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Experimental Station Stafi
J ANU ARY-DECEM BE R 1935.

Director : Sm E. Joxx Russerr, D.Sc., F.R.S.
Assistant Director : B. A. Kert, D.Sc., F.R.S.

The Juer Mlron Brctcriologicd lrbontory-
Head of Department . . H. G. TEoRNroN, 8.A., D.Sc.

Assistant Bacteriologist . . HucH Nrcor, M.Sc., PE.D.,A.I.C.

Post - Graduate Research
Worker

Laboratory Assistant
Laboratory Attendant ..

Bot nical Leboratory-
Head of Department

Assistant Botanist
Laboratory Assistant .,
I2boratory Attendants

CLrmical l$oratot1r-
Head of Department
Assistant Chemists

Post - Graduate Research
Workers

Special Assistant
LaboratoryAssistants ..

Biochemical Section

Post - Graduate Research
Workers

Laboratory Assistant . .

JoYCE E. RUDoRF

BLANCHE RoLT
trIuRrEL CoRkE

\\'rrrrn-srr 1.. BRENcHLEY, D.Sc .

F.I-.S.
Kerururr ll'anrncror, trl.Sc.

MARJoRIE IIEsSENGER

RurH W,rLxER
CoxsreNcr Hurl

E. lt. Cnou,rnrn, D.Sc., F.I.C.
R. G. W-rnrcx, B.Sc.
H. L. RrctrARDSoN, M.Sc., Ph.I)..

F.I.C-
Srcre G. Hrrxrzr, Mag. Phil.

G. Nec scnruor, Dr. Phil.
L. A. Drax, Ph.D.
J. B. Mersuerr, M.Sc.
E. GREY
A. H. BowDEN
F. .I. SEABRooK
G. LAWRENCE
H- .A.- SMrrH

J. !V. Drwrs
ALIcE KlNGHArr,
Joex Oaxrev
A. G. NonuaN, l).Sc., F.I.C.

MARTAN NoRMAN, M.Sc.
Axxa NoworNv, Ph.D.

Joex lfurnzn

t_
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Fenoentation Laboratory-
Head of Department . . I:. H. Rtcuanos, B.Sc., F.I.C.

(Iveagh Research Chemist)

Assistant Chemists .. S. H. .JENKI\s. lI.Sc., Ph.D.,
I..LC.

\. \\'. B-{RRIrr, }[..4..
P. \\" \\'IcR.lY, B A.

Laboratorl' Assistant .. STI:LI-A WARD

General Microbiology Laboratory-
Head of Department . . ll. \\'-{RD CurLER, M.A., F.Z.S.

Assistant llicrobiologists lr:rrIce lI. Cnulrp, M.Sc., F.Z.S.
C. B. Tevron, Ph.D.
ANNIE DIxoN, I{.Sc., F.R.M.S.

JA\E IIEIKLEJoHN, Ph.D.
Post - Graduate Research

Worker .. .. S. R. SENcuPrA, DI.SC.

Laboratory Assistant .. fI-.\tsEL DUNXLEY

Laboratory Attendant .. }I.{RJoRrE RoBERTS

lnrccticider and Frmgicider Lrboratort-
Head of Department . . F. T.{TTERSFIELD, D.Sc., F.I.C.

Assistant Chemist . . J. T. IIARTIN, Ph.D., A.I.C.

Laboratory Assistants . . C. REID
BETTY D.{vIEs
UURIEL CORKE

Phyrical l:boratory-
Head of Department . . B. A. Krsx, D.Sc', F.R.S.

Colloid Physicist . . . . R. K. ScHoFIELD, M.A., Ph.D.
(Empire Cotton Growing
Corporation Soil Physicist)

Assistant Physicists . . G. W. Scorr BLATR, M.A. (Gold-
smiths' Company Physicist)

G. H. CASEEN, M.Sc-
- E. \\'. RussBrr, M.A., Ph.D.

Post - Graduate Research
Workers . . . . J. V. R. DA CosrA, B.S.A.

S. P. ReYcHeuonunr, D.Sc.

Assistant .. .. JEsslE WALIGR

Laboratory Assistants 
X. f fll:rn*,,""

Laboratorv Attendants 
Lr'iJr:* puDDEFoor
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Statirtiel Labontory-
Head of Department .. F. \ATES, M.A.
-{ssistant Statistician .. \\.. G. CoCHRAN, B.-.1.
Post - Graduate Research

Workers . . . . lI. 1I. B.qnxano, M.A., B.Sc.
C. puecxras

-\ssistant Computers .. J. U. \\ilsoN
FLoRTNcE PENNELLS
Krrry Rorr
Prccy Hurseno
VIoLET CURGEN}TN

Honorary Consultant .. PRoF. R. A. FrsHER, II.A., Sc.D.,
F.R.S.

Entouological Laboratory-
Head of Department . . C. B. \Vrr,r-rn s, lt.A., Sc.D.
Assistant Entomologists. . H. F. Brnxrs, [f .A., ph.D.

.{. C. EVANS, B.Sc.
Soil Insects Investigarion. \1 . R. S. I-.{orr[, F.I.C.
Post - Graduate Research

\4rorkers .. .. K.4.THERnE J. GRANT
Brrrv J. Lovreorn, B.Sc.
GLADys lI. \yrrsou, B.Sc.
K. D. BA$-EJA, M.Sc.

Laboratory Assistant .. Errzegrru Srrlrv
Laboratory-A.ttendants -{xrraNEweunv

R. \l-rrcr
Bee Investigations-

{piarist .. .. D. }I. T. }IORLAND, }t.A.
Bacteriologist - . . . H. L. A. l'Axx, ph.D.
Apicultural Assistant .. A. C. RoLr

PLrnt Prthology l.aboratorrr-
Head of Department .. J. 

f;r_,xntnsoN 
SurIr, N.8., Cn.B.

Mycologist .. .. G. SAuuEL, lI.Sc.
Assistant Mycologist . . U-{Ry D. GrvNrr, l!t.Sc.

Virus Diseases: Special
Staff-
Physiologist .. .. F. C.BAwDEN, M.A.Cvtolosist ayiilrs Ir. L. SHEFFTELD, ph.D.,

Entomologist . . ILlrrox A. WarsoN, ph.D.
_ .ltssistant Entomologist Berrr. flrrcnerr, B.Sc.
Glasshouse Superintenden t f l-lnc.rnrr ll. Rnomls
Post - Graduate Research

Worker .. I-rNe Culow
Laboratory .{ssistant .. ELsrE HUNT
Laboratory Attendant .. Hrroe Rrapr
Glasshouse Attendant .. GLADys CLRI

t

\.
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Field Erycriaeatr-
Guide Demonstrators

Plant Physiologists

Field Superintendent
Assistants

Imperial College of Science
and Technology Stafi-

(Plant Physiologl')

H. V. G.{RNER, }I.A., B.Sc.
E. H. GRxcoR:r
D. J. Srarsor, M.A., Ph.D.
PRoF. \V. Sournwonrn
I. W. Srrllalr, Ph.D.
B. WnsroN
G. F. CoLE
S. A. W. FnlNcr
R. Brcrr
G. \{'rsrox

F. G. GREGORy, D.Sc.
A. T. Lrcc
F. J. Rrcnanls, M.Sc.
J. E. \4'rrrrens
J. E. Aoalrs

J. R. )Iorrerr, B.Sc. (Agric.),
N.D.A.

E. C. Welrrs
H. CURRANT
F. SToKES
C. Ilpplr.ur
W. C-{rN
G. HENDERSoN
F. L. Wonsroro
.\. J. SMrrH
A. Srawano
J. UNornurrr
W. Horralo
H. Cu,rplr .-
F. Srioxarr

]IARY S. -\sLrN

Assistants

Fstlur-
Manager .. ..

Recoider . - ..
Bailiff
Horsemen

Shepherd .. . .

Stockmen .. ..

Pig Experiments
'fractor Driver ..
Labourers

Library-
Librarian

Sccretarial Stafi-
Secretar].
-A.ssistant Secretarv
Director's Private

Secretarv
Senior Clerk
Juuior Clerks

.. \\-. BrR\rcor, lI.B.E.

.. Cos sr-rxcr K. CArro\

.. .\\NrE E. l[-{c}i\ESS

.. Br-rrntcrE..\r-LIRD

.. OLr\-E fk'\'r
JI1RG.IRET BL SHELL
Brrr,- J-lcxsos

V. Sr-{NSr.rELD, F.R.P.S.

A. Occrrsgv
W. PEARCE
F. K. HawxrNs

Photographer
Laboratory Steward and

Storekeeper
Engineer and Caretaker
Assistant Caretaker
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Members of Permanent Stafi who left bctween January lrt
and December 31ct, 1935, and the Appointmenta to which
they proceeded -

H. C. F. NE\\'roN, B.Sc.,
-{dvisorv Entomologist,

\{'est Xfidland Province,
Harper Adams Agricultural College

Newport, Sa1op.

J. CALDWELL, Ph.D.,
Lecturer in Botany,

University College oI the South \4rest,
Exeter.

Temporary Workers. 1935-
In addition to those temporarv workers recorded in lhe list of

staff, the following sent officially b) Governmentj or Universities,
or coming on theii own resources, have worked at the Station for
various periods during the year 1935:

(l) FRoM rHE EMPIRE :

Aushal.ia .' L. \\I. Samuel

Catwdq : Dr- F. J. Greaney, Dr. \\'. Newton, Prof. A.
Scott

Ceylon : M. Fernando
Federated M alay States.' C. G. Akhurst
I*dia : C- N. Acharva, N. P. Mehta, P. B. Richards,

P. V. Sukhatme
Natal : Miss C. Osborne-Day

Neu Zealand -' \fiss Joan Anderson

Uganda : C. G. Hansford

Tanga*yiha .' G. Robertson

(2) FRoM Forurcx CouNrnIBs :

Chira : \liss H. Y. Liao
Denmarh : J. H. Lindegaard, C. Sorensen

France : P. Potel
Holltnd. : J. Bondeu'liu
Hungary : Dr. L. Havas
Swedett : I. Granhall

(3) FRoM BRrrlsH IsLEs:
Dr. G. W. Chapman, lliss I'I. N. Church, H. Edgington,
G. K. Mc"A.rthur, L. J. McHardy, P. S. I\[ilne, H. W. Ogden,
I. Zacopanav.
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Chemist

I-aboratory Assistant

Farm Stafi-
Assistant }lanager
Horseman
Stockmer .. ..

Labourer .. ..

Woburn Experimental Farm
Atpley Guiae, Bletchley, Bedr

Telefh.orc 6 Telegrans :
Rid$ront 3O

Hon. Local Director

Assistant Director

Station
Ridemont,L.M.S.

J. A. VoELCKER, C.I.E., 11.A.,
Ph.D.

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

T. W. BARNES, lI.Sc.

R. DEACoN

T. C. V. RRTGHT

G. Tvrrn
\\'. tr'lcCantu
D. McC-uruu
\\'. trlcCALLUu

A. SIBLEY
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Imperial Bureau of Soi[ Science
Director : Srn E. J. Russrrr, D.Sc., F.R.S.

Deputy Director : G. V. Jacxs, tr{.A., B.Sc.

Scientific Assistants: A. J. LroyD LA\IRENcE, M.A.,

HrrBN ScHrnserorp

Assistant Abstractors: Jaxm N. Coure

Brnyr M. Nonrn

Secretary : MoNA B. STuNES

Clerks: Lucy AnNorn, Manv ELLTNGH-{M

The function of the Bureau is to assist workers in soil science
throughout the Empire by providing technical information, by
promoting contact between them, and bv rendering any technical
assistance possible when thev are in this country. To facilitate its
work, the Bureau seeks to be well informed 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 stafl as Oficial Correspondent to the Bureau, who will act
generally as liaison of,Ecer in Bureau matters and assist in the
collection and distribution of information. The issue of technical
information is not confined to Official Correspondents, but extends
to all workers in soil science who ask the assistance of the Bureau.
Special arrangements have been made to get in touch ryith Forest
Officers interested in soil problems.
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Publications of the Rothamsted
Experimental Station

For Fatmen
" Mer.runr Nc FoR HTcHER CRop PRoDUcrroN," by Sir E. J. RusseU,

D.Sc., F.R.S.,l9I7. Tbe University Press, Cambridge. 5/6.
" Anrlncret Frntrtrzrns tN MoDERN Acnrculrunr," orv SL E. I.

Russell, D.Sc., F.R.S. Bulletin No. 28, Ministry of Agdcultde
and Fisheries, Second Edition, revised I933. H.M. Stationery
Office, or from the Secretary, Rothamsted Experimental
Station, Harpenden. Cloth,4/6 post free; or papei cover, S/E
post free.

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

Ronre-usrrn CoNFERENCE Rlronrs; being papers by practical
farmers and scientific experts. Obtainable from the Secretary,
Rothamsted Experimenta-l Station, Harpenden, Herts.

"THE MANURTNG oF PorAToEs." l/6.
(l)*" Tnr Gnowrxc or Lucrnnt." l/b.
(2) " TnE Cu Lr[rRE AND MANURTNG oF FoDDER CRops." l/6.
(3) " Gnrrt M,{xuRtNG: rrs Possrarurrrs exo Lrurre-

rroNs rN PRACrrcE." 2/-.
(l) llT* Curnrnr aNo MANURTNG oF SucAR BEEr." 2/6.
(5) " Anr eNo Scrrrcr op Cur,trverrcN-" 2l-.
(6) " Powrn ron CuLTrvATroN AND Hauracr oN rIIr Fenrr."

216.
(7) " MALTTNG BARLEY." 216.
(8) " Rrcrxr Cnexcrs rx Sysrrxs or Husgexony rx

ENGLAID." 2/6.
(9) 'Trc HIRTFoRDSETRE AcRrcuLTrrRAL Srruerrox: Cex

rT BE IuPRowD ? " 2/-.
(f0) " THE GnowIr or Cnraprn Wrrrrn Fooo ron LryE

SrocK." 2/6.
(ff) 'Txr Mexrrc oF NBw Gnessrargo: ExpERrENcEs oF

Pnectrcer FenrmRS." 2/6.
(12) " Trr Prece eNo MeNecel,mxr oF SHEEr rN MoDERN

FAI.MrNG." 1/6-
(f3) " THE Trcxxrgur'or Frrro Exprruurrrs." l/6.
(14) " MEcHANrsATror elo Bnrrrss AcRrcuLruRE." 2/6.
(15) " RECENT DrwropurNrs rx M,r.nx.sr GARDENTNG." 2/-.
(16) " PRoBLEMS oF Porero Gnowrrc." 27-.
(17) " MoDERN CHANGES rN TrrE TRE,rrurNr or Lrcnr Sorrs."

2l-.
(18;*" UorI, BRooD DrsEAsEs oF BEES." .I/6.
(19) " Tur Pnooucrrolr oF Prcs FoR BACoN." U6.
(20)*" Tus C.rusr exo Colrnor or SwARlrrNG rN BEES." l/6.
(2f ) " THE UsE oF Er-EcrRrcrrv rx Acnrcununr." 2/-.
Numbers I to 20 inclusive are also published in book form :-

Vol. I (I-5), Vol. II (erO), Vol. III (r1-r5), Vol. IV (16.20),
lO/- each, postage extra.

*Out of print in separate copies, but obtainable in bound volumes.

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-1-67 pp 17

II

For Studentr and Agricultural Erpertr
" Tnr RorxexsrrD MEuorRs oN AGRTCULTURAL SCrENCE,"

guarto Series, vol.4 (19141934), 2O/-. Octavo Series, vols. l-7
(1847-f898), 3O/- each. Royal Octavo, vol. 8 (l90Gl9l2),
vol. I (190$1916), vol. l0 (rgrGl920), vol. rr (192&1922),
3216 each, vol. 12 (1922-1925), vol. I3 (1525-1927 |, 33i6 each,
vol. 14 (192&1930), 35/-, vol. 15 (1922-1931), vol. rO (r922-r$2)
vol. 17 (1931-1933), vol. 18 (1923-10 ), vol. l9 (l93il-1935),
36/- each. Postage extra. Obtainable from the Secretary,
Rothamsted Elxrimental Station, Harpenden, Herts-

" TEE RorIrAusrED iIoNocRApHs oN AcRTcULTURAL ScrENcE,"
edited by Sir E. J. Russetl, D.Sc., F.R.S.

" Sorr CoNorroxs AND PLANT GRowrr," by E. J. Russell,
D.Sc., F.R.S- Sixth Edition. 1931. Longmans, Green &
Co., 39 Paternoster Row, London, 8.C.4. 2ll-.

" Trr Mrcno-OnceNrsMs oF rHE SorL," by E. J. Russell and
StaII of the Rothamsted Experimental Station, 1923.
Longmans, Green & Co., 39 Paternoster Row, London,
E.C.4.716.

" MaNrrRrNG oF GnASSLAND FoR HAy," by Winifred E.
Brenchley, D.Sc., F.L.S- 19 . Longmans, Gren & Co.,
39 Paternoster Row, London, E.C.4. 1216.

"A Lrsr oF BRrrrsH ApxroBs " (including notes on their
recorded distribution and food-plants in Britain and a
food-plant index), by J. Davidson, D.Sc., F.L.S. 1925.
Longmans, Green & Co., 39 Paternoster Row, London,
D.C.4. t216.

" TrrE PHysrcAL PRopERTTEs oF TEE SorL " by B- A. Keen,
D.Sc., F.R.S. 1931. I-ongmans, Green & Co. 39 Paternoster
Row, I-ondon, E.C.4. 211-.

" PRoBLEMS rN SorL MrcRoBtoloc].," by D. Ward Cutler, M.-{.,
and Letti.ce M. Crump, M.Sc. f$5. Longmans, Green &
Co.,39 Paternoster Row, London, E.C.4. 9/-.

" FrFTy YEARS or FIELD ExpERndENTS AT THE WoBURN
Exprnnmrrrer SrerroN " by E. J. Russell, D.Sc., F.R.S.,
and J. A. Voelcker, C.I.E., M.A. Ph. D., with a Statistical
Report by W. G. Cochran, B.A., (Rothamsted Statistical
Department). 1936. Longmans, Green & Co., 39 Pater-
noster Row, London, E.C.4. 2ll-.

" PLANr NurRrrroN axo Cnop PRoDUcrroN " (being the Hitchcock
Lectures, 1924, University of Califomia), by E. J. Russell, D.Sc.,
F.R.S. The Universitv of California Press and the Universitv
Press, Cambridge. l2ib.

" INoRGANTc PLANT PorsoNs aND SrruuLANTs," bv Winifred E.
Brenchley, D.Sc., F.L.S. Second Edition, revised and enlarged,
1927. The Universit5' Press, Cambridge. 107'6.
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The following are obtainable Irom the Secretarl', Rothamsted
Experimental Station, Harpenden, Herts. :

" Acnlcurruner Ixwsrrcerrols er Roru.tuslEo, Excrexo,
DuRTNG A Prnroo or 50 Yaens," by Sir Joseph Henrv
Gilbert, M.A., LL.D., F.R.S., etc. 1895. 3/6.

., GUIDE To TIIE EXPERIMENTAL PLOTS, ROTHAMSTED EXPERI.
rDNral Srerrox, HARPENDEN." 1913. John Murray,
50 Albemarle Street, \\r. l/-.

" Guror ro Tm EXPERTTGNTAL FAxu, RorH,r srED."
" GUIDE roR vrsrroRs ro rlrx FARU AND LABoRAToRY,

WoBuRN." 1929.

" CATALocTTE on -Jounwers exo kRroDIcALs IN TFE RorHAu-
srED LTBRARY." 1921. 216.

" A DEScRrprrlE CATALocUE or Pnrxrro BooKS oN AcRr-
CULTURE Fnou l47l To 1840, CoNTAINED rx TIIE Rorau-
srro LrsRARy " (including Biographical notices of the
authors and short descriptions of the importart books).
1926. 331 pp. 22 illustrations. Cloth cover, l2/-; paper
cover, l0/-. Packhg and postage extra:-British Isles.
9d. ; Overseas, Dominions and other couatries, l/3.

TEE RorIrAMsrED EXPERTyENTAL Srerrox R.rponrs :

190&1914 (annual) l/- each. 1929
rgl&1927 (triennial) 276. 1930
rglS-1920 (triennial) 2/6. l93l
192l-1922 (biennial) 2/6. 1932
1523-lSZl (biennial) 2/6. 1933
1925-1926 (biennial) 2/6. 1934
1927-1528 (biennial) 2i6. 1935

Foreign postage extra.

" RrcoRDs or rrG RorneusrrD STAFF, HARpENotl," containing
personal notes and accounts of events at Rothamsted past and
present, and of past members of the Staft. Published annually.
No. l, 1929. No.2, 1930. No.3, 1931. No.4, 193:!. No.5,
1935. 2/- each. Post free. Subscription for first five issues, 7/6.

For urc in Faru lartitutcr
" A STuDENTS Boox oN SoILs -{ND Mexunrs," by E. J. Russell,

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

For urc in Schoob
" LEssoNs oN SorL," bv E. J. Russell, D.Sc., F.R-S. 1926. The

University Press, Cambridge. 3/-.

For Gcneral Rcaderr
" Trr Fenu AND rHE NATroN," by E. J Russetl, D.Sc., F.R.S.

1933. George Allen and Un$in, Ltd. 40 }Ius€um Street.
London, W.C.l. !6.

2/6. each.
216.
216.
216.
216.
216.
216.
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" TrtI- FE-RrrLrry or rur Sorr," by E- J. Russell, D.Sc., F.R-S.
The University Press, Cambridge. a/-.

" THE PossrBrlrrrcs or Bnrrrss AGRTcuLTURE. , bv Sir Henrv
Rew, K.C.B., and Sir E. .f . Russell, D.Sc., F.R.S. tg2g. Ii.
Obtairable from the Seiretary, Rothamsted Experimenial
Station, Harpenden, Herts.

" Prnsollr RrMINrscElicEs or Rorsexsren EXPERTu.ENTAL
SrArtoN,' 1872-1522, bt E. Grer.. formerlv SuDerintendenr
of the Experimental Fields,5l. Obiaiaable fr"om the Sccretarv-
Rothamsted Experimental Station, Hary)enden, Herts.

" Correcr Llrs r r,i A HERTFoRDSHTR-E VTLLAGE.,'br.E. Grei.. lg35.
A companion \-olume to " PERSoNAL Rrurxrdcnrcrs br Ror-
HAMSTED EXPERTMENTAL Sreuox." Fisher, Knight & Co.,
St. Albans, 3/6. Obtainable from the Secretarv. iothamsted
Experimental Station, Harpenden, Herts.

Tranrlationr iDto other Languagq dEring lg35
The Iollowing translations oI books by members of the staff

were published during the year:
Into Grnu-eN: '' Solr CoNorrlots eto preNr Gnou"rn,, {Boden

r:nd Pflarzel. 1936, by Sir E. -f . Russell. D.Sc., F.R.S. Verla.e
1-9n_Jh-e9d9r Steinkopff, Dresden and Leipzig. Trans. by Dri
K. !l'. Iliilier.

Into RussrAN: " Tnr Prvsrcal- PRopERTIEs oF Tm SorL.', bv
B. A. Keen, D.Sc., F.R.S., lg35. Trans. bv V. p. Ihouzd ani
I. U. N'elidof ; edited b). A. F. .|off6.

Ottrcr Boob bv Mcrrben of thc Stefi
" Evorurror, Hrnrotry eNo Valrerrox,,, by D. W. Cuder, M.A.,

F.L.S. f $2. Christophers, 22 Berners'Street, I_ondon, W.l.
416.

Mezzotint Engraviryr
Mez?Jin! pnSlavings of Portraits of the Founders of the Station,

Sir J. B. Lawes (H. Herkomer) and Sir I. H. Gilbert (F- O.
Salisbury), by Julia Clutterbuck, A.R.E.
Signed Engravers' Proofs on India Pap€r. f4 4s. each.
Ord_inar5 Lettered Proofs on hand-made pafrer, {2 2s. each.
To be obtained from the Secxetary, Rothadsted Experimental
Station, Harpenden, Herts.

Plenr and Drawingr of the old Rothamrtcd Laboratory, 1852
These drawings shou the old Rothamsted Laboratory erectd in

1851, the lirst important laboratory devoted to 
- 
agricultural

science, and the one in I'hich much of the classical work of
Lav'es and Gilbert was done: it survived till l9l4-

The size of the volurne is 2l I in. bv 14+ in. : it consists of
four full-page lithographs made from driwinqs bv Charles
Larves, son of Sir J. B. Lawes. {I per copy. (posifreei.
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INTRODUCTION
The Rothamsted Experimental Station was founded in lgrB

by the late Sir J. B. Lawes, with whom rlas associated Sir T. H
Gilbert for a peiiod ot nearly 60 years. I-awes dj"d il igod;;
Gilbert in_190l; they were succeeded by Sir A. D. Hal.l from 1902
to 1912, when the present Director, Sir E. J. Russell, nas aDDointed.

. ^For 
many years the work was maintain;d entirely at thi'e*p"n"e

of Sir J. B. Lawes, at first by direct pa1.tnent, and frorn lggg onivards
out -of _an annual income of d2,4OO arising from tbe endowment
fund of dl00,0OO given bv him to the Lawes .A.Sricultural TnrstIn 19O4, tbe Society for Extending the Rothamj-ted d;;;;;;
was instituted tor the purpose of providing funds for eioansion.
In 1906, Mr. J. F. Masoi built the bacterioiosicrf L.bor.i'o; : 

-i;
19O7, the Goldsmiths' Company generously- provided a firiher
endowment of f10,000, the income of whichjince aupmented bv
the Companv-is devoted to the investigation of" the soii-In I gl I , the Dev^elopme_nt Commissioners made their first grant
to the Station. Since then, Government grants harze been irade
annually, and, for the y'ear 193&36, the Ministry of Agriculture has
made a grant oI d27,52O for the rvork of the St;tion. -Lord 

Iveaeh
has generously bome the cost of a cbemist and a special assistairt
for_field experiments for studying farmyard manur;, both naturaj
and artificial : while other donors have, from time to time. senerouslv
provided funds for special apparatus and equipment. Thi Ferfili#
Manufacturers' Association and the United Poiash Company provide
considerable funds for the rather expensive field work. 

-Iinoerial

Chemical lndustries have provided a ipecial assistaat for the itudv
oJ soil insecticides. In addition, Beet Sugar Factories Committee of
Great Britain, British Ba.ic Slag, Bisic SIag and phosphates
Comparies, Messrs. Georgc llonro, the Royal Airicultural S6cietv-
Dunlop Plantations, Ltd., the Institute of Brewing and tfii
Department of Scientific and Industrial Research and other
bodies make grants for specific purposes. The result is that the
Station is able to deal with problems alfecting modern farmine
in a far more complete manner than would oth;rwise be possiblel

The main block of laboratories was opened in lgl9, and is devoted
to the study oI soil and plant nutrition ploblems ; another block rvas
erected in 1924 for plant pathology at a cost of f2l,I35 provided bv
the Ministry oI Agriculture out of the Development Fund ; and ReiI
Gables, the holse adjoiniag the laboratorieion the north side, has
been converted into an Administration Building to hotd the Imperial
Soil Bureau, part of the Records and Statislic;t Department,'Staff
Common Room and Conference Room.

large gta-"sho":es, including special insect-proof houses for Virus
studies, were added in 1926, 1928, and I g3l byaid of generous grants
Irom_the Ro^kgfeller Foundation, the Empire trIarkeiing Boaii and
the }tinistry of Agdcultwe. .A. new large range of insect-proof houses
was erected in 1935 for Plant Pathology invesiigations at-a total cost
of {,2,283, towards the cost of which the Ministry of Agriculture
made a grant ot dL,026.

B
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From 1926 onwards great changes took place on the Iarm. New
and greatly improved methods of field exPerimentation were adoPted
in 1926 on al1 but the classica.l plots, which remain essentially
unchanged; and the non-€xperimental part of the farm was
reorganized in 1928, considerable numbers oI live stock being intro-
duced, and much o{ the land being laid down to grass. The Iarm
buildings were considerably enlarged in 1930 with the aid o{ a Srant
oI {f,?00 given by the Ministry of Agriculture and a new block oI
buildings contaiairg a demonstration room, work-rooms for the
experimental staff, office and store-rooms was erected in l93l-32
at a cost oI dI,300 collected by public subscription.

During 1932, the farm was well equipped with electrical appli-
ances, thanks to generous assistance by the General Electric Com-
pany and the North Metropolitar Electric Pover Supply Company.
The Dunlop Rubber C,ompany atso provided rubber equipment.
including a-rubber road, rubber flooring Ior cattle and pig Pens and
rubber tl'res for cart and tractor. Steady develoPment went on
during 1935.

The Library is steadily 8rowin8, and now contains some 26,000
volumes dealing with agriculture and cognate subjects. The catalogue
of the old printed books on agriculture was published in 1926, and
everlz ef{ort is made to obtain any that we do not possess. A collec-
tion'is also being made of prints of farm animals, of old letters on
agricultue, farm account books, and models of old farrr wagons.
Manv of these lie in farmhouses, unused and inaccessible, not in
theniseh'es valuable, but often of Sreat help to students o{ agri-
cultural histon, and economics when brought together as we are
doing. GiIts oi books and documents to the Library will be greatly
appreciated.

The extension o{ the exPeriments to vadous outside centres in
Great Britain, b%lrn in 192I, has proved so advantageous that it
has been developed. Not only rs uselul information spread among
farmers, but the Station itself gains considerably bv this closer
association with practical men. As part of this extension, the
Station, in 1926, with the consent of His Grace the Duke of Bedford,
took over from Dr. J. A. Voelcker the lease of the \\'oburn Experi-
mental Farm, so that this now becomes a part of the Rothamsted
organization, allowing us to make exPeriments simultaneously on a
light and on a healy soil: a verl' advantageous arrangement.
Through the generosity of His Gracc certain necessary changes have
been made in the farm equipment, and the grass fields have been
Rrouped and watered for intensive grazing. The Agricultural and
R.oad \Iachinen' flanufacturers' Association also rendered assist-
ance. Dr. H. Fi. Mann, formerly Director of Agriculture, Bombay
Presidencv, India, and Agricultural Adviser H.E.H. the Nizam's
Govemment, Hyderbad, India, is Assistant Director, with Mr. T' W.
Barnes as Chemist, and the laboratories, pot-culture station and
meteorological station have been re-equipped and reorganized. A
grant Irom the Royal AgricuJtural Society oI England enabled
us to appoint an additional assistant in the Statistical Department
to prepare the material for a full summary and discussion of the
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results of the last fifty years of experiments there; this is now
being published.

The activities oI Rothamsted, however, are not confined to the
British Istes, but are tradually ipreading'out to the i;;i;;d
other countries abroad. The International Education Boaid sends
workers from all parls of the world to study in these laboratories.
The Emp-ire Cotton Growing Corporation has, since lg23, made a
grant of {I,0O0 per annum for the development of investisations in
Soil Ph1'sics. The Station regularly participates in wori for the
solution of certain agricultural probiems of gieat importance to the
Empire.

- At the invitation of the proper authorities, the Director and
other members of the staff have already visited the Sudan, palestine.
Australia, New Zealand,South Africa, india, Nvasalaad. Tansanvika
and Canada to discuss agricultural problemi and possibif,tieit
co-operation; in addition, visits are paid to the Uniied States and
to European_ countries, including Ruisia, to discuss probiems and
methods with expens there, and generally to improve the eouiD_
ment of the Institution and widen the knowledge ind ex?erienie bf
the staff.

More and more workers are coming from the overseas Dominionsto carry. on their studies at Rothamsted. Onlv Universitv
graduates are eligible, and most are, or are about io be, on th'e
staff-s oI Gov,emment or other Agricultural Departments : men who
will become leaders in the agricultural communities of their resoec_
tive countries. To our great regTet, Iack of accommodation 'has
compelled us to refuse some tfio wished to come.

The most important of all these Empire develooments \sas
inaugurated in 1929. At the Imperial Agricultural C6nference of
1927 it was decided to set up in this country a series of Bureaux
to act as central clearing houses of information and to Dromote
intercharge of ideas and methods between the asricu_lturaiexDerts
of the different parts of the Empire. The Soil Bireau is locatid at
Rothamsted and began operations on May lst, 1929. Dr. A. F.
Joseph, Iate Chief Chemist to the Sudan Government, was aDDointed
Deputy Director, with Miss H. Scherbatoff and ltr. A.^ f. f_.
I-awrence as Scientific Assisranrs. In lgSl Dr. A. F. Iiseoh
resigaed and his place was talen br. Ilr. G. V. Jacks.In view of the great expansion'of the work-in recent vears. it
ha-. become necessary to extend the laboratories and it is hoped'to
put this work in hand almost immediatelv. A substanlial e;vern-
ment grant has been promised subject to the condition tf,at the
Station will Iiltd a share of the cost. Subscribers and donors are
asked .therefore to belp in the provision oI these much needd
extensrons-
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REPORT FOR 1935
The purpose of the Rothamsted investigations is to develop a

science oI agricultue that farmers, manufacturers, merchants,
expert advisors, lecturers and others can use in their daily work.
The range of the investigations includes the growth and composition
of crops, the properties of soils, of fertilisers and manures, the
conditions in which each can be used to the best advantage, soil
management, plant diseases, insect pests, b€es and other subiects.
Every effort is made to ensure that the information obtained is
trustworthy and to specify the conditions over \rhich the results
mav b€ exp€cted to hold good.

It is recognised that British agdculture is exceedingly complex,
owing to the wide variations in soil and climate in these islands ;

and further that its economic position is liable to constant change
owing to the peculiar relation in which the country stands to the
towns. Only about 10 per cent. of our population is concerned in
agriculture, yet this small body oI peopte produces about 40 per
cent. of the food of the entire nation, omitting such things as tea,
oranges, etc., which cannot be grown here. No other body of
farmers has a better record than this. Whether one judges by value
of agricultural output per acre or value per man the achievement
oI British farmers is remarkably good.

The importance of a prosperous agriculture is widely recognised,
and various devices are now adopted to ensure that the British
Iarmer shall hal'e a fair share of the home market. But this puts
upon him the responsibility of maintai.ning a high standard oI
efficiency, and to this end it is imperative that he should have at his
disposal reliable information about the materials and methods he
uses, and that he should know of alternatives that he ca-n adopt
whenever he sees some reason for making a chartge. A method
advantageous for one Iarmer may be quite unsuited for his neigh-
bour, but all alike benefit from the knowledge yielded by properly
conducted experiments. Our purpose is to obtain this knowledge
and to put it into such {orm that it can be utilised by all who are
interested.

This view o{ our function accords with the historic development
of Rothamsted. I-awes himseff declared, on the occasion of the
opening of the Testimonial Laboratory in 1855, that " the object
of these in\,-estigations is not exactly to put money into my pocket,
but to give you the knowledge by rvhich you may be able to put
rrioney into yours."

This is also the most economical procedure. Agricultural experi-
ments are necessarily slow, each one usualiy taking several seasons
to complete, while economic changes march quickly and' ad, hoc
experiments may easily give their information too late to be of much
importance. On tbe other hand, sound trustworthy lanowledge
about soG, crops, fenilisers, etc., has permanent value and can
be used Ior the most diverse purposes. The agricultural crisis oI
recent years has by common consent been the worst in our history,

t
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yet farmers did not sulfer as much as in some r,f the earlier ones.
There can be little doubt that one important reason Iav in the
better rqsearch, educational and advisorv serwices no* ,lriil"bl".

THE \YORK OF 1935.

. D-rring the season 1935 much steady progress has been madeir all departments of the Station, and loire -of the old work has
reached a definite stage where it could be regarded as sufficiently
advanced for fiaal publication ard a new diriction could be given
to the programme. The examination of the 50 vears, experimintal
work at Woburn (1877-1926) has been completla, ana tle Uoof is
now being published by Iuessrs. Iongmars a-Jone oi the Rothamsted
Monographs on Agriculrual Scienie. Mr. Cutler and Miss Cmmp
have rounded off a great deal of their work, and published it abl
as a Rothamsted monograph, " Problems in Soil Microbioloev-,, Irr
both cases time and resources have been set free Ior newlnes of
investigation- Mr. Samuel has completed his survey of mycological
problems and drawn up a prograrrime, on which i start'has Eeen
made.

CROP PRODUCTION
During the past few J.ears many experiments have been made

to investigate the response of the moie important croDs to fer_lilisers. The results have been disseminited among farmer.,
fertiliser manufacturers, atricultual experts ard others"interestd
and have influenced fertil.iier recipes and practice enabling farmers
to--obtain better crolx at little if-any moie cost and ofte; at less.
When one recalls the fact that some {6,000,000 was spent by farmers
on fertilisers in 19311-5, accordirg 

-to 
the reports'of th6 various

fertiliser-associations, it is evideni that a saving of a few per cent-
irr the efrciency of utilisation amounts to a ve{r respectaile total.
. The exlreriments show, however, that on our present methods

the farmer recovers only a part of the fertilisei used. Of tbe
nitrogen applied, even in the most emcient fertilisers, not more than
210 to 60 per cent. is recovered, and the lower fisure is more usual
than the higher. Recovery of phosphate is sina[er and rarelv
exceeds 25 per cent. even on grassland, and after residual effecG
have been taken into consideraiion. Numerous experinents are
now being-_made to explore the possibility oI a betier utilisation
of the fertiliser, and i[ the recent experiments on sugar be€t and
potatoes the fertiliser tests are usuatly combined witii cultivation
tests such as time of sowing, widrh oi spacing, method of placins
manure, etc. A number o{ these experiments are made n6t onli
at Rothamsted and Wobum, but at outside centres also, and their
are rendered the more important because so lar the sugar beet crop
commonly fails to respond adequately to the Iertilisers-used- thougir
Ior what reason is not yet cleir. ihese outside experimints ie
much appreciated by farmers: in the Isle oI EIv. for instance- the
Branch of the National Farmers' Union asked ui'to support iheir
application to _the County Council for a County rigricultural
Organiser in order that thil type of work might b6 ae"itopea.

a
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GRASSLAND EXPERIMENTS
As in previous years, a number of grassland experiments have

been carried out in diflerent parts of the country to compare the
valires of the different types of basic slag now available or likely
to become so, and also to study the effects of an even cheaper
material, mineral phosphate. These experiments are carried out
under the agis of the Ministry oI Agriculture Basic Slag Com-
mittee, and at the request of the slag makers and largely at their
expense; they are being continued and extended to include certain
new tJ?es of slag resulting from changes in the method of steel
mfing. The result has been to prove the genera.l superiority of
high soluble basic slag over other forms, although the low soluble
slag and the mineral phosphate both have value in certain condi-
tions which are gradually being discovered. A.lready these investi-
gations have had the very useful result of increasing the proportion
of the agricultually effective slags as against those of less agricultural
value : this is shown by the following figures of deliveries oI ground
basic slag in Great Britain :-

Delive es, Tons Percentage of Total
Deliveries

I{igh
Soluble
(80% or
more)

I-o*'
Soluble Total

High
Soluble
(80% o!
more)

Low
Soluble

1924-1925
1929-1S30
1934-t935

126,O25
222,312
203,O70

I17,5t4
83,407
77,353

243,539
305,749
280,423

51.8
72.7
72.4

44.2
27.3
27.6

The new medium soluble slags, however, present special difficul-
ties in that they show greater differences in eflect than can be
accounted for by their solubfity in citric acid. With the ta-king over
of a considerable area of additional grassland in 1934, it has become
possible to arrange for grassland experiments to be made at
Rothamsted also, and plans for these are being worked out. An
investigation is being undertalen at the request of the Royal
Agricultural Society to ascertair the effect on grassland of feeding
cake to the animals grazing there: in particular to discover how
far any improvement ellected can be related to the composition oI
the cake and how long such improvement lasts. Unforturately it
has not yet been found possible to design a completely satislactory
grazing experiment: the older t5rFs of experiment do not satisly
modern statistica-l tests. An attempt is being made this year to
overcome the difficulty by fencing off small areas withil the grazed
plots for short periods and weighing and anal]'sing the herbage
produced.

ARABLE CROPS.
Sucen BBrr. These experiments are carried out under the egis

oi the Sugar Beet Research and Education Committee of the Sugar
Beet factories and the Ministry of Agriculture.
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Spacirg Distarce. During the past three years the elfects of
l0-, l5- and 2Ginch spacings have been tested. The results have
varied rrdth the season, but on the average of the three years no
marked effects have been produced by dilferences in spacing.

ElJ.ct oJ Spae;r.g : yiclds of uashed roots; tats fer adc.

20-in. rows
l5-in. rorvs
lGir. rows

In 1933 the yields at both centres increased steadily as the
spacing narrowed; but not in the later years. The yields in 1933
were poor, and the beet remained small hov.ever wide the spacing,
so that a higher plant number meant a higher yield. In 1933,
narrower spachg increased the sugar percentage, but it was without
effect in 1934 and 1935 and on the average it was not worth the
additional haad labour required. The spacings in the factory series
of sugar beet experiments vary from 18 to 22 inches.

ElJect ol sulphatz oJ ornmotia at diJJereN slachgs. Sulphate
of ammonia had no elfect on y.ield at Rotharnsted in 1933, 6ut ir
bolh lqter years its effects were greatest at the narrowest spacirg.
At Woburn there were significant responses to sulphate oI ammonia
in 1933 and 1935; in 1933 the response increased as the spacing
narrowed, but not in 1935, and on the average there n'aa littL
d,rffe191ce betn een the three spacings, the lLinch spacing giving
the highest mean response.

Rothamst(d

lS33 1934 tS35 tlean 1933 1934 1935 f,teatr

Spacirg t033 193{ 1935 ll€an 1933 1934 lg35 l\tean

8.5 18.3 ll.9 r2.9
9.O 19.2 12.0 r3.7

10.2 17.9 t3.0 13.7

5.5 14.5 ll.4 10.5
6.5 l3-7 rO.7 rO 3
?.6 13.') n l ro q

3S.0

44.7
47.3

33.4

42.4
43.1

20-itr.
l5-in.
l0-in.
LIean

.. -0.t5 1.72 1.25 0.94

.. 0.36 0.78 2.22 1.12

.. 0.09 2_32 2.83 I 75
- . o.l0 l.61 2 10 1 27

0.83 0.06 l.I5 0 68
2.91 -0.72 1.83 1.34
2.94 -0.48 0.3r 0.92
2.23 -0.38 l.l0 0.98

There are indications that sulphate oI ammonia had less harmfuI
eflect on sugar percentage at the narrower spacings, but the effect
was small and not significaat. The mean yields of total sugar, in
cwt. per acre for the three 1'ears 1933, 1934 and 1935, r.ere:

oI ammonia i 20-i-tr, l;l'in l0 in.
per acre

None
3 cwt.

None
3 cwt.

At Rothamsted there is little diflerence between the mean yields
with the 20- and llinch spacings, wherher nitrogen was appled or
not; with the I0-inch spacing. houever, the appfication ofnitrogen
gave an inoeased response of about 3 crt. of sugar. At \Ioburn

R.saonscs to st ryhalc oj drrrmonia ll clut- pe, oc".l d difJcl.it slocings.
Washed roots (totrs per acre)

Rothamsted , Woburn

Rothamsted
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the results for the 15- and l0-inch spacings are similar and show an
increased yield over the wide spacing of 2 cwt. in the absence o{
nitrogen and 4| cwt. in the presence of nitrogen. The indications at
both centres are, as might be er.?ected, that nitrogen produces a
greater effect at narrower spachgs.

Bolterc. In the Rothamsted experiment of lg35 about 18 per
cent. of the plants sown at the ear[est date (March 15) bok;d.
In lfuee oI the experiments at Bardney and Brigg the proportion
was aboui 5 pertent. and in one it was less than I per cent. 

-At 
one

centre about 25 per cent. bolted and an experihent was made
involvi-ng four treatments : (I ) untreated, (2) *oody bolters pulled,
(3) woogy bolters putled, other bolters cui in July, (4) a Lolters
cqt in July. Some of the pla-nts cut in July did not agaia bolt.
The average weights per root were :

Good b€et

AveraSe \^ eigbt per
root 0b.)

trot bolted

Sugar, per cent. ..
1.28

l7 .71
1 l8

17.23

The chiel loss from bolters is that the woody ones weigh about
4.o per cent. less per root than the others, although in aU bolters
the sug-ar, percentage is slightly reduced. Since about 60 per cent.
oI the bolters were woody the loss of sugar oi all bolters averaged
about 25 per-cent. and on the whole crop was about 6 per cent.
This was much smaUer than the rather alarming appearanie of the
bolters on the field had suggested. This estimaie iiles no account
of the effect rvhich the bolters might have on the growth of neigh-
bourirg plants which did not bolt.

At Rothamsted, \,here most of the bolters were woody, the
results were :

As before the average loss in sugar per bolter is about one
quarter.

The cutting of the bolters in July proved very successfirl, giving
an increase o_I 3 _cwt. per acre in total sugar.

The standard fertitisers affected the -percentage oI bolters as
follows :

Percc"tqc of boltcTs

Caistor . .
Scottoo
llethering-

ingham
Rothamsted

Sulphate of ammoda Superphosphate Sulphate of pota-sh

One TwoNone One Two
dose doses

4-2 21 g 19
2.1 2.7 2.6
5.0 6.4 6.3

4.2 4.8 4.9
2.2 2.8 2.8
4.8 4.1 6.5

2.9 4.7 6.1r.4 2.8 3.44.7 5.1 7.3

0.79 I 1.30
17.02 I rz.rr

Average Feight per root (lb.)

13.0 20.o 22.3
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AII three fertilisers increased the percentage of bolters, the
increase being greatest for sulphate of a.rrmonia, which had atso
the greatest effect on leld. For potash and phosphate rhe single
and double dressings behaved alike, whereas suJphate of ammonia
gav_e a more uniform increase. However, the effect is unimportant
and is well covered by the increases in yield given by the sfuphate
of ammonia at all four centres.

The amount o{ bolting at Rothamsted was also affected by the
width betl'een the rows, decreasing as the spachg narrowed.

Percentage of bolters

Spacitrg.
20 in. 15 itr- I0 in

.. 22.3 t8.r 14.9

ElJect oJ Ferl.il,isers ott Yield.
The Sta{Is of the Sugar Beet factories generously co-operated in

an extensive series of manurial experiments and we wish to record
our deep indebtedness to them for their help. Ar elaborate series
of chemical examinations of the various soils is b€ing carried out
and is already yielding most valuable inlormation about the rela-
rions between soiJ properties and fertiliser responses. The average
vields for aU the factory experiments of 1935 were:

Sulphate of I Super-
I Ammonia.. I phosphate.

Cwt.peracre ..10 2 4 | O 3 6
Roots, totrs per acre | 8.94 9.5810.07i 9.46 9.55 9.58
Tops, totrs per acre | 6.86 8.12 9.421 8.OJ 8.17 8.20
Sugar, per ceDt . . I I7.22 I6.99 I6.591 16.95 16.91 16.S5
Su8ar, cwt. per acre 130.8 32.7 13.5 132.2 32.3 32.8
Purity, per cetrL. .. 188.2 88.1 87.5 187.9 8?.9 88.0

Mea.tr Yieid per acre. I lDcrease iD sugar in cwt. per acre for
Wasbed Roots. Sugar.l 4 cwt. sulphate Scst.supei- 2l cwt.Muriate

toos. cwt. J of atr]moDia. pbospbate. of potasb.9.53 32.4 I +2.7 +0.4 +0.9

}Iuria.te oI
Potash.

011 2,
9.43 9.53 9.58
8.12 8.18 8.10

16.8016.9617.04
3r,8 32.6 32.7
87.8 87.8 88.0

Hearl-rol itt Sugar Beel.

For the first time at Rothamsted a severe attack of " heart-
rot " in sugax beet was Iourd on the plots of the spacing, sowing-
date, nitrogen experiment (see p. 2B). The disease was rather
localised in its occurrence. One block of the ex?eriment was much
more seriously affected than the rest, and beet in other parts of the
same field were practically free from the disease. The percentage
ol plants showing symptoms decreased \Mith later sowing. The
disease is attributed to boron deficiency arld is being further
studied.

PorAroES. At Rothamsted the ef{ect of time o{ application ofthe
fertilisers was studied, the dung being either ploughed in during
November or applied in the bouts in spring, and the artificials either
broadcast before ridging up or applied in the ridges. fn each case
application in the bouts proved the better. The mea.il y,ields were,
in tons per acre :
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DutrS ..
Comltete artificials .. .. .. .. ..

Fertiliser Applied.
Before In the

bouting. bouts.
7.15 8 06
7.5a 9.70

Other

The increases due to dung \rere J.4 tons Der acre where no
superphosphate or muriate oi potash were givdn and l.g tons Der
acre where theJ- were present. Sulphate-of ammonia aDDlied
alne had no effect, but with minerals-or dung it gave an iriieare
of 2.1 tons per acre.

The effects of treatments on the prcentage of ware were similar
to those on yield.

_ The potatoes were lilted in October, and the produce stored in a
clamp in the usual tvay until Februarv, the produce of the diflerent
plols being kept distirct. The loss- in w;ight averased 4.b Der
cent.. It was Iess for dung in the bouts (4 pei cent.) thin for dring
ploughed in (6 per cent.).

About 7 per cent. of the potatoes went bad on storine- Dune
and minerals both increased ihe proportion of bad potitoes bi
2 per cent.: sulphate of ammonia-had little eflect. Further, th"e
potatoes 

_did not keep so well when dung was applied in the bouts
as when it was ploughed in, the loss bline 8.?'Der cent- a_sainst
6.3 per cent. On the other hand, artificiali apptiid in tbe tuts
gave -in this experiment better keeping potiioes than artificials
broadcast be{ore bouting,

__ lerqntnge wgre- In view oI the reguJations of the potato
Marketing Board it is now important to s-tudy the eifects oifertll-
rsers on the proportion of ware as well as on t;tal vields. The nrrm_
bers of experiments used in the following su-ma.-n, are 3 in 1932.
6 in 1933, 13 in 1934 and 8 in 1935. The-amounts,if *an*", *".1
fairly uaiform and the resr:lts have been reduced to fix"a arnor-i"
of fertiliser: The size of riddle was generally l| to l| inches. ihe
average percentage of ware varied, with one exceptiori, from 6O per
cent. to nearly 100 per cent.

The- mean increases in percentage ware given by sulphate of
ammonra (3 cwt. per acre), superphosphate (3* crit. p6r acre).
sulphate, or muriale oI potash (2 cwt. per acre) anil poultry
manu.re (about I ton per acre)were: -

-0.36 (10)

- r.82 14)

- r.r6 (12)
0.82 (8)

. The figures in brackets show the numbers of experiments over
which the means are taken.

The fertilisers increased the percentage ware onlv where thev
al5o increased yield. Where there was an increase i;yield, potash
consistently increased the percentage ware, givini 

" ,i.lki"n
average increase oI J0 per cent. The other thiee firtilisers haE
smaller and less consistent effects. There was a large proportion

Sulphate oI ammonia
Poultrv l{anrrePoultry llanure .. ..
Superphosphate .. ..
Sulphate or muriate of potash . .
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of very small responses for aU fertilisers, but these mostly occurred
at centres where the mean percentage ware was over 90 per cent.
and little further increase was possible.

Four experiments included farmyard manure; all gave a clear
response in yield and two gave a large increase in percentage o{
ware :-

Mean
per cetrt.

93.5
41.2
70.8
73.3

Rothamsted 1932 (15 tons)

,, 1035 (15 toos)
Wimblm8totr lS35 (e4 ton.)

Itrcrease itr per
cent. ware with

farmyard manure
0.6
1.2

17.7
r6.6

Oatside CeNres. The manurial experiments on potatoes were
made as usual at a number of centres, which may be conveniently
grouped as fenland and as mineral soils.

Fnla*l Soils.

YicA,
Standard

Centre. Error.

Lighl pealy soils
Thoraey .. +0.466Mepal .. +0.414
Wimblingtoa +0.143

Il.atry Fcn soits
March .. +0.314
LittteDo{,Dbam +O.194

Sulphate of
Total CroP, 1935.

Ammonia.

0 ri 3

8.05 8.16 9.00
8.91 9.57 9.99
6.90 7.38r -

6.15
3.S1

Super-
phosphate.

041 9

Sulphate of
Pota-sh.

oll 3

7.98 9.00 8.23
8.8t 9.5410.12
6.68 - 7.611

5.23 7.04 8.t3
3.50 5.031 6.53r

7.86 8.50 8.85
7.16 9.84 11.47
6.54 - 7.74'

6.71 7.18 6.5r
4.73 5.291 5.03'

6.93 7.32
5.34 5.81

{1)
(r)
(3)

Stdphaae ol @nia ,l t. ; SlrEt hosphat 6 crt. ; Sulphat o, pot4L ,l dl.
SDlphat! ol uEolia ,l od 6 t.
Solphat ol Dotah I od 2 {!.

At Thorney responses were not very marked, but at Mepal
nitrogen and especially potash acted well, the increase {or the 3 c\Mt.
of sulpbate of potash being 4.3 tons per acre. At Wimblington all three
fertilisers gave a signi{icant increase. Dr:ag proved very effective;
8I tons of dlmg gave an increase oI 3.70 tons in absence of potash
and l. tons when potash was present, this interaction beint
significant.

On the heavy soils nitrogen and phosphate did well, but
there was no response to potash. The experiment at Little
Downham was planted with early potatoes, but they were cut
down by the great frost of lTth May and allowed to stand later
than usual. They yielded well and responded markedJy to fertilisers.

Mirural Soils

The experiments on mineral soils fall into two Broups, one
testing the e{fects of the separate fertilisers, as aboye, the other
showing the action of increasing levels of a mixed fertiliser.
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D..p silt.
Wisbcch
Ligtt loam.
lUidland CoIege
w ar?.
O{,stoD Ferrv

Lincs-
H.aoy.
Cadishead,

t0.67r10.r6

8_64 8 37'

Sulphate oI
Poiash.

NoDe S'gle D'ble

10.42 ll.l2rl0.2t
8.60 8.24! 8.?0

9.1410.54r10.97

+0.346

*0.279

+0.396

-l- - -0) SinsL sulphatc ol almoda2 cwt.i silgl€ sup€rphospDa(e 4 cpt.; sintl..dptat. of Dor.rb
Lancs. .. +0.403 3.63 4.88. - l - -

Staadard
Error.

2 wt.
(r) SiDsl. s'dphatc ol @bonia tI cra.; silslc sdDbate or porst l* cFt.(l) SiDale $lpb.t. ol Dol6h r .;t.(l) SiDsIe erEtphosDhate s *r.

_ There was a response to potash at the warp Iand centre at Owston
Fe.yy e1'e1- i_n plesence of dung, and to p[osphate on the heayy
soil at Cadishead. At the other two centies the usual dressing oi
dung produced maximum yields.

Yield, lotts pct aue, totat cro?,1935
Iacttasitg ktels oJ cor,fkl. F.nilis.t.

Fertiliser cwt. per acre.
0 4 8t2 16

Laght loort.
Midlaod Colege, Notts. 7.83 8.02
Sandj.
Messingbarn, Lincs. .. 6.26 6.88

7.79 7.91 - +0.355

8.70 9.71 9.8r +O.3?9

Gnyingham, I-incs. .. 8.47 9.03 S.33 9.31 9.64 +O.3go
Dung was given at all centres, At Messingham there was; Aood

response, but a signiticant fall.ing off in effeCtiveness at the hi-gher
levels-of manuring. At Grayingham the response though small -was
sigxificant and proportional to the dressing applied. -

Brexs. In 1934, the e{fects of aung, nltroihatk and muriate of
potash on the yield _of beans were studied, and in 1g36, super-
phosphate was included and two spacings of the rows were tried.
The mea-n yields were :-

Meaa
Yield

per acre.

18.7
15.0
21.0
263

DuDg.
l0 totrs

2.1

9_8

Nitro-
chalk

0.4 cwt.
Nitrogen
Per acre-

Super- f[uriate
f Potash
1.0 cwt.

Kp
Per acre.

1934 Glaia . .
Stravr ..

1935 Grain ..
Straw ..

0.6
0.6
t.2
2_1

1.6
I.O

Significa t incrcdses are f inted in itatics

,--]h9 mean yields and the effects of fertil.isers were greater in
1935 _than ln !$a. Dung gave large increases in both tears but
esp€cially in 1935. Nitrocha-tk gave slight but not significant
increlses: superphosphate had no effect,lhe apparent djpression
in 1935 not being significant. Muriate of pota-sh aifarently iricreased

Statrdard
Centre. Error.

tons.

Yield. ,ons acre, lotal crcp, 1933
) oI I Super-

-r"o
- 1.7
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the yield in both years ; the eflect for grain in lg35 was significant,
and that lor straw alnost so. The result is interesting for, apart
from potatoes, most crops on the heavy Rothamsted ioil are-not
very responsive to potash.

Th€ 18 inch spacing of the rows gave an increased yield over the
inch spacing o{ 2.8 cwt. per acre in grain and 4.6 cwt. per acre

in straw. The response to mudate of potash was significantly
greater for the wide than for the narrow spacing and there was an
indication of a similar effect for dung. This result was
unexpected, for with narrow spacing individual plants have a
more restricled nutrient supply than with wide spacing, ard might
be expected, therefore, to show greater responses to added fer-
tilisers as indeed the sugar beet did. (p- 23.)

WHeer. The question when best to apply nitrogenous fer-
tiliser to wheat has'been much studied. Verri'viriable r"esults have
been obtained, the eflect of the nitrogen aeircnaing largely on the
\i/eather. Excessive railfall may wash the aitrogen beyond the
range of the plant roots, whi.le laci< of rain may so liiit go-wth that
additional nitrogen, even if taken up by the plant, could not be
utilised-

The influence of variable water-supply can be eliminated i'rr
potrulture, and in these conditions Dr. Watson Iound that nitrate
o{ soda gave the same increase of grain yield at whatever time it was
applied {rom sowing time to the end oI May. A still later application ,
after ear emergence in June, had no effect on yield, althbugh the
nitrogen was as fully taken up as before. The yield of straw, hou.ever,
ieJl off steadily with later application, but the grain was larger and
of higher nitrogen content than for early application. This suggests
that application towards the end of May is likely to be most eftilent,
since th€ yield oI grain is the same as for early application, while
the quality is betterand the increase of the straw, and consequently
the potentiality for lodging, is less.

The results of field e4rriments at Rothamsted ard Wobum
are consistent uith this r,ier'. From 1926 to l93l seven complex
€xlxriments were carried out at Rothamsted, in which earlv 

-and

lale dressings of suJphate and muriate of ammonia were afplied.
The average responses were :-
In.rease produt?d. b) 0.2 ($1. f;. p?t aaft. Mea oJ sulphate a d r uriate oJ

atr:rnanta, Rolhanlsled

"''&'l:'uo1l"" 
APd{tiil'rate 

s E'

Gra,n )
Jrraw J

0.8r +o.292.76 +O.27
. Erept t6 one " aily " agrietion on April llth,.od oE .. t.& ".ppli€tion on J@ trh.

The diflerence was not siglilicant for grain, but it was for straw,
late-- application giving significanrly less increa-se tban early
application.

A second series of experiments was begun in 1934, at Rothamsted
and Wobum, in which a wider range of timesof application was tested.
In 1934 no signilicant increases 

-were obtaineil': at Rothamsted,

Ll2
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the yield without nitrogen vas already very high (35 cwt.
grain p€r acre) ; and at Woburn the standard error was abnormally
large, though a fall in straw yield with later application was sug-
gested. In 1935, January application gave the greatest straw yield
at Rothamsted and Wobum. For later applications the increase
in straw yield fell steadily, as in the other experiments. The inferiority
of seed-bed application compared with the spring dressings is in
agreement with the Broadbalk results.

In 1935 nitrogenous fertilisers again gave no significant increase
in graia yield at Rothamsted. On the other hand, at Woburn, there
was a sigtrifica-nt response, though as in the pot experiment, the
time of app,ication caused no difference in the result.

Wheat is commonly grown at that state in a rotation when the
fertility of the soil is at its highest. The comparatively small
increase of Srain yield in the I92GI93I series of experiments at
Rothamsted, and the absence of any response in 1934 and 1935,
raises the question whether nitrogenous fertitser is necessary Ior
wheat on land in good heart.

Early spring applications of dtrogen frequently produce spectac-
u.lar increases in the thickness, height and colour of the wheat
in tr{ay, when tillering is at its maximum and elongation of the
shoots is beginning, while the effect oI later dressings is much less
obvious. This was shown by counts of shoots and measurements
of height at Wobum in 1934 and 1935. But these marked differ-
ences were not accompanied by corresponding increases in grain
yield. The popularity of early clressings may be partly due to this
obvious eIlect on spring growth. A lush early growth, howeyer,
may mean only a heavier straw crop and difficulties at harvest
due to lodging, with no advantage in extra grain fleld.

This does not apply, however, to systems oI farming involving
frequent corn crops, with little dung arld where wheat does not
follow a ley, a leguminous crop or a Iallow.

Merrrxc Benr-py

In the autumn of 1934 and agaia in 1935 conferences rvere held
at Rothamsted on the growing of malting barley. They took the
form of an exhibition oi barley samples sent in by farmers from all
parts of the country, and valued by the Barley Valuation Committee
oI the Institute oI Brewing.

In both sea-sons the summers were dry and the harvesting con-
ditions very good. In 1935, however, the spring was much colder
and wetter than in 1934, and grorth started in a moister soil. The
rainfall at Rothamsted was :-

r933-34
October to May ioclusivc, iaches 11.64

ls34-35
19.94

On May l7th, 1935, a severe late frost caught some oI the autumn
sown barleys in the early stages of ear formation. After a wet and
cheerless early June the weather tumed drier than in 1934 and
most of the growers had practically no rain from mid-June till after
harvest, though some had showers in mid-August.
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The grading of the samples was as follows :-
t934

PerNo. ceot.
per

No. ceDt.

Grade I
Grade II .. .. .: :: ::
Grade ll I
Cmde Iv
Grade \'
Grade V T

Grade Vtl (grindiDg)

6
4

l3
22
52
65

2.1
6.9

ll.6

34.4
14.3

2
t2

58
83
60
l8

o.i
4.4

13.7
21.5
30.8
22.2
6.7

189 100.o :70 100.(,

Grades I II III IV
Per cent. NitroSea in &y grair 1.28 t.JJ l.4l 1.42

An examination o{ the varieties sown gave the following results:

-_ Each 
-stage 

in grading represents about 5/- per quaner in value.
Most oI the s_amples fall intoGrades V and VI, ind r:ery few reached
the top grades of high qual.ity. As observed before, the nitroeen
content oI the grain was related to the grading for a panicriar
variety: for the Norfolk Spratt Archer of19B5 the valuei were:

V VI VII
1.45 1.53 1.53

Plumage- Spratt- OtherNew
Cross. Plumagc.

KeDt ..
Essex ..
Norfolk
Suffolk . .

Lincolnsh i re
YorLshile
Somerset
All Crurties

_ Kent and Essex sent mostly Plumage-Archer: Norfolk sent
Spratt-Archer: Plumqge wa! received iriany quantity only from
Yorkshire. Spratt-Archer and Plumage-Archir iogethdr accounted
for _almost three quarters oI the samp-ies.

- Most of the samples came from medium and light soils: few
from heavy s_oils: one third were from soils orr or ilose to chalk,
lirnestone, oolite, or stone brash.

;
85
l6
l8
2

ll
199

t7
20
ll

7
6
6

t2
133

ll
3

1.1

7
41

.
7
4
3
3
I

5f,

l
2

l5
I

Number oI soils. both vears.
Healy. l.Medium. I Light. I Totat.

I
90

8J
8l

52
ll5

146
J36

Total ..
P./ cerrt. of Total.
Calcareous
liot cal.a.reous

99

2t

166

20
t8

167

l2

432

34
66

3ri 39 r00

Nuntbe, oJ sam?les of Barley tg31 arrd lg}5..

'Iotal
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About 14 per cent. of the samples in each season were autumn
sovn, and these usually graded better than the spring sowrr barleys.
Thus for the two years :

Itr Srades I, II, aad III. 35 per ce[t. were autumn sown.
Itr gEdes IV, V. l2 per cetrt. ,,
Itr Srades VI, VII. 8 per cent. ,, ,,

Certain districts fayoured autumn sowing much more than others,
for example, in 1934, nearly half the barleys from Essex had been
autumn sonn and in 1935 nearlv three-quarters.

In Norfolk barley now com;only foilows sugar beet irstead o{
swedes and turnips. Elsewhere, however, it still often Iollows
tumips. Apparently it rarely foUows potatoes.

Preccdtng Crops.

Barley afte.

Cereals
Beet and

Mangolds ..
Slredes, tumips,

kale
Clover, peas, etc.
Potatoes
Bare aad half

{allow
Other crops ..

t934
AII

1935

Norfolk.

1935

Others.

1035
All

counties,

years
total.

22

58

IO
6

90

38

lg
l5
2

3
I

0s

30

30
l0

I
I

l8l
t35

59
30

1
I

fluch information was obtained in regard to the maDuring of
the barley. It is no longer a starvation crop. The experimants
made by Rothamsted urder the Institute of Brewing 

-Research

scheme during the last ten years showed clearly the advantage of
suitable manu.ring when care was ta-ken not to lodge the crop.
This result has clearly passed into practice. Of the 270 samples
sent in in 1935, f59 had received manure, 124 had received nitro-
genous fertiliser, and no less than 6l of these had followed beet,
turnips, or some other crop receiving dung, shoqring that the growers
were prepared to give nitrogen even on land already in good
condition. Some 5l crops had received compound fertilisers. which
in 2l cases were the new high grade materials containing ammonium
phosphate; but many growers preferred to make their oryn
mixtures.

EXPERIMENTS ON VEGETABLE CR,OPS

The importance of vegetable crops has considerably increased
dlring recent years. Thus, for certain oI the more important crops,
the acreage retums for 1922 and 1934 are as follows:

9t

07

,10

l5
3

I
8
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Acreage. IDcrease
per cent.

+16_59
+32

+r28
+92
+12
+44
+30
+45

Thus, with the exception of onions, there has been a substantial
increase in the acreage planted with vegetables in recent years.
The value per acre of the vegetable crops is also high ; the actual
prices realised depend greatly on quality, supplies, and the effect
of weather on demand.

An estimate of the arurual supplies and values of vegetables Ior
human consumption has recently been madet from which may be
derived the following data relating to the ]'ears 1930-32 :

I Av. \ield I Gross Valuei
Crop. lperacre, tons.f per a.re, ,

Outdoor Cabbage Iettuce
Celery
Broccoli and Cauliflower ..
Spring Cabbage and Cabbage

Greens
Artuma Cabbage .. ,,
Sprouts
Greetr Peas .. ..
Ripe Onions
Topp€d Carrots
Red Beet

8
lo

8

7
s
3.?

7
I1.7
t2

15
60
7l

5l
!r0
53
30
3S
50
48

I rrcfuht ed llElet chas6 to be d.ducted.

Prices also have been well maintained as compared vr'ith general
farm produce, thus the agricultural iadex of all v€etables in 1934
was 143 (l9ll-13:100) whereas the Eeneral index of agricultural
produce for the same yealwas ll4.

The first experiments on vegetable croPs conducted from Roth-
amsted, using the new technique, began ilt 1931, on winter cabbages,
Brussels sprouts, and first early potatoes. There have now been
put on record in the Station Reports some fiftY experiments on
vegetable crops carricd out at Rothamsted, Woburn, outside centres,
and by local workers op€rating general schemes of investigation
administered from Rothamsted. The rapid expansion of this work
was rendered possible by the investigation on the value of dried
poultry manure put in hand by the Ministry oI Agriculture and
controlled from this station. It was decided to test this manure as

14084 I 16432
355? I 2099

27954 I 3698r
14951 I 34048
10,t75 I 20107
52a2 I 7510
s7l8 | 8233

t2907 I 16833
508S4 I 74363

. " MiD. A8ric. Eelooic S.ri6." No. 26, 1!35. P. l?2.

Carrots
Otrions
Cabbage . .
Brussels Sprouts
Cauliflowers and Broccoli
Celery
Rhubarb
Green beans
CreeE peas
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far as possible on market garden crops'since its most promising
outlet would probably be for small scale intensive cultivation.

Experience has shown that experiments with vegetable crops,
although in most cases rather more exacting than with farm crops,
offer no insuperable dificulties. As wiU be seen later, standard
errors tend to be a little higher than the average of large sca-le root
crops, but none the less a considerable number of statistically
significant fertiliser effects will be forurd in the tables that follou
On the other hand certain crops have shown very small or even
negative effects. Early potatoes, ca[ots, onions, strawberries have
all been disappointing in this respect. The experiments are, however,
on.ly a first approach to a wide subject and many more wiU be
required to obtain an adequate view of the fertiliser responses of
vegetable crops.

trIore has been done with Brussels sprouts than with any other
crop, so that the results of the expriments on the growth oI this
plant will be set out first. There are thirteen exp€riments \r'ith
sprouts on record, but one at Rothamsted was practically a failure
owing to damage by wood pigeons. Of the twelve good experiments,
all show the effect of nitrogen as sulphate of ammonia usually at
several rates of dressing, most o{ them test dried poultry manure
and superphosphate and two test sulphate of potash, There are
figures for the individual pickings, usually carried out on three
occasions, but sometimes on four, and in most cases there are figures
relating to the proportion of blos,n or unsaleabie sprouts. The
mean yields oftotal saleable sprouts and the increases for the various
nutrients are set out in Table I. In this and succeeding Tables the
single dressings of sulphate oI ammonia (N,) and dried poultry manure
(lIr) rvere usually at the rate of 0.3-0.4 cwt. N per acre, the double
dressings N, and [I, being 0.6-0.8 crvt. N. Superphosphate (P) was
at the rate o{ 0.40.6 cwt . PrO" per acre ; rvhile suJphate of pntash K,
was at the rate of 1.0 cfi. Kp per acre, K, being 1.t2.0 cv.t. KrO.

The mean yields ranged from 22.4 to m.8 c1!t. of saleable sprouts
per acre with a general mean of 44.3 cwt. The most marked marurial
effect was given by nitrogen. For the years 1933 and 1934 there are
sufrcient centres to make an estimate of the average effect of this
nutrient in the form o{ sulphate of ammonia and poultry manure,
the results being brought to a common basis of 0.6 cwt. N per acre.
The figures are :-

Total Saleabla SProuts, cut. pt a.re.

Meaa increase for 0.0 cwt. N per a.re.

No. of
Experieents

+2.74
+7.46

6
4
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Responses were much greater in 1934 than in 1933, and in the
more fivourable season there is evidence that sulphate of arnmonia
was more elfectirc than pouItry manure providing the same amount
of nitrogen. Thus at centres 9 (Wyboston, Bedfordshire), and l0
(St. Al6ans), the dif{erence between sulphate of ammonia and
poultry manure was significalt.^ Thi action o{ superphosphate was less general than that of
nitrogen and onll'at one centre, No. 6 (Honeydon, Bedfordshire)' on
a boilder clay soil was its ef{ect really imPortant. In this exPeri-
ment, hol'ever, 3 cwt. of suprphosphate increased the leld by no
less than 10.3 cwt., and it is probable that the suPeriority of poultry
manure over sulphate of ammonia shown at this centre lvas due in
part to the phosphate that the organic manure provided. There is
iome evidenie ofa beneficial ef{ect of superphosphate on the hea!5l
soil at centre 2 (Rothamsted).

Potash was tried at two centres only. At centre 7 (London
Colney, Herts.) it gave the large increase of 9.7 cwt. for 3 cwt- oI
the fertitser. In the follorving year at the same centre a smaller
but nevedheless siglrificant elfect was obtained.

Earliness is a valuable feature in Erowing market garden crops
and it is therefore imporlant to trace the fertiliser eflects tfuough
the successive pickingi whose sum goes to make the total discussed
above. The results are collected in Table II, which presents those
centres at rvhich the fertiliser responses rvere strongly defined. The
tota, response in saleable sprouts is taken as 100 arld the respective
contributions of the separate pickings are expressed on this basis.
The figures refer to the hiSher level of nutrient in each case.

TABLIi II.
Saleable SProuts-

Fertiliser resPonses in successiwe pickings.
'Iotal resPonse:100.

Potash

Pickings.
lst 2nd 3rd 4th

Poultry
Manure,
Pickings.

lst 2nd 3rd 4th

+91+ 3r -22
+80+ 14 +6
+ 19+35+29+ 1

9+ 97+ r2
+30+40+30
+60+30+ l0

Phosphate

Pickings.
lst 2nd 3rd 4th

+ 88- rS+ 13+ r

+39+34+20 +
28 r 43* 20* 9

rs6 60 36

In the abo\-e table there are 15 results showing three or more
nickinss. In nire instances the response in the first picking is the
!."rt"it, 

"nd 
in six of them over three-quarters o[ the total ef{ect is

io be found in the first picking. In the six experiments in whici the
first picking is not greaiest the second picking is the largest. In no
case is theie mo.e1h.n 30 per cent. of the tolal response in the
rhird Dickins. or 18 per cent.ln the fourth. In several of the experi-
ments^ the piedominince of the fertiliser effect in the first picking

+77+13+

+ 8+80+
+20+58+
+82 +7+r
+5r+33+r

I

l
2
3
6
7
8
I

l0
ll

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-1-67 pp 40

37

is in itself significant, e.9., at centre 2 (Rothatrrted) and ll, (London
Colney). The figures show that when a nutrient is effective,
its action tends to be strongest in the early part of the season. Phos-
phate and potash both gave earlier crops at each of the two centres
where they acted. Sulphate of ammonia and poultry manure, on
the other hand, did not appear to hasten growth.

The erperiments give some information on the relationship of
fertiliser action and grade of produce for in most of them tbe weight
of " blowa " or unsaleable sprouts was ascertained, ard in some
of them the saleable sprouts were themselves graded. The effects
of the nitrogenous manur€s on the weight of " blown " or un-
saleable sprouts and their percentage of the total crop, including
blown are given in Table III.

TABLE III.
Ellects ol nitrogenous rDzrnures oa blovf, (or uNaleable)

Sprouts express€d as increases over controls.

Ccntre No-
Iacreases Per cetrt. oI

total crop.

I
2
3
4
5
6
7
I

l0

Nt
+3.O
+0.2

-o 5
+2.O

+05
+ t.r

N,
+4.5
+0.2
+2.r_ 1.0

+ 1.2

+l.9
+ 1.2

l{'
+65 t

+ l.l
0.9
0.5

+4.5
+0.3

Nr
+5.5
+ 1.3
+ 1.6

+;
+ 1.7

-2.4

}I,
.5.0

+;
+l3

1
+ 1.6
+0.6
+2.4

t).8

+03

+ r.3
+o.2

0.6
1.0
t_7

0.6

2.O
0.4

2.i
- 1.3

In eight oI the nine experiments with sulphate of ammonia
the actual $'eight of unsaleable sprouts per acre was increased,
by an average of 1,4 cwt, per 3 cwt. sulphate of ammonia.
The percentage of unsaleable produced was also increased in eight
out of the nine experiments. At centre l0 (Oaklards), St. Albans,
the effect oI nitrogen on ].ield was so large that although the actual
quantity of blowa sprouts was increased, the percentage was smaller.
Dried poultry manure b€haved similarly to sulphate of ammonia at
most centres. The ef{ect of superphosphate was in general small,
but at centre 6 (Honeydon, Bedfordshire), the unsaleable sprouts
were increased by 1.6 cwt, while the percentage unsaleable was
decreased by O.6 per cent. In one experiment with potash the
actual yield of unsaleable sprouts was increased by 1.3 crt. but the
percentage {ell by l.l. per cent. Taking the results as a whole,
the eflect of manures appears to be siightly to increase the actual
weight of blown or ursaleable sprouts, but when the crop responds
well to marures the final result is that the proportion oI unsaleable
produce is reduced.

Six experiments, set out in summary Iorm in Table fV, are on
record dealing with cabbages and Broccoli.

_1l
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TABLE IV

Cet'be6 .'td B1o...li
Eft@t o, Nitrcge, Pbcpbrt. ald Pot8h

W.lghts or nuab.s p.! acte

Crop C.otE Soil
No. " i,,

Sprioc

Sprinc

lb.

I Light

t

1

1

4

6

6

Sedy 6.0

Sh.r.

Shale

+2.E7
+7.1'

+0.r,

+0,6E

l+r.r4
l+0.16

+0.106

+0.EtE
+r.r70

+0.0a?

l+0.r"
+1OO'

.t37

350Sedy 5,16,

._- (',s.E. +0.I9. f) s-e. +o.ooo. r'r s.r, -rel.tK srads lor l 3 crt. K,O F!;@, s Sirp[ai.;f porsh.

l._'

, Sprhg cabbages respond well to nitrogen as sulphate of ammonia
al.centre I (Avoncroft, Evesham) and- Z lstepfingtey, Bedford-
shire). At Steppingley, there is some indlcit ioir' ttrit "s,rlphate o{
arunonra was more effective lhan dried pou.ltry- manure- but the
difference does not reach sigrrificance. Sarior.cabbases at centre g(.*.p"il,.Salop) show string nitrogen rd.ponses-and here the
di{ference. between sulphate o-f amminia aria poutt.y manure is
statistical.ly significant. At centre 4 (Dartingion }ia.Ll, Devon;
sulphate of ammonia increased the vield of broclo[ heads and als6
the number per acre, the effect of dried pouJtrl.manrue was smaller.
At centre 5 (Potton, Beds.) nitrate of s-oda, a"pplied to the previous
early potatoes in this case, significantl]- incrtised the nuinber of
cabbages fit to cut on Decembir ?th. Tfrere were no marked effects
of pbosphate or polash in the above experiments, and so far as thev
go they support the view that quickiacting nitrogen is likely tL
prove the most useful fertiliser for this t)?e of crop:

The results for first earl]. potatoes and root ^crops have been
summarised in Table V. - 

The ligures for first eirly potatoes
have been derived from a single iarm, potton, Bed;., 'in lg3l
and 1934. . Experiments I and 2 were without dung; experi-
ment 3 received dung. The crop was lifted early and pioved r.ery
unresponsive in all cases. - [t is known irom oiher experil
ments that lirst earlies le{t to stand till later in the seiason
respond better to manures. Thus a crop at Little Dolnnham. Eh.. on
fenland soil cut do\in by frost on Jltal: l7th, 1935, and left to siand
till July 30th, g_ave an increase of 3.05 tons for E iu.t. o{ sulphate of
ammonia and 1.43 tons for 3 cwt. superphosphate per ac-re, both
significaat .

\fith the._exception of a significant increase for poultry manue
at centre 4 (W1-e) and an improvcment in the proportion of lirst
grade butbs at 7 (Swanley), onions have shown litile response to

I

+1,19

*l'

+610 _t_t_t_

- 1,,,,
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nitrogen or phosphate in these experiments. Carrots have been
surprisi,ngly unresponsive in the roots: sulphate of ammonia and
1nultry manure generally reduced the vield and at centre 9 (Chittoe,
Wilts.), the reduction was almost significant. Strlphate oI ammonia
increased the tops significantly at I0 (Wobum) and worked in the
same direction at a second experiment at Wobum, 9. Plaat number
is signilicantly reduced by sulphate oI arnmonia in exp€riment 10.
The very iarge yield in experiment 8 was the result of a dunged
bare fallow in the previous year.

Red beet shows a good and signilicant response to sulphate of
ammonia but less to dried poultry manure. The difference between
the two manures although in the usual direction is not si8[ificant.

Turning now to leguminous crops there have been five exp€ri-
ments on peas, one on French beans, and one on Runner beans.
The results are summarised in Table VI.

TABLE VI

Soil x"- vi.,ra I N

1935 ..

1

2

3

1

5

5

Iisht

&ndv
Silty

Sa[dy

-4.1_2.9

_4.3

+9.4
+29.8

+1.00

+r-15

1t.81
11.i7

*5.80

+3.r7

-1.9
+5.4

+t.60

+4.0

-l.t
-t.6+r.,
-9.0
+0.7

+1r.9

3,1,3

77.0

l6:8

9t.9
t6.5

96.7

+1., I +6.0

TABLE V
fi,t Euly Potd@t ont R@, Crors

Effet oI rcrtil!3 ts

No. I

IDctle for
N, 1N,tM, lM, lP P' 'Nrtltlt

, l'"-u" I

, I S.Ddy I

t I Sanile I

. lc1urr 1

5 I riihta I r+ht? | s.dy
I
I

E I s&dy

e I s&dy

ro I s"oov

,u ,^l

4.71
a.o,
1.78

761
1l-rt
10l!
6.0?

rlt SEd,
46.4

,l 10
,.r!

I 10 6t

| .0,
I !..,

| 106.1

I 11.72

*t,'l
-I
:]

-t-20+0.r3

*0.*l - | -
-l*l-
*"*l_l*"*

0-06l - I +o.rr
+o.o3l - I +0.30
-o.,sl - 

l+0.?,
+60 

I - l+60
-osil -osc -otr+0.941 -o.rl +0,5?

.'r.orl - -0.77

-o.sl - I +o.ro
+0.62 - i +0.r9

-r.o I - -r.ir
*r.ro | - *0.r,

-0.r1 -t0.06

+0.170

+0.1r!a

+0.3s,
+0.15,

t3.03

+0.4r1

!1.1t2
i0.800

lcSt-, | 7 lAlluviuE
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Peas have given very different results at the different centres.

No. I (Stanford, Beds.) gave a signilicant response to quick-acting
nitrogen, and lhe average response at centre 2 (Evesham) to sulphate
of ammonia both irr presence and in absence of poultry marure was
'4.9+1.66 and therelore sitnificarit. On the other haid nitrogen
in general reduced the yield significantly at centre 4 (LangIord,
Beds. ), the effect was in the same direction also at 5 (Norton, Yorks. ).

On French beans at 6 (Godalrning) there was some indication
of a response to poultry manue but none to sulphate of ammonia.
Both manures give marked increases in haulrn at this centre and in
this resp€ct poultry marure was significantly more effective than
srlphate of ammonia. There were no eflects on rumer beans.

In experiment l, phosphate in the form of basic slag had no
effect ort peas at Stanford, whereas potash significantly depressed
the crop-an unexpected result on a sandy soil.

Experiments on miscellaneous horticultual crops have included
lettuces, strawberries, celery, and apple stocks grown for vegetative
reproduction. None oI the manures tried had any effect on the
number of lettuces fit to cut in spring; in fact, their action was
slightly depressing but not to a statistically significant extent.
Manures applied to the parent apple stock in mid-June had no
eI{ect in the value oI the offshoots, although sulphate of ammonia
significantly reduced the value of the roots borne by the offshoots.
It is possible that earlier application of fertilisers might harr given
better results.

Sulphate of ammonia was compared with poultry manure on
strawb€rries and while the quick-acting nitrogen tended to
depress the weight of total crop, the organic manure tended slightly
to increase it, the mean difference being alrnost significant. Effects
in the same direction were observed in the percentage of first grade
Iruits so that the final result $as:

LO,\G ASHTON, IS34
L'1/st Glade Sl'alnbenies cut. ?er acrc
No nitrogetr .. ..
Sulphate of AmmoDia
Dri€d Poultrv l\{anure

.. 6.91.. 4.30

.. 6.72

Celery proved to be a more responsive crop. The experiment
at trIepal, Isle of Ely, on a light Ienland soil in presence of farmyard
manure showed definite increases in yield for superphosphate,
sulphate of potash, and agricultural salt. Potash and salt also gaye
a signilicant improvement in the grading results. The fi6ures
relating to the above crops are given in Table VII.

The experiments summarised above give some information on
the question of the relative precision of experiments on the vegetable
crops as compared with ordinary farm crops. The average values
for the standard error of a single plot expressed as a percentage of
the mean I'ield have been determined b1' Yates*, fol potatoes and
sugar beet in recent randomised block artd Latin square e.peri-
ments at the outside centres, and these figures are given below
together with general averages from all available Rothamsted
experiments for stedes, mangolds and Ka1e.

.F. Yat6, SuDpt. Jn. Roy. Stat. Soc.,1935, llp. r14.

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-1-67 pp 44

NI (r li!

1

3

4

x.diMt No- ttoc-
Iau I !!.t

Clay Valuc De!Eith ritocL,p.E

I .oots, poe
I I 0.9r

Y.di@l Tot.l .et.,
FiEt srade

o/"30.7

Lirhr Tobl t@.
Fa I 8.t,

I T-o Hish-
I | 6r!rx16,
I | %01.6

6.0

2.

Salt

+3.9

-5.S

-0.!8

-0.21

-i!.6

-.1,61

a l.i
+3.09

-

+1.,

+0,74

-r r"

0.0

-3.8

+o-3a

-1.0

-1.! 3,i

+4.0

L2.Ot

{l
,TAI]LE VII

STANDARD DRRORS PER PLOT

-1!c/ag. Valtes os ?.lcentogc of Me.rt yiws

Potatoes 1027-1933 Latin Square
., Ratrdomised blocks

Sugai Beet Roots Iatin Squares
Ratrdomised blocks

Swedes. Mean oI all plot arraDgemeDts
IUatrgolds

6.8
9.2
6.1
7.9
6.9
8.2

ll_

No. o{
Erpts.

t0.l
13.2
18.6
12.I
9.7

8.7
I1.9
7.5

29.6
4.3

3.83
518
0.29
1.04
2.UJ
0.27
1.08
0.92
4.02

1r.76
0.35

Expts.
;6
22
z8
l5
8
6

l8

These values are rather uniform and it appea$ that for ordinary
Iarm roots standard errors of about 7 to 8 per cent. may be regarded
as normal.

In Table VIII below arc collected the actual and percentage
standard errors per plot of the vegetable crops discussed above.

TABLE VIII
Standud Ewots oI ExPetil,tcrrts on Ve&t&lo Crops, lgSl-Lgg'

Full Sized Plots.

Per cetrt

Brussels Sprouts, total crop c\Yt.
Wintercabbages. No. lit to cut
Broccoli heads- Tons . .
Spring cabbages. Totrs
Savoy cabbages. Toos
First Early potatoes. Tons . .

Carrots. Toas
Oniotrs. Tous .. ..
Pea-s. Cwt.
Runtrer bea[s. Cwt. ..

II
2
t

I

4
4
I
IC€lerv. Tons . .

Crop
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(B) Microplots (U145 acre or less).

Standard Error per plot

Crop

Tomatoes. Total crop, tons ..
Apple stocks. Value, pence per

stock
L€ttuce. No. fit to cut, thous.
Pyrethrum. Dry flower heads,

cwt. ..
Peas. Cst.
Freoch beatrs. C\r't. ..
Red teet Tons
Strawberries. Cwt. ..

Actual
Pef acre

Per cetrt
of mean

2.96

2.91
9.88

0.92
8.20
4.62
t.l3
5.3

20.0
20.6

t5.6
8.5

10.2
7.6

29.6

The most reliable value in this table is that for sprouts, whrch
rests on ll experiments. With a mean standard error of l0.l per
cent., this crop is slightly more variable than ordinary farm roots,
possibly owin8 to the much smaller plant population p€r plot and
the element oI iudgment entering into tle several pickings. Never-
theless, a standard error of this size would be regarded as quite
normal for certain farm crops such as cereals. Among other crops,
broccoli and runner beans stand out as rather variable, while
early potatoes, carrots, and pas have given values quite in keeping
with those derived from ordinary potatoes and roots.

As might be expected the microplots show somewhat larger
errors. The actual magnitude of the standard errors is the important
figure for estimating the size, or cash value, of a difference that is
likely to be detected by experiments of the kind under review. A
well-designed experiment set out as a 6 by 6 I-atin square will
detect,as statistically significalt, differences b€t\reen treatment
means of almost three-quarters of the standard error per plot.
Smailer arrangements are less precise. The size and value oI differ-
ences that would be judged significant in experiments of the preci-
sion of the Latin square are :-

Sigflifiea"t DilJerences per Acre

Shillitrgs

Rmssels Sprouts
Carrots
Oniotrs
Peas ..

34
g7
80
41

It is cLear that the value of produce represented by a significant
difference is quite large in relation to any probable expenditure on
manures, so that with these high value crops the most efficient
arrangements and fullest replication possible should be aimed at,
so that treatment effects that are actually oI high cash value and
well worth having shall not fail to reach the level oI statistical
signilicance.

