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Experimental Station Stafi
J ANU A RY-DECEM BE R 1936.

Director : SrR E. JoEN Russerr, D.Sc., F.R.S.

Assistant Director : B. A. Krrx, D.Sc., F.R.S.

Tf,c Jamer Dlaron Bacteriological Leboratory
I{ead of Department . . H. G. TnonNror, B.A-, D.Sc.
Assistant Bacteriologist . . Hucu Nrcor, M.Sc., Pr.D., A.I.C.
Laboratory Assistant -. BLANcm RoLT
I-aboratory Attendant .. trftrRrEL CoRrG

Botrdcal labontoty-
Head of Department .. Wrrrrnrp E. Bnrxcrr,rv, D.Sc.,

F.L.S.
Assistart Botanist .. KATEERTNE Wexrxcton, M.Sc.
Laboratory Assistant .. Men;onc lf:ssB.rcen
Laboratory Att€nda.nts . . Rurs WAT,IGR

Corsmxcr Hurr

CLcmical Labontory-
Ilead oI Department . . E. M. Cnowrma, D.Sc., F.I.C.
Assistant Chemists . . R. G. Wennrx, B.Sc.

H. L. Rrcseaosox, It{.Sc., Ph.D.,
F.r.c.

Srcnr G. Ilrrrrrre, Meg. Phil.
Post - G'raduate Research

Workers .. .. G- N,rcrrscrnmr, DR. Phil.
M. O. GE NI, M.Sc.
J. B. llAxssaI-I,, B.S.A.

Special Assistant .. .. E. Gnnv
Laboratory Assistants .. A. H. BowDEN

F. J. SEABRooT
G. L.r.wnrxcr
H. A. Surrs

*,X;*#L
PEGGY CEAPuAN

Biochemical Section . . A. G. Nonnex, D.Sc., F.I.C.
Biochernist lor Honey

Investigations . . . . C. R. Il[rr'sserr, Ph.D., A.IC
Post -Graduate Research

Worker -. .. .. Uerurx NoRxAN, M.Sc.
Laboratory Assistant .. Jo,rr llLr,r,vra
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Flead of Department
Assistant Microbiologists

Post - Graduate Research
Worker . .

Laboratory Assistart
Iaboratory Attendart ..

In*cticider and Fungicidea Laboratory-

Fcrmcnration bboralorS-
Ilead of Depaxtment

Assistant Chernists

Labomtory Assistant

General Microbiology Labontory-

E. H. RrcEARDs, B.Sc., F.I.C.
(Iveagh Research Chemist)

S. F{. JeNrcxs, U.Sc., Ph.D., F.I.C
N. W. BARRrrr, U.A.
R. Wrr-rrxsor, M.Sc.

STELLA WARD

D. Weno Cmrrn, M.A., F-Z.S.

Lrrrrct M. Cnuup, M.Sc', F.Z.S.
T- G. TourrNsou, M.Sc.
Ar.rrqrt Drxox, M.Sc., F.R.M.S.

Jer.'e Muxrc;oxx, Ph.D.

S. R. SBucupre, M.Sc.

MABEL DUNKLEY

MARJoRTE RoBERTS

F. TATTERsFIELD, D.Sc., F.I.C.

J. T. MentrN, Ph.D., A.I.C.

J- R. WrLLrAus
BETrY DAvEs
Munmr Conre

B. A. KEEN, D.Sc., F.R.S.

R. K. ScEorEr,D, U.A., Ph.D.
(Enoire Cotton Growing
Corp<iration Soil PhYsicist)

G- W. Scorr Br-ArR, It{.A. Ph.D.
(Goldsniths' ComPanY PhYsicist)

G. H. C^SEN, It{.Sc.

E. W. Rus$LL, Il[.A-, Ph.D.

A. L. C. D^vIDsoN, B.Sc.
R. V. TArmaNe, B.A. (Agric.l

JEssrE WALxTR
W. C. Gerc
R. S. Wrr.nnsoN
R. Yeres
Krrgr.ecx PITDDEFooT

Ilead o{ Department
Assistart Chemist

I-aboratoryAssistants ..

I-aboratoryAttendant ..

Phyrical laboratory
Head of DePartment . .

Colloid Physicist .. ..

Assistant Physicists

Post - Graduate Research
Workers

Assistant .. ..
I-abomtoryAssistants ..

Iiboratory Attendants . .
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Sfatistical l-aboratory-
Head of Deparrmenr .. F. \ eres, -\1,A.
Assistant Statisticia-n .. W. G. Coornax, It.A.
Post - Graduate Research

Worker
Assistant Computers

Honorarv Consultant

Entomological Laboratoty-
Head of Department
Assistant Ertomologists..

Soil Insects Investigations
Post - Graduate Research

Workers

Ent omologisr
Assistant Entomologisr

Glassbouse Suoerintendent
Post - Graduate Research

Workers

Laboratory Assistaat ..
LaboratorvAttendant ..
Glasshouse Attendants ..

.. H. E. CASTENS
. . -I. M. WTLSoN

Fronrlrcr hNNsr-r-s
Prcoy Hunneno
PEGGY HURT
Joex Lewsor

A. G. Ronrnrsor, B.Sc.
K. D. BAWEJA, M.Sc.
K. N. Tnrnex, M.Sc.

I-aboratory Assistant . . ELTZABETE SrBI.E].
I-aboratorvAttendants ANrreNBws{rRy

Ree Investigations-

R. Wnrcn
M. Jorrs

PRoF. R. -q.. Flsnrn, ll.A., Sc.D.,
F.R.S.

C. B. \\'rrrrens, M.A., Sc.D.
H. F. Banrrs, M.A., Ph.D.
.{. C- Ev.lNs, B.Sc.
\\'. R. S. L.rorrr, F.I.C.

X.rrNemxr J. Gtr.xr
Berrv J. Lovrsoxn, B.Sc.
J. DEAL, trI..\.

F.L.S.
MARToN A. WArsoN, Ph.D,
Berry Mrrcurrl, B.Sc.
MARGARET M. BRowNE

S. D. Gannmr, B.A.
LrNA CuNow
S. P. CApooR, M.Sc.
ELSE HUNT
Gt eoys Cusrerce
Gralvs CuRn
B^RBAIA JoNEs

Apiarist . . . . D. 11. T. MoRLAND. II.A.
Bacteriologist . . . . H. L. A. Tarn. ph.D.
Apicultural Assistant .. A. C. RoLr

Plant Pathology Laboratorr-
Head of Departmenl . . .J. Hssornsol SurrH, y.8., Ch.B.

B.A,
Mvcologist .. .. G. S.urual, M.Sc.
Assistant Mvcologist . . Menv D. Grvxsr. }I.Sc.
Virus Diseases: SpeciaJ

Sta{f-
Physiologist .. .. F. C. B.{\vDEN. fI.A.
Cltologist .. .. Faq]rcps lI. L. SHEFFTELD, ph,D,,
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Field E:perimcntr-
Guide Demonstrators

Plant Phvsiologists

Field Superintendent
.4,ssi st ant s

9

H. V. GARNER, M.A., B.ft.
E. H. GREGoRY
D. J. WArsoN, M.A., Ph.D.
PRoF. W. Sournwoxrs
B. Wrsrox
G. F. Cor-r
S. A. W. Fnrxcn
^\. Lrr:s
G. Wrsrox

lmperial College of Science and Technology Stafi-
(Plant Phlsiologv)

Assistant .. . .

Farr-
Vanager .. ..

Recorder . . ..
Voluntan' Worker
Bailiff
Horse-men.. ..

Shepherd .. ..
Stockman .. ..
Tractor Driver ..
Labourers

Keeper

Ubrary-
Librarian .. ..
Assistant . . ..

Sccrerariat Stafi--
Secretan' .. ..
Assistani Secretarv
Director's Private

Secretary
Senior Clerk
Junior Clerk,.

F. G. GREc,oRY. D.Sc.
-\. T. LEGG
F. J. RTCHARDS, M.Sc.
Fl. W. HFARMoN

J. R. I!{orr.r'rr. B.Sc. (Agric.),
\.I).A.

E. C. WALLTS
J. Bonrasn Merrnrlr-s
H. Cunn-lNr
F. SToKES
C. MEPH.TM
W- CArli
F. S. Nprvlt,t s
.\. J. Svrru
J. Uxnennrrl
W. HoLL-lxD
H. CH.{PMAN
R. WEBsTER
E. LrE
-\. Roucn

MARY S. Asrr\
C. Jo-q.N GooDEY

W. Banxrcor, M.B.E.
CoNsrANcE K. Carror

ANxrE E. Mecrxtss
BEATRTCE E. Ar,uno

. . OLrvE MuNr
Maacenrt Busxrn
Bnrv JecxsoN

Photographer
Laboratory Steward and

Storekeeper
Engineer alld C,aretaker
Assistant Caretaker ..

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

.L. OGGELSBY
W. PEARCE
F. K. H^wKNs
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The following member of the permaaent staff lelt 3lst Augnst,
1936, to take up the appointment indicated-

C. B. Tevron, Ph.D.,
Assistart Bacteriologist (Soils),

Central Experimental Farm,
Ottawa,

Calada.

TemporarSr Wortcn, 1936--
In addition to those temporary workers recorded iu the list oI

stafl, the following sent oficially by Governments or Universities,
or coming on their own resources, have worked at the Station for
various periods during the year 1936 :

(l) FRoM rnE EMPTRT :

Aqstralia .' Miss M. M. Barnard, H. F. Smith
Canad.a: Prof. P. H. H. Gray, D.Sc.
Cyfrus : C. Pelaghias
India : Dr. S. Krishna, Dr. S. P. Ravchaudhuri
Tatga*yiha .' H. Marsland

(2) Fnon FoRxrcN CoUNTRTES :

Belgiat Congo .' M. R. L. Steyeart
Detmark: P. Fenger, E. Nielsen, S. Schulin Zeutben,

W. Schulin Zeuthen
E$lrt : A. Baleegh
Ctrmany : W. Dietrich
Hollard,: J. Boudewijn, H. G, Van Setten, P. J. Van der

wvk
Hottol*ht : Dr. O. N. Allen
Iceland. : H. Bjarnason
Poland : M- Niktewski, Dr. Anna Novotny, Dr. S. Snieszlo
Portugal : J. V. B. da Costa
Slain : R. P. Calvet
Uttited Slales oJ Amnica : Dr. L. A. Dean
Yugoslatia : S. P. Saric

(3) Fnou Bnrrsn Isr.rs :

B. A. Arderson, A. S. Boughey, P. C. Bowes, E. D. Bumpus,
G. Davies, J. A. Freeman, I. S. Genussow, Miss E. B. Mercer,
A. E. J. Milroy, H. W. Ogden, Dr. C. Potter, Miss J. Raby,
Miss Y. M. Robison, I. W. Selman, J. F. Storey, Mrs. E. C.

Wallis, R. T. T. Ward, Miss G. M. Wilson, Miss S. Wyatt.
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Woburn Experimental Farm
Arpley Guire, Bletchley' Be&.

Tchllatte & Telcgrams :

Rideoont 3O

Assistant Director . . H. H. MANN, D.Sc., F'I.C.
(Kaisar-i-Hind Gold Medal)

Chemist .. .. .. T. W. BAR\BS, M.Sc., F.I.C.

I-aboratory Assistant .. R. M. DEACoN

Farm Stafi-

Labourer ..

W. McCerruu
G. Tvren
W. McCer.ruu, yn.

R. PEARCE

.A., SrBr-EY

II

Stariott :

Ridgnont' LIi|"S.
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Imperia[ Bureau of Soi[ Science
Director : Srn E. J. Russan, D.Sc., F.R.S.

Deputy Director: G. V. Jecxs, M.A., B.Sc.

Scientific Assistants: A. J. LLoyD Lewxrxcr, M.A.

IfurBN Scrrxserom

Assistant Abstractors: -f-rNrr N. Coxar
BERYL U. NoRrH

Secretary : Moxe B. Srerxrs

Clerks: Meny ELLrlicEAlt, Joex SauNorns

The function of the Bureau is to assist workers in soil science
throughout the Empire by providing technical informatio!, bv
promoting contact between them, and by rendering aay tecbaical
assistance possible when they are in this countrv-. To facittate its
work, the Bureau seeks to be well inlormed as to the persomel
engaged in soil work in the Empire and the problems on which thel'
are engaged. Each Gosernment has been requested to nomilate
one ot its stafl as Oftcial Correspondent to the Bureau, who will acr
generallv as liaison ofrcer in Bureau matters and assist in the
collection and distribution ol information. The issue of technical
information is rot confined to Oftcial Correspondents, but exiends
to all workers irr soil science who ask the assistance of the Bureau.
Special arrangements have been made to get ia touch with Forest
Ofrcers interested in soiJ probleurs.

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

For Falaerr
" M,rNunrrc ron Hrcurn Cnop Pnonucrrow," by Sn E. J. Russell,

D.Sc., F.R.S., l9l7. The Universitv Press, Cambridge. 6/6.

" ARTTFTCTAL FERTTLTZERS rN MoDERN Acnrcurrunr," by Sir E. J.
Russell, D.Sc., F.R.S. Bulletin No. 28, Ministry of Agriculture
and Fisheries, Second Edition, revised 1933. H.M. Stationery
Ofrce, or from the Secretary, Rothamsted Experimental
Station, Harpenden. Cloth, 4/6 post {ree; or paper cover, 3/6
post free.

" Wrros or FenraLAND," bl' Winifred E. Brenchley, D.Sc., F.L.S.,
1920. Longmans, Green & Co., 39 Paternoster Row, London,
8.C.4. t216.

RoTHAMSTED CorrrnrNcr Rrronrs; being papers by practical
farmers and scientilic experts. Obtainable trom the Secretary,
Rothamsted Experimental Station, Harpenden, Herts.

" Tnr MerunrNc oF PorAToEs." 1/6.
(l)*" Tm Gnowrrc oF LUCERNE." l/6.
(2) " THE Cutruna exo MeNunrNc oF FoDDER CRops." l/6.
(3) " GrurN Metrmuc : rrs Possrnrrrrrrs AND LIMTTA-

TroNS rN PRAcrrcE." 2/-.
(4) " TIIE CurrunB ero MaNURTNG oF SUGAR BEr.'|." 216.
(6) " Art ano Scrcxcr or CulrrvArroN." 2/-.
(6) " PowER roR CurrrveuoN ero Heuncr ox rsr F*u,"

216.
(7) " MALTTNG BAxr.Ey." 2/6.
(8) " Rrcrm CHANGES rN SysrEMs oF HUSBANDRY rlr

ENGLAND." 2/6.
(9) " TnE lfunrnonosxrrc AcRTcULTURAL Srruerrol: Cex

rr BE IMp(o\ED ? " 2,i-.
(10) " THE Gnowrn or Crsaprn WrNrEn FooD roR Lr\T

SrocK." 2/'6.
(lf) " THE Maxrrc on Nrw Gnessr,lNr: ExpERrENcEs oF

PRAcrrcALFAII,GRS," 2/6.
(I2) ,.THE PLACE AND MANAGEMENT or. SHEEP IN MoDERN

FARMTNG." l/6.
(13) " Trr TacuNrgw on Frcro ExmnnmNrs." l/6.
(14) " Mrcueuserror eNo Bnrrrsn Acrucurrunr." 2/6.
(15) " RlcrNr DE\,ELoplGNTs rr Mexxm GerorNrNG." 2/-.
(16) " PRoBLEMS or PorATo GRowrNG." 2/-.
(l7) " MoDERN CnercBs rN rnr TnlAmGNT oF LrcHT Sorls."

2l-.
(181+' 

"ou 
Bnooo DrsB.rsrs oF BEES." l/6.

(fg) " TIIE PnonusrroN oF Prcs FoR B^coN." 1/6.
(20)r" ,'r. aouar -.lND CoNTRoL oF SWARMTNG rN BEES." l/6.
(21) " Tar Usr or ElEcrRrcrry rN AcRrcuLrLTr." 2/-.
(22) " DTSEASES oF Bnrs." l/6.

.Out of print in separate copies, but obtainable in bound volumes.
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Numbers I to 20 inclusive are also published in book form with
the exception of l-5 (Vol. I), which is out of print. Vol. II
(ero), Vol. III (U-rs), Vol. IV (r&20), l0/- each, postage
extra.

For Studentr and Agricultual Expert!
" TgE RornAusrED MEMoIas oN AGRICULTURAT Scmxct."

Quarto Series, vol. 4 (191+1934),201-. +Octavo Series,vols. l-7
(I847-f898), 3O/- each. Royal Octavo, vol. 8 (1900-1912),
vo1. 9 (1909-1916), vol. l0 (191&1920), vol. ll (1920-1522\,
32/6 each, vol. 12 (1922-1925), vol. 13 (lS2*15271,33/6 each,
vol. 14 (1928-1930), 35/-, vol. l5 (1922-1931), vol. l6 (1922-1932)
vol. 17 (1931-1933), vol. 18 (1923-1934), vol. 19 (1933-1935),
vol. 20 (193&1936), 36/- each. Postage extra. Obtainable from
the Secretary, Rothamsted Experimental Station, Harpenden,
Herts.

+Vols. l, 2, 4, I & 7 now out of print.

"TIIE RoTHAMSTED MoNoGRApHs oN AcRrcuLTUn-{L SCIENCE,"
edited by Sir E. J. Russell, D.Sc., F.R.S.
" SorL CoNDrrroNS AND PLANT GRowrH," by E. J. Russell,

D.Sc., F.R.S. Seventh Edition, 1937. Longmans, Green &
Co., 39 Paternoster Row, Londou, E.C.4. 2U-

" Tm MrCRo-ORGANTSMS oF rHE SoIL," by E. J. Russeu a"lld
Staff of the Rothamsted Experimental Station, 1923.
Irngmans, Green & Co., 39 Paternoster Row, London,
8.C.4. 716.

"MANURTNG oF GRASSLAND ron Hav," by Winifred E.
Brencl ey, D.Sc., F.L.S. 19 . Longrnans, Green & Co.,
39 Paternoster Row, London, 8.C.4. 1216.

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

" Tgt Prrvsrcer PRopERTTEs oF TIIE SorL," by B. A. Keen.
D.Sc., F.R.S. 1931. I-ongmans, Green & Co., 39 Pater-
noster Row, I-ondon, E-C.4. 2l/-.

" PRoBLEMS IN SoIL MrcRoBror.ocy," by D. Ward Cutler, M.A.,
and I-ettice M. Crump, M-Sc. 1935. Longrnans, Greea
& Co., 39 Paternoster Row, London, 8.C.4. 9l-.

" Frrrv Yrals oF FELD Ex"ERnENTs AT THE WoBt RN
ExpBnnarNrer SrerroN," by E. -T. Russell, D.Sc., F.R.S.,
arrd 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. 2U-.
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" PLANT NurRrrroN AND CRop Pnooucttox " (behg the Hitchcock
Lectures, 1924, University o{ Califomia), by E. J. Russell, D.Sc.,
F.R.S. The University of Califomia Press and the University
Press, Cambridge. 12/6.

" Ixoncanrc PLANT PoIsoNs AND SrrMUrr.NTs," by Whiired E.
Brenchley, D.Sc., F.L.S. Second Edition, revised and enlarged,
192?. Tlie University Press, Cambridge. 10/6.

The Iollowing are obtainable ftom the Secretary, Rothamsted
Experimental Station, Harpenden, Herts :

" Acnrcur,rr.rner INvEsrrcATroNS AT RoTHAMSTED, Excreto,
Dr.rRrNG A Prnron or 50 YEARS," by Sir Joseph Henry

Gilbert, M.A., LL.D., F.R.S., etc. 1895. 3/6.

" GurDE To rm EXPEBIITENTAL Plors, RorEAusrED EXPEE-
rcutll SrerloN, IlelrcxoeN." 1913. Jobl Murray,
m Albemarle Street, W. 1/-.

" Guror ro rE ExpERrr&NTAL FAR.u, RorsAirsrED."

" CarALocuE oF JouRNers enn PrntoDrcALS IN TEE RorEAu-
srED LTBRARY." 1921. 216.

" A DEScRrpulT CATALoGUE or Pnrxrrp Boors oN AcRr-
cuLTrrRE FRolr l47l To 1840, CoNTATNED rN TIG RoTHAU-
srED LTBRARY " (including Biographical notices of the
authors and short descriptions oI the important books).
f926. 33f pp. 22 illustrations. Cloth cover, l2l', pa[Et
cover, lO/-. Packing and Postage extra:-British Isles.
9d.; Overseas, Dominions and other countries, V3,

THE RoruAMsrED ExprnII,ENter SrertoN REPoRTS :
1908 to l9l4 (amual) . . l/- each
1915-1917, 1918-1920 (triennial) . I

l92t-1922,1923-1924,192t1926, tg27 -t928 (biennial) | 2/6 each
1929 to 1936 (annual) |

Foreign postage extra.

" RECoRDS oF Tm RorEAusrED SrArr', HAR?ENDEN," containing
Dersonal notes and accounts of events at Rotharnsted Past and
present, a-nd oI past members of the Staff. Published annuatly.
lrlo. l, 1929. No.2, 1930. No.3, 1931. No.4, 1933. No.5,
1935. 2/- each. Post free. Subscription for first five issues, {6-

For ure in Farm ln:titutec
" A STUDENT'S Boox oN Sorls AxD MANtrREs," by E. J. Russelt,

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

For ure in Scfioolr
" LESSoNS oN SoIL," by E. J. Russell, D.Sc., F.R.S. 1926. The

University Press, Cambridge- 3/-.
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For General Rcederr
" Trc Fanu lup nIE Nlrrox," bl' E. J. Russell, D.Sc., F.R.S.

1933. George Allen and Unwin, Ltd., 40 Museum Street.
London, W.C.l. {6.

" Tst Frnrury or rHE SorL," by E- J. Russell. D.Sc., F.R.S.
The University hess, Cambridge. 4/-.

" THE PossrBrltrrEs oF BRrrrsH AcRrcuLTuRE," by Sir Henry
Rew, K.C.B., and Sir E. J. Russell, D.Sc., F.R.S. tg2g. tl-.

' Obtainable from the Secretaxv, Rothamsted Experimental
Station, Ilarpenden, Herts.

" hRsoNAL R.EMrNtscENcEs oF Rorr usrED ExprnrueNrer
STArtoN," 1872-1922, by E. Grey, formerJy Superirtendent
oI the Experimental Fields, 5/-. Obtainable from the Secretan',
Rothamsted Experimental Station, Harpenden, Herts.

"Correcr Lrrn rx A IIERTFoRDSHTR.E Vu.LAGE," by E. Grey. 1985.
-{. companion volume to " Pensolter RaurNrscrxces or Ror-
ruxsrro ExrenrmNTAL STATroN." Fisher, Knight & Co.,
St. Albans, 3/6. Obtainable from the Secretarv, Rothamsted
Experimental Station, Harpenden, Herts.

Other Bookr by Member* of the Stafi
" EvoLUTIoN, HrnBorry AND VARrATroN," by D. W. Cutler, M.A.,

F.L.S. f932. Cbristophers, 22 Berners Street, Irndon, W.l.
416.

Mezzotint EDgrayingr
Mezzotint Engravings of Portraits of the Founders of the Station,

Sir J. B. Lawes (H. Herkomer) and Sir J. H. citbert (F. O.
Salisbury), by Jdia Clutterbuck, A.R.E.
Sigaed Engravers' Proofs on India Paper, d4 4s. each.
Ordinary IJttered Proofs on hand-made paper, {2 2s. each.
To be obtained from the Secretary, Rothamsted Experimental
Station, Harpenden, Herts.

Planr ard Drawirgr of the old Rotbamrted Laboratory, 1852
These drawings sbow the old Rotharnsted Laboratory erected in
1851, the first important laboratory devoted to agricultural
science, and the one in which much of the classical work oI
Lawes and Gilbert was done: it survived till lgl4.

The size of the volume is 2f| il. by 14{ in. ; it consists o{
Iour full-page lithographs made fr,;m drawings by Charles
Lawes, son of Sir J.B. Larves. f,l Der copy (post free).
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INTRODUCTION
The Rothamsted Experimental Station was founded in l84il

by the late Sir J. B. I-awes, with whom was associated Sir J. II.
Gilbert for a period o{ nearly 6O years. Lawes died in 1900 and
Gilbert in l90l; they were succeeded by Sir A. D. Hall from lg02
to 1912, yrhen the Fesent Director, Sir E. J. Russell, was appointed.

For many years the work v/as maintained entirely at the expense
of Sir J. B. Lawes, at first by direct pal,rnent, and from 1889 onwards
out oI an annual furcome of d2,4OO arisiag from the endowment
Iund of {I0O,000 given by him to the Lawes Agriculturat Trust.
In l90rt, the Society for Extending the Rothamsted Experiments
was instituted for the purpose of providiag funds for expansion.
In 1006, Mr. J. F. Mason built the Bacteriological Laboratory; in
1907, the Goldsmiths' Company generously provided a further
endowment of d10,000, the income of which---since augrnented by
the Company-is devoted to the investigation of the soil.
In l9ll, the Development Commissioners made their first grant
to the Station. Since then, Govemment grarts have been made
annually, and, Ior the year 1936-37, the Ministry of Agriculture has
made a grant ot f27 ,755 for lhe work of the Station- Lord Iveagh
has generously borne the cost of a chemist and a special assistant
for {ield experiments for studying farmyard manure, both natural
and artilicial ; while other donors have, from time to time, generously
provided funds for special apparatus and equipment. The Fertiliser
Manufact urers' Association and the United Potash Company provide
considerable Iunds for the rather expensive field work. Imperial
Chemical Industries have provided a special assistant for the study
of soil insecticides. In addition, British Sugar Coryr,oration, British
Basic SIag Companies, Messrs. George Mouo, the Royal Agricultural
Society, Dunlop Plantations, Ltd., the Institute of Brewing and the
Department of Scientific and Industrial Research and other
bodies make grants for specilic purposes. The result is that the
Station is able to deal with problems affectirg modern farming
in a far more complete manner than would otherwise be possible,

The main block of laboratorie was opened in 1919, and is devoted
to the study of soil ard plart nutrition problems ; another block was
erected in 1924 for plant pathology at a cost of d2l,l35 provided by
the Ministry of Agriculture out of the Development Fund ; and Red
Gables, the house adioining the laboratories on the north side, has
been converted into an Administration Building to hold the Imperial
Soil Bureau, part oI the Records and Statistical Department, Staff
Common Room and Conference Room.

Large glasshouses, including special insect-proof houses for
virus studies, were added in 1926, 1928, and l93l by aid of generous
grants from the Rockefeller Foundation, the Empire Marketing
Board and the Ministry of Atriculture. A new large range of insect-
proof houses rvas erected in 1935 for Plant Pathology investigations
at a total cost of d2,283, towards the cost of which the Ministry oI
Agriculture made a grant of {1,025.
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From 1926 onwards great changes took place on the farm. Neu'
and greatly improved methods o{ Iield experimentation were adopted
in 1926 on all but the classical plots, which remain essentialll'
unchanged; and the non-experimental part of the farm was
reorgarized in 1928, considerable numbers of live stock being intro-
duced, arrd much of the land being laid down to grass. The farm
buildings were considerably enlarged in 1930 with the aid of a grant
of /1,70O given by the Ministry of Agriculture and a new block of
buildings containing a demonstration room, work-rooms {or the
experimental staff, office and store-rooms was erected in l93l-32
at a cost of f,I,300 collected by public subscription. In 1936 a pair
of cottages for farm workers was erected at a cost of {I,050. A
special building was also constructed in which both farmyard
manure and " artilicial " Iarmyard manure can be produced under
standardised conditions; the cost v.ras f,275, towards which Lord
Iveagh contributed d100.

During f932, the farm was well equipped with electrical appli-
ances, thanks to generous assistance by the General Electric Com-
pa-ny arld the North Metropolitan Electric Power Supply Compar\'.
The Dunlop Rubber Company also provided rubber equipment,
including a rubber road, rubber flooring Ior cattle and pig pens, and
rubber tyres Ior cart and tractor.

The Library is steadily growing, and now contains some 27,000
volumes dealing with agriculture and cognate subiects, The catalogue
of the old printed books on agriculture was published in 1926, and
every effort is made to obtain any that we do not 1rcssess. A collec-
tion is also being made of prhts of farm animals, of old letters on
agriculture, farm account books, and models of old larm wagons.
Many of these lie in farmhouses, unused artd inaccessible, not in
themselves valuable, but often of great help to students of agri-
cultural history and economics when brought together as we are
doing. Gifts of books and documents to the Library will be greatly
appreciated.

The extension of the experiments to various outside centres
in Great Britain, begun in 1921, has proved so advantageous that
it has been developed. Not only is useful information spread
among farmers, but the Station itself gahs considerably by this
closer association with practical men. As part oI this extension
the Station took over in 1926 the Woburn Experimental Farm.
We were thus able to make experiments simultaneously on the
light land at Woburn and the heavy land at Rothamsted: a very
advantageous arrangement. The Assistait Director in charge is
Dr. H. H. Mann, with Mr. T. W. Barnes as chemist.

In May 1934 the negotiations for the purchase oI the farm and
some adjoining parts oI the Rothamsted estate were completed.
This step was necessaxy owing to building developments in Har-
penden that threatened to extend over the estate. We hbld the
farm lands only on lease; some on a ).early tenancy, and some at
shorter notice. Erren the land on which the laboratories are built
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and the sites of the classical fields did not belong to us. The Rotham-
sted Trustees now own the site of the laboratories, the experimertal
and ordinary farm Iields, Knott Wood, the Manor House and
grounds, the faxm manager's house and eight cottages. The total
area is 527 acres, sumcient for carr5'ing out field arld farm expri-
ments on a scale corresponding to the importance oI the work.
The purchase price was d35,000, alt of which was raised by public
subscription in eight weeks. Generous contributions were received
from Mr. Robert McDougall, the Sir Ilalley Stewart Trust, the
Carnegie Trustees, Sir Bemard Greenwell, Bart., the Royal Agri-
cultural Society, the National Farmers' Union, and Imperial
Chemical Industries. A highly encouraging feature of the app€al
was the nrmber of subscriptions received from farmers, village
school teachers, and from overseas sources.

The activities of Rothamsted, however, are not confined to the
British Isles, but are gradually spreading out to the Empire and
other countries abroad. The International Education Board sends
workers from all parts of the world to study in these laboratories.
The Empire Cotton Growing Corporation has, since 1923, made a
grant of d1,000 per amum for the developnent o{ investigations in
Soil Physics. The Station regularly participates in work for the
solution of certain agricultural problems of great importarce to the
Empire.

At the invitation of the proper authorities, the Director and
other members of the staII have akeady visited the Sudan, Palestine,
Australia, New Zealand, South Africa,India,Nyasaland, Tanganyika,
and Canada to discuss agricultural problems and possibilities of
co-operation; in addition, visits are paid to the United States and
to European countries, including Russia, to discuss problems and
methods with experts there, and generally to improve the equip
ment of the lnstitution and widen the knowledge and experience of
the staff.

More and more workers are coming Irom the overseas Dominions
to caxry on their studies at Rothamsted. Only University graduates
are eligible, and most are, or are about to be, on the sta{{s of Govern-
ment or other Agricultural Departments: men who will become
Ieaders in the agricultural commuaities of their respective couatries.
To our Breat regret,lack of accomrnodation has compelled us torefuse
some who wished to come.

The most important of all these Empire developments was
inaugurated in 1929. At the Imperial Agricultural Conference of
1927 it was decided to set up il this country a series ol Bureaux
to act as central clearing houses of information and to promote
interchange of ideas and methods between the agricultural experts
of the different parts of the Empire. The Soil Bureau is located at
Rothamsted and began operations on May lst, 1929. Dr. A. F.
Joseph,late Chief Chemist to the Sudan Government, was appointed
Deputy Director, with Miss H. Scherbatoff and Mr. A. J. L.
Lawrence as Scientific Assistants. In l93l Dr. A. F. Joseph resigned
and his place was taken by Mr. G. V. Jacks.
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In view of the great expansion of the work in recent years, it
has become necessary to extend the laboratories and it is hoped to
put this work in band almost immediately. A substartial govem-
ment grant has been promised subject to the condition that the
Station will find a share of the cost. Subscribers and donors are
asked therefore to help in the provision of these much needed
extensions,

Gi.Jk @ Mr. E*mfhrey Gilbed

We are greatly indebted to Mr. C. Humphrey Gilbert, M-I.C.E.,
nephew o{ Sir Henry Gilbert, for an excellent coPy of the Portrait
of-St Henry at the age oI twenty-four, in the possession of the
National Portrait Gallery. The original was painted in l&12, the
year before Gilbert began work at Rothamsted, b], his elder brother-losiah, 

who became well known as an artist and art critic during
ihe latter half of the nineteenth century. Mr. Humphrey Gilbert
has also given us the Royal Medal, awarded joirtly to l-awes and
Gilbert by the Royal Society in 1867, and the Albert i\tedal, awarded
to them in I894 by tbe Royal Society of Arts. These records of tbe
early [ife and scientific achievements of one of our founders wil] be
prized by all connected with Rothamsted.
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REPORT FOR 1936
Certain of the Rothamsted investigations have been selected for

detailed discussion in the present Report because oI their bearing on
immediate problems or deau." th(i have reached a stage- where
several veais'work can be summariied. hesent-day agriorlture is
becoming accustomed to rapid changes, and the technical adviser
is confronted with new and pressing problems. He in his tum must
rely on the agricultural research institutes for information and
experimental results on which to base his advice. The increasing
calls made on research ins{itutes can onlv be answered with con-
fidence if the results of careful and exact experiments are available.
Thus, in a time of rapid change and of new problems, there is not
less. but more need for steady and unhurried research work on the
firndamental oroblems oI asricultural science. The information
from such exieriments is of" Permanent value and can be easily
translated to luit any particular economic arrd Practical circum-
stances. Without it o;lt a tentative opinion can be given ; in the
present condition of agricuJiure, tentaiive recommendations are of
little use to the farmer.

Nevertheless, there is often a danger that a long-range Programrne
may become unnecessarily remote from practice, ard Practical
conclrsions may remain unnoticed because they have never been
put into a form in which they can be used. The remedies are to
i<eep the research programme under constant scrutiny, to follow-up
imrirediatety those'resilts that are likely to have a prictical bearing,
and to maintain ctose touch with technical advisers and farmers.

The stalf of Rothamsted endeavours to relate its research
actMlies to current agricuttural problems as closely as resources
and ava.itable facilities will allow. Examples o[ this are the Srass-
land investigations, and the study of how far crop yields are affected
by cu.ltivation, which are discussed below.

GRASSLAND IN!'ESTIGATIONS
In the Dast few vears farmers have taken much interest in the

rotational i'razing oi grass, and in grass &ying. Although some of
the original enthusiasm has evaporated, there is little doubt-that
both methods will become establthed, prhaps in a modified form,
in suitable parts of the country. Meanwhile, many imPortant
asDerts of b,oth new and old methods of grassland management
ne'ed fuller investigation ; those dealing with soil, manuring and the
composition of grass fall within the scope of the Rothamsted
proSrarnme.^ Work at Rothamsted on grassland problems began in 1856 when
Lawes and Gilbert laid out a-manuriat experiment known as " Park
Grass " on an old established meadow whose botanical composition
was sensiblv uniform. In the first few years of the exp€riment the
first cut was mown for hay and the aftermath grazed by sheep, but
since 1872 any aftermath has been mown. The Park Grass Plots
are of great historical interest for they supply a continually len6h-
ening ricord of the effect of manures and seasons on bay yield ard
botanical composition. Marked changes in botanical aralyses are
not, however, conlined to Permanent Srasslard. They are also
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shown on newly established grass, and the botanical analyses malr
b€ar but little relatiol to the often elaborate seeds-mixtures sown
a few years earlier.

The increasing interest in the control oI weeds on arable land
bv ch-emical spr_ays raises the question whether neglected and weedr.
$assland could similarly be improved. Some ixperiments with
ammonium thioclmate showed that its effect was uncertain except
possibly for annual weeds in a dry sumrner, whiJe granulir
cyanamide was not effective.

The manuring of grassland presents a different problem from
arable crops-owing to the competition between different species and
the asso-ciation of grasses and leguminous plants. Finnish studies
have indicated that the roots of legumes exude nitrogenous com-
pounds, to the b€nefit of grasses growing in the same soil. Dr.
Thornton and Dr. Nicol have confirmed this work for lucerne and
grass in sand cu.ltures. They have also shown tbat the benefit of
nodule bacteria to the host plant depends great Iy on the strain of
the _organism. The clover on certain Welsh iheep pastures is associ-
ated vrith a " poor " strain ; much more eftcient strains have now
been isolated which can successfully comp€te \vith the poor strain
Ior nodule formation on the host plant.

The nitrogen cycle in grassland soils has been less studied than
that for arable land. The Park Grass plots provide excellent
matglal fgr_studying the conditions in ola estabtished grassland,
and Dr. Richardson has shown that there, and elsewherl, nitrate
and ammonia have low equilibrium values, which are rapidlv
re-established after the addition of inorganic nitrogenous fertiliseri.
He also obtaincd strong evidence for the view that herbage takes
up ammonia directly, and showed that the depressing elfect of
sulphate-of amrnonii on ciovers in the field is prbbably"due to the
incrlg.sed co-mpetition of the non-leguminous plants.

The striking improvement effecied by phosphatic manures on
poor grassland are not to be expected on medium quality land, and
accurate measurement of the results is exceedinglv dificult. How-
ever, Dr. Cro*ther has shown that if the yieldsii hay are supple-
mented by det-erminations of the amount of phosphati taken .iri, in
the crop, reliable and consistent results are obtained. The rejults
have a direct bearing on the nutritive value of the crop, a subiect
which has also engaged the attention of Dr. Norman. He has exim-
ined the composition of rye grass (Western Wolths) cut as young
grass throughout the growing season, and finds tliat the sicond
growth is higher in structural iell-*'a.lI constituents such as cel.lu.lose
and lignin and lower in carbohydrates such as fructosan than the
first cut, when compared on a basis of equal Drotein contents.
Rotation Brazing and the use of dried grass ai a food-stuff are both
advocated in the betief that the nutrilive value of y.oung grass is
secured over the greater part of the growing season; buiD;. Nor-
man's results show that Iater cuts, although " young " in the sense
of t-ime, more nearly resemble the compositionbf thi mature uncut
herbage. Obviously other grasses musi also be examined, and this
rtork is in hand.

The points mentioned above are discussed in detail in Sections
a-g that follow.
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(a) BorANrcAL coMposrTloN oF MANURED MEADoWLAND,
Since the Grass Plots were laid down bv Lawes and Gilbert in

1856 more than half the plots have receiv& the originat manurial
treatment year by year until the present day. The treatment of the
rest has been changed or modified at one time or another, but in no
case more recently than 1905. The outstanding alteration in the
original policy occured ir 1903, when a four-yearly system of limhg
was instituted over one half of most of the plots, the remainder
coming into the scheme in 1920. Complete botanical analyses were
made at Iive year htervals from 1862-1 877 and again irr l9l4 and l9l9
by Dr. Brenchley and the results published in tull (r, t). Since then
complete analyses have been made annually from certain of the
plots with a view to obtaining more detailed information on various
aspects of the response to treatment.

The general composition of the herbage with iadividual treat-
ments became established early in the experiment. Unmanured
plots carry many sp€cies, well distributed among grasses,leguminous
and miscellaneous plants, with various species indicative of poverty,
the yield of hay being low. Mineral plots also carry mary species,
oI more luxuriant growth, with a large proportion oI leguminous
plarts. With heary nitrogen applications the numb€r is greatly
reduced, but the behaviour of the groups of plants depends upon
the form of the nitrogen application. With ammonium sulphate
leguminous and miscellaneous plants have practically disappeared,
whereas with heavy dressings of nitrate of soda some weeds, as
dandelions, are abundant, and with light dressings, without any
addition of minerals, a very weedy herbage is produced, containing
a fair proportion oI leguminous plants.

Within the main outlines, however, the botanical composition
o{ the herbage va"ries greatly from year to year. With complete
fertilisers including nitrogen and minerals the relative proportions
of the three main groups of species, i.e., grasses, Ieguminous and
miscellaneous plants, are not usually much affected by season,
though the individual species do vary, but with one-sided {ertilisers
and on unmanured areas wide fluctuations occur in the percentage
oI these groups. No correl,ation has been traced between the annual
variations in the yield and the botanical composition of the herbage,
except for some suggestion of association between high yield and
high percentage oI leguminous plants with long-continued mineral
manurrng.

The variations of individual species occur on all plots. They may
be caused by direct or indirect req)onse to season and are much
inlluenced by the type of manuring. It is often dificult to determine
whether a marked increase or decrease of a species in any year is
due to climatic conditions being beneficial or detrimental to that
particular species. It may be that the real effect is on other constitu-
ents of the herbage which change so much that the proportion of
the species under consideration is radically affected (cf. Alolecwus
in 1922). In some cases, especialty with organic fertilisers, the

{r) Ii*E, J. 8., GiD.n, J. H. and Mat.B, M. T. {r88s.)-tt R..ulB of crpcriDc!!. or utc
ei&d hEbase ot F!1!l.@rl Eeadow. " P.rtII. 'The Dotaoic.li6ult3." Phil. Tra, PartIV.
pp.lt8l.ll13.

(r) Bre!.bl.y, W. E. (rt2l.)-" yanurina ol Bie l.o.l for hry." rnnSE&s, CIt6 & Co,
Rolbaisted vono$aphs. pp. lt1.
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Erain groulg and also certain slrcies (asoI AlorecwAs, Afflunather*n\
Dactllisl show a tendency to rhythmic chariges with season, risirg
and falling over a period of years. In other casesthe fluctuations ari
more abrupt and irregular, sometimes being exaggerated in the
presence of lime.

- The response to liming is most marked on liberally manured
plots, particuJarly those receiving sulphate of ammonia. Even in
the \Minter these limed areas stand oui clearly, whereas much less
differentiatio-n is seen on poorly maaured plots-and on those receiving
nitrate of soda. With ammonium sulphate and minerals liming ha!
completely changed the balance of the botanical composition within
the group of grasses, though it has not re-introducled weeds and
leguminous plants. Individual species usually respond to lime at
once, showing a change of proportion at the'first ^succeeding cut,
but under certain soil conditions a delay may occur until a second
clressing has been given. It would appear thit the maximum effect
of liming is reached withil a few years from the first application,
after which fluctuations with season may again become moi6 obvious.
(,, ").
. The heav_v frost of the winter 1928-f929 and the spring drought
in 

-1929 _were responsible for killing the herbage on ttrJ unfma
halves of plots receMng ammonium salts and minerals, that on the
lirned areas- not being adversely affected. Prior to this large per-
centages of Antharanlhan odoalun, Arrhzratherum aaeiceim,
Fesluca witu, Alofeurus frahtsis, as well as Holcus lnnalus had.
been present on one or other of the plots, but when recovery began
after the original herbage had been wiped out Hokus- laitus
usurped-.the-field- almost to the exclusion of eveq.thing else. On
the unlimed halves of plots receiving ammonium- sulphate
and complete minerals, 100-per cent. Ilolris is stilt present, birt on
the others, where potash is withheld, the return of other species
is proceeding very gradually.

Since_the_publication of the analyses and results to 1934 (r) a five
year cycle of ana$ses has been begun on specified plots, td bbtain
information as to the correlation Gtween s-easonal 6lfects and pot-
?sh manuring. The question of the effect oI shading is also biing
investigated, as there are indications that certain slecies may bi
greatly increased or decreased by shading, whereas ihe propoition
of ol.her species may not be affe&ed. Suhcient figures dre iot yet
available, however, to allow of any comparisoni being made-on
either point.

(D) Srros urxruREs AND BorANrcAL coMposlTroN oF REsuLTTNG
HERBAGE

-- - 
Sawyer's field was laid down to grass in the spring o{ 1928, six

different mixtures being sov,'n. Up-to and inclu'dini lgg5 it was
regularly grazed, bein{ cut for hay for the first iime in 1986.
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Botanical analyses were started by Miss Wariagton in 1929. For the
first two years an attempt was made to estimate the relative pro-
portion of the infividual species on each plot, but as the sward
became closer it was not possible to do this with any degree of
accuracy, and it seemed preferable to determine the percentage of
total grasses, leguminous species, weeds and bare space only on the
field, and to supplement this data by a detailed botanical anall.sis
of every species on small areas allowed to grow Ior hay.

Ten of the general alalyses were made per plot every spring
and autnrnn, areas of I foot square being used, while hay samples
were taken in duplicate from 2 foot square areas, protected from the
grazing a-nimals by covers which were removed immediately after
sampling. Selection of the areas for bot h t ypes of analysis was made
at random, except that tracks to water troughs or gateswere avoided.
Establishment was slow owhg to the severe winter of 1928 and the
drought in the followirg spring, but growth rapidly improved, a-nd
the bare space which in 1929 amounted to about 30 per cent. was
reduced to 5-10 pff cent. on most plots in the following year.

In spite of the great variety of the mixtures sown (Table I), the
differences between the composition of the plots are comParatively
slight, and as would be exlrected the levelling up has become more
pronounced in the course of time. On the whole, the seasonal effects
have been the same throughout the field, whether this applies to the
normal spring and autunn fluctuations, or to unusual features such
as the drought in 1933.

TABLE I

Italian Rye
Perennial Rye
Cocksloot
TiBothy
Tall Fescue
Meadow Fescue .. ..
Meadow Foxtait
Rough Stalked Meadow

Early Red Clover
Irte Red Clov6
Alsike
Wild Wlite Clover
Trefoil ..

Chicory ..

4
5
6

.
5
I

1

r

4

6
4

lo

2

I
3

I

4

10

l0

I

3
I
l

2

l6
l0

:
o-5

1
I

lo
8
2

2

,
I
2

I

2

In l93I the percentage of bare space was reduced to below
l0 per cent. on all plots, so this may be regarded as the
point at which the swaid had become thoroughly well established.
At this time grasses and clovers were of approximately equal impor-
taace on all plots (approximately 40-50 per cent . of each throughout ) .

Clover maintained ahis positim until 1933 when it was almost
completely killed by the ilrought. Its place was to a large extent

Cornposition oJ MinLles Soa)n, b. ter c./e 1928.

3o
l0

l

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


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

https://doi.org/10.23637/ERADOC-1-68 pp 29

26

taken_ by grass, although the percentage of bare space also rose
considerabll,, in some cases to 20 per cent. Since 1034, a gradual
return of clover has occurred, the re-establishment being rather less
rapid on plots sown with mixtures I ard VI than in the other cases,
br:t although clover now comprises approximately lO-20 per cent. of
the herbage on all plots, (Table II), it has nowhere rigained its
former importance. Except after very hot summers, thire seems
a tendenc5'for the percentage of clover to be higher in the autum-n
than in the spring. This explains the rather tower ligures {or clover
from the hay samples taken in June, (Table III), iompared with
the direct estimations made on the field in the auturnn oI the same
year.

TABLE II
_.Percertoge ConPosirion of Hetbage, 1938. (Se.ptember)
Di/ect eslimalior. on field. I ft- sq. area. Meaa of tO samptes,

Xixture ,lrv
Grasses ..
Cloverc ..

Bare

8I.3
t8.t
0.4
o.2

79.3
r8.6
0.05
2.05

76.7
r9.0
0.4
3.9

so.2
0.6

o.2

83.7
14.2
0.3
1.8

80.9
17.7
0-3
t.l

TABLE III
Petce rdge Cotnposirion oI Ha!. 1536. (J"rle)

Esrination flott 2lt. sq. area. Mean oI2 san es

llixture

67l.
7.9
4.4

I t.l
0.2

4.7

o.2

54-6
8.9
2.6

t5-9
1.8

63.7

15.4
6.7

o.2

o.2

53.2

l8-6
4.7

14.5

43.8*

24.9
6.8

o.l
16.0
0.7

IV

5l.g
13.5
9.8

6.4

Italian Rye
PeretrDialRye.. ..
Cocksloot
Timothy
Fescue (florreri[g sboots

odv)
Rough Stalked Meadow
Grasses (various)

Red Clover
W'ild White Clover

Weeds . -

t6.0

2.4

l.,7

0.5

8.8

o.2

i.r
o.2

. Acurate *praijoo oI tb. rm spei6 was qot pGibte bur od rbe basis of rhe ltoeriE
sbmls by,ar tb. greatFr Droporuoo wasFreMial ry

. Aly differences in clover content between the plots at the present
time cannot be attributed to di{ferences in the amount 6f seed
sown, as wild white c.lover is the only leguminous species that now
occurs and this was sown at a uniform rate over ihe whole fietd-
Red clover was included in all mixtures except V, two plots receiving
alsike or trefoil in addition. Red clover acfueved some importanci
(10-20 per cent.) on two plots only and it may be signific-art that
botb these were sown with the larger amounts-of the-iate flowering
variety. All Iorms of red clover, the alsike and treloil were short"-
lived, nothing more than traces being {ound after 1g32.
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The proportion of the iield covered by graminaceous species has
steadily increased, and now amounts to about 82 per cent. of the
herbage on the avera8e. Rye grass has been, and still is, the most
importart species irrespective oI the amount or variety som.
Mixtures VI and VII contain€d the Italian variety only; mixture
VIII a mi:.ture of the Italiar and pererurial varieties; while the
remainder supplied pererurial rye grass. The Italian rye was rather
slower in achieving its dominant position than the perennial, doubt-
less owing to the smaller quantity of seed sown. On the other hand,
on the plot receiving a mixture containing a specially large quantity
of perennial rye, this species has shown no particular rapidity in
assumilg dominance. The persistence of the Italian rye is notable
and in the spring the strips sown with it stand out conspicuously
owing to its earliness in coming into growth.

.\t the outset cocksfoot was an important species comprising
20-30 per cent. oI the sward. Reduction has since occurred on all
plots to a varying degree and at present this species covers an area
ranging from 8-25 p€r cent. No correlation with the quantity sown
is lound, Fescue was an important constituent of three mixtures
only and though it temporarily amounted to ll-22 per cent- on
these plots, it still occurs only where sown and since 1933 has been
almost negligible. Rough stalked meadow grass was slow in becom-
ing established but has noticeably increased in quantity since 1931.
There seems little correlation with the quantity sown and it now
comprises approximately 16 per cent. oI the herbage on a plot the
mixture for which contained none at all. Meadow foxtail was sown
.n small quantities on two plots, but failed to become established.
Timothy has proved a persistent but unimportant species, the rate
oI seediag having tittle bearing on the quantity fouad. Chicory was
short lived surviving for barely 2 years. Weeds have on the whole
been negligible, though thistle began to be noticeable in 1936.
Cutting Ior hav in this season may help to discourage this species.

Summarising the general position, the outstanding features
seem to be, (l) r5'e grass sown as the chief constituent of a mixture
readily assumes and retains dominance, the Italian variety proving
unexpectedlv persistent; (2) cocksfoot rapidly gains a footing,
regardless of lhe proportion sown ; (3) rough stalked meadow grass
is slow in becoming established, but is able to spread itsell to a con-
siderable extent; (4) wild white clover is the only leguminous
species that has proved persistent, the quartity in which it occurs
being clearly determined by seasonal conditions, of which rainlall
is the chief factor. It shows Breat powers of re-establishment after
almost complete extinction.

.{ll the known methods of grass analysis are open to some form
oi criticism, and those adopted in the present case have been used
in full recognition of their shortcomings, value being attached to
them principallf in r.iew ol their continuity over a period of years.
Accurate estimations of the relative proportion of individual species
is impossible after the sward has become established, species such
as rve Brass and fescue being hard to distinguish when in a closely
6razed condition, and it is unfortunate that it is these same species
that offer dimcultv in hay analyses. The time factor is important
in Iield work of this nature and although a large number of repli-
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cates is desirable, some accuracv is lost if the estimations are not
made within a few days of each other at times of rapid growrh. The
cuttint of turves for iavestigation in the laboratory is of course
mled out when plots are smaf and the experiment of iong duration.

(c) Exnrnrmxrs oN *.EED coNTRoL By spn{l-s
In the course of an experiment on the value of thiocr.anates as

weed kiuers attenrion was-directed to a piece of neglecte<i grassland
which was so covered with weeds that very little grass could be seen
any'where, though it existed under the shadow oI the weed leaves.
Marked. plots were sprayed with I, 2| and 5 per cent. solutions of
ammonium thiocvanate. operations being carried out on June 25th,
1935, at ll a.m. in brilliant sunshine, but at 4 p.m. there was a
storm with very hea,ry raia, followed by much rain during the
night. - In spite of this definite results from spraying were obtained.
- Colatnintha clinoPodi*rn was tbe rrlost abr:nclant species, covering

the whole area quite denselv. Twenty-four hours afier spraying the
I per cent. plot iooked scor"ched, the 

-2| 
per cent. was bJdhihit"and

was turning brown, while the 5 percent. plot was very badly damaged
and was dark brown. The mosl susceprible plants at this ltage u;ere
species of Cirsium, Bramlie, Nepeli and, Potentilla, the degree of
damage increasing with tbe concentration. Manv of these plants
were already killed, but the majoritv of ot-her speciei rvere
damaged to some extent, at least by ihe 2| per cent. and 5 per cent.
solutions.

As time went on the varying elfect of the different sprals became
more and more marked. The unsprayed control plot remained a
mass of weeds, which flowered ancl fruited freely, and by October
could still be described as " weeds, with some grass."
_ With I per cent. thiocyarate nothing seemed to be entirely killed,

though most species were considerably ihecked, especialty ajregards
flowering. By October the weed growth wa-s fairlj'good'but sh-orter
tha-n tbat on the control plot, and more grass wasvisible, while verv
few weed species had reached the fruiting stage, Calamintia
having only recovered sufficiently to be in flowir.

-_ 
The 2| per cent. thiocyanaie proved to be quite reasonablv

effective in controlling weeds. Calimi*ha was eniirely preventei
from flowering, and only a very litlle Citsium and Agimo a came
into bud. Ttre grass, howevei, was much improved and showed
stronger growth and a better colour than that on either the control
or I per cent. sprayed plot.
_ The results of the 5 per cent. spray were outstandint, for by
October the plot could be described as " grass with u-eeds." A
general killing-out oI maly species had occurred, and most o{ those
that were left were either barren or very sparingly in flower. Thistles
failed to flower, R*zrcz made no recovery from tie iaitial check, and
Cslaniriha showed very little flower. The great feature of this
Plot was the large proportion of $ass at the last inspection. The
impression was given that a second spraying in Augustbr September
with 2, per cent. or 6 per cent. solution mifht have eradi@{d Cala-
mi*lha more ot less completely.

In 1936 the original plots were re-sprayed and a fresh series
marked out to compare the effects of early and late spraying,
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alone and together, with the same concentrations as b€fore, and also
with a l0 per cetrt. solution.

The early spraying was done on March l8th, when the original
6 per cent. plot still showed the beneficial effect of the 1935 treatment.
The other areas were selected with as uniform a weed cover as
possible and in addition a dense lntch of bramble tra.s treated.
At this date very little fresh growth had been made, and dead leaves
and flowering stalks predominated. Sprayhg at this early stage
proved to be oI little value except for killing moss, as most of the
weeds pushed up their new leaves later on aud were not damaged.

The second spraying, on June l7th, was more eflective and much
oI the weed was killed, especially with the higher concentrations.
Tbe very wet weather during the summer, however, undid the work
of the spray, as new troryth was encouraged and most of the plots
rvere ultimately as weedy as before any spraying was done. With l0
per cent. solution applied late, howwer, some weed reduction per-
sisted in spite of the wet season, and Calamhrtha clinopod.ium aad
thistles were severely affected and did not flower. A certain amount
o{ benefit occurred ftom the nitrogen supplied by the thiocyanate,as
with the heavier sprayhgs the herbage rvas much deeper green than
on the control plots.

Comparative tests were made with dressings of granular
cyanamide, but neither early nor late applications were effective in
reducing the weed cover, though the nitrogen effect was again
distinctly marked.

The attempt to reduce bramble by early spraying with a l0 p€r
cent. solution at first looked promising, as the plants were very
badly damaged and for some time remained much behind the
controls. Later on, however, bramble received the same encourage-
ment lrom the rret sulrlmer as the herbaceous weeds, and the only
persistent reduction was where early ard late sprayhg had been
done on the same area,

The general outcome of the two yea$'experiment is that
thiocyanate is an ulcertain agent lor weed reduction on grassland.
It has a good temporary effect, and in a dr5r summer might prove
very useful, as it is for the eradication of amual weeds among
certain crops. It seems, howe,ver, that the underground parts of
perennial weeds are not seriously effected by the thiocyanate, and
weather conditions which encourage lush growth enable damaged
plants to again start into gro&th and evqrtually to make very good
recovery.

(d). hcuME-GRASS ASSocrATroN s

The ecology of " grass-land " presents the problem of growing
legumes in a.ssociation with other plants ir its most complicated
form. Factors that benelit legumes when grown alone may not
be beneficiai to l rrmes growing in competition with other crops.
The effect o{ mineral nitroten is an importart instance of this.
When a legume is grown alone, minera.l dtrogen supplied to it
tends to replace nitrogen that would otherwise be supplied by the
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nodules, whose development is nt'rlu-"u ," the nitrogen manuring.
(Thornton and Nicol, 1936. J. A6ric. Sci., 26. p. iZB). But th;
l9Sgme- may grow as well from whicher.er source irs nitrogen i,
derived. The manuring is merely wastefui but not actually ha;mful.
But where a legume iJ grown in association with grasses', a suoph.
of mineral nitrogen is ac1ualll. harmful to its grouti, since it stiriru-
lates the Brass to excessive cirmpetition with ihe Iegume. This was
clearll'shown in a pot experiment with lucerne and grass supplied
with sodium nitrate, in which the grovth and nitrogin contiit ol
the luceme was inversely related 1o the dose of nitrate applied
(Thornton and Nicol, 1934, J. Agric. Sci., 24, p. 269). In grasiland,
therefore, it is especially necessary to relv upon the activity of rhe
nodule bacteria in supllying nitiogen tir le'gumes, since nitrogen
compounds cannot safelv be supplied to them without stimulating
grass competition. Nodule development can be stimulated bi
phosphates which increase the infection of legume roots bv the
nodule bacteria (Thornton and GanguJee, Proi. Roy. Soc., 

-1926.

8,99, p. a27). The well-known effeci of phosphate in stimulating
legume growth in pastures is probably due to this fact.

It is not merely necessary to obtain an adequate development
of nodules however: these must also lix nitrogen activelv. Recenr
work has shown that strains of nodule bacteria vary greitly in the
benefit \trhich they confer on their host plant. TiiJ is especialll'
the case with those that infect clover, somi strains of which do not
supply detectable amounts of nitrogen to the plant, while others
are highly emcient as nitrogen fixers. Some of the former inefrcient
strains have been isolated from cloyer that was growing in certain
Welsh sheep pastures. These " poor " strains present a problem of
considerable agricultural importance, which iJrendered hore difii-
cult because they have been found to compete for nodule lormation
with other and more useful strains. The cause of this competition
between good and poor strains of clover nodule bacteria is now under
investigation in the Bacteriology Department. It has been fouad
that domillarlce in strain competition is not correlated with the
emciency or otherwise of the strain, and two highly eftcient strains
have been isolated that can compete effectively for nodule formation
wlen supplied to the clover plant together with a " poor " strain.
They should be useful for inoculating clover to be sown in soil
containing a population o{ a " poor " strain of the bacteria.

- In_ gr_assland the legumes are beneficial not only by virtue of
their high protein content, but also because some oi the combined
nitrogen resulting from nodule actMty is handed on to the grass.
Until recently the beneficial effects of legumes on other crops was
studied principally in rotations and attributed to the residual value
of nitrogen compourds released when the legume roots decat'ed.
Recent work, carried on principally in Finland, has shown that
considerable amoults of combined nitrogen are secreted into the
root surroundings by young and actively-growing legumes. Our
own work shovr'ed that when lucerne was grown in iand culture
with grass, the latter obtained appreciable amounts of combined
nitrogen from the lucerne within 3 months of sowing. (Thornton
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and Nicol, f934, J. Agric. Sci.,24, p.540). This nitrogen excretion
by legumes suggests practical problems concerning the conditions
favourable to it, and the associated plarts best suited to benefit
thereby.

(c). Nmnocru rN GRASSLAND sorls

Most of our knowledge of the nitrogen cycle in soils is derived
from arable land, and, until recently, there was very little informa-
tion on grassland soils. It was commonly assumed without etidence
that in grassland nitrogen compounds il the soil organic matter or
in added manures were unavailable to plants until they had been
converted into nitrates. In s].stematic soil investigations on Park
Grass plots and some other lields over several years, Dr. H. L.
Richardson found that both nitrate and ammonia contents were
very low, of the order of a few mgs. nitrogen per kg. of soil. In
contrast with arable lard the ammonia was always higher than the
nitrate. Fluctuations throughout the season were very small, except
on a very acid soil on which the herbage was seriousty damaged by
frost and drought. Even when nitrogenous fertilisers were added
the low equilibrium values were rapidly re-established, one half of
the added inorganic nitrogen disappearing within a few days in
sprbg or within a week or so in winter. Nitrogen added as sulphate
of ammonia was taken up by the plant roots directly without pre-
vious nitrification. By incubating soil samples under standard
conditions and measudnt the ammonia ard nitrate formed, it was
found that the mineralisable nitrogen followed a seasonal rhlthm,
rising in late autumn and falling in late spring and summer. This
reflects the changes in the more active parts of the soil organic
matter as residues of herbate are introduced into the soil in autumn
and oxidised away when the temperature rises in spring. The
nitrifying 1rcwer of the soils was very low on the most acid plots
and on one or two others. Since the nitrate conteut of field soils was
below the ammonia content, even for soils which nitrified rapidly
in the laboratory, it was inlerred that most of the nitrogen made
available in the ordinary course of the nitrogen cycle in the lield
was taken up by the herbage as ammonia.

Under Rothamsted conditions old grassland attains a nitrogen
content of about 0.3 per cent. as compared with 0.15 trrr cent. in
arable land. From old grassland oI known age it would appear
that about 25 years are required for the nitrogen content to rise
half-way to the maximum when arable land is laid down to grass.

In annual experiments on the use of nitrogenous Iertilisers on
grassland it was {ourtd that winter applications were less effective
than spring ones, and that calcium cyanamide, with or without
dicyanodiamide, was less elfective thar sulphate of ammonia in
winter and about equally good in spring. Under repeated mowing
the added nitrogen disappeared from the soil very rapidly and the
response in herbage was exhausted in one or two cuts. In these
early cuts the recovery of added nitrogen did not exceed 40 per cent . ;

in the later cuts there was a marked depression il clovers. Pot
experiments showed that clovers could grow well in the presence oI
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repeated very heavy dressings of sulphate of amrnonia equivalent
altogether to no less than tons per acre, and the depression in the
field must be ascribed to competition rather than to direct toxicity.

(/). PEospHATrc FERTrLrsEns oN GRASSLAT{D

Tbe series of investigations continued since 1920 on behalf of
the LIinistry of Agricr:.lture's Permarent Committee on Basic Slag
provide usefr:l illustrations oI the dificulties of obtaining quantita-
tive comparisons of various methods of grassland improvement.
On poor land basic slag or other treatments may effect such revolu-
tionary changes in the amount and quality of the herbage that a
trial on a single plot or field carries absolute conviction and no
elaborate experimentation is called for. On land of medium quality
such spectacular results are not to be expected and attempts to
compare altemative manures or to lind the best rates o{ dressing
merely by inspection of grazed fiel<Is have often given ambiguous
or even misleading results. It is obviously a matter of supreme
diftculty to conduct quartitative experiments on the manuring of
pastures.

In 1920 it became necessary to test a number of kinds of basic
slag in order to ascertain whether or not those o{ lower solubility
in the conventional reagent-2 per cent. citdc acid-were in Iact
less effective than the older and better-known tJpes of high solubility.
The first series of experiments was made on one-acre plots at
Rothamsted which were grazed with equal numbers oI sheep. The
manures were given in 1920 and again in l9 and the experiment
continued uatil 1928. The live-weight increases of the sheep varied
widely from year to year (e.9., from 80 lb. to 218 lb. per acre).
In some seasons the herbage grew more rapidty than the sheep
could graze it qrith the result that both $ass and sheep suffered
later in the season. Only one of the five phosphatic fertilisers tested
caused any appreciable increase in the live weights. In simi.lar
experiments conducted from 1925 to 1928 irl Somerset and Leicester-
shire the results were also srnall and irregular. These apparently
direct experiments failed to give results cornmensurate with the
trouble entailed. The conditions arbitrari.ly imposed to ensure a
formal r:aiformity destroyed the necessary balance between growth
and grazing, and, even iI these conditioDs had been altered, the
results would have remained ulcertain in the absence of any esti-
mate oI the irregularities in the soils and the animals.

In order to adopt modern methods of field experimentation the
next series were restricted to land set up annually for hay. The
Iirst experiments in 192&9 showed that on land oI moderate fertility
it was possible in this way to distinguish between dif{erent types of
slag, especially iI the hays were analysed to determi.ne the uptake ol
the phosphoric acid added ir the slags. From the summary in the
following table it will be noticed that about l5 per cent. of the
phosphoric acid in the most soluble slag was removed in the hay, as
compared with 5 or 8 per cent. from the least soluble slag.
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Mcat yields and lecoocry of Phos?hor;c. acid in luo hay ,ials,
1926 to 1929

A wider series of hay experiments in 5 by 5 Latin Squares was
carried out from lg30 to 1933 on high- and low-soluble slags,
superphosphate and mineral phosphate.

Madn yields cd ?hosPho/ic aciil r.coo.ics ir Jowlcu hay .rpcrirncLrs on
High-soluble sldg H, Loo-soh,.bte stdg L, Mineld phosPha!. M, anil S{l.r-

phosphde S.
1930-34 lN orthollcrtan l9ll-34\

trIean yield
of dry hay
on plols }rith-
out phos-

phate

Relative Ee3.n yields
($'ithout phosphate

_100)
rlL MlIIls

Percetrta*e reaoveSr
oI added phosphoric

acid

r. lululs
Neutral Soils
Braintree,

Essex . .
Badminton,

Glos. ..
Acid Soils
Cockle Park,
N'umberl'd

N'allerton,
Yorks.

Chesterfield,
Derby

Lydbury,
Salop.

19.4

32.1

4.2

15.7

3r.3

34.3

109

99

134

t2l
109

r09

t05

98

194

138

lt4
105

t32

r03

t7l

142

tl3
103

128

107

l8l
142

120

10r

3

3

6

6

l0

3

4

l0

l8

l3

10

l7

l3

7

20

l3

t4

t7

l6

8

t5

l8

The series covered a wide range oI conditions of soil fertility as
may be seen from the fact that the average yields over four years
varied from 6 cwt. of dry hay per acre on the poor soil at Cockle
Park to over 30 c$t. per acre at three of the centres. As was to be
expected the responses to phosphate were relatively small at the
centres which gave high vields without manure. High-soluble slag
.rnd superphosphate gave similar results throughout; superphos-
phate gave the greater effect in the first season but the high-soluble
slat caught up in total yield over Iour seasons. Low-soluble slag
was far inferior at all responsive centres. Mineral phosphate was as
elfective as the high-soluble slag and superphosphate on the acid
soils but it was even less effective than the low-soluble slag on the
two neutral soils. The figures for the percentage recovery oI the
added phosphoric acid showed a much more consistent story tharr tbe

!

I Percentag€
I cikic e.id
I sotobility oI
I ste*

sr6c H .. I 8?
Slas M .. | 8l
Sles L .. i 37
No phoGphate | -Standard error | -

t4
l4j

l5
ll
j

of hay

Enmore
Somerset

31.0
21.9
25.5
22.6
0.86

25.4

20.7
l.l3

Brooke
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vields. Exceor ftom the verv poor Cockle Park soil the recoverl o{
'ohosphoric dcid from the hiih-soluble slag and superphospbate
iell fithin the range 13 per cent. to 23 per cent. and at no centre
rvas there anv appreciable di{Ierence between the two materlals
On the four icia-slclts the recoveries from mineral Phosphate were

similar to those from the two more soluble fertilisers and lar higher
than those from low-soluble slag. These exPeriment s show that when
hav trials are supplemented bf chemical inall ses ro deterTine the
aciual uptake of the added nutrient, theJ' are capable ot gr1rng

reliable ind consistent data, even though the lield results ma1-

show only comparatively small effects of treatment.

In the Northallerton expriment the hay samples for each p-lot

were analvsed seDaratelv each year and it was therefore possible
to establi;h highly signiiicant improvements in the composition and
feeding value of the [a-v as well as in the weight of hav.

\ orthalbrron Hay ErPelimett l9ll-4

36.1
19.3
,I.3
l4-3

i r;e
l8l
1.45
r.36

Nit,oa6 B tctcttrrtE oI dtY HLt
r!.!r I 1.32 I 1.36
r$,ir.5oI1-68
19$lr.r8j1..t0
ro3a I 1.24 I 1.3,

Y rU oi tt.! H z\ ,.tt. F, q.
rexi l 3 L9,5
rr3, I lr.8 I rh,j
rsaa I 14.6 I 18.,
1934 I 95 72.O

Ph6btu^. url 6 t ,.2ntds. oJ.kt E.Y
ra3l o-2a o3t
ro3, I 0.30, 0.t4
r9$ I o.21 | 0-26
)934 | o.21 | 0.26

1931 I

1933

18.6
21.0
14.0

l_55
1.E2
r.51
1.3,!

0,43
0.rt3
0.32
0_30

1.45
1.3'

0.03,
0.063
0.028
0_022

0.000t
0.0L2
0.00?
0.005

37.8
18.t
19.9

1.59
1.89
1.49
l-36

0.55
0.45
0.33
0.5,

1.38
l-.11

0.79
0.4x

0.16

o-rt

0.32
0,31

L,31
1.29
1.21

ln onder to make comparisons on voung Frass, Q.?eriments were

carried out br-repeated mowings at Dartington Hall, Devon (by
Mr. I. B. E. Patterson), and at lluch Hadham. llerts. on acid and
neutial soils respeclivel\'. In the later experiment there was one

5 bv 5 I:,t in Sqriare witjr plots mo$n lir e iimes alnualh ' ar:d five
.im"i[ar so,lares which were grazed throughout the \ear except when

"ach 
,rne'in turn was fence-d o{f Ior rhree to four ll-eeks and then

mown. There were clear ef{ects on tield and composirion of the
herbage in the early years of each experiment The results are

summarised concisely below as the percentage recoverv eacn. vear
o{ rhe added ohosphbric acid. It will be seen that thev are closel}'
similar tothosi for ihe earlier series oI experimen ts on hav. SuperPhos-

ohat" eave the highest recovery ir the fir.r lear arld high-soluble
Itae thi hiehest inlhe second year. Mineral phosphate was as el'ec-
+iwE as the"two soluble lertilis6rs on the acid soil and comparativelv
ineffective on the neutral soil. Low-soluble slag was much inferior
to high-soluble slag as a source of phosphoric acid.

q Paczatzs. oJ dtr Ear
l.ot I 1.16
1 06 I 1.r3
1ro I 128

Staaddd
pho+ha,. Errorslaa i

Gaisa }iigh-
Minerat eluble

Po:!:i': - -49--
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Pcrc.rrag. r.col,.ry oi add.d ?hos?holic aaid in lc?.a,cilly mour. trdss

HlBb.Solsbl.
SI.t

,rrl lr.dld (Ertr.l.oilt
Pld. .it\d rriri,lell I l.a Ilatt I !-1 I

l9&t I r, Irgm l ---o a I

1r:t5 I o-t l___=l---
Totd I E.!

During the last few years certain steel-works have succeeded in
producing a new class of medium-soluble slags in place of low-soluble
slags and it became necessary to ascertain wbether these new
rnaterials were more effective as fertilisers. The main field
experiments were made on swedes in Scotland and are still in progress,
but mention may be made here of a series of ex?eriments conducted
at Rothamsted on perennial rye-grass trown in pots in an artificial
sand-bentonite mixture.

llenaiage recovery of aUzd phos?horic a.id f/orn basic slags in pot c ure
erperir .nls o4 ?erential ryc-grdss 1931-5

P.rtutag. ciEic a.id slubility
of ilaa -. ,. 23 ,1 30 l, .rl 53 61 06 E9 93 Irri

nst. P,O. in @t td tot ld
,50 Da' toaal P,O,.dded .. 6a 50 66 8? r05 106 116 t35 1e0 l?a l7t
500 Dgs. total P.ot add.d .. 92 96 ll9 156 ltg 189 2 

"' '86 "' 
301

Over a wide range of slags in single and double dressints the
percentage recovery of the phosphoric acid was almost a constant
fraction of the percentage citric acid sotubility of the phosphoric
acid in the slags. Under these highly simplified conditions the
conventional citric acid method thus serves as a reasonablv satis-
factory measwe of the availabilitv of the phosphoric acid in basic
slags. It wi.ll be noted too that these results are in harmonv with
those of all the repticated field experiments on grassland alreadt
discussed.

A new attempt to make a reliable comparison of slags on 1rcor
grazing la.nd was commenced in 1036 by Professor Hanley in North-
umberland. He used single plots o{ 5 acres for each sla8 and contmlled
the grazing of each plot independenth'. The improvements are to he

10.8
9.6
E.t

.-,4
tr.{

?.6
3. t'

{-0 1t6 I toa
,.! 9.8 I z.ot.4 ,.7 I !.00.5 t-l I l.eo-o oB I ra
9.0 ' ,9_7 ' 315

e..zl .itl li'{]L r@a4
l9ll I 5.a

$it) l.t
-1.4l.l

!.0

6-0

l la-aI rt
I r-a
I o.tI o7

-.J-=-.
I !o.t

,.6
i.3
l.E
0_2

l{.5
t2.i

3.2
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measued by the progressive changes in the amount and comPosition
of the herbage obtalned on a series of randomly selected sample
areas which will be fenced off at intervals. In addition comparisons
are made on blocks of microplots without controtled grazing'

(g). TIIE coMPosrrloN oF RYEGR{SS

The eryeriments on the composition of Western \lblihs ryegrass
have been extended to include the examination of n'eeklv cuts
during the whole of the period of active growth, and second cuts
from the same plots later in the season. As maturity was approached
there was a progressive fall in the contents of protein and ash as
expected, and a comparatively rapid rise in cellulose. The hemi-
cellrlose.. as far as cbuld be iudged, increased steadily, while the
lignin, initiatlv quite low. nearly doubled, without giving any
iniication of a'" lignification " period. Perhaps the most interestint
featuie, however, was the change in the amount of water-soluble
fructosan, which, as reported previously, is a major constituent in
voung Brass. This increased to a maximum of nearlv one tlird th9
dry wefuht of the grass about the time of firll emergence of the-head,
thineafter IaIing rapidly till in very old grass almost none wasfound.

The production of such a large amount of Iructosan b-y ry_egrass
raisei various physiological questions. A study of the distribution
of this Dolvsacaharide within the Dlant revealed that the stem is the
chief piac6 of storage, the first internode above ground level con-
taining as much as 43 per cent. at the time oI peak content. \['hen
maturity is reached no increase in total dry weight of the plant
occurs although there is subsequently a steady rise in the propor-
tions of ihe iell-wall constituents and particularlv of cellulose.
Since a concurrent fall in the fructosan was observed, there is a
strong possibility that much oI the temPoraril], stored fructosan is
transiormed later into structural material, The time of maximum
vield of fructosan per acre does not quite coincide with the Peak in
percentage content, but follows about two weeks later, then amount-
ing to aJmuch as 3| cwt. per acre. Should a market for fructose
arise, ryegrass would- be a potential source to be considered.

The second grorath of grass differed considerably from the first
grorrth in contalning less fructosan, and being distinctly higher in
itructural cell-wall constituents, such as cellulose and ligrtin, when
compared on a basis oI approximately equal Protein contents, thus
suggesting that the second Srowth is more fibrous. It seems

likilv that in assessing the nutritive value of 8rass, sumcient atten-
tion has not been diricted to the carbohvdrati constituents. Fruc-
tosan should be very readily available, aird utilised more completely
than partially lignified cellulose. If the apparent dilferences in
composition between the first and second growth of ryegrass are
ccnfirmed in other grasses, certain aspects o{ the policy o{ dryi"g
frequent cuts throughout the season may have to be reconsidered.
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THE RELATION OF CULTIVATION TO CROP YIELDS
The study oI methods of soil cultivation begar at Rothamsted in

1926. The eaxly results rvere rather unexpected, so increasing
attention v?s tiven to the subject in succeeding Years, and it now
forms an important part of our Iield experiments programme. The
work will, of course, be continued for some time to come, but it has
reached a stage where an interim statement oI our conclusions is
both possible and, for the following reasons, desAable.

The changed economic conditions have forced farmers to reduce
production costs wherever possible. Although there may be but
little direct saving of monev by reducing the number of cultivations
with horse-drawn implements (for horses must be fed, whether
working or idle) there may be an important saving of time and of
useless labour. But, with mechanised cultivation methods, a direct
saving in fuel and depreciation costs is made bv avoiding unnecessary
operations. British farmers have been reluctant to abandon their
tradition that thorough cultivations are essential for high crop
yields, and the majority firmly believes that vields suffer by just the
extent that the tilth Ialls short of perfection. This belief is based to
a Breat extent on the simple theory of soil water movement, so long
curent in text-books of agriculture, which asserts that a delicate
control of soil moisture content can be secured by appropriate
cultivation. The work in the Soil Physics Department has disproved
this theory (sde Report f934, pp. 35-48) and therefore the practical
problem reverts to its original form: the degree of dependence of
crop yield on specific cultivation operations-

There is a considerable body o{ evidence from other countries
that yields are not increased either by er'tra or by deeper cultivations
above a certain minimurn number, which minimum is well below
what the British farmer would accept.(1) Further, the bearing of
the results on British practice has been legitimately criticised by
reference to the dilferent climatic and soil conditions of this countrv.
The criticism merits careful attention: evidently, results {or a
single year, soil (or crop) willnot necessarily have general application.
Nevertheless, if the traditional belief in the virtues of cultivation is
well {ounded, the great majority of these experiments ought to show
its truth, even iI only by a reduction in yield when certain cultiva-
tions are withheld. Our eleven years' experiments on healy soil at
Rothamsted and on light land at Woburn give little support to the
idea that yields are greatly dependent on cultivation; on the con-
trary our: results are in geleral accord with those obtained in other
countries. At a conseryative estimate, they justify further critical
examination of the traditional beliefs regarding cultivation, and
alford good grouads for the hope that appreciable reductions in
production costs and in labour are still possible.

The Iull details and plot yields of the experiments discussed
below will be found in the earlier Rothamsted Reports, to nr'hich
reference is given. The exlxriments fall into two main groups:
(a) examhation of the effects of standard operations, varying from
subsoiling to rolling, (D) comparison of standard methods with
rotary cultivation.

II) For details c B. -\. I<etr, The Phtsi€l Properti6 ol the Soil" (LryoaG).
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Every experiment was desi6ned in accordance with modern
statistical principles, so that the degree of signilicance of differences
in vield can be assessed.

(a) EFFECTS oF STANDARD opERATroNs

Fourteen separate exp€riments were made during the years lg30-
1934 : 12 at Rothamsted, and one each at Woburn arrd Angus. The
crops included sugar beet (9 experiments), potatoes (2), wheat (2),
and kale (l). In the discussion below the experiments are grouped
according to the cultivation operation under test.

l. Sttbsoili.ng. Early obsewation on the effect of subsoiling for
potatoes at Rothamsted suggested that arl increased yield of about
l0 cv/t. might be erpected which, at the prices then ruling, was about
sufficient to pay for the extra cost of the operation ; no measurable
benefit was seen in the succeeding crops. In 1928 a subsoiler working
to a depth of 14 inches was used {or sugar beet (Report 1927-1928,
p. 147) with the following results i

Iflcrease due to subsorling
Mea[ Standard Effor

Mean
,ield

Roots, toDs per acre
Tops, tons per acre .. .,
Root aumbeG, thousands per acre

Although the number ofroots per acre was significantly increased by
subsoiling, this rvas not reflected in any increase of yield. In lg3l
and 1933 two further cxperiments were done at Rothamsted also
on sugar beet. Micro-plots rvere used and the subsoil v'as hand-dug
with forks, thus simulating a very thorough subsoiling. In the {irst
experiment (Report 193I, p. 117) the results v/ere :

Increase due to subsoiling
MeaD Standad Erorr

Roots, tons per acre. - --4.23 0.148
Tops, totrs pef, acle . . . . -0.09 0.295
Sugar, cv,t- per a.re -4,4 0.568

In the second experiment (Report 1933, p. 135) hand-digging of the
surface and subsoil was combined with a comparison of applying
minerals and duag in the subsoil as against incorporation in the top
spit. The results were ;

Increase due to "deep" manure
Mean Standard Error

Roots, tons per acre . .

Tops, toDs per arre
Sugaj, cwt. per acre

0.03 0.14
0.40 0.30
0.61 0.13

.. 0.56 0.462
- _ -o.3c 0-546
.. ,.0 1.46

Sugar beet

Suga! bee,

Stgar beet

g. r5
11.43
17.71

Mean
lield
12.66
15.s5
48.6

Mean
yield

6.73
7.84

21.3
(TIis erperiment gave low -r'ields ed ligh statrdard erroE.)

2. Extua Ploughing. Two experiments were made at Rothamsted
in 1934, one on potatoes and one on sugar beet. In the potato experi-
ment ploughing in autumn and again in spring was compared with
only spring ploughing; and in the sugar beet experiment autumn
and spring ploughing were compared with autumn ploughing only.
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The experiments bear directly on practice, for in a bad season the
land may have to lie unploughed until the spring ; and it is generally
held that ploughing in autumn and again in spring is desirable in
preparing for root crops. The results of the two experiments were
as follows :

Powo.s
(Report 1934, p. r82)

Ificre3^se oI twice ploughed
ove! once ploughed
Mean Standard Error

Totrs pe! acle

SttM bcea
(Report f934, p.

R@ts, tons p€r acre . .
Tops, totrs per acre -.
Sugar, c$t. per acre

In each expcriment there was an increased yield from the double
ploughing which was a little greater than the standard error.
Although the results are not sigrrificant, the possibility oI a slightly
beneficial effect is suggested, but the increase would not Pav for
the extra time and labour involved.

l. Heaty rolling oJ seed, bed. At Rothamsted we have occasion-
ally observed that consolidation has had a marked influence on
plant groMh. The effect is usually seen in cereal crops grown on
tractor-worked land; the portion compressed by the tractor wheels
shows up strikingly as strips of taller Bror*th running across the
field. The effect is not uncommon elsewhere, and receives occasional
notice in the grricultural press. In root crops no such strikiag visual
differences would be expected, but if consolidation impro'l'ed ger-
mination ald early groirth, there should be fewer accidental gaps
in the rox's at singling time, and hence, after singling, a higher
number of plants per acre with, other things being equal, a corres-
ponding increase in total yield. A field obsen'ation that improved
germination oI sugar beet occurred on a small area that had become
heavily consolidated, led to two sugar beet experiments at Rotham-
sted on the eflect of consolidating the seed bed with a heary roll.
In addition to yield of tops, roots and sugar, measurements of plant
number were made. The results follow :

Increase ot heavily roled
seed M over ordinarj.

roll
Meatr Standard Error

0.20 0.194

0.36 0.268
0.38 0.310
l.! o.05

IIean
yield

15.36
14.36
54.6

lReport r93a, p. r88)

Roots, tons per acre
Tops,,,
Su8ar, cwt.,, ,,
Plaot nurot€r, thousands p€r acrc

Sugat BeEt
(Report 1935, p. 186)

Roots, tons pe! acle
Tops ,,
Suga!, cwt. ,, ,,
Plaot nEhber, thousatrds per acre

--{.45
--4.53

3.0

-4.22
-4.U
---0.4

-o.5

Mean
yield

I1.57
9.68

39.6
25.4

0.318
0.355
1.08
0.85

0.19s
o.270
0.68
0.51

14.o3
11.62
17.8
47.9
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Whatever may have been the elfect of the heavy rolling on germina-
tion and growtb, it led to no improvement in vield. In fact, each
experiment showed depressions in yields of roots, tops and total
sugar as a result o{ heavy rolling, but with the exception of the tops
in the 1935 experiment none of the decreases reached the level of
significance. In the 1935 experiment heal1r rolling did not affect the
plant numbers. In the 1934 experiment the increase in plant
numbers v/as significant. Hence, in the conditions of that experiment
heavy rolling did encourage better germination, but the only effect
was to produce a larger number of smaller sized roots whose
total yield was below the average for the experiment. Wtlen
examined in conjunction rvith the manurial treatments, rolling
produced some significant effects in the lg34 experiment.
Thus, the increased yield of roots due to sulphate of amrnonia was
2.26 tons per acre with heavy rolling, and 0.96 tons per acre with
ordinary rolling; the corresponding figures for the total sugar rvere
6.8 and 1.9 cwt. per acre respectively. On the other hand, the lg35
experiment, in which agricultural salt rvas used, showed no such
effects-

4. Rollirg atd Harruoittg, Two experiments were madc on
\\'heat at Rothamsted, arranged to test the effecl on leld of rolliag
and harrowing, separately and in combination. The following table
shows the increase (or decrease) of yield for harrowing (H), rolling
(R), rolling and harrowing (HR) over the control plots (O), that
were neither rolled nor harrowed.

lryhcat
(Report f93f, p. f48)

G.ain . .
Shaw ..

Wtuat
(Report 1033, p.r28)

Gta,in . .
Shaw ..

Increased yietd in q*t. per acte

II-O R-O I{R-O StaBdard

1.8
ertol

0.8 2.1 0.57
3.0 -4.7 t.32

1.4

-o.6

\Iean
yield
t5.8
39.1

34.0
0.3

-0.7
1.1
2.t

0.3
1.8

Comparison oI the two sections of this table shows that, although
the l93l results reached a higher level of significance, the same
results t'ere obtaiaed in each experiment, although they were done
in different years and in dilferent fields. \4rhen both harrowing and
rolling are done, there is an increased yield of 6rain but a slight
decrea^se in the weight of straw; a result in the same direction is
obtained from harrolving alone. When the plots are only rolled,
there is a slight increase in the grain, but an appreciable increase in
the weitht of straw, which can probably be attributed to the effect
of this operation on tillering.

These two experiments also included mamrrial and other culti-
vation treatments. A detailed study of the data from the 1933
experiment disclosed some interactions betwem treatments in which
there nere large differences of yield. Thus, the grain yield on the
shallowploughed and unharrowed plots was increased by4.5 cwt. per
acre, or 20 per cent. by rolling ; the graia yield on the deep ploughed
plots receiving sulphate of ammonia was increased by 3.7 cwt. per
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acre, or l5 per cent. by harrowing; and the straw yield on the
ploughed and unharrowed plots receiving sulphate of ammonia was
increased by 7.8 c*t. per acre. or 23 per cent. by rolling.

5. INcr-rw ctdtbalions. In the root-break of a rotation, inter-row
cultivation serves to give the land a periodical cleaning. It is com-
monly claimed that in addition to the mechanical effect of uprooting
and killing weeds, the cultivations directly improve the soil b1' break-
ing up crusts on land liable to " capping," by creating a mulch for
conserving soil moisture, aad by increasing the fertility of the soil.
For these reasons there is a general belief that the more the land can
be cultivated during the growth of a root crop the better will be the
results both on the root crop itself and succeeding ones. The neces-
sity of weed eradication, and of the prevention of capping are
self-evident, but the value of frequent mulching is open to question,
while the alleged increased fertilit], eflect can be directly tested bv
comparing the effect on t'ields of ordinary ald iltensive inter-ro1v
cultivations. The last of these points has been examined in sir
experiments since 1932: three experiments on sugar beet, and one
on kale at Rothamsted; one on sugar beet at \lbburn ; and one on
potatoes at Kingennie, Angus.

In the Rothamsted ald \['oburn experiments on sugar b€et,
ordinary inter-row cultivation consisted of suftcient harld or light
horse-hoeing and motor-hoeing to keep dou'n weeds. Intensive
cultivations were additional lo rhese and, subject to weather con-
ditions, were given at approximate ten-day intervals after singling.
The results follow below :

Sugar Beet

Rolharrrsred
(Report 1932, p. 157)

Roots, tons per acre
T0I,6,
Sugar, cwt. ., ,,

(Cultivations :

Roth,'rns,.d
(Reort, r934, p.186)

Roots, tons per acre
Tops,
Sugar, cwt. ,, ,,

(Cultivatiotrs :

Rotharrskil
(Report 1036, p.r86)
Roots, tons per acre
ToF,
Sutar, cx.t. ,, ,,

(Cultivatioas :

W&/rn
(Report 1032, p.r63)
Boob, toDs pet acre
ToPs
Sugar, cwt. ,, ,,

(Coltivations :

Increas€ oI iDteosive ove,
ordinary cultivation

Me5a Standaril Error
.. -1.03 0.138
. . -2.68 0.346
-. --4.0 0.5r

ordnrery, 3 ; oxtra for intemive, 6)

. - -1.70 0.268

.. ---0.63 0.310

. . -7.2 0.96

orditrar]'- 2 ; extra for intensivc, 6)

Mean
yield

13.47
14.58
s.l

11,,,.
I 14.36
ll 54.5

0.r5 0.19s
0.96 0.270
1.0 0.68

1I.57
0.58

39.5

otdinar]', 3 ; extra for iatetrsive, 5)

.. -0.23 0.207

.. 0.62 0.260

.. -1.3 0.75

11.88
15.80
43:0

ordinary, 5 ; cxtra, Ior idtensive, 3)
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The above table lends no suDDort to the idea that vields are
increased by extra inter-row culti'v;tions. On the contrarj, it shows
that the sole reward for the extra cost of the intensive criltivationi
is-either no significalt increase of yield, or else an actual depression.
Thus in 1932 and 1034 intansive cultivation significanfly
depressed the yield of roots at Rothamsted, while in l9B5 a-t Rothani-
sted and 1932 at Woburn it effected a slisht increase and a slieht
depression respectively which did not apiroach significance. For
tops, intensive cultivation significantly depressed the yield at
Rothamsted in lg32 but had-no nett 

-effeci in the othir three
experiments.

The possibility cannot be entirely dismissed that the extra
cultivations caused some damage to the leaves and superlicial
feeding roots, which more than 6ffset anv beneficial effeci of the
rultivations themselves on the soil fertiliti. Altbough the cultiva-
tions were done b1' skilled labourers some slight dairage was pro-
bablv inevitable.'but it was not enough to a"ffect plan"t n*t...
n'hich showed, in the two experiments where countiwere made, no
significant ditference between ordinarv and intensive cultivation.

Kale I Rothansled)

(Report 1932, p.162)

Green weight, toDs per acre

IBcrease of iatensive ovcr
ordinary cultivation

Mean Standaral Error

]1ean
yield

(CultivatioDs: ordioary 2, extra for intensive d)
This table shows that a sigrrificant depression in the yield of kale

occurred on the intensively cultivated pibts.

Polaloes (Attgus\ |
(Report 1032, p.215)l

Sulphate of ammoDia
troDe I cwt. 2 cwt. 3 cn t.

llean
vield

Tons per acre .. .69 0.38 10.180 il r-.,3

ftrcrease of iatensive over
orditra4/ cultivatior

In this experimenr the ordinary cultivations were : two harrowings.
two grubbings, one hoeing, and earthing up; the extra cultivatio"ns
on the intensive- plois wire: one harr6wing and eanhing up, one
grubbing and subsoiling.

Tbere was no gain from the extra cultivations, taking the
experiment as a whole, but there is a suggestion that with noie, or
smal l -d-ressings of sulphate of ammonia, ixtra cultivations depiess
the yield, while with heavier dressings of the fertiliser, the ixtra
cultivations are associated with aJI incieased yield, which is however
just short of significance.

Thc nett conclusion from all the inter-row cultivarion exDeri-
meuts is that stirring the land beyond the minimum requir& to
keep down weeds and to prevent capping on soils proni to this
behaviour, is useless laboui at the be;f, ;d may evin reduce the
crop vield.

lIeatr
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(r) CoMpARr soN or Sr-{NDARD oPERATIoNS AND RoTARY CULTIVATIoNS

Experiments on the methods of preParing a seed bed from a
stubbl; have been in p,rogress since 1926. The results have been
given in detail in the following Rothamsted Reports :

Crop Field

Swedes Sawyers
Swedes GieatllarpeDdetr
Barley Gre3t HarpetrdeD
Maasolds The Broad Baulk+
wh;t Little Hoos
Wtreat Pastures
Wleat Pa-stures
IrDg Hoo6 Rotation ExperiEcDt 1934 P. 176

1035 P. 170
This Report p. fgE

. Nd caU.d Pen@l! Pi@.

Urtil 1932 the main comparison was between rotary cultivation(l)
and the standard method of ploughinS and harrowing' The results
of {ive experiments, three on root crops and two on cereals, were :

Decrease due to Roto-
tiller as compaEd with

plough aad harrow

]Ieaa Standard Ertor

t0.2
2t.4
25.0

t0.2
14.3
l6.l
38.6

Year
1926
1928
1920
1930
r93t
r933
1934
1934
r935
1936

Report
1925-26 p. 153
1927-28 p. 162
1929 p. 98
1930 p. 140
I93l p. 148
1933 p. 128

\Ieatr
yield

1926 Svede,s, roots, totrs per actE
lg28 Swedes. ,, ,,
1930 MaaSolds ,, ,,

1929 Barley, grain, cl*t, per acrc
strarr, ,,

l03f Wheat, graia
stras', ,,

1.66
2.66
3.78

0.6
1.2
1.5
1.9

0.57
0.?l
2.94

0.8r
r.68
0.73
2.68

There is thus a small decrease of yield in using rotary cultil'ation
instead of ploughing and harrowing.

In 1933 a new experiment lrith winter wheat was made in which
tuo deptbs of workiirg of the plough and the Rototiller wele-r5ed.
The " dleep " cultivations were carried ro a depth of about 7-8 irs.,
and the " shallow " to between 3-r1 ins. This experiment lvas coa-
t ilued in 1934 when half the plors ploughed in 1933 were now rotary-
cultivated and half the ploG rotiry-cultivated were Ploughed. In
addition, a much more e*ensive field programme was begun rn
1934. A section of Long Hoos was divided into three main sections,
each section growing wheat, mangolds and barley in a three-course
rotation a.rtd 6ach seition carrying a different crop. Each section is
divided into four blocks. Two blocks have plots v'hich are always
cuttiyated in the same wa)'J'elr alter )'ear and are called the con-
tinuous series and two blocts are culiivated according to a cycle
lasting six years and are called the rotatiog series. The three
metbods oI preparing the seed bed are using the Plough and harrows,

(l) A Rototilt r.3uPPlied br \te$rs. G.o. YoErc, Ltd., of W.ttbad Crc ,.s 8.d in the
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using the cultivator and harrows, and using a Rototiller. Two
depths of working are used; deep, which is b€tween 7-8 ir:s., and
shallow, which is between 3-4 ins. On the rotating plots, each plot
that is worked deep one year is worked shallow the next, and half the
plots ploughed one year are, in the next year, worked with the
cultivator and the other half worked with the Rototiller; and
similarly for the cultivated and rotarJr-cultivated plots.

