz aDDliatio of Nitnt ol Soda
ihsd xeuilr, 15 toD; F.iay.rd Mo@ D{ .@, ! wL S@dphGph.t .Dd ! ctt" Pot .h s.lt Da e!.
V.ri.ty : U.m6re@ Xale sam AFil tlth- Cot : S.Pt@!a t?th€c!ob.. !ftL
PFvioa @p : Oa(

Average yield
No

NitrogeE
I cl,t.

Nitrate oI
Soda

2 cw.t-
Nitrate of

Soda

4 cwt.
Nitrate o{

Soda
Iean

Standatd
Erlor.

Tons per acre
Per ceDt.

16.31
81.7

18.20
97.1

19.06
101.7

22.42
110.6

t8.75
100.0

0.877
3.61

Defhitcly sigEifica.at rcspoDse to liq ea, *ith a siSaificatrt iacrease in yield at tne higher
levels.

No. per acre 4760 5670 .1870 5750 ;162 l.i

There is a siSnificaut averate respoas€ to nitrogen as mosured by ttre number oI cabbages
cut. Tbere is som€ itrdication tiat the split alressings are superior to single dressiogs.
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Brussel Sprouts. The Horticultural College, Swanley, 1931.
6 x 6 htin Squqt!. PloB r/u5u a@. Soil: Lishr €k t!o[t lo.m.TrlrrExrs :- Sup.r a-!d Poi.Ah (oo Nih etr), Pourtly MrluE, cu.@, Anitcials tuU N (0.a .rt ), .!d Att6d.r! | N(0.t crt.) .t th. rat. of 0.,a crt. N E .@.
Ba!.r i{.nui!s : SEprph6pbate it tte Er. o, 0.8 cxt. P!O., Sulphat of Potash .t r}. nt! of 1.0 crt. tqo Fr rct!.
BEssels h.n..rcd : Sqtte6ber l7t!, ociob.t tzrh, O.lotir rorh ild Novc6D.r rod.

Average yield. No Artificials
+N.

Artificials
full N.

Guaao. Poultry
Manure.

tr{ean. Standard
Efto!.

C$'t. p€r acre.
lst HarvestiDg
2l1d HarvestiDg
srd Harvesting
4th HarvestiDg.

r0.4

14.0
t4.l

9.8
22.8
l3.l
l7.t

t 3.9
20.8
12.5
t8.6

13.2
25.4
13.2
19.7

15.1
23.5
12.7
20.6

12.6
23.6
l3.l
18.0

1.55
l.l6
1.09
1.36

Per ceat.
lst Harvestin8
2ad HarvestiDg
3rd Harvesting
4th HarvestiDg.

82.4
100.3
106.6
78.3

77.6
96.3
99.8
91.7

I10.4
87.8
95.6

103.4

t04.8
107.6
100.7
109.3

125.O
107.9
97.3

11.1.2

100.0
100.0
r00.0
100.0

t2.33
4.93
8.31

tBlown sprouts.
Th€.respotrse !o poultry maDure and guaoo is sigaificatrt when the fourth harvestiag Olo*!

sprouts) is taketr itrto account. The respotrse to the& two manures on tie fist tiree haivistiags
is trot itself si8nificaut. The high statrdard error pleveats a[y codclusioDs oa the efrects o( artilicial;.

Hay. Hailel'bury College Farm, 1930.
H. W. Gardner, Esq., Agricultural Chemist,

Hertfordshire Farm Institute.
5 x 6 f.6! Sqlr.E Plotr V50ah .@. So : ljsht L.a
Tq -i-E!r3: Top dEdlcs ol Surphat ol A!mdi., Cr.n.ei&, Nirr.t oI Sod. ad Niteta& .quiv.LDa to tI crr.

Solph.a. of An,!D.i. Da acre-
H.y cut: Jdy ,!d, r0r0.

Ave.age
yield.

No
Nitrogen.

Cyana-
mide.

Nihata of
Soda.

Nitro-
Chalk. lIean.

Standard
Error.

C*t. Fr acre
Per ceot.. .

60.6
89.4

72.1
106.5

69.0
10t.9

66.1
97.6

70.8
104.5 100.0

1.76
2.58

Delinitely signilicaDt response to Ditrogen. Tbere are no sigtrilicaDt diffe.ences bet$,ee! tbe
vafrous lorms ot Dttrogen

H"y. Haileybury College Farm, 1931.
H. W. Gardner, Esq., Agricultural Chemist,

Hertfordshire Farm Institute.
6x5 hti! Sque. Plols r/5fth .cre- Soil: Clay.
TRBTENTS: Top.dnsiiss of Sulphatr oI A;Doda, (r.namde, \ Er. of Soda, I\n,G"haU, eqdv.leot ro rl (wt.
Sulplat ot A@ooia per acR.