\

No. oI
Expts.

;-1-

2
I
I
I
t

I
I
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EFFECTIVENESS OF FERTILISERS

- Our experirnents show certain consistent dif{erences bet*,een
the three main group of fertilisers. Nitrogenous tertifisers neari"
always increase plant groMh, though in minv ca.es thev orodrrci
their full effect only when potash and phosphites are alsdsiropliedIt is not usually possible to say befoiehand whether these will be
necessary ornot ; soil analysis reveals the extreme cases of poverty
qgt often fails to show the requirements on ordinarv good farm;.
I he ellectiveness of potash and phosphate degrnds muih more on
sorl and season than does that of nitrogen; ln 1935 some of the
reslrcnses to potash were verv marked, while others $,ere not:

Corn?alisol of Potash Res?one of Di|Iercnt Cnps ir, tgSb

o,,i, Increase

Six

rotation

Tons

Cwt.

Tons
Cwt.

8.56
9.05

37.1
45.2
25.3
42.0
6.75

21.0

-2.4
- t.71.9

2.6
12.o
14.8
16.0
12.9

Sugar beet. Roots.
Tor,s

Barley cr;iD.
Stlaw

W}leat Grain
Straer

Potatoes
Beans

Superphosphate was lesseffective than potash in lgAS. Manv exoeri_
ments show that potash or phosphaft can in certain se;son; be
omitted from the fertiliser withoui loss of crop. the necessarv food
belng !ak9n from the soil. But this process caanot be .onii"ueJ
indefiaitely; if phosphate or potash itarvation sets in lt seriousii:
reduces yields of important and expensive crops lile potatoei.
There may be times when the stored irp fertility irf tn" 

"oi.." t"
dravrn upon a-nd converted into casb,'but as i resular 

";;J;this may soon have undesirable effects. Now that ,6tatioii.i" 
"oiso strictly followed as before and Iarml.ard manure is less readih,

obtainable it becomes imponant to w;tch the manurine "i;*ii.and ensure that ample dressirgs are gir.en for full crops"a-nd {o'r
maintaining the productiveness oI the lind.

IIIECHANISED CULTIVATION OF GR{IN CROPS

_ Problems arising out of the mechanised cultivation of arable
land continue to receive attention. Both at Rothamsted ;J;i
Woburn deterioration of yield has followed from lons continuJ
grou'th oI cereals on the same land \^.here onh artifici;l fertiliser\
are used, but the yields have been better main6ined u,ith fa;;;;;
manure. On modern mechaaised farms and market e"rd"r,s. iittle
trr 

-no 
fa.rmyard manure is made a-nd therefore organic"manure must

either be broutht in from outside or more or le-ss dispensed wiih.
For cereal growing it is not l-et clear that this "dl ;aii; ;;;i:
much Ior a few years, and good yields have b€€n obtained with;;'r
tamyard manure by suitable additions of artilicial fertilisers hv
occasional fallows and clover Ie1's. For root crops, pot"tour..rnol.
beet, for market garden crops and in some circumitai.", 

"ppr."nilv

-o.24
o.7
t.2
3.2
6.2
t.08
2.7
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Ior clover and lucerne, farmyard manure has special beneficial
effects not easily obtained otherwise. Also on the lighter soils,
such as those on which mechanisation is likely to be practised, the
supply of organic manure is very important even for cereal growing.
Two methods are being tried for increasing the supply of organic
manure on the Iarm : green manuring and the return of straw to the
land. The former is an old device, but very uncertain il its operation-
The latter can be accomplished in various ways, several of which
are being studied :

(a) Straw is being rotted in heaps by addition of the necessary
nutrients for the micro-orgarisms ; this involves the difrculty of
adequately moistening the heap.

(D) Straw is spread over the ground and ploughed in, the neces-
sary arti ficial fertitisers beirg added either with the straw or later
when they are likely to be most effectively used by the following
crops. This method is being tried also at Sprowston on the farm of
the Norfolk Agricultural Station.

In the Fermentation Department much t'ort is done on the
rotting of straw and other vegetable products to produce a good
manure. This work continues to attract considerable attention,
and workers come from overseas to study the possibilities of products
available to them; an Indian v'orker, Dr. Acharya, has in 1935
been investigating the rotting of rice straw. Organic manures, so
far as they hal'e been tested, have, hor,l'ever, Iess fertfiser value
than the equivalent dressings oI inorganic ferti.lisers.

Neither at Rothamsted, Woburn, nor on Mr. Prout's farm at
Sawbridgeworth, were diseases or pests important, even after many
years o{ continuous wheat growing. But in 1936 complaints reached
us from mechanised farms of serious disease trouble even after
3 or 4 years only of wheat growing. Mr. Samuel fourd that the
trouble was due to Tale-all (Olhiobolus\ or to Fusarium. By a
curious coincidence, none oI the three classical continuous wheat
fields is liable to these diseases (though Ta-ke-all appeared at Woburn
near the end of the experiment), but the light chalky soils on which
mechanisation is developing are more susceptible to them. Mr.
Samuel is taking up this question in detail.

Faltowing is, howeler, very effective in restoring productive-
ness to land deteriorated by continuous cultivation, though it is
only temporarily beneficial. In general it makes a better Prepara-
tion for wheat than clover or temporary leys. Unfortunately,
Iallorting favours the Wheat bulb fly (Hylerytia cooretata), and at
the time of writing (May, 1936) the wheat crops sorvn after
the faUows of 1935 are looking worse than any on the farm as the
result of attacks by this insect, aggravated no doubt by heavy
losses of soil nitrates during the very wet winter. Methods of
control are being sought.

An important effect oI Iallowing is to keep down weeds arrd
Dr. Brenchley has spent much time in discovering the conditions
under which this is best done for the more imPortant species. Chemi-
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cal spraying methods are also being tried, and a series of experi-
ments has been started, with quite interesting results so far, on the
possibility of removing weeds from grassland by spray,ng.

SOIL CULTIVATION

The cultivation experiments have continued, and an extensive
series of observations on rotary cultivation is being worked up.

Soil ti.tth has been studied from the iield side in Dr. Keen's
cultivation experiments and from the laboratory side by him and
his assistants, Mr. Scott Blair, Mr. Cashen and Dr. E. W. Russell.
The esseatial point is to bring the soil into an aggregation of crunbs
and to prevent it falling into a state of dust. The actual changes
depend on the drying and re-\'etting of the soil and are brought
about largely by the weather, but the implements play a vital part
in putting the soil into such form that the weather can act. The
field experiments have shorm some of the differences between
rotary cultivation and the older methods. They are now being
extended to show how the soil moisture is affected by the various
cultivation processes : this work is diftcult because the Rothamsted
soil, by its stony nature, is not readily sampled, and no method of
estimating the moisture content itt silu is yet free from obiection.

The laboratory work has now reached a stage where the numer-
ous facts are fallirg into order. An important test oI value of any
new development is the extent to which it can be used. These
physical investigations have already proved of value to experts
concerned with such diverse industries as flour milJing and oil boring
apart Irom their use in agriculture.

MINOR ELEIIENTS IN PLANT NUTRITION

In 1923 Miss Warington proved definitely {or the first time that
a minute quantity of boron is essential for plant grorth, and this
result has already found applications in practice. Various crop
diseases prer-iously incurable have now been traced to a lack of
available boron; notably a heart rot in sugar beet and " Internal
cork " in apples in NewZealand, " Top rot " oI tobacco, and diseases
oI potatoes, tumips, tomatoes and other crops. These diseases
may occru even when compoulds oI boron occur in the soil, but
presumably the boron is unavailable, because they are cured by
addition of a small quanlit] of borax. The subject is being further
developed and several field experiments on sugar beet have been
started in affected areas in consultation with us.

It is knor:n that oats suIIer from shortage of manganese on
certain soil types, and the Iactors controlling the availability o{ the
manganese in soils are being studied.

Small amounts oI molybdenum salts are also shown to affect
plant growth considerably, causing, in some c.Lses, simulation of

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-1-67 pp 49

46

the..sl,'nptoms oI- virus disease, and in others, the development of a
trailing habit of grorth where normallv lhe srowth is uorieht-
These results are being further studied. 

- -
The effects of sma[ quantities oI nickel aad cobalt salts are also

being investigated.

CoMPOSTTTON AND QUALITY OF CROPS

. Owing to- the im_possibility of iinding as 1.et any valid definition
oJ quatity, this work is done in associat-ion w.ith tlie expert users of
the crop, and their marks or grades, which are reallv'measures of" co-mmercial desirability," are accepted as the nearit measure oI
qualily. we are likely to get for the present. The buyem, grades
have objective realit), foi when the crop is converteil into"food,
the resulting products show differences which varv in the same
direction as_the grades. So far as human food is concemed, we do
nol- proceed- to ascertain the physiological significance o{ these
drllerences, but for animal food something can be done, thoush
not yet as much as ve should lile because no satisfactorv technioie
for grazing experiments in the field has yet been wor[ed out.'A
beginning has been made, however, with experiments on pigs fed in
p€ns.

The crops most investigated have been barlev. ooratoes. sugar
beet and grass; and the ixpert bodies associatid'with the wJrk
were resp€ctively the Institute of Brewing. Irlessrs. Lr.ons. the Beet
Sugar Factory organisations, and the Baiic Slag Coirmitiee of the
Ilinis.lV.9f Agricultrue. For the arable crops, ii.re general result is
that fertilisers used in the normal way will commoilv increase the
yields but do not aflect the quality. Potassic fertilisirs mav effect
some improvement in quality o[ crops grown for carbohydrates,
and excessive dressings of nitrogenous fenilisers mat.reduce their
qualit',-- Be)'ond this there is no evidence that any s].siem oI manur-
ing witl bring about any significant improveminf in the oualitv.
For this the most important factors are the soil tlae and the ieasoir.
and they have been fairly well characr erised ' for barlev. Thi
conditions are unchecked gro*th, ample moislure during the sprine.
dry summers and good ripening and harvest conditions-. For-othJr
c-rops the conditions are not yet so clearly defired, but it is known
that suitable moistue supply and soil aeration are important,

Wurer
Th9 technical applications of the earlier work on the physics of

flour doughs have been extended by llr. Scott Blair in 
-co-opera-

tion with Dr. Halton of the Research Association of British Flour
Millers at St. Albans. The aim of this investigation is to assess the
bread-making quality of a flour by means -of reproducible and
impersonal tests ou the dough. Hitherto the only-test of quality
has been the baking test, and this, even in the h-ands ot a'hiehli,
skilled baker, is subjective and unreliable.

The tn'o most important properties required of a dough are
adequate elasticity (" spring ") arld extensibility. The former
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depends on an optimurn relationship between viscosity and etas-
ticity modulus, and the latter, although not yet fuuy irnderstood,
is related to the way in which viscosity varies witL stress. The
bearhg of- these prop€rties on bread ma.king quality is being
investigated. Doughs which tear easily, and consequently givi
bread with ragged crust and bad texture, are said to 

-be ,. ihoin.,,
This- property of " shortness," and the relationships between the
breaking and the flowing of plastic materials, are being studied.
Brittleness, which is disadvantageous in the flourdough, is benelicial
in the soil crumb, and the methods developed for th1 studv of the
dough are now being modified for apptication to the soil. Ti.re same
principles a,re leing appiied at the National Dairy Institute for
measuring the elastic and plastic properties of cheesis.

Flour doughs show a definite structure which is broken down on
kneading, and re-establisbes itself on standine. This prooertv is
fairly common and is called " thixotrop.v " lsei atso p.'Oe1i

THE BIOCHEIIIISTRY SECTION T9$.I935

A. G. NoRlr.{\

The work of this section consists in a study of the composition
and decomposition of plant constituents, particujar attention beine
given for the present to the carbohl'drates.

METHoDS oF ANAL]-sts oF Pr-ANTS

The conventional methods of analysis oI agricultural materials
Bive a ve,ry imperfect picture of the composition of a plant, being
restricted usually to such determinationi as ash, tot;[ nitroaen:
(calculated as crude protein), ether-soluble material, and crirde
fibre, the difference of the sum of these Irom 100 being regarded as
" soluble carbohydrates." Before any extended studi of the
composition of crops couJd b€ attempted, a more det;iled and
searchhg system of ana\zses had to be found to cover the carbo-
hydrate constituents. This involved partictr.larly the testins oI
methods for the determination of those siructural constituents uiich
are most inadequately represented by the crude fibre figures. The
main,structual constituents, cellulose, lignin and hernicelluloses,
together account for the maior part of any mature tissue. Edsting
methods have not been found ro be generally applicable withoui
modification.

l. Cel,lalase. The cellulosic framework oI plant tissues is deter-
mined after removal of a"ll other constituenis. In fact, however,
lig'rrin is the most dificult component to remove. The Cross and
Beval procedure of altemate exposure to gaseous chlorine and
extraction with boiling sodium suiphite is the basis of nearlv all
metlods, the lignia thereby passing into solution as sulplionic
derivatives. The conditions under which the chlorination mav be
carried out in dilute hy,pocl orite solution, have been ex.*i,ea.
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and a more rapid and convenient method developed 1i;. T}e cellulose
of Dlants and wood dilfers from that oI the cotton hair in that it is
noi solely composed of glucose units, but contairs also loly-
saccharid"es of btber sugis, very intimately associated. -These

rnh saccharides. which have been termed " cellulosans "(3) are

inoie susceptible to hydrolytic agenls, and more soluble in--alkalis,
than the true celtulose poriion of the aggregate, so that all trea-l-

ments other lhan with'neutral solutions must be avoided if the
integrity of the natural cellulose is to be presewed. The aelhod
devised-is also suitable lor making large-scale preParations of Plant
celluloses which was not possible previousll. In mosl cases the
associated ceUulosan is rlrtan, rvhiih may 6e determined by the
yield of furfuraldehl'de lrom the isolated cellulose.

2. Lignit. Thebasi.s o{ the determination o{ lignin is ttre resistance
oI this "substance to slrong acids, in which iellulose and other
carbohydrates pass into soiution, subsequently to be hyd-rolysed
Exisling methofs, devised mainly for woods, have been shown lo
be inacc"urate and quite inapplicable to agricultural materials, which
unlile woods are often high in nitrogen. Twomajorand inleracting-
souces of error have been showa to exist, due to the presence ol
pentoses and proteins. Pentoses or pentosans on .ontact wilh strong
icids slowly give furfuraldehyde which in the absence of lignin
condenses to to.m a black insoluble residue weighed as lignin(s) or
in the presence of lierrin unites with it to give a stable lignefurfuran
resin, ihereby increa'ing the apparent lignin conlent. This disturb-
ance may be minimised by shortening the period oI contact with
the strong acid, or by a hydroll'tic pre-treatment (a). The- error
introduced by the presence of protein is at present more obscure
and has not been wholly overcome. Proteins themselves or protein
degradation products give no residue on treatment with strong- acid
bui if added to a ligEified material hcrease the apparent liSnin
content(5). Small quantities of Proteil cause a greater di-sturbance
proportionately than do large. amounts, the error being due to the
iinliage with iignin of protein fission products of varying. size.
Acid pre-treatment resulG in a substantial reduction of the inter-
ferenci in most cases, which ca-nnot be allowed Ior by calculating
the nitrogen content of the lignil residue as protein arrd deducting.
Because of these sources of error in the liSnin determination the
figures generally quoted for the lignin content of plant materials are
in most cases too high.

3. Hemicelluloses. A satisfactorl'melhod for the routinc deler-
mination of hemicelluloses has not t-et been devised. Er.-traction
methods that hare been proposed are incapable of distinguishing
bet$'een the true encrustlng pol1'uronide hemicelluloses, artd the
cellulosan Iraction of the cellulose, v'hich has very similar properties.

I'llL ,\"-." -d S. H. l.okin.- A Ncs ll.thql lor tbP
b.s;'u;n Ob*watioos on tbe -R€moral oI Lignin ard othd En rutlng Matenab."Bieh€o'
lnnm le33 \'.1 XX\'U. DD.818-83I.
" Iti r- F Hael€v ana -il C. tttomao " Ihe Dlierentiation of Hemicdtn(B." Iod. ad
r"; ah.m 1e3, v;r- xxlv- oD.1190-rrs5.- "(3t A. c. No@atr &d s. H.'jcnkx6-" uslin Cantent ol cellulose Producls." Nat@' 1e33'
lol. (xxXI, p. 729.

ili,c c rilom,n ana S. H. lenkitu _ Thc D.temiDarioD ol Lianrn, L EnoE intrcdu.ed
b. ih; Pr*.e of Grrarn (r.bob-vdrr,x. ' Bb bcE. Jom.. l93l. Vol. XXVll l' pp.2147 ,159-'i;i a-c N.-,"-ds.B. l;nkrns- "Ib" D,lcm'oaliotr of Lig o, Il. Edoa Inlrodued
hL ihe Prence oI Proteioc. Birbcm. Ioum., 1931, \'ol. XX\,ITI, pp. 2160_216[
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For the present and for comparative purposes, reliance is placed
upon the yield of furfuraldehyde from the pentose and uronic acid
groupings as a measure of the amount of encrusting hemicelluloses,
this figure being arived at by the diflerence betwe€n the total
Iurfuraldehyde leld and that Irom the cellulosan groups in the
cellulose.

Tbe analyses mentioned above ta-ken together provide a fuJl
picture of the structuml constituents o{ any plant materiai arld
permit a detailed examination o{ the " crude fibre " determina-
tion, so much employed in agrigultural analysis; by their aid it
has been possible to show what exactly this Iraction represents(.).
The crude Iibre figure may be very misleading since no constant or
definite proportions of the structural constituents are included. The
cellulose is partially attacked so that onli/ 60 to 80 p€r cent. remains,
and the lignin extensively removed by the acid and alkaline treat-
ments given. trluch variation may be found in the lignin content of
crude Iibre fractions, Since the presence oI lignir exercises a direct
effect on the digestibility of the material, any empirical method
should include all the liglin. For certain purposes a simple acid
hydroli,sis would supply more reliable information than the crude
fibre determination.

TEE CouPosrrroN oF CRoPS

Suitable methods having been devised a study of the composition
of certain crop materials \*'as commenced along the lines of a
preliminary investigation carried out in 1930 on barley(7). Samples
are cut at frequent intervals during groMh so that the development-
al changes may be followed. So far the investigations have been
confined to winter wheat, and rye grass (Westem wolths). The
latter revealed several interesting features rvhich are to be the
subject of future examination. A high Percentage of cold water-
soluble material was found in this 8rass, at one stage nearly 55 per
cent., and at maturity almost 40 per cent., the bulk of which is
accounted for by a fructosan, or levan. At one stage the fructosan
content was found to be 35 per cent. but as the grass approached
maturitv the amount oI this constituent fell sharply while at the
same tiile the cellulose increased. Neither the protain nor the lignin
contents changed as widely asexpected, and it is clearthat a relative-
ly small change in the amount o[ lignin present is responsible
for the considerable decrease in digestibility that accomPanies
maturity. On drying for hay in the usual manner, the losses appeared
to be o{ the order of l0 to 15 per cent., much o{ which could be
accounted for by the disappearance of fructosan. Preparations of
this fructosan have been fouad to be more susceptible to acid
hydrolysis than any other polysaccharide, being completely broken
d6nn to fructose by heating with oxalic acid as dilute as 0.05 Per

(a) A. c. N@-" Tt Co6pcidon ot Code FibE." Jo@. Asric Sci., ro!i, vol xxlv
pp. !t&t10.

r?) a_ G. liollrE-..^ Pftlimi@lv Inv6tisrti@ ot th. D.reloptutrt of stretual co!.
sritiriirts io ue Autcy PIdt." Jouft. ASd. S.i., lels' Vol. XXIII, PP. ll6'tr7.

D
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cent. for one hour. Fructosans have also been found in wheat,
though ,not to such an extent; apparently they have an im-
portant rOle in the metabolism of the Gramineae as a temporary
carbohydrate reserve.

THx PLANT Crrr-rverr
Accompanying these applied studies of plant composition,

some more fundamental work on the nature and inter-relationship
of the cell-wall constituents has been undertaken, mainly on cereal
straws and fibre plants.

l. Cdlulose. It has been stated before that most plant celluloses
are very different from cotton cellulose in that the_v are aggregates
of pure cellulose and an associated polysaccharide or cellulosan,
which is often xylan. Many plant celluloses have been isolated and
their properties and stability studied vrith a vie\y to obtaining
information as to the method of association of the cellulosan, and
its influence on the proprties of the whole. The results are not
inconsistent with the view that the cellulosan molecules, though
much shorter in length, are oriented like the long cellulose chains
ard participate in the micellae, being retained by the same type of
secondary valency forces. Heat drying liberates a water-soluble
fraction, mainly of cellulosan, from a natural cellulose previously
unaffected by water, and this phenomenon may be repeated many
times. Any attack on the cellulosan such as acid liydroll'sis oi
alkaline extraction is accompanied by a partial attack on the cellulose
so that no hard and fast line can be dra\rn between the two groups.
Solution and reprecipitation from a cellulose solvent, by destroying
the orientation of the molecules, renders the celluiosans easilv
soluble. To obtain additional evidence on the distribution of thl
xylan in such celluloses, experiments have been carried out on
certair vegetable fibres in conjunction with Mr. W. T. Astbury,
of the University of Leeds, using X-ray methods. The removal
oI xylau progressively from manilla hemp cellulose was accompanied
by an improvement irr the X-ray picture indicating a more perfect
crystallographical state. When freed from xylan, the diagram was
almost indistiaguishable from those of ramie and Italian hemp,
both celluloses which are naturally very low in >rylar(8). The dii-
gram {or isolated xylan has also been obtained by the preparation
of thin films. The X-ray evidence is in accord with the view that
the xylan molecules are iso-structural with those of the true cellulose
chahs.

In a study of the composition o{ vegetable fibres of many types,
it was found that these lall into two well-defined groups according
to whether the cellulose of the fibre was high or very low in
xylan. (e) The group high in xylan iacludes the coarser fibres, such
as jute, manilla hemp, and sisal, all of which contain also apprecia-
ble amourts of li6nin and encrusting substances- The iecond
group, low in xylan, includes the high-grade fibres such as flax,

{6) W. T. A.tbury, R. D. PEi@ ud A. c. Norbu-..X-R.v Et@i@!iD ot the EfiEi
of R.eoving Noo-Qllul@ Co6rir!.Dl5 lrcm V.g.t bl. FibE,'N.re, t936, Vol. CXXXVL
' (r) A. G. Notue-" T!. CoDp@irj@ oI $6c Vcx.t ble FibE, witt D&ricular El.fua
to Jut ." Bicheo. Jom., 19t6. Vol. Xxx (ia th. DtB).
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ramie and hemp. No direct relationship between rylan content and
quality_ could be fourd in a wide rarge of jute sariples.
- 2. Ligrin. Arising out of the obiervation relnrted previously

that ligniu condenses with furfuraldehyde in the presence of strong
acid, to giwe a complex of the naturd of a phenolic resin, similJr
resins with a number of other aldehydes have been prepared.
Imperial Chemical lndustries have moulded the lignin-formildebvde
resin under high pressure. Phenol may further be condensed Gtb
the lignin-aEehyde complex with a resulting modification ol
properties. Lj6nin resins with acetaldehyde oi higher aldehydes
have not yet been tested commerciallv.

ConsidLrable attention ha-s been gi"ven to the clelignification oI
plant materials by means of solvents. For many iesearch pur-
poses it would be desirable to achieve a complete rimoval of lienin
without at the same time bringing about bydrolysis or degradalion
of the carbohydrates. Solvenis such as pj.ridiie, dioxanl alcohol,
etc., have been tried, with, and without, pievious chlorination, but
so {ar only partial success has been achieved. The removal oI lignin
with alcoholic soda has been investigated since this has been pro-
gosed a9 a pretreatment to the preparation of the hemicellul6ses,
but neither cold nor hot is this ar e?fective delienifuins asent_(rol

3. H emicellaloses. The encrusting polyuronide' trei-ni"1U"t,i"o
are an important group in many agricultural materials; in straw,
for example, they form the second largest constituenl. The studv
of their composition is beset with diftiuliies, and aII preparation"s
are more or less seriously contaminated wittr lignin anit callulosan.
To 

- 
reduce the former, it has been customary-to effect a partial

deliguification with alcoholic soda, but this ha; been sholn t'o have
at the same time a serious elfect on the hemicelluloses. and oar-
ticularly on those of immature tissues.(ro) A study oI the iemovil of
li6nin and hemicelluloses from the cell-wall by iltemate chlorira-
tion and sulphite extraction has thrown some lkht on the condition
of the hemicelluloses lrr sr?n.(u) It seems lilety that there is some
form of close_ association, probably amountirg to actual chemical
combhation, between the hemicelluloses and lignin, since the fonner
cannot be extracted unless a pretreatment (such as chtorination)
is given capable of rupturing the linkage, or unless a solvent (sucli
as alkali) is used which at the same time dissolves the lignin. 

.The

classica-l conception of the existence of a " lignocellulosJ,, has had
to be abandoned in view of modern work on the structure of cellu-
lose, and it now appears that a ligtrin-hemicellu.lose complex mav
be substituted for it. Possiblt both grouls occur'in tw6
conditions, combined and free.

DECoMposrTroN oF PLaNT Merrnrers
The limitations oI the lignin determination now beiag under-

stood, it was thought worth while to take up asain the ouistion of
the biological decomposition of lignin upoir ihich subiect many

tllo) A. G. No,l!a-'The HeEiellulca.. L Al@hou. Sodi@ Hvdloide s a pEtErncnr
to rlrtnctioL" Bich@. Jom, 1915, Vol. XXIX, pp.9{5-95r.

[rr) A. G. Nolrle atrd (io pait) J. c. Shr*hao.!E-., Th. Hr@iendo3... II. Th6 AtuiarioDor HeEieuqr(x6 sirh Ligbil,' Bioch.o, Jom., r93t, Vot- XXIX, pp. ritSO-rr66.

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-1-67 pp 55

52

conflicling opinions have been expressed. Studies on the avai!
abiliti of"ligiin involve analyses irom time to time on materials
that ;rc ch;ging in composition. It is very signif,rcant that changes
are especiatl/ m-arked in those two SrouPings which contribute.so
largelv to errors in the lignin determination, for Pentoses are raPldly
ferire"nted away and proteins slmt hesised under normal conditions
of arobic decomposition. To some extent these two errors are
comlrnsatory and their effect varies widell with the natur. e of the
material and period of decomposition. Previous observations have
been re-examined in the tight bf these facts. (r2; The arobic decom-
position of lignin in straw lias been sludied and determinations made
bver a period of eighteen months by four different methods, all of
which s'hou' Iosses 6f +0-5O per ceni. of the lignin in the lirst year
and 50-60 per cent. in eighteen months. (r3) Lignin is certainly not
so resistani to biological attack as has sometimes been claimed, but
beine the most resistant plant constituent tends to accunulate. High-
lv deiomposed organic residues composed largeh'of lignir and protein
are readili' susceptible 1o oxidation, and this property is being
investisated in humic residues from various sources.

Ceriain oI the oak timbers of Rothamsted House have been very
extensively attacked by the Death-watch Beetle, and on their
replacement the oPportunity was taken of analysing samples oI
thl decomposed w66d and iomparing them with the sound wood
from the sime source. The results leave no doubt that the main
constituent removed by the larva was the cellulose, and in so far
as it was possible to form any estimate, the total loss suffered by
the wood was in the region of one I hird. (r{)

Olhzr l*uesligations. The oxidation of amino acids wilh hypo-
chlorite has been studied in detail, and the route of the reaction
and products determined. Glvcine gives rise to COr, water and
gaseous N, t hrough the intermediate formatioo oI HCN, which is

iubsequently hydlolysed to Iormic acid and ammonia, both then
being iompietely oxidised. The rate of the reaction is enormously
aI{ected by the 1H oI the mixture, being most rapid in the region
of 1H 7-9.(t) \lften extended to higher amino acids, this work.has
pr6rrided another example of the great disparity b€tween the-first
ind succeeding members in a homologous series, since the producls
and conditioniof oxidation are very different from those found for
glycine. The acids formed from the cyanide are not oxidisable, and
Irom a dibasic amino acid, a cvano-acid has been obtained and
identilied.

DESIGN OF FIELD EXPERIMENTS
The earlier work of the Statistical Department included the

desierring of field experiments so t hal a valid estimate could be made
of the mignitude ofthe errors affecting the results, and at the same
time as much as possible of the variation due to soil irregularities

(lr) A. G, Nom -" Tbe BioloSi..l D..omposilioo ot USnia." Sci. ProSE , 1036, Vol

n,i h. G. N"* r' Tb. D.compGition oI LEEio i! Pl&t )4a!qirli. Tt?E srd Idt @r.
c-; So'l S{i.. Orlord. l9!5. \'ol. lll. oD. 105_108.- r-r{l i. c.' N"*; ,'ih. Dotniciion oI od. by t!. Dcath_mtcb 84t1. " Bi6b.E.
lmin 1s16. Vol. XXX lin D!6)."- ttoi i. i. N"---'TL. Oiidatiotr ot AEiG&id5 by Hypetldit , I, Gly.ie." Bi@h.E.
JoEn.;1096, vol. xXX, pp..8r're6
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could be eliminated. This purpose was accomplished, and designs
such as randomised blocks and the I-atin square are now superseding
the older typ€s of lay-out in almost all classes of agricultural
experiment, both in this country and overseas.

During the last few ]rears attention has been devoted to methods
of increasing the elficiency attainable by simple randomised blocks
and Latin squares, and to methods of widening the scope of a single
experiment so that several problems cam be investigated con-
currently. Faaorial desigtts have been developed, in which all
combinations of dilferent levels of several treatments (or Iactors)
are included. A simple and very effective example of this t]?e of
design is the 27 plot experiments of the factory sugar beet series.
In these experiments all 27 combinations of double, single and no
dressings of each of the three standard fertiliser components,
nitrogen, phosphate and potash are represented, only one plot being
devoted to each treatment combination. Each plot is in effect used
three times over, once to ass€ss the value of nitrogen, once for
phosphate and once for potash. In addition, information, which
would be wholly lacking if three separale experiments, each con-
fined to one of the three fertilisers, were used, is obtained on possible
variations in response to one fertiliser at dilfereat levels of the other
two. Such factorial designs, therefore, represent a Sreat advance
in experimental technique, and they will probably supplant the
simpler methods in the same way as randomised blocks and Latin
squares have supplanted the older systematic arrangements.

The attention of the department has also been directed to
problems of sampling, which are of immense imPortance in
agricultural experiments. The most efficient technique in anv given
instance can be determined only by statistical methods; indeed
if statistical principles are not'bome in mind sampling may be
almost unbelievably inefficient. An example of the rapid advances
in knowledge that can be obtained by the discriminating use of a
good sampling technique. applied co-operatively b1'r,r'orkers at
several centres. is provided bv the sampling obsersations of the
growth of the wheat crop, which are described in a later section.

SOILS
The chemical and physical work consists in attempts to discover

the composition and constitution of the soil, and to follow the
changes taking place therein.

The clay is recognised as one of the most imPortant components
and much rvork is being done on it in the Chemical DePartment.
Dr. \agelschmidt has found by X-ray anal!'ses that its com-
monest constituent differs from all known minerals, but is appar-
ently related to halloysite: he is also studying the s$rlling of the
montmorillonite lattice in presence of water. This investigation
requires continuous access io very costly physical apparatus and
we are greatly indebted to Sir \\'illiam Bragg lor allowing all that
side of ihe work to be done in the Davy Faraday laboratory of the
Roval Institution.-Soil, AroJjsis. Considerable attention has been given to the
old problem of finding some chemical means oI forecasting the
probable ellects of fertilisers. For soils suflering from some serious
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deliciency this is relatively easy, but for soils that have been
reasonably well farmed and manured none of the present methods
is adequate. An examination of some 15 different methods was
recently made by members of the International Society of Soil
Science, but none of them proved entirely satisfactory. The rapid
methods put forward from time to time are liable to give misleading
results. Dr. Crowther, in coniunction with Mr. Warren, Dr.
Richardson, Miss Heintze, Dr. Nagelschmidt and other members
of his staff is examining the soils oI the various plots on which
sugar beet and potatoes are grown, to discover how far the results
oI the field experiments accord with the expectations based on
yarious methods of chemical analvsis.

Soil Moisture. In the Physics" Department, a notable achieve-
ment has been the straightening out of the difficult problems
associated with the moisture relationships of the soil. For man1.
years tbese have caused considerable dimculty: a scale has now
been devised which introduces the same kind of order and simplifica-
tion as the fH scale has done Ior soil acidity. This work is so
important to soil workers that a sunmary of it is given here though
the description is necessarilv ven technical.

When wet soil is placed in an atmosphere of fixed relative
humidity ([ per cent.), evaporation continues until the moisture
content has been reduced to a va.1ue which depends on the nature
and previous moisture history of the soil sample and on lr. When
evaporation ceases, the {ree energy of the water remaining in the
soil is less than that of pure water ia bulk by 1T tog (fo) ergs
per gram. Dividing by the gravitational acieleration- g, thls
free energy difference is given by the height in centimetres of a
column of water that expresses, in effect, the " suction " with which
the remaining water is retained; or, looked at another way, the
effective height above a free water-table. Evaporation into a 5O per
cent. relative humidity atmosphere develops a suction in the
remainhg rvater equivalent to 1,0O0,000 cm. of water, a column
higher than Mount Everest. The difficulty of comparing sur-h
suctions with those developed as the result of drainage to a water
table, which are of the order o{ 1.000 cm. and less, hai been met bv
using Ihe logarithms of these figures. By analogy with Sorensen!
logarithmic acidity scale the sl,rnbol y'F has been used (F being the
recognised slmbol {or free energy).

The suction force exerted by the roots of plants which have iust
reached the " permanently wiited " conditio'n is usually betu:een
10,0O0 cm. and 20,000 cm., or between ,F 4.0 and rF 4.3. There
are great exp€rimental dimcdties in the way of measuring evapora-
tion into atmospheres more humid than about 95 per cent . iaturition
Hence 60,000 cm., or 1F 4-78, the suction developed by evaporation
into ajl atmosphere over l0 per cent. sulphuric acid (95.6 per cent.
relative humidity) is about the lowest value obtainable in this wav.
On the other hand, the highest value obtainable bv vacuum suction
through a lilter is l,0OO Cm., or 1F 3. Fortunateiy, freezing poirt
determinations enable this gap to be bridged. One degree ceniigrade
freezing point depresion corresponds to a suction of l2,7OO cir. or
iF 4.7.
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Mr. Botelho da Costa, under the direction of Dr. Scbofield, has
used the improved freezing point technique mentioned in the last
report to measure the rF oI the water that remained in seven soils,
ol u.idely dif{erent character, when beans growing in them became
" permanently wilted-" The values so determined fell between
y'F 4.0 and 1F 4.4, although the corresponding moisture cootents
ranged from 2.9 to 21.6 per cent. of dry soil. Taking the mean value
ol lF 4.2 and reading the corresponding moisturc content from the
curves plotted from the freeziag poilt measurements, the values
obtahed difler on an average by onlv 0.7 per cent. from the moisture
contents fouDd in the wilting experiments. The greatest difference
was only 1.2 per cent., which would be of small consequence in field
measurements.

The moisture content of a soil at permanent wilting does not
bear a constart ratio to the " moisture equivalent " determined in
the Brigg-Mckan centrifuge as these authors claimed. The freezing
point determinations show why this is so- For a medium textued
soil the " moisture equivalent " corresponds to about y'F 2.9.
This was confirmed by the {reeziag point measurements which
showed that the curves connecting ,F and moisture content differ
in sialc from soil to soil, and for the seven soils examined the ratio
of the moisture content at 1F 2.9 to that at y'F 4.2, iastead of being
constart at 1.84, varied from 1.5 to 5.3.

By using the y'F scale the results o{ measurements by direct
suction, centrifuge, freezing point and evaporation into atmospheres
of controlled humidity car be plotted on the same graph and curves
connecting /F and moisture content can be traced from saturation
UrF 0-l Centimetre suction) to oven dry (approximately 1F 7).
This rrork has broryht into prominence the great importance of
distinguishing between wetting and drying conditions. The suction
needed to withdraw water from a moist soil is, in general, greater
than that against vr'hich water will enter the soil at the sarne moisture
contents. This fact, coupled with the slowness of wetting of clay
by water at ,F 3 or above, has been shown to account in a general
way {or the characteristic moisture distributions met with in the
field.

SOIL MICRO.ORGANISMS
The gro$th oI the plant, in nature is determined not only by

chemical and physical soil factors but also by the soil micro-
organisms, which are studied in the ll{icro-biological, Bacteriological
and Fermentation Departments. The more these organisms are
investigated, the more nunerous thel'appear. Twenty-five years
ago, the bacterial population in one gra.m of soil (about a salt-
spoonful) would have been assessed at about 5 to l0 millions. It is
now knorvn that the {igures are very much higher. A gram of field
soil may contain several thousand million bacteria, ma-ny thousands
c,I protozoa, millions o{ actinomycetes and fungi, in addition to ar
unlmown number oI eel-worms, besides other ortanisrr not invaria-
bly found, either because they are not always present or because
the technique is defective. The greater accuracy of modern bacterial
counts is due to the method of counting bacterial cells in soil uader
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the microscope which has been developed in the Bacteriology
Department and now gives reliable quantitative results.

Three main groups o{ investigations are carri€d out :-
l. The decomposition of organic matter and its conversion into

sinpler substances. This is at the basis of the production of plant
food in natwe, but it has also many applications on the farm and
in the country-side ; three oI which are studied in detail :

(a) The decomposition of plant residues in the soil in relation
to green manuring, ploughing-in of leys, residual values
of farm5'ard manure.

(6) The conversion of straw and other plant residues into organic
manure. This process has been taken up by Adco, Ltd., and
developed by them into a workable process for making
artificial farmyard manure. While English farmers do not
ma-ke much use of it the method is used a great deal by
gardeners and to a still greater extent by planters and growers
overseas. Some 5O,00O tons or more of manure are probably
made annually through this one organisation and there is
reason to believe that the total made in all countries by the
process is not less than 20O,000 tons annually.

(c) The biological purification of efluents from sugar beet and
milk factories-

The last-named investigation is carried out in the Micro-
biological and Fermentation Departm€nts under the egis of the
Department of Scienti{ic and Industrial Research ; the work is done
partly at Rothamsted and partly in the factorv.

In the Bacteriological Deparhnent the interesting work on
clover organisms continues, and it is shown that in the soils of
certain hitl districts there occur harmfirl strains which do not them-
selves benefit the clover plant, and which prevent most beneficial
strains from forming nodules. A few beneficial strains, however, are
able to overcome the harmlul elfects of the bad strains and enable
the plant to male Iull normal growth. Experiments have been begun
on the inoculation of these beneficial strains into soils containing the
harmful ones, and the results are distinctly promising. The first
essential is a sun'ev of the hill districts to see how far these
harmlul strains are prevalent, and to \r hat extent the highlv
eflicient strains already isolated are able to act generallf in over-
coming their bad effects.

The process of irfection has been studied in considerable detail.
It is impeded b1' the presence of nitrates r-hich not onll' reduce
infection but also reduce the activitv of nodul.es already formed.
Part o{ the elfect consists in checkhg the deformation oi the roor
hairs rvhich is an essential preliminary to infection: this, howet er,
can be counteracted by adding dextrose. Such nodules as are
formed in presence of nitrate are abnormal in sel'eral ways. The
distal cap of the cells, normally thin-walled and activel] dividing.
develops much thickened cell walls and the cell-division soon ceases.
The lateral endodermis and the cells surrounding the vascular
strands b€come heavily suberised. These cha-nges result in the
central nodule tissue becoming enclosed in a layer of thick walled
cells. This central tissue shows evident signs of starvation-
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PLANT PATHOLOGY
Virus Disease- The group of workers who have since 1929

studied virus diseases under Dr. J. Henderson Smith, suffered its
Iirst loss ir October, 1935, when Dr. Johrr Caldwell left to take uP
the Lectueship of Botany in University College, Exeter. His last
importart coniribution was to show that inoculation with a strain
of virus conferred in certain conditions some degree of immurity
against a virulent strain o{ the same or a closely allied,vinr<. -Dr.
Shefteld, in studyhg by micromanipulative technique the localisa-
tion of virus in the plant and within the single cell, has found that
individual cells differ inin susceptibili

responding t(
ty to virus attack, only &12 per
r inoculation.cent. oI int. oI injected cells responding to inoculation.

Mrs. Watson has carried out a series of quantitative iMrs. Watson has carried out a series of quantitative investiga-
tions on the relations between the insect vector and the infection
il produces, The amount o[ infection increases as the time of feeding
thi: infected insect on lhe heallhy plant is raised hom 2 minutes to
12 hours, but only by about 20 Per cent. As the time of feeding on
the infected plart, belore translerence to the healthy plant, is
increased from 2 or 5 minutes to I hour, the arnount of infection
fatls bv 50 per cent., but rises again after I hour's feeding. The fall
mav be dud to development of an antibody in the insect body and
thi; is being investigated with the help o{ Miss B. Mitchell. An
inlected insect, transferred from one hea-lthy plant to a second, may
infect the second plant as well as the first, but not if the period on
the [irst plant exceeds one hour. This is o{ importance in the question
whether insect trarsference with viruses of the t,?e under experi-
ment is purely mecha.nical or requires ingestion by the Ieeding insect.

Mytology. A new glasshouse lor m.t cological work was r-om-
pleted in 6ctober. It lncludes one large comPartmenl, 24 ft. bv
30 ft., for general mycological work, and four small compartments,
ll ft. by 1l ft., which can be made insect-proof when required- Heat-
ing is 6y a thermostatically controlled, oil-fired boiler. The new
house has already proved that it is excellently adapted for the
work required.

The iompletion of this house enabled inr-estigations to be
commenced tbwards the end of the,'ear on the club-root disease of
crucifers. It is proposed to examine first the well-knovn action of
lime in controlling ihe disease, and to detemine if possible rvhether
this is due to an effect on the disease-producing organism itself,
or whether it is due to an increased resistance conlerred upon the
host plant. An ef{ort wilt also be made to find an explanation for
those cases in which lime is stated to have no beneficial effect.

The vqork on root-rot diseases of cereals has been continued.
F. J. Grcanet, on leave {rom Carada, co-operated with G. Samuel
in in investigation on the gradual invasion of wheat rool systems
by fungi as the crop ripens. They found that the fungus Fusarium
Cut tnorurn, winict is usuallv regarded as a disease-producing organism
was much more widely distributed than was imagined, and that
healthy wheat crops by the time they were reaped often had a con-
siderable amount o{ the Ilrn8us present on the roots without suffer-
ing ary apparent harm. Studies wilt be made later of the condi-
tions uirder which this fungus becomes a parasite of importarce.
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ENTOMOLOGY
The Entomological Department is concentrating on a studl.

ol the factors that determile the changes in number and the move-
ments of insect populations. Observations show that all the ordinarl
harmful insects occur on our farm but in general their numbers
are so small that they do little damage. Occa-sionally, however, one
or more strrcies multiplies with extraordinary rapidity and devas-
tates the crop. The spring of 1935, for example, was not favourable
for insects in general, yet one sp€cies, the $zgmy Mangold Beetle,
multiplied so inordinately that it completely ruined the mangolds
on Bamfield, on which mangolds hal'e been grown every year since
1876 (with two exceptions) and where the insect has certainly been
living for a long time. In certain investigations, the general procedure
is to ta.ke systematically frequent " samples " of the insect popu-
Iation of the fa.rm. Methods have been devised for making simple
censuses that can be subjected to statistical examination and these
are continuously improved to facilitate their use in practice.
Approximately four times as man] irsects were caught from March
to Octob€r in 1935 as in the corresponding period of the previous
yea$, the difference being mainly ia the Lepidoptera and the
Diptera. Full meteorological observations are taken, and relations
iue sought bet\,!'een these and the census {igures. The numbers of
noctumal insects caught in a light trap show a definite lunar
periodicity, with low numbers at full moon and high numbers at
new moon. The elfect is more marked for some groups o{ insects
than for others a.nd is most significant in tl:Le Noctuida,e.

A higher proportion of females was ob taured, i\ the Noctlid,o. n a
trap at a height of 35 feet above the ground, than in one about
3-4 feet above the grouad.

A-mechanical trap for insects, designed and tested during the
y€ar has been found valuable for estimating the activity of imall
slow-flying insects, such as green fly. It has already been adopted
for use iqstudying the transmission ofpotato virus disease byinsects.

Dr. Bames has completed the first series of his studies on
variation in popu.lation of certain insects, which include nire years'
observations in the case of the wheat midges. The figures foi 1935
for the latter insect show an increase over the previous two years
and so fit very closely to the periodic curve which was suggested three
years a8o.

The analysis of records of insect migration has thrown light
on two important problems. Considerable evidence has been found
that some British migrant butterflies and moths make a return
flight to the south in the autumn, also thar one of the misrant
Hawk moths which occurs in both Europe and America, at Iimes
as a pest, shows a tendency to occur simultaneouslv in both
Continents. This indicates tliat the causes of migration in this
species must be sought for in factors that are eithir very widely
spread or are positively correlated in the two Continents.

INSECTICIDES.
Dr. Tattersfield and Dr. Martin investigate the direct attack

on harmful insects by means of insecticides. Certain vegetable
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products a.re found to b€ extremely effective and have the further
advantage that they are hanr ess to farm animals and to man.
Among then the most important are products from the tropica-l
plants, Cub6, Derris, Haiari and others, and the non-tropical
Pfethrun. Methods of chernicatly evaluating these are investittted,
and experiments are made to test theeffect of manures on pyrethrum.
Dr. Tatlersfield's work has created so much interest in ihe United
States that one of the large manufacturing firms there invited him
over in May, 1935, to discuss problems with their experts and those
of tle United States Department oI Agriculture.

During 1935 work has been concentrated on the differentiation
of the species and varieties of derris root. Henderson's valuable
studies in Malaya oI the botanical characters of members of this
gerus dve no indication of their potential value as insecticides nor
whether the constitution of the resins is determined by genetical
or environmental factors. We have had specimens oI Dcrtis
cll:iftico possessing little or no toxicity to iasects, and samples of
Tefhrosi.a oogellii ar,d. ol Mundulea sabercsa vary widely in aativity,
despite the fact that they appear to be true to tj.Pe. From these plants
a nurnber of crystalline derivatives have been isolated by various
investigators. Only one, " rotenone," is highly toxic to insects, the
others appear to be either altered in the process of extraction or
derived from precursors of greater insecticidal power. Three
samples of derris, D. elliptica, D. malaccersis, and the " Sumatra-
t,?e," all contained about the sarne amount of extractives, but the
resins differed markedly in properties. The rotenone content was
highest in D. elliltica and lowest in the "Sumatra-ty'pe."
D. malarcensis and the "Sumatra-type" resias lelded an optically
active resin from which was isolated optically inactive " toxi-
carol," a compourd closely related to rotenone, but with relatively
little insecticidal pov/er. The resins derived from these three types
of root when dissolved in benzene were optically active and
laevorotatory, and although their rotations were in the same order
as their insecticidal powers the relationship was not quartitative.
When a solution of caustic potash in methy,l alcohol was added to
the benzene solutions of the resins, tho se deived.from D, malauensis
and the " Sumatra-t,?e " changed instantaneously in sign and
b€came dextrorotatory, while those from D. elliltica became less
laevorotatorv but did not change sign . The resin extracted by caustic
1rctash from the " Sumatra-t]?e " resin gave the change-over from
laevo- to dextrorotation, but the residue reacted like the resin from
D. elliftica. The induced dextrorotation declined with time at a
rate depending on the amount of methvl alcohol added with the
potash.

Direct insecticidal tests showed that no single method, irlcludiag
the estimation of the dehydro-compounds derived from the resins
by suitable oxidation and dehydration processes, tru.ly assessed the
relative potencies of these thre€ roots, and our chemical work shows
that the toxicity of the resins is determined not only by rotenone,
but by the precursors of deguelin ard toicarol also.
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fn the field experiments on pyrethrum at Wobum manuring
had no significant effect on feld.

Soil lrceclicides. The possibility ol finding a chemical sub-
stance effective for soil sterilisation and as a soil insecticide has
recently been revived. Some years ago it \yas shown at Rothamsted
that certain b€nzene derivatives were very promising, but they
were then unobtainable on the large scale. They are now, however,
available irr quantity and at relatively low cost. The subject has
therefore been re-opened and Major Ladell appointed to discover
how best to find out the effects of these substances agailst wire-
worm and eel-worm in actual Iield conditions; these two pests
being chosen because thev are already doing much damage, and
the eel-worm is lhreatening to do more.

This work has been greatly facilitated by Major Ladell's new
method for the rapid separation of insects and other arthropods
Irom soil. The sample is stirred in a heaq/ non-toxic solution
(magnesium sulphate, sp, gI. l.l) through which a stream of fine
air is bubbled to assist in floating the insects to the surface. The
froth containing the insects is drawn off over a sedimentation tank
and the insects finally' separated by filtration.

Over 95 per cent. of the soil farua can thus be separated lrom a
sample of about 5lb. oI soil in about 20 minutes. Two field experi-
ments on the use of insecticides against soil insects were carried
out in 1935, one against wireworm and the other against root eel-
worm, fow insecticides in single and double doses being used.
Significant differences were observed between the numbers of
eelworm cysts in the control and some oI the treated plots. There
was also a noticeable decrease in the number of wireworms on
some of the plots. Both exp€riments are b€ing continued.

BEE-KEEPING RESEARCH SECTION : 1922-1935.

Orgatisatior and Equiimeht. Shortly alter the rvar the Develop-
ment Commissioners made a grant to the University of Cambridge
for investigations on problems oI bee-keeping to supplement the
work on Bee Diseases thev were financing at the University of
Aberdeen.

In l92l the investigations rvere bv mutual atreement trans-
ferred to Rothamsted along with the equipment and the stocks of
bees. In 1922 Mr. D. M. T. Morland came from the trfinistn, of
.{griculture to take charge. He has been assisted throughoui by
Arthur Rolt, while B. A. Young was a voluntary worker for about
one ]'ear and others for shorter periods. In 1934 the beekeepers
asked that the work should be extended to deal with bee diseases,
and the British Bee-Keepers' Association generously undertook to
collect one half of the monev required, if the lIinistry oI -{gricutture
would provide the rest. This was done, and Dr. H. L. A. Tarr was
appointed as Bacteriologist to investigate brood diseases.

The section forms part of the Department of Entomology.
At the inception of the work at Rothamsted an Advisory Com-

mittee was appointed consisting of IUessrs. Bocock, J. C. F. Fryer,
Cragg and W. Herrod-Hempsall, with Sir John Russell as Chairman
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and Dr. Imms (Head of the Department of Entomology) as Secre-
tary. Meetings have been held once or twice a year to discuss the
progress made and to advise on future investigations.

The present Crmmittee consists of Mr. J. C. F. Fryer, Mr. W-
Herrod-Hempsall (Ministry of Agriculture), Miss A. Betts (Apis
Club), Dr. Gregg, Mr. J. Herrod-Hempsall, Rev. W. H. Richardson
(British Bee Keepers Association). Dr. H. Schiitze, Dr. .1. C. G.
Ledingham (Lister Institute), Brother Adam, Dr. F. Th6mpson,
Mr. B. C. Berkeley, Mr. Gilbert Barratt. Two of the members
representing the B.B.K.A. were appointed by that body when they
took over the responsibility for the collection of the Beekeepers'
share in thefundforFoul Brood disease research : thetnomembers
representing the Lister Institute were appointed at the same time
to advise on the bacteriological side of the work.

The experirnental apiary (a)(r) is situated on the Rothamsted
Farm in a sheltered position protected by trees and hedges. It
usually contains thirty to forty colonies mostly on British Standard
Frames, about half being in W.B.C. hives and the rest in " National"
single walled hives. These are arranged regularly, but in such a
way as to avoid excessive drifting of the bees- The field laboratori'
contains store room, extracting room, and workshop and has water
and electricity laid on.

Two or three out-apiaries are usually maintained for special
investigations and for rvork on brood diseases.

The main sources of nectar are rvhite clover, the lime trees
of the adjacent avenue and, in spring, wild cherry and holly.
Willows of both pollen- and nectar-bearing varieties have been
planted at the apiary and a small orchard stands opposite. The
spraying experiments carried out on these trees are watched with
some anxiety, but up to the present there has been no evidence of
poisoning of the bees.

For the more technical investigations there is a large laboratory
in the Entomological Depanment.

Hire Ternleratures. Observations on hive temperatures bl.
means of thermocouples were commenced by Dtr. Bullamore while
the apiary was still at Cambridge ; they were continued at Rotham-
sted with improved instruments embedded irt the foundation wax.
Interference with the brood was thus avoided but the temperatwes
recorded were of course those oI the brood and not of the air in
the hive.

Daily readilgs, winter and summer, were carried out for a
number oI years in hives with different comb arrangements. Once
a month readings were taken every three hours Ior a period o{
24 hours or more, The statistical ana\rsis of the data was made
under the supervision o{ Mr. Irwin, but was never published. The
results tended to confirm those obtained by Phillips and Demuth
in North America and were summarised at the 5th International
Entomological Congress in Paris in 1933 (r0).

Feedirg Exleimcrrrs. Two feeding investigations were under-
taken in 1929(10), these were:-

(a) Comlarisol ol Cane atd Beet Sugar- Some beekeepers had

{l) Tbe lumb.B io bracl.t3 rlE to the Bibiiog.aplt, on pp. 61-6G.
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been accustomed to attribute their winter losses to the use
of beet sugar as food. Two series of hives were deprived oI
most of their natural stores, one was given cane sugar
first as s1,rup then as candy, and the other beet sugar in
similar form. No difference in winterint attributable to the
sugar could be detected. This experiment was repeated
oyer a series of winters.

(bl Rilnirg oJ Sytul. A mild organic acid such as tartaric
acid or vinegar is sometimes used in preparing syrup for
autrmn so as to invert the cane sugar and prevent granu-
lation in the comb. Experiments showed that boiling syrup
with acetic acid for 30 minutes inverted only l5 per cent.
of the sugar, while merely bringing the symp to the boil
was almost ineffective. Slrup to which acid has been added
was not so readily inverted b)'the sativary juices of the
bees as was the plain sugar, so that samples of the sealed
stores ta-ken lrom the hive after {eeding showed an advant-
age in favour of the untreated sugar. The inhibiting action
of the acetic acid on the invertase of the bees' saliva had
defeated the object of adding it.

Weighing Hites. Even in a commercial apiary it is most
desirable to have a hive on scales, and in an experimental apiary
this is a necessity. Three sensitive self-recordilg balances are used
to r€cord continuously tbe changes of weight of the stocks kept
on them(8). One of these has been in continuous use for nine veals
aad the records show a marked similarity in the dates of the onset,
peak and cessation oI honeyllow in different seasons.

The relation between the daily fluctuations, which give a measure
of the bees'activity, and the weather records (sunshjne, tempera-
ture, rain, wind, in decreasing order of importance) have -been

studied by P. V. Sulhatme.
Shtdy oJ Suatming. Swarms are undesirable as tbey not only

cause trouble and loss of time, but also they divide the working
force of the bees at the season when it is most imDortart to kee;
it intact. The brood food theory of Gerstung sieems to offer'a
reasonable fiplanation of swarming and it bas received some con-
firmation from R6sch's work on tbe division of labour in the hive(tr)-

Experiments with bees marked on emerging from the ceU Li
then iatroduced into observation and other hives, tend to cor-
roborate R6sch's r,rork. As they become older bees are promoted
Irom the various grades of nurs'ing duty to household wbrk. such
a-s wax builjring and the ripening and storing of honey, and finally
to Iield work.

According to the brood food theory it is a surplus of nurse bees
over the requirements of tbe brood that causes the buildirg of
queen cells. A su4rlus occurs i-o everlr normal stock immediatelr-
after the pea-k of brood rearing is reached; its magnitude variei
according to a number of factors and it is largely this which deler-
mines whether swarming occurs or not.

The introduction of marked bees into a colony induced
swarming : indeed in one year the only s\rarms in the experimental
apiary came from such colonies. The withilrawal of brood from
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oiher strong colonies to provide b€es for marking and trarsfer to
the experimental hives bad lowered the proportiim of nurse bees
to brood in the one lot and considerably airgriented it in the other.
Removal of much of the sealed brood froi the nest and keeping
the.resulting b€€s away until they are past nusing age forms'thi
basrs ol several systems of swarm control.

A Conference on swarming was held at Rothamsted in lg3d
and was largely attended by beekeepers. A report on this Con-
ference was published (88).

Brr Drspeses

Acaline or " Isle ol Wight " Discase. In lg27 Mr. Allen
experimented on the treatment of Acarine disease bv vaoours
introduced into the hive. Oil o{ wintersreen and sulphir diixide
were the only ones rhat killed the mite-without at tde same time
ki[ing the bee. The Frow treatment had not at that time been
devised and nitrobenzene was not tried: when Mr. Allen left the
work was discontinued; it u'ill, however, be resumed during the
comrnS season.

Brood, Diseases. Dr. Tarr finds that American fout broodis a delinite disease due to Bdccihts larvae, blut the so-called
European- foul brood is more complex and appears to be associated
with -at- least 

- 
two organisms. e thira ais'ease generally called

" addled brood " may be due to some trouble in the"queen aid is not
due to a pathogenic organism.

American foul brood ald addled brood are more common than
European foul brood.

. A+"fq foul brood appears to attack quite strong b€es, but
there is distinct evidence that European foul biood is moi previlent
in wea-k stock and in neglected afiaries.

A Conference to discuss problerns of brood disease was held at
Rotbamsted in May, 1934(31.

Setses and Sersc Orgars oJ Becs. H. C. F. Newton irvestisated
the soralled ol{actory organs or " campaniform sensille ', scat-tered
over.the bodies-of bees, dealing particularly with the structure and
development of the sensilla occ-urring in ibe wins bases of adult
worker bees. He finds no evidence tFat the actua"l termination of
the nerve fibre is exposed to the outside air. (s)

J. Marshall(r) has made a preliminary study of other sensorv
organs, the contact chemoreciptors on the intenna and fori
tarsus oI the honey bee. He found that the bee responds when a
solution of saccharose of an average strength of M/i2 comes into
contact with tbe antenna, whereas a strength of M/l is reouired
t-o elicit a response from the fore-tarsus. Amiutation 6I the .r,i.nro
did not aflect the gustatory reactions of th; bee but resu.lted in a
complete loss of olfactory recognition of wax comb. It was concluded
that the artenna are the seat of all the olfactory organs which
perceive mild odours.
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HoxrY Pnorr-rus
" Ftuslitts " ol @awlatcd H oney- Pteliminar1 observations

sussest that"this 6henomenon, due to the {ormation of an irregular
rirar"." betwee; the dextrose crvstals and lhe jar, is aggravated
bv the laree ouantities of air that the modem centrifugal extractor
iri"o.ooraGs i'nto the honev and which is not removed in subsequent
oo"..'tion". It can be g6t rid of by incubathg for two days at
rb'C, Uot this involves l6ss of both c6lour and aroma oI the honey.
Placing the honey in a vacuum was not effective as on re-admitting
air thabubbles were re-absorbed.

Heather Honqt. Thixotrofy. Heather honey is popularly-sup
posed to be able io hold more 

-moisture than other honeys without
iermentation, and it was therefore desirable to dravr' up for the
National I{ark Scheme a special schedule for heather honeys,
allowinp a reasonable excesi of moisture. The sPecial water-
holdin{powers are associated with the capacity to form a gela-

tinous-siructure on standing which is reversibly destroyed by
stirring, a property tell-known in other materials under the name
of " thixotropy " (Page 47).

G. W. Scott Blair has iovestigated this problem and has

described a simple semi-quantitative test for thixotropy by which
honeys can be classilied (e).

Very Iew o{ the manl' plants from which honey can be obtained
vield tiris thixotropic hoiey - Calluna atlgaris ar,d Lellns?er,,.t ,,t
icobarium. the lattir from ilew Zeatand, ari the only authenticated
caJe. to date (Apr., 1936), except that heated honey from Buck-
wheat (Polygoium Jagofyum) is also reported by Pryce-Jones as

thixotropic.
Honeys produced from Erica spp, however, are not thixotropic,

and should not contain ary excess of moisture.

LIBRARY

A librarv of bee-keeping books is being built up and now
includes long series oI some o-{ the more imporlant bee journals and
a number of books and pamphlets on beekeePing. Additions to
the collection will be welcomed.
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CROP ESTIMATION AND FORECASTING
SA}IPLTNG Ogsrnverroxs oN Trit GRowrH oF WHIAT

In 19 the Agricultural Meteorological Committee was formed
by the Mhistry of Agriculture and Fisheries, the Department oI
Agriculture for Scotland, the Meteorological Office and ihe Forestry
Commission, to investigate the effects of the weather on agriculturil
and horticultural crops. The programme includes sampling obsewa-
tions on the growth of wheat ou a plan developed by the Statistical
and Plant Physiological Departments at Rothamsted. Ten stations
collaborate; at nine of them lull meteorological observations are
ta.ken, The work is supervised by the Statistical Department, and
1935 was the third year of the full scheme.
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The observations consist of counts of plant number and shoot
number per unit area, and measurementsbf shoot height and ear
height. .\t each station two standard varieties are 6bsewed at
inte-rvals var'ing from three weeks to a day, according to the state
of the crop.

_ In survel ing the results of the first three years Miss M. M.
Barnard found a close connection b€tween the hiight of ttre shoots
al ear emergence and the final yield of grain. Plant number at
tillering was negativelS. correlated with the yield of grain. No other
measurement was closelv associated with vield. The results are too
few to show tbe effects;f variatiotr in -.ieoiotrgi..i.;fuiti";. ;;
yield,_ but at certain stages the effect of the temperature on growth
was clearly marked. The wheat crop, in fact, appears to be growing
at or near the optimum meteorological conditions, so that the
inlluences of variation oI weather are likely to be small and complex,
differing with different soil types.

Pre-
dicted

Scale Ha]'ne
Rothamsted
Newport
Boghall ..
Sprowston
PlumptoD

Lolrg SuttoE
Ileanr

19.0
22.2
35.3
32.8
95.3

25.5
26.2
38.8

'1.
29.3
3 r.6'

39.4

43.7

28.3
35.2
47.a

34.6

30.o
32.4
43.3
37.8
29.5
28.2
41.5

26.2
31.7
40.0
!c.6
20.6
ti.2
t5.25
10.8
33.0

26.2
32.5
37.6
26.4

39.4

3,1,

25.$
25.7
39.7

21.1

Y"

30.4
39.9
33.2
27.8,:'

10^8.
2i.6
28.4r

(t) B!.ludioa Wye an4 Irng surto!.
(r) Adi6le<1. ro. be ggdptaltl. (over l-be sEe thuporptata) ,irhrhetlEDsof rh. otbdyeE, sBrcr 4clude PtudDroa,
(3) AdjEled to bc coDD.rabie (over rhe eEt set or ytuE) wirh lre m.c ot rheorh.J statioE
(a) S€tioc dahase by bir&.
(6) D@Erd by 'tzk-a!t loptabot$ srait'B sa.c).

The association between shoot-height at ear emergence. plant
numb€r at tillering and yield of grain, enables a forriula foi the
prediction of field to be catculated. Working with the mean of the
two standard varieties, ard the first six stations of the accompanvins
table, it was found that for every increase of an iach iri lerlpti
(measwed to the top of the sheath of the youngest leaf) an incre'ase
in yield of 1.32 cwt. per acre is to be orpicted-, and that for everv
increase in plant number of I p€r foot:leneth of row, there is "a

decrease in yield of 0.62 cwt. With a heieht oiAO inches and a Dlanf
number of I0 per foor, the expected yi;ld is A4.B cwt. The Jalues
of the yields calculated from the formula are shown in the table for
comparison with the actual yields.

These results are not suficiently extensive to determine the
accuracy of forecasts based on height measurements. but thev
suggest tiat simple measurements of this tvDe mav enable eooe
forecasts to be made for any particuJar field. 

-

Obsemcd a d Predicled, yiclds \cu)r. pet a.re)

re33-34 | 193{-35

Station
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Such forecasts, however, would be of little use in Predicting the
average yield of a district unless one knows how closely the yield on
the o6servation plot is related to that of other fields in the same
district.

The degree oI association between fields in a district n'as estim-
ated from samples taken by the croP weather observers in I934 and
1935 from {ields on different farms: the variability from Iield to
field was remarkably high. In consequence both eitimates and
forecasts of the average yietd oI a district need to be based on
observations of commercial crops.

The observations on wheat will be extended to study the
possibilities of crop estimation at and prior to harvest. Suitable
methods for sampling sugar beet and potatoes are being sought ;

the Harper Adams College is co-operating in the sugar beet work.

DEPOSITS FROU THE ATMOSPHERE
Since I9l5 Rothamsted has co-operaled in the investigation of

Atmospheric Pollution organized by the DePartment of Scientific
and Iridustrial Research. Certain inalyses oi the rain and of the
dust deposits are reSularly made, and some oI the results have now
been sumrnarised, (1) For the second year in succe;sion our deposition
gauge collected the smallest total solids out of the 98 gauges in use

ihro-ughout the country. The total for the period April lst, 1934,

to March 3lst, 1935, was made up as follons: 
lia per cwt. per
hettare acre

Itrsoluble trIatter

Soluble ]Iatter

I-oss oD Ignition . . 59.,1
88.1

o.473
0.702

I-oss otr IgnitioD ..
9t.r

0.748
o.i25

'fotai :l 6llJ

The total deposit for the present vear is the lowest sinc
192!26 when a total of 307.5-kg per hectare (2.45 ctt. per acre)
was collected. The average total ior the last ten years is tl0l'l Ig
per hectare (3.20 cwt. per acre) and the highest, recorded in 1929-30,
iva-s 50?.4 k!. per hectare (4.O4 cwt. per acre). The well-known
positive correlation between rainfall and deposition of soluble
hatter is clearly apparent, and in consequence of this no secular
change either for Eetter or worse is detectable with certainty
over this priod.

The average montNy deposit was greater during the summer
than the winter, This is a regular feature of our records, but it is
particutarly interesting this year, because raiafall had the opposite
distribution' -T#tto ffi"i"
A-r"r*" lr-Ioothlt n";"r.rr. -r* - 

-. 

{J st -
Averaie Monthli Depo-itron. K8/hectare - - .. 31.8 23.4

rll B H Wilsdon.--' Reulrs oI . sratislic{ .r^-i".!i@ of lu,ds ol d.pcit gau€!.."
Au;idii to DcDt. s.i. Iod R6., TEDty-tiEt RcrFrt oo ObgwatioG ia thc Yd @dcal tLt
X.rcb, 1036.
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The recent analysis undertaken by B. H. Wilsdon shows that in
London the rate of dep,osition of soluble matter is less in summer
than in winter. This may be partly due to a lower rate of production :
but ta-ken irr conjunction with the Rothamsted results, mayindicate
that summer conditions favour the transport of this lraction into
the surrounding country. The seasonal distribution indicates that
Iittle of what we collect originates in the domestic fires of the
neighbourhood, which are much more active in winter.

The fact that only 27 per cent. ofthe deposit at Rothamsted is non-
combustible and insoluble in water shows that very little can be
ascribed to dust from neighbourilg fields and roads. Most of it
comes from other sources.

At some of the other centres much higher values were obtained ;
near the Liverpool Docks, {or instance, the atmospheric deposit
amounts to aknost one ton Per acre per annum as against our 2+
cwt. Here also, as at Rothamsted, about hall the soluble material
and about one-third of the insoluble material is combustible: the
difference in the amounts of these deposits appears to be much
greater than the difference in their comlnsition.

FARM HUSBA\DRY INVESTIGATIONS

The investigations outlined above necessitate a considerable
amount of field work which is carried out on the farm but this does
not occupy anlthing like the rvhole of the land available. The
classical fields are of course given up to their own crops, but all the
newer experiments are made on the non-classical fields. Only
certain areas, however, are suitable and the land available in anv
year is further restricted bv the u holesome rule. to which we adhere
closely, that an area of land once used for an experiment should not
come again into experiment until after the lapse of three l,'ears.
There is thus a considerable area of land to be farmed on ordinarv
commercial lines, besides numbers of live-stock needed for the
consumption of the farm produce or for the testing of the value of
the various fodder crops. Numerous opportunities arise Ior car4ring
out farm husbandrv investiBations by the farm manager and the
Iarm recorder acting in conjunction with other members of the staff.
These investigations are not connected with the main programme,
but they are in all cases oI considerable agricultural importance.
Those at present in hand are set out belo*'.

l. A comparison of electrical power with the tractor or stationary
oil engine for the performance of work about the farm buildings.

This is being done under the aegis of the Roval Agricultural
Society and it consists in finding the equivalence betwe€n units of
electricitl' and gallons of paraffin Ior the various operations, account
being taken of such details as starting and stopping. The results
are exprcssed in terms of power consumed per ton of material
threshed, ground, etc. In all cases the work is to be done in the
ordinary farm rvay using ordinary farm labour; the results are
to show what happens on good but ordinary farm conditions. They
were discussed at a Conference held at Rothamsted in February,
1936, the report of which is now issued (p. f3).
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2. The Production of Lamb- A breeding flock of 200 " HaIf-bred "
ewes is maintained for ordinary farm use, and on this experiments
are made :

(a) to test the effects of flushi-ng;
(0) to compare four-teated ewes with two-teated ewes as

mothers ;
(c) to discover whether it is really necessary to import con-

tinuously new stock from the North or whether the breeding
ewes can be produced here ;

(d) to study the advantages and disadvantages of breeding
Irom ewes in their first l-ear.

3. The Production oI bacon. Some 20 breeding sows are kept
and the progeny sold mostly Ior bacon.

Among the problems studied have been :

(a) the relative values of wet ard dry feeding; of restricted
and unlimited feeding ;

(6) the value of green food;
(c) the effect of the state of division of the food ;
(d) the effect of exercising the animals on the quality of bacon

they yield.

THE DISSEMINATTON OF THE RESULTS

This is one of the most difficult problems in connection with
research work and it has no simple solution.

Several methods are adopted at Rothamsted :

I. The scientific papers are published in the appropriate journals
and periodically collected as Volumes of Memoirs. At suitable times
a monograph is published in which the various scattered papers
dealing with a particular subject are combired and the necessary
connecting and rounding-o{f experiments are made so as to give a
coherent account of its present position. Seven oI these have already
been published deali-ng with Soil Fertility (the Director) ; Physical
Properties of the Soil (Dr. Keen) ; Soil Micro-organisms (a jointProperties of the Soil (Dr. Keen) ; Soil Micro-organisms (a joint
production) ; Exp€riments on Grassland (Dr. Brenchle5r) ; British
.A.phides (Dr. Davidson) ; Soil Microbiology (Mr. Cutler and Miss.A.phides (Dr. Davidson) ; Soil Microbiology (Mr. Cutler and Miss
Crump) ; the Wobum Field Experiments (the Director, Dr. J. A.
Voelcker, with a Statistical Report by W. G. Cochran). The Direc-Voelcker, with a Statistical Report by W. G. Cochran). The Direc-
tor's trIonograph on Soil Conditions and Plant Growth has passed
throush six editions and a seventh is in DreDaration : it has beenthrough six and a seventh is in preparation; it has been
translated into French, German, Spanish, Russian and Ukrainian
and pirated in China by photographic reproduction, omitting the
name of the publisher but inadvertently including that of the
printer. Other of the Director's books have been translated into
Portuguese, Italian and Armenian and negotiations have been
made for translation into Japanese, Hungarian and other Iang-
uages. Dr. Keen's monograph on the Physical Properties of the
Soil has been translated into Russian and Dr. Brenchley's mono-
graph on grassland into German.

2. The practical and tecbnical information is disseminated in
three ways :

(a) by Con{erences at Rotharnsted at which practical men are
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invited to give their experiences and the Rothamsted staff and
other experts also read pipers. The proceedings are then published
cheaply as booklets.

(t) by lectures to farmers' organisations This falls largely on
llr 'Garnir, but the senior members of the staff including the
Director regularly give a certain number. Field demonstrations are
arranged ai outside centres $/herever the exprimental results are
suitable: this is usually done by It{r. Garner or Dr. Crowther, in
association wherever practicable, with the County Organiser.
Articles for the technical press are frequently $ritten.

(c) by demonstrations at the Rothamsted Farm, usually by
,\Ir. Garner, Captain Gregory and tr[r. Moffatt. The numerous
visitors to the l;boratoriea are dealt with by l\Iessrs. Gamer and
Gregory arrd a group of rota guides, which includes selected
voluntary workers and all members of the scientific staff other
than Heads of Departments. The number oI visitors increases
every ]'eiu-

In addition there is a fair amount of visiting of farms when the
oxrrer not infrequently brings together a little Sroup of neighbours
for discussion.

THIRTY YEARS' WORK IN THE BOTANICAL DEPART-
MENT. 1906-1936.

WTNIFRID E. BnrNcrrrY, D.Sc.

During the early years of Rothamsted the laboratory work was
entirely concemed with matters arising from the field plots, chiefly
chemiCal in nature, and this was carried on by a chemist and a few
laboratory assistants under Sir Henry Gilbert. No re€uJar botanist
was needid, but when occasion aroie a trained man was engaged
temporarily to supervise the botanical separation oI Parkgrass Ha_y,

this-work being Carried on later by Mr. J. J. Willis. By 1906 tbe
scientific work of the institution was widened, and sub-division into
departments gradually became necessary. The James Mason
laboratory, erected ill that year, served to house the vadous young
biological departments until the Seneral extension of the labora-
torieJ began about 1912. During that Period the foundations of a
botanical department were laid down, and the work was,ready for
fuller development when ilcreased accommodation and working
facilities became available.

In the early dals of this century the question oI the " 
-streng-th 

''
of wheat was ieceivirg much attention, and the first problem dealt
with in the new department was the possibility of-associating the
varyinR strength 6f rvheat with cltological differences in the
developing griir, brt no such differences could be detected (1).

Analyses made at three day intervals from flowering to maturity
showed that at each stage the endosperm is filled by uniform
material, possessing ahvays the same ratio of nitrogenous 10 non-
nitrogenous materiil and ash, this ratio being determined by -such
factois as variety, soil and season ('z). With barley, as with wheat,

ttt wl-ili--o"tt."-- o. ,0. s**,0 -a ou*"r-"* or tt'. cJli-wa."t 1r.''"o-
vrlgai). ADo, Bo!,, 1009. \'ol. XXIII, Pp. lt7_39

(2) W. E. Brenchley and A. D. Hall- The DeveloPment ol the GEjtr ol Wb.at." J AS.c.
Sci.. 1909. Vol, III, pP. 195_217.
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the weight oI the whole plant increases steadily until desiccation
sets in, after which it falls; the IaU is greater for barley, which is
cut dead ripe, than for wheat, which is cut when maturation changes
are only beginning. With wheat from Broadbalk the manuring had
very little effect on the composition o{ the grain or stra\M, whereas
with barley from Hoos Field the effect of phosphoric acid starvation
was reflected in the results obtained. (3). Later work on the phos-
phate requirements of barley emphasized the great importance of
adequate supplies in the early stages of gro\trth. Normal develop
ment and maximum dry weight are attahed if phosphate is supplied
for the first few weeks even if it be entirely withleld afterwards,
though the actual amount of phosphate absorbed continues to
increase steadily if the supply is maintained. On the other hand
the absence oI phosphate dudng early gro&th seriously hinders
development, even though an adequate amount is given after short
periods of deprivation. (r). Parallel experiments, as yet unpublished,
ildicate a somewhat similar response with regard to potash, mai-
mum dry wetht being attahable after a fe\y weeks' initial supply,
but with nitrogen, increase of dry weight continues with nitrogen
supply up to a relatively short time before maturity.

The {irst work on plant physiology at Rothamsted w.Ls con-
cerned with the action of various substances, especially plant
poisons, on gro*th. It had been supposed that all substances
deleterious to plant gro.\lth act as stimulating agents if they are
ava able only in exceedingly minute quantities, and in lgOT
investitations were begun in water cultures to test this hy'pothesis.
Salts of manganese, copper, zinc, arsenic and boron were studied,
but, while toxic effects were always produced by relatively small
amounts, minute traces did not always have a stimulating action
rmder the conditions of experiment. Arsenious acid and arsenites
were far more toxic than corresponding doses oI arsenic acid and
arsenates. (5).

Boron is less toxic than the other elements tested, but it was
not till l92l that a chance observation drevi'attention to a far more
important question-the possibility that boron might be an essential
element for plant grolvth. Attempts to grow beans in rvater cultures
had always failed, and it so happened that they had never been
tested in solutions containing boron till 1921, when a series of
Vicia Jabaplantswere grown for entomological purposes with various
elements in addition to the u-sual nutrient salts. This was followed
up by Miss K. Warington, and it rvas conclusively established that a
trace of boron is absolutely essential for the growth of manv plants.
and that in its absence the meristematic tissues are adverseh-
aflected and death ultimately occurs. In l/icra the cambium celis
are greatly enlarged ir the absence of boron, and breaking down of
the vascular tissues proceeds from the stem apex downwards.

(l) W. E, Brcochl.y-" Tb. Dev.lopd.nr oI tbe cain of Barlev.' ADD. Bor, I0lr. Vot.
XXVI., pp. 903.28; W. E. Beocblcy- Ihe Dev.lop@eat oI rh. Flirw.r ed ctfu of B&1.!.. '
f, IGt. Blfl. 1910, \'ol, XXVI, oD.315-32.

{a I w' E. Btuchl.y-" Th. Pho6phate RequireEeot of B&l€y ar DiIfc@t P.riods ot Geith."
A@. Bot.1919. Vol. XLUI, pp. 80-110.

(5) W. E. Btucht.v-" Tbc lnflEne of Copp.r Sulpbate and Mans.D@ Sulpbat. uDo! rb.
Gerth ol Bdl.y." Aon- Bot.,1910. Vol. XXIV, pp.671-83;W. E. Br;ncLley-'r O, th;&tior
ol C.naiD CooDouds of ZiDc, Aroic, and Boo otr tb. GEwth ol Plaots. ' Ano Bot. 1914
Vol. XXVIII, pp. 281-301i W. E. am.hl.y-" lmrsei( Pr.nt Poie6 aod Stioolers "(Csbrida. Univ. PE<), SEoDd Edirioo, larI, pp. lir.
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Deficiency of boron also 
"ur".:; affects nodule oroduction bv

inhibiting the development of the vascular strands'which suooli,
the carbohydrate material needed as a source of energy for'ihl
bacteria. The latter become parasitic, attacking the proioplasm of
the host cell, and the ultimate result is abnormal nodules ihich are
only capable of fixing very small amounts of nitrogen, less than
one-tenth of that fixed in normal plants.

The need for boron was at firsi thought to be speci{ic to legu-
minous plants, but it has since been shown to bi essential ior
other species, although the requisite amount may be less. The
chemical combination in which-it is presented to ihe plani is im-
material, but no other element, out ofover fifty tested,- has proved
capable of replacing it. Boron deficiency slTnptoms appe; more
slowly during spring and auturnn than irr thi simmer ir6nths, the
delay being controlled more by the shorter length of dav than bv
the lo-wer temperatures. The symptoms are similar under"both long
and short day conditions, though they are less pronouaced and theii
progress is retarded u.ith short da-vs. In no circumstances,
however, did shortening the dav when boron was supplied produce
degeneration effects similar to those induced bv a Iacliof boion. (.).
Though tbe need for boron is fully recognised, its function is siiil
undetermined. It may b€ connected with the uptake or utilisation
of other nutrients, but though some indications were obtained of an
association between boron and calciurn, the evidence was not
conclusive and the search continues.

This question of boron deficiency is proving to be one of con-
siderable economic importance, as it is now lound that certain
obscure " physiotogical " diseases of important cuJrivated crops,
,.9., heart-rot of sugar beet, brown hean of turnips and cert;in
tobacco diseases, can be cured by the application of from 12-20 lb-
oI borax per acre. In Sumatra boron compounds tale a rcgular
place in the manuring of the tobacco crops, and u'herever sugar beet
is grown watch is being kept lor heart-rot and boron amelioration is
being attempted. The subject is beiag further studied. (7).

During recent years much attention has been directed to the
importance of these " minor " elements in plant nutrition, and to
the possibility oI utiJising them in agricultural practice for crop
improvement. Before this can be done, however, Iull information
on the action oI the various elements is needed, and the botanical
department endeavours to supply this. Claims are frequently made
of healy crop increases due to the use of certain elements, such as
titanium, copper, etc., and these are as lar as possible investigated
both in soil and water cultures. It seldom happens that the benefit

16) K, Wrioaroo-" Tb. Efiet ol Bct A"id and Bora. on rlre Brcrd Be& and @rtaib
o!h& Plets." An. Bor., 1923, vol. XXX vl l, pp. 029.72 ; lC waritrstoD- ' Tte Cbes6 ioduccd
i! rh. Anarooi.d Srrucr@ ot vk:ia l.ba by the At'*@ of Borcn IoE rhe NuFi..r Soluri@ "
Ao. Dot., 1916, Vol, XL, pp. ,i-12', W. E. BFnchl.y ud H, G, Tbomroo-- Tbe R.latioo
bctrm tbe DevelopEeDt, Srtutw ed FuDctiodlao{ thc Nodul* on yii4labz, as ioflucned
byttr Pr6oe or Abseot Bo@in rhe Ntrtrieot eitium. ' ho. Roy, S@. 4., 1915, vol. 9$,
DD. 3r!.09 : W. E. Brencbley dd X. Wann8toD -" The Rnle o, Borcn in rb" Crcwtb ot Plers '
AD. Bot., 1917, Vo!.XLI, Dp. 167-37; K. W&ington-" The l lu6c. of l*rsth of D.y o! the
R6I@!c of Plants io Borcn." A@. Bol., 1933, vol. XLVII, pp. 4rr-57.

(7) K. !l'aina.!d-" Strdie io tb. Aberptio! o{ Calci@ frco Nutliot Solutioa, rirb
SEi.l RcI@ to rbc Pteod or Ab*Ir ol Borc!," A@ Bot,, 1931, Vol. XLVIII, pp
7a!-7a: E, RoIF'A SrldroI Bean-rct E youra sEar bei olaots arcfr in cdre olutirc."
Ann- Bot. (In r'!6).
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claimed ca! be substantiated rnder experimental conditions, but
the possibility always exists, and it is of the greatest imtr)ortarce
that all available inlormation shall be obtained on the action of
various elements on di{Ierent t1'pes oI soil and under dilferent
growth conditions.(8).

From time to time an agdcultural outlet is sought for by-products
in industry- Atternpts were made to use iodine compounds (ofwhich
there axe considerable Fotential supplies) as a partial sterilisation
agent to improve the germination of tomatoes in " sick " soils, and
as a preventive of " damping off," but with little or no success.
Stronger doses of iodi.ne added to the usual manures $.ere
definitely harmful to the germination of barley and mustard, if the
seeds rvere sowTl directly after treatment- This toxic action gradu-
ally decreased and lat€r sown seeds were not affected. Although
occasional examples of stimulation were observed in mustard, the
results failed to iustify any recommendation of an extended use of
iodine for agricultural purposes. (e).

The large p€rcentages of silicon present in certain crops, especi-
ally cereals, had long attracted attention and sugtested that silicon
couJd partially replace phosphorus in the economy of the plant.
Experiments in water cultures indicated that under normal con-
ditions of nutrition, rvith available phosphate present, silicon is
ineflective in improving grorth, though in the entire absence of
phosphate it may produce a slight increase ir dry weight. Crops
vary in their response to silicate on different types of soil, a certain
improvement being obtained chiefly when potash or phosphate
is deficient. The benefits, however, were insuftcient to justi{y
the addition of silicates to the usual manures.(lo)

The action of certain organic compounds on growth has been
studied in view of their use as fumigants or sterilising agents. When
supptied through the roots, prussic acid and cyanides are extremely
poisonous; I part in l00,0OO proved Iatal to peas, and barley was
slightly more resistant, but no sign of stimulation has been observed
pith ary concentration down to I part in 1,000,000,000. The phenols
behave similarly in their general effects, though the individual sub.
stances exert their specific action at somewhat different concentra-
tions- High concentrations are fatal, and somewhat lower strengths
have a paralvsing ef{ect at Iirst, seriously checking growth for some
time. This hhibition gradually wears o{f, and the affected plants mav
ultimately make as good growth as the controls. This t,'pe of
temporary inhibition is rarely seen with inorganic poisons, and
may be due to a weakening of the organic toxic material by oxidation
or other chemical change. (rr)

(8) \V. E. Arencbley-'Tle Actioo on the GrcsrL ot Crcps ol SBall PrrcelraRe ot .eniin
V.talli. ComtDoods rb.n .pplied rith frioary AniricEr Fertiti96. l, Arna, Sci., 1932,
vol. XXII, pp. 706.i5 ; W, E. BEmhlet-.. Tbe Ef td ot RubidiuD Sulph.tC ud pe]ladi@
Cldid. on th. GrcErL of Plrts. " AnD, Appl. Biol.. t93{, Vol. XXI. Do. 399 r? : w' E, Btucbl.y
-" T!. Esntial N.tw ol e.taio Mie. EL@at3 tor Pl.tr! NuaitioD." Bot. Rev., lst5.
UDpublisb.d sork oo CoprE. Nickel .od Cobalt,

(cJw.E.Brcocbl.y-'ToeEltetoftodincoDsJilsaodPlenti.'Ana.l.ppl.B'o1., lorl,
Vol. XI, pp. 86-ltt.

(r0) W. E. BEDcbl.y, E. J. Itak.ll .!d K. WdinA@D j Tbc Itrt r-Elattoo betweD Silicou
ald orh.r ELaor3 io Pltur Nurritio& ' An. Appl, B!or., r9r7, Vor. XtV, pp, a5.82.

(u) W. E. BEnchlcy-" Orsaoic Plot Poboc. I. Hvd.cr?tri. Acid." AE!. Bot.. lru
Vol. XXXL pp. {17.5G: W. E. B.inchley -'O.gaii,' Pl.at Poiaonc. ll. Pbenots." An;. Bo!.
1918, vol. XXXII, pp,95c-is.
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Alcohol, absorbed by the roots, is delinitely toxic in fairly high
concentrations, ethyl alcohol being more poisonous to barley than
methyl alcohol. The difference in toxicit], is not merely one of
degree, but of kind, as with ethyl alcohol ear development was
Iound to begin early, with a corresponding early death of super-
fluous leaves, whereas with meth,vl alcohol activc vegetative grorth
continued much longer and ear development was delayed. (1r). A
general review of the resistance of plants to poisons and alkalies,
covering a wide field, rvas recentlj/ presented at the Third Inter-
national Congress for Comparative Pathology at Athens. (1r)

During the course oI these inquiries various physiological prob-
lems arising out oI the methods o{ technique were studied. Early
work with solutions extracted {rom various Rothamsted soils
indicated that within wide limits the rate of growth of a plant
varies with the concentration of the nutritive solution, irrespective
o( the total arnount of plant food available. Later on, in standardis-
ing the solutions to be used for water cultures, it was again found
that the concentration of the nutrient solution, up to a com-
paratively high strength, has a great effect upon the rate and
amount of gro\*th and that starvation effects, due to insuficient
nutriment, are obtainable in much stronger concentrations than was
usuallyrecognised. (1')

The harmful elfect of overcrowding plants is usually attributed
to competition for food and water in a limited area of soil. The
importance o{ aerial competition for light, essential for photosJm-
thesis, was showa by growing barley plants in individual bottles
to eliminate competition Ior food and water, but so closely crowded
together that serious shading occurred. The crowded plants suf-
fered drastic reduction in development and ear production, whereas
corresponding plants, given ample space, tended to produce a
standard type in wNch the relation between the number of ti.llers
and ears, dry weights, and ratios of root to shoot approfmated in
some degree to a constant standard.