In the discussion the results wiU be grouped according to the
crop trown.

(I) Aulamn-sotott wheat

The exlrriments have been divided for examination into three
groups. In the first group are experiments in the Iirst year after
commercial cultivation ; they are, one in 1933 on Pastures field and
one in 1934 on Long Hoos. The second group consists of plots where
the land was under a cultivation experiment in the previous 1'ear and
where the same cultivation treatment was not used in the year
under discussion ; thev are the rotating plots in Long Hoos in ig35
and in 1936 and half the plots on Pastures {ield in 1934. The third
Broup consists of plots where the land was under cultivation experi-
ments in the previous year and where the same cultivations have
been continued; they are the continuous plots on Long Hoos in
1935 and 1936, and half the plots on Pastures in 1934.

, The results are presented in two sections, namely a comparison
of deep and shallow tillage and a comparison of the three methods
of tillage.

The ef{ect of the depth of tillage is shotn in the following table :

Bcn ficidl Elfed oI Dee? Tillag. con ?ared uith Shallou lin cd. pel a$el
GR.AIN

St&-xlfu Roto- Cdti- d&d
yield lPloueh tiu€r vator Eror

St&-
Uran I Roto- Culri- da.d
,'ield iPlouah tiuer vato! Elror

STRAW

Gd?1. (Alkt Cdrt..i!t)
P6tor61S33 .. 23 3
Idg H@ re34 . . .. 23-4

Medof Grcup1.. ..

P.st[rls 193{ .. .. 10.9
LDe H@ [ 1035 .. ,0.6
Rotatila l 1016 . -, 20.r

Y.d ol Grorp 9 . .

Gdl x. lctiai6@.\
PdtDre r!3i1 .. .. r0.8
LoDs Hwos t 1935 .. 2l-3
Co.iinuous ,1936. .. 21.6

v.d ol Group 3 . .

0.8 1.6 - t.to.2 2.7 2.1 t-O
3t.0
,8,0

2,1 0.I - '.10.e ,,a ,.6 l.t
0-t !.9 2.1

l.t a.l - t7l.\ 2.2 2.i -0.0 0.0 0.a -

13.6
33.1
{1.0

I5 1.3 :.6

t., r.8 --o.a !.0 3.9 --r-? -l-9 --.10 -
0.E 2.r 1.5

1.6 3.1 - t-1
-2.0 -r.l 1.0 r.-0.r 0.0 0.6 r_0

13.3
31.6
,13.9

,.6 3.6 --{.8 -l.E 1.7 3,8
,.8 t.r 3.6 

'.8

-0.6 ,.t 0.0

-0.3 0.3 0.8 0., 1.0 ,.6
0.3 1.5 1.4 0.6 1.6 1,7

. Aulub!.6om .rop fail€d. Field spring-ti!. ha.rowed ad re-sm iD Udct.

There is perhaps a slight advantage in using the Rototiller or the
cultivator deep instead oI shallow, but the adrantage is only about
ll gr*t, per acre in the grain and the straw. There is no advantage
in deep ploughing.

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-1-68 pp 48

16

A comparison between the effect oI the different tillage imple-
ments on the yield is given in the following table.

B.nzficial ElJ.cr oJ Plottghi4 lPl conlared uith thc Rotot;lkf (R) atu rhc
Culliuerot (Cl lin cd. P?a acre)

IreD ShalloP
P.R 

.PC 
PR P.C

C-@rt- (AJLct C@M.;dl
P6tE6 1933 .. ..
Irng Hoc 193:l ,. .. -
Me& of Group I . .

Pa.rd6 1934 . - ..
Idg H@s 1935 .. .,
IrqA Hoc 1936 ' ..
Mea ol Group 2 . .

Gt@t 3. lcon an@6)
Pdtu6 193.r .. ..
Lns Hc 1935 .. ..
bnE H@ 1936 ' , .

Mee ot Grotrp 3

Medof all Grcups -- l-7 t-l 2.2 2-8 L r.9 2.5 -- 3.1 4.E
. Autl,@*6m crop failed. Field sp ng-tiae b&ro*td aod red in Mdch.

P.R P,C

0.5 -,.6 0.0
2.7-0.6-2.1
3.2 0.6 4.8 2.3 1.r
29 06 9.7 2-3

0.0 - 3.6 --1.4 1.4 3.0 5.7 -0.3 t.8 1.' 3.5 -tr--5i r.6----i

,.1 - 3.1 -l-4 0.6 1.4 7.7 3.4
5.6 7.t 4.0 7.8 

'.8a.1----3.3 - -a.--- -

The plough gives consistently better yields than the Rototiller -or
the cultiriatol, while the cul[ivator tends to give the lowest yield,
particularly il used shallow. There is as yet no sign ofdeterioration
in the ploti continuously tilled with the Rototiller or the cultivator,
for th6 depression of iield following their use for three- years- in
succession 

-(Long Hooi 1936) is not consistently greater than after
two years'use (Long Hoos 1935).

2. S frittg-sowr ba ey
T'iresiexperimenfs have all been made in the Lorg Hoos experi-

ment, and have been divided into two gr-ouPs. The first SrouP
consists of the yields in the first year after commercial farming, and
the second and thi.d year of'the rotating series- The second
group consists of the results for 1935 and 1936 on the continuous
Dlots.' The effect of the depth of tillage is shown in the Iollowing table:

Bcne1icial Elfect of D.e? Tinage cornqared trtith Shallou {in cut- ?er dcrcl

0.t 1.7 1.9 1-rt 1.3 1.4

P-R P-C Ermr

1.2 - 1.1
5.1 1.9 t_0

GR.A.IN

...0.6-r.l-1.7
0.8 3.5 1.9 5.1 -0.3 0.8 0.3 1.1 -

2.0 - 1.7
2-5 1.i 1.1
1.5 2.2 1.0

f.a
0.5
2.6
1.1

yield

26.1
34.1
28.0

l.ieid

26.6
38.:l

-6.6 3.0 0.2 0.7
1.4 1..1 2.1 -1.? l-4 -O-8 -

-{.5 3.' 0.7 0.8
t,0 r.5 1.4 -o-7 2.4 1.1 -

0.7 -0.2 r.3 3.1
3.3 1.6 3.3 1.738.0

The experiments show thal it is advantageous to use the Rototiller
and thd cultivator to the iull 8-irch working depth rather thar to 4
inches, but fo! the plough the advantage of the deeper working is
onlv manifest in the straw vield.

G,dP 1- lFnd Y.a/ dnt

19i4 ..
1935 ..
1Cl6 --

Meeof G.oup1.. ..

cn@12. lco*i@)
1935 ..
1936 ..

M€@ ol Gtuup , ..
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The comparison between the different tillage implements on
the !'ield is given in the following table :

Beheficial l,ffect oJ Ploughi*g (P) cornParcd, rai t thc Rotoliller \R) and the
Clltil,Ltot lC) (in cut. Uer ar.rc)

GRAIN 
st&, r 

srR{w 
s..,-

Dep Shallow dard I De"p StalloP d,rd
P-X P-C P-R P-( Elror I P-R P.( P-R P-C Erro,

crel t. (Fnst tat e,n

193{ .. . 1.6 .0,6 -Q,r u,6 0,8 -0,n o.r 3.0 0.7 n ;
)93i .. 0,3 0.5 0.2 0.1 1.8 0.t L8 0,5 -1936 _. -0.1 t.9 l-7 ,.1 - 7.O O.7 0.7 -7.e -M@of croup 1 ..-- -0i o3----1:- l.r l- o:a iir----:t--:dl-

-0.4 0.2 1.3 3,4
,.7 5.9 l.it 6.8

2,0 3.3 1.1 3.9 3,12.1 6.5 0.3 6.6 l.?
2.0 1.9 0.7 6.2

0., 1.6 1.!t 3.1 1.4 
'.5 

1.' 2.6

On the plots that do not hal/e the same cultivation y€ar after
)'ear ($oup l), deep tillage with either of the two cultiyators gives
about the same yield as the plough, though when used shallow
both cultivators give about I crtrt. per acre less grain, and the
Rototiller gives about 2 cwt, per acre less straw.

The tilth produced by the cultivator if used for two or tb.ree
years in succession becomes progressively less suited to barley.
Comparing the yields on the cultivator shallow with the plough
shallow plots there is a decrease of l.l, 3.4 and 6.8 cwt. of grain,
and 0.1, 3.9 and 6.5 cwt. of straw per acre for the first, second and
third year of continuous cultivator treatment. The effect is as
noticeable for the straw on the deep tilled plots, but for the grain
is about 0,0 and 6 crrt. There is no strong evidence that deterioration
has yet be8xn in the continuously rototilled plots, for the means
of group I are not appreciably less than those of group 2.

3. Sprhg-swor mangolds

These experiments have been made in the Irng Hoos cultivation
experiment and fall into the same two groups as barley.

The effect of the depth oI tillage is shown in the following table:

Beneficial EfJect oI Dee? Tilla1e corn|arcd urith ShalLou Arr bns lel acle)

7.r0
1.90
,.12

ROCrIS

-o.3 1.0 1.5?1.7 0-1 -2.1 0.7 -

TOPS

lgirr ..
1036 ..
1936 ..

t936 ..
l9t6 ..

,. 35.9
. . 20.2

.. ,0.6

.. ,0.0

1.0
-0.8

0-9

-0.36 0.36 0.5,1 0.37
0.19 0.t6 -0,10 --{.0-8 o-3? o-:it-

0_04 -0.87 0.66
-0.9? -0.13 o.l?

-o-o2 4.24 0 .tl

0,0,4 0,06 0.0:!

Grdt 2. lcot,a@)
1935
1916 ..

N.@ ol Gtoup , . .
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The results sugtest that continued shallow ploughing is not idea.l
for mangolds but that the mangold seed bed should be deep ploughed
every second yeax. II the plots have been ploughed deep every
alternate year the depression due to shallow ploughing in one year
is only 0.4 tons per acre, whereas i{ the plots have been shallow
ploughed for t\Fo or more yeaxs in succession the depression in
yield as compared with continuous deep ploughing is 1.7 tons per
acre. Deep tillage with the cultivators is never harmful, and maI.
be very beneficial. In 1935, for example, the yield of ma:rgold
roots on the plots that had two years'shallow cultivation with the
Rototiller ard the cultivator were 5.1 and 8.7 tons per acre less
than on the plots that had two years'deep cultia'ation. But this
effect is not always found, for in the next year (1936) the adyantage
of deep tillage rras much less apparent.

The comparison oI the diflerent tillage implements on the yield
is given in the following table :

Bcneficial llfect oJ Ploltghin| (Pl torn?aled urith the Rototillet tR) and thc
cutt ator (c) A,r bns Pet acrc)

ROOTS
5t&-

Dep Shallos. ddal
P-R P-C P-R P-C Et!o!
3.6 0.2 9.3 0.3 t.5?

-4.4 1.1 2.r 2.0 -t.4 2.0 2.4 1.1 -1-5 1J 
'.1 

13 _ 

-
2.2 3.2 i,.6 ).0.2 2.72
!.t 5.6 3.3 3.3 1_3'
,l 4.1 $ 03

TOPS

D€"p Shallow
P,R P.C P-R

-0.10
0.39 0.55 0.41 0

1.11

-0.02 0.04 0.42

P-c Error

1.r 2.7 3.' 4.0 0.29 0.41 0.?:l 0.50

The plough definitely gives the highest mangold yields. In group l,
i.e. on the rotating series, the cultivator-tilled plots probabh'
Yield rather better than the rototilled plots, particularh'in the
;halow tilled plots. In graup 2, i.e. on-the plots always worked
with the same tillage implement, the rototilled plots usually yield
better than the cultivator-tilled, and in one case the shallow-tilled
plots in 1935 f ielded 4.6 tons per acre more. There is not I'et an!'
clear evidence of deterioration of yield on the plots that have not
been ploughed, but there is an indication of it on the deep cultivator-
tilled plots, for the depression in yield below the ploughed plots is
l.l, 3.2 and 5.6 tons per acre after one, two and tfuee years'con-
tinuous tillage with the cultivator. On the shallow-tilled plots in
1935 two years'ploughing was much better than two years'tillagc
with either the Rototiller or the cultivator, the depression due to
these implements being 5.6 and 10.2 tons per acre, but after three
vears' continuous tillage the depression was only 3'3 tons per
acre in each case. The explaration of the striking result in 1935 is
not clear, for if it were due to the unsuitable condition oI the ground
one would have expected the " rotating " plots to have shown up
the weakness of the cultivators, There are two sets of rotating Plots

193,1 ..
1935 ..
1936 . ,

M@ of Group t .. ..
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relevant to the discussion : a comparison of Cultivator 1934 Plough
1935 with Rototiller 1934 Cultivator 1935, and a comparison of
Rototiller 1934 Plough 1935 with Cultivator 1934 Rototiller 1935.
On the shallow-tilled plots the advantage of plough over two years
without plough is 2.3* tons per acre over the cultivator and 3.3*
tons per acre over the Rototiller plots, which are far below the 10.2
and 5.6 tons per acre on the " Contiluous " plots.

4. Conclusiotts

The first obvious result that emerges is that there is no apparent
advantage in ploughing to a depth greater than 4 inches for
cereals, but for mangolds it is worth while ploughing to 8 inches
every second year.

The second result is that the plough and harrow as a method of
preparing the seed bed is never worse thart the crrltivators and is
olten better. But the point of the experiment was not to demonstrate
this, but to find out how much worse r /ere the other methods for
they may be far quicker or cheaper than ploughing. The results
indicate that if time is important it is possible to dispense with
ploughing for one year and to substitute quicker methods with very
little, if any, detriment to the yield, particularly if the cultivators
are worked deeper than 4 inches. The reduction of yield will only
rarely be more than I cut. per acre of either \Mheat or barley, or
more than 2$ tons per acre of mangolds or swedes.

The third result is that so far no harmful effects of using the
Rototiller instead of the plough year after year have yet come to
light with the proviso that it should be worked to about 8 inches
for mangolds. But the cultivator is not a suitable implement to
replace the plough for several years lraning, though i{ used deep
it can probably be used two years consecutivelv for barley and longer
Ior wheat.

APPLICABILITY oF THE RESULTS

The fact that the numerous experiments discussed above show
that yields are not greatly dependent on cultivation methods is of
considerable importance in practice. The results must, naturally,
be interpreted with discretion. But, although they have mainly been
carried out at Rotharnsted, one might expect the results to hold
wherever the soil and the climate are similar to that obtaining here.
The main features of the climate ard the soil are probably wide-
spread over many parts of England, though in the absence of good
soil surveys for the country it is not possible to say exactly how
widespread are the main soil features. It is probable that unless
there is some striking reason to the contrary, these results will be
tlpical oI the medium to heavy lands of the drier parts of this
country.

.Th* t€ur6,adol be derived lroE tbe coDdeed rabte siveo above: rbey dust bc
pick.d out lroo lle iodividual plol yields DliDred io rh. I936 Repdi.
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EFFECT OF FALLOW ON SUBSEOUENT YIELDS
A regular cycle of fallowing was initiated on Broadbalk wheat

figld in 1930-f93I, primarily with the object of controlling weeds.
The results of the first cycle are now avaiiable, and furnish"striking
information on the eflect of Iallow on the subsequent yields.
- . The field is fallowed in strips running acrosithe piots, one fifth
being lallowed each year. The yields of the difiereni parts of each
plot, which have been fallowed one, two, three and four vears
previously, are thus available for cach year, Since a full cr.ile of
five vears 1932-1936, which deviates but iittle from the propei cr,'cle,
is now available, each {ifth of each plot r,ril.[ appear onci in 

-each

phase of the cycle, so that by taking means ovii the five l.ears o{
each phase we shall eliminate differences between the partjof each
plot in so far as these are constant from year to year.

These means are shown below. The plots have been arranged
according to the amount of nitrogen applied in the fertiliser, ihe
organic fertilisers, farmyard manure and rape cake, being placed
Iast.

E!/ect oJ Fallotu ott boadbalk
Meaa ields ot graitr (crrt. per acre) 1932-36.

Plot
No. Itaouriag .

Year Alte! Fallow
1,213 1

6 Mitr. + +S.A. ..I Min. + lN.S. ..

3 Nothing
5 Minerals

17 aDd 18M MjD. +Residual S.A.

t0 s.A.
ll Super. + S,A. ..
12 Sup€r. + S,A. ..
14 Super. + S.A. ..
7 Mio. + S.A.

13 Min. + S.A.
l8 It{in. + N.S.
15 Min. + S.A. (AutuEtr)
17 aDd I8A Residual Mio. + S.A.

8 Mitr. + rl S.A.
2bF.Y-M...
2a F. Y. M.

l0 Rape cake

.Fot exact descriptioB see p. 184.

The plots receiving no nitrogen, 3, 5 and l7 and l8M, show a
very remarkable increase in yield in the first year after fallow,
their lields being but little b;low the lelds of flots receMng the

D

t3.6
t4,2
l6.l

6.4

7.0

6.1
6.6
6.0

6.3
6.1

t4.6 6.7 6.2

15.4
15.5

lt.5
14.2

9.0
12.7

10.5
I t.5

15.4 12.8 I1.3 r 1.0

14.6
13.3
14.6
14.7
15.5
15.5
t6.3
16.3
14.9

16.5
12.9
15.3
16.0
t7.r
16.2
18.5
l5 3
15.3

13.8
12.2
r3.3
14.3
t5.6
t3.9
16.3
t3.2
15.2

r3.9
l1-6
t4.0
t4.0
l5.t
11.2
15.2
13.6
l4.l

l5.l 15.9 14.2 1.1.0

16.4
14.3
t5.2
16.7

ts. r
15.,
16.2
15.0

t1.4
14.l
13.8
13.3

17.5
l5_5
t4.7
I1.7
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full dressilg (3.7 cwt. per acre) of sulphate oI ammonia, but this
increase is entirely lost in the second year, the yields in this and sub-
sequent years being reduced to just about half that oI the first vear
after Iallow,

The plots 6 and 9, which receive one half the normal dressing
of nitrogen, show an increase of somewhat less than half the amount
of the unmanured plots, the yields being r.en' similar the year after
fallow, but Ialling off much less.

The plots receiving the full dressing of nitrogen, plots 7, 10-16
and 17 and l8A, on the other haad, show no increase in yield due to
{allow. Indeed the yields the second.v-ear after fallow are distinctly-
higher (mean 15.9 citrt. as against 15.l cwt.) than the yields the first
year after {allow. The last two years, however, do show a stight
drop to 14.2 and 14.0 cwt. Plot 8, which receives 5.5 cwt. sulphate
of ammonia, aad plots 28 and 2,{, with farm].ard manure, shou'
similar differences.

While it would be rash to attach an]' great {'eight to these small
differences, since the issue is complicated b1- exceptionally high yields
in 1934, when the strip fallowed the previous year fell at one end
of the field, they are at least suggestive that the fallowing has pro-
duced some transient ill-effect. Attacks of the Wheat Bult>fh'
(Hylemyia coatctula, Fall.) which have been reporred in rhe year
1936 and other \,'ears, may be the cause (see p. 120), since this {15'
lays its eggs on fallow. Clearly, however, these attacks are not the
sole cause, since they were reported also on the plots without
nitrogen. The outstanding feature of these results is that fallowing
can raise the f.ield substaatially on exhausted land for one year
only, but it is completely ine{fective on land which receives adequate
manurrng.

It should be noted, however, that the results obtained in 1930
after parts of the field had been fallo*'ed for two and four years
are in conflict with the aboye results. In this year a verv substantial
increase \&?s obtained on all the plots, the mean vield after fallor,r'
being 21.0 cwt-, and after two years'croppin5J being 6.0 cwt. The
results are reported on p. 122 of the 1930 Report. It x,ill be inter-
esting to see if similar results are obtained in any future years.

The investigation of the variation in eflect from year to year is
complicated by the fact that there mav be inequalitiesin the inherenr
fertility of the different iifths of the field. These inequalities are
eliminated from the five-year means, but the\' will affect the results
o{ a single year. On the plots without nitrogen, horvever, the effects
are so Iarge that such inequalities become unimportant. The mean
vields of these plots for each year are shown belorr.

yean ,yields of gtain (cut.t o* Plots .:t, ; and 1; ar\d 13tl

Year alter Iallow

234
Rain{all

Winter SurDmer Total
(Oct.-Mar.) (Apr.-Sept.)

ll.8 6.1
19.7 6.9
18.6 10.6
l5 2 .t.4
7.4 61

6.1 6.5
6.2 4.9
8.8 r0.3
4.6 .1.9

5.5 6.3

9-4
t1.4

8.7
14.1
19.6

11.2
8.1

10.4
r5.9
r7.l

23.6

19.1
30.0
36.i
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The outstanding features oI this table is the failue of fallorv to

increase the yield in 1936, which may reasonably be attributed to
the considerably higher rainfall in this year ard the consequent
leaching out ol accumulated nitrogen.

The other conclusion to be drawn from these results is that the
yields are not at the present time being seriously reduced by weeds.
If the weed factor was serious, one would expect a progressive
reduction in yield as the land became more infested with weeds in
the years following the fallow. Such a reduction is nowhere marked,
and does not occur at all on manv of the plots.

THE USE OF STRA\\' -\S MANURE

Mechanisation, and the depression irr the live-stock iDdustrv,
have both brought into prominence the question of disposing of
straw to the best advantage. It has become increasingly diftcult to
obtain adequate amounts o{ farmyard manure. Ploughing-in the
unrotted straw alone, produces a depression of leld in the sub-
sequent crop, as Lawes showed maly years ago; the extra suppli-
of carbonaceous material results in a locking-up of available nitrogen
in the organisms that de€ompose the straw, .Some years ago two
long-range rotation experiments were laid down at Rothamsted to
test, among other things, various methods of utilising straw, ard a
discussion of the results so far obtained is given belol'.

(a) Four Curtse Rotatiott
In this experiment the effects of farmyard manure, oI adco, and

of straw plus arti{icials, are compared both in the year oI application,
and in the four succeeding years, the plots receiving their marures
once everv five years. In addition two further series of plots receive
superphosphate and rock phosphate respectively once ever5; five
years. ahese plots, however, differ from the others in that they
receive one-fifth of their dressing of sulphate of ammonia and
potash annually.

For an understanding of the results of the experiment it is
important to bear in mind the relative quailtities oI the fertiliser
components on the various plots. Durtg and adco are given in
quantities which supply m c\e't. of organic matter per acre. In the
straw treatme[t as much straw is applied as went to make the
calculated amount of adco. Thus the amount of organic matter in
the straw as applied will be greater tha-n that in the dung or adco,
since these latter lose a certain amoutt of their organic matter on
maturation. -{.rtificials are added to the organic fertilisers in quan-
tities suflicient to raise the applications to 1.8 c\[.t. N.,3.0 cwt.
KrO and 1.2 ctt. Ppu per acre, the artificials given with the straw
beiag applied in three doses to minimise loss by leaching. These
total quantities oI nutrients are also applied to the plots receiving
artilicials only, one-fifth of the potash and nitrogen being applied
arnuallv.
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The results of three years (excludiag preliminary l ears) are now
available. The graphs (see p. 53) show the mean yields over these
three years of the plots in each phase of the cycle under each treat-
ment. The three organic fertilisers, plotted on the left half oI the
diagram, all show clear residual eflects in the year after application
on all crops. the yields (except that of barley strarv, an anomaly
which may reasonably be attributed to experimental error) being
decidedly greater than those of the fourth and fifth years after
application. There are indications of similar but smaller residual
effects in the third year after application, the magnitudes of the
ap_parent effects, averaged over the three organic fertilisers being as
follows:

Yield itr 3d
and 4th

years after
application

Increase in
]'ear of

applicatioa

IBcrease ia
lst year

after
application

Itrcrease irr
,Ed year

aiter
applicatioo

Wleat : or.t.
Potatoes: tons
Barley: clrt.
Ryegiass': cwt.

.1935-36 otrly.

I6.6
3.4

22.2
r0.0

2.4
0.9
1.5
8.3

7.5
1.4
8.7

l9.t

0.7
0.4
1.9
1.7

The differences between the three forms of organic fertilisers
in the year of application and subsequent years are also shown by
lhe 8raph. The most slriking feature is that the straw treatment
is the most successful of the th-ree excepl for potatoes, for which
dtrng is best. These differences are also illustrated by the above
Table, which shows the mean yields over all phases of the cycle
for each of the three years.

The two series of plots receiving inorganic fertilisers are shown
on the right of the diagram. Here the only residual effects under
investigation are those of phosphate- In all four crops the lelds
of the superphosphate plots are consistently above those of the
rock phosphate, and in addition potatoes and barley show a further
response to superphosphate in the year of application. It would
thus appear that the residual effects of the superphosphate persist
throughout the cvcle, ard that rock phosphate is less elfectiva than
superphosphate.

The mean yields of the superphosphate plots over all phases
of the cycle might be compared with those of the orgadc {ertilisers,
to assess the relative values of organic and inorganic fertilisers.
The cornparison is however, scarcely a fair one, since the plots with
organic fertilisers receive all the manure in one year. Even so,
however, the differences are not large. One of the main points of
the experiment will be to see whether these differences are progres-
sively reduced and perhaps reversed as the experiment proceeds and
the plots receiving artificials become more deficient in organic matter.
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FOUR.COURSE ROTATION, 1934-6. MEAN YIELDS.
ORGANIC FER,TILISERS. INORGANIC FERTILISERS.F.Y-M.- Adco - - Straw. . . Super- Rock pbosphate - -WHEAT graia

30 30

il :''-,:-.
3

2

I

I

\

IVY
BARLEY

I
grain

IInlrvv
YEAR OF CYCI-E

III TY

ITI IV Y
POTATOES

III IITVYI
RYEGRASS r9355

ITVY
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(bl rhrec-co*rsc Rotatios 

Jl

This experiment is somewhat similar to the four-couse rotation.
There are four series of plots, one series receiving artificials, a
second adco made from equi\ralent artificials, and a third and fourth
having straw and artificials applied directly to the land without
previous rotting down. OI the last two series one (l) receives the
artificials in a single dressing at the same time as the straw, and the
other (2) has the artificials applied at two different times (i at
each time) to minimise loss by leaching. Manures are applied once
every two years- The el:periment also contains certain green
manure treatments, but these will not be discussed here.

Below are shown the yields for the years f9341936, which were
the first three complete years. It will be seen that in the year of
application the two straw treatments have on the average given
very similar yields to the plots receiving artilicials only, but that
adco (possibly for the same reasons as in the four-cou$e rotation)
has given appreciably lower yields. In the year following application,
the two straw treatments have given appreciably higher lelds than
the plots receiving artificials only, and the adco plots have also
given slightly higher yields on sugar beet ard potatoes, thus indi-
cating the existence o-f residual effects of the organic fertilisers.

In this experiment, as in the four-course rotation, one of the
main points of interest will be to see how far, as the years progress,
the plots receiving straw, and adco, improve relativelv to the plots
receiving artif icials only.

Artilicials Adco
oEly

Straw
(l)

Straw
12\

Sugar B6et: total sugar: cwt. per acre
1934 49.5 48.2 18.{Ycar

oI
application

Year
after

eppltuatioo

Year
oI

applicatioD

Potato€s :

7.7t
7.22

1o.84

tons per aare
5.59
6.37
8.71

t935
1936

r934
1935
1936

1934
tg35
1936

1934
r935
r936

40.1
43.1
$.4

38.4
{5.5

12.2 48.9 49.3
37.6 36.6 36.5
39.7 4l.l 39.4

6.38
5.69
9.19

41.2

a.t
35.0
36.8

36.5
38.0

44.1 46.0

8.1{
8.24
9.62

Year

applicatioa

7.09

1.12
?.16
9.89

5.51
8.02
8.49

{.00
8.30
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-{rti{icials
otrlY

Stra$
(r)

Stra{
(2)

Year
ol

applicatiotr

Year
after

applicatioo

1934 26.3
1935 i 31.7
1936 I 34.7

25.8 21.6
x1.2 39.3
2g.t 33.8

27.2
38.4
33.r

31.9 30.7

1934
I935

25.5 21.3
35.6 36.8
27.6 25.4t936

DRIED POULTRY NL{NURE
Experiments on the fertilising value of dried poultry manure were

begun at a number of centres in 1933 and have shce been continued.
![]rerever possible horticultural crops have been used and the experi-
ments have been planned to measure possible cumulative and
residual effects as rvell as the immediate effects in the year oI applica-
tion. Except in the first year all plots have received the same total
amounts of phosphoric acid and potash so as to restrict the com-
parisons to the value of orgalic versus inorganic sources oI nitrogen-
In 1933 only there were additional tests of the value of the phos-
phoric acid in the dried poultry manure. Rather over half of the
eq)eriments were made on farms with plots of the order of l/40th
acre ard the rest of the exlxriments were carried out very success-
firlly on much smaller plots in school gardens. The average com-
position of the poultry manures used in the past four seasons ha-s
been :

N, 3.65 per cent.; Ppo, 3.44 per cent. ; KrO, 1.68 p€r cent.
There is almost as much phosphoric acid as nitrogen, but the amount
of nitrogen may vary considerably according to the rations fed or the
condition of the herbage. The material was dried to about 88
per cent. dry matter and was very dirty and ulpleasant to
handle. The ash content was about 35 per cent,

The resu.lts of the first three years shorved unmistakably that
the immediate effects of poultry manure were generally below those
o{ an equivalent amouat oI inorganic Iertilisers. Thus, at 29 centres
showing a clear-out reslx)nse to nitrogen, the average response of
poultry manure \^/as about three-quarters of that {rom sulphate of
arnmonia and superphosphate. A smaller nurnber of expedments
gave some iadication of an appreciably greater residual value from
poultry manure than from sulphate of ammonia, but these residual
eflects were small in comparison with the eflects of direct applica-
tions-

The above trials took place in tbree unusually drlr summers, and
the wet season in 1936 provided considerably larger responses and
thus gave a better opportunity of comparing sulphate of ammonia
and poultry manure. In the experiments on full sized plots there
were significant responses to one or both of the manures at every
centre, On microplots 13 out of l5 er?eriments showed significant
cflects.

26.t
35.8
2g.t

26.7
36.7
2a.2

29.5 27.6
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The results in 1936 may be summarised as follows :

Immediate ellects . . ..

Cumulative e{fects 2[d atrd

25.0

37.1

- 10.2

+ 6.9

The immediate effect of poultry manure in 1936 was inferior
to that of sulphate of ammonia in ll out of 14 experiments; the
average differerce was 45 per cent. of the mean response. This
figure is in good agreement with that observed in t he t hreo preceding
seasons when the corresponding value was 37 per cent. ai a mean
of 29 first-year experiments. On the other handln 6 out of 7 experi-
ments in 1936 where the manures had been relxated {or tltro or more
years on the same plots, poultry rnanue outyielded sulphate o{
ammonia and the average superiority of poultry manure was lg per
cent of the mean response. These experiments are being repeaied
and extended to examine this effect inore fully.

For crops requiring a good supply of active nitrogen, e.g. kale and
roots, sulphate of ammonia showed a marked superiority to poultry
manure, but there were indications that poultrv manure migirt have
special value for certair other crops. If the fuli scale experiments of
1936 are grouped according to crops, we obtain :

Kale, totrs p.a., 2 €xpts.

Roots, tons p.a., 3 expls.

Fotatoes, tons p.a., 3 erpts. . .

Runoer beaDs, cllt. p.a., 1 expt.

No
Nitrogetr 

1

0.2

20.6

Single
Nitrogen

Double
Nitrogea

S/A.
P.M.
SiA.
P.M.
s/a.
P.M.
S/A.
P.M.

I1.6
9.6

1.6
7.1

4l
5I

14.2
10.4
24.2
22.6

7.9

64

The residual ef{ects of poultry manure after one crop has been
grown have so far been very small. In 1936 there were seven
experiments bearing on this point, and the average superiority of
poultry manure over sulphate of ammonia was only 3 per cent.
Since the residual effect of sulphate of ammonia ma!., belaken a.
negligible, the residual effect of poultry manure applied in the pre-
vious season fell far below that commonly assumed for organic
manures, As previously mentioned, however, the.e were indications
that the cumulative effects oI a series of yearly dressings of poultr5
manure may be appreciable.

Meatr percentage increases over ao N

(S/.{: sulphate of Amoonia. P,M.: poultry EaDure)

S/ANo. oI
expts.
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FERTILISER REQUIREMENTS OF SUGAR BEET
Modern fertiliser trials on sugar beet were commenced at

Rotharnsted and Wobum in 1926 and during the following six years
were extended to the outside centres. With the limited resources
available it was possible to carry out only some six or seven trials
each y'ear. Nitrogen appeared to be the most consistent oI the
common nutrients in its e{fects, potash and common salt were
frequently beneficial, but there were few clear-cut re;ults from
phosphate. These results did not accord with the views generalll'
held by Factory Agricult urists, many of whom believedthat when the
crop was handled well on suitable land generous Iertiliser treatment
was essential and profitable. The Rothamsted trials were conse-
quently greatly extended in 1933 under the Scheme ofthe Committee
on Sugar Beet Education and Research. The Purpose was to ascertain
the response of the sugar beet crop to {ertilisers and to relate the
responses to the laboratory analyses of soil samples from the exp€ri-
mental areas. The Factory Staffs accepted responsibility for super-
vising the growing of the crop, each factory having one or more
centris in i[s area, while the conduct of the experiment in the field
and the work on soils were in charge of the Rothamsted Staff. The
arrangemenrs have worked admirably and there are now four
years'results on record. The figures are published annually in the
Station Report but since the work is still in the preliminary stages it
isnot intenaed to usethem at Present as a basis for recommendations.
It happens, however, that in the short period covered by the exPeri-
menti verv marked seasonal differences have been observed and a

note on this aspect of the case is here given.
The experiments tested the three common nutrients-nitroge!,

phosphoriC acid and potash (in the forms of sulphate of amrnonia,
iuperphosphat e and muriate oI potash)--alone and in all combina-
tio;s. In-1933 the manures were used at two levels only, nil and
single dressing, giving 8 treatments. In lgM and subsequently,
thrie levels of each nutrient have been emPloyed, to give 27 treat-
ments. A summar-v of the seasonal weather conditions (at Rotham-
sted) and the mean yields of roots of the experiments is given below
for each year.

Rothamsted, May-Au8. iocl. Meatr yield ot Experimetrts

Year

1933
1934
1935
1936

naintall,
ins.

4.70
6.69
7.51

r2.16

Sunshine,
h.s.

Actual
tons p. a.

Per ceat. of
EDglish
average

No. oI
C€otres

128
134
104
106

The first three years were characterised by hot dry bri8ht
sunmers, whereas 1936 was one of the wettest seasons since the
introduction of sugar beet into this country. In the first two years
the centres chosen were distinctly above the average in Iertility,
but in subsequent years there were more soils oI lower fertility and
the mean yield was close to the country's mean-

l3
l5
23
26

I1.5
r3.5
9.6

10.4

898
841
873
800
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.4. general view o{ the nature of the fertiliser resDonses vear bY
vear, taken as an average over all soils and also giouped'by soil
types Ior.1936, is presented in rhe fo o*.ing table, ihe litetds 

-being

expressed as cwt. of sugar per acre.
I l I I t0!a

' 
I I lc-,r

I 
rer3 | rri. i lelr I re36 lead!

t036 1936
LiAht

1936 1936
Clay

ri ]_1r l13 l16 lc 4

Y€& Yield ..
YEAN RESPONSE 1
sulrrd. ol ,4rt'6i6
, crt.
I mr.

3dr
6 crt.

lldt. -.
tl cn.

30.8

+1.1
+5.9

+t.l
+t.7

+r.6
+1.1

4l-4

+4.0
+6.e

+3.0
+1.7

+0.3
+r.6

!6.r

+4.9
+9.'

+0.6
+1.3

+0.2

36.9

+7.0
+9.9

+t.6
+{.i

+0-0
-1.,r

al.1

+t.1
+0.E

+l.t
+o.t

+r.l
+1.,

In 1936 the single application of nitrogen (2 cwt. sulDhate of
amrnonia per acre) gave on the average a.lmo;t four times the'increase
in sugar that resulted in the threJ previous seasons ; the double
dressing gave about three times as much. This *.as mainlv due to a
larger increase in weight of washed roots, but also to the fa& th"t thu
addition of nitrogen had a much smaller depressi_ng effe€t on the
"ugar percentage in 1936 thall in previous yeais. Th"us, in the three
dry years 1933-35 the single dressing of sulphate of ammonia reduced
t be sugar percentage by 0.25 per cent. ; in 1086 the reduction was onlv
0.06 per -cent. For the double dressings the corresponding figuri
were 0.62 per cent in I934-b and 0.18 in 1986. In vield of-to; the
effects of su.lphate of ammonia in the wet season.iere. contrirv to
expectation, not much Rreater than in the drv vears_

The responses in tot;l sugar following tbe us6 of suDerDhosohate
were quite small in the l.hrie drv veari but consideribli in ig36,
being statistically signilicant at lti of the 26 centres. phosphiti
also had a marked effect on tops in 1936. tbe averape in..""."'b"ir"
0.72 tons for the 6 cMs. of superphosphate- At sEvcral centres ii
1936 tbe effect of superphosphati in'hasteninc the earlv develoD-
ment of the plant was very marked, especiallv o"n the heavier soils.'

The single application of muriate of poiash. I.l cr*'t. Der acre.
qave much the same increase in 19g6 as i'n previoG.."r..i brt th.
double dressing was distinctly more effective. When ihe results are
examined on the basis of soii tlpe it is se€n that Dotash was hishh.
effective on the lighter soils bui not on the heaviei tvoes. althoiueh
1936 protided so many contrasts with the previ6us vears. tie
well-Imown eflect of p-otash in increasins tt'" ,usii fur"",it"""
o{ the roots was much the same in alt veari, the lig;es 6.ing, "

,,.0 | .,"

*o..rl*r..
- 

| 

+3.o

+0.!ll +0-a- 
I 
+r.o

to.rol+r.r
- | +0.4

:1c.6 3i

+r.8 I +6.! I +E.
+r.7 

| 

+7.7 
l+!r

+o.rl+r.sl+,
+0.a l+t.0 l+atl
+o.E l+1-! I +r.
+0.9 l+r.9 I +r.

Increase in sugar percentage
Yuriate oI

r *O.21
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In addition to the average over-a.ll effects of the nutrients given
above, the experiments were designed to test the extent to which the
response to any fertiJiser depended on the presence of another
feriiliser, The onlv general effect was between nitrogen and Potash.
In each of the years 1934 to 1936 the response in sugar to either
fertiliser was about 2 c\&t. Per acre greater when the other was pre-
sent thar when it was absent. This positive interaction, which
appeaJs to be independent oI seasonal effects, emPhasises the
ifr-portance of presenring a proper balance between nitrogen and
potash in fertiliser mixtures for sugar beet-

In view of the low proportion of cleax-cut response. to PhosPhoric
acid and potasb in the three dry summers it was not Possible to make
satisfactory tests on tbe practical value oI the chemical analyses
conducted'on each of tbe e)eerimental soils, but in 1936 there was
a reasonably satisfactory measure of aSreement between the size- of
the actual phospbate reiponses and the amounts of readily soluble
phosphoric acid in the soils, as estimated ir several altemative ways.
it ulis atso possible by ircubation exPeriments in tbe laboratory
to differentitte between the soils which gave large or comparatively
small responses to sulphate of ammonia. The soil analyses for the
so-called-" available potastr " were less successful. The followirg
table illustrates the axtent oI the agreement for a group of light
soils, which were divided into three classes by their resPonses to
fertilisers. For phosphoric acid a-nd sulphate of ammonia verylarge
responses in the-field were obtained only on soils with low analyses.
Thire were no large responses on soils rich in the available nutrient.

D;st ib,tun oI Fetl;lisu Resqo,les oI S"ga, Beet and Soil -lnnlyses fot
LEht S(rts, 1936

Itrorgaoic -ti after I ResPoDse ilr sDtar to 4 clrt. SulPbate/Aam.
bcubation I I

mgs. p€r k8. soil Below 5 . 51t0 1 Over l0cwt p.a.

-,1

G--4o lr'3i s
40-60 

"t 
l3l I

Over 60 '_l i 0 o_

P,Oi extracted by M/2
acetic acid

m8s. per l0o g. soil

KrO extracted byM/2 I Response in sugar to 2.5 cwt. duriate ot Potash
acetic acid I I I

mgs. per IOO g. soil ] Below 2 L 2 to 4 | Over't crt P.a.

o-- 8
8-16

Over 16

1
1
0

I

I

I

i
1

t3

0-8
8-16

Over 16

Respoose Lr suga! to 6 cwt.
superphombate

v2 i 2to4 i Over 4 c*t. P.a.
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MALTING BARLEY
- A third conference on the growing oI maltins barlev was held on
L)ecember 2nd, 1936 on the Iines of ihose that "provedso 

successful
irt the tuo previous years. Samples were sent in'by growers from ali
the rmportant barley growing districts accompanildbv {rrlIaoridrt_
tural details. The.e samples were graded by dn exp"rt'.o--iiGu of
valuers ard were ihen di.played it the conferenie to orovide the
basis of a discussion of lhe technical problems of barliy growing,
The grading distinguished six classes deioted by th" i;;i;r.'A t; F.
t hosc rn grade A were quite ex.eptional barlei.s of the verv linest
qualily and all grades Irom A to D would be use<i br. some bre.ivers foi
their pale ales. Grades E and F comprised barle\rs thai;et ;;o;
demand for mild ales and stouts. Aj I t hese gradei represented t f,ere_

Iglg lEltLns barleys, the price range U"ti"o, gr",i"t t"ing 
"b;rrl ve shrlllngs per quarter.

. ..The samples reaching the malting standard were 2?7, divided as
follows :-

Distict A B
Norfolk .. I -Suffolk ..
Essex 2Ketrt .. S s
LincolnsbAe
Yorkshire
East Midlaod .. ..South .,
West .. 1 I

CDEFTotat
lt 52 l9 8331r22339

109133t
331-t7

914932
131

231332t
355922

414828
55 t29

So far as the samples sent in were representarive of their districts
there is a marked ellect of locality in fhe grading results. The Ken[
barleys vere far ah!'ve the average in quality, thoie from Essex were
drstrnctly 

. 
bel ter- than average, while-the Vorkshire, Norfolk, and

Lrncolnshire barleys were below it. The distribution of srades shows
also ho\y exceptional the really high ctass samples are:thus srades
A and ts.together account Ior only Iit e more than E pei cent."of thetotal...{lmost half of the samples fell into class E, and there were
more ia class F than in class D.

In addition to the details of cultivation and manurins recorded
in the_previous conferences, an estimate .f yi"ld ;;;;6i;;;;l;;
each of the fields sampled. The figues for the various districts were :

- . Average yield, bushels per acre
Iry Dtstricts By Grades (All dishicts)

Norfolk
Suflolk
Essex ..
Kent ..
lincolnshire..
Yorkshire
E. Midlands . .

South . .

41
42
40
47

44
42
36

Spring
Sor a

A, B,C 46
D41
E42
F37

Mean 11

Autuma
SoIYI

40
4l
39
39

Kent which produced the best samples also sive the highest mean
yield. while Yorkshire and Lincolns'hire whi.fi were Uetoiv tle ""*.
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age in quality 
:vgr.e -atso 

b_elow the average in yield. The autumn
sown Daneys ,relded on the average rather less than sprins sown
barteys.. It this cglqarisgq is made within the county irt Eisex in
which about two I hirds of the autumn so\,!,n barlevs w6re srowrr the
advantage.of the spring sown barleys is even -o.f prono,?"."d. iii"
I r8ures berng spring sown, 45 bushels per acre, aulumn sown. 3g
bushels per acre. On the other hand the autuma sown samoles
were of excellent quality as the following figures sho*,_ -

Grade SpriEg Sown
Actual Per cent-

Autumtr So\l'nActual Per cent.A,B,C 23
D44
E t24F52

9.5
18.2
51.0
2t.3

243 100.0 3l 100.0

l4 452to a2.2
4 12.9s 9.7

Almost half the autumn sown samples were found in the first three
groups, whereas onl1. l0 per cent.ol the spring sor,r,n sampfe. *ere soplaced.

The distribution of varieties bv districts was similar to that
observed in previous years. Sprati Archercna tn..uti,",,l-ii"i
vanety New Cross accourted for almost all the Norfolk and Suflolk
samples and were also much in evidence ir Lincolnshire. Ei.;;h;;
Spratt Archer ard Plumage Archer werc much more eoual i, faro* ,
and rn Kent every sample received was plumage Archer. plumaee
.qJcher also predominated in the autumn sown 

-barlevs.
The soil type as judged by the farmer's description"of his land was

:P_t.9t9*ly connected with barlev quaJity in 1036 as the following
classlllcatron shows :

Total

Total
Per

Soil Type
Medium

12

82
26

Hea!'y
7
4

l8
6

Calcareous
l4
2l
s4
21

Not
Calcareous

21
33
92
36

A,B,C
D
E
F

Seeds
2
1

t0
5

l9
l4

l6

2l

ComA,B,C 20
D24
E4s
F tz

Light
t6

46
25

182
67

s0

the group of best
were rather unrr!unusual, accounting for onl,J 13 oer,

I of all soils were oichalkv charaiter.
were ralhpr unusual, accounting for only lJ pei ceni. of the total
but one third of all soils were oI chalkv ihr.r.r".

So far as t he sequence of croppirg was concemed a considerable
portion of the high class barleys followed com rather than roots.proportion of the hi}h class barl'eys f"oIow"a .o.n ."tt 

"i 
tt 

"n 
.oot..

Although several fire samples followed sugar beet and mansolds
most of the barleys after roots, reDresentin! the commor, ...,i,.r,."most o-t the barleys alter roots, representing the common seoirence
m the lour course rotalion, were only of moderate quality in lb86.

Previous Croo
Beet or Kdte orMaagolds Turdps

tt4
42

123
45 l3

Total t04 102
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The mairr effect of time of sowing is showrt between autunn and
sp,ring sowings. Ar examination of the sPring sowing dates shorrs
that whereas little benefit was derived in this Particular season
from very earl1, spring sowings, when the date was postPoned till
after the end'o{ Marih an uduly high proportion o{ low grade
samples resulted.

Time oJ Sprhg Soritrg
March March Maich 28th-
l-14 15-28 April r lth

910 I
16 23 !t
2A 63 22
o16 l0

No barley sown after April llth wa^s graded higher than !-, and
of those sixty samples soun after March 28th there were onlv five
that were placed higher than gade E

'[he use of manures followed the lines reported in previous years.
Bv far the commonest procedure was to grow the crop either on
artificials only or on organic rnanures on-[y. The organic manure was
occasionally dung but more usually sheePing oI roots or beet toPJ, o-r

beet tops ploughdl in for green marlure. No manuring oI any kind,
or a cohbination of organic manure and artificials was somewhat
unusual.

ffaouring
\rtificials Organic Organic :

onlw vanures {rtiticials

A,B,C
D
E
F

After
April_r Ith

-
7

Feb.

I

7

Grade No
Manure

\,8, C 9
D6
E16
F6

l8
30
50
r9

I
ll
39
25

6
15

8

Tota] g7 ll7
Per cent 14 44 t:,1

79
3er

There is some suggestion that the no-manure group leads in
oualitv- one quarter of the total beins in the three highest grades.

Oi th" barl"y.^gro*, after organic maiures onl,' 6 Per c;ni. aatained
these grades. When artificials were used some form of nitrogen was
almosi always included. On 4l farms this was practisd when the
orevious cro'p was dunged, and on ll farms further nitrogen was
ipplied aftei the previous crop bad been folded by sheep. The
avirage dressi-ng o{ niirogen in artiiicial form was 20 ib. N Per acre or
almost the equival€nt o{ I cwt. sulPhate of ammonia.

Obsen'ations were rnade on the de6gee of lodging.

Perceata8e oI
S€riously cropsseriously
Lodged Irdged

515
510

30 23
l7 30

Sta,adiDg
Gradc or Boarly so
A,B,C 29

D45
E98
F39

The last two grades and particularly the lowest grade showed a
higher proportion of lodged crops thar the others.
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SOIL MICROBIOLOGY

-_ The protozoar fauna of€. variety of soils is being examined br,,
Mr. Cutler and his staff. There seems to be no cliar connection
betryeen the soil geology ard the character oI its protozoal popula-
tion except in peatv moorland soils and blown saltd ; sand d-unis in
two dilferent localities had similar protozoan fauna with an un-
usualty high number of species.

The bacterial population of the heaw Rothamsted soit has been
compared with that in the light soil at WLburn, and in each case both
unmanured and dunged plots have been studied. The two soil,
differ markedh' in the t1'pe of nitrogen fixing orgarisms: -\zoto-
bacter is absent at Woburn but dominant at Rothlamsted. Certain
strains isolated from Rothamsted soil will reduce nitrate to saseorrs
nitrogen even under fairly good aerobic conditions. The stiges of
the reduction are now under examination. ln coniunction with the
Fermentation Departrnent, the }vork on puri{icatioir of milk effiuents
has been continued for the Department of Scientific and Industrial
Research. I-arge numbers of bacterial strains have been isolated
from t he puri fication plart s t reat ing the milk waste, and comparisons
between this flora and that of the soil have shown that the trlo have
very different physiological properties. This was contrar\. to
expectation, for it has been generally assumed that the organisms
in the purification plant are for the most part derived from Ihe soil

PLANT PATHOLOG\'
Virus discases.-Dr. Henderson Smith and his colleaques have

made an importanr advance in our knowledge of planl viruses,
Mr. Bawden has been able to obtain liquid crysialline'proteins from
plarts preyiously inoculated with tobacco mosaic virus-. He has re-
peated this with three differeni strains ofthevirus, and the crystalline
protein from each reproduces its characteristic disease whin inocu-
lated to susceptible plants even at a dilution of l0-ro. The chemical
and_ phvsical properties of these proteins are being exa.mined in
coniurction with Mr. Pirie and ll[r. Bemal of Cambridge. They are
associated with a nucleic acid of the ribose ttpe; an-d X-rav and
other physical measurements indicate that thei ire rod-like particles
of triansular cross-seftion. No surh proteins have hccn isolated
Irom healthv plants.

Fungs disaases.- {r. Samuel's work on the club-root of
crucifers showed that more information was needed on the earlv
stages of infection. [Ie has devised a method for determining thi
a[rorutt of infection oI the root hairs within a week of planting the
seed. Some evidence has also been obtained to show tiat the first
stag_es of infection are sometimes followed by a second infection, and
further work on the life history of the oiganism is necessan. ro
explain this. Dr. Garrett is studying the effeci of various .oil
conditions, such as moisture, tempeiature, and organic matter
content, on the survival period of Take-all disease of wheat. The
purpose is to {ind what period of fallorv is necessary after a diseased
, rop to eradicate the fungrrr from different soil tvpes.
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FIELD EXPERI}TENTATION AT ROT}LA.MSTED IN THE
YEARS 1926-1936

D. J. Wersox

The year 1926 marked the beginning of a new phase of field
experimentation at Rothamsted, for this was the first year ilr which
the technique devised by R. A. Fisher was adopted for all the amua.l
experiments- An accouat of the development of the statistica.l
basis of the new methods has been given by Fisher in the Annual
RePort for 1933, and it is uryrecessary to repeat this here. It is
intended, rather, to review the problens which have been ilvesti-
gated.

There has been a steady growth in the number of replicated
exp€riments carried out annually in addition to the Classical experi-
ments, as is shown in the following table :-

ro.o,-* I

340

125'

500
695
i50
590
386
481
116

1926

1928
1919
1930
l93l
193'
1933
1934
1935
t936

2
2

3
t
5
5

340
336
125
632
690
t85

8.10
935

11?0

rs0
190
190

45.1
454
45t

Most o{ the experiments u'ere of one year's duration, but in 1930 two
contimrous experiments designed to run for a period of years rrere
begun, and these have been added to in later years.

1. METHODS OF CARRYING oUT FIELD oPEBATIoNS

The most important difference in Iield practice introduced with
the new methods was an increase in number and a decrease in size of
the plots h each experiment. Instead of a single large plot being
used for each treatment, the treatments are replicated, that is to say,
a number of plots distributed rvith some element of randomization
o1,er the experimental area are devoted to each treatment, in order to
provide control of and a measure of soil heterogeneity. The size oI
plots in the replicated experiments has been one-fortieth to one-
hundredth acre. The charge to small plots necessitated that aU field
operations should be carried out rflith the greatest possible care arrd
accuracy. The labour oI setting out the experiment and fixilg the
position of the plot boundaries is considerably increased, and the
possibility of errors in the application o{ treatments is somewhat
greater with a randomised arrangement. More careJul supervision is
required at all stages, and because of this, and of the steady ex-
pansion of the prograrnme, the experimental field stafl has increased
from two in 1926 to five in 1936, and frequently extra assistance
from the Laboratory staff is required.

8

G
7
I

ll
I
7

l0
It

8
6
6

11
13
12
l2
l6
20

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-1-68 pp 68

65

A change in the method of carrying out some operations was
fouad to be essential. The manure drill could no longer be used for
the application of fertilisers, because the quantities applied per plot
were too snall. Instead, the Iertilisers are broadcast by hand in
order to secure a uniform distribution over the whole plot oI the
exact quartity required. The methods of cultivation and general
husbandry, hov/ever, were not altered, and are still carried out with
standard implements. This is important, for it is essential that the
crop in a field experiment shall be grown in normal agricultural
conditions. Experimental areas are ploughed with horses and not
with the tractor, so as to avoid large ridges and furrows at the be-
ginniag and {inish oI the work. Drilling of see<i is carefirlly super-
vised by an additional worker walking behind the drill, to ensure
that all spouts are running freely and that the correct number of
rows is sown on each plot. Some use has been made of small
motor implements, for example in hoeing root-crops, but they are not
suitable for the basal operations of ploughing and harrowing on the
heary and stonv Rothamsted soil. The development of small-scale
implements capable oI doing work similar to that of standard large-
scale implements might well revolutionise field experimentation by
allowing the use of still smaller plots. Such implements a.re not yet
available ; i{ and when they become so, the danger that the experi-
mental conditions may no longer be those of normal agricultural
practice must be guarded against. A small motor-hoe has proved
very usefu1 for keephg clean the narrow paths between plots,

In a Iew e:rperiments involving treatments which could not be
carried out by means o{ ordinary agricultural implements, recourse
has been made to hand work. An example oI this is the sugar-beet
experiment of 1933 in which durg and artificial Iertilisers were
introduced into the sub-soil by hand diggirg.

Where an experiment has involved comparisons of cultivation
treatments or oI the same cultivations carried out a.t dilferent times,
the difficulty of cultivating small areas vrith normal implements has
been met either by applying the cultivation treatments to blocks
which were subsequently divided Ior manurial comparisons (e.g.
Potato experiment, 1932) or by the use of long narrow plots (e.9.
\\teat experiment, 1933).

In general, the shape of plot used is determined by the crop and
the treatments. There is good evidence in favour of long narrow
plots i{ edge-rot's can be discarded, and this shape of plot has been
commonly used for root crops. For cereals no quick method of
cutting out strips at the edges oI plots is available, and for this
reason plots as nearly square as possible are used so as to minimise
edge effects. Finally, the shape and area of the available experi-
mental site determines verv largely the shape and size of plot. It
is not usually possible to find on the Rothamsted farm a uniform
area free from dells and other major soil irregularities and unshaded
by trees, greater than 2 to 2| acres, and this has fixed the upper
iimit to the size of experiments.

The tecbnique of harvesting has not been greatly aflected by the
change to the replicated tl.pe oI experiment, Root crops such as
mangolds and sugar-beet in which each root is lifted individuallv

E
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present no difficulty. Potatoes are liited by machine; the onl!'
special precautions taken are to have suftciently wide paths acros.
the rows between plots to avoid carrv over o{ tubers from one plot
to the next, and to station supervisors at each path so that ani'
chance carrlr over can be rectified. Cereal Plots are cut with a
binder driven from the power take-oII of a tractor. This enables all
the produce of one plot to be cleared out of the rnachine while it is
stationary with the krife lying in the path at the plot edge, before it
begins to cut the next plot. Some experiments have been harvested
by sampling, and this will be discussed later.

A full-size commercial threshing machine is ursuitable for thresh-
ing the produce of plots of about one Iortieth acre. A small machine,
similar in construction to the nomal t],,pe, has been in use since 1926.
Since a supply oI electricity to the {arm was made in 1932, it has been
formd very convenient to use an electric motor to drive the thresher.

So far as the weather allows, cereals are threshed straight from
the field, but in wet weather the produce of each plot is placed in a

large hessian sheet in the Dutch barn until suficientl-y dry to thresh.
Root crops are weighed in the Iield.

To save trouble in computation, harvest weights are nors
recorded il pounds and decimals of a pound and the balarces have
been specially graduated for this purpose. In cereals, tbe weight of
total produce and of threshed grair are recorded; bushel weights
are no lonter takel, except on the Classical plots for which the old
practice is continued.

2. PRoBBMS INvESTIGATED

Experiments in the early yeaxs were concerned almost entireh'
with different {orms of fertilisers and their interactions. More
recently the study of more complex management {actors, such as,
for example, culti!'ation methods and the use of farmyard ma.nure
have been taken up. This change u,as partly the result oI the
extension of the work at outside centres. The value of vi/ork on
fertiliser effects is greatly increased if it covers a variety of soils and
seasons, and in recent years the simpler erperiments on pure
nutrient effects have been carried out at the outside centres. The
more complex eLperiments requiring special care and apParatus
are carried out at Rotharnsted, artd must continue to be, Ior ther'
ofteo involve divergences from the routine of ordinary farm work
which renders them impracticable on commercial Iarms. Many of
the Rothamsted experiments are repated at Woburn, so as to
test whether the results obtained vary \vith the type o{ soil and to
avoid the danger of generalising results which may be s?ecific to a
heary soil.

(al N itrogctto*s Feiilisers-
Exp€riments were made on wheat and winter oats in the years

f92&f930 on the effects of early ard late spring topdressings of
nitrogenous fertilisers. The 1926 wheat exPeriment Iotmed the
sublecl of the first published description (1) of an exPeriment
carried out by the modern replicated methods. This series of

(r) T. Edd.Dd R. 
^. 

Fhh.r-Jou ..{gri.. Sci., Xl Il, 644-567,19ri.
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experiments furnishes an example of the necessity lor continuitv in
f,ield experimentation. In order to sample seasonal weather con-
ditions_ adequately it is essential to repeat experiments in identical
or similar form over a period of years, These experiments were
indecisive, partly because of the iather nar.o* raige of times of
application studied, and the problern was taken up igain in 1934-
1936, in the light of the results of pot-culture experim-ents made in
1030,(r) using a wider range of times. Spring top&essings had a
ratber small effect on grain yield, and fhere wal little d]rference
between earh' and late dressings. The yield of straw responded
more consistently, and late application produced smaller iricreases
than early. The results in general favour ihe late spring applications.
(See Annual Report, 1935-, p. 29.) The variatio'n iri tlii eftect of
nitrogenolas fertilisers with time of application has also been in-
vestigated in barley (1928) and sugar-beet (1928, l9B2). Applica-
tions at sowing appear to be most emcient for spriag solvn crdps.

In the 1926-1929 experiments comparison was also made oi the
fertiliser vatue of sulphate and muriaie of a.mmonia. A more ex-
tended comparison of different forms of nitrogenous fertiliser rvas
made on barley in I92G1930 and intermittently on other crops, for
erample, swedes (1927) sugar-beet (1927, 1929) and forage mixtures
(f931). The compoulds tested were sulphate and huriate of
arrmonia, ryanamide, urea and nitrate of soda. Lit e difference was
found between the various forms of nitrogen. Muriate of ammonia
and nitrate of soda usually showed a slight superiority over $.rlDhate.
The properties of cyanamide were studied in greatar detail in ex-
periments on wheat and winter oats in lg2Sl93t, in connection with
the work of the Chemical Department on that fertiliser (t). Some
evidence was obtained that cyanamide or diryanodiamide may be
preferable to sulphate of ammonia {or autumn dressings on h6avr.
soil, which may be explained by an inhibiting effect on the rate of
nitrification. Other compounds, such as ammonium humate and
humic acid (1932) O and ammonium bicarboDate (1933) which are
not commercial fertilisers, but have been suggested at various times as
of potential fertiliser value, have been compared with standard
fertilisers, usually sulphate of ammonia. These compounds proved
no more efficieni thair ammonium sulphate, when c^o-p.r.t on 

"basis of equal ammonium content. The field work on these com-
pound! has always been supplemented bv pot-culture experiments
carried out bv the Botalical Department.

(b\ Phosplulic od fobssic fertilisors.
Phosphatic ard potassic {ertilisers have been studied mainly in

experiments on root crops, for in agricultual practice thev'ar.
usually applied to the root break of the rotation. A series of ei?eri-
msrts on potatoes in the years 19&19:!2 tested tbe effects o( varying
rates oI nitrogen, phosphate arrd potash(.). They provide food
i.llustrations of the interaction o{ the three Iertilisers, particutarlv
the nitroten phosphate hteraction, and are the basis of iruch whicl
has been ffiitten on tbe importarce of " balance " in the maDurint

(l) p. I !,tt3.!-Jom. 
^alc. 

sci., XXyt, 3el-.1., lt36-(!) E. !!. rorttrE-EDpiE Jom. Etpr. Aaric.,III;rre-rlr, re!!.(l) B. v. Ctwtt !.!d W. E. BRe[rcy-J@m. &ric. S.i.. ,axlv. u&r?!- let -/a) Sa Auld R.Fn l9!1, p. tE lor. sot]r@N ot ah. *olr3 ot th;.-!.ci;att
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o{ croDs. In tbese experiments phosphate was always given in the
form 6I suoemhosphaie. but the potissic {ertiliser was varied, and
most of the'expiriments included comparisons of muriate and
sulDhate ot Dota;h and pot ash salls. Su.tphate of Potash gave the
Uedt yletd r"sponses. The chlorides, particularly Potash salts, -had
an ad'verse efiect on lhe quality of the tubers. In the sugar-beet
exoeriments, much attentlon has been devoted to the aPparent
beireficial effect of chlorides: and muriate of potash, potash manure
salts and agricultural salt have been compared in sir of the t-en years.
In 1934-1956, the continental practice of applvi-ng mineral fertilisers
for sugar-beet in the previous autumn or well before sowing in early
sorine"was tried. but 

-no 
conclusive evidence o{ any superiorit y of t hi s

nieth6d over applicalions made at sowing was obtained. In 1935 a
5tudy was begriri of the ferliliser requirenients of the bean crop, and
in 1036 of mangolds. These experiments are of a comParatively
simDle tvpe, intinded to be repeated over a period oI years. They
tesd the ;ifect of nitrogen, phoiphate, and polash' and in addition,
dung and, {or mangolds, agicultural salt.

lcl Foruee Miiur*.'' The irore complex problem of the effect of fertilisers on mixed
croDs rras taken up in i930. In this and the three succeeding years,
a cimprehensive sludv *as made of forage-mixlures. Autumn and
spring sown mixtures of various components, including wheat, oats,
bilei. peas, letches and beans were tried and the e{fects of nitro-
eenous. ohosphatic and Dotassic fertilisers on yield and composition
6f th" -i*ed irop -d il i components were tested. Il wasfoundthat
nitrosenous fertilisers increaied the vield o[ the mixtue, but the
increise was made in the cereal component, and the leguminous
comDonent suffered by the intensified competition' so that the
protLin vield was not'increased. In 1932 and 1933 experiments
iu"r" -"du to determine the optimum ratio o[ sowing rates of the
two components in mixtures ofoats and vetches. These crops have
the adva'ntaee of sreat elasticitv in that they can be cut green for
hav. or harv"ested"when mature for grain. Iiolh these methods of
trdalment were tested, including a range of times of hay cuttirg.
In l93I the possibilitv of sowing forage-mixl ures in July to provide
green material in autumn and aqain in the following spring for
drying was investigated. Rye-grass and six-row barley gave the best
yi;ldiin the autumn and spring, and the yield and protein content
was increased by the addition of beans and vetches or trefoil.

(d\ Farmvard Ma?uate,' 'Experiments on Iarmyard manure were begun in I93l and- have
been continued in all tLe later years. Compared with anilicial
fertilisers, dung i' a difficult experimental material. lts comPosition
is very variable and hard to standardise, and it is not easy to secure
the uiiform distribution on the land which is so essential ir small
plot work. These investigations should be much simplified in {uture
veat", Io. special feedin[ boxes and a concrete platform, soaking
iank and stoiage bins weri erected in l936,which will enabte farmyard
maaure and Adco compost to be produced in carefirlly controlled con-
ditions. No attempt was made in the exPeriments so far carried out to
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control the composition of the dung by regulating the feeding of the
stock. Instead,durg from the cattleyard as ordinarily used on the non-
experirnental fields was taken, and its condition characterised, so
far as this is lnssible, by chemical analysis. Some of the experiments
e.g- those on sugar-b€€t (19&Lf936), mangolds (1936) and beans
(1934f936) were designed to give merely a measure of the effect of
a dressing of farmyard manure on field, but in others comparisons
were made of difterent methods ol utilisation. Thus in an experimeni
made in 1931 it was found that dung spread on the land for three
weeks before ploughing produced a smaller increase in the yield
of sugar-beet than if it was ploughed in immediately. In 1933 the
value of introducing dung and mineral {ertilisers into the subsoil
was tested. There was slight evidence that the mineral fertilisers
were more efficient when applied at a $eater depth, but Ior dung
this was not so. Potato experiments in 19341935 also included
comparisons of early and late dressings, the latter being applied in
the bouts in 1935 and 1936. In 1934 fresh and well rotted dung were
compared at both times, and in lg36 the elfect of applying straw
with the dung was also tested. Fresh and rotted dung of equivalent
weight when fresh were equally elfective, and application in the
bouts gave the best return. In the 1936 experiment the interesting
result was obtained that when straw was applied with dung and
artificials, it increased the yield; alone, or with either dung or
artificials it caused a depression. This experiment is being repeated
in 1937.

(e) Callioaliott M ethods.

Methods oI cultivation have been studied throughout the whole
period, in connection with the work of the Phvsics Department. A
series of experiments were made in 1926-193ll comparing the tradi-
tional method of preparing a seed-bed by plough and harrow, rvith
preparation by means of a rotary cultivator. In l93l a third imple-
ment, the Pulverator, which ir some respects is intermediate in its
action between plough and rototiller, was also included. The different
methods produced little variation in the final yield. It was:rsuallr
found that rotary cultivation gave better germination and increased
early trcwth, but this adeantage gradually diminished as the crop
matued, and disappeared by harvest time. Other cultivation
treatments investigated were spring harrowing and rolling of wheat
(f93f, 1934), autumn and spring ploughing for potatoes (1932,
1934) and sugar-beet (l93it), heavy rolling of the seed-bed Ior sugar-
beet (f934, 1935) and intensive inter-row cultivation of the growing
crop for sugar-beet (1932, 1934, 1935) kale (1932), beans (1936).
These results are discussed in the section dealing with cultivation
(p. 37).

(fl Lotg-Peiod E *lerimctts.
AII the experiments discussed so far lasted for only a single

growing season, but there are many problems Ior the solutioE o{
which it is necessary to continue observations on the same experi-
mental area over a perid of years. Weather effects, for example,
mrrst be studied in this wav, and the classical exp€riments of Lawes
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aDd Gilbert have been used for this purpose. These old experiments,
however, are open to the criticism that the crops are- grown in
abnormal conditions, for they are not rotation crops, and manurial
deficiencies have been aUoq'ed to accumulate in thi course of time.
An experiment was begun in lg30 to determine the effects of weather
(m the responses of crops to nitrogen, potash and phosphate.(1) A
six course rotation is used, and the fertiliser treatments pass through
a regular cycle. This avoids the development of seribus nutrient
deliciency and ensures that the crops are agriculturally normat. It
will also enable some of the inherent fertilitt' dif{erences betu'een
the plots to be eliminated, for in the cour.e o'f ti*" evere plot will
carry all combinations ol crop aud Iertiliser treatment.

Similarly, it is necessary to study the effects of organic manur:es
over a priod of years, for the particular advantage of ihese manures
is supposed to be th€ir lasting effect on soil fertilit],. In an experi
ment (8) begun in 1930, a comparison is made oI durg, Adco com-post
and fresh straw, equalised in reslrct of nutrient conient by addition
oI artificial fertilisers, in the year of application and also oI the
residual effects in the four succeeding years. The residual effects
of superp-hosphate and a less soluble mineral phosphate are also
compared. Here again a rotation is employed, in this case of four
courses. The effect of ploughing in unrotted straw is also studied
in ar experiment started in 1933,(8) in which a comparison is rnade
witlr equivalent straw rotted by the Adco process, in the year of
application and the succeeding year. .4. three-course rotation of
crops is employed, and the experiment also prol,ides information on
uother -method of introducing organic matter into the soil, br.
means ot wrnter green manure crops of rye and vetches. So far the
results indicate that the application of unrotted straw with artifi-
cials does not reduce the vield below that obtained with artificials
alone. The straw and artificials have given as good a return as dung
and Adco compost. If this is conJirmed bv future results, the straw
and artilicials treatment .qrill be a simple and effective means of
adding organic matter to the soil.

The residual and cumulative fertiliser effects of pou.ltry-manure,
soot and rape-dust are compared with equivalent artificial fertilisers
in an experiment begun in I934. This experiment differs (rom those
already described in that onlv one crop is grown each vear, instead
of all crops oI the rotation, bui the crop has been varied in successive
1'ears. So far the organic fertilisers have not been Iound to give
better results than artificial Iertilisers.

Another continuous experiment,(.) started in 1934, is concerned
with cultivation problems. Earlier experiments on rotarv cultivation
had been carried out on land whicli previouslt. had 'alwavs 

been
.ultivated bv plough and harrou'. and certain effecls \ere observed
notably a large growth of annual weeds, rthich might not be found
on land continuously* rotan cultir-ated. The long-period experiment
i,. carried out on a ihree-course rotation. In pai'of the exixriment
the Iand receives the same t}'Ir of cultivation:11l-r:."g -

(l) For deraiis s Aotrual Reporr 133u, p.128,
(2) For derails * AlDu.l k€polt 1930, i,. t15.
{t) For d.tails * ADual R.Dorr 1933, p. ltx.
In' F.r derail! k lnnu.l R.Don 193a. p. 175,
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the remainder the cultivation treatments {ollow a cycle. The
cultivations compared are normal ploughing and harron'ilg, rotar],
cultivation and stirring the soil with a tine cultivator, and all are
carried out at two depths. Since weed infestation forms one oI the
primary interests of the experiment, the opportunity is also being
taken to test the elfect of cyanamide on weeds. The results so far
obtained are discussed on p. 43.

(gl Totlora,y leys ad Jdlnw ir fteparalior fot whcal.
Although the long-period experiments described above emPloy

rotations of crops, they are not experiments on rotations in the sense
that they are calnble of providing information on the effect of one
crop on its successor. This problem had been attacked in a series oI
experiments (f93f-f$6), on the e{fect of fallorv and temporary
leys, treated in different ways, on the succeeding wheat crop. Leys
of rye-grass, clover and mixed clover and ryegrass were used, either
cut once followed by a bastard Iallow, or cut twice. In the later
experiments sunmer green manure crops of mustard and vetches
sown after the first cut of ley were also included. The yields o{
wheat folloring Iallow were greatest, ard clover was a better Pre-
paration than rye-grass, trith the mixture intermediate. fn the
1933 experiment the taking oI a second cut of ley, particularly oI
the rye-grass and the rye-grass clover mixture, depressed the yield
of the wheat crop-

(h) Aher ProblenN.
A variety oI other problems have {rom time to time been studied ,

but not so systematically as those already mentioned. Several
l'arieties of a crop have been included in a single experiment, e.9.,
wheat (192&1930), sugar-beet (1929) kale (r93:!) witb the object
of generalisint the results, rather than of testing the agricultural
l-alue of the varieties, and some variety trials have been made in
collaboration with the National Institute of A8ricultural Botany.
-\ttention has been paid to the effect of time of sowing (sugar-beet :

1935, 1936) and the spacirg of the rows (sugar-beet : 1927,19?9,
l$3-f935, and beaDs: 1935, 1936). The effect of thiming kale
and oI time of cutting has been investigated (1932, 1933). Thtming
was found to reduce the yietd. Several experiments have been made
on soil fumigation Ior the control of wireworm and eelworm (1935,
r936).

3. OBSERvATtoNs oN TIIE GRowrH oF FIELD cRops
Though the primary object of agricultural field trials is to deter-

mine the effect of the experimental treatments on the yield o{
whatever part of the plant is commercially useful, it is obvious that
their value is increased if information is obtahed on the effects
produced on the gror*th oI the crop {rom the time of sowing to harvest .

Without this information the experiments remain in a sense empiri -

cal, for the processes which produce the observed f ield difierences
remain obscure. A complete analysis of the gro\trth of a crop presents
great difficulties, for the eflect of many uncontrolled factors of the
climate and the soil which interact with the treatments applied
must be assessed, and the whole field of plant ph1'siolog-v is invoh-ed.
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Grorth studies must be made on samples taken Irom the crop
at successive intervals of time. Much attention has been devoted to
this problern, and the requirements of statisticalJy sound sampling
methods have been worked out.(l) The methods were apptiiA in
the first place 1o the estimation di'yieta Uy sampling, but'they are
of general application to any sampling problem.

At least two randomly selected sampling units are taken from
each plot, the type of unit used being cho'senio give a representative
sample of the whole plot. Within the unit a systematic method of
selection may be emptoyed, but if the whole unit is not selected at
random a valid estimate of sampling error cannot be made. Lack
of_proper randomisation may introduce serious biases.(2) A know-
ledge of the magnitude of the sampling errors is e,sential to deter-
mine the size of sample necessary to give estimates with the required
accuracy, and irr any given sampling problem the desirabi)ity oI
ircreasing the size of sample to gainaccuracv must be balanced
against the increased labour involved.

Eden and Maskell(3) showed that the number of plants per
metre of row of a wheat crop was closely related to the physital
condition of the soil, as meaiured by draw-bar pull. In tire-early
stages oI tillering, low plant number was associated with low til-
tering rate, but later this effect was reversed. Low plant number
was compensated by increased tillering and by an increase in grain
size, so that the yield at harvest time bore no relation to draw-bar
pull. A similar eflect was observed in cultivation experiments(.)
\f,here rotary cultivation gave a higher plant number and better early
grotth, but no effect on final vietd. In a crop of swedes following
[he wheat, Eden and Maskell iound no relati'on between draw-bai
pull and germination or yield, but the plant number after thinnint
was higher where the draw-bar pull was high. This they ascribed to
a tendency for imperfectly uprooted plants to become re-established
more readily on the heavier soil.

Grorvth studies were made in the wheat experiments on
nitrogenous top-dressings. (6) and on the effect of preceding tempor-
ary leys or fallow.(.) The most consistent elfect observed in the
top{ressing experiments was that early spring application produced
the treatest increase in shoot numbei and ihoot height. This
accounts for the superiorit) of the earlv dressings in straw yield.
The effects on the grain were more viriable, but in general the

(l) {. R. Claphd-JourD. Arric.S.i..XlX. rl,I.236.1829. A. R. ClaD[e &d I. Wisharr-
J()tm. Acrj.. Sci., x Ix,600-618;lero. A. R. Ctapla@-Jourtr. 

^RIc. 
S.i.. XXI. S6z.J?r. rs3t.

T. w. sihDsr-Jom. Asric. Sii., XXl. 372-J?5. is3L A:R.C!.Df,@-ro .^itr_s.i.:xxt_
3?6-310, 193t. R. J. I<.lao.taFJo@. Asric, S.i., XXII, ?8_i-?9r. isAt. F: y.t6 :!d I.
a@p.!av -Joum. 4s!ic. S.i., XXv, 5r5-5t7, 1935. D. J. Watsoa-RorL@t.d CoIe@6R.Fn, No. 13, p, 5l-6!,1931,

(1) E. Yat6.!d D.J. W.t$o-EEpiE Jom. Btpt Asric , II, li{.I??, le3a. W. c. C@troad D. J. War$tr .EDpiE Joum. Erpl. Asric., IV, 60-76; lo3b.
(3 ) T. EjeD and E. J. UcL.U-JoEn. -Asric. Sci., XVI I I, 163-185, 1928.
(a ) A.A. K6o dd Slalf of rh. Srcit Physi6 D.pt.-Jo@. Asric. Sci., XX, 36a.189, le3o, tS. p.

rr.hra. Pb.D., Th6js, lrEdo! t dlct.|ty: Urpuitjsh;d.
(6) Fo! $oe or A. R. Clapham's d.t * E. J. Rui*ll-MiD. A8ri.. FisL. BuIL, No. tB

" Anifici.l F.rtili*E iD ModerD A'ricrltue,r'193r;p. ll 4s4. R6uI5 froe rh. etperiE.otsb.ru iD rr3a e rcl yet DublbhJ.
(6) A.au.l Repo.t, lr3r, p.3{.rd lltl, p. rL
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greater ear-numhr produced by the early dressings was compnsated
by an increase in the number and size of grains, so that there was
little difference in grain yield between times of application. The
application of nitrogen was fouad to depress the l,00Gcom weight,
but the depression was smaller with the later applications.

In the temporary ley experiments, the number of plants per metre-
length of row was found to be greater after fallow than after ley-
A summer fallow had the same result. This appears to be a physical
effect, and not due to the accumulation of nitrate in the fallow land,
for seed-bed application of nitrogen in the 1932 experiment had no
elfect on plart number. The initial advantage of the bastard fallow
was offset by increased tillerhg where the plant number was
low, as Eden and Maskell found. The compensation was complete
in the 1932 and 1936 experiments, but in 1933 a difference persisted
to harvest. The increase ilr yield produced by fallow compared
with the leys was mainly due to an increased number of ears, so
that the IaUow acted like an early spring topdressing. After the
clover Iey the number of grains per ear was greater than after fallow
or the other leys, which suggests that the clover residues provided a
late supply of nitrogen to the wheat.

A scheme of samplhg observations on wheat desigaed to provide
data from which the eflects of seasonal weather conditions may be
estimated, and which may provide a basis for crop forecasting was
evolved in 1928, and tried at a number of centres. It was modilied
and improved in 1932, and is now carried out at ten centres in Eng-
land and Scotland. A summary of the observations is published
each quarter in the Journal of the Miaistry o{ Agricultue. The
results of the first three years of the improved scheme have recentll'
been examined. (1) In 1936 preliminary observations were made
with the object of extending the scheme to co\'er other crops,
particuiarly sugar-beet and potatoes.

Observations of the t,,pe so far described do not provide an!'
information on the effect o{ experimental treatments on the funda-
mental physiological processes of the crop plants. They are concerned
rather rvith the interrelationship of the different parts of the plant.
The more strictly physiological type oI grorth analysis devised by
Gregory and Kidd, Briggs and West is difficult to apply to field
crops. It ilvolves the use of the rate of increase of dry matter per
unit area oI leaf, as a measure of the balance of photosyrrthesis and
respiration (" net assimilation rate " of Gregory; " unit leaf rate "
of Kidd, Briggs and West). No direct method for the estimation of
leaf area in field crops is available, but an indirect method based on
the correlation between leaI area and leaf weight has been worked
out. (2) This was utilised for grolfth studies on wheat and sugar-het
in 1934, the results oI which have not yet been published.

The influence oI potassic fertilisers on potatoes has been studied
in several investigations since 1926. Maskell(3) devised a simple

(r) M. V. B&@d-Jolm. A€ric. Sci., XXVI,.156-,18?, 1936.
(r) D. J. Wats!-Jour. &ric. fti. (In pie.s).
(3) E. J. MaskeU-AD. Bot. )(Ll,327-311,7927.
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field tecbnique for measuring the starch content of leaves by de-
colourising, staining with iodine and compariag the colour developed
with a stardard tone sca.le. He showed that potassium sulphate
increased the mte oI starch production in potato leaves, while
muriate of potash and " potash salts " did not. The low rate of
starch production when the chlorides were given was associated
with a low rate oI starch removal. James(r) confirmed Maskell's
results. He also fouad that potassic fertilisers reduced the number
of leaves per plant, ard delayed their yellowing and death. The
chloride increased the area of individual leaflets, and this effect was
ascribable to an increased water-content. James(2) also studied the
changes with age in the distribution oI potassium in the plant. An
examilation(3) of the diumal changes of carbohydrate content
in the leaves of potato plants with varying supply of potassium
chloride showed that the absence of an effect of potassium chloride
on the rate of starch lol.mation was not due to the accumulation
of other products of photosyrrthesis. The sucrose content was
depressed in plants receiving potassium chloride, but only during
the mid<lle o{ the day. Reducing sugars were not affected. Some
evidence of a sudden shift in the starch, sugar balance at sunset
and sunrise was found, and this is being further investigated.

THE WORK OF THE FERMENTATION DEPARTMENT.
l9t3-r936.

E. HANNAToR-D Rrcn.r.nns

The name of this department is, perhaps, a little misleading.
Its work is not concerned with any of the fermentation industries,
such as brewing or the production of commercial solvents, although
agricultural science is directl_s interested in promoting the growth
of the raw materials of these industries. Rothamsted has, in fact,
made notable contributions in this field. Actua.llv the work of this
department has been mainlv directed toward.s tlie solution of two
distiact, but closely related, biochemical problems : (l) The making
and storing of farmyard manure both natural and artificial and
(2) the purification of the liquid wastes arisirg from certain indus-
rries diiectll' dependenr on agricuJture, such as beet-sugar and
milk factories.

The investigations on the latter problem have been carried out
for the Water Pollution Research Board of the Department of
Scientific and Industrial Research jointly with the Microbiolo$'
Department. They cover a period of ten vears (1927-1937) and are
not included in this report.

Several studies indirectly connected with one or other of the two
main divisions mentioned above will also be referred to in this
review.

The plots at Rothamsted receiting annual dressings of farmyard
manure retum in the crop onlv about one-third of the added nitro-
Sen. After allowing for loss bv drainage and the amount stored in

(1) w. O. Ja6-Am. Bot. XLIV, l?3-198, 1e30.
(2) \r-. O. Jd6-Ad. Bot. XLV,495-412, 1931.
(3) D. J. \trat o!-.{aa- Bot. L, 59-83, 1935.
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the soil, a considerable amount of nitrogen is still unaccounted ,or
and it was believed that part oI this, at any rate, might be evolved
as gas by biochemical changes ir the soil. As the quantities of nitro-
gen in soil are rather small for direct experiment a parallel case was
chosen where the biochemical decompositions are similar to those
in soil but the quantities ol nitrogen are relatively large. The
manure heap loses much nitrogen rmder certain conditions and
experiments on the nature and amomt of this loss might throw
Iitht on the soil problem. Farmyard manure is still by far the most
important fertiliser used in agriculture. Before the rvar the average
farmer made two tons of Iarmyard manure for every hundred-
weight of arti{icial manure purchased and he spent 2} times as much
on dung as on artificials. The position is not very diflerent to-day.
Accordingly the experiments were extended so as to give as much
information as possible on the storage and use of farmyard manure,
apart from the more academic enquiry arising from the loss o{
nitrogen in soil.

For a period oI Iive years a series of experiments was carried
out on several farms with different kinds of malure and in the
laboratory with its various constituents, both singly and in combina-
tion. The results of the practical trials confirmed the best farming
practice.

Shelter {rom rain and exclusion of air by compacting the heaP
gave the best yield of crops. Sunmer storage of manurc was always
wastelul and should be avoided if possible. (1)

The laboratory experiments were particularly concerned with the
charges in nitrogen content of the manure, or its constituents,
under aerobic and anaerobic conditions. The most imPortant
biochemical reaction when air was completely excluded was the
increase in ammonia derived from proteins. This change is Sreat\'
stimulated by a rise in temperature which must be supplied from
an external source since no heat is evolved under anaerobic condi
tions. No loss oI nitrogen was observed but there was a considerable
Ioss of dry matter as methane and carbon-dioxide.

The admission of air to the ma.nure heap brings about quite a
dif{erent series of changes. Ammonia disappears, the loss oI drr-
matter as carbon-dioxide is relativelv high and up to 50 per cent.
of the nitrogen may be lost. One important transformation was
observed in all the aerobic experiments in the laboratory but on the
large scale in heaps of horse manure onlv. This change is- now
recognised as the lmmobilisation of available nitrogen, chiefly b,y
tungi. \,Vhen straw and urine were strongl]' aerated for a month,
praiticaltv the whole of the nitrogen in the u.rine was converted
into protiin without loss of nitrogin. The proportion o[ straw to
ammoniacal or urine nitrogen was high but the Ereat signiticance
of this experiment, as will be seetr later, was not aPpreciated at the
time. We norv k.now that the reason Ior this irrununity from loss is
directll' associated with the C/N ratio of the original substances.

,rr -e.ffih@Frow*Fr
-nd FIlv-sDrins." toum- Irjn. ,\!r(, l9l{. \'ol. XXl. Dp.800 807. E. l. Russellrod E. H.
Ri.hard\_- Oniar;E.nd Sro DiFarnrard\rdrr-.',Joun.Roy.&ric.Se.l9l7,Vol.XVIL.
pp.1-36.
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Diflerences in this ratio and the more aerobic conditions of horse
manure heaps explain why no increase in protein was observed in
bullock and cow manure.

No malure heap can be made either perfectly aerobic or anaero-
bic; some air gets into the best compacted heap arld little or no air
into the centre of a loose heap but the conditions change greatly as
rotting proceeds. Nitrate may be formed in mamrre but it was
only Iouad in a loose heap urder cover. Ammonia can, of course,
be lost by volatilisation or by leaching but it was also fourd that
nitrogen is lost under partially aerobic conditions in the lorm of
nitrogen gas. In one experiment l0 per cent. of the original nitrogen
was lost in this way.(')

When working with horse manure notable amounts oI nitrogen
were, apparently, fixed from the atmosphere when the solid drop-
pings were fermented aerobically for periods oI about 28 days-
The increase in the original nitrogen of the faeces was sometimes as
much as 45 per cent. A mixed culture oI Azoloba.cler and. B.laclis
eercgenes, obtained from the soil inoculum used, was found to fix
nitrogen in starch solution and in suspensions of grouad straw.
Azolobacter alone\rould not grow on these media. Verv little nitrogen
was fixed by bullock faeces and none by cow faeces. Evidently the
digestive power of the animal and its diet control the quantity of
nitrogen fixed. Droppings from bullocks fed on grass fixed none
but when fed with cake, some nitrogen was fixed but much less than
by the faeces of the corn-fed horse.(3)

These experiments and the growing scarcity of manure from
town stables, as the motor vehicle replaced the horse as a means
of traction, led to an attempt to convert straw into an organic
fertiliser by biochemical means. Using the mixed culture mentioned
above and suftcient grouad chalk to keep the reaction alkalne,
straw chaff was rotted until it had lost about 25 per cent. of its d5'
matter. Tested in pot cultrues, and later on field plots, this " man-
ure " was found to give little increase of crop. Controls with
unfermented straw gave much lower crop yields than the untreated
soll. Actually some nitrogen had been Iixed and the furlural
yielding fraction oJ the straw was much reduced. We now know
that at least three times as much nitrogen is required to decompose
the carbohydrates of the straw and produce a real " artificial
farmyard manure " as could be fixed from the atmosphere by the
r.ixed. A zotobacter i..j'lltrores.

Shortly before the war Hutchinson and Clavton working in the
Bacteriological Department had begun a study o{ the cellulose
decomposing bacteria. The discovery of Sfirochaeta cytofhaga alj.d
its food requirernents revealed that the supply of available nitrogen
was the most important factor controlling the amount of cellulose
decomposed. In farmyard manure the necessary nitrogen is supptied
by the urine, usually in great excess of the amount which can be
assimilated and retained by the organisms found on the straw.

{2) E. J. Rusell ad E. H, Richards-" T!. Chda6 takiq plae duitrs the Srohs€ of Fatu-
,?id Mature." Jolm. As c. Sci. 1917, Vol. VIII., pp. 495-563.

(3) E. H. Ricbards-" ah€ Fix.tion of Nitros€n in Fae6." Jo@. Asric. Sci. 1917, vol.
VIII. pp. ,99-;11.
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Many forms of nitrogen were tested and all were found capable oI
rottint straw but some were less suitable than others. Besides
nitrogen the other factors necessary to secure a rapid breakdown
of the strav/ are (I) a moisture content of about 75 per cent. (2) air
supply and (3) alkaline or neutral reaction. It was observed that
ammonium carbonate was the best form of nitrogen for the purpose.
Ammonium sulphate quickly developed an acid reaction which
checked Iurther action. Sodium nitrate promoted vigorous decom-
position but much nitrogen was always lost.(r)

By far the most important information gained in this work,
carried out jointly with the Bacteriological Department, was the
discovery of the quantitative relationship between the cellulosic
substance e.9., straw, and the amount of nitrogen which can be
immobilised as organic nitrogen and held without loss, not only in
bottles in the laboratory, but in marure heaps exposed to the
weather. The amount ol nitrogen held by 100 parts oI plant material
varies from 0.1 to 1.3 parts. This figure, or " nitrogen factor," has
proved useful in many ways. For cereal straws it is close to 0.75
part. By using the information obtained in these experiments the
dung-making capacity of a given number oI stock can be consider-
ably increased and the loss of nitrogen in making and storing manure
reduced to a minimum.

The quantitative relation of available nitrogen to carbohydrate
decomposed was first disclosed in 1919, and a definition of the com-
position of the plant material if it is to make a satisfactory manure
in 1924.(5) The latter problem has been the subject of much subse-
quent investigation.

The only serious obstacle to the production of well-rotted com-
post on the large scale rvas the reluctance oI straw to take up the
essential amount of rvater. In the early trials many partial failures
were due to this cause. Even today when long experience has made
the process as reliable as most other Iam! operations, the water
problem remains a difficulty in many cases.

Directions for the making of compost are found in the earliest
writings on agricultural practice. The Chinese in particular lvere
experts in this branch long before the beginning of European
cMlisation. The value of materials rich in nitrogen e.g., animal or
fish waste and canal mud, as accelerators of cellulose decomposition,
ras well known. Onlv the absence of control by chemical analysis
and supplies of artificial nitrogen and other compounds prevented
these ancient farmers {rom making artificial Iarmyard manure as
known to-day. The modern interest in this subject dates from the
publication oI the Rothamsted work in 1921. Since then a con-
siderable literature, comprising rnany hundreds of papers on the
theoretical or practical aspects of cellulose decomposition, has grown
up. Some of the more important references will be found in the
bulletin on " Organic Manures " published b5.'the Imperial Bureau
o{ Soil Science at Rothamsted. (6)

(4) H- B. Hutcbi@D ard E. H. Fjchard.-'' A.titici.l Faru,zrd U&@." JoEfu lO!.
Agric. 1911, Vol. XXVIIL, pp. 3S8-4U-

(5) B.P. N6. rt887.ad ,rgt84.
(6) S. H. J.!LiB-" Oiruic lt Dur6 ". T@tdc.l CoEDoicatio! No- 3t. lop.dal Bullr! oi

Soil Scier@. 1935.
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One interesting application of the study oI the Iermentative
changes of nitrogen arrd carbon is the possibility of recovering for
use as manure the very dilute ammonia in domestic seuage. A trial
on the practical scale at Wainfleet, Lincs., for a period of one vear
proved very successful. When 2 lbs. oI straw per head oI population
per day can be supplied to the filter plant about 80 p€r cent. of the
nitrogen in solution in the seurage can be recovered. The resulting
manure was of the highest quality and gave crops as good as the
best farmyard manure. Unfortunately strarv is rarely available in
quartity near sewage disposal works so that little use has been made
of this modification of the process.(?)

-A.s a result oI the widespread interest in the discoven', often
exaggerated, that waste materials of many kinds could be converted
into artificial farmyard manure, rrranl. enquiries and samples of
vegetable residues were received from ilt Ejrts of the world-par-
ticularly from the Tropics. Failing any proved method of decidinR
by chemical analysis whether these materials were likeiy ro bi
siitable or not, eich sample was tested by experimental r&ting in
al incubator {or one month. Observation of its behaviour and analv-
sis of the end product enabled an answer to be sent to the enquirtr
which must have saved manv useless trials on the large scale.

The biochemical studies irl the laboratory as well as the practical
trials on farms have received substantial financial suooon from
Lord Iveagh throughout the Friod of 23 vears.nrr"r'& by thi.
review. His p€rsonal interest in the laboratory studies and the
facilities he provided for large scale experiment have ensured the
success of the work. In order to prove the possibilit), of making
artificial farmyard manure on the large scale, Lord Elveden, as hi
then was, founded the organisation now loronn as Adco Ltd., for
the commercial development of the process. (8)

The difrculties referred to above have prevented its general
adoption on_arable Iarms but in horticulture and tropical agriculture
the name -\dco is now well known all over the world_ Thecomnanr.
does not trade for private profit : anv surplus is usert for the bdn"fit
of agricultural research.

Th€ fact that a high proportion of digestible carbohydrate and
a- small amount of lignin were favourable to rapid rotting was dis-
closed in the seco,nd Adco specification, as alreidy mentioned, but
it $'as not untii later that the composition of piant materials in
relation to their resistance to decomposition was siriously studied.
- The claim that in ripe plant malerials pentosans (hemicellulose)
lorm the most important food for micro-organisms has not been
entirely upheld by subsequent work.(e) It is however, true that this
fraction is among the first to be attacked and is a vert. suitable food
for fungi which are particularly acti\.e in the earlier stages of break-
down. Bacteria alone. unaided by furgi, were shown to be relativeh
slow rotting agents. Fungi alone, in fact, did practicalh. all that
could be done in this wal'bv a complete soil flora.