Avelage
yield.

No
NilrogeD.

Cyana-
mide.

Nitxate of
Soda.

Nitro-
chalk. Mean,

Staodard
Erlor.

Cwt. pe! acre
Per ceEt. ..

35.7
86.7

44.6
108.4

38.3
93.1

44.8
108.7

42.5
103.2

4t.2
r00.0

1.52
3.69

DeIilitely signilicaDt respoDse to dtrogeD. CyaDarlide is sigdricaotly inferior to sulphate of
amEoDia atrd Ditrate oI sodt, but scerc€ly-to Nihorhslk.
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Grass. H. W. Gardner, Esq., Agricultural Chemist,
Hertfordshire Farm Institute, 1931.

a x a L.li! SquG. Plols 6 sqt,e yards. Soil: t-oaE,
TE^trrxts : SiDaL {1 .rt. p€r rc) SElphlte ol Amoonia .pplicd ea y (MaEt ,od) ed .fter June 8!.rins, .!d Doubl.

Sulpb.t ol A@i. aDpli.|d 6ly ruaEh,od). Silite Lt:I. fertiliiri Drcvided e@ aEouit ot-N. E6t! rc.ri"iDz
SulDhat of ADDoli. alsi' tteiwd t-be sare &Or.ud KO.s '6 prcvidat bv rhe I.C.t. F6rili*r. Siity Drr c.nt. ol

_ th. N E@rrd i! the crDp @rrE"ondiDg ro.aci aFarm;r ,a3 rerdEed ro th; tand in rhc r(E of poulrrrda.uE.
Bas.l U.nudDg: r td Lim., a cw!. Mirinr Pho.DhaG. and 2 crl Potash Salr (JO per eor.) Fr acr..
Gns. cst : April8rd, Ju. 5r[, Jdy ,oth ed Sbpi.Eb;t r6th.

Hay. Lady Manner's School, Bakewell, 1931.
ThR ledomi!'d bl@!5 of E ploG a.b- Plots Ul6t .@. Soit : LiGro!..
Tl,ll.irlxr3 : 2 !!ei. NitBte of S{da (N), I crt Srpe4Lo6ph.t (P) aDd , cat" Kaiait (K) per .@.
XIDUI3 .ppli.d Mrh 20tb-
Hsy cut: J[e !orh.

Significant response to ritrate oI soda, and to superphosphate in the presence oI nitIateand
kainit.

Hay. Lady Manner's School, Bakewell, 1931.
6)(6 Lelr. Sqwe. Plots l'l98rb a.re Sod: Lioe5lone.
Titnrrsrs: tnw end HEh soluble SIa8, Rek Phospbrt! and Sup.rpbo6phate, providing l.0 cst. PrOr Fr a.re.
Mmures .DDIied ' ll.(b 271h.
Har.ut: JuDe 3otb.

AveBte yield-
No

Nit ogen.
S/AmD.

Siagle E.
aBd L.

S/Amm.
Double E.

I.C.I. Fer-
tiliser E,

and L.
lIeatr.

Statrdard
Erro!.

Dry Eatter-
Cwt. per acre ..
Pet cett.

70.6
91.8

81.0
105.4

77.8
101.2

78.1
r01.6

76.9
100.0

2.60
3.38

T'he response to kogen is significadt, but there is Eo difJerence betweeD the different forms
and times of applicatiorl.

Average yield. o \ P K \P PK NPII fIeaD

Cwt. per acre
Per cent. ..

39.3
87.9

49.6
110.9

41.4
92.7

36.4
81.4

49.6
I t0.9

43.1
96.5

37.8
84.7

60.{
135.0

11.1
100.0

2.82
6.31

Average
yield.

No
Pho6phate.

Lovr Sol-
uble Slag.

High Sol-
uble Slag.

RocL
Phosphate.

Super. lean. StaDdard
Error.

Cwt. per ac.e
Per ceat. . .

3 t.l
98.4

29.5
93.3

32.4
t02.6

30.9
97.8

34.1
107.9

3l.6
t00.0

1.62
5.t2

No signiiicaEt respoDse to Eaaures.
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