Although the water culture work is carried on in a roof gteen-
house, with minimum interference with the available light, the
eflective experimertal period duri.ng the year is limited by light
condilions, and as a general rule, Iew experiments can be carried on
during ihe winter months. On the other hand, cereals fail to grorv
well if sown too [ate, and the usual plan is to start cereal exPeri-
ments during February or March at the latest, and when a later
crop is required to utilise other Plants, as broad beans or peas,
which will develop successfully from summer sowings. Depression
of groMh during very hot sunny weather was traced to high tem-
peratures at the roots associated with strong and prolonged sun-
shine. though the nvo factors acting individualh' catre much less

{rr) A. N. Pui i Elle! of }letbyl d Etbyl Al@hol on th. GroLvth o{ Ba.l.v Planls."
Aon, Bor.,19l,l, Vol. XXXVIII, pp, ?15-6r.

(13) \v. E. BreDchley-'Th. R6btan@ of Pl Lsio PoieDs .nd .ukali6.' ' Ripn.lnr tEl.r.
Coni. Pathot. Comp., Ath.rs, 1036, Dp. 3-13.

(la) A. D. HaU. W, E. BrcE(blcy end L. M. UndeEood-" Tb. Soil Solutioo ald tbe }lioera
conariau.otsoIrhesoij.'J.Asric.scr., 1911, vol. vl, pp. r78-3ol: Phil, Trals. Roy. s@ 8.,
1gt4- Vol. ,04. DD. l?g-ro0: W. E. BEnchl.v- fhe Eflel ol tb€ Con@nE.tron ol th. Nuridl
Soluiioo o! td; Lrcwrb oI B&by .nd Wb.jt ia w.rer cdtllB." Ann. Bot., 19t6. vol. Xxx .
p9.11-94.
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damage. This difficulty was overcome by using sun-blinds and b1.
giving better protection from the direct rays of the sun to the
cultue bottles, thus keeping the root temperatures at a lower
level. (15).

In pot and water culture experiments the ultimate measure of
the result is usually that o{ dry weight, associated with chemical
analyses and observations made during glo&th. The practice has
always been to grade the larger seeds used for experimeEt within
close limits of weight, on the assumption that the amount of reserve
food in the seed rnight have an effect upon grow"th and the final
crop. The correctness of this assumption was proved by experi-
ments with peas and barley in which a steady and considerable rise
in the dry weight of the plants occurred as the initial weight of the
seed increased. Similar results were obtaired with either a limited
or abundant food supply, and justify the use of large heav,v seed
for agricultural crops.

With pot cultues the caking oI the soil due to surface watering
has been overcome by sinking small earthenware pots to their rims
in the soil oI the experimental pots, and adding the water through
the porous pots. Better root development is thus obtained and
incidentally much time is saved in rvatering. (t0)

Iuch o{ the rvork of the botanical department is concerned \Mith
germination and pot culture tests of manures and other substances
requirhg investigation, the results of which are frequently incor-
porated in unpublished reports. With the outbreak of the Great
War, fertilisers became increasingly difficult to obtain, and various
waste products were exa.mined in the search for substitutes, such as
pottery waste, leather waste, flue dust and blast furnace dust con-
taining lead oxide. The conclusion of the War brought a reversal
of activities in the attempt to find an outlet Ior superfluous muni-
tions bv converting T.N.T., cordite, etc., into fertilisers and utilising
ammonium and potassium perchlorates as rveed-killers, as they are
too toxic to have manurial value. Germination tests are repeatedly
called for, often as a preliminary to further developments if the
resuits prove satis{actory. Large scale pot culture experiments
may be caried on for several years be{ore the final report is issued,
and frequently a number of soils are imported from various districts
in order that tests may be made on different soils under parallel
environmental conditions, Superphosphate, mineral phosphate,
basic slag, ammonium humate, cyanamide, humunit, sewage sludge,
poultry manure, copper sulphate and peat manure are among the
substances investigated over a long period, in some cases in associa-
tion with the chemical department. (r7)

The root development of barle5'and wheat was worked out with

Appl. Biol., 1919,
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special relerence to the " white " roots produced about the time
that tillerint begins. Their function is probablv to provide the Dlant
with a plentlfut supply of water and di'ssolved"nutients at the time
that vigorous growth is setting in, abundant root hairs and an
enlarged conducting s]'stem formilg the necessarv mechanism.(18)

A funher branch of the department's activities deals directlv
with {ield problems. The important question of weeds and tbeir
eradication led to a series of surveys of arable land to ascertain how
far weed species are associated with particular soils or crops, and to
wh2.t. extent th€y are oI general distribution. Comparatlvely few
indjvidual weeds carr be regarded as svrnptomatic of special twes of
soils, but groups, of weeds are characteristic of clay, chalk aid peat
while loarns tend to be colonised by a greater variety. Information
on these points is still being collected with rhe aid of observers in
schools and colleges in various parts of r he couarn,.(rr)

The harmful effect of weeds in crops appears to be due to direct
comp€tition for the essential food, water and light, though the
porsibilitv of some toxic effect bv root excretions cannot altogether
be ruled out. -{ccuate knowledge of the habits of weeds is essential
Ior devising appropriate methods oI eradicarion, and a considerable
amount of work has been devoted to this end. (s)

Direct experiments on eradication have been carried out from
time to time, the most noteworthy results being the effective use of
perchlorate for ridding parhs of weeds, and the po:sibility of utilising
thiocyanates for improving ven' weedy grassland. - 

The lattei
experiment is still in hand, and promises considerable success.
Sodium chlorate is so effective in keeping down weeds that it is
now regularly used in the precincts oI the laboratories. Special care
is needed to avoid splashing boots and clothes with the solution as
chlorates are verJr inflammable iI they dry on to organic material.

The dificulties of rveed eradication are intensified by the fact
that seeds buried in the soil are able to retain their vitaliiy for tong
periods, olten extending over many years. Living seeds of weed;
characteristic of arable land were found in areai that had been
under grass for varying times (Laboratory House lleadow, 58 years ;
Barnfield grass, 40 years; Geescroft, 32 years, New Zealand field,
10 -yeqrs). IIore than a dozen species germinated, Atripkr latulaand Polygonum aaiculare providing the greatest number of

(tE) W. E. BEqcbley od V. c. la(kson-" R@t DercloDmeEr in Batev atrd wh€ar nnd.rditld![t coudilioG oI Crowrh." Ad. Bor., 1921, Vol. XXXV, pp. b33.56 ; V. c. Ia, L$!-
".{latooical Srrurtm ol rh. R@r5 of Bdtcy." AM. BoL., t 0r2. V6l. XXXVI, pp. 2t 39.

(19) lV, E. Bmchle!- The $'eds ol AEble tid i. Reldrioa lo r-he Soils otr *hi.h rhcvGrct. l. A@, Aot., l9ll, Vol, xX\',Dp. 155-85; ..Tbe Wedsof AEbl. t{, i! R.tarioir
to th. Soilsoo Fhich tbey Grc*." ll.Au, ltot,, lgtz.Vol.XXVI.Do,giFlog:..T[eW..dsor
Arable L&d b Relatioo to tb. So'lsoE wbich rh.v ciow." III- i;; r]6r t0l3 v6t xxv
pp. 14l-66 : W. E. B@c!ley-'' We€ds b l(elalioi to Sor-" t. Ird. Aaic.. lgu-ti. 1"1- Xvuipp. 18.14; J, Bd. Asric., lrtr-t3. 1ot,XIX.oD.30.26: t. Erd. AEric_- igr3-tr. Vot. Xx DD
l9&r05 i W. E. BEnchley-' We€ds o, FaEir trad, , rj'ilmns- dR; & co rgro ." iid:
W. E. BFUnIe!-.. truoi Ratue 6 a W..d @ ,{Ebt. !-Jd:,. J. Bd. .{sric., I s ig-rs, Vi,i. x iXlpp. 1006-9. '

(20) w. E. Bftncdey - The EIIsr of Weds uDon Ceeal CroD3. " NewPbrr..tuli- vol xvrpD.53-76 W. E. BErchley -" Tbe Erler oI Wals um Cb;-" I Rt a;; tci?.tx \.dxxlv, pp. tt9{.1.00; w. E. BErcrdey-,. Weds d Arab6 6d ua inai sumxiion i:
l- Roy, Aaric. S@. Etrg., rsl5. \'ol. LXXVI Do. l-!r: W. E. Btuc ev- ,. sDavi;?". w.",t
E{adicado! 'J Ba& ald w;r & Sou. Cod:S@., ietl-r5, Vol. Xl{, DD. t-'roi W. E. B.;;.cUey-" EEdicarioo ol wee& b y sprays and [l&iE.,, t.Ad. AEic-i0r8.te- Vol_ xxv bbl{7{-8r; W, E. BEDchley -,' W6t Coi(ry cr.ssteds.,, l. Barb ;d W6t & Sou. Cou Se_.,
1916-17, !'ol. XI, trp. l-2i
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individuals.(E) The undue increase of poppies and black bent
(Alopecurus agrestis) on Broadbalk field led to a te-o-year fallow,
providing opportunity for ma-king a numerical census of the number of
viable seeds irr the soil before and during treatment, and of following
up the after effects of fallowing on the weed flora. Weed species in
general show a delinite tendency to germinate at a particular season :

the maiority germinate chiefly in the autunn, but alew, e.g. Poly-
gonum aoicuJare and, Badsia ododitzs, reach their maximum in the
spring. This is of great importance in practice, as rveeds are most easily
destroyed in the secdling stage, and cultivation duri.ng the dormant
period of the seeds can do nothing towards their eradication. No
adequate explanation of the cause of this seasonal ef{ect is forth-
coming, though experiments carried out with seeds kept io constant
and in fluctuating daily tenperatures indicate that temperatue
conditions are apparently of great, though not of sole, importance.
Fallolying operations do not equaily reduce all sPecies, as the range
of reduction varies over a wide percentage, v/hile a {ew species may
even be increased. This occurs if the interval between cultivations
is too long, as some rapidly-growing species are then able to reach
maturity and replenish the soil with seeds. The ultimate re-estab-
lishment of weed species is not correlated with the degree of reduction
by fallowing, but seems to depend upon the rapidity with which any
species can begin to reassert itself. Alolecurus agrestis and. Stzf,laria
med.ia were drasticaJly reduced by fallowing, but within three years
they were more plentiful than before treatment, uthercas Pa?auer
rheas has remained approximately at the fifty per cent. level to
which it was reduced by the fallow. (")

The results of giving weeds a Iree hand among the crops is well
shown by Broadbalk wilderness, in which the wheat crop of 1882
has reverted to an oak-hazel wood rvhere it is entirely undisturbed,
and to a rough meadorv where the trees and shrubs are removed
yearl1.. (a)

The dominant species in the weed flora of any area are to a Sreat
extent determined by the crop and its type of cultivation, winter
wheat, spring barley and root crops prcsenting quite a di{ferent
balance in their associated weeds. The cumulative elfect of long-
continued manuring appears to be o{ secondary importance excePt
in cases of serious deficiency, such as a lack oI nitrogen or exhaustion
of minerals induced by a prolonged application of anmonium salts
only. (a.)

Though weeds are generally regarded as pernicious, they have
certail beneficent aspects, and durirg the War search was made
for the various uses to which they could be put as substitutes for
essential materials that were difrcult to obtail. The rarge o{

l2l) W. E. Bre(blev- Bucd W€ed S.tds. J. Asric. S.i., 1918, \'ol. IX, pp. l_31.
i22r w E BmLhl.v &d li. WdnEtoa- Trie Wed sed PoDulatioD ol ABble Soil. L

" Nim;nal Esd@rior b, viablc S..ds -ed Ob* atio6 on rb.ir Nalural Dol@ocv." J. Ecol-
19!0. Vol. XVIII. DD, 235-72 : ll. ' Iollooe ol CroD, Soil d Vethods oI CultrvalioD upoo lbe
R&LiE Abudeie- ol viable Sc.dr" l, Ecol., 1931, vol. XXI, pp l03_r7; IIL " Th. Re'
6t:bushheor o, we.d SrEi.s.It r R.dEctioo bv FalloriDs." l. E ol, (Itr Pta) r I<. wdi.gton
-" Tbe Elldt oI Cost.llt ad Fluct@titrs TcEpdatc oo th; G.diMtio! of th. W..d Sc.als,
ia AEblp son." L Ecol., 1956, Vol. Xxlv. pp. !85-104,

rr3r w. E. Branchld ald H, Adu-' R.<irlooisation oI Coltiv.t.d Lod auor.d to Evcn
io lia#al C.!drtic."' J. E@1., lol5, vol. IIl, pp. 19!.110.

(ta) K. wdilston-'i Th. lstllEe ol Uounns oo the W..d Fl@ of Anblc L!i!."
J. EcoL, rgs, Vol. XU, pP.1u-r6.
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possible uses is very wide, but in most cases the value is too low
or the costs of collection and manufacture are too great Io, 

""oro-icexploitation under normal conditions. (s)
Through all these years of change'and proeress the orieinal

botanical work on Park grass was never negteciedi partiat ana"lyses
of the herbage were made year by !-ear, bi Mr. I. I. Willis. tili his
death in l9Il, after which the woik was trinsferridio the botanical
department. In Igl4 and lglg complete botanical analrses of everv
plot were made by a specially reiruited staff of assistants, witir
)Iiss G. Bassil as deputy supervisor and Mr. E. Gray as refeiee for
knotty- points, in view of his long experience of-the plots and
methods of separation. These resultiprovided aeauee for e'stimating
the change in the herbage since 1877, when I_aries, Gilbert anI
Masters had completed a series of four quinquennial analvses. Thev
also demonstrated the effects of the sisterir of timins 6ne half of
each plot. instituted bv IIr. (now Sir) .\. D. Hall. in lgd3. Complete
and partial analyses of specific plots are still made regularlv. dnd a
complete synopsis of the resu.lts obtained since tbe exoeriment was
started in 1856 is now availabte in published form.(ri Ttre serious
todging that ocsurs on the heavily-hanured plots il 'some 

seasons
and the- comparative rigidity of plants suplhed with potassium
salts led to an anatomical investigation 

- of Dac$lis 
-glomerata,

and the results se€med to point to the rigidity being due io phvsio-
logical causes rather than to anatomical stre'n6hen1ng. (r?) 

-Ai 
one

period. when frost had devastated the unlimedlrea reieivins heavv
dressings of ammonium sulphate, a heavy invasion of f-ireweed
(Epilobiu.m 

- 
atgustiJoliuml occtrred., but in succeeding years it.

failed to hold its ground, and disappeared from the plotslfdy
On the solitary classical plot (Plot l3) receiving oiganic manures.

Iiming usualty proved derrimental to the crop. -Frdm Ig20 other
plots lyere treated with light and heary dressings of lime at four-
vear intervals, and again it appeared that iIr coniunction with
organic manure, or with such combinations of artificials as nirrate
of soda a-nd minerals, liming mav carce considerable reduction of
yicld. (,,)

The present practice vrith regard to Park grass is to conduct
botanical ana\rses over a period of vears to eluaidate some special
point in connection with the effect of certain manurial svstems.
From l9l9 to I934 attention was concentrated on the influ;nce of
season upon the botanical compositioD of the herbage from vear to
year, in the presence and absence of lime. With complete {ertilisers,

(16) W. E. Br.nrhl.y J U*ful F.Fo We.L." I. \to. A6-._ lgls-ls- vor xxv nn
0{9.58: W. E. BEn.hley J'Us oI Wedr ald Wdd PlatrLs,'r s]i. prcq..'t9_19. V;i 1t0
iB;.lr#t, 

*. E. Drochley-- weds or Fam lE.L ' bo€Dd, crc;n r ai., rosn. ppl

(26) J. B. hF6, l. H- cilbdt .trd u- T. ]tdte,ts.. R6ult5 of Elp.rimcnrs on thc ltjrcd
Hsbase ol Peun.nt Veado*. II. The Botaaicrl R6ult'.. pnn_ T.j*_ R;" s; t"tiii
l88r.pp. l18l-l{13: W. E. Brenchley r. Yeurins ot c r 6s trnd tor gav.,, t-oixmaoi. Crttn tiLo., lurl. pp. 116 i \r/, !:. t Eocblev-. Park cru$ Ptots.', kolh.@ted Atuuat Rep., IO3il,pp, 133-169.

- JrTl O-- l.-. _t{aq--..:r_be Etr..t of Pot siuo Satrs oa th. ADatoDy ot Dadyti ,totu.t .,,
J, Agrrc, Sa, 1910, Vol,IX, pp. 338-66.

---{r8)w.E-BE@hr.yadS.c.Hehtu-..ColoEietiotbyEpi*)bitn.4rrta6o!i.,'J.E@t.,1e33, Vol. XXL DD, l0l-2.
(r9) W. E. BEncbley-.. Effer ot Lisbr ald Heary Drcsshis of LiEc oo ctsla d.,' T. Bd

Aanc., 1916-6. pp. 604-1, ; .w. E. Brc!.hl.y- 'The Varvloi Etfar ol LiE. on crasldA -ithitifl.mt S.heE6 of Mouiia." J. MiD. Aaric,, 1925, pp. 604-tr.
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including nitrogen and minerals, the relative proportiorx of the three
main groups of species, i.e. grasses, leguminous and miscellaneous
plants, are not usually much affected by season, tlough tle in-
dividual species varJr, but with one-sided fertilisers and on un-
manured areas wide fluctuations occur in the percentage of these
groups. (80) A new ryde of aralyses is now b€ing carried out to
determine the effect of potash on the herbage fluctuations from year
to year in relation to the supply of nitrogenous Iertilisers. The Park
grass plots afford a unique opportunity o{ observing the relations
between plant species and seasonal and manurial conditions.

INSECT PESTS AT ROTHAMSTED AND I!'OBURN, T$6
A. C. Evexs

GENERAL
A very severe attack of pigmy mangold b€etle occurred on

Bamfield, the entire crop beiag lost. \Vheat bulb.fly caused much
damage on the Altemate Wheat and Fallow and on the Four-Course
Rotation experiments. Pigeons completely destroyed the first
planting o{ brussels sprouts on Fosters.

Wrrrer
Wheat bulbfly (Hykmyia coarctala Fall.\ caused much damage

on the Alternate Wheat and Fallov and Four Course Rotation
experiments, but was slight elsewhere. On Broadbalk, the wheat
blossom midges (Siltd-iflosis mosella*a G6hin and Conturinia
ttitici Kirbyl are stead y increasing. The followilg are the
figures lor the last tbree years-

Number of Lan'ae per 5'00 ears
1933 193.1 1935

C. t/itici .. 1,4i1 3,381 4,289
.. 3ls 572 4,22t

Percentage Grain Attack
C. ,irici O.7
S. rrrasellana .. .. 1.4

1.5 ll
2.5 18.0

The percentage parasitisrn found is still low, and so a still Iurther
increase in the numbers of the midges is expected in 1936.

BARLEY

Few gout-fly lchlorcls lac ofus }Ieig.) were Present. Several
arva of a leaf{ating b@tle (Lerna nelano|o I.) were found on
barley on Hoos field. this species has not yet been recorded in these
reports as occurring on the farm.

Oars
A severe attack of @lworm (Hclarodcro schachlii Scbmidt)

occurred on I-ong Hoos I. Fortunately the infested area was small.

lSOl W, E. B*ochlrv-" Thc IEIlucDe oI S@e! dd oI lhe ApDlietion ol Lioe @ t!'
a"rUi.i c"6;ii,.-;ii c.* I-""4 uou"g". ' 

^E 
APP. Biol, lesi; vol xxII, PD. lE3''07'
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Karc
Few cabbage aphis (Brcaicoryne brcssicae L.\ were Dresent on

on ttus crop on Pastures, bur large numbers of flea_be;tles (phrL
labelo spp-l appeared rowards thi end of August. Howevei, ihe
plants were well developed and no appreciable' damage *., don".

BRUSSELS spRours

^ -T-he firs,t planting was entirely destroyed by wood_piReons.
tabbage aphis was plentiful on some platrts of the second pia-nting,
but a general infestation did not occur,

SUGAR BEET

Pigrny mangold beetle (Atutaria tineazr's Steph,) anrl flea-bee es
were present, but no damage was evident. -

BEANs

. Bumble bees (short+ongurd Bonbus spp.) bit through the base
o{ the bean flowers, one hundred per cent.-being pierced-in this wav
dururg J une. A species of pollen-eating beetle (Melisahes oeneus F -l
entered tbe flower through the hole, laid q{s an"d several larvi
were usually recovered later from each flower. Durhg July the
flowers,w€re,not bitten so frequently. It is thought that "no"dJmage
resulted to the crop.

MeNcorns
The crop of mangolds on Barnfield was destroved by a verv

severe inlestation of prgmy mangold bee e H. F. C." Newtoir
recorded.a gereral attack by this pest on this field during 1934,
but in spite of this the resulting crop was better than the fifiv_th_ree
year average, A survey of all treatments of strips l. 2. 5. 7 and 8
was undertaken on June Ilth. Two samples of soil 12 inches tone bv
3 in_ches Md9 by 3 inches deep were ta_keri at random along t he rjw iir
€ach plot. The ptant was completely exterminated on th; fo[owins
plots: lA,24, lN,2N and 5N, and no beetles at all were found oi
these plots The rema.inhg plots showed great I'ariation in the size
of the plants and the numbers of beetles per sample. Ingeneral, the
plarts were smaller on the A, N and O sirips, aid largei on the AC
and C strips. The concentration o{ the peit conespoided with the
size o{ the plants. Mr. Newton recorded that in 1954 the beetle was
Iairly evenly distributed over the field. He took 100 samples and
these yielded some 500 beetles. This year 50 samples were taken
and these yielded well over 2,000 beetles, the largesl number in one
sarnple being I50. The writer onJy took up his dutiqs on June lst,
and so only the later phases oI the inlestation were studied, The
beetle population, at rhis late stage oI the infestation, was definitely
€reatest on the rape cake area. In lhe rape cake area the population
was highest on plots 7C and 7AC, Iowesf on plots 5C and- 5AC, and
intermediate on the other plots. The seed forlhe 1986 crop has been
tr-eated witb a mixture of phenol and magnesium sulphate in an
effort to combat the pest.
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WoBURN

The farm at Woburn was visited on July l3th, but no serious
insect damage was seen.

FUNGUS AND OTHER DISEASES AT ROTHAMSTED AND
WOBURN, T935

trIenn D. GrvNxr
WHEAT

Three diseases which had not previously been recorded on wheat
in this country were fouad at Rothamsted in 1935.* Of these,
Cercoslorclla herlotrichoides Fron. is considered one of the most
important of the firngi causing foot-rot of wheat in certain parts of
France and o{ the United States and has recently been recorded in
Germarry, Holland and Denmark; GibeJlina cerealis Pass. causes
" white straw " disease in wheat and is found in Italy and has
recently been recorded in Oregon. Ophiobolws herlolrichas (Fr.\
Sacc. occurs in several European countries with other lungi causing
foot-rot in wheat and is generally regarded as a weak parasite of
secondary importance. It has been found on wild grasses, but not
previously on cereals in Great Britain and America.

CercosPorella herfotrichoides Fron. was observed in February,
causing pale lesions with dark borders on the outer sheaths and leaf
bases in Broadbalk and in the adjacent Pennells Piece. Spores were
produced abundantly in a few days in the laboratory on material
coUected in the latter part of Ma.rch, but hardly any were found in
material collected at intervals subsequently. The lesions on sheath
and stem were observed tiil harvest ald were abundant among
plants which had lodged but \Mere also present on many which had
not lodged. The disease was moderate on all Broadbalk plots and
on Pennells Piece and was also recorded in certain othei fields at
Rothamsted.

Wlrite StrawDisease (Gibdlina cerealis Pass. ) was fourd affecting
about twenty scattered plarts on Hoos a.Iternate wheat and fallow
plot. One plant l,?s also found on an adjacent plot of the soil
exhaustion experiment.

OPhioboLns herfotrdch*s (Fr.) Sacc. was found in r\Iarch in
Pennells Piece on wheat stubble which had overwintered in the soil,
but no evidence o{ parasitism was obtained.

Mldew (Erysifho gamiris DC.) was noted in February, and by
the end of April was ulusually plentiful on the nitrogenous manure
and Precision experiments on Great Harpenden field. [n June and
July it was mostly slight or moderate and occasionally plentiful.

Whiteheads (Ta-ke-all) (Ophiobolus grani*is Sacc.). As in many
other districts, this disease rvas unusuallv common at Rotharnsl ed
this year. In Broadbalk it was first noted in March, and by harvest
was moderate on several plots, notably the unmanured and that
which receives only mineral manure. In Hoos exhaustion
experiment, in which marruring has been practically discontinued

. Gllm., Mary D.-" Sode Ne, Britisb R@r.15 ot rugi oD Whe^L C.dbd.ttat Nrkn i*!, Prcn., cib.tti@ @.atis P^s., ant opti*otus k,ior,ch6 (Fr.) s&c.' ir:ns.
Bnr. Myr. Sft..1936, XX, o- 120-12?.

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-1-67 pp 86

83

since 1901, it was parricularlv plentiful on those plots in
which the previous manurial tieafment wou.ld seem li_kelv to
leave the soil most exhausted. It was present but not pleniiful,
on a comrnercial crop trown in rotation on Long Hoos. At
Woburn it was slight on the GCourse rotation and moderate to
plentifuI on limed and unlimed plots of the alternate wheat and
Breen manure experiment on Stackyard, an eve estimation of the
latter suggesting that about 20 to 25 per cent. of the plants were
affected. On Lansome, altenrate wheat and green manure experi-
ment, it was moderate with bad patches, particularlv on the control,
and on the old mustard plots which lielded very poor crops.
_ Loose Smut _(U slilago lzrlici (Pers.)Rostr.) was ven; slight at
Rothamsted and Woburn-

Yellow Rust (Puccinid glumarum (Scim.) Ekriss. and
Henn.) was first noted in February and in March was moderate,
and in some spots plentiful on the Precision wheat on Great
Harpenden field, but in spite of its early appearance it did
not seem more than usually abr:ndant later in the season. It
was slgit to moderate on other wheat crops at Rothamsted,
and rather less common at Woburn.

Brown Rust lPt ccinia triticino Erikss.) was slight and occasion-
arlly moderate in incidence at Rothamsted, and slight at Woburn.

Foot Rot lFusaitm sp.) was occasional at Rotharnsted and
Wobum.

IraI Spot (Seftoia Trilici Desm.) was moderate at the end oI
January, causing leaf lesions in the alternate wheat and fallow crop
on Hoos field and slight or absent in others. In March and April
it varied from slight to moderate on other wheat crops- at
Rothamsted.

OATs
Mildew (Erysirttu grarittis DC.) varied from slight to plentiful,

beirg most abundant where gTowth was most luxuriant at
Rothamsted.

Cro'wr Rust (Puccfuia Lolii Niels.) was slight on the commercial
oats on Hoos field and moderate on the fumigation experiment on
Pastures.

I-eaf Spot (Helmhthosporium Avnae. Eid.) was slight on both
crolx at Rothamsted. In November it was moderate on self-sown
oats on Long Hoos field and was sporing freely. It was also found
at the same time in a new crop o{ oats in the same field.

BARI.EY
Mildew (Erysiflu gromdzr's DC. ) was moderate to plentiful in the

late summer on most of the barley at Rothamsted, and was slight at
Woburn.

Net Blotch (Pyeu>lhua lzras Drechsl.) was only slight at
Rothamsted and was not recorded at Woburn.

Brown Rust (Puccbtia onomqlo Rostr.\ n'as plentiful at Rot-
hamsted in the late summer and was not recorded at Wobum.

I*af Stripe (Heluirlhosforhtm gramdre*m Rabenh.) was slitht
in March on self-so*,n barley, but was not recorded elsewhere.

I-eaf Blotch (R$nrhosforium Secalis (Olud.\, Davis) which had
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not been found in 1933 or 1934, though fairly common in previous
years, appeared this year in March and April on self-sown barley
in a temporary rye grass ley on Hoos field. In the neighbowing
continuous barley experiment the disease was fairly plentiful from
June onwards, and in tie adjacent nitrogenous manure experiment
it was very abundant at the side nearest the temporaqr ley and
slight at the opposite side. There was a distinct srygestion that the
infection of these two crops may have been chiefly due to wind-bome
spores from the self-sown barley in the temporary ley. fn other
barley crops at Rothamsted and on Stackyard at Woburn the
disease was only slight.

Rvr
\ltldew (Erysiphe gramhh DC-)- A trace was noted on dead

lower leaves in July at Rothamsted.
Brown Rust (Puecinia secalina Grove) was very slight in July at

Rothamsted.
I-eaf Blotch lMlmehosporium SacaJrs (Oud.) Davis) was

moderate to plentiful from May to July at Rothamsted. At the end
of July it was found only on dead leaves.

Gnass Prors
Choke (E?ic oe tfihita (Fr.) Tul.) w-as a little less common on

Agrostis than usual and was rare on Dactylis. This was possibly
connected with the Iact that 1935 was a " Iate season " arld the
stromata oI the fungus may not have all been developed- As in
lxevious years, the disease occurred most plentifr.rlly on the more
acid plots, where also Agrostis was most cornmon, EBBs aad larva
ol the diptefon A ion2ria sprcla Meig. werc as usual found on the
fungal stroma.
Crovln

Downy Mi.tdew (Perotoslora Trilolioruzr de Bary) was moderate
in June and July at Woburn.

Rot (Sclcrolbtia TriJoliorum Enkss.) was rather plentiful in the
winter of 1934 and early part of 1935 on Long Hoos &Course rota-
tion and on Pastures field temporary ley. fn both experiments bad
patches were found on every plot. The disease was checked by frost
in February, but patches ir wNch the plants were dead or much
damaged remained poor. The crop in Pastures made a better
recovery than that itr Irng Hoos.

LucrnNr
Downy Mildew (Pelonosfioto TriJolionm de Bary) was slight at

Woburn from May onwards.

BRoAD BEAN
Chocolate Spot, characterised by lesions oI limited area, is now

regarded as &te to Bol4rlis spp., rvhich also causes lesions of url-
limited area of the type previously recognised as Botrytis spp.
Chocolate spot was first observed in the latter part of April on Little
Hoos maruring experiment, and on Great Knott in a commercial
crop. By the end of June it was plentifut on all plots of the manuring
experiment and on the commercial crop, all except the young
leaves being attacked. Bolry&s spp. causing lesions unlimited in area
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va-lgd T lhe manudal experiment from slight to moderate in Dlots
w.nrch_ had received potash in the fertiliser eitber as ootassium
chlonde or in dung, and from moderate to plentifu.l in piots whiclr
nad recerv€d no potash ; potash deficiency tbus appeared to result
rn a detrnlte rncrease in the disease. The fgngal litack increasedtill by lugust Ist it was plentiful on alt piois. The 

"a.fv 
aita.-t

w_ould, _however, be most likely to cause loss in crop. in Great
Knolt the disease was plentiful by rhe beginning of Iuiv. especialiv
on the lower ?€.rts of the plants killing the older-leavis ind possibly
caus_ing considerable reduction in crop.
. Ry:t-(ylonf-ccs Fabaz (Pers.) de dary) was slight on Little Hoos
rn mrd-Juty and plenti{ul in all plots at the beginnine of Ausust.
None nas found on Great Kaott in late Ju.ly.
_ Aschochyla Falae Spe4. was Iound oi the seeds of I he crop from
Little Hoos, ard was fairly common in October on the leaves 6f self_
sown plarts in that field.
Porero

Virus. Mosaic was slight at Rothamsted and Leaf Curl slisht at
Rothamsted and Woburn. Streak \,r,?s moderate at Woburn Tbout
l! per ce"t. oflhe plants being affected on Lansome, and;bo;a
30 per cent. on Butt Furlong.

I-ate btight (Phylophrhota irJestau (Mont.\ de Barv) was fairlv
common at Rothamsted at harvest_

, Early .blight (Altenaia Sotari (E- and. M.) Sorauer, emend.
Jones and Grout) was ptentifuJ at harvest on the green leaves
producirg black patches which produced spores in darn-p chambers.
MeNcoro

kaf Scorch (?physiological) and a Virus Mosaic were moderate
on Long Hoos continuous cultivation experiment in October.
Sucer Brrr

Virus^Mosaic was slight on Long Hoos GCourse rotation experi-
ment in October-

Crown Gall (Baafar tm tumelaciers E.F. Sm. and Townsl was
Iound on two or three roots at Rot}amsted.

Rust (Uromyces Bclae (Perc.) Tul.) was moderate ir October rrn
Little Hoos field.

Lea( Spot (Ramularia beticob\ was found on one Dlant and
(Phylloslida Betae\ occasionallv on Little Hoos field.

^ IeaI Scorch (?phvsiologicai) was moderate on all sugar beet at
Rothamsted-

Hearl-rot, now ascribed to boron deficiency, was fouad fairlv
commonly in certain plots of the " nitrogefl manure. soacing ani
date of sowing " experiment on Little Eoos field. 

'ft'was"more
common on the early than on the late sown plots.

Karc
Down y M ildew (Pez onospola fial a,silica ( Pers. ) Tu l. ) was moderate

on a commercial crop in Fosters field, Rothamsted, a-nd plentiful on
Lansome field, Wobum, in a crop planted in August.
* White Blister (Crslopus cardid.is (Pers.) de Bary) was slight at
Rothamsted at the end of January.
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CARRoT
Violet Root Rot (Helicobasidi*m l*rr$e{rn (TuI.) Pat.) was

found at harvest on a few roots on the exPeriment on Lalsome
Iield.

FARII REPORT, 1935
lY eatlur

The year October, 1934, to September, 1935, was remarkable for
the rvide variations of rainfall from the monthly averages. Very
wet spells alternated with very dry spells throughout the year.
October and November were dry; December had an average of
more than twice the normal rainfall for the month; January arld
IIarch were dry, the latter providing 1.5 inches of rainfall below
normal ; in April the fall was just under 4 inches, twice the normal ;

late May and early Julle were very wet, and the early part of
August very dry; the September rainfall totalled 4.47 inches,
nearlv twice the normal for the month. The total rainfall for the
vear 

-amounl 
ed to 30 inches, 1.48 inches above the average.- 

The winter was abnormally mild, and frosts were almost entirel]'
absent be{ore Christmas. Frosts occurred after Christmas, but
were neither severe nor prolonged. The mean temperatue for the
year was 2"F. above the normal of 48.I"F. In ten of the twelve
months the mean temperature was abve normal, the outstanding
month being December, 1934, with al average of 7oF. above normal.
The onh' lrvq months in which the average was below normal were
Novemb€r, in which month the difference was only 0.1'F., and May,
in which month the severe late frost occurred. On the night of
May l6th, .1935, an unusuaUy late and severe frost was experienced,
9" of frost being recorded.

In spite of the high average temperalure, the lolaI sunshine for
the veai was 19.4 hours below the 42-year average oI I,562.4 hours.
Nini months showed a deficit : the Sreatest increase was provided
by July rvhich, with a total of 280 hours, gave almost 78 hours in
excess of the normal.

W eathar ard. CroPs

The wet December severely interfered with the sugar beet lifting
and prevented arry ploughing. The dry January provided the
oDpoitunitl, to get most oI the Ploughing done, and spring corn-
so*ine wa. mainly carried out in March. The heary rain in May
and -]ine made the grass grow ahead of the stock, and several fields.
besides those originallv shut for hay, were mowrl. The start o[
har,rnaking was dalayed until June 2lst by rain. Condilions during
th6 making, however, were excellent, and in spite oI lhe lateness in
cutting, the hay was oI good quality. Usually ha5'rnaking and
root singling both demand labour at the same time, but this year
all singling was finished by the time the cutting commenced.

Harveit commenced on July 3l-t, 1935, with sprint oats.
Conditions genera.lly were good, thouth a wet spell at the end ol
August delayed the firish of harvest. Stubbles broke up well. The
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wet September prevented dung carting and interrupted the plough-
ing for winter com.

The severe frost on May l6th, t935, damaged the lirst-formed
flowers of the winter beans and the final vield was reduced. The
plants were rather more lorward than ,suil at that date owing to
the warn winter and spring, and the effect ofthe frost was therefore
more se\r€re. No damage was done to other crops. Cold winds
persisted throughout May and retarded all growth. -

The tilth oI the winter corn crops was quite firm in spring,
there being not sufficient frosts to make the ground puffy. -

It was found difficult to prepare a suitable seed bed for the
lpring oats after sugar beet. The grouad was severelv puddled
during the lifting and carting of the beet in December, and there was
lil tle time Ior frost acrion between ploughing and sowing.-The 

I'ear was a favourable one for weeds; charlock, may'weeds
and poppies were especiallv prevalent.

Classicd Exlerimefis
Broadbalk was ploughed twice, once immediately after harvest

and agair shonly before drilling. The plots were drilled on October
23rd, under good conditions. The section fallowed in 1934 showed
up during the year by its more Iuxuriant growth, and every plot on
this section and the 1933 fallow section xas laid at harvest. Of the
other two sections only the dunged plot and the plot receiving the
heaviest dressing of suJphaie of arnmonia were laid. Black Madick
and a species of Lathlmrs were present in rather larger amounts than
usual, especially on certain plots. A few wild oats appeared on the
dunged plots but these s'ere hand-pulled before harvest.

The half-acre lvheat after fallow was badly attacked for the
second successive year by wireworm and wheat bulb fly (Eyl,emyia
coarctala). The plant was consequently thin a-nd the yield low.

The plant of wheat on Agdell was rather thin throughout the
year and the ground became rather weedy. Coltsloot (Tussilago
FarJara) vas especially troublesome on the half which grew beans
in 1934. The wheat ears were severely damaged by house sparrows
during July, and the crop had to be cut and carted belore it
was {ullv ripe.

Hooslield barley plots were driLled with Plumage Archer barley
in six-inch rorvs early in }farch. Good growth was made throughout
the year, and a1l plots stood well at harvest. PIot differences showed
up well this t'ear. The crop rvas cut and carted under ideal conditions.
Threshing took place in January, 1936, and the gain from all plots
was bulked and sold for malting. The nitrogen content expressed
as the percentage of the dry matter was I.57 and the calculated
extmct obtainable from the resulting dry malt was 99.8 I)er cent.
After harvest the stubble was surlace ploughed and was worked br,-
harrows at intervals until the winter ploughing.

Ploughhg of Barnlield commenced on December lst, 1934, but
rvas not Iinished until January l8th, 1935. The field was cultivated
and ridged in sprint and then worked down for the seed bed.
Drilling was done at the end of April but germination was slow and
the rows appeared gappy. A survey of the field showed that alrnost
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every plant was badty aitacked by the Pigmy Maneold Beetle
(Atouaria linearisl. A similar attacl was recordid in ldg4, but did
not destroy the plant. The field was worked as soon as weather
conditions allowed and was resown with a mixture of swedes and
mustard. A dry spetl followed the sowing and only a few isolaled
plants appeared, even the mustard failhg to germinate. The field
remained uncropped for the rest of the season but suftcient cultiva-
tions were tiven to keep down wee&. Thislles soon appeared, but
there was a remarkable absence of annual weeds. The iiin later in
August enabled the annua-l weeds to germinate, the dunged plots
being most thickly populated.

The Park Grass plots were severely harrowed in spring and were
ro[ed- after the application of manures. The hay ivas "made and
carted under good conditions but the yietd appeared rather smaller
than usual. The second cut was made late ii-september, the tmssbeing cut and carted in the green state.

The exhaustion land on Grea.t Hoosfield was sown with Victor
wheat after barley. Initial growth was quite good, but this was not
maintained, the plants later becoming imall and stunted with red
leaf tips. The old mamrrial strips which last received manure in lg0l
Iere again noticeable, and the area was harvested according to the
old plots._ The yield from the two plots which had received ding was
very much gTeater than any other plot.

Modent Lorg-Term E*perime s

Four-Course Rotatiort. A slight change in the cropping was
introduced this year. The seeds inixture, "*trictr 

in past'yea.is was
underso-wn in the barley, was replaced by ryegrass wn-after the
harvesting of the barley and ploughing in of ihe organic m.ulures.
I he-rye_Brass came and grew well during the vear, and the yield was
good. 

-Some trouble ryas experienced in ploirghing the hard-baked
grouad after harvest ready for the seeds. 

-

Limi-ng was also introduced, l0 cwt. per acre o[ ground
agricultural lime being applied after potatoes Ior the barle| crop.'fhe potato crop was generally poor, and the yields low, alihough
they were better than in the past two years.

The wheat was the most backward of any on the farm, and
lppeared quite green on August lst. It ripened quickly, however.
but lnelds were rather low.

Sir-co*rse Rotatiott. The clover brea-k Iailed for the fourth
successive y'ear, in spite of a very heary seeding. A good plant was
established by.."tuAl, but this disappeared ln th6 spring. The
fwrgtts Sdcrotinia triJoli.ot*m was presint but the at&ck-did not
seem severe enough to account for the almost total Iai]lue of the
crop. \ltren t}le seeding of the barley for the 1986 clover crop was
made, the adjacent area was sown wirh seed inoculated witir two
diflerent bacterial strails to see if an1. improvemen t could be
secured by this means-

The break which has in the past been sown with a forage crop
was sown this year with rye alone. In 1934 the forage crop was
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haryested.as a mature rye crop, owing to the scarcity of tares and
beans in this and past years.

Ground agricultural lime is now apptied at lO ct,l,1. Der acre to
each plot twice in the rotation, before barlev and a{tei ootaroesIt is hoped this will increase the length of life o{ the clover'plant .

Three-course Rotalior. (Slrute and Grcen Man*re\- A noticeable
f-e-aJure !!is year was that the ba_rley plots which were manured in
1934 and had rye ploughed in before the barley were lighter in colour
and the plant was smaller. The mean tield oi these o]ots. althorrsh
good (33 cwt. per acre) was rvell belorv ihat of the other tieatmenis-
The depression observed last year from rye ploughed in for beet
wasnot apparent this yea.r. In fact, the beet oloti which had rve
ploughed in gave the highest yield in 1935.

Three-course Rolalion (Cu i1)ah oz). The difficultv found in
preparing,a suitabll clean seed bed for the mangold break a{ter the
rotary and tine cultivation mentioned in the lg54 Report aooeared
again this year. The lg34 wheat stubble quicklv bl:camd'weedv
after harvest, and after the spring cultivatiori thesi weeds took roo'r
again. ]t was impossible to see the rows until the whole area had
been hand-hoed. The two worst weeds were Slender Foxtail
(Al,opaarus agrestis) aN1, Bladder Ca.mpion (silene irllata\. An
autumn cultivation will in future be done on ihe wheat-stubble to
prevent this trouble. The mangold seed was treated with mag.
nesium sulphale and phenol as a pieventative asainst piemvMangoid
Beetle attack. The average yield of approximitelv 20 ion" p". i.r.
was Iowe-r than the lg34 average bufwas due to the sm6thering
action of the weeds in the early stages.

The wheat plant was rather thin and the average yield of ap-
proximately 2l cw"t. per acre was about 2 cvr't. per icri lower thin
in 1934. The.barley ]nelds, however, showed a great improvement
over last year's {igures, this vear's average of approximat;lv B4 cwt
per acre being about 8 cwt.iigher thanin Igli.'

Antt al Exlerirr.eds
The number and area oI plots under annual and long-term

experiments was ircreased again this year. The number oi plots
was875, occupying 18.44 acres. The usual trouble was experienced
in obtaining casual labour for singling roots, and when-this was
obtahed the quality of the work was very poor.

Sugar beet. All beet plots were drilled and singled earlier this
year. AJJ sorving was done before the end of April and singlirrg bv
the middle of Jure. Kleinu-anzleben E. seed wai used on all annuil
experiments though Kii}ln uas retained Ior the rotations. Slight
attacks oI the Pigml trIangold Beetle and Flea Beet Ie were recordid.
The beer in the narrorv spaced rows looked small and yellow late in
summer, and the individual plants rvere very small. The first sourr
beet (mid-March) showed a large numbei oI bolters, the actual
percentage being as high as 18. Thisearly sowing also provided the
highest tonnaSe of roots per acre, a-nd the greatelt weight of sugar
per acre. The sugar content of all beet s'as lower than in 1g34.
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Potatoes. The potato crop looked poor and backward through.
out the year, and on no plot did the haulms meet in the rows. Plot
differences, however, were well marked. Lilting of the crop was
delayed by weather, but all tubers ca-rne up in a clean and sound
condition. The produce of each plot was stored sepaxately in the
clamp so that the effect of the manures on keeping quality could be
determined. Blight was present in small quantities at lilting time.

Brussels s?rolrts- The setting of the pla-nts was delayed for man5,
days b-v- the high winds which prevented the application of manures.
The plarts were set on June 5th and 6th, but were immediately
attacked b1. pigeons. Many plants rvere pulled right out of the
grourd and others $-ere stripped of foliage. The area was patched
in July and the plants watered in. Further damage was done and
replacements were needed up to August. Growth was slow through-
out the season and several further gaps appeared. The tops were
completelv stripped by pigeons in December and the sprouts them-
selves were next attacked, most of them being made unfit for sale.
Only t&o small picJ<ings were made. The germination of weed
seedlings u'as noticeablv smaller on these plots which received soot.

Whaal. The expenment on the time of application of nitrogen to
wheat again yielded no significant result. The average yield of all
plots not recei\,-ing nitrogen was 30.7 cltrt. per acre, and the average
of those receiving nitrogen was 30.6 cwt. per acre. Early in summer
those plots which had received nitrogen could be detected by their
darker foliage and more Iorward gro*'th, but this dilference dis-
appeared before harwest.

Beans. Certain plots furthest Irom the larm buildings were
somev'hat damaged by birds, but on the rest of the area the plarts
grew well. Damage was done to the early flowers by the late frosr,
and this may have aflected some plots more than others. The plots
not receiviDg potash either in durg or in mineral lorm made less
rapid grorvth and formed fewer pods. Bolrytr's disease, though
present generall)', was more severe on the potash-deficient plots.

Teruforury Ley ir preparutiott for lVheat. The seeds on the Pas-
tures field plots looked weil during the spring and yielded a good
first cut. The vetches a-nd mustard sown after the first cut ger-
minated badly and the only plots on which the rows became visible
rvere those which had received the {ull year's faUorv. Even on these
plots the germination of mustard was worse than the tares. The
green crops were resown alter rain late in Augtst, and fair germina-
tion resulted. Once again the germination was best on the plots
s'hich had received the full year's fallow.

Insect Pest Control. Two investigations on the control and eradi-
cation of insect pests were commenced during the year. The piece
of Pastures field where the oat crops failed in 1934 owing to attack
b!' the oat @lworl (Eetelodera sch,achtii) was treated with fumig-
ants, and oats were again sorrr. Drilling rvas late, owing to delay in
obtaining the fumigants. The other pest under investigation was
wireworm. The piece of grassland between Pastures field and
Knott wood was ploughed in late spring, treated with fumigants and
sown with sugar beet. In both experiments the fumigants were
applied ir the plough Iurrows during the ploughing.
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Both crops grew well at the start, but certain plots (C),rnag-
treated) became very stunted later. The stunted oat plots
became thick with may-weed and gave a negligible yield. The beet
on the Cl,rnag-treated plots were small and fanged, the roots spread-
ing almost horizontally a few inches below ground-level. The beet
on the other plots were normal and the roots of good shape. When
both the oat and b€et plots were ploughed up after the removal of
the crop there was a distinct smell of the Iurnigants.

Adco. A new method of preparing the straw for Adco was used
this year. The barley straw used was soaked for a day in a water
tank. After the surplus water had drained off the straw was heaped
in la1,ers, and the Adco porvder was sprinlled on each layer. The
heap was tumed only once during the summer. The quality oJ the
resulting product was much better than that produced by the old
method of sprinkling the straw with water.

Cropling, 1934-35
Pastures Iield was dunged for kale this year. I{ost of the field

rvas dressed in autumn, 1934 and the rest in spring, 1935. The
field was drilled with marrow-stemmed kale early in May. The
plants came fairly well and little trouble was experienced from tlre
flea-beetle. The field became rather weedy, especially on the site of
the 1934 cultivation experiment. The worst v'eeds were may-weed
and iron grass (Polygonuw aviculare). Tbe plant, although patch1,,
was fairly thick and grew ahead of the weeds.

Harwood's Piece, the field taken over in 1934 after the purchase
of the estate, bore its first crop for several yea$. It was fallowed
in 1934 but drilled with Thousand Head Kale early in trIay, 1935.
Growth &'as slow throughout the year and charlock and docks were
plentiftrl. I\Iuch hand and horse labour had to be expended to keep
the field reasonably clean. A small area was dusted r rith copper
sulphate at 20 lb. per acre with quite good results. IIost of the
kale was folded by sheep during the winter, though about l{ acres
of it were sold for human consumption.

In 1934 the winter beans drilled in Great Harpenden Field were
severely damaged by birds, and a very thil and uneven plant
resulted. To minimise this darnage the beans in Great Knott in 1935
were ploughed in, the beans being placed in the bottom of even'
second furrow by an attachment litted to the plough. A rather
heavier seeding than normal was gi1.en to allow for possible damage.
No damage occurred and the crop carne up thick and clear. Two
harrowings rvere the only cultivations given and these were sufrcient
to keep down weeds until the plants met across the rows. The result-
ing crop gave a large bulk of straw which was poorly podded, partly
due to frost killing the flowers and partly to the thickness of plant
in the rows. While in the shooks the beans were worried by pigeons.
The stubble, which was the cleanest that had been obtained for
several years, was grazed by pigs until ploughing.

Fosters was driUed with Plumage Archer barley on two dates,
a{ter folded and cut kale- The plant grew well, but the dung applied
for the kale, and the folding oI sheep, caused much of the crop to be
lodged . The yield was good but much grain was lost during harvesting.
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Great Harpenden field was drilled with Victor wheat after beans.
A top dressing of I cwt. of sulphate of ammonia was given in March
and a smali part of the crop was laid bv a thundeistorm shortlv
before harvest. The crop yielded approximatelv 28 crrt. mr acrd-
The wheat precision plots and the'experimen"l on the'time o{
application of nitrogen .\^/ere also situated here. The area im-
medialely surrounding these plots was drilted with Little Ioss
spring sown wheat. This was 6adlv disturbed bv birds and onjv a
thin plant resulted. Linseed was then drilled am"ons the wheat 6rrt
the mixed crop was again badly da.maged by biids iust before
harvest.

The spring sown }larvellous oats in Long Hoos came wcll desoite
the rather routh tilth. A top dressing of sulphate of ammonia'was
given in March and a good-thick plint resrdted which stood anj
vielded well. The crop was harvesied under ideal condirions.

The plots of the spring oat varietv triat vielded well. the onlv
plot yielding much belot the others 

"was the non-Ceresan treateh" Marvellous " plot. On this plot the planr aplxared later and
remained thinner and more weedy lhroughout the Summer. The
following table gives the _t ields of ihe diffeient varieties :

Variety.
Yield, cwt. per acre.
Grain. StIaw.

33.3 38.8
3t.5 39.O
30.4 39.6
30.0 36.0
29.O 40.6
27.7 4.0.3
23.2 3t.3

The northernmost six acres were undersowa with seeds but these
failed, and after harvest tbree acres were culti\,,ated up and drilled
with rye for spring sheep feed.

Little Hoos was devbted to the annual experiments described
else where.

Pennell's Piece was sown with Danbh Steel l[onarch wheat-
The crop was considerably damaged by sparrows iust before
han€st, and the r,ield was iow

Grassland

The grass was rather late in commencing gro\trth, but was rrcrr.
productive dunlg th9 summer. Ha1,rnaki"ng", although Iate, wa-s
done- under good conditions and yields n'ere giod. Thi'se fields not
cut_{or hay were topped during 

-tbe sum-e.i By mid-August the
lrelds were bare but the grass grerv again rapidly in September.

A cuJtivation and manurial exf.i*eni on the improvement of
the poo-r.grassland in High Field was laid down during spring. The
plots which received the severe harrowina Droduced failds flJwering
.ihoots_ thar did the other plots. The re-mainder of High Field wai
severely harrowed in April and sows were out-wintered there.

All other gTassland was harrowed and roled in spring.
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Litestock
Pr?s. During the tfurd conrract period (-Ian. lst-Dec. BIst. lg35).

385 Cla-ss I bacon pigs were contracfed to b6 delivered to the fictoni.
and ,101 pigs were actually delivered from the two farms. T6"
following table gives the percentage grading returns for the two
farms separately ;

GR.{DING RETURNS

(Yd Con acl)

Total CEd. CEde cmde cBde Crad. UndEr Ov.rdeliverFd A. B. C. D. E. Eei8bt, wegbr.

245

166

lB thd 16 rbao l* rhan18 26 33 92 1l I
ls than ls rhatr24 24 26 22 1l I

A lhijd pig experiment in the individual feeding pens was
started during the surnmer. The main comparison was betweett
coarsely and finely ground barley meal ; the efiect ofexercise on the
grading of the bacon was also investigated, full measuremenls of the
carca-sses _being taken at the factory. The pigs appeared much
more healthy than in either of the two previous experiments.

Cat e
Six Shorthorn heifers caived down outside in the spring and

remained outside with the calves throughout the summer. -Other

black polled calves were bought in so that each heiler reared two
calves for the first period aftei calving. After weaning in sufiurer a
further calf was fostered on and when this was weanid in autumn
the cows ryere dried off and out-wintered cheaply. The cov/s.were
bulled to calve in spring, 1936.

Beef prices remained low throughout the year and even with the
subsidy the cattle were not making' any more thalt last year.

Sheel. The 1935 lamb crop averaged about I?O per cent.,
sixteen sets of triplets being born. The iambs were small ai the com-
mencement of lambing but those born later were stronger. Ewe
losses were rather heavier than usual.

Prices during the year were rather lower than in the previous
y-ear. Those lambs not sold fat off the grass were Iolded on kale
duriry the winter and sold as they becamL ready.

E lectric a} I mt estigati<ms
A brief account of this work is given on page 69.

Build,ings
No major alterations or additions have been made to the

buiJilings, but plans for a new pair of cottages and a new Danish
t-ype piggery bave been prepared and these buildiags will be erected
during the coming year. -

.Tbe Roth@red fi8rlB iocluito lr@y pts trcD the thid pig e+eri@nt.
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Followilg upon the success of the new method o{ preparing
straw for Adco, plars have been drawn up for a new set of buildings
for the mfing and storing of Adco. The plans also incorporate two
cattle feedint boxes so that farmyard manure of known quality
can be prepared for experimental pu4)oses.

Shut Successes

At the Smithfield Club's Fat Stock Show in 1935, we secured
the 6th prize for a bacon pig carcase (160-220 lb. live weight), and
were commended Ior three crossbred {at lambs.

At the Redboume District Annual Ploughing Match the following
awards were gained :

lst Prize. Best turnout (F. Stokes).
ls, ,, Corn drilling (F. Stokes).
znd ,, Best tumout (C. Mepham).
lrd ,, Horse ploughing (F. Stokes and H. Currant).
The Certificate of the National Horse Breeders' Association and

the R.S.P.C.A. Merit Badge were also awarded to F. Stokes.

Inlkmerts
'We now have at our two farms a la.rge collection of modern farm

implements which have either been presented or loaned to us by
maly of the leadint implement manufacturers. They form a source
of great interest to the mary parties of practical farmers who visit
us, and detailed inlormation concerning the quality of their work
ard their suitability to our land is given when required. The firms
who have helped us to make this collection and to whom we are
indebted are as follows :
Allen & Simmonds, Ltd.
J. Alten & Sons.
Bamfords, Ltd.
E- H. Bentall & Co., Ltd.
Blackstone & Co., Ltd.
C,ooch & Sons,
C,ooper, McDougall & Robertson,

Ltd.
Cooper, Pegler & Co., Ltd.
The Cooper-Stewart Entineering

Co., Ltd.
The Dawewave Wleel Co.
Dunlop Rubber Co., Ltd.
Ford Motor Co., Ltd.
R. G. Garvie & Sons.
General Electric Co.

Motor hoe.
Motor scvthe.
Hav maihinerv.
Cate breaker '
Swathe turner.
Potato sorter.
Sheep dipper.

Spraying machinery.

Sheep shearing machine.
Tractor wheels.
Rubber wheels, paving bricks.
Tractor-
Grass seed broadcaster.
Electric motors.

Harrison, McGregor & Co., Ltd. Root pulper, manure distributor.
J. & F. Howard, Ltd. Ploughs, potato digger.
Intemational Harvester Co., Ltd. Tractor, drill, manure distributor.
A. Jack & Sons, Ltd.
L. R. Knapp & Co., Ltd.
R. A. Lister & Co., Ltd.

Root drill and hoe.
Manure and root drill,
Oil engine, sheep shearing

machine.

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-1-67 pp 98

Miller Wheels, Ltd.
G. Momo, Ltd.
Parmiter & Sons, Ltd.
Ransomes, Sirns & Jefferies, Ltd.

Ruston, Hornsby, Ltd.
Tarpen Syndicate Co., Ltd.

Transplanters, Ltd.
J. Wallace & Sons, Ltd.
J. Wilder.
W. A. 14'ood & Co., Ltd.

S,alJ
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Tractor wheels.
Motor hoe.
Rake ald harrows.
Ploughs, cultivators, drilts, grass

rej uvenator.
Grain drill, binder.
Portable petrol generating equip

ment.
Robot planter.
Irlalure sower, potato plarter.
Pitch-pole harrows.
Mower, spring tine harows.

H, M. Edginton spent about six months here as a voluntary
worker to help with the livestock experimental work and fietd
observations. F. R. Russell also spent a short time during the winter
helping with general recording and field observations.

METEOROLOGICAL OBSERVATIONS

Meteorological observations have been systematically made at
Rothamsted for many years; these records are being used in the
Statistical Department in interpreting crop records. TIie Station has
co-operated in the Agricultural Meteorological Scheme since its
inauguration by the Ministry of Agriculture in 1926, and possesses all
the equipment required of a CroplVeather Station.

The follorving observations under this scheme are taken daily, at
I a.m. G.M.T. :

Tem?erahtres----{naximum and minimum in screen, minimum
on grass, 4 inches and 8 inches under bare soil, dry and wet bulb
in screen : Rai4all--&inch gauge ; $nshine- uration bt
Campbell-Stokes recorder ; Wealher-Beaufort letters ; Witd-
direction and force ; Visibility: State ol Glourd.

These, together with notes and observations of crop growth, are
used in drawing up the weekly statement for the purpose of the
Crop Weather Report ol the Ministry of Agriculture.

The above observations are supplemented by the following
records, for the rse of the Meteorological Office :

Barcmekr atd atlacfud Thermomater ; Solar marimur;
Terrrleratule-l f@t under bare soil ; CLazd-amount, form and
direction; Suttshine-howly values of duration. With the
exception oI the last, all these observations are also taken at
9 a.m. G.M.T.

The following additional observations are also made, to maintain
the continuity of the Rothansted meteorological records :

Teruleralure urder grass at 4 inches, 8 inches, and I foot,
taken at 9 a.m. G.M.T. ; Witrd-Aireclion and force at 3 p.m.
and I p.m., G.ll.T., taken from chart of recordiag anemo-
biagraph ; Rahfa --*lnch gauge taken at 9 am. G.)I.T.
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Radiatiotr.-A Callendar Radiation Recorder (on loan from the
Imperial College of Science) gives a continuous recbrd of the radiant
energy falling on a receiver situated on the roof of the laboratorv.
The records are compared witb those for South Kensincton. and a;e
also used in ptant physiological studies in the Station] R€centlv. a
Gorczl.nski Radiometer for measurhg the radiant energv of"tie
surr has been installed, rurder the -Agricultural Meti'rological
Scheme.

- RainJal.l. atd- Drainage--T'he rain falling on one-thousand.th
of an-acre,is_ collected in the big gauge erectid by Lawes in lg7t.
Samples of the water are analysed in order to ascertain its nutrient
value-

Three drain gauges, each of one-thousandth of an acre in area-
originally installed by Lawes in 1870, and fitted with continuous
recorders in 1926, give the drainage through 20 irches.40 inches.
and 6O inches of uncropped and GdisturEd soil. A continuouslv
recording &inch rain gauge is used in conjunction with these.

- Eaaforatiott.---The amount o{ water that evalnrates in 24 hours
from a porous porcelain candle dipping into a-bottle of water is
measured daily by the loss in teight. This measurement has been
found to give a good general indication of the .,drvine oower,,
of the atmosphere during rainless periods which. beiis io;trolled
Uy yr4,-radiation and humidity, is diftcult to coi:pute from
standard data.

--Alrnos?hctic Polluliat-A gauge for measuring the amount of
solid matter deposited {rom the atmosphere has"been in use for
some years in connection with the scheme of observations arransed
bt the Atmospheric Pollution Research Committee oI the Deoi*-
ment of Scientific and Indirstrial Research. In Februarv. l9i3. a
gauge for measuring atmospheric sulphur dioxide was aiso set uo.
The results are discussed on page 68.
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SCIENTIFIC PAPERS
(Published 1935 arrd in the Press)

PLANT GROW'TH, PLANT PRODUCTS, AND ACTION OF
MANURES

(Departments o[ Bacteriology, Botany, Chemistry, Physics, Plant
Pathology, and Field Experiments Section.)

(a) PLANr GRowrH

r. E. J. RussELL. " Tlx Plarc of Soil, Science in Agriaiture.'.'-
-Transactions of the Third International Congress of Soil
Science, Oxford, 1935, Vol. II, pp. f-10. (Presidential
Ad<Iress. )

rr- E. [. RussELL. " Inlaradions behoeen Roots and Sctils. Tlu
brcwing Ptant : ils Action o* lhe Soil atd on its N eiglt-
Dorzs." Proceedings of the Sixth Intemational Botanical
Congress, Amsterdam, 1935, Vol. II, pp. f-3-

trr. E. J. RussELL. " La Transitiort d''u.n Art d une Science:
I Eu* ae la wlture Agricol,e." I-ectue delivered to the
Academy of Sciences, Lisbon. May 23rd, 1935.

rv. E. J. RussELL. " The Fut*re oJ British Agrdcultwe." The
Royal hstitution of Great Britain, Discourse, March 8th,
r935.

v. W. E. BRENcHLEY. " The InJluerce of Sercon ard oJ lhe
Apflication oJ Limc or tlu Bolanical Composilior of Crass-
lind. Hnbage." Aanals of Applied Biology, 1935, Vol.
XXII, pp. 18&207.
(Figures of complete botanical analyses lor this paper
werb published in the Annual Report for 1934, pp. 142-59.)

The botanical composition oI the herbage of grassland under
constart manudal treatment vades consider-ably from year to year.
With complete fertilisers including nitrogen and minerals the
relative proportions oI the three main groups of species, i.e., Srassesl
leguminous ard miscellaneous plants, are not usually much affected
bv season. but with unbalanced fertilisers and on unmanured areas
lide fluctuations occur in the percentage oI these groups. Varia-
tions of individual species, however, occur on all plots. They may
be caused by direct or indirect response to season a:rd are much
influenced by the t11pe of manuring.

The application of lime to plots with long established manurial
treatment does not alfect the balance oI the three main groups
proyided the fertilisers are complete, but with urbalarced manures
I definite bias in one direction appears sooner or later. Ildividuai
species usually respond to lime at once, showing a change of
proportion at the first succeeding cut, but under certain soil condi-
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tions a delay may occur rutil a second dressing has been given.
f! 1v9uld appear that tbe maximum effect of Iiming is reiched
within a few years from the first application, after which"fluctuations
with season may again become more obvious.

Shade is also a factor which influences the balance of species in
herbage, some species being more sensitiye than others. fn-general,
no correlation can be traced between the arurual variat'ions in
yield and the botanical composition of the herbage.

rr. W. E. BRENcHLEy. " The Weed Flora in its Relation to Oob
and, Agriculfuml Trcolm,efit." proceedings, Zesde Intei_
nationaal Botanisch Congres, Amsterdam, l9BS, \rol. U,
pp.5-7.

The weed Ilora of arable land consists largelv of plants native to
the soi[, but the association of species is muc"h modified by cultiva_
tlon and crop competilion, rhe nature of lhe compelition depending
on the type o[ crop. Root crops help to clean the t"na on i..o,-i
ot the intense- cultivation during their growth, while clover, lucerne,
and stmtlar plants act as " smother,' crops, preventing the develoo-
ment of many weed seedlings. In the case-of cereali, the tjme L{
so\r'rng, whether autumn or sDring, is a principal factor in determiniag
the weed flora.

Rotation of crops is usually the most emcient means ofr-ontrollins
weeds, but sometimes fallowing is necessary, the principle of thG
being to encourage germinal ion bf t he weed seeds and. br.'destroving
the seedlings rep€atedly, to prevent the formation oi h""h ,;;a:
Most seeds need a dormanl priod before they can germinate and
the length of dormancy is a vital factor in dete;minini the efficiencv
of falowing. Many species also germinate most heeli at oarticula'r
seasons oI lhe year. a fact which decides the time oi their sreare-sf
vuherability. For successlul fattowing, cultivation musi be.in
directly after harvest and be carried out a1 sufficient Iv short intervils
to prevent rapidly growing species from ripening freih seed. FaIow-
ing improves soil fertitity, and as weeds and 

"rop 
alike benelit

after-care is important, for the weeds may reassert I hemselves with
extraordinary rapidity.

On old grassland the vegetation ilselJ constitutes the croD-
the less desirable species being regarded as weeds. The flora ii
much influenced by soil fertility, manuring and methods of cultural
treatment. Grazing has a direct influence on the weed {lora as the
various animals eat down the herbage differently, and altemate
grazing and taking o{I crops oI hay is a valuable-method of weed
control.

1'II. K. WARrNGrox. " The E llect oJ Constant and Fluctualirp
Ten.peruture on thc Cernlnalioi ol the Weed Seeds in Araife
Sol." Journal oI Ecology, 1936, Vol. XXIV, pp. 18e204-

Germination of a1l species v?s definitely inhibited iI the soil
was kept in an incubator or cellar where- the temperature was
prac,tically constant, and tight whotty or partialty exctuded. Some
weed seeds were more adversely affected than others, Alolecurus

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-1-67 pp 103

100

aglrsris hing the least and Pa,altet rkoeas the most sensitive of the
more importart species encountered. Removal oI the same samples
of soil to a glasshouse after one or two years in the incubator or
cellar resulted in a rapid germination of a variety oI weed seeds,
showing that their failue to appear sooner was due to unfavourable
conditions in the previous circumstances- This inhibiting elfect on
germination is attributed to a lack o{ suficient {luctuation in
iemperature rather thal to any reduction in light intensity, though
wit[ certain species this may also have played a part. Too long
an exposure to lhe constant temperal ure resulted in loss of seeds
by delth. the capacity for survival varying wilh the diflerent
species, Alopecurus agreslis, for example, generally failirg to
survive one year, whereas Alchcmi a araensis aud. Papaoer rhoeas
remained viable after two years.

vfir. E. M- Cnow rBn ero F. CRowTHER- " RafuJalJ aad Cottott
Yields in tke Su.d.a* Gezi,ra." Procedings of the Royal
Society of London, B., 1935, VoI. CXVIII, pp. 34i!-370.

The relationships between seasonal yield and weather fluctua-
tions for cotton grown under irrigation in the Sudan Gezira were
analysed for periods up to 23 years,

fhe anatysis conlirmed the generally recognised bad effects of
high rainfalL about the period oI sowing cotton, but showed that
this effect was not universal. An unsusPected but aPparently
qeneral elfect was discovered. Cotton yields were negatively
&rretated with the amount of early-May and June-rainfall. In
some areas vields were negatively correlated with laie rain{all and
with the tot;l rainfall in the precedirg year. The di{ferences between
areas in their responses to weather coutd be partially interpreted in
terms oI their situations and agricultural histories.

The progressive decline in yield at the oldest trial farm could be
largety accounted for by a signi{icant increase in total rainfall
duini tfre period of cotton cultivation. The total annual rainfall
in th; Suda; Gezira exhibited a signi{icant seven-year periodicity,
which was reflected in cotton yields, dura exports, and recorded
Iamines. It happened that the first trial of irrigated cotton and the
first use o{ the Sennar Dam coincided with minimal rainfalls on this
periodicity. The early promise and raPidly increasing difficulties
inav well have been due in part [o the recurrence of un{avourable
weither conditions and not necessarily to soil deterioration and
Dests.' Uniformly treated record areas could easily be established on a
normal commercial basis in irrigation prolects under central control,
and would provide valuable material Jor research in agricultual
meteorology, and a surer background for determining both experi-
mental and commercial Protrammes.

lx. E. M. Cnowtmn. " Rainfdl. ard Colton Yidds it the Su.da*
Gezira." E,rrlrpire Cotton Growing Review, 1936, Vol.
XIII, pp. lr0-u9.

The conclusious from the preceding paper (No. VIII.) were
summarised, and extended by testing the rate of change of the
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minfall effects with time. In no set of data examhed nas there
evidence that the effect of writ raia{a1l had increased or decreased
sigaifica-ntly over the period of cultivation. It is not, there{or€,
possible to use the striking agreement between actual and fore-
casied yields in some oI the recent years as support for the view that
soil deterioratio-n was being manifested ilr gratter sensitivity to the
harmful rainfall-

x. D. J. W^rsoN. " The ElJect oJ Potassium Chloride ot the
Diwnal Changes of lhe Cafiohydratzs of tha potafo Leaf."
Arnals of Botany, 1936, Vol. L, pp. 59-88.

The effect of application oI potassium chloride on the diurnal
changes o[ carbohydrates in polato leaflets was studied on five
p,lots of the Six-Course Rotation. The changes in composition v/ere
all e,xpressed on the basis of 100 gm. initial dry weight, by using a
method of samplin_g which utilises tbe correlatibn beiweerroppoiite
leaflets, so that the effect oI changes in other constitue;i; was
eliminated-

It was found that the rate of formation and removal o{ starch
was not affected, which conlirms the work of James and Maskell.
The sucrose content was depressed but only during the middle of the
day, and there was no effect on reducing sugars,

Significant diurnal variations of starch, sucrose and reducing
sugars were found. There was evidence of rapid starch hvdrolvsii
with formation of sucrose ar sunset, and of ihe reverse iffeci at
sunrise.

It has been suggested that "residual dry matter," (dry matter-
total carbohydrate) might be used as a constant basis oi reference
for changes of carbohydrate conrent. Signilicanl changes oI residual
dry matter were {ound, however, during the course of the dav, so
that this method of expressing the results r.r'ould have led to
erroneous conclusions.

xr. H. G. Tsoni.rroN and HucH Nrcor. " Reducliol of Noilu,l,c
Numbets and Grwth, frodu.ced by the Addition oi Sodiu*
Nilrulc lo Lacerne in Sand Culture." -Journal o[ Agricul-
tural Science, 1936, Vot. XXVI, pp. f73-188.

A sand culture experiment with inoculated lucerne was made
to test the eflect of increasing doses of sodium nitrate upon tbe
yield and nitrogen content of rops and roots, and upon the;umber
and development of nodules.

There was no correlation between yield or nitrogen content of
the lucerne, and the dose of nitrate.

The number oI nodules, though unaffected by I grn. of sodium
nitrate, was progressive)y decreased by the stronger doses.

The length of nodules was reduced about 30 per cent. by l gm.
of sodium nitrate, and decreased progressively with stronger doles.

Nodules were fourd to shoy/ a definite relationship between their
overall length and the volume oI contained bacterial tissue. Using
this relation, the mean volumes of bacterial tissue per nodule and
per pot Ior each series were calculated. The reduction ellected by
nitrate was far greater when measured in this way, owing to thi
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srnall contribution of bacterial tissue derived from nodules less
than 1.5 mm. in length.

Increasing doses of nitrate also progressively decreased the
nodule nurnbers, and the content of bacterial tissue, per gram of
root. The effect oI nitrate was thus not due to reduced root grornth.

xrr. H. G. THoRNToN and J. E. RuDoRF. " The Abnormql
Structure ltrduced, io Nod.ules on Lwcerne (Medicago
Sativa I.) by the S*flly of Sodiwn Nibola lo the Host
PlazJ." Proceedings of the Royal Society of London, B,
1936, Vol. CXX, pp. 24$-252.

Luceme seedlings carryring very young nodules were trans-
planted into and grown in arr agar medium (l) with no nitrate, and
(2) containing concenlrations of sodium nitrate rantint from 0.05
to 0.2 per cent. The presence of nitrate Breatly reduced the gowth
of the nodules.

The following abnormalities were associated with the supply
of nitrate to the host plart :

(l) The cell-walls o[ the distal cap were very much ihickened,
the cell-wall malerial often projecting into the cells in the form of
concretion-like lumps. These thickened walls and the lumps gave
the same micro-chemical reactions as did the thin ceU-walls of the
normal tissue. The cell-contents were usually reduced and the
nuclei greatly shruaken.

(2) The endodermis thal surrounds the central tissue of the
nodule and also that which ensheathes the vascular strands were
abnorrnally thickened by a deposition throughout the cell-walls of
material giving the suberin reaction.

(3) Tiere was an increased tendency towards necrotic decay of
the central bacterial tissue and, where this did not occur, the cell-
contents were usually much reduced.

(4) In the younter portions o[ the bacterial tissue, the bacteria
occurred principally in the coccus stage o[ their life-cycle, a stage
usually associated with food deficiencl'.

xrrr. H. G. THoRNroN. " Tfu Action of Sod.iwm Nihate ufon
the Infeclion oJ Lucer*e Root-hoirs by Nod.ule Bacteria."
Proceedings of the Royal Society of London, B, 1936,
Vol. CXIX, pp. 47+492.

The actions of living nodule bacteria and of sterile filtrates
containing their secretions were tested upon root-hairs of lucerne
grown in agar medium in the presence and absence oI sodium nitrate
and ammonium sulphate.

Sodium nitrate at initial concentrations of from 0.I to 1.0 per
cent. prevents infection of the root-ha s.

Sodium nitrate at the above concentrations, and ammonium
sulphate at a concentration of 0.1 per cent., check the deformation
oI the root-hairs by the nodule bacteria. This delormation is a
necessary prelude to ilfection and the checkhg of it accounts for
the absence of infection by the nodule bacteria.

Sodium nitrate at a concentration oI 0.1 per cent. also checks
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the deformation of root-hairs by sterile secretions of the nodule
bacteria.

Both the living bacteria and their sterile secretions not only
cause deformed $otfl"th oI the root-hairs but in addition stimulate
an increase in their number and length. Sodium nitrate also checks
this growth-stimulation.

These ellects of nitrate in inhibiting the action of the bacterial
secretions upon root-hairs are mitigated by the addition oI dextrose,
together with the nitrate, to the medium surrounding the roots.
This suggests that the nitrate interferes with the carbohydEte
supply to the piliferous layer of the root.

xrv. L. HAvAs and J. Cemrvrrr. " Somc Exleriments on tlc
EfJects of Arimal Hormarcs on Plzlns." Annals oI
Botany, 1935, Yol. XLIX, pp. 729-748.

Present knowledge on the effect of animal hormones on plants
is examined; and experiments described in which a numb€r oI
glandular extracts s,as administered to plants. On the whole the
elIect was small.

xv. J. Carownrr. " Occurrelct oJ Copler Poiso*ing fu a
Ghsslptse Crop." Arnals of Applied Biology, 1935,
Vol. XXII, pp. 465-468.

Small traces of copper may produce in cucumbers a disease
simulating virus diseases, and care is necessary in commercial
practice to avoid any chance of copper contamiration, e.g. in
sterilising pots.

(6) PraNr PRoDUcrs.

xvr. A. G. Nonuex. " The Hemicell*l.oses. Part I. Alcoholic
Sodi*m Eyhoride as a Prelreelrnettt to Erlraclion."
Biochemical Journal, 1935, Vol. XXIX, pp. 9e952.

As a pretreatment to the preparation or direct determination
of hemicelluloses, an extraction oI the material with I per cent.
NaOH in 50 per cent. alcohol has been advocated as a deligailying
agent. The effect of various concentrations of alcoholic soda has
been studied.

When hot, I p€r cent. NaOH in alcohol concentrations up to 90
per cent. extracts in addition to lignin a considerable amount of
polyuronide material, the amount increasing as the alcohol con-
centration is decreased. When cold, the action is less drastic in
70 per cent. alcohol and higher concentrations, but is still appre-
ciable in 50 per cent. alcohol and lower concentrations. Alcoholic
soda is not a very effective delignifying agent in any of these
concentrations.

The polyuronide hemicelluloses oI different materials yary in
the degree of susceptibility to alcoholic soda. Those of immature
tissues seem to be more easily removed than those of older liglified
materials. No indication has been obtained that the material
removed by alcoholic soda represents a special group or qrlle of
polyrrronide.
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xvrr. A. G. Nonxr,r, and (in part) J. G. SERTKEAIDE. " Thc
Hemicdlt4oses. Pa II. The Associatiol of Hcnti-
cdh.l.osas uith lrgnz." Biochemical Journal, 1935, Yol.
XXIX, pp. 2269-2266.

The removal of pollruronide hemicelluloses from plant materials
by extraction with hot sulphite solution is affected by previous
chlorination to almost the same dEiree as that of ligrin, for which
the process was esp€cially desigaed. Some form of association or
combination between lignin ard this t1'pe of hemicellulose is
probable shce the extraction of the latter depends on a treatment
effecting the solution oI the former. Aqueous extractions lotlowing
chlorination are nearly as effective in the removal of the bemi-
ceUuloses as sulphite treatments, once the linkage has been ruptured.
The possibility arises that both lignin and hemicellulose may be
pres€nt in two forms in plant materials, attached and unattached,
dependent on the relative quantities of each present-

xvrrr. W. T. Asrrunv, R. D. PREsroN, and A. G. NonueN.
" X- Ray Examinatiott of thc EJlecl ol Retovittg Non-
Cellqlosic Consriluents frottt Vegebbk Fr'6ras." Nature,
1935, Vol. CXXXVI, p. 391.

X-ray studies of the progressive removal of the rytan associated
with the cellulosic fibres of manilla hemp support the view that
the incorporation of xylan in cellulose is a {orm of mixed crystal-
lisation. The eIlect of puri{ication of common fibres by removal of
ligrin and encrusting hemicelluloses was also studied. Improved
delinition through sharpening of the crystallite orientation tf,as
observed, without reduction of intensity.

xlx. A. G. NoRMAN. " Tfu ComPosilion oJ Crude Fibre."
Journal of Agricultual Science, 1935, Vol. XXV, pp.
52+54iJ.

The determination oI crude fibre is one of the oldest o{ routine
agricultural analyses and is widely used in checking the composition
of commercial feeds and similar materials. For research purposes
or digestibility studies its use may be misleading because the crude
fibre fraction obtained does not bear anv definite or constant
relationship to the structural constituents oi the material or to the
cmde fibre of any other material. The cellulose is partially attacked,
and the lignin extensively removed in the process o{ its isolation.
Much variation is found in the ligrrin contents oI crude fibre frac-
tions, highly tignified naterials not necessarily yielding a crude
fibre high in lignin.

Since the presence of liglin exercises a direct effect on the
digestibility oI the material, any empirical method of determination
of " fibre " should include all the lignin and to achieve this any
alkaline treatment must be avoided. Acid hydrolysis may b€ a
possible alternative method, if a correction for protein be made in
tle case o{ materials high in nitrogen and ihe liguin content
subsequently determined.
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xx. L. W. SAMUEL. " The Anino-Acid Co*le . of Whcat Flout
Do*gi." Biochemical Joumal, 1935, Vol. XXIX, pp.
2331-2333.

In an ulyeasted flour dough the amino-acid content increased
steadily vrith time.

In a yeasted flour dough the amino-acid content ilcreased
slightly for about aI hour and then decreased to adr almost constalt
value.

The rate of utilisation oI amino-acid by yeast in a solution
similar to the dough liquid indicates that in a yea-sted dough the
protein is decomposed about ttdce as rapidly as in an unyeasted
dough.

x)(I. L. W. SAMUEL AND R. K. ScnorrEro. " The Bindirg of
Clncial Phosphoric Acid. by the Proteins oJ Wkeat Fl,oar-J'
Transactions of the Faraday Society, 1936, Yol. XXXII,
pp.76G769.

Making use of the fact that glacial phosphoric acid is a proteir
precipitant, measurements have been made of the capacity of the
proteins of wheat flour to bhd this acid by shaking them up with
an excess o{ the acid and determhing the amount remaining in
solution by back titration on an aliquot.

Solutions of potassium chloride, hydrochloric acid and tr!
chloroacetic acid are slightly diluted by shaking with wheat starch,
but tJrere is no appreciable change in the concentration of a solution
containing about 8 gm. of glacial phosphoric acid per litre, o\Ming
to the balancing o{ a very small upta-ke of acid by a " binding " ol
some water by the starch. The concentration change caused by
adding flour is therefore due to acid taken up by the protein.

The capacity of thirt],-seven flours to bind glacial phosphoric
acid varied from 6.7 to l0.l milliequivalents per 100 gm. offlour.
The uptake teaded to be greater for the flou$ of higher nitrogen
content, but the acid bound per gram of nitrogen varied from
3.52 to 4.82.

Although electrometric titrations revealed differences in the
proportions o{ the constituent metaphosphoric acids in diflerent
batches of glacial phosphoric acid, determinations ot lhe binding
capacity of a gluten with eight dif{erent sotutions gave a variation
of only 5 per cent. between the highest and lowest values,

The uptake per gram of a gluten varied only slightly with the
concentration of the acid between 0.02 and I.0 normal, and was
independent of the amourt of gluten added, provided not more
than a quarter of the acid was removed from the solution. In
confirmation of a theory oI the molecular structue oI the meta-
phosphoric acids, put forward in an earlier paper (No. Lxr, Report
Ior 1934), it has been found that protein removes certain meta-
phosphate ions lrom solution in prelerence to others. It has further
been found that different proteins are selective to different degrees
showhg ttrat their basic troups can be differentiated as regards
their action on gla.cial phosphoric acid.

Reasons are given Ior thinking that the uptale of trichloroacetic
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acid by gluten from a 0.5N solution is a mezLsure of its hyddon
binding capacity; if so, the additional titratable acid bound
(roughly 30 per cent.) when glacial phosphoric acid is used, must
be in the form of hydrions associated with polybasic anions.

The lowest 1H at which the materials could be washed free of
anions (the isoelectric point) was found by Loeb's ferrocyanide
method to be: the gluten, ,H 6.1 ; the gliadin, pH 6.85; the
glutenin, ,H 5.5', ard one of the flours, pH 5.95. The rH values
were in each case close to those of the materials as procured, and a
correction of a few per cent. only had to be applied to the acid
uptake to obtain the acid binding capacity.

(c) AcrroN on M-r.NunBS

xxr. E. M. Cnowrxrn (with D. N. MCARTHUR). " Re?M on
Swed.e Expetime*ts in 1934." Appendix II. to Thirteenth
fnterim Report of Permarent Committee on Basic Slag,
Ministry of Agriculture and Fisheries, 1935.

A series of eight 6 x 6 Latin square lield experiments on swedes
in Scotland was carried out [o compare two medium-soluble slags
against low- and high-soluble slags and mineral phosphate. At tlyo
centres the crops without phosphate Iailed cornpletely. On the
average of the six experiments with highly significant responses
low-soluble slag doubled and high-soluble slag trebled the yield.
The medium-soluble slags gave intermediate results, but the differ-
ence between them was greater than would be expected from their
citric acid solubilities.

xx[r. E. M. Cnowrnrn and R. G. WARREN. " Re?ott on FieA
Er|erinLenls in Engl,and, and, Pot Cdtwe Worh atd
Laboralory Work at Rothamsted." Appendix I to Thirteenth
Interim Report of Permanent Committee on Basic Slag,
NIinistry of Agriculture and Fisheries, 1935.

A series of pot culture ex:p€riments on eleven basic slags, including
two new medium-soluble slags, showed that the yield of perennial
rye-grass and its phosphoric acid uptake Iollowed very closely the
amount of citric soluble-phosphoric acid supplied in both single and
double dressings of all of the slags. Mineralogical analyses on the
ground slags showed that two medium-soluble slags had diflerent
assemblages of crystals. One contained the two silicophosphates
commonly fourd in high-soluble slags, and the other contained a
new form of silicophosphate. The medium-soluble and the low-
soluble slags contained apatite, olten intergrown with a ca.lcium
silicate.

xxlv. E. M. Cnowrrrn. " Tha Marurittg of Sugar Bect."
British Sugar Beet Review, 1935, Yol. IX, pp. 7l-73 and
105-6.

The results of over 100 manurhg experiments on sugar b€ret
during 1928 to 1934 are reviewed and compared with those {or
similar experiments on potatoes. The sugar beet gave significant
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req)onses to nitrogen in half the experiments, to phosphoric acid in
one-tenth and to potash in one-fifth. Potatoes were much moie
responsive, significant effects being obtained in about Iive-sixths
oI the experiments with nitrogen and in one-half of those with
phosphoric acid and potash.

STATISTICAL METHODS AND RESIJLTS
(Department of Statistics)

(a) TEcHNreuE

xxv. F. Yerrs. " Incomilelr Lalin Sqtares." Journal of
Agricultural Science, 1936, Vol. XXVI, pp. 301-315.

A description is given of the statistical procedure approPriate
for the ana\zsis of a Latin square having missing the whole oI one
row, one column or one treatment, or one row and one colum.n, or
either and a treatment, These are the only t,?es of incomplete
Latin squares (except those which can be dealt with by the missirg
plot technique), of which a neat statistical anallsis is possible.

It is shown that incomplete Latin squares of these t]?es $ve
unbiased estimates of error and are therefore valid experimental
arrangements. They are consequently likely to be of use when the
€xp€rimental material is such as to preclude the use o{ a complete
Latin square owing to the fact that numbers in one or both of the
natural groups is one less than the number of treatments to be
tested.

xxvl. F. YATES. " A Neu Melhod. of Aratging Variety Trials
i*oolaing a Large Number oJ Yaieties." Journat of Agri-
cultural Science, 1936, Vol. XXVI, pp. 424.455.

A new method of arranging variety trials involving a large
number oI varieties is described. This type oI arrangement, for
which the name " pseudo-factorial " arrangement is ProPosed,
enables the block size to be kept small without the use of controls.

Various possible types oI pseudo-factorial arrangement are
discussed in detail and the necessary formulae developed. The
appropriate methods of computation are illustrated by numerical
examples based on the results of a uniformity trial on orange trees.
It is shown that pseudo-factorial arrangements are likely to be
more efrcient than arrangements involving the use of controls.
In cases where there is considerable soil heterogeneity they are also
markedly more emcient than randomised blocks containing all the
varieties. In the chosen example gains in efficiency ranging {rom
26 to 57 per cent. were obtained,

xxvrr. F. Yerrs and I. ZecopaNav, " The Estimatiott oJ tk
Efrciency ol Samfl.ing, uith SPecial ReJeretre lo Semllittg
Jor Yield in Cereatr Erperimerrrs." Journal of Agricultural
Science, 1935, Vol. XXV, W- s.577-

The estimation of the yields of the individual plots of replicated
errperiments on cereals by sampling methods has been practised
since the year 1929 at Rothamsted and its associated outside centres.
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The present paper contains an investigation o{ the actual efrciency
of the sampling processes adopted in the Rothamsted experiments,
as reveald by the sampling and experimental errors. Qrportunity
is taken to review the theory of sampling errors and their estima-
tion. It is shown that with a given relation betwe€n experimental
and sampling variation and betrf,een the work involved in sampling
and in the rest of the experiment there is an optimal percentage of
sampling. It is also shown that in many cases there is little to be
gained by pushing the sampling beyond certain fairly welldefined
limits, even when the work involved in sampling is small.

This discussion is oI importance not only in considering the
application ot sampling to the estimation of yield, but also in all
samplilg processes performed on replicated experiments. The
estimation of plot yields by sampling is an application of only minor
importance, since it is always possible, and often simpler, to harvest
the whole of each plot; but in many other cases sampling is a
vital necessity, and results can be obtained by its aid which could
otherwise only be obtained with excessive labour, or not at all.
The determination oI the necessary amount of sampling in such
cases, and the balance between the sampliag and the size of the
experiment, is a problem which continuously confronts the experi-
menter. In particular, the individual observation of every plant,
of every tree, or of every animal in an experiment, may often prove
to be unnecessary when consideration is given to the amount of
information obtained.