_ (_7)_B. H:.E!c!ird! !!4 U. c. w*r*., su"l rirtu- r- s"*[ p*u;ioL, p.-. r*
C@J. IElt. Civll EDa. resr, Scc. VL

(E) JoEm. Uir. A8ric. r9rr, Vol. XxvIII., pp. 961,e62.
(s) R,D. R.gF" Bidh.mi.at DecoDpo6ition oI Calutci. MalrnJtr.. Aho.Appt.Biot.r92;

Vol. XIV., pD. l-,13,
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In a series oI papers by a specially qualified bio-chemist who
worked for a time h the Fermentation and Mycology Departments
the whole field of biological decomposition of plant materials uader
aerobic conditions has been envisaged. (10) Cellulose is now shown to
be the chiel source of carbonaceous food or energy material for the
organisms- Lignin was found to be the resistant factor, thus con-
{irming the earlier views on this point. An improved formula or
ratio for predicting the " decomposability" of plant materials was
put forward and found to agree well with experimental results.

Since the amount of nitrogen required to convert waste vegeta-
tion into artificial farmyard manure is of considerable economic
importance, a quick method of calculating the " nitrogen factor " is
much io be desired. Unfonunately it has not been Ibund possible
to suggest a formula in terms of the constituents ofthe plant material.
Each value must be determined bv experirnent. A new term, "nitro-
gen equivalent", is suggested as i mlasute of the efficienc]' of the
organism or mixed flora effecting the decomposition. This figure
relates the amount of organic matter removed to nitrogen immo-
bilised. fr;

The anatltical dificulties associated with these studies have led
to seyeral improvements in the methods of estimating the various
constituents of plant materials. Cellulose and lignin have received
much attention. The former can norv be determined accwatelv bt'
a comparativeiy simple method. (rr)

The determination of lignin is subject to disturbance by the
presence of certain carbohydrates and proteins in the plant material
under examination. Methods for reducing the errors so caused have
been described.(13)

These improved methods of analysis have been used to examine
the cornposition of the growing crop. The changes in the structural
constituents of the barley plant during growth have been followed
from the seedling stage to maturity. Follou'ing an initia.l increase
both ash and protein showed a steady fall with the age of the plant.
Cellulose increased from 30 to 53 per cent. while ligrin also increascd
steadily until the last week of growth. (1a)

The biochemistry of certain constituents of plant materials not
concerned directly with their agricultural importance, especiallv

(I0) A. G. Norme-_ The Bioloeical Deompositionof Platrt Uaterials." I...'theltatureard
O@tilr ol tbe Fufualdebyde yielditrs subsran.E nr Srd6." Biohem. lourD. 1929, \'ol.
XXIIL, pp. 1353-t366, II. 'Tbe Rolp of lnp Futturrld.h!.de rieldios Subliato6 io rh? Dr
composirion of Stras." Bi@h@. Journ. 1929, Vol. XXIII., pp. 1367-1384.

(11) A. C. NoM-rV. " Ihe Bi@bemical Activiti6 on Stra{s or eme (,euulce{eoDp6ins
FuBl." AD, Appli, Biol. 193t, \'ol. Xl'llI, pp.244-259. E. H, kr.hardr and .{. (,.:t{odufu .\'.
" Sooe FactoB Dft.minitrg ti. Ol@tity o, Nirrosea lEmobitiscd duritrA DecoDD6iuon. '
Bi@ieo, Jo@. 1931, Vol. XXV,, pp. 1769.I;78, IV. " Tle EIIFt ol H!d,os.h ton Coo.pnlrr-
riotroo tbe Rate of Imobitisatio! oI Nitrose! bySrras." Bi*hu, lou'n. t93t.\'ot, \Xl.. oD,
1779-1737. VII. " Tle :\ilue of lbe Reidual Hrmi(cUd6 oI Rored Srrarv " Bidi;n,
Jorr. tgA2, 1ol. XXVI., pp.57t-571.

l12l S.H. lFDtiIr_ The DeterDiurion ot l!l|dc itr SiraE- " BrfrIetu lotrrD l!:lu \,ol
\XlV.,pp, l418-113r. A. G.liormaD dd S. H, Jeokir" A lieq ltp&od ror tlie Drr"rmin,rio,,
of C€Xulos., ba:€d upoD obsMtioDs oD th. removJ of Usnro ad orher EDctulins Matprials. '
BieD@. Jom. 1933, vol. XXVIL, pp. rti-S3r. " LisniD Contctrr ot Celtut6a Produrt(.'
Nat@ 1933, !'ol. CXXXI.,p. ?29.

113) A.G.NoddadS. H.J{LiE-'TheDct rDinatioD ot LiBDin_ I. ErorsiDrrodued
by ibe p@ce of enair Carbotrdral6," Biqheo.Jom.l93{,1ol,XX!tll,pp.?I{i,2t59
lI. 'EtuE itrtrodu@d bvrhepr*n,.ol ProteE," Bicbem. Joum. 193t, 1ol,XX\'tt.pp,
,160-?168_

{U) A. G. No@n-' PrcliEidr lov6riHruon oI rbe D.wtoDDeDt of Stmrurat (onsti-
rurDh in th. Aa.ley Plur. ' Joun. {grj.. S.j. 19t3, Vol. XXIIL, pD.2tG-r3?.
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$ms-Ambic and Tragacaath, has been
Biochemistry Departrnent, Birmingham

The Iate of 6reen manures in soil is a problem of special interest
in view of the anomalous results obtained for many years past in the
classical experiments at Woburn. One aspect of this problem was
studied by determining the changes in the various plant constituents
when buried in Woburn soil. Young tares, youag and mature mustard
and sugar-beet tops were all tested b1, methods similar to those
used Ior decomposition studies lz ullzo. The order oI deomposition
of the constituents was also similar; hemi-cellulose ald cellulose
accounted Ior most of the loss of organic matter obsewed. The
speed of rotting varies directly with the C/N ratio so lhat ]'oung
materials with abundance o{ nitrogen decay more quickly than
mature tissue. For the same reason young tissues are liable to lose
nitrogen; in the absence of sufficient carbohydrate to immobilise
the excess, nitrates accumulate and are washed out of the soil unless
they are utilised immediately by a growing crop. A method of
determining cellulose in soil rvas devised to suit the conditions o{
these experiments. The fertilisirg value of the three young plant
materials was also tested both by pot cultures and by the use of beet
tops in field plots. AII three manures gave increases of both Srain
and straw in a barley crop. The best yield was obtained when the
beet tops were buried at once in the soil. If composted or allowed to
lie on the soil surface before digging in, the yield wasreduced. In other
words the crop is controlled by the amount of nitrogen in the green
manure as turned under.(16) These results are in agreement with
the well established mles for the makirg of compost from mixed
refuse first put forward by W. Auton after considerable experience
in the making of artificial farmyard manure as described earlier in
this review. If straw or leaves had been mixed with the composted
sugar-beet tops there would almost certainly have been little or no
loss of nitrogen.

It has long been observed that straw in some manure heaps
becomes sticky as it rots ; in other heaps no adhesive properties are
apparent. The production of mucus in artificiallv rotted straw was
investigated and the degree of stickiness measured by a physical
test similar to that used for testing the sarne property in soils. If the
straw is rotted with a mixed natural flora, the stickiness is controlled
by the reaction of the final product. An alkalinity as high as y'H
9.5-10.0 and the presence of much furgal tissue gave the maximum
adhesion values. The addition of alkali to a neutral end product
increased the stickiness. Biological control of the decomposition of
sterile straw with cultures of various fungi and bacteria singly and
in various combinations was also attempted. Most mucus was

{15r A.C-\oman. 'Tbe(heDi.alConstilurio! o, the Cums. I. The\rlureofCuhArabic
dod th; Bicbrmndl ( lNfr alroD oi lhc Cuns" Bimhcm. Jouro, lg2g, Vol. XX I I I., pp.5:{-535.
ll. 'Tr"s4drbio Tbp Solubl€ CotrsLiruedr ol Cum T,csacanLb. Aiobem. Jouro, 1931. Vol,
XX\',, Dp.200 201. "The Biqheoistry of P{trD.i $rcnie ProBrs 1929,91.,pp.26r-2t9;
A,C,NoimanaDdJ,T.rlarlin .'Srudidoo Peti!. V. Tb.HydrolvsisofPtulin.' Br@IcE,
JoM. 1930, Vol. XXll:., pp. 6{9-660.

(16, l. A. Dari-" Tle DecoDpGiliotr ol Creo MdurB itr Soil," JourD. Asri., S.i. 1931
Vol:XXlV..DD. I5-r?, "Tbe Ferrilisitre Valu" oI Grd llanurB Rotted under Drf,FreDt C.o-
dirio6.'JourD,Am,s6.furon-I93{,vol.XXlv.,pp,,1G6-,lTS, " Ihe DeleriDalior ol ceuu.
r.ein Soil." BieheE. Jouro.l912, Vol, XXVL,pp. 1275-1r80.
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produced by the action of fungus fo[owed bv bacteria. (1?)
When strawy unrotted farmyard manure is apptied to a ioii

containing a reserve of nitrate the organisms have i choice of using
either the ammoniacal nitrogen in tf,e urine-saturated straw or o"I
cauint on the soil nitrate. In order ro see if any preference was
shown for either form of nitrogen exp€riments wdre made witb
various combinations of ammoniacal and nitric nitrosen in contact
with moist straw. With equal initial concentrations un'der conditions
favourable for decomposition there is a definite preference in the
earlier stages of breakdovm for ammonia rather ihan for nitrate.
\{hen.nitrate is present, even in small proportion, there is always
some loss of nitrogen. (u)

\\hen the nitrogen changes durins the anaerobic decomDosition
of farmvard m_anure were belng studi-ed small amounts of hirdrosen
ga< were found as well as much larger quantities of carbon "dioxlde
arrd metbane. Subsequently Rothamsled was asked bv a Govern-
ment Department to report on the @ssibilitv of oroducins hvdroeen
by fermentation on a large scale in- the Troiics ri,here walte"veei"-
tion was abundant but facililies for the maiufacture of hvdroee; bv
chemical processes were lacking. Accordinelr exoeririents" werl
carried out with wheat straw and Nile Sudd fe"rmented anaerobicalh.
at different temlxratures under both acid and neutral or alkalin"e
conditions. The ma-ximum yield of gas, -1,4O0 cubic feet Der ton of
straw and 9,360 cubic feet per ton of Sudd, were obtained ai temoera-
tures of bet\yeen 35" and 40'C., in the presence ol some avai'lable
nitrogen compound under slightly alkatine conditions. Little or no
hydrogen was produced in thii wav. Bv makins the medium
definitelv acid the proportion of hydrogen was sreatli increased but
the total.yield of g_as was so reduced that no coirmeriial application
was Ieasible. (r0) Gas derived from cow manure was, howiver, used
on the large _scale at P5,'rford Court, Woking, wheie the kitchens
were supplied with gas for cooking Irom this iource for many years
in the absence of any public supply at that time. Unfortunaielv the
yield of gas depends on the miinienance of the optimum temiera-
ture so that in winter it is necessary to heat the digesters by coke
or other fuel thus making the procesi uneconomic.

Altough the decomposition of plant residues in the soil occurs
normally rmder conditions which ara mainly aerobic, in the cultiva-
tion of swamp rice in India and China many changes in the soil are
brought about by micro-organisms acting in the lresence of small
amount of air. Under anaerobic conditions rice siraw decomooses
in two stages: (I) the formation of organic acids, acetic and britwic
acid.ard (2) the conversion oI these into gaseous products, car"bon
dioxide a-nd methane, The nitrogen re(uirement {or anaerobic
digestion is low, only about one seventh of the aerobic nitrosen factor
for the same material. Just as with aerobic experiments in"oculation
proved no advantage. The organisms are presint on the straw and

(17) J. G. ShlikrlaodF" The Production ot Mucus duiE rtrr Deconcirion 6r pr.n,
xalEials." Biocte@. Joum. te33, v"t. xxvrr.. ;D. l'oj-riil_--rr. o-?-ir-ii#rrii,riiliIuufts e@or.d by lbe ue ol HydrogFtr Perorida.', Soil*i. r95t, Voi XXXV., De. ttt-229,
. .(18) 8.. H..Richarals aEdJ. c. sbrikba!d.-.. Tb. prererdrial UrjtisatioD ot Ditf.rr FolcolMrguicNitrogEiathcDqoopcirrotrofPl&rMat.riels.,,SoilSli4cel0g6,Vot.XXXfX.,

,D.l-8.
(19) Richar& and Am@r. (rcro). Uopubrisbed dara.

F
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srov, vieorouslv at a temperature oI 30-35'C., 1H 7. 80, and a

iioh *"i"..orrt"nt of aboui t0 to I of straw. The loss of dry matter
isieduced bv exclusion of air and much of the linal organic nitrogen
is soluble in'water. The irdividual Ioss of the constituents of a wide
range of plant materials was found to depend. on their. nitrogen
conient. Materials rich in nitrogen, as grass cuttlngs, produce more
butvric acid and methane than iipe cereal straws or bracken. Cellu-
lose" and bemiceUulose are the main constituents to suffer loss'
Lierin is onlv slowlv fermented and a large proportion of lhis com-
po"und in thjorigin;l material inhibits the decomPosition of proteir
lnd other constiiuents. A new method for determining carbon and
ni{rosen in the same sample of solid residue or extract was de1'lsecl

ana t"esreO on a number bf soils, plant materials and proteils' In
the course of this work it was found that the decomposition of
nitrosen comDourds bv chromic acid is closelv related to their
;il;il;.'il;;;uitai.". i,",ri"g d'eir nitrogen"atoms attached 1o

di{ferent carbon atoms yield a theoretical recovery of,nitrogen, while
at the other extreme 

-compounds like hldrazine derivatives lost

almost the whole of their nifrogen as elementary nitrogen. (2o)

Se@ase disbosal and agricullute.
Fir rhdfirst fourtein vears of this cent ury the problems of sewage

rlisoosal were under consiart investigation by the Iddesleigh Royal
Coirmission. Field trials on ihe fertilising value o{ various kinds of
sewage sludge were carried out for the Commission at Rothamsted.
amoi'e otheicentres, on two occasions. The anaerobically produced

sludeJs of those days were of little value as plant food although
the;dded some organic matter to the soil.

in 1934 an enquiry by the Ministry of Agricutture lrom 85 local
authorities indicaied-thit the position has cbanged little in this
resoect during the oast thirtV Veis. There are signs, bowever, that the
coriroostine o"f sewige sludge with selected garbage from dustbins is
bein's tried" bv som6 enterprising towns. There is no doubt that a
poodorearic iertiliser can be made in this way. (rr)" Furtier experiments were made at Rothamsted {or the Ministry
of Aericulture'in I9l9-I920 to see it the newer aerobic process for
mlrif"vine sewage bv activated sludge recovered more of the nitrogen
ihan'the"otber"meihods; what was the source of the high nitrogen
content of activated sludge and was this nitrogen in a form available
as olant {ood ? The results showed that much more nitrogen was

rec6vered in activated sludge than in either Precipitation or sePtic

tank sludses. that I his extrinitrogen came from the ammonia in the
sewase. n"ot from the atmosphere as had been suggested by some

work"eri, and that the availabilily of the nitrogen in tbe dried sJudge

was comparable with that in niirate of soda. Field trials with wet

t?01 c N- Achdrvd-_ studiE oo the Anarcbi" D-oDpciLion oI Pla^t Materials --I---Th"
e".l"1i,li d-i,ii'-'iii- .i-nli:sr."* toir- *ri"") " qi(heo Jo@ rc35 

^vor' 4XIII'
;; i;a-;tl 1r. r so@ Facrore lnlueocing rrre An#.obic DFobp6jriotr or Kie-suaI (utyz.
I;ri""\ " Bi* h"m. Iom. 1935. vol. XXlx pp. 953_960. III. " coDparrco or lbJ @llr or
n;^;*r,r"".1 Ri.. straE ioder A@ro6ic. Ac.obil d Particll( Aerobrc ('e!uoos'
fiil&?fililjil'.. isiif "i. 

iilx.;;.i t6- a'ro. rv rbe DecomPciiio! o' Prut subst@'6
;ii;;'1ili6;;;,G"." biiJ"niljou-. rsra.vot. xxrx Pp r4ti'r{c7 ' Dete@iDarion"ol
Laiiii,iaiiii,ii:i ulu",i'Liooor ti--i"e"ia -dPr redudd pesule," BiGt@ Joum re36
'-o ""-x;:;;-i;i.tt I - s t ructuF i n relalio! ro chr omic ot idatioD o' N i (oseDous substecB ' '

ii,lj-ii,'ii-i'"i,1"- lse6. vol. xxx.. De 1026'1032. 'stru'Lue dd otidaGo! ol Niltosetoc
SEbsra.6: Naluc, 1935, Vol. CXXXVI., p. 614

".,!*Lfi: 
J] ,I;:"-i-" 

rhe lrmuiar varue or sewaee srudse." JoEr" Mi!' A€ric' 1e35',
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activated sludge on tne Rothamsted farm gave good yields with hay,
potatoes and barley but the eflects were less uniform than v/ith the
dried sludge testedin pots. (rr)

Rqinuater and Drai aee Water.

- In the early hi.torir of Rotharnsted much alrention was paid to
the composition of rainwater as a source of nitrogen for plant liIe.
Frorn 1877 to 1916 the aaalytical work was done fiist by Warington
and then by Miller. The latter lelt many years of accurnulated data
for rainlall and draiaage water from the famous drain gauges at
Rothamsted. These figures were collected and published shortly
after Dr. Ililler's death which prevent ed the completion of his pro-
jected monograph on this subiect. Besides the beterminarion3 of
nitrogen as ammonia and nitrate and also of chloride made renrlarlv
for many years, the content of dissolved oxygen in rainwatir wai
measured in l9l5 and 1918. No great changes were noted in the
average composition oI the rairr falling at Rothamsted. The tend-
ency for both nitrate ard chlorine to rise has continued over the last
period of these observations. It was suggested that changes ill
domestic and industrial consumption of fuels might put more nitric
and less ammoniacal nitrogen into the atmosphere. Dissolved
oxvgen plays a leading part in lhe biological actMties of the soii
ard is essential for the root aeration of grolving crops. In winter,
rain is nearly saturated vrith ox:Fgen but in summer, when its tem-
perature is above l5'C., the dissolved oxvgen is always below satura-
tion, sometimes as much as 25 per cent.

The loss of nitrogen from uncropped soil by the action oI rain was
studied simultaneously with the composition of rain so that a
balance could be struck after a period ol47 years. The accuracy of
the data was checked by the chloride Iigures {or rain and drainage
water. The slow loss of nitrogen as nitrate ranges from 40 lbs, at
the start to 2l lbs. per acre at the end of the 47 year period. At this
rate it would take about 20O years to exhaust all the nitrogen from
uncropped and unmanured soil. There was no evidence of either
fixation or loss of gaseous nitrogen.(8)

(22j W. E, Br6chl.y dd E, H, Richar.ls JTbe Fdtilisinc Value of Sewase Slul86,''
Joum. Sd. Cbem, Iqd. 1920, Vol, XXXlX., pp. 1??T.182T; E. H. Rictreds dd G. C. Sacyer-
" Furte! Erp.ri,fuls wiln 

^cdvated 
Slu&e.' Jo!m. Sq. Che@. lnd. 192r, Vol. XLl., Dp.

62T-17T.
(rr) E. J. Rusll ed E. H. RichudF" Tbe do@i &d CooDGiti@ ol Rain Falliis at

RotbaGtcd." lourD. A.qric. Sci. l919,Vol, 1X.,DD,309-33?.'TheWaslitrsoutotNirrlt.t"
DrajnagF lvaler froE Uncropped tud Uooeu.d lad. ' Jo@. Asiri.. Sci. 1919., Vol, X.
pp.22.{3', E. H. tuclartl"- Di$lved Orygtn in Raiavater." Iom. Agric. Sci 19t7, Vol
VUI., pp. 331-33?.
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THE WORK OF THE DEPARTMENT OF INSECTICIDES AND
FUNGICIDES T9I8.I936

F. TATTERSFIELD, D.Sc., F.I.C.

Work on Insecticides and Fungicides begar at Rothamsted in
1918, with inve,stigations of the possible control by chemical mrcans

of wire-worms and certain nematode pests existing in the soil. A
studv of the toxicity of orgaric compourds to wire-worms isolated
from the soil (,) Ied to the conclusion that the relationshiP between
chemical consiiiution and the toxicity o{ their vapours was of a dual
nature depending on the t]?e oI compound and on its volatility.
Thus the lromatic hydrocarbons and halides were, on the whole,
more toxic than aliphatic hydrocarbons arrd halides , but srithin these
tlpes there was a fairly close relationship between toxicity,
't;ipour pressure, and volatility. Compounds of high boilirg point
were thus likely to be more toxic than those of low. The
fact that the adsorbability of vapours can be correlated with
these physical properties led us to the view that adsorption was the
fundamental explanation of the toxic effect produced ('g) ; a view
rvhich has had increasing support in receni years. The decreasing
rapour pressrue allows a limit to be put to the value of a series of
homologous compouads as fumigants, also such compourds as
chloropitrin and allyl isothiocyalate were much more toic thart
their physical properties would lead one to expect. Both physical
and chemical properties have therefore to be taken into account in
endeavouring [o aisess the toxicity of {umigants Irom first principles.

The limiting factors, however, to the successful use of Iumigants
in the soil are (a) the protecting action oI the soil (D) their chemo-
tropic effect on the insect (c) economic Iactors (d) means of evaluat-
ilg results.

(a) In the early researches carried out at Rothamsted it became
evident that pests existing in the soil are protected in several
different ways from the action of the soil fumigants. The penetration
of the insecticide may be inhibited by solution, by adsorption,
by the tilth oI the soil, and its effectiveness by decomposition of the
chemical through the action oI the soil bacteria. Such inert materials
as toluene were shown by Mrs, Matthews (3) and naphthalene by the
writer (a) to be used as sources of energy by the specific soil bacteria.
In the case of naphthalene the rate oI decomposition, which was
determined by chemical means, depended upon the organic richness oI
the soils and upon a repetition of the treatment. Thus a thorough
admixture of naphthalene with a relatively poor soil led to a complete
if slow toxic effect on wire-worms, whereas in rich soils the control
was less complete and after one or two treatments with the chemical
a lurther administration was ineffective. The specilic bacteria,
greatly enhanced in numbers by the previous treatments, led to so

IrI F TatteE{ield and A. W- R. Roberls- The idlueDF oI.b"mical .o6tilulioo oD th.
ton;iie ol orari..o6Douds to EirerctE. J. Asri. s"i., 0920), X, lee.

{2, F, T.ite6lield-_ Tte rcl.tiobhip betg@n chemi.al coctrtuliotr ol orSajc cooPou.ls
d rheir roriLnv 1o iltgts,' l. Asri.. S(i., (1927), xvll, l8l-
i3) Mrs, A. [ta(hc6-" Padial Sterili5:rion of eil by &ti*PU6, ' J. Agric fti, (1924),

xtv.1.
({) F. TatleE ield J'The D..ompGiLioo oI N,pbthalue id the $il and tle .rl4t upon its

ieaiicidal actroo,' Atr. Aop. Biol., (1928), xv, 57.
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rapid a decomposition of the naphthalenethat it had no toxic effect.
The substitution oI a chlorine atom in naphtha-lene stabilised the
molecule against bacteria-l attack, but z-chlomaphthalene spread
less rapidly ir the soil and was more pbytocidal thar naphthalene.
(b) Insects are attracted or repelled by chemical substarces and
unless they are stupefied or killed rapidly, they may retreat belore
the enlarging zone of action of the chemical, until the latter becomes
so attenuated as to have little effect. The use oI positive chemo-
tropic compounds or attractarts lor purposes of concentrating the
soil pest and limiting the volume of soil lo be subsequently treated
with the fumigant, may lead to more economic means of control, but
although this possibility was visualised and apparatus constructed
for its study, the call to other work did not permit of it being again
actively pursued at Rothamsted until recent years. (c) Except in
the case of high priced crops, the control oI soil pests has proved of
difficulty, partly for financial reasons, and until recent years onll'
meagre success can be said to have atte[ded the e{forts of many
workers tbroughout the world. (d) Mechanical mears of quantita-
tively separating insects from the soil and the statistical technique
of determining the significance oI the results obtained in field
experiments have now led to methods of assessing accurately the
relative utility of various chemicals as soil Iumigarts.

Ladell (5) at Rothamsted has used a flotation apparatus for
separathg the {auna Irom the soil, which is a great improvement
upon the methods hitherto in use. The sampling error in his plot
experiments on the control of wire-worms has been reduced from
30 per cent to l9 per cent aJId thus the significance of any particu-
lar treatment cart be more precisely stated. By taking account oI
the number of cysts (Hebrodera Schatli') and the crop yields he has
also been able to simplify the study of the control of this pest. The
ideal soil fumigant has, however, still to be discovered.

The difficulties attend.ing the successful treatment of the soil
diseases by chemical means are also illustrated by the studies of
Roach, GJ.ynne, Brierley and Crowther (u) (,) oo the contrcl of
wart disease of potatoes. Exlxriments during the years 1922-24
gave evidence that under the experimental conditions of those
years, sulphur treatment at the rate of I ton per acre or less on the
light land at Ormskirk, and of two tons per acre on the heary land at
Hatfield greatly reduced the incidence of wart disease on the succeed-
ing crop of susceptible potatoes. Under the experimental conditions
of 1925 a reduction in the amount of disease was produced by treat-
ment with l0 and 15 clrts. per acre at Ormskirk, but at Hatlield
little if any, effect was produced. The phytocidal effect oI sulphur
depended on the type ol soil, being more severe on the light than the
healy land, and the question arises as to vr'hat extent the results
obtained depended on this Iact or upon unascertaiaed soil conditions
prevailing at the time of the experiments. Subsequent experiment.
in the soil, (8) in{ected anificially wilh Sywhylriutn etdobiolicum.

(5) W. R. S. Iaden-" '4 new appalatE fot eparatirs insets j.om the sil." Ad. App,
Biol.. (1936), XXIII, 862.

(6) W. A. Ror.b, V. D. Clrnne, W. B. B.ierley and E. M. CroErher. ADo. App. Biol., (ls25l
xu.15r.

{7) W. A. Rdch ed W. B, Bd.rley. Ad. App. Biol., {19261, XIII,301.
(8) E. M. Cro*ther, U. D. Gryme od W. A. Roach. -{aq- ,{pp. Biol-, (1917), XIV, 422.
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revealed the fact that there was complete freedom from inlection
when the acidity oI the soil had been raised to a very high value,
@H 3.4) but the conclusion was drawn that sulphur in controlling
wart disease shows some other form of action, but whether this
property could be enhanced sufficiently to render sulphur treatment
of practical value needed further investigation. Later, Roach and
Glynne (r) examined the toxicities of sweral simple sulphur deriva-
tives towards winter sporangia of this organism; they showed that
acidilied thiosulphate and sodium hy<lrosulphite were ten times as
toxic as sulphuric acid owing, probably, to the presence of free
thiosulphuric acid. In addition, di-, tri-, tetra- and penta-thionic
acids were shown to have only feeble toxic actions, when pure, and
toxicity could be explained as due to their hydrogen-ion concentra-
tions. The pol,.thionic acid theory advanced b1. Youag (10) to
account for the firngicidal properties of sulphur was thus shown to be
unsould, a conclusion confirmed by Wilcoxon and Maccalan (1r)
I-ater, Roach (!') suggested that the changes of su.lphur in the soil
take place in the following stages, sulphur-thiosulphate-poly-
thionate(s)---*trlphate, and considered that the effectiveness of
sulphur as a soil firngicide to wart disease may well be due to the
temporar1r accumulation o{ the relatively unstable thiosulphuric
acid depending on specific soil or fortuitous climatic conditions.

Roach during these investigations carried out ar interesting
experiment which demonstrated the {ormation of a particulate
cloud when sulphur was gently heated il air. A layer of sulphur was
placed in a box containing windows on opposirg sides and an ob-
servation window at the top: It was allowed to stand for 24 hours in a
dark room, a beam of light did not betray its passage through the
box, when viewed Irom the upper whdow, uatil the sulphur was
gently heated and a critical temperature was reacbed. This result
tends lo add force to the view that sulphur partlv exerts its fungi-
cidal action at a distance in this way. (13)

INVESTIGATIONS ON CONT.A.CT INSECTICIDES

The investigations oI ilsecticides, to be used as sprays or dusts,
have chielly occupied the department during recent years. They
were mainly concerned with the class known as contact poisons
although some attention was given for a short time to certair
stomach poisons, the motive behind the work being the need for
plartt sprays highly toxic to insects but cheaper and less dangerous
to mar thal nicotine and the arsenicals. In order that more rapid
progress could be made than {ield experimentation allowed, the
development of laboratory technique for purposes of assessing
insecticidal values (1a) (16) was undenaken, The spraying apparatus
elaborated, the first of its kind, was so arranged that successive

H. C. Youg-" The tonc prop€rty of Sulphu." A!
F. Wilcolon, ad S. E. A. Mccallao. Coat.ib. Boyce
W. A. Roach. J. Asric, Sci., (1930), XX,74,.w- A. Roacn. 6thIDtemat. Bot- CoM6. 119301.393

s.E.A.n
emat. B;t- ca,i€x€s, (1930),303. B. T. P. B,rLcr,c. T. Cimiosbao, i
star. Repls,, 1919, 67-?6.
M@ris.-" An apparatus lor tstiDg I@ticid6." Bdl. Ert. Res.,

xtv,rr3.
) F. Tatt rdield-" Ar .ppa.atu! for tBting cont&t
, xxr, a91.

Itlsticid6." AD. Apt,. Biol.,

IX; .t01.
389.
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batches oI insects were sprayed under conditions as unilorm as
possible, so that on using various substances at different concentra-
iions the results were directly comparable- WIen different
concentrations of a solution or emulsion oI a compound were sprayed
upon aphids in the apparatus and the percentages of the resultiag
moribund and dead insects plotted agahst them, S-shaped curves
resulted. A number of such curves lor different compounds were
graphed together and gave a diagrammatic demonstration of their
iespective tbxicities. The shape of the curves showed, however, that
cofrDarisons of toxicity at the so-called minimum lethal dose, that is
the dosage iust killing l0O per cent of the test subiects, was not
strictlv posaible, as the curye approached the 100 Per cent kill
asrrmptoiica[y. It was suggested by Dr. R. A. Fisher that com-
pirisons could be made at the concentration giving 50 Per cent kill.
ihis suggestion has been almost universally approved and the so-
caUed madian lethal dose is now very widely employed in toxico-
logical work. The dosage-mortality curves, obtained in our work b5'
the use o{ this machine, have been widely used by various authors
in critical examinations of the action of drugs and insecticides,
and the dosage-mortality results for nicotine were the first to be
employed bv Bliss (16) and by O'Kane (r7) and his co-workers for
the reiluction of these t,?es of data to straight lines, in order to
simolifu comoarisons between insecticides.

The'resdfs irr these studies can best be considered urder the
foUowins headings :- (l) S]'nthetic organic compounds.

(B) Plant products of the alkaloid class.
(C) Fish Poison Plants.
(D) PYretbrum.

{l ) Svxr'urrics. A systematic survey (r8) (l'g)(') tas condrcted
for i number of years on groups of organic chemical compounds and
an attempt made to ascertain the relationshiP between their chemicd
constitution and physical properties and their toxicity to /rit!
nrzlriis, the adult uringless form o{ which was used as one of the test
subiects. Some comparatively simple relationships were fouad.
If the symbols < and > are used respectively to mean " less toxic
than " and " more toxic than," when molar concentrations are
considered, they can be summarised as follows :

(l) Benzene < toluene < ry[ene < naPhtbalene > tetrahydro-
naphthalene > decahydronaphthalene.-(2| Benzene < cl orbenzene < o-dichlorbenzene < l:2:4
trichl6rbenzene > t:2:4:5 tetrachlorbenzene artd hexachlorbenzene-

Naphthalene < z-chlornaphthalene.
l3l-Benzene < nitrobenzene < metadinitrobenzene. One

expiriment showed that to eggs of llad eto oleracea m,Arrrilrobenzene
> trinitrobenzene.

(4) Benzene < phenol (hydrorybenzene) > l:2 dihy&ory-
benzene > l:2:3 trihydrox-vbenzene.

IlAr c I BIis s.i.ne l1e3!r LXXIX.38.nd 109
i171 w-c.o(uc.W.l: W6iaate. L. C. Glovcr. (lr3a). N.t HdD T.!h. Bldl.,68
il8l F. TarF.slida, C. T. Gidioshe, H. . Moirir- Studiq on coar&t iM!icid6."

Pt- IIt- ]lm. ADD- Blol. l19!51. XII.218.
lrsl F. T.tiftIield. C. T. Gidnishe-" studica oa coutact r@cticiil*." Pi v. (rsr?)'

XIv,217. Pt. Vt. iu.l, (1917). XIv, 3lr.
{i0) F, T.tt ftli.ld. -J. As;i". sci., (I927), xvII, 188.
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_ (5) Benzene < anisole (methoxybenzene) < l:2 dimethoxy-
benzene < l:2:3 trimethoxybenzene.

phenol (hyilroxybenzene) > arrisole (methorybenzene)
l:2 dihyclroxybenzene < l:2 dimethorybenzene.
l:2:3 triivdroxybenzene < l:2:3 trimethorybenzene.

(6) Phenol slightly < o-nitrophenol < rz and 1-nitrophenol <
2:4 dinitrophenol > 2:4:6 trinitrophenol

o-cresol slightly > 3-nitro-o-cresol < lnitro-o-cresol < 3:5
dhitro-o-cresol -

(7) Anitine (phenylamine) < diphenylamine > triphenylamine
anilire (phenylamine) < benzylphenylamine > tribenzr=
phenylarnine
benzylamine < dibenzylamine > tribenzylamine
aniline < e-naphthylamine < phenyl-z-napthylarnine :
approximately diphenylamine
z-naphthylamine and its derivatives > B-naphthylamine and
its derivatives.

(8) P5;rrole < pyridine < picoline (z-methyl pyddine) <
lutidine (dimethylpyridine) < quinoline and isoquinoliie <
acridine.
pyrrole < pyrrolidine. pyridine < piperidine
pyridiae and pyrrolidine < l-nicotine (pyridine-N-methyl-
pyrrolidine) .

(9) In the straight chair fatty acids toxicity increases from
acetic acid up to the ll-carbon atom acid and then declines.

Methylation of the carboxyl group reduces toxicity throughout
the whole group.

The sodium salts of the acids, with the exception of sodium
oleate are less toxic than their corresponding acids.

Neutralisation with ammonia reduces toxicity of the lower fattr.
acids; from nonoic to tridecoic acid the elfeit is smatl and for
myristic and oleic acid toxicity is enhanced.

The unsaturated oleic acid is more toxic than the saturated
stearic acid.

Although an abbreviated list of this kind does not bring out the
quartitative relationships in the toxicities of the different com-
pounds it allows certain conclusions to be drawn. A complete
analysis, however, cannot be attempted here.

(a) On the whole, there is arr increase in insecticidal activitv
with increase in molecular weight, but in each series there is an
ypper limit to the molecular size, beyond which toxicity shows a
decline-

(D) Some substituent groups increase irsecticidal aclivity more
than others, thus nhen introdrlced into the benzene rilg, the-effects
produced by the following groups on toxicity are approximately in
the descending order: Phenylamine and benzyla"mine, niiro,
dimetbyla.mino, methyla.mino, hyilroxyl, amino. cU6rine, methoxvl,
methyl.

(c) The effect oI substitution depends upon the natue of the
.itg. (In general, radicles substituted in the arriline molecule
inoease toxicity more thar when substituted in to z-naphthyla-
mine.) Hydrogenation tends to decrease the insecticidal activity
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of naphthalene but to increase that of such heterocyclic compounds
as pyT role and pyridine.

(d) The presence of more than one groupirrg alfects the result bv
their interaction and by their relative positions in the ring. Thus
o-dichlorbenzene was more toxic thalr p-dicNorbenzene, 3:5 dinitro-
o-cresol than 3:5 dinitro-pcresol.

(a) Certain groups have specific toxic properties; thus tetra-
methylammonium salts are more rapidly toxic than tetraethylam-
monium salts, the former resembling nicotine in their action.

(/) The magnitude o{ the effect of a polar group may depend
upon the nature and the size of the chain or ring to rvhich it is
attached. (Fattv acids and esters)-

(g) Toxicity may depend upon the presence of an as5,.rnmetric
carton atom, thlrs nicotine is more toxic than its constituent rings
and to a degree not explicable by its greater molecular weight. *

Although these conclusions may apply to a number of insects
and to insect eggs, particular exceptions are frequently to be noted,
and a compound highly toxic to an adult may be less so or even
non-toxic to certain insect eggs. Also the phytocidal properties o{
some chemicals limit their use to dormant trees, 3:5 dinitro-o-cresol
being an example. This compound was found to be highly toxic to
both adult aphides and eggs and lield trials showed that it was an
effective winter wash. (,1) (,,) Certain disagreeable properties
prevented its practical use.

Certain facts emerged Irom this series of investigations. It is
extremely difrcult to fhd any simple or comprehensive generalisa-
tion to account for the variations in toxicity oI these compounds, and
this is to be expected when it is considered that the death of insects
may result Irom different physiologbal causes when treated bv
dif{erent compounds and that the physiological effect may be the
consequence of a complicated chain of chemical reactions. Never-
theless, it is fairly clear that in certain of the series where a polar
grouping is present (e.9. fatty acids) there may be increasing
orientation leading to enhanced adsorption by, and penetration into,
cells as the series is ascended, until a maximum effect is reached. This
may well be conditioned by the two Iactors of water solubility and
surface activity, a decline in toxicity resulting when the solubilitl'
in water has fallen so low as to bring about a decline in the surface
activity. Thus it would appear that a todc polar grouping may have
its toxicity enhanced by attachment to a relatively massive hyoro-
carbon chain or rirg ; this important point is illustrated by the high
insecticidal properties of the latty thiocyanates, with an optimum
toxicity at lauyl thiocyanate, (23) and by the powerful insectide (s)
obtained b1' substitution of a cyclohexyl group Ior methyl in 3:5
dinitro-o-cresol.

It would appear that for an organic compound to have high
insecticidal power it needs a toxic spearhead attached to a heavy but
not too healy a shaft.

. It h6 sio@ b6n shom by C. H. Richdd$n &d his d-workeE tbat ]-tricotine is oor. to c
to ittsts tnu d-tri@iiDe.

(rl) C. T. Gimiqhao, A. M. v.s9, ed F, T.tterslield. AE App. Biol,, (1926), XIII, ,l{6.
(r2) C. T. Gimioebu, ud F. Tatterslield. J. Aari(. S.i., (1927), XVll, 162.
(e3) E. w. Bouquet, P. L. Salsbera eil II. F. Dictz. tad. Eas. ch.m., (1935), XXVU, 13{2.
(r4) C. H. Richarilsotr, l. E. Kajy. J. Econ. Ent. , (1936), XXIX, pp. 52. 6?, 3e3, and 39i.
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(B) PLANI ALxALorDs. A number of plant alkaloids and
alkaloid-bearing plants were tested for their insecticidal pro-
perties. (s) The Gez*s Lupinus showed no marked toxic properties,
but species of Cazisla, Ulex, Sophora, Baptisia which contained the
alkaloid cy'tisine shot'n by H. H. Dale to have a physiological action
of the nicotine t5upe, proved to have toxic properties- Cytisine
itself was relatively highly toxic. Lobeline, another alkaloid which
physiologists had (s) found to have nicotine-lile properties, was less
toxic. Of the many other a.lkaloids and alkaloid-containing plants
tested, only eserine was of the same order of toicity as nicotine, and
again this alkaloid had been forurd to have physiological effects
similar to those of nicotine. The study oI this group clearly demon-
strated that alkaloids toxic to the higher a.nimals ari not necessarily
highly insecticidal; coniine, for example, had only leeble toxic
gopmtiesto A.ntmicis. It isalso ofinterest that in our experiments
cytisine did not prove materially toic either as a contact poison to
the eggs or as a stomach poison to the lattae of Sele a tzlral*raria.

(C) Frsu PoIsox Pr-ANrs. It has been a common and wide-
spread practice, from very early times, for fish to be caught through
the agency of the stup€fying properties of many natural orders of
plants. Species of Verbascun were tsed in the time of the Romans,
and in isolated parts of Euope are still irr use. Spurge has been a
standby to poachers. In tropical countries the practice has been
wide-spread, and it is curious that certain leguminous plants,
containiag the same group oI chemical compounds, have been
employed as an aid to the trapping of fish in the-East Indies, Africa,
and South America. Roots, stems, leaves or seeds containing either
rotenone or other of its closelv related comporuds have been used.
The practice has now been prohibited by the more enlightened
governments of these countries. Early in the nineteenth century
the root o{ one of these plants- -of the derris spcies-was fourd to
have insecticidal properties, The observation was apparently
forgotten, and it was not urltil the early years of this centwy that
this root found its way hto the markets of the western world. In
more recent years these rotenone-containing pladrts, of which many
now have been discovered, have excited world-wide interest.
Tltrlugh the intense investigations of groups of workers the structwe
o{ the-A active principles has now been almost completely elucidated.

Work at Rothamsted began in 1g20, when an invAstigation of
derris root was uldertaken in conjuaction with the Plant Patho-
lo8ical Department of the Ministry of Agriculture. (r7) Extracts of
the root prepared irr several different ways were found highiy toxic
to insects but there was a difference in insect susceptibilty. The
colourless crystalline derivative rotenone (then known as tubatoxin)
was isolated and shot'n to have highly toxic properties as had the
resins, freed as far as possible frorr roienone. - The yellow-coloured
crystals, then grouped together uader the name anhydroderride,
were found to be not a single, but several compounds, but they were
without exception without material toicity, the conclusion being

Pr. IV. -{Dn. App. Biol., (1926), XIll. !136.
(26) H. H. Dre, P, P. tiidlaw, J. Pbro, Erp. Ttrrap., (r912i,ItI,205.

_127)J.C.F.Fryer.R.SreDtd,F.TaLr.6tretd.w.A.R'oac!.Ai;.Aip.Biot..(l9r3,,x.rc.
F. TatterBfielil atrd W. A. Roach. 16,7. X. r_
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drawn that they did not exist as such in the root, and this has been
confirmed by subsequent work. It was shown that rotenone with
certain solvents (e.g- benzene) gave rise to crystalline complexes,
containiag the solvent. When exposed to ultra-violet light rotenone
was degraded to non-toxic derivatives. This property has been
confirmed and has proved a limiting factor to the use of rotenone as a
stomach poison to codling moth:

The problem of the evaluation by chernical means claimed our
attention and it was found that the rotenone content did not account
,or the whole of the toxic properties of the root. Although for some
years this view was questioned it is now almost universally held.
Our suggestion for assessing value by the total ether extract with
a subsequent dete,rmination of methoxyl content has not met with
general consent, and {or several years no\4, the market considers
not only the ether extract but rotenone content as well.

In the years subsequent to this investigation many tropical
leguminous plants were examined (s), samples being collected by
colonial oftcers lrom many parts oI the British Empire. We glatlly
express onr indebtedness to these ofrcials for the thorough way in
which the search for native fish poison plants was carried out.
Many of the plants, belonging to a number of natural orders, showed
only feeble insecticidal properties. The more interesthg are showa
in the lollowhg table.

D.nb.gi?.ka.. ..
Itdn,aML.
D6rli (c@Ea t ?.) . .

lrhlt.griali... ..
kt. Itur..de*t)

Bl&l( Haidi ..
I.t.Itut@,rlls)

T.Pt 6i4torkai4 ..
T.?t @iz Yoc.lii
l:.rr.otk @to& ..
N@eb6i4 tisilolit . .
M$ntta ttbidL
DoLrb,, Ps.inafu.t ri,B
LtD&aoE ViEe

prcbar,ly d,.r.is sp.

UrI.F &E st Inili.3
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Briti.h SEldilo! Islad

. Sinc .hom to b! co6p6itic Fitb Cobe of l
I Oa. sleiDcn of Mundulq froD ltrdi. pGs.gd totic l.aB.

OI these the most important are the species ol Denis arl.d
Lot*hocarfius- The others may probably have a local use, and
LePelley 'has sutgested lhat T. oigclii miy be found valuable Ior
increasing the kitling properties of pyethnrm-kerosene sprays used
in Kenya. Some of them have been used as parasiticides by the
natives of their country of origin. Unless, however, they are im-
proved by selection, they are not likely to comPete in the markets
of Europe and the United States in comPetition with derris, cuM,
and tim-b6 roots, of which potent sp€cimens have already been

tori&ol

*tT*

I28l F- Taiteftfield. C. T. GiDiuhao. H. M, Morri'-" Studi6 ou Coli&t l@iicidca."
pr. IL Am. ADD. Biol:. (1926), XIL-66. it. IV. iD.Z, 0026), XIII, {16. F. Tatt r.flcld. c. T.
CiDilrb&, ADn, App, Biol., Os!t), XIX, 263. F, Talt !.lield. " Fist Poisor PLrt! as I@ti_
.ida." Emp. J. Erp. A8.i.., G93G), Iv,136.
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discovered and which are likely to be very extensively planted in
the East Indies, Africa and Soith Amerisi.

The haiari plants are of considerable i.nterest, those found
gron ing in the lorests of British Guiana as lianes by R. A. Altson
beirg recognised defiaitely as insecticidal and they contained
rotenone in fairly high amounts. Some little time afterwards cub6
was discovered by American investigators and recogrised as L- ticou
and this variety, richer in rotenone than the haiari plants:o far
found or cultivated, is now produced on an extensivd scale ard is
in active competition with derris. In recent years a specimen oI
the white haiari has been found in flower-a very rare phenomenon

-and it has been recognised as corupecific with cub€ oi Peru. The
black haiari with its darker roots is possibly more closely related
to timb6 of Brazil-

It has been by no means an easy matter to decide r,l'hat are the
factors making {or the production oI roots rich in active principles.
There is anoptimumtime of harvesting when the toxic principlei are
present in a maximum amount , but for many years it rvas coniidered
fortuitous whether roots were rich or poor when harvested. Obscure
factors of soil and climate were called irt to explain rather curious
diflerences in potency of what were regarded ai roots of the same
variety, when Browr in different parts of Malaya. Indeed, it is
sometimes dificult to accourt for the differences in the rotenone
content betyreen cultivated and wild specimens of haiari aad also
Ior the Iact that a genuine sample of D. elliltica from Burma was
founday us to contain no rotenone and to hate no toxicity. Recent
t'ork has shown, however, that the varieties and strains of derris
are nurnerous and that thev differ widely in quality. Selections
made in Malaya and Java hive increased it 

" 
p.i,rpeci. of the pro-

duction of D. clliptica wilh a content of rotenone reaching tha lO
per cent. mark and that this will be possible over a wide range, for
rich roots are now being grown in Malar.a, Java and at diffe cnt
altitudes in Taaganyika.

The chemical evaluation of these plants has exercised a con-
siderable amount of thought in many laboratories and a study of
this phase of the work his again beln undertaken at Rothamlted
(,e ro). It \Mas Iound that none of the methods suggested gave an
accurate relative assessment of the value of different varieties of
derris root, though, when comparisons were made within the boun-
daries of a delinite species, both the rotenone content and the ether
extract gave a close measure of their relative insecticidal potvers. It
became clear that chemical means of differentiating species and
varieties were needed (s sr), and this was all the mbre necessary.
in that it was realised that the native names used, such as tuba
tedong, tuba rabut and various Chinese terms were adding to the
confusion of the terminology of varieties of derris, and that the term
" barbasco " was employed indiscriminately in S. America for anl'
fish poison plant. Three t,'pes of root were chosen-D. elliftici,
D. malanensis, from both of which rotenone could be separated by

{29) F. Tatrerslield and J. T, Martitr-,.The probi@ of r.b. cvatuarioa ot roleuooe .onraiEiDspl&rs," Pt. L Atr, App. Biol., (1936). XXJI.li78.
(30) J. T. Marrin ed F. Tatteisrielil - , Tha p.obtem ot lhc evatuatioo oI rormoae conr2iDiasplats." Pt. II. atd. 0936). xxllt.880.

_ Gr). F. Tett r{i.ld 4d J.I. r,rarti!-.,Tbe prcbreh of th..v.lMtion otroteDMecotrtaininsprais." Pt.IIL rrd. (1936), xxlr,8e9.
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the usual methods, and a third t]4)e knovm as the " Sumatra-tjape "
root, Irom which it could only be separated by a special technique.
It was found that the last two varieties contained a large proportion
oI matter extractable and precipitated by caustic potash-this
precipitate on acidification and extraction by ether gave a resin laevo-
rotatory ill benzene, from which later a crystalline derivative was ob-
tained. This crystalli-ne derivative, also laevo-rotatory,was apparently
a precursor of inact ive toxicarol. Two things were noteworthy (l ) that
this potash-extracted resin was more toxic than inactive toxicarol
(2) that after its sepdation rotenone crystallised out fiom the Suma-
tra-tl4)e resin on solution in carbon-tetrachloride, Ether solu-
tions of D. el.liftica rcsrns only gave a small amount of potash-
extractable material. The benzene solutions of the resins of these
three types were also examined polarimetrically ; they were all
laevo-iotatory. The solutions prepared {rom D. nulaccercis and,
the Sumatra-tLp€ were however, distinguished from those of D.
elldlti+a by the instantaneous change-over from laevo- to dextro-
rotation on adding normal caustic potash ia methyl alcohol. This
change was followed by a decline in rotation of an approximately
monomolecular type. These features characterised the potash
precipitated resins from D. malucpttsis and the Sumatra-type roots.
The crystalline derivative isolated from the potash-precipitated
resin behaved in a similar way. It was thus obvious that by simple
chemical and polarimetric means D. mal.rcce$is and the Sumatra-
ty,pe conld be differentiated from D. eU;ltica, atdthat the Sumatra-
tlpe root was more nearly related t o D . malaccetsis lhan to D . elli llica
and was probably asub-variety ofit. Later a crystalline derivative (3r)
was obtained from a resin of the Sumatra-tlpe by dLect crystallisa-
tion from ethyl acetate, the crystals melted at a temperature of the
same order as those obtained Irom the potash-treated resir (95"-
99' C) and showed the same characteristic chalge-over and
subsequent decline in rotation on the addition of potash in methyl
alcohol. On boiling with alcoholic potash both gave rise to optically
inactive toxicarol in high yield. As it had been previously found
that the rate of decliae in the dextro-rotation depended on the
amount of methyl alcohol present, it seems probable that the in-
active toxicarol does not occul as such in the root and that its
precursor has undergone change in the usual process of separation.
Moreover, our experiments would show that since the precursor oI
toxicarol is frequently present in considerable amounts in such
roots as D. malaccetsis and the Sumatra-t)?e and the precursor
resin is more toxic than toxicar ol itsell, the presence of this constituent
cannot be ignored in assessing the value of these roots. From Ameri-
can work this would also seem to be true of the precursor of deguelin,
another optically inactive crystalline material isolated from the root.
It has probably been changed in the process of extraction with
consequent loss oI toxicity.

Rotztrotu EstimatioL The estimation of rotenone will always be
of importance, as it is the most toxic of the derivatives so far
isolated and selection exp€riments have succeeded in raising its
content in derris root to a high level. Nevertheless, its quantttative

(3r) r. Tetrai ield &d J. T. Uarti!. JoEr. Soc. Ch.6. hd. (rgl7) LvI. 7?, T.
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determination is proving a rather intractable problem and a recent
conjoint eflort on the part oI a number o{ laboratories in America,
England, Germany and Holland in the analvsis of one sample of
derris root distributed from the laboratory at Buitenzorg, lava,
revealed grave discrepancies in the several results obtainea. 

-It 
is

becoming obvious that a standard method for the determination
of rotenone is urgently needed, arld it is hoped that the partici-
pating parties in the above iavestigation, in which our laboratory is
one, will finally be able to agree to standardised procedures forihe
derermination of tbe rotenone, extraclive and moisture contents of
these plants. It has been suggested from Rothamsted that the
sampling error, which for such difficult material is likely to prove
considerable, should be investisated as well and somL common
method for samplirg agreed upon,

(D) PI'RETHRUM INlTSrrcAnoNs. The flowers of certain of the
pyrethrum species have been known to be potent insecticides for a
long period oi time, Chrysanthemurn ci*eraiia,efol,iwm, C. roseum and.
C. nwrschal,lii }:Lai:urg been used in insect powders. The first-named
is the only one of commercial importance to-day. Until quite
recently, a number of erroneous belie{s were held about the factors
upon which the insecticidal powers of these flowers depended, and,
it is only tbrough researches during the last ten or twelve years that
they have been cleared away, Our present kaowledge dates from
1924 when Staudinger and Ruzicka(s) isolated and determined the
constitution of the two active principles plrethrins I and II. Since
that date much has been done by research workers in Europe and
America toclear up outstanding problerns. Work on this plant was
started at RoJhqms]9d at the suggestion of the Plant Patholog-l-
Laboratory of the Ministry of Agriculture, in order to ascertaln
nhether it could be grown in this country and how the producr
compared with the flowers oblained from balmatia and Jafan.(s)It was found that high quality material could be grom, that the
flowers were much more toxic than the stalks, that exposure to
damp conditions reduced the potency o[ tbe flowers ind thar
insects showed rather lyide differences in susceptibility to their
cffects. So good indeed were the flowers produced {rom ihe seed of
plants grovm in the garden of the Ministrv's Plant Pathologv
Laboratory that demands for supplies have been received from iil
parts of the worid, arld it can be regarded as the source from which
the rich material grown in Kenya Colony largely derives. Later.
a number of points were studied : these arl disiusled below.

(l) A chemical method of evaluation (35) and the relative toxi-
cities of pyrethrin I and II.

_The two pgethrins were isolated by the process of Staudiager
and Ruzicka and their toxicities to l. znrzirrsiomoared. Pwethrin
I was found delinitely more toxic than II. It was poinied out.
however, that the method of re-sSmthesis employed gave rise to the
possibi[ty of the pi,Tethrin II being contaminaied ilttr an isomer.
The general consensus of opinion now is that in an aqueous spral-

(33) H. Staudioser, L. Ruicka. Hetv. CbeD. Acta.. {ts21). t.117-20r.
(3zl) J. C. P. Frye!, F- Tattersdietd aod C. T. cimioahaE '.i. Eoctis! crom py.erhruD s ,s

iD!.cticide." Ad. App. BioL, {1918}. XV,!t23.
(3r) F. Tatte.dield, R. P. Hob$tr.d C. T. ciminsbe- J. A$ic. S.i., (l9ro). xrx,266.

F. Tattersfield, R. P. Hobu. ,rrl, (l0rg), XIx,433.
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pyrethrin II is less toxic than I, but the degree of dillerence may
depend upon the insect and the way in which the pyrethrins are
applied.

The pyretbrins are two esters, py'rethrin I containiag a cyclic
ketonic alcohol with a long side chain united to a volatile acid,
ryhilst p,.rethdn II contains the same alcohol united to the methyl
ester of a dibasic acid, relatively soluble in water. A method of
analysis based on the process of Staudiager arrd Harder, (36) which
depends on the determination of these two p1'rethrin acids was
worked out.(s5) It was found that the estimation of the acids could
be correlated with toxicity, and that in general the determination
of the pyrethrin I acid gave a good assessment of the relative toxic
value of the flowers and a.lso of the loss of activity on exposure as
estimated by biological trials. The method has been subjected to a
certain amount of criticism and improvements and simplifications
have been suggested. The most importart suggestion has been the
elimination, prior to analysis, of the free fatty acids, which in
commercial samples may sometimes be present in distinct amounts.
It is doubtful whether any of the methods are very accurate, IErticu-
larly for commercial ertracts; the acid method nevertheless,
has led to results for the comparative evaluation of pyrethrum
flowers which have removed many of the errolleous beliefs previ-
ously held.

(2) The best time {or harvesting the crop.(3?)
At one time it was believed that the closed and half-open flowers

were better than the fully-opened flowers. A critical suwey(37)
showed that the pyrethrin content hcreases in the Ilowers from the
small bud stage up to the stage when the disc florets are just fully
open. A decline in percentage pyrethdn content follows pollination,
but this is not due to the actual loss o{ pyrethrins, but to the fa.ct
that increase in weight o{ the seed as a result of fertilisation is much
greater than the increase in py,rethria content. The best time to
harvest therefore is when the flowers are just fully open.

(3) The location in the flower oI the irsecticidal principles. (s)
The greatest concentration o{ the p}Tethdns was found in the

ovaries, a result conlirming the Iindings of Gnadinger and Corl(3e)
and other workers.

(4) The effect if any, of climatical Iactors on the production of
flowers and their py'rethdn content. (s)

Attempts to grox, pyrethum in different parts of the world have
shown that in the lowlands of tropical countries, although the plant
flourishes vegetatively, it will not flower. Above certain altitudes,
e.9., irl Kenya, it is in llower for ten months of the yeax. A carefulll'
dwised series of experiments at Rothamsted, in which the effects o{
duration of illumination, of temperature and dormancy were studied,
shor,eed that partial shading oI the plart during Iive months pre-
ceding Ilowering resulted in the production of smaller flowers with
a reduced pyrethrin content, but that success il flowering was largeh'
dependent upon the relative temperatures experienced throughout
the year. Plants which, following a dormant period, were subjected

(36) H. Staudi.rer ed H. Harder, A!f,. Aed. Sci. F€ui€e {19e?) 4. r9, rc. 18, l-14.
(37) F. Tatlerstield. A@. App. Biol.,11s31), xvtll,60r.
(38) J. T. Marti, ed F. Tatt.rslield. AnD. App. Biol., (1931), XXI,570,irid,.632.
(3el C. B. CD,dinser d C. Corl. J. ADer. CbeD. Sq. (1e30), LII, 680.
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ro a high sunmer iemperature gave laxge numbers of flowers, and
flowering took place at an ea.rlier date than for moderate summer
temperatures. In no case did pyrethrum plarts subiected to higher
temperatures during the winter months produce more than a few
flowers in the followiltg summer.

(5) The response in yield of flowers and pgettu.ins to manures.
(*,)

A series of pot experiments(s) were carried out with a clone oI
one plant grown in heavy Rothamsted soil (unmanured for many
years) mixed with I0 per cent of sand, Ior ihree years and withi
replicate for two )'ears. Different manures were applied with the
result that, in the first flowering year, ar increase in weight of heads
was observed where nitrogen and phosphate were added without
potash. The increment though just significant was unimportant.
A{1er the first year no significant difference due to manuriil treat-
ments could be observed in yields of flowers or in the time of matura-
tion. The pyrethrin content did nor seem to be influenced bv
manurial treatment. A field experiment (e) carried out on poor
sandy soil at Woburn for several years tends to confirm the conclu-
sions that the fertilizer requirements of pyrethrum are sma1l. The
examination (s) of indMdual plants showed that plants, initially rich
or poor in pyrethrins, would continue to produce relativelv rich or
poor flowers in subsequent years and that rooted shoots would be
similar to their parents in this respect, in relative earliness or lateness
of flowering and ir- le_ngth of petals. These proprties would appear
to be of a genetical character.

(6) The stability of extracts and emdsions.(ar)
It was found(ar) that although pyrethrum powder exposed

in a tJrin layer to the atmosphere, lost its toxicity, the alcohol and
petroleum eltracts were relatively stable. It was shown that rela-
tively permanent concentrated emulsions could be prepard in
various ways in which the pyreihrin conlent did not rapidv aeclne
with time, and that in the spray tank the diluted emulsions under
conditions of a relatively high 1H value deteriorated but more
slowly tban expected. Hobsonft) made an interesting study oI the
factors making for the permanence of aqueous emuliions of p1:e-
thrum extracts, and found that the addition oI pl,rethrum extiact
to a petroleum solvent lowered its interfacial teniion against water,
the interfacial tension decreasing with increasing alkalinity oI the
aqueous pbase. The pre.ence of calcium salts in ihe aqueous phase
raised the iaterfacia.l tension, but this corrid be iouater-acted
by alkaline salts, the resulting interfacial tension belrg correlated
with tbe ratio of calcium to hydroryl ion concentration in the case
of hard waters.

(7) The cause oI the loss of activity of dusts when exposed to
sunlight ard air and the possibility oI stabilisation. (o)

The loss of activity of plrethrurn was formerly ascribed to tbe
volatility of the active principles, until it was shown that the

({0) Am. R.pts. Rothered E'p. StE., (t934),203.5, {t935),20t.202.
_ {4,) F. Trtr.rsdield_-dd R. p. Hobeo. /itr. App. Biol., (1ti3r), xvIII, roi R. p. Hob@,
J. A-qic. Sci.. {1031}, XXI. 10r.

({r) _q.-1i!rersricrd. J. {8ric. s.i., (!s32), xxtI, 396. F. Talreftfield alrd J. T. Marria, i6rd.,(1934), XXIV. s98.
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volatile constituents of plrethrum possessd no insecticidal pro-
perties. Nevertheless, the rapid loss of toxicity of finely powdired
flowers and of insecticide dusts prepared from them fii reacted
against their use. We(.r) were able to show that dusts prepared
by incorporating p_yreth-rum extract with talc, when spread in i thin
layer and expos€d to sunlight or strong artificial light lost their
activit)'very rapidly. The loss in the dark was very-slight in the
time required by sunlight to discharge all the actMtv. Th-e reaction
was largely a surface one. It was found, however, tiat such dusts,
when exposed in the presence of inert gases such as nitrogen or
carbon dioxide, lost their potency much more slowlv than-those
exposed to either wet or dry oxygen. The rapid loss;f activity is
apparently largely due to an oxidising process and it was found b1-
experiment that it could be greatly inhibited by mixing antioxi-
dants with the drlsts. Such antioidants as the dihydroxyienzenes.
pvrocatechol, resorcirol and hydroquinone, and ihe tiihydroxy-
beruene, pyrogallol, were poteit st;bilisers, but the trihy&ox].-
benzene phloroglucinol was ineffective, probably due to ihe fai:t
that it undergoes the Leto-enol transformation. 

' 
Tannic acid also

stabilises these dusts, an action unquestionablv due to the presence
of polyhydroxy nuclei.

A critical examination was undertaken in which artificiallv
prepared plrethrum-talc dusts and flowers, both ground and un'-
ground, were exposed to air in a variety of rvays in both suntisht
and artificial Iight and also in rhe dark. 

-It 
*"s "rhom that the i'oss

of pyrethrins took place much more slowly in the dark than in the
light and that withthe whote heads the lo'ss was much slower than
with porvders. Ppethrirised dusts exposed to sunlight in nitrogen
lost their ppethrin content less rapidlyihan when e1frsed in air. 6ut
a slow loss did take place, which was probably dud to some cause
other than the presence of free oxygen. There'was apparently also
a.temperatu.re co-emcient, the loss of pyrethrins in thi presence of
nitrogen was more rapid at high temperi[ures than low temperatures.
The loss of activity-could [b fotto-*ea, but not with an'absorute
degree of accuracy, by the determination of plrethrin I. The fadine
of the colour of pyrethrinised dusts, associatlet with the contractioi
of the broad band in the violet end of the spectrum, was observed
to run roughly parallel with the loss of p,.rathrin I, loss of colour
and loss of activity apparently being due io the same causes. The
loss of p,'rethrins was retarded by such antioxidants as hydro-
quinone and tannic acid, but the addiiion of these compounds did
not increase the initial toxic properties of the pyrethrins. These
results seem to have had considerable economic importance.

(8) The artificial drying of flowers.({)
The drying of harvested p5,Tethrum flowers is a matter of

great importance in countries with unsettled climates or where
morning fogs may be prevalent, as in some parts of Kenva. Not
only so, but the naturaI drying of such bulky material in the sunlisht
or shade demands much siace and is relativelv slow. An exoerimEnt
in artificial drying was stirted in 1936 in conjunction with'Ift. S. G.
Jary, of the South Eastern A$icultural C<iltege. (o) The flowers

(43) S. G. Jary, J. T. Marritr aqd F. Tart.rsfi.td. J. S_ E. Atric. Cou., wy., Kat (trr).
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were laid in a thin laver in an experimental killr' in which both

temperature and air c-urrent could be regulated The {lowers were

drief at different temperatures, a seParate control samPle taken

from the same bulk be-ing dried in a loft at ordinar)' temperatures
Ior everv kiln-dried sample. The colourof all thekiln-dried materral
was exc'e ent. Two effei:ts were noted (l) Dryhg at a temPerature.

of 45'C (ll3'F) {or a prolonged period resulted in a slight loss ot
ir."irrri,ii. (2i Drvine'at td higi a temperature ledto loss ofplre-
ifi.in.. TemieratrireJbetween 50 C (122"F) and Q"C (llo'ts i 1".'
l0 and 6 hours respectively were comParativel]'safe, results u'hlch

agree with those o5taiaed by Beckley(s) ir Kenya' - . -.
(9) The possibilities oI improving quality by hybridisation'
deneticai studies of a comPosite Plant like pirethrum is one of

orrtstanding difficultv: a hvbHdisation study was, however, com-

-..r""d .oire v..."'.go in ioniunction with the Plant Pathology
GUoiatorv of'the Ministrv of- Agriculture. Four years hawests
have so fir been taken from the progeny and the results awalt
anahsis.

A colourless extract of P,'rethrum is o{ value where stainirg b1-

the usual green-coloured iitracts is objec-tionable' It.has been

found that iolourless PreParations can be made t'ithout serious lossot
;;;ah.;; uv 

"*tractini 
the powdered flowers mixed with good

lt.oio*irird.f,"tcoal dith peiroleum ether. Solvents other than
petroleurn eiher were not so success{ul. ('!)

Slunach Poisons. Onh'a comParativel]' small amount of work
was possible in this important field oI investigation dunng the
oerioil under review. One paper(6) of importance was Publtshed rn

i*'hi.h it *.. shown that tha silicofluorides were Potent stomach

..i.."t to mandibulate insects' American workers at the time
!fr"*A *tt these compounds that a new SrouP of stomach.poisons
was available and that they might for manv purposes rePlacs tne
arsenicals. The siiicofluorides of sodium and barium and the
if"o"tor"i""t"a (crr,'olite) have since become articles of coffnerce
r. i"r".ii"ia"t. iJniortuiately it is novr' known that traces of fluorine
f,r". r p"it.l"gi..l effect uion the teeth and this fact has tended
io ii-lt ifr" r,"d ot usefulnesi of these imPortant comPounds . When

extiacts o{ the iish-poison plants were spral'ed u-pon the foliage' it
became so repellent-to young lawae that they died of starvatron'
the leaves being uneaten.

Acaricidal, irtiott of bvrid.iw and ammonia' An infestation of
l"b";;i;; iunei bv tfirdd species of mites led to an investigation
Lr--"*.'"i "olit-lling 

theie pests which would not p€Tnan:lj\'
i"l*"if," i -*t.tr?) Ii was found that pyridine did so and a critical

"ir-ir.tion 
"of tie toxicity of pyridine, aniline and- affnonra

showed the vapours of these comPounds to be highll'toxic to ljrzo-
gryrrrrs,ofigio;but that the use o{ anitine was limited by its relatrvell'

l4rrl V. A. A€ckl.v-" Pvteurum drviDg " lielva WeLlv !ieB' G936)' Apt ' '4' 
Eait

Ar.i.di As'i.l"@ 093?) lt !,7.- iiii llr u""i", c. p"tter-'A @lourles 
'ittact 

of pvrelbruc llo'eE " chem' aitl IEd'
[957):L\ L 9.

,"J*i.r.:'sxl;:':li,1b',1:"i+'."u;1#:11'fJ*:tr.'#Tti;,:i:\sif31;"*n''
(17) s.T. r.s9n;;d F.T:.$.rsfield. A!tr. ApP Bio: ,0922)' IX' 213'
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low vapour pressue, and that ammonia vapour although useful for
deinlesting utensils was highly toxic to fungi. Py'ridine above
certain concentrations was toxic to cultures of twtgl (Aspergill*s
zrgar) and this could not be explained by an alteration in y'H value
of the cultue medium. The effect however was purely inhibitory
and on neutralising the free pFidine vrith acid, the growth of the
cultures proceeded normally. Pyridine seemed to have a specific
toxic ef{ect to the miles Tjnoglfihus longior and. Aleurobius farinae.

Miscelf,arcous irntestigaliols . The immunity to wart disease of
certain varieties of potatoes led Roach($) to explore this field by
means of a delicate grafting technique developed by him. All the
eight possible types of plants n ere built up by grafting together
root, shoot ard tuber s)./stems from either immune or susceptible
plants. In none oI the experiments was the reaction of the tubers
to wart disease changed. The field was thus narrowed since immunity
or susceptibility could not be referred to a factor capable of being
translocated and Roach suggested that the examination oI the
proteins by immuno-chemical methods presented a hopeful line of
attack. An attempt to follow up this suggestion led to the elabora-
tion of an anaerobic wet grinding apparatus(re) by which means a
labile blue compound occurring in certain varieties of potato rras
observed for the first time.(o) The apparatus presented a number
of possibilities; besides the examination of the plant constituents
unstable in air, separation oI cell-wall material for chemical examina-
tion and the estimation of starch content of potato tubers by
mechanical means seem feasible by its means.

Roach's technique was applied by him to the gralting of plants
upon foreign root-stocks, (61) thus when woody nightshade,
(Solautm Dulcomarc) was gra{ted on Wtato (5. tuberosuzr), growth
was stimulated and the nightshade attained twice the weight
it did on its own roots. Lupin grafted on broad bean was of Breater
girth and height than when gronn on its o\ n roots. In reciprocal
grafts the root stock was dwarfing in its effect.

THE WORK OF THE ENTOMOLOGICAL DEPARTMENT
AT ROTHAMSTED T915.1936

By C. B. WILLIAMS AND STAFF

This report is divided into the following sections :-Introductory,
Soil insects, Parasites and biological control, Aphid problems,
Chemical relationship between insects and plants, Tropic reactions,
Relation oI insects to climate, Population studies, Studies on
Cecidomyidae, Studies on species of economic importance, Migra-
tions ard aggregations of insects, Insect morphology, Miscellaneous
activities.

At the end of each section a bibliography is given.

(.3) w. A. Ro&h. Ar. App. Biol., (r0r3), X,l42,ird., 0927), XN, rEr.
(r9) w' A. R@cb. Bieh€o. Joutu., (rr25), XIX,783.
(50) w' A. R@ch. AE.b of Botany, (1916), XXXIX,883.
(5r) W.  . R@.n. Atrn.ls of Botanv, (193n). XLIl,659,
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INTRoDUcToRY

The first Entomological work at Rothamsted started-during the
Great War when in l9i5 H. Eltringham made hvestigations on the
orevalence of the larvae of the common House {ly (Mrcca dottttslical
in {rr- -an*" heaps (Publication No. 16l). The next problem of
a-n entomological na'ture, also arising out of i,he war situation,-was
that of wireworms in recently ploughed tand, and early in 1916
A- W. Rvmer Roberts was apfointed bv the Ministry of Agriculture
to work in the " Protozoological '' Department at Rothamsted on

this question.
I; I9l8 Dr. .\. D. Imms was appointed in charge of the new

Entomological department and later J. Davidson (1920J928) and
H. M. Morris (I920-1927) were appoi-nted as assistant entomolo$sls-.
When Morris'left H. F. Barnei was appointed in his place ; and
when Davidson left Barnes Y'as promoted and H. C. F. Neu'ton
f1929-1935) was appointed to the iunior position.
' In l93d Imms. ivho had recentiv been elected a Fellow of the
Roval Societv, left to take up an appointment at Ca.mbridge and
in ig33 tre was replaced by Dr. C. B Williams. Newton left in
Ianuarv 1935 and was Iollowed bv A. C. Evans.- 

Dlrring the period covered by this report a large number of
temporar! visifors, research students, Ministry of Agriculture
Sch6lars,-and men working on special Srants, have studied-in -'lhe
department and these wili be r;ferred-to in the sections dealirg
rvith their work.

The Beekeeoins resear' h is part of the Entomological Depart-
ment. but . 

""p.t""te 
report on fhe u'ork on this subject was issued

in the last Ro[hamsted'Annual Report for 1935 (pp 60-66).
Up till 1924 the Deparlment was housed in a room in the old

buililing, but in that y6ar the new laboratory was completed ard
the Defartment took'over its present accommodation.

SoIL INSECTS

The beginning o{ the Entomological Departm€nr at Rothamsted
was larseli due io the demand toi an increased knowledge of soil
insect","aad panicr arlY of wireworms. Iollor'r ing on the ploughing
uo of large aieas of srassland during thf war.
' The e"arliest wor[ *a. done by A. W. R',rner Roberts who in

1916 studied the biology ol Agrioles obscutus ar'd made morpho-
lnsical observations oriihe lar.tae oI Agriotes s4utatat and Athous
himorrhoidat'is. In collaboration lviih Dr. Tattersfield. Head of
the DeDartmenl oI lnsecticides, the toxicil]-oI a number o{ com-
oounds lo wireworms was tested.
' trlorris in l92I devised an apparatus for separating the irsects
and olher fauna from the soil. 

-li 
consisted of a series o[ sieves o{

rlimini'hins mesh throuqh which the soil s-as washed by a strong
.Gr- of ir"t".. Th" re"sidue in each sieve had to be examined Ior
iro".t.. U"t most of them $'ere retained by the bottom sir ve which
had 50 meshes to the inch. From his examilations }lorris calculated
that there were in the " dunged " plot on Broadbalk about l5'I
million invertebrates (arlhropods and millipedes, etc'' not, 

^ol
course, protozoa) per acre, of which 7.72 million were insects' Un
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the untreated plots the figures were 4.05 million total, of which
2.4 million were insects. He found that the bulk of the total rrere
in the top three inches of the soil, but the greatest number of
the wieworms (Elaterid la.rvae) were found at a depth oI from
5 to 7 inches. Artificial manures were found to have very little
effect on the soil fauna, but dung increased both the number of
individuals and the number of species.

Little more was done on soil insects after the departure oI Morris
until the arrival oI W. R. S. Ladell in 1935. Ladell developed a
much more efrcient technique lor separating the insects, etc., from
the soil by a modified " flotation " process. A sample of 4 to 8 lbs.
of soil is stirred up in a container in a strong solution of maglesium
sulphate (s.g.l.ll) through which a fine stream of air bubbles is
continually rising to the top. The insects, which are all lighter than
the solution, rise to the top and are slid off on the froth into a
settlhg chamber and then on to a lilter paper. The magnesium
sulphate is cheap, flocculates any clay ir the soil, and is so little
toxic that insects removed in the egg stage bv this method can be
hatched out and bred.

The Iigures obtained b]' this technique are very m'.lch larger
than those Iound by Morris'method. For example, the Broadbalk
plots previously mentioned give the following figures in millions
per acre by Ladell's apparatus:

Total Invertebrates Insects onlv.
Manured
Unmanured

8{.6
38.2

69.3
33.5

These figures are nea.rly ten times Morris' values.
Using Ladell's method K. D. Baweja has examined 300

samples oI soils in 14 months and the maximum number obtained
indicated a population of 486 millions soil animals p€r acre, including
475 million insects, of which the majority are Collembola.

Baweja has been Iollowing the return of the fauna to soil com-
pletely sterilised by heating to 212'F. He used plots I x 9 feet
and took the samples from an inner square of 7 x 7 feet, Four
plots were sterilised to the depth of 12 inches in February and four
in May. Two of each lot were isolated by a barrier to a depth of
12 inches from the surrounding ground, so that recolonisation nas
only possible from above and belot'.
His results briefly stated are :

(l) that the time taken for the sterilised plots to buitd up a
population equal to the control averaged seven months in the case
oI ihe uaenclosed plots and five months in the case of the enclosed,
for both times oI sterilisation.

(2) The return of the insects was more rapid than that of
any other group.

(3) Collembola and Diptera predominated, with ColeoPtera ard
Hemiptera next in importance.

(4) Both sterilised and control plots showed a pak of population
in late autumn (October and November).

Ladell has carried out a series of field experiments on the effect
of insecticides on wireworms and has shown that modem lay-out of
plots and statistical analysis cen be applied to this ty'pe oI work and

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-1-68 pp 105

102

that the sampling error and experimental error can be reduced
iufrcientlv td deiect real differinces between the effect of the
fumisants- on the wireworm population.

Gd"ll hr. also extended Lis plot technique to include a studr'
of the oat eelworm (Helerodera sihachtii\ and has found 

Jha. 
j by a

nrooer svstem of samDling it is possible to get an adequate indication
i{ ihe eftective infeitati"on ot the soil by eelworms. He has also

shown a definite relation between the soil infestation and previous
and subseouent plant iniuq,and has demonslrated si8nificant
differences ixtween the cvit population o[ the soil before and after
insecticide treatment.

Barnes, as a preliminarr to including Tilula Pdudoso in ttts
oooulation studiei (see p. itO), ha. Iound a simple method {or
Lr6edine these inseits fiom the egg to the third larval instar'
Arising"from this work Miss C. B. J. Lovibond has been appointed
by th'e Bingley Research Station to work at Rothamsted on

leather-jackets.
SorL INsEcrs

t. Bames, H. F. Itetlods of iavestigating the bioDomics of the commoD
c?nefly, Til la Paludosa Me;9en. together with some results' Ann Appl
Biol., 24, 1937, 356-368.---i. Ga"i, 'iv- n. s. I ne\\' apparatus ror seParatiog lDs€cts aDd otber
ArthroDods Irom the Soit- Aon. Appl. Biol.. 23 t936, 862'879'

f. it.*i., g. V. Observations on the Insect Fauna of PermaneDt
Pasture rn Cbeshire. Ann. Appl Bjol. T. l9:0 1ll-I55.

4. Moms, H. M. The Larval and Pupal Stages of the Bibionidae tiuu'
Eot. Res., 12, 1921, 221-232.--s. li.i-ii U.lI. The Larval and PuPal Stages ofthe Bibionidae Pt ll'
Bull. Ent. Res., 13, 1922, 189-195- g. Irlortis, ff. lt. On a Method of Separatitrg Insects and other '{rthropods
Irom Soil. Bu[. Ent. Res., I3, 1922, 197-2(n.-- i. -lI"oi", H. M. The Insect and other Inwertebrate Fauna of Arable
Land at Rothamsted. Ano. .A.PPI. Biol . 9, 1913. 281-305.

8. Morris, H. l\1- The Insrici atrd other ltrvertebrate Fautra o[ Arable
I-aDd ar Rotbamsted. Pt. II. .{nn. Appl Biol., 14' 1927 442 441'

g. Rob€rts, A. v1-. Rymer. On the Life History of " \[ireworms. -,ol
the Ccnus ,4"trol?( Escb.; s'ith some notes on Lhat ol Athob ha? ilorrhoidat t r
F- Pt- I. -\nn. .\DDl. Biol., 6, 1919, ll6-135.- 

r-0.'noU"tt., 4..'W. n1'mer. On the LiJe Histor!' ot '' Wrreworms " of
tl" C."r" .f 

"/'iirri 
e.ch., ivith some notes o\ llIrat ol Aihous haemonhoidalis F '

Pt. II. Afln. Appl. Riol., 8, 192r, 193-215.

PAL{slrES AND Bloroclcar Coxtnor
Shorrh after the war investigations were starled at Rothamsted,

at the reouest of the lmperial Bureau o[ Entomologl" on parasites

ot far*i[', with a view to shipping them to New Zealand where
rhe earwi"g had become a great platue. The early work was carried
out bv ^A.."M. .{ltson who in t92i2s studied two Tachinid Parasites
Diedocha"ta seti bentis arrd Rarodiwuru azli4za' solved their
cur-ious life historiis and learned how to breed them in some numbers'

Consignments af Di1ofiochaela selilennis were shipped to Neu
Zealand ind also a smaller number to Hawaii, which courtrv was

ui.it"d in 1925 bv Dr. Imms on a special mission 1o study the
methods of biological control used so successfuJly in these islands'

In 1927 the iork at Rothamsted was extended, by means of a
erant {rom the Empire I[arketing Board, io a study of the insect
Enemies of certain 'weeds. This investigation was carried out in

co-operation with the New Zealand Government, and in January-
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W. M. Davies was appointed in charge of the work un{e-r lhe
direction of Dr. Immi at Rothamsted, in conjunction with Dr.
Tillvard of the Cawthron Institute in New Z,ealand.

in the autumn of 1927 Davies resigned on his aPpointment as
advisorv entomologist in the North Wales province and H C.F.
Ne*ton was appointed in his place. Net'ton continued this work
until 1929 when it was transferred to Farnham Royal'

.\ tong list oI weeds, considered dargerous in New Zealand, was
rubmitted, inctuding Gorse, Raguort, Blackberry, Fo,xglove'
Convolvulus, Bracken, Dock, Nettle, etc. Attention was directed
to the first three in particular. In the case of gorse the prevention
ol spread rather thair eradication was the first aim and a weevil
Apion wlicis, which prevents seed formation, was chosen. - On the
otier hand in the biackberry totat eradication was hoPed for and
experiments were made wiih a Buprestid beetle, Coraebus rubi,
which kills the whole plant by burrowing in the base of rhe stem.

The chief insects'feeding on Ragwort in this country are the
larvae o{ Tvria iqrobaala (Lepid: -\rctiidae), of Homeosottw spp.
(LeDid: Phv-citid;e), flea beetles of the genus Lotgitzrsus and the
ilv Phorb;i scneciorella. Homeosotnc and the Zozgrlarsns beetle
were studied but the major part oI the work concerned lyzla.
The breeding of this moth was at first carried out in the hsectary,
but a sudde; request for 1O0.000 pupae in the surnmer of 1928

necessitated othei methods being found. Or,ipositing females and
eggs were collected in large numbers, but this also proved insuftcient,
s6-i,, the late summer an attempt was made to collect pupag !r91n
the actual breeding ground ir the Brecklands district of S.W.
Norfolk. This metf,ori was soon found to be a practical way of
obtaining large numbers and in a short time 30,000 -were 

obtained-
Manv oithei were parasitised and since they could not be sorted
out before shipment special precautions had to be taken on rereipt
of the DuDae in Nerv Zealand.

As ihise parasites were of great economic interest thei' were
sent to the late Dr. Waterston at the Natual History Museum
who identilied them as follows :

l. Af adeles Poiularis FIal. Larval parasite.
2. Hemitcles sp. I
3. Dibrachys r'azrt s Wtk. I H1'perparasites of l.
1. Mesoch5rus farialrs Bridg. I

5. M elanichteumor berscrulalor W efi .)
6. Psycolhagus qrniioorus Walk. I Pupal parasites.
7 . Coleopislhus ailripennis Tioms. I

M. Polscrutatq and C. dtripennis had not Previously been bred
or recorded from this host.

The blackberry problem presented Sreater difrculties ordng to
the close relation of the blackberryr to many cultivated Plants.
In fact the insect finallv chosen was a serious Pest of roses in the
South of France, but irr spite of this it was considered suftciently
hopefu! to justifv the risk. Sweral journeys were made by Newton
to ihe Riviira tqcollect larvae in the affected Rose stems and these
were brought back to Rothamsted under special Permit from th€
Ministry of Agricultwe. As difficulty was exPerienced with this
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insect in New Zealand arrangements were finally made to ship
living inlected brambles. Great assistance in this part of the work
was received from the staff of the " Station de Zoologique Agricole "
Iirst at Mentone and later at Antibes.

In the case of the gorse, the weevil Apion ulicis was collected
from many parts oI Great Britain and in some cases as high as
gO per cent. of the seed was found to be destroyed. Tests were made
with this insect but it could not be {ound to attack any of the
cultivated species of Leguminosae.

Nearly forty-six thousand weevils were shipped to New Zealand
in cool storage (34-38'F) chiefly in damp sterjlised sphagnum.

Of the other species discussed the shipments rvere :

Tyia jacobaeu 17,000 pupae and 20,000 eggs
Coraebus r*bi 7l Lnxes
and smaller consignments oI Varessa *tticae, and Chryso-

lhatus phloeas.
In the spring of lg29 this Biological Control work was handed

over to the Imperial Institute of Entomologv, who had bv now
started their own parasite breeding laboratories at Farnham Ro.val-

During this period investigations had also been carried out on
parasites of Frit Fly by Imms, and on a Phorid parasite of Bibionid
flies by Morris. Imms also published several papers on general
problems of biological control.

In 1933 U. S. Sharga in a short visit to Rothamsted found the
Thysanopteron Artinathriis ncirs to be cornmon on most oI the
experimental plots of gass in " Park Plots," and to be infected by
ar interna.l parasitic nematode Arguill,ulita aftini. He r.oted. that
the percentage of parasitism by the nematode was very much
higher on some plots than on others, and in particuJar that para-
sitism rvas very high on a limed plot and very low on the corres-
ponding unlimed plot, which apart from this dilference had had
identical manurial treatment,

Miss A. M. Lysaght irvestigated the problem more thoroughly
(193436) and found that, while the difference in parasitism in the
above mentioned plots was confirmed, in other plots intermediate
figures were found and that the lime relation alone was insufficient
to account for the difference. It seems more likely that the difference
is due to the composition of the vegetation and is possibly associated
with the amount of Holcus lazalzs (Yorkshire Fog).

P--\R,asrrEs .AND BroLocrc,{L coNrRoL
ll. Bames, H. F. Notes on the parasites of the cabbage 

^phid 
(B/eni-

co4me blassieae Linn.). Eat. Mon. Mag., 67, 1931, 55-7.
12. Bames, H. F. Notes on tbe outbreak oI the cabbage aphtd (Brel,i-

cortrrc blassicac Linn ) in 1929. J.S.-E. Agric. Con. Wye, 28, 1931, I78-8O.
13. Davies, W. M. trfethods for colecting parasites of earwigs. Bull.

Ent Res., 17, 1927,347-50.
14. Davies, \4r. M. The biotromics oI l2ion ulieis Fdtsl. (Goise weevill,

with special refercnce to its riile in the control of Ukx e loPazus in Neq
Zealand. AnD. Appl. Biol., 15, 1998, 263-86.land. AnD. Appl. Biol., 15, 1998, 263-86.

15. Davies, W. M. Notes otr the leeding15. Davies, W. M. Notes otr the leeding hebits of Hdros], c dzrasa L.
(I-epidoptera). Bull. Ert. Res., 19, 1928, 267-70.

16. Imms, A. D. The biological control oI insect pests atrd injuriousA. D. The biological control oI insect pests atrd injurious
iDsects in the Hawaiiar islands. Atrtr. Appl. Biol., 13, 1926, 409-23.

17. Imms, A. D. Remarks otr the problem of the biological control oI
aoxious weeds. IV Internat. CoDgr. Entomology, Ithaca, 2. 1929.
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18. Imms, A. D. Observations on some paBsites ot Os.inella Jrit LiDn.
Part l. Parasitology, 22, 1930, 11-36.

19. Imms, A. D. Biological Conkol. I. Insect
-{Sriculture, 8, f931, 98-102.

20. Imms, A. D. Biological Control. tl. Noxious
-{Briculture, 8, lgSL 124-7.

Pests Tropical

Weeds. Tropical

21. Imns, A. D. Observations on some parasites of Oscinclla J,it Linn.
Part 2. Parasitology, 24, 1932, 440-7.

22. Lysaght, -{. M. ,{ rote on the adult le$ale of ,4ngui ulit a aptini
(Sha.rga), a nematode parasitising lPbtothltps /srr-i Gmelin. Parasitolog-v,
29, 1936, 290-r.

23. L)'saght, A. 1r. A note on ar unidenti{ied Jungus in the body cavity
of two Thysaaopterous insects. PaGitology, 28, 1936, ,93-4.

23a. L)sagbt A. l\t. A-o Ecolo8ical Srudy of a Thrips (A PritLothtips
'r./rs) and its Nematode Parasite (Angaillulina aPtini). J. ADrmal Ecology.
6. 1937, 169-192.

24. Morris, H. M. OD the larva and pupa of a parasitic Phorid fly
H?poccla incrassata \19. Parasitology, 14, 1922, 7O-4.

25. Newton, H. C. F. Notes on some parasites reared from flea-b€etles
of lbe gelns Ph1/llotrera (Chrysomelidae). Ent. Mon. Mag.,67, 1931,8r-4.

26. Ne$+on, H. C. F- On the biology of some species ol Longita/s&s
(Col., Chrysom.) living on ragwort. Bull. Ent. Res., 24, 1933, 5ll-90

"\PHrD PRoBLEMS

In l92O Davidson commenced a series of studies on the biology
oI Afhis rumicis, the bean Aphis. He made a detailed description
of the several types of individual, both se:oral and parthenogenetic.
This species over-winters in the egg stage on the Spindle Tree, and
the eggs hatch in spring, developing into " fundatrices " which
give rise parthenogenetically to either \,\ringed and wingless forms
or to the latter on1y, The whged Iorms fly to the sunmer host
plant (oI which 85 species are mentioned by Davidson in his " List
of British Aphides " ) and then give rise either to apterous forms which
stay on that plant or to winged forms which may fly to other
summer hosts. At the end of summer certail winged forms,
morphologically indistiaguishable from the ordinary rvinged forms
but physiologically specialised, return to the winter host and then
produce apterous sexual females. At the same time winged males
appear on the summer host plart, ily to the winter host and fertilise
the females. Several overwintering eggs are then produced bjr the
sexual females. During mild winters it is possible for the agamic
forms to survive. The appearance of the sexual forms appears to
be caused by climatic factors and especially by the shortening davs.

The rate of reproduction on di{ferent hosts was sho$'n to be
widely different. Broad beans, mangolds and beet permitted rapid
reproduction; the spindle tree, dock and popp1, were not verv
suitable ; while on dwarf french-beans the rate of reproduction onll,
about balanced the death rate.

Some evidence was produced that the rate of reproduction on a
new host plant might be aflected by the previous host plant of an
individual.

The rate ol reproduction was studied on eighteen varieties of
Vicia faba and on I/. narbonensis. It was found that the hosts could
be divided into seven classes on a basis of susceptibility. Taling
the variety which gave a maximum rate of reproduction as 100 the
followirrg degrees were found: 100 : 98 : 7l : 55 :39 : 27 and 8.
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The latter figure applied to V. tarbonersis which most nearly
represents the wild prototy?e of the modern varieties-

Conditions of growth oI the host plant also allected the rate of
reproduction, as did the age of the plant, the manurial value of
the soil, the soil acidity and aeration.

It was found that, in general, the rate of reproduction was higher
on beans growl in sand than in soil . Increased potash and magnesium
sulphate caused an increase io the rate of reproduction. Plalts six
weeks older than controls gave a marked decrease.

The source of food supply was studied and it was Iound to be
chiefly in the pl oem, although the cortex mesophyll cells may be
tapped in cases of hear,y infestation.

C. T. Gimingham studied the " egg burster " of several species
of aphids. This organ is a heavily chitinised sawlike ridge on the
head oI the n1'rnph which is left behind on hatching.

APIIID PROBLEMS
27. Davidsotr, J. Biological studies of lrris l rnicis Liia. Bu[. Etrt.

Res., 12, 1921, 81-9.
28. Davidson, J. Biological studies o{ I ?his rumicis Lin,]..

Appl. Biol., 8, l92l,5l-65.
20. Davidson, J. Biological studies oI l2ris rurflicis L.

Dublin Si)c, 16, 1921, 304-322.

1?46. Aon.

Sci. Proc. R.

30. Davidsotr, J. Biological studies oI llris rbnicis Linn. F'ePro'
duction on Varieties oI Vicia Jaba. Antr. Appl. Biol., 9, 1922, 135-145.

3l- DavidsoD, J. Biological studie.s o{ lrris r*rnicis Li,lti. ILe PeDe-
tration of plaDt tissues and the source of the {ood supply of Aphids. Aon.
Appl. Biol., 10, 1323, 35-54.

32. Davidson, J. Factors w-hich iofluence the appearance of the sexes
itr plant lice. Science, 59, 1924, 364.

33. Davidson, J- The Beatr Aphis. J. Min. Agric., 32, 1925,214-242.
3{. Davidso!, J. The sexual and partheDogeretic geEeratiotrs in the

lile-cycle ol Aphis rumicis L- 11I I[temationaler Ertomologen-Kontress
Band II, 1925, 452-7.

35. Davidson, I. Biological studies of l2ris lumicis LiJrI- F^clots
allectiag the infestatiol of Vicia laba with ,4phis lumicis. Ann. Appl. Biol.,
12, 1525, 472-507.

36. Davidson, J. A listolBritish Aphides. The Rothamsted iloDo8rapbs
on A8ricultural ScieDce. t nsmaDs, Creen & Co., Lotrdoo, 1925, ix | 176.

37. Davidson, J. Otr the occurretrce of itrtermediates in APhis / rnicis L.
and their relatioB to the alate and apterous viviparous Iemales. J- Lhnean
Soc., Zoo. 36, 1927, 167-477.

38.'Davidson, J. The biological and ecological aspect ol mrSratiotr ilr
Aphides. Part I, Sci. Prog., 84, 1927, 641-658. Part lI, Sci. Prog., 85,
1927.37-69.

39. Davidson, J- Or some Aphides i estitrg Tulips. Bu[. Ent. Res.,
t8, 1927.5l-62.

{0. Davidson. J. Otr the occurrence of the partbesogeoetic atrd sexual
torltrs iD A phis runi.ir L. wirb q)€cial refereoce to the influence of eoviroD-
mental factors. Antr. Appl. Biol., 16, 1929, 104-134.

41. Gimiagham, C. T. Otr the preseace of an egg-burst$ itr Aphididae.
TraEs. Ent. Soc. London. 1925. 1926. 585-90.

Cnrurcar RxLATroNSHrp BETwEEN INsrcts ,txo Pl,txts
Arising out of Davidson's previous work on the bean Aphis,

Dar"idson and Henson studied the eflect on aphisinfestation produced
by injecting bean plants, or watering the sand in which the plants
grow, with various substances. The effect oI pyridine in particular was
studied and it was shown that a plant could take up enough of this
chemical to get rid of the aphis infestation, without itsel{ beiag
killed. The pyridine however alfected the roots of the plant and
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interfered with its rate of trowth. The mean weight of the treated
plants was only 6O p€r cent. of the controls. No clear cut limits were
lound when the p1ridine was lethal to the aphids but harmless to
the plants.

More recently Evans has pubtished an essav dealing with the
various physiological relationships existing between plants a.nd
insects, and is now studying the relation between the chemical
constitution oI cabbage plarts grown uader various conditions and
the cabbage aphis and the cabbage white butterfly. He hopes to be
able eventually to interpret Davidson's results from a physiological
and biochemical point of vieu'.

CEEMTCaL RELArtoNsqIps BETIi.EEN rNsEcrs aND PLANTS
42. Davidson, J. and Heoson, H. The intemal cotrdition of the host-

plaat iD relation to hsect attack, with special leference to the influence oI
Dvridine. AED. ADDI. Biol., 16, r92S, 458-471." 43. Evans, A. t. Some reiationships betweeD insects and their [ood.
School Nature Study, 31, 1S36, 86-7.