The paper also contains suggestions for certain modifications of
the present sampling procedure lor cereal crops. The most important
of these (already employed by some workers) is the use o{ sampling
to determine the proportion of grain to total produce on each plot,
the vield of total produce being determined by full harvesting.
It is shown that this method is capable oI greatly reducing the
samplirrg errors with considerably imaller samples than are at
present taken, and it seems likely that the method will prove a
useful alternative to the present method. The details of ar efficient
fietd technique remain to be worked out and tested in practice
before it is possible to make a definite assessment o{ the ielative
advantages of the two methods-

(r) ExAMrNArroN oF R.ESULrs.

xxvrrr. W. G. Cocnnex and D. J. WArsoN. " An Ex,erirrwr.t
on Obsenters' Bias bt lfu Selecliott of Shool-Heigl s-"
Empire Journal of Experimental Agriculture, 1936, Vol. IV,
pp.69-76.

In this experiment twelve observers were asked to select by eye
and measure the heights of two shoots from a quarter-metre of each
oI rows of wheat, so as to give what they considered a representa-
tive sample of the distribution of shoot heights. None of the
observers' samples was {ound to be representative of the population
sampled, and their estimates of the mean shoot height were all
positively biased. This supports the evidence from other investiga.-
tions that the only sure method oI avoiding bias is for the sampling
to be random.
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The sampling process actually used in the Wleat Sampling
Observations--selection of the two shoots nearest the ends of the
quarter-metre-app€ared to be satis{actory.

xxlx. W. G. Cocnn-rx. " The Stotistdcal Anal,ysis oJ Field.
Counts of Diseased. Plants." Supplerrent to ihe Jo-urnal of
the Royal Statistical Society, 1936, Vol. III, pp. 49-6?.

The statistical analysis of the data obtained by examining every
plant in a field or green-house for disease at certain intervals is
discussed. Tests of significance are given, with numerical examples,
to detect (l) whether diseased plants tend to congregate in pa.tches
scattered over the area or in groups along or across the rows; (2)
whether the distribution of plants recently inlected is related to
that of plants previously infected ; (3) whether neighbour infection
is present.

xxx. W. G. Co*rnrx. " A Nole o* the Influerce of Rainfaltr
on the Yield, of Cereal,s in Relation io Maflirial Treat rE tl-"
Journal of Agricultural Science, 1935, Vol. XXV, pp.
51G522.

The study of the elfect of rainfall on the yields of wheat from
the continuous experiments on Broadbalk, Rothamsted, gave clear
evidence of a close relation between the linear response in yield to
rainlall and the manurial treatment oI the soil. In later investiga-
tions of a similar nature on barlev at Rothamsted and on wheat
and barley at Woburn, the linear eflect of rainfall on yield was not
si8ldficant. This note shows that the relation between seasonal
variations in yield and manurial treatment is just as clear at Wobum
as on Broadbalk, the difference between the two centres being that
similar studies on minfall effects have had more definite and
successful results on Broadbalk. At Woburn, indeed, Iittle progress
has been made towarals elucidating the particular weather factors
whose quantitative influence is important.

Ror both barley at Woburn and wheat at Rothamsted, which
were the cases examined in detail, the grouping of yiekls according
to manurial treatment remained after eliminating the effect of the
significant weather factors which were found. This shows that at
both centres there are irfluences, other than railfall elfects of the
type examined, whose effect on the seasonal variations in vield is
closely associated with marurial treatment.

Some discussion is given of the appropriate test of signilicance of
the di{ference between two rainfall cuwes and of a some,ryhat
analogous case which arises in the interpretation of the results of a
series of replicated experiments at different centres.

xxxr. M. M. BARNARD. " Att Examinatiott ol thc Satnllittg
Obsentalions ol Wheal of tha Cror-Weather Sc6me."
Journal of Agricultural Science, 1936, Vol. XXVI, pp. 1156-
487.

Sampling observ-ations are now being taken at ten British
agricultural stations on each of two standard varieties of wheat.
These observations {orm part of the Cropweather scheme spon-
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sored by the Ministry of Agriculture aud Fisheries and the Meteoro'
logical Ofrce, and their functioa is to provide information on the
influence of meteorological conditions on all stages of tle wheat
crop's growth from germination to harvest. They also supply
information on the coonections existing between the different stages
of the crop's growth.

The present paper describes a. preliminary investigation of the
results of the first three years, 1933, 1934 and 1935. The followirg
points have been investigated: (a) the length oI the interval Irom
the time when the crop is sorivn until it appears above ground;
(D) the date at which the crop has twice as many tillers as plants
and the rate at which this tillering occurs; (c) the maximum
number of shoots {ormed per unit length o{ ddll row; (d) the
maximum rate oI increase of shoot height ; (a) the yield of grain per
acre.

Associations ha!'e been found to exist b€tween each one of these
quantities, ard either specific meteorological factors, or earlier
measurements oI the crop's progress. In some cases both tlpes of
association occur. In the case of the yield of gain, no association
with meteorological factors has manifested itself. It would appear,
therefore, that such relations are likely to be complex and must
await further data for their elucidation.

During the last three 1'ears a close connection was found to
exist between the yield and the shoot height at ear emergence,
greater yields being associated with talter crops. It is probable,
therefore, that measurements of the crop's growth, possiblf in
conjunction with meteorological measurements, will give more
reliable predictions of the yield than those obtained from the latter
alone. The practical application of this aspect of the results is
discussed in Paper No. XXXII below.

xxxu. F. YATES. " Crop Estimation end Folecastirtg :
I,ndicatiotts on the Samfli*g Obsentations on Wleol-"
Joumal of the Ministry of Agriculture, f936, Vol. XLIII,
pp. l5Gl62.

The estimation ol the yields of agricultural crops, and the
forecasting of such yields before harvest, are problems oI considerable
importance in agriculture, especially since the introduction of a
measure of control in agricultural production and marketing. The
present paper discusses the forecasting of the yield of ttre com-
mercial wheat crop about six weeks before harvest by means of
simple measurements on the growing crop.

That this is a possibility is indicated by the results of the Iirst
three years oI the sampling observations on wheat, which were
taken at ten stations under the Agricultural Meteorological Scheme.
These revealed a very close connection between shoot height at ear
emergence and final yield oI grain. There was also a slight negative
correlation with plant number.

The problem of estimating the yields oI conrnercial crops at
harvest by sampling tLe standing crops is also discussed. Some trial
sampling of this t,'pe was urdertaken by the observers of the
Agdcultual Meteorological Scheme,
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THE SOIL

(Departments of Chemistry and physics.)

(c) Sorr Cressrrrcerrox.

xxxrr. E. M. CRowrHER. " Sorna lrductioe Methods in ped_
ology." Transactions of the Third International Consress
of Soil Science, 1935, Vol. I, pp. 33$843.

Thre€ supplementary methods of collecting and analvsins soil
data are proposed with the object of placing so-il classification"on a
f irmer inductive basis.

The collection o{ local soil names would reveal manv natural
units which must be accorrunodated in anv general soil clasiification
a:rd might also show the dominant pedogenic factors. Thus ir
Great Britain the traditional names emphaiise the parent material
or the recent geological history, whilst there is a conspicuous absence
of na.mes for soils now recognised as belonging to the maior world
Sroups.

The genetic interpretation of typical soils might be expressed
in terms of a logarithmic time scale analogous to the dH scale
(i.e. negative logarithms to the bas€ 10 of [ime ia vears]. Em-
pirical methods of classification and mappirg for advisory'purposes
tend to emphasise local di{ferences and oUscure the comrioir factors
which become important when the soils are to be linled uD $,ith
those of other regions. In parrially surveyed countries theie is a
danger that valuable observations mly be missed by non-specialists
working from crude statements oI too restricted geaetic th-eories.

.{n analysis of the distribution of t"he soils-of the EuroDean
U.S.S.R. in relation to rainfa.ll and temperature brought oui the
major characteristics of the Russian soifzones and sh6wed which
ones were sufficiently widely and regularly spread to be regarded
as in substantial equilibrium with climatic factors, and which were
not.

(D) PHysrc^L PnopBnrrEs.

xxxv- R. K. ScuoFrcro. " The lF ol thc Walcr it Soil.,,
Transactions of the Third lntemational Congress of Soil
Science, 1935, Vol. II, pp. 37-48.

A treatment of soil moistwe relationshiDs based on energv
considerations has the advantage that the results obtained are trir'e
regardless of the mechanisms at work.

Buckingham's assumption that there is an equilibrium suction
for each moisture content does not provide a satislactory practical
basis.

The suction needed to withdraw water from a moist soil is, irr
general, greater tharr that against which water will enter the soil
at the same moisture content-

In order to deal conveniently with the whole range of suction,
use is made of the lotarithm of the height in centimetres of the
equi!'alent .water (or other liquid) column. The symbol y'F is
used for this quantity.
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The determination of 1F by direct suction, freezing Point,
vapour pressure, vertical columns, centriluge and absorbent materials
is considered.

It is shown that by carefully distinguishing wetthg from drying
conditions the results ol investigations on plant wiiting and field
moisture capacity receive a rational interpretation.

It is suggested that in ordinary soils the difference b€tween the
behaviour on wetting and drying is due more to micro-plastic
resistance to swelling and shrinking, than to surface-tension effects.

Further lines of enquiry are indicated.

xxxv. R. K. Sorormlo and J. V. BorELHo DA CosrA. " Ifu
Delarminatior. ol thc PF al Permane Wihhg atd at the
Moislwe Equfualent by the Fruzitg PoiN Mdhod."
Transactions oJ the Third International Congress oI Soil
Science, 1935, Vol. I, pp. Gl0.

Attention is drawn to two defects in the technique of Bouyoucos
and McCool for determining the freezing point of moist soil which
lead to serious errors.

Results obtained, when due regard is paid to these Points,
agree well with the b€st deterruinations by vapour Pressure and
seed adsorption, and give the " wetness " of soil at Permanent
s,ilting as approximately ,F 4.2.

Delerminations of the freezing point at the moisture equivalent
give values between 2F 2.5 and y'F 3.0. A truly constant figure for
all soils is not to be expected.

xxxvr. E. W. Rus SELL. " Tha Adsorpliott of Liry ls by Clays."
Transaction of the Third International Congress of Soil
Science, 1935, Vol. I, pp. 4&50.

Al analysis is made of the factors on nhich the apparent specific
volume (or density) of a clay in dif{erent liquids depends.

The results of this analysis are in accord with the hypothesis
that clays adsorb non-potar liquids only weakly, if at all; but that
the adsorption of polar Iiquids is due to the orientation oI the electric
dipoles in their molecules in the electrostatic fields around the
exchangeable ions held by the clay and arourd the negative charges
on the clay substrate.

xxxvll E. W. Russrrr. " Thz Bittdittg Forces behueen Clajt
Padicles itt a Soil Crumb." Transactions of the Third
International Congress of Soil Science, l9il5,Vol.I, pp.26-29.

The hypothesis is put forward that clay particles are held
together in a crumb by orientated molecules oI a polar liquid, which
was the dispersion medium in the paste from which the crumb was
formed. These polar molecules lie between the negative charges on
the clay surface and the exchangeable cations that have dissociated
from the clay, and they are strongly orientated in the electrostatic
field between these charges. The binding link postulated between
two clay particles consists of three units: orientated molecules,
an exchangeable cation, orientated molecules, and it binds a negative
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charge on the swface of one clay particle to a negative charge on the
surface of a second. This ht'pothesis accounts satisfactorily for the
main experimental Iacts conceming the hardness of crumbs and the
conditions under which they are found.

(c) Puvsrcer Cnrursrny.
xxxvrrt. G. Nacrrscnurnr. " On tha Lal.tice Shrinhage aul

Structure of Montmoilll,nila." Z,eitschrift ffrr Kristalle
graphie, A, 1936, Vol. XCIII, pp.481-487.

A detailed investigation rvas made of the lattice shrinkage upon
dehydration and the structure of montmorillonite, described by
Hofmann, Endell and Wilrn. The d(oor) spacing shows a pro'-
portional increase from 10.5 A to nearly iS A during the uptake
o{ the first Iour molecules of water per Al.Sir(OH).01, and a slight
increase of 0.6 A during the uptake of the-next ieri molecules of
water. -q.t still higher moisture contents this spacing rises to nearly
I9 A.

These results can be explained by assuming that the first {our
molecules of water per unit cell enter between the layers of the
structure and thus change their distance, whereas the bulk of the
next ten molecules of water remains at the surfaces of the crystals.

When water is replaced by methylene iodide or by methyl
iodide there is no indication that the liquidtakes up definite Positions
within the lattice.

Some difficulties of explaining these results quantitatively by
the detailed structure of montmorillonite are pointed out.

xxxrx. E- M. CRowrnrn and S.G.HeIlrzE, (with D.J. HIssrNr,
Cnarnuel. ) " Report of the Soil Reaction Corflrniqee on tho
Imtestigaliott of the Glass Electtode Melhad." Transactions
of the Third Intemational Congress of Soil Science, 1935,
Vol. I, pp. 128-132.

The gla-ss electrode method was tested on 2l soils at six lab-
oratories and lxoved satisfactory.

The agreement between the (uinhydrone and the glass,electrode
methods is satisfactory for soils without quinhydrone dri{t, i.e.,
for soils which give cloiely similar potentials aAout l0- seconds and
60 seconds after adding the quinhydrone. For soils with quin-
hydrone drift the glass electrode results are similar to those measured
by quinhy<lrone after about l0 seconds. Such rapid measurements
by quinhydrone are not reproducible and for soils with large quin-
Uydione drifts the 1H values should be measured by the glass
electrode.

In order to decide whether the quinhydrone method is appro-
Driate. determinations should always be made rapidly (preferably
within I0 seconds) and again alter 60 seconds, and the latter readings
used when the drift is small.

xL. S. G. HEINTZE. " Soil Oxiilalioa-Rdwlion Potentials atd
PH Valaes." Soil Research, 1035, Yol. IV, Pp.35I-355.

The oxidation-reduction Potentials (EH) of the rnajority of a
H
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larse number o{ witlely differirg soils, measured by four independent

woikers. tend to folloi the ,H values of the soils' I he relatrons p

i.".ii"if:iiii tf,J between'platinum eleck.'de potentials ard y'H

values in bu{fer solutions. It is suggested that the tstl values ror

most soil-water suspensions are essentially -rough. ,tl-measurq-
ments made by a pLtinum-platinum oxide €lectrode' EH values

-".i'U" *J tda.t6ct acutelf reducing conditions in soils but other-

wisL aopear to have little value. A proPosal to use EtI measure-

ments'on acid-treated soils {or diagnostic PurPoses w.as cntlclsed

on the grounds that they include several independent 
'actors*li"t 

"o"Oa 
be separated ind measured accurately'

xLI. R. K. Scnorrero' " The lrteriewllation ol tlu DilJuse
Do*ble Lav s Swroutding Soil Parlicles"' 'lransactlons

of the Thi;d International Congress of Soil Science, l9&5,
Vol. I, pp. 30-3i1.

Eviclence is set out to show that the simple equation, xr:y
tv+-z).lor the Donnan membrane equitibrium is not aPplicable. to
r]i,iti.'t""a*e the diffuse double layers surroundrng nerghbounng

particles only interPenetrate to a limited extent'

Freezhg point measurements of moist Li', Na',K', Jttg'.,9""
."a ."ia-*i"irA soils demonstrate that the interpenetration is less

the wetter the soil.

The atlditional freezirg point depression 4ue to ionic dissociation
is broadlv soeal<ing, a mezLsure of the repulsive pressure caused by
ii:e intenieni:tratioi ot the ditfuse double layers which is liable to
destroy the structure of alkali soils'

(d) Orcexlc Cmulsrnv

XLII. E. M. CRowlHER. " Fbst atd Seco Repork of- the-

Orsanic Carbon Conmitlec." Transactions of the Third
Iniernational Congress of Soil Science, t935' Vol. I, pp'
llrH27, Vol. III, PP. 82-83.

The reDorts summarise co-operative work conducted for the

Internatioial Society o{ Soil Siience and organised from Roth-
amsted.

Nine soils were analysed for organic carbon by several methods

at eleven laboratories. The dry combustion results by a number of

-.inoa. e""" such concordant results that the choice between

ilete."tioa. i. probably to be made on the Srounds of laboratory

"onveni"r,ce. 
Thi rernorial of carbonates by repeated treatment

*ih aolrhrto,r. ".id 
solution gave resu.lts agreeing with those Irom

""o"trte' detetminations of total and inorganic carbon. fn wet

"oirb*tion. 
tbe recoveries of carbon varied with the details of the

i".fr"io"". A number of rapid chromic acid or dichromate titration

-utho& e""" usefirl apiroximate results when corrected by

"pprop.i"ti 
factors. Clrloiide in two of the soils interlered seriously

with many of the anatyses.
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xLItI. ALAN Werrr.ry. " An Exafihtalion of Mdlnd.s lor

Determining Orga*ic Cafion and Nit/ogcn itt Soils."
Journal o{ Agricultural Science, 1935, Vol. XXV, pp.
59&609.

The details of the Dennstedt dryrombustion method Jor
determining carbon in soils were described, and soue simplifications
suggested.

The Bargor modified Kieldahl method Ior carbon and nitrogen
in soils requires cdefully standardised heating. Error may arise
from contamination of sandy soils by material abraded during
grinding in iron or porcelain mills.

For many heary soils the addition of water before the Kjeldahl
digestion is convenient but not essential. For healy alkaline soils
with little organic matter it is advisable to gdnd the soil very Iinely
and to add water.

The rapid dichromate titration method of Walkley and Black
for soil carbon gave satisfactory approximate results. The details
oI the technique were improved and methods were devised for
overcoming disturbances due to chlorides- The method should be
uselul in advisory and survey work in which the errors of soil
sampling in the field are inevitably high.

MICROBIOLOGY
(Departments o{ Bacteriology, Chemistry, Fermentation and

General Microbiology)

(a) Becrrnre

xr-rv. C. B. TAyLoR. " Shnrt-period Flucttatio*s in the Nrmbcrs
of Bacterial Cells in Soil." Proceedings of the Royal
Society of London, B, 1936, Vol. CXIX, pp. 26S.295.

Significant changes in total bacterial numbers, as counted
microscopically by the ratio method, have been shown to take
place lrom day to day, in (a) soil freshly taken from the field;
(D) soil incubated at constant temperature and moisture conditions ;
(c) sterilized and re-inoculated soil incubated at constant tempera-
ture and moisture conditions.

Using mannite-salts and soil extract media with the plate
count method, significant day-today changes in bacterial numbers
have been recorded in fresh soil.

Signiiicant changes in bacterial numbers at two-hourly intervals
have been obtained in fresh soit by both total and plate count
methods.

In fresh soil, fluctuations in bacterial numbers have been
correlated with moisture on one occasion only, Ehen intermittent
rahfall may have bcen a limiting factor. In the experiment here
described fluctuations were at all times independent of soil tempera-
ture changes.

By incubating soil under constant conditions of temperature
and moisture it has been shown that the bacterial population may
change in spite of those conditions being kept uniform.

There is evidence that fluctuations in total numbers are made
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up of a series of fluctuations occruring independentlv in different
groups oI bacteria.

xl-v. H. G. THonr,rroN and C. B. T^yLoR. " Shott-letiod
Fluctuatiotts ht Bacterial Nnnbers in Soll." Transactions
of the Thtd International Congress of SoiI Science, 1935,
Vol. I, pp. l7Ll79.

Methods used Ior the estimation of bacterial mrmbers in soil
fall into two Broups, ptating methods and microscope counts of
bacterial cells in a IiIm of soil suspension. The accuracy oI both
types of method is discussed. The latter alone can give an absolute
flgUre and has attained a satisfactory degree of acauracy lr,ith the
development oI the " ratio method," which is described. The
rrethod is based on obtaining the ratio between cormts in a soil
fiLn of bacteriat cells and of indigo particles, a known number of
which have been added to a known mass of the soil.

Both plate and ratio methods show that the bacterial population
of soil fluctuates at short intervals durins the dav ind nieht.
These fluctuations are commonly hdependint of ctianses in til
moisture or temperature and atso take ptace when soil"is kept in
an incubator. Their cause is as yet undetermined.

xlvr. H. G. TEoRNroN. " The Symbiotic Relalionshib bchoeett
SoiJ Brcteia aid Hiehel Flanx, as ezcmblifik by te
Legrmiwsae." Transactions of the Third 'Iriternat"ional
Congress of Soil Science, lgBE, Vol. II, pp. 8l-94.

The normally beneficial relationship betwe€n the nodule bacteria
and their host plant can be disturbed by changes in the phvsiologv
of the latter, especially where these lead to a nirrowing of the raiio
oI available carbohydrate to nitrogen in the tissues. firere narow-
ing is due directty to a shortage of carbohvdrate. the bacteria tend
to become activelv parasitic and to desirov the nodule tissues_
Where the ratio is narrowed by excess of inorianic nitrosen uDtate
host resistance both to infection of the root-f,airs and t6 groi"th oi
the nodule sets in.

Different examples of host resislance are aDDarentlv sDecific
to the variety of nodule organism. These includi a resistairce to
infection by no<lule bacteria derived from most other leeume
species. There are also experiments which suggest that notules
produced by one strain may confer an acquiredimmunitv against
infection by cerrain other srrains normally-capabte of infitiig the
plant in question.

- This problem is of special importance owing to the discoven.
th-at some strains produce nodules that do noi benefit the hosi
plant, owing to causes as yet unexplained.

(D) Aruorner
xl,vlr. D. Wam Curlen and L. M. Cnuup. ,. Thc Etfect o.

Bactoial Products otr Armebic Gtooth.', Iou.ii.i "iExperimental Biology, t985, Vot. XII, pp. s.iSt.
The two common soil amoebae Hadmaaella hyalha arfi,
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Nacglaria gruberi were grown in pure cultue u.ith the addition of
filtrates from bacterial cultures, and also with the filtrate derived
from a suspension of crushed bacterial cells. Filtrates prepared
from youag cultures of two bacteria, both of *'hich could be used
as food by the amoebae, were \rithout effect on H. hyalina; a
filtrate prepared from the crushed cells ol B. mycoides inhibited
reproduction in N. gr*bni, and also hastened the onset of cyst
Iormation-

(c) BtoloctcAl ACTIVITTES

xrurr. C. N. Acnenve. " Stud.ies ol thc Aaaerobic Decom-

?ositiol ol Planl M al.erials. IY. Th4 Decompositioa of
Plott! Substaues of V aryitg Comfosition." Biochemical
Joumal, 1935, Yol. XXIX, pp. 1459-1467.

In the anaerobic decomposition of oat, wheat, rice and barley
straws, bracken leaves, young grass mowings and rape seed cake,
it was found that in all cases the chief decomposition products wete
acetic and butl'ric acid, CH. and COr. The materials richer il
nitrogen yielded more butyric acid and CHn. Addition of nitrogen
had only a slight stimulating effect on the decomposition of materials
ol low nitrogen content (e.g., straw). Hemicellulose and to a less
extent cellulose was decomposed, whilst lignin appeared to remain
unchanged. Lipin has a marked inhibiting effect on the decom-
position oI protein and other constituents.

xux. S. H. Jrxxnrs. " The Biological Oxidation oJ Carbo-
hydrales. V . The Deconlosition oJ Cell*lose in llu Activakd
Sludge Ptocess and ir Percolaling Firlrrs." Biochemical
Joumal, 1936, Vol. XXX, pp. 497'505.

Cellulose is one of the constituents of serrage and trade efluents
which decomposes readily under anaerobic conditions with the
formation of methane. As little is known about its rate of decom-
position in the aerobic processes used {or purifying sen'age, suspen-
sions of pulp cellulose were addetl to an activated sludge and the
rate oI decomposition under different conditions fouad when air
was blown through the mixture. In another experiment the cellulose
was passed through biological Iilters.. Contrary to expectations,
as much cellulose disappeared in the activated sludge process whea
the C/N ratio in the mixtures supplied was 80,/l as when it was 8/1.
But in the Iiltration experiments l0 per cent. more cellulose was
oxidised with the lower ratios. The results showed that the amou[t
of N used by micro-organisms decomposirg cellulose may vary
within wide limits depending upon the amourt of N suPplied. Thus,
by providing plenty of N in the filtration experiments, for every
100 parts oI C decomposed 4.3 of N were used; with a small
supply, 100 of C used I oi N ; while Hutchinson and Richards found
thai for straw to decompose properly the initial requirement of
100 parts of C was 2.5 of N.
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L. N. W. BARRrrr. " Thc TreatmeN and Disposal of Milh

Factoly Efr4.ents. I. By Means oJ Percolatitg Filters and
Seplic Tanks." Journal oI the Society of Chemical
Industry, 1936, Vol LV, pp. 48T-54T.

_ Milk factory effiuents equivalent in strength to I per cent. of
ftesh milk contain the organic and inorganic substances required for
bacterial growth and in this respect are suitable for trea[ment by
biological oxidation in percolating filters. llechanical sepaxation of
the fat, however, with its accumulation in the filter, inhibits its
own oxidation and causes clogging of the {ilter, resulting in a Iow
rate of purification. This elfect appears to be associated with an
abnormal growth of fungi.

Preliminary treatment in a septic taak brings about separation
of fat, and thus avoids this diffiiult5 in subse{uent treatinent on
a percolating filter. A ra.pid lactic acid fermentation also occurs,
the effect oI which depencls on the bufler capacitv of the salts in
solution. With distilled water containing I per cent. oI milk the
reaction oI, the liquid falls below 1H 4.6 (the isoelectric point of
casein) and causes precipitation of casein and inhibition-of pro-
teolysis. When hard tap water is used the ,H of the liquid may-notfill below 5.5; the casein then remains in solution and undeigoes
aligestion by proteolysis. Such a liquid is quite suitable lor treatment
on a percolating filter at a rate of 100 gallons per cubic yard per day
and leaves behind a tank sludge of low nitrogen content.

The use of alkali in the wash waters also falours proteolysis
in the storage tank, but rhe addition of waste waters iontaining
sugar will result in abnormally hith acidities and may cause
precipitation of casein even in'soluiions of high buffer cipacity.
Such tank efluents, especially if of high biochemical oxygen demanil,
have wide C/N ratio and would not be particutarly iuitable for
treatment on a percolating filter without addition of available
nitrogen and probably also of phosphates.

u. .{.. G. Nonuex. " The Decornlositio* of Ligttit in Pla*t
Matqials." Transactions of the Third Intemational
Congress of Soil Science, Oxford, 1935, Vol. III, pp.
l05.l08.

Knowledge of the defects in the determination of lignin have
Frmitted conclusions as to the availability of lignin to be placed on
a surer basis. The determiaation of lignin is affected by the presence
of pentose units and proteins unless special precautions be ta.ken.
Determinations made on decomposing materials are apt to be
misleading because pentose-contai;ing constituents are prolressively
rcmoved and microbial protein concurrently symthesised. When
these disturbing factors are taken into account it may be shown
tlnt lignin under aerobic conditions is slowly but steadily fermented.
Over 4O per cent. and probablv more than 50 per cent. of the tignin
of oat straw was removed in twelve months.
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LIr. H. L. Rlcuenosott. " Tke Ninoger Cyck in -Grcssland
Soirs-" Transactions of the Third Internattonal Longress

oI Soil Science, 1935, Vo1. l, pp.2L9-221'

In normal qrasslard soils the equilibrium levels of ammonia

and nitrogen ar6low, the level of ammonia being consistentl) above

that o{ n'itrate. These equilibrium values show no clear seasonat

;i;s* ;;;i{""1";i longiontinued mamrial treatments' They are

ranid'iv re,stored a{ter th"e addition of nitrogenous fertitisers' Added
rJ-o'rrir nitrosen aDDears to b€ absorbed by lhe herbage no- less

raoidlv thal niirate nitrogen. Incubation experiments on sorl Irom
ttri: pirk Grass plots sh6wed that the amount o[ mineralrsabte

nitrosen rore to a'maximum in early spring and fell to a minimum
in laie summer, unless the sulTuner were unusually drv'

THE PLANT IN DISEASE: CONTROL OF DISEASE

(Departments of Entomology, Insecticides and Fungicides' and

Plant Pathology)
(a) INsEcrs AND TEIR CoNrRoL

rrrr, C. B. WILLIAMS and P. S. Mrrxe. " A Mechanical-Inseol
--' ir;i.'' U r.r^ of Entomological Research, 1935' Vol'

XXVI, PP. 54il-551.

The trap consists of two nets in the mouth of which are-electric

t""r *frl"n Lfo* t 
"urrent 

oI air and the insects therein into the nets'

ihe arm bea.ing the two nets revolves slowly and the level can be

altered.
Lrv. C. B. WILLIAMS and F. J. KILLINGToN' " Hemerobiid'a'e-

and Chrysopidae (New.\ in a Light Trap al Rothcmsted

Exoarinkntii Staliott." Ttatsactions of the Society for
Bri'tist, Entomology, 1935, Vol tI, pp. l4el50'

A list oI the species of two familiesol Neuropteracaptured in the
lisht traD tosethir \Mith an analysis o{ their sexes' I imes of appear-

a-ice during itre year and times ot ftight during the niSht'

rv. C. B. Wtrrreus, " Thc T imrs of Aclitily,of C-e ait
N octurna.l f*secl,s, chiefly Lepidofleru, 4s Ntutcakd'. ay a
Light Traf." Transaciions of the Royal EltlgTgloCrcal
Soiiety of-London, 1935, Vol LXXXIII, pp. 523-555'

The paper contains a description of the light trap with its bottle-
chaneini mechanism which enables Ihe insects to be sorted accordmg
to thi ti"me of night tl'.at they enter the traP. Tabulations are.given^

showing the time ot flight at night of about eighty species ot
I-eoido-ptera. as welt as some species of other orders and also certain
{amiliei and orders, The results obtained in two years a're shown to
be very similar.

Lvr. C. B. Wrrruus. " F*rther Eviderce Jor tlt Mi{atim oJ

BratterJties." Bulletin de la Soci6t6 Royale Entomologique
d'Egypte, 1935, PP. 250-26r.

A collerction of a.bout thirty records of alirectional movements of
butterflies in various parts,oI the world published as evidence of
migration.
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LVII. H. F. BenNrs. " Oz the Ga.ll Midges Injurirus to the
Culrioation oJ Willows. ll. The So-cal.led. ' Shot Hole'
Call Mddges (Rhabdophaga s11)." Annals oi Applied
Biology, 1935, Vol. XXII, pp. 8G105.

Previous workers assumed that only one species of gall midge
was responsible for " shot hole " damage on willows. In this paper
four species, three of which are described for the first time, are
recognised. Their bionomics have been worked out. AII the species
reproduced by means oI unisexual families while three of them are
single brooded, the remaining species having two broods a year.
All the species are restricted to one slrcies of cultivated wiltow.
Certain parasites which attack the midges are recorded.

Lv r. H. F. Benrws. " Studies oJ Fluctuations in l*sect
Pofulotiors. IV. The AraAis Mid.ge, Dasyneura arabis
(Cecidomyid.ae\." Joumal of Animal Ecology, 1935,
Vol. fV, pp. 119-126.

The bionomics of this species are given. The dates of emergence
and the number of generations during the period 1928-34 have
shown the constancv with which the minor variations caused b\'
differences in weathir conditions become levetled out bv the end
ol each year. Delayed fertilisation of the females is sho#r to send
uP the numbers of males in the ersuing family. In addition as the
season advances the percentage o{ males decreases.

rrx. H. F. BARNES. " Stud,ix of Flurtuati.ors dn Insect Poful.a-
tiotts . V . The LeaJ-curling Peor M,idge , Dasyneura pyri
(Ceci.domyid.ael." Journal of Anirirat Ecology, 1935,
t{ol. lY, pp. 244253.

The dates of emergence and number of generations of this
spcies during the period oI 1928-1933 are given. A limitation of
generations by the length of the season in which new growth can be
{ound on pear trees is suggested. The parasite Misocyilops marcha.li
is recorded as attackint the second and ensuing generations of the
midge but in no case the first generation of the yeir. The sex ratios
of the various generations of the midge varies, aJthe season advances
so the percentage of males increases. This is exactly the reverse oI
what happens i Dasyneura arubis (see Paper No rlrrr). This can
be explained on the hl,'pothesis that the further developed the eggs
are at the time of entry of the sperm the more males result.

Lx. H. F. BAnNEs. " Sr dirs ol Fl.uatuations in Ircect PopuJa-
tions. VI. Discussion on Resdts of Studies I-V." Jotrrral
of Animal Ecology, 1935, Vol. IV, pp. 254263.

Additional data on the wheat blossom midges and the button
top midge of willows brirgs the published information complete
up__to 1935. It is showa that the major fluctuations in numbers of
gatl midges are caused by the actiol o{ weather on the insect, the
host plant, and the irsects' parasites. The whole series o[ srudies
is discussed from this view Sroinl.
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Lxr. J. MARSHALL. "'fh4 Locatiott ol Ol,factory Receptors in
Ifisects : a Reoteu of Experbnental Edd,ence., Traniactions
of th! Boyal Entomological Society of London, l9BE, Vol.
LXXXIIt, pp. 49-72.

Lxu. J. MARSHALL. " On the Sersitiaifi ol the Chemoreceftols
on the Afitprrna and, Fore - ta.rs%s oJ tke Honey-bee, Lpis
Te!!!l_a L " Journal of Experinientat Bioiogy, 1985,
Vol XII, pp. U-26.

Lxrrr. H. L. A. TARR. " Studies or E tolean FouL Brood o
Bees. I. A Desuiltion oJ Straizs o/ Bacillus alvei obtained
Jrom dilJerctt, Soirces atd of arciher Sb*ies occurriw in
Laruae afficted. uitk this Dise*se." Airnals of Appiied
Biology, 1935, Vol. XXII, pp. ?Og7t8.

Strai,rs of Baci us aJaei from fiow cotntries have been studied in
detail, and certain differences were fourd with respect to the ability
oI these organisms to produce acid from a seriis of fermentable
carbon compounds, It"has been suggested that these variations
might form a basis for differentiating itrains of this organism. The
characteristics of another spore formiag bacittus which appears
to take the place of B. Aliei in craai cases o{ Eurooean foul
brood have been described in detait. The various thmries which
!.ave been preselte4 in an attempt to explain the etiology of this
drsease are brieflv discussed

rxrv. F. TerTnnsrrEro and J. T. Menrr}l. ', The ptoblen oJ tlu
Evqhtation of Rotenone-cor.teifiing Plants. l. Derris
Elliptica and Derris Malaccensis." Amals of Applied
Biology, 1935, Yol. XXII, pp. 5?8-6O8.

Seven samples of Derris root have been exa.mined chemicallv,
and the following determinations carried out: rotenone (crude an'd
and recry_stallised), ether extract, methoxyl content, ana dehydro
compounds. The importance of using standard methods of araiysis
is stressed-

Insecticide tests have been carried out and comparisons made
between pairs of samples tested on the same day.

When comparisons rvere made between pairs belonging to
dilferent species ol Denis, the determinations'of rotenone'by the
Present methods, ether extract or methoxyl content did not express
accurately the relative insecticidal potencies of the pairs of sarnples.
Whe-n comparisons were made between pairs of the same speiies,
all tlese delerminations appeared to givi a closer measure oi their
relatlve actrJ1tres.

The estimation of the dehydro compounds, or oI rotenone plus
the dehydro compouads in the resin, gave a betier assessment of'tbe
relative potencies than the other determinations, whether compari-
sons were made between samples of the same, or oI different species.
Further work on other saJnplis is, however, needed.
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Lxv. F. TATTERSFTE to- " Fish-Poison Pla ts as lrcectic'idcs'-" ' i iiii 
"f 

aecentWotk-" The Empire Journal of ExPeri-
mental Agi'icult ure, 1936, Vol. IV, pp. l3&Itl4'

The insecticidal importance oI the various crystaLline derivatives
isolaled from fish-poiion planis, and the difficulties met wlth rn

i"h;-;#i;i evaliation bf these insecticidal plants are briefly
discussed. The relative imPor{ance of several species o{ l)errts'
Lonchocarftts, and Tefltosia is discussed'

(b) VrRUS DTSEASES.

Lxw. I. CALDWE rL. " Phvsiology oJ Virus Diseases i"-41!:k'
ViI. Exberinents on Pwifications oJ the Virus oJ y elt'ou)

Mosaic 'oJ Tonato." Annals of -\pplied Biolo$', 1935

Vol. XXII, pP. 60-85.

Purification bv Vhson arrd Petre's method, slightly modified'
eave an infect ive hateriat that always contained ortanic nitrogen'
ind was active over a rH range from 2.0 to '10.5 : but there was no

"r.iA.r"" 
in"t the virG could 

"be recovered pure in crystall,ine form'
Various melhods used to purify the virus stilt further are descnbed'

rxvrr. J. CALDWELL. " On thc Intara{tio* oJ Tuo Snoins oJ a,

Pli* Virus. Exleimerts or Induced lmtn*nily-i* Plan-ts"'
Proceedings ot ihe Royal Society, B, 1935, Vol' CXVII'
pp. 120-139.

Two strains oI the Yellow Mosaic Virus oI tomato have been

i.of"t"a, oi'rrtri.f, one, although not apParently -an attenuated
{orm of the olher, irnmunises host plants against the second"l he

tlapes oI interaction which may occur when two viruses are Present
sirirultaneously in the one hostire discussed and differentiated'

rxrT tt. C. S,tuu'er, R. J. BEsr and J. G. Belo. ':-lurlhe.t
Shtdies ott Qualititiue Metkods @ilh Two Pla*t Viruses"'
Annals of Alplied Biology, 1935, Vol. XXII, pp' 50&524'

The arransement of experiments for the comparison of several
virus samples'is discussed- and suitable methods suggested' The
amount oi inoculum, provided enough is used to -cover 

the eaJ.

does not alfect the n'umber of lesions produced by the spatula
technioue: but the conditions to which test plants were subjected
shorth/ before inoculation bad a considerable effect. Tbe /H and
electrolyte conient of the inocuia influence the number of lesions'
The opiimum ,H {or tomato spotted \Milt is from 6.0-8.5, 

-Iortobaci mosaic'(with concentration 0.0H.2 M) about ?-.0. Th9
influence of ofdising and reducing agents on the virus of spotted
wilt is further discussed.

rxrx. M. A. HeurnoN. " Furthar Erpetitunts ot the Arti-
ficial Feedittg of Myzus persicae (Srd?)." Annals of Applied
Biology, 1935, Vol. XXII, pp- 213-254.

A method is described for the feeding oI M. percicae on media
containing a radioactive indicator. By this means it was shown that
M- aerciie Dicks uD the indicator from the medium and transmits
to a'teaf, on ;hich ii i" f"d t.t"., t.or,ttant proportion oI the amourt
imbibeit. Evidence is Siven to show that the virus probably behaves

as does the radioactive indicator.
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(c) FUNGUs DrsEAsES.
Lxx. M. D. Grvtxr. " Itrci.d.etrce of Take-all ot Wlwat aul

Barley on Experirfl.entql Plols at Woburtt." Annals of
Applied Biology, 1935, Vol. XXII, pp. 22L235.

- _Su5v9ys made in 193f, 1932 and 1933 of the incidence of Take.all,
Olhiobolus graminis Sacc. in the continuous wheat and barlev
manurial experinrents at Wobum Experimental Station showeil
ihe disease was presenr ir varying a"mount in most plots : the per-
ctntage b€int usuallv higher in wheat than ia barley and little oi no
disease occunirg in plois rvith a rH value of 5 oi less. In wheat
Take-all appeared to increase in each plot until 3E per cent. of the
plants were infected and then to decrease.

TECHNICAL AND OTIIER PAPERS
GENERAI.

Lxxr. E. J. Russrrr. " Jacob G- Lifman atd Soil Scie*a."
Soil Science, 1935, Yol. 40, pp. 3-7.

Lxx[. R. K. Scnonrrro and G. W. Scom Brern. ., ?fu
Infuencc oJ the Proimily oJ a Solid W all ot the Coxiskncy
of Viscous ard Plaslic Matarials." Jourr.al of Physicil
Chemistry, I9BE, Vol. XXXIX, pp. 9?!981.

Measurements have been made of the rate of flow of an aoueous
paste of barium sulphate through tubes differing consialerabli both
in radius and length uader a series of pressure heads. The iesults
show that for tubes of the same radius and under the same pressure
gradient, r he rate of flow is independent oI the length oI thi tube ;from which it is concluded that under the conditions of these
experiments, this material shows no progressive breakdo[ar with
time under shear, as suggested by Ambrose ind l-oomis for bentoqite.

For- different radii, however, curves Ior V/zr Rsagainst PR/2L
were obtained which, as previously recorded, do noi coincide as
they should if at every point in the tube the velocity gradient
depends only on the shlaring stress.-The h1'pothesis previously advanced that the proximity of thepall of the tub€ causes a sheath of material to shear moie easilv
than does the bulk of the material, appears therefore to be the only
one at presenl that accounts for the facts,

Thc case of this barium sulphate paste is particularly interesting,
as the particles are roughly cubical in form, and the thickness of
the modified layer is many times the average particle diameter.

Lxxrl. C- B. Wrrrreus and G. A. Eurny. " A Photagaphic
Moonlight Record.er." Joumal of Scientific Instruments,
1935, Vol. XU, pp. Ul-I15.

An appararus in which a cylindrical lens produces a line image
ol the moon on a strip of photographic paper. The lens is moved
by clockwork to follow the moon's appaient movement across tbe
*y and the sensitised strip is darkened when the moon is shinirg.
The apparatus can also be-used, with some adrustments, as a sui-
shine recorder.
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Lxxlv. W, G. CocsnAN : " Recar,t Adtattes in Matlumatical
Stntistics l9*{." Journal oI the Royal Statistical Society,
1936, Vol. XCIV, pp.

The sections contributed to this review cover paFrs dealing
with moments and semi-iavariants of samplhg distributions,
orthogonal po\rromial theory and the analysis of variance.

Lxxv. C. N. ACITARYA- " Structure Lrtil Ox;dalitn of Nitrogewvs
Sqbstan+es." Nature, 1935, Vol. CXXXVI, p. 6t14.

Lxxu. M. D. Gr.vNxl and H. V. GARNER. " Resaarch d
Rothamsktl of Imlortanec itt Horticulture." Scientific
Horticulture, 1935, Vol. III, pp.2lF22l.

CROPS, SOILS AND FERTILISERS.

Lxxur. E. J. Russrrr. " Soils anil Fertilisezs." The Farmer's
Guidelo Agricultural Research in 1934. Royal Agricul-
tural Society o{ England, 1935, pp. f8&223.

Lxxurr. F. YATES and W. G. Cocsnex. " Samfling Obsema-

tio*s oa Wluat." Joumal of the Ministry o{ Agriculture,
1935, Vol. XII, pp. ll52-4; Yol. XLII, pp. 2ll4' W-
5?&?1, W. U24.

Lxxlx. HucH Nrcor.. " Legumbro*s arul Mixtd Croifury,
Some Imlo a Conse{*mces." The Fertiliser, -FeedingStuff anii Farm Suppiies Journal, 1935, Vol. XX, pp.
5il-562.

rxxx. E. W. RussBrr. " Phltsical Dcsniptiott oJ Soil Tilli."
Sands, Clays and Minerals, I936, Vol. II, pp. 57-71'

Lxxxl. E.M. CRowrEEn." Stil Ata$rsis and Maturittg." Sugar
Beet Annual, 1936, The Lincolnshire Sugar Company Ltd.,
1936, pp. 3&43.

Lxxxrl. E. M. Cnowrren. " Scils and Fczllisazs." Reports
on the Progress oI Applied Chemistry, 1935, Vol' XX'
pp. 63&573.

rxxxrrr. H. H. Mexx. " Tea Soils-" Imperial Bureau of Soil
Science, Technical Commurication No.32, 1935, pp. l-64.

Lxxxrv. H. V. GAII\-ER. " The Choice oJ Phoslhaus for Grcss
Lanil." JorrrnloI the British Dairy Farmers' Association,
1935, Vol. XLVII, pp.2*!4.

Lxxxv. E- H. RtcHARos. " The Maturial Valau of Saugc
Slndgc." Jownal of the Ministry of Agriculture, 1935,
Vol. XLII, p. 737.
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BIOLOGICAL.

Lxxxvr. A. G. NoRMAN. " The Biolosical Decombosiliott of
Lignir." Sc\ence Progress, 1936, {p. aa2-+ffi.

The decomposability oI lignin is one o{ the most controversial
subiect_s- in microbiology because the experimental evidence is socoljradictory. It_ bas, however, been shown that owing to thedifrculties attached to the accurate determinaiion of
lignin, tbe problem is really one of biochemistry. The evidence on
decomposition has been collected and re-examined in the Iieht oftle analytical metbods used and their kno$,n deficiencies. l"n ttis
way inconsistencies can be explained and the conclusion drawrL
that lignin ,r, sirt is slowly decomposed under aerobic and anaerobic
conditions. Isolated tignin, however, appears to be unavailable.

Lxxxul. A. G. NoRMAN. ,, F*ttgi Jot Food,." Food Manu_
Iacture, 1935, Vol. X. pp. f30-132.

Lxxx\,,rrr. E. BARToN-WRrcnr, D. Wann Currnn and L. M.
CRUMp. " Cortornirratiol in petti Dish Bo;as.,, Nature.
1936, Vol. CXXXVII, p. 0,

rxxxlx. C. B. WTLLTAMS. " Itt rli1ration of Insecls irrto the
British I sl.es." Natwe. tg3b, V;1. CXXIV, pp. 9_t0.

xc. C. B. Wrrlreus. " lt rr.i4rat;ort of Buttzrflies i* Btilait.,'
Discovery. 1935, Vol. XVI, pp. g&A9.

xcr. C. B. Wrrueus. " A Mass Fliqhr of rhe Cabbase WhirzFly." Entomologisr. lg35, Voll LXV I, pp. "ZtaZtS.

xcrr. H. F. Benrrs. " Sont reu Coccid.-ealiw Gall M.idscs (Ceci_

9gr.nfr!l:). ' Bulietir of Entomotogi"cal ne"e"."ct , iSgE,
Vol. XXVI, pp. 52&53O.

_ - The following species are described for the first tir.rre _De ti
libula laocileri whose.larvae are predaceous o" tautln javaiii'in
MaJayai Loccodtplosts c rt predaceous on psand.ococcus citti inhetoria; Schizobremia cofJeae from mealy bugs on coftee in UsanJ"and I anganyila Territory; and. Schizobremia ,iuiubae" from
Pseudocaccus on Zizyfhus jrjube in Mauritius.

xcrrl. H. F. Ba_nlrs. " Reced Adtances ifi Enlofiololv.,,
Science Progress, 1935, Vol. XXIX, pp. Et0-StZ.

xcrv. H. F. Banus. " Rece Adoances irr Er.lortuolop!.,,
Science Progress, 1935. Vol. XXX, pp. I l$I28.

xcv. H. F. BARNES. " Laaender pesls.', Tournal of the Rovat
Horticulrurat Society, 1g35, Vol. LX]pp. I t3_IIS. '

xcvf. H. F. BenNes. " Noles on tha Timothy Grass Fli*
(Amaurosoma spy'.).', Annats of Apptied iti"lrgy, idii
Vot. XXII, pp. Zsri-zla.
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xcul. H. F. BARNEs. " Tuo Gall Midges ot Erica arborea,
iwhrding tlw Descriptiott of Oru Nrw Sfecies (Cecidomy'
rdsr)." Bu etin de Ia Soci€t6 d' Histoire Natuelle de
l' Afrique du Nord, I936, Yol. XXVI, pp. l3$I4I.

xcvrlr. H. L. A. TARR. " The Brood Diseoses oJ Bees." Re;ntt
oI the Lectures given at the Fifteenth Midland and
South Western Counties Conv€ntion of Bee-keepers,
1935, pp. 2r+r.

xcx. H. L. A. Tana. " A Nota Coteenbry tlw Brood Diseasa
Inoesligatio* at Rolhanskd Erfeimedal St4liort." Year
Book of the South-Eastem Federation of Bee-keeping
Associations, 1935, PP. S7.

c. H. L. A. Telr. " Brood Diseases of Bees!' Bee-keeping,
1935, Vol. I, pp. 116-123 and pp. 1t12146, 1936, Vol.
II, pp. 37-4r.

cr. H. L. A. TARR. " Abtidgeil Report of tfu Fottl, Brood ltt-
ustigatiott lor Seltumber Ntk, 1934 lo Se?ternbet golh

1935:" BG World, 1936, Vol. XVII, pp. 8-12. (Also in
Bee Craft and British Bee Joumal).

crr. H. L. A. Tam. " The Organism of Europmt Fori, Brood of
Beas." Nature, 1936, Yol. CXXXVII, pp. l5r-152.

cm. H. L. A. TARR. " A NotE Regard,ing Streptococcus apis
Maassen." Bee World, 1936, Vol. XVII, p- 19, (also in
Bee Craft and British Bee Joumal).

crv. H. L. A. Tann- " Bacillus alvei azd Bacilltrs para-alvei."
Bee World, 1936, Vo!. XVII, pp. 43-45, (also in Bee CraIt
and British Bee Journal).

cv. K. GRANT. " Rero s oJ B*aerll'y anil Molh Migtalion,
l93l-I934." South-Eastern Naturalist and Antiquary for
1935, Vol. XL, pp. 5256.

clr. A. C. EVANS. " Physi.dogical Racr-s o/ Lucilia Sericata, Mg."
Nature, 1936, Vol. CXXXVII, pP. S3-34.
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WOBURN EXPERIMENTAI FARM
REPORT FOR 1934,35

BY DR. J. A. VOELCKER, C.I.E., M.A.

'I'he season was one of very variable nature, commencins with
a severe thundersrorm in September. IgB4; rainfall in Oitober
and November was rather above the average, and very heaw in
December, reaching 4.5 inches in that month, ther; being 2E
rainy days. The winter, however, was mild, and there wa; but
little frost ; there was or y one fall of snow all the winter. Ianuarv
1935, was dry, February wet, but March was again dry,-so thai
spring sowing could be done well.

May was marked by cold winds, foUowed by a ,, drippins "
June,20 wet days being recorded, though the t'otal rainfall ias
9n1y l.q5 inches. In Jul-v and August hot and very dry weather
followed and brought on the ripening oI the com crbps io that an
early harvest was obtained, and got ia in good condiiion, it beine
possible to thresh the small experimental corn crops in the fieldi
September, October, and November were a1l wet-the total rainfall
for 1935 being 26.13 inches as against 19.66 for the previous vear.

The meteorological records for 1934-5 were as foilows: "

127

IIETEOROLOGICAL RECORDS. r934.5

ilonth-

Rainfall.

BriAht
Sur-
shine

Tert?crah/c (Mcatl

Total
Fall.

No. oI
Rainy
Days.

trIax. llin
lft.
ilr

Ground.
Grass
I\[in.

l93L
Oct. ..
Nov. . .
Dec- ..
1935 -JaD. ..
Feb. ,.
l}Iar. ..
April . .
May ..
June ..
Julv ..
Aug. . .
Sept. . .
Oct...
Nov. . .
Dec. ..

Ins.
t.67
1.04
4.50

o.77

o.4l
2.9A
2.4t
1.95
0.52
2.09
3.98
2.84
3.48
l 95

No.
l8
l3
25

l0
t7
8

20
I

20
5

l0
t7
l8
20
l9

Hours.
9t.l
4:].0
2t.0

36.t
49.1

130.4
125.9
188.2
200.0
244.9
202.4
t51.7
107.5

62.O
a2.4

.F.
57.3
47.O
49.9

4t.8
47.2
50.5
63.0
50.t
87.3
7 5.O
74.1
u.2
55,8
49.4
41.5

.F.
.15_,

37.9
12.1

35.1
36.3
35.9
38.7
40.5
50.8
52.O
5I.5
.18_6

42.2
39.t

.F.
5t.6
43. t
45.1

q.7
41.2
43. t
48.6
53.7
60.7
68.8
a7.5
57.1
49.4
41.6
37.9

.F.
40.6
33.9
37.0

3r.0
33.0
31.5
3.1.0
37.8
48.2
48.4
47.1
45.9
38.4

29.6

Total or

t935 . - :16.13 173 r530.6 12.O 50$ 38.4

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-1-67 pp 131

128

CONTINUOUS GROWING OF WHEAT AND BARLEY

stackvard Fteld' 1935' 59th Year (no manure since 1926 )

The fallorhng operations on both these plots, begun in 1934' w.ere

continued thr:ouihout 1935, a vigorous attemPt beint made to tree

the land of weefu by cultivation' In this, considerable 
- 
success

*"t 
"Ui"ir"a, 

io much so, indeed, that in the auturnn of 1935 these

,ilir *"r" ."'t tia"red iitio put again in com' In this-connection
it mav be said that continual cultivation and stimng ol the-lauo\ -

il;;trl;Jl";iminating the twitch (mairlv -IloTrls rxollis and

Asrostis slola*ifero) and getting rid of a good deal ol Pot'y.g(jn'1"t

aolcularc (how'eed) : Iallowing alone was, however- qulte rnellectlve

in reducing materiallY either ma)'weed or spurry' Il-was notrceaDJe'

nevertheless, that on the acid plots no maJrweed would tnrlve'
thoush sDurry was thick."'"^P{i;;'th" i*; tears' fallowing, wheat (" Red Stardard ") was

a-sain sown on October 24th, 1935, and barley will l-ouow.ln sPnng

iBid. 
"" 

tf," t""a formerly occupied by that crop -.In neither case

;;;; ;;;th -"nuring 
"been done, ihe last applications having

been made in 1926.

ROTATION EXPERIMENTS

Tm UNEXuAUsTED MANURTAL VALLE oF Cexr elo CoRN (SrAcK-
YARD FIELD) 1935.

Scries C.*'ft;l* 
tons Der acre o{ the swede crop of 1934 were t4 ot-t UY

sheeo. these rec6iving 141 on the ca"ke-Ied Plot.'15 cwt ot mlxed

fi"i"li -a cotton c-a[e giving 78'3 lb' of nitrogen.pel acre;

rii ori tn"Lt*r.a plot l5'cwti of a mkture of oats, barley and
i"rl"li. .rrrru-e 26:5 lb. o{ nilrogen p€r acre' There was' thus'

"o".ia"ratiti, 
hittitence in nitrogen bet\f,een the two sets'*"il;;il-i';ii;age 

Arctrer;1 was <lrilled earlv-in March' and

."--"-uo't rdtt. Towids the end o{ March Alsike clover was sown

iil."" ir,i'i*f*. T t e U.rtey 
".op 

*as cut on Autust 7th, stooked'

;;f ilih" f;;. and thresired in January, 1936' The yields were

as follows :

Head. Corn. Ta;l Cotn. St/au
Chdlf. etc.

2{ 016
202161. Alter

2. After
55.7
55.9

38.7
32.5

$'ei8ht per
Bushel. lb. lb.

15
5

cu't. qr. lb.

The crop was quite a good one, tail corn b€ing but small 
^in

"-o,-i. 
--fL" 

ca-kti plot, i usual, gave the higher return by 6'2

ilili?r. *i""'-", u"[ it-'it t"rn.ttt6le that the com plot' which

received'additionatty only 26 lb. per acre of nltrogen ln tne lour
vears' rotation, gave so good a result and one so nearly apProacnrng

i#';;H l;; ihe higier application (?8 3 lb' acre) ol nitrogen

by the cake feeding.
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The Alsike clover left alter the barley crop of lg34 had been
remove$, had not_ been good and, thoi:gh ihe parts where itwas thin had been resowrr, the ciop wis poor and
"clover sickness "- made its appearance ovei a considirable part
ol-the-area. A good deal of damage was also done by pheasalts-and
other birds. Early ir [lay, lg35,1he clover was liefitlv mown over
in order to get rid of seeding weeds, and in the coiroarativelv cold
and wet weather of May and June the clover seerired to r6cover
sontewh?t and b€gan to $ow-again. It was finally cut on July 5th

Series D.

and made hto hay, the ;eighti being :

Yi.A of Ctoncr Hay pe, ade

l. After C.ake-Ieedins
9. After Corn-Ieeding

YIE]

I'lot.

LD OT' WHEAT PER AC
I

Head Corn.

:RE. 1935
I

I Tdil Cdd Strau,
ChaII, etc.

Bushels.
Weight per

Bushel.

Tares (uDlimed) ..
Mustard (uolimed)

I J.3
lb.

63.2
63.1

tb.
11.0
9.0

lb.
1066
799

I

The differetce in weiRht in favour of ttre com Dlot was reatlv
due to the amount of plant left after the attaik of ,. clovJr
sickness," rather than to any difference of manuring.

Gnmx MerqunrNc Exprnrrrewr
Stte\ntd Field, 1936 (Scrics A\

(a\ U-ffu ParL-Whcat after Greetcrofs
The first green crops-M-ustard and T'ares----ol l9B4 had been

fed off by sbeep which ieceived also Il cwt. per acre of cotton ca.ke,
this giving 7.6Ib. of nitrogen per ac.e. The mustard crop supp[ed
20.2 lb. of nitrogen per aire,-the tares crop, 44.4 lb. 'A sleiond
green-cro-p o{ each kind was sotr in Augus, but, owing to drought,
came to little and, not being enoueh to fe€d off. was ilouehedin-
The total amounts of nitroien suiplied bv the iwo sdvera"l ereen-
gops ald the cake addition iere : ilustar<i plot, 3Z.4 lb. per."acre ;
Tares plot,58.3 lb. per acre.

The land was prepared for wheat in October and this (.,Red
Standard ") was drilled on November 6th, lg34.

Up to the beginning of May, 1985, the wheat srew ouite well.
that after tares looking rathei the better. Aftei this,'however,
the change that has so often before been noticed on these plots
showed itself, the wheat plant tuming yellow and but a poor'crop
was the result. Rabbits also did a great deal of damaee. but bi,
taking, for weigbing, the less iniurea portions, the following wiil
fairly represent the result :-

21
l6

t2
l4

t29
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The limed plots were too much damaged for the weights to be
satisf actorily recorded.

It may be observed that these plots followed the usual sequence
oI being quite promising at {irst and then failing badly in Ma-v, and
finally yieldhg only meagr:e crops oI wheat.
(b\ (Lu!,er ia \. Crear-uops after Wheat.

After the wheat crop of 1934 green-crops of mustard ard tares
were sown-the latter in April, 1935, and the Iormer in May. In
neither case was anlthing but a very poor croP obtained, and, these
not being enough to be fed off with sheep, were ploughed into the
land. It was intended to take a second crop of each, but these could
not, owing to the continued drought, be put in in time for getting
wheat in afterwards, and the consequence was that the wheat crop
Ior 1936 had to be sown with only the addition ol nitrogen from the
small first green-crops.

Lansoru Fiell. Green-momtrittg Erleir ant, 19,36. Wheal aJter
Grcen-crof s.

After the green-crops of 1934 had been turned in, wheat (" Red
Standard ") was driIed on November znd-the mustard crops had
supplied,().6 lb. of nitrogen per acre, the tares 97.2 lb. AJready
in-Iifrarch the wheai had begun to tum yellow and by May this was
much worse, so that-as on Stackyard Fietd-only sma[ yields of
wheat were obtained, as sho*'n in the following Table :-

Head Colr.

Bushels.

tb.
r0l
t2L
l0+

8
l6+

l.
,,
3.
4.

Nustard, old s€ries. .
Tares, old series ..
Mustard, ne$' series
Tares, new series ..
Control, tre1! series. .

t0.9
16.9
I t.2
I 1.7
s.6

tb.
59.5
6l.l
62.2
62.7
61.5

lb.
1560

l8?0
9079
169{i}

As in Stackyard Field, the wheat crop after tares was rather
the better, but the crop, considering the amount of nitrogen
supplied to it in the green-cro1x, was miserably poor.

Ltcane. Itnculaliott Expeime 
-Lansoop 

FieU, 1935-
This experiment, on the advantage or otherwise of inoculating

the seed beiore sowing it, had been started in the year 1932, and so

was now in its Iourth year. The plots had yielded two cuttings in
1932 and in 1933, but three were obtained in 1934. Now, again,
in 1935, three crops were leaped- AIter the 1934 croP the plots wer_e

harrowed and l0 tons per acre oI farmyard manure were applied,
this beine the first manurial treatment since the first sowing o{
lucerne. - The lucerne. though in its Iourth year, continued to
thrive and gave a wonderfully good and clean crop at each time of

YIELD OF WHEAT PER ACRE. 1935.

Straw,
ch"ff,

Tail
Con.
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cuttint. There were 12 plots, one hatf of these havinq been oriEin-
auy sovn with inoculated seed and the other half witl seed noi so
inoculated. The averages of the two sets, each composed of 6 Dlo[
wnen reckoned as treen lucerne or as lucerne hav w6re as follows:_

Greetr PrcdDce
per acre.

Luceme Hay
Per acre.

Uninoculated area ..
lnoculated area

,5.6

Luceroe Hay
per acre.

Utrinoculated alea
Inoculated area

Grass Experimrrnt. B?oad Meod, lgfi-
These experiments on the manuri-ng of srass land were

commenced in Broad trlead in lg0l. Thef compfised six different
pl.9!s,-9_1e with lime, one with farmyard-manule, a"a tl" otfr"r.
with different artificial manures. In Ig35 the ploti were erar"d Lv
sheep and were much improved by the close t""ai"g tt ey"re";i"j.
Pot-Culhue Et?erirnc s.

The remainder of the earlier work underta-ken at Woburn is
comprised in the investigations carried out at the pot-cr:lture

, . 
-The. hay. of the inoculated plots was, throughout, rather the

Dlgner rtr lrltrogen.

. T*i"S the total 
-crops o, the four years, the fo[owing amountsoI nitrogen were obtained in the crops and removed"from the

land :-

6.55
6.48

'Ihere vas thus-as in former years-nothing to favour the inocula_
tron ol the seed, but it was remarkable, indeed, that such a vield as
shou'n above should have been reached in ttre fourtn u"# oJ-tn
growing of lucerne, and that without the use of ""v -#*". u"i;l
1934-5, when rhey received I0 tons of farmyard ;-;;;; ;;;-
-Up to the present. and including the lg35 ciops, the totil yields
have be+n :-

14.60
t4.24

Uninoculated area (4 vears) . -
Inoculated area 1.1 j,eirs) . -
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Station, These have direct reference to problems which have
arisen out of the field experiments; among the principal are (a)
green-manuring, (6) acid soils, (c) clover-sickness.

Rotalioa Erlerimads. Serias B. Staehyard Ficld, 1935.
This was a series commenced in 1932 under the new Rotlamsted

plan. The rotation is a six-course one, the respective crops being,
in 1935, red clover ; wh€at ; barley; rye ; sugar beet ; potatoes.
Of ttrese all came well with the exception of red clover, which was
unaccountably poor, for there was no " clover-sickness " here.

M iscdJaw ws E rPerimeds.
In Lansome Field different strains of luceme are behg grown,

also carrots (manuriil experiment), Green-manuring experiment
using lupins and tlen turning these into the lard before planting
kale. The growing of Soya-bean is also tried and has been fairly
successful.

In Butt Close a very extended manurial experiment on sw:rx
b€et was carried out, this involving investigations as to time of
pla.nting and distance of drills apart. Other work covered the Srow-
ing of different varieties of wheat, the time of application of
sulphate of ammonia, etc.

In Great llill Pyrethrum continued to b€ successfully grown,
and in Warren Field plots laid down in different grass mixtures in
l93l were kept under observation. In 1935 they were grazcd by
cattle and sheep.

All the above, including Series B (rotation), form part of the
new Rothamsted work and will be separately reported on from there-
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WOBURN FARM

REPORT FOR r$5 by J. R. MOFFATT

The weatber during the year 19311-35 was generally favourable
to farrtr work. The winter was unusually mild, very few severe
frosts occuring. Both autumn and spring sowing feriods were
dry and crops went in under good conditions. The gra.ssland
remamed verj, green during the winter and though growth was
slow early in spring the grassland was very productive throughout
the su.urmer. Hay was made under satisfactory conditions and
felds were quite iood.

Stackyard fiekt permanent wheat ard fallow plots were fallowed
atain this year. Barley after folded swedes 

-in 
Series C went

in well and looked well throughout the season. The seeds undersown
in this barley and under the rotation barley for the 1936 crop were
sown shortly alter the corn was tldlled. This early sowing was very
successful as both areas had a very good plant after harvest. The
1936 clover crops in both Series D and tha rotation were poor and
patchy and yields were very low.

The wheat on the farm, although looking poor early in the
summer, filled out well later and gave high yields. The yield of the
plots on the time of application of nitrogen experiment in Butt
Close was 25.3 cwt. per acre for the no nitroten plots and 31.0 cwt.
per acre for those plots receiving nitrogen. The yield of the wheat
plots on the sir course rotation in Stackyard field was also well
above the average. Barlev yields, however, were not so good as
last year.

The root crops were very disappointing, all giving much smaller
yields than usual. The germination oI sugar beet was slow ald
growth seemed checked throughout th€ summer. The plant re-
covered to some extent by making late gowth but yields were very
much below the average. In Butt Close the average yield of the
plots was 12 tons o{ washed beet per acre compared with the 1934
average of over 18 tons per acre. The sugar content averaged
under l6per cent. compared with the 1934 figure oI over l7 per cent.
The yield oI carrots was also much belorv last year's figure. The
kale crop was quite satisfactory.

The potato crop looked quite well and clean throughout the
year although many plants showed symptoms oI vims disease.
The usual Dunbar Cavalier variety was replaced this year by
Ilaiestic as there was no ready market Ior the former variety. Yields
of both expedmental and cornmercial crolx were lower than usua.l
and many o{ the tubers were rather misshapen. The tubers came up
rather wet and selling commenced immediately.
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Liocstack

. . The.lambing was carried out successfully, the final F€rcentagebeing almost 170. Five sets of triplets were bom, threi of whiih
were run as such. As at Rothamsted the earlv born lambs were
rather small. The tambs were sold Iat off the grass during summer
and winter and were all sold by the new year.

The Large White Gilts purchased in lgg4 have done well and
have- provided us with suftcient gilts to maintain a herd of this
breed. Afew Large Black sows ardbeing retained but the crossbred
sows are being sold fat as they age. the bacon factory grading
returns axe grven on page 93.

Thirty Irish cattle were purchased in the autumn, the b€st oI
which will be sold fat during ihe winter and the remainder fattened
on grass during the summei.

Shou St*cesses

We were successfut in obtaining the first prize for fat lambs at
the 1934 Bedford Christmas Show, and at the Ampthill Show in July
w.9. s1u5ed.a filst prize for a crosibred gilt, 2nd $rize for a puref,reil
gilt, 3rd prize for fat lambs, and reserve for an in-pig sow.'
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DETAILED RESULTS

OF THE EXPERIMENTS

t935
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Notes on the Construction and lJse of the
Summary Tables.

The presentation o{ the results of simple experiments is an easy matter, it being
rrsuallv iuficient to eive the mean vields 6I the individual treatments with an associ-

ated siandard error"by which difflrences mal' be compared; a difference of three
times the standard error of a treatment mean may be regarded as sitnificant. In the
case of complex or Jaelorial expetiments, however, where there are all combinations of
several sets'of treafments, or other factors, the mere Presentation of the mean yields of
the sets of plots receiving all the different combinations of treatments does not Bive an
adequate or easily comprehended survey of the results.

In order to illustrate the Points involved we will first consider the simple tlrye of
lactorial design in which there are all combinations of two standard Iertilisers, nitrogen
and phosphale, each at one level in addition to no application. This is called42x2
design, and involves the four treatment combinations

(t), n, p,if,
the svmbol (I) being used to denote no treatment. Each treatment combination will
be repticated several times, using a randomised block or Latin square layout. fn what
fotlows the sl,Tnbols are talen to rePresent the mean yields oI each Particular com-
bination of treatments.

There are two responses to z, one in the absence of y', namety (z-(f) ), artd one

in the presence of, , iamely (np-p)- These two responses may differ, but frequently
the diiJerence is small-too small to be distinguished from exPerimeEtal error-ard rn

such cases it is often sufrcient in considering the results of the exPedment to take the
average response to z when l is both present and absent. This average response, or
mait elJect, is clearlY

N : L l@H) + (n- (r)ll: llzl-f*z-(l )l: tlz-(l )l t?+ (l)1.

The advantage oI the use of (l) instead of 0 to denote no treatment is that it makes
possible the above very simple formal algebraic statement.

The dillerential response to ,, in the Presence and absence of 1 is the difference
between the req)onse to n when 1D is Present, and the response when, is absent. In
the tables of the reports for 1934 and all previous years this difference,

(tt f- pl - (tt- (r) ) 
: n l-l-n + (t\,

has been called the iNera.lionbetweet ,, ard y'. In rePorts for the year 1935 onwards
(i.e. beginning with the present report), the interaction has been rede{ined as ona

,ar/ the above difference, i.e. in s1'rnbols by

N.P : llQtf-!)-(tt-(r) \l: llttp--1---d+ (l )l : itr-(l)l tA-(1)1.
Note that the differential response to ,, in the presence and absence of y' is the same as

the diflerential response to f in the presence and absence of tr, i.e., there is only one
interaction between z and y'.

The introduction oI the factor I has the following advantages. First the standard
errors of the main effects and all interactions of arry 2xzx?x... . desiga are then
equal, and secondly the response to any treatment in association witl any combination
of the other treatments is expressible as the sum or difference oI the various main
effects and interactions, withbut anv numerical factors. Thus in a 2x2 design the
following relations hold :
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Expression in Terms of

Similar_ ex_pressions will hold for any other 2 x 2 design.

-It,;h9yld 
be narticularly noted that th€ interaction d6es not enter into the expres-

N.P. K : tlt (ttl h-nh- lh t k) - t (nf .n_1 + ( l ) ) l : +lr_ (l 
) l tr_ (l ) l IA_ (r ) 1Just as there is only one interaction betueen ti.r,o treitmenii,'so tniid 

"r" tti.eefirst order interactions between three treatments, one bet.""n 
"""1 

or tt" p"i.a oJ tl 
"treatments,, but only one second order interaction between the three treatments.

fl-31I *'.
N.K-t 4 I

.. There is a significant response to nitrogen-airil a sigaificant depression with potash,
the interaction not behg significant. _If the interaction, though;ot significanl, is;oi
assumed non-existent, the estimate of the response to r alone isN_N.&:r_(r ): +5.0 +t.4r.
The estimate of the response to the two iertilisers together isNIK:rh_(l):+1.2 ;t.4r.

The 2 x 2 x 2 arrangement is simila;. ' The eight treatment combinations are
- (l), z, p, h, np, rh. !k, ttlh.

I ne maln eltect ot ,, rs the average of the four responses, and is therefore

,."];"II9lJ?.f J.L[fr #,fJlrr?"1(fi]]J,1":Jri.,(ilr#"I"!*r#ili*-
actions_between N and P in the presence and absence of -tr(, and is therefore

""{-i;,!!#P"!,7,1;!JmI*ift ffi t*W;^!tt*)lH;(lIJl*t?L
interactions, and is therefore

all ?) *lnf+*-?-Q)l
,t--(ll N-.tv.P

N+N.P
N+P

The following expressions for various typical responses be noted :

Erpression
Treatment

Combinations

irt Terms of
Response

Response to Treatment
Combinations

trlain Effects and
Interactions

Main Effects and
Int eractions

N-N.P
N-N.P-N.1<

+N.P.K
.iv+P

N+P-N.K-P.K

.. irt

sion_for the response to ,, and y' applied together.
since the main effects and interactions are statisticauy indeprendent the standard

error of the sum or difference of two of them is y' 2 times ihe st^andaxd error of each.Exampe. Peas, Biggleswade, 1983. The mean vields (igaoring slag, wh;h
produced no apparent ef{ect) were (in cwt. p€r acre) ;

(l)nErh
cwt. per acre: 33.0 38.0 3Z-O 34.I +1.O0

The main effects and interactions are therefor€ :

(mean of A and no i)
(i absent)

I laklr-h-(tll
a-(l)

tlrph+r'i-h-(t)
h N+P+R+N.P.K

n (y' absent, mean of & and no t)
z (/ and A absent)

n and Ir and f
n- b and
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If the second order interaction is ignored the response to all three factors in con-

iunction is eoual to the sum of the main effects of the three factors'

When three levels of a fertiliser are inctuded the situation is somewhat more

.nmoiicated. If the yielcls at no, single and double dressing are 
'{0, 

t'l, llr the resPonse

io ttie double dressirig, which may be defined as lhe litear rcsponse, is measureo Dy

N r:nr'--4ot
and the excess of the response to the second dressing over the resPonse to the first'
iirj"ii'-"v u" a"i ined as'the cnnclazz of the reslnnse curve, is measured by

N r: (n r---tt r\ - (tt t--'tt q\ : tt 
"-2n 

r*, o.

With the ordinary t}?e o{ fertiliser resPonse curve the curvature will in general be

negative."-"friitt-ttti. 
"onuention 

the response to the single dressing is given by
zr-zo: |(Nr-'M) '

and the additional reslrcnse to the double dressing is given by
zr-fr:|(N1f .IV1)

With two fertilisers each at tbree levels the linear response and-curvature to each

f*tifjl"i *iri *-ii," -.r" of such responses over all three-levels of the other fertiliser'

ihe inteructiott o! the lbrcar rcspottszs will be defired as

N r.P r: | (tt, I r-tt zl o-th I zl tt ol o) 
:, (r r-,t o\ (l "-l o\'

tThe factor I is omitted in the tables given in the 1934 report') The other three

)i-".iirt",ir irrt"t*iion may be de{ine-d similarly, but in a iirst study of the results

oi S-iSiettititet 
"xperiments 

it is usually suficient to confine at-tention to the above

;;;;;;t';il;H.tt"n. In 3 x 3 x 3-exPeriments the seeoad oTdet i'tt'racl;on oJ

litetr rcsfiotses, namelY

N ,.er.X r:21tt4*Ar----+4p2ko'---aQohr-trt2h.2*tt6p9kr*nopSo*trl&o---qol&l:L
(n,---'t 6\ @ r- | ol (k 2- h o\,

mav be ol interest.^""d;;;;; of this rePort are so arranged tbat as {ar as lnssible the main effects

-rd^ilJ;;e; interactioni are available without the necessity of taking out any

ilJ"r.- ff," fiot order interactions are often given in the form of response to one

treatment in the presence of, and in the absence of tbe other, under the heaomg or
:j;?{I;;;iil;;rdnio." ttt" 

"t.nd.rd 
errors (prefaced by the sign +) apPlicable to

oll cnmnarisons ivhich are tikely to be of interest are also shown' -they are oeouceq

i."-*if,I"-"t-a*a errors per pt6t, which are given in the details oI the experiment.

The roush rule for use with stardard errors is that a quantity is siSnificant-if it is
,,'.^t". th.i t*i"" its standard error, and the difference between two quantities ha]rng
ii".r-e standard error is sig-nificant if it is tfuee times that standard error' lnus
iir; ;; ;;po"." to sulphatd of amnonia h the 1933 B- russels Sprouts experiment at
iirioU*" 

-i.-il""" 
as 9-0i cwt' +1.89 cwt., which is therefore signilicant, since the

i*-.-"." i. ""frnost 5 times its staldard error. The responses in the absence and
llL""i "i r-rrttw manure are 12.38 c\f,t. and 5.64 cwt., each with a standard error oItii,ez-."iin. aiiferential response (or inter-action) which is the difference of these,

aiiu"i *es".ti"", is not signi{icanrt, being only aborrt two-and a balf times the stand-
;;e;;o.;i each o{ them. The resPonse to sulPhate of ammonia in th€ Presence
.*r-r-"lt* manure,5.64, is sigrilicart, being more than twice its standard error'
fft5 r.rn,i i"t".""tion can be to;ked at from the point.of view of response to Poultry
;;;; ir the absence and presence of sulphate of ammonia' These responses

aie g.i8 a"a t.aa c"t., again with a stardard error of a2'67, giving a mean response of
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4.81 cwt. u,ith a standard error of a1.89. The mean response and the response in the
absence oI sulphate of ammonia are therefore si6aificant, but the response in the
presence oI sulphate of ammonia is smatl and not significant. We have liere a case of
common occurrence v'here one oI two quantities is signi{icant and the other is not, but
where the two quantities do not diIIei significantly from one another.

Standard errors, besides their use for testing the signi{icance of comparisons from
one particular_experiment, are of importance when the results of a number of experi-
ments are combined, since they serve as a measure of the reliability of each experiment,
and also give the information'necessary lor telling whether the viriation lroin experii
ment to experiment in the effect under suwey is a real one or whether it can be
attributed to experimental errors.

. The second and higher order interactions are likely to be of even less importance
than the first order interactions, andthis fact is made use oI in confounding, rihich is a
modification of the randomised block method, introduced in order to keepihe number
of plots per block small \i/hile aUowing a large number oI different treatments. In
confounded experiments certain comparisons representing high order interactions are
confourded (i.e. mixed up) with differences b€tlveen blocka. Thus 1\ the 2xlxz
arrangement given above, the plots receiving the treatments ,t rl, z, 1 and A might be
put in one set of sub-blocks of 4 plots, and the plots leceiving treatments ni, ih, lhand (l) in another set of sub-blocks of 4 plots. The second order interaction worild
then be completely conlounded. On irregllar land a considerable increase of precision
may result from keeping the blocks small. There are man_v examples of confounding of
v_arying complexity in the experiments of this report. There is not space to discusJall
the implications oI confounding here, brit it will be seen that in geniral the results of
interest, namelv the main e{fects and first order interactions, are unalfected by
confounding, and tables involving these interactions only can be used without regari
to the confounding. In certain cases , e.9., Xx2x2 and 3 X 3 X 2 experiments, where
some oI the first order interactions are unavoidably slightlv confounded, these irter-
actions have slightly higher standard errors than the others; this is indicated in the
tables themselves, the correct standa.rd errors being given.

The higher order interactions are not only unimportant, but it can often be con-
fidently predicted that they are likely to be very small in magnitude compared with
the experimental errors. They can therefore be used to provide an estimat6 of exper!
mental error instead of the usual estimate provided by replication. This m-a-kes
possible complex exp€riments in which each combination of treatments occlm once
only, thus enabling greater complexity to be attained with a reasonable number of
plots. The 1933 potato experiment at Wisbech is an example oI this t)pe of layout.
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CHEMICAL ANALYSES OF MANURES USED IN

Sulpbate of Ammonia
Nitrate of Soda
Nitrochalk
C],anamide

20.9
16.0
15.2
t9.9
3.77
5.20
3.93

4.29,4.16
8.41
0.66
0.42
0.
0.52

l6.G-r6.8 (Total)
16.2-(Water Sol.)

48.9
52.O

tr{alt Culms
Soot
Fish Guaao
Dutrc (l) ..
DuDg (2) ..
Dung (3) ..
Dutrg (3) ..

Pbultry ltatrure (Dri€d). .

Rape Dust

Superphosphate ..

Sulphate of Potash
Muriate oI Potash

334
2.47
r.46

5.63
0.25
0.19
0.r9
0.19

1.66
1.44
1.97

I.48
0.92
0.62
o.82
o.B2

\% Pp.

ln*o

REPLICATED EXPERIMENTS, 1935

(t)
(2\
(3)

Used ir Beans ExperimeDt, Rothamsted 35 RE. l-39.
Used itr Sugar Beet Experi.Eent, Rothamsted 35 RS. l-64, 35 RS. 55-102.

Used ia Potato ExperiEeat, Rothamsted 36 RP- l-?r.

Tbree Course Rotatlon

(r) Applied iE Auttrmn. (r) Applied itr Spriag.

Four Course Rotation

l{anures. % OrgaDic
IIatter.

% POr %Kp

I r.48
o.89
033

86.0
22.2
t6.{r

0.08
0.30
0.37
l6-6

2A.7 ?l 25.7 Pl

1.04
0.89
0.25

I\lanures. % Organic
Matter.

%N ok P,or % K.O

Chajfed straw
Adco
Superphosphate ..
Sulphate oI Ammonia.
*Iuriate oI Pota-sh
NitBte of Ha . .

86.0

:"

0.48
0.33

21.0e) 20.9e)

ro.o

o.08
0.37

16.6 0) (.)

1.04
0.25

51 6e) 52.0(,)

(r) Applied to the ryeSress. (.) Applied to barle, wheat, potatoes.

llanures. %N oh P"os

%N
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17.9
ti.7
16.7
t 2.0
16.4
,03

.\'o', FiSures for.Grcat BritaiD, Etrgtatrd a,d Hertfordshire are takeo from the.ilrinistrv ofAgrrculture s " Atricuttural Statistics,,, Vol.69. Otber,igures from ..tuternati6nai
Year Book of Agricuttural Statistics.', 1928-86.

' Excludint 193r.

Six Course

Sulphate of .A.mmoaia
Superphospha.te ..
Muriate of Potash
(r) Applied in Autumn.

AVERAGE WHEAT YIELDS

Country.

t4i

CONVERSION TABLE

Rotadon

.. 20.s?6 N

. . r6.6e)f) %Ptor.. 5r.6(r).52.0C)%K,O
(r) Applied iD Spring.

OF VARIOUS COUNTRIES

Great Britain
EDtl4trd and Wales
HerUordshire

Fratrce
C,ermany
Belgium

I metric quintel or Doppel . .
Zetfier (Dz.) . .

I metric toD (tonne)
I bushel per acre
I lb. p€r acre

I kg. per Hectare

Dealnark
Argetrtiae
Australia
Catrada
Uaited States. .
U-S,S.R. (Eulop€ atrd Asia)

I acre (10 sq. charosor {.8tO sq vards).
I bush;l (tr;penat) (s fu;;;j '-'--'.:
t lb. (pound avoirdupois)
I cEt. (hundredweight, I 12 Ib.)
I ioo (r0 cwt. or :,240 Ib.)

0.405 Hectare
0.364 Hectolitre
0.1163 Kilograrome

50.8 KiloSiammes
l0l6 Kilogramrnes
f 100.0 Kiloerammes
1220.46 tb. -
l0O0 Kilogrammes

0.899 Hectolitre per Hectare
Ll18 Kilogammes per Hectare
I.156 dz. per Hectare

15.12 dz- per Hectare
0.796 cu.t. per ac.e
0.892 lb. per acre

I cq1. per acre .. ..
I ton per acre
I dz- per Hectare

rn America the whchester bushel is used : 3E.236ritres. r Engrish bushel - l.ogg Amcrican
bushels- In America I cwt- : !0O Ib-

The yields of grain in tbe replicated experiments are givetr iD c$t. per acre. Oae bushol ofwheat $ejths 60 tb., of barley w;i8hs 52 tb., of oats weigh; 42 It. appioii-atery.

Mean yield per 
I

acre, 1926-34 | CouDtry.

22.8
7.0
6.t
8.6
7.4
6.0.

Mean yield l,er
acrc, 1926-34

I
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METEOROLOGICAL RECORDS, 1935

RAIN AND DRAINAGE
MONTTILY MEAN FOR 65 HARVEST YEARS I87O-1-I934-5

Rain. Draioage through soil

Bright
Sun-

shine.

Temperature (Mean)-

Total
Fall

r/r00otb

Gauge.

No. oI
Raioy
D.ys

(0.01 incb
or dore)
r/l00oth

Gauge.

20 itrs.
deep.

!() ios.
deep.

60 ins.
de€p.

Max. lIin.
I ft.
itl

8r'd.
Solar
fIax.

Grass
]{in.

l93S-
Ja!. . .

Feb. . .

Mar.. .

April
May
Jule
July
Aug,. .
S€pt.
Oct. . .

Nov.
Dec.

IDches.
t.072
2.511
0.634
3.954
t.907
3.004
0.001
t.635
4.467
2.986
5.384
3.195

No.
l5
t7
I
I

t9

I
t8
l8
26
2t

Ioches-
0.6s2
1.965
0.086
1.826
0.163
0.853
0.000
0.000
2.093
t.674
4.725
2.711

Irlches.
0.801
2.019
0.t79
1.964
0.206
0.989
0.006
0_000
2.10t
1.689
4.880
2.914

Inches.
o.77 |
2.048
0.169
t.826
0.182
0.920
0.007
0.fi)o
1.994
1.638
4.759
2.S60

Hours.
46.7
53.0

134.3
126.1
r93-8
t95.O
280.t
203.9
149.9
112.1
61.9
47.5

"F
42.7
46.3
49.4
51.9
67.7
aa.2
72.8
? 1.8
6:1.5
54.5
48.5
40.9

,F
35.5
36.5
36.1
39.0
4t.2
5t.l
53.4
52.4
49.3
42.3
38.0

.F
40.4
40.2
4t.3
45.5
m.3
58.t
64.8
63.7
57.5
4S.9
14-4

.F
68.7
82.8
96.7
99.2

100.6
109.1
197.O
r3t.2
ll9-8

"F
31.7
32.3
31.6
34.6
37.8
46.5
48.2
46.t
4-1..1

37.3

98.3

Total or
Meaa 32.116 189 16.848 17.807 t7 .211 1604.9 {9.5

{fhese readiDgs have beeo drscotrtinu€d.

Rain-
fall.

)rainage

{rh. I

Gauge. I

6&in.
Gauge.

Drairage % of
Rainlall.

Ilvaporation.

20-ia.
Gauge-

20-in.
Gauge.

40-ia.
Gauge.

60-in.
Gauge.

20-in.
Gauge.

40-itr.
Gauge.

60-itr.
GauBe.

Sept.
Oct.
Nov.
Dec.
JaD.
Feb.
lIar.
April
May
Jrne
J"lv
Aug.

Year

Ins.
2.374
3.085
2.834
9.8t4
2.375
1.995
t.968
2.067
2.O74
2.t74
2.8U
2.596

Ins.
0.804
1.738
2.159
2.395
1.944
1.473
t.051
0.678
0.496
0.612
0_693
o.643

Ins.
0.?Er
t.716

2.453
2.t36
1.580
1.t77
0.167
o.562
0.5.12
o.121
o.6s7

Ins.
o.721
1.589
2.Oa?
2.380
2.039
1.514
1-ll4
o.720
0.530
o.521
o.671
0-656

33.8
56.3
i6.2
85.1
81.9
73.8
53.1
32.8

23.5
26.0
26.3

32.8

78.1
88-6
89.9
79.5
59.8
36.6
27.1
24.9
27.1
26.8

30.3
51.5
73.6
84.6
85.9
75.9
56.6
3{.8
25.5
23.5
25.3
25.3

1trs.
1.574
1.347
0.675
0.4t9
0.431
o.522
0.91?
t.389
1.578
I.688
1.971
1.913

Ins.
1.597
1.369
o.622
0.32t
0.239
0,409
0.791
1.310
t.512
t.636
1.943
t.899

Ins.
1.657
t.496
o.747
0.434
0.t36
0.481
0.85{
1.347
1.544
1.657
t.s90
I.S40

I4.ti26 5.3S0 l{.515 50{ 50.1 1.409 13.648 14.48329.028
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CROPS GROWN IN ROTATION, AGDELL FIELD

PRODUCE PER ACRE

Roots (Swedes) ..
Barley-

Dressed grain ..
Tot l staw ..

BeaEs-
Dressed Graitr
Total Straw ..

Clover Hay
Wheat-

Dressed Graitr
Total Straw ..

Rools (Turr ps) .. cwt.
Barley-

Dressed Grai! bush.
Total Graia .. ca't.
Weight per bBshel lb.
Totat Straw .. cwt.

Beans-

Present Course (22nd), 1932-35

86.0

9.5
6.2

nt.2
1.4

bush.

bush.

3t.1

90.8
l3.o

15.5

t0.o
12.8

t2.a
9.4

25.6

2t.3
21.2

67.8
10.5

13.7
8.7

65.2
20.2

169.6

22.1
13.3

26.5
28.5

20r.9

2A.O
I5.4

18.9
t4.9
52.1

28.8
29.7

I18.0

13.9
7.4

55.0
ll.{
24.6
15.2
69,{
28.3

t6.0
l0.l
63.8
28.5

340.4

29.r
18.0

26.7
29.4

298.9

33.6
2t.t

2t.2
15.4
62.0

28.3
29.0

08.6

5.{
2.9

63.0
14.0

t3.r
8.1

69.6
16.5

12.0
7.4

03.5
23.5

5.4

l-3
il.2

4.8

1932
1933

!20.0

9.7
2.O

52.9
9.t

t0.5
6.6

62.4
28.3

6.0

54.8
6.3

1931
Dressed Grain
Total Grain ..
Weight per bushel
Total Straw ..

Dlessed Grain
Total GraiD ..
Weight per bushel
Total Straw ..

bush.

lb.

bush.

lb.