Tnortc Rt.lcuoxs oF INsEcrs.
Imms and Husain carried out extensive trials with manv

aromatic substances in a preliminary attemPt to discover the
influence of various constituents in the baits extensively used bv
economic entomologists, Chiefly Diptera were attracted alld the
most successful baits were beer and molasses or a mixture of the
two. Ethyl alcohol showed little or no attraction but with the
addition of small amounts of butlTic, valerianic or acetic acid it
exercised a powerlul stimulus. Aqueous solutions of the above
acids were not attractive so probably the respective ethyl esters
were the a[tractive agents.

Newton described the development and structure of the com-
paniform sensillae occurring on the wing bases of the a.t'lt worker
bee. tlis results did not support the conclusion of Mclndoo who
claimed that the actual termination of the nerve fibre is exposed to
the outside air.

The function of the contact chemo-receptors in the antennae and
fore-rarsi of honey bees was studied by J. T. Marshall who found
that a bee respondls to stimulus by extending its proboscis when the
antennae comes into contact with a saccharose solution of M/I2
concentration, while a concentration of M/l is reqnired to elicit a
response from the fore-tarsus. Amputation of the antennae did
not impair the normalitv of the bee in respect oI its gustatory
reactions but does result in a complete loss of olfactory recognition
of the smell of comb. It was concluded that the antennae are the
seat of all olfactorl' organs rvhich Perceive mild odours.

Marshall also publiihed a regierv of literature on the location
of olfactory receptors in insects.

Work is now going on in the department on the temPerature
and humiditSr preferences of insects by J. Deal, and on the chemo-
tropic responses of soil insects by \\r. R. S. I-ade,l.

TRoprc REAcrroNs oF tNsEcts
44. Imms, A. D. atrd HusaiD, IU. A. Field experiments on the chemo_

tropic re-spons€s oI Ins€cts. Anr. Appl. Biol., 6, l9r0, 269-992.
16. MaIsbaI, J. Otr the seositivity of the chemorecePtors oI the antenfr

and fore-taEus of the Hofley bee, A ?is elliJica L. J. ExP. BioI., 12, 1935,
t7-24.
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46. Marsball, J. The locatioD of ollactory receptors in losects : a review
oI cxp€rimetrtal evidetrce. Trans. R. Etrt. Soc. lrDd., 8:i, 1935, 4S72.

4i NewtoD, H. C. F. Otr th. sa.called " ollactory Pores " itr the llo[ey_
bce. Q.J-M.S., 74, 1931, 6{7-68.

Tnr RnrerroN or INsscrs ro CLIMATE Stunrro nv Mpexs otr
Coxnxuous Tn.rPPrNc.

In 1932 C. B. Williams started a series of investigations into the
use of traps as a means of sampling the PoPulation of active flying
insecis in a given area: and on the interpretation of the results so
obtained in ielation to variation in climate and weather conditions.

The investigation was carried on with the help of several wolkers,
includlng G. A. Emen', P. S. Milne, ]. A. Freeman, Miss J. .{nderson
and Mrs. K. J. Grant.

Three tlpes oI traps have been designed arrd tested. The first,
using light ; the attriction, has been in use for lour years continu-
ousl5r. It is fitted with a mechanism that separates the catches at
drflerent periods of the night so that the time that any insect
enters the trap can be Iound.

A second ty'pe of trap in which the insects are swept into moving
nets by electrii fans was tested for one summer and found to be of
considerable use for the smallei insects and particularly for
Aphidae. No attractive agent was used in this traP. _, .,_.- 

A third type of trap, using a bait as an attractant and killing the
insects as thiy approath the bait bs means of a I,00O volt electric
circuit, has #en't'ested during 1936'. It was found to have distinct
possibilities for future work. The description of this traP is not vet
published.- In connection with the exarnination of the larte numbers of
insects captured in these traps, Ililne has devised a rapid method of
dealing with the counting bltmeans of a large rotating stage under a
binocular microscope

On the meteorological side of the investigation t$'o instruments
have been designed, one to record the duration o{ bright moonlight
at night, and the second (adapted from a Greenrdch instrument) to
recor-d the amount of night iloud. These instruments were found
necessary as both moonfight and cloud have a distinct elfect on
the numbers of insects caught in the trap.

The following are some of the results obtained in the analysis
of the resrlts of the Iour years' obsen'ations with the light traP.

(l) Two of the most imponant single factors in determining the
size'oi the catch are the minimum temlerature of the night and the
rvind.

(2) In general a rise of minimum temlrrature of about 4'F
doubles the number of insects caught.

(3) Insects are most abundant (other factors being equal) on
dead calm nigbts. A wind with average maximum velocity 2-5
miles per hour reduces the catch by 50o/o. a wind of 2O miles an
hour reduces it by over 90!(. tnesi tiglris apply to " all insects "
taken together. The larger insects alone are less sensitive.

(4) In general the catches are reduced by the presence of moon-
lithi. Th; family Noctuidae of the Lepidoptera are particularly
affected and in this group the catch at no moon is on an average
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three times that at full moon. No lunar eflect is found in the
insects which Ily at dusk and dawn.

(5) The catches are higher on cloudy nights than on c,ear nights,
but as cloudy nights have a higher minimum temperature much
of the difference is due to this associated factor.

(6) Nearly all groups and species of insects have special times
of night dudng which they are most active. In tests over four
years of about sixt-v species of Lepidoptera, approximately 75!(
gave a closely similar period of maximum activitv in each of the
{our years.

(7) In a few species investigated the two sexes have different
times of flight. In the Lepidoptera the females usually appear in
the trap earlier in the night than the males.

(8) The insects tend to reach their maximum activity later in
the night when they are abundant than when they are scarce.

(9) In the family Noctuidae, the percentage of females is
distinctly lower on an average in the common species than in the
rare ones. Also within the common species this percentage is much
lower on nights vr'hen the insect is common than when it is rare.

(10) In the Noctuidae a trap at a height of 3; feet from the
ground catches only a small proportion of females. On the other
hand a trap at a height oI about 35 feet from the ground caught a
much higher proportion.

(ff) It has been found essential in ana$ical work to deal
with the geometric means of captues rather thar their arithmetic
mean. The simplest r 'ay of tetting this result is to convext all
catch values into logarithms.

(12) In the course of four years continuous use of the trap
individuals of 256 species of Macro-Lepidoptera ha!'e b€en captured,
which is 34o/o of all the species of these families known to have
occurred in Great Britain. Similarly in the family Capsidae 57
species have been trapped, which is 32o/o of the knowa British
famna.

RlEL-Arroli oF rNsEcrs to CLTMATE

48. Miloe, P. S. A device Ior the rapid courting of Iarge numbers oI
small iasects. Bull. Etrt. Res., 27, 1936,269-71.

49. Pitrchitr, R. D. end Joan Andersoo. Oo the rocturnal activity of
Tipulinae (Diptela) as measurcd by a Iight trap. Proc. R. Ent. Soc. I-ondon
(A) rr, 1936, 6S-78.

60. Williams, C. B. The times of activity of certain noctumal insects,
chiefly Lepidoptera, as indicated by a light hap. Trans. R. Etrt. Soc. London,
83, 1935, 523-55.

51. Williams, C. B. The influence of moodight on the actiwity of certain
noctumal insects, particuta-rly of the family Noctuidae, as indicated by a light
trap. Phil. Trans. Roy. Soc. f.ondon, B. 226, 1936, 357-89.

52. Witliams, C. B. A modified night-cloud rccorder used lor ecologrcal
l"'ork. J. Anirnal Ecology, 5, 1936, 348-50.

53. Williams, C. B. and Emery, G. A. A photographic moonlight
recorder. 1. Sci. Iosfruments, 12, 1935, lll-5.

54. williaEs, C. B. and Milne, P. S. A mechadcal insect trap. Bull.
E0t. Res.. 26, 1935.543-51.

56. Wiltiams, C. B., aad Killingtotr, F. J. Hemerobiidae and Chrysopidae
(Neur.) io a [ght trap at RothaEsted Experimenbl Station. Traas. Soc.
Brit. Entom., 2, 1S35, 145-50.

56. Willialns, C. B. The use of logarithms in the analysis of certain
eatomological problems. Antr. Appl. Biol., 24, lS37, 404.414-
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Popurarrox Sruolrs
A series of population studies was initiated in 1927 by Bames-

These are es.eritiilly field studies supported by insectary -rearing 
s

and have their foundations on an accurate knowledge of tbe biologies
oI the insects in ouestion. Thev were intended to collecl irforma-
tion regarding thd fluctuations i, degree of infestation of the crop'
the extent o{ parasiti'm ard the dates of emergence. as well-as. rn
numbers from'year to year o{ various insect pests. Their desiga
has been such is to enible them to become routine studies which
eould be continued over decades by techrical assistants.

In the first instance six gall midges were studied, each for a
period of about five years: two wheat blossom midges occurring
Ln Broadbalk wheat ; one of the meadow foxtail Srass species al

Aberdeen; the button top midge of basket willows-at S]ston"
Leicestershire; the Arabis midge at Harpenden : and lastlv the
leaf curling pear midge occurriag in Devon.

Manv interesting results of general importance have been
obtained from theie 'ludies of variation in insect numbers.
It has been shown conclusively that the rveather plals an
overwhelming part in the occ-urrence of epid-emic- outbreaks.
In the firit -instance, the weather acts directly on the
insect by affecting the sex ratio, the dates of emergence

and the 
-size of lenerations, particularly the over-winterinS-

ones. In 1936 an exceptional downpour of rain -on one
dav in lule. foUowed bv warm weather which resulred in the
.rii"g oi the soil, prevenred the success{ul emergence of the wtreal
midge"s. The nurnbers of one species were reduced to one-half,
thoJe of the olher slrcies to one-sixth. Secondll" tbe-weather
aflects the insects by ils influertce on the host Plants. -The close
interrelationships of'the flowerirg period of wheat and the egg-

lavins Deriod of the wheat btossom midges was demonstrated in
tdgg i"tr"n a Jack of adjustment, due to the early spring having a
differential effect on the rates of devetopment of the plant and
midges, resu.tted in a great decrease in numbers of larvae subsequentlv
foun"d on the wheat, Again a drought in the late summer of 1929

so a{Iected the Srouth bf willows at Syston near Leicester- lhat
trrth the midses'and their parasites weie reduced by two-thirds'
In this case ihr"" 1"-. elapsed belore the insecl population.and
the yearly grouth oi the *illb*. regaired their normal proPortions-
Thn'dlv. ih; weather acts dilterentialJy on the host insect and its
oarasiies and thus uDsets the normal adiustment in the relative
iimes of emergence of the adult insecs.'Twice in the course of
these investigitions this lack oI normalitv has resulted in ar out-
ilt".t of i"i'*io"s midges, once the butt"on top midge and once

one of the meadow loxtail midges.
After the initial periods of study, the question arose oI the

usefu.lness oI continuing the investigitions on cerlain species. -It
was decided to allorv the work on the foxail midge, tbe Arabis
midge and the leaf curling pear midge to lapse, but 10 continue
thosie on the wheat blossoim'midges and the button-toP midge of
basket willows. These two studiis are now in their llth and lOth
consecutive year respectil'ely and unique sets oI data have been
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obtained. The following table shows the numb€rs oI larvae of
the wheat blossom midges present on Broadbalk from 1927-36.

!;{ bcrs of ton oc ol Cootarinia tritici (,r) atd Sitodiplosis mosellaoa (B)
hr.s.n, in 500 ears of t,hea, on Broddbdlh,1927-1936.

t027 rg28 1929 rS30 l93l 1032 1933 1934 1935 1936
A 1,780 2,195 19,265 18,695 19,2?3 ?,366 1,511 3,381 4,289 70E
B 115 2,043 587 3,748 6,027 3,114 3rS 572 4,221 2,AAS

In 1936 alter preliminary biological studies had beea made,
similar Iluctuation studies were started on the carrot fly in Lhcoln-
shire and the common cranefly (7. lalatdosa\ at Haqxnden.

PoPUr-Atto^_ STuDrEs

67. Barnes, H. F- Studies oI Fluctuatiotrs ilr Ins€ct Populatiotrs- I.
The inlestation of Broadbalk wheat by the wheat blossom midges
(C€cidomyidae). J. Aaimal Ecology, l, 1032, 12-31.

6t. Baroes, H. F. Periodic fluctuatioas in the prevaletrce oI the wheat
blossom midges- J. Atrimal Ecology, f, 1932, lSl-2.

69. BarBes, H. F. Studies of Flucttations io Iosect Populatiotrs II.
The inlestation of meadow foxtail grass lAloP.curus ftalcrcis) by the eall
r idge Deslteurd a|oPr.rrri {Reuter) (Cecidomyidae). J. Animal Ecology, 2,
1933,98-r08.

60. Baraes, H. F. Sudden Outbreaks oI Insect Pests. J. S.-E. Agric.
Colt. W,.e, 34, 1934, 260.8.

61. Bartres, II. F. Studies of FluctuatioDs itr Itrsect PoPulatioo. III.
Tbe gaI aidge, Rhabdo?haga hetelobia H.L'g,., olr Black Maul va.iety oI
Sdi, ,iandra at Systotr, Iricestershire, 1927-34. l, Animal Ecology, 3,
t934, 166-81.

02. Bertres, H. F. Studies ot Fluctuations ia Iosect Populations. IV.
The Arabis midge, Dasynewa anbis (CecidoEyidae). J. ADiDal Ecology, 4,
rs35, [s-26.

63. BarDes, H. F. Studies of FluctuatioDs iD Itrsect Populatiols. V.
The leafrudinS pear midge, Dasy^.wa 22ri (Cecidomldae). J. Aaioal
Ecology, 4, 1935, 244-53.

64. Barnes, H. F. Studies oI Fluctuations io Insect Populatiotrs. VI.
Discussroa on results of studies I-V. J. Atrimal Ecology, 4, 1935, 254-63.

06. Bames, H. F. Iffect Fluctuatioos: PopuletioD Studies in the GaU
Midtes (C€cidomyidae,. Atrn. Appl. Biol., 23, 1036, 43&40.

STUDIES ON CECIDOMYIDAE

Since 1927 many investigations on this imPortant $ouP of
flies have been undertaken. Barnes, who carne to the Station
after being trained for specialist work in this field under Dr. E. P'
Felt in the U.S.A., has been in charge. The gall midge Iamily o{
Ilies includes many species which are injurious to crops. Besides
these forms there are beneficial slrcies which are Predacious on
other insects such as aphids, coccids, psyllids and thrips as well
as other forms which feed on mites and fungi, rusts and mildews.
The investigations are restricted to gall midges oI economic import-
ance, but include midges from all over the world.

Among the irjurious gall midges which have been studied are
those attacking gmsses growr for sed. The gall midges of meadow
Ioxtail grass were the first to receive attention and a detailed survey
revealed that the most injurious species had not previously been
described. A simple method was found for controlling the extent
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of dasrage by delaying the flowering of the grass until after the
peak of emergence of the midges. Miss M. E. MetcaUe assisted in the
\r ork on the grass seed gall midges and studied those affecting seed
production in cocksfoot and rye grass. D. P. Jones has from time
to time v/orked in the department in this comection also, but most
of his work has been done at Aberystwyth.

The clover seed midge also received the attention of Miss
Metcalle who showed that the form oI this midge occurring in
Great Britain was the same as that occurring in the U.S.A. and
Canada. The sainfoia rnidge is at present uader investigation.

The gall midges causi.ng damage to the ririllow ba-sket making
industry have been investigated in some detail. R. hdcrobia, the
button-top midge, was the first to receive attentior and this led
to an inyestigation into the resistance of basket willows to attacks
bI this midge. It was found that all varieties ot Salix triatdra
u'ere susceptible but that varieties of other species including
S. oimitalis, S. lurfiurca atd S. alba were immune. R. tzrmbnlis,
the bat willow gall midge, was next investigated ard it was fourd
to be restricted to S. alba and. S. canulea, but preferred the latter.
The so-called ".hot hole " gall midges lRhabilophaga spp.) oI
willows were subsequently studied and each species o{ willow was
found to be attacked by a distinct species of gall midge.

Among the gatl midges injurious to fruit, biological studies have
been made on the.leaf curling pear midge, the red bud borer of
budded fruit and rose trees, the btack currant gall midge, and the
raspberry cane midge.

Gatl midges of importance to the horticulturalist have also been
studied, Arnong these can be enumerated the cbrysanthemum
midge. the arabis midge and the violet midge which is still under
investigation.

Arishg Irom the above studies, which have been mainly biological
and from an economic aspect, several lines of more academical and
broader interest have been pursued. Anatomical and morphological
studies on the clover seed midge have been carried out by Miss
Metcalfe and similar ones on the olearia bud gall midges have been
made by Miss Alderson. Bames has shown that the phenomenon
of urisexual {amilies has been fourd to occur in 7 species oI gall
midges. Instead of {amilies in which both sexes are evenly dis-
tributed, these gall midges produce all male families or all Iema.le
families. Normal matint occurs but orMing to a complex chromo-
some mecharrism h the egg these families of one sex arise. Miss
Metcalfe carried on a cytological studl' of this problem after
leavilg Rothamsted on a Commonwealth Furd Fellowship to work
under Dr. C. W. Metz at the Carnegie Institution and the Johns
Hopkins University in Washington, U.S.A.

A preliminary study of the factors governiag the emergence
of gall midges was made and the effect of light oa the time of day
of emergence and the elfect of accumulated temperatwe on the
dates of emergence was indicated. This line of investigation
is temporarily in abevance.
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A study oI the variation in the seganentation of the antennae
revealed the interestirg Iact that the quality and quantity oI {ood
given to the laryae affected not only the general size of the resultant
adult midges but also the number of the antennal segrnents.

ID addition to such inyestigations compilations of the research
work dealing with particular aspects of gall mi<iges have been made.
These include world lists oI grass seed-eating Iorms, of aphid-eating
gall midges, those eating coccids and allied forms, mite-eaters ard
fungus-eating midges. These compilations have proved of great
value to workers all over the world-

As a direct result oI all this work on gall midges Bames is now
recognised as one of the foremost world specialists irl the group,
It is pleasing ard vet disconcerting to find that he is consulted by
economic entomologists whenever gall midges are in question.
This involves the spending a considerable part of his time identifying
midges from practicaUy every country in the world. He has
amassed an outstanding collection of such Iorms.

SruDrEs oN CEcrDorrYrDAE
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Stuptes ol Sprcrrs or EcoNolrrc lupontaNcr

In the course of the work at Rothamsted a number of shorter
studies.on special insects of economic importance have been made.
The principle of these are outlined betow.

. The gout fly of barley (Chlorcps tauiopns') was one of the first
insects of direct economic importance to receive attention.
J. G. H. Frew studied the liIe history of this pest and founo the
type of disrortion caused to the host plant depends on the stase
of gro*.th oI the plant when attacked,'and the degree of distortion
of the plant deprnds upon the rate of growth at tf,e time of attack.
Certain-manures (particularly superphosphate) were sbown to have
a beneficial elfect irl reducing the infeatation of summer barler..
This result was shown to be entirely due to their stimulatins effe;t
upon the maturint of the ear and the groMh of tbe ear-6earins
internode. The larval anatomy and morphology of the headl
capsule and mouth parts of the-ftv were deicribd'.

Oth,er Dipterous pests oI cereals and grasses which have been
studied include the frit fly, conceming which A. Steel described
the irnmature stages in great detail; tle wheat bulb flv of which
H. M. Morris described the eggs which were fouad in the soil of a
permarent mangold field (Barnlield) at Rothamsted; and lastlv
the timothy gass flies.

CoUembola of economic importance were worked on bv W.
Maldwyn Davies who was later to become a recomised soeciali.t
in this group. In 1926 Bamfietd was severely inTested b-1. Borlr-
letiel.la hodensis and Davies devised a machirl for collect'ine this
spring-tail. The insects were caused to spring into the air andwere
caught on a box and sacking which had previouslv been smeared
wit}r lar. Smidhurus virid,ii was oroyed bv this saine investigaror
to do serious damage ro clovers-and graises. Ar investigition
into the effect of variation in relative hu;idit\.on different s"oecie.
in this order showed that those Collembola whicb 

"re 
devoid of a

lrachgal s!'stem as a rule were ven' susceptible to dry conditions.
On the other hard. Smhllu+rus driil;s wiich possessis a tracheal
system and well developed ventral tube is much less susceptible
to atmospheric dn'rress.

.{mong }eetles of economic importance H. C. F. Ner,rton dis-
covered and described for the first time the egg and first instar larva
of the pigmy mangold beetle (Atom4ti4 lincu;is\. He also investi_
gated_ the biology of the flea beetle Psylliodes hyoscyami which
attacks henbane, a medicinal herb, aird of ihicl a severe
outbreak occurred in 1930. He also described in detail the larval
stages.

Unusual types of damage b]. rhe caterpillars of two moths have
been put on record. In the firit instance'climbirg rose stems were
noted bv Barnes as having been scarred by a LterpiUar of the
Peppered moth. In the second Bames and prbfessor S.-p. Mercer of
the Belfast Seed Testing Station drew attention to the catemillars of
Apanea sccalis damaging tbe panicles of meadow foxtail srass-
The caterpillars of tNs moth usually destroy the stemsl An
account bl, Barnes of the biologl' and British aistribution oI the
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hollvhock seed moth (Platvedra mahtella) which is closely allied
to tle oink bolhvorm of c6tton (P. gossvbiello) is in the press.

Two^ biotogical studies have been madi on Agromyzid flies by
Bames. The-first was a newly discovered specie-<, Dizygotnyza
bazrzsi Hendel, whose larvae feed and make tururels il the cambium
layers of certain basket willows. The second was the -asparagus
rinet, Melatugronyza simller H- Loew. Onll' I preliminary-note
on this latter ff in io-oper-ation with Dr. C. L. Watton of the Long
Ashton Researih Statio; has yet appeared, but a full account is
in the press.

The'physiology of the sheep blow-fly, Lucilia sericala, had been
studied in "detail"6v A. C. Evans befori he ioined the Rothamsted
.itaff- Since then-he has made a critical reyiew of the relevant
literature.

STUDIES oN sPEclBs oP EcoNourc rxPo8raNcB
ll3. BarDes, II. F. Climbiag toset ad the peppered doth. GardeneE'

Chronicle, September 16, 1933.
fla. Barnis, H. F. A cambium Eitrer of basket willows (ASromfzidae]

aad its inquiliae gall mid8e (CecidoEyidae). Atrtr. ApPl. Biol., 20' 1933,

498-5r8.
115. Bames, H. F. Another basLet-willow Pest. J. Min. Agtic',

Ianua.rv. 1934, 923-5.' tto] 8.-.., H. F. Notes otr the Timothy 8ras.s flies lA, awosoma sPP )'
Ann- ADDI. Biol.. 22. 1S35. 259-66.

l l7."Bames, H. F. l-aveader Pests. J. R. Hortic. Soc.,60' 1935, ll3-8'
I 18. BarDes, H. F., and Mercer, S. P. Damage to Panicles o, Alo|'ct'rllt

brateisis L. bv Abcn a srca,ris L. Au!. Appl. Biol., 23, 1930, 653-7-
' ll9. Bam;s. ff- f., ala wattotr C. L. Tbe asparagus E,inet, M.ld'n'
Elomyza sirnPlcz Lo€w. Ent. Mon. Mag., 70, 1934, 183'5.' tio. garires, H. F. Tbe asparagul mioer lMelatagromlza simfk, H.
Loew) (Asromvzidae: Diptera). Ann, Appl. Biol., 24, 1937, 574'88'

tzl.' g-arnei, H. F. Tfre hoUyhock seed-moLh lPlotyedra molo. a Hnb1.11'
toeether with notes on the disiribution o, AOion ?adtolus Kirby aad aa
L<ff;atd Clinodibtosis sDecies. Ann. Appl. Biol., 24, 1937, 589'99.

t22. Davies, W. M. tolembola iniririrg leaves of maDgold seedlings.
Bull- Ert. Res.,26, 1926, 159-62.

123. Davies, w. trI. The eflect of variatioD in relative huEidity on
certaitr sDecies o, Co embola. Brit. T. Exp. Biol., 6, 1928, 79-86

t24. bavies, w. \f - otr the eco,-nomii status and bronomics of stti,_
thurus li,idis L|ubb. tcolembolal. Bull. Ent Res., 18, 1928, 291'6.

125. Evans. A. C. The phvsiologY of the sheep blovr'ny L cilid s.r;.aJa
Meis- tDiDtera). Trans. R.-Ent. Soa., London, 85, 1936, 363-77.

ifO- fiew.'T. G. H. On the larval aDatomv of the gout'fly of barley
rchbtobs taeli;bus lleiq.) and two rclated acallzptrate Muscids, with trotes
on theii wiater 6ost-plait!. Proc. Zool. Soc. LondoD, 1923, ?83-821.

127. Frew. l. G. H: on the morphology of the head capsule and moutlr-
parl.:s ol Chlo;ofs ta.niart s IIei8. (DiPtera). J. LinEear Soc. Zool., 35, 1923,

399-410.
l2R. Frew, !.G.H. On ChloroPs lacniopus }leig. (tbe gout fly of barley)'

ABn. ADDI. Biol.. ll. 1924, 175-2ls
129.'imos, A. D. Gout fly of barley. J. ltitr A8ric., Merch, 1025, 4PP'
130. " Matles." Statistiial study oI the elfect oI manunng otr irfesta-

tion of barley by gout fly. ADn. ApPl. Biol., ll, 1924,220'95.
131. Mo;is, "H: M. ilote on the ivheat bnlb fly (L.ptohylemyia coa?ctata

Fa[.]. Bull. Ent. Res.. 15, 1925, 359-60
132. NewtoD. H. C. F. Oo Atomaria l;n?atis Stephetrs (ColeoPtera'

CryDtophasidae) aod its lar\ial stages. Aon APPI. Biol , 19, 1939, a7-97.
- i33. xe-\*to", H. C. F- on the biology ol Psy iod?s hyotcydnt r-Jaa'

tchnsomelidae. ColeoDtera), the heDbane flea'beetle, with descriPtions oI the
tarva't staces. Ann. iool. Biol., 21, 1934, 153'61.

134. S-teel. A. On- ibe structure o, the iErnature stages of the ttit fly
Osciictta h;r LjD'i.|, Aan. Appl. Biol., 18, Is3I' 352-69.
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MTGRATToNS AND AccREGATtoNs oF IxsEcrs

Since 1932 considerable work has been done in the department
on the migrations of insects other than locusts, and particularlr
on the migration of Lepidoptera.

As it is impossible to make personal observations on mitrant
insects, except prhaps at long intervals, much of the work has been
in the nature oI organisation and propaganda and a number o{
popular articles have been written asking lor information. Broad-
casting has also been used for this purpose.

A large group of amateur entomologists organised under the
Insect Immigration Committee of the South Eastern Union of
Scientific Societies (of which Committee C. B. Wiltiams is the
Chairman) observes the dates of arrival and the variation in numbers
from day to day of the principal British immigrant buttertlies and
moths. These are recorded on standard record cards and forwarded
by the Secretary, Captain T. Dannreuther, to Rotharnsted for studl'
and analysis.

The Insect Immigration Committee is also in touch with the
residents on a number oI lightships and lighthouses all round the
coasts of the British Isles, and most valuable information is being
obtained.

In addition Rotha$sted has co-operated udth the Natural
History Museum in London in the preparation ol two booklets
with coloured illustrations, the first on " British Immigrant Butter-
flies and Moths," of rvhich over 1,000 copies have been sold by the
Museum, and the second (ir the press) on " Butterll]. [Iigrations
in the Tropics."

As a result oI this and other propaganda work a very large
number oI records of movements of insects in Britain and a smaller
numhr of records from other parts of the world are continuallv
comrng rn.

In this work C. B- Williams and Mrs. K. J. Grant have co-
operated. Briefly the results are as lollows:-

(a) A very large increase has been made in our knowledge oI
the facts of insect migmtion all over the world, and particularll
in Britain and Westem Europe.

(6) There is a considerable increase in evidence supporting the
idea of a return flight to the south in the autumn of several of our
British Immigrants lr'hich arrive from the south in the spring.
This is particularly the case in the " Red Admiral " butterllr- and
the "Clouded Yellow," and to a lesser extent in the "Painted Ladv."

(c) We have a very full account of a 6reat immigration into
Engtand in 1936 of the " Silver Y " mal}r, Plusit ganma.. This
pest has been known for many years to be a migrant but previous
records have been very incomplete and scattered. The southward
autumn flight oI this species seems also to be established.

(d) By collecting the past history of the outbreaks of the
migrant moth Celerio lioornica both in Europe and in U.S.A. for
the past centurl' Mrs. Grant has showa that the outbreaks of the
moth tend to occur simultaneously in both continents. This
discovery is oI fimdamental importance in the study of the causes
of migration.
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The problern oI gregariousness or aggregations of iasects, which
is partly related to that of mass migration, has been mder con-
sideration and advantage has been ta.ken of opportunities to study
two cases at Rothamsted. One in the Diptera has been reported
on bv Barnes, and a case of gregarious hibernation of a ladybird,
bv Evans.

MrcilttoNs aND IGGREGATIoNS oF tNsEcts
135. Rartres, Ir. F. Trro iurther instaoceg ot flica swaiEiag at Rotha.osted

Exp€rimetrtal StatioE, sith some referetrces to the phe[ometrotr. Ent. MoD.
Mag., 69, 1933, 23G2.

136. Evans, A. C. A Dote otr the hibemation ol trI icraspis sedicirn-
Punctala L. 0'zr. l!-PundaldL.), (Col. Cocc.), at Rothabsted Experimental
Statiotr. Proc. R. EDt. Soc. l-oDdotr (A) ll, 1936, 116-8.

137. Graot, K. J. Records of Butterfly and Moth migratioa, 193l-1034.
Trans. S.E. Udon Sci. Soc., 40, 1035, 52-6.

138. Graat, K. J. Studies of Migant Insects. Biology, 2, 193e,2l+9.
t39- Grant, K. J. The collectioD atrd aoalysis o, records oI migrating

iosects, British Isles, 103l-1935. EDtomologist, 69, 1036, 125-31.
I40. Williams, C. B. Further colected records relating to iDsect mi8ya-

tioD. Trans. R. E!t. Soc. LoDdoa, 81, f933, 103-15.
l4l. WiUiams, C. B. Report oI tbe Imnitratiotr ComEittee: SumDary

of ScieDtilic Results obtaiaed in l93t-32. Trans. S.-E. Utrion Sci- Soc., 38,
1933,5t-3.

142. Williams, C. B. British Immigratrt Irs€cts. Trans S.-E. Uaion
Sci. Soc., 39, 1934, 12-5A.

143. Williams. C. B. Immicration of irs€cts ioto the British Isles.
Nature, 135. 1035. o-to.

144. 
.wiliams, C. B. Butterfly ImeiStaEts iD Britaitr. Discovery,

February, 1935, 3&9.
146. Williams, C. B. Further evidence lor the migratiotr oI butterflies.

Bull. Soc. R. Ent. d'Eglpte, 1935, 25G.61.
148. WilliaoB. C. B. British ImEiSrant Butte!flies and Moths. British

Museum PaDpblet, E 67, lst edition, 1936 (hd editioa, 1938).
147. Williams, C. B. Our butterfly visitors from abroad. Coutrtry-Sidc,

lo, t936. 392-3.
148. Wi iams, C. B. Conected rccords reiatiog to iffect mitratioD.

Third series. Proc. R. Eat. Soc. Intrdotr (A) fl, 1936, 6-fO.
149. Wj[iams, C. B. AJrica-Icelaad, the butterfly airway. Zoo,l, 1936.
150. Wiuiams, C. B. Buttertly Migratiors itr the Tropics. British Museum

Pamphlet, E 58, 1937
l5l. Wil[ams, C. B. Butterfty Travellers. National ceo8raphical

Magazine, 71, 1937, 568-585.

I\sECr IIoRpHoLocy
From time to time in the historv of the department certain

aspects oI pure entomological interest have arisen. For example
Imms dealt briefly with the head and mouth-parts of Diptera in the
light of Petersons' researches published in 1916. Later he dis-
cussed the position of the Grylloblattidae and, after considerhg
Walker's view that they are nearest allied to the Btattidae of the
fuhoptera Cursoria and Crampton's view that they should be
placed along with the Orthopteia Saltatoria. maintained that the
Grylloblattidae should be included in the group Cursoria. Imms
also commented upon recent research on the vring venation of
insects.

The morphologv of the larva of the Lucanid beetle, Dora+s
porallelofifiedus, was studied by E. E. Edwards, while J. G. H.
Frew described the larval and pupal stages of the Chironomid
fly, Forcipomyia fice*s \,lirn.
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Similar studies of academic interest have been carried out on
various insect pests: such as one by W. Maldwyn Davies on the
tracheal system oI Collembola, especially Smin wrus dridis the
Luceme Flea; several others bv Miss Metcalfe and Miss Anderson
on gall midges (sec section on Cecidomyidae) ; on the morphology
of the head capsule and mouth parts of the Gout lly by J. G. H.
Frew (ser section on Species oI Economic Importance).

li_SECT MORPIIoLoGY

152. Dnvies, W. M. On the tracheel system of ColleDbola, *ith spccial
rcferetrce to t}'at oI S,.inlhurus uiridr's Lubb. 9.J.1{.S., 71, 1997, f5-30.

153. Edrards, E. E. On the oo.phology ot +he lan,a of Dorcas Patdble
liprdl"t L. (ColeopteB). J. Lian. Soc. Zoot., 37, f030, 03-108.

154. Frew, J. G- H. On the laival and pupal sta8es ot Forcilomyia
?i..us WiD'D. AnD. Appl. Biol., 10, 1S23, 409-41.

165. ImBs, .{. D. Recetrt research oo the head atrd moutb-parts oI
Diptera. Etrt. Mon. Mag., 56, 1920, 106-S.

166. Imms, A- D. On the amnities of the Grylloblattidae. Psyche, 3a,
r027,36-9.

I57. ImEs, A. D. Recent resea.ch on the wbg-veD.tion oI in3€cts.
Ent. MoD. \(aB.. 67, 1931. 145-8.

UTscELLA\Eous .{,crrvITIEs oF THE DEP.{RTUENT

Imms, while head oI the department, produced his " Text
Book oI Entomology " which has become the standard work both in
England and North America and has done much to raise the level
of entomological education. He followed it up by a supplementary
volume entitled " Recent -{dvances in Entomology."

Rrom 1922- Imms also contributed the series of reports
entitled " Recent advances in Entomology " to Science Progress.
From 192$28 this wa^s caried on by Davidson and from 1920 to
date by Barnes.

Imms also produced a small book on " Social Behaviour in
Insects " and a useful paper on technique for entomological
students.

The Entomological S€ction, has kept a regular watch on insect
outbreaks on the Iarm at Rothamsted and short reports by
Newton and Evans on this subject have appeared in the Rotham
sted Annual Report.

\[rsce!!aNEovs
158. BarDes, H. F. The life historv of the Puss rnoth. School Nature

Study, 27, l9:9, t65-71.
159. Baraes, H. F- The IiIe history of the EDperor moth. School Nature

Study, 28, 193:1,7-ll.
160. Barnes, II. F. Outr.rittinS iflsect pests ; cultural methods oI contrcl.

School Nature Study, 20, 103.1, 82-6.
16l. Eltringbam, H. Some experiments on the house-fly in relation to

the larm manure heap. J. -{gnc. Sci., 7, 1916, 443-57.
162. Imms, A. D. .\ general textbook of etrtomology. Irado!, Methuer

aod Co., Ltd-, 1025, xii + 8$8 pp., 607 figs. (2trd editioD, 1930; 3!d editioa,
1934).

183. Imns, A. D. The use of the aeroplaDe for applying irBecticides.
J. Mio. 3.gric., 33, 1026, 20t10.

164. Imms, A. D. Some rnetbods oI technique applicable to eDtomology.
BuU. Ert. Res., r0, lSr9, t65-71.

166. Imms, A. D. Social b.haviour io iDsects. IrDdoa, Methuetr atrd
Co.. Ltd., 1931, ix + ll7 pp., 20 figs.
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166. ImrDs, A. D. Recent adlaices in etrtomology. LoEdoD, J. A.
C.llurchiu, 1931, viii + 374 pp., 84 figs.

167. Williams, C. B. The boll worms oI cottoD. Empile Cotton Growiog
ReYiew, 10, 1933, 273-8r.

168. WiIiams, C. B. The cotton staiDer problem. Empire Cotton
GroYillg Review, ll, 1934, 9+110.

160. Williams, C. B. Methods lor the cortrol oI iasect pests. British
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INSECT PESTS AT ROTHAMSTED AND WOBURN, 1936

A. C. EVAN s

Grxrnet
This year was notable foran infestation of thewheat plots on the

I-ong Period Cultivation Experiment by the Wheat Mud-beetle
which attacked the young plants so severely that resowing with
spring wheat was necessary. Wheat Bulb-fly attacked the wheat
after fallow on Broadbalk and Hoos field. Pigrny Mangold-beetle
was not seen at all on the farm, a contrast to last year when so
much damage was done on BamIield.

WHIAT
During February the wheat plots of the Long Period Cultivation

Erperiment were Iound to be very severely damaged all over by
Helolhorus m.Ulus F., the Wheat Mud-beetle. fhis insect is a
comparatively new pest owing to a change in {ood plant in recent
years and appears to be oI increasing importance. It was considered
advisable to resow the plots with spring wheat; this germinated well
ard \a,as not attacked. Soil samples from the wheat and barley plots
were examined at the end of September and no signs of the bbetle
was found. No attack was noted on the plots up io December. A
general survey of the farm was conducted and one small infested
patch wls fourd on Great Knott and a few very small scattered
patches in Winter Oats Variety Trial and Three Course Rotation
Experiment. The remairing cereal areas were found to be fre€. The
sJeady increase of ihe Wheat Blossom Midges (Sitodi osis ,noscllana
fthin and Contarinia tritici Kiby\ shor n foi the hst three years
was severely checked this year.

Number oJ Larvae ier ffi eals

c.tritici iBffi '933
S.uosel,lotta.- .. 4,221 2,869

, The relative parasitism this year was low. l2-I3 per cent for
both species and so a further increase was expected. Dr, Bames
attributes the fall to climatic factors occurring just before the pea.k
o{ emergence; a day of violent thunderstorms lolowed by three to
five hot days caked the clay-flint soil of Broadbalk and this caking
brought about a high mortality.

A badattack of Wleat BulFfly begar to develop in March on that
section of Broadbatk fallowed t'he irevious yeaiand by the end of
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April the plant was in an exceedingly poor state. A survey was
carried out in May and it was concluded that the dunged plot s 24 and B
were in quite good condition being nearly as good as their urfallowed
neighbours, plots I and 18 were rather more badly attacked
while plots 5-8, ll-17 and l9 were very poor, plots 3 and l0 were in
an exceedingly bad condition; in some plots the hdividuat plants

quite healthy but numerous bare patches existed. In the
middle oI June a further survey was made and the plots compared
with their unfallowed neighbours. By this time the plant on the
dunged plots was taller tha-n on their neighbours and the relative
appearance of the three sections was roughly of the same order as
the resultant yields. The resultant yields were definitell' depressed
as a result of this infestation, some plots gir.ing about one half to
two-thirds of the mean of the four previous " after fallow" yields,
others about one-third, rvhile plot l0 gave only one-fifth (see p. 50).
\Yheat Bulb-fly also attacked the rvheat on ^{lternate \\4reat and
Fallot'.
Kerr

Flea beetles (Phlllolrela spp.) completely wiped out the youn8
plart on Fosters since the plants were unable to grow away from a
moderate infestation during a prolonged spell of dry weather. The
plant on Long Hoos was also badly attacked but eventually grew
away successfully. The seed sown on Agdell was treated with a
mixture devised b,v Dr- \!-alton of the Long Ashton Research
Station to reduce attack by flea beetles during and irnmediatelr-
after germination. Germi.nation was more successful here than else-
where but a fairly severe attack developed later especially in an
area adracent to Harwood's Piece which contained much charlock.
The field was dusted with light derris powder and the plant saved.
Cabbage aphis (Bre cor5me brassicae L.\ seemd scarcer than last
year.

SUGAR BEET
Some gappiness on Six Course Rotation due to wire$'orm \yas

fouad.

BEANS
Damage to the flowers by Bumble Bees was much less than last

year. A severe infestation by Black Bean Aphid (Afhis rumicis
L.) seemed likely in Jurre but the heavy rains in Julv almost com-
pletell, destroyed all colonies.

MANGoLDS
AII seed was dressed belore sowing with a mixture oI phenol and

magnesium sulphate. A detailed examination of Barnfield was
made but no Pigmy Mangold Beelle (Alomaria lineazrt Steph.) was
found. Some wireworm damage was noted on Long Period Cultiva-
tion.

Worunx
The farm at Woburn was visited on June 4th. Some damage of

Kale by flea-beetles had occurred on Lansome but this was corrected
by transplanting. No Wheat Bulb-fly attack materialised on Stack-
yard after two years fallorv.
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FUNGUS AND OTHER DISEASES AT ROTIIAMSTED AND
WOBURN 936

M^RY D. GLYNNE
Wrrer

(Cercospordla lwrfotrichoides Fron.) recorded for the first tirne
in this country at Rothamsted in lg35 was found sporing on Broad-
balk wheat in the latter half of March ; specimens collected early in
April produced spores in the laboratory within a few days, but as in
the previous season no spores were obtaiaed from material collected
later in the year. Lesions resembling the fuagus and yielding typical
cultures were {ound up to harvest time on Great Knott field at
Rothamsted and on wheat grown near St. Albans.

White Straw Disease (Gibellina cercalis Pass.) lound for the first
time in this country in 1935 on Hoos alternate wheat and fallow plot
could not be found this year. Its absence may be due to seasonal
conditions unlavourable to the disease, or the fuagus may have
established itsell only on the plot b€aring wheat in 1935. As this plot
will again be sown with wheat in 1937 it will be ofinterest to see i{ the
disease reappears.

Irlildew (Erysifhe graminis DC.) was moderate by Julv. It r+'as
less plentiful and app€ared later than in the previou-s, drier year.

Take-all (Ophiobol*s gomittis Sacc.) rvas rather rare at Rotham-
sted and rlone was found at Woburn. This contrasted with the
previous season when the disease was unusually prevalent. It had
been plentiful on certain plots of the continuous wheat experiment
on Stackyard field, Woburn, from l93l to 1933. None could be
found in 1936 when wheat was grown on the same land after two
years Iallow.

I-oose Smut (Ustilago Trilici (Pers.) Rostr.) was slight at
Rothamsted aad Woburn. On the " wheat observation " plots at
Rothamsted it occurred occasionally on Yeoman II but was not
noted on Square Heads Master or on Victor.

Yellow Rust (Pucciria glumarum (Schm-) Erikss. ard Henn-)
was first noted in May and was slight to moderate at Rothamsted
and Woburn.

Brown Rust (Pucchi.a hilicira Erikss.) varied from slight
to plentiful both at Rothamsted and at Wobum and was more
frequent than in the previous season.

Leaf Spot (Seploria Tritici Desm.) was slight to moderate at
Rothamsted from the beginning of March.

Glume Blotch (Sefloia wdorum Berk.) was noted at harvest ar
Rotharnsted and \lbburn-

Ear Blight (Frsarium sp.) was slight to moderate ai harvsr
at Rothamsted and Woburn-

P/hium sp. (? torulosum) was reported on the roots of young
wheat p)ants from Broadbalk sent to Professor Vanterpool for
examinat ion .

Brown Neck (darkening of culm just below the ear; cause
unknown) was very corlmon on all crops of Yeoman II, generally
over 80 per cent of the plants being affected. In " wheat obserya-
tion " experiments at Rothamsted and \4'obum most plants of
Yeoman II showed browa neck, while none w.rs found on inter-
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vening plots of Square Heatls Master and Victor. Isolations made
from a {ew plants dweloped F*saim sp. of the cutmorum tl4)e
from the brown necks but not from other parts of tbe same Plants
and very rarely from tbe necks of Victor and Square Heads Master.
Although thera appeared to be an association ol Fusari*m sp. wilh
bro$'n neck it is quite likely that the fungu-swas a secondaryinvader.

Oers
Mildew (Erysiphe gra*inis DC.'1 wa-s sUght by Jui!'.
Crown Rust (Puecbia Lol,ii Nids.\ was slight to moderate in

July and plentiful in August.
Iraf Spot (Helmhthosporium Avaao Eid.) was found sporing

freely in late November on self-sown oats in Long Hoos. It was
moderate to plentiful from Ma1.' onwards in commercial oats in
Long Hoos and slight in Little Hoos.

B,tnrrv
Mildevt (Erysiflw gradris DC.) was slight.
Take-all (Ophiobolrs gramiris Sacc.) was slight at Rothamsted.
Brown RrLf (Puccinii atotala Rosti. ) was sl'ight at Rothamsted

and Wobum.
I.eaf Stripe (Helmi$hosPorhtm gramhwum Rabenh-) lr,as slight

on self-sown barley in the autumn and on spring sown croPs at
Rothamsted. None was found at Woburn.

LeaI Blotch (MyehasPori*m SacaJis (Oud-) Davis) was moder-
ate on self-sown plants in the autumn and varied from slight to
fairlv plentiful on experimmtal plots in the summer.

Rvr
Brown Rust (P*eciria secalitta Grove) was plentiful at Rotham-

sted and moderite at \\'oburn on the six course rotation exPeri-
ments.

Gness Prors
Choke (Epicloe typhins (Fr.) Tul.) occurred on ,4gzoslds and

\f,as most pleitift, on the more acid plots where also ,{groslis 
-was

most frequint. The dipteron Attthon;yia sPrclL Meig. was noted on
the fungal stroma.

C LovER
Downy illildew lPercnospora Triloliorum de Bary) was mod€r-

ate at Rothamsted and slight at Woburn ir the six course rotation
experiments.

Rot (Sdarcti a Tri/olimtm Erikss.) was obvious in tbe auturnn
on the six course rotati"on on l-ong Hoos and increased in the spring,
doing considerable damage on all plots. It was worse under the iron
cagei put up to protect a part of each plot from rabbit attack' than it
*,a"s irithe o'per,.^ This m& have been due to a higher humidity under
the cages although thev were of a very oPen t,?e.

BRoAD BEAN
Chocolate Spot lBolrytis spp.) was plentifu.t at Rothamsted in

Juh' on all plots'of winteisowri6eins an<i sligbt to moderate on those
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sown in spring. The same fungus causing lesions unlimited in area
was fairly plentiful in July and plentilul in August on all plots o{
winter sowrr beans and only slight in July and moderate in August
on the spring sown plots. In the previous dry season potash
deliciency was associated with a definite increase oI disease in the
early part of the season, but in the wet season of 1936 no such ef{ect
was obsenred.

Rlrsl (Uromyces Fabat (Pers.) de Bary') was slight to moderate-

PorATo
Black Leg (Botillus fhylophotus Appel) was slight on Hoos and

fairly common on Great Harpenden field.
BlighL (Phylofhlhora itfesla*s (Mont.) de Bary) was slight to

moderate at Rothamsted and rather plentiful at Woburn. Spraying
was carried out-

Tunxrps
Club Root (Plasnodiofhoru Brassicae Woron.) had been very

prevalent on Agdell {ield four course rotation in 1932 when a variet},
reputed to be the resistant Bruce was sortrn. Doubt was expressed
regarding the reliability o{ this seed and in 1936 disease resistant
purple topped Bruce turnip of guaranteed purity was used in the
main part oI the field. The disease was {ound only on one or two
roots in this crop but occurred to a somewhat greater extent in a
strip of a yellow topped disease resistant Wallace turnip at one
side of the field. Its incidence was very slight compared with 1932.

FARIII REPORT, 1936
tYeatbr

The outstandirg feature oI the year October 1935 to September
1936 was the abnormally high rainfall. The total for the year was
36.69 irches, over 8 inches above the normal. November, January,
June and July were extremely wet months and the total for these
months rvas well over twice the normal. The June rainfall totalled
6.34 inches compared with the average of 2.22 inches, and on one
da1, in 1Li. -or,n " 

storm of almost unprecedented severity occurred
and 3 inches of rain fell in as many hours.

The weather, however, remained remarkably mild during the
winter and very few frosts of any severity occurred before Christmas.
The mean temperature was only very stightly b€low the average,
although srmshine figures sbowed a large decrease. The hours of
sunshine were 252 hours belorr the average, and nine o{ the twelve
months shov/ed a decrease. The largest decreases were shown by
July and September rvith 83 and 69 hours, respectively, below
normal.

Weather atd. Crops
A dry speU in the latter hal{ of October enabled most oI the

\ rinter corn to be sown under good conditions. The very wet
November made conditions for sugar beet lifting appalling, and this
operation was consequently much prolonged. Considerable difrculty
was experienced in working down this land to a suitable seedbed
afterwards on account of the severe trampling in wet weather. The
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four successive wet months, November to February, seriouslv held
up land work, but a fine spell following enabled us to tet the spring
com so$'n in good time. Good seedbeds were obtai.ned for roots,
but germination was slow owing to the dr5r weather in May. Severe
flea beetle attacks occurred on the kale and turnips, and some areas
had to be resown. The exceptionally wet June and July seriously
delayed all haymaking and this was not completed until August l4th.
A very dry August geatly facilitated harvesting operations,
although the end oI these operations was delayed by rain early in
September. Hawesting began about a fortnight later than usual
owing to crops ripening late, due to excessive rain and lack of sun-
shine. Most oI the com had no rain on it after cutting, and some
barley was carted straight from the binder rows. The year was very
favourable for the gror,rth of weeds as the wet June and July pre-
vented almost any horse hoeing, and the few $,eeds which *ere
hoed up soon took root again. Late blight appeared on potatoes,
and the whole area had to be sprayed. The year generally was
Iavourable to root crops but unfar-ourable to corn crops.

Classical Erperime*ls
Broadbalk was ploughed immediately alter harvest but weather

conditions made it impossible to do the second ploughing before
mid-October. Horses then had to be used as the land was too wet
to carry the tractor. The soil worked down badly and drilling could
not be commenced until early in November. Rain set in and the
operation was not completed until nearly the end of the month-
The late-sown plots, howwer, germinated well, looked better
throughout the year and were standing better at harvest. The
section fallowed in 1935 was badly attacked by wheat bulb fly
and presented a very patchy appearance. The dunged plot suffered
least from the attack. The crop ripened late and the lg35 Iallow
strips last of all. VetcNings were prevalent on plot 5, and clover,
which must have been taken to the plot in the dung, was prevalent
on the dunged plot. These plots had to be left {or some time in
stooks to dry out the treen material in the butts, and during this
time they were darnaged by birds.

The Hoosfield half-acre wheat after fallow was again attacked
by wireworm and only a very thin plant was obtained. The crop
ripened late, and yields were low.

Hoosfield barley plots were drilled in good conditions. The
crop looked well throughout the year and ripened off verv rapidly
earlv in August. The plots were cut before anl wheat. The plots
generalll' seemed to have reverted to the pre-fallow yields, and
the straw was short on many of the plots, Only the dunged plot
r,uas laid. The field was surface-ploughed immediateh after harvest
and re-ploughed again just before Christmas.

Barnfield rvas ploughed in October under good conditions. The
soil worked dovn r,r'ell in spring and drilling took place on April
20th. The seed vr'as treated with magnesium sulphate and phenol
Ior the prevention of attacks by the Pigm], trtangold Beetle which
caused so much damage in 1935. Germination was good but slow,
and the rain in June brought on a second germination. We then
had plants in two distinct stages ol gro*th. A large amount of hand
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Iabour was expnded keeping the crop clean, as earlv horse hoeiag
rvas impossible. The yields were very good.

Aedell, which came under roots in 1936 was given two Plough-
ines. The first r a.s siven shortlv after the 1935 harvest and the
seiond was commenca before Ch;istmas but was not finished urtil
several weeks later; when working the ground for the seedH the
pan ploughed early worked down far more easill' thanthe remainder.
the ilr]' spell in May hardened the surface and difhculty was exper! -

enced in 
-working 

the ground down to a suitable tilth for tumips.
The seed was triated with para-dichk-rrobenzene and naphthalene
against underground attackio{ flea beetles. Germination was good

aid a thick piint was soon established. -{ severe flea beetle attack
occnrred later, but several dustings wittr a Derris pteparation saved
the Dlant. The unmanured ploti grew very slowll and were still
in tire cotvledon stage when the rest of tie field was ready for
singling. Soon after riaching the rough leaf stage the Plants tumed
veri'riuch darker in coloui, and most of them then died awav.
The manured plots yielded fairly well. Club-root, which has severelv
damaged the-rooti in past yiars, was almost absent this year.
The sied sown was the Bruce Purple Top Trtrnip.

M odat Lorg-T crm E rleliments
Futr-Course Rot,,rion. The wheat crop, the first since the

change in the preceding crop from a clover mixture to Pure ryqgrass,
looked rather 

-poor 
throughout the 1'ear. The yield was much lower

than usual, an-d this can be ascribed to the rvegrass being a poorer
preparation for wheat than the original clover mixture. The same
hepiessing results of pure r\ egra"<s have het'n found in other
experiments.

The ryegrass grew wetl and yielded a fair cutof hal'. So far no
dificulty his beeu experienced in getting a good take of ryegtass
sown iL autumn after ploughing up the barley stubble.

The potato crop, as usual, looked poor throughout the season,
ard the yield, although very low, was the highest for som€ years-
The vieltis on this rotition as it stands at present can never be good'
as manures are onl1, given once in five yearJ, and cross cultivations
for the crop are privinted by the abseirce of headtands.

Six-cotrse Rotation. The clover break, which appeared quite
healthv before Christmas, was later attacked by Sclcrolitia. Mant'
of the ilants were kiUed and weeds quickly Frew on the bare patches.
The aftermath grew well and was fiee fr6m weeds and would have
given a biggcr vield than the first cut had it been left.

The rvheat looked a good even crop and stood well. The yields,
however, were belorv normal. The barler', which vielded an average
crop, was rather badly laid. No damagi, however, rvas done to the
rudersown clovers. Rye l,ielded a disapPointing croP.

Roots, however, did uell. Potatoes vielded an average of 8 ton"
of ware per acre, the highest yields yet obtained on this rotation.
There wis little sign of disea.se on the tubers and they stored weu.
Sugar beet gave alrnost l0| tons per acre of t'ashed beet, with the
good sugar content of almost l8| per cent.
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l'hree-Course Rotqtion (Stratu and, Grur Mouale). There was
very little evidence by observation of any effects of the ploughed-
in green manures. Barley gave a good yield of 30 ctfi. per acre.

The root crop did exceptionally well, g>tatoes yieldiag over
I tons per acre of ware, the best yields so {ar obtailed on this
rotation. The proportion of seed and chat was very low. Sugar
beet averaged almost I I tons per acre of washed beet with the high
sugar content oI just under 19 per cent.

Tlrree-Course Rotatim (Cul.tioatioz). -\ shallow ploughing was
dore on the wheat stubble soon after harvest to kill the weeds
before the cultivations for the following mangold crop, and it was
loticeable that the plough went deeper into some plots thar others.
Harrowings were made periodicallv throuthout the winter to kill
<-rff seedlings Chenopodiun, albtar was the most common weed this
vear- The n.rangold seed was treated again this year against the
Pigrnl' Mangold beetle, and in future this will be a routine practice.

The wheat break was severely darnaged by birds immediately
after seeding, and after terminaiion thiplanis looked very poor.
Farly irr spring it was noticed that the plants were being eafen just
below gronnd level and the pest causing the d,amage was Helolhotus
utbilus. The n'hole area was ruined and was harrowed up and re-
drillid with Little Joss wheat in mid-March. This sowing gave a
goo.d crgp of tall, well-eared wheat which stood welt. It ripened
late and was cut in September, vielding an average of 2I cvt. of
graln per acre.

The usual autumn cultivations after mangolds for barley had to
be omitted this year on account of the weather. When the spring
cultivations were done the continuous plots were noticeably more
weedy than the plots on which the different cultivations rotate.
The average yield was just over 26+ c$t. per acre,

The spring rotarv cultivations {or both barley and ma,ngolds
were done by a small Rototiller a{ter the ground had first been
loosened bv a cultivator.
-ltttwal E xperim*rts

This year there was a {urther large increase in the number and
acreage of annual and long-term e4teriments. The plots numbered
1,170 compared with 935 in 1935, while the acreage rose from 18.6
to 2I.9 acres.

Sugar Beel. Drilling took place rather earlier than usual a-nd
singliag also finished earlier. Very little hald-hoeing could be
done and the plots became rather veedy, mayweed being especiallv
prevalent. Hand weeding had to be done later in the season. The
beet, however, made excellent grorth after a rather slow start, and
der.eloped good roots and deep coloured tops. The yield of cleaned
beet averaged 15 tons per acre with a sugar content of over 18
per cent.

Potatoes- Weeds were difrcult to control, but no damage was
done to the crop. Plot dillerences were easily seen and the treat-
ment yields varied from under five tons to nine tons 1xr acre, The
crop was sprayed against late blight. -\ small area of King Edward's
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weu more severely attacked and ripened off lirst. The AlJy were
ready for lifting early in September, but lifling was delaved try
bad weather and the dificulty in obtaining pickers. The tubers
came out very cleanly and with only little sigr of disease.

Bears. A large area of winter beans il one experiment was
ruined by birds, and this area was re-tlrilled with spring beans in
mid-March. This spring sowing grew well and yielded as well as the
winter crop. The spring variety stood better at harvest adrd the
grourd was cleaner. All the plots were attacked by Bottllis, blot
the spring-sown plots seemed less severely attacked.

Wheat. Thewheat in Pastures after different seeds leys, although
sowrl uader good conditions, remained thin and backward through-
out the season. It was attacked by birds and rabbits early in the
season and the resulting thin plant enabled the weeds to grow {ast.
Ripening was slow and after cutting the stooks had to be left for
several days to allow the weeds to wither. In spite of the low
yields, plot differences were well marked.

O4is. In the winter oat varietal trial the Grey Winter yariety
used as a control compared very unlavourably with Resistance and
S.8l both in strength of straw and ilr yield. Grey Whter t'as
badly laid on all plots s'hile the other two varieties stood weU.
The quality of the Grey Winter grair was much poorer than either
of the other two varieties. The vields in cwt. per acre were:-
Resistance, 22; S.81, 22', Grey lvinter, 15.

Kala. Although drilled early irr May, the plant germinated
slowly owing to the dry spell and was badly attacked by {lea beetles.
The area was resowr with seed treated with paradichlorobenzene
and naphthalene dissolved in paraffin, and this sowing 8r:ew into a
fair crop. Cutting was done at weekll. intervals during the winter
1936-37.

Crolling, 1935-36

The ryegrass urldersowrl on the northern half of Long Hoos
failed and three acres were sown vith rye for ear\ sheep keep.
A small dressing of dung was applied after the crop had been folded
off. The rest of the field was dunged for kale. The plant rvas
damaged by the Ilea beetle, but the June rain enabled most of the
crop to Brow away. Some of the plants from the thicker areas were
transplarted to bare patches.

A dressing of l0 tons of dung per acre was given to Harwoods
Piece in preparation for spring beans. The beans were ploughed in
and made good grorth early on. The crop ripened and was cut
very late. The crop heated in the stack owing to the green material
in the sheaves and will be used for pigs.

The barley in Pastures and Fosters was somewhat laid and was
consequently dificult to harvest. In Pastures some dificulty was
experienced in getting a suitable seedbed, as the stalks of the preced-
ing kale crop interfered with all harrowing operations. The stalks
had to be raked up and carted off. Pigs were run on the bean stubble
in Great Knott before ploughing for wheat. The wheat gave a good
averaSe croP.
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Five varieties of spring oats were grown in larse. scale Dlots
in Little Hoos. Star and Marvellous varieties yielded best,'but
all plots ripened late. Atl the plots stood weli, but Rusf wis
pre1,'alent.

Grassland

The extremely wet June made it impossible to cut anl. grass that
month. A start was made early in- Iulv, but cuttiiz"was not
finished until August I3th. Elevin of lhe"twenty sras, ii"td, *u."
cut, although onJy five [.ere plamed to be crit.- A] houeh the
late cutting reduced the leedinf value of the grass. I he clovei crew
thickly tfuough the laid grass and greatly iriproved the vahie of
the hay.. In -mo:t Iield.. the hay was put into lirge cocks as soon asit was [it. which was before it was Jit to go irito the stack. In
this way-all 

-the- 
hay was saved before ha.vesl begaa. A few of the

last cut fields,_ in which fhe hay rvas made undei good cond.itions,
w.ent- straight into the stack. A car hay sweep was used to gathei
the tray for cocking and for removing tbe cocks intact i; tbe
stacks, 

"_This latter operation was done during and after the
finish of harvest-

Lioestock

Pris. .Ievcl monthJy deliveries to tbe bacon factory enabled
u: to- qualify for the Class A bonus palrnent irnder our contract.
Tbe following table shows the percentage grading returns for the
two tarms separately :

During lhe year several of the old crossbred sows were disoosed
of and in-pig Wessex gilts were purchased to replace tbem.' The
herd now consists oI Large Wtrite and Wessex iows, with a few
of the best of the Crossbreds-

An attack of swine erysipelas occurred dudng the summer, artd
several deaths resulted. 

- 
A_11 the pigs on the Iarm- were immediately

inoculated against the disease.
The herd prelix " Rothamsted " was registered with the National

Pig Breeders' Association during the year.
Caltle. The six Shonhorn cows were sold after weanine their

calves in the autumn. The calves were inoculated against "Black-
quarter. Irish cattle were purchased in the summir. Some of
these will be reserved {or the High Field grazing experiment, while
the rest will be sold ofI the grass during ihe summer.

Shee!. 'fhe 1936 lamb crop averaged l4l per cent., and onlv
five sets of triplets were born. The lambs no[ sold off the erass
were folded on kale in the winter. No investigational worfwas
done this year with sheep.
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Show Successes

At the Great Hertlordshire Show we secured the first prize for
a pen oI crossbred fat lambs, and shared the first prize for a bacon
pig. At the Hertfordshire and Bedfordshire Bacon Competitions
we received the Championship Challenge Cup and the resewe
championship for the best pigs in all classes. At the Redbourn
Ploughing Match each team gained the Iirst prize for the best
turnout in their class, and third and fourth prizes were received
for ploughirg.

Bttild,ittgs
Work was commenced on the new range of buildings for making

and storing Adco and farmyard manure for experimental work.
Work was also started on the new pair oI cottages.

Stofl
E. C. Wallis left in November, 1936, to take up Iarmiag on his

own, and in January, 1937, A. F. Howell was appointed farm
recorder.

Imllemetts
\!'e norv have at our two farms a large collection oI modern farm

implements which have either been presented or loared to us by
ma,ry of the leading implement manufacturers. They form a sowce
of great interest to the marty parties of practical farmers who visit
u-s, and detailed informatior concerning the qualit!, o{ thei, work
and their suitability to our land is given when reqrrired. The firms
who have helped us to make this collection artd to v'hom we are
indebted are as follows :

Allen & Simmonds, Ltd.
Bamfords, Ltd.

Motor hoe.
Hay machinerv ; portable diesel

E. H. Bentall & Co., Ltd. crilTE"t* ; root gapper.
Blackstone &Co.,Ltd. Su athe turner.
Cooch &Sons, Potato sorter.
Cooper, IlcDougall & Robertson, Sheep dipper.

Ltd.
Cooper, Pegler &Co., Ltd. Spraf ing machinen'.
The Cooper-Stewart Engineering

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

A. Jack & Sons, Ltd.
R. A. Lister & Co., Ltd.

Sheep shearing machine.
Tractor lr,heel s -

Rubber v'heels, paving bricks-
Tractor.
Grass seed broadcaster.
Electric motors.

Harrison, IllcGregor & Co., Ltd. Root pulper, manure distributor-
J. &F.Howard,Ltd. Ploughs, potato digger.
International Harvester Co., Ltd. Tractor, drill, manure distri-

butor-
Root dril I and hoe.
Oil engine, sheep shearing

machine.
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Miller \4treels, Ltd.
G. Monro, Ltd.
Parmiter & Sons, Ltd.
Rarsomes, Sims & Jefferies, Ltd.

Rruton, Hornsbr', Ltd.
J. Wallace & Sons, Ltd.
J. \Yilder.
W. .{. Wood & Co., Ltd.

Tractor wheels.
Motor hoe.
Rake and harrows.
Ploughs, cultivators, drills, grass

rejuvenator.
Grain &ill, binder.
Manure so$,er, potato planter.
Pitch-pole harrows.
Mower, spring tine harrors.

METEOROLOGICAL OBSERVATIONS

_ Meteorological observations have been systematicaUy made at
Rothamsted for mary years: these records are beine used in the
Statistical Department in interpreting crop records. Th"e Station has
co-operated in the Agricultural Meteorological Scheme sfurce its
inauguration by the l[inisrry of Agiculture in 1926, and possesses all
tbe equipment required of a Crop-Weather Station.

^ The Iollowing observations under this scheme are taken daily, at
9 a.m. G.M.T. :

Tenferatures-max)mum and minimum in screen, minimum
on grass, 4 inches and 8 inches under bare soil, dry and wet bulb
in screen ; RainJall-8-ich gauge; Sunshine-4uration bv
CampbellStokes recorder ; W eather-Beaulorl letlers Wiid
--direction and force ; Visibility ; State oJ Grund.

These, together with notes and observations of crop grow.th, are
used i!- drawing up the weekly statement for the prirfose of the
Crop Weather Report of the Ministry oI Agriculture.- -

The above observations are supplemented bv the lollowine
records, {or the use oI the l\feteorologiial Office:

Buomete/ erkl. attqched Therruometer ; Solar maximutn* ;
Temt'erature-L toot under bare soil ; Cloud-amount , lorm arrd
direction; Sunshire-holrTy values of duration. With the
exception of the last, all these observations are also taken at
I a.m. G.M.T.

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

Tertu?erolules urder grass at 4 inches, 8 incbes, and t foot,
taken at 9 a.m. G.M.T. : Wittd-4irectiron and foice ar 3 D.m-
and 9 p.m., C.M.T., taken from chart of recording andmo-
biagraph; RainJall-4-inch gauge taken at g a.m. G".M.T.

Rad,iatiorr.-A Callendar Radiation Recorder (on loa,n from the
Imperial College of Science) gives a continuous record of the radiant
energy falling on a receiver situated on the roof oI the Jaboratorv.
The records are compared with those lor South Kensington, and a.rc
also used in plant physiological studies in the Station." Recentlv. a
Gorczlmski Radiometer Ior measuring the radiant energy of"the
sun has been trstalled, under the Agricultrual Meteiiological
Scheme.

. Di*@tirDed October, l9i6
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RahJall. *nd Draituge.--:lhe rain falling on one-thousandth
of an acre is collected in the big gauge erected by Lawes in 1871.
Samples of the water are analysed in order to ascertain its nutrient
va.lue.

Three drain gauges, each of one-thousandth of an acre in area,
originaUy installed by Lawes in 1870, ard fitted with continuous
recorders in 1926, give the drainage through 20 inches, 40 inches,
and 60 inches of uncropped and uadisturbed soil. A continuously
recording &inch rain gauge is used in conjunction with these.

Evaloralion.---The amourt of water that evaporates ir 24 hours
from a porous porcelain ca-ndle dipping into a bottle of water is
measured daily by the loss in weight. This measurement has been
found to give a good general indication of the "drying power"
of the atmosphere during rainless periods which, being controUed
by wind, radiation and humidity, is difrcult to compute from
standard data.

Atmoslheric Poll,ulion.-A gauge for measuring the arnoutt of
solid matter deposited from the atmosphere has been in use for
some years il connection with the scheme oI observations arrarged
by the Atmospheric Pollution Research Committee of the DePart-
ment oI Scientific arld Industrial Research. In February, 1933, a
gauge for measuring atmospheric sulphur dioxide \vas also set up.
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SCIENTIFIC PAPERS
(Published 1936, aDd itr the Press)

PLANT GROWT}I, PLANT PRODUCTS, AND ACTION OF MANURES.
(Departme[ts of BacterioloBy, Botany, Chemisky, FerBeBtatiotr, Ph]'sics,

Plaot Pathology, Sectiotrs of BiocbeEGtry aad Field Expe.imetrtr,
and the Ilrperial Colege StaIf.)

(a) PLANT GRowrE

r. E. J. RussELL. " Thc Story oJ Rorharnskd." A$icultural Pro$e$,
1037, Vol. XIV, pp. l-13.

rr. E.J.RussELL. " Thc Cullwe of thc Sqya B.atin Englatd." Jontnel
ol the Mirdstry oI Agriculture, 1936, Vol. XLIII, pp. 24-30.

rrr. E. J. RrJssEr-L. " Les trdrota, ilc ld Stolian ErPerinv daL de Rotharr.-
srrd." Lecture Eiven May 1936 at l'Iastitut Superieure de I'Agrono-
6ie, Lisbon.

rv. E. J. RussELL. " Fnlftig Jahrc Da&crf.Avcrsllch. in iLr Vcrstchs-
stalion Wobarn, ein, A cilung ib, Verfilrhsslal;on in Rorhamskd."
Latrdwirtschaftliche Jahrbiicher, 1937, Vol. LXXXIV, pp. l6f-312.

v. D. J. W^rsoN. " Th. EJJec, ol Apblying a NitrogcrLous Ferltlisct to
Whcat ol DiII.".nt Stagcs of Grou,th." Joutual oI Agiicultural
Scierce, 1936, Vol. XXVI, pp. 391-414.

The effect ol applying a nitrogenous fertiliser to veheat at seven differetrt
times atrd thre€ rates, was studied in pot cultuie. The later the time oI appuca-
tion the smaller was the increase io tbe yield of total dry mattet and oI stra$,.
T-he iocrease ilr the yield oI graiD, on the other hand, was cotrstant {or the
Iirst si: ti6es of application, the le-st of *,hich was roade on illay 25, but a later
applicatiotr Eade after erar emergence produced no increase.

Anelysis of tbe Brah yield showEd that early applicatiotr produced its
effect by itrcreasiag ahe auEber of ears per plaot. Later applicatioEs causd a
smaller iocrease iD ear oumber, but also increased the Dumber of graias per ear
aod 1000-com weight. There was no evidence of a critical time for titler
formatioo such as has been postulated by DoBghty atrd Engledow.

The increase ia total nitrogea uptake $?s eqoal fo! all times of application,
but the ratio of kogea in graiD to Ditrogea itr straw aad chafl was greater, the
liater the tiore of application.

vr. F. J. RrcB-AxDs and W, G. TENPLEMAI. " Phrsologicol Sludies tn
Ptdnl Nuh;tion. tr. Nittotcn M.tabolism in R.ldiol lo Ntlicd
DrJiienq dnd Ag. in lrat)es of Berley." Antrals of BotaDy, 1936,
Vol. L, pp. 367-402.

Barley was grown in sand culture under lou! outrietrt tr€atmetrts, i.e.
complete trutrients and deficiency of dtrogeq of phosphorus, and of potassium.
Otr eight selected dates the successive hdividual leaves were separately
grouped, dried immediately, and subsequeDtiy aaalysed for certa.iD nitroSen
,ractioN.

Dilfereaces in compositio[ of tbe successive leaves at the time of their
emergenc€ lJrere loutrd. to8ether with differeoces ia the chaDges occurring as
the leaves aged. Ia geoeral, total EitrogeD aDd most of the estimated fractiotrs
rose to a aaximum about the period of Leaves 2-4, and thereafter declined to a
aioiDuE at Iral 8 or I, the last leaves agaio showiEg a rise. Nitrogen cotrteat
fell cotrti.Duously with leal age in tle earlier leaves, but ia later ores to6e
{or somc tiEe after expatrsion. The relatiol between dtrogea supply aad
agqing of the leal is discussed.
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Dillereaces in nitrogetr levet induced by deficieocy of that elemetrt are very
Eark€d. but there is little iDdicatiod of departure from the usual protein cycle,
atrd tie observed fi"actions bear much the same relations to one aEotber as io
high-dtrogeE plants.

Udder phospborus deficietrcy large dillereDces are found. Protein is reduced
evea in early slages oI the leaf history, atrd rapidly decliaes *'ith the age of tL€
leaf. The rnost ,larked chaBcteristic of phosphorus deliciency is a gleatly
itrcrcased amide concentiation. Clearly thete is a check in protein s,'othesis
beyoDd the state of the production of a^sparagine.

The maitr dllects of potassiurn deficietrcv on the various fractioN are
(l) a very rapid disappeaiance of protein witf, advaEcing leaf age althouSb at
the time oI eaergen& these leates have a rorEal protein cotrtent: (2) a
oarked itrcrease itr amiuo and amide-aitrogeo, atrd(3) accumulatiotr of tritrete
in l"ater leaves. The very differeat tfpes of platrts obtaiDable utrder varied
conditiotrs of potassinm deficietrcy are stressed. The hypothesis that potassium
plays ao esseatial part ia proteitr syDthesis is examitred, arrd atr altemativ€
tie; that appears to be more io accord with the known Iacts is presented.

vrr. W. E. BRENCHLBY. " Tha Ess.nlial Nalutu of C.na;n Mirro" El.rncnts
fot PtanJ N fl'o^.' Botaoical Review, I938,Vol.lI,pp. 173-190.

trluch of tbe exteDsive lite.atu.e on the i6le of miDor elenents de3ls with
toxic aad IuEgicidal aspects. The presetrt review discusses recetrt work oo the
effect of somC sixteen elemeDts oa plant growth. SEall amounls of borotr atrd
@aDgatrese are essetrtial to the gro;4h aof health o{ maDy, rf trot all, species oI
platrts. Copper aDd zrnc are necessary in many cases, though it is uncertaitr at
presetrt whetber this qeed is udversal. For other mitror elements, only isolated
aases of improvement have as yet been established. The possibility ttrat
spccific. eleoeits arc trecessar.}r ior specihc pl,aDts may have scietrUlic aDd
econohrc consequences.

vrrr. E. A. RowE. ",4 Stldt of Hean-lot ol youry Sqal Bcc, PlLnts
Groar. in Crltur. Soluri(rns." ADnals oI Botany, 1936, Vol. L, PP'
735-744.

Tte fact that boroo is ao esseotial element Ior the healthy growth of sutar
beet is coEfirrned. Some of the plants were Srowo with or without borou
throu8hout the experimeDt, and others received it tor a lioited period otrly.
eitber at the outset or at a later stage of develop6etrt,

ID the absence of boron tbe first tissues to degeoerate are the apical
meristeE of the shoot, together \r'ith the youtrgest leaves and the aelJly
developed cambia of the beet. Cells of the vascular ritr8s in process oI differ-
entiating, and spo.adic groups of parench,'ma ceUs adjacetrt to co[ducting
elemetrts are also seositive to the deficieDcy. Hrcertrophy of the catobial
cells, and also of the adiacellt parenchyma cells, togethe|with complete
disi[tesTatioo of the pbloem, characterizes the later stages oI heart-rot disease.
It is suggested that pluggint oI tbe sieve-tub€s is the Iirst itrdicatiotr that tbe
tissue is suffering from borotr-deficiency.

Recovery in borotr starved platrts, as a result of the addition of borotr,
itrvolves tbe activatioD of axillary buds at the top of the beet, each of which
develops it! owo Edepetrdent system of setondary vascular rings. The
secoldarJr vescular zotres ilr the beet are downward cotrtinuations oI the vas-
cular supply of the leaves aod the influence ol aDv factor adversely affecting
tne teavii li very qurckly reflected in the correspSnding vascular rings of the
beet. Strce the root.tip does not degenerate, but merely ceases to grow in the
absetrco oJ boroo lroE-tbe nutrrent solution, either the requirements ot this
meristeo, or tbe coDditions obtaining itr it must be different lrom those of the
shoot-apex.

rx. W. E. BRENCELEY. " Th. R.s;stance oI Phnts to Po$@s snd Alhali.s."
3rd. CotrgrBs Iatematiooal de Pathologie comparde er Athenes, 1936,
Pp.3-23.

WheD plants are attacked bv poisoDs. either throlrgh the roots or by
vapours or spra,'s, tbe coosequence is either death, or a check to tbe Dormal
processes of gro\rth. Dillerent plant species aDd even comparable itrdividuals
oI oire species vary itr their response to the same poison
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NutrieDt salts are toxic iI supplied too lavishly, mixtures usually being less
toric tiatr the iDdividual sait!. OOer iaorgi:anic substances,'." 

"o!p.t,arseDic, lead, zinc, maDgaaes€, etc., ale poisooous i[ much smaller quaatiiies,
OrSeoic compounds, as hydtocyanic acid, aod var.ious ga-ses and $rays are
also toxic, atrd the degree of resistaDce of pletrts to ttrair actioD is- oi geat
cconoDrc [trportatrce.

The deeree of rcsistaDce varies with ttre Ilature as well as the quantrty
o, poisoa, tnd ryith itrdividuals withitr a species. The stage oI developnient oI I
plant, iLs relative weakness or streDgth-, eDviroadentil coDditioni of light,
temp€ratuie, moisture aEd food supply aI aflect resista[ce. But the marked
differences in resista[ce betweea iririain species cau often be exploited by
gs-Eg poiloas that suppress harmful plait Srowths without aipreciabl!.
iaiuriDg the mai[ crop. Such loowledge has already saved agriaulturists
much Eotrey, atrd research otr the diffele-otial use of tdxic substa;ces. and on
Eitigating damaae due to poisors in the soil witl opeD turther possibilities.

x. W. E. BR:ENCIILEy AND K. WARrNGTor.. " Thz lyeed Srcd pop ldriort
of Arable Soil. III. The Re-eslabtishrrrzht oJ Wecd Slecies after
Redu.Jior t"y Fa.llotuittg." Joumal of Ecotogi,, tgg6, Vol. XX1V,
pp. 47S50t.

_ qefay- in cultivatioo alter harvest allows soEe weed species, already
developed, to continue seed productioD, aDd others have tioi to eermina6
ar)d reach tbe se€diDg stage. The nuEbers of extra seeds thus Drod-uced mav
lre Breater tl rn those destroyed by fallov.ing, so that the reducin'g effect of th;
operatioD is eDtirely nullified.

The first wheat crop after oDe year's fallouriog is oftea heavy, and com-
petition with the weeds is itcreased. Some specieifail to reassert'themselvqs,
but otheE are able to *.ithstaad the comietition atrd can replenish their
stores of seed in_ the soil by the tiDe the tirsi wheat crop is harv;sted. A few
species vary in their rcsponse, eitherremainiog at a low l;vel or re-estabtishiag
themselves 

-qu 
ickly aftir lallowing. aod in iome ca-ses, Dotably Alopccutd

agrcstis aDd Slellaria ,n2dia, tley may be much more plentifil aftei three
years uDder crop thaD they were before fallowing begari. The yaryiDg rate
of re{stablislment produces a definjte change in tEe ba_=lance of the wecd flora.
't1rcngb Pa)Nrer rho.as w1s ofily reduced io about hall its orisinal number
!y lallowing it ha-s failed to incr;ase appreciably, atrd is Do tongei a domioant
Ieature.

- After proloDged fallowing, (four years) re-establishEent of species follows
the same lines as after a shorter period, but the DuEber of biried s€eds is
reduced Eore drastically and tbeir retum to the orisinal truEbers is delaved.
The Friod of tratural dorrnancy oI most species on"Broadbalk raaged 6or
four to niDe years, but for a few sEr€cies mav exceed teD vears.

Barlsia odontitcs showed very itronelv riarked Deriod'icitv of serminatron
as every seedling appeared betwien Febiuiry and Jrine, the mljoriiy appearing
early iD the year.

Relatively {ew abDormal seedlings have beea observed itr over B00.O0O
wbicb Serminated. A few albioosoccurred LA Alob.cutus dsrestis atld paoauzt
,hocas, end also a oumber of tricotvledooous s6edtoss &loncinc to ieven
speci8, cbiefly Pap4uc, sl,p., Atcki;tta an ensis aad, iinonica'hcdZnzJolia.

xt. F. M. L. SIIEFFTELD. " Tfu Edrly DeLelofrwnt oJ thc Cot ol Fibre.',
The Empire Crttotr crowiag Review, tOA6, Vol. XIII, pp. 227-288.

A detailed cJrtological examinatioa. with illustratjoDs. is eiven of the
developmeDt of the fibre from primordial cells in the epiderEis t;m the date
of the opening of the flower. Emphasis is laid on the variabiliry 1106 cell to
cell i[ a sirgle seed, and from seed to seed withi_o a siogle bo[ -

(6) PL^NT pRoDucrs.

xtl. A. G. NoRuaN. " Th. Co,nfosition ol Forase Crobs. I. Ry.Gaars,(Wcskr Wolthr." Biochetuical Jo'rmd, lg3b, Vol. 'III, pp.
t354-r362.

The coopositiotr of IortEightly cuts of rye Frass was studied. Darticular
attetrtion beiDg given to the structural constiaue;ts. Tbe conteDts of ceuutose
aEd ligliE i-ncreased rapidly as maturity aDDroached alrd the Derc€trtase oI
,. ylaE in tlre ceu u lose alio intreased w ith ige. ' The pot yu ronide him icell u imes,
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as iudg€d by-turrualdehyde yield, did trot erhibit a.try regul,ar iocree_se aad
wcre slighfly lower itr the oature graag thao the young 'gra*i. A water-solublc
fructosan or laevaa, was found-ir coasiderabie a;;unts in the vouncer
saEples, reachitrg a peak of over 37 Der ceot. As maturitv "".. t r.i"a if.
Iroctosau cootent I;U raDidlv. The'fructosatr on isolati6n wxs unusuallv
asily hydrolysed. Loises- iD hay Daking were of the order oI lO per ceat:,
Eosuy accounted for by loss of'this wa6r-soluble coDstjtuent.

xrrr. A. G. NoR!,rAN. " Th. Corlposition of somc Vrgat&le Fiblts, @;th
paflicuta, r.f.renc€ to Jflr." Biochemicat Joumai, 1936, Vot. XXX,
pp. 83t-838-

Vetetable libres of maDy tlrpes ,all into two well-detined groups, accorditrq
as the cellulose of the fibre is low or high itr xylalr- The lirst group, low ii
xylan, includes the high Fade libres suih as liax, ramie aod itatin hemp.
The secoDd group, high in xylan, consists of fibres of the coarser type, such ig
iute, maoilla hemp aEd sjsal, aI of which contaio atso apprecia5li amounts
oI lignio aDd etrcrusting hemicelloloses. No diect reiationship betweeD
qoality aDd xylaD coDtent was found in a wide raage of jute sa;pres. The
resistance or susceptibiuty of isol"ated cellulose to suab tre;atmeDts is boilins
with dilute alkalis catrtrot be deduced from the xy,atr content, owiag to th;
preseace ol varying aoounts of easily extactable hexosan.

xrv. A. G. NoRM^N. " Ti, Associdiol of Xylan uirh Ccllulos. in cenaii
St,l. ctLlal Cevuloses." Biochemici.l journal, 1936, Vol. XXX,
pp. 2051-2012.

The cellulose oI most platrLs atrd woods diflers from that oI cotton in
coataitring associated polysaccharides, knorFtr as cellulosaDs, \rhich arc
teaaciously_ relained as aD integral part of the cetlulose agqregate. Heat,
drying produces some chanSe iD the properties of both comp;-ne;ts of such a
ceuulose, which is maDifesi iu ao iicriased availabitity t'o extra.ctiDg and
hydrolysint agents. The elfect of heat keatment may dobserved repeitealy
on the same s,ample and must involve breakage o, t.be cellulose chains, thousL
tlrc rytratr Jraction is allected to a much Sreate! extent. preparations oI the
rater.soluble material produced as a result of b€t-heatmeilt are mixtures
which can te partially separated to give a portion of higher xylatr cootent.
Some oxidatroo undoubteilly occurs, iud ur5nic grouping! are fresent.

Jhe 1],t1n may be renioved from celluloses- by'triatmeni with either
acid or a.lkali, but a concurrent loss of hexosan m;terial takes place in all
cases. Itr acid hydrolysis there is tro apparetrt break i[ tho cotrti;uity of the
reaction. The reiucro! value of dilute acid extracts itrdicatB that the Aaterial
remov4 is not completely hydrolysed to reduciDg sugars. Continued boiling
IrltD alkalr remo!.es bexosao at a greater rate ttEo xylan, atrd iD effecting tbe
same total loss a bigber coDcentraaion of alkali iD a sf,ort period extracts -more

rylaB thaa a lower concentratioE for a longer period. Plaot celluloses show
coosiderable di{feretrces of behaviour towarda hydrol}tic and extracting
ageDts and reveal distiact iDdiyidualities.

By solution and rcprecipitation of a cereal cellulose, the organised mole-
cular structure may be destroyed, ar|d the xylao, which was inititly extracted
ouly to a small extent by Eater and dilute alkati, becomes almost aompletely
soluble. No equivalent chaEge occurs io the properties of the hexosan material.

These observatioas support the view tiat-the cetlulosao fractioD of the
cellulosic aggrcgate of plant materials and woods is orieEted aod participates
in the micellae. being retaioed bv se€oDdary valeocy forces identicftl *ith ahose
which obtain betwe; parallel cAllulose ch;ins in pirre cotton celtulose.

xv. A. No\totN6wNA, "Thc Disltib lion of MaLnat in somc Gymno-
s?erns." Biochecdcal Journat, 1936, Vol. X}(X, pp.2l77-2t$4-

Cooditioas suitable for the determinatioq of maanan id woods atrd x/ood
pulps are discus.sed- The precipitation o, oa[trose a-s the pheDylhydrazone
is oot quantitative iD low concenhations, but over a limiting v;lue almost
completo recovery Day be obtaiDed.

The maior part of the mannan iD softwoods is associated with the celulose.
Coasiderable va.riatioo in the proportioa oI manDan to xylatr is louDd. Mannan
@ay b6 removed ftom the cellulose by diluto acid hydrollBis along with the
xylan. At the same time there is some loss of hexosatr. Tbe aatrEan and xvlan
are affected to diJfereot ext€nts on treatmetrt o[ the cellulos€ with atkali'
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xvl M. F. NoRM^N. " Tk Ondation ol Anno'Atids by Hypoct4ot;k
I. Glycine." Biochemical JourDal, 1936. Vol XXX, PP. {8+406

Glvcine is raDidlv oxidis€d bv bvDochlorite. At least tive times as much
chlori;e as glycie iust be pres,int irir completioo o[ the reaction, in which
circumstanc"e'l mg. gtycine Jses 4.26 m8. cblorine, equivalent to 0 atoms ol
chlorioe per mol. 5f [lycine. Tte rate of oxidatioa is 

-most 
raPid between the

l-imits of:cid and al"kili coscentratioDs oI O.O5 m. mol. per I_0o ml, Outside
these limils the reaction is geatly rctarded. As oxidation 

-Proceeds 
the

mixture becomes more acid, tb; optimum 2H range b€ing 7 9 The ox-idatiotr
of possrble htermediates rtrlas tested, from which it was established that the
pro;bable route of reaction is through the foroatiotr oI HCN, Cpi-and.water,
ihe HCN theD hydrolysiry to formic acid aDd ammonia, both of which are
furtheroxidised t; COr, u,ater and gaseous N. Quantitatire recoverjr of carbon
dioxide was obtaiDed.

xvrl. C. I{. AcsaRvA. " Sr/r.rilre in Relation to Chrolrtic Oridalion oI
Nitrogenotas Subslances." Biochemical Journal, 1938, vol. XXX'
pp. 1026-1032.

The nature of the products obtained by chromic oxidation 6f nitroSenous
substances varies lr.ith ihe structure o{ the iompound. Compounds iD whith the
nitroseD atoms are attached to differetrt carbn atoms, \rith the exception
of hy:droxylaEhe atrd hydrazhe derivatives, yield fu recovery of nitrogeD
in tf,e foni of amDoEia-accompa ed by smail quaotrties of nitrate; th;se
bavins two or three nitrosen aaoms attached to the same carbotr atom lose
a porion oI the total nitr;gen in the form of Dikous oxide. Hydroxylamine
d(iivatives are cotrvertd into nitrous oxide and nitrate, while hydrazine
derivativqs yield rEaioly elemental/ dtrogen; in both cases, the amoulrt oI
aEmoda formed is inappreciable.

AB improved wet co;bustion apparatus has been descriH which include's
the aaalyiis of gaseous ploducts atrd is applicable to the deternfnatioo oI
tritrogetr itr all types oI organic compounds.

xvrrr. R. K. ScaoFrBLD AND G. \\'. Scorr BLATR. " The Reldlionship
betueet Vistosily, Elastic y and Plasttc SbznEth of a Sofi Mat ri^l
as lllust/al?d bi sorru Me;halical Prope,hcs of Flour Dough. IV.
The Scfarale Contribulions of Gluten and Sla/.r." Proceedings of
the Royal Society of l-ondon, A, 1937, \'ol. CLX, pp- 87-94.

Thes€ expriments support the view tiat in a floDr dough the gluten
Iorms aD elastic network which dominates the mechanical behaviour. Wtretr
a cylinder of dough is Iirst stretched some of the links ia the netwoik are
ruptured, sioce it \aill Dot retum to its orlSinal leDgth. Enough refiaio
uabroken, bowever, for a cootinuiry of struciure to be pr€served oDtil the
cylinder has beeD extended to five or six times its origiDal leD8th. The " work-
hardening " of dough is thus accounted {o!. The €lastic tretwork is not
completely built up until some time a{ter tbe dough is mixed. Its streDgth
rs featly reduced by drastic rehising oI the dough but is largely lecovered
on further staDdEg. The addition o{ hydrochloric acid in slight excess of the
acid binding capairty destrovs the streDgtb of the Det\Eork. This shows tbat
the electrostatic attractioD between oppositely cbarged groups io treighbouri-o8
molecules is aD important factor in the streDgth of the gluten network.

The upward bend oI the reloading curve up to the poiat *here flow (i.e.
the ruptuie oI {urther links) occurs is probably mainly due to the irregularity
oI a-csambly of the elastic members, but may also indicate that individual
chains are approacbiog the Iimit to shich tbev (an be ex-tended.

The evidLice sugge-sts that tbe starch past; penetratiog the glute! network
has a " yield value " so that there is elastic hysteresis even {,hen the cycle is
carried out slowly enough to avoid elastic after-eflect.

xrx. R. K. SCBoFTELD 
^ND 

G. \\'. Scorr BLAIR. " iber dte grint le-
gendcL tnechanischen Eigensehaft i dzs lllehlleiges." Kolloid-
Zeitscbri{t, 1937, Vol. LX)(IX, pp. l{8-154.

A rdsum6 oI work oB the viscosity and shear modulus of flour doughs is
givea. Study oI such Juadamental properties is essential for atr understanditrS
oI the behaviour ol doughs. eithei as purely physical systems or in their
relation to the bread-making industry.
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'fhe starch pa-ste penetratiDg the gluten net$'ork has a " yield valoe " ir
consequence of which the.e is elastic hysteresis evetr wbea the cycle is
carried out slowly etrou8h to avoid elastic altebetlect- It has beeD found,
moreover, to be tbixotropic, the breakdovE oI the gel which Iorms on standing
beiog exhibited itr atr " elastic lati8ue." The eflect is complicated by a rise
in tbe elastic modulus due, presumably, to the establishment of neq/ litrkages
in the gluten Detwork.

Througb the action o, ttre starch, tbe Eechaoical properties of the dough
are ltrore io0ueoced by age and moisture cootent wheD measured at low thatr
at high stresses. Tle elastic recovery oI dough cylinders extended only 20
per ce[t. in a given tiEe varies both with t]rc age and Doistule cootetrt oI the
dough and qritb the nature oI the flour.

No plastic flow occurs duriat elastic recovery. The piesence ot a " plastic
arter-erfect " would invalidate the metlod used to evaluate the viscosity aDd
.rigidity-modulus-

xx. P. H^LToN AND G. W. Scorr BLATR. " A Srudy of Sof,,. Physical
Plo?enics of Floi,tr Dot ghs in Reldiol to their Blcad-Mahing
Qualities." lonraal oI Physical Chemistry, 1936, Vol. XL, pp.
561-580.

Methods described itr earlier papels for measuri[t the viscosity aod
rigidity modulus oI tlour dougbs have been exteDded atrd developed.

Tbe physical propertieg of dough are markedly affected by ercessive
haodli.Dg hence tbe methods used have to be carefully cotrtrolled.

Vigcosity and Eodulus measured uader standard conditrons oI stress aad
strain toth decrcase with in.reesiog water content or witb increasirg age of
the dough.

fu bread-makiDg quality is associated v.ith a relatively bigtt viscosity
aad low modulus ; the rel&xation time, i.e., viscosity-modulus ntio, therefore,
apPeers to be the chief sitrgle criteliotr oI quality.

Yeast in small amouats ha^s little e{Iect otr viscosity or modulus, aad its
importatrce in bread-making appears to be etrtirely due to its gas-producitrt
activities

Prelimiaarl/ work iDdicates that tensile strength is a major facto! iD deter-
mining the extensibility atrd gas-holditrg properties of a dough.

StickiDess is aD indepetrdeDt properry which can lre roughly measured.
Its principal importance lies in its effect otr tbe handling properties of tbe
dough.

The investigations have disctosed relatioDships between the ph,'sical
properties oI flour douShs and their bread-making qualities, and their
development should increase our knowledge of the natule oI flour quality.

xxr. P. H^Lao$ AND G. W. Scor-r BLATR. " The RelotionshiP betueen
Corlditions Col)etnirrg Ruptlrle and Flotr in Flour Dotghs." IoUJnal
oI Physica.l Chemistry, 1936, Vol. XL, pp. 8tl-819,

-Ihe shortness (i.e. ease of tearing) oI flour doughs is closely pa.a[eled by
the rate at which viscosity {alls with inc@asing stress (structural viscosity).
A perfect correlation is not obtained, partly because neither property can be
deterDioed rrith great accuracy. Tbe elfect otr structural viscosity oI certarn
substances (Iats, a6ioo-acids, etc.) knowD to alter the shortness oI dough has
been mea-sured, and the nature of the processes iawolved discussed. The
siSnilicance oI shorttress iD terms of heterogetreity of dough, add its relatiotr
to tensile strength and ductility are tentatively discussed.

xxrr. P. HALro\ AND G. W. Scorr BL^IR. " A Sludy of sor"c Physieal
Pro?e ics of Flolt, Doughs itt Relaaion to their Brcad-Mahing
Qualities. ' Careal Chemistry, 1937, Vol. XIV, pp. 20l-219.