14.6
0.3

62.1
22.4

19.5
12.6
62.9
33.9

. Plots l, 3 aEd 5 ba-sed upor 20 coulses. Plots 2, 4 aIrd 6 based upoo l9 courses.
I Itrcludes straw, cavitrgs and chaIf.
t Mheral manure: 628 lb. Superphosphate l36okl; &O lb. Sulphate ot Potash; 100 lb.

Sulphate of Soda ; 2m lb. Sulphate of Maguesia, all per acre. Nitrogeoous }lanure; 206 lb.
Solphate of Amlnollia aad 2,000 lb. Rape Dust p€r acre. llanures applied otrce every Iour years,
prio! to sowi!8 of Swedes.

tl Based oE I courses.
! Based otr 13 courses.

CuLrwArroNs, ETc.-Plo ghed: August 3GsepteBber ?. Coltivated: Octobet O aad I3-
Ha.rrowed : October 25. Rolled : May 4. Seed sown : October 25. Variety: Red Statrd.rd.
Hervested : August l.

olMic
Unmatrured I MiDeral Masuret lcomplete Miueral
siDce 1848. I No NitrogeD I and Nitrogeqous

Year I crop i I | ]ranuP

Averall,e of fir:st tweEty-tqro Courses, 1848-1935

5
Fauo\^'

0
Clover

or Beaff
Fallo*'

4
Clover

or B€al!

I
Fallow Clover

or llean!
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WHEAT AFTER FALLOW_HOOS flELD
Wlthout Maaure lg5l. and slnce-

SCHEI\IE FOR COMPARING A THREE YEAR F"ALLOW WITH A ONIi YEAR
FAILOlI'.

. Iiach of the tl\o itrips on Hoos Wheat alter Faltos.is di\id.d into four partr. In thc }?arqh.n a.strip r: rn crop, one quarrer.oatinues to be falorv.a, so ir,ii' tt;,lir"n", ha., a three.
Ijil o.,.I9* LlrltereDt quarter- are rete( ted for fdltoq.in iucc.s\i\. ycars r; the rotatioa given
rtr the rollo$'rng tabl(:

-4. \A' B

Cropptng ot strlps A aDd B

C:Crop. F:FaUow.

A_ com. paris@ oI the ellect oI a thr€e-year fatloll. x'ith the efiect of a oae_y€ar fallow rrill be
IrGsible in el'ery year.

HalJ the experiDeDt colltilues to be wheat after ooe y€ar falow. and coDtfruity with
previous results will thus be DaiEtahed.

PRODUCE PER ACRE. 1935

ul H3 II.an 79 ,years,
185&1934

Dressed Graio-bushels
Total graiD <$ t. ..
Weight Ixr bushel-lb.
Total stras- '{rrt. ..

0.8
6.3

62.3
12.0

5-i

62.O
8.3

15.6
9.7

83.5
19.8

10.4
6.6

62.6
13.4

14..1
8.2

58.8
12.8

-_ Crrlrry rlols_, Er-c-.-:!rop-p9q sections. -Ploughcd: August 2A. Cuttivated: Au8ust 23.
Ilarlowed: October 20, March 21. RoUed: Marcf, 26. Seed-sown: October 20. Varieii,: Red
S-tandard. Harvgsled: August 13. Fallowed section. Ploughed: August 29, May 28. Culiivated:
Augut 29, Mey I I , July 3.

MANGOLDS_BARNFIELD, I93'.
No crop in 1936. See p. E4.

,\I A9 BI \t2 I]:i B4

103,
ls33
1934
ls35
1936
1937
1938
1939
1940

F
F
c
F
c
F
c
F
F

C
F
F
F
C
F
C
F
C

C
F
C
F
F
F
c
F
C

c
F
C
F
C
F
F
F
c

F
C
F
C
F
F
F
C

F
c
F
c
F
C
F
F
F

F
F
F
C
F
C
F
c
F

F
C
F
F
F
C
F
C
F
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HAY_THE PARK GRASS PLOTS, 1935

Grced Li@ pas apDli.d to tD. $uthm Dortion (liEedl oI tbe ploB at the Et. ol r,000lb. to rh. .cE iD tb. tirt .s,
ol 1003-4, r90?-E, lu5-ie, 1923-14, 19t7-28, i93l-3r, &d ai tbc r.i. oL,6oO lb. to aha a@ io lhe wintd oI llro'les1
.t4Pt Phere otb€Hi* stated.

Utr to l9l. th. liE.d &d r-tih.,r pbr EulB r@ Dr 4petely glm in rbe Auual R.Don but the Dc5 ol t!.
rro rE eiveo. FrcE 1916 @r.rdstt *p.Et. (i8rE @ giv.!.

'The seo!.Ictop ws €rt d att@ ; th. li8ur. 8rven .t! 6liEt d h., yi.ld., calcElat il rrc6 tb. dlv ott !.
ctDfi rto$, BE.-H.mt!d: febe!, t8. RoLd I U.eh ,5. Maru€ aPPli.d: F.bErtv ,6_t?, I.tch 1

&d t8-19, M.y !. Cut : l3t crcp, Jun ,,I.16; ,Dd @p, S€pt.Eb6 13-26.

I

I

_ ___l- 
tl'"-" stared & Per a@)'

i

t Sitr€I. <lt6in8 (106 lb J Surph.tr of Al@oM ( = 13 lb. N. ), (*itb
r Dims allo 8 vea, lE60-6!)

, UtlEeurd trft6 Dua I FaE, 1866-61)

! U,@!ur.d -- -.
r-! | Srp6ph6p[ate oI riE {il cEt.) ..

I

.-3 i SrFphcah.i. of li@ (!l *L), .!d .lorbL dciDs (.r, D.)
I solDhab ot A,,m@i. (-86Ib. N.)

5-r I N. haro UoE5ued foUo'ils doub!. .tr6si!8 A@ir salts' (-E0lb, N.l 1856-07
6-, (S. bau) Sup.4,b6phat6 {ll c't.) Suhhatc of Potah (600 lb.)

rouopila double drB6lna A!h. salt (-86 lb. N.) 1860.07 ..
6 Cooplct Mia.ral duE a Plot 7 : folloPitrc dosble dEs.ing

AEB. 3.lB (:86Ib. N.) 1856-68
r I CoupLt! via.ral Ud@ : Supcr- {!l *r.) : Sulphat. o, Pot !h

I (5oolb.l; Sdphar,e ol Sod. (r00D.);Sulphat U4n6i. (r00lb.)
3 | lliq.l U&!E wit[out Polaih ..
I I CoEplc& Mioual Meur. e.l doubl. dBing (rl2 lb.) Sulphxre

I ol AE@oia (:86 lb. N.) ..
10 i Uiual X&un (without Pot..b) a.!d dorble dr66ins AEE. slr!

(=60Ib. N.l
ll-r ' Cooplcr. llt!@l U&@ aDd tEbl€ .!t8ias (618 lb.) SElpDrle

oI AEo. (tr9lb. N.,
U-l As I,lot ll-l and Sili:r. ol Sodr ., ,.

CoBpEt. Mitr€r.I l,lan@ .i Ptor 7 : folloriDa doubl. alrt.siug
NrlEle ol Sod. {:86 Ib, N,, I85E-?5) ,.

CoDplete Min ral UaNe and sinsle dre3iios {l?5 rb.) Niilate of
Sod. (-43 tb. N.,

SiD8t .ltsiDa (t75lb.) NirEre ol Sod. (13 lb. N.)

uirccal lteul! (rith@t StFt. ), &d double dlBitrs sulph.t. oI
AI@, (-86 lb- N,), l0O5 ard sin6 i fouoritrc Mb.r.ls .!d
A6E. elts 3upplyioa tbc @arituols of I to! ol hay, I E66-1001

F@y.td Dulg (14 !ons) in 1905.!d cwry lourt-b rrar siae
looitt.d in r9l7), rouorios Nitare ol sod. (=$ lb. N.) ad
tltuBals. l87r-190{

lt
l3

t.1

ll
10

tI
IE

It

Yield ol Hay Dry Y.tiet

l4.a
19.3
15.,1
15.5
tx.2
15.!t
11.7
15.0
31,8
33.5

10.9

21,,

,a-1
31.8
39.8
19.1
15.'
6r.9
19.7
45.7
3t,0
36.E
50.9
19,,
51.1
13.'
39.1
{i.2
5{-l

12.1
25.4
27.3
38.i
t4.,
,1.5
21.2
21.1

26.'

2a,.1
30.1

31.7

21_1
12.0

13.9

3.3

1.3
2,7
1.6
,.0
1.1
,.t
1.6
l.?
t.0

,.!
5.6

1.0
0.,
6.!
l.a
t.,
l.l
1.0
1.'
a.3

15.0
E.0

15.6
11.'
4.'

0.7
10.?
6.',.,
1.6
,.0
!a.a
t.t
,.8
1.1
4,9

,.1

4.1
6.0

.1!

{.0

5.6

,0-6
1At
I7,3
16.'
16.6
16.9
165
!3.5
la.5

rt.4

27.1

35.1
t8.0
,46-l
,r.6
lE.4
60.0
6t.6
36.9
!7.3
60.8
!0.5
6l-8
65.6
17.1
46.4
64.9
6,a.8
67-1

'41.930.1
,t.3
1r.0
37.5
t4.3
,6.6
26.t

,E.3

!E,6
16.7

t7.3

31.5
48.0

15.2

4?,9

ll.,
l6.l
11.1
1L.,

9.6
tl.a
l0.E
10.6
25.9
27,1

8.a

1?.0

23,8
,5.0
tr.9
l:l.a
ll.t
11.11
40.L
,8.t
,4.1
,9.9
10.1

!40.6
r0.E
3r.8
17.6
1r,5
]12.5
51.0
2t.o
,r.8

,8.0
L6.t
19.7
10.9

20.6

19.6

21.1

21.9
33.9

36.9

,.0
l.t
,.t
l.'t
1.6
0,8
1.6
t.,
1.4
,.1

,.0

1.6
6.0
6.0
t.7
,.0
,.6l.l
t.0
l.!

tr.0
6.E

lr.6
9.0
1.3
6.0
7.4
8.!
a,,
l.E
1.0
t.a

t.a
,.2
t.0
!.0

1.7

,.6
t.2

3.3

3.'

1.1 21.4

l'1.1
l7-2
l!.!a
ls.6
ll.1
lr.2
1r.6
11.?
,7.t
24.5

10.4

49.5
14.1
38.7
4t.t
61.0
15.7
3t.!a
t4.6
24.4
36.9
30.6
18.1
,o.7
,0.8

28_'

39.1

3?.9
I?.1
Ir.1
43.9
.13.,
29.r

t8_6

25.2
38,?

36.0
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l5:

PARK GRASS PLOTS
BOTANICAL COMPOSITION pER CENT-193S (l6t Crop)

Unmaoured

Cnmplete Mineral MaDure

Mitrelal Manure (without
Potash)

Complete Mineral Marure
and double Amm- Salts

Limed
UDlimed

Limed

UnliDed

Limed

Urrlimed

Limed

UDlimed
Limed

Unlim€d

Limed
(sull)

Limed
(shade)

Unlimed

L.6.788 tb.
L.3,951 lb.
t:nlimed

L.3,r50Ib.

L.570 tb.
Unlimed

1..2,772 tb.
L.570Ib.

Unlimed

53.88
16.47

58.72

11.57

62.83

55.58

96.28

100.00
99.31

99.90

82.68

94.46

93.00

79.44
83.36
s9.6.1

88.59

82.96
81.49

80.46
89.18

m.20

10.87
9.74

31.51

37.58

8.68

1t.32

0.12

l:1.3;

{.29

r1.94

o..t2
008

4.8?

$.44
6.98

I0.67
4.89

3.89

35.25
,(}.5E

9.77

14.85

24.19

33.r0

3.60

0.69

0.to

4.95

1.25

tt.0{i

,o.14
16.50
0.36

6.5{

7.60
I1.53

8.87
5.93

5.91

MiDeralMaEure twitbout
ash) aDd doubie Amm.

Complete trIiDeral trlanure
double Nitrate oI Soda

Mineral Manure (*ithout
Super) and double Sul-
phate Amm. I gO5 atrd since.

f'arm].ard Dutrg in lSO5 and
every ,ourth )-e:tr since
(omitted l917)

sPhondyliyrn
Ccntauea rigra
Pl.ontdgo

Plalrlago

sphodylitan

sylteslt,s

sylucslris

odta/c

Achill.a
nitl.Iolit rL

Faimyard Duag in l9O5 and
every Iourth year since
(omitted in lUlT): each
intervenitrg year Sulphate
oI potash, Super., and
Nitrate oI S.xla

Gram- iI-etum-i Other
ineae. I inosae. lOrders.anuring Liming.

" Other Orders "
consist largely :

Achill.a
ni eloUtam

I
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166

BROADBALK: SAMPLING FOR ROOT-ROTS' 1935.

Each ptot was divided into teD portiDs, two satDPl€s' each coasistiDg of t$o half_melres
of row lenjth, beitr8 talen from eacfportioE. Plents sere classi{ied as:

Vigorous : Ears over I in. loot sith Sood train.
'WeaL i EaIs less than I in. lotrg xrith Sood g!:ailr.

whiteheads i Ptalrts dead, with very shrivelled or ao graiD.

Platrts teete also classified accorditrg to clean, slight or heav,- blackeniBg o, the stem-bases
alrd roots.

All plaats with whiteheads had heavy blackeEitrs of the roots. The table shoes a sommary
ot the results.

Blackenine {of the stem bas€s and roots) lr,as due partly to O bhiobolus gramiris and Partly to
Catospotctla hla iattdioid?s. lt \ras Dot fouod possible always 10 s€parate thes€- two by-a Daked
eye cl ssilicatio;; so that oo attempt was made to distintuish t,€t*een therll itr recordinS.

Series PIot
No.

Ear classificatioD Root classificatioD

Percetrtage oI plants Perceotage oI plants

Nhite
heads

Clean Slight Heav-v

IV
lst year alter

Iallolf,
(Fallow, 1934)

2
3
5
6

Duot
I]nrraouaed
Complete mioerals
Minerals + solph. amm.

69.7
69.5
64.7
19.4

15.2
18.5
21.0
t l.5

15.2
12.0
t4.3

9.1

9.4
34.9
19.3
I r.3

46.8
36.3
39.4
39.0

43.8
28.8
41.3
49.7

2ad ycar after
lallol*,

(Fallow, 1933)

2
3

6

Dutrg
Unfiaaured
Creplete dinerals
Minerals + sulph. amm.

?3.1
54.1
61.4
?3.8

13.8
23.5
17.6

l3.l
22.4
21.0
17.0

It.r
16.4
13.0
t1.2

56.3
60.6
65.8
62.5

3r.6
23.0
2t.2
30.3

II
3rd year after

fallow
(Fallor, 1932)

2
3

6

I)ung
Unmanured
Complete minerals
Minerals + sulph. amm

68.7
33.4
36.7
44.6

20.0

24.7
23.8

I1.3
34.4
38.6
3l.6

18.6

23.4
1r.4

53.3
47.4
45.1
47.1

28.0
20.s
3l.5
31.4

I Controt
I Gt. Harpenden

Victor wheat-after beans 88.0 8.0 ,1.0 80.3 16.0 3.6

.lIorr.-The figures lor the root classificatior are taken from vigorous aDd *eak plants only
sinc€ all whiteheads showed heavy blackening o{ the roots.

In the uomanured and mineral fe.tiliser plots sampled the amount oI Ehiteheads incr€:rs€d
proSr€ssively the longer the time which elapsed ftom the last {allowing. Forthe first, second and
ihird years after fallowiDg the average perceDtages oI whiteheads Ior plots 3, 6 and 6 together
were 11.8. 20.1 and 34.8 respectively- This is sbat would be expected, although the {igures arc
probably higher this year thao usual, o*'in8 to v.eather cotrditions having beetr Iavourable Ior
cereal root-rots, Ior some reasotr not fully uDderstood. The fiSures lor the dunged plot rrere
aberrant, being a little higher thatr the others for the first year alter fallo*in8, and remaining
at about the same level or possibly decrea.sint slightly instead of iocreasing in subsequent years
as oo the plots with no dung. This may be a real effect due to factors such as microbiological
antagonism. There s'as also less dis€as€ in the plot with mineral fertilisers and ammoniunr
sulphate than in the plot n ith minelals aloDe.

The Iigures lor the rcot classificatio! were Dot so consistett, but gave no indication that tbe
percentage of plants with heavy blackeoiDg increased xdth the time since the last fallow, the
percentage being highest the Iirst year alte! fallo*'int on all but the unmanured plot. APart
irom thi anomilous behaviour of the unmatrured plot in the first yeai alter lallowing the
pdcentages of healT blaclenins wer€ about the same otr all plots.

No contrectior *as ,ound bet$eetr tbe percentaSe of whiteheads or ot heavy blackeniog
and plant number.
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1$7

BARLEY_HOOS FIELD, 1935

Plot
MaDuring (amouits stated arc

per acre) .

Dressed Grain
Tota.l
Grai-n
wt. pe

Bushel
weight
in lb.

Total Stlaw
clvt. per Acre t

1935
l,{""',guI 1852-

I rsza
I935 r852-

l9:8

13.7
20.4
r6.0
23.6
21.7

15.4.
23.t*
t6.6i

23.6.

18.2.

23.5.

19.9+

25.4.

20.8
22.0
20.4
22.6

r3.5f
28.1

8.6

9.3

r7.8$
20.0s$

7.8
s.8

8.7

I t.2

9.4

rAAS

2A^A.S

3AAS

4AAS

lo
20
30

IA

2L
3A
4A
5A

IAA
2AA
3AA

IC
2C
3C
4C

7-t

6-l
6-2

IN
2N

40

5(f

Utrmanured .. ..
Superphosphate only (31 cwt.) ..
-{kali Salts ooly (20O lb. SdDhat€ of

Pote-sh; l0O lb. SutDhate of
Soda; 100 lb. Sulphati of Mas-nesia) .. ..

Complete MiDerals; a^s 30 with
Superphosphate (31 cwt. )

Potash (20O lb.) and Superphos-
phate (31 cwt.) .. ..

Ammonium Salts oalv 1206lb, Sul-
phate of Am0oniai ..

Superphospha.te and A-mm. Salts. .
Alkali Salts atrd Amm. Salts
Complete Mherals aDd Amm. Salts
Potash, Super. and Amm- Salts

Nitrate of $da oalv (27S lb.l
Superpbosphate and Nitrate df Soda
dkali Salts alrd Nitrate oI Soda . -
Complete Mitrenls aDd NitEte of

Soda

As Plot l.A.A and Silicate oI Soda
(40o rb.) ..

As Plot 2AA and Siticate of Soda
(40o rb.) ..

As Plot 3AA and Silicate oI Soda
(40o rb.) ..

As Ptot 4AA aIrd Silicate of Soda
(4oo lb.) ..

Rape Cake oDly {1,000 tb. )
Superphosphate aDd Rape Cake . .
Alkali Sa.lts aad Rape Cake
Complete Minerals and Rape CaLe

Dutrg (l4totrs) t852-71 ; alterwards
unmanuied

Famyard Iuanure (14 totrs)

Unmanured since 1852 ..
Ashes lrom l-aboratory fumace

I 852-1933 ; alterwards unmatrured

Nitrate of Soda only (275 lb.)
Nitrate oi Soda oDly (275 lb.)

8.6
18.7

15.8

24.4

t8.4

r6.3
5I.l
39.8
57.2
48.3

2t.5
55.1
33.6

53.4

55.2

45.O

66- r

48.2
57.6
44.7
58.3

37.6
57.7

ls.7

23.6

35.0
50.7

13.4
19.0

14.3

l0.o

15.5

35-8
25.8
3S.3
33.8

24.3*
38.8*
24.5.

37.7.

30.2*

39.7.

3t.2.

39.9.

35.5
38.r

37.5

22.5tr
M.6

14.7

15.7

28.7$
3r.7S$

5.2
t0.6

9.1

t5.6

10.5

10.2
28.3
21.7
31.0
26.8

t2.5
30.4
24.2

30.5

23.6

30.6

24.7

35.6

26.2
3t.8
27.6
31.4

20.0
33.9

ll.0

12.7

23.0
28.3

55.2
57.3

58.1

58.1

53.6
57.2
55.2
57.6
51.4

52.7
57.5

55.9

58.0

57.5

57.0
57.8

57.1

54.2

55.5

55.6
56.8

13.2

r9.l

l.l0

I l.l
14.7

19.8
3I.l
31.0
35.3
33.8

23.8
36.2
24.3

37.1

31.5

35.2

36.0

35.2

3{.3
30.5
34.5

2t.7
59.3

18.4

16.9

27.7
34.3

ll I cwt. : 2.15 bushels. 1912 and tg33 a.ll ptots were fallowed.
t Total straw iocludes straw, cavilgs and ciafi.. 60 yea$, 1868-i928. 156 years, 18?2-1928. S ?5 years, 1853-1928. SS 69 years, 1859-

1928.

- _C 
u_Lrr-v-ArroN s_, 

- 
Erc. -Ploughed : September E, January 8,22. Ilarrovfed: March 6, &9.

RoIed : May 8. IUanures applied : Jaauary 8-22, March 4,5. Seed sowr: March 8-9. Valiety:
Plumage Archer. Har!."red: Augu"r 14.
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168

FOUR COURSE ROTATION EXPERTMENT,

ROTHAMSTED

RESIDUAL VALUES OF HUMIC AND PIIOSPIIATIC FERTILISERS
For detaUe, s€e 1932 Report, p. 127

MANIIRES APPLIED, SEASON T934.5

Organic Ferliiisers (cu't. per acre) -Additioaal Artilicial Fertilisers
(cwt. per acre)

Organic \tatter \' K"o P*o. N. as
S. of A.

K,O 3-s
IIur. Pot.

P,O6 a-s

Super.

I .. I 50 (as F.\'.U.rt I l.8oo | 1.851 0.611
2 l50 (as Adco) | r.o3o | 0.79J i l.16?
3 .. I 190.37 {asstrdu)l o6;lll l457 l0ul24 --l None
DI

Nonet
o.770
t. t30
0.36
0.36

1.149
2.2O1-
1.s43
0.6
0.6

0.589
0.033
1. t88
1.2
1.2.

' As mineral pho+hate.

t The F.Y.M. used had too high a ratio oI N. to orgaric Batter, atrd had to be slighuy
diluted with stratf. The adjustme[t was made so that a quantity of the mixtttre contailing
60 qrt. of oryanic satter, also coDtaiaed t.8 c\vt. of N. No additioaal sulPhate of aEllonia was
thererore required- The weights applied per acre vrere 199.6 cwt. F.Y.M. aDd 6.6 ctt. sttaw.

CULTIVATIONS, ETC.

Barley serdst

Variety ..
Date o{ Sowirg ..
Ma.trures applied-

Dung atrd Adco
Artificiah to Adc

atrd Durg ..
Straw ..
Artificials to

and 5
Date oI harvestirg
Previous crcp ..
Cultivations-

PloughiIIg

Harrowil1g

RolIila
Ridging

G!ubbing

Plumage -\rcher
March I3

Dec. 12

Dec. l2
Dec. l3-Jan.7

Dec. 12, Feb. 12,
Mar. 7

Aug. 12
Potatoes

Dec. ll Jan.7
8
flarch 12, 14

Ryegrass
S€pt. 12

Sept.7

Sept. 7
Sept.7-8

Sept. 7, Dec. 20,
\Iar. 7

Sept. 12, Mar. l9
June 22
Barley

Sept. 7 8

Sept. 12, l3

Sept. 12, l3

A11y
April 12

Dcc. 17

Dec- l7
Jan.8-10

Dec. 17, Feb. 12,
Itar. 7

April 5
Oct. 14

Jan.8-10

f,Iar. 99, llay 7,
l6
April I, May 7
April I, May 2{,
,Iuly l9
Jure 25, luty r0

Yeomatr
Oct.23

Sept. l0

Sept. l0
Sept. ll
Sept. 10, Dec. 2(
Mar. 7

Oct. 20, Ifar. rg
Aug. l3
Seeds ha.y

July 18, Sept.
l1-13
Oct.20,23,llar.
2l
March 26

1 The seeds mirture oI ryegnss and white clover, previously sown under barley, wa-s lepla.ed
in 1934-35 by rr.eSrass alotre, sowD in autufi,I afte, ploughing the barley stubble.

Treatmetrt
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r59

PLAN AND YIELDS

Wheat-AW, plots l-25 potatoes-Ap, plots 26-50
Yl€lds lt! lb., graln above, straw below. ylelda tn lb.

N.W. N.W.

l, 3
183 221

I

185
193

II

114
263

IV

Or
152

III
fr4

35S

I

'l) 2
133

IV

,! I
t{8

5
l8l

IlI

)i 3
r29

II
:-l

224

IV

4
,o8

II

.3
t80

III

\s 6
212

I

402
t58

308

III

t? 5
211

.r 3
228

IV

ir U2
2t7

II

ja: I
290

I
r2
217

III

o)4
221

4s
224

I

'l
2t2

II

5

IV

R_yqlra63-AR, plots 5t-?5 Brrt€y-AB, ptots Z6-I(x)Yleldr h lb., hsy yrcrd; hrb.: I;;6;;ve, strar betov

N.W. N.W.

5
45.1
79.1
III

2
64.6
97.0
I

I
57.3

lY

3
62.4

t00.7
II

I
57.8
88.2

43.{
7 t.a

I
55.8
87.2
II

3
69.2

12 t.3
I

1
56.5
99.5
III

47.2
80.3
IY

3
41.3
a1.i

1{.1
6.1.{
III

50.2
80.8
II

4
s2.7

r09.3
IV

I

t32.0
I

I
45.5
u.5

3
48.0
69.8
III

4
61.3

105 2
I

5
47.6

I17.4
IV

2
47.4

I13.9
II

4
55.7
87.8
II

I
s0.2
76.8
III

5
53.0

103.5
I

3
46.2

1t6.8
IV

2
4t.9
70.6

3
l8l

I

4
It2

III

I
68

II
37

IV

5
83

3
100

II

1
t05 10.1

I

2
43

III

I
36

IV

2
l40

I

4
130

II

3
42

I
49

III

5
82

tv
5

t20

II

I
ll5
I

3
65

III

4
109

IV

2
36

1
a2

I

2
lt2
II

I
4l

5
I l6

III

3
5{)

I\'

4
85.6
94.9

2
80.0

106.0
I

5
80.6
00.9
IV

3
54.0
6l r)
II

!
88.6
90.9
III

5
75.9
sl.l
II

7t.5
77.O
III

I
58.6
66.{

I
81.0
8?.O
IV

3
97.0

109.0
I

62.1
70.1
IV

I
82.3
87.7
I

75.4
87.6
III

4
8t.2
84.8
II

3
u.2
00.8

57 _4
62.6

4
74.8
83.7
III

I
72.1
76.9
II

5
65.7
79.8
1

3
6l.2
68.8
IV

5

8S.7

2
6l. t
65.9
II

3
62.3
65.2
III

I
55.5
62.5
IV

4
96.6

108.0
I

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


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

https://doi.org/10.23637/ERADOC-1-67 pp 163

r60

SUMMARY OF RESULTS, 1935

trlanure
Year

OI
Cycle

clr't. per Acre
Potatoes
toas per

Rarley Ryegra-ss

per Acre
dry matte:Gra.iD Stra\r' Grain Stra$'

lr"ou.. I
F.Y..\1. 

I

I
II
III
IV

21.0
20_4
18.4
21.0
16.7

48.7
32.0
28.1
28.5
23.6

5.31
3.88
2.78
4.10
2.71

3t.5
27.6

21.2
22.4

33.5
29.4
34.8
23.0
25.4

98.4
r6.7
l2.r
8.9

10.0

U"arrr. I

"et. I

I
II
III
IV

23.6
t7.4
t6.2
17.3
15.4

35.6
41.7
93.6
29.4
29.2

4.l0
3.98
3.98
).44
2.90

34.0
23.4

23.9
22.0

40.5

25.4
26.8
23.9

34.5
27.7
10.7
9.1
9.0

U-ur" I
strar 

t

I
II
III
Iv

25.4
23.0
I ?.6
16.9
t6.2

44.4
36.9
25.6
42.8
23.7

4.14
9.36
3.30
4.18

37.1
20.6
23.8

24.6

11.7
23.3
24.9
26.3
26.7

44.1
24.6
l6.l
12.3
l0-4

**'. 
I

I
II
III
IV

22.5
20.4
20.7
r9.3

38.6

36.5
40.1
32.3

6.58
3.78
5.6,1
4.82
4.10

36.9
31.0
,8.6
3l.0

41.3
32.4
32.0

36.3

20.3
32.0
27.4
27.O
25.9

Rock t
Phos- {

rbate I

I
1I
III
IV

19.4
18.4
16.5
t7.1
15.9

37.I
29.6
29.1
43.0
26.2

3.88
3.54
3.32
1.25
4.42

25.1
29.0
28.8
30.8
29.4

30.5
34.8
33.5
34.8
34.3

25.5
29.5
2a.1
20.3
20.6

The ouober I detrotes applicatioo o( oaDure at the b€ginoing oI the pleseat seaso! ( 1934-35) :

II, epplicatiot in the Previous seasotr, etc.

.The Adco treated slra\f, was dried out in Juoe aDd had to be completely re_$etted. The
aaalysis given otr p. 146 shows that the coEpost was Particularly deficient ia niEogen (0 33%N).
A re;sonable figlre wonld be 0.5%N
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SIX COURSE ROTATION EXPERIMENT,
SEASONAL EFFECTS OF N, P,O5 AND K'O

(For detalls see 1932 Report, p. 131)

CULTI!'ATIONS, ETC.-ROTIIAMSTED

161

Sugar Beet Barley Clover Hay Potatoes Rv"

Variety

Date of Sowing
Maoures applied

Lime applied
Date of harvest-

lLg

P.evious crop
CultivatioDs-

PloughiEg

}Iarowiqg

RolliDg

Singfirg

Hoetug

RiGing

Grubbing

Iiuhn

April 29
April 29

Oct. 3G
Nov. 4

Rye

Sept. 13,
Feb. Il,
12

Sept. 25,
27, Oct.
13, Apr
24,29

Oct. 13,
Apr 29,
30

Juae 12,
l3

Jutre 3, 15,

July 17,
27

Plumage
Arch€r

ilarch 13
March 8

March 4

Aug. l2

Sugar beet

Jatr. 7 8

llar. 7, 14,
Apdl18,

\Iar. 15,
Apr rS

Bioad Red

April 24
Nov. 5,

April 8

Crop failed

Barley

Oct. 16
Oct.9,

trIa.r. 19

Aug. l0

Clover

Sept. 15

}Iar. 26

Oct. 16,
Mar. 21,

Ally

April I2
April 5,

Oct. 15

Wheat

Sept. 10,
Mar. 18

Sept. 27,
April 2,
3, May
7, 16

Apr 2, 3,
}{ay 7

Apr 3,
]l,.ay 25,
July 17

Jutre 25,
July 8

Oct. 27
Oct.26,

Mar. 20
Oct. 18

Juty 29

Potatoes

Oct. l8

Oct.26, 27
flar. 2l

Oct. 27
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L62

CULTIVATIONS, ETC.-WOBURN

Sugar Beet BarIey Clover Hay Potatoes Rv.

Variety

Date of sowiqg

Manuies appli€d

Lime applied
Date of harvest-
ing

Previous crcp
Cultivations-

Ploughilg

HarlowiDg

Rolltu9

SiDCliog
Hoeing

Ridgitrt

Kuhn

April29

April 29

Nov. 19
Rye

Oct. 4-5,
Feb.20

Oct. 15, 16,
Mar. 19,
Aprit 3,
t5,29

lfar.26,
Apr. 29

Jutre Gll
Jure 4, 20,

27 -30,
S€pt. 9-
l0

Mar. 6, l9

Plumage
Archer

March 6

March 7,
April 5,

March 5

Aug. 6
Sugar Beet

Ja'tr. ?-r0

Mar. 6, l9 llav l,
IIar. l9

}Iar.20

Broad Red

IIa], I

Nol.. 7,
}Iar. 19,

July 2{
tsarley

YeomaD

Nov. 6
Resowa
Nov. 19

Nov. 7,
Mar. l9

Aug. 8
Clover lailed

July 20-2r

Oct. 27,
Nov. 6,
Mar 6,
19,28,
Apr. 15,
May 2, 8,

Mar. 20

May 28-30

-A.11y

ApdI 5

April 5,

Oct.2

Oct.5,
Mar. 4

Oct. 10,
Nov. 6,
Mar. 19,
Apr. 3,
29
Jutre 4

Mar. 26

June 4,
July 2,

April 4, 5,
May 8,
July I

Nov.3,
Itar. 28

Oct. 12

July 24
Potatoes

Oct.5-8

Oct.30,
Nov.3,
trIar.6,
28, Apr.
I5, May 2

Mar.2l

Nore. The gree[ manure crop of rye immedrately pr€cealitrg sugar b€et (see 1932 RePort,
D. l3l ) wa^s disioutinued in lg34-5, botb at Rothamsled ard woburn Tbus there are now ooly
iwo green manure crops, mustard a{ter rye be{ore sugar beet, aI1d rye after'wheat before Potatoes.
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Barley.-BB, plots l-15
Ylelds in lb., graln above,

I63

ROTIIAMSTED,

atraw below.

1935
Potatoes-BP, plots 16-30
Yields ln lb.

Rye-BR, Plots 3l-45
Ylelds in lb., grata above, stra$ betow

4K
r09.2
132.8

IK
100.7
1r9.3

IN
94.6

I I l..r

ON
89.0

104.0

3P
101.8
126.2

OK
109.3
134.2

3r
108.6
134.9

4N
107.5
t40.5

IP
103.3

2P
105.6
124.4

2K
It3.4
140.6

3N
107.9
14.1.1

2N
107.2
r23.8

4P
107.7
126.8

OP
s r.9

t08.6

3P
54.9

t47.1

1P
5:].7

1t4.3

IN
60.0

14t.0

3N
51.4

156.1

4K
49.8

139.2

4P
82.2

r63.8

2P
49.9

1t1.6

ON
60.4

l4g.l

OK
6C.9

153.1

IK

155.0

OP
59.6

t35.4

4N
51.4

159.1

2N
56.1

148.4

3K
61.0

11s.0

2K
55.5

151.0

Clover Hay-BC, plots 6l-75
Crop failed

Sugar Beet-BS, plots 46-60
Yields ln lb,, roots (dtrty) aboye,

toPs centre, sugar percentage
below

N

N

t
I

Wheat-BW, plots 76-90
Ytelds ln lb., grain above, straw

below

T T ,l 1N 2K

g 2P ,l ,_" 5
rj -1\ ON 'j a"

N

OK
70.8

I r6.2

IK
7 t.t

1t8.0

tlN
74.O

125.0

IN
65.2

110.8

IP
72.4

t31.6

3K
?8.8

t3r.2

4K
78.3

130.7

ON
64.0
9.1.5

3P
65.9

109.r

4P
72.9

t22.6

2K
89.t

l3?.4

3N
80.3

r31.7

2N
65.3

t02.2

OP
62.8
90.7

2P
58.0

104.5

4P
358

OP
360

3K
400

4K
{r8

4N
381

IP
356

3P 2K
4I5

IN
39?

ON
306

2P
3S8

lI(
368

OK
368

3N
.102

2N
370

4K
472

t 8.06

IK
470
343

17.37

2N
574
58.1

17.28

ON
544
441

t7.83

3P
503
439

t7.40

2K
416
458

17.02

OK
525
566

16.?9

3N
496
625

16.17

4P
525
312

17.32

2P
a,62
480

17.74

3K

528
t7.74

IN
566
;ll

,+N
566
672
t7.lI

IP
596
590

17.49

OP

626
t7.63

. A mistake was Eade in the Iertiliser applicatiotrs to barley at both Rotiamsted and Wobunr.
The varyirg nitrotea dressi[gs were applied to tbe five plots which should have had varying
quaotities of potash, a\d, lice lersa. The Iate oI applicatiotr of potash to the barley was a,lso too
hi8-b. A ruit dressirxS was 0.374 cwt. KrO per acre iEstead ot O.25 cwt. The rates oI applicatioo
of N aDd Ppr were correct. The plaa shows the actual treatments which were givea.
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l6.l

woBURN, 1935

Clover IIay- 4C, Plots l-15 ll'heat-Clry, Pbts 16-30
Ytclds ln lb., Ereen welEhts Yields tn lb., grain abovc. atraw

3X
14t.0

OK
115.0

4P
170.0

3P
130.0

4N
75.O

4K
216.O

1K
100 0

IP
I66.0

IN
176.0

3N
68.0

2K
58.5

OP
70.o

2P
198.0

2N
125.0

ON
153.0

Bailey.-48, Ptot6 3l-45
Ylelds in lb., grain above, straw below

N.W.

I

Potatoes-CP, Plot6 6l-75
Ytelds in lb.

Sugar Be€t-CS, Plots 76-90
Yields ln lb., roots (dtty) aboYe!

tops centre, sugar percentage
below

N,W.

t
I

I

N.W,

1

3N
40.2
65.2

IN
t 7.9
21.1

OP

53.5

4P
35.0
58.0

3K
31.7
57.0

2N
31.?
5t.0

ON
ll.5
14.0

2P
34.0
5 t.0

IK
38.2
55.0

OK
42.O
65.5

4N
46.2
80.5

3P

57.0

IP
38.7
60.0

4K
11.O
69.0

2K
39.2
60.5

4N
67.0
92.5

ON
44.9
54.1

4P
73.5
lrL.5

2P
80.5

103.5

2K
80.2

100.2

1N
49.5
53.0

3N
69.2
83.2

IP
14.7
85.0

IK
7S.i
94.7

3K
85.0
93.0

2N
61.2
63.0

3P
63.0
69.0

OP
69.5
75.5

OK
7 \.2
78.0

4X
74.0
84.0

Ry€---CR, Plots ,16-60
Ylelds In lb., graiE above, straw

below

2P
43.5
85.7

IP
48.0
92.2

4K
49.0
91.7

1K
55.5

102.7

IN
{3.0

3P
s0.0
90.7

4P
41.O
87.7

2X.
62.O

1o4.7

4N
62.5

ON
40.5
68.7

OP
49.5
88.2

3K
47.O

OK
55.0

t05.7

2N
55.2

to4.7

3N

I10.7

2P
389

1P 3N
411

ON
381

4K
1i;

OP
356

3P IN
372 | 409

2K
451

IK
381

4P
393

4N 2N
366

OK
4t,9

3K
384

. Error ir EratruriDt (see p. 163).

IN
395
309

15.81

2N

301
15.66

OP
477
356

15.95

IP
505

15.66

2K
44t
326

15.6t

3N
411
33r

1n 52

ON
373
296

15.75

4P
531

1K
5{3
363

16.2r

OK
456
304

15.12

4N
510
283

15.?0

2P
51J7

340
t5.92

3P
530
346

t5.72

3K
485
t25

16.t6

4K
431
341

r6.07
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Average,
1930-34 t93s 1930,34 1935

1935 1935

Sutlai
Beet

Roots
(washed)

Yield
N
P
K

6.72
0.81
0.24
o.27

-0.28
-3.38
-o.24

+1.t0
+1.10
+0.66

Clover
IIay

Dry
matter

Yi€ld
N
P
K

19.5+
15.8+

-0.4.1.2.

Tops Yield
N
P
K

8.7r
3.06

-0.30
-0.48

9.05
6.5r

-8.56
- 1.55

+2.39
+2-30
+ 1.43

lvheat
Grain

YieId
N
P
K

24.6

o.4
\.2

8.4 +4.1
+4.1
+2.5

Suga.r
perceEtag€

Mea.tr
N
P

16.8r

-0.23
-0.680.39

17.42

- r.65
-o.471.16

+0.50
+ 0.50
+0.30

Stras Yield
N

K

47.9
20.rt
r.8
t.7

42.O
19.3

5.6
6.2

+8.3
+8.3
+5.0

Total
Sugar

Yield
N
P
K

2.4

-0.2
1.6

29.8

- 3.8

-12.71.0

Potatoes Yield
N
P
K

6.47
1.87
0.98
3.26

6.75
1.85
0.07
r.08

+0.93
I0.93
+0.56

Barleys
Grair

Yield
N
P
K

26.7
4.0
3.6
0.7

37.1
rl.9
0.7

+3.5
+ 3.5
+ r.4

Rye
Grain

!'ield
N
P
K

30.2I

0.6i
t.2i

20.t
-6.3

1.5
2.5

+3.r
+3. r
+ r.9

Straw Yield
N
P
K

31.3
9.9
7.9

45.2
25.3

9.7
t.2

+5.3
+5.3

StIa]I, Yield
N
P
K

49.31
2.4i
4.41

-2.8i

8.4
tl.7
-4.9

!4.4
7_4.4

166

ROTHAMSTED, 1935
l.-Mean yields per acre and lacrernents in leld per cwt. of N, prOE aDd KrO.

'4years^oD1y-,_ 1933 crop failed. SError i! maauriag (seep. 163). t tg3f-3a. ilg34 ody. r+dop
,ai.led. Sigdficant results in hea!,lr t].Pe. Negative sig.ri means depression.

2.-Average percentalie increments i,r yield for each application of N, pro, and KrO,

P Ii

t935Aver.Lge,
1930-34 l9:J5

Average,
1930-:t4 I9B5 1930-34 1935

Sutlar Beet-Roots
(washed)

Tops
Sugar percetrtage
Total sugar

1.35
5.60
o.26
1.09

- -O.!+9
10.79

- 1.42
1.92

0.82

-0.61
-0.410.r9

-5.92- 14.19

-0.41_6.37

I.6I
-0.560.58

2.27

-{.71
- 4.28
t -67
0.85

+ 1.92
+3.96
+0.43

Barleyg--Gra.in
Stra\' 5.06

4.E2
8.39

2.18
3.83

2.91
3.21

0.69
2_62

075
r.02

+t.42
ll-75

Clover IIay-Dry ma.tter 9.92r -3.90. 0.80+

Wheat--_Graio
Strarv 7.361

1.99
6.90

0.38
0.30

1.94
2.OO

0.99
o.52

3.20 +2_45
+2.S8

Potatoes 4.39 4.10 2.5t 0.15 t2.3,1 4.0t +2.06

Rye--GIain r.721
0.731 -4.682.34

0.331
r.341

I IO
3.24

r.021

- r.401 -3.09
+1.24

.4 years oaly, -1933 crop failed. SError in.matrurirg lsee p. t6B). lf93t-34. tf934 ody.
Significaat results ir hea!.lr t]Pe. Negative sign meaal dipreision.
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Average,
t930-34 1935 1935

1935 1935

Sugar
Beet

Roots
(washed )
totrs

Yietd
N
P
K

7.t2

-L24r.09

2.91
l.2l

-0.s9

+0.98
+0.98
+ 0.58

Clover
Hay

Dry
Yield

N
P
K

24.6**

-8.4r*1.5++

12.3

-17.2
10.7
9.4

+7.9
+ 7.9
14-8

Tops Yield
N
P
K

6.7 |
2.45

-0.2s2.00

5.87
0.05
0.51
0.26

+0.76
+0.76
+0.46

wlreat
Grain

Yield
N
P
K

s.2I
12.o1
r.3t

- r.0t

12.5
21.9
oi>
0-l

).2.4
+2.4
l. r.4

Sugar
_ 
percentag€

llean
N
P
K

17.06
l.17
0.03
0.79

15.77

-0.26
-0.35o.74

+0.55
+0.55
+0.33

Strarv Yield
N
P
K

23.6i
28.01

1.3i

19.6
40.8

I,5
1.3

+ 3.5
+ 3.5
+2.1

Tota.l
Sugar

Yield
N
P
K

9.7

- 1.2
.1.8

20.1
8.8

_ 1.0

Potatoes Yield
N
P
K

9.1S
4.71
0.68
0.80

7.O2
0.17
r.07
0.42

+r.lr
+l.tl
+0.66

Bailey*
Grain

Yield
N
P
K

18.7
1.3
3.0

24.8
15.5

-0.9t.0

+4.8
+4.6
+1.8

Rye
Grain

Yield
N
P
K

23.t1
0.81

-7.01
-0.6i

18.0
13 -7

-0-7
-2.9

t2.O
+2.0

Straw Yield I 40.1
N | 2s.4
P -O IK 4.9

29.1
25.2

1.0

+8.5
+ 8.5
+ 3.4

Straw Yield
N
P
K

35.81
4.5i

-7.9il.8i

33.9
34.1

-0.6
-6.2

+3.5
+ 3.5
+2. r

166

woBURN, 1935
l.-Mean yields per acre and lncrements ln yield per cwt. of N, PrO5 and KrO.

'Error in manuring (see p. 163)- ti93f-3a. lf93a ody. '11931-33. SignilicaEt results ia heary
type. Negative sign meaDs depressiotr.

2.-Average percentage ircremeats in yteld for each applicatton of N, P'OE and K,O.

tError in manuring (see p. 163). ..193f-33. if03f-34. i1934 oqly. Signilicaot results in healy
tJpe. Negative sign meatrs d€pression.

\ Ii
1935,A.Yerage

1930-34 t035
A.!erage,
t930-34 1935

Awerage,
1930-34 ts35

SuEar Beet-Roots
(wa-shed)

Tops
Sugar perce[tage
Total sugar

5.97
5.27

-0.67
5.05

6.85
-0.12o.25

6.56

_2.38

-0.65
0.0.1

2.85
1.29
0.33
2.14

4.56
6.93
t.l5
5.52

-2.301.09
t.t7

- r.l9

+2.29
t 1.96
+o.-o2

Barley.- 4raitr
Stru\r

t3.21
s.83

9.35
13.01

0.66
0.19

0.56
1.93 2.90

1.57
r.3l

)=2.76
+4.39

Oover Hay-Dry matter 5.58*. -20.94 4.94*r I3 07 7.39+* 19.t6 + 9.66

Wheat- -craitr
Stmrv

r5.301
r6.s3t

26.27
3t.18 -2.4O1

-2.rlt
0.56
t.t2

0.941
0.081

0.l6
1.63

+2.83
+2.7I

Potatoes 8_47 0.36 o.4i 2.28 1.86 l.5t +2.36

Rye-4raia
Straw

o.521
r.901

t1.46
15.08 -4.551

-3.301
-0.56
-0.26

-0.6r+
- 1.237

4.00
4.55

+ 1.63
+ r.57

1930-34
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THREE COURSE ROTATION EXPERIMENT
ROTHAMSTED' 1935

EFFECT OF PLOUGIIING IN STRAI AND OF WINTER GREEN.MANT'RE oROPS
For detalls see 1933 Report' p' 118'

CULTIVATI ONS ' ETC.

Sugar Beet

Arv
April 12

NoveDb€r 2, April G8
November 2

October 16
Sugar Beet

NoveEber 3,
March 20'21
November 5, April 2,
May 7, 16
April 2, 3, May 7

July I
April 3, May 24, July l9
June 25, July I

Kuhn
Apr 29

Septembe, ll, April 20
September I I
October 22-23
Barley

September ll-12,
April I
Septedber 25, 27,
Aptil21, 29
September 27, April 20
June l3-r4
lutre 15, 27, JuIy 17,

Pluhage A.rcher
March 13

October lg, March ?
October 19

October l9-20,
Februarjr 19-20
October 27,
March l3
October 27, March 15

Date of so*ing
Manures applied

Artificials ..
Adco a,nd Stra\r'

Date oI }larvest-
ing ..

PrcYious clop ..
CultivatiotrF-

Ptoughing ..

Harro*'ing ..

Rolling
SinglinS
HoeiaS
RidSrng
Grubbing

GREEN MANURE CROPS-GREEN WEIGHTS-TONS PER ACRE

Preceditrg
trIaDured l33{-35 Itatrured 1933-34

,c.d." ls.r 1s.,, |ff"."ttt Art'ls. st. I st.2

Badey Vetches
Rye ""8 

llsiil oi4 I 0.6r foi,
r.?e I l.?2 | t.rs I t.zz I r.oc

0-71
2.r3

0.59
l.5l

0.78
1.63

0.75
1.88

0.71
1.79

Sugar
Beet

Vetches
Rye

0.49
3.67

0.53
5.60

0.62
2.30

0.51
4.21

0.54
3.9 4

0.36
4.64

0.34
3.28

0.45
3.92

0.60
s24

0.14
1.27

Potato€s Vetches
Rye

o.27
1.46

o.44
l.l0

o.29
0.94

0.39
, 32

0.J5 ll 0-30
1.20 ll t.66

o.24
1.52

0.30
1.49

0.34
1.60

0.30
1.57

PERCENTAGE DRY MATTER

Preceditrg Sample I Sample 2

Barley Vetches
Ry.

5.92
9.96

7.22
8.71

Sugar Beet
Rye

8.r6
12.94

8.33
13.51

Potatoes ..
Rv.

6.52
t3.80

9.9r
14_t5

For eaah break oI the rotatioD, two large samples ea.h of rye and vetches were taLen lor dry
matter detefinination. These were weighed ,.esh, dried at 100'C, cleaned froB soil as fal as
possible atrd weighcd agai[. The dry matter lterceDtages thus include a dirt tare correctioD.

Art'ls

Barley Potatoes
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PLAN AND YIELDS
Barley-DB, Plots 49-72. Ytelds ln lb. graln above, straw betow.

Sugar Beet-DS, Plots 25-48. Yields tn lb. roots (dtrty) above, tops centre, sugar
percentage below.

Potatoes-DP, Plots l-2,1. Yields In lb.

STIRI
86.8

110.2

AdRI
84.5

100.2

AdVII
106.5

AdVI
83.2
99.3

AdRII
72.9

sttvr
87.8

105.2

StloI
89.4

107.t

st2vrr
87.0

tt0.0

stlvII
88.9

t03.6

st2vI
85.2

109.0

St2RI
84.3
88.8

st20r
88.6
91.5

,l.rRI
83.8

r03.2

ArRU
76.S
82.O

ArOI
84.1

109.s

AdOI
82. r
9t.2

stlorr
84.5
97.0

ArVII
82.0

t03.1

STIRII
73.1
84.9

AdOII
15.7
00.9

St2RII
81.7

st20II
80.r
94.9

ArVI
45.2

I17.8

ArOII
96.2

stloII
412
11.44

AdOI
522
3S6

18.t8

AdRII
m7
344

t8.32

ArVII
564
390

18.36

ArRI
660- 174

17.95

st20I
660
438

18.01

st20II
517
17.37

AdVII
538
622

17.63

St2RI
5i2
433

19.24

St2VI
6t4
486

18.36

STIRII
5,10
350

18.64

ArOI
561
480

17.77

,lfRII
116
461
I7.08

AdOII
528
u2

t7.92

St2RII
522
351

t8.58

strvl
59{
468

t8.36

St I RI
640
371

18.69

AdVI
496
340

t8.24

AdRI
489
330
17.s8

A.VI
147
172

17.23

stlol
442
436

17.72

ArOII
429
340

18.29

st2vIr
449
378

18.15

stlvII
428
352

18.t5

STIRII
271

St2RI
336

ArRI
300

St2OII
216

ArOII
200

AdOI

stt or
382

St2RII
308

sttoII
244

ArVII
2ll

AdOII st20I
302

ArRII
214

St2VII
256

ArVI
348

StIRI
384

AdRI
280

stlvlr
243

AdVII
330

ArOI
322

AdVI
239

st2vr
321

stlvr
442

AdRII
251
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SUMNIARY OF RESULTS

alatrured 193.1 35 ilaaured 1933-34

A-rtiIi-
cials.

Strarv
st. I

Stra*-
st. 2.

Artifi-
cials.

Adco. Straw
st. I

StraN
St.2

Mean.

Barley
Grai-n
cvjt. p.a.

Notre
Vetches
Rye

37.6
29.1
37.4

36.7
37.2
37.8

39.9
39.2
38.8

39.6
38.I
37.6

38.4
35.9
37.9

35.9
36.6
34.4

35.6
39.1
s2.6

3i.i
39.7
32.6

35.8
38.8

36.2
36.6

39.3 3 8.4 37.1 3 5.8 36.7 35.8 36.0

Straw
cwt. P.a.

Notre
Vetches
Rye

40.t
52.6
46.1

40.8
44.4
44.1

47.4
47.O
19.2

4S.0
39.7

15.0
48.2
44.9

43.0
46.0
36.8

40.6
47.6
35.I

43.3
46.3
37.9

42.4
49.1
36.5

12.3
17.2
36.5

49.3 48.0 13.6 46.0 41.9 11.1 42.5 12.7 42.0

SuEar
Beet

Roots
(Washed)

Totrs p.a.

None
Vetches
Rye

tt.22
8.94

I1.38

1o.44
9.92
9.78

8.84
11.88
10.80

tt.20
t2.29
I t.44

10.12
10.76
10.8 5

8.58
I1.28
8.92

10.56
10.76
t0.t4

tl.02
8.56

10.80

10.14
8.98

10.44

10.03
9.94

10.03

10.51 10.0i 10.51 11.64 10.65 9.55 10.4! 10.14 I.8 t 10.02

Top"
Tons p.a.

Nore
Vetches
Rye

10.71
10.5'4
10.62

8.&1
7.59

9.73
t0.40

8.35

9.78
10.85
9.66

9.76
L81
9.00

7.59
8.70

10.07

12.10
I1.65
7.68

7.86
7.81

tt.54
4.44
7.83

10.1)
9.16
E.35

Mean 10.62 0.49' 10.10 9.53 8.79 10.18 8.29 I.27 9.21

Sugar
Perceatage

Notre

Rye
17.23
17.95

r8.18
la.24
17.98

17.72
18.35
18.69

18.0t
18.35
t9.24

17.92
16.01
1t.16

r8.29
18.35
17.98

17.92
r7.63
18.32

t7.46
18.15
18.64

t7.37
t8.I5
18.58

17.16
18 0?
18.33

17.65 1E.13 18.25 18.5 3 18.11 18.21 1f .96 18.08 18.0 3 18.0'

Total sugar
cwt. P.a.

Noae
Vetches
Ry"

39.9
30.8
40.8

38.0
36.2
35.2

31.3
43.6
40.4

40.3
45.1
41.0

37.1
38.9
40.1

3l.4
4t.4
32.1

37.8
3?.9

38.5
3l.l
40.3

35.2
32.6
38.8

35.7
35.E
37.1

36.5 3 8.4 13.1 38.8 35.0 36.6 3 5.5 36.2

Potatoes
Tons p.a.

None
Vetches
Ry"

7.t9

6.70 e .25

8.53
7.63
8.57

6.74
7.23

7.50
6.99
7.26

4.46
4.7 |
5.54

5.47
7.37
5.60

5.54
3.42
6.12

5.4S
5.71
6.87

5.2 4

5.8d
6.01

Mean 6.37 8.24 7.2 5 4.90 6.15 5.69 602

Ifhe Adco treated straw was dried out ia JuDe and had to be coErpletely re-qetted. The
ertalFis tivea on page I48 shows that the coln[ ost ras particularly ddicietrt itr nitrogen (0. 33% N )-
A reasotrable Iiture would be 0.6%N-

5.6t
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LONG PERIOD CULTIVATION EXPERIMENT, 1935

LONG IIOOS V

(For detatla 8ee 1934 Report! p. 175)

CT,LTIVATIONS, ETC.

Variety
Date of sowitrg
MaEures applied-

Cl atramide
Nifro-chall
SuFr. & mur. pot.

Date of harvestitrg
Previous crop
Culti tions-

PloughiDg
SirEaring
CultivatiEg
Harrowing
Hoeing
Rollint
Siltlitrg

Mar. 20
l[ar. 20

Aug. l0
Barley

Sept. 28
Sept. 26
Sept. 26
Oct. 19, IUar. 2l

^r 2A

Yellow Clobe
May I

April 30
July 4April 30
Oct. rg
Wheat

Mar. 25
Mar. 95
Mar. 25
April 3, 18, May I
June 3, ll, July 4, I
May I
June 25, 26

Plumage Archet
Ma!. 23

Mar. 13
Mar. 13

Au8. l2
Mangolds

Nov. 27, Mar. 12
Mat. l2
Nov. 27, Mer. 12
M - 18,20,22,2A

Mdt.22,26

Oct. l9

PLAN AND YIELDS IN LB.

Barley
Grah left, stra\f, rlliht

PDCy
PShCy
SDN
cshN
SShCy
CDN
SDCy
CShCy
CDCy
sshN
PShN
PDN
cshN
SShCy
PDCy
CDCy
CShCy
PShCy
sshN
CDN
SDN
PShN
SDCy
PDN

57.2 65.3
52.9 69.6
80.5 66.5
68.6 66.4
5t.7 55.8
56.5 445
67.1 59.0
67.4 63.r
6t.r 67.9
8t.2 66.8
60.6 67.9
58.9 69.0

60.1 67.4
00.0 67.1
G].0 74.6
65.5 73.O
58.9 60.6
a2.o 6n.5
60.4 67.4
69.3 62.1
57.7 63.8
a2.7 ?1.3
67.2 80.3
48.6 66.4

61.9 74.6
62.7 71.3
57.3 62.1
60.3 66.2
55.2 67.3
61.5 73.O
58.3 68.2
59.7 6.r.3
62.1 66.9
60.5 68.5
65.7 61.3
55.2 68.8

CDN
SDN
SShCy
PDCy
sshN
PDN
PShN
SDCy
CDCy
cshN
CShCy
PShCy

C D Cy 66.2 63.8
P Sh Cy 68.3 73.7
S D Cy 67.5 80.0
P D Cy 64.9 78.6
s sh N 64.6 74.4
C Sh Cy 65.8 12.7
sDN 65.4 71.0
cDN 53.2 67.3
P Sh N 63.6 71.9
PDN 68.1 80-4
S Sh Cy 61.4 68-l
C Srt N 47.9 51.6
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I7r

ManEorda

Rootr lert, topr rl6ht

Wheat

G.ab lettr st ar rtght.

sshN
SDN
PShCy
cshN
PShN
PDCy
SDCy
CDN
CShCy
CDCy
SShCy
PDN

270 80
330 88
365 86
372 92
344 04
272 09
343 80
29r 82
27A 70
288 76
326 A2
373 96

R

s shN 253 A4
cshN 334 92
C sh Gy 260 71
PDN 424 90
cDN 416 88
P ShCy 425 s8
CDCy 4ll 83
SDCy a0 85
PShN 422 toz
S Sh Cy 376 76
sDN 431 88
PDCy 42a 94

SShCy
PDN
PDCy
PShCy
CDCy
sDcy
CDN
CShCy
PShN
cshN
SDN
sshN

3S8 92
420 94
355 78
365 8l
379 88
!1(}6 85
386 92
350 72
400 94
357 92
366 9l
334 S9

sshN 296 a2
SDCy 32a 72
PShCy Us 84
P Sh N 404 l0l
PDCy 462 96
CDCy 354 ?o
sDN 30{ 80
PDN 408 8I
6 Sh Cry 291 86
cshN 96 50
cDN 320 86
C Sh Cy 209 76

cshN
sshN
PShCy
CDCy
CShCy
CDN
SShCy
SDCy
PDCy
PShN
PDN
SDN

19.9 37.t
36.8 U.2
41.5 62_0
36.8 57.2
33.0 58.5
29.5 66.0
33.9 57.1
3t.0 52.0
35.0 55.0
35.5 68.0
35.5 56.5
30.1 61.4

CShCy
CDCy
cshN
PDN
CDN
SShCy
SDN
PShCy
SDCy
PDCy
PShN
sshN

26.9 38.1
33.0 52.0
25.7 54,A
36.7 65.6
36.6 .9
33.O 47.0
39.3 62.7
33.9 .t
31.8 63.7
35.t 53.4
35.8 59.7
33,r 56.9

SDCy
ODCy
CShCy
PShN
CDN
sshN
SDN
SShCy
PDCy
PDN
CShN
PShCy

38.4 67.1
38.O 55.8
38.2 53.3
4l.l 78.9
38.0 63.5
38.6 68.4
35.0 51.6
s9.2 60.3
rO.4 68.1
4r.3 61.2
43.6 72.1
48-3 7t_7

SShCy
CDCy
CShCy
PShCy
cshN
sshN
CDN
PDCy
SDN
PDN
SDCy
PShN

32.O 56.0
27.5 54.O

32.3 51.7
32.1 57.2
39.3 A2.2
37-l 87.0
41.4 57.1
4t.3 65.7
46.! 72.5
40.6 85.9
49.3 14.2

C

C

B

l.l4
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Summary of Rosults

Continuous Cycle A Cycle B

Last year P
P

s
S

c
c

c
P

P
S

S
C

s
P

C
s

P
C

WIIEAT GRAIN: ort. per acre

9t.9
26.0

18.9
21.9
20.1
21.2

19.6
18.4
21.7
20.7

20.3
20.8

22.6

20.7
20.8
20.4
ts.7

22.8
r9.2
I8.4
19.2

2t.2
t1.2
19.2
r5.6

26.8
28.6
94.0
18.7

24.0
22.8
23.6
t 8.6

21.5
t8.6
t6.0
I5.8

22.8
21.2
20.3
t7.9

St. errors +1.65 ll+o.csa ll

STRAW : cIIt. per acre

" {3'
^ aDuy tsh

35.9
35.7
32.8
38.8

34.5
35.8
3r.6
34.1

3t.8
32.8
32.4

35,0
35.7

35.1

34.A
31.0
31.4

36.4
32.4
3t.2
27.3

31.9
3 t.6
30.2
22.1

42.3
44.2
33.1
30.0

38-l
36.1
38.2
32.5

39.4

3I.3
30.3

36.7
35.4
32.5
2 8.9

St. erors +3.79 +2.19

}'ANGOLDS ROOTS : tons per acre

" {3o
cvtSt

24.11
23.97
25.82
22.58

23.94
r5.93
21.45
19.!r4

21.36
t2.48
22.20
r3.61

2 3.15
17.46

1E.54

21.37
23.21
20.60
91.18

21.24
19.38
23.56
93 l0

22.40
19.56
22.OO
20.31

2t.65
20.08
t5.78
21. t8

19.15
t5.67
19.91
18.92

t6.89
2t.59
t6_71
16.13

20.95
19.92
19.f6
20.14

St. erroG +2.12 + 1.22

TOPS : tons per acre

4.96
5.90
5.50
5.28

5.14
4.83
4.57
4.12

5.03
4.tl
1.45
1.28

5.01
4.9 5
4.81
4.56

6.48
5.43
4.53
4.70

5.28
5.71
4.93
5.34

5.3i
5.3t
5.08
4.18

5.54
5.46
4.00
5.02

5.08
4.61
4.41
4.76

4.16
5-34
4.41
4.09

1.60
4.68

St. errors :t0.300 +0.211

BARIEY GRAIN : o*t. per acre

N TD
1shcvID
\sh

33.9
36.6
37.4
3?.8

36.3
36.2
35.5

35.5
3 r.3

36.2

35.0
34.f
36.3

35.7
33.8
35.0
34.4

36,4
31.1
34.6
33.2

35.9
35.1
36.0

34.2

30.7

35.1
35.5
33.r
30.0

32.8
34.O
35.4

35.0
34.7
34.6

St. errors )=2.13 i 1.10

STRAW : cwt- per acre

" {3o
.'{3o

39.7
4t.6
14.1
4t.0

39.3
41.2
40.7
39.2

34.5
39.7
40.4

38.9
39.1
11.6
10.2

42.4
39.6
38.4
39.0

4t.4
39.0
37.3
36.4

43.3
39.8
38.8
35.6

40.4
39.4
37.9
94.8

38.6
38.8
34.8
t2.4

38.5
39.4
36.6

10.6
39.2

35.9

St. errors +3.14 +1.E1

" {3'
., {3o

" {3n
., €o
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Mean ol Nltro-Chalk and Cyanamtde

Continuous Cycle A Cycle B
I-ast Year
I'his year

P
P

S
s

c
C

c
P

P
S

s
c

s
P

c
s

P
c

Mean

\PIIEAT

--t
D
sh 24.t4

19.5r
21.61

20.6r
t 9.6!

20.7'
21.8.

20.6
20.2

20.6 20.2
18.4

25.4
23.6

23.8
20.7

t8.8
t7.2

21.6
19.6

,0.6, 20.1' 21.3 20.1 19.9 18.3 21.5 18.0 20.6
st.e ors (r) -1.17, (r) +o;tt (') +0.;;-

STRAW : cNt. per ac.e

D
sh

94.41
39.2 r

33.0r
34.8r

33.8,
32.r r 3;.4s

31.6
33.0

33.8 31.0
26.8

37.7
37.1

38.2
34.3

l;*I
I 3t.8 I

l rti
l az. t

36.8' 33.9' tt.6,ll ea.a 31.8 2 E.9 37.4 F-lI ,&I
St. errors (r) :82.68, ('

MANCOLDS
+I.e0, e) +r.5

ROOTI : toos Frer acre

D
sh

2.1.981
,3 98r

22.80r
t7.68r

21.78r
13.04r

23.19'
18.003

22.44
22.20

22.40
91.2r

22.20
19.94

18.72
20.63

t9.53
17.30

Id;t
I tu.es I

l ro16
I zo.ot

24.13' 2 0.2 4' 17.41' 20.59 21.82 21.07 19.6 6 18.42 17.83 20.19
st. enors (r) +r.so, (') +r.oo, ei +-0.[ee-

TOPS : toDs per acre

D
sh

5.23r
5.59r

4.86r
4.48r

4.71r
4.20r

4.913
1.7 6.

5.00
5.06

5.t0
5.54

5.22
4.71

4.11
5.24

{.86
4.68

4.58
4.72

4.92
5.00

5.41' 4.672 4.47' 4.8 i 5.0 3 5.3 2 4.9I 5.00 1.6; 1.9t)

st. erron (t) +o.zss 1i1 +o.l$, (tlbl5o .-........._

BARLEY GRAIN: cpt. per acre

D
sh

35.6r
3i.2r

36.0r
35_9r

35.4r
33.8r 35.6s

35.4
34.1

3;.5
33.8

36.0
33.0

34.1
3i.8

34.1
33.6

3.4.8

36.1' ,r 6.0, 3 4.6' 3 5.6 31.8 31.6 31.8 3 3.4

st. errors (r) 'r.72, (.i :tr.2z, e) +o.dbJ---
STRA$' : c*1_ pcr acre

D
sh

4:.01
4l 31

40.0r
{0.2r

38.7r
37.4r

ao.z, ll
ao.o' ll

40.4
39.3

30.4 41.0 3S.2
37.0

36.7
35.6

s&* ll
ez.o ll

ag,
37.6

41.6' 10.1' 3 8.0' 39.9 40.1 38.6 39.1 3 8.1 36.2 38.A 3 8.1
st. erors (r) +2.22, l,) +r.si, ft +l]zs

GRAIN : cwt. per acle
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Concluslons
On both mangolds and wheat the Plots ploughed this year and last yielded

simificantlv high; than the cultivated plots, ihe simared plots being intermediate.
d the wh6at s"imilar dif{erences appeaied on the plots with rotating cultivations,
but in the case oI the mangolds the aifferences, though in the same direction, were
much smaller.

In addition the shallow cultivations of the continuous part of the exP€riment
save lower vields than the deep cultivations, this difference being most marked on
ihe cultivaied plots and only small on the ploughed plots. No such difference
aooeared on the Dlots with rotatins cultivations."The vields o{'barlev did not ap-pear to be af{ected by the cultivations.

There were no obs6rvable differinces between nitro-chalk and cyanamide.

TIIREE COI.IRSE ROTATION EXPERIMENT' ROTIIAMSTED' 1933

GREEN MANURE CROPS_--GREEN WEIGHTS_TONS PER ACRE

PreceditrS
Maoured 1932-33 Not yet matrured

st. l. st. 2 Art'ls. st. I Meqn

SuSar Beet l'etches
Rye

0.55
1.02

0.65
0.78

0.56
o_i5

0.70
0.92

0.62
0.87

o.49
1.90

0.8.1
r.08

0.62
0.78

0.58
l.l I

0.63
1.06

Potatoes Vetches
Rye

0.32
0.54

o.27
0.76

0.34
0.30

0.41
0.67

0.34
0.57

0.38
0.63

0.35
0.47

0.28
0.62

c.33
o.52

0.3 4
0.56

Barley Vetches
Rye

0.26
0.3.;

0.20
0.40

0. t.1
0.22

0.20
o.40

0.20
0.34

0.19
0.7.1

0.2,1
0.30

0.16
0..14

0.21
0.44

0.21
0.4E

NorE: These tigrrrqs were omitted Irom the 1933 report and are included here lor the sake of
completeness.
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WHEAT
Efiect of sulphate of e'n'rlorli' applled at fye dlfiereat dEs..

RW---Gt. Ea4rcodeo, 19:t5.

Plarr and ylelds ln lb., grali above, atraw below,

1
77.2

168.0

0
88.O

147.9
89.7

184.9

I
s2.6

t88.4

3
12.1

197.4

5
76.2

t81.8

3
93.2

190.8

4
95.8

193.0

0
94. t

168.0

5
93.9

198.8

I
91.6

t 91.8

2
8?.3

lg7.l

5
90.2

169.2

2
8r.0

185.6

3
86.1

t85.8

4
85.6

205.2

0
93.4

184.8

I
68.5

180.8

72.5
188.5

3
16.7

191.8

I
06.3

174.0

0
95.3

t72.4

5
05.0

t80.8

4
7A.2

168.3

0
a4.2

t6l.l
I

96.5
185.0

5
s8.5

t77.4
8r.6

201.7

1
90.l

lsl. r

3
8t.8

r08.0

I
77.O

168.0
9t.9

170.6

4
05.I

t?0.0

3
80.3

190.5

2
82.8

I88.4

0
60.5

l3{.8

w

I
I

36

SystEx oF Rtpl-rcarroN: SXO Iatitr square.
AR.BA oF Eacrr PLor : l/40 acre (03.6 lks. x 39.4 lks.)
TREATMENTS: No sulphate o{ ammoDja (0) and sulphate oI aBmonia at the t"ate oI 0.4 cwL N

per acre, applied oD Oct. 26 (I), JaE. l0 (2), Itar. 18 (3), Apr- 27 (,1) and IIay 24 (5).
CulTrvarroNs, ETc. Ploughed: Sept. l5-2O, Harrowed: Oct.24. Driled: Oct.26. Harrowed:

Oct. 27. Harvested : Aug. 8 aad 9. Variety: Victor. Previous clop: BeaDs.
STANDA-RD ERRoRs pE! PLor : Grai! : 2.35 cwt. per acre or 7.87ok : Straw 2.03 cll4. per acro

or a.08o/o.

Concluelons
The average req)orrse to sulphate of ammotria was signilicant lor straw, but [egligible for

8r"ain. The difleretrces due to da.te of appucatioa r*erc trot sigDiJicant io Srail; ir stra*, how-
ever, where the yields mse to a maximum a.nd IeU agai[, the parabolic letressioE ol yield oro
time oI application was significant-

Summary of results : cwt. per acre.

Dates of applicatioE o, sulphate oI aamonia
(0.4 cwt. N per acre)

No N ll oct. 26 
| JaD. l9 lMar. l8l Apr.27 

| 
rlay 2a

Mear of
otl N.

sr.

GRAIN
(+o.e6o)

Inc,. l+1.36]-
30.7 3t.l

+0.4
28.6

- 2.1
29.5

- 1.2
3t.I

+ 0.1
32.5

+ r.8
30.6

- 0.1
!0.129
i1.05

STRAW
(+ r.07)

Iic|. (+1.51)
64.8

+ 7.1
88.2

+ 10.5
66.9

+9.2
65.1

+ 7.1
6,1.8

+ 7.1
66.0

+ 8.3
+0.4? 8
*1.17
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SPRING OATS
R(}-PASTURES. 1935

SoU fumigation experlment. Effect of "gymag," carbon dlaulphtde Jelly'
cilordinitrobenzene and " seekay "

Plan and yields tn lb., Eralu above, straw centre, weeds below

The positions ot the blocks itr the lield were slithtty diffetent from those shown above.

SysrEM o! RrpLlcartor.: tl landomised blocks of 12 plots eacb.
A&ra oF EacII PLor : l/80 acre (30lks. x 41.7 lks.),
TeEArrENas: No Iumigart (O), single (l) atrd double (2) &essiags of "c)rmag" (CM), carbor

disulphide ielly (S), chioididtr-ob€Dieqe (N) atrd 'seekay ''(CK), at the Iollowing rates oI
applicatior pei acre for the single d-ressisg : I CM, ?.5 cu't. ; I S, 24.3 cwt. ; I N, 2.o cwt.
aad I CK, 5.0 cwt.

BASAL iIaNURtNG: I cwt. sulphate oI aamoaia per acre.
CulrlvarroNs: Ploughed: Iuarch 2l alld 92: FumiSatrts ploughed i!. Harrowed:

March 25 and 26. Roled : March 26. Ddlled: arch 26. Ilarrow€d: March 27. RoUed:
March 27. Harowed: ay 3. Roued : May 3. Harvested : August 9- Variety : MarveUous.
Previous crop : Spritrg oats.

SpEcraL Not!: -The iatio ol weeds to total oats was determined by samPling at harvestirE.
tlr'o ratrdom samples beitr8 taketr per plot.

STANDA&D EiRoas PEt. PLor: GraiD: 9.38 cwt. per a$e or 28.5yo; staw:6.17 cwt. per acre
or 30.4% ; \r'eeds: 5.O7 cwt. per a.te.

s

o
8.0
9.1

52.t

2CI(
0.5
0.4
0.1

1N
5.1
6.7

l{.4

lcM
29.4
33.3

6.8

2CM
28.0
50.9
2.1

2S
27.8
49.8
0.6

2CK
1.1

3.i

o
13.8
31.4
17.8

rs
33.1
49.0

o
23.6
35.6
13.5

o
Ll

l9.l
53.5

2CM

45.0
4.2

lcK
0.6
2.1
t.3

TN
9.8

17.9
17.3

! ctl
23.1
40.0
I1.7

o
tt.2

34.O

2S
28.2
44.7

6.1

rcK
0.5
t.0

o
19.5
33.6
29.9

2N
I1.3
20.0
4.7

o
9.9

44.0

o
20.7
32,0
r7.3

2N

20.9
5.3

IS
2t .o

20.8

lcK
0.3
0.1
l.l

o
6.3
4.8

59.2

ls
t2.5
20.8
42.4

2C]K
o.3
o.2
1.4

2CK
0.0
0.0
o.5

o
I l.l
6t.7

rcx
0.3
0.3
0.6

lCM
25.4

4.6

o
10.6
12.4
35.4

2N
4.1
6.5

10.4

2S
15.8
,3.s
27.6

IN
6.3

15.7
21.3

o
14.4
30.7

2N
13.2
28.6
4.4

2S
27.5
42.1
s.4

o
21.5
33.5
17.2

2CM
20.4
33.1
19. ?

o
11.6
25.0
40.6

rcM
10.7
22.4
43.4

o
I1.6
59.8

1S
16.8
.13.0
15.2

1N
15.2
20.6
I1.0

o
l8.l
31.8
2i.o

2CM
21.9
53.6

t.5 36
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Summary of Results

STANDARD ERRoR : (l) +0.845. No siDgle standard error is applicable to the straw ields.

, GRAIN-:_cwt. per acre I STR,{W : cwt. per acrelll.Eg. Mcars: tt.tg) |

r7.8 I t8.3
12.5 I 27.o l 28.6
13.6 | 28.7 | s2.s

WEEDS , cwt. per acrc

rr.4 | t4.0 ltt.o44 I 7.8 I 4.s

Conclusions
Carbon disulphide jely.ard ,,cymag,, produced significant increases in the vield of

fliir*i.#_ffi .',TEf, ,:i*l*,*if""i,'.1T,'_'1ff#l;[*"r;lt,:l*h'"f.{
dressing sigrrificant. The resoonses were- presuriably due iln part at least to nitrogen,
ll",:*gl" _{9:j5r 9I tarb<in disrnphid6 je[y a. a-,..y-"gf b"i"s equivalent to 3?
1t::-,r^l3.rl.tl-.C-pperacrerespectively...Ctlordinilrobenzenesi8niticantlydecreased
li", T^".111^y ]l"r: w*: no apparent dilference between the eflects of ttre singie
1il -.gy.o" 

dressrngs. l'here was practically no crop on the plots receiving ..r""t"i.;
oue ro rne snom rnrerval between application of the fumigants and th; drilling ofthe seed.

No relation was Iound between the yields and the numbers of cysts at the second
eelworm count after eliminating treatment effects.

The results for straw were simi.tar to those for grain.
, All fumi. gants p.roqqceq large decreases in the" weight of weeds, nith a further

oecrease wrth the double dressing. The crop was unusually rveedy.

Chlor-
dinitro-

Carboo
disulph-
ide ielly

Noae
Siagle
Double

Mea[ of
single alld
double .. 7.9 8.4 Ni,
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o
269
466

2cK
283
280

1N

398

rcM
2t2
386

2c'M
95

199

2S
127
168

2CK
80

142

o
134
5S0

ls
138
194

o
t00
219

o
197
421

2CM
203
379

rCK
t07
936

IN
89

lcM
4l

l?6

o
74

137

2S
282

tcK
230
:t56

o
2t6
?08

2N
145
304

o
88

356

o
25

2N
42

308

ls
6j}

22t

ICK
ll4
268

o
2ll
505

1S
194
433

2CK

408

2CK
193

o
209
352

ICK
l(r9

lcM
t53
451

o
102
363

2N
193
561

2S
r28
3ll

IN
42

222

o
29

251

2N
I

92

2S
17
28

o
19

106

2CM
162
36;

o
l9l
563

rcM
107
4t5

o
67

338

1S

80

1N
l9

lll
o
44

268

2GM
48

998

u8

Ptaa aad numbers o( crsts per 4OO gE8. of sofl' ftast count above' aecond bglow

Summary of results

40

36JI

\lorE: First cou[t: Mar.8. SecoDd cou[t: Oct. 14. Two m,ldom samples of about 100 g'ns of
soil each were takel Per hau Plot.

srex"Jiir]D inroni rrn i'r.or 1l& gms. o( soil) : First court : sampling error 28'1, or 21 gok ''-E*"*i-"it l.tror 58.1 or'45.2%. Secotrd coutrt: samptiag errbr u'3, or 2l Syo ExPeti-
;;;i;i;;;; ' 123.0, ot 10.2o/o. 

'Secoad couat adjusted Jorlirst couit: exPerimeDtal eror
U.4, ot 27.AYo.

SecoEd couut, adjusted for first couDt (+42.2.
Means : +29.81I Carbotr r I

chlordini- | drJphid" I 'cymag" | " Seetay-
trobeuetre I ielly I I

None
Sitrgle
Double

37
3t0
365

2io
203

358
289

20r
178

Meon oI
silglz ond
do$le 236 190

Si^NDAaD ERRoi (:) (l) *21.1.

Conclusions

Carbon disulphide jeIy and " seekay'' produced signi {icant decreases ir the number
.,t 

"v.ts. 
the ia ire-ofi in the decreasi a[ the higher level of dressing being small for

."r6"n itl."tptia"je[y and not quite si$ificant for "seekay." The decreases due to

.nfoJirittoti.-""i, ind " cyma! " weie not significant ard were significantly less

than those due to the other two fumigants'
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POTATOES
Effect of d,ung ploughed in and applied in the bouts, and of sulphate of

ammonla and minerals broadcast before bouting and applied ilr th; bouts,
RP*Litde lloos, 1935

Total produce in lb, above, percentage war:e below

lDp AiN-
I 2A4lsrz

-Pr216
69.9

Dp A,,Ptr
272

7 5.2

Dp Ai
zo, l

74.e 
I

lro 
^"I

ln+
l?1.3

Db A:
N-

269
77.1

-PN154
57.5

Db Al

218
72.7

120
54.6

=t218

Db Ar
NPK

187
69.5

- a,l
_ PK]

167 i

82.3

F_i 232
lzo.:

Dp A,
NPK

326
82.8

Db A,
NPX

418
82.8

N-
130

58.8

NPK
293

12.4

Dp A,
NPT

314
78.0

Db ar
NPX

288
76.3

Db A,
-PX249

76.3

Dp A,
NPK

250
79.0

204
74.8

Db a! Db A,
N

262
78.4

zzr )

71.0

Db Ar
N-

300
14.2

NPK
337

78.S
214

68.0

Db Ar*Ptr
280

77.1

Dp A,
N-

260
77.5

N-
135

50.7

Dp Ar

-PK2t2
7 t.9

r4l

Dp A,
-PK226

7 t.7

Db al
PX

248
75.4

N-
132

45.4
288

70.0

Db A,
N-

298
75.2

Dp A,
NPK

80.9
ll2

42.a

N ?t
206

77.7

Dp A,
N

256
78.2

Dp A,
NPI(

260
?6.5

ln:
l7l

70.5
214

74.\

Db
N

Db al
-Pr28t

77.9

Db A,
N-

355
8l.l

_t
128

43.4
20;

71.0

2t2
75.9

PT
229

73.6 54.6

Db A1
NPK

2S6
7i.7

Dp A,
-PKr98

PX
2t7

6S.l

Db _!
83

36.r

PK
2to

Dp Ar
NPK

369
82.6

Db A:
NPK

402
83.4

N-
90

28.9

- A,i
IPK
245 |

PX
ls5

71.8

Db A,
-PK307

83.1

NPK
215

Dp A,
N-

267
83.9

NPX
261

7 4_9

Db A,
NPI(

401
82.5

252

Db A,
N-

r08
38.0

Dp a,
N-

296
81.2

PK
218 l

64.0 I

Db A,

11.4
265

7 4.7

sysrEu oF REpLrcArroN : 6 ratdo,ised blocks or 12 plots each. certaitr high order itrtetactioas
fErtially coDfoutrded \rith block differences. -

ARE^ oE EACB PLor : t/50 acre (6g.5 lks. X gl.S tLs., 9 rows per plot, o, which tbe ? middle ron6
were harvested).

TREAT!,ENtS : All combinatiotrs ol:

6t

CuLTrvArroNs, Ejrc. : DuDg applied to Dp plots: Feb. 19. ploughed: Fet. 19-29. ArtiJicials
applied to Ar plots : March 25. Tractor cuttivated : March 26. Horcecultivated: March 2i.Horserolled: Aprill. Rjdged: April2aDd3. Dungapptied toDbptots: ADrit4. ADDlied
artilicials to A! plots: April I2. Potaioes ptant(d :--Aprit lf-tS. n, tt.a'.ra t"ri6w"[
lidgesj May J. Ilarrowed ridges: May 16. Re-ridg(d : May 24. Grubbed : Jure 28.
Hand-hoed : July l0-lr. Eartb.d up: July I3-t4. Litred : Ocibb€r l6-t8. Varjrr; j AIv
Prcvious crop: W}eat. Potatoes passed through a l* itrch riddle to determine ihe pei_
ceDtage {r'are.

SpEcraL_NorB : 
_ 
The potatoes wer:e sto-red itr a ctamp from harvest till February, 1be diff€retrt

replicates oJ the treatmeats being bulked aod araaged in raDdom order in tie clamp.
ST^ND^RD ERRoRS hR PLoa : Tolal prcduce : 0.660 tons p€r acre or 9.671o; percentage *are :

3.36.

N

Dutrg
None (-)
Ploughed iD
In the bouts

Super. and our. Dot.
fNoDe (-) 'l

{ 0.8 cwt. P,O. aDd 1.6 }
L c'wt. K,O. (PK) )
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Summary of Results : block effects eliminated

No sulph. aEr4.
TOTAL PRODUC

Artilicials bmadcast b€Iore
boutiDg ..

ArtiJicials itr the bouts . .

I No duDg.
I No super lsuper aEd
or mur.pot.l mur. pot.

E : tons pe. ac"ett
| ,*' I 3.?31

DuDg.
No supe! I Super and
r mur.pot.l mur. pot.

I

o rs" l 3.:,,E:

Sulph. amm. Artiiicials broadcast before
bouting ,,

Artificials in the bouts . .

4.O2'
2.15r

7.26r
9.001

8.14'
?.661

7.91r
t0.4lr

No sulph. amm-
PERCENTA(

Artifi cials broadcast before
bouting ..

Artificials in the bouts ..

;E WARE
II 52.05 63.8.

67.5.
74.05
16.25

Sulph. amm. Artilicials broadcast be{ore
boutiDg..

Artilicials in the bouts . .
52.2.
36.0r 7 4.44

78.S5 71.4s
81.2'

STAND RD ERRoRs: e)+0.38r, f)+0.269, (3)+0.190, f)+1.94, f)+1.37, (')+0.9?0, These
sta[dard errors apply to comparisotrs which are trot confound€d.

Effect of time of application of dung

Dutrg ploughed
Dung ir the bor

No
Artifi-
cials

TOTAL
5.60r
6.761

Sulph.
I

belore
boutiag

PRODU(
7.87 

I8.89 l

lE: tons
1.24
7.93

amm.

i11
the

bouts

Super atrd
mur. pot.

I
b'cast I iI1
belore I the

boutiDc I bouts

per a.ffe (+0.38r
6.ss , 6-66
z++ I z t;c

Sulph. amm.,
super atrd eut.

Pot.
b cast I in
be{ore I the

rroutiDg I bouts

8.00 I 9.6r
733 llt68 8.06'

Differe*e + 1.16 l+ 1.0/ + 0.6 51 + 0.85. + 1.03. | 0.671 +2.07r + 0.91

PERCENTAGE WARE: (+
Duns plouehed iDl 7r.15 ] 80.9 | 16.J | 74.2
Dutrs iD tbe boutsl 75.0s | 77.8 | 78.2 | 74.7

l.s4)
| ?3.0
I 78.3

79.4 I 80.5 rt 76.J.
%.s I az.s ll zz.u

DilJarctce + 1.91 l-3.fi + 1.9" + 0.5" +s.3a l-4.93 + 2.43 + 0.7

STaNDARD ERRoRS: C)+0.269, (,)+0.135, e)+0.381, e)+0.539, f)+r.37, (6)+0.686, (?)

+r.s4, (3) +2.?4.
Conclusions : Yields

Dung applied in the bouts gave consistently 0.9 tons per acre more than dulg
ploughed in (in November).- 

There was no response to sulphate o{ ammonia applied alone, but in the Presence
of plosphate and potash or dutg or both there x,as a response oI 2.1 tons per acre.

In addition to producing a response to sulphate oI amrronia, dung gave increases
of 3.4 tons per acre in the absence of potash and phosphate and 1.3 tons per acre in
their presence.

Sulphate of ammonia-, in the complete fertiliser, gave a larger response when
applied in the bouts than when broadcast belore bouting, the increases beirg 3.1
and 1.9 tons per acre respectively. This was the only large effect oI time of applica-
tion o{ the artificials.
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. The response to potash and phosphate depended ort the other manures present
in the way indicated above; in particular the response was 4.2 tons per acre in
th€ absence of d-ung, -and l.l tons per acre in the presence of dung, and was greater
when- the potash- and phosphate were applied in the bouts than when they were
broadcast before bouting.

The effects of the treatments on percentage ware were in general similar to
those on yield.

of

No
Artili-
cials

Sulph. amE.

t'o". I in
before I tbe

boutiDs I bouts

Super atld
mur. pot.

b cast I in
before I ttre

boutiDg I bouts

Sulph. amm.
sup€r aDd mur.

b'c."d r in
be{ore I tre

boutiog l bouts

Dung ploughed iD
Dung in tbe bouts

Percentage loss ia wreight alter
3.2 | 8.5 I 4.5 r 6.9 I,, I r2 | n., I n., 

I

storing.
71 |

?.0 
I

8.3 r 6.2
4.4 I 1.1

Dilferenc. 2.0 I 3.3 - 0.1 - 2.8 - 0.1 - 3.9

Dung plouthed iD
Du[g in the bouts

s3.4
91.0

03.6
93.0

PerceDtate good after stori!8.
94.6 194.9|91.3tgO.2
94.8 I 9J.8 | se.z I gs.l

05.0 r 93.7
sz.s I s 1.3

Diffel.nce - 2.1 -o.s | 
+o.e - 1.1 - 5.6 - 4.8 - 2.5 -2.1

Effect of time of

Concluslons : StorlnE
The average_ loss in weight on storing was 4 per cint. The loss was about 2 per

cent. greater where dung was ploughed in than where it was applied in the bodts.
lhere were no other treatment effects.

About 7 per cent. oI the potatoes went bad on storhg. Dung increased the
pelcentag€ groint bad, by 2 per cent. the increase being consisten y greater with
d"Ig T !h9 bouts than with dung ploughed in. Minerals increased ihi percentage
g-oing-baq by 0.8 per cent. Sr pf,aie oi ammonia had on the average liifle effec"t,
though there are indications thit the percentage going bad was hi[her when the
sulphate of ammonia was broadcast before bouting tf,an when it ias applied in
the bouts.

ol results: effect of storing in

Artilicials.
No dung-

No super I Super and
or mur.pot.l mur. pot.

Du
No super

or mur.pot.

ng.
lSuper and
I mur. pot.

No sulph. Broadcast belore boutitrg
In the bouts . . ..

Perceotale loss in
weight after storing.

4.8 13.1 1"n
1_1
5_5

Sulph. amm. Broadcast before boutiDg
Itrthe bouts .. -.

1.5
1.0

3.8
1.2

2.2
6.8 6.4

Nosulpb.amd. Broadcast belore boutiag
In the bouts . . ..

Perce
95.2

ntage good
90_4 l

94.1

after stol
s2.2 I

.iEg.
04.4
91.6

Sulph. amm. Broadcast before boutiDg
Iathebouts .. ..

94.3
98.5

90.6
95.7

93.3
94.1

87.8
93.8
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SUGAR BEET
Effect of sotr ing date, spacing oI rows and of sulphate of ammonia

RS-LTTTLE HOOS, 1935
Plan and yields ln lb.

Roots Tops Sugar Platrt Roots Tops Sugar Plant

16.70 833
16.50 1,378
l7.oo 1,420
17.05 914
t6-50 558
t6.79 507
t7.05 780
16.85 l,l7t
t6.36 510

t6.?9 627
r6.88 1,333
t6.39 7U
16.t8 1,377
16.88 875
t6.53 790
16.21 541
16.39 530
r6.39 r,421

2
3
3
2
I
I

3
I

SvsrB!. oF R.Ep!.lcAaroN : I randoEGed blocks of I plots each. C€rtain secoEd ordet ilteractiotrs
partially coalounded with block differetrces.

ATaAoFEAcE PLoa (afterrejectiE8edgerows): lo-iich spacitrg : 0.02083 arre ; ls-inchspaciog:
0.01875 acre ; 2Gitrch spacing : 0.01667 acre. Plots actually 15.2 lks. x 164.5 lks. rows.

TBrAr!.BNts : All combiDations oI:

s,o N. 522 S
S.o - 679 37r
s,, N, 542 372
s," N, 686 444
s.. - 434 286
s," N, 626 382
s"o - 485 257
S.o N, 458 432
s," N. 622 453

I S!6 Nr 666 348
3 S1o N! 637 482
I Sro Nr 553 3t4
3 S,. - 362 244
I S,, - 398 220
2 S,o N, 53t 400
2 Sr5 N! 493 292
2 S," - 501 294
3 Slo Nr 425 353

S,o N, 754 486
s." N, a 487
sro - 524 358
s,o N. 393 220
s,o N, 4a4 248
s,. - 515 276
s,o - 424 2a4
sro Nr 458 328
sro N, a24 344

3 S,o N, 46r
3 S,o - 460
2 Sltr Nr 5t6
3 Sr5 Nr 458
I s," - 467
2 Sr. N, 520
2 S"o - 44O
I S1o Nr 714
r sio N! 468

(Dirty) per Dum-
cent- b€r

(dirty) per num-
ceDt. ber

E

1

I

I
I

396 16.21 526
392 16.59 t,441
356 t8.47 1.361
378 16.S6 871
26r r6.s0 843
424 t6.13 688
260 t6.65 556
638 t6.85 t,498
3t3 16.70 586

Sowirgdates Spacitrg

t6.44 1,286
16.42 859
t4.27 1,445
16.04 744
t6-56 549
16.33 821
t7.05 642
16.68 578
ta.27 I,277

Sulph. aEo.

BASAL MAlruRtNo : l0 tons dung pei acre. Superphosphate at the rate of 0.5 cryt. PrO! per acre
and 30% potash manure salt at the iate oI 1.0 cwt. Kp per acre.

CulttvAlroNs, Erc. : Applied basal dressing of artificials: Jatruary2l. Ploughed: January 2l-
22. Harrov.ed and sulphate of ammonia applied to lst sowitrg I March 14. Ilarlowed, roled
aDd drilled, lst sorriDg: March 15. Roled: March 16. Harowed, 2Dd sowinS: APril 13.
Applied sulphate of aomoEia to 2ad sowing: April 15. Harrovred: April 17. Harrowed.
roUed aod ar ed. 2nd soriog: Apri! I8. Harrowed, rolled, sulphate of amooaia aPPlied
and dr fed, 3rd sowing: May 16. fhrrowed aod roued: May 17. Hoed aartow alrd wide
rows: May18. Hoed larrow rows: May 23. Singled, lst sowi-n8: May 30. Srn8led,2trd
sowing: June ll-17. Hoed a[ wide rows: Juae 14. Singled, 3rd sowinS: June 24-July 4.
Hoed: July &19. Lifted: November 8-23. vat'iety: KleinwanzlebeD E. Previous croP:
Wheat.

STAXDARD ERroRs pER Pr,or: Roots (*ashed) : 0.873 toDs per erre or 7,85yo. Tq)s: 0.077
tots p€r acre or ll.5%. Sugar perceEtage : 0.988. PIatrt Eumber : 2.45 thousalds Per acle
or 5.01%. Mean dirt tare: f0 inch spacinS: 0.122; t5 iach spaciDE: 0.110; 20 inch
spaciDg : 0.101. There was a severe attack of Heart Rot. See p. 25.

3 Sro Nt
I S.o --I Sr. Nr
I S,o N,
2 S," N,
3 S"" -3 516 N,
2 S'. -2 S,o N,

522 350 16.53 t,39t
486 265 16.79 1,453
500 284 17.05 878
527 342 15.9A 566
636 466 16.79 t,315
477 333 16.56 513
486 480 16.59 783
448 312 t6.69 836
499 300 t6.44 53t

3 Sr5 Nl
3 Sro N,
2 s,o N,
I S," N,
3 S., -r slo Nr
I S,o -2 Sro Nt
2 S,. -

585 420 t6.43 855
688 648 16.42 1,399
566 388 16.30 642
656 436 16.10 796
486 324 l?.O8 539
520 208 16.36 520
566 303 16.47 1,351
594 344 16.33 1,348
4a7 272 tA.41 802
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Ylelds of Separate Treatments (block efects ellrrrlnatcd)
ROOTS (washed) ! toaa per acrE

Mah effects. fnteractlons of sulphate of ammonia with spacinE and
sowlng dates.

Sovriag
date

Sulph. amm. per a.re
Notre

Sulph. amm. per acre
0.3 crvt. N.

Sulph. amm. per a(
0.6 cwt. N.

Spa.hg (inches)
l0t15 I20

Spachg (inches)
10 l15t20

Spacilg (inches)
l0 115t20

March l5
April 18 . .
May l0 ..

9.7 5
10.22
9.35

1o.42
9.69
8.43

10.74
10.48
I1.46

I1.37
t0.08
10.83

I I.9l
s.63

10.6r

I1.52
r2.36
10.93

r3.01
13.39
I1.37

12.7 t
lt.o2
I l.5l

12.49
r3.06
10.94

Spaciry (inches)

,ol,ul20
Sowing Dates

uar. rs I apt. re I Ivray ra
Mean

ROOTS (washed) | to
0.0 cwt. N .. I 911
0.3 cwt. N .. I lo.ro
0.6cwt.N ..I r:.;S

'ns 
per aci

r I5lI ro rz
I1.75

re (+0-35
r 1089,I rrao II rr.re I

6. Mearu
r 10.30I rr.oo
I r2 74

: +0.21
t0.13
r0.69
12.19

06. Incleases : +0-291\t 975 n 10-06 t

I t:,ull tytl+';n
Mearn . . 11.0 4 10.66

0.3I
11.55

+ 0.51
11.55 11.10

- 0.45
10.60

-0 95
11.0I

TOPS: to
0.0 cwt. N
O-3 cwt- N
0.6 cwt. N

ns per al
r 7-08 1I z.zsI ro.sr

cre (+O.:
6.55 1

z-eo I

lo.l3

t99. Means : +0
721 ,, 829 |

s.zr ll t.zz I

s.ze ll s.zs I
I

230. In
6.90 l

z.cz I

9.99 I

7.72
9-13

11.59

+0.325)
6.97
8.11

10.28
+ 1.14
+ 2.17

Meara - . 8.59 8.18
*0.41

8.58

-0.01
8.12

+0.3f
9.48

+ 1.73
8.15

SUGAR PE
0.0 cwt. N
0.3 cwt. N
0.6 cwt. N

RCENTA
I 16.64I ro.soI ra.sa

GE (+0
I 16.60
I re-osI ro.ss

18. Met.
16.68 l
ro.se I

to.gz I

itts : +0, t6.44I ro.os
I 16.40

0681.
16.75
16.52
16.47

,acreases : +0.096
16.71 \ 16.61 I

rc.;e ll ra.ss I

rc.+a ll ta.en 
I

3)

-0.06
-0.14

MearL . - 16.56 16.56
0.00

16.54

-0.02
16.50 16.58

+0.08
te .sa ll rc.ss

+ o.os 
ll

O.0 cwt. N .. r 32.5
o.3c*t.N .. I ss.s
O.Ecwt.N .. I +r.o

TOTA
31.5
35.8
38.5

L SUG.A.I
36.3 r

L se.n II sg.s I

I : cwt.I
r 33.9I ss.eI lr.s

i"trttu , *r.u t aB.' t

I r; I r:; ll 15:5 lli:"
Meart . . 36. i

- 1.2 + 1.7
3 8.1 36.8

- 3.0

PLANT NUMB
0.O cEt. N
0.3 c{rt. N
0-6 c1l,t. N

ER: thousatrds pe)
r 65-6 r 45.2I os.e I as.sI os.s I +z.o

acre ( +
s2.3

l.O0- Mea
r 482
| +z.sI 48.0

,rs : +0
| 45.6
I 45.9I tt.z

57f. I*cr
I 49-5 rI s-z II tz.E I

I 17.8 tI tt.t II n.s

0.816]

_o.4

-0.9
Mear, . . 43.7

-21.9
32.4 47.9 45.2

-2.7
4E.5

+0.6
4f .2
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Interaction of Spaclng and Sowing Dateg

Sowing
Date

Spacing (itrches)
l0 l15 l20

Spacing (iEches)
r0 l15 l20

ROOTS (washed) : tous per acre
(+0.356)

TOPS: totrs per acre
(+0.3ee)

IVIarch l5
April 18
May 16

1r.38
r 1.23
10.52

I1.68
10.11
10.r8

11.58
I1.97
ll.tl

7.88
4.27
9.6r

7.88
7.51
L15

7,49
8.58
9.67

SUGAR PERCENTAGE : (+0.118) TOTAI SUGAR: cwt. per acrc

March 15
Aprit 18
May 16

16.59
16.63
16.45

I6.50
14.44
16.72

16.38
16.67

31.6

38.6

34.0

38.0
39.8
36.8

PLA-I.IT NUMBER
March 16 .. I 66.4

t8 ..
16 ..

62.5
67.8

: thousaods per acre (+1.00)
I 44.2 | 38.2
I 4l.l I 32.OI as.e I ez.o

Conclusions : yields
. 9ffUf of a-mmonia significantly increased ttre yiekls of roots and tops and

significanlJy decreased the sugar percentage, the net reldt being an increase ii total
sugar for_ttre double fuessing (0.6 -wt. N. per acre) of 6-E cwt. pei acre. The response
in roots decreased as the width of spacing irc.ea"dd, th" irrte.aition between su$hate
of ammonia and spacing being significan-t.

,_ Apart from this and the eifecl on plant number, spacing produced no significaat
effect.

- There was. a significaat reduction irr roots and a significart increase in tops with
the later sowing dates, but no effect on srg", p"r""r,"trge. plant mrmber ias sig-
nificantly lower at the second sowing than a"t th; first oriast.

Bolters : tr'irst sowing date

l0 20

PERCENTAGE OF BOLTERS

0.0 cwt. N
0.3 cBt. N
0.6 cwt. N

t0.07
t2.94
21.58

12.96
19.98
21.41

15.86
21.12
23.89

12.96
20.01
22.29

+?.05
+ 2.28

Meart .. .. 14.86 18.12
+3.26

18.42

Avera.ge sugar
percetrtage

Average weigbt
oI root lb.

16. t5
16.49

0.476
0.613

Concluaions : Bolters
About 18 peJ c€nt. of the ptants sown at the earliest date, March lb, bolted.

There was practically no bolting \MitI the later sov/ints.
The average weight o{ a bolter \yas about 20 pei cent. smaller than that of a

good root, The sugar percentage was also slightly smaller. SulDhate of ammonia
imrea-sd t"he percentage o, bolters. Tbe percentage also increasid as the width of
spacing inseased.

Spa.ing (irches)
I0 lr5,20
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SUGAR BEET
Efiects of agrlcultural salt, applled before winter ploughlng and at sowlng,
of dung, of additlonal heayy rollfug of the seed-bed, and of normal and

intensive inter-row cultivatlon
Rs-Ltttle Eoos, t93E
Pla,l a,rd gelds tn lb.

Roots Tops Sugar Plant
(dirty) per Bum-

.€nt. ber

- --cNaIDR 
-NalD 

- 
C

- D--
Nar---
Na,DR -Na?-R C
Nar-R C

- DR C
Na. - --NarD - C

- -R-

16.36
16.83
17.82
17.24
r6.82
17.51
17.35
17.48
17.48
'r.7.52

17.26
16.84

387
571
56i
601
5t?
563
525
521
516

52S

361 370
588 444
507 368
519 404
498 350
526 334
526 374
519 334
684 418
55? 356
832 126
522 443

Nar-- C
NarD- -Na,-R 

-
- D-C
NarD R C
Nar-- C
Nar-R -
- -R C
Na,DR C
NaiD - -
- DR -

531 471 1?.34 508
594 444 17.18 529
635 417 17.48 607
556 330 16.96 466
627 384 17.18 59t
599 386 17.46 556
534 332 r7.?0 520
539 326 17.12 486
526 976 17.34 455
591 318 17.72 529
555 3r8 1?.40 566
535 404 16.89 5t4

Roots Tops Sugar Plant
(dirty) per Dum-

cent. ber.

02530
465
424
147
490
509
519
580
598
529
5lt
581

535 436
502 479
436 394
494 457
401 3m
469 406
461 402
515 390
522 B7l
458 355
429 375
544 lta

16.91
t5.98
16.44
16.33
17.14
16.73
r6.65
17.l1
17.t4
17.05
17.O2
t6.50

E

SYs?Ex oF R.E,,LrcATtoN : 4 randomis€d blocks of 12 plots each. Certain high order interactions
are partially con{ounded nrith block differeflces. 

_

AxE^ oj-Eag-E PLor (after rejectiDg edge rows) : l/56 acre. piots actually l/40 acre (l?.2 lks.x l4l.2lks.).
TRlATlaENrs: All combitratiotrs oI I

k) f. Yl! ( - ), agricultural salt at the rate of 4 cwt.-Nact per aEe_apptied beJore ptoughitrg
... il yi"t"I (Nar), and agriculturat satt apptied be{ore soiviog (Nai).
(6) No gutrg ( - ), and dx ng at the rate of l0 t-o-ns per acre applied-b;ror; {'inter ploughiry (D ).(r-) Ordinary rotlhg of seed-bed (-), and ordinary rolGg + additioml hea;y r;Uin; iRL(d) Normal (-), aDd oormal + iatl;trsive inter-rory cultiiation with motor h,ie at to""tlit'.

intervals (C).

BAsaL MrxuRrNG: 0.6 c\rt N per-acre as sulphate of ammooia, applied at seeditrg, 1.0 cxrt. KrO
per,acre as muriate o, pota.sh.(bigh gdde), ard O.5 cwt. pro" per acre as iuperphosphaie
applreo oelore ptougblng rD w,nier.

Cul-TrvarroN.s, Erc. : 
-Ap-p^lied^ Qung: Jan- 18 aod ,2. Applied v,inter artiJicials: Jal1. 22.

P.lou-gled: Ja\ 23-26. Cultivated: Apdl 18. Rolled, harrowed and apptied araificials:
Al)ril2g. Seed Tw!: Apri129. RoIed- (hea.\,1r rolt plots) : May 9. Horsi'hoed: Jure 14.
Singled: Jurc 14-17. Motor hoed " Intensiw; " plots: 'June i9, luty tO aod 221 Motor
cultivated " Inteosive " plots : July 30 and Aug. 9. Haid hoed : 

- Jily g and tO. Horse
hoed: July lSth. Lifted: Nov.25-29. Variety: Klein*.anzteben E. Eevious crop : Wheat-

ST^ND RD ERRoR_s_p-ER_PLor : (Rootswashed): 0.692 toos per acle or 5.98%. Tops: O.g36totrs
per acr_e or 9.77%. Sugar percenta.ge : 0.296. Platrt audb;r : l.?8 thousards per;cre or 6.06%.
Mean dirt tare : O lo48

Na,D -CNar- - C
Na, R-
- D -C
- -R C

- D R-
Nar- -NarD R -NarD R C
Na,- R C

NarD --
Na,- -'Na!- - C
NarD -C
- -R-NarD R -- -cNasD R C

- D RC
Nar- R C
Nar- R

D --NarD --

497 346 t7.02
522 433 16.79
565 416 16.96
415 317 16.98
529 372 17.22
45t 370 16.59
488 334 16.82
524 354 16.93
489 340 17.66
44r 304 16.88
486 370 t6.53
498 365 17.57

539
530
573
478
539
453
543
564
476
462
534
534

78
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Responses to Treatments

Mre:_ \rrros: Roots (sashed): 11.57 tons', Tops:9.r8tons; Sugar perceotage: 17.0d;
Iotal sugar: J9.5 (1[t. : Pldnt number : 29.r'thousaods.

e)+0.212, f)+0.300, e)+0.346, e)+0.245, e)+0,ree, e)+0.282.

TOPS : tons per acre
- 0.4 l- r-0

0 8241 0

-0.+0.

+0.
+0.

+0.
0.

+0.

+ 0.1
+ 0.1
+ 0.1

+0.0

+0.

-0.

+0.

SUGAR PERCENTAGE
Salt
Dung
Roltitrg ..
Intensive

cultivation

+

+0.21 +0
+0.r+0.

-0.
+0.

+0.

+ 3.6
+5.2
+0.2

-0
St. errors

St. errors

+4.7
*n.u

+0.4

+2.O
+4.3

+t.7

+0.5'
*&r"

+ 1.2"

+3.0
+3.6
- 1.1

+0.4'
*3 ao
_2.0c

TOTAL SUGAR: qnt. per acre
+3.3 | - I - | +42 t+2.4
+4.4 l+5.6 l+3.8 l- l-
-0.4 1+t.3 l-r.3 I 0.3 l-0.6
+r., l+0.6 l+r.2 l+0.2 l+r.8

PLANT NUMBER: thousatrds per acrc
Salt *l.at,... t-_ [ +1.1' | +1.2. | +2.2'

+ 3.60
+ 0.9"

Dung
Roling ..
Intensive

cultia'ation -.

I r.rs I I 3.73 | | 3.4r | - I - l,r.+._0.5s l+0.6s l_t.1. l_o.zcl_0.1" 1 _
_0J6 l_t.5' l+03. l_0.4. l_0.26 | _ 1.7.

e) +0.546, r) +0.?72, e) +0.8er, (.) +0.62e, f ) +o.5r4, (.) Lo.727.

Rolling
.- I Addi-I Addi- I OrdiD-i Inten

I tional I arv I ive
ROOTS (washed) : tons per acre

+0.85\ I I +1.20'l +0.49'r +r.
+.r.2r51 I l.7o3t +r.oo.l - l- I-t.

(r)+0.287, (')a0.406, e)+0.468, r)+0.33r, e)+0.270, f)+0.382.

e)+0.090e, e)+0.1e8, (3)+0.148, e)+0.r05, e)+0.0857, (.)+0.12r

Satt
Dung
RoUing ..
Iotensive

.nltivation - -
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Main effects and interactions of salt

No
Dutrg

Dung }{eavy
rolliDg

Normal
cultiva-

tion

l2 10
11.33

cultiva-
tiotr

g.i 5
s.64
9.76

41.9
40.6

+ 1 .13
+ 0.56

-0.24
- 0.58

ROOTS
None ,.

(washed) : tons per acre (+0.245.
.. | 10.16 I 11.86 | 10.89 |

!0.17 3.
t0.91 I

+0.245)
I t.l2
I1.79
11.41

rl.r0
12.18
l l.8l

+0.331)

11.01
12.14
11_57

9.86
9.62
9.2 8

16.9 4
17.11
1',|.15

11.6
39.7

2 8.5
30.0
29.7

Be{ore
Before sowj[g

None ..
BeJore ploughing
Belore sowing

rr.3? | r2.91 | r2.4S
rr.34 | 1r.79 ll rr.66

TOPS: tons per acre
Nore .. I 9.?3
Belore ploughing | 908
Be{ore so\r'ing ] 9.35

(+0.33r.
9.99

r0.I6
s.20

Means :
10.00
9.97
9.74

+0.234.
9.7t
9.27
8.81

9.97
9.60
8.79

SUGAR PERCENTAGE: (+o.ro.i. Me&rrs: +00?42. ri.reases:
\o9. ., .. I l6.Ss I t6.92 | t6.8J I t7.04 [ t6.95 | t6.92
Be{ore ptoushiDe | 17.t2 | lz.l0 ll tz.os I tz.rz ll n.ii I riio
BeloresowiDs ' t6.96 | l?.a3 li rr.rz J r.z.rs ll rz.tr I rz.rs

+0.105)

TOTAL SUGAR :

+ 0.17
+0.21

+ 4.3
+2.4

+ 1.5
+ 1.2

34.4
38.9
38.5

40.1 tl 36.6 37.9 lt 37.0
14.2 | 4.6 40.5 ll 4t.l
40.9 I 3S.9 39.4 ll 38.8

PLANT NUtr{BER : thousands pet ?'crc (+0.629. Meafls : 14i. Incleases : .1 0.629)
8
I
0

27.
30.
30.

.Salt produced sigaificant increases in the yield of roots and the sugar percentage,
and a small,but noi significaat decrease in the yielcl of tops. The inlcrease in toLi
sugar was 3.3-cwt. per acre. The increase in roots was significantly greater when the
salt was applied before winter ptoughing than when it was applied 

"at 
sowing. This

effect, how_ever,.appeared only in presence of dung, the intiiaction betweel d,ung
and time of application of salt being sigrificant. Otherwise there was little dillerenci
in the effects of time oI application.

Dung significadltly increased the yield of roots, the resulta.nt increase in total
sugar-.being 4.4 cwt. per acre. The increases in tops and sugar percentage were not
significant.

- Additional heavy rolling gave a sigaificant decrease in tops. There were no
sigrdficart differences between the effects of ordinary and lntensive inter-row
cultivation.

Plant number was significantly increased by salt and dung.

30.4 lt 2a.2
32.3 ll 3o.s
30.9 ll so o

I

t;
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SUGAR BEET

soil tumigation experiment. Effect of chlorpicrin, chlordinltroberzene,

" seekay " and ..cymag," as controls of wireurorm infestatlon.

RS_PASTURES, I935
Plan and yields in lb.

Roots (dtrty), tops, augar percentage and plant number ln descendLEg order

S

f
I

P
217
998

15.72
439

o
2a4
330

t5.92
442

N
359
440
t5.38

474

K
148
t78

14.83
424

M
488
532

16.01
5t2

M
466
491
\5.49

514

K
146
152

15.69
440

o
434
402

16.47
520

N
431
448

\6.27
504

P
450
439

16.48
501

o
460
434
r6.13

5ll

M

522
16.93

515

K
165
202

15.26
464

P
555
378

16.53

N
516
546

16.95
495

N
470
486

r8.01
500

P
464
418

16.30
498

M
516
542
r6.39

476

o
500
476

16.13
4U

K
t79
196

15.20
439

K
r88
213

15.06
426

N
386
426

15.87
444

P
384
3?5

15.78
479

M
458
461

t6.36
486

o
344
306

16.2t
451

Note: ID the field the plots lay iu oae line, lO8 being next to 107, etc.
SysrEnr oF RrpLrcATtoN : 5 X 6 Lati[ square.
AREA oF EACE Ptor: I/60 acrc (60.6 lks.X27.5 fks.).
TREATMENTS: No fumigaot (O), chlordinitrobenzene (N) aad chlorpicrir (P) at the rute o,

2.0cv,t. peracie, " c],.mag " (M) atthe rate oI7.5cwt. per acre and ..seekay " (K) at the rat€
of 5.0 cwt. per acre.

Basal, MANURTNG: 4 cwt. superphosphate, 2 cvet. muriate of potash and I cwt. sulphate of
ammoBta Per acte.

CuLarvarroNs, ETc. : Ploughed: Ap 126. Fumigatrts applied as ploughed. Earrowed: April30.
Roled: April 30. Seed sorrr: April 30. Ilarfowed: Mat2. Rolled: May 2. Singled:
June 15. Ho€d: June f8, 29, July 25 ard 26. LiIted: November 5-8. Variety: Kleia-
waszlebea. Previous crcp : Grass.

ST^NDIRD ERRoRS pER PLor: Roots (washed) : 0.953 tous pe, acre or 9.91%. Tops : 1.08 totrs
per acre or 9.22% Sugar perceltage : 0-290- Plant aumber: l.l8 thousands per acre or
4.ll'/o. The " Seekay " txeaimetrt was omitted in the analysis oI roots and tops, owing to
its low yields. Mean dirt tare : 0.1785.

to7r03

!08

127
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Summary of Results

No
fuEigaDt

Chlor-
picrin 'Cymag' 'Seekay' Mean

Staadard
Error

ROOTS (*ashed), tors
Per acre

TOPS, toas per acre . .
SUGAR

PERCENTAGE ..
TOTAL SUGAR. cwt.

Per acre
PLANT NIJ'MBER,

thousatrds per acre

E.00
t0.44

16.r6

26.8

28.6

9.54
12.57

15.92

30-4

29.0

9.1r
1o.22

I6.16

25.4

20.4

10.91
13.67

t4.21

35.4

30.0

3.6.1
5.04

15.22

r l.l
26.3

8.12
10.39

15.94

27.0

28.7

+o.126'
+0.519'

+0.r30

+0.528

' These staEdard erors are not applicable to the ., Seekay,, treatmetrt.

Condusions : yleldo

The leld of roots with "clmag" was sitnificant ly hither than that with chlorpicrin
or chlordinitrobenzene, the latter yields not being sidxificantly different from the
yield.with no fumi€ant. The response to .. c,,rnag;, m;ybe an dffect of nitrogen, the
dressing being equivalent to 82 16. nitrogen i.. i".u. "

. " Cyn.g'l and chlordinitrobenzene significantly increased the yields of tops, the
increas€s not being-significantly different] There riere no significarit eftects o,i sug;
percentage, apart from the reduction due to ,. seekay.,'

" S*,f"y " gave Iow yields and a low sugar percentage. This was possibly because it
was app[ed too near sowing date.

No relation was found between the yields of roots and the numbers of wireworms
at the second count, after eliminating ireatment effects.
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Wireworm Courts :

Plao atrd Eulnber ol wft.ewortns pei plot (total ol 8lx samplea)
lst count atroye, 2nd cou[t below

S

Norr. At the Iirst couat thiee ra[dom samples per half plot were teken; at the secoad count
two per third oI a plot. Each saErple coosGted of I itrs. x I ios. x 4 ins. (deep) oI soit.

STANDARD ERioRs pER PLor : FLst couot : sampling eror : A-06 or 25o/o i experimental e.ror :
6.99 or 29%. Secoad cou.t : saopling er.or : 1.87 or g1o/o; experiEelttal error : 7.18 or
60%.

St'rtrm4?y of Reeults: Second Gount
No. of wlrewotana por squaro yard, 4 tnche! deep

No
Iumigatrt

ChlordiDi- Chlor-
picria

" Cymaa " " Seekay " Statrdard

{l ;8 36 31 22 38 + 8.59

107103

t21

Concluelone : Wireworm Counts

The effects of the treatments on the mrmbers oI wire\porrns were not significant.
No relation was found between the numbers of wireworms per plot at the first and
second counts, after allowing for possible treatment effects.

P
6
6

o
6

N
20
29

K
34

8

M
l9
17

M
l5

8

K
20
l3

o
34
l8

N

l,

P
96
l6

o
20

M
l7
t2

K
21

7

P

t0

N
22
28

N
39

P
21
ll

M
36

o
21

K
32
i

K
26

7

N

26

P

2t

M
,9
l{

o
t9
20

I9:l
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BRUSSELS SPROUTS
Ef,ect of sulphate of ammonia, poultry rnanure, s{xrt and rap€ dust

FOSTER'S-RD, T935
Plan atld Jrield8 trl lb. saleable Bprouts

Total of both Pickingo

Rr
37.0

N,
22.5

M,
13.5

Mr
26.5

Mo
31.5

Rr
29.0

Ro N, 1

32.5 i

s,
41.0

s1
25.0

Nr
12.0

Mo
17.5

so
2r.5

M1
34.0

M,
4l.0

Nr
35.0

&
27.5

so
15.5

R,
2i.o

No
17.0

R!
41.0

s, No
44.5

s,
26.O

Ro
28.O

N?
15.5

M1
17.r.)

sr
30.0

R"
91.;

R,
27.0

Rr
26.5

M,
30.0

No
t 7.0

M,
20.0

Mo so
19.5

Mo N,
28.0 30.0

s1
30.5

Rr
19.5

s,
25.5

Rr
20.0

Nr
29.5

so
28.0

No
20.5

s1
24.5

Mr
21.4.

. Estimated.
S\,srEM or RapLrc rroN: 4 ratrdomised blocks ol 12 plots ea.h.
ABEA oF EacB PLor (afte! rejecthg edge rows) : 0.024174 acre. Plots a.tuaUy l0 yds. x l4 yds.
TREATMENTS : 1035. No dtroSen (O), sulpbate of ammoaia (N) haU applied itr seed ted a,Ed re-

maiqder as a top dressias, poultry maDure (M), soot (S) and rape dust (R), applied at the
Iate oI 0.4 cwt. N per acre (l) or 0.8 cwt. N per acre (2).
Plots ieceiving treatme[t O ill lS35 had treatment 2 i[ 1934 atrd vice veGa. Plots receiyiog
trealoetrt I had this in both yeats. For \, So, lIo and Ro (see plaD), the treateetrt symbols
refer to tbe 1934 treatmeDt.

BasaL MANURTNG : All plots were made up to 1.0 cwt. Pp. per &ne. and 1.0 cwt. KrO per
acre, usiBg supelphosphate and !truriate oI pota-sh (aE allowaoce b€ing made tor tie PrO.
atrd KrO contained i! the organic ma[ures).

CuLarvAtIoNs, Etc. : Ploughed: Mar. 5 aad 6. Ilarrowed: Mar. 16. Ploughed: Mar. f&20.
Harowed : May 3. Roued : May 3. Manures applied : May 22-29. Secotrd har of sulphate
of ammoDia applied : July 27. Harrowed : May 2&29. Roled : May 30. Brussels planted I

Jure 6-0. Hoed: July 24, 30, 3l atrd Sept. 16. Harvested: FLst pickitrg: Nov. lg-20.
Secotrd picLing: Mar. 5. Previous crop: Brussels.

STANDAID E&RoR pER PLoa (total of both pickiDgs, saleable sprouts)i 2.12 ci,t.Ff'r aare or 24.8o/o.
SpEclAL NorE : Owint to daEage by pigeons the weights at the secoDd picki[g eeae very sDall.

Saleable of both : cwt. acre (+1.21

Nitrogen, crt. p.a.
1034 r$5

Sulph.
amm.

Poultry Scot. Rape
dust.

Meatt.
(+0.6051

0.8
0.4
0.0

0.0
0.4
0.8

Ll
9.8
9.3

0.1
0.9
0.1

7.8
9.7

t2.3

t0.4
to.2
10.4

9.1
9.8

10.3

Mcon 1t0.699]. 9.3 9.4 9.9 10.3 9.7

Conclusions
The €xperiment is desigaed to measure the diflerence in the immediate and

cumulative effects of certain organic fertilisers and sulphate of arDmonia. The leld
was a very poor one, owing to adverse w€ather conditions and damage by birds.
There were no signilicant effects.

sw
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BEAI\S
Effect ol dunE, nltrochalk, superphosphate and muriate ol pota8h, ald of

spaclng of tie rows.
R-E-Lttfle Hoos, 1935.

Plan aud yiclde tn lb., llrah above, straw below.

srNK
7 t.2
86.8

sr
66.5
82.5

S,P
56.7
68.3

SINPK
48.0
5?.0

srNP
45.7
57.3

s,DN

93.0

STDNP
64.6
82.4

sN
23.3

slDP
78.1
95.3

srPK
71.3
84.7

SrD
74.8

sJ(
39.3
4l.2

spK
73.3
86.7

SIDNPK
77.O

1t2.5

SIDNK

104.3

spPK
56.3
11.7

s!
36.2
40.3

s,DP
49.8
45.2

S'N
68.0
8r.5

S,K
63.6
68.9

srNK
60.5
62.3

srDK
5t.3
73.2

srDNr
92.5

114.5

SlDPK
63.6
82.9

srNP
38.3
48.7

S.DNPK
6r.3
82.2

S,P
20.9
39.1

SIDNP
60.8
80.7

slDN
6?.3
88.2

srPK
49.6
57.9

S'D
54.1
09.3

S,NPK
47.9
60.1

SysrEr or REpLrcarroN : 4 r'aEdoBised blocts ot 8 plots cach. Certain iltrractiols cdroundedvitl blocL difierencrs. Error estiEated Aom hieh order ht€r,actiotrs.
AREA or E^cB PLor : l/40 acre (68.7 lks. x J8. 4 lks.)
TREATTIEN,S : All combinations 6I:

Spacing DEDg Nitro-chalk Sooerohosohate

{}lffi13:i 1, {i["ff*r"]], {i'i:L.*N) } " {i'L"L.,o.er}
Muriate ol Potash

* fNone 1

tr.o cvt. K.o (K) i
Cut,t_lvarroNs: Diag applicd: Oct. 10. Ploughed: Oct lO-17. Artificijals alDtied: Oct. 20.

Harrowed: Oct. 29. Drilled: Oct. 22. -Harrowed: Oct. 24 atrd Mar.'2b. Niko-chafk
applied : Mar. 28. HaDd hoed : May t-2. Harvested : Aug. 6. previous crop : Wheat.

STaNDAiD ERRoRs pBI. PLor : Grain : 3.38 cwt. per acre or 16.l%- Straw : 3.6? cwt. per acle
or )3.8o/".
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Responses to fertiliserg : cwt. per acre.

Dillerential responscs

Spacing Dung )iitro-chalk

ei*. lzr
(+1.A9. Mcan ,cs?dse : +l.ZO\

-24 
iEs.

DuEg
Nitro-chalk. .

Super-
phoqrhate

Muriat! o(
potash ..

STRAW : cwt. per acre
luuhate of potash
Nooe lllcwt. K,O

18 inches
24 iDches

28.5
26.9

23.?
2l.l

22.6
16.7

STAND^RD ERRoEs: Grain: il.2o. Stra\ : il.r6_

Concluslons

. The.l8-inch spacing_gave significantly higher vields of both grain and straw thanrne z.+incn spaong. lhe responses to dunt were both significant, that Ior prain
beug a.ii.-cwt. per acre or 26,2 per cent. of the mean yield. The increases die to
lgggl+ were not 

. 
significant.. Superphosphate pioduced sritht, tbough not

lqTr]canl, 9*."3* in yield. 
.The-.response- to muriite of potasf, was sigificant

m tbe case o, grarn and almost.significa't in the case of straw. This effect, f,owever,
1!9T1,_"9J with.the,24-inch s?acilC, the interaction between muiate-of pntash
and spaang belng sitnificant {or both grain and straw.

Mean yields : Graln: 21.0 cwt.; Straw: 26.3 cwt.

Super- | trIuriate of
phosphate J Potash
Abs. I Pres.J -irbs. I pr€s.

-24 
itrs.

Dutrg
Nitrorhalk. -

Super-
phoqrhate

Muriate ol
pobsh . .

2.8 I -5.6 l+ 3.s
1.2 I 0.O

- 2.0 l-3.o

+2.7 l-0.1

+ 1.0 l+ 4.0

- l+ 3.8
3.0 l-
2.r l-0.r
r.3 l+ l.e

+3.0 l-0.7

-3.8 l-l-
+ 1.8 l+2 6

5.9
7.0
0.4

1.8

0.3
4.2

2.t

STR-{.W: (+1.78. Mean respots. : +1.261

57 I+gl
7.1 l+ 12.6

+0.2 l-3.6
0.4 l+ 5.2

Interaction of spacing and muriate of potash.

GRAIN : c*-t. per acre
Muriate of DotashNone ;t.ii c,vt. XrO

+7.4
+2.4

-0.9
+5.8

+4.6

-0.7

-t.8
+4.1

+4.6
+ 9.8
+ 2.4

- 1.f

+2.8

+ir
+ 1.3

-3.8

-0.2

+rr.e
+3.5

+0.4

+5.8

+6.t

-0.4

-0.s
+3.1

+3.1

';
-2.4
+2.5

+6.6
+ r0.6
+4.3

+2.7

+2.5
+0.1
+0.5

+3.0

+ ?.6
+10.2

0.o

- t.8

+ 1.8
+s.5
+4.8

- 1.6
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WHEAT
WOBT.IRN

Effect ol eulpbate ol ammonia applled at fiYe different tlmes
W,w-BiItt Clo3e, 1935

Yield ln lb., grala aboee, straw below

5
29.8
30.5

2
26.9
57.5

3
19.5
58.3

I
26.1
5t.6

o

29.7

4
24.6
48.0

0
30.8
29.8

4
34.7
46.2

5
33.5
36.5

3
27.A
57.S

I
32.8
53.7

2
32.1
45.8

37.O
61.0

I
34.2
47.O

4
39.6
48.1

5
39.0
45.8

3

58.0

0
26.2
33.1

t
34.0
49.4 12.3

o
27.O
33.6

35.2
59.4

4
39.6
53.4

3
28.6
45.9

1
39.6
50.3

3
36.5
52.3

2
42.8
50.2

o
34-2
46.0

43.7
48.9

I
37.0
60.0

3
37.0
50.8

0
29.9
38.0

I
38.5
55.0

4
41.4
55.3

33.6
83.3

5
36.1
39.6

w

I

SysTEl. or RlpLtcATIoN: 6x6 Istin square.
AREA oF eAcn pl,or : Ul0O acre (4O lLs. x 25 lks.).
TREATMENTS : No sulphate o{ ammoiua (0) and sulphate oI ammonia at the late of 0.4 c*'t. N per

acre, applied otr Dec. 7 (f), JaE. 3l l2),Ma12A (3), May I (4) asd Jutre 6 (5).
CrrLuvaaroNs, Brc.: Ploughed: Oct. 31. Harrowed: Nov. 3, 7 aad 8. Drilled: Nov. 8.

Harvested : Aug. 2. Plots harvested by v.eighing total produce aud sarDpliog for Srain-strdxt
ratio. Variety: Victor. Previous crop: Poaatoes.

SraxD^RD EERoRs t'ER PLor : GraiD : 1.59 cwt. per acre or 5.31% ; straw : 3.27 c*t. per acre or
7.88o/o.

Summary of results, cwt. per acre

Dates of application oI sulphate of amBoria
(0.4 c1rt. N per acre)

n"* ll o*. z 
I J"o., 1r",.,r| nt, o I J'o"o

dll N
sr.

GRAIN
(+0.64e)

(t0.s 18)

25.3 30.2

+ 4.9

32.4 27.O

+ 1.7 +7.4

32.7

+7.4

31.0

+ 5.7

+0.290

+0.711

STRAW
+ 1.34

l:.1 .89)

31. I 45.6

+ 11.6

44.7

+ 17.6

48.1

+lf.0
44.8

+ 13.7

37.6

+6.5

46.0

+ 13.9

i0.597

+1.16

Gonclualons
There was a signilicant average response to sulphate of ammonia of 5.7 cwt. of

grail and I3.g cwt. of straw per acre. There were also signilicant differences in yield
due to time oI application, the gnin lelds varying irregularly while the straw
yielcls increased to a maximum ard then decreased, the parabolic regression of yield
on time o{ application being signilicant for straw.
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SUGAR BEET
WOBL]RN

Eltect oI BowinEl date, spacing of ro\ra and of Bulphate of ammotrla.
ws_BUTT CLOSE, 1935plan and ytelds tn lb.

Roots Tops Sugar Pl"ant
(dirty) per uum-

cetrt. ber

Roots Tops Sugar Plaat(dirty) per truE-
ceDt_ h

w
1

I

859
878
005

1,011
1,018

6:19
660
643
676

r sr. N!
I S," -3 Sro Nr
2 Sro N!
2 Srr Nr
3 S,o Nr
3 S'" -2 S"o -r s,o N,

I Slr Nr 868 716
3 Srr Nr 67t 654
2 Sro Nr 849 766
2 Sro N, 659 481
3 S,n - 722 633
I S1o Nr 837 485
2 S,. - 669 4S?
3 S,o Nr 656 613
I S'r - 658 398

907
921
964

1,06r
s66
750
815
721
833

15.61 867
15.94 l,€8
I5.84 t,48I
15.40 1,539
16.03 773
16.53 637
t6.42 880
16.56 691
16.24 646

16.44
15.61
t6.98
16.59
16.30
15.6I
15.46
16.81

86r
802

1,462
518

1,380
1,330

472
604 I
647 I

are partially codouEded rvith block diJfereDces:
ARaA oF. EacE- P-L-or (aJter rejecting edge-rows) : lO iDch spachg : 0.02381 acre; 16 ilch

spa,citrg: 0.02143 acre: 20 itrch spacing: 0.01905 acre. -plots- actually : t6.2 iiatsx IESlials rows.
TEBArtrENas: All coDobilations of :

Sowing dates SDacilp SuIDh. Amm
fArril t8 (t)'l f lo 6ch (5r0)l fNone'(-) \

tilli;t kri ' Ui rTx Ejil ' tis$:xr'ul l+:ll
Su.Iphate oI aEmonia to be applied a"t time oI so\vilg (see spec,al trote).

BAsa!. MANTTRTNG : St-perphosp-haie at the rate oI O.E cit. p.d per acre. ' 
B0o/o potash matrIrt!

^ salt at the rate oI LO cwt. KiO per acre. (Applied belore winter ploughin!.)-
UvrrlvAttoNs, Erc.: Ijasal DaJlures applied: Jaauary 4ll. Ploughed: Jatruary +ll.

Tractor-cultivated and harrowed: March &Il. Harrowed a.ad ro[€d -first ;osing:
April f8. IlaEo!r'ed and rolled second sowirg: May 9. Cut out thistles lirst and sem;d
sowings: May lS-20. Spri.Dg-tine harrowed: May 25. Ha_od-hoed lo.-in. rows o!
first sowing: May 29. Horse-hoed 15 aDd 20-in. rows oa lirst and secord sowjng: May
19. .S+gled first sowing: June 6-Il. Ho€d 10-in. rows on second sowing: Juie 9-f5.
Singled secoad 

-soEitrC_:_ J!!e ll-11. Horse aDd hand-hoed: JuDe 19-20. -siigled tbird
sowiag-: JD_oe 2+26, Hatrd-hoe_d: July 8-22. LiJted: Novemb-er ?-16. Varieti: lCein-
waDzleben E. Previous crop: Potatoes.

SI,ECrAL Nort a The {irst sowing was origi[aUy Eade otr March 14, but this Iailed and wa-s
lepBlc€d-by the soriEg otr May 26. alhe sulphate o{ aEBonia lor tbis so\ring l,i'a-s applied
on March 14.

SraaDa.RD EatoBs t,E! P-Lor: Boots (washed): 1.06 toDs per acre or 8.3?%. Tops: l.Z8 toEs
IEr acre d 14.2o/o. Sugar percentage : 0.460. PIatrt trumber : 2.63 thousaods-per acre, or
6-06%. Meatr dirt tare : 0.1?t4.

3 Srr N!
2 Slr Nr
2 S,o -3 S,. -2 Sto Nr
I S,. -3 Slo Nr
I S.o Nr
I Sro Ni

88? 852 16.95 864
s02 735 16.39 896

1,021 724 ta.ls 1,642
6S2 492 15.64 6t0
757 7?8 14.80 600
861 846 14.t4 846
067 I,094 15.64 1.353
8r0 142 t5.20 655

r,023 1,106 14.8S 1,524

3 S,o - 173
2 S,o - 692
r sr N, 742
3 516 Nt 635
3 S1o N, 653
2Sto Nr 5
I S," - 5S6
2 Sr5 N. 643
I S,. Nr 5ll

367 16.96 637
479 t6.76 1,646
495 16.36 1,500
460 16.S8 127
604 18.04 t,294
385 15.58 A74
431 16.27 802
6t2 1497 783
440 15.81 488

I

I Sro N, 693
2 S:o Nr 618
I S,o - 445
2 S," - 6t2
I S," N, 7M
3 31. N' ?60
3 Sro Nr 641
3S,n- 7U
2 S1o Nr 956

528 15.92 1,285
!176 15.20 63I
328 15.30 858
384 16.59 870
489 15.88 763
541 16.47 764
398 16.56 6rt
433 16.65 1,406
609 15.64 1,498

2 Sro - 609
3 S.o N! 580
I S,o - 78r
2 Sro Nr 837
I Sro Nr 607
2 srr Nr 642
I Sr5 N. 661
3 Sro - 698
3 Sro Nt 571

409 15.98 662
480 16.50 503
429 16.53 r,386
617 16.53 r,350
3S3 15.84 483
465 15.75 728
580 15.61 639
436 16.70 740
604 15.58 t,249

51

28
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Ylelds of Separate Treatmente (block efiects ellmlnated)
ROOTS (washed). tons oer acre

Main effects : Interaction of sulphate of ammonia with spacing and sowing
dates

ooTs \rashed). tons acre

SowiDB
Date

Sulph. amm. per acre
None

Sulph. ahm. per ac!e.
O.3 cll t- N.

Sulph. ame. per acre.
0.6 csrt. N.

Spacilg (irches)r0 l15 120
SpaciDg (inches)l0i15 l20

Spaahg (inches)r0 ll5 120
April 18 . .
May I ..
May25..

13.18
12.1r
I l.7l

t2.28
l I sl
u.s2

t0.8r
I r.93
9.52

13.97
14.85
11.04

t3.35
12.89
12.28

13.39
12.18
r 1.30

13.07
t4.52
I r.20

It 05
r3.40
13.78

13.24
12.11
12.34

Spacilg (hches),, l15 lro
So,wing date

Apr 18 
| 

May e 
I 
May 25

tuIea

ROOTS (washed) : torN per acle l!0.433. Meats: +0.250. I*creases: +0.354-t

0.0 cwt. N
0.3 cwt. N
0.6 cv.t. N

13.29
12.s3

12.04
12.84
14.08

10.75
t2.62
t2.57

12.09
13.57
13.79

t 1.98
r3.31

11.05
r r.87
12.44

11.71

13.19
+ 1.21
+ 0.27

Mean . . 12.85 12.99
+ 0.14

11.98
- 0.87

13.1'j 12.8 8

- 0.27
11.79

-1.36
12.61

TOPS : toas pei acre (:LO.727. I Ieais: +1 .420. lnt 0.5s4.)

0.0 c$t. N
0.3 cwt. N
0.6 cwt. N

10.86
t3.I2
13.83

I1.32

14.67

9.87
1t.79
13.14

lt.3?
r2.18
t3.96

t0.u
12.53
14.53

10. t4
12.56
13.14

10.69
12.42
13.8 8

+1.73
+ 1.46

Meatt 12.60 19.79
+0.19

11.60

- 1.00
12.50 12.5 3

+0.03
11.95

SUGAR PERCENTAGE (+0.18?. trIeans: +0.108. Increases: +0.153.

0.0 cwt. N
0.3 csrt. N
0.6 c\r't. N

16.43
15.82
15.80

16.96
16.00
r5.60

16,04
15.05
15.67

15.67
15.86
15.67

16.27
15.79
15.36

16.49
16.l9
16.04

16.14
15.92
15.69 -0.22

-0.23
16.02 15.85

-0.17
15.89

- 0.13
15.13 15.81

+0.08
16.22

+ 0.49
15.92

TOTAL IUG-\R l cwt. Per lcre (+ I S. Lleans i +r. 60. Inc 1.22)

0.0 cE't. N
0.3 cwt. N
0.6 cwt. N

40.4
42.0
40_7

38.1
4I.l
43.9

34.6
40.2
39.4

38.1
42.8
42.5

38.8
12.2
40.9

38.1
40.0

41.0
11.3 + 0.3

Mean . . 41.1 41_0

- 0.1
38.0

- 3.1
11.3 10.7

0.6
38.2 10.0

PLANT NUMBER: thousands pe. acre (+I.07. MeLtus: +O.6t8. I@leases: +0.874).

0.0 cwt. N
0.3 cwt. N
0.0 cv,'t. N

61.6
59.3
68-8

39.0
37.1
36.4

29.1
27.4
27.8

4r.5
40.4

45.9
43.5
4t.7

42.1
39.3
40.8

43.4
41.4
41.0 - 2.0

- 0.4

Maat . . 59.9
l- ee.a
I

I za.a

l- at. s
41.4 13.f

+2.3
40.f

- 0.7
41.9
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Interaction of spacing and sowing dates

Sowing
date

Spaciag (inches)
lo,t5zo Spa.ciDg {inches)r0 15 i2o

Roors (,,;; ) , .;p*
acre (+0.433)

TOPS: toDs per acle
l+0.727)

Ap l18
May I
May 25

13.4 t
13.83
I1.32

I3.56
12.;3
t2.66

12.48
12.08
I1.39

12.25
13.14
12.42

13.63
12.s4
12.18

11.63
I t.s2
t 1.25

SUGAR PERCENTAGE
(+0.r87) TOTAL SUGAR : cwt.

per acre (+ 1.49)

-A.pril r 8
Uay I
IIay 25

15.99
16.01
16.06

15.51
15.72
16.33

15.70
15.68
t6.28

42.7 I 4l a
44.1 I 40 o
36.3 I 4r.g

39.2
37.S

Conclusions
The l0 and 15 inch spacings gave significantlv higher yietds of roots and toDs

than the 20 inch spacing, and did not differ significintly. Spacing had no appreciable
e{fect on the sugar percentage.

. The first two 
- 
sowings., April l8 and Mav 9, gave significantly higher yields

of roots and, a.significantly lower sugar percentage than th; third 
"i*ir!, ft"y ZS,

the net result being increases in total sugar over lhe third sowing of S.t aid Z.S cwt.
per acre .espectively. The differences in r.ield and sugar percentage between the first
two soving dates were smaU. The results {or tops weie quantitativelv similar to
those for roots, but the decrease in leld at the ihird sowirg was not in this case
significant-

. iPnt.p oj ammo-ma gave significant increases in roots and tops, and also
sjsn]lcaltty decreased the sugar percentage. The increase in totaj iugar to the
double dressing was 3.5 crt. per acre.

Sulphate of ammonia significartly decrea-sed plant ndnber, and the secoad
19wi.ng, May 9, gave a significantly lrigher plant number than the first or the third,
the last two not being significantly different.

PLANT NUUBER :
thousaEds per acre (+ 1.0?)

April 18
May9..
May 25

37.r I zz.s
38.3 | 29.4
37.1 i 28.O

5o\Yrng
date

spacrDg (Lqches)
l0 lls 120

59.2
63.2
57.1

o
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I(ALE
WOBURN

The reoldual effects of Lupins aa green-manure
WK-LANSOME, 1935

Pla' and yields la lb. (gteen wefghts)

TreatmeDt
Nitogetr added per

acre 0b.), 1934
As Tops I As Roots

o
R
P
PT

n;s4
214.17

lrl3r
tl.3t
l t.3l

Summary of results

Lupitrs dug iE
Yield

totrs per acre no ilr.ssing

Meo*
NoDe . .
Rools oBly ..
Whole plart
Whole platrt

and extra toPs

1.80
4.01
3.94
5.O7

6.17

-0.07+ 1.06

+ 2.16

St. Erors i0.346 0.4 89

Conclusions

NW

i
r3

SysrEn oF R-EPLIC^TIoN: 4 x4 I,atiE square.
AREA oF EACE PLor (after rejecting edgelrows) : 0.00973 acre. Plots actually 0.010, taa6.
TREATMENTS: Lupbs were Srowa over the \,ehole area itr 1934.

O:Whole plant removed.
R:Tops removed, roots ody buried.
P:whole plants buiied.
PT:whol6 phnts a.nd additiotral tops from Plots receiving treatEent (R) buded.

These heatmeoti were apptied to kale sbwn in 1934. Kde was gown again i! lg35 *ithout
Iurther t.eatmeDt.

CuLTrvATroNs, ETc. : Kale sowa: Rows 18+ inches aPart : May 13. Thim€d : Juue 2426.
Plarts 6 inches apart in the rovrs. Hoed: Oct. 15, lTaod 19. Harvested: Mar.13. Variety:
Thousa[d head. Plevious crop: Kale.

STANDAnD ERRoR pEE Pr,or: 0.603 tons pet a.rc or 14.1y".

R
9l

PT
160

P
ll6

o
67

P
89

o
89

PT
126

R
10

o
68

P
105

R
90

PT
t14

PT
138

R
93

o
126

P

The crop of kale was an exceedingly poor one, but showed residual effects o{ the
tops dug in in 1934, the yield of kale being increased by l.l tons per acre with single
tops and 2.2 tons per acre \ ith double tops. Roots had no apparent effect.
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CARROTS.
\YOBURN

Efiect of sulphate of ammonia, poultrjr manure, aoot and rape dust
WN-LANSOME, 1935

PLan and ylelds ln lb. roots (washed) above, tops centre, plant nuinb€r below.

NW

t
I

I
I
I

SysrEu oF REpLicATroN: 4 raadomised blocks oI 12 plots each.

A.B!A or E^cE PLo": l/160 acre (25lks. x2E lks.)

TRaArr.lNrs : I93S-No nibogetr (O), aDd sllphate oI amnonia (N) hatl apptied ia !!dt_b.d
atrd_the redaioder as a top drcssiag, soot (S), poultry oaEute (M) atrd raD;dust (R) aooticd
at.the _rate-of-0.4 cwt. N per acre jt) or_0.8 c;t. N ier acre 121. Uots ieceivinji."affi;
O itr 1036 had treatmenf 2 iD t934 aqd dct uersa.' ptots rLieiviag treatoent-l b6d thi,
i"^^F!U y:*. For No, So, Mo aud Ro (see ptatr), the treatmeEl symbols refer to ttrc
1934 treatmeat.

Basal' MAr,ruRrNG: All plots \rere made up to 1.0 cwt. pro. per acre and 1.0 cwt. K.O Dar
acre,-us-iog superphosphate atrd muriate of potash (an-aldwaace being made for th;r pio.
atrd KrO coDtai.Ded iE the ortanic manures.f

CuLTrvArroNs: Plou,ghed: Jan. t7. Doubl€ harlolved: Mar. 21. HaEowed April 2+26.
Ro-[ed: . April 25. Seed sowrl: trlay l-2. Maoures applied: (sulphate oI aimooia atha[-rate): May l. ThinDed: Juoe l&24- Rows lI Gs. apart'. ptatrts 5itrs. aoart irthc row. Second hau of sulphate of amooda applied: June 2G. H@d.: Juae'12 aad
July 12'16. LiIted: October 30. Variery: 6arton's IEtermediate. p.&ious irop:
C-arrots.

ST^NDARD ERRoBE PER PLor: Roots (washed) : 0.9?l tons per acre or IO.g%. Tops: 0.460
toas per acte or 13.4%. Platrt Bumber: 3.29 thousandi per acre or 3.li%. i[;n di;tr,re: 0.0051-

sr
88
6l

593

N,
104

55
627

Rr
ll7
5l

652

Nr
12i
50

684

so
134
36

687

Rr
121
4l

664

Ro
145
48

704

s,
t28
47

607

Ro
ll5
50

660

No
128
5l

676

Mo
134
49

670

so
t2l
44

697

No
147

700

M,
151
44

874

sr
l4l
48

675

M,
132
44

?09

s!
tl9
60

650

M,
134

661

R!
128
6l

676

T{,
125
52

N1
r38
62

638

R!
lm

50
641

Nr
r39
5t

681

Mo
l3l
29

694

sr
r28
58

658

Mo
153

70
691

Mr
t24
60

681

Mr
l4I
54

659

Nr
143
6t

651

M1
134
39

669

Ro
137
34

700

so
136

703

Ro
t20
15

64S

N!
lt5
6t

827

No
t27
48

658

so
134
55

No
t33
12

667

s!
ll6
3?

612

M,
122

671

Rt
138
43

671

Nr
100
43

626

Rr
109

833

s,
102

656

Rr
t08
5t

636

sr
109
12

632

Mo
96
27

677

Nr
108
35

670

Rr
t08u
633 lg
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Summary of Results

Quantity (c$-t. N. P.a.)
lg34 I 1935

Sulph. Soot Poultr]- Rape
Dust

0.8
0.4
0.o

0.0
0.4
0.8

RooTS (sa.she

s.55
8.46
8.S3

9.37
8.32
8.30

d) : tons per

9.18
9.50
9.48

acre (+0.48

g.2s
8.ll
s.26

6l

9.33r
8.601
8.99!

Mean 8.981 8.662 9.39' I t.86' 8.97

0.8
o.4
o.0

0.0
0.{
0.8

TOPS :

3.28 2.93
3.90 3.52

:oBs Per acre (+0.230)
t.rz I 3.16
3.3? | 3.163.45 | s.sr

3.31.
3.E 1'

Madrt 3.16. 1 3.39.

-l-

3.311 3.41. 3.12

o.8
0.4
0.0

0.0
0.4
0.8

PL.\\T \L]lBEI
1r0.9
102.3
t0t.o

t: thousands per acre (+
109.3
108.1
107.6

108.5
103.4
101.8

64)
109.2.
105.2.
103.E

105.5. | 101.7' 10 8.3. 10 5.6. 106.1

Starderd errols: 0) +0.243, f) +0.28r, (r) +0.115, (r) +0.133, f) *0.820, (') +0947'

Conclusions

The elDeriment is dasie'ned to measure the dif{erences in the immediate and

.rrmJatlv<i ettects of certai; organic fertilisers and su.lphate of ammonia' The results

iif,i""r 
"t 

o* no.ignificant efftct of any kind on the yield of roots' Tops, however,

.ilo-oJ.Iigniti""rt ,isponse to nitrogen applied this year, but no traces of any residual

iff""t. if," differenc6s in present iesponse cannot be regarded as fully siglificant'
iri-i'rr-u". is significanitl' depressed by the present application of all forms of

"itog"r, 
*t tt t tt" 

"iception 
oi poriltry manure, this depression being closely associated

witl the apparent respons€ ol toPs'

I

108.0
106.8
10t.7
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PYRETTIRUM
1{'OBLRN

The effect of lime, fish manure, and artificlal fertilisers on the yield ol
flowers, and their content of Pyrethrins.

ROADPIECE-I935

Plan and ylelds in Erarnmes
Dry stalkleaa heada

NW

1

LOAt
l9{5

LFO2
l6l4

oFo:
l46J

LOOr
1331

ooAl
1553

LOOI
2055

oo^9
1647

OOo:l

LFOI
1682

ooa2
1796

ooAl
l80s

OFA2
2304

oFor
9985

LOA2
2n3

LOAI
26{8

LFAI
2226

LFA'
2t50

onol
263{

LFAT
21i2

LOA2
2rl8

LFOI
2115

LO02
2l8l

LF'O2
2439

OFAz
l99l

ooor
t622

LO02
ls87

ooo2
lss8

OFAI
l99l

OFAI
r926

LF"A2
1994

ooor
2209

OFO:)
l74l

StslEr oF REpLrcAtroN: 2 randomised blocks of 16 plots each.

AeE oF E^cH PLor (after reiecting edge rows) : 0.00560 acre. Plots actuauy 29.6links x ,2.7
liDks.

TREAaMENTS : All combinatioBs oI:
.Nolime (o). .No fish matrure (o)1 /No complete 1 .MsDures apPlied itr\
I I I I I artilicials Io)I llstvearoDlvlgSS(l) I

fu-" rrrJ x 
f Fr"r -"o,'u (F)J x 

lcomprete ," i^;J't"d*::"ryffi *,I
Lime was applied in the first year otrly.

R-arBs oF AppLrcATroN: Lime, 2.88 toos of ground lime, equivaleDt to 4 tolrs CaCO!.
Fish MaEure : {rbere applied in lirst year ooly, 5 cwt. per a.re (o.4 cwt. N) ; where

applied every ],ear half this dressing is SiveD per artrum.
Artifiiials: WharC applied itr first yeal oniy, sulphate of ammonia (0.4 clr,'t. N), super-

phosphate (0.4 c;i. P"O.) and muriate oi potash (0.5 cwt. KrO) ; *'he.e apPlied etery
year half those rates are giveD per aDnum.

CulrrvAtroNs, ETc. Weeded: oct. 18. Hoed: Dec.l7. MaDuresaPPlied: Mar. 12. Harvested:
July 8. Previous crop: PFethtum.

SptctAL NorE : owin8 to Eitdevring coosequeDt upon healy r.itr du.ring harvesting there was s
serious degeneration i! quafity durhg dryh8- The Pytethrin cootents wete Dot deter@iled.

SraND nD E&roR pER PLor: l.(N c{rt. per ac.e or 14.8 %.

95
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Summary of Results

Yields of separate treatments: dry stalkles8 heads, cwt. per acre

Standard erors : (r) io.736, (r)+0.520, e) +0.494, (.) +0.300.

Effects of artificials and fish manure : cwt. per acre

No significant e{fects.
Conclusions

Ma,lures
applied

Neither Arti{icials Fish Artilicials&
Iish manure

No lirEe
Filst year
All years 6.61: 5.91r

6.05r
8.85r
s.63r

4.771
1.55r

7.11.
6.41.

6.61' 5.9 8' 7 .14' 7.16' 6.7 6.

Lime .

First year
All years 6.6{' 8.08r

7.62r
6.85r
7.131

8.261
7.29r f.35'

6.61' i.85' 6.992 7.7 8' 7.54.

Matrures
applied Neither Artificials

Fish Artiticials
atrd

fish Draoure

First year
AII years 6.69 7.OO

6.84
7.7 5
6.38

7.51
7.42

1.42
6.8 8 - 0.51

Staddard erro +0.368 ao.520 !0.300 +0.121

20,
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PIG EXPERIMENT, L9334
Comparison ol three levels of radoned feedlng aad ad. lib. fecdlng,.
Efects of dlfreriali aurlrbcrs of plEs per pen (wlth equal lloor epace per ptg),

ARRANGEMENT
Three randomised blocks of 4 litters of 6 pigs each, sex and litter being eqtralised as lar as

possible over the diflerent treatments. EachblockcontaiasoDepe,lof8pigs(]3ft.x6ft.3irls.),
twopeDs of,l pigs (6It. 6 ins. x 6ft.3ins.) atrd 4 petrs oI2 pigt(3 ft. 3 ina. x 6 ft. 3 ins.). Each
of these sets df petrs cotrtaitrs two pigs oD each of tbe {our levels of ratiodtrg. Pigs were Ied in-
dividua[y in smaU pens (l ft. 8 i'as. x 3 It. ? ins.) opedag off the mair peDs. Food coBsumPtlorr
and live weights ware recorded. weekly. At the ena oJ tEe experimeat the pigs weie gladed fot
shoulder Iat, belly {at and pa}Tetrt.

DETAILS OF ARR-A.NGEMENT

The umber 2, 4 or 8 indicates that the pig was otre oI a pell oI 2, 4 or S respectively. I{
deaotes hog (i.e., castrated male) ; G denotes gilt (i.e. female).

TAALE OF RATIONS
Lb. food per week per lo-lb. nve weitiht at beglnnlng of ur'eek

weeks oi Experiment

0-5 5-10 l0 t5 lt 20

Ratiol A
Ration B
Ration C
Ration D

ad lib.
ad Iib.
ad lib.
ad lib.

2.1
2.45
2.8

ad lib.

l.8s
2.t7
2.52
ad lib.

r.68
1.89
2.24
ad ub.

Block and Duratiotr. Block I (21 weeks) Block II (21 s'eeks) Block III (21 weeks)

Litter No. I l6 I7 30 22 11 6 1 3 l7

Age at start (wks.) l4_3 13.7 11.3 19..1 r3.0 t 1.l 12.1 1,1.8 t 3.9 12.1 12.3 13.0

Sex HG HG HG HG HG HG HG tIG HGIHG HG tI G

Ratior A
Ration B
Ration C
Ration D

-428
2a
4-

-4
-482

4-
82
a2
-4

2a
4-
4-
2A

42
8-
42
8-

42
8-
42
8-

8-
42
8-
42

8-
42
8,
42

8,4
48

48
48

84
84

-2

-2
8,4

84

DETAILS

Block I II III Mean

CommeDced.. ..
Time (weeks)
AveBge age at start ('\reeks)

Averase,'"t. o"){Xt:ff.
RegessioD of {illal on initial wt.

Nov. 30
2l
12.9
44.4

155.3
1.52

Jan. e
21
12.9
35.1

156.6

Feb. 7
2l
12.9
47.3

153.6
2.76

2t
12.9

155.2
2.34

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-1-67 pp 207

20+

STANDARD ERRORS OF TOTAI LIVE-WEIGHT INCREASE
(Per pig-lb. aDd per cent. of increase)

EFFECTS O! NUMBERS IN PEN
Mean final weltihts per pig adjusted for differences of irdtial welght

Block I II I]I flean

Two in a petr
Four ill a pen
Eitht ir a pen

155.8
156.8
154.0

165.3
143.4
158.0

153.1
156.5
t 62.8

158.1
152_'
I58.2

Witbout elimination oJ difiereDces ofinitial weitht
\ryith elimination of dillerences o{ initial weight

15.3Ib. or 14.4%
19.0Ib. or ll.3%

SUMMARY OF RESULTS

\Yeeks of Experiment

o-i I o-,0 | ',-,. I rc-:o

Meatr

6-20

Ration A
Ration B
Ratiotr C
Ad lib.. .

Live weight
27.A I 14- ltt.2 I zt.z
28.8 | 2b.6
27.2 I 36.1 I

ircrease (lb.) per pig
18.6 t 17 7
25.0 I ze.azs.2 I :r c4o.2 I Et.o

16.8
24.4
24.7
4l. t

RatioD A
Ratio[ B
Ration C
Ad tib.. .

Food er
94.8 I 78.0gg.g I so 999.6 | rra-z
96.8 I 149.4

rten (lb.) per pig
I 88.2 | 92.7
I 116.8 I 1211
I rrz.r I rse.z
| 182.s I sse.ott

86.3
113.7
136.2
189.6

Ratior A
Ration B
Ratio. C
Ad lib,. .

' Live reight ga
0.29r | 0.171
0.317 I 0.218
0.287 I 0.226
o.zzs I 0.239

ltn io tt. per t'tu. tooaI 0.208 r 0.193I o.zrz I ozrtI o.zrs I o.zotI o.zso I o.rse

0.194
o.214
0.2r0
0.216

St. errors 0.0r05 | 0.0143 o.0ro7 I 0.00964
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NUMBER OF PIGS IN EACII GRADE
(Classed accordinti to number in peo)

NUMBER OF PIGS IN EACH GRADE
(Classed according to ration)

Grade

Belly Iat. Shoulder fat. Payment

H G H G H G

2 I il 1 S 43 :] { .t s rl4 8

B
c
D
E

2

4
I

3

4
5
I

6

I
1

6

5
2

4

4
T

6

1

2

6
5

l3

3

8
2

5

3
I

3

3

I
2
3
I

3
t
8
1

I
6
8
I

8
I
4

3

Belly Iat Shoulder {at Paymetrt

H G H G H G

B C D B C D B]C ID A]BIC D BICID A IBIC D

B
C
D
E

4

3
2

2

4
2
I

3

4
2

6
I

4

3
I

3

I
I

4

3

5

2
I

I

I

3

1
2

)
6
t

2

6
I

,1,
2l

3

I

1
:l

I
I
3
3
I

I

3
2

3
4
I

I
3
I
3

I

I

I
5

I

7

I

MEAN PAYMENT GRADE.

H
G

\umber Ration
in petr

I +0.37 -\ +0.184 +0 0l B r-o.29
I +0s7 ( +060

+0.1r
+0.?9

D +o r:

NorE : Grade C is taleo as the origitr in the above table.

Conclusions

In the first five weeks a{ter limitation of feeding commenced, the efficiency of
the feeding rates, measured as the live weight gain per I lb. food, increased signifi-
cantly as the level of feeding was raised. In the last ten weeks, however, there
was no di{ference between the efficiencies of the different feeding rates.

Yariation of numbers in pen (with equal floor space per pig) had no apparent
elfect on lhe live weight increases,

No sigrificant differences in grade were produced by the different feeding rates.
The pigs kept eight in a pen were graded significantly higher thar those kept two
or four in a pen on belly fat and payrnent. The gilts were graded on the average
0.4 of a point higher on shoulder fa.t, 0.8 higher on belly fat artd 0.7 higher on payment
than the hogs, the last two differences being sipificant.
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PIG DGERIMENT, 1935.6

Gornparison of Etinimal and llberal green food,
Efiect ol exeiclse.
Co,aparl3on of llne ard coarse grlndlnE of food.
Coraparlsoa ol ad lib. feedlng atrd ltdtitattotl of food alter 125 lb. wetg,ht.

ARR.A.NGEMENT
Foor replications, e3ch oI two litters o{ eight pigs, the third order ioteraction-being con_

foutrded siti litters. Within each litter, the treatm;;ts are partially cod{ooDaled with s€x.
TREATMENTS : All combiDatiotrs oJ:

f-\tinimal Ereen Iood { )1 fNo exercise (-)l
ft-;u".at fr..n rood '(c)J x lExercise (El J

' {f#*#i"i,,,* 
(r'}} ,, {l#ii;.*f.'J,iJ;)-", ,25 rb. (R) }

Food consumption and Iive weights $,ere recorded weelly. At !h9 enq oI the exPeriment
measurements ,ereie made oI back fit, streak and length oI side and the Pigs were traded for
pal/ment.

Limitatioa of food commenced lvhen the pi8 reached 125 lb. live weisht. Pigs on limited
food co[sumed on the avenge about 90 per cetrt. by weiSht oI the adouat o{ food consumed by
pigs ]rith ad lib. feeditrg.

FEEDING RATIONS

\\ieatings 50
Barley meal .. . I 30
Flaked maize .. .. I l0
\ hilc fishm€al -- .. I l0

DETAILS

Sub-blocks A .rlrrlIIIlrv Sub-blocks B 'rlIIluIlIv Mean

I C.ommenc"d
I Tioe (weeks) ..
I Average age at
I start (weeks)

Awerase wt. lb.
I At start
I At eod

JuIy 30
l8

11.8

40.6
191.5

Aug. 2
l8

12.8

41.2
175.6

Sept. 13
l4

14.4

58.8
180.8

Oct.29
t8

12.8

42.O
r79.0

July 30
l8

ll.8
43.2

206.1

Aug- 2
l8

t2.t

35.9
170.2

Sept. t3
l4

13.1

53.!t
t60.1

Oct.8
l8

11.0

12.4
169.4

t7

t2.5

41.7
179.1

aFor treatments see summary of results below.

Percetrta8e

;r*. r".lbT
Iive weisht I
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STANDARD ERRORS OF TOTAL LIVE-WEIGIIT INCREASE
(Per ptg-lb. and per cent. of lncrease)

Without elimiration of differerces of iEitial }reight
With elimioation of differeaces oI initial n eight . .

16.g Ib- or r1.9%
15.6lb. or ll.6%

SUMMARY OF RESI'LTS
Means of lndlvldual treatrnents

136

502

o.27 |

134

482

0.t78

r3t

4E4

0.271

Live weight increase (lb.) per p
138 | 138 | r30 I

Food coDsumed (lb.) per pig
50r | 476 | 486 I

Live weight gair ia lb. per I
0.275 | 0.290 | 0.267 I

Sub-blocks A

Sub-blocks B

t44

498
lb. food

0.290

15,

522

0.291

Liberal greetr lood
Exercis€
Fiaegrioditrg..
Limited feeding

t25lb.

124

162

0.268

139

460

0.r02

ll7
402

o.29t

Live weiSht itrcrease (lb.) per pi8
r37 lr23 lr43 ll27

Food cotrsurqed (lb.) per pig
465 1426 1508 l4{9
Lirre weight saiD io lb. per I Ib. food

0.2J5 | 0.289 | 0.28r I 0.283

- 7.12r

-6.8Rr
- t.62r

-5.62r

RESPONSES TO TREATMENTS
Mcaa values: Liye rf,elght lncrease: 134 lb. i food coolruoreal: 475 lb,; ltve wetght

Ealn per I lb, food : 0.283 lb.

Live weight itrcrease
(lb.) per pig

G I E I F I R I GEF I GER I GFR I EFR

I GE I GF I GR I EF I ER I FR I GEFR

Live weiSht gain itr
lb. per I lb. food

-26.t2 | 0.000

- 3.12 I -0.00s
- 3.38 I ---0.001

-3 t.62 | +0.oo8

rstandard error, +3.99

I

I

I

Food cotrsurtred
(lb.) pe. pig
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GRADING FOR PAYMENT
Number of plEa ln each grade, ctasred accordlnE to set and the maln lreatmcata

Hogso lE
Giltso lE

Hogso lR
GiltsolR

B
C
D
E

2
3

5

I
1
I
I
I

3l'"
4llllr

2
5
3
4
I

I
2
I
3

8

4
3

7

I
2

HogsO JF
Giltso lF

Hogso lG
GiItso t9

B
c
D
E

2
2

4
I

I

7
3

5
3
3

8
4
2
f

I
3
{;
1
I

1
6

5
4
I

8
4
I
I

MEAN PAYMENT GRADE

Note: Grade C is takeE as origitr itr the above table.

Minimal geen food. .
No exercis€
C.oarse gritrding
Ad lib. Ie€diD8
Hogs

+0.64
+0.70
+0.68
+ 0.60
+ l.0l

RESPONSES TO TREATMENTS

M€an valuea: Back fat: 1.46 lna. i atreak: 1,52 lns.; lenAth ol slde ! 30.59 tns.

Back Fat Streak Length o,
Side

Liberal green food
Exercis€
Fitre grinditrg .. ..
Limited feediEs alter 125 lb-

-0.011
-o.07 4
-0.029
-0.021

-0.049
-0.056
-0.o19
-0.o14

-0.234
-0.114+0.r09
-0.121

St. errors +0.026.1 +0.0655 +0.176

Concluslona
There were no sig[ificant effects of the treatments on live weight increase,

efrcienclz ol food utilisation or mean pa]rnent grade. Pigs receiving exercise had
significantly less back fat than pigs without exercise.

Gilts were graded for payment about O.9 of a point higher than hogs, the
dilference being signif icant.
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EXPERIMENTS ON POULTRY MANI'RE

Centres

Rothamsted (see
Woburn (see pp.woDum (see pp.
I-ady UaEtrer's S

Lady MaaDer's
T. Hughes, Esq

County Organiser
A. G. Brightmar, E

County Organiser

Fakenham School,
Coutrty School,
Gresham School, Ilolt
Sailors' Orphan Homes
A. G. Brightdan, Esq-,

2aCR
CR

IC
IC
2CR
IC
IC
IC
I

3
IbR
1^
Ia
IC
I
IC

48
48
r6
t6
24
l6
l6
l6
1{i

21

24
50
25
25
l6
l6
l6
36

t2

24

25
l6
21
21
l6

21

Cheshire School
Cheshire School
Cheshire School
The High School, N€
The High School, N(
Nortotr Ne\r' CouEcil
Hertfordshire FaiE
G. McCrae, Esq.,

htrcs. J. J. Green,
L. Pope, Esq., Pelton
Worcester County l

Ia
I
2CR

IaR
IC
2CR

IC

2CR

Gaut, Esq., County
\[essrs. Smith Bros.,

County Organiser
Church of England
J. Booaer, Esq
The Horticultural
Couaty School,
R. S.'Maudlin, Esq.,- WybostoD. J. W. Dallas, Esq., County

Orsaniser

Surtey

scmor, xe*iaoas, riuu .. .: ::
Mauldeo, Beds. (A) J. w. Dauas, Esq.,

., Maulden, Bcds. (B). J. U'. Dalas, Esq.,

No. of
plots

"ortor",'n".".1".tt, 
f.i."t*i"n, cn""nir" 1e1

culture, Reas€heath, Nantvrich, Cheshire (B)
iculture, Reaseheath, Nantwich, Cheshire (C)
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E * p ar imettal arr angcrrunls

(r) AlcoobiDetio'sof t8") >< t&")
4 i 4 I3tiD squares or raEdomis€d blocks-

.Basal aatruriEg : 1.0 cw-t. K.O aad 0.8 cwt. P.O. pe! acre.
(Ia) As (I), sitl Ealt culDs or rape Eeel as a,l additioaal treatEetrt.

5 x 6 Lati! souares or raDdomis€d blocks.
.Ba^sal manuriig : I.0 cwt. KrO ard 0.8 c*t. PrOr per acfe. Seody (potato€s) also receivcd
I crt. su.lphate oI potash and 2 cwt. chileau potash dkate appUed i! 1936.

(IC) Cumolative : As (I), with treatoelts ir 1936 o! th. saroe plots as in 193!1.

(IeB) Rasi&al : As (L), with treatqcatr appli€d in 1034 aoal lto treatoeots in 1035.

(IbR) As (IaR), lrith plots split for sElph.te oI aatooDia iD 19:16-

(2) 0, I aad 2lcvels of S/A and PM.
Randomised blocks.

.Basal matruriDg: 1.0 cwt. XtO aod 1.0 cwt. Ppr per acte.
(2CR) IBEediate, cuEulative and residual effects. MaEures as 2, lreatileots as follows:

1934 .. .. O O lS tM 25 2M
1036 .. -. 25 2M rS lM O O

(2.) As (2), -ith soot.
(%CR) As (2CR), with soot ard .aF dust.
(3) IEDediate, cuEulative and tesidual eflects. Treat&eEts as lollors:

1935....OOMMOOSS
1938....OMOMOSOS
1937 .. -.M M O O S S O O
t038....MOMOSOSO

RandoDis€d blocls..hsal maDuriDg: I.0 crt- KrO asd 0.8 cwt- PaOr p€r acre.
.Nr,r.-I! all cases tbe mineial Ea[lres per plot vere Eade up to 1.0 crt. KlO arld 0.8

cwt. or 1.0 crt. P.O., usilg tnudate ot potasb atrd suFrphospbate.

Ral s of otaiuirrg
(I), (IC), (Ia), ald (IAR) N at the rate of 0, 0.6 and 1.2 c\rt. per acre.
(IbR) N at the r.te ot 0, o-8 atrd 1.2 cw"t. per acIe applied ia 1934.

N at the rate of 0 alrd 0.2 cet. per acre applied io 1936.

(2), (2CR) aDd ( CR) N at the rate of 0, 0.4 aad 0.8 cwt. pcr acre.

(bl N at the rats of 0, 0.45 and 0.9 cwt. per acre.

(3) N at the rate of 0 aad 0.6 cl,.t. pe! acre.
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2t2

Summary
One yeet eaperimants

Tha slandald errors given ir the tabl,es a?fly to lhe indiuil.ual trealrx.ent nt ns
Types I and. la

t=

| 
"o".

Crop z
&i

i'e "-.:

"6h lMean
l

st.
*=
s 6.2+.P S

P.]I,
st.

Hull

Nant$'ich
(c)

Newcastle
OrmsLirk
Pelto11

Potatoes: totrs per
acre 6.87

7.08
9.92
7U

12.54

8.56

7.89
10.90
7.74

13.92

8.28

8.44
12.30
s.44

16.22

8.63

3.09
13.rl
8.50

14.20

7.911

8.38'

d

7.8 8
11.56

8.J8
14.22

8.0 +0.416

Io.zeo
a0.564
!0.454

+1.55

+ 1.08
+ 1.68
+0.75
+ 2.53

+ l8.l

---50.9

22A.7

- 90.s

*38.4

+ 31.8

+234.2

Mean of Uolato erlcrirtents 8.8,t 9.80 10 _91 10.i 1 10.0 2 +0.%a

Nant*'ich
(c)

PeltoD ..
Per cert. sare 66.3

7S.2
i t.4
78.2

7l.l 70.:1
82.8

71.81 7 0.2
7 8.8

1r.10 + 5.0 +6.0 +31.,

NatrtFich
(B) O otrs: totrs per

acre 9.8I 10.68 9.84 l0 1l l0 3lr t0 1.5 -0.288 +0.45

t The average oI the respotrses to P.M. alld SIA aloDe. rMalt culms. 2Rape meal.
* Potatoes haDd sorted; replicates bulked.
The difieretrces i,l respoDse to P.M. and S/A arc showtr as a percentage of the mean response at those

statious at which there was a clear reslrcase to N.

ConeLusiots
Polltty ,fiantre and sul|hare of arnmonia alo*e and i* corhAirralion.

There were significant i€sponses to nitrogen in the yield of potato€s at four oI the live centres,
Ormskiik being the exceptioD. In tbree o{ thes€ sulphate o{ ammonia aloae gave higher yields than
poultry matrue aloDe, but in oDly oae case (Pelton) was the diJlerence in yield signilicalt. At the
same centre sulphate oJ ammonia alone gave a signilicaDtl_v higber ]*ield tban the combined dressitr8.
At Ormskirk, sulphate oI ammonia gave an almost sigtrificaat jtrcrease in yield, but there nras ro apparent
response to poDltry manure atrd tbe respotrse to rape meal $'as not signiJicaDt. At Nantsich nitrcgeE
produced a signilicatrt i[crease ir percentage ware, with no apparent difference itr respoase between
poultry matrure, sulphate oI ammonia or malt culms. At Pelton, rhere the rcplicates oI the treatmetrts
were bulked for p€icefltage ware, ro coasistent e{fect of ,]itrogen vas apparent.

There lrere no signi{icant effects on o otrs at Nantwich.

Type 3

totrs per acre . .

Total crop: tons p€r acr€
Perc€ntage lst to total - .

eouttry I sutprr.

I

4.s6 ] 4.67

st.

4.0 8 +0.2.15

6.t3 5.69
tiS.:) 7O.l 66.1

+0.563
+2.41

7.0 a0.713

Crop No
nitrogeD

5.941
63.:3

Maulder (B) c*-t. per acre l-e"' I

I

StaBdard errors: (1) a0.173, (') +0.398, e) +1.75, f) +0.525.
Cond*siotts

Neu ezaeliments on immediate, cumula,ioe and resid.ual effeets.
This year the experiments measure only the dir€ct response to 1935 applicatiotrs of pouttry

matrure atrd sulphate of ammoaia. There was a siSni{icaEt resPorce to nitrcger, vith ro differenc€
betweerl the tvro types, io potatoes at Maulden atrd onions (petcef,tage of first quality to total)
at Ssar ey- There were Iro signi{icatrt e{fects otr tbe total yield of onions at Swanley or oE
savo]'s at Mauldell.

Maulden (A)

Swanle-v Onions :

3.61r
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| 4// b.--.
Ty?e 2a

Place Crop No
nitro-
gen

I Poul-
try

matrure

2 Poul-
try

matlure

I
Sutph. S0lpb.

amtn.

I
Soot Soot

Mean

Oaklands Brussels
sprouts : crt.

Per acre
I st iarvestitrg

2trd barvestiag
22.O

7.6
21.2

7.0
23.4
6.5

2t.3 24.6
7.1

28.0
8.6

22.6
f.2

Total saleable 26.1r 29.6 31.2 30.3 28.8 32.0 36.6 29.8 +2.56

StaDdard error : (r) +1.48.

Concl*siors
Singh atul dot bk &essiqs oJ potltry aaattc, suryhalc ol dririorcia dtu soot.

.. Tbe o y experime o, this tJ?e eas olr biussels qxo[ts at Oa&laDds. Therc s.as a respotrs€ to
a'lrogeD in total saleable sproEts, but no signiticaDt diifferelc.s betseetr the types ot dressiig. The
additioral respotrse to the dolble dressing ias small aad Dot sitniticaat.

19.8
6.6
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Ea?dit#*s fi imrrud;d., curru/lalil)c ard rusidnl .lJects
Tyfc2CR

Place Crop Treatments
1934 | 1935

Poultry Sulph. Meln st.

Steppingley Potatoes: toDs Fr acre.
2N
IN
ON

ON
IN
2N

4.08
4.35
5.00

4.30
4.57
4.83

4.19
4.66
1.92

+0.255

4.48 1.70 4.59

!l'ybostoa

Potatoes : tons Ix! acre.
2N
IN
ON

ON
IN
2N

5.40
5.30
6.05

4.91
5.70
6.72

5.16
5.50
6.36

+o.228

llea 5.5I 5.78 5.6 E

Per ceot. vare
2N
IN
ON

ON
IN
,N

86.1
85.:2
86.2

85.6
86.0
87.6

85.8

66.9
+2.34

85.8 86.4 86.1

Chittoe Carrots : tons IEr acre.. IN
ON

ON
IN
2N

10.t6
u.25
9.45

12.07
r0.58

9.61

11.12
10.92
9.53

*0.49r

Mean 10.29 10.7 5 10.52

Perdisrvell Runaer beans: c\vt. per acr€
9N
]N
ON

ON
IN
2N

38.2
41.6
4t.4

34.8
41.8
40.6

36.5
41.7
41.0

+5.88

40.1 39.1 39.7

Cotdasiotts
Imrneilalc, c{}ntlatite anA rcsidltal affeds.

At Steppirgley dtrogeD applied itr 1035 prcduced a sigtrilicantly Sreater yield of potatoes
tbaa the residues of dtrogetr applied i! 1034. There were no significaat diferetrces betwee!
poultry maoure and sulpbate oI ammoDia. At Wyboston litrogetr applied i-D 1935 also gave
iDcreased yields, the yield with sulphate of ammonia being sigaificaatly greater tban tlat Eitt!
poultry rDatrure. OD the other hand, the residues oI tbe double dressiat of poultry matrore iD
1934 gave bigher yields tla,l those of sulpbate oI ammonia, though the alifierence vas trot
siSniIicatrt. There were no treatmetrt efiects oo percentate rpare.

At Chittoe the double dressiag of tritro8erl tivetr in 1035 gave sig.ilicantly lower yields o,
carrots tban the residues of the double 1934 dressilgs. For the 1935 applicatiotrs, the dillerence
itr yield between poultry matrure ard sulphate oI ammoDia was small and Dot siSnificatrt, blrt the
1934 dressiBt of sulphate of ammonia gave a sigrificantly hiSher yield than tbe 1034 &essitrt o,
poultry Datrure. The results Ior Wobum (carrots) are givetr oE p. lg$-200.