The baking quality of a flour bas been {outrd to depend on the Physical
properties of the dough and a picture is givetr of the mechanism oI dough
behaviour during ,ermetrtation based otr these physical proPerties. Viscosity
and elasticity mofulus ale of chief importaDce, and methods of measuring
these in absolute units have beeo devised. The viscosity and elastrcity
modulus are not constanti but depend oa the magnitude of the stress and
strain to which the douqtr is subjected. They also vary with the water content,
.age. and temperature oI the dough.
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The bakiag quality ot a flour depeDds primalily otr the spriDg ard shorhess
o{ tbe douShs, Tbe sprirg o, dou8h depeDds oD tbe relationship between
eiscosity 4d elasticiry Drodulus, the higber tbe viscosity/elasticity Eodulus
ratio the bett€r tbe spring. ShortDess in dougbs is cooD;ted with'strDcturel
riscocity in the rate at which viscositv faUs uDder hcreasiDg stress.

xxrrr. G. W. Scorr BLArR 
^ND 

P. PorEL. "A Pl.riminary Slyily ol lh.
Physi.al Sign;fien.e of C.rtain Pro4cfl;es Mzasund by tt Chopin
Erlcnsintckr ld ksting Floul Dotaghs." Cereal Chemistry, 1937,
Vol. XIY pp. 257-262.

- A prelimiDary aDalysis of the ph,sical propertics of dough measured by the
Cbopin exteDsjDeter iadicates that water absorptioD capacity and a complex
luDctioD of viscosity aod modulus are the prina'pal Iaciors iDvolved. UDder
the coDditioDs of th_e test, the former is diri'cuy;elated to viscosit\', atrd th€
latter depeDds oD a ccDplex Eixture of " sprin8 " and shortness rhicb has
beeo oDIy partially rcsolied.

Tbe iDcreasiDg us€ of the Cbopin iDstr.urDent as a criterioD of wheat aDd
Oour qual-ity indep€ndent of aDy baLiag test, emphasises the iEllortance oI a
wider u.DderstaDdiDg oI tbe Datirre of tEe ,actors-measured.

xxn'. Huctr Nrcol. " ?re T&o E rAs oJ St/au." Agricultural l{istory,
1936, Vol. x, pp. 3-13.

Most publisbed aDajyses of straw relate to the eutire stem, and thus show
only avera8e values. Tle {irst demoashatioD of dilferences ir chemical
composr'tion of the upper and lower ends of stra\c, al1d in soEle otie! parts of
stelhs was made by JaDes F. lV. JobDstoD Ior cereals ard bamboo aod wa_s
Published iD 18.12; his differeDtial-atralyses ot barley straw reBaiDed udque
for Dcarly a century. Jobnston s pupil, ;oU p. lortoa, performed o6rc
detarled analyses of oat straw (1847). Tbe sork oI pierre. on wheat straw,
pubusbed io 1863 and 1866, is probably the most elaborate series of aaalysei
of a plant species ever perform'ed, Io'the present paper it is suggested ihat
Pierre's wo_rk bears upon the h,?oth;sis of ie6ressive oi-do*r*.ard
_mtgYatioa of plant DukieDts. put lorward receDtly b, Prolessor Deteatru of
Bukarest.
_ The early work on alirlerences of coEposition aloDg the steB appears to
have been rorgottetr in spite oi its p.actic-al !-alue (see-papers xcrr,_icrrr).

(r) AcrroN oF lIf,\uRrs.
xxv. J. CALD$-ELL A:,rD H. L. RrcE^RDsot - " Thc Grcurh oI Clouer in tlc

!fyn!! of Arnnonirn Sulphale." Journal of Agricuttural Scietrcc,
1936, Vol. XXVI, pp.263-267.

Iu pot experimeats with alsike and red clovers, forttrightly dres.sings of
ammonium sulphate applied in solution at rates up to I gri. pir pot did-aot
injure the plaDts. Tbe total amount of ammooiuh sutoiate ao6tiea to tte
alsite was relatively eDorDous, o, the order of 24 tons pe; acre. S;il and platrt
atral,ses showed that altlouph abuDdaDt aemonia'and nitrate {inclidins
*ater-soluble ae-moEia) were present ia the soil there was lit e ertri nrtrogei
rD the teated plaDts. It was coDcluded tbat tbe adverse effect of ammooi-um
sulphate o,l clovers in gra-$land was due Dot to the toxicity of amrEonium ioa
but to corrpetitiorl $'ith tie extra gro*,th of gra-ss produceil.

xxvr. E. M. CRoWTIIER A}lD R. G. \&'ARREN. .,R rol on Ficltt Ezperi-
,rlehls in Englarril and Pot Cltltt re dnd -Ldborctoly Wolh at
Rothansled." Appendix I to Fourteetrth Interim'Report oI
PermaneIrt Committe€ or Basic Slag, Midstry oI ASriculture, 1916.

A series of pot culture experiments on elevetr slags usiDg repeatedly-cut
pereonial rye grass was cootirued for a secood seaioo. O-olv'tbe b&rrer
dressings of the hore soluble slass had aDoreciable efiects on ihe croDs- h
to_tal dry Eatler aod in total pho"spboric ic'id uptake the rcsults louow'ed the
citiic acid- solubilities of tbe ilagi, about 60 ier ceot. of the added citric
acid--soluble phosphoric acid beint taken up by tbe crops.

Itr a repeated moning experiient oo n'eutial glassfind coatinued fm 6ve
seasoDs about 30-40 per cent. of the phGphoric a.id added iD high-soluble slag
or superphosphate llas r€covered in the hertaqe, but less than t0 Ds ceDt. rr-as
recovered from lo$-sorub]e slag and mineral ibosphate.
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xxvrr. E. M- CRoWTHER (with D. ii. MCARTHUR). , Rcbon on ScottishField Etp.timcnrs iz 1035." Appeudix ll, Foufoeenth Interim

Report of Permanent Committee bir Basic Stag, Mioistry ot Agri-
culture, t036.

A series o{ seven 4&plot field experimeots was car.ried out to comDare
single and double drcssiEgs oI four liinds of basic slag and also of grouud
lfuDestone. lae relative effects of high- aod low-soluble slasg ,ollowj their
citric acid solubilities, but of two Dew mediuE.soluble shg; one was better
aEd th€ otbel worse than would be iudged from their citri; acid solubilities.
Second year residual effects on oats iver; verv small and were shown onlv bv
the two more soluble slags which had give! the best immediate results. ' '

STATISTICAL IfETHODS AND RESULTS
(Department of Statistics)

(c) DlsrcN oa ExpERrMENas
xxyrrr. tr'. YATES " l"rompl.te Ra-ndomiz?d Blorhs. ' AnDals of EugeDics

1936, Vol. \rII, pp. l2l-140.
The paper describes a geDeral method of arraDgins reDlicated exDerimeDh

in randomized blocks wbeE the oumber of keatmenG tio G compared is sreater
than the number of experimeDtal unils io a block. Tbis oew ti?e of aianse-
ment, ,or which the name of s),rnmetrical in.omplete randoriized blocks'is
ploposed. is such that every two treatments occur tbgether in a block the saac
number o[ times. This restriction enables estimate; of the treatment ellects
aDd of the experimental error to b€ obtained erpeditiously bv the ordioarv
prGedure of tbe analysis of variance. Estimates 

-of 
block diffeiences cao alsb

be obtaiDed it required. The special case iD which the blocks are {ormed oI
pairs of erperimental uEits is capable of specially simple treatment. The
rnethod o{ symmetrical incomplete randomized blocks is tjkely to be of most
use in c.rses in wbich the experimental material naturally dii/ides itself into
groups, such as litters of experimental animals, containing Eumt€rs less tha!
the Dumber o{ treatmeEts tbat it is desired to test, esperittly if the ditferetrces
bet€eeD thes€ tratulal groups are of interest.

The aecossary formula.e are preselted and their application illustBted by
numerical examples, ofle based oo the numbers of local lesioas produced bv i
virus on half leaves of susceptible plants, the other oD the scores of rats ii a
discrimination test. The minimurn trumber of replicatioos required for
dirferent numbers of treatmeots and bloc k si zes is disc ussed, and actudl arranse-
ments are given Ior the cases likely to be of geDeral utility. A short discussioo
of the relative eficiency oI atr arrangemeot of tbis typ€ aDd atr arrangemetrt in
orditrary raldomized blocks is also included.

xxrx. M.M. BARNARD. " Ai Enuftera'ion oftho Confo{rulad Afianpernerns
i" thi 2 x 2 x 2 Fa.loriat Desi9ns." Supplemeot to the lournal
of tle Royal Statistical Society, t936, Vol. III, pp. 195-202.-

The structure of the 2n {actorial system isdescribed, and tbevarious possible
tfpes of confouDding afe enumeratd for desigDs iDvohring up to six'factors.

xxx- F. YATES. " A Ftnh.r Not. on lht AtranE.ficnt of Vai?te Tridls :
Qua.ti-Latin Sgr.a/rs." ADDals oI Eugenics, 19i7, Vot.- VII, pp
3r9-$r.

Thc prirciples oI quaei-{actorial design arc extetrded so as to eflable varietal
lf,ials involving a nurDber of varieties Ehich is a p€rfect square (not 6t o.
some otber numbers, bowever) to be arranged i! the field so that dilfere[ces
betweeD rows atrd betr*.eeD columos ate eliminated frorh tbe varietal comDari-
sons. It is proposed to call this t)?e of arraDgement aD ;uraogeEelt itr q Lasi-
Latin squares, froa the analo8y with ordirary Ittitr square desim.

As a DnEerical exarDple a qua-si-I-atin square desigE lor- twenty-five
v"arieties is superiEposcd oD the unilor@ity trial on oratrges thich was us& io a
prsvious paper to illustrate qua-si-Iactorial designs iD raodoDized blocks. A
Sain in eficiency ove! an afiangemeDt in ordinaq/ raDdomized blocks of gl
Fr ceot- resulted, the correspondiDg gaiD in a quasi-Iactorial desigE itr ratrdo-
Eized blocks (tpo Sroupi.Egs) being 4l per cetrt.

- . 
V,arious othe-? possible applicrtioN of tie qrasi-Latilr sqEare pritrcipl,e aro

briGlly discrrssed.
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xxxr. F. Y^rEs- " Itu Design aad Aralysis oI Fa.torial Ezpciincnts."
IBperiat Bureau of Soil Science. Technical Commudcatiotr No. 35,
1037. Price. 5s.

This Comlounication has beer l,ritten to satisly the grorsing need of
experimenters h aaricdtural and other fields for a comprchensive surveJr of
the principal types o, factorial design. aDd the appropriate statistical atral,'ses.
It can be regarded as a logical contitruation of T€chnical Coomunicatior
No. l0+ of this serie-s, atrd as a useful supplement to Prof. R. A. Fisher's recent
book " The Desitn of Experimetrts."

Factorial desi8Ils q,ith facto$ at two levels oEly are first discussed. since
these arc capable oI specially simple treatment, and enable the structure of
coolourded ariangemeDls to be more e.sily understood thar do designs
containing lactors at thr€e or more levels. The.e lollo*'s ao account of designs
*ith {actors at three levels, with lacto$ toth at two and three levels, aod \r'ith
Iactors at two, four and eiSht levels. Fioally various special tlpes of desi8n,
such as d€signs E'ith split-plots and their derivatives, and designs {or variety
&ials involving a large numtrer of vadeti6, are described. Attention has
throughout been paid to providing numelical illustratiotrs of all new statistical
Processes.

The {olowing designs and processes are descriH for the first time in this
communication :

(l) The adaptatiotr oI coDlounditrS to Latin-square designs, so as toe[able.
lor instance,a 2! experiEent to be arraDged itr the Iorm o{ aD 8 x 8 I-atin square.

(2) Iatitr-square designs $'ith whole !ows. or ross aod columns, subjected
to auxiliary heatments, e.9., sorrD lrith different varieties, or cultivated
differently.

(3) DesiSDs containing live and six factors at tw'o levels only.
(4) Desigtrs involviEg some Iactors at two and some at three levels, in

particular3x2t 2,3x 2x2x 2,3x 3x2atrd 3x 3 x 3 x 2 desi8as itr blocks oI
6 plots.

15) 3 x 3 x 3 x 3 desiSn in btocks ol9 plots, this being an extensiotr of the
popuLar3xSx3desiSD.

(6) New methods of analysitrg experiments $ith factors at two levels onl)',
andthe3xSxSdesigr.

l7\ The Graeco-Latin square, w}]^icl) is sjmilar to the old " semi-I-atin
square " desitn, but overcomes the statistical defects iDheretrt in thG design in
its origiaal form. Graeco- and h,?e.-Graeco-I-3,tin squares provide useful
designs for varietal trials involving lG2O varieties- Thus 7 replicatioos of l{
varieties can be aranged io a ? x 14 rectangle of ptots, and 7 rcplications of 9l
varieties io a 7 x 2l rectatrgle.

xxxrr. W. C. CocHR^N. " A Calalolue oI Unilormity TTiaJ Da!a.'
SupplemeDt to the Joumal of the Royal Statistical Society, 193:.
vol. I\'.

Unilormity trial data have many uses in the study of field experimental
tecbaique. Among the importa[t questions on which they throw light are the
optimnm size and shape o{ plot, the advisability of discarditrg edge rows, the
gain in efrcieBcy due to confouEding, the relatire accuracy oI any newly pro-
posed t ?e oI desigl, the bias in sr.stematic arrangements alrd the applicabilit,\-
of the t- and z-tests to the results oI actual field experimetrts.

This catalogue is ar attempt to make accessible to students the yields oI
trials B'hicb have beeD carried out and to lescue Ircm oblivio! trials vhich have
never been published. The information giveu about each trial is the crop, the
size and shape of the smallest udt harvested, the DuEber oI plots and the
source shence the iadividual yields may be obtained. \Vherc the yields have
not been published, the author has b€en invited to file a copy at Rottraasted ;
some 25 trials have come to light itr this *ay, aad it is hoped that future authors
wiU b€ encouraged to setrd us a copy oI their yields.

.R. A, Fisber and J. Wish.rt. The erdg.ment of licld erFrim.ots and tte stntisrioal
i.duction of tt. reulr'.
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(D) -{NALysrs oF DATA
xxxrrr. \M. G. CoCHRAN. " The tDisrriblrtiov Jor thz Binomial and

Poisson Series, uith Smoll Ez?ectations." A[nals oI Eugenics, 1936,
Vol. VII, pp. 207-217.

Some examples are Blven oI the agreemeat betwe€n the exact aod the
tabular It distribution in samples from the bbomial a4d Poisso[ series with
small expectations. The ordinary X, distribution teEds slightly to under-
estimate the probability of discreFncies h the region used itr tests oI sigDifi-
cances, but appears to give a satisfactorily close a$eement except iE very
extreme cases (e.9. rrith er?ectations less than udty). Conectio[ {or cotr-
tinuity does not improve the agre€ment.

A method is given {or obtahing {or aIIy population approximations to any
glveD order for the mean a.od variaDce oI I, in samples in whicb the mean
o[ tbe sample is fixed, atrd trom this the exact Dormal approxiEaLion to the
Xt distribution Jor the binomial series is obtained. Except lor the PoissoD
series, this is not the same as the normal approximation to the orditrary l,
distribution,

A bdef discussiotr is given of the general problem of testing discrepaacies
between observation and h,?othesis, in which it has been suggested that the
likelihood, as derined by Fisher, is more appropriate than Z: as a test cdterion.

xxxlr. W. G. CocERnN. ' The Eficienci.es o/ the Binomial Selies Tests of
Significance of a Meai and. a Conelation Coefrc.ient." lonrnal olt}Je
Roya] Statistica.l Society, 1337, Vol. C, pp. 69-73.

Itr a prclimitrary survey of a set of data, a rapid test oI significarce oI the
meaa of a set of differences is sometimes uselul. With a s,'mnetrical distribu-
tioD oI errors, such a test may be obtained by igtroriDg the sizes of the difier,
etrces and counting the nBmber oI positive differetrces. A similar test of the
correlation coefficient may be made by counting the Dumber oI pais o{
deviatiom frcm the respective means oJ like sign.

A table is given oI the 5 per cent. significance poiDts. $rith a rormal
distribution oI errors, the eficieDcies of the method lrom the point of vielv of
the estimation oI the meatr or the corelatior coeficient are calculated, and ia
particular the eficie cies of the tests oI significance are sho*.n to l* 2lr t aE
per cent. {or the meatr a-trd 4./rs or 41 per cel1t. for the correLation coe6cient.

xxxv. \v. C. CoCERAN. ' Ptobl?ns Atisirlp n th" A alvtis ol a Series ol
Smilat ExPeim?nts." SuppleDent to the Joumal oi ttre Royit
Statistical Society, 1937, Vol. IV, pp. 102-t18.

The importance of rcpeating the same lield trial at a number of centres or
for a number oI years is now realised in most cooprchensive schemes of agri-
cultura.l research. The statistical analysis of the rcsults of such expeiments
has, hovever, received little attetrtion.

The amlysis oI variarce, used lqith discrction, provides a colrvenient
prelimiDary analysis oI the data wben the ind'vidual experiments may be
regarded as havio8 equal accuracy ; but rbjs ,s rarely tbe case. As a pretimjn-
ary to a more detailed examination o{ such questions as the correlation of the
trcatment rcsponses with weather, soil t,?e or mean yield, the experimenter
wants to know whether the responses have varied from cenke to centle. A
test of sigdfica-nce for this question is given which takes iEto accou[t the
variatiotr ill the precision of the diJferent experfulents.

The estimatior of the mean response is importaat rvhen the response has
not varied from (eDtre to centre. A comparisoD is made of the efficiency of
four types of meaD. Tte weiShted mean, weighing hversely as the estim;ted
variaDce, is recommended if at least 15 degrees oJ Jreedom are available in
the estimates o{ the {.eights. With Jewer degrees oJ freedom, the extra pre-
cision givetr by the rraximum likelihood solutio[ is worth the additional
labour it rovolves. With very few degrees of freedom to estimate the wei8hts,
the Dethod ol \rerghiDg inversely as the estimated variance, bur teitE an
arbitrarily chosetr upper limit to the weights, is useful. The tesls oI siSnifi-
cance o{ these means are discDsed

WleD tbe respooses vary lrom cetrtre to centre, the unt{eighted mean is
geDerally to be recommended. The test ot signiticr.nce ot the man itr this case
is discussed, tbough it is importdDt marDly $here tbe causes of variatiotr in
response cannot be controlled or predicted.
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(e) SaMPLTNG

xxxvr. F. YATES. " Th2 Placa of Quanliralioe Mtasurern nls on Pldnl
Gro nh in Agicl.tltu/al Mzt otology dnd CloP Forccetling." C,n'
ference o, Eopire Meteorologists, 1935, Memorandum No. 36.

An accouDt is given of the reasons that have led to the iDtroduction oI the
" PrecisioD Retords " oo Wheat iD the Crop-Weather Scheme of the Ministry
o( AFriculture and Fisheries. The purpose of tbese measurements, atrd the
direciioos in which tley arc likely to be useful, ate briefly descriH, aDd a
plea is entered for their extensioD to otber clops. A complementary scheme,
;eceDtly introduced, of sampliog commercial {ields in order to test the leasi_
bility oI providiDg objective estimates oi wheat yields throughout the couotry,
is also descriH.

xxxvlr. F- Y^TES- " A??licalions oJ the Sdrrrpling Tcchniq&. to CroP
Estifialilm and. ForccdslinE." Manchestei Statistical Society.
Couected Papers. Sessiotr 1936-7.

This ad&e.ss (read before the llanchester Statistical Society) gives a!
accoutrt oI the methods that are likely to be of use itr the estimatiotr aad fore-
casting of agricultural crops, aDd describ the resulLs already obtaioed with
wheat. fie general principles uDderlyiag a souDd sampling tecbDique ar.
also discussed and illustrated by actual exaxoPles of defective saEPlidt.

THE SOIL
(Departments oI Chemistry aDd Ph].sics)

(a) CuLtrvArtoN AND DRATNAGE

xxxvrtr. B. A. KEEN. " The Scienlific Basis of the Art of Cullil,alion."
Programme and Papers of the Second CoDJerence oo Mechanized
FarraiDg. OxIord, 1937, pp. 27-35.

The cap lary-tube theory oI water movemeDt in soil, which has loog beetr
us€d to erplaio the cootrol oI soil moisture by cultivatioD operations, is shown
to b€ erroneous. The pore-space oI the soil must be regarded as a seri6 of cetls
coEtnudcating with one another throuSh relatively narrow aecks. Thc
bouDdaries o{ these cells and Decks are formed by the soil aggr€Eates or crumb,
which ca[ be Iiketred to small spotrges. Th€ crumbs imbibe E'ater from the
raiD that percolates doEn the porc-space, and I\'ater is held at the points of
contact of the crumbs aDd also partialy fills the pore-spaces. Any surplus
draios away aod eventually reaches e watet-table. wle,l drying conditions
occur at the surlace, evaporation Proceeds by the progressive dowan ard
drying of the top layers oI crumbs rather than by tle upB?rd Dovement
of water from below to the surlace. IE otber words, most soils are naturally
" self-mulching." Similarly, when root hairs absolb water, iDlrard moverneat
to the regrotr of absorption will be very slow alrd over very Imited distaoces.
Tbe u?ter beld by the soil is to be regardd as relatively static; modem
theory shows, ilr fact, that it resists Dovement.

The ef{ects on soil water coateDt alld movement atkibuted to opeiations
such as harrowing aDd rotlint are therelore much less than the old capillary
tleory asserted. The maiD Iutrctiotr oI cultivation is Dot to exercise a delicate
aDd drecise cootrol o{ soil moistur€, but to remove tbe competition of weeds,
to o6taitr a seed-b€d of suitable consistency, aDd to preveEt crusts or " caps "
formiog otr certain classes oI soil.

xxxrx. B. A. KEE\ and G. H. C^S'IE!{. " Sorrc As?cds of Ctttiltdion aid
Orie" Poue, Op.rarions on lh, Fa/m." Joumal and Tiansactioos of
the Society oI Engifters (Iac.), 1936, Vot. )()<\aII, pp. 114-136.

(This paper wa-s awarded the B€ssemer PreDium oI tie Society of Eryireers)
Two coDtxasting a-sp€cts of far6ing are discussed itr tiis paper; (a) tho

valDe oI soit coltivatiotr, alld (D) the cotEparison o{ el€ctricity ard oil luel a"s

sources oI power for farm machilery.
Nurrerous cultivation trials Dade by the Soil PhFics Departmetrt have

led to the uDexpected cotrclusion that cultivation has much less ellect on the
yietds of prcduc; tbatr is geDerally supposed. Tbese coDclusioDs, however, ar€
ia barmoiy *itn tle hb;ratory ltud-ias of soil water moveoetrt made in tho
DepartEetrt which show th4t little or tro coDtrol oI soil Eoisture b efiectod by
caltivetiotr op€ratioas.
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- The coEp-arison ol the electric Eotor and th€ intemal combustiotr eogitre
has beetr Eade to obtaiD a reliable ligure for tbe relafive power consumpEoa
(uEits of elechicity and gauoos o, fueD for the same iob oI i,ork. This fieirre is
rcrded by larEers who have the choice of both forfos o{ power.
, ,For tlreshitrg a G.E.C. Wittol 20 h.p. portable botor;nd an Itrternatiotral

l0-2O h.p. tractor wele comparcd ; eacf, via-s running at appioximately 50 per
ceDt. of ,ull load. The paraEo equivaleDt ot l0-kilowatt hours rias 1.75
8al1otrs ; this fiture was about 7 peraeDt. hither tharl it Deed have beeD as the
tractor \tras not runnilg otr the weakest possible mixture.
. For griDdint, the piwer requirementi naturatty depeDd grea y oD the

deSree of finenass, the feediDg ;ate, the moisture ionteht ot lte s;ain, etc.
Comparable tests over a power ra[ge of 4.6-5.3 h.p., were made witE a G.E.C.
! -h.p. " Drumotor " aDd Bamlord I h.p. diesel engine.The equivaleDt of I0
kilowatt bours was fouDd to be 5.0 Dinta of diesel oi.

$'ittr the above equivaleDts of eiectricity and fuel oil, a comparison ot tbe
total costs of the altemative sources of Dowir can be made Ior an'v sivetr set of
conditioDs for electiicity rates, cost of_fuel, depr€.ciation of poriei units aad
machinery, etc.

xL. B. A. l<E.tr:. " Land Drainag. : tk Afta of B?nefit." lonrnal ot
the Ministry oI Agricutture, 1936, Vol. XLIIi, pp. 521-620i.

The l-and Drainage Act of 1930 briDgs withitr the iatiDs area of Interual
Drai[age Boards those laDds which 'de-rive benefit or esc;pe danger,, as a
result of draiDaSe operatioos. The workjng rule lor agriculiural a;eas is to
iDclude all laDd up to the coEtour line drawn 8 ft. bjgbei thao the level of the
highest recorded flood, but pmyisioE is made Ior Deetrtrq specia.l cases, either b\'
exclusio[ or dillerential rating. The adoption of the 8 E. iine has increesed th;
rateable area, and the obiectioo of tbe oacupiers is uoderstaEdable. esDeciallv
whetr the existiDg draioage works are adequite aod Do fiesh coDstructioDs a;
conteoplated. Their rcspoDse to the explanation that the La,qd is heDce-
Iorward to bear iLs fair share of beoefits hitberto received free, is the very
natural oDe of detryiag tbat it beoefits itr aav wav : irr otber words thev susseit
that a lower contour ihatr 8 It., or eveu flo6d bi,el itseU, should be tai<en]'

This article explains tie gederal pritrciples ullderlyitrg the EovenreDt of
water ill the soil atrd shows that the cotrtour tine 8 ft. above the hishest
recorded flood is a very reasonable level up to which taDd cetr be cousiderfo to
derive betrefit or avoid danger as a result oI drainage oFratioas.

(r) SotL SrRucruRB
xLr. E. M. CRo!*.TaBR. " Ssbsoit Strttrti.rc aul C/o? Nt4ir;or..', Trens-

actioos of the Third Iotematiotral Congress oI Soil Scietrce, 1936,
vol. III, pp. 126-120.

It is suggested that work oD crop Dutrition and soil morDholoa.y could be
linked up by the hypothesis that some of the more deeply rooted lai'm crops it
humid teEFlate climates utilise water, litrates atrd possibly other soiuble
autrieDts stored tkough the wiater in tbe lower horizoG oI loims ald heavier
soils, provided that these are wetl draiued atrd have a \rell-ex!,ressed soil
structure.

Evideoce iD support oI this hypotbesis b adv-atrced froE systematic
atralyses of soils in rotatio[ experiments, the statistical analysis oi seasonal
raiDtal effects olr coDtrilsted soils, aDd the coEposition of draioage satets.
A simple apparatus for measuring suctioD pr,essures at various aeptbs ilr
cropped aDd u[cropped soils was Esed to estinrate the rate of growth oI sugar
teet loots dowr to about I aetrc.

(c) CnEMrc^L ANALysrs
xLIt. C. N. ACHARYA. ' Dchfiinalion of Carbon and Nilroscn h, tru

Adion oI Chror ic Acid. $ndcr Rtdyed Ptes*re." Blocheiical
JouEal, 1030, Vol. XXX, pp. 241-247,

A procedure is described lor the estimatioa oI carboo aad aitroaea i[ soils,
pl,ant Eaterials aDd organic compoutrds by the action of a mixture-of chroEic
aad sulphuric acids uDder Educed pressure.

The results for oitlogetr in soils aad platrt Eaterials are too low becatrse one
portioD is oxidised to Ditrate atrd atrother is lost in gaseous form. If the aliquot
taketr cotrtaitrs atout 6 mg. or less of Ditroteo tbe gaseo.rs portioo is also fixed

r
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as rdtrete atrd correct figures are obtained by tbe estiaa-tion oI the amorooiacal

"ad 
oicat"-oitrog"o pieseat. For amounts hither txao 5 m8' 11 "]-I?ff

"rnrectioa 
of f0 ier &at. otr the alnmoEiacal dtrogetr formed trves rcsurEs

."*arg t" *ithi; 9&lOO per ceEt. oI tle Kietdabl 6gure'*';*#;;d';;;;;i&-i"itl" 
"'ti-"tii'" 

oI s@'Jt ahouDts o( nitxate iD

pr""."l" "i tatg. q"""titi€s of sulphuric aod chromic acids'

MICROBIOLOGY

{DepartEeats oI Bacteriology, FermeEtation and Geoelal Microbiology)

(a) BAcraRrr

xltlr. H. G. TEoRNToN. 'T,aPt.s.nlSta!? oIow lgnotaace Cottczrniag^""' il i.e"k;-ij ttg"i;"o"t P'at's" 'scien'e Progess 10S6'

vol. XXXI, PP. 236-249.

This outline of our loowledPe oI the oodule bacteria and their a_asociatioB

*tri ff. i-#-rii-. i. i"tuoa-ed.i."-pt*"i"" how Sreat aod inl'ortant are the
saDs in this lod;ledse-saps u'hich octur at the critical Point ,.'r almost iv9ry
Errie oI investisatiou.- Th6 nodules on legumes aflord Problems, wiros€.soluDon
would illumi.iate Euch wider lields in biologl': such as tiose ot -oactenar
oenetics. slowth-DromotiEq substaoces, atrd tbe Iormation ot Paurologrcal
i-"".tts. "fne great mystery o, biological nitrogen'fixation rtsell remaros

unsolved.
(b) PRorozoA

xLrv. A. l)IxoN. " Soit Plolozoa ; th'ir Gro rth on unol-s M'dia '-'-' 
r"o.f" "i eppted BtoloSy, 193?, vol' xxlv, pP' {42-456'

The iDvestisatioo was started to tast the pres€ot methods of c-utturiDS.s''tl
...+nzm on oe"otone asar. as two earLer workers bad obtaiD€d trrgher ulrmDels

i" tle use df iolt-exdact agar. Some 65 soils \r'ere used, -ryP the toDacco
#owins reoioas oI tbe U.S.S.R., setrt by the State IEstitute oI r oDacco L utrure_x..r""lar] 

Protozoa of tbese soils, when groYru on soil_extlact agar ano

nFnt ne asar cave. witb tiree exceptions, coasiderably higher trumDers wrlD
irl r".-.i midium. The hisher trumbers o{ RhizoPoda and lruata were

narticulartv noticeable. A complete list of protozoa from thes€ sot!!-ol tue tw9
;.ai" is eire". Ttre same media were also used Ior sanPles o-f woDurn ano

Rothamstied soils, aDd lor the latter soil extract aad ha-y rtrtus'oD as weu'

soil ertra.t aear aod tiquid soil extract as media Save tho lull€st recoro,or

Drotozoa. particularly {oi Rhizopoda ald Cilieta Hay iflIusiotr \ras uselul tot

[1. ae"ei.{rme"t of Ciliata andln imProvement on pePtone agar'

(r) BIoLocIcaL -\crrvtrrEs
I \iEII(LB|oEN. Thc Rzd cttott oJ Nilrale by lndioidval Strai't''- i,t pn -t;iao Ba.kri,' Tr $a.ctiotrs ol the Third IntemahoDal
donere* ol Soit S.i.o." 1036, vol l pp' 180-183'

Eishtv flee-livinq strains oI bactena were tested for their abihty to reduce

-.'ii3i"i'"ai. "iB.-il-npositioo. Five types of reactioo r -ith regard to

ritrate *.ere observed, and an ittempt was made to relate tie kDowD pny$o_

iiiili "t tou* "r 
.ich straia to tl'e type of reaction it geve i 't was 

'oundtfiit tni stiains contorming to each tvp€ had other Propertres ln common'

xl-vt. L METXLEJoH\. Th? Ox*?,t L ilahc ol \laspen'io'ts and Ctdtur'"
'"" ;i;'-;;;;i;';ii uialn;iii Jo'urnat 6r Eiprimentar Biorogv'

ica7, \ol. xlv, pp. 158-170.

The oxvee! uDtake of pure cultures and susPen"ions of a b-acterial specres

iorated du'ri;e tht efruent hvestiqatrons was measurcd at 26'L Lultures 1Il a

itff"-iJiffi ;;";-G;e'";ttJ';"ve.o uptake Per cell at 48 trours after
Gkulation, aadthe grea6st total oxJrsen uptake 79 hours alter rnoculaDotr'

il:;-,,;;"-'"1"ti'"i;;h; ;I #;th Jas reached about s6 hours, arter
rnoculation, after $'hich th; oxyFn uPtake of suc'essive samPles raProry reu

to a verv low value.'" -ri'.,i#*i.""ii.mved 
o{ Eitrogeo, atrd sho\r'iog Do gro*'th' aod} tgIT:

in the sB-;tioDarv pbise, oxygen uptake Droceeds at a coDstant late r'ur rn

il.;;r";;;#i "'"d-.'ilt 
.'.3 *1"i" ..tii'" srowth is takins Place' the rate or
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o-xy8etr uptake rises coDtitruously; alter a prelimhary pedod oI adilstmetrt
this rise is logarithmic. The risi in orygeo uptake ni i crowiDc 

"o'"o.*iooir proportioDately $eater ttraE the rise-itr bacierial auta*rs; it-is diererore
3utge.sted that the respintioD oI a erowi-trg culture caa be divided iDto twoparle-" EahteaaDce " respiratiotr and 'srorth', resDiratiotr: and a
t€chaique is outlirred for estifoating the amount oI orygen riptake due to €achl*c*nt

xtvrr. S. H. JE:lxrNs. " Ih. Bnlo?iial Ot.dafpi of Stcoic Acid, i,
P.lcotating Firrrls." Journat oitbe Society of aheEicet lDdnstry,
t936. vol. Lv, pp. JtbT-JlgT.

Stealic acid io the form o[ soap is a coostitueDt of dom€stic s€*.ase and its
d_ecoEposition by methods which are ordiDarily used lor purifying "sewaee is
tberefore of interest. The decompositioD oI tbl acid ia bioloci'caf"Iifters"was
studied wittr aDd \rittrout the additiotr o[ sewaqe using percolating filters made
of glass aEd fiIled wittr glass medium.

The rirst filter without servage developeJ a thick white film in t5e upper
half a.Dd after operatiEg Ior four'months bccame ctosged with qrowths. the
sro*ths coDsisted of fungal hyphae, ba.(teria aDd ye_sts, aad hilt ot tte titm
was stearic acid. About 80 per cetrt. o{ tbe stearic acid was removed fro[l
tle crude liquid supptied to the lilter. \\'rtb domestic sewage over 90 per ceDt.
of the impurity presetrt itr the crude liquid E-as reftoved bt f tratio;, aDd a.i
there vras coDsiderably less stearic acid 

_preseot 
iD the film i; this 6ltet- thaD io

itr the filter supplied with stearic acid alo;e it is assumed that the Iatty acid was
more completely oxidised in the preseDce of sewage. Thick growtis of film
coDtaini-. ng bacteria, -veasts and algae developed in the upper part of ttre tilt€r
supplied with stearic acid and sewage, and in three -m-ootls' trme almost
clogged the filter.

The exFrerimeDts showed that higb coo(entratioos of stearic acid could be
readily decoDrposed io percolatiDg Iilte$ in tbe absetrce of sewage, aEd that the
acid was oore completely decomposed wheD rt was preseDt together witll
scwage liquols.

THE PI,ANT IN DISEASE : CONTROL OF DISEASE

(Departments of EEtoDtology, IDs€cticides aDd Futrgicides, and pl;nt
Pathology, and BiocbeBistrj' kiotrl

(a) INsEcrs exo Trrtr Coxrnor-

xLvrtl. C. B. WTLLTA}'S. " Colktt"d Rcclrds R?lalinE lo Ins.ct Misrotrort.
Thnd Scnes." Proceedings of the Rot'al EDtoimotogical So;ietv of
Irrdor, A, 1938, Vol. XI, pp. 6-10. 

..
L omatiotr is tivetr relating to eighteen movemetrts of buHerllies atrd one

o_{-qaagoDlfies, oJ which,accounts have been sent in by correspoadenti in
differcnt parts o{ the world.

xrrx. X- J- cRixr. " Th. Colkction and -Atarysts of R.cords of Mis.di,s
I,.srcts." Blitish Isrrs 193l-1935." Etrtomologist, 1936, Vot
LXIX, pp. 125-l3L

Atr anaJFiB oI records colect€d Erough thr Itrs.ct Jmhiqratiod
Committee of ttre South Eastem UdoD o, ScreotiJic Societies, shoris con.
siderable evidence lor a aortherly fl.ight of Red Admiral Butter{ty ( yzrrssa
atalanlal iD Great Britaitr in May, Juue ard the begiuiDg of luly, aDd a
southerly retum flight ia September aDd October.

L. P. S. MTLNE. " A D?ttc. lo? th? RdPid Countinq oJ Larye N unbcrs i)'i
Small Insccts." BulletiD ot EDtomological Res€arcb, 1996,.. Voi-
XxvII, pp.269-271.

The device is a large robtint trouSh which can be pais€d uador the field of
a low power binocELa.t microscope. When the insecta aie cotttted th€r-\are
dtBoD-.back ht the storage bor by suctioa cnrteBt of eir. - 

.
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Lr. C. B. WrLLrAvs. " Th? I"Jtu"rrc? oJ Moonlight o th. Atlivily oI Cdtair
No.tumal Insc.ts, ?arti; tblty;l lk Fdiily Noctllida2' as indicalzd

b,y a LiEh, Ttdr.'; ' Philosophic;l TransactioDs of the Royal Society
oi London. B, 1036, Vol. CCXX\-I, pp 367-380.

Catches oI insects in a lieht traD are definitelv influeDced by mooDlisht'
The catches arc lower at IuD ;oon aild hisber at oo moon. The curve of luoar
ioflueDce is as,'mmetricat atrd these as)'mEetries cao b€ exPla.ined by tbe
coEbined etfecI of intensity aDd duration of mootrliSht and by as]'rnEetries io
the rate of chaDge of tbe diration of mooDliSht during the hours oI dark[less-

The ettect is"greater io some SrouPs o[ ri'sects tba; in others. It is particu-
tarly high in the"Iamily Noctuid:a€ a;d is trot {ound in dark and dawtr flying
groups." The effect is greater in the autumn thaD at mid-summer, correspoadiat to
ttre higher altituae of the fuu mooD in the sky.

Lrr. R. D. PTNCHIN and J. ANDERSoN. " On the Noclwrrat Adjli,t o[
'tip\tlir.ae DiPt?ra ai Measuted bt d Light I/dP." Proceeditrgs.of
Lh; Royal EatomoloSical Societi of l-bndon, A, 1936, Vol XI,
pp, 69-78.

The times of appeaiaace of eleven species of craoe flies in a ligbt-traP itr
1933 atrd 1934 ari iisc"ssed, also tleir-time of flight duriDg the Eitht, Pro-
oortion of s€x€s and the influence of cloud, mooolight and temperature oo
iheir changes oI abundaDce Irom ,ri8ht to oight.

Lrfr. W. R. S. LADELL. " A N?u A llarah.s lor S.pa,aring lttsct'ls dnd
ofi?, AnhroPods ftont rtu Soir.r' An-oels oI APPlied Biology, 1938'
Vol. )(XIII, pp. 862-879.

The soil is stirred uP with a stmDg solution of magnesium .sulPbate
ISD- Gr. l.lll which is delnser than aDv oJ the soil animals. Thes€ rise to the
ioir of tne sohrtion in a Irotb Droduced-bv a stream oI line air bubble's pa-ssitrB

ft6m tne bottom upwards tfrough the liquid. The froth is passed otr to a
filter DaDer itr a Bu;bner funoel lihere the ;oil anioals are retarDed.

Bi t[e use oI this aDDaratus a larse Dumber of samples can be examDed
itr a Jhort time. very h'i[h tigures haie beeD obtaitred f6r the soil PopulatioD
much in excess of those recolded by othel workers-

Ille maximum catch was obtained on 8r'ass_land indicating a PoPulation
o{ 487 mfion soil aDimals per acrc, including 475 milliotr insects.

Lrv. I{. F. BARNBS. " Notcs of Cccidorridae.-t1." AEoals atrd Magaziae
oI Natural History, 1936, Vol. XVII, pP. 272-2?9.

Descriptions and not€s otr 8a-U midges oI economic imPortatrce received
for ideDtiiicatioo lrom U8atrda-, Sierra teone, IDdia, New Zealatrd, KcE)'a
ColoDv atrd Esrpt. Foui sp?}c.ie, Dasyneuru lini, Hy,erdiplosis tilicina,
SrcOh;diblosis ;;thoJagi and l2stlem;a ugdula. ate descnlred for the first
time.

Lv. H. F. BARNES. " Alnond and Pedch Buds Atlathedby aGall M;dBc in
Greecc." lonfa l o{ the South-Eastern Agricultural CoUege, Wye,
K€ot, 1936, No. 38, pp.75-77.

Notes aAd descriPtiotr ot Odin"d;Plosis antrgdqli (Alzgnos.)' I -id89
rvbicb is responsible lor the " blastomad€ " or " SoE Dose " disease of almoDd

Lvr. H. F. BARNESaodS. P. MBRCER. " Danag. to Pdrti^lrs oI Alopecurus
prateasis L. 6/ ApaEea seca.lis 2." AoDals of Applied Biology'
1938, Vol. XXIII, PP. 653-657.

A trew type oI damage to the panicles of meadow loxtail 8ra-s.s by lpatt a
srzalds is riiorted lrom Hertloidshire aad Northem lrelatrd. This cater-
pillar usually damages the ceEtlal shoots oI Srasses.

Lvrt. T. T. ANDERSoN. " Ga Midq.s (Cccidornydiagl uho<. Lattac
'auach F*trgi." Joumal of the South_E3-stem Agricultural Colege'
wt e, KeEt, 1936, No. 38, PP. 95-107.

Atr atrnotated list ot 8aU Bidges tliroughout the world who6e larvae have
beea .ecord€d &s l€eding oa lungi, iusts aod milde\rs.
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Lvrrr. A- C. Ev^Ns. ",, Notc on th. Hibcnlation o/ Micraspis sedecim-
purctata a. (Var. l2-Pnnctata L.), lcol. Cocc.\, d Rotharr*ted
Erielincn al Stalio,n." Pl(x.eed,Jogs of the Royal Entomotoqical
Society of LoDdon, A, 1936, Vol. Xl, pp. l16-110.

The activity oI a group of lady-birds during EberDation oo an exld
Ircst at Rothamsted in the {,ioter oI 1935-36 is sho*n to depead olr clitrmtic
factors, chiefly temperuture. Diq)ersal occt[.red durfug a hot day in May.

Lrx. A. lI. LYs^crlr. " A liore ot ,he Adult Frral, o/ Anguitlulina aptiDi
(Shafga), a Nelnalode Poras isinq AptiDothrips Ins cnutin."
Parasitology, 1936, Vol. XXYIll, pp.290-292.

Not€s are givetr oD certaiD structures fu which the female eel-worms as
examiDed by the urite! appear to differ Iroo the oritinal descriptioD b-y
Sharga.

Lx. A. M. Lysacllr. " A Nore orL an Unidz"rilied Fungus in u Bodt
Ca ry of Tao Thsanoptelous /rse.rs.' ?arasitology, l$36. Voi.
xxvul, pp. 293-294.

The presence is recorded of spores oI an unidetrtilied fungus in the body
cavity ot Limothlips cerealium a[d Aptinothlips 7r./6 at Rothamsted. No
trac€ oI myceliuE was louod, nor could the spores b€ cultivated on aDy
medium. Tbirq.-Iive A. rufus irere louDd infested out of about l7,0tli)
eranrined and ole L. c.redlium out ot about l0O examined.

Lxr. A. G. NoRriAN. ' Thc Dcstrudiort of Oah by rhe D.dlh-ualch B.etU -

Biochemica.l JourDal, 1936, \'ol. XXX, pp. l135-1t37.
C€rtain of the oak timbers of Rothamsted Ilouse which had been extetr-

sively damaged by sood borbg iEsects were aDalysed and coEpared Eith
souDd timber aDd the boritrgs or frass to *.hich Duih oI the wood had been
r€duced. The carbohydrates of the cell-wall had been utilised to a coDsiderable
exteot, the cellulose loss :r.couoting Ior about 80 p€! ceut. oI the total lost
which ftust have beetr in the regioD of oDe-third of the weight. Lienia is
apparently resistent and bad coDsequendy accumulated.

Lxtr. J. T. MARTTN aod F. TAaTERSFTELD- " Tfu Problzrt oI th. Eoduatioa
oJ Rdcnon Containing Pran s. If. Derris eliptica, Derrismaraccqcic
and, ,he Sffiatrd-Ttp, .Roors." Aanals of lpplied BioloSy, 19J6,
vol. XXIII, pp. 88G.898. \

- The determination of purilied roteootre, ether extract, debydro compornds,
- ether-soluble resin after potash treatmeDt, and oI the rotetrotr; plus " deguelin

coaceotrates " are earch shown to be itradequate as a meaDs of ass€ssing the
relative fus€cticidal activities of the " Sumat6-tpe,' D. , dacenis: aad
D. .lliPrica rcot6.

Thc toxicarol present in the " Sumaka-type " d"rrrs appears to play a
smalt but definite part in the iasecticidal activity oI the root.- 

-

The resin recoveled Irom the Daterial precipitated by potash froo an
etb,er extract of the " Sumatra-t,.pe " root is oiticaly aiti;e, aqd appears
to be ricb in the precursor oI iuactive toxicarot. 

_

Rotenotre, if present, will separate readily Itom a carbon tetracbloride
solutioo oI " Sumatra-qrpe " resin from *,hich the toxicarol has been rernoved
The possibility of a statrdard method oI rotetrore determiDatioo, depeadetrt
on suitable pretreatmetrt oI the ,esins, is sugeested-

Lxrrr. F. TAI-TERSFTELD aod J. T. M^nrlN. " Tte problcrt of th, Etaltatid
ol Rolcn i. Conlainins Pla ls. I I I . A Study of th. O-bticat Act;vilics
of thz Resirls o/ D. eliptica, D. rnaf,ax_@Dsk ; , thc', Sutnat aJrbc'
Roorr." ADDals o, Applied Biology, t936, Vol. XXIII, pp. S99:dt6.

A study has been made oI the totations of the rcsitrs from three tvDes ol
derr.is root, and oI a fractiotr rich in todcarol separated from two of the-i. No
strictly quaDtitahve relationship betweea theii rotatiotrs aDd their toxicities
to Aphis lum is has beeo fouDd. The addition of caustic potasb itr meth,
alcohol to the beazeoe solutioDs oI the resins ifiduces a characteristic chatr;e
from laevo- to dexho-rotauoD ia the samples ricb in toxicarol. The ilduc&
dextrc.rotation theD decliDes io value wit[ time. This effect is sho\,n bv thc
" toxicarol " resin. The rate ot the declioe is accelerat€d by iDcreasiDi the
amount of methyl alcohol.
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(D) Flrxcos DtsBAsBs.

Lxtv. M. D. GLWNE. " Sori, N.o Brilish Rccot* of Ftqi o, Whcal.
Cerccporella herpotrichoid6 F ot., Cibelina cerealis Pass.' ald
ophioiolus herp<;trichus lFt.l Socc." Tratrsactiotrs of the Brittuh
M'ycological So.lety, teSo, voi. XX, pp, l2Gl22.

Thr€e fuagi not previously recorded oD cereals io tbis couDtry, were
otBerved oo u-heat ai RotlBe;tod in 1036. Tbese are brieflv descriH witb
spore neasurements. C.rcospol.tta hcrqoli.hoides Fron., cotrsidered oDe of
tie most iElrortatrt of the fuufi causiag l6ot-rot i-tr Parts o{ EuroPe aad AEerica
was found iairlv commodv 6n Broaibalk and &ca-siouaUv 6tr other lields
Gtbclliaa csealis Pass., recorded in Northem Italy causirg " white straw
digease " Eai round otr the " altemate wheet aod fallow " plot on Hooa field
O?haobolts hc4orichus (Fr.) Sacc. Setreraly regarded as a weak Parasite.
l,"a-s foatrd oD stubble.

(.) VtRUs DrsE^sEs.
Lxv. M. A. \ 'ATsoN. " Fadors All.ding thc Ariogn! ol lrf.ctior. Oblatn d.

bt Aqhis Trznsnission ;i tk -Virus Hy- I11." PhilGoP-hi?l
fraosictions oI the Royd Society of LoDd6u, 1936, Vol. CCXXVI,
pp. 4.57-,{89.

ln the one Plarrt leaves ol dilfercDt ages diller iu susceptibility to inJection
aod itr iDfectea pbnts differ i.tr cotrcen6ation of the coDtaitred virus. It is,
tlerefoE, desirabte to nse leaves oI correspoDding ages in all cornPar.tive
t66diDg experi-metrB with iEects. A maximum percentaSe i.afectio! was
obtaiied dirirrs the wiater motrths and a miDimuE durhg tbe summer moDths.

The percentige intectiotr itrcreas€s wittr the truDb€r oI aPhids used Per
platrt; -atrd th; iDfectioDs obtaiEed are local aod indepeodelt.- fh" .p.I-
;eotase inlection itrcreas€s wittr iacreased feeditrs tiEe otr ttre healthy platrt
but tEere is nothiog to iDdicat6 a prelimhary time period where Do inl€tioD
is obtaiDed. IDIecti"otr decreases r;pidly witli iDcra;ing tiDe oa the infected
plaDt froE 2 Eiuutes to I hour, afier ivhich Friod it -increases slishuy with
hcreased feeding periods. The ti-Ee rcquiEd for the i-ns€ct to eflect PeDetratio-!
oI the leaf iDcre;i* u'ith decreasiog eiterual humidity. The iDsect iB caPable
oI irrlectirs tEo consecutive bealtblv Dlaots witbout iateroediate acaes to a
souce oI inlectioo, but the numb;'oI secood i.ulectioDs IaIs rapidly \sith
iacrs-siDg tirne oo the h€ltly plaot, and is negliSible a{t€r I hour.

Lxvr. F. C. BasDEN, N- W. PrRtE, J' D' BBRNAL and I FaNxocEEN.
" Lia d Crystall;n Svblaitts hom yir*s'inl.d.d Pldnls
Natuie, t93s, Vol. CXXXVIII, pp. l05l-1o52.

' l'he sap oI tobacco atrd toEato plaDts inlected s'itJl strains ol tobacco
mosaic vi;Is cotrtains trom five to tin tiEes as ,nuch protein as sap from
uDiElected plaDts. This exka proteitr catr be preciPitated bJ- treatment
which does iot precipitate the P;otein of urinlected plarts, aad frola I to 2
gE. can be isola_ted iom a litrdof sap. It is usually inJectious itr dilution o{
[e. ; aEd sediEenls itr a cetrtrilugaf field of 23,ui0 tiDes gnyty.- Hi8hlv
ourilied solutious of over 2 per cei. stf,etrgth separate oD statrding hto two
iaven. of which the lower is fiquid crvstalliDe, atrd t]le upper shows adsokoPy
oioow on agitatiotr. X-ray analysis shows a Pattem suggesting atr arra[gemeDt
oI paralel;od-like moleiules in the solution. The minimum cross_secbon
arei oI the rods G 2O,1OO sq. A. for the dry 8el; the length aPPeaB to be
not less than tea times the width.

t-xvrl R. J. BEsr ald G. SAMUEL 'Th? Rcadion oJ lhc VirLses 
-o.lTmfuo Sborkd Wi and Tobacco Mosaic ro ltu PH Vdue oJ Mtdia

ca d;ni,.; th.t".' Annals of Applied Biology' 1936, VoI XXIII,
pp.509-537.

Itr the abseDce of oxlgetr and at OoC.. sPotted'wilt virus is raPidly iDacti'
vated above ,}I l0 aad it or below ,H 6. 

- At ,H ? it retains its actieity for
0 hours as a'nrle. aad someti[lB f6r as loog 

_as ll hours. Tobacco Dosaic
virus is Lractivated above pH 8.2 and below iH 2, the extetrt of inactivation

'varvins with tie aciditv a;d beins completi at ,H ll aad 0.5. At pH e

6eie ii a rapid lall loia tioe un-til a dtate is reached which the! reEaios
steady. ReaAilstmeDt to pH ? brings about a reactivation' which Sets le3s

a.s tie ti-Ee at ,H I is pr^longed.
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Lxutr. R. J. BEsr aad G. SaruEL. " Th. EIIcct ol Vgiots Ch.rri.al
Tr.alrn r.!s on ttc Adivilt oI lh. V;rares of Torr.4lo Sfo&ed WaA
atul Tobacco Mosaic." Aoiuls of Appli€d Bioloty, 1930, vol. XXIII,
pp. 75S780.

The virus of tooato spotted vrilt is inactivated rapidly itr the pre.!€oce o,
free oxygen, and at room taEperature eveD in its ab6eace. Additioa oI reduciD8
eg€ats p.otectld against ioactivation lor a ti6e, but oridising a8€trts accaler-
ated it. The etlect oI a Eumber of other substaEces was exemined. Tobacco
rnosaic virus q,as siioilaxly tested *ith filteen chebicals, of which ooly
KMtro. and chlorazetre caused rapid inactivatiotr.

Lx!x. J. C^LDWELL. " Fa.rors Alf.ding th. Forfiation oJ Locd Lrsions
bt Toba.co Mosaic V;tus." Proceedings of the Royal Society of
Londotr, B, 1036, Vol. CXIX, pp. 403-507.

A possible Eethod is suggested for determiniog whether the leducilr8
effect oo infectioo caus€d by additiotrs to virus juice ir aa actiotr otr the vims
itsell or on the host platrt. The effect of various eozyloes, oI rrorrtlal seruo
aad of silver dtrate is eramined experimetrtally atrd fouDd to be due to actioD
on tbe virus.

Lxx. F. M. L. SSEFFTELD. Thr S{sc.fiiblily of ttu Plant C.ll to Vilas
Diseasr." .{trnals ot Applied BioloSy, t036, Vol. XXUI, pP.
408-505.

Spraying experiEetrts show that virus caDnot €trte. a plant uDless sorne
of the cells are i-ojured, the aumber of hfectio$ fatlitrg o{f as the tiEe after
the ioiury itrcreases. Micropipette hoculatioo i.oto sitrgte cells tives ooly
about l0 p€r cent. o{ successful infectioDs.

Lxxr. F. M. L. SEEFFTELD, " The R6lc of Plasrr,odes s ia thz Ttars-
location of vdnes." Aaoals of Applied Biology, 1936, Vol. XXUI,
pP. 50&508.

Although htracelular inclusioas may ocqrr tr every cell over lar8e ar€as
of the epiderDis, Dotre hds beetr fouDd itr the guard.ceus of th6 stoData.
No protoplasEic coDoectioas could be Iouud betweea the guard.cells atrd the
surroutrdiog tissues. These lactr support the view that virus is carried Iroa
cell to cell by the protoplasEic bridgrs, lPhotr it Doves ia the grouod tissue
o, the host.

APICULTURAL PROBLEMS
(S€ction for B€e Itrvestitations, and Physics Dept.)

Lr<xrr. II. L. A. TaRR. " Bacillus alvei ard Bacilus pera-alvei." Zetrtral-
blatt Bakteriolo8ie, 1930, Vol. XCIV, pp. 509-511.

It was fouBd t}iat B. aluei can b distinguished fiom 8. rara-ah)zi by l\e
chaoge i-B shaF of the ve8etative cell durirg sponrlatio4 atrd by the rorE of
the eodospore produced. IE other respects tbe orgaD.isms were appareotly
ideotical.

r,xxrrr. H. L. A. TARR. " Srtdies oL Ewopeaa Foul Brood oJ Be.s. II.
Thc Produ.lion of thz Disease Erfelimcaldry." Atrtrals oI Applied
Biotogy, 1936, Vol. XXIII, pp. 558-584.

E).p€rimetrts showed ltat Bacillas ah,ci and. St/.ptococa.s a?is woruld not
infect hea.lthy colonies oI bees directly, but would do so when lirst us€d to
inoculate larvae phich were starved and were subsequetrtly itrtroduced into
the colooies after infectio[ had developed. It was also lou[d that a filterable
virus is itr no way implicat€d as cause oI the disease, the etiology of whicb is
trot yet certai[. Two varieties of .s. aPis were fouod aDd thes€ have recetrtly
teen showu to be apparently identical with S. ligtlaciens a\d S. tlyc2rin@eus.

Lxxrv. G. W. ScoIr BLAIR aEd D. IIoRLAND. " I Physical Tesl fot Laflg
Honey." lotJlna] oI tlle Miaistry of Agriculture, 1936, Vol. XLIII,
pp.653-657.

There is coDsiderable cotrfusiod aEoDg bee-keep€rs as to the distitrction
betwe€D deEsity alrd viscosity oI honey. The getreral signilicaace of ttre two
Fop€rties is explaiued, aad the importanc€ ol viscosity is discGs€d. Iloneys
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Irom many flola] sources have beeD examiDed, aDd all except those derived
fuofi Caltuia uulsolis an(l lrlloslcrtaum s.ofait n dre louEd to have
viscosities which are uDallected by stirrbg. Hoaey from th6e two excePtiotral
plaEts incrases ia viscGity oa sta.uding uDdisturM, but the viscosity
decreases on stirring. This property, well k[own iD ma[y other rraterials is
caled thixotropy.

A siople Eetbod ,or measuritrg tbe thixotropy of hotrey is descriH iD
deteil. Thixotropic hooeys cell hold Dore water wittrout fermetrting thaD caa
Don-tbxotropic honeys, and for this and other reasoDs, the property is oI
practical importatrce.

Aa iavestigatioa is io p(€r€ss oa the effect oI soil, climate, ald elevatioo
oa the thixotropy of litrg hoaey.

TECHNICAL AND OTHER PAPERS
GENERAL

rxxv. C. B. WILLTAMS. " A Modilied G eiaich liishl4lo&d Rtco/d?t
used fo, Ecotogical Worh." 'Jon'r.al o{ Animal Ecolog-v, 1936,
Vol. V, pp. 348-350.

An apparatus is descriM which by photographitrg the track of the pole
star at niSht &ives all itrdication of wbeE this is obscured by cloud aDd heoce
aa average measure, ia these latitudes, of the cloudiness of the Ditbt sky.
The apparatus *ill not x,ork itr ttre tropics o! the southem hemisPhere.

Lxxv!. R. K. SCEoFTELD atrd G. .w. Scotr BL^!B. " Bcrt rhrng z{fi
Me.tnnisri\s a., spinnbarhcit-" Kotloid-7ritschrift, 1937, Vol.
LXXIX, p. 308.

If a glass rod dipping into certaitr materials is witldrawn, Erbring has
sho*a that straDds of mtterial catr be IorEed, the letrgt! of stra.nd depelditr8
on the ,'ate o{ withdrawal, and oE a propedy of the aaterial whicb he calls
" SpiDDbarkeit " (Fibrosity).

It is sholrn tlut certain honeys called in the kade " stritrgy " are Iibrous,
and that whetr a drop of librous hoDey is exteuded into a straDd otr a mercury
battr its behaviour is highly elastic, the stratrd reforeiDt iato a spbnical
drop Bhetr the shess is rel€-s€d. The phenomeDon is believed to be akiD to
wor'k-hadeoint in flour doughs. (See'Paper vII in 1932 Report,) Fibrous
hoDeys appear to obey Poiseuille's lau/ Iairly elactly when caused to flow
ttrrough c..pillalr tubes.

Lxxvrr. G.W. Scorr BL^tx-. "Ein Mihrotishosimclc, lnr Ni.N-N21r,ron'sch?
Fln.ssigh"ircn." Koloid-Zeitschrilt, 1037, Vol.'LXXVIII, PP. tS-21.

AD apparatus is descriM Ior measuritrg the viscosity of small samPles
of Eatedals. It is esp€cialy suited to deterEhe the extetrt ol deviation IioItI
Pois€uile's traw ia the case of tron-Ne*toniaa liquids atrd thixotropic systems,
and gives atr empi.ical rDeasure of de8ree of thixotropy.

Lxxvtlr. R. K. ScraoFrELD and G. W. Scorr BLATR. " btffuence oI
Viscosift Voridtion on ,hc RtPturc oJ Plaslb Bodies." N^nrc,
1935, Vol. CXXXVI, p. l{7.

LxxH. B. A. KEEN. "l Prelifiitu ry Relort on the Betav;our oJ lhe
Ashb! and ourns Eoapoirrrclers." Mirdstry of Agiculture RE)ort
on Agricultural Meteorologica.l Coolererce, 1935.

Lxxx. IIucE Nrcol. " qties.lnc. d rhc SarJa.. of d Liq{id Distarbed by
al lcast Tuo Agcncies," " T[.e School ScieEce Review," 1936,
pp. 87-90.

CROPS, SOILS AND FERTILISERS.

Lxxxr. E. J. RsssELL. " So;ls ard Ftnilis.ts." The Farmer's Guide to
AS.icultunl Res€arch itr 1935. Royal ASricultural Society of
EDgland, 1s36, pp. 177-225.
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Lxxxlr. E. J. RussELr-. " Marnscs and Maltin( Barlcl/." Farfier and
Stockbreeder, 1936, Vol. L, pp.326-327. - '

l.xxxrll, E. M. C&owrIIER, " Thc Lcss./-hnorr]n Platf Foods-" Fa'l,ner
and Stockbreedel Februarj. 23rd 1937, Vol. LI, p. 476.

Lxxxrv. E. M. CRoWTEER. 'Soils arrd Fcrtiliscrs." Reports oo the
Pro8ress oI Applied Chemistry, 1936, Vol. XXI, pp. 562-588.

Joumal oI the Royal Agricultura.l Society of England, 1936,
Vol. XCVII, pp. 54-81.

_. .The ffaitr steps itr the developmeEt of the technique atrd co-ordinatiotr of
field experiEentatioE during tbe past ceDtury are reviewed and some of the
more .ecent developEents are ilhstrated.

Lxxxvr. B. A. KEEN- " ?ra F*flttions oJ Mechanicd Pouel in Soil
Ci.*ioali(nt." ProceediaRs of tbe IostitutioD of Automobile
EDgiaeers, 1935, Vol. XXIX, pp. I79-1S4.

Lxxxvrr. B. A. KEEN. " l Miseeuaneols Caaserie or? Cr.rrern Agictal-
t*rat and Engineeriag To?,cs. V. Tillage and Pouer." The
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WOBURN g'(PERIMENTAL BARIV(

REPORT FOR 1935.35

BY DR. J. .{. VOELCKER, C.r.E., M.A.

The season 193ef936 was wet and cold, q.ith much rain i!
January, Juae, July (6.a2 inches) and September. Seed bed pre-
paration for autumn-sown crops was difrcult, and wheat tillered
slowly. -The heavy July rainfall delaved cereal ripenitrg and en-
couraged weeds and potato disease, but kale and 6rass benefited.
Harvesting conditions were difrcult but vields were better than
expectd.

METEOROLOGICAL RECORDS

Roirfal Tcrr.Perahrc (M.cnl

I I No. oI I Brisht
Month I Total I Rainy Sua-

i Fall i Days shine
Maxi-
mum

MiD.i-
I lt.
itr

Grouod

Grass
Mitri-
lllUET

i Hours
rs I 107.6
20 | oz.o
r9 I 32.4

1035 i Ins. I

oct. .. i 2-s4 I

Nov.-- I rrc I

oec. .. I l.er IlsSa i I

Jaa. .. I r.ze I

Fcb. .. I r-gl I

Mar... I r.r{ I

April.. I I.2g I

May .. | 1.26 I

JuDe .. | 3.68 I

July .. 8.12 L

Aug. .. , .34 ,

sept... i 3.00 l
oct- .- i r-ao I

Nov... I z.tl I

Dec. .. I r.38 
I

Totet o4
meao ,orlto36 I 27 7a

2r I a2.2
16 i m.ols I so-o
13 | r3r.4
8 I 161.816 l6e-o2r I rs4.o8 I 170.2tc I o.: o
17 I rlo.3
17 | 44.3
t6 I 5t5

I

188 I rzgz.z

{3.5
41.0
60.9
60.1
61.3
06.0
66.4
69.8
64.0
55.5
47.0
46.t

.F.

10.4
41.5

55.:)

"F.
40.4
44.6
37.9

38.4
36.5
43.1
45.3
55.7
6t.0
62-l
63.8
59.7
49.1
43.3
40.5

"F. I12.2 |

30.1 I

32.7 
|

33.r I

25.7 |

38-O i

36.3 |

12.7 I

4r.0 l
52.3
50.8
5l.t
40.4 i

34.7 |

34.9 i

{r.l i .t9.9

"F.
3t.4
35.5
25.6

30.1
26.1
34.9
12.5
39.5
46.6
60.2
45.7
48.5
36.O
32.6
31.2

CONTINUOUS GRO\\1NG OF WHE.\T .{)iD B.\RLEY
Stackyard Fteld, 1936. 60th year (no manure stnce 1926).

First crop after a second two years'fallow (1934 and f$5) ;

previor.ts two years'fallow (1927 and 1028).

(a) Coatinuans Wluct During 1934 and 1935 no seeding of weeds
vras allowed and the land was kq)t well ploughed and stirred.
Although tvdtch h its various Iorms (Ilokns mollis xd Agrostis
slolotifna\ rf,ere eradicatd, maywed, spurry, vetchling and
sorrel survived.
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Red Standard wheat, sown in October, germinated slowly and
unevenly. The unmalured plots had much malrweed, but the very
acid ones (%, 5a, 8a, 8b), wbile over-run with spurry, were singularly
free from and Holats. On the limed plots (2b, 5b, 8aa,
8bb) mayweed again made its appearance. Sorrel also grew freely
on the acid plots. Vetcbling and ma,'weed occurred mostly on the
nitrate and Iarmyard marure plots. Holrus and vetchling seemed
to be absent from the sr:lphate of ammonia plots. The results are
given in Table l.

TABLE I
c6ri.w G,@i,€ ot wh.at,rr*\]rl,!i,it!yi. ts36) rdt@ins.nd Ftok* tatoia,

lb.

2a 2b 2bb 8aa 8bb
train, lb. per acre

r00 61 3t6 4U 548
711 832 616 048 774

r029
1938

1,81a
t,6rr
1,516
I,068
t,a!a

388
l,!a8

ll,
1,306

t,0?l

1,0!t6
G3a
630
6ro

1,358

66.r.

60.0
60.0
60.6
68.5
51.6

65.8
68.7
59.0
69.7
67.2

69.'
6S.5

59.'
58.5

59.5

59,0

58.0
60.0
5r.0

Y
rl4
83'
615
81,
770

898
928
aa1
688
788

235
s48

65
ii4
557

662
129
12'
587
856

l0J

lt.8
ll.?
10.2
13.8
13.4

16.8
t6.t
14.E
tt.l
13.0

4.0
15.8

l.l
13.1

10.9

11,0
7.7

9.1
ll.t

I

2b
,bb

3b
1

5b
6
7

Eb

8bb

tb
10a
10b
tla
tlb

Unb@ured
Sdph.teof^Dm@ia .. ..
A3 ,a, piih LiE , Je., 1905, r.D..t.d 190!

ltto,trtl .,
As,a,riaL LiE, DeeEber, 189?
ABrb,ritltLinr.,rcD.atld Je., r90, ..
Nlta&ofsoda .. ..
Nitlateofsoda .. ..
Mi@IaI Uour6 {SuperphGplate .!d Sulphai

ot Potash) ..
l(iEr.l uaui6 and Sdprate oI AE@Dia . .
4r 6., nth Li@, Je., 1906 ..
Mircr.l Mau6dd Nitrat olsoda ..
U,Eaortd
ltiEld Uou6 ad,ln altemt yc.rs,Sulphate

of^Dbonia ..
As 8a, ,itr! Liric, J&. , 1905, .ep€.t.d Jo. , rsls
ldiaer.l Monr.. and Sulphate ol AE@Di.

(omitt d iD alt mate ye.r, . .
A! 8b,rith LiD., Je.,rr05,.eD..t .l Jd-, 1918
l{ieral Mdqr6 dd, io alte@t yaG, Nibat

ofSoda
Itircrar UduG aDd NiEate ol Soda (o@itted in

alt mt YgBl
SuDerDh6Dhai. .Ed Nrtrate ot soda . .
R.F Dllst
Solpbal.of Pot !haDd Nnra!.otSod. . .

Famrd Yatrr.

In general the yields of 1936, after the second two years' fallow-
ing, resemble those of 1929 after the first two years' fallowing,
although no rnanures have been applied since 1926. But on the limed
plots the 1936 yields were much treater than in 1929 :

Total lime added, totrs p€r acre . .

(The dates of the lime applications, making up the above totals,
are given in Table I.)

Evidently these plots provide valuable experimental material for
the study o{ the relation of liming to soil acidity and crop yield.

(b\ Contbwws Barlay. D.tr],:,g the fallow, plots 2a, 5a, 8a and 8b
had abundant growth of sorrel and spurry, and the latter was mown
to prevent seeding. Ma1'weed and vetchling were prominent on the

M&ur6 ADplied Alnually.
{B.foE the FaUd.)

For doults s ReFrt l9a7'19r8
No maluc since 1916
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nitrate plots. Plumage Archer was sown ia March, and ripened
nnevenly with a damp and weedy stmw. (Table II). The lelds are
of the same order as those after the first two years' falloivhg.

TASLE II
Co,6iM G,@i,s ol BNkr, tsxs-ztt, , ,aar!' (lorl-let6) fu!@ars anat Fcnqs

lellfiirE,lgr? ailsra

Meur6 Applied Amually
(B.Ior. lbe Fallosl

For amouDts@ Remrt 1997-1998
No Uaur6 silce ls26

lb.

Cball,

lb.lb.

I

,tl
,bb

tb
tbb
4e

ab

6b

7

8b

8bb

9b

l0a
r0b
ll.
ub

t,73E
l,lio
1,t6r
1,409
1,716
r,2EO

1,689,,1'
1,376
1,660
I,o!9
1.6{3

r,ii'

l,9lt
2,177

n:
.16,'
44.0
14.6
i18.!
47.0
{a-!
10.6

1(l.0
4E.9

tfr
44.,
49.0
17.'

l8.t

tu,
!r9.1

,t4.,
17-6
46.7
lE.2
!49.6

,1
1,03r

910
E3'

l,rl0
760
96{
,32

83E
1,079

564
879

1,16E
823

r,r!'-

I,t6'
1,4t6

1,405
426
483

1,175
1,62'

lr.8

19.5
19.0
16.6
2t.6
16.3
19.2
t1.7

lE.2
,o.2

rr.,t-
17.1
2r.9
16.3

,25

zfr
,E.1

,8.'
16.6
t.6

,3.i!

2,152
1,66il
1,068
1,961
,,,t1i

ROTATION EXPERIMENTS
Tnr UutxneusmD MANURTAL VALm or CAKE .{ND CoRN

(STACKYARD FrELD) 1936.

Series C- (Cl,ner foUating bula\.
The Alsike clover, sowr in March 1935, was poor and weedy,

and eelworms were present. The yields in cr.t. per acre, were:
cake-red plot, 19.8 ; corn-fed plot, 20.2 The clover was ploughed up
in September and sown to wheat,
Series D- Wfust alt r Clow

" Red Standard " wheat drilled in October, was affected by the
early frosts, but recovered. The yields were:

Plot

Hea.d Co"n

Tail Corn
Slraat,

ChalJ, ck.Bushels Weight per
Bushel.

I After cake-IeediDg
2 Aft€! corrrleeding

19.9
t7.5

lb.
44.3
64.6

lb.
8*
6l

l8.l
t6.0

, ioor,'*po.ii reoi,

roiiitta ii
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This rotation being now concluded, the land will be fallowed and
thoroughly cleaned in preparation for a new experiment.

GnEN Mexunrrvc EXPERnGNT

Slacfuwd. Fdeld (Series A)
This experiment has now been redesigned on modern statistical

principles and will be fuJly described in next vear's Report. Four
crolx--mustard, tares, clover and rye grass- are to be used, ard
the test crop will be kale instead of wheat. The results for the
closing year of the old experiment were as {ollows :

(a) Up[er fan. After the rrheat crop of 1935, mustard ard tares
were sown on the appropriate plots. Thev made good growth and
\Mere turned in and sown to kale.

lb) Lower Parf. This area had been sown to wheat after the
mustard and tares of 1935. The green crops were too poor to be fed
by sheep, so they were ploughed in in August 1935 giving, for mus-
tard and tares respectively, I,875 lb. and 4,98I lb. of green matter
per acre, arld 8,33 lb. and 24.6 lb. of nitrogen per acre. No second
sowing was made. The wheat yields of 1936 were :

Mustard unlimed . .

Mustard limed
Tares unlimed
Tareslimed .. ..

r0.2
8.t

ll.{
8.0

Graitr
bushels
per acre

Sha*-

Ft acre

t0. t
9.4

ll.0
Il.t

Larsome Field (Green-matuittg). 1936. Grcen crops after uhcal
The Iirst crops of tares and mustard were ploughed il, in Jdy,

and a second sowing made, the crop being tumed in later, in pre-
paration for wheat. In both crops mustard made the better Browth,

Latsome Field. Lucette bqculatiott ea?etified
The plots were harrowed and received l0 tons of farmyard

manure per acre. Three cuttings were taken, the yields, in tons per
acre, being 21.3 green, or 4.4 hay for the uninoculated plots, and
2I.l green or 4.3 hay for the inoculated. As before, inoculation
shows no benefit either on yield, or on nitrogen percentage. The
lucerne is now {ive years old and is still growing verv well.

POT CULTURE EXPERIMENTS
The mair prograrnme was the continuation of work on problems

which have arisen in connection with the field experiments. The
experiments on " clover sickress " in different kinds of clover, begun
in 1931, have now definitely established that the clover sickness
which is so common on the light soils of Wobum is sonething apart
from eelworm attack, though the trro are very frequently formd
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co-existenr.- Heating of the soil to lBtI4O "F- prevents for a time the
advent of clover sickness and also cures it, if present. In lg86 thertill more important discovery was made that'a tiberal aDDlication
oi farmyard manure was successful in preventine clovei'sickness
from_ appearing in the crop, while any'kind of irtificial manuie
failed to stop its appearance.

Th" $lldy of questions relating to acid soils, such as those
produced by the continued use of sulphate of arrmonia on a lime_
deficient soil, have again taken a good deal of time. Some of the
important results are (a) excellent crops of barlev can be srown on
tbese soils witbout anv addition of lime provided thev ieceive a
good dressing of farmyard manure. (D) the ;ddition ,i"if.lr*."ft.
o.f any kind cannot repface the use of caustic lime in bringing back
the fertility of acid soils, (c) even large dressings of phos[hiies do
not bring back the fertility of tbese-soils, a_, 

"tra_s 
teen itated b\'

many-workers on the subiect. This would, of course, have been the
case if the loss of fertilitl'had been due to rhe presence o[ aluminium
salts in toxic quantities on such acid soils.

The work on the effect of manuring with various forms ot sreen
manure plant material, in comparison with farmvard manure and
of sulphate of ammonia bas coniinued. The resulti obtained do not
lend -themlelves to a summary, but it is hoped that they ydll be
published during the comiag viar.
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WOBI.IRN FARM
REPORT FOR T$6 BY J. R. MOFFATT

Stackyard Iield permanent wheat and barley plots rvere croplxd
in 1936 ;fter a twtr years' fallow. All plots of both barley and
wheat, except the acid plots, appeared to benefit from the fallow.
The ciover in Series C was very thin early in the year and later
became weedy, with a resultin[ poor balj f ield. I;r S€ries D the
wheat looked well but at harvest time the crop was rather uneven.
It ripened late and fallowing operations started soon after the
removal ol the crop,

In the six courie rotation the wheat and barley yielded very
well. The beet yielded fairly well, although growth was slow dwing
the summer. Potatoes were badl], attacked by late bl8ht and, in
soite of trvo dr1' sprayings, vields were low, Clover grew slowly after
a'n excellent sia.i iri tS-'S5"ana the f ield was disippointing. The
clover undersown for the 1937 crop took well although a few bare
Datches were noticealrle after hanest.' The new rotalion experiment (described on p. 203) was started
this vear. The seeds oridutto*t in th" la.t cr6p of the old green
manure experiment were nearlv as tall as the wheat. The mustard
and tares frill"d on the otheihall of the experiment covered the
ground well in spire oI being short. The kale crop dritled immedi-
itelv after the ploughing in of the treen crops Srew well and plot
dillerences were soon noticeable.

Beet in Lansome lield looked well h Jr:ae, but made poor
gror th during the summer. The crop aPPeared stunted and the
ieaves formed in a close rosette around the crowns. The experi-
mental plots presented a much healthier appe:uance, although the
yields were below the average.- 

Potatoes in Butt Furlong looked strong and healthy in June but
were later attacked by latl blight which affected the yield. The
crop vas twice dry sprayed but the haulms withered early and the
tubers were ready for lifting early in September. ,

Part of the kale area in Butt Close was sown with cabbage,
Xmas, Primo, and Savoy being drilled at intervals. Both the kale
and cabbage were attacked by flea b€etle and the first sown cabbage
had to be-re{rilted. The field remained clean, but early Srotrth
was slow.

Liaeslock

Sheep and pigs did well throryhout the year, the lambs being
sold fat bff thidass during the suhmer. ThL Pigs delivered to the
bacon factory gradea very wel[, 65 per cent. of them beirg in the
bonus gradei. -The cattle, purchased in the autumn of 1935, were
sold fa[ of( the Srass throughout the sumrner.

Shoto Stccessas

At the Bedfordshire Show in -July a first prize was obtained
for fat lambs, first and third prizes for gilts, and a bacon pit shared
the premier award.
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Notes on the Construction and tlse of the

Summary Tables.

The presentation of the results of simple experiments is an easy matter, it being
usually sufficient to give the mean yields of the individual treatments rdth an associ-
ated standard error by which dilferences may be compared; a difference of three
times the staldard error of a treatment mean may be retarded as sigaificant. In the
case of complex or foctoial exFrme\ts, however, where there are all combi.nations of
several sets of treatments, or other factors, the mere presentation of the mean felds of
th€ sets of plots receiving all the different combinations of treatmelts does not give aD
adequate or easily comprehended survey of the results.

In order to illustrate the points involved we witl first consider the simple ty?e of
factorial design in which there are all combinations of two staadard fertiliseis, niirbgen
and phosphate, each at one level in addition to no application. This is called a 2x2
desi6a, and involves the four treatment combinations.

(r), n, i, nl,
the sl..mbol (l) being used to denote no treatment. Each treatmert combination will
bereplicated several times, using a randomised block or Latin square layout. In what
follows the_ s]'rnbols are taken to represent the mean lelds oieach pirticular com-
bination of treatments.

There are two responses to z, one in the absence of y', namely (l-(l) ), and one
in th_e _presence oI I , namelv (nl--l\. These two responies may differ, bui irequently
the difference is smatt-too small tb be distinguished from exdrimental error-jand in
such cases it is often suficient in considering the results of th; experiment to take the
average 

-respons€ to r when y' is both present and absent. This average response, or
maht efJecl, is clearly

N : E l("H) + (tt- (r) )l : llttl--!+r-(I )l : *['r-(I )] t + (t )1.
The advantage of the use of (l) instead of 0 to denote no treatment is that it makes
possible the above veryr simple formal algebraic statement.

The differentiat response to z in the presence and absence oi / is the diflerence
between the-re_sponse torl when, is present, and the response wtien y' is absent. In
the tables of the reports for lg34 and all previous years ihis difference,

(al--!) - (tt- (t | | : n H---a + (rl,
has been called the inlctactionbetween z and y'. In reports Ior the year lggS onwards
(i.e. beginning with the present report), the interaction has been redefined as ozc
half the atrcve difference, i.e. in s5rmbols by

N P: +l(n?--D-(t-(r\ )l: lln!-p-n+ (r)l:*h-(l)l t/-(r)l.
Note. l-qat th€ differential response to , in the presence and absence of y' is the same as
the differential respoEe to, in the presence artd absence o{ n, i.e., tfrere is only one
interaction between z and 1.

The introduction oI the factor I has the following advantages. First the standard
errors oI the main effects and all interactions oI any 2x2x2-x . - . design are then
equal, ard secondly the response to any treatment in issociation with any combination
of the other treatments is expressible as the sum or difference oI the various main
effects arrd interactions, without ary numerical {actors. Thus irt a ZxZ design tbc
following relations hold :
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llalrt-f-(rllr-(r)
,tp-?
,+-(r\

Expression in Terms oI
Response to

Response

,r (, absent, mear of & and no E)
; QD and I absent)

; andy' (mean ofAandno l) ..
r and , (& absent )
t, I and h (complete fertiliser)

Main Effects and
Interactions

Treatment
Combinations

r (mean over all r)r (l absent)
z (y' present)
randy' together ..

Sinilar expressions will hold for any other 2x2 design.
It should be particularly noted that the interaction does not enter into the expres-

sion for the response to z and 1 applied together.
Since the main eflects and interactions are statistically independent the standard

error of the sum or dif{erence of two o{ them is y' 2 ttnes the standard error of each.
Erumple. Peas, Biggleswade, 1933. The mean yields (ignoring slag, which

produced no apparent effect) were (in cwt. per acre) :

(l) r k nh
ort. per acre : 3i1.0 38.0 32.0 34.f

The main effects and interactions are therefore :

fl-l:lI.,.*
N.r(-1.41

There is a significant response to nitrogen and a significa-nt depression with potash,
the interaction not being signiiicant. If the interaction, though not sigaificant is not
assumed non-existent, the estimate of the response to n alone is

N_N.K:r_(r):+5.0 +1.41.
The estimate of the response to the two fertilisers together is

NII(:rn-(l):+1.2 *1.41.
The 2x2x2 arrangement is similar. The eight treatment combinations are

Q'1, tt, b, h, nP, tk, lh, ttlh.
The main effect ofrl is the average oflhe four responses and is therefore
N :ltaph-fh) t (n!--!lr @k-hlr (n-(t))l:It1-(t)l t?+G)l tlt (I)1.

The fbi[ orda interaction between N and P is defined as the average of the inter-
actions between N and P in the presence and absence of 1{, and is therefore

N.P : lll Qtlk --*k -lk+ h) + l(nQ----tt-l+ (t) )l : ltt-(t)l t?-:(1,)l It+ (l)1,
tnd the siifu order interaction is defined as ote lalf the difference oI the above two
interactions, and is therefore
N.P.K:ll!(nlk---nk--?h+ hl-llttl---lr-?+ (l))l:+tn-(l)l LD-{l)l tn-(l)1.
Just as t-here is only one interaition betwlen two treatments, so there are three
iirst order interactions between three treatments, one between each of the pairs of the
treatmmts, but only one second order interaction between the thrce treatments.

The following expressions for various tjpical responses may be noted :

N
N-N.P
N+N.P
N+P

in Terms of

+1.00

Expression
Treatment

C,ornbirations

| [nh{n-h-(rl),-(1)

![n]k!ttf-k-(t)l,rr-(r)
rfk-(rl

Main Effects and
Interactions

1V-]V.P
N-N?_N.I(

+N.P.K
/v+P
N+P-N.K-P.K
N+P+K+N.P.K
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If the second order interaction is ignored the response to all three factors in con-
junction is equal to the sum of the main ellects oI th; three {actors.

When three levels of a fertiliser are included the situation is somewhat more
com-plic_ated. If the yields at no single and double dressing a.re to, ,r, ,ri the response
to the double dressing, which may be defined as the lincq zcsy'ozse, is measured by

N a:'t2'--4o,
and the excess of the response to the second dressing over the response to the first,
which may be defined as the c$flalu?c ol the responsi curve, is measured by

Nc: (t;-<tr)- (tt r---aol:nr-2nt+n o.

With the ordinan- tlpe of fertiliser response curve the curvature will in general be
negative.

With this convention the response to the single dressing is given by
rr---ro:;(Nr-N!),

and the additionat response to the double dressing is given by
. ,t ---zr:{(NrfNr).

With two fertilisers each at three levels the linear response and curvature to each
fertiliser will be the mean of such responses over all three levels ofthe other {ertiliser.
T\e i*qaction of thc linear r*|unsei will be defined as

N r.Pr: l(n;p r----otdpo--adp2+ntp o): lllr----tto) (pr--lo\.
(The factor { is omitted in the tables given in the 1934 report.) The other three
components of interaction may be defined similarlr', but in a first study of the results
of 3 x 3 fertitiser experiments it is usually sufficieni to confine attention to the above
component of interaction. In 3x3x3 experiments ltre s*oad older in elaction ol
linear respolses, namely
Nr.Pr.Kr: [(n rt rk E-'-ttgp rh o----ttSp rh r---"ttol zh z**olok zlr,ol. 2h o+rtO oko---adp oko): I(ar----ao) @r__iol @z_ho),
may be ot mterest.

The summaries of this report are so arranged that as far as possible the main effects
and first order interactions are available without the nece;sity oI taking out any
means. The first order interactions are often given l, the fo.ri., of respoise to one
treaament in the presence of, and in the absenie of the other, under thi heading of
".tlifferential responses." The standard errors (prefaced by the sign +) applicabli to
all comparisons which are likely to be of interest are alsoshotni Thev iri deduced
from the standard errors per plot, which are given in the details of the ixperiment.

The rough flrle for use with standard erors is that a quantity is significant iI it is
treater than twice its standard error, and the difference beiween iwo quantitiei having
the same standard error is significant if it is three times that standard error. ThG
tht.mear.response to sllphate of ammonia in the lg33 Brussels Sprouts experiment at
Woburn is given as g.0l clfl.t. +1.89 cwt., which is there{ore s'igariticani, since the
response is alrnost 5 times its sta:rdard error. The responses in the absence and
presence of poultry manure are 12.38 cwt. and 5-64 cwt., each urith a standard error of
+2.67, and the differential response (or interaction) which is the difference of these,

though suggestive, is not significant, being only about two and a half times the stand-
ard error of each of them. The responJe to'sulphate of ammonia in the presence
qt poult.y marure, 5.64, is significa-nt, being more than twice its sta-ndart error.
The same interaction car be looked at from tbe point of view of response b poultry
manure in the absence and presence of sulphate of ammonia, These responses
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1."",8ti9.1+n y., again with a siandard.error of +2.67, giving a mean response of
+.61 cwt. rvrth a standard error of +I.89. The mean response and the responie in the
absence oI- sulphate of arnmonia are therelore signiticint. tui thl response in the
presence of sulphate oJ ammonia is small and not s"igrrificarrt, W" harr" lie." , ..r" oi
cornmon occurrence where one of two quartities is significant and the other i" 

"oi, 
Uui

where the tryo quantities do not diffeisignificaatty"f.o- orr",r,oth"..
Standard errors, besides their use {or testing the significaace of comparisons from

one particular-er:pe_riment, are of importance when thjresult. oi a nlr-L.oi"1p.+
1T!:Iil.i?ir:d, since they serve as ameasure of the,reliabitity of each experhieni,
ano also gtve the lntormation necessary for lelliag whether the variation froh exoeri_ment to experiment in the effect under suwey 1s a real one or whether rt cai 

-be

atl ributed to experimental errors.

. The s-ejond and higher order interactions are likely to be of even less importanc e

1!{.}lr. f!r"t o..95. interactions..and this fact is made ue of in confounding, ;hich i; a
modrltcatron of the randomised biock method, introduced in order to keep-the number
of plots 

-pe-r 
block small rvhile allouing a la.rge number of different triatments. In

confound-ed experiments certain compaiisons iepresenting high order interactions are
confounded (i.e. mixed up) with dilferences b6tween biocki. Thus in the 2x2it
arrangement.c given.above., the plots receiving the treatments trA, ,, p and A might be
put- in_ one set of sub-blocks oI 4 plots, and the plots receivirg tr:eatinents b,;h. bkand (I) rn another set of sub-blocks of 4 plots. The second order interacti6n worild
then be completely confouldcd. On irregular land a considerable increase of precision
may result from keeping the blocks small, There are mary examples of conforinaine of
varyilg complexity in the experiments of this report. Thire is not space to discu.r"ali
the implications of confounding here, but it will-be seen that ir gen'eral the results of
interest,, namely the main effects and first order interactions: are unaffected bv
confounding, and tables involving these interactions only can be used without regart
to the confounding.- In- certain cases, e.g., Bx2x2 and'Bx3x2 exlrriments, wiere
some of the first order interactions are uravoidably slightly coniourided, these inter-
ac-tions have slightly higher standard errors than the olheri; this is indicated in the
tables themselves, the correct standard 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 sniall in magnitude com;ared with
the experimental errors._ They can therefore be used to provide an estimate of experi-
mental error instead oI the usual estimate provided- by replicatiou- This m'akes
possible complex experiments in which each combination of ireatments occurs once
only, thus enabling greater comptexity to be attained with a reasonable number of
plots.. The 1933 potato experiment at Wisbecb is an example of this type of layout.

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-1-68 pp 177

t7+

CHEMICAL ANALYSES OF MANTIRES USED IN

REPLICATED EXPERIMENTS, 1936

%N %Po. % K,o

Chaffed Straw
Adco ..
Superphosphate
Sulpbate oI Amdonia
Muriate of Potash ..
Nitrete ot Ua

84.6,:

(r) Applied in Autumo.

% Orgaaic
Mattef,.

84.6
t6.9,1

0.50
o.11

2o.oe) 2r.0(r)

16J
C) Applied

re Rotation
%N

0.50
0.82
0.41

s"n

3.60
3.65
3.23
3.76
l.E5

0.13
0.30

16.0e) 17.0(r)

io Spnrg.

0.13
0.20
0.30

r6.6

26.7

Sulphate oI Af,rnooi,a
Nitrate oI Soda

21.0
16.2
15.8
20.7
4.08
3.63
3.68
1.25
3.86
3.80
5.60

3.r2,3.04
a.26
0.82

=t.7g
1.60
l.7i
1.67
1.66
1.78
0.99

PO.

Nitrochdk .. ..
Cvatramide.. ..
Paultry MaDure (Dried) (l)

Superphosphate

Repe Duat .. ..

Fish l[c.l ..
DuaS (2)
DunS (3)
Dung (4)
Dlrtrg + Straw (5)

0.83
0.66
0.92

5.63
0.69
0.69
0.95
l.l2

1.45
0.86
o.87
0.95
t.21

SutDhate of Potesh .. 49.3
Muiiate oI Potash .. .. 51.4
Muriate oI Potash Oigh Srade) .. .. L 62.2
Potesh Salt .. i 3f.O

(l) Used lor RothaBsted aod Wobum Experidenls. All othet saEples o{ Poultry' manure used at outside ceakes,
(2) Used in Rothamsted Sugar Beet Experimetrt.
i3i Used ir Rothamsted Potato Experimeot, Autumo applicatiotr.
i4) (5) Us.d in Rothamsted Pobto Erperiment, SPritrg aPplicatioo

17.(L-17.8 Tob.l
16.6-15.7 Water Sol.

Three Courae Rotation
% Orgadc , %N % P,O,

%K,o

]latrures. % K,o

Manures.

r.00
0.28

52.O
2Ag

/P,o, %K,o

62.00) 6r.4r)

r.g0
0.?0,:t

Superphosphate
Minelal Phospbate

through 120 mesh)
Muriate oI Potash ..
Sulphate oI AfimoEia

Four Course Rotation
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Stx
Sdphate of AhEoDia
Soperphosphats
Mudra,te ol Potash

(r) Applied in Autumn,

CyaaaEide
Nitrochalk
Superphosphate
Mudate oI Potash

AVERAGE WIIEAT YIELDS

I

Meao yield per I

acre, l9 -35 l

r76

Gouroe Rotatlotr
.. 2r.0 % N.. 16.0(r), r7.6e)
-. 61.0(r), 61.4(')
(!) Applied ia Spriog.

Long Period Cultiyation Experiment
2O.7 o/o N
15.8 % N
17.6 % P,O! (Total)
5r.4% K.O

OF VARIOUS COUNTRIES

Country. Coutrtry.
Mean yield per
acte. 1926-35

t7.s
t7.7
16.8
ll.9
16.6
20.1

7.1
6.2
8.3

6.0.

, DetrEark
ArgeDtitre ..
Australia
Canada
UEited States
U.S.S.R. (Europe aad Asira) j

Nor..-Figures {or Great Britaitr, EnglaDd aDd Hertfordshire are
lgnculture's Agricuttural Statistics,', Vol. 70. Otheryear uook of Agricuttural Statistics,,' tg2g-g7.

. Excluding lgll.

taketr from the MiDistry oI
figuresIrom Intematiboal

CONVERSION TABLE

rl acre (lO sq. chains or 4,840 sq. yards)
il bushel (Imr'€riat) (8 saltons) 

'.:
I lb. (pound avoirdupois)
;l c$t. (bu.odrcdweight, lt2 tb.)
:l tou (20 c*.t. or 2,240 lb-)
il Eetric quhtal or Doppet

T,,-atoer (Dz.) .. -' 
. .

I metf,ic too (totrtre)
I bushel per acre .. ..
I lb. per acre
I cwt. per acre
ll totr per acre
ll dz. per Hectare
ll kt. per Hectare .. ..
I

0.405 Hectare
0.364 Hectolitre
0.453 Kilogramme

50.8 Kilogrammes
1016 Kilogrammes

/ 100.0 Xilosrammes
1 220.46Ib. -

1000 Kilogrammes
0.899 Hectolitre DtE llecb.re
l.tl8 Kilosrammles D€r Hectare
1.256 dz. pir Hectaie

26.12 dz. Der Hectare
0.796 cwt. per acre
0.802 lb. per ade

- - In ADerice the Winchestd b8bel is used:35.236 likes. I Etrglish bushel:l.O32 Amoricatrb8shels. Ir Aderica I clrt.:loo lb.

- The yields of graia iD tbe replcated experiEerts arE giveD iE cwt. per acre. One bushel ofwheat weiShs 60 rb., of bartey weighs E2 lu., of oats wei;* ri-rU. .jpi"iiit"ry.
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METEOROLOGICAL RECORDS,

Rain. DraiBage throuSh soil.

No. o{
Rainy

L936

TemperatuE (Meatr) .

Total
Fall

r/ro(x}th

Gauge.

Daws
10-01inch 20 ins. ,t0 iBs. 60 ins.
br more) deep. deep. deeP.
ri r0ooth

Gauge.

Bright I It.
S;tr- -\tax. Mrn. io Grass
shine. gr'd Min.

rS36-- Inches. No.
lar- .. r.954 2l
i.eb. .. 2.334 16
Mar. ,.i 1.413 15
Ap.il .. 1.385 12
Mav.. 0.530 I
Iuie .., 6.338 l9
i"lv .. 4.93S 22
Aug. .. 0.35,1 7
SeDt. .. 3.574 19
o.i -- r.83{ 16
xov- -.i 3.s42 l8
oec. ..1 234s 2l

Itrches. Inches. Itrches.
3.807 3.898 3.719
1.842 2.070 1.957
0.437 0.533 0.620
0.240 0.271 0.266
0.000 0.005 0.008
2.851 2.074 1.892
1.878 2.054 1.890
0.023 0.058 0.050
Ll32 r.230 l.l2t
0.610 0.638 0.560
3.390 3.703 3.467
1,741 1.868 1.823

Hours. oF. oF. oF. oF

4S.6 42.5 33.6 38.2 29.1
8r.0 39.7 30.6 35.6 24.8
86.0 49.8 38.3 41.5 33.5

126.8 48.6 36.4 43.5 31.0
t77 -O 6l.1 43.4 52.7 34.7
182.8 66.0 50.7 58.7 46.5
t20.9 65.5 53.0 6r.0 49.7
181.2 68.5 52.2 6l.1 47.5
8{,4 62,7 52.0 58.6 48.0
s7.l 54.1 41.4 49.0 36.3
46.3 46.4 34.7 43.4 31.6
55.7 44.8 34.6 40.3 3l.l

Tolal or I

M.an 33,216 17.961 18.115 17.282 1292.8 n4.1 11.7 18.6 3f.3

RAIN AND DRAINAGE

Monthly Mean for 66 Harvest years' lE70-l - 1935-6

1"+P- i

Drainage. Drainage % of
RainIall.

Evaporation

20-in. 4Gia. 6o-in. 2o-in. .10-in. 6o-itr. | 2Gin. 40'in. 80-ir.
a;,.-- .in,a r:.n,- c"--. c"."" c".ce I (]ense. Gause- GauctC."g". C.rg". Gauge. , Gauge. Gauge. Gauge. I Gauge. Gauge. Gauge

May .., 2.051 0.488 0.55.1

Itrches Inches ltrches
1.586 1.608 1.660
1.347 r.368 1.494
0.674 0.620 0.?46
0.410 0.320 0.430
0.430 0. 1 0.338
0.521 0.406 0.470
0.918 0.793 0.866
1.386 r.307 1.344
1.563 1.497 1.628
t.895 LA77 1.700
1.s88 1.958 2.00?
1.E89 r.875 r.916

lwte . .1 2.212 i O.lA7
[uly ..1 2.609] 0.?l r
Au8. ..1 2.562 0.673

0.565 0.512
0.741 0.692
0.687 0.646

56.3
76.5
85.1
82.1
71.O
53.2
32.6
23.8
24.1
28.3
26.3

33.2
55.6
78.4
88.6
90.0
75.7
50.6
36.5
27.0
25.2
27.4
26.8

30.7
51.6
74.0
84.7
85.9
76.0
56.4
34.7

21.2
25.6
25.2

.158 14.712 15.188 14.653 50.6 50.2 14.1lC 13.670 11.505

Inches Inches. Itrches. Itrches.

195
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CROPS GROWN IN ROTATION, AGDELL FIELD

PRODUCE PER ACRE

M
Mineral Manurel

No Nitrogel

34
Fallow Clover

Ave.aEe ol flrst twenty-two Courses, 1848-1935

o
Unmanured
sitrce 1848

C
Complete MiDe@l
aEd Nittoge[ous

Manure
t2

Fallow Clover
or Beatrs

5
FalIow

6
Clover

or Bean

169.6 901.9

22.1. 26.0
r3.3 16.4

31.4 16.5

,0,8 19.0
13.0 12.8

Roots (Swedes)
Ba ey-

Dressed grai!
Total straw

BeaBs-
Dress€.i Grair
Total strav

Clover llay
Wleat-

Dressed grain
Total staw

bush.

340.4

2S.r
18.0

26.7
29.1

29E.9

33.6
2r.3

21.2
15.4
52.0

28.3
25.0

bush- 22.7
22.4

1:.6
9.{

,5.6

r8.9
t4.9
52.t

28.8
29.7

21.3
2t.2

Pr€8eDt Course (23rd), 1936

t936 | Roots (Turdps) .. c*t. | 24.4 9.4 | 53.8 51.0 | 112.6
. Plots l, I aad 6 based upoo 20 courses. Plots 2, 4 aDd 6 based upor 19 courses.

65.3

t lDcludes straw, cavings and chalI.
I Miaer.l Eanure; 628 lb. Superphosphate (35%) : 500 lb. Sulphate ol Potasb: 100 lb.

Sulphate oI Soda: 200 lb. Sulphate of Magnesia, all per acre. NitrogenoN Maoure: 206 lb.
Sulphate of Ammonia and 2,000 lb. Rape Dust per ac.e. Manures applied oDce every Iour years,
prior to sowing oI Swedes.

it Based otr I courses.
$ Based on l3 cours€s,
CulrrvArroNs, Etc.-Ploughed; Sept. 17-24 and March 24. Cultivated; April 17. Sprilg-

tine harowed; April 25 and May 2. Harrowed; May 18 atrd 25. Rolled; May l, l8 aod 25.
HoIs€ Hoed; Jutre 17 and July 20. SinBled; June 3o-July l. Manures applied; May 14.
S€€d Sown; May 25. Variety; Bruce. Lifted; Nov. 10-17.

ri

24.5
24.5
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WHEAT AFTER FALLOUI_HOOS FIELD

mthout Manure 1851, attd slnc!
SCHEME FOR CoMPARTNG 

^ 
tHYJH,o FALLow wlTrr A oNE YEAR

Each of the tr,o strips on Hoos Wheat after Fa[ow is divided itrto Iour parts. In the yeer
'when a strrp is in crop, otre quarter continues to be Iallosed, so that this quarter has a three-
year fallos. Different quarters are selected {or lauow in successive years itr the rotatioo Siven
in the fo[owiflg table ;

AWB

178

Cropplng of strtps A and B
C:CroP. F:IiaUoii'.

AI B3 B4

r935
1936
1937

3 3 lS38
t939
I940

i44
A comparison of the elfect oI a three-year fallow with the eflect oI a otre-year fallow will be

possible itr every year.
Hall tle experimetrt cootinues to b€ wheat alter one year fallow, and coEtinuity with previous

rcsults wilt thus be maiotaitred.

PRODUCE PER ACRE, ]9.36

BI,\4A3A'

FCCC
FFFF

1932
t933
t934

FFFFccFc
CFCC
FFFF
CCFC
FFFF
CCCF
FFFF
FCCC

FFFFcccF
FFFF
FCCC
FFFFcFcc
FFFF

Dressed Grail-bushels . .
Total Grain---{wt.
Weight per bushel-lb. . .
Total Strall'---<wt.

AI
., 7.1
.. 5.0
., 59,6.. r0.9

Aoerage
E0 y.ars,

Mcar. 1856-1935
5.2 14.4
3.6 8.2

69.0 58.9
9.4 12.6

4.4

60.0
9-3

4.2
2.A

57.4
8.1

CulrrvATrons, Erc.-Cropped sec6ons; Ploughed Aug.27. llarrowed; Oct. 24, 26 aDd
March 24. Rolled: trIayo. Seed So1^,n; Oct.26. Variety; Red Staddard. Harvested; Sept. I
Fallowed s€ctron ; floughed; Aug. 27, April I and Aug. 2{. Sprbt-tine Harrowed; Feb. 14
CDltivated; Mav 20 aid Jrne 29.
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t3l

PARK GRASS PLOTS
BOTANICAL COMPoSITION PER CENT-7936 (rst Ciop)

MaIIuritrg

Utrmanurcd

Complete Mi[eral Manure

Mineral Matrure (*itlrcut Pot-
ash)

CoBplete Mitreral Manurc atrd
double Amm. Salts

Min€ral Matrurc (without Pot-
ash) and double Amm. Salts

Cornplete Mineral Manuie and
double Nihate o{ Soda

Mineral Matrure (without
Super) and double Sulphate
Amm. 1905 and sitrce.

Farmyard Dung in 1905 and
every Iourth year shce
(omitted l0r7)

Farmyard Dung in 1905 ard
every {ourth yqrr si[ce
(omitted l9l7) : each ioter-
vening year Sulphate oI
Potash, Super., alld Nitrate
oI soda

" Other Orders "
coDsist largely

OI

Ccnlaurea ga

( Scabiosa

I ctant"go

Plantago

. s?hondyl;ut'1

sPho yliurr

Attthris.us
syloestris

Aihriscus
syhedris

1)ulgare

,*lC":

Liming

Unlimed

Limed
Unlimed

Lided

Ualimed

Limed

Udimed

Limed
Uatimed

Limed
(sutr)

Limed
(shade)

UDlit!ed

L.6,7881b.

L.3,95r tb.

Uolilned

L.3,150 lb.
L.5701b.
UDlimed

L.2,772tb-
L.570 lb.
Unlimed

Gram-
ineae

I,egom- Other
Orders

t7.03 16.20

9.87

29.34

18.45

24.58

0.06

0.04

r.69

3.14

0.62

0.05

0.03

6.t8
9.90

5.19

9.42
1.68
2.96

36.77

16.26

l?,06
23.r6

23.03

31.47

3.76

0.37

0.53
0.06

6.?3

2.29

1,73

20.31

I9.04

0.3r

5.20
11.37
1o,72

20.19
6.25
6.51

f Sc&iosa

\sanguisofia

f Leoatodon
\ hisridus

lsabguisofia

l0

l4

44.4i

53.60
M.0g

54.52

43.97

96.19

99.63

99.47
99.9r

91.58

94.37

94-65

79.53

80.93

s9.69

88.62
?8.73
8.1.00

70.39
92.03
90.51

l9
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BARLEY-HOOS FIELD, 1936

Manuring (amouats stated are
per acre).

UDmanured .. ..
Superphospbate only (31c\a't.) ..
AIkali Salts only (20O lb. Sulphate o{

Potash: 100 lb- Sulphat oI
tua : lO0 lb. Solphate oI Mag-
nesia)

Crmplete Minerats: a-s 30 with
Superphosphate (31 cr+,t. )

Potash (200 lb.) aDd Supe4)hos-
phate (31cut.) .. ..

Arnmonium Salts oaly (206 lb. Sul-
pbate of Ammonia)

Superphosphate atrd Amm. Salts . '
Alkali Salts and Amm. Salts
Complete Mitrelals and Amm. Salts
Potasb, Super. ard AD6. Salts ' '

Nitrate of Soda oDly (276 Ib.)
Superphosphate atrd Nitrate o, Soda
Alkali Slats ard Nitratc of Soda . .
Complete Minerals and Nitrate of

t6.5 11.3

25.9 19.0

22_S 15.5

20.1 23.7
45.7 35.6
35.1 25.t
47.7 39.3
43.O 3a.8

25.4 24.3.
5t.1 38,8.
39.7 24.5.

17.2 3f.7.

40.2 30.2.

45.5 39.7. 22.6

44.5 31.2. 20.9

1936

Dressed Grain I
bushels p€! Total

acrcll I Grain

10.1 13.4
18.8 r9.0

Total Straw
ciit. per aclet

1936 1852-
1928

12.1
t3.5

14.6

5.9
9.0

lo
lo
30

12.6 35.5 20.3
51.5 J8.r 25.O
4A.O i3.7 22.O
53.0 37.5 26.0

f.t
9.8

8.7

ts.o 11.2

13.8 9.4

la.g t3-7
2t.9 20.1
22.7 16.0
26.6 23.6
32.5 21.7

22.5 15.1.
30.6 23.1.
21.9 16.6.

27.5 23.6.

24.4 1E.21

21.5 23.9'

26.5 19.9.

25.6 25.1.

25.O 20,6
25.a 22.0
26.4 20.1
2a.L 22.6

r8.9 73.i1
12.2 28.1

8.6

13.6

11.8

9.5
2r.3
16.2

21.9

12.8
25.1
18.5

23.5

61.0
53.6

52.t

54.0

53.8

17.O
62.8
19.1
53.{
51,5

40

50

l^a

2A
3A
4A
6.4.

IAA
2AA
3AA
4AA

49.6

49.2

54.1Soda

I.IAS

3AAS

SAAS

4AAS

As Plot IAA ard Silicate of Soda
(4O0lb.)..

As Plot 2AA and Silicate of Soda
(40o lb.) . .

As Plot 3AA aDd Silicatc of Soda
(4001b.) ..

As Plot 4AA aEd Silioate of Soda

I9.' 50.8

,2

50.6

54.9

51.7
53.3
62.0
53.8

IC
9C
3C
4C

?,1

(foo lb.) .. -- i 1s.3 39.9' t, %.5

Rape Cake otrly (1,00o 1b.)
Superphosphate and Rape Cake ..
AlLali Salts and Rape Cake
Complete Minerals and nape Cake

DuDg (l4tons) 1852-71 : alterwards
utraaDured

Farmyard Maoure (14 toDs)
25.1 22.51
58.2 11.6

6-t
6,:}

I

UDmaDured siDce 1852 .. .. ' tl.g t4.l
Ashes llom I-aboratory lumace

t862-1933 : afterwards unmatruredl 11.5 15.7 
|

Nitrate o{ Soda ody (275 lb.) -. i ,o.2 28.7i i

Nikate oI Ua oDty (275 lb.) . . I 16.1 3I.75$l

l2-8
28.1

7.3

t1.7
22.4

53.6
53.1

40.6

49.4

50.o
51.5

ll.9 8.6

12.2 9.3

22.5 17.8\
27.8 9r.0$s

IN
2\

rl f clvt. - 2.15 bustrels. l9l2 and 1033 all Plots were falloved.
t Total straw includes straw, caviD8s atrd chaff.i oo yea.s, 1868-1928. I 56 years, 1872-1928. $ 75 years, 1853'1928. $! 60 years, 1859'

1928.
CuLrrv^rroNs, Erc.-Sha ow ploughed; Aug.28-29. Ploughed; Jao. 20-24. Ploughed

indutrg; Jao.20-24. Spring-titre hirrovrid ; MarcE 16. Harrowed; March 17. RoUed; April26.
Handloeil; Jutre l&il. -Manures applied; March lt-12. Seed sown; March lT variety;
Plumage Archer. Harvested; Au8. 17.
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FOUR COURSE ROTATION EXPERIMENT'
ROTHAMSTED

RESIDUAL VALUES OF ORGANIC AND PHOSPHATIC FERTILISERS
For details, see 1932 Report' P. 127

MANI'RES APPLIED' SEASON T935-6

Organic Fertilisers (cwt. per acre) Additional Artilicial Fertilisers

(cwt. psr acre)

Treatment
Olganic Matter

60 (asF.Y.M.)t
60 (asAdco)
r17.46 (as stra\aJ

P,o. Kro N. as P,o. 6 KtO as
S. of -{. Super. }{ur. of Pot

I ..

3 ..
1 ..

1.800
1.490
0.688

0.842
1.013
0.170
None
Notre

,.035
0.051
2.640

Nonet
0.310
l.lt2
0.36
o.36

0.358 0.905
0.187 2.049
t.021 0.300
t.2 0.6
r.2. 0.6

' As miDeral PhosPhate.
r The F.Y.M. used bad too hrgh a ratio of N. to ortaDic matter' aDd had to be diluted with

q;*lth. ;dil;#;;t "'i.'-"J"'* 
tt 

"t 
, quantitv ollhe mBture coDtainiDs 

-50 
cst of orBaoic

-"tt.r. atso co'ntainea 1.8 c$t. ot N. No additional sulPbate of amBoDia \aas tDeretole requrreo.

Tbe weigbts applied per acre were 288 3 cut. F.Y.M atrd l 6 c\t{ ot straw

r arE!,
Date of Sowing
Ma[ures applied-

Lime
Dung, Adco and
accoaPaDylag
artificials . .
Artilicials to straw

TrcatEents 4 atrd 6
Harvested ..
Previous croP
CultivatioDs-

Ploughed

Harrowed

Roued ..

Hoed
Ridged..
Grubbed . .

lvestertr Wolths
Sept.l0

S€pt. 5

Sept. 5
Sept. 5, Dec. 12,
April 16
Sept. l0
JuDe 23
Barley

Sept.5

Sept. 7, 9, l0

Sept.0

CI.]LTIVATIONS, ETC.

RyegrassBadey

Plumage .{rcher
March l8

Nov. 4
De,r.24
Stlau,
Dec.21
Dec. 24, March
13, 16
March 16
AuE. 20
Potato€s

March 12-14

March 16-19

March 18, April
2a
Nley 27

Yeomal
Oct. 26

Sept. 6

Sept. I I
Sept. ll, Dec. 12,
March 25
Oct,lE
Aug. 20
Ryegrass

24-March 16 11r,, ,r, ,r, *0,.
ll

Potatoes

April T, 8

Aprit 7

Allv
Ap;l ro

Oct. 24, S6. APril
B
May 4

M.z,t 27Aug. 7
April9,
trlay 26,
26

June 29
June 15,
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PLAN AND YIELDS

Potatoes-AP, plots l-25
Ylelds tn lb.

Barley-AB, plot6 26-50
Yteldo In lb., gralrl above, straw b€low

N.W.N.W.

51342
24t 986 342 27A l9l
I III II I\: \I

4l
270 340

VII

219

III

x2
!72 105

Irv
13452

337 194 228 t53 230

IIVIIVIII

1215
17.6 46.6 U.A 67.8

100.0 74.2 s4.1 1r0.?
IIVIIY

3
66.8
834
III

I
55.0
?0.8

4152
70.0 ao.z 70.2 76.1
ss.z 77.3 114.0 103.8III IV II I

453
78.6 74.4 6!1.1

109.9 lr r.9 79.6
IVIV

2l
60.8 60.0
91.2 82.0
III II

N.tl'.

34t2
33.3 37.9 28.r 21.16f.0 6l.1 11.9 A7.1II IV III V

31.2
65.8
I

52t
38.2 2t.t 22.o60.8 31.2 43.O
IIIV\/

3
38.9
58.1

III

1
37.9
64.1
I

21315
37.0 35.5 6t.l 22.6 34.467.8 59.2 107.9 11.2 67.8IIIIIIIVV

312
26,5 38.8 38.1
41.5 67.2 72.1

IVVI

51
3S.t 32.8
64.8 61.2

III II
3

23.l
50.9

1215
10.2 26.6 30.0 10.283.t 10.5 65.0 69.6II III I IV

Wheat-AW, plots 5l -75
Ylelds tn lb., Eratn above, straw belots

Ryegrass-AR t plots 76-100
Ytelds lu lb., hay

N.W.

1
82.4

I

31.1

2
70.1

I

3
38.r

III

25
48.8 71.5

IIV

I

II
4

80.8

IV

ta
11o.o 92.8

VII

52
84.8 16,2

I III

5
8 t.2

IV

I
43.9

III

3
47.9

IV

3
137.1

I

3
38.1

1
83.6

III
5

75.1

II

5
78.3

III

2143
38.1 63.8 75.1 17.O

I\:IVII

32541
93.8 59.8 68.3 67.4 60.9

t32.7 100.4 118.2 93.4 75.A
III[IVIV

24315
57.0 73.2 6r.2 62.5 67.0
71.2 106.8 75.A 76.8 08.8IVIIIIIIV

52131
328 266 401 260 383

IVIIVIIII

11532
2lr 129 09 123 t69

III IV II 1' I
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SUMMARY OF RESULTS, t936

Wleat lPotatoe-r I Barley

A report otr tbe results oI this experimeEt to date G given otr p. 6l-53.

Year
Manure oI

Cycle
criat. per acre

Graia Straw
tons per crt. per acre

Grain StIa*

Ryegrass
cwt. per

lry Eatter

Matrure
as

F.Y.M.

I
II
III
IV

r4.3 23.8
12.0 19.9
10.3 r0.4
8.2 !5.1
8.r 15.8

6.18
6.40
5.24
2.36

27.4 34.6
22.0 30.0
t9.4 28.1
18.6 27.7
20.2 26.0

t5.9
14.5
9.3
8.8

r0.0

Manure

Adco

I
II
III
IV

14.0 2a.5
13.6 2t.2
9.3 14.87.7 t2.6
8.8 r3.7

3.10
4.87
4.22
3.57
3.50

27.5 38.02r.0 36.822.3 33.420.9 28.1
18.7 27.2

17.4
12.5
I1.5
t0.5

Manure

Straw

I
II
III
IV

22.1
t2.2
t4.2
9.7

r0.7

39.5
19.8
2t.3
15.2
18.6

6.82
6.27
4.76
3.56

34.4 48.0
22.1 27.4
20.8 30.8
22.r 28.3
23.6 25.2

13.9
10.4
13.0
83

I
II

Super. III
IV

13.0
t4.7
r3.0
13.9
t3.5

23.5

2t.7
22.4
21.4

7.02
4.18
3.87
5.00
4.95

26.8 38.8
2a.4 36.6
25.6 36.4
28.8 37.7
24.7 34.2

20.8

2 t.8
t0.8
19.6

Rock
Pbospbate

I
II
III
IV
v

tl.4 24.1
14.0 22.3
14.3 23.7
t1.7 25.5
t2.6 21.8

4.12
l.8l
4.01
6.01
2-80

27.3 41.0
25.7 41.8
25.O 43-3
24.A 40.6
24,.9 38.2

21.5
t 9.2
l0.s
t9.9
18.8
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SIX COURSE ROTATION EXPERIMENTS
SEASONAL EFFECTS OF N, PlOi AND r'O

(FoR DElArLs, sEE ,932 REPoRls, P 
'3'I)CITLTMTIONS, EtC.-ROTHAMSTED

Sugar Beet Barley Clovet Hay Potatoes

Variety

Date of SoEitrg
Ma.u€s applied

LiEe alrplied
Ilarvested
Previous croP
CultivatioDs-

Ploughed

Harrowed

RoUed

SinSled
Hoed

Ridged

crubH

Variety

Lime applied
Harvested
Previous crop
Cultivations-

Ploughed

Harrowed

PluDage
Archer

March 18
Malch 16

Ma.rch 9
Aug. l9
Sugar Beet

Dec. 19-
Jan.2l

March 17-
lg, May 2
April 28,

May 2

May 27

Plumage
Archer

Yerch l9
March 19

March 17,
lg, April I

March 16,

Btoad Red

April 18
Nov. 12,
March 24

Juae 23
Barley

April 18

Aprit l8

Yeoma[

Oct. 24
Oct. 18,

March 23

Aug. l9
Clover

July 25

Ally

April I
Apr 0

Sept. 28
Wheat

Sept. 18,
March 28
Sept. 26,
April 7
April 7

Aug. I I

Potatoes

March 27,
April 16, 2

May 4, 13
flarch l5

Nov. 27
Nov. 26,
March 24
Nov, 4
Aug. 14
Potatoes

Nov. 5

Nov. 27,
April 6
May 4

Nley 27

Oct. 25
Oct. 25
March 27

Oct. 17
Aug. l9
Potatoes

Oct. 16

Oct, 23,25,
March 27
April 16, 24

March 25

Kuh!

April 24
April 24

Dec.4-6
Rye

Aug. 2{r,

Jan.2r
Aug. 28,
April20,24
Aug. 28,
Apil24,25
Juoe l3-I5
M^y 26,
June 17.
Aus. 15,20

Broad Red

Oct. 22, 2
March 24
May 4

May 27

Yeoman

Oct. 25
Oct. 25
March 27

Aug. l0
Clover hay

S€pt. l0

Oct.25,25,
March 27,
April 24

March 25

Arv

April ?
April 6

Sept. 30
Wheat

sept. ,. o.
Feb. 2l

Aprit 8,

June 30
May 26,
J.fift 27

CULTMTIONS, Etc,-!A OBURN

Sugar Beet Barley Clover Hay

KuhD

Apr 23
April 23

Date oI sowitr8
Manures applied

March l9
Oct. 25
llarch 2?

Nov. 4, 5
Rye

Sept. 4, 5,
Feb. 21, 22
Sept. 10,
llarch 27,

-{uS. 4
Barle]'

April 14,

March 20

March 20Sept. 10,
March 25,
April I7,

23, 29
May 22,
June 3,
May 27,
June lt,
t5,30,
Aug. 6, 26

15, .\pril l7

May 28,
JuDe ll

April 6, 20,
29, May 6,
May 20,
Jutre 30

.{prilr5-17 April 10-14

Singled

Ho€d
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l9l

ROTHAMSTED, 1936
CloYer Hay-BC, plots I - l5

Yields ln lb.

I- 3N

I oz.r

l4KI czr

l,*
I 

sr.e

sugar Beet-Bs, plots 3l-45
Yields ln lb., roots (dirt!.) above, tops

centfe, sugar percentage below

Rye-BR, plots l6-30
Yt€lds to lb., grain above, atraw
belo!*'

ON
50.3

OK 4P 2P
61.6 70.8 66.2

3P4KzK3K3Nl
46.3 4S.0 17.1 48.0 64.A
89.7 9S.0 97.1 9r-8 l0r-2
0P 2P lK 0N ltP
46.1 48.0 40.8 37.8 50.8
s3.2 07.6 101.7 70.4 92.0
lP 0K rlN 2N lN
17.2 54.4 51.8 53.3 50.1
93.8 107.4 110.0 102.7 80.2

Barley-BB, plots 46-60
Ytelds to lb., grain above, straw

below

2N 3K
45.7 57.2

2K Itr
aa.1 65.2

OP IP
89.6 67.0

3P 4N
63.4 ?6.1

N

I
I

N

t

2P OP
611 622
361 385

18,49 18.41
3P IP
568 641
324 373

18.61 18.81
4N 3N
663 724
348 171

18.72 18.41

oN A{ 3K|
62i 744 zzz I

Jla 466 +zs I,

18.55 18.41 18.87
4K 4P OK
699 705 684
430 488 424

18.4t t8.32 I8.18
IN 2K lK
640 70r 697
454 187 410

t8.49 18.15 t8.32

3K OK lN 4P 2P
80.4 87.1 7A.4 72.O 67.4

l .l 126.r 138.6 !34.8 t30.r

IK 4N 2N 3P IP
92.7 88.5 80.0 76.7 59.8

116.8 146.5 142.5 tS'.O 125.2

2K ON 3N OP 4K
90.6 85.2 gl.4 78.1 81.2

125.9 t15.8 153.3 142.4 l{1.8

Wheat-BW, plots 6l-75
Yields inlb., Erain above, straw below

Potatoes-BP, plots 76-90
Ytelds tnlb.

4N OP lN
5?.8 66.0 52.7

119.2 102-5 94.3
3P TP 2N
53.9 57.3 5a 4

t04.8 t07.2 lt t.4
2P 3N 4K
52.9 67.3 53.5
98.8 1t3.2 t18.8

ON IK
42.a 47.2
80.0 108.8
or 4P
52.1 51.6

104.6 l0?.2
2R 3K
50.8 41.6
97-7 lot.4

N

I

4N OK 3N ON OP
480 4ll 505 440 126

2K 3K ,lP 2P 3P
384 300 506 475 483

IK 2N IN 4K IP
476 404 403 1A7 4t0
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woBuRN, 1936
wheat -{w, plots l-15

Ytelds t-n lb., graln above, atraw below

2K 4P 3P 2P 3N
66.2 68,2 76.0 73-5 82.6

r18.7 114.0 130.5 132.0 152.6
3K OK OP ON 2N
66.7 65.7 72.O 63.2 65.7

110.0 112.7 128.5 80.2 125.6
IK 4N IP lN 4K
68.7 15.2 68.5 62.5 65.7

100.5 t33.9 117.7 99.5 112.0

Clover Hay--{C, plota 3l-45
Yields ln lb., gieen welghts

Rye---CR, plots 6l-75
Yleld8 Ln lb., Eraitr above, atraw

below

IP OP 2N 4K 3(
51.1 53.0 51.2 65.5 56.2

107,7 t16.2 126.5 123.2 118.2
4N 2P ON Itr OK
66.2 59.0 35.2 66.7 59.6

135.7 l1?.7 67.5 120.2 122.7
3P 3N IN 4P 2K
57.2 66.2 36.0 66.0 62.5

116.0 136.0 9r.5 110.2 105.2

Potatoes--4P, plots 16-30
Yt€lds tn lb.

N.W.

t

3K 1P 3P IP IN
330 3,rO 364 380 33E

OK 2K OP ON 2N
913 410 436 600 46E

IK 2P 4N 4K 3N
327 4t0 308 389 371

N.W.

I

sugar Beet--4s, plots 46-60
Yields ln lb., roots (dlrty) above,
tops centre, suEaf percentage
below

IP OP 3K OK ON
418 179 594 692 606
265 285 329 408 343

t7.34 r7.34 17.08 16.68 17.19
2P 3P IK 3N 4P
416 504 654 801 745
277 308 369 626 409
t7.54 t1.74 t7.57 17.28 17.60
4K 2K 4N IN 2N
132 689 a74 711 06r
211 342 538 426 415

t7.67 17.61 17.16 17.6r 17.31

Barley--4B, plots 76-90
Ylelds tn lb., Eraln altove, atraw

b€low

N.W.

1

ON IN 4K OP lK
64.6 76.2 66.7 83.2 17.5

128.6 163.7 1t5.6 135.0 128.?
2N 4P 3P OK {N
80.2 15,5 77.7 A4.7 18.7

140.2 129.7 t27.6 95.7 117.2
3N lP 2P 2K 3K
?8.0 74.0 74.7 72.2 ?0.0

115.7 117.7 115.6 113.7 119.0

2N ON 4K 3P 2K
345 221 131 471 389

lN 4P lP OK 4N
28t 366 456 422 131

3N 2P OP 3K TK
146 410 11a 486 Sl2
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l9J

ROTHAMSTED, 1936
l.-Mca! yleld3 per ac.e aad lactreEent8 ta ,,teld Irer cwt. ol N, pro. and trro.

Average, 1036
193G35 r936

Average, 1036
t030-35 r936

Sutlai
Beet

Roots
(E"rshd)
tois

N
P
K

7.03 10.400.03 1.37
-0.36 0.610.18 0.05

Clover
Hay YieldDry Nmatter P

crit, K

19.5. 15.415.8' t.a
-0.4. 0.Il.2r -0.5

*2.8
+2.8
+ 1.7

!2.7
+2.7
+ 1.6

Tops Yield
toas N

P
K

t.78 73A
3.63 1.03

-t.6t 1.87

-0.68 0.20

+2.13
+2.43
+r.46

Wheat
Grain

Yield
N
P
K

24.7 18.83.8*. a.20.9 -3.0I.8 -0.1
Sugar Mean
Pelcetrta8o N

P
K

10.92 18.48

-o.17 0.1?

-0.06 -0.260.62 0.40

Yield
N
P
K

Straw 46.0 37.1
l0.9ii 23.1
2.4 t.7
2.4 3.0

+4.7
!1.7
+ 2.8

Yield
N
P
K

Total
sugar

24.4
t.4

-2.91.6

38.4
16.5

1.3
3.4

+6.4
+6.4
+3.8

Potatoes Yield
toas N

P
K

7.03
!.68

0.47

6.52
1.87
0.83
2.89

+ r.66
*1.66
+0.03

Barley
Grain

Yield
N
P
K

28.4
6.{
1.2
0.7

28.3

t.t
-9.2

+5.8
+5.8
+3.5

Rye
G!ain

Yield
N
P
x

25.25 l?.3
-r.4s 7.6l.ot l.s
-0.6! -0.4

+3.3
+s.3
+2.0

Stra- Yield
cwt. N

P
K

33.6
t2.6
4.2
2.5

t7.7
l8.t
5.5

+ 6.7
+6.7
+3.4

Straw Yield

P
K

61.5! 14.2
5.45 2t.A
8.0! -1.?

-3.8! -3.9

+3.7
+s.7
+2-2s.e t_o.! n lr' I _J.ul _J.S +Z-z

$1934-36. ..193t-1936. .4 vea$ otrlv, !0J3 and 1936 crcp taited- SisnificaDt rsults iaieavytylrc. Netative sign heaos d?pressioni

2.-Ayerage percentalle lacretoeEt8 ld lreld for each appllcatloE oi N, pto. and K!O.

S193+36. '1103l-1036. .4 vears onlu, lg33 aod tOS5 crop failed. SjgrificaDt leglrlts io heav,type. Negative siSn meaos depressioi.

Average,
1930-35 1930

P
Average,
193G35 tS36

K
Average,
1930-36 1930 1936

SuEar.Beet-
Roots (washed)
Tops
Sugar Percentage
Total sugar

1.04 8.306.46 2.10

-0.02 0.t40.50 6.42

-0.31 0.73

-2.87 3.82

-0.41 -0.20
-0.90 0.52

t.23
- l.l8

0.?6
2.03

1.66
0.67
0.65
2.t8

+4.97

+2.60
Barley-Graitr

Straw
3.04
5.62

l.s8
5.68

2.31 0.56
3.73 -0.6S

0.70 -8.132.35 2.80
+3.r0
+r.?9

CloYer Ilay--{ry matter 9.921 8.55 -3.90. 0.08 0.80* -0.84 +2.70
Wleat-Grain 3.34.. 6.55

7.27.. 9.28
0.64 -2.400.59 0.67

r.36 -0.16l.o4 l.s8
+2.t6
*r.00

Potatoes 4.34 3.18 2.12 10.95 1.40 a2.95
Rye--craio

Skalf, -1.48$ 6.60
1.645 9.56

0.72$ 1.68
2.3r$ -0.73

-r.04$ -0.52
-r.84$ -2.78

+2.88
+ 1.63

N
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l:i+

woBURN, 1936
l.-Mean ylelds per acre aDd incrernents In yield per cwt. of N, PrO5 aDd K!O.

Average, lS36
1930-35

$erage, 1936
1930-35 1936

CloYer
tIay

Sugar
Beet

Roots
(washed )

tons

i-00
3.24
0.83

21.6+ 2a.7

- 11.2. -8.2
-3.6' -10.68-0. l-0

Yield
N
P
K

Stiaw Yield
c*t. N

P
K

0.8r

9.23
7.33
5.61

-1.97

5.63
2.24

Dry
matter

Wheat
Graln

+i -5
.t7.5
!4.5

:!:3.5
a3.5
i2.I

1t.7!
+r.7:l
+ r.03

i2.O

+8.4
E8 4
i5.0

Yield
N
P
K

Yield
N
P
K

Yield
N
P
K

N
P
K

Yield

P
K

Yield
N
?
K

Rye
GIain

Sugar
perceltage

Total
Sugar

Barley
Grain

16.84 17.36

- t.o2 0-19*0.03 0.61 1

0.78 0.52 '.

23.6 32.O
9.6 25.5
3.0 20.4
3.0 -6.0

I 9.81 24.2
I 14.01 t5.2
I -o.st - r.3
I -o.8t 1.0

8.83 1.Oi
3.9? 7.O3
0.74 - r.93
o.74 1.30

Potatoes

Stra*'

6.57
2:03

-0.151.71

Tops Yield
tons N

P
K

38.3

- 0.1
4.3

6.tifi
5.79 | + 1.74

+t.74
+ 1.04

Mean
N
P
K

Yield
N
P
K

Yield
N
P
K

Strau-

20.6$
7.2$
3.8 $

-1.8S

19.6
20.0

3.1

- 1.:

44.t
,14.6
-o.21.2

*9.5
+9.5
+5.7

*4 y€ars oDly, 193l-1935, lS34 clop {ailed. lf93l-1935. !1034-1S35 ooly. SiBniIicatrt resulls in
hcavy type. Negative siSn mearN depressioo.

2.-Average percentage increrDents in yield tor each application ol N, PrOr aad (rO.
\ iStatrdard

2.30$ - 1.48 I +
2.895 -0.07 I+

Rye- Craitr , 5.995 15.28
Stra$ r 8.49I 15.86

+4 y€ars oDIy, l93l-36, 1934 crcp tuiled. ! r93,r-35.
\egative sign mean< depr€ssiotr.

2.56$
r.78! -

03l-35.

42.0
38.0

1.'2

lAverage
,193G35 1936

SuA.r Beet-Roots (wasbed) | 6.12 12.21
Tops 1.37 13.03
SoRar percentage -0.60 -0.1?
Total sog 5.30 11.93

Barley-Grain I o.sz 6.93
Stra* 10.36 -4.94

Average
1930-35 1936

-1.61 8.95

-0.32 12.67,0.02 0.53

-1.53 9.55

0.45 1.52
0.t6 0.0?

Average
1930-35 1936

3.41 -5.335.95 8.40
1.15 0.74
4.40 -4.71
3.40 -0.502.61 2.38

rs36

a3.9I

.x4.6i

+2.61

CloYer Hay-Dry rratter -s.42. -1.24 -o.4.1' 5.54 ro-33. o.90 i3.s4
Wheat--GraiD

Sttaw
17.501 9.42
rs.78t 13.56 - r.801 o.78

-1-46t - 1.05
0.781 l.o3
0.261 0.71

12.11
+3.00

Potatoea 1.12 14.91 0.77 -.1- 10 1.80 4.60 +3.64

Rye- Crain
Stras'

5.995 r5.28
8.49{ 15.86 -2.56$ 1.58

-r.78t -0.32
-2.30$ - r.48
-2.89$ -0.07

+2.50
+2.{S

Sigailicant lesullq in heav-v tyF.

+6.8
t6.8
.l4.l

34.85 40.8
19.35 43.1

-4.2$ -0.9
-4.0s -0.r

I

I

26.2
t2.l

2.7

-0.5

18.2
0.9
2.7

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-1-68 pp 198

i:'i

THREE COURSE ROTATION EXPERIMENT,

ROTTIAMSTED, 1936
EFTECT OF PLOUGHING IN STRAW AND OF WINTER GREEN.MANURE CROPS

For detaits see _lrJJ Report, p. ,i8
cULTTVATIONS, E'rC

Barley Sugar tseet Potatoes

Variety
Date oI sowitrg
Iuaaur€s applied-

Artificials
Adco aad straw

Harvestrd
Pr€vious crop
Cnltivatioas--

Ploughed
Harrolied

RoUed ..

Shged
Hoed . .

RidSed . .

Grobb.d

Preceding

PIurDaSe Archer
Varch 18

Oct. 17, March l7
October l7
Angust 3l
Potato€s

October l7, March 6, 7
October 20, March 16,
IE,IO

October 20, March 18,
Apiil 2t

May 27

Pte.edi.DS

Barley ..

Sugar Beet
Rye

Kuhn
April 24

Sept.l, eprl l.r ], S€ptember 4
October l0
Barle)

September 4, March 30
Septeirber 24, October
26, March 30, April 21,
21
April 18, 24, 25

Jlrne 12
May 26, Jutre 17, Aug.
I,11,20,26

Allv
April0

Oct. 26, April I
October 20
September 2,a-24
Sugar Beet

Octobet 28, Ma&h rt6
October 20, April 7

AFil T

Atrgust I f
April t, Jttre 3l
Msy 26, Jutre 29

GREEN MANURE CROPS-GREEN '\ EIGIITS_TONS PER ACRE

Vanured 1034 35 llanured 1035-36

PERCENTACN DRY MAT'TER

Vetches
Rye

9.68
7.84

t2.73
9.16

lo.0o
7.48

14.t6
0.41

For ea.h break oI the rotatioD, two Iarge samples each of rye aDd vetcheB were taketr Iot drv
matter determhatioD. Ttrese were rreighed &esl, dried at loooc, cle4aed ,rom soil as Iar i
possible ald peighed agaiD. The dry matter percentages thus include a dirt tare correction.

Art'ls. Adco St. I St. 2 M.dt t) -\ft'ls- Adco St. I st. 2 
i 
Mca,

Rarley Vet he3
Rye ..

0.63 0.38 0.56 0.42
2.00 l.7l 2.0s 2.o9

0.17
1.97

0.34 0.18 0.u 0.68 't 0.4.
1.24 1.30 1.83 1.73 i I.5I

Sugar Beet VetchesRv. ..
0.02 0.0r 0.00 0.03
1.63 t.86 1,A5 L25

0.02
1.60

0.0r 0.03 0.0t o.ot | 0.02
1.54 1.46 t.t6 r.24 i 1.35

Potatoes Vetches
Rye ..

0.21 0.18 0.r7 0.20
t.4l l.4r 1.58 1.52

0.19
1.18

0.r0 0.23 o.tE o.22 | 0.20
1.44 l.ll l.l7 161 , 12
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PLAN AND YIELDS

Sugar Beet-DS, Plol8 19-12. Ylelds ln lb. roots (dtrty) aboYc' topa cenl'e, augar
pcrcentage below 

N

StlRI
56t
36S

18.6{

StT O I
551
366

18.81

ArRI
521
356

19.rE

St IRII
832
584

r8.62

AdRI
634
336
10.t3

st2vrr
420
174

19.04

ATRII
636
483

r8.92

AdOII
530
390

IE.E4

AdVII
510
331
l0.tt

STIVII
600
471
t8.40

A.OI
476
2SA

18.95

StzRII
581
rrl6

r8.02

AdVI
510

19.01

st2vr
632
382

t9.50

AdOI
488
247

10.07

st2()rI
567
425
t9.13

srroI
6E2
427
10.r0

ATVI
472
400

I8.IE

&VII
668
151

18.91

ArOII
667
508

r8.46

AdRII St.lVI
+16 486
218 316
18-92 18.02

st9Rr st20I
480 48ll
3rB 3!(o
10.30 18.90

Potato€s-DP. Plots zt-{E- YleldE tn lb.

N

ArOI
362

AdV I
330

STIVII
353

ArRI
318

STIRII
430

STIRI
142

AdOI AdIII ArvII
410 339 152

AdVII St2RI St2VI
4U 374 126

AdOII St2RII 8t.IVI
308 466 392

ArVI STIOI ArOII
436 602 451

st2()r
34t

stroII
501

st20Ir
6t4

st2vrI
333

ATRII
4G8

AdRI
12a

Barley-DB, Plots .l-2:1. Ylclds ln fb, gr.l!.boee, sEaw below

N

St.lRII
80.3
97.1

st-ror
72.4
a7 -7

A.RII
79.1

110.4

AdVII
42.4

10t.6

St2RI
80.6

StzRII
72.5
E9.8

8t2Vrr
78.2
00.3

ArOI
67.7
82.8

ArRI
6l.l
72.5

STIOII
76.0
03.6

ArVI
65.0
80.8

AdVI
62.0
69.8

stz0rr
71.6
85,6

ArvII
\o2.1

St,RI
49.8
70.7

st2vr
60.4
76.4

ArOII
78.6

106.0

AdOII
80.8

AdRI
tll.8
55.0

strvl
66.8

AdOI
67.0
E6.2

stz0r
46.7
78.t

St.lVII
?l. t
42.4

AdRII
62,4
63.8
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SUMMARY OF RESULTS

Manured l934-5

A rcport od the results ol this experiBeot to date is giveD on p. 54-SS.

ilanured 1935-6

Artifi- Adco Slralr Straw
cials St I St 2

Artifi- Adco Strae Stra$
cia.ls St I St 2

Barley Notre
Grai! Vetch€s
c*t.p.a. Rye

30.2 25.9 32.5 29_3
25.4 27.7 29.8 31.0
22.8 ta.1 22.2 27 .O

30.5
29.5

35.1 27.r 33.9 31.0
33.7 36.8 3r.7 3{.9
35.3 23.4 35.8 32.5

32,0
31.3
31-8

27.5 25,1 28.2 29.1 2i.6 31.f 29.1 33.8 33.1

Straw Noae
cwt. p.a. Vetches

Rye

37.0 38.5 39.2 35.2
30.r 31.2 32.7 34.r
3r.6 24.6 3r.6 33.?

37.5

30.6

11.3 92.7 11.7 3A.2
15.7 46.4 38.8 43.0
49.3 28.5 43.6 40.1

10.0
42.?
10.1

35.2 31.4 31.5 34.3 33.9 17.4 35.5 10.7 10.1 11.0

Sulla.Beet None
Roots (w{shed) Vetches
toBsp.a. Rye

Mean

9.53 9.66 11.45 10.02
9.3? 10.67 10.02 10.71

10.45 rl.00 tr.3t 0.08

10.11
10.19
10.70

10.04 10.49 t2.01 ll.?0
11.43 10.42 12.08 12.61
12.05 9.ll r9.$ u.E3

11.28
I t.61
11.58

9.78 10.11 10.95 10.24 10.34 11.ff 10-01 12.11 12 05 11.50

Tops NoEe
totrsp,a. Vetches

Ry6

Mea,

6.61 6.4t 8.17 7.59
8.S3 7.10 7.O5 a.63
7.95 7.1a A.24 7.28

7.2A
7.92
f .71

It.34 8.8,r 9.53 9.49
10.20 7.39 10.51 10.58
t0.78 8.20 12.6S 9.28

9.80
9.67
9.71

f.83 7.03 7.82 7.8A 7.62 10.f7 7.18 10.t8 9.f6 9.2 3

Sugar None
Percentage Vetches

Rye

Meat

18.05 10.07 18-81 r8 90
r8.18 ls.0l 18.02 r9.50
lg.I8 r9.13 18.64 10.30

18.9 t
18.9A
19.06

18.46 18.84 10.10 10.13
18.91 19.18 18.49 r0.04
r8.09 r8.s2 rE.52 18.02

18.8t
18.90
18.82

16.77 19.07 18.79 19-23 18.96 18.76 18.98 18.70 19.03 18.E7

Totalsugar None
cst.p.a. Vetches

Rye

30.1 36.4 43.1 37.9
3{.I 40.6 37.9 4t.8
10.t 42.t 42.4 38.5

38.1
3E.6
40.8

40.4 39.5 16.9 U.1
43.2 40.0 44.6 48.0
40.0 34.5 46.1 44.8

12.6
11.0
43.6

36.8 39.7 11.1 s9.4 39.3 14.2 38.0 45.5 15.8 43.1

Potato€8 Noae
toDsp.a. I'etches

Rye

Mcan

8.08 0.15 r1.20 7.61g.7t 7.a7 8.75 9.51
7.10 9.65 7.63 8.35

9.01
8.81
8.16

tr.09 8.88 ll.l8 1t.47
10.98 9.68 7.88 7.43
10.46 7.67 9.80 10.10

10.66
9.00
9.50

t.30 E.69 9.19 8.19 8.6? 10-E4 8.71 9.62 9.7 2
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I,ONG PERIOD CULTIVATION EXPBRIMENT, 1936

Ihdey

Plumage Archer
April l0

Variety
Date of sol*itrg
Ma.uDEs appiied-

CyaaaEide
Nitro-cbelk
Super. & mui.pot.

Ifa.rvested
Previous crop
Cultiv-atiotrs--

Ploughed
SiEarcd
Ctrltir"ated
Harrow€d

Hoed

- Roled
SiDtl6d

Little Joss*
March 18

Sept. 7
Barley

Oct. 26, 26
Oct. 20
Oct. 26
Oct. 30, 3I, ltlarch 1?,

I

33.4
33.6
35.0
32.6
34.t
32.8
36.0
34.0
34.5
36.3
33.0
33.1

68.1
60.4
60.0
6r.9
68.9
47.2
73.6
68.5
70.5
64.I
62.0
63.0

36.9
34.9
37.t
37.3
35.9
38.7
36.?
34.6
3{.3
40.7
34.O
84,1

5l.l
65.8
84.2
76.2
?o.6

70.6
67.5
70.7
8r.3
41.5
7r.6

S€pt. I
MaigoLts

April 6
April 6
April 6
April 7. 8, Io

Mey 27

April & 2t

IUay 7
I0,.ay 7

Apdl I
April 8

May 96, June 17
Jury 6, Aug. 14, 20.

21, 27
April 21, 26
Jurc 16, 16

CShN
CDN
PShCy
SDCy
PDN
SShCy
PShN
SDN
sshN
PDCy
CDCy
CShCy

31.7
33.1
35.8
37.6
35.6
38.8
36.9
36.5
4l.l
35.9
38.4
38.2

35.6
38.8
37.5
41.5
40.9
33.5
40.9
38.6
39.1
4t-2
34.3
38.3

76.8
7l.g
46.4
80.r
?3.8

73.8
75.5
85.4
72.6
?9.6
78.8

?0.6
81.?
8t.6
93.8
88.8
88.0
82.1
77.1
81.4
91.0
68.2
78.0

N

shN
Sh Cy
Dcv
Dcv
Sh Cy
Sh Cy
shN
DN
DN
shN
Dcv
DN

C
s
P
c
C
P
s
C
s
P
s
P

CDCy
PShCy
SDCy
PDCy
sshN
CShCy
SDN
CDN
PShN
PDN
SShCy
cshN

Irng HooB V
(For delalls see 1934 R€port, p. I75)

CULTTVATIONS, EtC.

Whe.t I MarSoLls

. OriaiDal soring on Oct. 3l with victn tailed owing to insect attack (HeloPhor$ nubilu8).

.t All plots ploughed shauow.

Yelow Globe
Apr 26

April 2r
April 21, JuDe l7
April 9l(\t. 2t-2t
Wheat

Sept. 25.,, Aprit 7
Apr 7
April 7
April 15, 24, 25

P
c
C
s
c
s
s
c
P
P
P
s

PLAN AND YIELDS IN LB.
Wheat-Graln left, straw rlght

Sh Cy
Sh Cy
DN
shN
DCv
Sh Cy
Dcv
shN
shN
Dcv
DN
DN
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Barley-Graln left, straw rlght

13.4
37.9
39.0
49.0
39.0
44.4
42.4
46.9
47.4
45.9
60.0
48.4

70.4l
60.8 i

64 21
76.6i
6r.2 |

68.4 |

67.4
n.sl
66 2l
72.1i
?6-0 I

?1.81

37.4
41.9
4t.0
48.0
65.3
40.2
{3.9
48.8
14.5
26.8
39.3
31.0

61.6
63.6
64.O
69.5
74.2
59.6
64.6

6t.5
14.4
58.0
6t.6

63.1
69.7
65.5
67.8
66.5
66.t
62.0

80.3
68.6
68.5

{5.9 64.1

PDN 462 72
P Sh N 305 6,(
PDC} 361 66
S Sh Cy 317 60
P Sh Cy 314 63
cDN 322 49
C Sh Cy 310 62
sDN 384 68
c shN 3rr 46sshN 348 5l
SDCy 388 60
CDCy *12 56

SDCy 387 66
CDCy 2SA 62
C Sh Cy 321 66
PShN 386 68
cDN 366 62
sshN 328 00
sDN 308 10
S Sh Cy 306 5,4
PDCy 422 A7
PDN 4r0 68
cshN 366 66
PSh Cy 368 60

sshN
SDCy
PShCy
PShN
PDCy
CDCy
SDN
PDN
SShCy
cshN
CDN
CShCy

sshN
cshN
CShCy
PDN
CDN
PShCy
CDCy
SDCy
PShN
SShCy
SDN
PDCy

PDCy
PShCy
CDN
SDCy
CDCy
cshN
PShN
SShCy
SDN
sshN
PDN
CShCy

CDN
SShCy
sshN
SDN
PShN
cshN
PShCy
PDN
SDCy
PDCy
CShCy
CDCy

71.3
64.6

50.7
44.9
48_4
50.6
50.8
47.2
48.6
51.1
50.6
48.7
46.8
49.0

t8.a l

ze.zi
87.1 ,

7s-6 i

zs.o I

77-tI
ss.s I

zz.el
74.7 t

re.ol

{6.4
48.8
49.5
.10.7
42.5
52.1
47.O
5t.7
15.7
60..r
43.0

Mangolda-Roots left, tops rlEht

cshN 33r 54
sshN 386 63
P Sh Cy 340 58
CDCy 299 50
C Sh Cy 256 60
cDN 256 40
S Sb Cy 24o 50
SDCy 3r0 66
PDCy 382 60
PShN 408 7t
PDN 388 62
sDN 36{ 60

PDN 427 78
sshN 388 70
sDN 326 64
cDN 333 55
SDCy 394 82
PDCy 349 66
S Sh Cy 274 48
cshN 374 60
P Sh Cy 37r A2
C Sh Cy 4ll 68
PShN 444 66
CDCy 426 85 144
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Ii-st Yea.r
This year

Summary of Results

GRAIN:Wbe.t
N D I 2t.9 zl.a 2r-2

Sh I 23.2 zz.i 2r.o
Cy D | 22.s zo.7 2t.2sh I 22.5 20.r 20.r

St. erors +0.S62

cq6. per acre
22.? 22.2 20.A
23.8 21.8 21.2
20.8 2r.4 20.6
18.4 21.4 r9.2

21.6

21.6
20.9
+0.555

120.7
I zr z
I zo.z
I fi.a
I

10.8 r9.7 t9.6
20.8 20.0 r9.4
20.5 t8.0 r9.2
20.3 r9.0 t9.2

St. errors +2.81

11.5 ll 46.2 46.7 26.013-a ll 40.6 4s.? 43-B
45.8 ll 12.r 42.a e.B11.f ll 44.o 4{.s lr.z
+ 1.82 ll

ND
sh

cvD
sh

12.1.
13-9
39.5
11.1

21.E0
21.t6
22.01
19.32

17.2 41.3 42.O
17.2 46.2 37.6
51.6 13.2 12.8
40.1 38.9 40.2

STRAW : cwt. p€r acre
11.5 ll 46.2 46.7 26.0 40.0 39.8 40.3

42.? 10.9 39.5
37.2 35.9 36.0.r0.0 39.0 37.r

4.66 3.16 3.10
3.83 4.06 3.6I
3.28 3.63 3.77
3.57 2.64 3.96

Mangolds ROOTS : toos per acre
21.11
21.22
20.27
17.4I

+0.f 68

3.54
3.51
3.45
3.16

26.A1 22.2A 18.69l 24.78 18.92 t9.32
22.02 20.20 18.051 25.?7 22.62 2t.7o
20.37 22.52 2t.5Sl 20.26 22.87 21.AA
18.22 r8.40 t?.091 2t.53 15.90 23.85

ND
sh

cvD
sh

23.r6 22.rr r8.05
23.01 20.?2 19.04
25.33 20.22 t7.26
20.25 16.84 16.74

St. errorc a r.33

ND
sh

cvD
sh

ND
sh

cvD
sh

3.74 3.77 3.r0
3.76 3.56 3.21
3.84 3.64 2.0?
3.44 3.05 3.06

28.1 27.2 22.7
27.8 23.4 18.8
30,1 26.8 24.0
24.4 26.2 20.3

4.18 3.37 2.E4
9.74 2.56 2.70
3.22 3.6t A.26
3.08 2.93 3.02

3.55
3.47
3.11
3.20

Barley
ND

sh
cvD

sh

20.2 30.0 28.3
30.4 28.6 24.7
2A.8 2A.7 23.A
28.9 27.t 25.0

St. errors + r.36

GRAIN : c$t. Fr acte

28.t 27.4

STRAW : c$t. pe! acre
44.7 16.4 11.1
tg.a 45.7 42.7
12.2 38.2 16.8
42.7 37.6 $.1

| 3E.e
l36.3
139.8
I Js.g
l+o.ccr

| 29.9
| 27.8
127.6
| 2s.E

I

11.6
10.0
39.2
39.3

41.6 40.6 34.6
3S.4 38.3 3r.1
42.0 30.8 36.8
38-{ 38.8 33.6

+t.7I

30.8 38.r 40.4
38.4 35.0 38.6
37.2 38.O A3,6
38.8 36.0 39.E

St. errors

TOPS : toas per acrc

t Erclndilg SC Cycle A.

I c""ti"""""Ir
I P S C lMcot
lP s c 

I

26.1

26.6
2 3.E

33.3 20.4 29.4

28.3 25.4 2a.4
24.2 28.O 27.2
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La3t year
This year

201

Mean of Nltro-Chalk and Cyanamide

Continuous

GRAIN: c*t. per acre.. 22.11 zt-tr 2t.2r | 21.6' lt 2r.0 '21.8 20.?.. 22.8t 21.31 20.61| 21.e ll Zt.t zt.a zo.z
20.5
20.4

.. 22.6' 2r.3 20.9') 21.6 I Zt.l Zt.t eo.t 20.4 19.1 19.1

Cycle B IC P I Meus cl

20.2 19.3 lg.4
20.6 19.5 19.3

St. errols (r) +0.680, F) +0.481, f) +0.399.

STRAW: cr,rt. per acre
40.41 43.81 42.31 | 15-2. I 44.1 '44.2 

42.81
16.at 42.81 38.et I e.r ]i {6.8 a5.8 a2.8

I .. 18-O 13.2' 10.81 15.9 ll 15.1 15.0 12.
St. crror3 (r) +r.sg, (.) +1.4r. e) +r.16.

10.9.
42.5

38.6 37.8 38.!
4r.4 40.0 38.3

10.0 36.9 38.2

ROOTS: tons oer acre
93.241 2l.t8r t7.06tt 20.69 t, 23.69- 22.10 20.t1

19.18 )l 20.s7 10.30 t8.02
22.62 20.50 2r.gg
93.65 r9.21 22.78 20-59

23.08 20.06 22.3E

2r.03r 18.28r

3.70 3.66 3.(N
3.60 3.30 3.r4

TOPS: totrs per acre
t3.50 

'1.70 
3.41

.35 l'3.41 2.94
3.04
2.86

3.40 3.48
3.35 3.73

.. 3.70 3.1t 3.09 3.19 2.95 1 3.3E 3.00

GRAIIi: cvrt. De! acle
25.21 2A.5t 23.41 I 26.1s II 30.8- 20.4 28.0
26.31 24.81 19.6' | 2J.6' lJ 28.8 27.t 27.3

I .. 27.t 25.6' 21.5. ) 25.0 ii 29.6 28.2
St. errors (r) +0.965, (r) +0.082, e) +0.65?.

28.727,9 25.4 2A.0
28.6 26.9 24.8

26.2 28.2 25.1

STRAW :

x5.71 t39.1'
32.4r

St- errors (t) +1.2r, C) +0.816, e) +0.600.

' Excluding SCDN Cycle A.

12.2 1l.f 13.1 38.0 36.E 3E.1

10.1
39.6

37.0
3S.2

cwt. per acre
43.4 41.8 43.6
41.0 41.6 43.t

12.21 40.2r
38.0r 38.61

38.5 38.1
37.6 35.5

10.6. 39.1' 31.0.

I .. 22.a419-72' 16.0q 20.05 ll ZZ.O8 eO.AA
St. erroB (r) +0.040, f) +0.866, C) +0.649.
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Condusione
For aLl rhree crops the plots ploughed every yeax tave consistently higher yields

than those simared every vear, and the latter gave higher yields than the cultiYated
plots. For wheat and barley the results were similar with the rotating cultivations,
[hough the differences were somewhat smaller. For mangolds with the rolatint
cultivations, the resutts were similar in Cycle A but ir Cycle B the cultivated plots
gave higher yietds than the simared plots. It should be noted, however, that
ihe ploughing, simarint, and cultivating were all carried out at the same time.
It is-proposed to modif!' this practice in-future, the ploughing being carried out at
a timi judged favourable to ii, while simaring and cultivating are, postponed until
a Iavourable time nearer sowing date.

For barley the deep cultivations gave hiSher yields thar the shallow cultivations,
the differences being smaller on the rotatiag part than on the continuous Part oI the
experiment. For mangolds there was little difference between deep and s!n]!ow
culiivations on the plotJ receiving nitrochatk, but on the cyanamide plots the shallow
cultivations gave reduced yields. For wheat grain deep and shallow culti tions
gave almost identical results.- 

There was again little difference for wheat and barley between the yields with
nitrochalk and cyanamide.
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NEW GREEN MANURING EXPERIMENT,
STACKYARD, WOBURN

Begun Autumr, 1936
Oa;ects: To compare the Iertilisi[t eIfect! on kale of clover ald ry€ra-:s a-s leys (arte! taki[t

a crop oI hay) atrd of Bustard and tares as green nranures ploughed itr i-u oid-seisoa. -
To assess the effects otr kale oI dunt aDd sulpbate of ainmoiia atrd oI the application oI

straw with aDd without dDrt aEd sulphate of ammoda.
RoTATIoN: Balley, s€eds, kale. (2nd season.)
TRlAttaBNas: 5 x 2. factorial design.
LEys aND GREEN uANUr.Es : Clover sod ploughed in, ry%ra-rs sod plouthed fu, tar€s plosghed itr,

mustard ploughed in, Ia[ow.
The seeds are established under barley. After ba.ley soEe oI tLe plots not carlring teF

arc sov/B with groeu lltaAures, the reEainder being lelt fallow. Itr mid-s€aso! the leys ate
cut atrd weithed atrd the yields of th6 treetr manlure crops a& deterEiaed by saDpli[g.

DuNc : Notre, l0 tons p€r acfe.
Sul.priarE oF aMMoNIA: 2 cwt., 4 cwt. per acre.
StRAw: None, ll tons per acre.

Tbese are applied to the l,atrd belore sowiag kale.
-IRRAIaGEIdENT : Two raDdomised blocks oI 40 plots. As the rotatioa is a two-)rcar oue, €&h stage

of it is grown every )rear in sirgle replicatiotr.
SpEcl^L NorE: Io 1936 only the gr€eE manure and the kale crop vere grorr.E, laustard b€irg

8rown on the (C) plots aad tares on the (R) plots.
SI,EcraL NorE: In 1936 ooly the gieen maaute alrd the kale clop were growtr, mustard being grovD

on ttre (C) plots aBd tares on the (R) plots.

KALE
WK-STACKYARD-T936

Plan and Yields in lb.

-S
-SDS

\
N

2\
:i\
'\
N

Di
IN\
l\\
9N
N
N

2N
2\
,N\
2N
2N

885
871

lt56
ltl4
l13l
r043
1283
1486
77t

ll70
ll9l
loSl
1050
850

ll70
r390
1225
lll8
r275
1277

T
T(R)
F
lt
F
-11(C)
T
F
l1(c)
!'
T(R)
F
T
T(R)

}I
l1
T
T(R)

.T

DS 2N t221
N 822

9N 963
N 922

2N t2t5
2N 82
N 893
N 908

9N 96.1
N 728
\ 1116

2N 1219
N 1206
N 802
N 664
N 1008

2N 1230gli lll4
N ll50

2N l22t

;;
D_
D-
-sDS_S
DS
DS
D_
-s-sD_
DS
D_
D-

DS
D-
-s-sD-
t-
-s
DS
-SDS
D-

SysrEM or REpLrcArroN: I randomised block o{ 40 plots.
AxtA oa EAGH Ptot: 0.0367 a.re (20f.5 lks. x l8.2lks.)
BASAL MANURTNG: 3 parLs superphosphate and I part muriate of potash at the rate oI 4 cwt.

Per acre.
CularvArroNs, ETc. : Ploughed; Feb.-llalch. Rolled; yarch 16. Tares drilled; Marcb 16.

Harrowed; March 16. Musta.d driUed ; April 14. HaEowed mustard aDd Iallow plols ;
April 14. Roled; April 17. Hano{,ed tare plols; April 28. RoUed tare plots; May l.
Harrou'ed tu[ow plols ; June 2. DuDsappfed; Jutre 8. Strawapplied; JuEe 10. Ploughed
Juae lGl5. Rolled; Jutre 17. Harrowed; Jutre 23. Kale driled; Jutre 23. Sulphate oI
alaDonia applied; June 23. Earrowed aad Rolled; Jutre 24. Thinned; JD,lt l+22.
Pl,alts 6 iochB apart in the row$ Hors€ ho€d; Aug. 6 atrd 13. IIatrd hoed i Aug. 25 and
S€pt. 0. Harv6ted ; Jaa. 20. Variety ; Tbousatrd head. Previous crop ; wheat.

STaNDARD ERRoR PaR PLot: Kale: l.l3 tons per acre or 8.86%.

M(C)
}I
!'
M
T
T
M(C)
T(R)
M(C)
T(R)r
M
M(C)
F
M(C)
T(R)
T
n(c)
T(R)I r(.

l"

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


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

https://doi.org/10.23637/ERADOC-1-68 pp 207

201

NihoSen aDd or8adc matter buried ill green clops

Dry orgaDic matter c\rt. per acre
Nitrogetr lb. per acre

Tar€s Mustard I .!/rat
6.8 I s.z i r.5

21.Oil?.8'20.9

Yields of Kale : tona per acre
Main effects and interactiona of green manures with fertllisers

, Creen matrure
I Noo" Tares Musta.rd

11.261 t2.69r tl.U'Nodur8
Dung .. 13.791 r3.?9'

11.90r
11.32. +9.4,
13.35.
lz.E',t. -0.48.
11.61r
14.5Er +2.s1.

No straw
Stravr

2 c*t. Sulphate of ammol1ia
4 cwt. Sulphate oI amEoda

ll.20r
13.85r

t2.4t,
15.38r

I1.09'
l4.r4r

Standard errors

12.5? 13.90 12.6r. )t 13.11
+ r.186 +0.1F )

0) +0.66n, o +0.400, e) +0.283, (r) +0.253.
e) +0.4so, (.) +0.358.

Interactlona of fertlllsers
ToDs per a.Ie (+0.605)

| 2 cvt, Sulpbate oI am.EoBia 4 cwt. Sulphate oI allrtrroda
J No duDS Duog I No dorg Du!8

12.4$ l4.l8r 12.96r
lr.69r 13.611 12.27,

Noshaw .. I 10.58
Straw .. ! 0.?0

13.64
12.64 i

Conclusions

13.64 16.6,1
13.?o 16.44

There was a sigDi6cant tespoDse in kale of l..l tons per acre to the tarcs plou8b€d iD, whitre
the respoDsc to mustard plooghed in was negligible. TLis difleretrce catrtrot te accoutrted Ior
by the differeDce itr the amouDts ol DitrogeD buried io the tares aDd mustard.

Sulphate ol ammoda significaDtly itrq€ased the yield o{ kale by 2.9 torB per acre, aod duat
by 2.4 totrs per acre. The respoDse to each wB-s somewhat greatd in the absence oI the other,
thaa in its ples€Dce, bnt tbe dillerence was not signilicaot. The effecB oI thaw lf,ere not
significatrt.

There was no indication ot aDy elfect oI tie green DlaDures on the reE)ors€s to ilEng aod
sulphate o, amInoBia.
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WHEAT
Effect of sulphate of ammonia applied at five different

Rw-creat Knott, 1936

DatB oI applicatiotr ol sulphate of aEEoda. (0.4 cq,t. N per acre)
No N Oct. 28 Jan. 20 Mar. 16 

-Apr,27 
May 25

times

w

I

SysrBu oa REpLrcarroN: 0x0Irtio square.
ARE^ oF EACB PLor : l/40 acre (53.0 lks. X 4?.2 lks.),
TREAaTaENTS: N-9 sJlphg,te o-f amronia (0) arrd suiphate oI aDomonia at th€ rate of 0.4 cwt. N
- per acre applied onoct. 2E (1), JaD. 20 (2), Mar. tO (3), Apr. 27 (4) and May 25 (5).
CuL v^rroNs,^Erc. :- Ploughed otr various.dates duriag S_ept. Harrori,ed: Oct. i8 ao'a April f6.Drilled: Oct. 28. Harvasted: AuA. 18. Variety: Victor. previous crop: Beaas. ^
SUNDAxD ERRoRs PER PLoa: Grain: 1.22 c*t. pericreor{.O2%; Straw: 'l.gf cwt. per acro

ot 4.18o/o.

Summary of Result : cwt. per acre

Lleat of Staldard

30.6 31.9 29.3 25.4 25.5 30.8 30.2 +0-223+1.3 -1.3 -1.2 -t.t +o.e | -0.1 10.516

15.2 6r.3 50.8 45.3
+ 10.5 + 10.0 +1.5+ 4.1

on the average of all times 
"r 

.px11"""1ilf::lphate of ammonia had little effect
on th€ yield. o-f grain, and gave a sitnificant_increase in straw. There were, however,
significant dillereaces in the^yields obtained with the different times of application,
the ear.liest dressing (Oct. 28) producing ar increa:e in the yield of gain',^;hich w;
not quite si8nificant, and the.next three tim-es _oI applicatioir 1yan. iO, tuar. fO, ana
April 27) producing a depression ir the yield of grain. -

The straw yields at first increased to a maximum and then decreased \rith later
application.

Plao .nd Jdelds L lb,, Eraln above, atraw below

35120!a
70.0 72.r 81.6 80.3 7A.7 76.9129.6 118.2 tI3.0 133.? 96.0 ll7.l5a0132
86.3 82.1 84.0 0l.l 88.8 t0.2t20.7 lr?.6 106.2 t26-1 139.4 l{O.8213015
76.2 t4.8 77.5 86.3 77-5 8,1.3134.6 tt0.0 l4l.l r2t.4 123.8 rz0j40532t
82.0 86.4 S0.l 83.E 84.6 S8.4127.0 u7.8 129.6 148.0 148.5 130.8132450
E7.8 76.6 85.9 a4.2 86.0 88.3120.2 148.4 156.8 136.E t35.2 119.7o24 5130r.9 77.2 94.5 00.1 95.2 t9.3t26.1 t48.0 t3s.0 138.4 t48.3 160.2

| ,r.u no,*I +6.8 +0.868
45.0
+ 1.8

(+0.498)
In . ..(+0.704)

(+0.792) : rr0.8
Ircr. ..(+1.121 |
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WHEAT

Effect of fallow and ol one-year leys of clover, ryegrass and clover and
ryegrass, cut once and followed by bastard lallow or green manure

crops of mustard or vetches, or cut tv/ice.
Rw-Pastur€8-l936

Plau and Jrleld8 ttl lb.
Grain Stlal'' Grain Stlaw Glain Stra\( Grain Stra\r'

t33 OMNc20o2NRroovo
RVO
CRM O
cR2 0
RMOoro
R2N
cRl o
cvN
CRY N
CMN
clN

18.6 {8.9 0
18.9 43.8 N
17I ,t,1.6 ()
8.8 29.2 N

l5.l 39.2 N
Il.3 37.2 N
t2.8 38.2 N
13.4 35.4 N
13.2 30.3 N
23.1 46.7 N
16.3 4r.4 0
t4.o 3?-9 N
ll.o 63.6 0
lo.a 56-4 0
t0.7 51.8 0
13.6 57.0 0

rrs ar: po' CR,;
CRI Noto
CMNcvo
CRM O
RINovoo2()oMo

19.5 42.0 N
17.7 45.8 0
l4-7 34.4 N
Il.6 46.9 0
7.5 33.2 N

12.4 3?.1 N
14.2 40.0 0
t5.l 37_6 N
r3.8 38.1 N
r6.t 30.2 N
t2.4 42.' N
ll.6 {4.0 0
1r.8 30.2 N
20.6 47.r N
ll.8 42.4 0
5.5 2?.6 N

12.9 43.0 N
8.3 34.O O

14.3 ,t6.7 N
7.4 28.8 (}

2t.o 60.8 0
17.3 42.4 0
7-8 28.2 N

r9.7 36.6 N
8.3 37.? N

r0.8 44.? N
rg.4 39.8 ()
14.l 48.4 0
16.r €.2 0
20.1 12.6 0
24.r 48.3 N
20.4 37.9 N

ni-f,a.s 37*l

Rt o 9.9 29.5 N
oM o r4,2 37.3 N
cM N 14.4 49_l O
c2 0 lI.t 46.0 N
cr o lt.t 44.8 N
cRv o r3.0 40-8 N
RM O 19.r 41.0 N
cRr o 18.2 40.3 N
02 N 24.4 51.4 0
ol N 96.t 56.{i O
cv o t6.6 40.8 N
cRM N l?.2 46.8 0
cR2 0 16.7 34.' N

l5.l 47.0
8.7 2S.8

t2.l 39.4
10.8 40.4
10.7 41.8
12.2 47.O
t4.8 47.1
12.0 43.0
29.8 66.7
t2a 24.5
13.4 46.6'
o-o 4o-2 i

o.z eo.o I

to.a 30 4
r0.5 37.8

17.6 36.9
23.2 46.8
t6.2 34.3
13.6 38.4
l4_8 39.2
t4.5 27 .7
18.8 55.0
21.2 49.3
21.6 17.8
16.4 43.8
9.O $1.0

t3.0 31.0
,1.0 49.2
8.9 33.4

14.8 40.4

20.4 55.6
0.0 31.7

19.0 63.0
9.1 22.O

14.6 35.5
9_2 23.8
6.9 30.4

r3.9 41.8
9.r 45.9

t2.3 16.7
I7_l 3l-9
t3.6 31.9
tz.o 28,2
r4.0 26.2
,3.9 53.1
13.4 33.4

cto
CRV N
R20
c20
RVN
RMO
020
CRI Novo
RIN
OMN
R2N
RVOcro
cRv ocvo
CR2 N
CMN
CRM N
RMNror o

I1.8 {1.0

!RV N ll.9 42-l O
.-,1 ov N ls.s s4-8 o
'*i nz o 13 a 3o-2 N

17,4 51.6 |

9.0 3s.41
18.6 f5.9
16.0 49.2
t2.9 49.1
16.r 45.0
17.6 47.9
t8.5 38.2
r?.2 36.3
l2.o 47.5
9.0 23.5

17.9 41.8
lo.s 26.1
t7.6 32.6
18.? 34.8 ,ool # U ri8

I
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Sr.srEx oF REpLrcArroN ; 4 raDdomised blocks ol 16 ploLs each, tle ptots beiog sptit Ior sulphate
oI ^nmonia at the rate oI 0,3 cwt. N per acre apptled as a top drersiry to the ehe;.t.

-{REA oF EAca suB-pr-or; 0.0099 acre ({6.8 lks. :11.2 lks.}
TREAT},IENTS : 4x 4 {actorial design.

No ley (O), broad red clover (C), rye8rass (R), ryeKrass and ciover {CR). \'etches soua alter
rst cut. (Y), mustard so\r'n alt€r lst cut (fl), I cut taken, f,,llo\r.e(l bt summer rallo$. ll).
2 cuts taken (2).

IJ^S^L MaNURTNG; Nil.
CsLarvArroNs, Erc. ; Ploughed; Sept. 28-30. Harrowed; Oct. tg and 28. Drilted; Oct. 2E.

Sllphate of ammonia applied; Varch 28. Harrowed and roled; }Iay s. Harvested;
Aug. 24 and 25. \rariety; \,ictor. Plevious crop ; Iry.

ST NDARD ERRoRs: GBin i Per whole plot l.07 c\Dt. I)er arre or t5.?% : p€r sub plot:
1.90 cx.t. per- acre or ll.0o/1,. Straw: per $hole plot :|.ti:.: c$t. per acrc oi 9.870,. i per
sub plot : 3.0E c$1. per a( re or 10.0%.

Green manure crops : Nitrogen added lb. per acre.

I cut

GRAI\ ; cwt. per acre (.l'l.(Xr, 11.39r)

Clover Ryegrass Clover and Mean
ryegrass

13.0 lo.0 ll.7 t r.t
12.8 12.2 13.0 t t.8

No Ditrogen Nitrogeo
2 cuts 

I 
Mustard Vetches I cut I cuts lMustard Vetchca

Fallo*

ll.8
9.2

llustard

l-allow
Clover
Ryegrass ..
Clover aad ryegra.se

t2.7 l3.S 20.2
ll.0 9.6 13.4 15.3
ll.7 8.8 . 10.2 14.2
10.4 8.3 12.8 16.?

t1-i 16.7
lt.4 ll.0
r4.0 9.3
13.3 r0.0

It.8 18.2
9.5 10.6

t3.2 15.0

36.3 39.3
-1 25.4

33.0 32.5

STR.A.W;
35.4

c$'t. per acte (+l.8lr
x2.2 34.9
31.7 36.7
28.1 28.1
28.6 32.5

+2.60')
46.1

{3.2
33.6
39.2

Fallow
Clover
Ryegra.ss ,.
Clover atrd rye8rass

19.7
33.6
39.6

.14.tt 17.7
44.t .14.1

38.6 35.2
39.4 {4.2

,')F'or comparisoos jovolving the meao of tritrogen afld no nihogeD.
f)For comparisons involvinq the difterence of nitiogen and no nitrogen.
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BARLEY
Soil fumigation experiment. Residual effect of chlorpicrin, chlordinltro-

benzene, ..seekay" ao6 ..symag," as controls of wireworm infestation.
RB-pastures, 1936plan and ylelds in lb.

Graln, slia\l, plant nurnber (four metre rows) (Aprtt 23) and number of rf,lfewormr(total of four sarnples) ia detcendilg order

iote.-ln the field the plots lay in one line, 36 being next to A5, etc,

3t

s

P
29.0
48.0

124
3

M
35.1
68.4

196
6

o
36.0
50.t

t6r
I
N

30.3
17,2

160
t7

K
36.8
60.7

212
1

o
27.A
54.4

120
2

K
11.3
69.7

187
o

M
36.0
60.0

208
I
P

36.6
60-4

166
8

N
3t.t
s2,4

tl8
5

o
33.r

148
6

K
3r.6
68.6

t5l
I

KM
38.0 15.A
66.0 89.S

217 163r4
NP

!t3.6 42.2
7a.4 64.8

l4t t52
44
PN

38.9 41.2
61.0 8t.8

177 t6l
66
or

40.3 3?.6
85.0 66.2
177 t79

90
NP

4l.t 38.1
71.6 61.2

t80 t82
12

-l 

gs

32.5 30.7
55.0 55.3

t66
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SysrEv oF REPLICATToN: 5 x 6I-atitr squarc'
AIEA oF EACH PLor ; l/60 acre (60.6 lks. x J7 5 Iks )'
T;;^;;;; , 

--\o fu#eant (Oi, cblordinikobenzene (\) aod chlorPicrir (!) at.the.rate.ot
'*1:t"..i":;;;"*.;iv-,i; iltt at the rate or ? s i*t per acre aad " seekav " (K) at the

L or i.6.*t. pit..i" ai'Pliei in 193i. (see ls35 RePort, P ls8)'
BasAL M^NuRrNG; Nil.
d"-;ir;;;;;;;; Ei.; ptougrca o'' various dates durins E"!1"3'v, - Sprinstine harrowed;"--n;"h ii].' n.iiJa, n.-1*a."d Drilled; March 20. Rotled; Mav 2 Harvested; Au8'

i-i""a-iz. Varieiv: Plumage Archcr. Previous croP; sugar beet'
s,-Jrli:i-- '-i**..*i 

j oit" ; "-t,," lg-July J. Tuo 6ndom samples- Per halt plot were
'takin. each sample coDsisting of 6ins. x 6 ios' v 5 ins (derp) ol sorl'

St""i^i"- eni""i pit Pror; Grain; 2.45 c$t. per acre or l2-5%' Straw; 474 cl*t per acre

or 13.7%. Platrt ou ber: l?4.8 thousaDds Per acre or 16 27o'

210

No Chlordini- Chlor-
Iu&igaot tioben- Picrin " C,'oag " " S€ekay

zene

Standard
Mcon etrot

GRAIN ; c$'t. Per acrc
STRAW ; cx t. per acre

PLANT NUNBER ;
thousands Per acrc

NO. OF WIRE-

19.6 +l.lo34.6 +2.12

1080.7 +78.2
45

l8.t
30.8

930.7
52

2r.l 19.8 19.7 19.5
4l.g 3r.3 35.9 33.2

991.8 1063.5 l16r.7 1256.0
63 41 56 1l

lVOR-\tS Per
i.ard

Conclusions
" Seekav " aDDlied in 1935 produced a sigrificant decrease in the number of wire-

oo.-r in-irn"'t's36. This was reftected iria significant increase in .plant- number'

il"i-if,e io"-*p"raing increase in grain was noi significant, the Srain yields- being

;;;;"1" ;;4.;"; in the abse"nce of anv fumigation' The somewhat- hiSher

i'i.ia" "i hii" and straw gven by chlordinitrobenzene may be attributed to an

effect of nitrogen.-'- ffr. oit 
". 

iumigants had apparentlv no residual effects on wireworms'

Summary of Results
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SPRING OATS
So-il fumigation experiment. Resldual effect of ., cymag, " carbon disulphide
Jelly, chlordinitrotrenzene and .. seekay. " Effeci of irilpt ate of ammonia.

Ro-pastures, 1936
Plan and ylelds, total produce ln grama above, weeas h lb. ceatae, 3rd clrat couat below.

IN ICM
106 275
128 l8l
212 206

1A zc.]ii{
r7l 250
198 192
274 264

2A 2N
210 387
253 284
276 2t2

O 2GK1S 938
88 Nil

248 232

ISO
1,8U 63

57 206
154 150

23 ICK
1,888 621.
197 6l
225 273

7N
,05
l.t1

o
,85
127
l7{

2N TS
140 2,692
250 2t1
t20 88

.tN
105
247
198

2L
188
271
82

2CM
281
291
160

lcK
t,238

53
180

o
65

203
t02

2CK
338

32
160

7A
r05
196
100

7S
1,608

r2l
88

402S 2clK O
4,033 2,16t 105

230 67 2t5
ll4 lt4 266

s

ICM ,Ar,068 saz109 t02
t06 188

2L .lCK ,CM
650 495 555
216 {8 l9}
262 196 230

2N2SO
735 3,021 800
201 tlo 166
lt6 56 68

,cK 1L 
'S 

zCK886 385 868 6t625 t47 94 I212 358 2aD2 222

,/CM
358
lG6

2A
|,o47

197
412

,CM
|,125

187
204

2N
30

r84

o
165
l4r-
2itj

2S
r,5t8

137
258

JCM
1,203

20.1
102

The positions oI the blocks in the Iield were slighdy dillercnt lrom those showtr above.
*\uEber of cysts p€r 400 grams of soil.

AREA oF EACH pl-or; l/80 acre (30 lks. x 4l.Z lks.).
TREATMENTS-; No fumigant (O), singte (l) and-doutle (l) dressiDgs of ,.c]rmag,, (CM), ci.rbon

disulphide jeuy (S), cblordinitrobenzene.(N) and .. seet<ay , (dxt, .t it" f6Uoii"!'*GJ oiapplicetion per acre for the single dressiqS; tCU, Z.s &t. i tS, Zl.ai*t., fN,"2.O cwt.ard lCK, 6.0 cwt.. aDDIied in t935.
_ Sulphate oI ammjni;i.{) at the rate of 0.4 clrt. ard 0.8 c*t, N per acre. Applied in f$6.Basal- ANURTNG i Nil.
Culrtv^floNs, ETc.; Plougbed I Aug. 2?-29 and Feb. t0-March lJ. Spriog-tioe harrowed;]tarch 19. Rolled, harrowed, sulphite of ammonia apptied aod driiled ; if"rcifr ZO. H"_"*J ;

l{ay q. Roued ; rray s. Harv6rcd ; .A.ug. z. vairity; M;;ii;;: it"r""" 
"."p ; 

-ci&l
(See 1935 Report, p.l?6).

spBc,lal NorEs ; The eDtire produce was weithed, oats plus weeds. weight of oats was determiDed
:I-f:plig5Pp.so lks. x .l.yd. Third cyst couot ; Dec. I and 2. Two raodom sampres

^ or about 5u grms. ot soil were taken per half plot.
5TANDARD-ERRoRS pER pLor ; 'Weeds ; 22.4 c\*t,^per acre or l9.g%. gd cyst couDt: samplingerror 32.3 or 16.6,; ; experimetrtal error 59.9_or lo.7o..

tl

IN
r,679

135
5:l

o
3t5
l.t8
ll6 36
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ToTAL PRoDUCE; c*t. Per acre'I If?ir:'
Chlor- C-arbon

disul-
Sut- lCblor- Carbotr

pbate ldinitro- disul-
oI am- | betr- phide
moda I zene jelty

116.8 87.0
164.1 120.4

c*t. per ecre
Medns : +7.921

Sut-
" Cy- " S€e- Phate
Eag " kay " of alo-

motua

ll5.2r
l3l-5 33.{ 130.8
r56.2 l7.n 173.1

betr- phide
zene i.[y

Mcart of single I

a*l double ,. I 6.2 37.0

Mcan of sirlgL
dnd doLbbl+21 .2

9.8 13.7 6.1 140.4 103.',| 143,8 25.4 152.0

Standard error : {1) +7.s2.
(t) No siDgle staod;rd error is aPPlicable to this table.

NoEe
SiDgle

Third c)'st couDt (+30.0)

chrordini- carbon sulPhate
trob€o- disulphide " Cymag " " Seekay " oI
zene ielly 'inoD'Ia

l75L

lii 187 214

" Cy- " See-
mag " kay "

2rl 146 192 223 230
202 16,1 la2 182 258

Statrdard error: (r) +21.!.

Conclualons
The eIf€cts of the fumigatrts aPplied ir1 1036 otr the numbels oI cysts i[ DeceEber 1030 $Ere

,lot sicD.ificant._--fT"-"i 
as 

"f 
o"ts were Degligible except on the plots which had been fuEigated n'ith carlotr

aigulpUde iettv. ln particolar, tle applicitioo oI sulPhate of ammonia itr 1936 faited to produce
a neaatoDable crop.

" Soelay " pioduced a larSe reductioD i! weeds.

Summary of Results

3'4
7.6 36.2 8.2 ll.7 6.5
4-7 3?.8 ll.4 15.7 7.2
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91t
POTATOES

Effect of Dung, ploughed in in December or applied in the bouts, of Straw
and of Sulphate of Amlnotia
RP---GI. Harpenden, 1936

Total ware below

DLST-
397
78.1

- SrN
206
68.8

- - N DaSTN DLSIN DE - -249 302 643 200
68.0 71.4 65.1 64.6

- - - DL-N DESI - DE-N
182 1tI 266 20I
60.1 80.4 69.3 62.8

---DESTN-Sr---N246 370 246 299
72.5 ?8.9 72.O 75.5

- Sr N DE - N DLSrN DLSI -238 342 458 408
66.9 77.2 83.0 80.8

DESI- DE-- DL-- DL-N
230 314 389 336
67.6 75.8 80.8 15.5

DE- - DESa- DE-N
317 291 352
71.O 75.5 73.O

---DL---ST-234 373 169
72.1 81.2 56.0

366 165
74.8 58.1

DLST-
344

DES.N
320
66.1

DL N ST N DLSTN N
426 ?22 3Cl 291
8l-6 17.6 76.6 ?1.8

DE-- -SrN -Sr- IIE-N
M2 335 190 336
80.o 78.6 60.7 71.0

DLSTN DL-- DLSI - Dr-N
$a 472 277 356
8t.8 77.O 71.3 17.5

DESr- DESTN --N ---339 369 322 251
77.6 71.1 77.7 ?8.1

SysrEu oF REpLtcArtoN: 4 randomised blocks oI 12 plols e3ch.
AxrEA oF EACIr Pror (aiter rejectiDg edge bouts) : U48 acIe. Plots actualy l/40 acrc (45.5 lks-

x 64.9lks.)
TnEATUENTS: 3 x 2 x 2lactoriat design.

Dung : None, I5 toEs per acre ploughed iE itr Decembet (DE), or stored aad applied in tbe
bouts (DL).

Straw : None, 40 c$t. per acre (chaIfed), ploughed in itr December, except !.hen applied $.ith
DL, for which strav and dung werc mixed and storcd (Sr).

Sulphate of ammoda: None,0-4cwt. N per acre applied ia the bouts (N).
BAsaL MANURTNG : 0.5 cvrt. P3O6 per acre as superphosphate, atrd 1 cwt. KrO per afie as sulphate

oJ pobsh applied itr the bouts.
CulrrvauoNs, Erc.: Applied dutrg a.nd chaII: Dec. 10. Ploughed: Dec. l9-2f. Spriagtine

harrowed: April 7-f0. Horse harrowed: April 15. Bouted: April 16-17. Applied
stored dung and artificials: Aprif 17-18. Potatoes planted: Ap;l 2l-22. Harrowed
ridges: April 24. Re-ridged: May 5. crubbed: Maf28-Jutre 12. Earthed up: July l.
Sprayed : July 21. LiIted : Sept. 20-Oct. 1. Variety: Ally. Previous crop : .'llheat.

SI,Ecrar, NoaE: Potatoes pa.ssed tbrough a ll inch riddle to deterEine the percentage warc.
STANDARD ERBoRs pER PI-or: Tot l produce; 1.00 toDs pff acre or 15.0% ; Percentage

ware : 4.87.
Summary of Results : Yields of aeparate treatments

i No I Dung
I Dung I ploughed in ia tle boots

acre (+0.500)

Sulph. amo.

6.1S
5.94

6.49
?.19

7.53

8.r0
9.77

PERCENTAGE WARE : (+2.4.()
No sulph. arDm.. . . .l No st6w I 7O.7 I

I srrarv I 61.? 
I

suror.L-*l N" "t "* I ;r ,-' I straw I zo.l t

14.4 74.4
12.5 78,4

71..5 78.8
76.4

I

TOT-{L PRODUCE : tons
No sulph. amm.. . No straw

Straw
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Effect of tlme of application of dung
I No sulpb. aDE. I SulPb. amE. .an
I No straw Straw I No stmw Straw 

,

(i3.45. tlean: +1.f 2l

+s.9 I +7.1 +2.9 r +1.5

of Straw

S3"* I prourhed inDllsthe bouts

TOTAL PRODUCE : toDs per acre (+0.?07)
Ito sulph. amm. : -4.77 | -0.26 -0.39
SDtph.'amm. .. .. .. r -0.12 I +o.zo +l-67

No sulph. amm.
Sulph. amm. . .

PERCENTAGE WARE : (+3.45)
r -9.O r - 1.0 -2.O
1 -s.o I +2.0 -2.4

Effect of sulphate of ammonla
RespoDse to I No I Dung ) .llea"

sr phate of aEmonia ' dutrg I ploughed in in the bouts

TOTAL PRODUCE: tons per acre (+0.707. ]Iean: t0.408)
No sh'ew., +1.301 +0.30 +0.18 , +0.59
straw .. I +t.zsl +r.26 +2J4 I +t.75

PERCENTAGE WARE: (+3.46. -rlcan : il.99)
No stras. . .. .- I +2-7 ., -2.9 +0.4 | +0.1
straw .. I +s.z i +t.o o.o I +t.z

Conclusions
Dung applied in the bouts gave 1.9 tons Per acre more than dung ploughed in,

the mean responses being 1.2 tons per acre to dung ploughed in and 3.1 tons 1ler
acre to dung applied in the bouts.

Straw gave slight but not sigaificant decreases in yield, except in the PTesence
of both dung and sulphate of amrnonia, in which case it gave a significant increase
of I.2 tons per acre.

Sulphate of ammonia produced a significant increase of l-2 tons per acre. The
increas-e was somewhat greater in the Presence of straw than in its absence, Particu-
larlv where dune was present.

bune producA a sighificant increase in percentage ware. Sulphate of ammonia
gave a iiRnificant increase in the absence oI dung, but no increase in its presence,
ihe interiction between sulphate of ammonia and dung being almost significant.
The depression due to straw was not significant.

TOTAI PRODUCE: totrs per acre l+O.707. \t.M: +0.3511 .
Dlrtrc itr the bo8ts Einus. ,

du.trg"ptoE8hed itr .. ..1 +l.zr +1.50 I +1.61 +2.58 | +r.8,\

PERCENTAGE \4-ARE :

DuDg in the bouts minus I
dulg ploughed itr .. I +1.0

Effect
Respotrle to Straw 

I
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2t5
SUGAR BEET

Effect ot muriate of potash and agricultural salt, ploughed in in Autumn or
hamowed in in Spring, and of dung.

RHreat Harpeldden, 1936
Plan and Yields in lb.

Roots (dirty), tops, sugar percentzge and plant nunber in descendlng order

' '-Kn - 
ri

I 620 674 I ?33 728 I 646 600

--A- Na-A- -KAD -KSD

584
t7.42

503

877
584

t7.71
165

-KS-604
480

18.58

583
448

t8.81

6t6
17.68

441

zgo I

634 I

re.zo I

704
r 7.3r

788
658

17.5r

456
18.09

760 625
17.86 l?.7t

500 511

755
744

l7-60

500 462
18.49 17.s7
505 498

NAKA- NA-S-
641
534

17.83
510478)474'523

NAKA- I N^-AD --A D

701

17.77

NA-A- -KS-747 648
48o 162 I

18.32 17.80 
'53r 497 i

-KA.- --s- i670 63+ :

507 507 I

r8.r2 18.26
509 506

53' 536 538 541
NAKS- NA-S- --SD Nr-SD

6S7
570

r7.22

618
484

17.31

790
682

18.20

770
645

18.32
525

NE 174
724

18.18
511

689 662
502 508
ta.24 18.40

540 528
N^-S- -- L-

722 649

-KSD703
554

18.26
5t9

--A D
721
500

t7.76
518

NA-SD
804
7tl

r8.40
170

NAKSD
812
615

18.19
56'

--sD664

17.98
5r5

NA-AD
799
609

17.s2
541

-tr AD
758
649

18.03
521

N^KAD
798

18.14
580

18.20

747
689

18.04
5t7

NAKAD
714
638

17.82
543

--sD751
563
t7.76

535
NA-AD

812
580

17.99
560

686
666

11.10
509

NA-SD
730

17.92
602

--A D

700
17.52

483

-KSD738
623
18.00 I

Esl I

526 532

--s- '_Ks-666 659
518 501

.r3

17.88 18.46
520 520

NA-A- NAKA-
143 716
490 436
18.03 18.19

580 580
.18

SysrEx oF Rlpl-tcarroN : 6 randomised blocLs of 8 plots each.
,{REA oF EACE PLor (after rejecting edge rows) : 0.01851 acre. Plots actua.lly: ll45 acte 113.3

lks. x 30.3 lks.).
TREATMENTS : 2. factorial design.

Muriate oI potash: None, 1.0 cwt. K'O per acrc (K).
Agricultural salt: None, 5 cwt. per acre (NA).
Miaerals plou8hed itr, in Autumn (A). Ha-rrol^ ed in, jD SpriDg (S).
DuEg: NoDe, l0 totrs per acre ploughed in, h Autumn (D).

Besrr- Mlrunttc: Sulphete o{ ammonia at the rate of 0.6 cnt. N per acre, superphosPhate at
the rate of O.5 qn't. P,O6 per acre.

CuLTrvarroNs, ETc.: Durg applied: Dec. 9. Autumr artilicials applied: Dec. 10. Ploughed:
Dec. 19. Spriog-tine harioved: April T. Rolled and harrorved: April 27. Sprirg artificials
applied: May l. Harrowed, rolled and drilled: May l. Harrowed and rolled: May 2.
Iiorse hoed: JuDe 15. Siryled: June 16 atrd 17. Iland hoed: Aug. 13. Lifted: NoY.
1S-26. Variety: Kleiavraazleben. Previous crop: Wleat.

STANDARD ERRoRs pER PLor: Total sugar: 2-86 c$t. per a$e or 6.g$yo, Tops: 1.09 tons per
acre or 1.74o1". Mean dirt tare: 0.138.
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216
Re8lrolrses to fertlllsers

ME^N YELDS: Total suSar: 5r.3 .r.1, ; Roots (washed) : Ia.tlor6 ; To(B : 11.08 ,ons i
Sugar p€rcedtage: I7.9r; Pla[t rumber: 28.2 rhousatuls.