There were tro sigEificant elfects o! ruot1er beans at Perdiswell, the staDdard €rror per plot
beitra Yery hith.
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2t7

SUGAR BEET FERTILISER E@ERIMENTS
FACTORY SERIES

SysTEu oF RlplrcArroN : 3 randoDised blocls -oI 0- plots eacb, sith two detrees of lreedom,repreqFrltiag second order interactioas, coalound6d sitb bfur. ar*ereaccs. at FoDorerona aistaLe w"as Tadg-LD layrag-out the ptots aDd the e,rperiment wai;ild;.-"-i1;;;
raDdomised block of 27 plots.

ARE A oF EACH Prot : Buw, Colwick I (Cast. ), Colwick 2 (Detrt. ), Ipsricb aDd Kidderminster :
Ulo -acr-e, 

CaDuey, Eiy, Fetstead,' pete;bo;, ilTb;;j;"iji;i#; ;
1ng se_lb.y : Ii20 ;;;e. 

-'Ax;;; 
riardney I (Meth'.), B#,i.triH;;J,gl,'rJ'rlB*::f

Bdsc 2 (ScottoD ). Kiass Lvtro. Newark aait Wissingroa I fCri#p. f', rtlO'i*". -wi *it"ei.;,i(wimb.): l/80. TunsiarJ i r7i00 acre. oaklandsl rlrsOiiiil' -'--
TREATUENTS: All combiDations of :-

fNo sulPh' amm. (No) I fNo super. (Po) [ (No mur. pot. (xo) ]
ll.@!llri^11fl, | , .li.:*d:$,b,,(",, .l , ll*nru:o#,, il4cwt. sulph.amm. I 10.*t.supe;.- ' ' I l)1.*t. _ui. i,"t... IL (0.8 cst. N) (N,) J I rr.oc*i. e,o,1 1e,1 [ [1i.i"*t. x,o'1ii,y JVaRr^ErrEs: Batdney 2-(Horn.) : Jobn_son's. Colwick I (Cast.) and Colwick 2 (Detrt.) : Xuho.Ca.ntley. Ely and Kings LyDo: KuhE p. peterborough I tThor.): Xfiir*anrtefrei iWissiE8ton I (Crimp.): Marsrers. Remainder: Xleinwiozte*n E.'

Mechatrical aud cheEical analyses of soil samples from each exp€rimetrt have t)een carried out.

Plant Density (meat wh*as)

Station

Yield iD
toos

Per acre

PlaDts fur
thousands
per acre

DistaDce
in inches

Weitht of
roots iD
lb. per
plant

St. Eror
per plot
Roots

tols p.a.

t

3
{
5
6

8
I

l0
lt
t2
l3
14
l5
l6
l7
l8
IO
20
2l

23

Allscott
Bardtrey I [Meth.) ..
Bardney 2 (Horn.) ..
Brigg I (Caistor)
BrigS 2 (Scotton)
Bury ..
Cantley
Colwick I (Cast.)
C-olwick 2 (Deat.) ..
Elv
Felstead
Ipswich
Kidderminster
King's L).na .. ..
Newark
Oaklaods
Peterborough I (Thor.)
Peterborough 2 (Tall.)
Poppletoa
S€lby ..
Tuastall
Wissington I (Crimp.)
Wissington 2 (Wimb. )

7.79
9.36

I t.06
10.34
9.41
L27

t2.77
12.41
9.66

tt.75
9.84
8.t8
5.31
8.01
7.38
6.06

t2.08
t2.98
to.74
11.97
5.43
8.62
8.82

30.0
27.7
25.O
25.4

26.t
3l.6

25_a
31.2
20.6

28.3
32.8
29.9
23.6
23.8
26.6
26.9
33.6
59.t
2A.2
3t. t

t9.8
20.0
20.0
18.0
18.0
tg.5
t7.7
20.9
20.9
21.5

t9.7
22.O
18.9
t9.0

20.2
19.8

20.7
16.5
2t.4
20.I

0.58
o.16
t.00
0.91
0.83
0.80
0.91
0.84
0.8{
0.85
1.07

o.42
0.55
0.56
0.58
l.l4
l.l0
0.89
0.80
o.2t
0.88
o.01

t.26
o.355
0.72a
0.836
0.792
o.7 t7
0.002
l.2a
0.076
l 02

r.03
o.492
0.6t4
0.888
0.614
t.
1.75
t-12
0.761
0.534
o.745
l.6l
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Allscott

Bardaey I
| (Meth.)

3 | Bardney 2

0 | BurY
7 I CatrUeY
8 I colwici( r

(Horn.
1 lBriggr (Q
5 I Bri88 2

(Saottotr)

(Ce-st.)

g I colwick 2

| (Dent.)
I0 I Ely

II
l9

Felstead
Ips$ich

Kirg's L)'nn
Net^'ark

Oaklands ..
Peterborough
I (Thor.)

Peterborough
2 (Tall.)

Poppleton .,
Selby

Tuastal

Wissingtoo I
(Crimp.)

Wissington 2
Ovimb.) ..

l{
l5

l6
l7

l8

l9

2l

22

23

very poor laDd, ao
for a lolg tirBe.

8 loads duEt to wheat

16 cwt. quick lime

erfect oI N u'ell.
SiSns oI uausual
of N in the soil.

4 cwt. super to beet
(1934)- Some plots
damaged by 1l,iad.

No dung ia recetrt
Duag applied to vrheat.

12 tons chalk on wheat
stubble t)'rotilled in.

I toa pe! acre oI lime.
DressiDt oI waste lime
to oats. CroP badlY
damaged by apbis and
suamer drouSht.

Very light dressitrg oI
dung.

3 cE"t. artilicials to bar-
ley. Land 8f'rotiled in
spring. No dung in
recelt Years.

G).rot illed aJter wh eat.
Artificials aad lime to
bcet (1934).

Nitrate of soda applied
to Rye. Ctop suffercd
Irom drought.

May 6 Nov. l0

Apr.2? | Nov. rr

Apr. 29 | Nov. r0
May l0 | Dec. I I

Iray 3 | Nov. r0

Apr. l5 I oct. 16
flay 8 lDec.S

Mav l0 I Oct.25
Ap;. 20 I No\. 2i

flayS iDec. r2

Apr.28 | oct.23
Itay 2 | Oct. 16

May r0 I Nor. 14

Apr. 13 | Oct.28

Apr. 23 | Nov. 22

Saady

Limestoae
loao

Light loeB

sandy
Sady

Satrdy loatrt
Sandy loeE
Saady loaD

Sardy loam

Ileavy {eD

Heal'lrloam
Light Ioam

Light loaD

Sardy Ioam
SaDdy loam

Poor loam

Satrd)'loam
SaDdy loam

Poor saod

Gravelll'
loam

Sandy

Black fen
cla_1-

lledium

Beet

Badey

Wheat

Wheat
Oats

Beet
Barley
Barley

'Wheat

Beet

Wheat
\vheat

Oats

Ba.rl€1'
Barlei'

Bar)e1'

Bcet

Rt'"

Barley

Beans

Oct. 29
Nov. 13

Nov. 15
Nov. 22
Nov. 16

Dec. 30

Oct.21

Nov. 12
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Roots
Tops
SuSar %
Purity %

Roots
Tops
Sn8ar %

Purity %

San?lirrg aflors h samlting lot $gar coitcnl
(10 loots in ca.l sarrplc)

Sigttifica*t Res lottses

Mean Ras|orses per I ctat. of N, pr2o ond K2O.

Station
No.ofsamples
alalysed per

plot

St4Ddard €rror
per sample

2 Bardney (Meth.)
3 BardEey (HorD.)
4 Brigg (Caistor). .
5 Brigg (Scotton)
7 Cantlev

I.t Felsteid . .
l3 KiddermiDster
15 Newark
22 Wissinston (CrimD-)
23 Wissington (Wimi,. j

2
2

2
4
1

0.159
0. rso
0.270
o.176
0.288
0.338
0.353
0.0962
0.333
0.289

NxP NxK pxK
0
0

0

0
0
0

0

0

l

o
0
o
0

Curvature
0
0
0

0

o+o0 0 rO0 .o
0 0 iO

Symbots
+ :Posirive f Si(nificantO:J!o { Averase
- -Negative I Response
(23) -No. of ceitrea :

t : Sigoificant dillereices
betwEetr ce4tles. I

Roots-toEs
Tops-tons
Sutar %
Total Sugar
PlaEt Dumber ..
Purity %

+ r.07 | + r.4r
+3.07 | +3.20
-0.68 l-0.79
+2.3 I + 3.4
+0.6r I +0.35
-0.s l-o8

+ 0.r3
+ 0.01
+o.20
+0.8

N
I035

P
Average I lg35
t033-34 I

K]
Averagel 1935
re33-34 | i

+0.25
+0.32

0.00
+0.0
+0.65
+0. ?

+0.r2
+o.r7

0.00
+0.4
-0.03
+0.1

+0.r2
+o:14
+o21
+otg
+0,43

OT
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Mait Effects ald First O'drr lrtblacliorts
ALLSCOTT I

P. Pr P. Ko Kr K, Po P1 P,

ROOTS {washed) : toDs per acre (:10.727. Mra,s
t . 

-l-

+0.120)

N.
Nr
Nt

7.40
?.16
?.0r

9.06
7.05 9.04

8.08

7.93
1.87
7.05

7.14
1.44
7.Sl

0. tl
7.95
1.67

E.06

7.5t

Ko
Kr
K!

6.87
6.04
7.78

7.0i
8.rs
8.41

8.91
7.36
8.56

- r.ril rurl- 8.r4 ,4 ?.I,01:AI 7.7sl

r: *0.1231ir{TOt{i: t,)ns per acre l+0.733. ,veanl

No
Nr
N,

7.06
7.06
7.30

7.12
7.26
8.17

?.30
9.09
8.65

1.74
7.22

7.50
7 .71
8.65

?.39
7.93
8.25

7.26
7.84
8.04

Ko
K1
K,

6.63
7.46
7.31

1.34
1.97
7.51

8.45
8.73

--4'-.ra uriJ4-4EIi4
SUGAR PERCENTAGE : t0.315 ns: 40.1821

---r-l-
N.
N1
Nr

15.71
16.10
15.93

16.43
15.77
15.73

16.53
15.71
16.00

t6.47
t5.33
I6.13

16.10
r6.20
15.80

I ri_ l7
16.10
15.73

16.24
15.83
15.89

Ko
K1
Kt

16.13
t6.r3
15.43

t5.70
15.97
t6.21

16.10
15.90
16.30

)fean 1,4 15.9 8 16.10l@ 16.03l,'A)lnool
IOTAL SUGAR: cx.t. per

_--+4-.'_-

N.
Nr
N,

23.r
22.1

29.8
22.3
23.7

25.6
24.4
25.9

2ri.I

22.4

23.1
21.t
25.0

29..1
25.6
21.2

26.2
24.6
2.t.0

Ko
Kr
K,

22.4
22.$
23.S

28.2
27.4

28.6

27.9

M.dn 22.9 WIlL
,LANT NUMI

21.4 2 4.1 w 2 5.0 t___
I- iER: tl ds per

N.
Nr
N,

29.3
30.4
27.5

31.5
3t.2
25.4

30.8
34.t
25.7

29.7
34.3

28.:}
32.8
27.6

33.8
28.?
3t.7

30.5
31.9

Ko
Kr
Er

31.3

28.7

29.4
27.5
31.3

27.O

31.2

29.1 29.5 29.4 29.5 31.4 30.0 Il___
PERCENTI \GE PI]RITY : (+o .984. Vcans : +0.5681

_t t l_________1-

N.
N1
N,

87.8
8?.9
85.2

87.6
87.0
87.1

87.9
47.4
48.2

88.8
85.S
86.7

87.5
47.4
85.9

87.0
89.0
85.9

87.8
87.4
86.2

Ko
Kr
Kt

87.8
86.?
86.5

85.9

88.4

87.6
86.8
87.1

87.0 E7.2 87.2 87.1 86.9 87.3 87.1
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BARDNEY lMcth.l 2

Po P1 P, Ko xr Ki Po Pr

ROC iTs (;shed) :' tons per acre'(10. \ u"lr" : +0. 1 r s\

Nr
N,

8.88
0.58
9.74

8.78
9.38
9.86

9.38
9.18
9.42

9.09
9.60
9.31

9.02
9.26
9.66

8.83
9.29

r0.06

9.01
9.38
9.6?

Ko
Kr
K,

9.41
9.36
9.43

s.22
9.24
s.66

9.36
9.33
9.30

9.10 9.34 9.33 9.3 3 9.31 g 43 9.36

TOi)S : toEs per

-t--------r-------l

rcre l+0.292. M.ais : +0.16t1

No
Nr
N!

5_i1
7.03
8.49

5.83

9.76

6.22
7.t4
8.91

5.87
7.s2
9.59

6.08
7.25
8.68

5.84

8.89

5.9 3
7.1?
9.05

Ko
xr
K!

7.00
7.t2
7.14

4.21
7.42
7.28

7.7 4
1.4i
7.09

7.09 7.81 7.66 7.31 7.171

SUC;AR PI TAGE
--r
(+0-r4r..,r I---

t.ans : +0.08111

No
N1
N!

17.63
l?.00
16.47

t7.13
t6.73
t5.73

t7.40
17.13
t6.07

17.07
r6.63
15.6?

t 7.63
t6.83
I6.23

t7.37
17.40
r6.37

17.35
16.9 t
16.05

Ko
Kr
K3

16.67
17.03
t7.40

I6. r3
16. rio
16.87

16.57
l{i.97
t7.07

17.N| 16.5 3 16.87 16.46 t6.Ezl 17.r 1l 16.81

T')T.{L SUGA}I : c\Rt. per ac
l---..-

No

li'
31.3
32.6
39.1

30.1
3r.4
31.0

32.6
3t.5
30.3

31.0
3l.s
29.2

3 t.6
31.2
31.3

31.4

32.9
31.8
31.1

Ko
Kr
Kr

31.3
3 r.9

29.7
30.6

3l.l
3 r.6
3r.7

31.9 2 8.3 31.5 30.7 31.1 31.4

,LANT NU}TI

-L-l

]ER: thousarrds per
I--T
acte

No
\1
\!

28.6
21.6 27.6

28.1

27.4
27.1
27.7

27.5
28.6
27.6

28.6 28.1
28.5
28.2

28.1
27.1

xo
Kr
r(r

27.4
27.5
24.2

28.1
24.5
27.3

27.A
2i.0
2i.1

27.8 2 8.0 27.9 27.6 27.7

-l
'NTAG

EPURITY:,(+0.61 14. M,
l-l

+0.3t9)PT]-t(U}

No
Nr
N,

47.1
87.6
87.0

87.0
87.1
86.7

88.1
87.9
85.8

a7.2
8i.7
86.6

88.0
87.0
86.4

8?.3
87.2
86.5

87.5
87.3
86.5

Ko
Kr
Ki

87.4
88.2
86.4

86.4
86.5
88.0

81.1
86.7
86.6

87.5 87.0 87.0 87.1 87.0 87.1
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BA RDNEY (Eofii.l 3

Po Pr Ko Kr K! Mean PrPrPo

N.
Nr
N,

ROO
I t -66
\t-24
10.65

TS (IIa
I 10.77 r

lrr.ssl
I rz.or I

shed):
10.08
10.t6
11.24

totrs I
10.03
I t.40
t1.79

lrr.33
t10.83
I rr.oa 1

( +0.41
lt_051
r r.oe 

I

t0.581

D. Mcats : +0.212)
| 10.t01 Ko I lt.04t ll.46t r0.?3
I 11.0E1 K, I rr.32l rl.84l 10.62

| 11.301 K, I rr.osl rr.azl ro.zs

11.15 11.'r'l t0.19 11.08 11.231 10.881 11.06

No
Nr
Nt

T(
8.75
9.93

I0.68

)m: l
I 6.07
lro.oo
1r0.97

olrs Per
8.43l
4.22

I t.601

acre (

9.55
11.09

+0.6r2.
I 8.lOI s.ss i

Irr.lol

Mea,
8.30 r

g-rzl
ro.zo I

,s.- +I 8.051I s.al
I tt.tol

0.353)
K. I l0.l3t 0.60t 8.66
Kr I ro.03l e.6r l 9.44
Kr I e.201 8.821 r0.2r

9.7I l::1 n.!1 9.46 e.6el e.111 e.521

No
Nr
N,

SUG.!
16.4?
16.70
r6.40

rR PIiI
t l7 _22
lre.es
I to. ro

AGE :

llti.87
lro.rz
t16.00

(1o.rr
16.63
16.60
t6.30

89. Mr
lr7.17ltl8.70l
I rc.zt I

,ans : +0.1091
| 16.891 Ko I r6.63t 16.50l 16.60
I 16.691 KL I r6.371 r6.731 r6.,A
| 16.1e| 1<, I J6.671 r6.731 16.73

{U.LI\ I
r16.97
lro.rs
Iro.or

16.52 ,u.!t) 16.59 16.55 1A.51 t6.t tl 16.59

No
Nr
N,

38.0
37.6
35.0

.I

37.1
30.4
38.6

.OTAL
t 342
I sr.o

36.1

SUGA
33.8
38.2
37.7

R: cw
137.6
135.9
lsz.o

t. per ai
I 37.9 I

I eo.a I

I e+.t I

I 36.1
I st.o
I ae.a

Ko
Kr
x1

38.6 r 37.7 r 35-6
sz.o lss.o lsl.s
37.1 l3?.e 134.2

36.9 38.4 34.8 36.6 37.0 36.4 36.7

No
N1
Nr

26.0

22.6

PL.\I
249
26.5
zs.,t, I

iT NU
23.6
23.4
24.6

}IBER
r23.8
I zs.z

thou
24.4
25.9
24.4

saDds p
r25Q rlzcr I

I :s.g I

| 24.8
t 2s.9
I et.z

Ko 124.9 t25.A | 24.3
Kr 125.3 125.6 | 24.2
K, 125.8 J25.7 | 23.6

25.6 24.0 2 4.9 2 5.0 25.0 2 5.0

No
N1
N,

PERC
86.4
88.1
ez.o l

ENTA(
186.8

a7.4
so.s i

]E PU
I 86.5

86.0
86.6

RITY
r86.?
lso.s
leo.l

( +0.I
86.3
85.9
86.9

i55. ]1
I 88.? I

I sz.l I

I ez.z I

| 8A_7
I aa.s
I aa.s

+0.320)
Ko 186.1 186.7 186.6Kl I86.2 187.0 185.8Kr 187.2 l8?.6 186.6

Mean 8 6.5 E7.1 E6.3 86.5 86.3 67.1 8d.d
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BRIGG (Caisror) 4

Po Pr P, xo Kr K, Po P,Pr

No
Nr
N,

ROC
8.29

10.42
11.45

)TS (wr
r 8.08
lrr.gs
I rr.sl

shed)
8.58

10.81
t2.21

totrs
7.97

lt.12
r l.5l

)er acre (+0.4
g.Oi r 7-921

ro.sz I ro.us
t t.:s I rz.:tt

ht. r*r,
| 8-32
I to.ez
t 11.83

eans: *0.21
I Ko | 9.89
I xr 110.36I x, I e.er

b)'
r 10-08 r 10-63
I ro.ls I ro.sz
I ro.zo I ro.ro

10.05l!::l I0 ;3 ,o rol,10.55
tl 1o.ztl 10.31

Nr
Nr

T(
447
6.7A

10.2r

)PS: t
I LzalI o.og II s.ss I

oDs Per
4-711
616
9.05

acre (
4.60
7.18
s.72

+0.394
4.80I
r.ao I

s.oo I

Mea'
4_431
o.rzl
9.82 t

ns: +0.22f )
| 1.611 Kn
| 6.721 K,
I e.5rl r(!

7.27 r 6.851 7.38
?.021 6.Js l 2.25
z.sol o.eal o.ze

7.2 8l:::l !'1 t.1rl 6.eol 6.771 6.9 s

N1
N,

17.17
t7.31
16.57

;UGAR
17.60 r

I rz.zo I

tz .zt I

PERC
17 _70
l7-60
17.10

ENTA(
17.33 |
r7.301
ro.zo I

lli: (
17.60
17.('7
t7.20

+0.t70.
r7.83 t
r7.?01
rz.os I

17.59
17.56
16.98

rs: +0.09t2)
I I(. I 16.87r 17.37t 17.10
I r(r i 17.331 r7.131 t7.1O
I Kr I r7.20J r7.471 r7.e0

12.14 17.521 17.47 tt. t tl 17.(el 17.521 17.3 8

tio
Nr
N,

29.0
36.2
37.9

28.4
40.3
40.I

TrCTAI
30.3
38.0
41.8

!uAl
27.6 I

rs.l I
38.6 I

31.8 r

sa.e I

ro.l I

per
28.3
37.8
41.6

acre
29.2
38.2
40.2

K6 133.4 134.9 136.3K, 1 35.8 1 37.2 137.6r{, lr3.e ir7.s 13c.3

34.1 36.5 36.7 31.9 36.8 35.9 3 5.9

No
Nr
N!

21.4
25.3
26.7

PL.{\'
23.O
ra.r J

za.; l

I NL'}
24.3
25.3
26.8

IBER
22.7
25.5
26.5

thous:
25.4 I
26.0 I

zat I

rnds p,t
23.5 t

24.8 |

26.9 I

| 23.9
I zs.e
I za.z

Kr | 25.2 t24.1 t25.5K, 125.6 | 26.1 | 26.4
K, 1 2s.6 l 2'o.t 124.6

2 5.2 2 5.5 2 5.0 26.0 2 5.1

No
N1
N,

PERC]
89.1
89.3
89.0

JNTAG
I m.l I

I go.z 
I

I ae.s I

E PURITY :

90.2 I 89.4
as.o I su.z
as.z I se.e

(+0.21
89.7 I

ss.z 
I

89.0 I

i9. llt
90.2 I

89-8
89.3

| 89.8
189.7
I ts.o

:.0.150)Kol
K. llK, l

889r89-7,89.3
sg.o 189.? 189.2
8e.s 18s.8 lgo.o

8 9.2 89.7 89.7 89.3 89.5 89.8 89.5 I
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BRICG (ScoEorl 6

PrPr Ko

No
Nr
lir

ROO]
7.56 t

s.sr I

ro.lz I

:S (washed):
7.77 | 8.24

IO08t O66
tr,.zsl to:z

tons F
7.85 t
9 171

rr.zl I

ir acre (+0.467. M.ans : +0.2611
8.511 7.2311 7.871 K^ I 8-71I r0.O4 r 9.81
o.ffi1 g.szll s.,rol xl I s.szl s.ssl ro.rr

ro.srl ro.asll to.tol xi I a.osl e.zrl s.zo

8.97 9.70 9.s6 9.51 9.661 9.041 9.41

No
Nr
N,

TOPS
5.10 I

z.tsl
s.sa I

: totrs per acr
5-271 6-221
z.ztl z.sel

10.271 9.641

.e (+0.
4.A21
z.rr I

ro.+zl

3ll. Mcans : +0.180)
5.681 5.09ll 5.2r1 K6
7.8s 1 7.4811 7.le| Kl

10.03 | 0.3rll e.ezl K,

1 .27 I 7.451 7.23
z.os I z.os I e.lg
z.rsl z.z+l o.ge

7.76 7.4 6 7.8? 7.25 7.5 4

t."
Nr

SUG,
16.63
t6.70
t6.43

AR PERCEN:
I 16.871 t6.S3 t

ro.oz I ro.zr I

ro.+o I ts.sr I

TAGE
17.00
16.67
16.37

(+0.225. Mcans : +0.1301
16.73t 16.70tl 16.811 K- I l6_&ir l6_mt I660
Io.sz I re .sz ll rc.zol xl I rs.os I ro.z: I ro.60
ts.ool to.soll ta.zl xl I ro.sol ro.szl ro.*o

16.59 l:!"1::"1 !!"1 !! 1')
rc.ssll u.aC1

No

Nr

TOTAL S]
25.2 | 26.2 I 2A.o t

zs.s I s:.2 | sz.: I

34.2 ls6e I 34.2 i

L]GAR
26.7
3r.6
36.8

24.6
32.3
34.4

Per acre
24.t ll 26.6 I Ko | 28.S I 33.6 | 32.5
31.7 ll 32.0 | Kr 13t.7 130.4 133.4
34.2 | 35.1 l Kt 128.7 i32.8 128.6

29.8 31.5 31.8 30.0

No
Nr
N!

33.4
35.0
33.6

PLANT NIIMBER :

r 33.1 I 3l.l r 33.0
I s3.? I a2.6 | s3.o
I ao.r I ss.o I el.o

thousands per acre
32.9 I 31.7 ll 32.5 1 Ko r 33.6 | 34.5 | 32.0
34.0 | 34.3 ll J3.8 | r(t | 34.0 | 34.7 I 33.e
35.8 I31.4 ll ".e I 

x, |34.5 I33.8 |32.r
31.0 31.3 | 32.s 34.2

N.
Nr
N!

PERC]
87.S
86.8
86.6

]NTAGI' PUI
I 86.9 I 87.3
lez.o lezz
I ss.e I eo.r

UTY:
87.8
87.r

I ss.s

l+0.507. M.an : +0.293],
86.7 | 87.6 ll 87.4 | Kr | 86.8 l 86.9 l 86.7
a7.4 | 87.7 ll 87.4 | K, I 87.2 I 86.0 | 87.0
86.2 | 86.e ll 86.2 | Kt I 87.3 | E7.6 | 87.1

87.1 86.8 87.0 86.8 86.8 87.4 87.0
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BURY ST. EDMUNDS 6

Po Pr Ko K1 x, EET;
No
Nr
N,

ROOTI
8.17
8.48
0.80

S (qesb
t 8.77I s.oo

Iro.zr

ed) : ti
| 8.85
I S.68
I s.8o

Dns per
I 8.89
I 0.31I e.as

acre (:
8.44
8.81
9.88

t0.41.1.
I 9.06
I e.l0
1r0.05

8.80
9.07
9.94

: +0.239)
Ko I 9.18 | 9.881 9.02
Kr | 8.6t I 9.02 e.5rK, I e.26 | 0.141 e.8o

L02 9.3t 9.11 9.36 9.05 9.4(t 9.27

N.
Nr
N,

TOP
5.94
7.42

S: totr
I 5.S9I zrnI e.sr

per acre (:t0
5.91 t 5.7s
?.631 6 e?
7.8e | 8.25

.374.
6-06
8.06
8.lo

Marns
I 6.03I z.roI s.oo

6.57 t 7.O2t 6.97
7.o71 7.871 z2a
z.szl z.rll z.rc

+0.216)
.,.951 K.
7.401 Kl
8.rrl Kr

734 7.15 6.99 7.4l 7.46 7.26

No
Nr
Nr

SUGA]
17.30
17.33
t6.53

R PER
I t7 t7
lrzm
L,qrl

CENTI
1r7.87

17.33
17.33

rGE :
17.60

117.33
16.?3

(+0.20:
17.50l
17211
t 6.60

L Mcait : 10.116)
I r7.131 17.511 Ki I r7.0?l t6.00r 17.?0

t7.27ll 17.291 K, I l7.r0l r7.o7l ,?-m
17.07ll 16.801 r(! | rz.00J lz.13l t2.63

17.06 17.031 17.51 1?.221 17.1e: 1?.261 tt.zol

No
Nr
Nr

30.3
25.1
32.1

TO
30.5grr i

ra.a I

IAL SI
31.6
83.5
34.0

UGAR
I 31.3

32.2
33.0

29.6
30.4
32.8

per acr(
31.6 r

sr.+ |

34.3

30.8

3 3.1

31.3 ' 33.3
zs.c I so.z
ar.a I sr.e

31.9

3.1.5

I(o
K1
K.

30.7 31.8 33.0 30.9 31.8

No
Nr

25.5
25.4
25.2

PLANT NUT
25.O r 23.9 I

za.a I zz.e I

zo.o I za.r I

tBER

25.6
28.9

thousi
23.8 I

zs.e I

rz.o I

}trds pe
2,1 I lr

zz.a ll
:2.9 I

2 4.8
26.2

Ko 126.0 l2A.A t25.1K, 1 26.3 1 2s.2 125.tK, 127.7 125.1 127.4

26.7 2 5.9 2 6.0 2,1.5 26.7 2 6.1

No
Nr
Nr

PERCI
m.6 I

eo8l
89.8 I

'NTAG91.7 l
so.4 I

ss.s I

E PUI
9l.l I

m-: I

so.r I

IITY :

st.7
00.4
89.8

(+0.4j
91.0 I

mo I

es.z I

lA. M.
m-7 ll
ms ll
es.z ll

91.1
90.5
89.7

+0.215)K. l8s.s 19r.0 I 90.9Kl 1s0.0 100.0 190.4x, 1e0.2 190.6 lso.r
90_3 00.5 90.5 90 _6 90.1 90_3 90.4
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CANTLEY 7

Po Pr xo K1 K, PtPr

No
Nr
N!

ROOTS (was!
rr.62 r l2.s5l
12.721 D.nl
8.421 t2.721

ed) :

12.48
12.80
13.42

ons Per
12.t7 I

r2.80 I
r2.41I

acle (+0.62L
12.84t 12.25!l
r3.031 r2-49ll
ra.rtlu.osll

Mcans : +0.301)
12.351 K^ | l2.49l L2.411 12.18
tz.ttl xi I rs.sal rz.6al rz.8o
13.1e1 K. Iu.e4l 13.421 13.42

12. iS 12.82 12.94 12.46 12.9 t 12.9 J 12.7?

No
Nr
N,

TOPS
8.331g;al

to.zz I

: toDs
8.26 r

s.ga I

lo.s3l

per ac
7 .431
qosl

ro.sz I

rc (+0
7.97
9.16

10.71

.618.
8.40

10.43

Veens. +0.299)
7 64rt 8.0h K^ I 0.30 I 8.85 t S.03
7.61]|1 s.671 K; I 0.271 s.8tl 8.es

to.s7ll 10.74 K, | 8.171 8.e0i 8.8e

9.0 4 9.15 9.16 9.2I 9.3 5 8.7 5 9.1 3

\o
\1\,

SUGAl
t? 901
tz.z:l I

r7.30 I

r PERCENTAGE: (+0.20
t7 57 t t7.47 t t7.371 18-001
n tz I rz.zsl u.s3l 17.60 I

rs.sr I ro.oz I r6.931 l?.0? I

8- tuIe
t1 571
tz.oo i

l6.ss l

t 11.65
I tt.st
I ta.st

L0.1201I K- I 17.?01 16.93r 17.00
K; I 17.60l r?.e31 17.24

I K, | 17.771 r7.r0l 17.23

17.61 17.16 17.2 ) 17.5 5 17.36

No
Nr
N,

41,6
45.1
46.5

T(
46.6 I

u.z I

ls.r I

)TAI
43.7
44.4
M.a

SUGAI
| 42.3
I 44.4
I qz.o

45.5
15.7
11F

per ac
43.0 I
43.9 I

lz.o I

| 13.6
I tt.t
I tt.s

Ko | 41.2 | 42.O | 42.6
K, 1 46.8 1 15.4 144.tK, 142.3 145.s | 46.2

41.4 14.4 14.3 42.9 15.1 41.8 41.1

No
Nr
N, 34.3

?LANT NUTII
t 32.7 I 31.3
I sr.o I z;.0
I sr.a I ss.z

IER I

r 3l-5
I so.r
133.2

:housan
132.7
I zz.s
lsz.s

ds per
132.4
130.4
lss.z

rcre
t 32.2 | K. t32.6 131.7 131.0
I e9.1 | Kr | 34.0 l3l.r | 27.8
ll 3J.' I Kt | 32.7 | s2.7 | 30.7

33.1 31.8 29.8 31.8 31.0 32.0 31.6

No
Nr
N,

PERCE\
93.8 I 04.3gz.t I sz.tgl.s I so.e

ITAGE
1s2.3
le6.r
ts2.6

PURI'
91.7

91.4

fY: (

t 94.5
93.0

Ll.4g. Mea s
| 942 fi 93.5
I ss.l ll c.r.a
I s+.t ll cz.a

90.3 I 93.0
sl-r I gg.z
sa.l I el.a

+0.E60)
Ko I 92.9
K, I 02.4
Kr 1e5.7

93.7 92.6 93.7 92.1 I3.2 91.6 9 3.3
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COLWICK (Casr.l 8.

},0 Pr t, Ko K1 Kr l,'PrPo

No
NI
N,

ROOTS (wasl
ll.lat 12.25
r2.?31 12.36
r3.581 13.66

ed): t
10.76
t 1.85
13.10

ons P€rrll.28
I tt.zz
112.57

acre (+0.?2?
I I.77 r It.t2
r3.30I 12.37
13.581 r4.le

Means: +0.1201
11.391 K6 | 10.80t 13.38r 11.45
12.161 K, I r2.?7 1 13.901 u.s7
13.151 K; I ra.eol rr.azl rz.zs

12.49 12.92 11.sol 11.s2 12.8 8 12.56 12.11

No
Nr
N,

TOI
5.88
8.45

11.00

'S: to)
I 647
I z.st

10.18

ds per acre (:t
I 5.82 r 5.96I z.ml z.orI g.os I s.ns

o.442.
| 5.&

8_59
10.06

Means
8.391
a.721

ro.?r I

+0.
6.061
s.l ll

1o.osl

2f 8)
Ko
Kr
K,

7.581 8.33 ' 6.s5
8.20I 8.ss l 7.s4
s.sol z.srl e.sz

8.1t 8.21 7.6d 7.43 8.16 8.61 8.0 5

tio
Nr
N,

SUGAR PER'
l7.93 t 17.83
t7 .ii I t7 .4o
re.az I t;.os

CENTA
18.23 r

l?.33 |

t6.$ I

,GE :
t 7.90
li.17
16.60

+0.341
18.33'n zc)
t7.30 |

lrca
17.77 t

rz-ro I

ro.sa I

s: +0.1971
| 18.0(rl K"'
| 17.151 Kl
| 16.e1l| K,

r7.201 r?.67 | 17.10
l7.82 l r7-80 I r?.70
r7.301 16.801 17.60

17.46 17.41 17.1? 17.32 17.75 17.4i

No
N1
N,

T(
40-l I 43-8 I

44.8 l44s I

4E.s | 46.6 |

)TAL
39.2
4t.l
44.2

;UGAR
40.5 |4tl I

41.7 I

: cwt. per acr
43.1 r 39_5 I

rz.r I lr; I

47.0 | 47.8 I

11.0 l Ko | 37.0 [47.3 I 39.1rJ.6| Kt 145.6 14s.4 142.3
45.5 | K. 148.r 138.6 143.r

43.6 45.1 41.5 41.1 15.8 13.4

No
N1
N,

34.2
33.0

?LANT
32.8 I

gs.c I

12.7 I

NU]I]
33.6 r

s:.r I

gz.r I

3ER :

33.4
32.1

thousal
32.8 I
33.8 I

sz.z I

nds per

33.6 I

33.0 I

33.3 t K" t33.? t32.9 t32.2
rr.6 | K; lse.r laz.e lsg.e
32.6 | K, 133.8 133.3 133.3

Mean 3 3.0 32.9 32.9

No
N1

PERCENTAG
87.3 I 87.8 r

sz.z I sz-c I

eo.z I ez.z I

E PUR
87.3 I

87.9 I

88.e I

:ITY :
87.1
87.9
87.3

(+0.6i
88.0 I

szr I

az.s I

t6. Me
87.3 r

es.l i
88.0 I

86.6 188.3 r87.6
8?-O 188.2 187.3
88.2 18s.e 1E8.6

,ans : +0.3901
187.5t K. I

87.8 | K, I
87.51 Kt 

I

87.2 87.8 87.8 87.4 87.9 uai
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COLWICK lD.nt.\ I

Po Pr P, Ko Kr K, Po P1

N.
Nr
N,

ROOT!
0.41I
9.s41
0.821

(*ashed) :
9.94t 9.20
0.531 S.28
9.861 e.e4

:oos Fr
g.9O 

r

9.651
0.771

acre (
9.03 I

10.021
s.78 

I

+0.390. M.d,
9.61]] 9.521
c oT ll g-iil

lo.o7ll e.s?l

9.781 9.6I
lo.15l s.2o
e.{o I g.6t

ts : + 0.225\
x. | 0.94 |Kr I e.4e IK, I 0.74 

|

I72 9.7 3 9.1? 9.73 9.61 9.56 9.66

No
Nr
N,

TOP!
7.121
8.30I
8.$ I

: tons per a(
7.38 r 7.581
8.221 8.471
e.23lro.o5]

;re (+0
1 .6r I

7.m I

8.581

.466.
7.05
9.30
9.36

Meahs: +0.2
7 .10 U 7.15)
7 7sl B.JBI
,r.67ll s.2ol

7.941 7.84 r 8.30
z.sr I 8.221 s-rs
8.so l 8,26 | 8.6r

de)
Ko
Kr
K,

8.02 8.27 8.74 8.0 3 8.5? 8.35 834

N.
Nr
N,

SUGI
17371
l?.13]
17.031

,R PEI
r7.t7l
I6.7? |

l6.so I

TCENT
r7.r0l
t7.20
t6.53

AGE :

17.03
|[i.77
16.57

(+0.21
17 .47 |

I?.13 |

r6.9? I

gl. Mcans: +0.1331
17.r3|l 17.21, K" I 16.731 l8.g0l 16.73
tT.zoll t7.oBi K; I r?.271 l?.201 r7.ro
r6.e3ll r6.821 K! | r7.531 16.701 17.0o

Mean 1?J8l 16.s51 16.s4 16.7s: 17.1sll 17.041 1z.o2l

No
Nr
N!

34.0
33.4

TOTAL
34.1 i31.5
3l.g I 3r.s
33.3 32.8

SUGAB
33.7 I

lgz.r
lsz.a

31.6
343
33.2

iz.s r Jz.z
tt.2 ll J2.6v.t ll aa.z

Ko 133.3 133.0 132.rKr 132.7 134.8 13r.5K! 134.r 131.6 132.6

32.1 32.8 33.0 32.E

No
Nr
N,

26.0
27.O
25.3

PLANl
I 27.O I

I zE.s
I zo.e

NUII
24.3
26.2
25.8

BER: thousa
t 26.5 | 28.8
I za.z | :o.r
I zs.a I zs.g

,nds per acre
t162tl 2sa I K^ 125.3
I zs.s ll za.t I x, I za.*
I z,.i ll zs.6 I K, I 26.6

26.i I z5.o
2a.7 l2s.z
zt.s I zs.i

26.1 2,r.9 2 5.5 25.6 26.2 25.6 25.8

N.
Nr
N,

PERC]
85.9
86. 4
86.5

ENTAG

' 88-2
leo.o
leo.g

;E PU]
45.7
86-6

lao.z

RITY :
185.3
lso.o
leo.s

(+0.3
86.3
86.4
85.6

08. Means:
I 86.3 ll 86.0
I ao.o ll so.s
I s6.a ll ao. r

+0.17 E\
r(o 185.6 186.2 186.5r{, 186.3 186.1 186.3r(, 186.2 lE6.s 186.1

86.0 8 6.1 86.3 86.1 86.2 86.4 
ll86.e
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ELY 10

Po Pr P, Ko Kr K! P,Po Pr

No
Nt
Nr

(wash
11.33
I1.87
I1.43

ied) : ti
I I l.l3
Irz.ao
I tt.58

ons Per
lrr.06I ll77
Iro.so

acre (
ll.0l
I1.45
12.23

L0.58s). Mcaj
I r2.34t 11.17
I p.at ll te.ot
I tz.rtll t t.tt

11-T
+0.3401

r ll.3gr
I tt.ez I

I rz.es 
I

10.59, rr-8r
rr.99l I r.o3
r:.os I rz.zs

lKolK,lK,

I(()()I
I1.95
11.79
12.29

12.01 1 1.51 11.69 11.26 11.56 11.7 5

Nr
Nr

TOP
2t.18
21.14
t6.27

S: ton
| 22.(n
I zz.ot
122.47

rs Per a
r21 55
lzr.ss
l,l*

cre (+
22.47
22.sr
I ?.63

t-
2.A5. i
rmlS
lzo.az
1r4.85

l-

1220a
lzr.or
I zt.+e

+ 1.6
21.58
21.67
17.9E

N. r 22.16r 23-28t 17.18K, I l4.52lzo.ool zr.oI(r | 2r.e2l n.zil2o.oz

1)

19.53 22 16 1e.531 20 8; 18.6 4 21.7 2 20.11

No
Nr
Nr

SU(
t4 20
15.30
14.73

]AR P]
14.77
t4.so
13.77

ITAGE
r3.63
14.43
t3.5{)

(+0
15.43
r5.40
13.70

600.
14.83
t5.23
15.50

t 14.63
I ts.oz
I tt.za

+0.9891
N. r 14.47t 13.9?r 13.13
Kr I 14.701 r4.s7l r:D.27Kr I l5.o7l l4.sol rs.6o

14.93 t

rnszl
rl.zo I

14.7 4 14.48 !! !1 13.85 14.8 4 1s.1el 14.63

No
Nr
Nr

34.0
36.0
36.2

TO
33.5
35.6
31.3

TAL S]
I 33.3 l

I so.e I

I as.a I

UCAR
30.1
33.8
29.8

34.0
35.4
33.4

Per acr{
136.6
I rs.o
| 37.6 

I

r--_'______1

| 33.6
I n.t
I as.a

Ko | 32.9 | 29.6 31.9Kr | 34.2 134.s lJ3.?K, lse.r 135.e 138.3
3 5.4 33.5 31.1 31.4

No
Nr
Nr

31.9
35.3
21.b

PLANl

I rr.r
34.9

NUM]
36.3 I

zz.t )

2s.2 I

BER: thousa
31.4 | 35.7
25.6 132.2
3l.o I 26.6

nds per
l3t5 l

lrz+ l

I zs.r I

33.8

28.6

Ko t30.4 t31.6 r29.9K, | 2o.o | 33.5 | 32 Or(t 132.4 J34.5 128.0

30.6 3 3.1 30.0 30.6 31.5 31.6

Nr
Nr

PER
85.7
86.3
85.9

CENT
| 84.7
t86 I
leo.z

t-l
\GE P]
I 86.9 l

I es.o I

I es.o I

URITY
85.7
852
85.7

: (+0
86.4
85.9
84.9

f-l
r_760.
r&52 I

I so.s I

I so.l I

l-
Maois .

185.8
I as.s
I ss.r

+0.439l,K. 187.o t85.7 t88.0Kr I 86.? 184.9 186.6Kr I85.r 186.3 186.4

88.0 85.7 8 5.6 8 5.5 65.7 8 5.9 8 5.7
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AGE: (
17.37
17. t3

Meots :
17.231 KoI7.90I 17.13

r6.431 r7.17 r6.e1l KL
r6.801 16.67 t6.77 16.751 K,

+0.1151

No .-
Nt ..
Nr ..

t7.33
16.70
t6.37

35.8
29.0
31.4

20.4
10.3
t 9.8

86.9
86.4
86.7

t7.30
17.30
16.77

17.o7
16.73
17.10

t6.27
17.03
t 7.10

17.07
17.o7
17.23

17.10
16.87
16.03

TOT.\L
30.0 I 32.3
35.2 I 3r. r
36.7 I 38_5

PL.q.\T

38.8
20.8
33.3

32.0
35.7
34.1

20.1
21.7
18.9

28.3
31.6

86.5
86.0

Ko
Kl

34.2 n

34.6 ll

s5.e ll

31.7
31.8
35.5

10 :l
I I.7
:r.ii

32.2
29.1
35.2

32.1
35.5

19.2
20.1
2t.7

l9 I
20.5
,1.9

1S.6 i

21,7:

86.2
86.7
86.t

: thousands per acre
, ls.4 | 2o.s | 20.1 Ko I 18.2

2lu1 !n.7 | 20.4 Kr Jrg.e
2t.3 | 2r.a tl 21.3 K; 12r.8

NTAGE PURITY: (t0.2s6. Mnts : +0.171)
86.6 I 86.3 I 86.7 I &i.7 | 86.4 il 8d.6 | Ko
87.5 J 80.4 | 86.6 I 87.0 | 86.6 ll 86.7 | Kl
8s.e I 86.3 | 86.4 | 86.7 I 86.7 ll E6.7 | Kr

86.3 86.6 86.8 86.6 86.6

87.0
87.3
86.8

FELSTEAD 11

TOOTS (washed) : toos per acre (+0.104. Mcans : +
l0-3ll 8.681 9.451 9.211 0.3?l 9.8a 9.171 Ko
8.e0 | r0.16l e.2sl e.601 8.661 10.08ll e.161 Ki I s.2sl 10.471 8.82
9.601 10.94 | r r.26 I 10.55 | 10.551 r0.7rll 10.60]l K, l10.86l e.s2l 9.84

TOPS : totrs per acre (+O.gg3. Mear.s : +0. 3l
Ko
K1
K,

4.161 2.68 [ 3.6 3.06
3.10
326

4.O4
4.53
2.26

5.18
2.66
3.72

3.451 2.211 2.821 3.631 1.861 3.r5ll 2.
3.231 5.331 3.871 4.741 4.27 | 3.1211 1.t
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I?stuich 12

Po Pr P! Ko K, I K, ll Meat P,P1Po

No
Nr
N,

ROOT
8.35
9.25
8.28

S ($'asb
I 6-71I a.ssI s.oe

Led): t,
r 7.68I sosI a.zo

ons per
r 6.90I s.gs

acje l+0.603. Mea"s
7.68 | 8.l7ll 7.58
s.rz I s. rz Il *.zr
z.ee I e.oz ll e.re

, to.but '
Ko I 8.60 t 7.571 73a
x, I 8.201 8.1? l 8.47
K, I e.r7l 8.061 8.13

8.62 7.95 7.82 E.261 8.4511 8.1A

No
Nr
N!

17.o7
17.t7
17.00

Sucen
r17.03
lro.az
Ito.os

PERC
Iti 97
t7.03
I6.07

ta, (io.+za. rr"oo,
| 16.91 | t7.rcn 17.02
ltt.ttl tz.ttll tz.os
I to.ool to.ss I r6..sz

: +0.247].
Ko | 17.001 16.901 16.S3
Kr I r7.J0l r6.701 r6.83
K, I r7.231 r6.e3l r7.20

17.00
16.77
17.07

17 .15
lr6.s1

16.99 16.91 u et lt tz ll te.se

No
Nr
N,

28.5
32.r

TOTAI
23_O l
sor I

26.c I

SUGA
26.1 r

zz.z I

zz-s I

.R: cw
23.5
303
25.9 I

25.9
30.1
27.6

't. per acre
26.1 I 27.5
st.s I ge.+
zo.s I m.s

Ko 1 28.9 1 2s.6 125.tKr l 28.2 | 27.4 | 2a.5
K, | 3r.6 | 27.3 | 28.O

29.6 26.8 26.; zE.o I ze.o ll 27.s

No
Nr
N.

PERCI
93.3 |

92.s I

94.2 I

]NTAC
88.7 I

gr.z I

9l.e I

E PUR
93.3 I

sr.+ |

92.: I

IITY :

93.9

93.0

Means: +0.
9t.2 n 91.7
sz.z ll st.s
e2.2 ll ez.8

+r.:,6.m.I rgt.l I

sa. r I

93.1
90..r
93.4

/ 271
Ko
Kr
Kl

93.5 r 92.2
sr.e I so.z
ez.s I ss.+

93.1 90.8 92.3 91 6 | 91.9 ll 9e.1
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Kid.detninstcr 13

Po Pr P! Ko Kr K, Po Pr Pr

\
Nr
N,

ROO
4.82
4.97

rTS (wa
I 5.21
ls.szl
ls.osl

shed):
5.Ol
5.68
5.60

tons per acre
4-58 r 4.8t
l.zl I s.ls
l.as I s.zz

(+0.28
5.45
5.80
6.35

4. Mca
n 1.95
ll s.Jl
I s.aa

,s.'+
tK.lx,lK,

'o.ut\'
I 4.341 1.821 5.25I t.zr l s.szl s.zsI i zzl o.rzl s.zo

5.09 5.42 s.13 4.71 5.8 7 5.31

No
Nr
N,

TOPS
5.42
6.03
6.59

5.50
4.54
7.76

5.Ol
652
7 -15

: (+0.
5.14
5.84
6.62

364. 14
| 4-92
I o.oe

7.44

| 5.28
I 6.56I z.u

+0.2 0
531
6.36

l)
I(o I 5.45
K1 I 605
Kr | 6.64

6.60 r 6.26
c.co I o.m
o.zo I o.os

6.01 6.60 6.2 3 6.O7 6.35 6.13 6.2I

No ..
Nt ..
Nt ..

SUG
16.17

15.93

AR PE
rl6.t0
lrs.os
I re'.Et

RCEN:
l r6.07
115.80
lr;.so

|---.........-
rAGE : (+0.1
r 15.9o I 16.17
I ts.zs I rs.sz
I ro.ao I ls.oz

43. -VcI 16_27
I rs.m
lrs.eg

ans:10.0826
| 16.1 4 Kr
| 15.731 Kl
| 15.771 K,

i)
l6-00 I t5.671 15.77
rs.m I rs.ss I ts.zz
rs.sz I rs.zo I rs.zg

1s.96 15.7 3 15.92 15.E1 r5.83 t s.szl 15.87

No
Nr
N!

I {.9
15.7
l8.l

t-
TOTAI
r l6-8
lro.z
I nl

SUGAR: cs
16.l r 14.5
rs.o I u.s
rz.s I rs.s

t. per
r15.8
ltzz

r8.o

| 17.7
lt8_3
I zo.r

15.9
16. E
17.9

Ko
K,
K?

l3 I 
' 

14.5
rce I rz-;
rs.z I rg.z

16.5
16.7
18.7

16.2 17 .1 15.0 16.9 18.7 16.9

No
Nr
N!

,8.t
,8.9
28.3

PLA}
28.7
28.4
21.A

[T NU]
l"te.3

!9.6
28.7

TIBER
| 27 .n

I za.t
26.2

thousands pe
2S.O t 25.6 I

es.s I go.o 
I

zz.r I gs.o 
I

128.7
129.0
l ez.J

Ko
Kt
K!

2AX | 25.4 128_5
za.s l:z.l lzs.s
za.z lzs.r lso.r

28.1 2 0.2 2 7.1 2 8.2 29.1 2 8.3

No
Nr
N!

PER
86.9
86.4
85.4

CENT
a6_l
86.7
86.0

TGE PI
87.1
re.o l

as,s I

IRIT't'
86. t
86.5
85.S

(+o
47.1
86.7
85.8

499. -],l
86_7 r

86.4
85.5

| 86.7
186_8
I as.z

L0.26E
K.
K,i
K, l

86.0t86.2t86.3
86.2 186.6 i87.1
ao.olso.oleo.o

I6.2 8 6.3 .96.i 8 6.2 8 6.6 86.2 8 6.3
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King's Lylt t 14

Po Pr P2 I<o [, I<^ PsFr

No
Nr
N,

7.51
8.33
8.43

ROO
7.74
7.94
7.99

IS (wa
I 7.41
J 7.e3
I 8.17

hed) : tons p(
7.831 7.49
8.02 8.r3
s.44I S.09

, 7.38 tI s.o; I

8.661

+0.35.1
7.56
8.06
8.40

L. Means : +0.204\
I K" I 8.4r r 7.83 t 8.o5
I Kr | 8.06 | 7.481 8.17
I K, | 7.80 | 8.40 | ?.8s

8.09 7.9 0 8.01 6.10 7.90 8.03 8.01

lio
N1
N,

3.15
.1 05
5.05

TOPS
t

i 3.71 I 3-01
3.9? I 3.lo
4.os I 5.83

: totrs II 2-98I r.:nI t.+z

I 3_57

| +.e:l
5.19

l-
I (::o.5:
r3.34rI rzelI +.so Ill

t8..LIet
13.29
I s.zt
I t.tz

2r.s : +0.316)I K" I 4.r,il J.o8t s-sr
J Kr | 4.e8 | 4.241 4.t7
I K, I 8.13 | 4.4d I a.s8

1.03 3.9 2 3.8 5 3.;8 1.16 3.82 3.9 5

No
Nr
N,

19.73
r9.87
19.43

,0.03
19.87
18.43

SUGAI
120{3
119.40
lr?.so

PERC
20.47
lg.l7
r7.97

)ENTA
llq67
lzo.ro

r8.50

E{+
:0.07
1s.87
19.30

20.0
19.7
18.5

Veals: +0-337)
I K" I 1S.7?r 18.33r lg.5oK, I r9.?31 r9.80l r8.73I r{, I ls.s3l :o.2ol rs.so

19.6 8 19.11 19.24 19.20 19.4 2 1s.711 19.15

33.2 r 28 6
3r.7 | 2s.6
30.5 I 33.e

31.3
30.5
30.6

L-
lK.
IK,
I i(,

No
N1
N,

29.6
33.0

I 3t.2 llrrz
EL

30.2
30.8
3 r.4

TOT-I
32.0 I

so.s I

30.3 
|

\L SUC
29.4

;AR : c!vt. per
t 29.6 11 30.3

32.o ll st s
s:.+ ll .rr.r

31.8 30.7 30.8 31.0 30.6 31.7 31.1

No
N1
N,

33.r
33.8

PL
32.O
:lt g l

32.e I

ANT NUMB
32.6 r 33 I
gz.o I rz n
sr.z | :r.e

: : thor
32.9 r

32.? |

$ands
| 329
lszz

32.9

32.s 131.5 133.1
33.9 133.6 I3r.e
33.? 13s.2 lJl.8

i(" IK, lK.,
33.4 32.8 32.1 32.8

\-o
N1
N,

85-4 r

sc.o I

srn I

P
85.8 r

sag i

ss+ |

ERCE}
86-5 r

s*a I

er.s I

-l

{TAGE
86.0 

|
135 fi I

84.0
-l
PURI:
454 ,

85.9 I

ss.r I

rY (+
863
86.0
a2.t

.23. M
85.9
I5.8
83.9

eaas : +0.710)
Ko I86.0 184.9 184.6K, 184.8 186.6 I85.5K! I82.4 186.s ls5.a

8 4.1 8 6.0 8 5.2 8 5.2 8,t 6 81.I 8 5.2
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23{

Ne&ath 15

ti,KoPo xrP1 **,1 1."1,, 1,,
No
Nr
N,

7.79
7.57
8.13

t noots 1*.r 6-19 r 7.45I z.szl z.zt
I t.qzl z.ts

hed) : tols per acre
7 a7 | 7.641 6.42 t

z.4o | 7.08 i ?.81 i
8.37 | 6.79 7.53

+0.612. Means : +0 296)
-7.11 I K" | 7.961 7.551 ?.62
z.ta I x, 1 7.7t]l 7.071 6.74
7.s6 | K, I 7.831 6.51 1 7.44-;;wvzl

-:441
7.% IFrs I

No
\r\,

TOPS
6 76 r 4.901 6.20
z ;e I s.oo I z.or

r r.ro I s.osl ro.zs

5.83I 6.571
? 94 ?.Ol

i zzl s-t+t_

(+q.l!

z.es Ijsg
\l- Means : +0.45?')
I s.gs I K^ I 8.371 8.681 7 94
I t.,ss l xi | 8.681 6.6i 1 7.63

| .esl xi | 8.3?| 6.821 8.37
l-l _:-r-l:

I t't"a" 8.47 | 7.a4 | 7.98 | 8.33 | 7.61 | 7.85 7.93

\1\,

SUGAR PERCENTAGE (+O
I6.?Or 16.771 16.801 l6.d3i 16.90, l6;3
ra.o;L to.orl I6.901 16.701 16.571 I6.93
ro.;: I rs.lr I r6.u? | t6.431 16.07 | 16.47

171. Means : +0.0987),
16.75 Kn I 16.501 16 531 16.93
16.73 Kt i 16.531 16.601 16.40
16.szl K, I 16.871 16.631 r6.43

'r,ralla,l,sl-i6A'

-l-l-26.0r20.8rr5.0:s: lzs.o I zl.s
so.slzl.:lzs.o

l6ntl 16;al 16nt_ll-
TOTAL SUGAR :

I 248 I 25.8 I 91.3l:+: I zt.E lze.E
I zz; | :t.s I zr.a

i te.aol_t-
t 24.b 1 K" i96.3 I 2{.9 125.8
124.8 I K, 1r5.5 113.5 l2J.l
ll 24.7 | K, 26.4 l.ir7 J215

No

N,

,-@al::'7-Ll%iJ%,
11 tasll_r---

No
N1
N,

PLANT
!99 r30.4 129.6 r29.9
so.g lzs.l lzz.a I zs.z
zs.o laz.s 130.1 I2e.6

NUYBER : t}
r 3O.5 , 29.5
I zs.z J so.r

I sz.z I eo.t

rousalds Der acte
r 30 o l' K^ | 28.6 I 29.5 I 29.6
li zs.a I x, li2.o 130.8 128.6

]l i jl r{, Iee.t I31 0 
|2e.6

2s.s 30.5 29.3 | 29.2 | 30.5 1 29.9 2 9.9
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OAKLANDS 16

Pr P, Ko I'i r K, ll M.an P. lP.
No
Nr
N,

ROOTS ($?shed) : j
5-391 5.89r 5,18r
6.0?l E.6el 6.3i
5.861 6.751 z oB_t_l_

,oo" p.. 
""r" l+0.2s7- Mca;;: ii45.091 6.13t 5.53[ 5.,rgt K-. r E.2Bl 5.95r s.88

5.631 6.341 8.t3ll 6.011 K, | 6.141 6.661 6.42
5.741 6'75l 7.t5Jl 6.551 K; I 5.051 6.321 6.56

5.7 7 6.11 6.2I 5.19 6.111 6.28 6.4 6

\.o
Nr
N.

TOPS: tons per ac
4.861 4.77 | 4.751
6.78 | 6.45 J 6eol
7.851 ?.S91 8.55 I

Ko
Ii'
li.

6.43r 6.32r 7.08
6.s01 6.59 | s.66
6.261 6 e7l 6.s6

re (+0.989. M?ans: +0.163)
4.891 5.13r 4.36tt 4 79t
6.85 | 6.88 | 6.:ctll 6.141
8.oe l &or J 8.2(ll 8.tu1

6. t() 6.3 t' 6.i6 a 6t a.6A 6.3 7 6.51

No
Nr
N,

SUGAR PERCENTACE: (a0.t80. Mcabs: | 0.tod\
16.071 l6.a0l t6.6?l 16.07t 16.371 t6.70 t6.Jst K^'r ts63r ts77t rErTr5.$l r5.031 r5.sol t5.731 t5.001 l6.03ll .,r.sel r(; Jro.zol ra.iol io.ao
15.571 l5.80l ls.80l rs.47l rs.$l rIl-, | ' r-mll 15 731 K. l 16 l7l 16.271 18.20

15.8 3 16.05 16.12 15_7 6 16.031 16.21 16 0A

No
Nr
N!

TOTAL S
17.3 I 10.3 J t8.3 ,

19.2 | 18.l I 20.2 |

r8.3 | er.3 | 22.2 
l

UGAR :
16 4 ,

1i.7 
|u.8 
|

20. t
20.2
2t.4

per
18.5
t9.7
22.7

ll 18.3 | Ko I 16.3 I 16.9 r t8.z
ll 1s.2 I Kl lls.S 12r.5 120.9
ll 20.6 | K, | 1s.2 lzo.s | 2t.2

18.3 ,ru lnrl ,rrll ,r" l--r-r-
No
Nr
Nr

PLANT NUMBER
21.3|2a.2t2t.3
n.o I x.4 l22|'
243 124.2 124.2

Ko 123.3 I 23.3 t Z2.iK, 114.i 12J.9 12s.8K, 123.8 l23.6 | n.5

tbousands per acre
23.8 | 24.2 | 228 n 2i6
22.2 I n.6 I ze.z ll ze.o
%.r 124.s I z+.e ll zt.zt_L lt

23.9 1 23.6 1za.J 23.0 124.1 l zJ.6 ll 2a.6
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PETERBOROUGH \THOR\ 17

1""1,,1,,
-l-------l--f--i

Po P1 P, Ko Kr K! Pr

No
Nr
N.

I1.4{
1t.94
12.08

(*-ash
l l.tiT r

rz.+zl
t3.001

ed) 
't2.27

ll.0l
12.86

,ns pe
r2.21r
t|.22
13.76

I1.97
t2.39
12.30

+0.69i
ll10 r

rr zo I

rr.aa I

t. Mea
11.791
11.zgl
t z.asl

*: +0.100\
K--r 12 98r 12. t 11.11
xl I rz.rsl t2.561 11.97
Kl I lo.3el ll.eel 12.4?

11.82 12.36 12.05 12.14 11.61 12.0 6

--lNo
Nr
N,

ti).$9
1(i.31
14.44

'S: t.
r3.98
ll.6:
16.75 t

rns per
14.38
t5.14
16.t5

acre ( l
l4.ll
I5.88
t5.801

1.58.
r3.57
16.96
15.94

I1.67
r 1.86
15.61

:0.91
13.12
11.9(,
15.71

') a. , ,r.,r1 ,u.n,
K. I 15.331 15.80
x: l u.r2l 12.08

15.20
15.33
15.7{

13.92 11.1i 1t.1',J 1i.26 1;.1t 13.05 11.64

0.0866)
Kolx, lx, l

l6-47 | 16.33 | 16.{3
ro ;:r I to.+e I to.gz
roszl ro.+al to.so

suc
16.57
| 6.50
16.n0

;AR PERCENTAGE
r6 60I lri.J:J 16.37
16.33I tu 5? 16.53
r6.171 r630l 16.33

(+0.
16.50
16.33
16.55

50. M.
t0.53
16.53
16.23

| 16.171
t 16.17
I rc.aa\

16.52 l6.1ti 16.11 16.11 16.1i 16.43

\o
Nr\"

37.0
30.4
39.9

TOT-I
38.7
40.6
.12 3

\I, SU
139.8
l:ro.;
lrt.s

3S.9
37.1
4,1.9

t39.5
140.5
140.6

t37.0
138.S
las.o

38.8
38.8
11.1

K^ 4:-'.ti t4O.g t38.4xl lno.r l4r.3 l3e.2
r<l lsr.r 13s.4 140.6

39.1 JA_t 39.1 106 10.2 38. r 39.6

No
Nr
N,

93.8
2{.1

\
20.3
26.0
t50

iTIMBE
1226

lili
R: th
121.6
I zts
I sl.r

ousandr
t23.0
t25.9
I zt.z

per a
23.0
23.8
23.6

22.5
24.7

I zt.t

K" 22.2 t 21.2 | 22.6
xl lzs.o l25.3 l23.4
K; lr{.4 I 2r.8 | 2a.t

21 2 23.8 21.6 23.1 2 3.8

N.
Nt

PEI
a2.4
83.3
82.6

TCENTAGE P
83.1 r82.4
83.1 | 8J J

I8r.r 81.8

URIT\
le2.?
18s.9
l8:.s

: (+(
82.4
82.7
82.4

).398.
1a2.7
lss.s
lar.z

| 82.6
ll eto
llsze
11 8rn

+ o.2301-.K- r8:1.0 r89.8 182.7xl lez.a I $.0 182.3x, lss.o | 82.6 181.7

82.8 82.8 82.8 82.5 E2.4
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PETERBOROUGE (TALL.) 18

Pr P, Ko Kr K, Pr P!

No
Nr
N,

ROOT
12.06 , 11.21l
r3.05l r3-56l
r3.541 r4.60 

I

S (\\asl
13.15
1r.83
t3. ii;

red) :

tl_40
13.50
12.83

:ons Pe\ t2_2A
lrs.so
Ir+.so

t2.7i
ll.l4
1.1.59

+1.01. Meons: +0.5E31
| 12.141 Ko I r2.r3l 12.601 13.00
| 12.811 Kl I r3.661 l3.3Sl r3.6{t
| 1?.eel K, | 12.861 13.381 r2.27

12.8 3 13.12 12.91 12.5 6 t 3 .;1 12.8 3 12.96

No
Nr
ii!

5.22
6.96
6.83

TOPS
.1.01

4.88
7.26

4.87
5.46
6.77

per acr
5.2t
5.36
7.24

re (+0
r 4.63I s.szI o.zr

430. r}
6-16 t

ss:ll
s.es I

teafls: J.0.218)
I 5.001 Ko I 6.23 | 5.61 I 5.98
I i.J3l Kl | 6.rs I 5.79 | 5.28
| 6.e51 K, | 5.8s I 5.66 | 5.83

6_14 5.69 5.7 {1 i; -9.1 5./ i i.7I ; 8)

No
N!
N,

17.t7
17.10
16.87

SUG-
l7-10l
rz rsl
ro.s7I

{R PE
17.57
17. t3
17.00

:RCEN'
l6_83
l7.lo
16.97

IAGE
I I7.50
tl7.J7
Iro.so

(+0.
17.53
17.00
16.97

87. M
17.281
lz. t zl
18.e11

Ko
Kl
K!

+0.108)
r 16.871 17.001 17.03
I rz.z7l rz.r; rz.rg
I rz.os I re.sai rz.ss

17.0; 17.0J 16.9? 17.15 17.16 17.16

\o
Nr
N,

41.5
44.6
45.7

TOTAJ
38.3 I

lt.s I

ns.a I

L SUG.
46.3 l
40.4 I

Et.r I

AR: c'
38.3
16.2
43.6

!Yt. per
| 429
I *z.z

48.9

41.4

49.6

12.0
43.8
47.4

Ko
Kr
K,

10.9
{7 I
43.7

12.9 I 41.3
ls.s i lo.s
ls.r I €.0

4 3.9 14.7 41.6 42.7 16.5 41.0 41.1

No
Nr
N,

26.0
2fi 6
27.t

]LANT
26-7 |

zt.z I
25.8 i

NUMI
26.t l

27.0 I

]ER :

2ti.7
27.4
,6.3

thousa
25.8
26.4
20.9

ads pe
r 26.3 r

I ztz I

I ze.z I

| 26.3
127.O
I za.a

Ko | 27 .2
xr | 26.0
K, 126.5

24.7 t 26.s
zal I ztz
zas I zt .r

26.6 26.6 26.8 2 6.8 24.1 26.7 26.6

No
Nr
N,

87.6
47.2
86.4

?ERCE
87.t I

sss I

86.3 I

NTAGI
90.4 I

sz.r l

az.z I

PUR]
86.3
88.5
87.t

tTY :

189.4
lse.:

86.1

+1.16.
89.3
86.7
86.7

88.1 I

et.s I

aa.a I

+0.67 0)
Ko 186.5Kl 188.0K, 186.7

87_8 r 8? 7
se.o I az.z
eo.r I as.s

87.1 87.4 87.3 87.9 87-5 8 7.6
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POPPLETON IS

Po x,
TOOTS (lgashed): tons per acre (iO.a2O. Mcans: t0.173)
9.231 8.881 ll.44l 9.961 lo.9r 8.671 9.Er! Ko 1r0.5?ll0.16
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RESPONSES
* 5 per cent. significance.
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I

+0.84+il
I

-0.Is I

I

-o 4i

-o t8
+0.51
+ 0.16

+0.09

+o.22
+ 0.45

-o.11
+o.46

+0.4,
+0.0{
+0.04
-0.15
+o.09

+0.22
+0.1r
-0.11
-0.49
+0.39

+0.04

-0.08

-0.17
+0-24

-0.35
+o.27
+o.24
-0.52
_ 1.03

-0.61
-0.64
-0.08
+0.24

+o.12
+0.10
+0.27
-0.09

-0.04

-0.26
-0.26+0.0r
+0.28

+0.34

+0.10

+0.4
+0.200

+0.r68

a0.24r

+0.3r8
+0.2t4
+0.294

+0.482

+0.326
+0.708
+0.356
+0.606

+o.n2
+0.820
+0.v4,
+0.256

+o.2r2

+0.264
+0.346
+0.313
+0.282

to.2g7

+0.230

16.91 -0.63 0.00 + 0.24 -0.17 + 0.09 - 0.08
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24i

Station Yield

Linea! Req)onse
(response to the double

dressiDg)

KPN

Curv-ature
(Excess of extra response t

serrDd dressiDg over
respoBse to IiGt dressing)

NIPIK
TOT.IL SUGAR : cN1- per acre

I

3
4
5
6
7
8
I

l0
tl
l2

l3
t4
l5
t6
t7
l8
r9
20
2l

Allscott
Bardney I (Meth.) ..
Bardney 2 (IIorD.) ..
Brigg (Caistor)
Brigg (Scottoa)
B"ry . .
CaEtley
Colwick I (Cast.) ..
Col*ick 2 (Dent.) ..
Elv . .'
Felstead
Ipswich

Kdderminster
KintsLyrm.. ..
Newark
Oaklands
Peterborou8h I (Thor.)
PeterborouSh 2 (Tall.)
Poppleton ..
Setby
Tutrstall
WissinSton I (Crimp-)
Wissiagoo 2 ($'imb.)

25.0
31.1

3;.9
31.2
31.8
44.1
13.4
32.8
34.1

27.8

16.9
31.1
21.5
19.1
39.6
11.1
3f.8
11.4
17.7
31.1
28.8

-0.2+0.2
+ 11.0
+8.6
+2.6
+1.2
+4.5
+0.5

0.0
+2.8
+ t.7

+2.0
+0.8
+0.?
+2.3
+2.6
+6.4
+4.2
+3.6
+6.3
+t.4
+1.9

+3.7
-0.4
-2.1
+2.3
+1.7

-0.1
-2.1
- 1.3
_ 1.0
+ 1.6

-2.{
+ l.l
-1.0
-2.0+2.0
+0.3
+o.7
+3.2
+ 1.7
+0.5
- t.3
+r.8

+2.0
+ r.5
-0.2+ t.0
-1.7
+0.2
+ r.9

-0.1
+6.5
+ 1.9
+2.5

+3.7
+0.7
-1.6+3.0
_2.5
+ 1.3

-1.6
-0.7
+0.3
+ r.3
-0.5

+r.0
- 1.2

-1.0
-7.O
-2.4+l.ti
- t.0
-0.7
+ 0.?

-5.0+4.0
-t;.7
+0.,

-0.9+0.5
+2.6
+r.8
-2.0
-6.0
+2.3
-0.8
-t.t

-1.t
+ 6.8

5.t
-1.9
-3.3+0.r
-0.1_5.1

-o.7
+ 2.8

-1.6+3.2

-0.7
+ 1.2
+3.4
-0.6
-2.5
-0.9+6.0
-0.t
-2.5
+3.5
+3.8

+2.6
+0.r
- 1.0
_2.8

- t.9
+2.8
- 3.1

+0.3
+3.1
-0.5
-0.1
+1.5
+2.3
-3.6
- t.?
-6.3
- 5.3
+ r.7
+0.5
+0. ?

-0.s
Meorl +0.4 +0.9 - 1.0 + 0.2 - 0.8

-L
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Station

LiDea! Respotrs€ | Culvature
(respoDse to the double I (Excess o{ extra response t

dressiDg) | second dressiDg over
I I I respoEse to lirst dressiDt)N lP lK lN lP lK

PLANT NUIIBER : thousards per acre

I
2
3
4
5
6
7
8

l0
tt
t3
t4
l5
16
17
18
t9
20
2l
22

Allscott
BardEey I (Meth.) ..
Bardaey 2 (HorD.) ..
Br88 I (Caistor) ..
BriSg 2 (Scotton) ..
Bury . .

Cantley
Colwick I (Cast.) ,.
Colwick 2 (DeDt.) ,.
Ely ..
Felstead

Kidderminster
KiDgs LyDn .. ,.
Ne$ark
OaklaEds
Petetborough I (Thor.
PeterboroEgh 2 (Tall.)
Poppleton ..
Selbv
Tunitatt
WissiuttoD I (Crimp.)
WissinStotr 2 (Wimb. )

30.0

25.0

26.1
31.6

25.8

20.6

32.8
29.9
23.6
23.6
26.6
26.9
33.6
59.1
2 8.2
31.1

-2.8
-0.4
-o.6
+ 2.8
+2.4
+2.5
+0.9
-0.7
-o.2
+ 1.3

-1.40.0
+0.6
+0.6
+r.6
+o.3
+3.0
+0.4
-o.6
-0.6
+2.3

+2.1
-0.4
-1.30.0
- l.l
-0.8

-0.6
-0.6
-0.8
+ 1.6

+0.8
- l.l
-0.6
-0.6
-0.8+0.2
+0.6
+t.2
+ 1.3
+0.7
+2.1

+2.0
-o.3
+0.1
+0.1

0.0
+0.7
+0.2
+0.6

0.0
+ 1.0
+0.2

+2.0
+0.5
+0.7
+0.6
+o.l

0.1

-3.7
-o2
- 1.7
+0.?
- 1.4

-5.6+ 1.0

-9.8
-0.6
-0.2
-0.3
+8.5
- 1.3

-0.60.0
+0.5

-2.O+0.4
+ 2.6
+ r.8
-2.8
- t.l
-2.O
- 3.6

- 1.4
+0.4
- t.9

+ 1.6

-0.8
- 1.9
+0.6
- 1.7
+r.2
-0.7+0.4
-o.2
-6.6+0.9

+3.0
+0.1
- t.8

o.0
0.0

+0.2
+ 1.0

- t.8
-l l
+0.1
- 1.6

+ 1.8
+0.1

0.1

- 1.9

-1.4+ 1.7
+ 1.8
+o.2
- 1.2

-0.8+0,6

+0.4
-0.9
-t-9
- 1.6

-2.5
+0.7
- l.t
-1.8
- 1.5
+0-?
+ 1.4

llean + 0.3 0.0 r 0.1 - 0.6 - 0.4 - 0.3
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Station Yield

Linear response
(req)oase to the double

dre$sirg)
INIP L*

st.
Cunature (Eacess o{ extra
respons€ to s€@Dd dress-

ing ove! req)onse to
first drcssing)N I Pl K

st.

TOPS i toEs pcl acre

I
2

1

6
7
I
0

l0

It
t3
t4
l5
r6
t7

l8

l9
20
2t

Allscott
Bardney I

(Meth.) ..
BardDey 2

(Horll.)
Brigg I

(Caistor) -.
Brigg 2

(Scotton)
Bury
CaDtle!'
Colwick I

(Cast.)
ColEick 2

(Dent.)
Elv

Felstead
Kiddermin ster
Kiags' Lynn. .
Ne1rark
OaklaEds
Peterborough

I (Thor.) .,
Peterborough

2 (TaD.) ..
Poppleton ,.
Selby
Tunstau

?.70

7.3E

9.52

6.95

7.54
7.26
9.13

8.08

20.41

6.28
3.95
7.93
6.51

11.60

5.8 3
f.38
9.10
1.92

+0.78

+3.r2*'

+3.05..

t 1.sztt

+4.72'.
+2.50.'
+2 71r'

+4.03t*

+ l.7E*r
-3.@
+0.53
+ 1.86'.
+ 1.63'*
*4.elr*
+3.31'.

+2.66

+1.95**
+3.32'
+ 1.O2.'
+3.7r..

+1.20

+0.34

-0.35
*0.48

+0.11
-0.t5+0.t2

- 0.85

+0.68
0.00

+0.72
+o.22
-0.23
-0.49
+ 0.26

+ r.50

-0.40
+o.25
+ t.ol
-0.01

+0.60

-0.4s

-0.05

-o.40

-0.16
+0.41
-0.53
+ r. r3'

+0.36
+0.85

-0.09
+0.36
+0.21
-0.48
-0.24

-2.2t
-0.15+r.r4
+0.14
+0.14

+0.698

+0.238

+0.500

+o.322

+0.254
+0.3os
+0.424

+0.39{

+0.38r

+0.8r r
+0.289
a0.448
+0.646
+0.230

+ r.29

+0.35r
+l.r6
+o.570
+0.456

--{-30

+0.64

+0.33

+0.70

+0-14
-0.40+ 1.37

-0.07

-0.01
-3.78
+2.Oi
-0.21
+0.63
+ t.14
-0.59

-0.90
+0.80
- t.a2
-0.30
+0.83

+0.24

- l.l0
+0.55

+0.60

-0.67
-0.23
- 0.18

-0.37

+0.18
- 5.26

-0.20
-0.96
+0.09
+ 1.77
+0.62

+0.44

+o.42
+0.81
+ r.03
+0.29

-o-77
+0.15

0.51

+0.14

- r.00.
0.{3
007

o 2il

-o.72
+ 5.31

r- 0.29

-0.20
- 1.5,
+0.96
-0.34

-2.67

+0.23
_ 1.02
+ 0.66

-0.22

+1.04

+0.419

+0.866

+0.558

+0.440
+0.529
+0.733

*0.682

+0.660
+4.02

+ r.40
+0.501
+o.776
+ 1.12
+0.308

+2.23

+0.608
+2-O2
+0.988
+0.780

8.13 + 2.56 + 0.17 - 0.02 +0.03 - 0.10 - 0.13
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Station

Litrear resporse
(respons€ to the
double dressing)

KPN

St,
Curvafirre (Excess of extra
respolse to second dress-

ing over resporls€ to
first dressing)

N I Pl K

st.

PERCENTAGE PU RITY

I

3

1

6
7
8

I
l0

ll
12
l3
t4
t1

t8

l9
20

2A

Allscott
Bardley I

(Meth-) ..
Bardoey 2

(Ilorn.) ..
Brigg I

(Caistor) ..
Bigg 2

(Scotton)
Bury
Cantley
Colwick I

(Cast. )
CotE'ick 2

(Dent.)
Elv

Felstead
Ipswich
Kidderminster
Kitrg's L]'Dn. .

Peterborough
r (Thor.) ,.

Peterborough
2 (Tall.) ..

Poppleton ..
Selby
Wissiogton I

(Cnmp.) ..
WissirSton 2

(wimb.) ..

87.1

E7.1

E6.6

89.5

87.0
90.1
93.3

E7.6

86.2
85.7

86.6
92.1
E6.3
85.2

82.6

87.6
88.2
88.8

89.6

90.1

_ 1.6

- 1.0

+0.2

-0.8*.
1.2'

- 1.4 *r
0.s

0.0

+0.r
-0.r
+0.1
+ r.t
- 1.0+
_2.0

-0.4

- 1.8
0.t

+0.r

- l.6r

-I. t *'

+0.2

-0.5

-o.2
+0.6'

-0.1
+0.2

0.o

+0.6

+0.3
-0.4

-0.4
-l.l+0.3
+0.8

-0.6
+t.2
-0.1
+0.7

-0.8
+0.5

+0.2

-0.2
+0.6

+0.6*

+0.6
_0.3
+2.5

+o.5

+0.3
+0.4

0.0
_1.0

0.o

-o.4

-0.4
+o.2
+0.r
+0.4

+o.4

o.0

+0.803

+0.55O

+0.453

*0.2t2

+0.414
+0.348
+1.22

+0.552

+0.252
+0.62r

+0.2,rr
+1.03
+0.()7
t r.00

+o.325

+0.946
+0.344
+0.343

+0.587

+o.348

- 0.8

-0.6
1 0.4

-0.6

- 1.2

- 0.2

- 1.5

-0.6
0.9*
0.1

-0.1+o.7
-0.8
- 1.8

- 1.2

-0.6
+0.5
-0.7

- 0.6

+0.5

-0.2
+0.5

_ 1.4

-0.5
+0.5
-0.2

-0.6

-0.5+0.2

- 1.0.
+ 4.1'
+0.1
-2.1

-0.6
+0.6
+0.1
-0.1
+0.8

+r.3

+0.6

o.0

+t.0

+0.1

+0.6
+0.t
+0.3

+0,3

+0.1
0.0

-0.4+r.6
o.8

- 1.2

+o.2

_1.0
+0.1
+0.8

o.0

+0.4

+r.39

+0.963

i0.785

+0.367

+0.717
+0.599
+2.11

+0.956

+0.436
+ 1.08

+0.418
+ r.78
+0.700
I1.73

+0.562

+ 1,64
+0.696
+o.693

+ 1.02

+0.602

87.r1 + 0.1 + 0.2 0.t +0.1 + 0.1
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Interactions.

Station

InteEction of linear
respons€s (one hall oI the
extra respoDse to oae
fertiliser through the
additiotr of a second)
NxP I NxK I PxI(

st.

Itrteraction of Iirear
rcsponses (oae hall oI the
ertra req)onse to one
Iertiliser throuSh the
addition of a secoDd )
NxP i NxK I PxK

St.

ROOTS (\,ashed) : tons per acre SUI;AR PERCE\T.\GE

I
2

4
5
6
7
8
I

l0
ll
t2

l3
l4
l5
t6
l7
l8
l9
20
2l

23

AUscott
Bardney I (lleth.) ..
Bardney 2 (Horn.) ..
Brigg I (Caistor) ..
Brigg 2 (Scotton) ..
B"ry..
Cantley
Colwick r (Cast.) ..
Crlwick 2 (Dent.) ..
Elv ..
Felstead
Ipsxrich

Kidderminster
Kintsl,'nn.. ..
Newark
Oaklaads
Peterborough I (Thor.)
Peterborough 9 (Tall.)
Poppleton ..
Selby
Tunstall
W'issinSton I (Crimp.)
WissingoD 2 (wimb.)

+o.38
-0.41+ 1.01.
+0.24
- 0.21

- 0.0.1

-0.43
-0.0{
+0.16
+0.06
+ 1.26
+ 0.30

-0.24
+o.22
-0.32
+0.54
-0.02
-0.39
- 1.08
+o.26
- 0.26

+0.58

-o.28
+0.46r
- 1.12.
+0.38
-0.14

0.00
+0.78
+ 0.89
+0.30
-0.06
-0.21+0.0s

+0.30
+0.34
+o.08
+ 0.48

-0.44
+0.20
+ r.30
+ r.0o.
+0.10
+0.54
+0.38

0.69
_o.0r

0.98

-0.25
0.52

+0.35
+0.7{
- I.t3
+0.10
-0.58l 84'
+0.04

o.41
+0.22
-0.02_o.02
+ t.66.
-0.73
+0.06
+0.78
+ 0.50

-o.440.ril

+0.727
::r0.20{
--0.420
-0.483
+o.457
:r 0.414
a0.591

=o.127+0.3s0
+0.589
i0.70{
i0.s95

a0.284
+0.354
10.512
10.29?
a0.693
+ l.0l
-0.8:0
=0.{3910.308
a0.430
i0.872

-o.34 I o.o5
0.08 +o.ro

-o.4r. I -o.o2+0.15 l-o.08
-0.40 l+0.22
+0.12 | +0.zrt
-0. ro | -o ro

-o.r7 l+0.r8
-0.r9 + 0.13

-0.63 l+0.40
+0.50 i-0.10
+0.0{ 

| -0. 12

+0.04 l-o.l?
r.r 2 l+0.88

-0.28 +0.t7
-o r8 -o to
+0.o7 l-0.I30.r{ l-0.35
+0.66. l+0.r6
-0.06 +o 22
+0. r3 i +0.:3
-0.44. | +0.20

o 16 -o t4

+0.45
-0.12o00
+o.24
- 0.04

0.00
+0.08
+0.20
-o.26
+ 0.94

- 0.50
+0.09

+ 0.24
+0.12
-0.441
-o.r0
-0. r2
+0. t7
+0.14
-0.01+0 08
+o.22
-0.08

+0.3r5
+0.14r
a0.189
+0.170
+0.225
a0.201
+0.2o8
+0.341
+0.23 r
+0.500
+0.251
+0.428

+ 0. r43
+0.584
+0.17r
+0.lm
+0.150
+0.r87
+0.244
i0.221
+0.200
+0.210
tr 0.163

+ 0.01 + 0.23 -0.13 -0.13 | + o.o8 + 0.0;
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Station

Itrteractiotr oI line3r req)onses
{oDe hall oI the extra respoDse
io otre fertiliser through the

addition of a second)
N),P I NYx I PxK

I[teractioD of linear req)otrses
(oae half oI the extra req)onse
to otre fertilis€r through the

addition oI a second)
NXP I NXK I PXK

TOTAL SUGAR : cri't. p€r acre PLANT \UMBER: thousatrds Per
acre

I
2
3
4
5
6
7
8
s

l0
lt
t2

r3
t4
t5
16
t7
l8
l9
20
2t
22

Allscott
Bardrcy I (Meth.)
Bardney 2 (Horn.)
Brigg I (Caistor) ..
Brigg 2 (ScottoD)..
Bury
Cantley
Coluick I (Cast.) ..
ColwicL 2 (Detrt.)
Elv..
Felstead ..
Ipssich

KiddermiBster
KiDgs L,'En
Ne\rark
OaklaDds ..
Pete.borough I (Thor. )
Peterborough 2 (Tall.)
Poppleton
S€lby
Tuostall ..
'Wissitrgton I (Crimp.)
Wissingtou 2 (Wimb.)

+0.6
- 1.6
+2.4
+ r.3
- 1.4
+o.2
- l.g
-0.4
+0.3
- l.l
+ r.0

-0.8
1.0

- 1.4
+ 1.4

0.0

- t.7
-2.4
+0.8

0.8

+ r.6

-1.0 - t.l;t.ti i -043; -1.0+r.r I 02
0 0 1.8

+0.J - l.l+::.4 +1.8
+3 6 3.6
+ L3 -0.2+0.6 +0.4
-r.0 -7.1+01 +0.1

+0 7 -1.0
+ 2.8 + 1.0
+ 0.4 -0.7; t-4 -0.:1
- 1.7 1 5.2

-o_2 2.0
+5.0 +0.5
+ 4.2 +2.9
+0.? I0.1
+ 9.! - l.J
1 r.0 2.J

+o.4 | +:.0+0.8 I 0.0
+2.2 | -2.2+0.r I -0.2
+ 1.8 I +O.o
-0.8 I + r.0
+o.2 i -0.5-0.5 I +0.2
+ l.r I +0.2
- 1.4 i -3.0
+ r.4 i -r.0

-0.4 I +o.z
+0.4 I +0.6
+0.8 I +0.+
+0.4 | + 1.4
+0.6 I - 1.0

-0.1 I +0.4
-0.5 I +2.r
+ 1.2 I -0.2+0.6 I -0.6
-0.2 | -to+2.0 I +0.6

+4.9
-o.4
-o.8
-0.7
-0.8
+o.3
-o.2
+0.5
-0.3_2.0
-T
+ 0.7

- t.2

+0.2
+0.2
+0.6
+o.8
+ 1.0
r0.8
+0.4

4.4

Meatt .. I 01 I +1.0 1 -0.1 + o.s I o.o - 0.2

\
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Station

Interacl
respoas

Iertilise
addiri(

NxP

iion o{ liDear
es (oDe half oI the
€sponse to one
r through the
rD of a second )
I NxK, PyK

St,

IlteractioD oI liDear
rcsponses (one hall of the
extra respons€ to one
fertilis€r through the
additioD of a secoDd)

NYP I Nxr t pxk
St.