Dillerential rcspoDses
Dung Salt

Absent Pre,seDt Abseat Present
ilu!. pot.

AbseDt PreseBt

TOTAL SUGAR: cwt- pef, acre (+1.17. Meois +0.8251Sdt .. t +3.7 I +3.1 +1.2 I - I +4.4 +3.0
Mur. pot. I -1.1 | -1.0 -1.2 I -0.4 -1.8 I -
Salt
Mur. eot. 

I

ROOTS (washed) : toDs per acre
+0.90 +0.8r +0.s9 I --0.32 1 -0.3s -0.25 I -0.r8 o.ro

+r.04 +i.76

TOPS r toos 1rr acre l+0.116. Means | +0.311\

Mur. pot. | -0.12 | -o.il +0.29 | +0.26 -0.50
+:.12 -0.04

+ 0.13
+0.06

PLANT NUMBER : thousands per acreSatt ..t +0.9 I +1.2 +0.6
Mur. pot. I +0.5 , +0.0 +0.3 +0.3 +0.6

+0.20 +0.08

+0.7 + r.0

)i Mcan 
llncteasc

67.t. I66.6. I
I

12.76' 16.11. | 14.10t
rr.s6, ra.66r I tL2st +0.15.

Salt . .l
Mur. pot. 

I

Itinerals applied None

Spritr8

Autumq
Spring

AutumD
Spring

a
Autumn
SpriaS

Effects of time of application of rninerals

Salt Mur. pot- Salt
mur. pot.

TOTAL SUGAR: c\*.t. per acre
51.71 57.9: 52.7. 54.8' , 53_t.

61.2' 49.9' 53.8t 48.7.

e) +0.825, C)+r.17, e)+0.953. f)+0.674.

TOPS: tons per acre
13.78r 13.07' 11.70' 13.622

15.031 13.36! 14-373

SUGAR PERCENTAGE
t7.84 18.12 17.88 17.81 t7.57

17.98 l8-07 l8-2? t8.lg

ROOTS (washed) : tons p€r acre
14.48 15.98 14.76 15.40 14.79 15.07 r 15.38 I

15.06 13.84 t1.72 | t3.37 t5.7r I u-51 | -0.61

No Dutrg
dung

(r)+0.314, r) +0.445. (')+0.363, r)+0.257.

17.90
18.02

17.94
18.1 1 + 0.17

I -o.s
I 28.6) ze.t

PLANT NUIIBER: thousands per ac.e
27.6 29.0 27.4 29.5 28.6 2A.7

27.5 2A.4 28.3 28.1 28.0

Conclusions
Salt produced a signilicant increase in sutax per acre, while muriate of potash

gave a decrease which was not signilicant.
The autumn application of salt gave somewhat higher lelds than the spring

application, but the difference was hardly significart.
Salt and muriate of potash had little effect on tops.
Dung applied to whole blocks gave an increase of 5.7 c*t. sugar 1xr acre and

3.30 tons tops per acre.

AutumD
Spring

Strndard errors -.

55.11
52.6.
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SUGAR BEET
Effect of sowiag date, of sulphate of ammonia and of superphosphate andt muriate of potash broadcast or drilled with the seed

RHreat llarpenden, 1936
Plan and !.telds in lb.

Roots Tops Sugar
Sugar Matr- Sugar Man- per
beet golds beat golds ce-ot.

Roots Tops Sugar
Sutar MaB- Sugar Man- per
beet golds beet golds cent.

2 Db - 73.5
3 Db N 122.7
3 Bs - 93.3
,Ba- I357
J - N 115.2
2 Bp - al.2
I Bp N 139.0
3P- 85.7
2-- A8-l
1 D^ - 44.1
2 P N 138.r
3 Da - 79.0
2 Bs N 155.?
, P - 139.5
.r Db N 161.8
A Bp N 127.9
2 Da N 156.4
I - N 153.5

2-N 101.5
r P N 142.0
I Bp - 95.4
I Bs N 159.9
.3 P N 149.t
2 Db N 104.8
2 Bp N 121.0
2 P - 108.9
3 Db - 88.5
, Da N 112.8
2 Da - 92.2
3 Bs N 124.3
3 - - t09.0
3 Bp - 94.6
3 Da N 122.8
2 Bs - 138.0
I - - t01.7
l Db - 93.0

2 Bp - 119.6
2 P - 117.9
2 Bs N 157.2
,Db- 990
-z - - 119.5
I Bp N 168.2
3 Bs - 

gO.O

3 Da N 143.9
I Bs - 129.7
2 Da - 91.0
2 - N t41.0
I Da N 138.0
,-- 87.9
, P N 176.3
SPN133.8

iSBpN 120..1
irDbN 134.6Ilot- srr

58.0
9.0 tor.0

71.6
81.5

4.5 96.0
3.0 61.5

r13.0
66.0
60.5

98.0 23.0
103.o

12.0 67.5
144,0

6.0 94.6
58.0 t26.6
5.5 t2A.5

lL5 147.0
108.0

108.5
93.0
&5.0
38.5
103.5

126.O
101.0
130.5
8t.5
89.0
68,5
?6.5

146.0
r13.5
rt2.0
t35.6
102.0

67.5

0.5
18.40
t7.42
t7.77
18.15
17.80
t7.83
t8.20
18.29
18.03
t8.32
17.71
t8.06
l?.31
17.14
17.3{
16.79
17,24
17.31

6.5
26.O
12.6
7.0

7.O

54.5
15.0
49.5
91.5

1t3.0
69.0
83.5
70.0
58.0
68.0
08.0
99.0
85.5
84.O

121.0
1t2.3
63.0

87.5
83.0

tt5.5

66-0
115.5
7S.0

140.0
81.5

104.0
44.5
69.5

110.5
120.o
tt4.5
t19.0
5:.0

r8.61 l

18.9t
18.75
18.52
18.46
18.6t
t8.61
r8.461
1a.87
18.61
18.41
t7.s{
17.12
17.!7

17.5i
17.05
r6.8S

17.57
18.32
17.68
17.71
17.48
t7 71
17.9-1
17.40l
17.77 ,

r8.03l
17.58
17.80
r7.60
17.97l
t?.631
17.37
17..10
r7.481

0.54.0
0.5

0.5
0.5

6.0

1.0

0.6
3.6
0.5
1.0

0.5
1.0

0.5

0.5

0.5
0.5
3.0

w

I

0.6
0.5

o.6
o.6

t0t.o
88.7
97.2
51.2
93.8

125.A
t30.0
106.3
91.7

t28.O
98.7
99.5

182.4
123.8
rt6.9
149.0
140.o
146.1

3Da-
3Bp-
2Bs-
lDa-
J_ N
SDbN
,P_
,BoN
3P-
lDbN
IBP-
2--
1-N
2Db-
2DaN
388N
2BpN
2PN

118.0

ll.0

8.O
t2.0

1.5
1.5

l4.o

0.5

7.05
7.t4
7.18
6.99
7. r6
7.t I
7.34

7.28
7.40
7.X4
7.t I
7,25
6.76
7.05
a.$
6.96
8.30

1.0

84

4.0

4.O
4.6

6.O
8.5
8.0

1.0
1.5
1.0
!.0 l2()

l_
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SysrEM oF REpLrcarroN; 4 latrdomised blocks of 18 Plols each. Certarn interactioN partially
confouDded with block ditfereDces.

-t*Bi or eecx pl-or (after reiecthg edge-rows) : Ul90 ac!e. Plots actuaUy l/95 (04 8 fks x
I l.l lks.).

TRE^IMENTS'; 6 x 3 x 2 tactorial desiSD.
Sowing dates; April 23 (l), May 8 (2)' May 26 (3).
vt..i'r., None'{-}. ilirusled ii (P),'broadcast immediately after Plouthing (Bp)

bioadcast at sLwirg'(Bsi drilld titbw seea (Db), dri ed above se€d (Da), at the rate
oi ao ""t- 

rrO. pir'acie as suPerphosPhate ;oa t.o cwt. K'O per acre a3 Buriate of
potash.

Sulpiate of ammoaia; -\-one (-), 0.6 cwt. N Per acre drilled where mioerals are driled
otherrYise broadcast (N).

BASAL ldANuRrNG ; Nil.
a;;;;;;i;";, .t.. ; ]llitrerals aPplied (P) ; Marcl 2l . Ploughed; March 27-APril l Minerals

aDolied (Bo) : ADrit 3. Sprini-tine harrowed: April 7 atrd 8. noIed; APrll ! tlarrowed;
AriJ zo'"'ii br.'noued j Ap:ril 23. Minerals appiied; (Bs, Db, Da) ; April 23. Harrowed
i'ia roI"J; April 24. Rollfti ; May 8. Mineraliipplied (Rs Db, Da) ; May-S Harrowed :

ir"" a Ai-t*"a aad rolled; Miv 20 Minerald ippliea (Bs Db' Da) ; Mav 26' Horsr
ir..i i.t"o*lnn, Mav 28. Sinlhdistsowing;luneil. Horse troed 9nd sowing; June12'
Sir"lJ 2rd soffne:'luoe 17." Horse hoed 5rd iowiog; Juoe 23. Singled 3rd sowitr8 and
rr"nf lo.a r"t.naiod-sow;ogs; Jul]'4. Horse aod hitrd hoed atl sowi-ogs; Au8 8 aDd 12'

iiit"a; N""- 27-Dec. 3. vaiety; Kleinwanzlebeo E. Pre\rious-crop; -wheat'
S"eciiJ""it ; The s€ed drill used'had not beeo ProPerly cleaDed be{ore the experimeot atrd
-- --uoiort *t"tv coDtained mangolds seeds whic6 grew aloog with the suSar beet on certa-in

"iot".'iE 
i6.olt. n"ve been iombiaed bv asuoiig that a lugar beet root weighs ooe hal( a

inansolds root aod that susar beet topa \r€igb 2.5 hmes ma[golals tops _l-ho rndrvrdual
.*eie'hts ot sug", beet and niangolds ard, howeiver, given ia all cas€s' It will he ooticed tbat
the-mistake +verely affected a few treatrnelts only.

Sreror*p Ennot pen fror : Roots (Sugar beet + i ]IaBgolds) : 1.39 toas Per acre or 13 4o./o ;

Tops (Suga! beet + g Mangolds) : 1.52 tom Per acre or I9-4%.

Conclusions
Later sorving produced a significant decrease in the yield oI roots-and a siEniticant

increase in the;/ield of tops. "The 
sugar Perccntage wis also slightly lower with the

later sowings, so that the'irield of sugar per acre dropPed by 4.7 cwt. Per acre from
itr" tiitt to"t[" secontl sowing antl b-y a'further 2.6 cwi. pLr acre from the second

sowing to the third.
Su't-pt 

"te 
oi ammonia produced large increases in the fields of roots and- tops'

Sulphaie of. ammonia had'little effect oin the aa'erage or sugax percentage and,gave

an average rncrease In sugar per acre of ll.6 cwt. or 32 per cent. of the mean yield'
The iverage response to minerals was not sigdficant in roots, toPS or sugar

p€rcentage.
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Main effects and interactions of sowings $'ith fertilisers

Sugar beet )Iangolds

s, s" s, S, s!

Sugar be€t + I Matr- | Mcdt licr.as?I solds lls, s, s, l

ROOTS; tons per acrc
8.?O 7.79

I1.40 10.80
1.70 O.l7 O.24 )

l.l3 0.22 0.50 |

9.42r
t3.48

8.78 7.91
rt.5t 11.05

E.f0,
12.01 + 3.3lN

o
P
BP
Bs
Db
De

No
\r

o
P
BP
Bs
Db
Da

No
N1

o
P
Bp
Bs
Db
Da

]I?an

lt.8l
t2.32
10.63
12.55
9.84
7.30

9.t2 8.61
10.84 9.76
9.79 9.t5

11.62 9.68
9.26 9.O9
9.68 9.47

0.00 0.10
0.13 0.00
0.08 0.06
o.20 0.00
1.79 0.27
6.29 0.75

9.E8r
11.01 + 1.16'
9.93 +0.05

11.34 +1.16
9.86 -0.0210.10 +0.22

Meort

:Veat

0.0 r
0.09

0.02
0.06

'IOPS ; totrs per acre
5.52
8.82

6.65 6.66 0.17
Sugar beet + 5,/2 MaDgolds
5.94' 6.A7 6.7t ) 6.11.8.63 9.87 0.06 8.97 8.68 10.02 i 9.22 +2.7A

SUGAR PERCE\T.{GI]
S, S" i Meaa Incr.asc

TOTAL SUGAR; cr-t. per acre
S, S, S" I Meaa lzctcase

30.8
42.4 + 11.6

8.1210 6.29 7.51
8.10 6.86 8.15
7.37 6.96 8.96
8.18 9.69 8.18
7.33 7.70 7,86
5.61 8.57 9.47

7-451' 7.68 E.36
+0.237 +0.91

32.7 30.2
38.4 35.5
34.9 3t.9
40.5 34.2
33.5 33.6
35.6 34.2

7.32'
r.70 +0.A8LL
7.76 + 0.11
8.6t + 1.36
7.63 +0.31
f .88 +0.56

7.83

17.51
1f.82 +0.31
17.63 +0.12
1?.64 + 0.13
17.61 +0.13
1f.70 +0.19

31.6
39.1 + 1.8
35.1 +0.510.0 + 5.1
31.E +0.235.f + 1-1

40.8
44.2
38.4
15.4

37.4

17.r2 11.70 17.51

-0.02 -0.18
1?.66 

| 
eo.a 35.9 33.3 36.6

- 1.7 -7.3
staDdard errors: (r)1o.40r, (!)+0.232, e)10.328. (.) -E0.695, e) !0.587, (.)+0.284,

{7) +0.439, (.)+0.953, e) F0.358. Co)10.760, (u)*0.82t, ('!)10.3rO.

11.45. 10.15 9.18

- 1.301 - 1.97

8.12 6.27 7.52 0.00 0.01 0.01
8.08 6.86 8.O7 0.0r 0.00 0.03
7.35 6.94 8.86 0.01 0.01 0.0.r
8.16 9.60 8.t6 0.0r 0.00 0.01
6.98 7.62 7.1t 0.14 0.03 0.06
4.33 8.45 9.27 0.51 0.05 o.O8

t7.56 t7.81 r7.67
17.88 17.00 t7.41

17.6E i33.1 3r.3 28-0
17.63 -0,05 48.2 40.5 38.5

17.27 17.a3 17.42
17.84 t7.70 17.92
t8.01 t7.75 t7.13
17.95 17.43 t7.53
17.32 17.a2 t7.7A
17.93 17.70 t7.46

Nl

Il 8rl
12.38
t0.67
t2.65
10.74
t0.44

0.10
0.30
0.30
0.15
0.71
0.67
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MANGOLDS
Effect of sulphate of ammonia, superphosphate, muriate of potash' aErlcul -

tural salt and dutrg
RM_GREAT IIARPENDEN_1936

Plan and yields in lb., roots above, tops centrcr plant nutnber below
, 18
-PK-D ---NAD S-K--

844 llM 1156
126 157 r39
114 461 171

isP-N^- --rN^- s---D SPK-D S-KN^ -SP---
1356 1376 1008
158 l7r 122
47a 461 493

- - - - D -PKNAD--K-- S--N-tD
r.lrAll00 784 1376

136 05 152
41A 179 414

- P - N,q.-
964
130
472

8-K-D SPKNa - --rNAD SP-NAD
1328 t2S2 1008 1324
180 t67 138 l?6
4A7 458 462 171

t248
120
484

-PK.
692
ll0
470

740
lt0
507

SPKN^D
t508
rs6
446

NE

I

1312 1000 tl76
168 160 146
486 472 492

9S6
146
469

-P---
888
123
604

800 t284
148 171
460 .r90

880
ts2
461

S-trN^D
1468
2ll
4.18

I 184
t56
439

984
148
174

.P--D
t008

144
417

-Na
?80
126
152

lr08
t24
487

SysrEu oF REpLrcATroN: 4 randomised blocks of 8 plots each. Certain high otdet interactions
are partialy co[fouDded wit] block diflereDces.

.{RB^ oF E^cE_ PLor (after rejecting edge iowsr: O.02322 acre. Plots actually. l/46 acte
(48.E lks. x 45.5 l}s-)

TREAT UENTS : 2! factorial design.
Sulphate of af,moDia: None, 0.6 c$1. N Per acre (S).
Sulirpbosphate: Notre, 0.5 ct{t. Pr O! Per acre (P).
Muriate oI Potash: None, 1.0 cu4. Nt O per acre (K).
ASricultural Salt: NoDe, 5 c*t. per acre (NA).
DuDg : Nore, l0 toDs Per acte (D).

B^SAL M^NuRrNc: Nil.
CulatvarroNs, ETc.: Dusg applied: Dec. ll. Ploughed: Dec- 17-19. Spdng-tine harro$red :

April ?. Artificials applitd: May 5. Harroq,ed: May 5. Roued: Ir{a}' 5, Drilled:
Miy 6. Horse boed:lune l:, Aug. 12 and 13. Si!8led: July ! aDd 3. Lifted:
Nov. IE asd 19. variety: yellow Glob€. Previous cIoP: wheat.

STANDAiD ERRoR ht PLor: Roots: l.9l totrs per acrc or 7-50o.o
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Responses to fertlllsers
ME^N YrELi, , . Roots | 25.50 lots ; Tops, 3./t0 tons ,. Platrt number : Zt.2 ,lo,.sa,,als.

0.4

-0.3

-l.o
-0.4
-0.8
-0.6

PLANT NUMBER I tbo@ndB l,cr &re
- i-0.0 +0.6 l+0.a -0_5+0.r l- - l-0.6 -o-1-r-1 I -t-0 -0 i

-0.5 | -0.7 -o.t I -o-e -oe+o.r I -0.1 -o.r I -0.a -0.?

-0.1 +0.,
-0.{ -0.t-0.e -0.7
-0-9 -0-4

-0.! +0.4
-0., -0.6-0.0 -0.7-r" -0.,

Conclusions
Sulphate of ammonia, dung and salt produced significant increases in the yield

of roots. The average response in roots to muriate o{ potash was small and not
significant, but the responses to sulphate of ammonia and salt were increased by
the presence of muriate of potash, the increase being significant for sulphate of
amnonia and almost so Ior salt. The results for tops were similar to those fbr roots.

Superphosphate had little effect on roots or tops.

+7.58 +7.88
+4.28 +4.1'
+2,50 +3.75
+0.87 -0_43

+0.6u +0,66 +0.33 i -+0.1r +0.1,r +0-23 +o 12
+0.0t +0.0s +0.0, I +0.12

TOPS : to!. per a@.
- +0.64 +0.80 I +0.62

+0.58 - - l+0.66
+0.a7
+0.t0
+0.43

+0.8t
+13t
+0.26

0.0,

+0.6t
+0.53
+0.67
+j.4r

fr.n,
+0.40
-0.0r+0.01

+9.53
+3.96
+4.56

-t 10

+0.98
+0.54
+0.67

-ire

+0.f2

+0.19

+0.76
+0.46
+0.r43
-0.0,r
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Plan and yields ln lb., graln above, straw below

NPK D P DNK
43.r 42.2 38.8 31.2
95.2 96.3 81.0 101.6

N DNP K DPK
18.9 52.2 50.2 44.6
78.r 99.8 9I.0 08.2

22')

BEANS
Effect of dung, nitro-chalk, superphosphate and muriate of potash

RF-Gt. Harpenden, 1936

PKD
45.1 55.0 53.1
78.1 83.O 89.9

DNK DNP DPX
4r.0 48,4 54.8
87.8 S0.8 81.2

NPK
36.2
87.0

N
41.7
79.0

+io +eo
+ r.6 -o.7+3.6 0.0

35

PK
51.4
80.1

NP
15.7
87-3

N

t
i

I

62

DP NK DK
50.t 44.5 42.6
86.9 101.9 84.4

DNPK O DN
44.1 57.5 41.3
91.2 87.5 102.2

NKDPONP
12.5 A2.4 57.0 39.2
80.4 98.8 73.0 96.0

PK DK DNPK DN
55.8 51.9 54.0 12.5

114.0 1t0.8 116.8 110.0

SysrEM oF Rtpl-rc^TroN : 4 ratrdooised blocks oI 8 plots each. C€rtain interactions confouDded
\r,ittt block diflereEces.

ARra oF EACE pl-or : U40 acre. (54.5Iks. by45.0fks.)
TREATMENaS : 2' {actorial design.

DuDg: noDe, .10 tons per acre (D).
Nitrochalk: noDe,0.4 cwt. N per acre (N).
Superphosphate : Done, 0.6 cwt. Pr 05 Pet acre (P).
Muriaie oI potash : Dooe, 1.0 cl*4. KlO per a.re (K).

SpEcrAL NorE : 
-The two right hand blocki failed and were redrilled io the sPring with sPring

beans,
CuLrrvarroNs, Etc.: Plots, 32-35, 40-43, 48-61, 56-59. Applied duDg and artiricials: Oct. ll.

Ploushed: oct. 14'16. Harrowed: Oct. 18. Drined: Oct. 21. Crop failed. SpringtiDe
harro'wed: llarch 16. Harrowed, rcdriued atrd harrolved in: March 19. Ho.se hoed:
Mav 7 and 29.
Plois, 28-31, 36-39, 44-4?, 59-55. Applied dung and artilicials: Oct. 11. Plouthed: oct.
14-16. Harrowed : Oct- 18. Drilled: Oct. 2l: Earrowed : March 24. Hard hoed : Apnl
2+27 aDd June 9. Horse hoed: May 29. All Plots harvested: Aug. 24. Previous crop:
Wheat.

STANDARD ERRoR pER PLor: Grain: 1.72 c*t. pei acre or lO.3%.

Responses to fertllisera
Mea" ields .' GRAIN, 16.8 cut ; STRAW, 32.9 't 'r.

Difleretrtial resDons€s
I ttran I Dung I Nitro-chatk tsupdrphoehatet Mur. Pot.
lrrsporsai Absent Presentl Abs€nt Plesent Abs€pt Presept 

lAbs€trt 
Present

Dung
Nitro-chalk
Superphosphate
Mur.pot. ..

+3.3
+ 1.8
+0-5
+ 1.8

Concluslons
The average effects ofdung, superphosphate and muriate of potash on the !ield.o{

grain were nQligiUte, while nitroch,lk produced a significant depression in grain.
The interaction bet['een the eflects of durlg and superphosphate was statisticalll'
sigrrificant, but in view of absence of any aPParent average effects of either dung or
superphosphate no weight can be attached to it.

Dung produced a sigaificant increase in the straw yields.

STRAW :

-o.53.0
+ r.o

Dung
Nitro-chalk
Superphosphate ..
Mur.pot. ..

+4.0

+0.8
+ 1.4

o*.t. per

| *'u +1.5
+ 1.5

+ 1.5
+0.2

+2.r
+2.1

+2.1

+0.3
- 1.5

-0.3

+5.1 + 1.5
+2.2 +1.1
+0.2 +0.8
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KALE
Effect of sulphate of ammonla, poultry manure! aoot and rape dust

RI(-FOSTER'S, 1936 (3rd year)
Plan and ],lelds tn lb.

sw

I

. Bstimated.
SysrEra oF REELrcaaroN: 4 raodomised blocLs of 12 plots ca.h.
ARE^ oFEAcB PLor: 0.028926 acre (10 yds. x 14 yds.)
TR!^auENTs, 1936: No nitrogetr (o), sulphate of ammonia

trcatment O itr 1936 had tieatmeEt 2 i-tr 1935 aEd oi.. tt./sa. Plols teceivitrg treatoent I
had this in both -vears. For \, So, lto, and R, (see plau) the fertilizet syrobols reler to the

{arrENrs, 1936: No nitrogetr (o), sulphate of ammonia (N) hau appued in seed bed aDd
remainde! as a top dressitrt, poultry mauure (M), soot (S) and rape dust (R), applied in
seed-bed at the rate of 0.4 ort. N per acle (r) or 0.8 cwt. N per acre (r). Plots receivitrgrecervrtrg

rtoent I
seed-bed at the rate of 0.4 ort. N per acle (r) or 0.8 cwt. N per acr
trcatment O itr 1936 had tieatmeEt 2 i-tr 1935 aEd oi.. tt./sa. Plols

1935 treatment.
BAsAL MaNrrRrNG : All plots were made up to 1.0 cwt. PrO! per acre aDd 1.0 cwt. KrO per acre,

usi!8 supelphosphate aEd muriate of potash (an allowaEce being lnade Ior the PrOs atrd Kp
cotrtaitred in the orgadc manures).

Cul-Trva oNs, Erc. Ploughed: March 7, 23-26. SpriDgtitre harro{,ed: April I5. Applied
Banures (sulphate of ammonia at hau-rate): May 2. Harrowed alld rolled, belore atrd
ajter seed sown: May4. Seed resown: May 26. Harrowed atrd iolled: tr{ay 26. Dusted
with Derris po$rder : JuEe12andl?. Haod-hoed: July g. Ho$€-hoed: JuIy 22. Applied
secodd half of sulphate oI amlnoDia: July 27. Harvested: Dec. 22-Feb. 2. valiety :

Thousand head. Previous crop : Brussels Sprouts. (See 1035 Report, p.lgl ).
SpEcrAL NorE: Kale harvested at {reekly intervals as food for stock.
STANDARD ERRoB ?rR PLor: 0.925 tons per a$e ot 1,590 .

Summary of Results : tons per acre ( +0.462)

Nihogen, cwL per aare
t934 1935 t936

0.0 0.8 0.0
o.4 0.4 0.4
o.8 0.0 0.8

Soot Rap.
dust

Sulph.
amm.

I1.64
12.79
13.2t

.34
12.83
13.7 t

r0.t3
r t.7l
12.58

t1.39
I l.3l
13.76

Poultry
maaure (+0.231)

1 1.1 1
12.16
13.32

Mcan (+0.2671 12.63

Concluslons
There was a sigaificant response to the 1936 application of nitrogen. Poultry

rnamrre tave lower yields than soot or sulphate of ammonia with all three ty?es of
&essing, the average differences being significart. Rape dust occupied an inter-
mediate position.

12.55 12,13 I rz.zo

R1
800

so
i4t
R,
969

R,
s58

N,
868

Rr
720

Mr
792

M,
876

N,
975

Nt
836

No
7t5

sr
848

Mr
783

M,
876

&
747

&
691

No
776

N,
s30

Rr
728

Nr
828

sr
830.
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WHEAT
WOBURN

Effect of sulphate of ammonia applied at fiYe different times
ww-Stackyard, 1936

Platr and yields in lb., total produce wet

I
98.8
3

113.0
0

79.0
5

109.2
4

105.8

t09.0

4
111.0

I
89.5

107.8
o

78.5

107.5
5

97.0

3
114.8

4
1r5.0

I
101.5

106.2
5

t03.8
0

?0.8

2
118.2

0
79.5

104.5
3

rr3-8
I

90.2
4

r04.8

0
58.0
5

96.8
2

103.0
4

103.0
3

I13.0
1

93.2

5
130.5

129.0
4

118.5
I
98.5
0
72.5
3

t21.2

I

NW

I
31

36

SrsrEM oFREplrcarroN: 6 x 6 Latin square.
.\R!A oF EACII pLor : j-, acre (16.7 lks. x 60.0 fks.)-
TRTATMENTS: l;o sulplite of ammonia (0) atrd sulPhate of ammonia at the rate of 0.4 cwt.

N oer acre applied on Nov. 5 (l), Jao. 25 (2), Mar. 13 (3), April 24 (4) aDd Mav 25 (5).
CurrrvirroNs rii.: Ploughed: Sept-. 10. Ilirrowed: Oct. 23. Ddlled: Oct. 25. Camb dge

ro[ed: tr{arch 25. H-arroi'ed: Ma.rch 27. Hand hoed: Apfil l5 aEd succeeding days-
Harrorred: April 24. Harvested: Aug. 19. Variety: Victor. Previous crop: Bare fallow.

SpEcrAL NorE: Plots harvested by weighing total Produce and samPling {or grain-straw ratio.
The number o{ s3.mples taketr was ho*ever, too small, and the lesulting-8rain yields are
somera-hat irregular. 

_Bulked 
replicates of the treatments, were, however, also threshed and

these are the ,esults sho*'n in the table.
STANDARD ERRoR pER PLor : Total Produce : 3.93 c\ t. Per acrc or 7.48 %.

(0.4 cwt. N Per ade)
No N Nov. 6 Jan. 25 Mar. 13 Apt.21 May 25

1?.7 r9.3 20.5 21.0 18.9
+4.3 +5.9 +f.1 +8.2 +5.5

31.3 38.4
+8.9 + 16.0

40.8 36.1 34.9
+ 18.1 + 13.1 + 12.5

55.9 +0.716

+20.1 +1.76

Conclusions
The average response to sulphate oI arlmonia was 6.2 cwt. of- 8rain and 13.9

cwt. of straw fer acie. For both grain and straw the yields increased to a maximum
and then decriased with later aprlications, the maximum straw yield occurriag with
an earlier application than the maximum $ain l,ield.

Summary of results, cwt. per acre.
Dates of applicatjon of sulphate o[ aEEoLia

49.0 51.1 61.3 57.7 53.8

+13.2 +21.9 +25.5 +21.9 +18-0

Meon of
all N

sr.

GRAIN

STRAW

r3.4 t 19.6

i +6.2

36-3
+ 13.9

(+r.60). .

(t2.28) -.
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SUGAR BEET
WOBI'RN

Effect of sowing date, of sulphate of ammonia and of time of application of
mineral lertilisers
Ws-Laasomer 1936

Plan and ylelds ln lb.
Roots Tops Sugar PIa[t
(dirty) pe! nurtr-

ce!t. ber

Roots Tops Suga! Platrt
(dirty) per num-

cent. ber

230 r30
309 167
125 2ta
334 168
286 t38
465 243
483 280
373 279
357 188
430 29t
297 17A
444 281

3o Irt
lo M!
2N 14
ro Mr
20 M,
lN M,rN rq
3N M,
2O Mt
3N Mr
30 M.
2NM.

17.52
17.83
17.63
17.80
t7.77
17.63
17.25
17.60
t7.60
18.18
17.28
17.08

374
382
367
359
360
365
367
359
372
345
362
370

354
367
370
359
368
376
361
352
369
362
369
360

413 190
473 258
348 214
122 267
275 t3A
927 rcA
348 283
293 l4l
459 267
241 t34
206 ll5
326 150

2N Mr
rNMr
3NI\4
rN14
2O Irq
lo Mr
3N M.
2O M.
2N M.
3O M!
30 Mr
lo Mr

18.55
17.60
16.79
17.22
t7.02
17.60
17.97
18.00
18.61
17.28
11.34
t7.77

lo
2N
20
30
3N
lo
3N
2N
IN
IN
20
30

Ir4 306 I92
M, 438 300
I'4 37r 187
Mr 297 ta1
Ir4 382 290
M! 360 200
M. 330 298
Mr 436 250
M, 453 217
Mr 526 259
M, 332 170
M! 296 196

40t 262
305 157
3t4 153
262 t62
269 115
232 169
524 268
461 233
338 181
3 t66
400 231
331 246

2N Mr
20 Mr
IO M,
20 Mr
3O Irt
3O M.
rNMr
lN Mr
3N Mrro l4
2N r4
sN Mr

l7.lg
17.66
16.72
16.47
16.82
19.?6
t7.tI
17.57
17.6t
t?.86
17.54
17.31

NW

1

36r
370
369
375
370
350
364
365
354
350

384

363

365
348
372
3?9
380
360
368
372
359
352

3 O Mt 222 112
I N Mr 420 l8S
2 O Mr 234 ltg
3 N M. 313 r?7
I O M. 271 tAg
3 N Ir{. 319 178
2 N lt 377 lSl
r N Mr 421 2O2
2 O Mr 2!7 tt2
2 N M, 380 174
30 Mr r53 77
I O r4 268 r20

2 N Mr 437 2Ot
r N Mt 445 109
2 N M. 1tt 22t
3 O M. 220 t1t
2 O M, 296 140
I O Mr 36.r r38
3 O t4 237 r3l
2 O Mo 308 143
3 N Mr 3A7 2r7
I O Mr 347 115
3 N M! 4Ot 247
r N r4 198 267

t6.82
17.16
t1.42
17.4a
17.16
17.48
17.51
17.28
t7.15
16.?6
t7.15

t7.26
19.70
16.79
11.02
t7.40
17.94
t7.28
16.?3
t6.?3
17.50
r6.73
16.88

384

350
36r
344
3?0
359
326
356
346
355
337

364

361
371
363
344
375
368
368
338
360
346

24

37 18.26
18.00
17.97
17.87
17.92
t7.83
18.41
r8.09
t7.2A
17.0s
r7.63
17.19

NorE : IE the Iield the plols lay in thlee paralel stf,ips, l-24, 26-48, 40-?2.
SysrEM or RlplrcAatoN : 6 rando8ised blocb ol l2 plols each. Certaitr i.oteractioB are partially

cotrIoutrded vith block diffeteoces.
ARE^ oF EAcrr PLor (after re.iecting edge lollls) : l/l0o acre. PIoLs actuaUy 24.2 yds x 3 yds.
TREATMENTS: 4 x 3 x 2 ta;t rial-desrtn.

Minerals: Noae (i4), superphosphate at the rate oI 0.5 cwt. PrOr per acre aod durrate ol
potash at the rate oI 1.0 cr*t. Kp per a.re plough€d itr (Mr) broadcast iEEodiately
after ploughiDg (Mr) and broadcaea at sowing (M,).

SoEint: April 8 (l), April 27 (2) a d, May f5 (3).
_ Sulp_lrate ol ammoria: None, 0.6 c*.t. N pe! acre (N).
BAsaL M-ANURTNG : Nil.
CuLTtvATroNs, Erc.: Ploughed: Feb. 2l-26 and March 23-24. Double harrowed: March 28.

Harrowed, Cambridse rolled and Eanures aDDlied to Ii'st sowiDs : ADril 8. Cambridse roI€dEarrowed, Cambridge rolled and manures applied to Ii'st sowiDg : Ap l 8. Cambridge roued
aad maaures apltiedto second sowing : Apff27. Horse hoed fii* sowing : May ll. Hairrowed :
atrd rolled Ior third sowins : Mav12- Harosal e.d ma. rB annli.d t- third swin,. Mrw 153gd roled lor,thlrd sovring: May l2.-Ha;o{'ed aad Eaoures applied to-third irowing : May lS.
Horse hoed 6rst and second 6witrg I May fg. Shgled first'iad secotrd sowitri: Mav 20
and 21. Horce troed first atrd secoia *"ii"g, Mai 20. Singled third sof,,iEg; Juo; lO.
Horse hoed first aDd secoDd sowirg : Juae 16.-Haod hoed : July 2&Aug. 4. Lifted-: N6v. Gl2.

- Variety: KleinwaDzlebeD. Previ6us-crop: Pota.toes.
STANDARD ERioRs PBR PLor : Total sugar i 4.39 cwt. per acre or 9.96 %. Tops : 0.800 toEs per

acre o.9.017". Mean dirt tare: 0.150.
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Main effects : Interactions of sulphate of ammotrla with mlnerals and
sowing dates

llcan lrLd.ns.

0.0 cwt. N
0.6 cwt. N

37.61 38.1r
54.11 56.8r

15.8. 17.1' 1f.63 16.81
+r.6r +r.8r +r.0r

38.r 38.21 L 44.81 38.9i
67.1t 55_41 L 63.7! 61.5'

30.2'
16.4.

3E.01
55.9s + 17.9r

51_2. 18.2. 38.3r

-6.0' - 15-9'
46.9

Standard Erro$ (r) + 1.46' C) + 1.20 (') + r.03 (') + o.tgr C) + 0.730.

0.0 cwt. N
0.6 ct*.t. N

ROOTS
t0.94 10-83
t6.10 16.20

t0.86
15.90 + 5.01

I t.00
15.74

(washed) : toos per acre
10.67 | t2.60 tt.21
15.56 I t7.98 t6.27

TOPS : tons per acle

8.74
t3.45

Mann

0.0 c$.t. N
0.6 cwt. N

13.3813.37 13.52 1s.s2 13.12
+0.15 +0.15 -0.25

15.29 13.76 11.10

- 1.53 -1.19

6.541 6.621
10.691 10.181

6.671 6.04r I ?.04r
10.961 10.831 I 10.90.

6.671 6.36.
10.32r 10.78i

6.69s
10.676 +3.98!

Mzon I t.62' 8.1tp 8.82' 8.88' I 8.97t 8.501 8.57' I E.6E
Inc,casc I -o.rr, +o.2or +0.261 I -0.11, -0.40, ll
Standard ErroE : 0) +0.286' C)+0.218 (3) +0.202 f) +0.r?5 (5) +0.r4.

SUGAR PERCENTAGE
0.0clrt. N , l7.l{ 17.38 17.61 .17.8I | 17.78 17.34 t7.30 lt 17.17
0.6cEt. N 17.21 17.58 17.57 l?.80 i 17.71 17.66 17.25 'l 17.51 +0.07

M.an t 17.18 1f.18 17.57 17.80 | 17.71 1f.50 17.28 | 17.51
Ind.asc | + 0.80 + 0.Bg +0.6e | - o.zl -ota ll

0.0 c*t. N
0.6 c$t. N

I 36.6
36.3

PLANT NUMBER: thousatrds per acre
38.0 36.5 36.2 r 35.6 36.2 37.2 n 36.3
36.4 36.0 36.2 | 35.6 36.2 36.2 ll Jd.0 _ 0.3

Meat 36.1 35.7 36.2 36.2 | 35.6 36.2 36.f ,l 36.2

-0.7 -0.2 -0.2 i +0.6 +1.1 ll

'For itrteractions ,nultiply by 1.060.

MiDer.ls
Broadcast

NoDe Ploughed
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Dat€s of soriag

Interactlon of mlnerala and sowing dates
Miuerds

Broadcast
Noac Ploughed at at

iE ploughi!8 sowing

MiD6als
Broadcast

Notre Plough.d at atin plooghiog sowiag

SUGAR PERCENTAGE
17.18 17.U t7.81 18.36t7.o1 17.69 17.66 t7-6217.32 17.t2 t7.24 t?.u

TOTAL
Aprit 8
April 27
May 16

SUGAR: cwt. per acre (+1.70)
.. | 52.2 64.8 66.7 61.1

ROOTS (washed) : totra Der ac.e15.20 t6.64 16.62' 14_8013.76 14.00 13.46 13.8r11.16 I.02 It.48 10.72

.. | 47.0 40.6 17-B 48.0.. | 38.6 3?.8 30.6 A7.1

April 8
April 27
May 15

TOPS: totrs per acrc (*0.351)
.. .. I 9.53 8.51 8.98.. .. I a.zz 8.28 8.sa

| 8.t0 8.40 8.54

PLANT NUMBER : tboosaods per a.!e.. .. | 36.? 35.0 36.7
.. .. I 36.6 36.0 36-r.. .. i ai.2 s6.o B?.0

8.86
8.54
9.26

35.8
36.2
36.6

April 8
April 27
May 16

Corctuslons
Tbe yietd of total sugar decreased by 6.0 cwt. from the first sowins (ADril 8,1

19.tf"^l*olg. (April 2?) and- by a funhir 9.9 c,tt. from rhe second *#"! io tn6
third (May I5), both roots and sugar percentage falling with later sowing. -

The differences in the yield of tops were- not si&rificant, though"the two later
sowings gave somewhat lower vields than the first sowins.

Sulphate oI ar-nmonil produced large increases in iotal sugar and tops. The
average response in total sugar to minerals was significant, and-was mainlir due to
the relatively large increa^se they produced in sugar percentage. The diifercnces
due to time and method of application were small and 

-not 
sie-nficant. The effects

of minerals on the tops were negligible.
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KALE
WOBURN

The effect of roota and tops of mustard, tares and lupins used as gr€en
manures

Wl(-Laasome, f 935-f 936
Plan and yields in lb.

NTR
50.2

T.AR MR
79.6 53.9

LO TA2TR
70.7 127.9

T^TR F
tt6.7 76.3

] *,r*
57.a

LR
7 t.7

F
1t.7

F
62.i

LR
57.8

F
52.1

M2TR LTR
86.4 95.3

L2TR
tt2.2

LTR TAO LR
108.6 8l.l 90.7

F MTR LO
72.7 68.5 78,7

T^2TR M2TR
157.4 82.e

LO M2TR F T^O TAR
67.8 80.3 70.$ 65.3 72.a

FF
85-8 5,1.3

MOr
63.2 70.0

F
94.2

I\{R
62.6

T^O
90.9

F T^TR
8t.l 03.0

L2TR TAR
ll5.? 66.8

Tr2TR
140.1

MO
55.1

MO MTR
59.5 57.2

MO LTR
52.7 85.4

M2TR MR MTR
68.1 44.7 60.8

tons per acre :

TR zTR

L2TR TA2TR TATR
tol.l rt4.3 115.5

LTR TATR
06.9 It4.6

LO T^O T^R LR
71.4 68.7 87.3 55.4

F L2TR
57.0 108.?

SysrBM oF REPLTCATIoN: 4 randomised blocks of l5 plols each.
AIEA oFEACE PLor ; 0.00478 acre (242.4 lLs. x 118.2 lks.)
TrEAf}rErrrs; Greeo marures; Fallow (F), teres (T^), Iupitrs (L), mustard (M) Plants pulled

up after $owiag (O), plants cut and reooved, but roots left ir ground (R), plaots Ploughed
in as gro\vn (TR), plaDts ploughed in aBd additioral tops florD (R) plots also buried (2TR).

B^SAL MANURTNG : Nil.
CuLTrvATroNs, Erc. ; Ptoughed, roled and harrowed ; March. Tales drilled ; March 24. LupiDs

driled: Marcb 26. Mustard dritled; April 14. PiouShed iD tre€n manures; JuDo 16.
Roled: JuDe 19. Harrowed and rolled; Jutre 23. Kale driUed; Jutre 24. Thinned;
Jnly 22. }losdi July 2, ard Aug. 10. Harvested; Jan.9-15. Variety; Thousaad head.
Previous crop ; Sugar beet.

SpEaraL Nora : Ahis exFrimelrt was started with green nranureri itr 1935. The 1935 kale ctop
was estetr by pigeoos aDd Breetr maour€s uere grorirn agaio oa th€ sade plots itr 1036,
followDd by kale.

SraND^rD ERroR PEr PLor : 0-933 tons per acre or 12.3 per cent.

Nitrogen buried lb. per acre (1936)

Summary of results :

Fallow O

6.62 6-17 6-18 8.11 10.15
-0.15 -0-11 +1.79 +3..53

6.0

r 0..166
Mca,n fncradsa

(+0.2331 (+0.32el

5.91
8.11
9.35 + 3-11

M.an (+0.2691
Incrcese (+0.3801
Stardard error : (r) +0.269.

Conclusions
Compered with a fallow, the growing of a 8leetr manure crop of mustard, removing the whole

plant, produced a significant decrcase in the yield of kale of l.l2 totrs per acre. The $owth ot
lupins also removing the plant prcduced littte ellect atrd that of tares Save a smaU itrclease which
was trot sigtdficant.

The burial o, the roots of the greea crops produced little effect on the yields oI kale, Siving on
the average a sliSht but trot signilicant decrease. The burial oI the tops gave a sigdficant respoEse,
the inc.ase to the double dlessing beiag l.9l toEs Per acre lor mustard, 3.48 tons for luPins, and
6.6? tons for tares. The r€sponse per unit oI nitrogen buried was sigtrificantly STeater lor tares,
aDd lophs than for mustard, atrd was slightl]' but not sB ficantly greater lor tares thatr Ior lupins.

5.60 4.94 5.52 7.41
8.42\ 6,75 6,44 9.02 10.23

7.16 7.16 10_28 t2.82

Mustard
Lupi.s
Tares

R TR 2TR

Mustard
Lupitrs
Tar€s

37.1
4I.3
59.4
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t.l9

KALE
WOBURN

Effect of sulphate of ammonia, poultry manure, soot and rape dust
WK_Laasome, t936 (3rd year)

Plar and ,'telds in lb.

sr
149

N,
r87

\
r08

M1
123

so
102

SysrBM oF Rrpt'rcarroN: 4 ratrdomised blocks oI 12lt ratrdomrsed blo(ks oI 12 plots each-A.*rr:i*""^1" 
o""rp":, t"n* rejecting edge .ol[s): O.'OOO6S' acre. plore a.ctoalty t/t6o acIe(25 lls. x 25 lks).

TREATMENTS : 1036-No nitrogetrffiil";J#kx Jil'Ji.lJrL-"9,.i#ii:s.,_.lrr 
d;ffnr.#"ilrE:ffiin seed-b€d^at thl:r-ale oI0.4 cwt. ft per

durlcr€EauroerasabEl-dressinc..nt(S),poultrymanure(y)'atrdra*iust(R)applied

f'"i",*fo"#,r,fili:l';*H,;Irfl"r1"-1',t .'o'.s.*i. ri [i'..,-"i i,rl-i1.s;#,".;c
h,it +hi< in lh+rr ,,-^* -^_ _. - ,jl 1935^and vice.versa. plots iiceiving trqtment i
H,."* -*"*:1":.""^. r., N., s", r.i" ii; q i"ji iriijlir,"'r""f,,,i#"ilif,?8i,"".j

BAsaL MAniuRlNG: All Dlots were ma.t€ u.p to_ l.Ocwt. p-to! per acr.e and l.O cwt. KrO per acre,usiag superphospha-te and muriare ol potash (aD allowance beint made Ior the pro. atd
^ 

KiO coDtained in the organic maauresl.( uLTIvAtroNS: Plousbed ir Anrit - Harrowed ,n April. seed sown: May g. Manuresapptied (sutphate of amaoiia at t.u_,"i"i, M.v'!." si"ci;"i j""lu' ie. soooa urr orsutphate oI ammonia aDDtiert . rirly :0. ii^-"ii.J, -j"i;-ri. ,i;;t"d : Dec. 28_Bl.Varietv: Tbousand hdj. p.",i"rs crop: Carrots.. lSeJ Irdfs n"p"?. p.rse).STANDARD ERFoR pER PLoa: 0.934 totrs per icre or l0.io/". 
_'-_ '_r"'- l

?.0r 7.587.62 9.568.29 0.39

All four treatment" gr.r" u 
"ignifcii"X:llffiu to ,rr" Ig36 application, the leldwith the double dressinig of .uir,"i" oi 

-.,il-o;i. 
*ii,"g'Jisiiii.""ir,y above rbosewith the $guble dressinls of -s&t, pouttrv manure tiid- il;. There was noapparent orfierence ln the residual effects of the I9B5 appli;ations. poultry manurewas, however, significantly below soot -d ,"pe a;i'o;-In"-"""r"g" of all threetypes of application. -

Rr s.126 85

sr Mr127 89

Nr Mi
133 88

Mo
r03

&
u2

\
127

Nr
207

sr
162

Rr
112

rv4
t0l

Nr
144

st
t2t

Ro
105

(+0.2341

the 1935 treatmeit.

M!

Poultry
ruatrure

Rt
141125

Rape
dust

Qualtity (cwt. N.p.a.) | SutDh.1934 1036 'tS3O amin.

8.25
10.29
14.61

0.0 0.8 0.0o.1 0.4 0.40.8 0.0 0.8

6.97
9.27
9.55

f .1;
9- 16

10.16
Mcan (+0.270)

Summar5r of Results : tons per acre (+0.4(,2)

Rt
t22

M!
97

R"
76

Nr
r29

s2
96

Mr
76

sr Mrlot 1t2

Rr N.130 106

Mo Mr84 95

Nr s,r83 t20

s. Rr03 l0?

No
80

N!
167

M.
69

sl
s2

R:
80

so
16

Nty

I
4l

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-1-68 pp 233

230

KALE
WOBI'RN

Tte resldual effects ol Luplns as green ma[ure
Wtr-Laosoee, 1936

Plan and ytetds tn lb. (Ereen welEhts)

I
Ntv

t
I

l3

Planls 6 iEches apart in the rors. 
- 
Eoed : July- 2Jiflches aDart : I\tav ?. Thinned : Iulv 22. Planls 6 iEches aPart in the ro*s' iloed : July- zr

""f,e,i"{r"iio.- 
-]{"ii,""La 

,-1"". "s .'"a 7. valietv: Thouind head' Prcvious croP: Nalo: JaD.and August 10.
(s€e 1935 Repo
SaaNDAxD
(s€e rgts Report, p. r98).
Si^NDARD ERRot PER Pr,i"er Piot : 0.383 tors per acte or 6.63%.

r.-*.",. 
I

Sysrsra op REptrcAttoN : :l x 4 l3titr sauate.-A;;;;^; P;;;-("ne. ielectl"g 
"dgoiows) 

: o.oo973 acre Plots actuallv 0'010? ecre'

TR!^TrrENts: Lupini were gro*n bve; the whole area in 1934.
O:Wtole pl,ant removed.
R:Tops removed, roots ooty buried.
P:Whole plants buried.
i,f :wfi;tl""t"-;d additional toPs fron Plots receiuiDg treabetrt -(R) 

buried- These
trea -erts 

",ere 
ipptied to kale sown in tbal. Xite o,as g.owa-again io 1935 atrd ls36 withoEt

iurther treataent.
L;;;;;;;", -;. , Plouthed : March 13. - Harr-owed : March 13' M: *;11; .R9T- l9

o
R
P
PT

122.34
244.77

Summary oI Results

Nooe
Roots oaty
Whole plaot
Whole plaEt and extra tops

LupiBs dug in Yield.
tons per acre.

6.42
5.52
5.42
6.33

to ilressi*8.

+ 0.10
+ 0.10
+ 0.91

St. e ols. +0.192 +O.271

Concluelons
The vields of kale show a 6mall residoal efiect o{ tbe tops dug in i! t934' there beint- an- in-

crease of'0.4 tons 1)er acre with siogle tops and 0.9 tons per acte with double toPs' Roots had no
apparent eflect.

RPTPO
lr3 158 I30 104
POPTR

r08 r20 l3s loE
OPRPT

108 l2g l2a 126
PTROP
132 r32 l4l 140

ri:r
I l.3l
l t.3l

Nitrogea added Per
acre (lb.). l93a
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PYRETHRUM
WOBURN

The effect of lime, fish marure and artificlal fertilisers on the yleld of flowers
and their content ol Pyrethrins.

ROADPIECE, 1936 (4th year)
Plaa alrd lrtelds-Dry stalkless heads (gramrnes) above, Pyr€th.LE I conteDt per cent.

LOAI LFO2 0FO2 LOOI
838 6A2 698 800
0.43 0.43 0.54 0.43
t.03 0.89 r.r? 1.04

ooar Lool ooa2 ()002
427 974 561 M1
0.4t 0.46 0.40 0.11
0.90 t.05 0.02 0.96

LFOr OOA2
t177 1373
0.49 0.4S
1.00 t.03

LFA2 OF'OT
l79l 2175
0.51 0.44
Ll6 0.9r

ooAl oFA2
1460 t7t0
o-32 0.17
0.70 0.92

LFAT LOA2
2471 2279
0.36 0.5t
0.84 1.07

oFor Loa2
1684 1680
0.39 0.48
0.86 0.98

LFOr LOO2
l9l3 1949
0.27 0.41
0.66 0.91

OFAT LFA2
1329 1446
0.28 0.36
0.85 0.79

LOAT LFAI
t890 t521
o.40 0.43
0.90 0.98

LFO2 OFA2
1880 t?90
0.39 0.45
0.84 l.0l

ooor oFo2
t400 1305
0.3r 0.45
0.68 0-90

ooor Loo2 0002 oFAl
1235 lA51 1766 1534
0.35 0.36 0.33 0.39
0.78 0.76 0.60 0.80

SysrEx or RrpLrcArroN : 2 randomised blocks of 16 ptot-s each.
AREA oF EACII pLor (after rejectiB8 edge rows) ; 0.00560 acre. Plob actualy 20.6 lks. x 22.? tks.
TREAaMENTS :

Lime ; None (O), 2.88 tons equivalotrt to 4 totrs CaCO, applied in first ye3.I only (L).
Fish nanure: None (O), 5 cwt. per acre (0.4 ciyt. N) applied ia fi.st yeat only, halt this

dressiDg applied every year (F).
Complete artilicials ; Nose (O) ,sulphate of aEaonia (0.4 cwt. N), superphosphate (0.4 crt.

PrO.) and muriate oI potash (0.5 cE't. KrO) applied itr lirst yea. only, bdJ this dressirg
applied every year (A).

Maaures applied: lst year ody f033 (l), every year (2).
CuLTrvarroNs, ETc.; llaad hoed; early Juoe. Matrures applied; April 15. Harvested; Joly

7-10. Previous crop: Prethrum (See 1035 Report, p.201).
SaaNDARD ERRoR pB& PLor: Pyettrrin I. cont€nt per cetrt. 0.0653.

centre, total Pyrethrlns per cent below

NW

1
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Summary of reaults
Yields of separate treatments

Manures
applied

Artificials
Neither Artiricials Fish and fish

manure matrure
t Mcat
I

DRY STALKLESS HEADS;. cwt. per acre

6.84 1.7 t 6.?8
5.54 1.76 1.65

No lime First year
A[ yeals 5.0{ 5.54

4.78
4.90
4.91

5.08
1.71

5.11
4.98

5.04 5.16 4.95

I Maat .. I 5,50 5.69* Adjusted Io! differeDces betweed 36ps l-8, 0.16 etc.
to ttris table.

1-73 5.22 I 5.21
No siDgle statrdard error is applicable

No lime

Maan

036' 8.ilt 3..3il 8.ii:
W

0.373
0.17N

0.12r

LiBe . .
First year
AU yeers 0.4r, 3.iii 3.lii

0.40r
0.44r

0.4F
0.4 f

Mean 0.41. 0.4e 0.10 0.12, 0.13r

First
PYRETHRIN I. Cotrtetrt per cent.

0.36r o.42r

Artificials Fish Artificials
maoore aod Ifuh

tDaltrurc

DRY STAIKLESS HEADS ; cl*t. per acre
First vear .. , 5.2a 5.12 5.38 I

standard errors; e) +0.0462, (1 +0.0327, e) +0.0267, (t) +0.0189.
TOTAL PYRETHRINS Fr cr,lt.

First 0.88

Vanures applied

PYRETHRIN I. CONTENTperceDt.

Neither

5.26
4.85

First year
A[ years 0.38 0.39 0.40 0.37

0.17 0.46 0.45

,:0.0327 +0.0189 +9,!!!7

0.39
0.16 + 0.07

+0.0231

TOTAL PYRETHRINS per cent.
Fir.st v€ar .. .. .. r i 0.88 0.86 0.81 I 0.85
el y6ars .. .. .. I I l.oo o.sd o.9z | 0.97 +o.tz

Condusions
There were no significant effects on the yields of heads. Fish manure and artificials

applied in the present year gave a sigaificant increase in pyrethrin I content l)er cent.

No lime l-irst year ..
AU years 0.98 r.o.r 0.96 0.99

lIean 0.f E 0.89 0.96 0.84 0.90

LiEe . ,
First yeat
All years o.s4 l:33

0.83 0.0r
0.86 0.98

0.90
0.9 5

0.91 0.99 0.81 0.91 0.92

Effects of artificials and fish maaure

i 1.90

Firstyear ..
AI years
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2:l:l

EXPERIMENTS ON POULTRY MANURE
Centres. T}?e oI

Experiment
No- oI
plots

Rotbamstrd (see pp. 223 Ior details)
wouum (see pp. i)o for details) .. .. :. :: :.
hdy ManEer's School, Bakeweu (A)
lidy Manners' School, Bla!.ewel (B)
Grem-Bar School, Burford ..
Senior School, Cadishead, Larcs. ..
St. Joseph's School, Castleford, Yorks.
T. Hughes, Esq., Chittoe, Wills.
Royal Agricu ltural College, Cirencester
FakeDtram School, Norfolk .. ..
County School, Godatming, Surrey . .

Sa o;'Orphao Homes Siuoot, Niwrands, iutl .. :. ::
A. G. Brighhar, Esq., Mauldea, Beds. J- W. Dallas, Esq.,

County Orgariser
The High School, Neu,casUe, Staffs.
NortoD NewCoutrcil School, Doncaster, York
Hertfodshire Farm Institute, Oaklands, St. Albans (A) . . . .

Hertfordshire Farm lDsfitute, Oaklands, St. AlbaDs (B) . . . .

L. Pope, Esq., Pelton, Durham
Cheshne School of Agriculture, Reaseheath, Nantwich, Cheshie. .

J. Martland, Ltd., Rufford, Ormskirk. J. J. Green, Esq., Courty
Orsadser

Churcb of Engla.Dd School, StaiDdrop, DarlingtoE, Co. Durbam . .

l. Bomer, Esq., Steppingley, Beds. . . . .

County Schoo! , Welshpool, Montgomeryshire
CeDtral School, witbemsea, E. Yorks.
R. S. Maudlitr, Esq., wybostotr. J. W. Dalas, Esq., County

Orgaaise!
F. J. BrbughtoD, Esq., Yeabridge, South PethertoB, Sooerset . .

2CR

lc
IC
IC
I
I
2CR
2CR
lc
1C
IC

IC
I
la
2aCR
1C
2CR

48
48
l6
l6
16
t2
l6
24
36
16
t6
16

3

3

t
1
:t
I
3

2

2CR
lc
2CR
TC
1

2R
2CR

242
162
16 I
25 I
362
L22
36 I
21 I
163
21 3
163
16r
243
36 I
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'.11J

E xlerir\edal arar.gerrvr,ts

(I) 2'ractoriar desiSE. O, P.M., S/A.
4 x 4 htin squares or randoEis€d blocks.t Basal ula rring; 1.0 cwt. KrO atrd 0.8 crrt. PrO. pet acre.

(la) O, P.M., S/A, Soot, S/A aDd Soot.

(Ic) Cuhulative ; As (l) with trcatments repeated on ttre saEe plots e.ch y€ar.

(2CR) Immediate, cumulative and rcsidual effects.
as follows ;

lst year .. .. O O
2nd year .. .. 25 2M
3rd year .. .. O O

'Basal maBuring: f.0 c$t. I<.O and l.O c*+. PrOE per acre.

(2aCR) As (2CR), with soot.

(2R) As (2CR), for the first two years, but with ao treatments in the third ,,ear.

Manures S/A (S) and P.M. (M)- TreatEeats

ls tM 2s 2MISlMOO
1S IM 25 2M

SS
OSooso

(3) IDoediate, cumulative arld rcsidual efiects. Treafuetrts as follows;
lstyear....OOMMOO
2trdyear....OMOMOS
:Myear....MMOOSS
4thyear....MOMOSO

Randomis€d blflcks-
lB,asal manurirg : 1.0 cwt. KrO aod O.8 cwt. PrO. per acre.t Nott.-In all cases tle mineral uEnures pei pl6t were made l1p to l.O cr;,t. KrO and

0.8 cst. or 1.0 cwt. PrOi, using muriate of potash arrd soperphosphate.

Rales of matutrbtg
(l)', (-lC) N at ttre rate of O, 0.6 ard 1.2 cwt. per acre.
(Ia) N at tbe rate of 1.0 and 2.O cl't. Der acre.
(2), (2CR), ( CRJ N at the rate o{ O;0.4 aod O.8 cwt. per acre.(3) NattierateolO, arld 0.6 cwt. per acle. -
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Type 2CR. First ltear

Place Clop
121.2

P.M P.M S/A S/A
\o\. Mcan St.

Reaseheath -.
Rufford

Potatoes ; toDs [rcr acre
Potatoes ; tons per acre

8.681 8.64 9.59 9.40 9.20
2,362 4.29 5.19 4.26 3.45

9.03 +0.2543.64 +0.27r
Reaseheath .. PerceEtage ware 80.{! 86.0 81.6 83.9 81.3 E2.3 +0.989

Cilencester . .
Yeabridge

Swedes ; tolls per acre
Swedes; totrs p€r acre

18.96{ 21.34 20.68 22.98 23.15
t9.24' 19.81 19.85 20.7t 22.18

21.01 +0.598
20.18 +O.3G3

Standard enors; 0) +0.180, e) +0.192, (.) +0.699, (.) +0.42r, f) +0.262.
+0.3G3

Cotrchtsions
Sirrgh ard doubk dr.ssings ol poultry mznure aid sulphatc oJ arnrrronid.

- - 1!"._. w-a" 1"ignilj""tt respoDse to nitrogen i-o both potato ixperimeats. On tbe averaSe
of boti levels olappticatiotr thete was little difierence betweeo po:ultry rna:rure and sulphJte
of aEaoaia at Reaseh€at-h, but pouhry nanure gave a significantly higher yield at Ru_fford.I! bottr experiDlents the double dre.ssint oI sulphate oI ammonia glve lowei yietds thatr the
shgle dressiag aDd lower yields thaD the double dreseiDg of poulky manure and it is to this that
tbc superiority of poulhy maDure at Rulford is due. Nitrogetr produced a situifcaot itrcrease
ia percetrtage qrale at Rea-sehealh, but the diflerence bet*eeo the average resioases to poultry
EaDuie aDd sulphate oI ammoaia w?s Eot sigDificant.
, IE botl experi-EeDts on swedes there l-as a significant respotrs€ to the first drqcsing oI aitrogen,
but litue or tro furtber respo$e to the secotrd dressing. Sulphate oI ammooia tave sigtrifica;tly
higher lelds than pouttry manure at botb centrcs. -
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E*ferimc s ott tesi.d.ual ellects
Tyle 2R

TreatEeDts.
1934 t935 1930

S/A 
I 

rlrr4r, st. crror

Wyboston 56.6 51,5
67.8 56.4
69.9 50.9

56.6
57.1 +3.r0
55.1

2N ON ON
IN IN ON
ON 2N ON

3.14r
3.62 3.90
4.08 ?.39
6.01 5,28

C ottcl,*siotl.s
- - -S:?gk -and do{bh tlr.ssin$ ol poultry n onale aad sulfharc of armo a. Resit{at.fI.cts

oJ 1031 dnd lg35 dr.sinss-
The rcsidual effects oI the lertilireE otr wheat total produce were not sigtrificatrt.

Er?erimenl or. inn cdiale, carrruLath)e ond, resid,tol clfecrs

Tyle 3
Treatments-
1935 1936

Potatoes ; totrs per acre oo
NO
ON
NN

Mcal St. erlor

3-11

i.1:, +,.s4
5-81

Standard erIor; 0) +0.951.
Coffilusions

__,f}".:rp:*_-*J "1 
po-tatoes at Maulden.had a high staratard eEor. Tbe tespoDse to nitrogetrappued.m 1936 w"a-s srgDilicant, -but the diflereDces betweeo poulky Ea[ure'aod sulpUtJoi

a.anmonra were not. The residual effect oI the 1935 dressj_og oi nitr6gen was Dot signihcant.

Wheat; total
produce ; c*t.
Per acie
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2r0

Experiments on iltftediat , c*mt latite cnd residual cflecls

T!?c 2aCR Lnd 2CR

Place. Crop. 1935
1936

2N IN ON
ON IN 9N

Chittoe Potato€s; toDs P€r acre PNI
SA

8.43 8.80
9-12 9.58

6.18

".1', 

+0'255

5.96 8.7E 7.98

| llaugolds ; Roots; tons
i F ""t"

Oaklands 
i

I Mangol<ls ; Tops; toDs
l)er acre

L

i

PM
SA
Soot

23.85
23.20
23.99

25.13 21.64
24.95 27.37
25.70 27.21

21.55
25.1f +0.715
25.63

23.68 25.26 26.12 25.12

PM
SA
Soot

4-C5 5.31 5.91
6.58 5.47 4.24
6.35 6.96 6.58

5.39
5.76
5.96

5.29 5.5 8 6.24 5.7 0

Steppingley I Rumer Beans: Pick-iogs
cl\t. per acre l-3

,, 1-5

.. 6-8

TotaI

PM
SA

10.7
6.t8.3

18.3
4.1

11.5
6.2

PM
SA

30.0
20.5

20.9 25.5
20.4 19.6

25,5
20.2

PM
SA

I1.5
t2.4

14.8 15.5
l5.o 20.9

13.9
16.1

PM
SA

51.0
40.7

38.0
4t.l

63.8
45.5 +6.r;50.9

42.4

54.45. 16.

IN

39.

Corclusiotts
Imnciliale, eLm{lariua dhd letidual cfJecls.

There was a si8nificallt respons€ to t]re 1936 applicatiotrs of nihogeo oa potatoes at Chittoe,
$ith a significaDt lauing-off in respoDse at the higher level of application. on the 1936 applica-
tioDs, sulpbate oI ammonia. Bave signiticantly bigher yields thaE poultry manure, but on the
plots leceiving the dooble dressing oI nitrcgen ill 1935 and tro Ditrogetr i[ 1036. poultry manure
gave slightly higher yields, thou8h the diffelence was not significatrt.

The;e $'as also a sigrificant respoas€ to DitrogeD applied in 1936 ia manSolds toots at
Oaklands, with little difference betvreen either the dtect or residual effects oI soot aud sulphate
of ammoEia. Poultry maaure also gawe similar results in the zero and siDgle 1036 dre-isiEgs,
but the double &essing tu 1936 Iailed to respond.

The crop of rutrner treans at Steppiotley, on an acid soil, \ras rather variable. Poultry
manure gave a large respofte to the direct application, and sulphate oI ammoDia e small resPons€,
the dilference in Iavour o{ poultry manure beinS signilicant. The responses to poultr!. maoure
appeared in all pickings, though principaly in the eatlier oDes, a,hile sDtphatc oI ammoaia ooly
produced a response at the later pickings

IS34 st.
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1{1

SUGAR BEET FERTILISER EXPERIMENTS
F.\CTORY SERIES

S'|'srE1I oF REpllc.{rrox: 3 randomised blocLs of I plots each $,ith t\r.o degrees of frcedom,
representing sccond order interactions. confouDded'with block diflere[ces

-{REA oF EAcIr I'Lor: Cantley I and ( antle}, II: l/10 acre. Wissingtotr I and \\rissington II:I Ro acrp. Oiklands: | '9u arre. Itemainder: I {0 acre.

TREAr!,I)i'r::3 3 . 3 factorial dcsrgn.
Sulphate of ammoDia: \ooe, 0.{ cit., 0.8 cwt. \ per acre.
S,uperpho+hate: \one, 0.5 cll-t., 1.0 cEt. pzos pei acre.
Muriate oI Potash: \one, 0.6 crit., 1.2 cwt. i{,b'per acre.

\'\RrEDEs,EIt Johrson s_P.--Bun I and Bu_+, Il: Kuhn. Kings Lynn I and \4.issington I:
rluhn_P. King-s l'.nn I[: yasters. Brigg I : Dippe E. Bardney Ii : Dobrovice. demain_
der : Xleinwanzleben E.

flechanical and chemical analvses oI soir sampres fronr each experiment hayc been carried out.

Planl Derrsit! (meat oalus)

Station
Yield in Plants in
tons thousands

Per acrc per acre

Distance in Weight oI
inches roots itr
bet$'een lb. p€r plant

CO..I.RSE SANDS
I Alscott II
2 Bardney I
:l Bnggt..
+ KinR's LvDn I
5 King's l-rnn II
6 Ne\rark

6.93
8.{7
8.25
0.53

12.4'2
14.48

ti.68
5.18

t3.30
13. t0

7.O2

9.71
4.46

t7.56
16.18
11.46
13.10

I1.25
10.22
6.60

lJ.1l
t 0.8l

30.6
31.0
32.0
20.7
21.7
27.9

22.5
t7.t

26.3
18.3

3.1.9
24.4
28.3

,6.6
27.6
l3.t

t9.8
13.0
t8.o
t9.8
r8.8
18.0

18.0
24.O
19.0
22.O
29.0

20.8
18.0
18.0
l8.l
ll.0
21.5

23.6

22.1
22.8
27.0i

0.507
0.612
0.578
r.03
1.28
l.t6

0.665
0.678

l-l:l
0.552

0.8t?
0.546

FI\E S-\\DS
7 Bur, I..8 Bu+Ir .. .. .. ::
0 C^antley I

l0 Xidderminster
I I WissingtoD I
I-IGHT LO.{\{S

20. r

18.;

l:) Alscott I
13 Brigg II
l{ Cantlev II
l5 Cotwici{
16 Selby
17 Wissington II
HEAVY LOAMS
l8 Bardney II
lg Ipswich
20 Peterboro' I
ll Poppleton
CI-AY LOAMS
:12 Felstead I

1.0{
1.05
l.l2

29.0
20..)

l9 (r t.24
l.(N
0.789
0.732

o.763
l.l3
0.825

0.930
0.7?6

R

:.1:| Felstead IL. ..
:.:t Felstead .C.ea tOrUfa.a.r .. ..
FENS
:15 Ely
ll; Peterboro' l[ ..

'On ridses.

9.06
13.s0
6.45

J2.o
19.5
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16 Selby
I 7 WissinSton II . .

18 Bardney IL.
l9 Ips*ich

Peterboro' I . .

Poppleton ..

Felstead I ..
Felstead II ..

Felstead Area
(Gaklands)

Previorrs
croP

Date oI
sowing

Coarse Potatoes :ltay 14
sandy loafl

Littttsatrdy W'heat April 29
loam
Sandy Wtreat -{prit 23

Poor coarse Barley April 25
sand

Coarse sand Barley April B
Sandy \ leat Aprif 27
Light sandy ks May I
loam

Coalse saDd Barley trIay I

Sand]" loam Wheat May 5

Sandy toam Potatoes llay I
Light loam Barley Uay 14
Coarse $teat llay 16
sandy loam
Sandy Oats -{pril 27

Satrdy ll-beat April ,9

Litbt sandy Potatoes April 97
loam

Sandy loam Oats llay 6
Medium $'heat April 2l

loam
Silty loam Wle.t .{pr 17

Medium Barley April 30
loam on
clay

Silty loam Barley April 30
Sandy loam Wheat April 29

Clay loam Wheat May 8
Clay loam Wheat April 96

Medium ['inter
loam Oats

Black ren on \I'heat
Peat

Black fenon \\'heat
peat

JuDe l0

\ov.:6

\ov. I

Oct. 92
Jan. l

Oct.26
\o\'.27
Oct. li

Dec. 15

Dec. r:l

lan. {
De.. l0

\o\. l l

\o1 . J;-28

\o\.. ri

Oct. l8
\o\'. l9

\o\.. rG

De. 3l i

Dec.3
Oct. ll

Oct. l0

\ov. lt,

April 28 \oY.:]8-:lrr

-{pril 2{ Oct. :7

Farming ootes

Slightly acid in places.
\:ery poor laDd, ,nartinal

for beet cultivation.

G!,rotilled for b€et crop.

DamaSed b!. game and

DuBg to previous crop.
Slightly acid in places.

Dutrg to previous crop.

Slightly acid. I-imed Ior
b€et. Very poor unever
croP.

Dung to previous crop.
E cellent laDd. Some
wireworm trouble.

Dung to previous crcp-
Slightly acid. Lim€d
for beet.

Sigrs oI poor draiDage,
sufrered in *-et summer.

Some sigtr of poor drain-
age in q'et sumnlct.

Dung applied to the ex-
peritr€trtal croP.

So*n oD 2? itr- ridges.
I-eEd comptetely un-
manured for Prcf iolrs
5 years.

Station

Allscott II ..

Bardney I ..

BriSg I
King's Lyntr I
King's Lynn II
Newart
Bury I
Bury lI
Cantley I
Kiddef,Dinstei
Wissin8toa I . .
Allscott I
Brigg II

Cantley II ..

Colwick

Date of
li{ting

I

3
1

5

8

I
l0
ll
12

t3

l.t

t5

!0
:]l

))
23

2{

::5

36
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2{3

Soullirg etrors i* samllhg Jor sugor colterrt
ll0 rools in ta.h sam .\

\o. of Samples Standard €rror
aoalysed per per sample

plot

0.35r
0.315

S igttifi c ant R es ponses

Total Sugar
T"ps
-fotal sugar
Tops

Total sugar
Tops

Tops-tons
Su8ar o/1, ..
Plant numlFr . -

Purity %

+
Currature

PK Symbols

+0.9
+0.12
+0.09
+o.22
+0.3

0.0

ll
(, rl

N.<P N.K P.K
r) r) t)
(,rt0

llmr Reslorses per I aol. oJ N, PrOu anl R"O

\
\verage 1936
r033-35

+2.7 +9.8+r.r8 +2.82+3.rr +4.26-4.72 4.22
+o.5 0.o

-0.9 -0.1

P
-{verage 1936
1933-35

+0.7 +3.O
+0.2r +o.84
+o.27 +O.72

o.00 +0.08
+0.4 +0.6+0.5 -0.2

K
l9J6

+ 1.8
-ro.38
+ 0.o8
+ 0.2o
+o.2
+ 0.2

I I Wissington I
17 $ris.sington II

I
l

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


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

https://doi.org/10.23637/ERADOC-1-68 pp 247

PrP,,

2lr

llain Elfects ard. Firsl Ord.er I eractiotts

Tolal Sugat : tltl. Per acre

P, P, K. K, Ki tlean

No
IN,

N!

t5.i
t8.I
21.{i

2JO
:8.9

21.3
28.1
3t.5

21.8
)i.-)
li _t

22.8 17.0
3l.l 19.5
28.5 18.6 t:i.E

Ko
Kr
K,

14.:t t9.2
2l.rt J8.7
19.3 :18.5

21.5
30..1
3U.5

f,Iea 18 1 2i.; 27.5 18 3 27.0 2A.l 23 8

N^ :l?.9 J{.9 ::5.2 2:1.0 J5.{ 30.5 26.0 
1

i N: :s.5 :|3.5 33.s 3J.l J8.3 32.:l 30.8 '

N: 31.6 36.8 35.1 18..1 33.8 {:1.3 34.8

]leon 28.i 31.7 31.3 27.5 29.2 3t.0 30.6

tl.9S. lledns: +1.15

K,,
Kr
K!

25.7 r8.9
16.t Jl).6
34.1 30.7

27.9
3t lt
34.)

+2.62. itedns : -L1.51

No
3N,

N!

10. !l
30.8
)1.1

30.3

31.;l

, -i.o
3t)_t

Ko
Kr
K,

10.:,
34.5
18.5

:|0.9
tl9.{

28.9 J+.6
30.c !1.)
3t_:] :15.I

:]5.I
:15.E
28_1

2a-ti
l7.l
35.:l

:10.:l
:10.3
35.11

)Iean 26.3 28.; 30.1 i24.6 2i.8 32-8 2\.1 -).iA. tlea s: -1.6t)

N- J7.7 28.8 24.3 J6.:l 30.8 Jr.l 26.9
{ N: 35.5 35.9 36.5 37.1 36.3 34.5 36.0

N: rl.3 36.9 .11.8 43.9 41.3 34.? 40 o

K. lss.r to. i ls.t
K, 35.J {u. t 3:l.ll
K" 30. rt 30.8 31.7

)Iean 31.5 33.9 34.2 35.7 36.1 31.1 31.3 +3.14. Mcans: +1.81

33.3 30.5 3?.3 3{.1 31.7
13.t .13-6 50.8 {7.9 44.2
51.3 53..' 57.1 52.O 54.{

K{ 4l.6 {4.0 {8.3
K, 39.C {0.6 {9.8
K! 146.2 4r.9 47.1

35.1
15.;
65.5

No
5N.

N!

ll ri
l9-ri

No
8N'

N!

4i,9
i3.9

]lea 12.6 42.5 48.4 144.7 13.4 1;.4 14.t -:j.67. )Iea s: -1.t4

(i \; .i3.J ;().3 ]';3.n 5:.; ;3.1r 51.7 5!-r Kr 't:1.7 '196 53'l
\-: 5i.l ;i.i i;7.9 57.0 56.s iti.ri ;;.t; K' ;3.; 5lr a {i'7

)Iean 17.ti ,50.:l ;1.3 ;0.1 48.8 -io-i )i'.(t i:a6' 'll&11: : I l-6';

No r?.5 
'0.e 

23.0 !s.8 !9.9 rr.q ,.!.a ' s l?1 i:.9 i1 I\:] ,.::1 ,' ,lr.t ,l;; :j:.: t lj.J :.lS:.1 !.i t K; I9.lr lti.3 l; it

N: ::t :J :.:;.i l;.'i :)l ; lu.; :s.; !t)-t; K, 16.{ 13.$ ls.::

)le.t,1 21.9 21.3 26.0 22.2 23.8 26.:! ! l.l - r.73. lleafis: +0.991J

16.8 l6-5
r0.l 18.::
19.5 22.J

I3.i l5.g
t6.5 l6-8
19.7 20.1

17.0 1s.;
t9.5 17_6
tl.5 20.1

17.9 r?.3
18.8 lc.:i

Ko
ri1
K1

I

Ko lE..t :16.8
Kl {0.:l 43.6
Kl {J.5 45,8

l {.6
t 1.;
18.:,

15.8 18.8 18.9 | 16.6 17-6 19.3 . 17.8 r l.3ti.

19.6 211.0

+0.7 6.5

41.9
50.6
51.0

9 N: lg.5 .r0.:l 5o.:: r;.1 48.! {6.6 46.a
N: lJ.l tg.tt {8.+ r:.:.6 4ti.6 5l.s t7.o

)Iean 1i.7 19.1 17.6 12.1 11.5 16.1 11.! !5.OA. It.e s: !2.93
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:l+;

PU P,P,,K:KoP:P, K, )tcdn

Ill
No 38.7 37.9 39.? 3?.{N1 44.1t 17.6 fi.A r+.iN, {9.3 r7.9 18.7 {5.J

t;t.( l
l{i.;
1ri.3

:t2.+

3rt.:l

-1.1;. ll, ttt t).ltg

9.4 16.3 Jo.:l
tl.3 l+.7 l2.l

ll.{i I l.;i l5.l

;;.1|
;;.3
lill.:l

-l.31. ,rlra"! . --0.i56

JJ,9
15.$
11 i

Ko
Kr
K"

:|8.i)
18.1
.11.s

rq
K,
Kr

i t.;
i; ri
;it.r

K,,
Kr
Kr

;9.{i
55.9
;7.3

Ko
Kr
Kr

{0.{
4rr.o

,d. tt
1A. t
13.6

{1.{
{4.:.1
lli.J.'i0.8

tr*" l.ta" ,r.; tu at Zl u.z-tlean \44.u 14.; lt.3 12.1 4.t.6 15.7 11.6 .:.t.70. _tltan.

I iJ, lg.s t6.:J Jl.ri lg.t :.t:t.l l7.t !!.s ii i:.,t t1.,,
Ko 1;.1 :.::.1.I Iri.9

l{.1
l;.9N; rl3.s r:t.r Jr.rJ ig.o ,.:i.i is.i h.; nl i;.i ;.;

.tt?a,t 2t.; 2J.!t :3.t, t., ; :,tT-.:6.; :!.!t t.xrr ri,.url I.01

- . N" i26.5 :17.8 18..5 l7.r :18.1 t?., 22.6 Ko 29_i 30.6ll fjr :]0.8 3.r.e :]a.3 :te.3 3i.{ :};.+ 32.i Xi :lt.! :1.r. tN: _ 
jr5.E 3i.r I , la r!8.1 39.e .j.\..r x" 3o.s :l;.+

.llean 31.0 33.1 31.0 30.[ :ji_! Jt.! jj.d
No ll.{ t1.3 t1.{ tJ.0 u.8 tJ.:} l:J.ll:, Nt I1.1 t+.? :1i.0 t$.7 t3.7 t6.6 t6.:lN, 8.1 t4 (i l0.o tJ t lo.ti t8_:i 11.3

14.i 19.1 1;.3 12.() 16.7 11.7 -:t.tli. )l !.t j: !.00

No 51.3
l4 Nr 50.9

N, 50.2

;l.tt 5{.8 60.t)
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: r(, '13.35 t1.76 lr.r0

Mzon i11.88 11.81 12.77 11.78 12.29 12.10tt 12.16 io.727. Means: *0.120

No i B.7g 4.er 4.73 4.32 4.ee 4.08 4.11 , \ I.gq 9.q? 9??7 Ni 5.32 5.76 6.77 J.rJ 6.57 6.05 ;.9; K1 6.08 7.40 7.lo
Ns 8.65 9.r2 9.05 8.75 9.02 9.05 8.91 ' & i 6.08 5.87 7.23

5.92 6-60 6.85 6.11 6.86 6.39 6.16 +0.835. Means: +0.367

No
l0 Nr

t0.89 I t.32 11.45
r4.08 I{.22 12.08
r6.20 15.27 t6.96

10.6t t1.70 tt.35
14.46 t2.67 13.34
15.27 16.62 18.54

11.22
13.16
16.14

Ko
Kr
Kr

13.92 t2.19 r4.23
t3.71 13.80 r3.3?
13.54 14.81 12.88

13.72 13.60 13.50 13.15 13.63 13.74 13.61 +0.982. Means: t0.567

No
12 Nr

Nt

5.3t 4.47 5.29
6.81 7.S5 5.37
7.76 9.73 8.88

5.09 4.80 5.17
6.30 7.04 0.79
9.25 8.17 8.03

6.02
6.71
8.7I

Ko
K,
K3

6.25 7.69 6.70
7.r5 A.42 6.41
6_47 a.O3 6-30

6.62 i.38 6.;t 6.88 6.67 6.96 6.,9 t -O.766- Mcans. 7.0.436
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K,Ko K,,

No
N1
N,

5.35 7.28 8.35
5.09 7.18 5.1{i
6.23 6.27 ti.7l

7.28
9.16

t 1.36

9.79
9.02

12.97

Kn 9.t I
Kr 9.09
Kj ll.Jl

5.56 6.91 7.t1 6.99 5.81 i.O7

6.93 7.60 I

8.S7 9.2? |
11.84 I l.3S

9.17 9.21 9.12

l;.6, l:l.O2. Iveons: +o.;Es

fl.7lr
8.ts
9.:l{

I'*
K,
K!

\0
N1
N.

No\,\:

7.63 7.53
9.02 9.77

to.79 12.05

6.6? i ?.3t
8.68 I 9.33

ll.25 r10.86
9.0t

10.07
s.68

9.2i +0.39O. Iv?ans : +0.22 j
8.02 9.52
8.29 s.til

11.6.1 I J.l8

9.77 10.69
8.70 8.67

12.56 r5.97
9.ri9

I0_37

10.31 11.78 9.65

4.01 4.01 2.9'
4.74 3.58 3.89
5.10 6.01 4.07

r10.58 10.6r I q5
, 0.50 rt.30 14.55

8.87 8.6S I l.i; I

3.16 4.01
3.83 4.31
5.{l 5.16

8.91

3.3 r
ri.l0

I1.83
10.18
13.99

9.6i 10.1J 12.00 10.60 +1.47. lweats: +0.819

1_2(; ):0.545. nleans : t0.315

N",
20 Nr

N:

-,lI*"

No
:,1:l Nl

\!

3.43 3.17
6.58 d.8l
7.77 8.19

3.0J 3.87
6.65 6.82
6.80 8.8i

it.76
1.Oi
,r.62

3.6; Ko 4.43 4.80 4.ri:.1t.07 K, { 07 4.80 4.ri8
i.06 K, 3.95 1.73 4.19

1.1o 1.13 4.50 1.62 1.51 3.62

3.50
6.1?

3.40 I(! 5.45 5.23 5.8{r
6.i2 Kr 7.10 6.27 6-t6
7.78 K! 5.95 6.77 5-08

5.93 6.09 5.88 t.19 6.51 i.70 t.90 +O.Al4. Means: +0.170

5.62 6.20 5.36
4.27 7.06 A.g7
4.78 7.47 8.49

5.68
7.95
7.35

5.46 6.01 : i.73
6.29 7.{6 7.23
5.68 7.71 6.91

9.15 9.79 8.87

lil
No
Nr
Ni

Mean i.31 7.63 8.09 7.16 8.45 7.11, Z.6i

(i {l t.78
;.33 8.67
8.t9 lr.{:}

K"
K,
K,

7.10
i.4n
6.11

Ko
K,
K,

6.07
6.8 5

7.02 7.r7 8.10
8.:r8 7.87 9.0t)
ri.53 7.r.1 ;.08

=0-681. Yeans: +0.393

5.14 6.91
6.33 7.t0
6.{13 7.t I

+0.364. Meons: +0.212

No
N,
N,

5.92 6.42
6.18 6.0{i
6.60 7.7i

5.88
i.t4
i _6i

5.99 6.41
t-.ott 7.03
6.i2 7.44

;.8 t
(t.{8
7.87

Mean t 6.23 7.0i 6.gg 6.59 6.96 6.72

13.;ri
Iri.03

16.36 1;.11 17.15 16.23 16_86 15.86 t6_32

13.E1 Iq 19.t r 13.31 t6.J;
t7.47 K, Iti.8{ t6.60 t7.t4
17.68 K! r3.l{ 15.50 t8.9t

::2.11. )lleans: 
=1-39

No
N1
N,

No
Nr
N,

19.30

8.70 9.,16 9.0:l
ll.l0 t9.38 13.30
lt.l9 t2.14 lt.9l

l0_r{ 10.50
12.53 Il.5l
r0.89 12.10

13.89 13.t0
22.t7 1.1.39
t4.60 20.I0

i.41
t2.71
IJ.t1

,.J9 il Ko e.gr 10.8e 12.86
r!.26 K, l|..19 ll.:!5 tr.4ll
t t.i1 K! 10.60 t1.84 9,88

rr rz L r n<11.13 t +1.O5. Mcans: !0.A0610.66 1t.33 11.11 11.9 2 11.10 10.77

P, P!

K"
K,
K.

6.02 r,.{l 4.7{
7.88 8.O5 8.32
8.{8 t0.88 8.28
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2-o2

Reslorses to Ferlilisers

.5 per ceDt significance. *tl per ce[t significance.

Linear ResDome
(respotrse to tlie double

dressing)

Curvature
iexcess o, extra response
to secotrd dressing over
response to first dressing)

NPK

st. st.

Station
McdrL
rield

K\
TOTAL SUGAR: crft- per acre

COARSE S..l.NDS

I Allscott II
2 Bardney I
3 Britg I ..
{ KiDg's Lyatr L .

5 King's Lyan lI. .

6 Neu'ark .. ..

23.8 +5.7i* + 0.1*+
3r.6 L+8.8.. +J.6
2E.1 t 4.{ + 4.1
3a.J l+ 13.1.+ 0.6
11.5 +2o.2" +s.a'
50.0 +11.6.4 +4.0

r 7.8', -t.ri:l -i.l
--' 7.5** -J.l{ 0.S
_ B.ri* j l.J? ;.1

1.6 r 1.5{i ;.1
-0.? -t.18 {.J
-if.3 J i){ -i.!

-5.1 s.dg +r.et
-3.{ +.{.1 +3.70
-0.3 r 1.8 -3.03
rl.l -5.4 =4.41+6.0 +3.3 +3.78
- 1.0 +3.5 +4,04

jttcan

FINE SANDS
7 Buryl ..
8 Bury II ..g Cantley I - .

l0 Kiddermioster . -

ll Wissitrgton I ..

35.3 :+11.6 + 1.2

21.1 i +6.t" +4.1'
I7.E r +4.0.. +3.1.
11.1 , +7.4 +3.0
44.6 I +0.8+* + r.3
22-9 I +t.4 +r.3

+4.0* +1.41 -J.l+2.7. +l.ll +0.7
+4.3 +4.15 -6.6+3.3* +r.3s l-5.{*
+7.8+*, +t.47 I 0.0

1.9 0.4 0.4

-0.72.9
+7.1
+0.3

3.1

r{r.B -t.45
- 0.7 : r.9,
- l.l +7.1t

3.1 L2lO
1.6 I a2.64

LIGHT LOAIUS
12 ,{llscott I
l3 Brigg II ..
l4 Cantlel II
15 Cohick . -

16 Selby
l7 Wissinqton II

30.8 -;.9

.32.E - I lr.5+*
I1.7 - 0.9
55.1 Ll
;3.0 - :!.1+
ll.J + I t.8'*
18.1 - 9.0**

+!.7 - t.4

- 3.lrr ;i.J. - I t0
- s.;'* r t.{ -l.slI {i.E** _ 7.3*+ . 1.99o.+ 0.., - t.07
' l.? l.ri -1.{i2|J.li l.J - L{li

- 2.9 +0.1 -0.9

t.8 t.8 i2.08
+0.5 -8.0 +4.89
-7.0 +0.1 i3.46
+ 1.0 +0.7 +1.86o.s ,r 0.6 t2.80
- 5.2. -2.! :2.12

ro.:]
{.9

- 1.6
0.$
0.0

_ri.4+

]1.afi

HEAVI I-OA}IS
18 Bardnev II
l9 Ipswich .. ..
:10 Peterboro'I
2l Poppleton

11.1 +t.A :L7

11.2 - 6.J. -1.:|10.3 + lti.i*4 att.l
J9.9 +10.1** +o 7
22.9 1- 3.J -l:1.5

- 2.2 -2.2 r0.9

+0.7
+o.9
- 1.0

-2.9

3.5 +0.1 +3.87
-2.0 -5.9. +2.O5
+2.9 +0.8 +1.62+2.5 I.9 +2.08

+ 1.5

-3.0
-0.9
- 1.0
+0.1

- i.13
- l.l!)

J. ti2

= 1.7,

)lcat

CLAY LOAMS
22 Felstead I
23 Felstead II ..
:4 Felstead Area

(Oaklands) - -

36.1 - !1.! - t.2 1.!

.;.3.6 - t:1.1** -l.J -:l.l*
21.4 +l.l*

-0.6 0.0 -f.i

- l.2J i.1** 0.6 3.:: -2.11
- l.ll 3.s - l.o -l.l -!.1')
a(,.858 1.3 1.5 -3.o - l.{8

- 1.2 -0.8 - 1.1 L

FENS
:16 Ely
f,6 Peterboro' II +0.r -2.7 +5.8'

+r.6 +3.2. +2.5
+ 1.89
+1.4t

-3 18

-r.45
-3.8 - 2.7 -O.2,6. ' -1.4 +0.1

41-5
40.7

11.1 - 2.0

I>

36.9 +9.9 + 1.3 - 1.1

36.6 + 7.7 +3.0 + 1.9 - 0.;- 0.8
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Station
tield

2i)'f,

l.inear Response
(response to the double

dressint)

NPK

Curvature
(Excess of extra resoonse
to s€cond dressing over
response to Iirst dressiBp I

N P K-

COARSE SANDS
I Allscott II
2 BardDey I
3 Brigg I .-
4 King's Lynn I ..
5 Kint's Lynn II ..
6 Newark .. ..

Mcan

FINE SANDS
7 Bury I ..
8 Bury II .. ..
9 Caafley I

l0 Kiddermi6ter ..
I I WissirgtoD I

ROOTS (washed) : totrs per acrc

6.9 3
8.17 - t.30 - 1.50 _l 59

-0.tI -r.20 +t.14
- l.8s -0.06 +0.s7
-1.38 +0.t8 - 1.4:]
- 1.25 + 1.65 +0.98
-!.04 +O.01 +0.?6

- r.33 _0.10 _0.10

-0.68 -0.16 _0.0r
-0.08 -O-80 +o.lri
- t.97 +1.73 _0.1{
- 1.38 -O.05 _O.44
+o.07 -0.86 _o.39

-0.81 -0.03 _ 0.17

-0.05 -0.53 _0.61
-t.45 +0.07 +2.35+0.09 - t.95 +0.4j
-0.4 t +0.4t +0.08
-o.28 -o.32 +0.10
- 1.79 - 1.34 _0.6!

-0.61 + 0.30

+t.t6 -0.85 -0.12+0.27 -0.30 _ t.59
-0.33 +0.7r +0.06
-0.68 +0.?i -0.38

+1.82 +2.{4 +2.O?
+2.45 +0.84 +2.02
+ 1.45 +1.14 +'.15+3.6' -0.12 - 1.26
+5.59 +1.59 +0.06
+5.08 + l.3l -0.O2

+s.31 +1.20 + 0.81

+1.7{ +1.22 +O.E6
+ 1.38 +0.88 +0.06
+2.35 +l-15 + t.l4
+3.28 +0.3r +0.82
+0.49 +0.38 +2.09

+ 1.85 +0.79 + 1.11

LIGHT LOAMS
12 Allscott I
13 Brigt IL.
1.1 Cantley II
l5 Colwick -.
16 Selby
l? Wissington II

Maort

HEAVY LOAMS
18 Bardney II
l9 Ipswich .. ..
20 Petelboro I ..
2l Poppleton

10.01

6.68
5.18

13.30
13.10

7.02

9.06

9.71
1.46

1f.66
16.16
11.16
13.10

12.08

12.33
11.25
10.22
6.60

8.2 5
9.i 3

12.12
14.18

10.10

9.06
13.90
6.4,5

9.E0

12.42
10.81

+3.09
+0.31
-0.0I
+o.75
+ 2.78
+r.53

+ 1.5I

+2.32
+4.63
+2.7t
+ 1.28

*0.77 -;9.35
+2.49 +0.45
+2.O5 +2.20
-o.21 -0.10o.00 -0.48+0.62 -0.6{'
+0.95 + 0.38

+0.35 - t.30
+0.t0 -0.31+0.17 -0.28+0.77 +0.02

Mcan

CLAY LOAMS
22 f'ebtead I ..
23 Felstead II ..
24 Felstead Area (Oaklatrds)

+0.3; - 0.46

+ 1.99 -0.79+0-78 -0.89+0,67 +O.30

+0.10 +0.08 -0.i1

- 1.87 -O.2t _0.81
-0.78 +0.r2 +0.5?
-0.37 -0.8t _0.69

+2.i4

+4.05
+3.12
+o.79

Mcdn

FENS
25 Ely
28 Peterboro' II

+ 2.65 + 1.1i - t.01 -0.31

+0.52 -0.70 + 1.46
+o.74 +O.8t +0.55

+0.63 +0.06 + 1.00

- 1.86 -r0.12 -0.1)- 1.66 -0.45 _0.19

- 1.78 - 0.16 _0.16

-_---.--_
10. t2 +2.26 +0.81 +0.15 -0.6d -0.20 -0.11
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2i,1

lield

Linear RespoDse
(respoDse to tbe double

dressiDg)

NPK

TOPS : tons per acre

CDruature
(Excess oI extra rcsponse
to second dressjDg over
respoDs€ to first dressinS)

NPI(

COARSI' S.{NDS
I -\llscott lI, Bardney I
3 Brigt I ..
{ I(ing's Lynn I
5 King's LyrD II. .