TOPS : toni per PERCENTAGE PURITY
ll
ls

1

i6
8

i0
Il0I tl
lrs
lre

l4
T5
t6
t7
l8
t9
20
2l
22
23

Allscott
Bardaey I (Meth.) ..
Bardney 2 (Horn.) ..
Brigg I (Caistor) ..
Briss 2 (Scotto;) ..B"ry..
CaDtley
Crl*'ick I (C-ast. ) ..
Colwick I (DeDt.)
Elv ..
Felstead
Ipswich

Kidderminster
Kint's Ll'nn . .
Newark
Oaklands
PeterborouSh I (Tbor.)
Peterborough 2(Tatt. )
PoppletoD .. ..
Selby
Tunstall
Wissington I (Crimp. )
WissinSton 2 (Wim6.I

+0.56
-0.03
+0.65
-0.50
-0.16
-0.32
+0.82
-0.92
+0.78
-0.72
-0J5

+0.48
+0.20
+0.r0
+o.40
- 0.84
+0.14
- t.69

.l

+0.25
-o.34
-o.14
+0-14
-0.69.
+0.24
+0.30
+0.39
+o.60
+2.r1,3
+0.64
+0.04
-0.2t
+0.32
+ t.12
-0.16
+ 1.78
+0.30
+o.rn'

+0,08
-0.40
+1.21
-o.95.
-0.08
-0.34
+o.08
-0.10
-0.02+r.54
-0J3

-0.66
+0.69
+0.22
-o.t8
+2.17
+0.10
-0.34
+o.86
-ot

+0.733
+0.2e2
+0.612
+0.304
+0.3u
+c.374
+0.5r8
+o.182
+0.466
+2.86
+030s

+0.364
+0.548
+0.791
+0.282
+ 1.58
*0.430
+r.43
+o.699
+o568

+o.2
+0.6

+0.4
- 1.0

-0.3
-0.40.0

0.0

-o.2+0.8
+0.7'
- t.0
+0.1
- r.0

+0.1
+03

-o_4
-1.0
-0.4'l

+0.1
-0.5

l+0.5l-o I

l+o.r
t.-o.2
I +o.e
+0.4
+0.2
+0.2
-0.0
+0.8
+0.3
+ r.0

- 0.6

-rl
-0.8
-1.7
+0.2
+0.5

-0.5
+0.8

0.0
+0.3

+ t.0
+0.3

+0.4
.0.0
-0.6

0.0
+0.r
-0.6
- 0.6

-0.3
-0.6

-0.2
!o.1
-0.4

-

+0.98,r
+0.674
+0.55b
+0.25s
+0.607
+0.424
+ t.40
+0.676
+0.308
+0.760
+0.2s6
+ t.26

+0.499+Y'

+0.308
+1.r6
+0.121
+0.420

+0.7r9
+0.426

- 0.03 +0.32 + 0.11 - 0.1 0.0 + 0.2
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Codrsiotts
EIIects ol slQhor. of arimonia

SulDlrate of ammooia producrd siSnificant iDcreas€s iD th€ yield of roots at thirteeo ol the

*";;|ff;;;;. -ciit[. t"-.ioi"-"gluo centres, all excePt Aliscott showed positive req)onses

and tie average iacrease at these centrFq uas srstr'ilcaot'*-$;;;-;iPth; 
t-"trtv cetrtres *h;; i"p"-;; weighed shoved sigDificant increases Tbe

,"-if i""g"r.'".**"t" Je-oires-*tere tne-'esdnse in rooti u'as not si8'iJicant At EIY' where tbe

"i-.i.e;;"ii;r 
top"*.s zo toos per acr.,-s-itplati oI ammonia depreis'd the yield oI toPs' though

trot siBnilicaDtlY
Susar percentage wils decrcaseo at alt centres,-tbe decreases bebS-sitnificant at eigbteetr

*"L.?]'dt. i"-.friDg {ive crtrtres showed tro sitni'icant resPons€ i n roots There was however'

i"*iii!f.tt " *ti,"";the "ct"at 
sir"s-oithe dJrease in su6i' percetrtate aEd of the increas€ in

'*ii.rccatage purity was siSnilicantly deseas€d at sir o{ the twetrty centr€s shere it was

measured. Of the remainirg centrc. ;ith;;h-;;; t 
""gtititt" 

effect'. five shoY'ed deqeases oI

i;;:;i ;.';;.;;i;;;?lp"*-i"r't 1i1i".""." ot t t ieiceot, which was within its standard

"ooii, ao" above effects were signilicatrtlv dif{erent {or the differeat centres' and excePt for

*.;;;;; il;6,;;;;;n.d "i8niiic."tlt 
a'ifferetrt wbea oDtv tbose centres witb a clear resPoDse

;ere included.
In roots the additional req)onse to the secotrd dressint was siSnificaDtly less than the resPoDse

t" ti# iiJif.*i.g "i I*o "i 
tlu """t'"" 

*nich sho*ed i cle"' iespolse io roots- There was no

iDdicatiotr of any Iall,rg'off ro .".pon".ii il" ulg-tt* f""tl 
"f "pplic;tior 

at,the other centres with

^ ctear resDonse itr roots, o.o tn. t-oii._ ib"'d""..".. in 6ugar percentage was srsnilicantly

;;T"; ;?ffi;iilii"ii,i"t .ppu*ii"" tlo 't iii io*"'' ind'there ari iodications oI th€

same elfect io PercetrtaSe Punty.

EIIects of sq*?hosFhatc
There wele no sigtrificatrt respoDses itr roots oi tops_ Tso ceotres shoved sigtri'icaDt iocreas€s

," J;;-;;;;;";'"od one o "ii"irii"'nii"o"t"", 
ui't tl"t" '"ts Do apparent effect at atrv otber,..#;:' 

&;;;?; E"e a slgoiric'"t increase iD perceotase purit)'
There was ao general inaicatro"" 

-ail-cu-ri-t"re oi tJtp"oL' though a few iodividual

curratures were si8trifi caDt.

Elleds ol ,t!,Tiatc of fotlrth
The otrly $iStrilicant average lespoose was that in,sutar pe-rc€Etage' which was signilicantly

difrerent at rhe differeot ceorres. rr;;;;a;; J.-a ."sigdificant resporse- Two oI tbese also

f;".i;*'^iidiiril,;i;i,ip""* i" ,o"r i'u-r-iinii"-*""i" geoior 
"o 

conelation betweetr the effect

6n r.rots atrd that on sugar perceiltage'
At the four centres with a signrtrca_nt respo-nse-th--g additioDal respo,ls€-to the double dressirg

*"i:J;;;;;i;it'. "i"sl. 
Z*oin?, lJ ir'i aini"eoc'" '"'e 'dall 

atrd the avemse Eas not

significaDt.

I crddions
The only siStrificant averaSe itrteractiotr betweeD sulPhate of 1-991]1 '"tt superhPosPhate

-.s a nesalive ooe ,o 
"og.. 

p"t"""iti" ie', sulpnate oi-ammonia d€creased sugar percentage

l'"".i,.iiB filii"irl-ai"is,d .r *piiir,l,iir,.Gihan with the zero dressiDs). This was si8rifi-

i""ti"' iiff*i"t- at the diff;rent irenlre",'teiog siSnificaDtly Degative at t\r'o centres aDo

sigDiiicantty positive at oDe €entre.
The averase rnteractlon ro roots bet\r'een sulphate of ammonia aDd mudate of potash was

-.tiil ;;;il ;6lii-caot ai ttre s pe' cetrt level: one ceDtre gave a sitriJicant Desatil'e inter-

ictioD, but there the responses t"""r!n"t" oi t-too'" an-d muriaie o[ Potash \r'ere not

sisnificant.""i"IiJl"r" oo 
"igoificant 

average inieractiotrs betx'eetr potash and phosphate
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EXPERIMENTS AT OUTSIDE CENTRES

Barley. South Eastert! Agricultursl ColeEe, Wye, Ke , 1935

6xO Latin square. Plots: O.0O8287 acre.
TREATMENTS : Sulphate oI ammonia and oitrGchalk at the rate of 0 and O.2 cwt. N alone aad sith

superphosphate at the rate of 0 and 0.4 cwt. PrO! per acre.

BAS^L tr[^NURrNc : Nil.
SorL: Light loam oa chalk. Variety: Plumage Archer. MaDures applied: March t. S€ed

so\vn: trIarch 8. Harvested: August 8. P.evious crop: Barley.
SpEcrAL NorE: Harvested for graiD and straw ratio by saltrPlhg method. Seven samplitrg

uDits per plot each coosisting of 4 half metre rows side by side. Rows spaced 7 ins. aPart-

STANDARD ERRoRs pER PLor: Graitr: 2.36 cwt. per acrc or ll.8% ; strew: 2.45 cwt. P€r a.re
or tl-4% : plart number : 8.34 thous. per acre or 31.6%.

Groin : clot. fer aue (+0.9M)

Superphosphate
per acre

NitrogeD (O.2 cwt. N. per acre)
NoDelSutph.rNitro-

| *-. I chalk
Men a

l+0.5561 (+0.7E6],

None ..
0.a c\Yt. PrOr

17.3
i6.8

20.4
20.0

21.6 20.1
20.0 - 0.1

Meal (+0.682)
Increase l+0.964)

17.0 23.0
+ 6.0

20.1

Strao: ctDt. per aac ( +1.001

Superphosphate
Per acre

Nitrogen (0.2 cwt. N per a.re)
None I Sulph. I Nitro-

| --. I cbalL l+0.577]- l+0.8161

None ..
0.acwt. P'o' .

17.6
t 7.3

21.5 2{.9
23.8

21.3
21.1 + 0.1

Meal l+0.707)
Inc/.Gte (+1.00)

17.1 22.1
+ 5.0

21.1
+7.0

21.4

Corclasiotts
Sulphate o( ammonia atrd nitro-chalk sigDificantly increased the yields oI Srai[ ald strax,

and the plant numb€r, the incftase ia grain beiog significaDtly great€r lor dtro-chalk thar lor
sulphate of elnmonia. Superphosphate had ao apparent effect otr )'relds.

Planl rumber (May 16) : tho*satrds ler are (+3.1O)

SuperphoGphate
Per acre

Nitrogetr (0.2 cwt. N per acr€)
None I Sulpb. I .N-itro-

| *-. J chalk
Mcan

(+1.961 l+2.7f)
None ..
0.4 cwt. P.o.

20.5
,1.9

22.6
33.5

28.6
31.3

23.9
28.9 + 5.0

Mea, 1.}2.10\
Incaeasc l+3.101

28.0
+ 6.8

30.0
+ 8.E

2 6.1
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',, ': :

. Potrieoa-Sr. E MortoE, Eaq., Gores Ferm, Tborney,
Petcrborough, 1935

3 randoEised blocks of 0 pl,ots each, with t\ro degEas o, freedom, reFesetrtitrg secotrd order
ioteractions, coDJoutrded with block difierences- Ermr estimated from high order itrteractioDs.

PLors : U60 acre.
TRaArutNTs : All combitatioDs oI :

Sulph. pot.
None 1
0.75 cwt. K,O I
1.50 c\ft. Kp J

Super.
f None 'l f

x { 0.76 crt. PO. } x {
L r.Eo cwt. Ptor J L

SorL: Light black ,aod. Variety : lrfajestic. MaDures applied : Apr. hd. Potatoes plarted :
Apr.4th. LiJted : Oct. ?t.h. Pre\rious crop: Oats.

SPEcraL NotE : I cwt. oI potatoes ftod each plot Fss€d over a lf iach riddle to determitre the
perceDtage sare.

S-r I.DA8.D ERRoRs I,Ei pl.o1: : Total ploduce : l.rto toos per acre or t 6-8%. Perceltage wate : 4.94.

Matir cttds-Itteracldoas oJ xtQhale oJ ammotia uith slt1.eQhosfhafc ard s,ulbhafp ol
lotash

Sulphate oI
Ammonia

Superphos?hate
(cwt. P,or)

0.00 1 o.75 1 t.50

Sulphate of potash
(cwt. I<,O)

0.00 | 0.75 | r.5o

0.0 cwt.
0.3 cwt.
O.6 cwt.

N
N
N

Total producl : tons plr acre (1-- 7.62 t 6.99 I 9.34.. 8.84 I 9.45 I 8.ir.. 7.7o I 8.(x I 8.05

O.8O8. Mcdns: +0.486, Inc
r 7.88 i 7.49 I 8.78 II s.tz I s.d5 | s.ss II z-zl I snl I s.ao I

I 7.98
ls.oo
1a.sa

+0.659\

| * r'0,
| -0.77

Meon I a.ar ll a.ro
+ 0.35

s.o5 I 8.16 I s.oo
+0.11 +0.84

/.86 I 8.50
+0.64

0.0 cwt. N
0.3 c$.t- N
0.6 c],.t. N

83.6 rl 86.2
ea.t l1 at.z
84.0 Il 34.r

Percetrtage ware: (+2.85. Mcdns: +7.64.
82.7 I 85.6 I 00-4 ll 87 8 r a7 2 I

31:3 | 3l:3 | llt ll 313 | sf:? 
|

2.32\

I *,0I -3.1
Mea* . . ts.tlu.alet.t+r.r +2.6

E7.2 I 85.0 185.2
- 2.2 + 0.2

8 5.6

I craction oJ xtlfhatz ol lotash uith s*fcrflusfihafz

Sulphate of Potash

Total produce: tons per acre
(+0.808)

Percettage *are
(+2.86)

Superphoqrhate (c$'t. PrO.)
o.0o | 0.75 I !.60

Superphosphate (cwt. PrO!)
0.0o | 0.76 I r.5o

O.0O cwt.
O.75 cwt.
1.50 cwt.

K'o
K'o
K.o

8.30
8.74
7.t2

7.20
7.37
9.Sr

8.08
9.38
9.54

85.2
84.9
8 t.l

89.4
80.t
87.2

86.8
90.1
87.5

Cotui*tiotts
No sigaificaf,t elfects.

L
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Potrtoer-4. S. Rlckwood, Eeq., Mepaf. Iele of Ely, 1935
3 raLdomised blocks oI 0 plots each, witi two degrees ot fte€dom, secood ordcr

interactions, coDlourded with block differences. Error estimated lrom high oder
iateractions.

Plors : l./60 acre.
TlEArMExts : AII combiaations of :

Sulph. amm. SuPer. Sulph. pot.
l'None 1 f None 1 f None 1
.{ o.scwt.N I x { 0.?5cwt. Ppr } x { o.zsc*t. x,o }
L 0.6 cwt. N J L 1.50 c\rt. Pp. J L l.5o cwt. Kp J

BASAL r.ANoRrNG : Nil.
Sorr. : Def,p light Ireaty fe!. Variety : Scotch IGng Edward. MaDures applied : Apr. 3.d. Potatoeg

platrted : Apr. l?th. Lilted: S€pt. 23rd. Pre\rious crop: Wb€at.
SpEcraL NorB: Potatoes pass€d over lt itrch ridalle to determiae p€rceatage ware.
StaNDAnDBEroRs pER I,!.or: Total prcduce : 1.24 toas pcr acle or l3.l%. Perc€ntagewarc: E.30.

Mcin 4IccAs-Int ldiorrs of xrQhola of ammoaia uilh stfuflnspln* aid st U)W ol
lotash

Sulphate of
ammotria

Superphosphate
(cwt. PrO.)

0.00 | o,75 I l.5o

Stlphate ol potash
(cwt. XrO)

o.00 | 0.?5 I 1.60

Meat I ltcreasc

0.0 c$t. N
0.3 cEt. N
0.6 civt. N

Total produce: tons per acre
8.01 r 8.88 r 9.65 r

8.ss I ro.s7 I 9-27 I

9.?3 I 9.47 lLr4 I

(+0.7 lS.Lledns : +0. 1 1 1. Ir1
6.96 I 9.14 110.34
?.67 I 9.09 lrr.97
s.s6 |u.2e I r2.to 

,

Ereasts: +0.585\| 8_81 |I g.st l+ o.ta
| 10.12 l+ o.s8

s.sl I

+ 0.66
s.ss ll r.fi I s.sl I tta ll gg

+2.68 +1.63
s.57 |

+0.42

0.0 cwt. N
0.3 cwt. N
0.6 cs-t. N

Percentage $are : (+4
6r.? I 66.2 | 60.2
68.9 I 66.3 | 60.4
67.5 I 66.2 161.8

85. Mcdns: +2.E0. Increas.s: +3.9A\I 66.0 r 66.8. I 72.3 | 61.7 tI oa.t I 67.8 I zl.e ll 61.s l- 2.s
| 4o.E | 66.e I o8.o ll 58.s l-a.l

Mcat . . ss.1 I 6z.s I 62.r
+3.5 -0.2

ls.s I 6s.s I rt.t ll at.t
+11.3 +f .9

INelarlion oJ sllthale oJ potash with superlhoslhor0

Sulphate of potash

Total produce: toEs per acre
(+0.7r8)

Percetrtage \r'are
(+4.85)

Superphosphate (cwl
0.0o I 0.76 

]

P'oJ
1.50

Superphosphate (cw'
0.00 I 0.75

t. Pro!)I r.60

0.0O cwt. KrO
0.76 cvt. Kp
l.60 cwt. KrO

5.80
0.30

I t.62

7.98
9.S6

t0.?8

7.70
10.24
12.00

15.7
81.2
7 t.2

55.t
64.5
69.1

47.8
45.1
7 4.8

Cottclusiotts
Sulp-bate oI ammoaia atrd sulphate of potash gave sitliticant increases ia yield, tle incrcase

to the double dressitrg oI the latte! bei[g 4.3 tons per acre, or 45 per ceot. of ihe meatr yield of
the exp€rimeat. T-he sli8ht Ialling-olJ iD iespoEs€ at tbe hither levelol dressi-og 1llas not siSificaat
in either case. Sulphate o, potash also produced a large ilcrease iE perceDtag; uare. Thire were
no signficaEt respooses to superphosphate.

I
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Potatoes-R. Starltng, Esq.' Ltttle DowrhaE' Ely' f 935
3 r.ndomised blocls oI I Dlots each, witi two degr€es ol ll€€dom' rq)resetrtiDg second order- - iotera"tio"". confouadh with biock difference-s' Error estimated f,om hiSh order iater-

actions.
Prots : l/5o acre.
TRlAarENrs : All combiDatioas of:

SulDh_ amm. SuDer. Sulph. pot.
rfone 'l fi\one I lNone 'l

tl:8:*N ]' t?:8::tE:3: J' ti:till il8J
B^s^L MaNURTNG : Nil.
56J, -nt"it i&i. i-arietv: Niaetv-{old. Mauures aPplied: Mar' ?th Potatoes planted:

Mar. l21h. LiJted : Iulv 30th. Previous crop: Sugar b€et.
sre""i""-t""Lns ti* Pioi: total Prcduce: 0--582 td'ns Pe. "cre 

or ll6%' Plant number:
0.841 thousaDds Der acre or 7.29ol,

N",I-Xi'l*16u-."iiiv Lli,-i'riili ?i, May l?th compl€telv killed the tops whetr thev \f,ere

about l0 inches high.
M";;jjra. i';k;;ii^" o1 *pna" o1 amno a utith stfeQlosphatz a suQlu* oJ

lotash

Sulphate. oI
ammoma

Superphosphate
(cwt. P'o5)

0.0 I0.8 ll.6

Sulphate of potash
(cll't. K'O)

0.0 lo.5 lr.0
Total produ

O-O cwt. N I

0.5 cvt. N i
1.0 cwt. N I

Lce: totrs per acre (+0.336.
3.O9 I 3.83 I 3.57r.erls.aols.s+
4.79 1 6.89 1 7.92

M.ans : +O.lg4. Incrcasc
3.30 r 3.70 I 3.49 I

l.so I s.ol I a.s+ l

6.40 | 7.14 I 6.00 I

: +0.2
3.50
5.03
6.53

'41

+ 1.53
l+ 1.50

Mean , . a.stls.atls.at
+ 1.13 +0.47

tia I s.zs I s.os
+0.56 -0.26

5.02

Plant aDmb€
0.0 cwt. N
O.5 cwt. N
1.0 cwt. N

r: thousatrds Der acre (+O.4r ro.8 r ri.2 I 0.9 II rr.o I rz.z I tz.o II rr.o I rz.z I ta.z I

88. Meons : +0.281. In rca
r ro5 r lt.2 I l0.l II uz I rr.o I rr.e II rzr I rz.z I rz.t I

srs: +0.:
| 10.6
I 11.7I tz.s

t9?)

l*r.,
I +0.6

.sltt.eltt.t
+0.9 0.0

tt.sl1z.ol11.1
+o 7 -0.6

11.6

Idcraction o! sul,hatz oJ potash uith s*perlhosphata

Sulpbate oI potash

Total produce: toas Per acre
(+0.336)

Superphoqrhate (cwt. PrO.)
0.0 10.8 tr.8

Plaat Dumber : thousaoa.P", ""r. Il-l-0.486) I,_|
Superphosphate (cwt. PrOr) |

o.o r 0.8 I t.6 I

0.O cwt. KP
0.5 c\i,t. KrO
l.O cwt. K,O

4.21
3.74

5.20
5.70
5.l3

i_97
6.23

t0.t
I1.6
I l.l

12.5
lt.8
I1.3

I t.3
t2.5
ll.8

C onclusiotts
Sulphate oJ ammoaia gave a siSnificatrt ircrese io 

-yield, -wrth- tro si8n oI deviatioo trom
oroooriionalitv of resoonsi to the amouat ot dressing. Superphosphate also gave a signilicant
'-.'1a* rn iiJu, tl. iautc "tt itr req)oose at the hi[ler l&eiof dressitrS trot -beil 

g sigailicatrt'
There was;Dositive intera;tion bet$&n the effects oi sulphate oI ammoaia atrd suPerPhosPhate,
tle i."poos"'to eact beiag srgni{icantly greater witb the double dressitrS oI the other tbaD with
tbe zeri dressiEg. The afie.ts oI Potash $ere trot signiJicart.- - 

ffre ef.cts oi th. beetmeDts olr'platrt trumlrr werJsimilar to those oD yield' The elJects o[
vield can-uot, however, be cotrsidered simply as a rcfle(tron o( those oo plaot number aod Frsist
ifter eliminating the elfect of plant trumber on yield
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Potatoe8-W. E. Morton, E8q., Australla Farm, March, 1935

3 randomised blocks oI I plots each, certain second order interactioDs being conloullded with
block differerccs. Plots: li6O acre.

TREATMENTS i All combitation-s of :

Sulph. amm. Super. Sulph. pot.
fNone 'l l'None I fNone 1
{o.acwt.x} x 10.?5cwt.P.o.} x {o.zscwt.x.o}
10.6 cwt. NJ [1.5o cwt. Pp.J L1.50 cwt. K|OJ

B^s^L II^NURTNG : Nil-
SorL : fu. qoatity FedaDd, nej,r the ctay. Variety : Majestic. Matrurcs applied : Apr- 2.

Potatoes plaoted: Apr. 18. Lifted: Nov. 13. Previous crop: Wheat.
SPECIAL NorE : I cwt. oI potatoes (rom eacb plot *.as passed over a l, inch dddle to determine the

percettage ware.
Sr rDAirEnRoRs pER pr-or: Total produce: 0.941 tons per acre or 13.8%. Perceltage 'rrate , 4.27 -

Moia ellects-I*lercclions of st Uhit of ant rbr.iq utith vlcrphosphab o"d s-ttl|hat
of ?otaslr.

Intdocrion of superllaslhatt with sulflniz oJ )otash.

Sulpha.tc of potash

Total produce: toDs per acre
(+0.543)

PerceEtage ware
(+2.46)

Superphosphate (cwt. PrOs)
0.0o I 0.76 I l.5o

Superphosphate (cwt. PrO.)
0.00 l0_75 | 1.50

O.0O cwt. K.O
0.76 c*'t. BrO
l.5O c*.t. XtO

5.72
6.35
6.37

7.92
6.03

7.57
7.27
7.t2

84.6
80.8
81.8

8t.2
83.7
79.9

83.3
82.1
84.0

C ottcl*siotts
Sulphate of ammoria produced sigdficalt itrcreases b both yield ald perceateSe r,are, the

falli!8-off in reqroase at the higher level of alressi-og lot beiag siglificatrt- Superphosphate
sig!.ificatrtly increased the yield. There were ,1o si8lifica8t responses to pota-sh.

Sulphate. of Superphosphate
(cwt. PrO.)

0.0o I o.75 I r.5o

Sulphate of pota-sh
(cwt. KrO)

0.0o | 0.75 I r.50

Total
O.0 cwt. N.
0.3 cwt. N.
0.6 cwt. N.

)roduce : toas per acre (+0.5
I 4_72 | 5.28 t 5.7t II o-ne i z.gs I z.:lo II z.zo I s.rz I e.so I

i43. Means: +0.311. lncl.a
5.17 t 6r^a | {24 I

2.28 I s,s3 I 6.eo I

7.69 I 8.35 I 8.34 I

$rs. +0.t 5.23
I z.ot
I 8.13

t44.)

i* r.r,
l+ 1.09

6.15 16.93 17.32
+0.78 +0.39

6.71 | t-lt | 6.51
+0.17 -0.6f

6.80

O.O cwt- N
0.3 cwt. N.
0.6 cwt. N.

Percentage r*rare l+2.48. Mt
r ?9-5 I 79.6 I 78 SI ss.s I sr.e I srr II sa.s I es.* | eo.e I

,a*s : +1.12. Increases: +2.
79.6 I 82.4 I ?6.1es.slzs.sls:r.+
s{.0|84.JIs6.2

0\.
7 9.1
82.9I at.a

+ 3.5
+ 1.9

s2.1 I st.6 | $.1
-0.8 + 1.5

$.olsz.zls1.s
-0.E - 0.3

82.1
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Potatoes.-G, Maror, Esq,, Newton Farm, Tydd, Wtsbech, f 935
!-rardomised btocks of I plots each, certain secotrd order intera.tioD-s beilg codoErded witb

block differences. Plots : l/60 ac!e.
TIEAaTENTS : All combilatiotrs oI :

Super.
f None
Jor.,
[t.l c,

0.? cwt. P'O.
None - 1
0.? cwt. P'O. I
l-a cwt. PrOrJ

Interaction oJ vperphoslh.ate with stlryh&fe ol Pot^sh.

Sulphate oI pota-sh
Total Produce : tons per acrc

( +0.600)

Superpbosphate (c\rt. PrO5)
0.0 10.7 lr.4

0.O c$'t. KiO
l.O c*t. KrO
2.O cwt. Kp

9.m
t0.31
10.43

It.t2
11.78
l0.l?

10.24
tt.27
10.94

Conclusions
No sierilicant e{Iects. Farmyard manurc \as suficietrt ia a Year of uausual dlought'

Potatoea. J. Morrls, Esq., Honey f,'arm, Wmblitrgton, Cambs.' 1935

4 randoEised blocks oI 8 plots each. Third order interactio[ confounded.

PLots : U60 acre.

TREATMEIiTS : All combinations of:
sulDh- amm. Suoer. Sulph Pot Durry

{il91L. o.} ' {IBl'*.,p.} ' ti;Bi*' .,"} ' {l'f1".*}
BasaL xAxuRtNG : Nil.
SorL: Lisht ledand resting on peat. Variety: Mejestic. MaauresaPplied: APril23. Seed soFn

April25. Potatoes lifted i Octobet 29. Previous croP: Cerrots.

SpEcrAL NorE : Potatoes passed ovet a li inch riddle to determiae Irercentate ware,

STANDATD ERtoRs pBB PLo": Total produce i 0.6?3 toos Per acre or 8.02% ; P€tceDtage saE
6.36_

STANDAaD ERRoR I,Ea PLor : 1.04 totrs per a.re or 9.83%.

Mair effed.s-Itttaactiotts of sttQhdc oJ omnotia ullh s*peQhosllult attil suQhate
oJ fa.ash,

Sulphate. of
amtnonla

Superphosphate
(c\r't. P,Os)

0.0 10.7 ll.n
Sulphate of potash

(cwt. K,O)
o.0 lr.0 12.0

0.0 c$'t. N.
0.4 cwt. N.
0.8 cll t. N.

Total P.oduce : tons per

I t-54 I 9.51
ro.os I rt.lorr.€ 110.84

l0.lo
to.52
t0.03

acre (*0.600. Moans: +0.316. Increascs:
+0.1891I 10.34 I 10.58 I 10.23 rl ,0.38 I

I ro.zr I rr.oe I to.zi ll 10.6r | +0.2s
I ro.zo I rr.za I to36 ll to.r:t!!:

Meart tu.zz 111.02 I u.58
+ o.8o -0.11

to.ts I tt.tz I w.ze ll ru.ao
+ 0.70 -0.84
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DiIferetrtia.l responses

Super. I Sulph.
AbsetrtiPresent 

J 

Abseai

TOTAL PRODUCEJ toas per acre

+0 95
+0.17
+ 1.20
+ 2.47

Errors I +0

+0.471 +O.47 I -+ l.o5l +t.36 I + l.l3
+2.t61 +2.77 I +2.a9

+l.r0l +0.6,;

+ I6.6l + 18.6

369

Mear. yicwt, TOTAL PRODUCE, Z.fLo r : PERCENTAGE WARE, 7r.r.

- 0.1
+1.5
+ 9.1
+ 16.

.:.2. :! 3.18

Coficlasiorts
. .AI four treatments gave sigDificaDt respoDses i[ yield aDd all except sulphate of arrlmode

srgnrlrcaDtly iDcreasi d percentage ware. The iDcreases to sulphate of pota_sh; however, both itryeld aDd percentage $are, occurred only io the absence ofduog, the rateriactjotrs bet$.eeD sulpbate
oI potash aEd dutrg being significaot.

Sullar B€et. T\ta8r'll, Suffolt, f935. A.W. Oldershaw, Eoq. ! County Organlaer
5 x 6 Latitr Square. Plots: I/66 acre.
TRlarMENTs :.Fourth year, no furtber chal& applied (see f9g2 Report, p. 2Og, for Iirst year,s

dressitrgs. )
B^s L M^NURTN_G : 3,crrt. superphospbate, g cwt. potash salt aEd 3 cwt. Eitrate of lime per acre.SoIL:.Poor sa19. -Vallet-y: Klein\anzlebetr E. -R.el malures applied: Minem.ls, Apr. i6;
^ 

Nitrogen, ltay 6. Seed so$tr : May 6. Harvesttd : Nov. 14. previirus crop : SugarBeit.
STANDARD ERRoRS.pER I,roT: Roots (wa_shed) 0.640 toos per a.re or 3.40.;.' Top;: 0.416 toD-s

per acre or 4.19%. Sugar percentage: 0.0824. ]l.an-dirt tare: O.l2li

. NorE: The plots receiving oo chalk ir lg32 gave negligible yields.

Con ltsilms
, There.ea.s a sigaificant response i[ roots to the secoad (1032) &essiog oI hme over the fiist,
bEt ao-further respo[se to the higher dressirlgs. Itr tops there \ra,s a sigDilicaot respoase, which
sloy-9d {g si€!.oI faUing off at the bigher_dressiDgs. The second al-d third dre&iags gave a
siSnificatrtly higher sugar percetrtage thao the first -aad fourth dr€ssirgs.

chdk
tons per

(re32)

ROOTS
Tons per

wash€d) TOPS
ToDs per I

acre. I ltcrtasc

SUGAR
PERCEIiTAGE

I ltcreass

TOTAL SUGAR
Cwt. pe! |

acre. I lacrease

0*
I

3
4

15.48
Nil
14.64
15.90
15.43
15.97

+ 1.26
-0.47
+ 0.54

9.9 3
Nit

9.14
9.68

10.22
t0.39

+0.24
+0.54
+ 0.17

17.46

t7.39
17.56
t7.52
17.36

+ 0.17
-0.04
- 0.16

54.0
Nit
50.9
65.8
54.1
56.4

+ 1.9
- 1.f

+o.242 +0.342 +0. r 86 +0.2il lf +o,ot68- [- =0.0520

+ l.16
+0.45
-0.03

-o.2
+ t.4

-29.7

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-1-67 pp 263

C€lery. A. S. Rtckwood, Esq., Mep.l' Iele of Ely' 1935.
6 blocks o{ 4 plots each. Second order iEtetactioD confounded. Plots : l/l0o acre.

TRDATMENTS: All coEbiDatiotrs of:
Superphosphate. Muriate oI Potash. Salt.

1 l_looe J x f Notre 1 , / None 'l
r ac-.. J { r.*t. } " \ sc*t. /

BASAL MaNURTNG: 13 toos o{ dun8.
sorl: Lisht fer. MaDures aDDlicd: ltav 30. Platrted: lst week iD June. drius4ft GiEs'

apan-, ptants 4 ins. apart id the rows. 
-Harv(st€d 

: March 18, 1036 h€vious crop : vlheat'

sI,BcrAL NorE: The celerv was divid€d otr the lield into live grades, accordiDg to tbe Dumb€r
oI heads which could 

-b€ 
packed io a crate T-be meao grade was determincd by assiSlitr8

values 2, I, 0, - l, -2 toihe five grades, 2 b€in8 the toP 8rade.
STAIDARD ERnois PER PLor: Totalyield:0.354tonsFleracrecr4.26%. IrIGao gade : 0_098s'

Sub-blocks A. SuEblocks B.

Statrd-
ard

Error
None

Super
and
Salt

Super
aDd
Mur.
Pot-

Mur.
Pot.
alld
Salt

Super Itur.
Pot.

Salt Super
Mur.
Pot.
Salt

Yield-tons pe! acre
Mean Grade

7.28
0.583

8.43
0.75.1

8.68
0.682

8.87
0.905

7.9 r
0.503

8.56
0.709

?.89
0.538

8.96
o.124

8.32
0.67

+0.204
+o.0571

Sup€rphosphate
AbseDt 

I 
Pres€nt

Muriate ol Pot. Salt
Abs€nt I Present

I
Abs€at I Present

260

TOTAL YIELD : tons per acre ( +0.204.
+0.34 |

+0.1111
+0.r0 I

+0.89 | + r.l3 +0.65
+0.40

Maans :
+ 0.58

+ 0.66 +:o
+0.37+y, +0.32

+0.76
+0.13 | +0.46

-0.0541 +0.018
+0.r521 +0.188t-

Coadusiotts
AI tbree Iertilis€rs Produc€d signilicaEt increascs in the yield oI h€ads - Iuuliate oI lrctash

ana satt atso proaucca sibdilitzflt itr;reas€s in the size oI heada, as heasur€d by the meao grade,

but superphosphate had no aPPareot eftect o! size.

Respor.ses to Jertiliserc

TreatmeDt I Mcat

Superphosphate
}luriate of Potash
Salt
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EXPERIMENTS CARRIED OUT BY LOCAL WORKERS
Hay-3rd Season. H. W. Gardner, Esq., Hertfordshire tr'arm Inatitute'

St. Albans, 1935
5 raDdomised blocksofGplotseach. Plots: l/50 acre
TRE^TMENTS : A[ combinatiotrs oI :

f No phosphale 'l f No potasb I
.{ eas:ic sLie (15% P!OE,85% citric solubility) } x { 30% Potash salt (05cwt. X'o) }
I Galsa phosphale (90% tlroush 120 sieve) J L .)

Phospblates atlh€;ate of 1.0 cwt. P,Os per acre. The manures were apPlied in rg33.
Bas^L MANURTNG : Nil.
SorL : Heavy flhty loam, well supPlied tsith chalk. ManuresapPlied: Jatr.7tn, f933. Cut:

July lst.
Srexbeio rnno* pER pl-or: l.4l cwt. per acre or 3.88%.

Cwt. per acre
(+0.63r)

No
phosphate

Basic
slag

llineral
phosphate

Mean
(+0.361) (+0.515)

No potash
Potash. .

31.2
31_7

37.1
37.O

36.2
36.3 + 0.1

Mean (40.4461
Inu. l+0.631)

31.1 3 7.0
+ 2.6 +0.2

36.2

C ottclusiotts
There was a signilicant response to phosphate (applied in 1933) of 2-7 cwt. per

acre, but no sign of any dilference between the two qua.lities of phosPhate. There
was no sign of response to potash (also applied ir 1933).

Hay-2nd Season. Rowley Green Farm, Arkeley, Barnet, Herts, 1935
H, W. Gardner' Esq., Herffordshire Farm Institute

6 randomised blocks oJ 6 plots each. C€rtain inter"actioos parthUy cotrIounded with block
diJfereaces.

Prors : l/50 acre.
TR8ATTTENTS : All combinatiotrs of:rNoue ,.f . J uoo" L 

" 
F*oo" ]{ Frish soruble sras (r cw.t. P,o6) peraffel ,{ ib;i. ryo,t-."r,19:d cwt f 

> 
LTscwt.charkJLcafsa pbosphare (l cwt. PrO!) perac - L ^ru, 

per acre. )
Tbese treatments were aPPUed in 1934
BasAL rdaNuRlNG : Nil.
SorL : Acid clay. Chalk applied : Jan. 30th, 1934. Mherals aPPlied : Feb. 6th, 1934 Hay cut :

sr^"lTID4:h*;"* pBR plor : 2.33 cvrt. per acre or 8.to%.

Responses to Fertilisers applied in 1934: cwt. per acre.
Mearl leld: 28.8 cut.

Dif ferential responses

Chalk
Absent I Prese.Irt -{bsent I Present

No
phos. Slag

Gafsa
phos.

+ 5.41
0- 1\
0.0,

- 0.9,

-o.63+ t.2r
0.8{

-o.2.
- 1.2.

-0.9.

+5.23

+0.51
-t 01

+5.6'

-o 51

-0.8!

+6.2.-1' +3.8rl" + 6.1r
+0.1'r

Staadard errors: (r) +0.777, (') +0.95r. f) *l-17, e) +1.35.
Cofrebsions

There was a sigrrilicant response to chalk applied in 1934.
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Hay. 5th Seaaon. Lady Manner'a School, Bakewell, 1935

3 rardomised blocks of 8 plots each.
PLors: Ul6l acre-
TREATMENIS : All combhatioas of:

fNone I .. fNone I fNone 1
12c\\t.tritrarcofsod^l ^ 13 c\rt. superphospbate/ * lt ""t.30?o 

potasb salt J
Be.i.l M,rrunrrc : Nil. -
SorL: Limestotre. Manuresapplied: trIarch 15-22. Haycut: July 3-4.
STANDARD ERRoR pER PLor: 6.24 cst. per acrc, or 13.47".

Yields oJ Individual Treatments: cv)t. ?er acre.

Resporses to Fonilisers: c1et. Per oore.

Fertiliser Resqonse
(t2.55)

llilrerential RespoEses (=3-ti0)

Nitxate oI Soda
Absent 

I 
Presetrt

Superphosphate
Absent 

I 
Present

Potash sa.lt
Absent 

I 
Presetrt

+ 13.1
+ 5.3
+ 1.6

+ 3.2
0.0

+5.4
+ 9.2

+ry
+3.1

+13.9

+6.2

+ 8.6
+3.8

+ 17.7
+6.8

Carclusions
There *as a large response to nitrate of soda, and a signilicant response to potash salt in the

preseace of nitrate oI soda. The response to superphosphate $'as not quite signilicant.

Meadow Hay. 4th Season. Lady Manner's School, Bakewell, 1935.

4 Endomised blocks o{ I plots each.
Pr-ors : lj2l6 acre.
TREATMENTS : A1l combinations of:

fNo manure I fNo maDure I
{ 8 toDs oI Crmpost I Appued iD 1933 x { 8 toos of Compost }
LMixed Artificials J and 1935 LMixed Artificials J

Applied h 1S32
and 1934

Ilixed a*ificials consisted of 2 c{'t. nitrate oI soda, 3 c1,t. superphosphate, alld ] cwt 30:/o
potash salt per acre.

Bas^L MANURTniG : Nil.
SorL: Limestone. Maiuresapplied: March 22. Haycut: JuIyll.
ST^NDARD ERRoR pER PLor : 4-84 c$'t. per acre or 10.97;.

Summary: aot. ler aue (+2-42)
1933 and 1935 1932 atrd 1934 trN I NPK Compost (+1.10) l+1.e8

Nit
NPK
Compost

31.4
50.3
45.6

34.2
48_7
40.9

41.1
54.1
52.2

35.6
51-0
46.2

+ 13.4
+10.6

tlea (+1.40)
tcrease (+ 1.98

42 1 41_ 3
_ 1_1

49.1
+6.7

4 4.3

Cottclusiols
The 1935 treatmeDts both gave large increases itr yield, the ilcrease to complete artificials

being sigDiJicantly greater tbatr that to compost. Of the 1934 treatmetrts, however, compost Sawe
a sigDificant increase, but complete artilicials a snall, though not siSaificant, decrease.

N v \P NI! PK NP(

12.5 19.i 53.5 I 42.6 6t q 46.5

Nitrate oI Soda
iuperphospbate
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Hay (3rd Season) Cavendish LodEe, Cllpstone, Mansfteld, 19A5.

R. N. Dowling, Esq., County Organiser.
The experimetrt began itr 1933 oa Sugar Beet atrd iras contitrued itr lg34 on Oats.
6 randomised blocks oJ I plots each.
PLors : l/160 acre.
TREATME\rS : -{l combinations of:

Mur. pot. LimestoDe
fNone I fNone l
{ r+c*t. I x I aocwt. I
L3 cwt.J L60cwt.JBasAL l\IANURrlic : Nil.

SorL-:. Sandy gravel Jrom Bunler Drift; 
-v-e,ry 

acid. Maoures applied : potash : March 20, 19g5,
LiEestone to sugar beet in Aprit, lg33'. Hay cut: Jufi. previous crop: Oats.'

SaaNDARD ERRoR pER PLor: 1.32 cwt. per acre or 9.6!t%.

Hay: ctot. ?et ocre ( +0.535)

Potash (+0.31lJ (+0.440)
\one 30 60

None
l+ cwt.
3 cwt.

i 3.1
12.6
13.8

l3.l
l3.l
14.5

14.3
I r.8
t1.0

13.5
13.5
14.1

0.0
+ 0.6

Meail!0.311)
Inc,.(10.410\

13.2 \ 13.6 1 14.1
+0.4 + 0.8

Conclusions

. .There 
g'a.s a siglilicant increase ro lim3stone. The increa.se to muriate oI potash lras rot

signilicant.

Hay-Lower Tidmore Green Farm, Stevenage, 1935
H. W. Gardner, Esq., Hertfordshire Farm Institute

5x5 I-atio square. Plots: 0.01443 acrc.
TREATrIBNaS : Chalk at the Iate oI 0, 35, 70, 140,

2lO cwt. per acle.
B^SAL MANSRTNG : Nil.
SorL: Gravelly loam. Chalk appUed : Ita.y 30th,

_t_933. Cut : JuDe 24th. Previous crop:.wioter 
oats.

ST NDARD tRRoR pEE pLoT : 6.04 crvt. per acre
ot ll.lok.

Chalk

None
35
70

r40
2t0

Yield

52.8
25.5
46.0
55.2
66.0
67.3

Itrcrease fcE
eacb dressing

+20.5
+13.2
+6.8
+r.3

St. error -1.70 a 3.8,1

Cottclugiors

. Tl"f -p a large res.po.nse t9 liming, with a sigrrificant falling oIf fur response ar
S9. rygh* levels, the additional responses to the two highest &essings oirt Ueiog
individually s(nificant.
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Wheat. H. W. GardDer, Esq., Herdordshlre Farm Instltute, St. Albanr, 1935.
3 rf,rdomised blocks of g plots eacb. Plots: l/l19 acre-
iR?eru sxr:s : O, 0-5 cw t. and I.0 c wt ofPlOi as suPerphosphate, basic slag and mineral phosphate.
BAsaL MANURTNG : 2 cwt- Chilear Potash nitrate per acre.
5"rr-, I-" *v. variety: Victor. Se€d sown: Nov. 5. Matrures apPlied: Nov. 2l- Harvested:

Aue. 7. Pre\.ious crop: Potatoes
Srrrorio rnnons pBR PLol : Grain : 2.43 cwt. per acrc or 9.81%. Straw : 9.75 cwt. Per acre pr

t7 .gok.

GRAIN : cwt. per acre (+1.40) STRAW: cu't. per acre ({5.63)

SuperlBa-siclphos-' I slag lpha.te
T Super

slag

IIitreral
phos-
phate

T

0.0 cwt. I

P,O" i 26.31
O-5 c\t. L

P"o, J2li 122.3 lla.SIocwt. I I l

P,o, | 235 | 28.u :lr.c

26.3r

22.9r

2 5.1\

5l.9

50.6

54.5s

57.2

5t_7

56..1

59.3

5 4.55

55.2'

53.95

* o.z'

_ 1.9

Mea,t | 22.i, I zs 2, | 24.1,
rurcase I |+2.71 | +1.e'

21.8 51.26 54.46 57.8c
+ 6.64

i 1.;

STANDARD ERRoRs: (1) +0.808, f) +0.990, (3) +1.r1, (') +r'40, (5) +3.2; f) +3.08, f) t460,
F) -r 5.6:1.

Concl*sions
The mea[ yields of tbe sq)arate treatmeqts are more iregular tha[ expectation hut do Dot

lead to atry consisteDt conclusiotrs.

Potatoes. The Senior School' Cadlshead' Lancs.' 1935

5 randoEised blocks of 3 plots eacb. Plots : l/242 acre'
i"iiirn"rn*, tt" pnosph;te, basic slag (rr'8% P!o5 78% cit c solubility) and superphosphate

both at the Iate oI0.8 c$t- PtOs.
n^.iii'l"orv"t"C 

' 
sulphate oI airnioaia at the rate oI 0.6 cwt N and sulphate of pota-sh at the

rate of 1.5 cwt. KrO.
so.r, natfreite-t"v. rich in orgaoic matter. On the edge oI Chat Moss Variety-: A'ra'tr Batra- er'"'- ft."*.i .ppti.ii : March i5, May3. Potatoes Plart€d : May l0 Lifted: SePtember 12-13'

PEvious croD : Potatoes.
SpEcl^L NorE : f'olato€s sorted by hatrd.
i"i""""" ea"o". .ER PLor : To'tal produce : 0 9O2 tons per acte ot 22 4"/o Percettage ware :

7.60.

Total Produce
Tots per I Ircteasc out

acre \ ,to drcssinx

PercentaSe U'are
I Lc/e&v oaer

| "o a**i"e

Nore ..
Basic slag
Suler ..

St. Errors

3.9 5
3.63
3.35
.r.88 - 0.28

+ 1.2;

71.9

70.8
8L6

+7.5
+ 18.3

- r).{if3 -:l).i7 t) :J.10 +4.81

Cottclusions
StrDerDhosDbate eave a si8oiti.art iocrease io ]'ield and basic slag a small but-not significant

,tu;.":;.'B"i[;;i;.nt" iJ...a."a p"" , 
"tage 

riare. tbe rncrease due to superpbospbate beiDg

iirg-. ""i .igtti.l""tiy greater than tt'at due to basrc slag, \vhrch was Dot itseu siSaificadt.

_l

llillera
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potatoes. ttftdtr[d eg".d-"J;u.e", LoughborouEh, 1935.
4-raDdomised blocks of I plots each. plots: l/4g.8 acre.
IiEATMENTS : All combitrations oI:_

fNoue ) fNoa. ).l tlcFt. sulph. amm. I x { r1c*t. sorpn. pot. I[3 crt. sutph. amm. J I a c*t. sutpL. oii- IBe.ser. Mrxurrxd : Superplosphate at-the tate .r s'":*t.'ii,i-iii. fii a Jressiag or lime audtarml,.atd tDaDure.

"-";#s': l?f ,,. vilr::I 
; #."g,nyEffh," HJ:ess#g\ed.: 

Aprir r r. potatoes

STANDARD ERIroRS pER plor: Totat produce: 0.967 
_tous 

per acie or ll.3o/o. percentage\rare: 5.92.

Sulphate of
Potash (cwt )

Sulpha.te oI Ammonia
None l+

{c1vt.)

TOTAL P

Notrerl ..
8.57
8.48
4.77

+0.2f 9.

_0.36
+0.55

+z.ts I- 'l
+ 3.0
+ 0.6

totrs per acre (+0.484.
Incr.as.s i +0.3911

8.71
8.3{
8.87

8.61

8.51
?.80
8.72

I61
-0.27 + 0.24

PERCENTAGE W.{RE :
NoEe - -ll ..
3 .-

69.1

it.i
68.7 7 1.1

65.6
69.7
69.0

67.1
7 0.1
70.7

(+2.96.
66.4
68.3
7t.3

69.3+0.6 + 2.1

Conclusiols
No sigtrificart eflects.

Potatoes. Midland Agricultural Couege, Loughborough, 193b.
.lx4 Iltin square. Plots : l/{8.8 acre_
IREATUENTS: 4levels oI a mixcd fe.tiliser cootaining I part of sulphatc of ammooia, J parts olsuperphorphatc d.Dd I part oI sutphate of potj.sh.
EIASAL flAxuRrNc : Farmr.urd manure.
SotL: LrghLloJm.. Varietj.: tiroJ Edward. _\ldtrur-es apptred: {pr. lJ. potatoes ptanr ed .

,\pr iJ. Lrftcd: Oct. li. pravro,rscrop: Sreds hal..
Srr!oARD ERRoRs pER PLor : Total nroduce : O.?10 tons pcr acre or 9.00%. pe.cetrtage \.arc

-{!tificials Yield
tons per acre .a.h dlcssing

Perceotage

Maat
NoEo
4 cwt.
E cwt.
12 cwt.

St. Errors ..

7.90
7.83
8.02
7.i9
7.9{

+ 0.19
- 0.23
+ 0.15

7 5.1
?8.6
76.2
73.t
74.6

-0.1
- 3.1
+ 1.5

I t) 35; :.0.:io2 a.1.53
=6.18

Conclusiols
\o significalt effects.

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-1-67 pp 269

966

Potato€8. Messr€. Cheeaemart, Bros., Catchwater, MeasltrEharr' Llncs' 1935.

A. Mcvlcar, Esq., County Organlser'
6xS Latin square. Plots: U80 acre.

TREAalaaNts : Incteasing levels of a Inixed fertiliser (E Paits sulPhate of ammoria, 6 Parts suPer-
pbosphate, 5 parts stilphate of potash, I Part steatoed bone flour) as showrl.

Basa,- MANuRTNG: FarEyard manure.

SorL: Sand. Variety: Maiestic. Merules applied: April 8. Potatoes planted: April 0.
Lifted: Oct. 26. Previous crop: permaDeDt Pasture.

SpBcraL NorE : Potatoes pa3sed over a l* iDch riddle to determile the Percetrta8e sa,re.

STATDARD ERRoRs paB PLor i Tota[ produce : 0.847 tons Per a.!e or 10.5%. PerteDtage eare :

4.31.

Mixed Fertiliser
cwt- per acre

Total produce
tons per acre

PerceBtage

8.08
s.2a
6.88
8.70
9.74
9.81

+ 1.62
+ 1.82
+ 1.04
+0.07

7 6.3
72.5
78.6
17.8
78.7
76.3

+ 4.1
+ 1.0
+ 1.1

- 2.4

St. Erro$ +0.379 +0.536 + 1.94 !2.71

Cottclusions
There was a sigDilicaDt rcspotrse itr yieLl to the dixed feltiliset, wit-h a si8!ficaot drcP ilt

reqrolse at the higher levels. The eflects on perceDtage q,a.e wene simitrar, but did oot reach
sipiticance.

Potatoes. J. WrlEht, Esq., Grayhgham, LlDcs., 1935.
A, McYlcar, Esq., Couaty Organlser.

5x S Iatin square. Plots i l/80 acte.
TEBArlaBrrs: Increasilg levels oI a oixed lertiliset (6 parts sulPhate oI aaEoda, 6 patts

supeehoryhate, 5 parts sulphate of potash, I part of steamed booe flour) as 3hown.
BASAL MaNURING : Farm)*4rd maDure.

SotL : Oolitic lioestoDe. variety : King &tward. Maaures aPPlied : APril 6. Potatoes Plaoted :

April 8. Lifted: Oct. 22. Previous crop: Grazing seeds.

Sr xDArD Eir.ot pEB PLor : 0.885 toas Ircr acre or 9.G{lo/5.

l{ixed Fertiliser Total Produce
Totspet aate Incleasa

Mcan
0
1
8
t2
l6

9.16
4.47
9.03
9.33
9.31
9.64

+0.56
+0.30
-0.02
+ 0.33

St. Errors +0.396 i0.560

Cotrl*cions
The roii€d Iertiliser produced a siSEilicant i.acrease itr yield, the falliag-oIf in resPonse at the

higbe, levels trot beiEg sitDificaat.

f-
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Potatoes. Meeers. Tem-pe-rton Bros., Kelfield, Ow8ton FenT, Ltncs., 1935.
A. McVtcar, Esq., County Organiser.

4 x 4 I-atia square. Plols: U8O acre.
TRBATuENts : IEcrea,sing levels of sulphate oI potash a-s iaalicated i[ the table.
BASAL. MA-NsRrNc : Farmyard Ea.nure applied ro wheat stubble, sulphate of amDooio at tberate or 4 cwt. per acre, superphosphate at tle rate o( B cwt. per acr;.
SorL: Warp. _Variety: Majestic. Ilatrures applied : April I. potatoes platrted : Apiil2. Lilted:Oct. 30. Previous crop: Wheat.
STANDARD ERRoRs pER PLoT: Tot^l sroduce: O.?91 tons per acre ot 7.1}lo. perceDtege E.are:1..

Sulphate of potash
Cwt. per acre

Total Produce
'Iors pet I Inoease

.!cre 
I

Percetrtage Ware

I 
rrc,c4sc

]Ieax
0
I
2
3

10.64
9.14

10.54
10.97
lt.s3

+ 1.40
+0.13
+0.96

88.6
88.7
89.6
88.4
89.6

+ 2.9
- 1.2

Statrdard Erors a0.396 +0.560 +0.620 j:0.877

Cotclusions
. . . Tb€re wa-s a siguilicant respoDse i[.yield to-sulphate o, potash, the drop rn reslrmse at thehigher level of d.ressing not beiag signfiiaat. rte fut ar.iiiaiJritriJ-a, srgdficart i&reasem perceDxage ware, but there v/as no further increase to the hi"gi; d*;;i"g".

Sugar B€et. A. E. Btrd, Eeq., Scotter, Gainsborough, 1935
Bardney and Brigg Sugar f,.actory

A. Mcvtcar, Eeq., County Organiser.
4 x 4 Latis square. Plots: l/40 acr€.
Tx.EAaraBNTs : 4 widttrs oI siagling 6, 9, 12 and l5 fuches.
BASAL MA$llllNG: l0 cwt. per acre compou[d fertiliser.
SorL: Light loam. Variety: Kleiawaazlebea E. Seed so\rtr: April 20. Li{ted: October 28.Previous crop : Wheit.
STANDARD ERRoRs.r,ER PLor: Roots (washed): 0.841 toos per acreor 4.A4o/^. Tops: O.A0g tmsper acre or 4.65%. Meao dirt ta;e: O.Ibl0.

Siogling
Itrches

ROOTS
(washed)

'lors 
I ctease

TOPS

'Ions I crease
I

SUGAR PER.
CENTAGE

I c'"""e

TOTAL
SUGAR

C.utt. I ctease
I

PLANT
NUMBER

Thous- t fz-
anas prcxc

Mean
6
I
t2
t5

11.16
Il.t5
1t.48
11.34
10.75

+ 0.31
- 0.12
- 0.59

6.52
6.7 4
6.50
6.64
6.20

-0.24+0.11
-0.44

18.36
18.34
18.26
t8.50
18.36

-0.08+ 0.24
- 0.14

11.0
40.9
41.8
42.O
39.5

+0.9
+0.2

3 5.0
48.6

30.2
25.a

-9.3
-7_1
-1.1

St. Errcrs +o.27O +0.382 +0.15:l +0.215

Cotcl*yioz.s
The effects otr the vietds o{ roors of vaj.yiog the width of siogliDg were not significaat. Tbeyield oI tops, ho\eever, decreased signilicantiyE in" *att 

"i "iie"fr;-;;.a.
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Sugar Beet. E. W. Bowser, Esq., Boston, 1935

Bardney and Brigg Sugar Factory
A. Mcvicar, Esq.' County Organiser.

4 x 4 I-atin square. Plots : 1/40 acre.

TREATMENTS: 4 Eidths oI singling: 6, 9, l? and l5 inches.

BAsaL MANURTNG: Nil.
SorL: Fer. variettr: Kuho P. Seed so\Yn: April 29. Lifted: October 31. Previous crop:

Potatoes.
SpEcrAL NorE: Tops $-ere {'eigh€d on 12 plots only.
SIaND'\RD ERRoRs pER PLor: Roots (washed) : 0.713 tons Per acre or 4.799/0 ; tops: 0.882

totrs per a.cre or 3.70olo. Mean dirt tare : 0.1897.

Inctrcs
ROOTS
(wa^shed)

TorLs llncr,

TOPS SUG,\R TOT \L
SUG.\R

PL.{NT
NU}IBER

Tons c\t t. t Ltc rc as c]lTirons- 
ll 
nt ease

6
I
t2
l5

14.88
t5.30
t4.49
M.A2
14.90

- 0.81
+ 0.33
+ 0.08

23.81
2; Ol
23.9r
23. t5
23.l8

- 1.10
-0.76
+0.03

14 02
t 3..10
13.80
13.70

-0.62+0.44
- 0.1a

40.8
4r.9
38.8
40.9
40.8

-4.1+ 2.1

- 0.1

31.0
.11.0

)2.)
- 7.5

- 6.0
- 5.3

St. Errors +0.35ti +0.503 a0.180 !0.254

Conclusions

No sigriJicant effects on roots- The yield oI tops decreased significatrtly {rom the 6 to the
I iBch si;gling and from the I to the l2-itrch sirglitr8.

Sugar Beet. G. Wardell, Esq., Snitterby' 1935

Bardney and Brigg Sugar FactorY
A. Mcvicar, Esq., County Organiser.

4 randomis€d blocks oI 8 plots each. Certaio interactiotrs partially cotrfouoded with block differ-
erces. Plots : l/40 acre.

TREATLENTS: All combinations of :

trIixed arti{icia.ts \itrate of soda Time oI liftinS
l-Non" I (lop drcssins)
J +.*t. '1 

J None \ -/ Early (ocr.2l-22)1
I t.\vt. f ' \l cwt. J ^\Irte (Nov. 2i 96)J
L 12 cwt. )

The mj-xed artificials consisted oI 3+ parts sulphate oI ammotria, 3 parts nitrate oI soda, 6,
parts granulated superphosphate (l87.Pros), 4 parts m'rriate of potash, atrd I part steamed
bone llour.
B^SAL II^NI;RrNG : Nil.
SorL : Limestone loam. Variety : Klehwa.Mleben E. Manures aPplied : APril l7' 'Seed sown :

May 3. Previous crcP : $rheat.

SaA:TDARD ERRoRs pER PLor : Roots (washed) : 0.?92 tols per acre or 6.17o/a ; tops : 0 78l tons- per acre or lO.2% ; mean dirt tare: first ti{tiDg: 0.1971' second liftitrg: 0.'235.
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\itrate
of Soda

ROOTS (wa"sbed)
tors per acre

Early 
J 

Late lMeail Incl-

TOPS
toas per acre

Eatly ll-ate lM.anl Incr.

SUGAR PERCENTAGE

Earlyll,ale 
lMeanl Incr .

None
I cwt.

t0.85r
I1.80r

t 1.601
t2.55r

I 1.2 22
I2. t 8' +0.96r

8.49r
to.27r

,.411
6.40r

6.96'
E.34' + 1.39r

18.00 t7.o4
16.67

1f.52
17.2) - 0.3)

11.s2.112.08,111.7 0
+ 0.7 6r

s.s6, )s.so,ft.at I

- 3.181
17.ss)16.861nid

- 1.02

st. Errors e) +0.280 r) +o.lss ll (r) +0.276 (') +0.195

Notre

TOTAL SUGAR
cwt. per acre

39.0 I 39.6 r 39.2 ,

4r.e 14r.8 lat.al+z.a

PI-ANT NU}IBER
thous. per acre

27.2 t 2s.5' 26.1r
22.5 | 25.51 26.i1 +0.1

PERCENTAGE
PURITY

88.81 87-8 r 88.3r
ss.8 | 82.61 tE.zl- o.l

erI u.6 l n.5 l
+o.2

27.1 I 21.:) 26.11 8E.sl E?.7 | es.2

- 1.1

Mixed artiticials : cwt. per acre0l1l8lt2 Ilixed artificials : c]vt. per acre0 l1 | 8 lt 12

No NtS
N,'S

ROOTS (R'a-shed
(+(

10.23 I 10.9r
lo8a I t2t6

l) : tons p€r acre
).398)
I t1.88 I 11.87

I rz.oe I rs.or

TO

5.54
4.77

PS: ron!
(+0

I 6.28
7.1 5

i per ac.e
r.39O)
I 7.lO I 8.87

I s.ss I e.oo

10.65
10.44

to.i2
12.34

I1.80
t2.15

12.1,
l2-i t-

7.69
4.69

8.,17
5.18

r0.00
6.04

I1.36
7.t8

10.51r
+0.1

11.531
It ro.

I tz.znl tz.ts,
74' + 0.18'

6.16a | 7.1, I E.ozr
+0.96' +0.90, +

9.271
25.

St. E.rorc 0) +0.280 (') *0.396 r) a0.276 F) +0.390

No N/S
N/S

SU
t 7.80
I?.t5

GAR PE.
I 17.56
I 17.43

RCENTAGE
I t7.36 r l7-36
I rz.lo I ro.zs

TOTAL SUGAR : cwt. per acre
36.4 I 38.2 I 11.2 I 1t_2
s7.2 1 42.2 1 +a,.z l a.a

Early
Late

17.81
l7.l I

r8.02
t6.97

18.03
r6.80

t7 _60
16.5{

37.0
35.7

38.6
41.8 .12.8

12.7
42.1

17.48 1 17.50 1 tr.tt I tt.or
+ 0:02 -0.09 -0.31

a6.8 I 4o.z I o.t I e.t
+3.1 +2.5 -0.3

No li/S
N/S

PLANTNUtrIBER: thous. per acre
25.8 1 26.6 1 21.2 1 26.0
25.8 | zn.S | 26.1 | 27.5

PERCENTAGE PURITY
88-5 I 88.4 I 88.4 I 87.8
88.4 I s8.4 | ar.l I ez.s

Early
I-ate

2i.4
21.3

96.8
25.8

21.1
26.2

28.0
2l,.8

89.0
88.0 \; \ 88.8

a7.i
88.4
87.3

25.8 ) 26.3
t 0.5 +I za.a I ea.s

0.5 + 0.1
88.5 l as.4 l ss.z

0.1 - 0.2 -
87.8

.l

C oachsic>tts
Mlred artificials significaltly iacreased the yields of roots aad tops, the respoase Ialling off

at the higher levels of dressinS with roots, but not with tops. Nitrate oI soda si8[ilicatrtly i-Ecreased
the yields oI roots and tops. Lete liJting sigEificantly increased the yield of roots and decreascd
the yield oI tops. Late liftinS also decreased the sugar perceltage, and there was little dilference
betweeD the yields oI total sugar Ior the tNo times of liftiag.
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Sugar Beet. R. J. Godfrey, Esq., Melton Ross, Barnetby, 1935
Bardney and BrlEg Beet Sugar Factory.

4 X 4 Lati.n sqEare. Plots: l,/lm acre.
TR.EArutNr-s: (41 No tre4tmeot, (B) yoody bolters pulled, (C) voody bolters pulled, others

cut itr Ju!y, (D) all botters cut itr JuIy. Some oI the beet vhicb Eere cBt in JEly did Dot
ageio bolt.

Basal- MANoRTNG : 12 cwt. mixture oI artificials.
SorL: Wold. Variety: KleiawaDzlebetr E. Seedsor*n: lstweekofApril. Lifted: October 2t.

Previous c,rop : Wheat.
STaNDAaD ERRoR prp Ptot : Total sogar: 2.08 cvt. per acIe or 4.70%.

Normal
Beet

ll'oody
Beet

NoD-woody
Beet

Cut afld
not bolted

Standard
Erro,

Average weight
per beet, lb. r.28 0.79 r.30 l.l8r +0.034

Sugar per c€trt. 11.11 ti.o2 17. I I 17.23' +0.o74

Stzndard Error e) +0.151, f) +0.325.

. PLANT NUMBER.. thousands ler a.re

TreatmeBts Normal
Beet

1\-oody
Beet

Notr-woody
Beet

Cut aDd
not Bolten

B
C
D

18.6
14.7
11.2
r?.9

4.5
2.8
2.4
3.6

1.8
2.O

o;
0-9

TOTAL SUGAR : c1ot. ?e, a.re

B C D Mean St. Error

12.2 {1.6 .15 0 11.7 4 3.4 + r.04

Coad*siotts
About a quarter oI the beet bolted. Wood], bolters r^,eighed about ooe-third less thatr norEal

b€et and the_sutar pergeltage aas also slightly loirer, rdih a resultant loss ot 40 Fr ceut, i!
sugar oE each s_oody bolter. There was little loss on trotr-woody bolteE. Cutting iu Jolyproduced a signifcant iDcrease in total sugar o{ 3.0 cwt. per acre. '

Sugar Beet. H, \{tndley, EBq,, TUmby Wood Slde, 1935
Bardney and BriEg Sugar Factory

A, Mcvlcar, Esq., County Orgadser.
t{x4I-atiD square. Plots U40 ac!e.
TRaatMENts : All combitratiotrs of sulphate oI alnmonia aEd Bitro-chatk at the rate of 0.4 cwt. N

per ecre with superphosphate atrd basic slag at the Iate of O.55 cwt. PrOr per acre.
Basar, MaNuRrNc : 3 cwt. 30% potash salt per acr€.
SorL: Satrd otr saady sutsoil. Variety: Strube- Matrures applied: April 18. Se€d sor[:

April 22. Lifted: Nov. 4. Previou. crop: Oats.
StA{D^rD ERioRs pER PLor : Roots (war-hed) : 0.160 toDs per acre or 3.65% ; tops 0.492 tou3

per a.c.re ot 1.92y.. Mean dirt tare : 0.15?4.

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-1-67 pp 274

Sulph.
amm.

Nitro-
chalk

Jteafl Sulph. Nitro-
chalk

ROOTS (washed) : totrs per acre
l!O.l3O. Meais : +0.0919)

Superphosphate
Ba-sic Slag . .

7.08
7.06

1.11
7.14

8.43
8.85

9.I6
8.69

8.80
8.?7

7.07 8.64 8.92

SUGAR PERCENTAGE TOTAL SUGAR cwt. per acre

Superphosphate
Basic Slag ..

15.42
15.50

15.40
t5.38

15.41
15.44

21.8
21.9

22.1 22.0
22.0

15.46 1s.39 ll 15.42 21.8

PL-{NT NU}IBER : thousaods per acre

Sutph. Nitro-
chalk

Superphosphate
Basic Slag

28.2 27.1
28.2

27.6
27.9

2?.8 27.8

Coaelusions
No sig:dficant effects,

Sugor Beet. D, B. Sowerby, Esq., Ktrmington, Ulceby, 1935
Bardney and Brtgg Sugar Factory

A. McVicar, Esq., Courty Organiser.
6 X S I.atiE square. Plots : l/,lo acre.
TBEAt ENTS: No EaDure (A), I cwt. superphosphate (B),4cwt. superphoGphate, U crt.

muriate oI potash (C), 2 cwt. superphosphate (D), atrd I c\['t. muriate oI potash (E) per acre.

BasaL MaNr,Rr}rG : I c!.1. sulphate of aamoai,a and U cwt. ldtrate oI soda-
SorL:: Sattly loam otr clay. Varief,y: Dippe. Matruresapplied: April18. Seedsown: April26.

Lifted: Nov. 6. Plevious crop: Wheat.
STATDARD ERRoRs I,ER PLoT : Roots (*ashed) : 0.491 totrs per acre or 1.60/"; tops : 0.531

tons pet acre or 5.58%. Mean dirt tare: 0.1082.

C onehsiotts
Sigaificaat respoEse itr roots to superphosphate.

ROOTS
(wasbed)

^lots tlnc,

TOPS

Tons l/r,
SUGAR TOTAL I

SUGAR I
Cwt. llncreascl

PLANT
NUMBER

Tbo.us.llrcrease

McarL

B
c
D
E

12.12
ll.57
12.t6
12.08
12.68
t2.tt

+o.59
+ 0.51
+ 1.11
+ 0.54

9.52
9.19
9.32
9.84
9.76
9.48

+ 0.13
+ 0.65
+ 0.57
+ 0.29

17.2L
17.47
17.37
11.4t
r7.38

+ 0.26
+ 0.16
+ 0.24
+ 0.17

42.1
39.8
42.5
42.O
44.2
42.1

+2.f
+2.2
+4.4

28.3

28.5
24.4
29.1
24.4

+ 1.3

+ 1.9
+ 1.2

St. Errors +0.220 + 0.311 +o.237 1_0.335

TOPS: totrs per acre : (+0.2f6.
Means: 10.153)
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Sugar Beet. The Lincolnshire Sugar Co., Ltd., Bardney and Brigg, 1935
f,'. Wakerley, Esq., County Organiser.

5x J l-atin square. Plots : 1/40 acre.
TREATTTEi{rS: No manure, I clrt. of nitrate of soda, and I cwt. cf nitrate oI potash apptied at

time of seeding and sirgling.
BASAL- tr{ANURTNc : \il (after autumn-planted cabbages, receiving I ton o{ soot atrd ti cwt.

sulphate o{ ammonia per acre).
SorL-: I-.oam.-Vadet_v: Johnson's. flanures applied: lla\. 20, Jul]- 5. Seed so1lr: June 3-

Lifted : No\ember li-lij. Prevrou5 crop : Cabbages. -

S'r,\ND-a.RD ERRoRs pER PLor: Roots ($.ashed) : 0.479 tons per acre or 4.699t ; tops: 0.406
tons per acre or 3.8690 ; mean dirt tare : 0.1782.

ROOTS
(vrashed)
Tons per

TOPS

Totrs per

SUGAR
PER.

CENTAGE

TOTAL
SUGAR
Cwt. per

PLANT
NUIUBER
Thous. per

Mean
No manure
I c'r'rt. ol nitlate of soda at seediDg
I cwt. ofnitate ofpot. at seeditrg
I cwt. oJtritrate ofsodaat singllne
I cwt. ofnitra.te oI flot. at singli ng

10.21
1o.42
t0.01
10.02
10.20
r0.40

10.54
10.79
10.47
10.40
10.39
10.65

1 1.8 6
ll96
12.00
I I.68
12.t6
1I.48

2 4.2
21.9
24.O
23.4
21.4
23.9

2 8.3
28.5
2A.3
28.r
2A.2
28.4

Standard Errors' +0.214 +0.182

Conclusions
No signilicatrt elfects in roots or tops.

Sugar Beet. J. G. Johnson, Esq., Mattersey, Doncaster, 1935
Bardney and Brigg, Sugar Factory.

4 x4 I-atin square. Plots : 1r,40 acre-
TREATI'ENTS: No manure, 5 clvt. salt add 3 cwt. muriate oI potash per acre alone and in com_

bination.
BAsAr, MaNURTNG : 3 cnt. sulphate of ammoda., 5 cwt. superphosphate per acre.
SorL: Saody ou sand. I'ariety: Illeinwa.nzleben E. Ma.nures applied: March 29. Seed sowD:April 24. LiJted: November 8. Previous crop: Rye.
STANDARD ERRoRs-pER PLor : Root s (washed) I 0.i00 rons pcr acre or I ?8 y : rops : 0.7{8 toDsper acre or E.6l%. -\,Iean dirr tare: O l5t2
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ROOTS

#l::,,
TOPS

,o,, l,*u*,
I

SUGAR
PER-

CENTAGE

I
I

TOTAL
SUGAR

I
c*- lrto"*c

I

PLANT
NI'MBER

.1,
ands

Mcafl
Noae
Salt
Mur. pot.
Both

5.80
4.55
8.29
5.43
6.93

+ 1.74
+ 0.88
+ 2.3E

8.6 8

9.94
8.O7
9.54

+ 0.90
+ 2.37

15.8 4
15.38
r6.02
15.86
t6.09

+ 0.64
+ 0.18
+0.71

18.4
14.0
20.2
t7.2

+6.2

+ 8.3

21.8
21.9
25.4
24.3
27.6

+ 3.5
+2.1
+ 5.7

St. Errors +0.254 +0.359 :0.IJ7-1 +o.5rrll

Corhtsions

,_ -_Yt ""3 
muriate of potash botb tave signilicant iEcreases iD the yields of roots and tops, thc

:.o:l?T:-due to satt beitrg s8nilicantly $eater tha,n tbose due to mririate oI potash. ThJ tieat-metrts atso r[creased the sugar percetrtage.

Sugar Beet. J. A. Stevenoon, Esq., B ltnghay, f935
Bardney aDd Brigg SuEar Factory

F. Wakerley, Esq., County Organi8er.
5 X 6 Latin squa.e. Plots: U!() acre.
T""lJ19:]"^; 

-lf- Tlllre (A). 3 cwt. nitrate of soda (B), A cs.t. oitrate of potash (c). 3 cwt.nrtrate ot soda atrd 2 cwt. muriate of potash (D), aod A cw.t. Ditrate of poAsh aDd 0.92 cwt.Euriate of potash per acre (E).
BAsaL MANURTNG: No duag. 4 cwt. superphosphate per acre.
SorL : fu feD, oa cla,y. Variety : Klejo\i'atrzletea Z. Manures applied : April 12. Seed sown:April26. Lifted: 'Oct. l?. -Preyious 

crop
STANDARD ERRox s 

-I,-ER 
PLor : -Roots (wash€dl^: O.48? toas per acte or 3.6o0/o ; tops : 0.619 tonsper acre or 5.517". Mean dirt tare : 0.16?0.

ROOTS
(washed)

'Ioes 
llrcac&s.
I

TOPS

Tons 
ll'caals.

SUGAR
PERCENTAGE

llaocase
I

TOTAI
SUGAR

Cwt. lI nct*st
I

PLANT
NUIIBER

Thov llntrcase
sands 

I

Mcan

B ..c ..
D ..
E ..

13.51
t2.89
13.83
12.9t
14.14
13.76

+0.94
+ 0.02
+ 1.25
+0.87

11.22
8.98

I t.92
10.95
12.40
t t.86

+ 2.91
+ 1.97
-t 3.42
-12.88

17.51
18.05
t7.2s
t7.59
t7.33
17.50

- 0.80
- 0.46
-0.72
- 0.55

17.1
{6.5
17.7
45.4
49.O
18.,

+ 1.2

- 1.1
+ 2.5
+ 1.7

23.4

24.O
22.S

- 0.2

- 0.9
+ 0.6
- 0.5

St.Iirors +0.2rE +0.306 a0.27i ! 0.392

Coaelusions
-{part {rom nitrate of potash appried alone, the fertilisers gave sigairicatrt iocreases in rootsand tops and sig.ificant decreasei'ia su8ar percentage, tn..i U.iqf al sEaificaDt dillereDcesbetween the differetrt fertitis€rs. Nitrate o'i p"i""t 

"ppii"it 
ii.* u"L.1J.i3-.ro""ty, gt.,.iog.,oincrease itr rocts. a smaller increas€ in top"i"a . s.iitbiaJro* t" "rg"?;"""1 g".
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Sqlar Beet. W. Arden, Esq., Newton-on-Trent, 1935
Bardney and Brtgg Sugar Fsctory

A. Mcvtcar, Esq, County Orgartser.
6 x 6 Latitr square. Plots : l/40 acle.
TiaaruENTs: No maoure, 1.08 clrt. muriate of potash, 3 cwt. Dihate o, soda, alone add in

combinatioD; aod 3 crt. nitBte of potash per acre.
BAsAr MaNuirNG: 3 cgt- superphosphate per acre.

SorL: Sard. Variety: Dippe E. lfaoutes applied : April 18. Seed soyo: May l. Lilted :
Decemb€r 5. Previous crop: Carrots.

STaND RD EBnoRs ptf' PLoa : Roots (rasb€d) : 0-708 totrs per acre or 5.06% ; tops : 0.650 totrs
per acre or 12.4%. Meaa dirt tare : 0.1372.

Cottcktsiotts
Potash did not appea! to have aDy effect. Nitrate of soda anil flitrate of potash both 83ve

siSnilicatrt iDcreases in the yields oI roots aDd tops, the ittcteases trot being siStdficantly diffeieEt.

Kale. Oxcroft, Derbyehlre, 1935.
G. E. Ltmb, Eeq., Derbyshlre Educadon Commltt€e.

I raudomised blocks oI 0 plots each. Plots : l/60 acre. (Outside rows discarded at harvest).
TRBArxErrs: All corhbilatiotrs of

Sulphate oI A.mmotria Sup€rphoq)hate
fNone 1 fNone 'l

.{ 2"".t. } x {lc*t..f
[l cwt. J

BAsaL MANURTNG : ll c*t. 20% potasb salt p€r acre.
Sou : Magnesian liaeitoae, medirim strong loam. Variety : Thousatrd hed, Marloies applied :

Jone 3. Seed so*n: June 4. Harvested : October 2l-29. Previous crop : Oats, Erow[
EithoEt manure.

ST I{D RD ERxot pBB PLor: 1.33 toas per acre or ll.0%.
Ylelds, Tons pei Acre (+0 885)

Superphosphate Sulphate oI ammonia, cwt.
ir 2 { (+0.384) l+0.543)

0 8.22
8.20

12.66
I t.75

15.88
r6.28

12.2 5
12.08 - 0.17

M.an l+0.170)
Iic|.l+0.665]

8.21 I u.zo I rc.ot
+3.99 +3.88

12.16

Cotrcl*siotts
There was a sigDificant respotrse to sulphate oI amEooia, with Do si8[ of deviatioa lrom li!e-

arity of respo[se. There was ao apparert respoase to superphosphate.

ROOTS
(washed)

Tons l.Irrt

TOPS

"lons 
llncraas.

SUGAR
PERCENTAGE

llactease

TOTAL
SUGAR

Cwt. llncaeas.

PI-ANT
NI,MBER

'Ibons.llncacas.

None
N/Soda
Mur.pot-
N/S and
mur.pot.
N/Pot.

11.89
10.?0
t2.66
10.68

12.91

+ 1.E6

- 0.12

+2.02
+2.21

5.29
4.00
6.t0
4.23

5.91
6.22

+ 2.10
+0.23

+ 1.91
+ 2.22

17.2?
t7.42
17.32
17.16

t6.96
17.18

- 0.10
+0.04

- 0.46
-0.24

41.0

43.5
36.9

43.I
u.4

+6.2
- 0.4

+5.8
+7.1

27.0
26.9

26.6
26.6
26.9
25.6

+ 0.4
+ 0.3

+ 0.3
- 1.0

St. Enors +0.31? + 0.418 !0.293 to.,71l
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Kale, Mldland AErlcultural College, Loughborough, 1935

4 raqdomised blocks oI 6 plots each. Plots: l/48.8 acre.
TRraaxENTs :

fill"*i. ",,,"-*,n\ ,. Ju.ti,,"a I
16 crt. nitro-cbatkJ I t Draneo 

J
BASaL-IIANURI\G: 16 toqs farmyard maaure, lO c$.1. basic slag (fS% pto.), 2 cvt. potash

salt (30% Kio).
SorL :. Light loam. Variety : Marrowstem. ],tanures applied : phosphateaDal potash iE February;

nitroch-alk, -\lay 2. Seed sowD: April t7. Harviited: b"c"infre, O-ya^oua.y J. previoris
crop : WIeat.

SpEcrAL NorE: -Thinoed plants I ins. to lO ins. apart. Utrthitrred, chopped outto6ins. aod lelt
iD Broups oI three or lour plaDts.

STANDARD ERRoR pER PLor : 2.30 tons per acre or 6.56%_

Toas per acre
(+r.15)

Nitro-chalk (cr t.)
Meofl

(+0.6641 (+0.93e)None :l 6

Unthinned
Thinned

32.33
3{.39

35.30
33.93

39.57
35.9J 34.52 - 1.21

Mcan (+0.8131
INr. (+1.15\

$i6 | a1.62 | at.lo
+1.26 +2.ft

3 5.13

Coad**iolz,s
There was a signilicaat resporEe to nitro-chalk where the plants vrere trot thitrned. With

thiaaiag.the_respoNe to dtro-cbalk yas small atrd oot significani. lhe average effect oI thinning
was lot itself sigtrilicaot.
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ABBREVIATED LIST OF THE FIELD EXPERIMENTS

Notes on the construction and use of the summarv tables
Ch€mical atral,"sis of manures us€d in replicated expe ments
.\relagp 115""t ]ield" ol \arious.ountries ..
Con!ersioD tables
ffeleorologi.al re.ord- ..

Classical Experiments
.. 149

.. 150

Hay.-Park Grass' Bota ical composition-ig35 .. .. .. ,.
\YhPa.t.-Broadbalk .. ..

Sampling for Root-rot.
Ba.rlF\'. Hooslield .. ..

Modern Long Terrn Experfunents

Four Course Rotatio:t.-Residual values oI humic and phosphatic fertilisers . . 168_160

Six Course Rotatiotr, Rothamst(al atrd woburtr.-Seasonal eflects of N, P2O. and KiO 161-186
Three Course Rotation.-Utilisation of straw a.nd 8re€a manuring. Effect ofploughing

in straw, aad of witrtet gleetr maoure crops . . . . 167-169
Three Cource Rotatioo.-EIfects oI various t,?es and depths of crrltivation. The use

of cyanamide as a $.eed-killer .. 170-174
Three Cou*e Rotation, 1933: GreeD ma.nure crops: green weights 171

Fotation.. .{gd.ll
Wheat a{ter rallox'.-Hooslield
Itdngolds. Bamfield lFailed)

Page

.. 142-145

.. t46-141

.. L41

.. 147

.. t48

ShortTerlnDxperiments. Rotharnsted

$heat.-Sulphate of ammonia applied at fi1'e different times
Spring Oats.-" Ct'rnag," carbon disulphide jell]-, chlordinitrobenzene and " seekay "

as controls of eehr-orm infestation- Potatoes.-Dutrg, sulphate of ammonia and minemls at t\o times of application ..
Sugar Beet.-Time of soxing, spacing, sEhltate oI ammonia .. ..
Sugarbe€t.-SaIt at t\Lo times of application, dutr8, additional heaY,Y rolling, intensiwe

iIlter-rorv cultiYation
SBgar beet--Ch1oryicrin, chlordinitrobenzene, "See}at:' and "C]'mas" as cortrols

oI {_ire1r_orm infestation
Brussels sprcuts.-Sulphatc of ammonia, poultrv manure, soot and rupe dnst
Bears.-Dung, nitrochalk, superphosphate, muriate oJ potash, spacir1g

Short Term Experiments.-Wotrurrl

t7b

l7Gl7a
179-l8l
r82-184

185-187

188-190
191

192-193

Wheat.-Sulphate oI ammonia applied at five dilferent times . . r94
Sugar beet.-Time of sowing, spacing, sulphate of ammoda .. .. .. .. 195-197

Kale.-Residual effect of luphs as Sreen manure .. loa
Carrots--sulphate of ammoda, poultry manure, soot ard rape dust .. . . . . I99'20o

B"rethrum.-Lime, Iish manure, artiricials. ApplicatioD in first year and ilr every yeat 2Ol-2Oz

Anirnal Husbandry Experirnents

Pigs.-Four levels of feeding, sizc oI p€n . . . .

Pigs. Minimal v. liberal greer food, excrcise, fire 1-. coarse gritrding oI food, limited
203-205

206-208\'. ad 1ib. {ecding

151
t52-t53
t54-155

156
151
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Barlelr,

Potatoes-

277

Surnrnaries of Groups of Experiments

Exp3rimetrts otr poultry Bal1ure . , . .

Sugar beet Iertiliser experiments, Iactory series . . . .

Experlments at Outslde CeDtres

Wye, Kent.-S,r-\ and nitrochalk, p . .

'Ihorne],, Cambs.-ti (O, 1,2), p {0, r, 2), K (J, l, 2) ..
Iepal, Ely, Cambs.-N (0, r, 2), p (0, 1,2), K (0, t, 2)
Little Do\rnham, Ely, Cambs.-N (0, l, ,), p (0, t, ,), Ii (r], I, l)
l'Ia.rch, Cambs.-N (0, r,2). p (0, 1,2) K (0. l,2l
$'isbech, Cambs.-N (0, r,2), p (0, 1,2), r.i (0, t, 2)
$rimblington, Cambs._N, p, K, Dung . . . .

Sugar beet. Tunstall, Suffotk.-Residuats of chalk (0, t, ,, 3, 4)

Cete11,. llepal, Ely, Cambs.-p, K, Salt . .

Iiirmington, L-lceb]., Lincs.-p, Ii
Bardney and Brigg, Lincs._N/S, N.pot. applied at seeding and srngting
llatte.sey, Doncaster, Lincs._K, Satt . _

Bitlirgha]-, Lincs. NlS, N.pot. _.
Ne.$ ton-otr Treirt, Lincs _N, K, N.pot. . .

Kale. Oxcroft, Derbv.-\ (0, l, 2), p ,. ..
Loughborougtr, Leicester._\itro.hatL (0, I, 9), thinning

Page

.. 209-216

.. 217-252

.. 254

.. 255

.. 256

.. 257

.. 25a

.. 258-159

-. 159

.. t6J

Experiments carried out by Local Workers

Har. St. .{bans, Herts- Residuals of K, phosphates
Ilamet, Herts. Residuats of K, chalk, phosphates
Bakewell, Derby.-N, p, K
Bakewell, Derby.-Artificials and compost, alire.t and residual eflects
Clipstone, Mansfield, Notts__K (0, t, 2), timestonr_ {0, l, l) ..
SteveDage, Herts._Chalk (0, 1,2,4,6) .. ..

\vheat. St. .A.lbans, Herts.-phosphates (0, t, 2) . .

Potatoes. Cadishead, Latrcs_-p, basic slag
I-oughborough, Leicester._N (0, 1,2), K (0, t,2)
Loughborough, I,eicester._ ixed fertiliser (0, t, 2, 3) ..
Catchwater, Uessingham, Litrcs._}lixed fertiliser (0, l, :t, ;], 1)
cBvingham, Lincs.-Iixed fertiliser (0, I, 2, j, 4)
Ketfield, Olvstor !i,rrJ,, Lincs._K (0, r, 2, J)

Sugar beet. Scotter, caitrsborough, Lincs._4 widths of singling
Iloston, Lincs.- 4 \r.idths oI siDgiidg
Snitterby, Lincs.-Uixed artilicials (0, l, 2, 3), N, rime of tittins
Melton Ross, Barnetby. Lincs._Treatment oJ bolters .. ..
Tumby Wood Side, LiDcs. _S/A, nitrochalk, p, basic slag

261

,61
262
)6,2

263

263

261

264
265

26n

266
266

267

268
268,269

270
47, 271\

271

271

NOTE.-\ dcnotes sulphate oI ammonia or nitrate oI soda, p denotes suDerphosphate, and I{denotes anv pola5h lerr r..r.
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ERRATA.

For green tteights read bay ir the Jol,lowi,ng tables :

f932 Report, p.129. Four Course Rotation, Rothamsted. Yielcls of
Seeds Hay.

p.132. Six Course Rotation, Rothamsted. vields of
Clover and Forage.

p.133. Six Course Rotation, Woburn. Yields of
Clover and Forage.

1934 Report, p.164. Four Course Rotation, Rothamsted. Yields of
Clover Hay.

p.168. Six Course Rotation, Rothamsted. Yields of
Clover Ha1''

Wheat after Fallow-Hoos Field. Compass point should read
" W " instead of " N " in the following Reports :

1932 Report, p.119.

1933 Report, p.104.

1934 Repo , p.136.

1934 Report, p.23. Table at foot. The Iigrues for sugar per cent.
and sugar per acre should be :

Sulphate of Ammonia. Superphosphate. Mu ate oI Potash.

Cwt. per acre 0 2 4 0 3 6 0 11 2*
Sugar, per cent. 17.9 17.1 17.5 17.1 17.7 t7.6 1?.6 17.8 l?-8
Sugar, cwt. per

acre 46.0 47.8 49.0 47.1 47,5 4A.1 47.O 18.4 47.4
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Lawes Agricuhural Trust
JANUART-DECEMBER, tg35

TRUSTEES:

TrG Mosr HoNouRABLE TEE MAReuEss oF SALTSBURY.
K.c., c.c.v.o.

Tre Rrcsr IIox. Iono Cr,rrrou, p.C., G.C.V.O., D.L.
Sn J. B. FARER, i[.A., D.Sc., F.R.S.

COMMITTEE OF' MANAGEMENT
T Rrcrr HoN. LoRD CLrNroN, p.C., G.C.V.O., D-L. (Chairman).
PRoF. H. E. ARusrRoNG, Sln Mrnnrx BURRELL, Bart..

LL.D., D.Sc., F.R.S. C.B.E.
(Yiee-Chaitmat) Srn Devrn pnur,l, C.M.G.,

SIR J. B. Fanrmn, M.A., D.Sc., I!I.A., LL.D., F.R.S.
F.R.S. (Trcas*ror\ Dn. A. B. RrNom, M.A., F.R.S.

Pnor. V. H. BLAcK AN, M.A., DR. .I. A. Voarcren. C-I_E-^
sc.D., F.R.s. M.i., ph.D.

The lncorporated. Sociay

far Extending the Rothamsted Expuiments
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