6 Neuark .. ..

+2.71.+ + t.88*r +0.41
+2.90.* +O.07 -{.0?
+5.70'. +1.14 +
+ r.40r' +0-4s -0.61+3.74.. +0.43 -0.08+7.28** +0.8S +0.62

- 1.88

- o.09

- o.04
+0.85

o.57
+ 1.03

-0.27 - 0.14

7.76
5.29
9.71
1.46
;.67

12_16

-0.570
+0.378
+0.896
i0.387
a0.385
+0.594

-0.33
-o.12
+ 0.2t)

0.86
o.10

+0.30

- o.4t
+ 0.69
+0.08
-o.17
-0.06
-0.{0

-0.988
1o.656
:1.56
-10.669
-0.687
a 1.03

}*I\E S,\\DS
7 Buryl ..

l(r xiddemlinster. .

I-IGHT LO.{MS
12 -{llsrott I ..
l3 Britt II .. ..
16 SelW

+ 3.81 +0.82 :0.t2

+l.{tir* -u.93 +0.28
+,1.91** t!.19 +0.29

+r.52 -0.43 - 1.22
+0..r4 +0.02 -0.07

6.46
13.61

6.81
6.62
9.27

+1.69 +0.36 + 0.28

+3.77.. - 0.11 +0.08
+1.r8 + 1.85. +0.o8
+4.08.'-0.28 +0.25 

,

- 1.63 +0.50
-0.85 +r.44
- l-56r +o.17

+ 0.519

=0.80t
-0.808: 1.39

=1.07+ 1.44
+0.551

i--

HEA
18 B
:10 P

Mra, 7.58

AVl LOA-f,lS
Bardtrev II .. 10.60
Peterb'tiro'I .. ' 1.26

+3.01 +0.19 + 0.11

+3.r8r +r.35 -0.66+ r.4t. +o.35 - 1.0o.

-0.37 -1,35 +1.01

+4.72. + 1.30 -3.60+0.57 +0.39 -0.8,1
: L:ro
r0 rr; =r.08+0.171

Mca

\Y LOAMS
Felstead I
I.elstead II
Felstead Area

(oaklarlds) ..

7.43

5.90
7.67

6.76

+2.30 + 1.35 -0.63

+4.38i. -0,25 +0.21
+3.40.. +0.78 - 0.36

+ r.27.. +0.76. .+0.13

+2.6J +0.89 - 2.22

+0.l i5 -1.86 0.57 - l.8e
:t0.55{i 1.23 +0.14 -2.33'
i0.30r 0.J9 -0.88 -0.61

j l.l5
r 0.963

-0.520
6.? I

16.32
11.13

+3.05 +0.13 0.00

+3.87 + r.O9 -0.37+2.35. +0.76 -0.a6

. - 1.13 -0.11 -1.59
l

+r.97 I -3.45 +3.63 - 1.6:t
+0.858I -3.39' -0.60 -0.81

+3.41
+ l-48

]lean :3.11 r 0.92 -0.11 -3.12 +1.1? -1.22
adt.. 8.36 +3.11 +0.72 +0.09 -0.28 -0.15 -0.59

(-t_A
:2 I
,3 I
24 I

FEXS
25 EI
Iti Pe

-'itation

st. st.

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-1-68 pp 258

25it

Station

Linear Response
(response to the doublc

dressing)

Curvature
(excess oI exka responsc
to s€coDd dressing over

responsc to f irst drtssins).N P K'

-0.3.' -0.08 -0.59
- 0.98 +0.45 _0.06

K

COARSE SANDS
I Allscott II
2 Bardnew I
3 Bri8g I' ..
4 King's Lynn l

17.12
18.02
17.17

-o.36
+0.04
-o.42

+0.38
-0.2510.08

*t);6
- 0.10

-0.{9

SUG.{R PERCENTAGE

I Xir'f"ry"" r .. ..
5 Xint's I-ynn lI ..
6 Nel1alk .. ..

18.02 +0.02 -0.09 -0.00+0.12 +0.08 +0.13
+0.06 -0.17 +O.09

-0.44 -0.08 - 0.I1
-0.16 -r).I9 0_ t 3
+0.r2 +0.08 *0.13
-0.10 -o.39 +0.29

Mean

FINE SANDS
7 Bury I ..
8 Bury II .. ..
I Catrtley I. .

lO KiddermiDster .. ..
ll WissiD8too I ..

17.5 8

17.99
17.20
16.66
17.03
16.2 5

- 0.09 0.00 + 0.22

-0.15 -0.r0 +0.64
+0.16 +0.I8 +0.e2
-o.2t +o.o5 +o.22
-0.40 +o.to +0-18
-0.t3 -0.o3 +o.?4

-0.18 -0.01 - 0.07

-0.45 -0.O8 +0.42
+0.96 -0.ro +0_26
-0.07 f O.5l -0. t2-o.23 +O.22 _o.a2
-0.00 -o.27 -O.4{

LIGHT LOAMS
If, Allscott I
13 Brigg II ..
14 Cantley II
15 Colwick ..
16 Selby
l7 Nissington II

17.03

16.87
16.32
15.7 6
16.39
r9.30
18.47

-0.16 t0_01 -t 0.42

+0.03 +0.2O +O.27
+0.04 +0.59 -0.0?- 0.{0 -!0_I3 +0.07
+0.2o +0.12 -o.oz+0.46 +0.76 +O.20
- o.l6 +0.11 +0.,16

* 0.02 a n.n6 -1.r0

+O.rs +0.O4 -0.11-0.t2 +0.09 +0.18
-0,64 -0.21 -0.3s+0.16 -O.08 +0.15+0.39 -0.24 +0.06+0.06 -O.O7 +o.02

]lcan

HE-\\'Y LO-A]tS
l8 Bardney II
l$ Ips\ich .. ..
:0 Peterboro' I -.
Jl Poppieton

17.t8

16.7 4
17.93
19.5 3
17.40

+0.03 +0.32 + 0.11

-0.{7 -o.02 +o-70+O.O2 O.OO +0.16
-0.19 +0.03 -0.o3-0.85 -0.t3 +0.07

+0.03 0.00 -0.02

- l.l5 -o,3, -ro.32
-o.04 -o.42 -O.OC+0.15 +0.03 +0-r7
-0.25 +0.16 -o.gz

CLAY LOAMS
22 Felstead I
,3 Felstead II
24 Felstead Aiea (Oatlands)

17.90

19.83
19.29
16.57

-0.37 -0.03 + 0.22

-0.52 +0.r5 +0.23
+0.12 -0.26 +0.06
-0.30 +0.20 +o.29

-0.33 -0.11 +0.02

+0.22 +0.01 +o.07
-0.i10 +0.r5 -o.03-0.06 +0.o1 -o.4i

FENS
25 Ely
26 Peterboro' II

18.56

16.71
18.E6

-0.26 +0.06 + 0.19

-0.71 -0.14 +0.32
-0.8o +0.o3 +o.21

-0.o1 +0.06 o.11

+0.91 - 1.9-r +0.06
-0.98 +0.u +o.Js

17.6 0 -0.66 - 0.06 + 0.26 +0.32 -0.56 +0.2o

t 7.;6 -.0. t s +0.o8 t0.24 0.05 -0.o; - ooJ
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2iti

Station

FINE SANDS
7 BuryI ..
8 Bury lI ..

l0 Kidderminster
tl rA'issitr8totr I

PLANT NUMBER : thousands Per acre

dressing)

P

-0.8 + t.7 +2.0
+o.9 +0-5 + 1.3

-1.3 +1.9 +2.3
+0.2 -l.o 1.5

-0.3 -o.2 +0.,
+ 1.7 +0.9 -0.9

Linear Response
(respons€ to the double)

Cuivature
(excess oI extra tesponse
to second dressint over
respon\e to first dressinB)

NPK\

COARSE SANDS
L{llscott II
2 Bardney I
3 Brigg I -.
4 Kin{'s Lvntr I
5 Krni s Lynn II
li \.e$'a.rk . .

30.6
31.0
32.0
20.7
21.7
27.9

-2.6 7.9 +0.2
+0.5 +0.9 -0-l
-l.t -2.3 +4.1
- 1.4 -0..1 -0.9-to.l +0.4 +O.2

0.5 + 1.3 +0.1

27.3

22.i
17.1
26.1
2E.5

+ 0.1 + 0.6 +0.6

+ 0.3 -0.4 + l.t
-0.3 -0.2 0.9

-0.? 0.1 +0.8,0.0 r 1.3 + 1.0

- 1.0 -1.3 +0.6

+2.3 +2.0 +2.3
-0.3 + 1.2 -0.3
-0.1 +2.0 -3.4
-0.7 -0.7 -o.2

2 3.6 - 0.1 +0.2 + 0.5 +0.3 + 1.1 *0.1

-0.4 +3.6 -3.0
- t.9 +0.7 +2.2
-l.t +1.2 -0.3
-0.3 -0.s +2.1
+0.6 +0.2 + r.7

- 0.6 + 1.0 +0.6

+2.9 - 1.9 + 2.0
+ 1.8 - 1.0 -0.$
- l.l +0.5 0.4

l.l +2.1 0.6

LIGHT LO-{YS
12 .{llscott I
l3 Bri88 II .. ..
l5 Colwick .. ..
16 Selby
l7 $issington II . -

!6.3
1E.3
31.9
2 4.4
26.3

0.0
+0.5
- 0.1
+1.9
- 1.0

+ t.8
+5.1
-0.4+0.5
-0.8

+ 1.4
0.8

-0.t
- 0.2

- 0.1

HIi.{\'Y LO,.\MS
l8 Bardne]' II
lS lpsNich .

2U I'eterboro' I
2l PoPPleton

22.2 +0.5
2 l.! + I.0
,9.0 + 1.5
20.! -0.E
,3.9 +0.6

26.0 +0.3 +1.2 o.o

-o.7 1.2
+0.3 +0.1
+0.3 0.o
+0.c 0.0

M.oi

CT-.\Y LOA}TS
2, Felstead I
23 Felstead u ..
,4 rtlstead Ar€a (Oaklands)

+L' -03 +0n -L,

26.6 0.8 r 2.0 l.?
2 t-.6 +0.1 0.0 --2.1
23.1 -Lr -0.7 -0.1

,0.6 - 1.8 -2.9+l.r -1.0 + 1.5
+ 1.5 -3.i +0.8

FIiNS
25 Elv
l{i l'eierboro ll

j.;. \ - 0.a .-0.9 +0.3 +0.7 - 2.2 - 0.2

2g.g -{t.fi' -0.3 -l.i u-0 ;0.3 - 1.5

31.2 +0.8 r 0.6 0-l -2.8 +0 :} -0:
30.6 +0.1 +0.2 +0.8 1.1 +0.2 -1.1

.. 'J.;.n 0.t) . 0.6 +t).i -0.:) -0 ! +o-1
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Station

257

Linear Response
(respoqse to the double

dressing)

COARSE SANDS
PERCENTAGE PURITY

Curature
(excess oI extra responae
to secotrd dressitrg over
response to first dressing)

N P K-

+

I
4
5
6

Allscott II
King's L]'nn I
King's Llmn II
Newark . -

89,8
90.1
81,3
92.0

-0.6 +0.2 +0.6
-0.3 +0.r +0.3+r.7 -2.8 0.0+0.5 0.0 0.0

+2.5 +0.2 +0.2
-0.1 -0.1 +0.3+2.9 +3.2 -0.4-0.3 -0.6 0.0

FINE SANDS
7 BuryL.
8 Bury II .. ..I Catrtley I

l0 Kiddefflinster . .
I I Wi*sitrgton I

I8.3

89.3
8 8.8
91.8
88.5
8f .2

+0.1 -0.6 +0.2

+0.2 +0.4 +0.6
-0.6 +0.3 +0.7
-o.2 -0.4 -0.7+0.6 -0.8 +2.2
-o-7 -0-5 +r.0

+ 1.2 +0.7 0.0

+0.2 -0.4+r.r -0.5-0.4 + l.r+0.2 -t.4-0.5 -0.8

-o.4+r.r
+1.2
+r.0
+r.3

LIGHT LOAMS
12 Allscott I
14 Cantley II
l5 Colwick ..
16 Selby
17 Wissington II

89.1

88.8
90.4
87.5
89.0
89.f

-0.1 -0.2 + 0.8

-o.2 -0.4 0.0

-0.3 +0.2 -o.2-0.6 0.0 -0.7+0.4 +0.8 +r.r
-0.1 0.0 - 0.1

+0.e +0.1 -0.1

-r.o +o.2 +o.2
-t.7 0.0 -t.2-0.4 +0.6 -0-l0.0 0.0 -0.1-o.7 -0.8 +0.r

}IEAVY LOAMS
I9 Ips$'ich ..
20 Peterboro' I
2l Poppleton

69.1

91.0
87.5
87.6

-0.6 - 1.0

-0.6 +0.3
- t.l -0.5

-0.2 +0.1 0.0

-0.3
-o.2
-0.3

-0.8 0.0 -0.2

-1.8 +0.6 -0.1+0.4 +0.r +0.4+0.r +0.7 -0.6
Mean

CL.A.Y LOAITS
92 Felstead I ..
,3 Felstead II 87.4

8 8.4

8 8.7 -0.8 -0.4 -0.3

+0.6 +0.7 +0.5+0.4 +0.r -0.4

-0.1 + 0.5 -o.1

-1.2 -o.3 -0.5-0.6 -0.7 -0.6

FENS
26 Ety
96 Peterboro' II 86.2

86.9

87.9 + 0.5 + 0.4 0.0

-t.5 - l.l +0.9+0.9 +0.3 - 1.6

-0.9 -0.5 -0.6

+0.1 -1.7 - 1.7

-2.7 +r.5 -6.8
Me4rt 8 6.t; -0.3 -0.4 -0.4 - 1.3 - 0.1 - 1.2

I8..5 -0.1 -0.2 +O.2 0.0 +0.9 -0
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253

I*teru,ctiot s

Station

Interactioa of linear
respotrses (one half oI the
extra, resDonse to one
fertiliser'through the
adtlition oI a secolld)

NxP NxK PxK

st.

COARSE SANDS
I Alscott II
2 Bardney I
3 Brigg I
4 KiEgs Lyoo I
5 Ifing's Llmn II
6 Newark

MTAL SUGAR:
cwt. per acre

I

-o-l +1.8 +2.0 l+r.S9
+2.8 +2.7 - r.0 I +2.62
-2.O +r.8 +r.8 | +2.78
+2.O -3.6 +0.6 l+3.14+o.9 + 1.2 -2.5 | +2.$7
-5.0 +r.0 -7.0+ | +2.86

Interactiotr of lineat
respoNes (olle half of the
extra respoose to one
fertiliser throuHh tbe
additiotr oI a secodd)

NxP NxK PxK

ROOTS
(washed): tons per acre

-0.06 +0.70 +0.39
+0.80 +0.50 -0.35
-0.62 +0.54 +0.50
+0.46 -0.98 +0-12
+0.28 +0.06 -0.68
- r.44 +O.40 - 1.86

FINE SANDS
7 BuryI ..
8 Rury II
I Cantley I

l0 Kidderminster
11 Wissington I .

-0.3 + 0.8 - 1.1

- l.t +0.9 -1.7*o.4 -0.8 -0.5
-o.2 +3.6 +7.8
-0.8 +1.2 -0.8+0.6 -0.7 +1.6

+ r.73
+1.36
+5.08
+ 1.7O
+1.80

-0.10 +0.20 -0.31

-0.23 +0.24 -0.49
-o.r r -0.33 -0.18
-0.r7 +0.96 +r.96
-0.30 +0.30 -0.24+0.r2 -0.30 +0.44

LIGIIT LOAIIIS
12 Allscott I
13 Briss II
14 Cantley II
15 Colwick
16 Selby ..
17 Wissitrgto0 II .. ..

- 0.1 +0.8 + 1.3

+r.6 +t.9 + r.2
+4.3 +r.0 +0.8
-0.6 -1.8 -3.0
+ r.8 0.0 +0.4+0.3 -2.t +1.8+r.6 +4.8* +2.7

+1.47
+3.46
+2.41
+1.3r
+1.98
a l.7r

-0.14 +0.1f +0.30

+0.60 +0.52 +0.32
+1.34 +O.34 +0.22
+0.29 -0.63 -0.90+0.56 -0.06 +0.14
+0.07 -0.14. +0.47
+0.42 +r.34 +0.6r

ileai ..

HEAVY LOA1IS
l8 Bardney II
l9 Ipswich
20 Peterhoro' I ..
2l Poppleton

+ 1.5 +0.6 +0.6

+2.8 +0-r -1.2
-0.1 -1.0 -1.6+:l.r +3.8 +0.8
-0.4 +3.O +0.2

+2.71
+1.45
+3.20
+2.1I

+0.55 +0.23 +0.11

+0.50 +0.12 +0.17
+0.05 -0.r2 -0.38+0.56 +0.9r +0.28
-o.02 +0.?2 +0.10

jIeafl

CLAY LOAMS
22 Felstead I .

23 Felstead II
24 Felstead Area (Oaklands)

+ 1.1 + 1.5 0.4

0.0 -2.6 0.0
+r.r +2.3 - 1.1
+r.7 +1.4 -2.3*

+ 1.50
+1.50
+r.05

+0.27 +0.41 +0.01

+0.rr -0.30 +0,02
+0.32 +0.64 -0.38+0.50 +0.51 -0.58

+0.9 +0.1 - 1.1

0.0 +0.4 +2.0
- 1.4 +1.2 +0.9

+2.32
: 1.73

+0.31 +0.12 -0.31

-0.36 +0.28 +1.09
-0.40 +0.38 +0.09

Mea* . - -0.7 +0.8 + 1.4 -0.38 +0.33 +0.59

+0.12 +0.23 +0.03+ 0.4 + 0.8 0.0
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Interaction

Station

COARSE SANDS
I Alscott II
2 Bardney I
3 Briggl.. ..
4 Kin8's Lynn I
6 King's Lytrn U
6 Newark

Inter&tioD o{ litear
respoDs€s (oDe half o, the
extra response to one
fertiliser through the
addition of a s€coEd)

NxP NxK PxK

TOPS: tons per ac

+0.t8 +0.8r +0.18
-0.10 -0.r8 -0.80
-0.64 +O.90 +0.'r
-0.(x +o.11 -0.30+0.16 -0.58 -0.93- 1.60' +r.69. _2.02.

st.

I

| +o ecc
i Io-lar
lJr.ro
l+0.4?3
I +o.tzz
I +0-727

IDte.actiorl of liaear
respotrs€s (one half oI the
extra resiponse to oEe
fertfiser through the
additioa ol a secoad)

NxP NxK Pxx

SUGAR PERCENTAGE

+0.05 -0.34 +0.38
-0.08 +0.40 +0.24o.00 +0.02 +0-08+0.r9 0.00 +0.06
-0.06 +0. -0.rr
-0.06 -0.08 -0.20

FINE SANDS
? Bury I ..
8 Bury II
I Cantley I

I 0 Kidderminster
!l \4'issington I +oro +o:o -o.la

-0.31 +0.16 -0.56

-0.27 +0.30 +0.28 +0.035

+0.982

+0.01 +0.01 +0.07

-0.r0 +0.0{ +0.r0
+0.04 +0.36 +0.08
+0.r4 +0.!6 +0.52
+0.04 +0.r2 -0.04+0.10 +0.19 +0.12

Mean . .

LIGHT LOAMS
l2 Altscott I
l3 Brigg II
14 Cantley II
16 Colwick
l0 Setby ..
17 Wissingtoa II .. ..

-0.06 +0.2t -0.11

+0.58 -0.20 -0.26+yt o.* -9ju

+0.?l +0.12 +0.2r

+o.?66+4,

+0.390

+0.01 +0.If +0.16

-0.25 +0.06 +0.05
-0.06 -o.2,1 +0.08
-0.36 +0.08 -0.08
-0.03 +0.08 -0.04-o.12 -o.74 -o.o2
-0.03 -o.07 +0.15

HEA\TY I,OAMS
18 Bardaey II
19 Ipswich
20 Peterboro'I .. ..
2l Poppleton

+1.09 -O-03 -0.10

- 1.23 -0.66 + r.64

+0.r4 +o.o3 +0.02

+ r.nt

+0.545

-0.11 -0.11 +0.02

+0.48 -0.28 -0.62-0.10 -0.22 -0.t4-0.01 +0.07 -0.12
-0.16 +0.40 -0.16

Mea* . .

CLAY LOAMS
22 Felstead I
23 Felstead II
24 Felstead Area (Oaklatrds)

-0.51 -0.32 +0.63

-0.24 +O.30 -0.26
+ l.14 +0.54 -0.26+0.56 +0-66 -0.78.

+0.8t4
+0.68t
+0.368

+0.05 - 0.01 -0.26

-o.r7 +0.30 -0.05
-0.04 -0.00 +0.o8
+o.08 -0.t2 --{.26

FENS
26 Ely
26 Pet€rboro' U

+0-19 +0.50 -0.13

-0.70 +r.58 +4.32
+0.70 +2.02 -1.84

+2.41
+1.05

-0.04 +0.0t -0.08

+0.62 -0.10 -0.62+0.13 -0.14 +0.16

Mcatt . . 0.00 +1.80 + 1.21 +0.32 -0.15 -0.23

Mear +0.08 +0.13 - 0.06 0.00 0.00 - 0.01
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Itrteractior of lilear i IDteraction of linear

COARSE SANDS
I Auscott II
2 Batdtrey I
3 Bri88 I ..
4 KinS's Lytrr I
6 Kitrg's L)'an II
6 Newark ..

Statioo
re.E)otrse,s (one hall of tie
e*tra rqlpotrse to o,le
t€rtiliser t-brough the
addition of a sccond)

NxP NxK PxK

PLANT NUJUBER :

thousaads per acre

- 1.0 -0.9 +0.8
-0.6 + r.r -0.8-3.5 - 1.0 +2-4
- 1.0 -0.4 -o.5
-o.2 -0.4 +0.40.0 +1.6 -0.e

respo8es (oIIe halt of tbe
extra response to oEe
{ertilis€r through the
addition oI a secolld)

NXP NXK PXK

PERCENTAGE PURITY

+ 1.0

+0.1
+ r.0
-0.4

- 1.6 -l.o

+0.2 -0.r+0.rr + l-50.0 -0.2

FINE SANDS
7 BuryI .. ..
8 BuryU .. ..
I Cantley I

l0 KiddermiDster ..
I I Wissington I

- 1.0 +0.1 +0-3

-0.t +2.o -2.o-0.2 -0.4 -0.6
+2.0 +0.3 -0.6+0.8 +0.9 +0.5

*o.2 0.0 +0.6

-0.2 -0.2 +o.4
+0.4 -1.3 -o.8
-0.2 +0.8 -0.4
-0.{ +0.9 + 1.7
0.0 -o.l o.0

LIGIIT LOAMS
12 A[scott I
13 Brigg II .. ..
14 Caotley II
15 Col*ick .. ..
16 Selby
17 WissinstoD II .. ..

+ 0.4 +0.5 -0.7

+3.' +1.1 + l.l+3.2 + r.0 +0.6

+0.2 +1.0 +o.2+0.2 o-o +0.5
-1.0 -0.5 +1.2

0.0 +0.2

+0.2 0-o +0.2

-1.0 -0.2 +0.6
-0.2 +o.2 -0.4
-0.2 +0.6 +0.2
-0.4 +o.2 -0.1

HEAVY LOAMS
18 Bardney Il
19 Ipswich ..
20 Peterboro'I
2l PoPPleton

+ 1.2 + 0.6 +0.7

;O.{ 0.0 +0.!t
+ l.t 0.0 + 1.4
+0.4 +0.4 0.0
+0.4 +r.2 -0.4

-0.3 +0.2 +0.1

-0.4 0.1 0.0
o.ri +0.4 0.0

-0.2 +0.2 +0.4

CLAY LOAIIS
22 Felstead I
23 Felstead II
:4 Felstead Area (Oaklandsl

Mean

FENS
25 Ely
26 Peterboro' 11

+0.6 + 0.1 +0.4

-0.1 +r., + 1.4

-0.4 -o.4 +0.r
-0.5 + 1.9 -0.2

- 0.3 : 0.9 +0.1

+0.3 - 1.0 +o.2
+0.6 +o.7 +0.c

-0.1 +0.1 +0-1

-o.2 -0-l +0.40.0 +0.3 +0.1

0.1 + 0.1 +0.2

+0.2 0.o :0.2
- 1.6 +0-5 -2.o

Mcan +0.1 0.2 +0.6 - t-l+0.2-0.4

+ 0.1 +0.1 +0.3 -0.! + 0.1 +0.1
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C oncl,ttsiotts
Ellats oI sulphah of ammonia

. Sulphate of ammonia produced sitoificaat incrcas€s ill total suEar at eighteea ofthe twenty-
:k."_."b.T.. O{ tbe remaioing cetrtres, all sho\r.ed positive r."pooio 

"xceflt 
Caofley II, whi;h

bad tbe-highest mean yield of aI centres. The mean iesponse ovir all ceukei was threb aod a hau
times tbe corresponding figurc lor tbe period lS$-5; The additioual resDoose to the secood
drassrng was smaller than the response to the first dressing at twenty c;ntres, the differeoce
b€int significaDt at four ceDtres. C)o both the fen soils, the d;uble drassiag gave a smaler letdthan the siDgle dressiDg, tbe average difference being, however. not ouite siA;ificaDt.

Sixteen of the eighteen ceDtres wberc tops wire weighed eave sicEiiicant incrcas€s. The
reDaDrag two both gave increas€s, ooe of them almost signuic,Dt, ana were centres at \rhich
tbe response iu sugar was small and not siRnificaDt.

.Tbe yields of tops showed io general ;o sim oI falling-oll in respoDse at the higber level ofappliftiol. At -Bardney II there was a significant posiiive curvatlurc and at peterboro, II a
srSD[caot negafi ve curvature.
. The dilfereDces in increase i-n sugar and tops at different ceDtres were sutrstaDtially greater

thatr their staodard errors, evetr am6ng those itatioos showing cleer resDons€s. The iesiponses
shosed, however, Do apparent correlati6o with soil tyDe or wi i mean viin
_ The eff€cts o{ sulphate of ammooia on roots iryere similar to tfose on tot3l sugar. The

depressiD-g erfect on sugar percetrtage *.as mucb less consistetrt than in Drevious yeais, eleven
ceDtrcs showiDg aD increase to tbe double dressing. The efferts on perceftage purifo aod plant
number werc small.

Elfects of $?eQhos phat.

. .9uperphospbate increased the total sugar at tr,etrty-tbree centr€s. the idcree-se beiEg
significant at tco cetrtres. The average inc[ase to the d6uble drcssiDg was 3.0 cEt. per acri
as..comparEd v.ith aD average of 0.7 c*t. Ior the three preceding ,ears. "Most centres sf,owed a
lalhng-otr itr respoDse at the higher level of dressing, the averald curvature beitrg sigairicaofly
oegative.
. _-Tops showed a[ ircrease at fourteen cetrtres out of eighteen, the increase beiDg signilicantat three cetrtres. There lras some indication of a falliag;ff in response ai tbe hi[her"tevel of

application at-the three centres $'hich gave a sigoificant i;crease to jop.rpl*pt 
"tu,*tt " "r,"..gucurvature at these ceotres b€ing almosa sigDific;ot.

. TE hgl"_""o were signifi"caDtly difi;rent at the dillerent ceatres lor sugar, but trot for
tops. The diJferences did not appeaito be rctated to the soil ttrD€s.

Roots sho\red the same ellects as total sugar. Ttrere w# Utfle effect on sugar perceDtage,
eIgept possibly in the [ght loams, in all of whic'h the !'ercetrtage was i_ocreaied bfovir O.f. fli
effects oo p€rceDtage purity were sma . Therc was a iarge iuciease in ptaat num'ber at Brigg II,
aDd there were iDdicetions of an increase in plant num6er at some oi the other centres ri,hich
req)onded i[ total sugar.

Elfects oI mutiate of potash

Tbe response in total sugar to muriate of pota-sh varied with tho tlpe of soil. Tbe yield
was increased oD ten of the eieveo sandy soils aid on both the feD soils.'6icht of tho incrias€s
being siSnificant. T-hree of the six ligha loams gave ao increase, two oi th"em significant. On
the hea!.y loams and clay loaos, howiver, there -rvas a depression to Dotash in liv; out oI seveo
soils, the depression being sitnificaDt on both the Felsteid experimelots, which were, however,
on tbe same larm-

The lalling-off in response at the higher level of dressiag was sigailicant oD ooly oo€ of the
responsive centres and the average lal-ljng-ofi over the s;nds, lig:ht loams and 6Es lvas trot
signilicaDt.
. .P..tTh. had little. effect oo tops except at BritS I (coarse saad), where it produced a

sr8nrlrcant rncreas€ aDd at Peterboro' I (heavy loaDr) i/here it Droduced a similicant decrease.
Th€ effects on roots were similar td thoje oD sugar. Sue;[ Dercentaee- was itrcreas€d otr aU

types of soil, ooly four soils failing to show an inciease, i.he iveraee "hcreas€ to th€ double
dressiDg was 0..24 as agaiDst a meen of 0.98 for the tbree previous yeai. Ite aver.te effect otr
percetrtage purity and pladt number .\ras small.

_ .The av_erage iateraction betweea nitrogeB alld rnuriate oI Dotaeh wa3 pocitive aad alrriost.
*g:i!-.3i].!.^, t9H 

"ugar 
aad tops, the aveiagc efrecb beiag poiitive in sugir ia au soil groups.

r ne oEDer tat€racDoos were smalt-
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EXPERIMENTS AT OUTSIDE CENTR"ES

Barley. T\rnstrll, suffolk, 1936. A. W. Oldershaw, Esq., County Orgadser
5x5Irtitr square. Plots: U56 acre.
Trs^rx""r. i Fifth y€t, no Iurthet chalk aPPlied (see 1932 RePort, P.208, lor ,i6t year's

dressings).
B^saL M^N-rr;rNc: I cwt. Eitrate of soda as toP dressiEg aPPlied early APril.
sort. : Poor saDd. v;riety: Plumage Archer. -Seed sosa :Iiarch 16. Harvested : Aug. 19-20'

Previous crop: Sugar beet. (S€e 1935 RePort, p.259.)
ST .l.D BD ERRoi pEi PLor: Total produce : 2.80 c$t. F,er &te or 8.22oh.

ChdK TOTAL PRODUCE GRAINI
totrs per acle lcwt, per luctc&'a c*'t. Per Incrcasc

(1932) I acre acre

Meatt
o
I
3
4

11.8
Nil
36.8
40.6
43.9
45.9

+ 3.8

+ 2.0

17.0
Nil

14.5
17.0 +2.5
18.3 + 1.3
18.4 +0.1

+r.16 +r.& I

tFrom bulked tePlicatrs.

Concl*sions
The plots rcceivitrg no chalk io lg3r gave aetliSible lelds of grain. -Tb€re was a si8:ificanl

respoEse'in total prod;ce to the higher (1032) dressin8s oi chalk over the fi$t- dte$siag ; the-sr"aiB
yieids, trom bulli€d replicates ody, indicate a lalling off in resPoose at the third atrd Iourth
dressiDgs.

Potatoes-J. Morris' Esq., Honey Farm, Wmbllngton' Cambs.' 1936

4 raDdoEised blocks of 8 plolg each. Third order irrtetactioo cotrlounded. Plots : U60 acre.
TREATuENTS : 2' factorial desigi.

Sulph. amm,: Notre, 0.5 cwt. N per acre.
Sup€rphcspbate: None. 1.0 cwt. PrO. per acre.
Sulpb. pot.: Nooe, 1.25 cwt. KrO Per acre.
DuDg: Nooe, 6l toDs.

R^r^r MaNnnrNc : Nil-
SotL: Light black l,a,nd. Variety: AraD Banner. MaEuresapplied: APril 15, Potatoes Plaoted :

April 22. Lift€d : Oct. 20. Previous clop : Seeds.
ST ND1RD ERioR pER PLot : 1.20 tons per acre or 15,l%.

Mcan yi.A, TOTAL PRODUCE. 8.25 toDs.

Dilf eretrtiat reE)oases
Sulph. Amm. , Super. I Sutph. pot, I Dung

Abs€Et Present I Abs€Bt Presetrt I Absetrt Prese[t I Absent Present

St. errors

TOTAL PRODUCE: tons pet ac!e.

-0.40 -0.37+0.74 +0.18
+0.74 + 1.63

+0.42 +0.46 +0.?3 -0.0r +0.88
+0.03 -0.80+0.93 -0.03

-0.35
+0.14
-0.42+6lrs +J.q

+r.60 +0.?6 +r.66 +0.70

St. Iirrors t0.

Sig!.ilicatrt respoEs€ to duog.
C otcl*siotts

+0.630

Sulph.
Super.
Sulph.
Dung
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Potato€s. W. E. Morton, Eaq., Gores Farm, Thorney, 1936
3 raodomised blocb of 0 plots each, certain s€cotrd ordcr iateractioos beiot coltouaded with

block diffef,eDces.
Plors : U60 acre.
TREATMENTS: 3 x 3 x 3 ,actorial desigu,

Sulphate o, amdoDia: Nooe, 0.3 cwt. a[d 0.6 cwt. N per acf,e.
Superphoq)hate : Noae, 0.75 cwt. and 1.60 c\r't. PiOr lter acte.
Sulphate oI pot -5h : None, 0.75 qirt. and 1.60 cwt. KrO Irer acte.

B^SAL M^NuR!NG : Nil.
SotL: LiSht bleck taod. Variety: Mai€stic. Manur6 applied: April 22. Pot toes Plaated :

April 24. Lifted: Oct. 28. Preyious crop: Wheat.
SpEcItL NolrE: I cwt. of potato€s ftom each plot passed over a 1l inch riddle to determine

the perceDtage ware.
STANDARD ERRoRs EER PLor : Total produce : 0.830 tors per acre or 14.3%. Pelcentage 1rare :

7.16.

Main elJects-I araeliotts oJ sulplute of ammo*ia wilh sulnphosphato and
vQhale ol |otash

Sup€rphosphate
(c*.t. P,O!)

0.00 0.75 r.50

Sulphate oI potash
(cwt. KrO)

0.00 0.76 1.50

lncrcases : +0.390)
0.0 c*t. N
0.3 cwt. N
0.6 c$t. N

Mean

0.0 cwt. N
0.3 c$t. N
0.6 c*t. N

Means :
6.78
7.39
7.62

+0.276.
5.14
6.98
?.05

1.f 3
6.19 +1.f66.21 -0.28

TOTAL PRODUCE : tons per acre (+0.479.
4.03 4.7A 5.39
5.58 7.16 6.45
4.57 6.57 7.44

1.73 6.27 6.14
+ 1.51 +0.17

3.28
5.tl
4.05

68.7
68.8
69.1

PERCENTAGE 1VARE : (+1.11.
68.5
74.9
81.6

5.81

+3.381+2.39.
71.7
78.0
8t.8

80.3
79.6
81.8

14.4 77.7
73.2 ?8.3
71.5 78.1

f1.0 77-6
+3.6

6E.9 77.2 80.6
+E.3 + 3.1

Maan

Sulphate of
potash

73.6
75.5
77.6

+ 1.9
+ 2.1

7 5.5

Interattion ol sulphate of lobsh wilh superlhosphate

0.00 c*'t. K'O
0.75 cwt. KP
1.50 cwt. KrO

TOTAL PRODUCE tons per acre
(+0.479)

Superphcsphate (ct*'t. P'O6)
0.00 0.75 r.50

PERCENTAGE WARE
(+4.14)

Superphosphate (cut. P'O!)
o.00 0.75 1.50

66.5 71.7 68.6
70.6 80.6 71.1
76.1 80.6 85.O

3.51 1.52 3.98
5.82 6.88 7.98
1.82 7.00 7.36

C orclusiorts
Alt three nutrients produced signilicant responses in yield, the lallitrg-oll in res_Ponse at tbe

higher level of dressintbeiDg sigtriJicatrt tor sulphate ot ammooia atrd sulPhate of Potash aod
.lfuost sigtrilicant for lup€rphosphate. There was a positive hteBction betweeo the eflects
oI potash"and superphosihaie, tie resporse to each being siSDilicantly gleater witb the double
dressi-Dg oI the other thaD wrth the zero dressiDS.

Sulpbate oI pota-sh also gave a significant increase io PercentaSe ware.

1.15 6.90 6,39
+2.75 -0.51

75.0

-2.6

Sulphate o{
amlllolLa
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Potato€s. W. E. Mortol, Esq., Australta Farm, March, t936
3 ratrdomised_blocks oI I plots each, certai! secoad ord6 interactiotrs b€ilg coaloutrded with

block differeDc6. Plots: l/60 acre.
TTEATMENTS: 3 x 3 x 3 factorial desig:r.

Sulph. aftE. : NoDe, 0.3, 0.6 cwt. N per acre.
Superphosphate : NoDe, 0.75, 1.50 c1 t. prOE per acre.
Sulpb. pot : None, 0.75. l.s0 c\\t. KrO pei aiie.

BAsaL M^-\uRnic: 12 Ioads duog oo stubble tolowed by I toD of lime.
SorL-' tu quality FeDlaad rcar the ctey. Variety: Majestic. Manures applied: Aprit 22.

Seed so*a: April 23. LiJted: Octoiber 28. Previoui crop: Wheat.
SpBciaL NorE : I cwt. of potatoes lrcln each plot was pas.sed ov& a I l ioch riddle to deterEiae

the perceDtage *are.
STANDARD EiRoRs pER PLol: Total produce I 0.280 toBs per acre ot 22.7yo. percenta,gc

v.are: 3.39.

Main elfeck: InteracTiotts ol s.ifhata ol onnoiid uilh sufefi,hoslhate and
suryh4tz oJ lotash

0.0 crr.t. N
0.3 cwt. N
O 6.wt N

Cotrlusiors

--__-Sllplil":f 1-moDia ,produced significant itrcreases io both yietd aod percetrtage ware,
superpDospDate srSDrtrcan y increased the yeld, but the iocreases in percentage wire werc
Eot srgnU,caDt. _ lle.average responses to pob.sh $rere oot sig ficaot, butihere weie indicationr
or a posrtrve rnteiactioD betw€eo pot3-sh and sulphate oI ammonia io both yield atrd percetrtagG

TOTAL PRODUCE : toDs per acle (+0.464, M eans : +0,262. Incledses : +O.3ZO)
2.65 2.04 2.35
3.66 1.20 3.68
3.33 1.70 4.50

r.68 2.t1 3.022.86 3.29 6.392.96 4.30 6.36

2.50 3.31
+ 0.81

1.59
1.28

79.3 80.2+1.5 +0.9

3.21 3.65 3.51
0.14 - 0.11

79.0 77.5 76.5
78.3 79.2 17.0
74.2 82.4 83.6

f 8.5 79.E 79.0
+ 1.3 -0.8

In r.ases : +1.A01
7f.E
78.2 +0.1t1.1 + 3.2

7 9.1

2.35
3.E5 + 1.601.21 +o.ta

80.9 7a.2?8.9 80.378.1 82.1

3.47

0.0 cl*+. N
0.3 cl"t. N
0.6 cv.t. N

76.2
17.9
?9.4

PERCENTAGE WARE: (+1.06. M.dns : +1.1J.
79.1 7a.275-S 80.783.0 81.8

Intelaation oJ stalphate of lotash uith supeQhos?tute
PERCENTAGE WARE

Sulpbate of
potasb

0.0O c*t. KrO
0.75 cwt. KrO
1.50 c$t. KrO

TOTAL PRODUCE : tons per
acre (+0.464)

Superphosphate (cwt. P.Or )0.00 0.75 1.50

(+ r.e6)
Superphospbate (cs,t. P,O5)
o.00 0.75 r_50

76.4
80.3
76.8

1.90 3.62 1.123.02 3.23 1.702.6a 3.09 4.95

Supc.phosphate l

(cwt. PiO.)| 0.75 1.60

Sulphete of Potash
(cwt. K,O)

0.00 0.75 1.50
Sulphate of l

ammonia
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Potatoes-G. Major, Esq., Newton Fa8m, Tydd, Wisbech, 1936
3 ratrdoEised,blocks of_-0 ptotg each, certaia secoud ord6 interactioas being cotrIooDdad ,ith

block dirlereDces. Plots: l/60 acre.
TREATUENTS : 3XgX3 factorid design.

Sulph. aom. : NoDe, 0.4 cl*t. N., 0.8 cwt. N pe! acre.
Superphosphate : Notre, 0.? s*'t. Pp., 1.4 cint. Pp. per acrc,
Sulph. pot.: None, 1.0 cwt. K,O, 2.0 cwt. Kro ptr acre.
These treatments are oo the same plots as in 1033-.

BasAL MaNURTNG: l0loads oI duDg.
SorL_: D€ep +!-l yari-ety: KiDg Edwa.rd. Manures appted: April 16. potatoes ptanted :

^ April-?6. Lifted: Oct. 19. Previous c!op: Peas. (S;d f933 iieport, p.lZS)
StEcraL NorE: The maourial heatmeats w;re establisied in tg33 aid reieated oa the same

plots in-1936, tro-other Daaures having beeD used for tbe ioterveain! crcps. DuDg rpa3
applicd for the 1936 crop of potatoes.

StANDr.iD ERRoR pER PLor : 1.20 tons pet 
^6e 

or g.22yo.

Mait clfects : IrC.lactions of stlhhate of a rflor.i4 ttith su1,elplpsfhate astd sulphatc
oJ pota,sh

Sulphate of . Superphosphate I Sulphate of potash
I (cwt. P,or) | (c*t. Kro)
I O.0 O.7 1.4 | 0.0 t.0 2.o I 

M.an In ?.at

TOTAL PRODUCE +0.5661
11.31
13.68 +2.34
13.95 +0.27

E: toEs per acre: (+0,693. Means +0.400. Iicj
11.36 11.39 11.28 I t0.88 11.64 ll.500.0cwt. N.

0.4 c!rt. N.
O.8clit. N.

12.77 t3.46 14.80 , 13.0t 13.86 t4.t8
14.15 t4.64 t3.06 14.19 13.67 t4.00

12.76 13.16 13.05 12.69 13.05 13.23
+0.10 -0.11 +0.36 + 0.1E

12.99

Idara.tion oJ sureQhos?hatc uith sulfhatz oJ potash
TOTAL PRODUCE :

tons per acre (+0-693)
Sulphate of

potash Superphosphate (cwt.P:O.)
0.0 0.7 1.4

o.ocwt. K"o . .l D.1a t3.04 12.26
Locrvt. K;o . .l t2.zz t2.1a l3.gz
2.0cwt. Kp ..1 12.78 13.00 12.01

C oael,usions

Ihqo ** a siStrificant respotrs€ to sulpbato ol aamoaia, the la .ing-off itr leqrotrla .t thc
hi8her &€ssiDt beiog siguificatrt.

Potato€s--R. Starfing, Esq., Llttle Downtam, Ely, 1936
3 raDdoDiscd blocks of I plots each, with two deSre€s of freedom, rq)reseotiag s€coDd ddcr

iDteractiods, coalounded '\dth block diflererces. Error estimatad lroh high ordct iEt r-
actioas.

Pl.ors : U50 acle.
TiBAtxBNts : Sxgxg lactorial desigD-

Sulph. aEE. : Noie, 0.6 qr.t. N, l.O cwt. N pe, acle.
Supciphosphate: Noae, o 8 cwL P,Or, l'8 cwt, P.O. per acre.
Sulptt. pot. : Notrc, 0'6 cwt. K,O, l'0 cwt. IirO per acle.

BasAL MaNuRrNc: Nil.
SoE : Bla.k 6oil. Variety : NinetyjoLl. Maaures applied : March 20th. Potatoe lrlaat d l

March 2{tb. Lifted June 29t}. Previous crop i Whest.
SunaD iD ERioR pEi PLor : 0'608 totrs po! acre or 10'6%.
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Sulphate oI
auunonra

266

I*teraclions of sttlphate of ammoaia uith suferihosihatc atd stlphatt
of lotash

Superphospate I

(c\[t. P'oJ Io.o 0.8 r.6 I I 
u"oo t*u*"Sulphate of potash

(cwt. I('O)
0.0 0.5

0.0 c*t. li. .
0.5c$t. N. .

l.0cl*t.N..

NoDe
Super
Slag

Maan

Mcan

1.56 3.69 3.62
9.{8 4.32 5.20
2.66 4.41 5.16

I ets Lll 4.66t + t.gt + o.sz

Means +0.' 03.2.05 3.63
3.50 4.38
3.41 4.38

1.13 't 1.00

TOTAL PRODUCE: tons per acle (+0.351. Irdeas.s + 0.28f\
3.r9 I 2.96

1.41 | 1.08
+ 1.01
+ 0.06

2.99 4.t3 3.92
+ 1.11 -0.21

Intelaction ol sttlphare oJ lotash uith suietfihos$wte

Sulphate oI
potash

TOTAL PRODUCE :

tons per acrc (+0.351)

Superphosphate (clrt.
P,o")

0.0 0.8 1.6

2.05
2.12

3.32 3.594.58 5.39
1.62 5.01

0.0cllt. KrO ..
O.5 c*t. KrO . .
l.0qi't. K.O . .

C attlusiotts
AII three treatEents produced signilicaot itrcreases in yield, the fatlinS-ofi itr response at the

higber level oI dressing being significaDt Ior superphosphate aDd sulphate ol potash aod almost
€igniricaDt for sulphate oI ammoEia.

Sugar Beet. Bracken Farm, Tunstall, Suffolk, 1936
A. '1 . Olderehaw, Esq., County Organiser

3 laDdomis€d blocks oJ I plots each. Plots: 0.02144 acre.
TREAtMDNaS: 3 x 3 {actorial desi8tr.
No phospbate, sulx+hosphate and slag (15.7% total P:Or) at the rate of l.O cwt. Pp5 Per

acre. No Lme, hmestoDes or dolomite at tbe rate of 2 toDs per acre.
BAS.ALIIaNSRTNG:0.6c$t.NassulphateofammoDiaaDdl.2cwt.Kpasmuriateofpotash.
SorL: Poor coaise sand with some flinty gravel. Variety: Johtrstolls British. MaDures

applied: Limestones: ,\Iarch 20. A.rtificials: Apdl 21. S€ed sown: May 4. Lifted:
Nov. 24. Previous crop: Potatoes.

SraND^aD EiaoR pER plor: Total sugar: 4.18 cwL per acre or ll.4%- Mean dirt tare r 0.067.

None Lime-
stoDe

Dolo- | Mean I
mite

None Lime- Dolo-
stone mite

t0.ll 9.36 10.58
0.56 t0.56 ll.16
9.93 9.25 9.88

28.3 29,5 3l.l
26,7 29.3 27.4
30.1 28.1 33.2

28.1 29.0 30-7
+0.6 +2-3

tons per acre

10.02

9.87 9.72 10.51 ' 10.01

-0.15 +0-61-
NUIIBE*" th."""rd. p"t.*"

10.43 +0.11
9.69 -0.33

29-6
27-9 - l.f30.5 +0-9

Noae
Super
SIag

18.32 18.40 18.21
+ 0.08 - 0.11

18.31 2 9.3

C ottclusiotts
No significatrt eIIects. The ba^sal draasing of nitxogeo and potash app€ars to have produced

a larte eflect, the rramanurcd beet arouDd the exp€rioeBtal area beiDg practically a tailure.

TOTAL SUG.{R: cwt. per acie: (+2.41
Means : +1.39. ILcreases: +1.96)36.9 34.4 3S.0 I J6.8
31.1 38.8 10.1 | 37.9 + 1.1
37.r 31.2 35.8 I 35.7 - 1.1

36.1 35.8 38.1

-0.3 +2.3

SUGAR PERCENTAGE
18.27 r8.B.l ta.44 \ 18.35
17.98 18.36 t8.05 | 18.13 -0.r8.i0 18.50 t8.t4 | 18.15 +0.1

3.6 8

ROOTS (lrashed) :
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Sugar Beet. W. Mackle, Esq., Ilolbrook, Sutrolk, 1936

A. W. Oldershaw, Esq., County Orgadser
3 ratrdomised blocks oI 9 plols eech. Plots: 0.01405 acre.
TREAT,,ENtS : 3 x 3 factorial design.

No phosphate, superphospbate and slag (l5.7yo total PrOr) at the rate of 1.0 cwt. PrO. Per
acre. No lime, limestone or dolomite at the Iate of 2 totrs per acre.

BAsaL MrNuRrNc: 18loads o{ duag pe! acre, sulphate oI aErDonia at the rate of 0.6 cvrt. N.
aDd mudate of potash at the rate oI 1.2 crnt. KrO pet acre.

SorL : Firc saody loam. variety : KleinwanzlebeD E. iIa[ures applied : Limestones : March ,5,
Artificials: April 20. Seed sown: I\ky 22. Lilt€d,: Nov. 20. Previous crop: Oats.

STANDARD ERRoR pER PLol : Total sugar : 3.71 c$t. per acle or 10.6%. Meatr dirt t3rc : 0.168.

No[e Lime- Dolofr4veart Inctaosc
stooe it" 

I

NoDe Lime- Dolom-
stone ita

ROOTS

Notre
Super.
Slag

Notre
Super.
Slag

36.9 + 1.7
36.3 + t.1

t0.42
I t.6t
I1.80

Per acre
20.9
22,1

9.68
11.22 + 1.51
11.10 +1-12

20.1
21.7 + 1.4
21.5 + 1.1

33.0 38.6 39.0
31.3 39.8 37.9

30.2 38.1 37.0
+7.9 + 6.8

16.66 16.76 16.39
16.42 16.09 16.72
16.56 16.60 16.06

16.55 16.4d 16.39

-o.10 -0.16

9.12 11.60 10.67
2.48 2.1

7.88 t0.75
10.02 12.00
9.47 t2.(X

21.{
22.i
22.1

SUGAR PERCENTAGE
1ti.60
16.41 - 0.1
16.37 - 0.2

r9.0
20.3
r9.l

19.5 22.1 22.1
+2.6 +2.6

Conclusions
Both tJrc phosphate aud Umestone treatmerts produced sigtrilicatrt increas€s in total sugar,

but in aeithei case was the ditleretrce betweeo the two qualities aPPlied significaot.
The phospbate and limestotre treatments also iDcreased plant number.
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Sugar Beet. H. xing, Eeq., Shenstone, nr. Kidderrdnster, 1936
Klddermheter Beet Sugar tr'actory

3 raldomised blocks of I plots each. Plolr : 0.01697 acre.
a&t^TMErirs i 3x3 factorial design.

Superphospbate and sl^g (l5.7yo P!O.) at 1.0 cEt. P2O6 per acre.
SDlpbate of aemonia aDd nitrate oI soda at 0.6 cst.N p€! acre-

Basal MaN!,RrN6: 2.4 c*t. of Euriate of potash Fr ac!e.
SorL: Reddish, saDdy loaE. Variety: Kteiow.Drletren E. Manures appued: April 22. Seed

sown: May 4. Lilted: Nov. 16: Previous crop: W]eat,
ST.AND.AR ERRois plR pl-or: Total sugar: 4.6I c'{.t. Per acre or 18.3%. Tops: l.l7 tons per

acre or 16.0%. MeaD dirt tare: 0.071.

None Sulph. Nitr.
amm. soda

None Sulph. Nitr.
amm- soda

TOTAL SUGAR : c\*t. IEr acre
(+2.64. M.ans : +1.51. Incr.ascs:

+2.18Jr3.3 21.4 20.1 | 19.3
18.8 27.5 33.2 | 26.5 +7.2r9.4 33.8 26.0 | 29.7 +10.1

ROOTS ($a-shed) : tons per acre

3.95
5.11

7.15 5.85 I 5.65
7.96 s.$ | 7.61 + 1.ss
9.80 10.42 | E.61 +2.99

Mcan. . . . 17.2 2E.6 29.8
+ 11.1 + 12.6

s.03 8.30 8.60
+ 3.27 + 3.57

TOPS: tons per acre
1t0.67A. Mca$ : !0.390. I*ct.ds.s

+0.551)5.O3 8.09 6.061 6.69
6.52 A.12 9.941 8.06 +1.376.12 9.69 r0.3El 8.50 +1.81

SUGAR PERCENTAGE

16.07 17.00 t7.03 | 17.00
17.27 17.23 t1.15 | 17.31 +0.A1t4.97 t7.27 t7.27 | 17.17 +0.17

Mcat. . . . 5.32 E.83 9.09
+3.s1 +3.f7

7.75 17.07 17.17 1/.21
+0.10 +0.17

17.16

PURITY
88.9
89.7 +0.86E.5 -0.a

PLANTNUIT{BER: thousands per acre
29.5 24.7 28.8 | 28.3
33.1 28.0 28.7 | 2s-3 + 1.0
31.7 36.e 3t.r | 32.9 +1.6

PERCENTAGE
90.0 a7.4 89.2
89.0 00.r 00.1
89.t 88.7 87.7

Mcdt. . . - 31.4 30.9 28.1
- 0.5 -3.3

30.t 89.4 88.7 89.0

-0.7 -0.1
89.0

Conclusions
Tiere were signficaDt respooses in total sugar and tops to both trikosen atrd DhosDhate.

The differeaces betweeo the effects of the dillerint qualitid3 of Ditrogen or -phosphatl weie not
sigailicetrt.
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Sugar Beet. T\rnetall, Sufiolk, 1936
A. W. Olderehaw, Esq., County Or{ladser

{ ratrdoeised blocks oI 8 plols each. Ptots: 0.0lZA2 acre.
TRIATMENTS: 2 x 2 x 2 tactorial desigtr.

Sup€rphospbate: NoDe, 0.5 cqrt. PrO. per acre.
Mudate of potash: None, 1.2 c\It. I{rO per acre.
llatrures ploutbed h (April 2t) or broadia-st after ploughios (Aprit 22).

BASAL MaNURTNG: 3 cwt. sirlphate of ammonia apoLiea'aftir oior'nlion.
SorL: Poor, nther coarse sand-. Variety: Kleiavriizteber E. 'SeeE soin: May Z. Lifted :

Nov. 26. Previous crop: 7 yea$ auceme.
SIAID^RD ERRoR pER Pror: Totai sugar : 3.(N cwt. per acre or 4.52ya. Iuean dirt tare: O.lll.

969

No super. Super. No super. Super.

TOTAL SUGAR
(+1.07. M.dns

cfeases .

03.0 67.0
68.9 69.8

: cwt. per acre
+0.757. In-

+1.07\
65.0
69.1 + !.1

6/.2

R PERCE\TAG
No super. Super.

17.32 17.27
_0.05

: to[s pet acl€

19.00
19.85 +0.8,5

No potash
Potasb

18.46 19.53
19.60 20.t0

17.12
17.16 +0-34

66.0 6 E.4
+ 2.4

Broadcast

65.8
67.O
68.4

67.1

- 3.0

ROOTS

17 -29

19.03 19.62
+0.f I

19.12

trIinerals Ploughed

Super.
Potash
Super.

)Icart | +o.ne I n.n
: +rza i

No pot -sh
Pot -sh

68.3
70.8
71.2

c$t. per

I St. ellors

+1.52

19.32

-0.85
1;.3i

17.22
17.52

17.35

-o.o3

C onchtsiotts

_ Both supe4rho{rbate atrd Euriatc of potash Foduced sigdficaot increases in total sEtaa.
fhcre was a tregative hter&tiotr betweeD these efiects $rhich reached the E per cett. tevel ol
sitrificatrce.

Potash increased the sutar prceatage.
P-lougLiot-iu oI rlrilr€rals gave a sigoificaDt iocrease o[ 3 cwt. of sugar per ac.e oycr broad-

c.atiDg Diaerals alter ploughing.

SUG.\R PERCE\TAGE

17.08 r7.t1
t7.56 t1.37

::l

ROOTS (washed): SUGAR
totrs p.a. i PERCENTAGE

Ploughed Broadcast I Ploughed Broadcart

19.1,
19.0s
19.76 

I

t 7.12
17.59
t7.12
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Celery. A. S. Rlckwood, Esq., Mepaf, Igle of Ely, 1936

0 randomised blocks oI 4 plots each. Second order bteraction confouEded. Plots; l/100 acIe
TREA:IMENIS : 2r factorial desiSD.

Superphosphate; None, 6 o*'t. per acre.
Muriate oI Irctash; NoD€, 3 cwt. p€r acie.
Salt : None, I cnt. per acre.

BasAL MANU&ING ; 12 tons duag per acre.
SorL : Black feD. Manures appliea ; JuDe 10. Planted ; June 16, driUs 4 It. 0 ins. apart, plant!

4 iDs. apart in the ro*s. Harvested; March 18, 1937. Previous crop; Potatoes.
Sntcr,rL xoie; Tte celery was divided on the field into lour 8r-ades, aacordiag to th6 numbet

o{ heads which could be packed iE a crate. The meao grade sas determined by e&si8tritrg
values 3, l, -1, -3 to the four grades, 3 being the toP 8rade.

STaNDARD ERRoRs pER pLot: Total yield; 1.12 tolrs per acre or 8.30%. MeaD Srade; 0.273f.

Responses to Jerlilisers
Mcan yields: Total .' 13.52 tons; Mean Erade: 1.280; Ptant number: 25.7

thousatds

TOTAI YIELD ; tons p€r acre. (+0.617. Meats : t0.458).
Supe4)hosphate
Mur.pot. ..
Salt

.. I +0.77 I.. I +o.t t

.. | -2.il |

-0.001 | l-0.157 +0.155
+ 0.292 I +0.136 +0.448 I

+0.279 | +O.S4o +0.218 | +0.276 +0.282

+0.25 + l.3O+Io -0.28

+0.060 -0.062+0.289 +0.295

+0.r +3.2+0.4 -r.2

MEAN GRADE; (!0.158. Means : +0.112).
Supe4)hosphate ..
l[ur. pot. ..
Salt

PLANT NUMBER; thousaDds per acre.
11.7 I - l+2.6 +0.8
-0.1 I+0.0 -1.3 I --5.6 I -7.4 -4.2 l-5.0 -6.6

Conchtsittts
Salt produced a codsiderable decrease iD plant number, E'hich \r'as rcpeated to a less extetrt

iD total produce. It was cl€arly evidetrt on the {ield that the presetrce of superphosphate
Ditigated the decrease io plaDt populatioo caused by salt. This elfect, however, was much
smaller aDd not significadt itr total produce. The average ellects oI superphosphate atrd muriate
of pota-sh on total produce were Dot sitnificant. Muriate of potash and sdt signilicaDtly iocreased
tle size ol heads as mea$red by the mean grade, but superphosphate had ro apparert elIect oa
the size of heads.

Superphosphate
Absent Present

Dif{erential respoDses
Muriate of PotashMean
Absent Present

Salt
Absetrt Present
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EXPERIMENTS CARRIBD OUT BY LOCAL WORTERS

Hay. Redertcks Farm, Ilarlow, 1936
H. W. Cardner, Esq., Herfordshlre f,'arm Inedtute, St. Albans

6 randomised blocks of I plots each. Certaia interactions partially coafoutrded \rith block
differctrces. Plots; l/50 acre.

TRaAtMENTs: 3x 3 x 2 factorial design.
Pho-sphate: High soluble slag, superphosphate, aheral phosphate at the rate ot O, O.?5,' 1.50 cwt. P,O. per acre-
Muriate of pota-sh ; NoEe, 0.5 c\f,t. Kp per acre.

Basal XANuRTNG: Nil.
SorL : Heavy loam. Manures applied ; Dec. 18. IIay cut; July 28-30.
STaNDARD ERRoRs pER pLoT : 4-03 c*'t. per acre or 9.16%.

Sutnmary : cwt. per acre ( +2.02*)

Slag Super. ltiDeral I Mrar Intrct sc
phosphate | (tl.t7) (+t.65)

'This standard erro. applies to comparisons that are trot conlounded,

13.0
11.1 + 1.111.7 + 0.6
13.9

Super. Mioeral I M.on lidcdsc
pbcs- l(+r.gi8) (+r.J5l
phate I

o ..
I ..

Mcan (!1.131
Statrdard erlor ;

.15.3
12.2
13.8

0) +r.17.

Phosphate (c*t. Pp.)
0.00 0.75 r.60

43.0r
44.4
44.6

42.6
47.3
45.0

(+ 1.65)
Slag

No munate of
potash

Muriate of potash
42.6 46.3
43.4 .11.S

41.1 43.8
45.3 43.3

u,.e I ee.s
42.5 I 13.5 -o-8

+6.0 + 18.6
+2.6 +5.0

44.3
44.8

Conclusions
No significant effects.

Hay--{th Season. Lady Manner's School, Bakewell, 1936
3 raEdomised blocks oI 8 plots each. Plots l/16l acre.
TREATMENTS; 2. Iacto al desiSn.

Nitnte oI soda; None, 2 cwL per a6e.
Superphosphate; None, 3 cwt. (I3.7 Pr Ot) per acfe.
Pot -sh salt; Nooe, I cwt. (30%) per acre.

BAS^L M^NURTNG ; Nil.
SorL: Limestone. Manures applied: Mar.23-25. Haycut: July 20. (See fg35 Report, p.282.)
STaND^RD ERRoi pER pLo, ; 8.69 cl*t. per acre or I l. l%.

Respottses to ferliliserc: dut. Per scre.
Mear yield. : 60.3 cwt.

M?an Differential reslroDses (+3.86)
rpsporsp Nitrate of soda I Superphosphate I Potash salt
(j2.7J)l Absent Present I Absetrt Preseot I Abseat Pres€nt

Nitrate of soda
Superphosphate
Potash salt . .

Conclusions
Significant respoos€s to nitrate oI soda and to potash salt itr ttre preseoce oI nitrate ot soda-

The respoose to superphosphate was not si8nificant.
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Meadow Hay-sth Seaeon. Lady Mantrer's School, Batewell, 1936
{ ratrdomis€d blocls oI 9 plots each. Plots; U202 acre.
TREATMENTS; 3x2 Iactorial dcsitn.

No Elanure, 8 tons oI coropost, Dixed artilicials applicd in 1933 ard 1935, or itr t932, l93f
and l$36.
Mixed artilicials cotrsisted ol2 cwt. nitxate oI soda, 3 cst. superphosPhate asd I cwt. 30%
potash s^lt per acre.

BAsaL MANVRING: Nil.
SorL: Limestone. Manures applied: Mar.27-APril 3. Ilay cut: Au8.8-12. (See 1935 Report,

p.2621.
STaNDAaD ERRoi pBR t,Lor ; 3.49 cwt. per a.f,e or 5.66%.

S*mmarjt of rewlx :
1933 and

Nil (+r.41)
1936 M.an

(+r.00)

55.9
67.9
61.7

c1ot. ler q.re (*1.71)
1935 treatoents
NPK CoEpost

50.0
64.9
64.4

51.5
67.0
65.2

60.2
71.7
64.4

+ 12.0
+8.E

Of the 1036 treatmenls, complete artilicals itrcreased the yield of hay by 12.0 cwt. per acre
and compost bv 8.8 c$t., tbe extra increase givetr by complete artificials beitrg sigEificant. The
1935 tre;tmenG also produced a siSDiricaDt increase iD leld, the iDcrea$ due to compost beilg
somes'hat greater thao that due to complete artiricials. Tbe dillereDce in ,avour o, compost weg
oot sigoific;trt, but it may be troted thit io the 1936 €xperimetrt, compoet prodoced a residual
req)onse while artificials did trot.

Hay-3rd Season. Rowley Green Farm, Arkeley, Barnet, Herts' 1936
H. W. Gardner, Esq., Herdordshire Barm Institute, St. Albaas

6 raDdomised blocks oI 6 plots each. Certain interactions partially coalouaded with block
diflerences.

Pl-ors; l/50 acre.
TR 

^TlrENTs 
; 3 x 2: factorial design.

Phosphate ; None, high soluble slag atrd galsa phosphate at the rate of I cxtt. P, O. Pcr acre
Potash salt; None, 30% (0.5 cEt. K, O) I)er acre,
Chalk; None, 75 c\r't, per acre.

BASAL u^NURTNG ; Muriate of potash at the Iate oI I c\nt. per acre.
SorL: Acid Clay Chalk applied: Jan. 30, 1934. Nlinerals applied: l'eb. 6, 1934. }{ay cut:

.ADg. 6. (See,935 Report, p.261).
STANDARD ERRoR pER I,I'or ; 3.10 cwt. per acre or 8.68%,

Responses to fertilisers : cul. lel acre
llean tield : 35-7 ast.

Mcaa (11.001 ..
Incnasc lt1.1Il

Meon

Polrs.

Chalk + 8.61potash .. -. : +1.1t
Slag .. .. : +0.3'
ltineralpho+hate' -1.02
Standard errors ; (r) +1.03.

J9.8 63.2 65.4 62.8
+3.4 + 5.6

Conclusions

Differential re?onses
Chatk Potash I

Absent PreseDt Absent Presetrt l

No
phos-
phate

Slag Mineral
phos-
phate

+8.4. +2.6. +0.8.*?y +': -o:'- 2.8.
*o.s'
- t.6.

+5.6'
0.0r

-0.3.
o"o.

+0.r'
+03'
- 2.1r

+4.4' + t2.8'

e) +1.26, e) +r,55, (.) +1.79.

Cowlusions
There was a siSnilicant respoDse to chalk applied in tg3{ and a sigoificaDt respoas€ to potash,

applied in 1934, in the presence of chalk.
Obsewatioas lrere taLea otr the amouDt oI White Clover atrd th6e showed a si8aific.lt

increase to chalk.

1932, lg34 and
treatErents

Nil
NPK
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Hay. Overhall F.arm, Gilston, Herh, 1936
H. W. Gardner, Esq., Herdordshire Farm Instltute, St, Atbans

{ randomised blocLs of 8 plots each. plots I,iO acre.
I-REAtLENTS ; 4X 2 factorial desisn.

Phosph€te.; None, superpho$hate, high solubte slag atrd mineral phospbate at thc rate oiI c$,t. Pr O! per acre. 
_ '

^ 
Muriate o[ potash; None, 0.S cwt l(g O per acre.

lrasAL MANURTNc ; Nil,
SorL; Cha&y Boulder clay. MaDures apptied; Dec. 18. Havcur. lune 30_
STANDARD ERRoR pER pl-or ; 1.60 cu.t, per acre of I l.lo,,.

cwt. per acte (+0.800) No Ssper.
phosphate

Slat Mineral Mean lrl.reas.
Phospbate I (+0.100t (+0.5661

13.6
15.7

t2,7
11.7

13.7

-0.9

14.4 l3.r16.8 16.0
13.115.6 + 2.2

Mcan l+0.5661
Incacesc (+0.800)

Chalk
Potasb

+ 3.51

- 3.11
0.0,

- 0.8,

15.6
+ 1.0

chdk
Abs€Et Preseat

-sJ' +n'
-o.2. +0.2.
-0.6. _ 1.0.

11.6 11.0

-0.6
C ottcbtsiotts

Tb€!! *u3 a sigtdfic..at respolse to potash. The rcspoDse to phoBpbate nn_s Dot sigDilicr.rt_

Hay. Woodside Farm, Hatfleld, Herta, 1936
H. W. Cardner, Deq., Herdordshire trarm Instltute, St. Atbans

0 rardomis€d blocks oI 6 plots @ch. CertaiE interactions par.tially conlouEded witl block diI_Ieretrce. Plob ; l/50;re.
TREATMENTS ; 3x 2, factorial desie!.

Phosphata ; None. hieb solubdJag_and^ga(sa phosphate at the rate of I c{.t. p, O! per acre.Muriate o, pot sb; Nooe, O.s cwtlX. dper alie.'
Clralk; None. 60 cw.t. Der acre.

B^SAL IaNURTNG; Nil. '
*:::.?-a:1:_^9HlpSl'"dl _y"*l to. MioeElsapplied; Feb.22 Haycut; .{ug. 18.srlu.DA.RD EEROE' p8R PLOT ; 2.51 cst. per acre or g.gg%.

Resfonses to fertilisers : c1Dl. ler acle
Meaa yidl. 28.2 att.

phate

Slag Gafsa
plos-
Pnate

- l.8r *e.0"

-2.6. +2.6r_2.1r +0.8.

+3.44 +4.0r +3.2.-"" -y' -T'
Staldard ectors; 0) +o.89?, (,) *r.02, e) +r.2t f) +!.16.

Con ksi6
Tt€re..xss a large r€spoDs€ to c$all \irheD applied i.n the pres€Dce oI potash, and a sligbt butaot sig.ificaDt decreds€ ir itr abs€nce. potash'produced 

" "-ig"i[i;;ft6r"""ibn in yieta- in ttriabeence of chalk. The respoase to pU*pn"t" i,"r. roisigoiii

No pota-sb
Potash
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OatB. S. lI. Tarry, Esq., Hill End Farm, Hatfteld, 1936
tI. W. Gardner, Esq., Hertfordshire f,'arm Institutc, St. Albane

{ r.ndoEised blocks oI 8 plots each. Third order iateractioD coElooDded with blocL diff.trdc.3.
Plots I l/ll2 acre.

TIBATMENTS i 2! {actorial design.
Sulphate of aElroaia : None, 2 cwt. per acte.
Muriate oI Ftash: NoEe, 2 cwt. pet acre.
Superphosphate: NoEe, 4 cvrt. per acre.
CharL: None, 66 c*t. per acre.

SorL: Light, acid. Variety: Golden Rain. Manures aqplied: March 13.
s€ed sowa : Marcb 21. Harvested : Aug. 14. Ptevious ctop : Old ley.

STAT,TDABD Eiiop pEr. PLor : Grai! : 2.62 c\-t. per acre or l0.l %.

Resfo*ses to Fertilisels
Mear Yields : Grcir, 25.9 cu,t. ; Sl/42D, 48.8 dnt.

DiI{elential Responses

i,a"po,"al Sutp. 
"mm.

Chalk
AbseDt Pres€Dt

llur.
AbseDt

crrt. pet acre l+1.31. Mcons: 10.926).+8.1 +6.8 I +7.9 +7.4+E.r +0.8 l +7.9 +7.4
*3.4 *2.0 I - - l+S.O -O.Z

Sulphate ammoDia
SuFrpho+hate
Muriate potash
ChalL

Sulphateammoda
Superphosphate
Muriate potash
Chalk ..

+r.4 +r.6
-0.1 +0.6

+4-4 -t.4
-0.9 + r.6

+7.3
-t2-7 ,

+ r.5 I

+03 
|

+ r.6

'r 7.o
+ 1.5
+o2

t7.i
+3.9

'T
STRAW: ort. per ecre

-17.6 - l+7.0 +8.2 +3.6 +11.8
+1.6 -tl.O -"2.2 t, - i-1.0 +4.2+5.2 + r.0 +0.3 , +2.6 +7.8 |

L t.6 +4.t -0.8 I +2.4 +0.8 | -l.O +4.e

+10.1 +5.,
l+!.4 +0.8
I +2.6 +7.8t-

C ottcl*siotts
SDlphate oI ammonia produced sknificaot iocreases in tbe yields oI graiD aad skaw. Supe.-

pho+hate gave a signilicatrt ilcrease irr grail, but this appeared only oo the ptots {.ithout
muriate oI potash. The average respoDse io grain to rnuriate oI potash was not sigDilicant.

Chalk had no appatetrt ellect oD tbe gair yields.

Potatoes. Midland Agricultural College, Irughborough, 1936

4 x tl I-atin square. Plots: l/49 acre.
TREATXENTS: 4levels oI a mixed fertiriser containiig I psrt of sulphata oI aoEonia, 3 parls

oI sup€rphosphate and 1 part of sulphate o( potash.
BASAL IIAluRr\c : Farmyard manuae at the rate o{ 30 tons per acre.
SorL: Ugbt ]oa . Variety: Xerr's PiDk. }Ianures applied: Apri, 21. Potatoe.s planted:

May 6. Lifted : Oct. 8. Previous crop: I year s€eds.
SpEcraL NorE: Potatoes passed over a ll inch riddle to deteEniDe percentage ware.
StaNDARD EttRoRs pER pl.ol: Total produce: 1.66 toDs per acre or 14.0%. PerceEtage

ware : 6.03-
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.\rtificials I Yield licreos. Ior
I 
tons p€! acre eoch dr.ssing

t 0,13
- 0.38
-0.69

Percetrtage

75.1
79.9
79.4
7 5.9

eath dr.ssi,.g

T 4.8
- 0.5

:(one
{ cut.
8 c{t.

l2 c$"t.

10.4 4
t0.71
10.84
10.46

9.77

St. Errors iO.?8O +t.10
C ottclusions

t2.52 ! 3.56

No significart elfects.

Potatoes. Barnes f,'arm, Ktngs LanEley, 1936
H. W. Gardner, Esq., Hertfordshire Farm Initiirite, St. Albans

3 randomised blocks of I plotg each, certaiE secotrd order interactioas being cotrIourded with
blocL differeDces.

Ploas : l/188 acre.
TREATUENIS: 3 X 3 x S Iactorial design.

Sulpbate of amhonia : None, 0.4civt. N.0.8cwt. N Der a.re-
Superphosphate: Noae, 0.4 cwt. pto!, 0.8 cwt. p,O"'per acre.

_ Sul-ptate of pota-sh : None, 0.8 cwt. I(rO, 1.6 c*t.'Ki6 per acrc.
B^SAL M^NUR!Na : Nil.
SorL,:. Pebbly 

. 
gra-vel. 

^ 
\ariety: Kiog Edward. Maaures applied ard potatoes plaoted

May 5. Lifted: Oct. 15. Pr€vious croD: Derelict lor silerat vursl
SpEcrAL NorE: Potatoes passed over li iEcb'riddle to determhe perc6ntage w-are.
5TAND^ID ERRoRS pER PLor: Total produce: 0.6?2 toos per acre dr 2{.0%. per@Dtate $ar.:

llaht effects : Interactiorrs of -sulihate oJ ammotia uith s*perphospkatz and
, $lfh4re oJ poterh

Sulphate- of Superphosphate (cl*.t. Fpr) lsil'phate of potarh (cy/t. K,O) Mean Increr,scaEEo a i 0.0 0..1 0.8 0.0 O.8 l.O - ,

TOTAL PRODUCE: tor$ per acre (+0.388. Mcais: !0.221.I.65 2.20 2.76 2.0G 2.61 1.94
Mr.as.s +0.317)0.0 cwt. r-

0.4 c*t. N
0.8 cqrt. N

0.0 crvt. N
0.4 cwt. N
0.8 cwt. N

Meat

Sulphate
of potash

0.0 cwt. KlO i

0.8 cwt. KlO
1.6 clit. KrO ,

2.11 3.31 3.10
2.14 3.96 3.67

2.05 3.16

2.20
2.93 +0.133.26 + 0.33

2.86 3.42
3.43

,.50
3.69

2.80
1.11

49.S
53.6
61.0

58.8
63.3
61.7

54.8 61.3
+6.5 +2.0

6
62.2
61.5

62.1 62.1 51_8
+0.3 -7.6

58.3 I

84.4
67.1

57.8
61.4
68.1

46.6
57.6
60.1

+
55.7
60.4
63.2

+ 4.7
+ 2.8

TOTAI PRODUCE : toas per acre
(+0.388)

Superphosphate (cwt. PrOr)

2.51

PERCEIiTAGE WARE

0.40.0

2.50 2.64
t.8,1 3.53
l.8l 3.31

{.09
2.03

6.1.2
69.0

59.1
65.4
59.3

60.7

46.1

Inleractioa oI sul,?hale of lotash with surer?hosphak

(+3.44)
Superphosphat (cwt. PrO.)
0.0 0.4 0.8

Cotc\tsirms
. The clop rEul.s a very poor one and tle staodard errors are high. Solphate of aEl,nonia

aDd superpbosphate ga-ve sigDrficaat increases in both yield aDd peicentage'ware. The single
dlessiDg of sulphate of potash gave a barely sigD.ificaEt increase_ id yield; but lbe additio;al
dre-ssing produced almost-as great a decrease. Io perceEtage vrare the siDgle dressiot produced
little- effect, but the double drqcsiDg gave a substantial decrcarc, this decrL<e rrcuriag chieflvo! tbe plots without nitrogen.

63.3 tl
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Potatoes. J. W. Marrts, EBq,, Carlton Cliff, Llncs., 1936

A, Mcvicar, Esq., County OrP,aniser
5x6 I3tiD square. Plots: l/80 acie.
TREATMaNTS: Indeasing levels oI a ldxed Jertiliser consisting of 0 parts sulphate of aa&oDia,

6 parts 40% soperphosphate, 6 parls sulphate of potash aad f part steaEed botre llollt
as showD.

BAs L IIANTTRTNG : Nil.
SorL: ClifI limestone. Variety: Kil]g Edward. Matrures applied: April 22. Potatoes

plaEted: April 24. Lilted: Oct. 13, Previous crop: Seeds.
SpEclAL NorB: Potatoes passed over ll itrch riddle to determine lxlcetrtage ware.
STANDATD EnroRs pER PLor : Total produce : 0.457 toDs p€r acre or 7.6% ; petce4tage \r'arE :

1.64.

TOTAL
PRODUCE

tons per acre

6.01
4.03
5.0r
6.4S
6.35
6.54

PERCENTAGE Incacdr.
WARE fo, ea.h

dTcssing

63.8
62.7
82.3

61.7
64.2

-{rtificials
cst. per acre drcssing I

Meart
Noue
4
8

t2
l6

l

+0.06 |

+0.58 |

- 0.11 |

+o.te 
i

- 0.1
+ 3.0
-0.6
- 0.5

St. errors , +0.204 +0.288 a0.733

7 9.9
75.4

80.8
83.2
8r.9

!1.04

Ctxelusions
SBEificant responses to the mired lertilizer in both yield atrd percentage warc,

sig[iIicaDt faUing-off in response at tbe higber levels, there being no lurther itrcrea.,e
or perceotage vare after the secoDd dressing (8 c*.t.).

Potatoes. H. Doulton, Esq., Ingham, Llncs., 1936
A. McYicar, Esq., County Org,anlser

5 x S Iitin square. PIots: l/80 a.re.
TREAIUINTS: IDcreasilt levels of a mixed fertiliser coNGtitrg of 6 parts sulphate oI a rnoEia,

6 parts 40% superphosphate, 5 parts sulphate oI pot3-sh atd I part steaaed booe ltour.
BASAL I\{ANVRTNG : Nil.
SorL: Cliff limestone. Valiety: Kitrg &t$ard. Maour€s applied: March 30. Potatoes

plaDted: April 4-?. LiIted: Oct. l2-I3. Previous crop: Seeds.
SpEct^L NoTa: Potato€s pas.sed over lI inch riddle to determite prceDtage \rare.
STANDARD ERioRs ?Ei PLot : Total produce : 0.i174 toDs pei acle or 9.04%. Perceatage warc :

2.62.
TOTAI lrctcasc PERCENTAGE Incrcas.

Artificials PRODUCE Jor ca.h WARE for cach
cs.t. per acre I aa* ibessitrg ilressing

v/ith a
iD I'ield

lWedn
0
4
8

t2
r6

;.25
362
{.76
5.70
6.34
5.8t

+ 1.11
1- 0.91
+ 0.61
-0.53

+ 1.9
+ 3.1
+2.1
- 1.3

St. erors + 0.212 +0.300 + 1.13 !1.60

Co*l*siatls
Signilicant incrcases to thc Bixed lertiliser in both yield alld percetrtage ware, xritb a

sitDificant decrease in !€spons€s at the hiSher levels, thele being no turther incremeats beyond
the dressing of l2 cqt. per acre.

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-1-68 pp 280

271

' Potatoes. Royston, Herts, 1936
H. W, Gardner, Esq., Herdoidshire Farm Instltute, St. Albans

9:1199T,:1 bljflc of a ptoLs each. Secoad older intoracrion confouaded. plots ; l/29O ac&.TRBATMENTS; Z. Iactorial desigD.
Sulphate of ammonia; Noine, A cv,t. per acre.
SuFrphospbate; None, 5 cwa. De! acre.
Muriate of potash ; None, 2 cw:. Der acre.

BASAL MANURTNG; Nil.
SorL; Cbalky loam. Ydety; Kiog Edw.ard. Maaures appli€d; April g. potato€s ptaat€d;
^ April 0. Lilted; Sept. 4 and 5. pre\.ious crop; Oats. "
s?ANDARDERRoR I,ER pLor; Totalproduce;0.?24foDspera(r€orl2.A%. petcetrtage rrare ; 0.G,1.

Resporces to ferlilisers : c-tst. per a$/e
Mea* ydelds. Total produce: 8.89 lozs,. percentage ware: G3.6

Meon

TOTAL PRODUCE ; tons per acre (l 0.418.
Sulph. a6E. .. .. t+2.37 I --
Superphospbate .. .- , +0-66 , -0.18 +l-5r i
if,ff. pot. .. .. .. l+r.97 l-t0.71 +t.le I

Mur. pot.
Absent Pres€trt

M.dns : +0.2961
+r.52 +1.22 +2.15 +2.80

I +O.r8 + l.l{
+0.4{r +1.45 I -

PERCENTAGE WARE ( !s.52. Means | +A.gt\
Sulph. amrn. .. .-\+2.J I +f_O-+i3-
Mur. pot. ..', +9.3 iz.o +tr.o +10.7 +?.9

TOT.{L SUGAR iIIOOTS (tr'ashed) 
'

0.0 +4.6+4.0 +1.2

TOPS I SUGAR PER-
i CENTAGE

Iutascl lrdcos.

Corclusions

. Aq fu. *. nutrieats produced sitDifica[t iDcreases i_tr total produce. The respoos€ to super_phosphate, .bowever, occurred oDly in ttte preseBce oI sulphite oI ammonia, ^the interachoo
detwee.a sulphate ot alnmonia and superpbosphate beilg significaot. Muriate of potash gave
a sr&orrrcant iacrease in percentage ware.

SuEar Beet. G. tr'. Kingston, Esq., Midland Agricuttural College, 1936
6 raudoEis€d blocks of 3 plols earh. PloB : l/36 acre.
ThrarMENT,s-: No manuri, 6 cwt. superphospiate and 2 cwt. ouriate of potash before gyroti[int

(Mar. 26), and after g].rotiling (April 6).
BasAL MaNuRrNc: 3 cwt. sulphaG oI amm6nia alter E vrotilins-
SoIL : Li8ht, saDdy loaE. Vari;ty : Kleiowaazlebea E."Seed so;n : Apri.l 2r. Lilted : Nov. ll.

Prevlous crop : wtreat.
STANDARD EiRoRs pER PLor: Total sugar:6.&l cwt. per acrc o! 9.3?g/o. Tops: l.6g toEs Fracre or I1.0%. Mean dilt tare : 0.137.

llinerals applied

c*. tnacase I Toas r..,, nl ro*

C ottcl*siotts

-- Thc-yield o( au8er i,as hitb- Thc r€ductioB due to dinerab iD tol,s aod tot l sEgE arc dot
srSEncaEt.

Sulph. aeD.
Abseat Present

Nooe . .
Befofe- )
.lner 

- ]gl

59.0 ltt.st 111.11 I n-*t62.9 I ra.;o I rs.gs I re_ss54.9 -8.0 I t6.4? -z.N I B.L2 -1.97 I t6-sa -o.3050.3 -3.6 t7.57 -0.93 | 13.62 _1.f1 I 16.s6 _0.r,
Staodard Errors +2.28 i3.20 | +0.886 +0.970
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Sug,ar beet, G. Marratt, Esq., Holton-le-Moor' 1936
BrlgE Sugar f,'actory

R. Ilull, Esq., Mtdland Agrlcultural Colege
6 ralaloais€d blocks oI 6 plots each, C€rtaia itrteractions partially conlounded with block

dillerences. Plots I/65 acre.
TREAiMENts I 3 x 2t f;ctorial design.-'-'b";, 

None, 20, l(} lb. per acil applied belore seeding or at sitrgling, without artificials
or ittr artificials.
The artilicials consist€d oI 3 cwt. nitrate oI soda' 4 cwt. suPerPhosphate aDd

2 cwt. muriate of potash Per acre.
BAs L MaNURTNG: Nil.
i"li-, S."ar. on gravel. Variety: Kleinwanzlebea E. llanures aPpted; April 6 Seed

sown; April 2t- Ufted; Oct. 97. Previous croP; Beet.
Srrxi-rno'Enions rT nPror: Total sugar; 3 32 c*t. per acre or 9 92% : toPs; 132 toosP€r

acre ot 12.2%, meaB dirt tare ; o.l3l8.
Rorax I lIeait

\one 20 lb. 40Ib.
In ?osc Borax , Mean Incteas,

None 20 lb. +olb. 
I

ROOTS;(washed) ; tons Per acre.

,o.os l3l3 ,B:.13 l,!;.ni *0.,,

TOTAL SUG.{R ; clr't. per acre (+1.36. Mr47s .'

+0.962, Ix./easrs .- 
- -1.36f

it:'Uilf. *'' 3l: 3li3 t',';'o *,,

M^" 
- 

n4

27.O
38.9

33.8 33.0
+0.1 -0-8

10.61 + 14.4;
26.2t

3 3.1

Stantlard errors; e) +0.062, e) +0.381, (') +0.?85' f) +o'3r1, f) +r'11, f) +0'4'lO'

Borax
\one 20 lb.

)Iea
10 lb.

At soln'hg
At singling

PL-I\T \t:]II]I]It i thousands per acre
25 r 25.8
25.8 2,t.9 +0.125.6 i3:3

\o artiJicials, .

-\rtificials .. :lS.l
2r.8
:17.6

:{.4
:6.;

2 t.1

. . I e;.e 26.2 2s.1 25.8
. + 0.6 -0-8

Conclusions

There was a large response to artificials in both total sugar ?"4.1op": Borax had

"" ,""ri"nt "ff."t 
6n total sugar and produced a small but not significant decrease in

i;;:';;;;;. introduced into the'ex?eriment as a control for Heart Rot, which

wis prescnt in the Plots in I935.
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Sugar B€et. D. Allen, Esq., trrt8t ney, 1936
Bardney Beet Sugar Factory

A. Mcvlcar, Esq., County Orgadser
a ratrdoaised blocks,ol 4 plots each. plots: UgO acre.'llEArMBNrs -. 

.SiD-gling vritb 8-i-o. hoe (A), set out to exacdy I I incbes (B), selcctiotr of 3tronlestpranE *1uuD J ttrcies or exact distaDce_(ll inches) (C), selectioo-oi weakest plaat wiihin_ 3 iocbes of exact distaace (lI iDches) (D).
BASAL MINURTNc : 5 c*t. mixed artificiati pi.'acrc.
SorL-: Silt. V_ariety: KleinwaDzlebe! E. 'Seed sow.n: April 20. Shgted: May 2t. Lifted:Nov. 2. Previous crop: potatoes.
STaNDARD ERRoRs prt Prbr: Total sugar: l.8O cwt. per acre or 4.60%. Tops: O.9OZ toDsper ircre or 7.75yo. Meaa dirttare:0.112-

C imclusiotts-S ee b elou.

Sugar Beet. W. E. Auckland, Esq., Timberland, 1936
Bardoey Beet Sugar Factory

F. Wakerley, Esq., County Organiser
4X4I-atio square. Plots: l/80 acre
Ttpervrrrsl. .SiDgling \xith'8 in. boe (A), s€t out to exacdy ll incbes (B), selectioD oI strorse\tpratrt wlrhra J rnches of exact distatrce (ll iDches) (C), selection of weakest plaEt wi;hiD3 jrches of exact distaoce (t I ioches) (D).
Bas^L M^yuRrNc: 8 cwt. compound tertili;r-
SotL: Satr- dy. Variety: Stru&. trIanures applied i April lO. Seed sown: April lZ. Lilted:Oct. 27. Pre\rious crop: Potatoes.
STANDAID ERRoRs pER pr-br: Total suga-r: 1.68 cwt. per acre or 3.20%. Tops: 0.6?6 totrs perzcre or 5.07yo. Mean dirt tare: 0.083.

SUGAR
C]it. Inc,

(washed)
Tolr.s Incrt Tons

SUGAR
PERCENT,

PLANT
NUMBER

'I\ots. Inocase

Madn

B ..
c
D ..

52.6
54.0
54.2 +0.2
51.7 - 2,3
50.7 - 3.3

11.8 3
15.28
15.27 -0.01t1-60 -0.6814.18 - 1.10

13.30
13.66
13.05 -0.6113.34 -o.2813.09 -0.57

17.74
t7.68
17.72 +0.01
17.7O +0.02
t7.88 +0.20

2 8.1

29.O + 1.7
2S.O + l.f
27.2 - 0.1

St. Errors +0-840 +r.19 o.e38 +0.47

Cot:lusirms

^. flT".nn-..1"a-.to b€ little diJfercnce io tbe yield of sugar per acre bet\reeu the use of an
6 ttrca noe and sltrgrng to exacuy lI inches. Irregular spaciDg, whether by the selectiotr of the
y,..:^8^"j,_"-1,tT.Il1I:st^platt $.itbia three iDches o{. the _exaca elewen ioches, tave a somewhatrmucm lnerd, tne reductron Derng most marked for the s€lection of the weakesa phtrt.

TOTAL ROOTS TOPS

16.52
16.25
16.72 + 0.4f
r7.05 + 0.E0
lb.o8 -0.17

TOTAL i ROOTS
SUGAR twashertt i

C*. Iacreasc)'tois tncicasel

29.3
28.5 -2.826.a - 2.5
26.1 -3.2

St- Errors !o.9oo !.1.27

- 0.3

Mcan

B ..c ..
D ..

40.4
40.1

PLANT
NUMBER

T\ons.Inclease

3;.0
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Sugar be€t, M' A. Rlce, Esq., Downham Market' 1936

wlsslngton Beet SuEar Factory
6randomisedblockso'6plotseach.certainiateractiotrsPartiallycotrIotr.d€dwit}block

diltereDces. Plots ; l/78 acre.
TRllrMENTs: 3x 3 x 2Iactotial desiSn.

SuDembosDhate: Notre, 0.5. 1.0 cwt. PrOr per acre.
iJtasl: r(one, o.O, l-2i*t. K,O per acie is-muriate of potas! and pota-lh salt'

BasAL u^NuRrNc; Nil.
s"ri , na"t Ietr over chalk. \-ariety; Maistefs. Marures applied ; APril l8 S€ed sown ;

ADril 23. Lifted: Dec. 10. PreYious clop; Potatoes,
Sr^""i*"-"*""*rrn'Plor:Tntalsugar;l.i6cwt.peracreor100%:meaDdirttare:01305'

Mah elfocts

Interurtion oJ lotosh qualiu with qwarlily

ITOOTS (\rashed) ;
tons l)er acre

Muriate l'otash
o{ potash salt

0.o .. I 40.7'
0.8 .. I lt.s. 39.6,
1.2 .. I 42.51 40.6r

Standard erro$ ; (r) +1.82,

It tellclior oJ ?otash utith su,erohns?hule

TOTALSUGAR: c$'t. per acre (+2.23*)

Sup€rphosphatel Potash (cwt. K,O)
(a\rt. P'o.) I o.o 0.(i 1.2

O,0 
' 

39J 3&l {{-8
o.5 3E.3 +:.5 I l.,t
lr) u.n 4O.1 38.1

+ This standard error applies to comparisons that are not confounded'

C ottclttsiotts

No sigrrif icant ef fects.

SUGAR PER- IPLANT NUIiBER;
CENTAGE I thousaads per acrc

I

Muriate Potash I Uu.i.t" Pot.t
of potash salt 

I 
oI potash salt

I5JI I ,,,
14 81 15.t6 ll.9 2r.8
16.0r 15.26 I 

'2.6 '2.1

13.35
13.93 13.05
14.28 r3.30

(!) +1.2s.

Supe4)hospbate
(cl*t. PP6)

0.0 0.6 1.0

Potash (c*t. K!o)

0.o 0.8 1.2

Muri- Potash
ate. of salt
potash

TOTAL SUGAR :

acre (+ 1.29)
Inaeasc ll1.62l

Per 40.7 4l.l 1l.r
+0.1 0.0

10.7 10.4 41.8
0.3 + 1.1

42.1 40.1

-2.0
ROOTS ($ashed) ; tons P€r

acr,e . .

Incraasc. -

13.46 13.60 13.57
+0.14 -0.03

t3.35 13.49 13.79
+ 0.11 +0.30

t4.lo 13.18

-0_92

SUGAR PERCENTAGE
Iicraasa. .

l6.tr 15.09 15.13

-0.02 +0.04
15.2r 14.98 15.I3

-0.23 + 0.15
t4.91 t5.21

+0.30

PLANT NUMBER ; thous, per
acle ..

IncaaasG . -

21.8 21.6 22.4

-0.2 +0.8
2t.1 21.8 22.5

+0.1 +0.r
22.9 2r.t

_ 0.1

' Itean of single and double.

Potash
salt
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Sugar beet, J. S. Fendlck, Esq., Ltttleport, 1936
wlsslngton Beet Sugar Factory

6 rantomised blT,l(s. of 6.plots each. C€rtain interactiotrs partially coolounded with blrrkdfrercnces. plots; l/92 acre.
TREATIENTS: 3 x 3 x 2 factorial desigD.

SuperphGsphate; NoDe, 0.5, t.O c*. p.O. per acre.
Potasb; Notre, 0.6, 1.2 cwt. K,O per air,ja's muriate of potash and potash salt.BASAL MTr.IErRTNG : NiI-

SorL: Black ,eD. Variety; Johmoa,s perfection. Maour€s applied; April 8. Seed sos.n;
_ May 2r Ufted ; Novl ig.- previous crop ; Wheat.
STAT.DAR^D-EERoR pER PLor : Total sutar ; 4.0ig c*t. per acre or 8.I3% : mean dirt ta.e ;0.1630.

M ait elfecls
Sup€ry)hosphate

(clr.t. Pp!)
0.0 0.5 t.o

I'otash
(cwt K,O)

0.0 0.6 1.2

50.9 {9.4 50.2

- 1'5 +o'8

14.87 14.70 14.78

-0.17 +0.0E

t7.!l 16.70 16.99

-0.32 +0.20

25.4 26.0 25.6
+ 0.1 -0.1

of Potash.
salt

TOTAI- SUGAR :
acre (+r.I8)

Increa"sc (+1.871

ROOTS (yashed); totrs
acne

per
.. 50.1 50.$ {0.5
.. . +0.8 -1.1

t4.93 t5.00 14.49
+0.0f -0.58

50.0 49.5

-0.5

14.71 14.71
0.0

16.96 16.82

- 0.14

25.6 26.0
+0.1

PLANT NUMBER
thousaads per acre

Muriate Potesh
of potash salt

26.r,
26.0

SUGAR PERCENTAGE ..
Incteasc. -

PI-ANT NIIMBER ; thous.
Per acre

Increa,le. .

16.78 16.96 | 7.16
+0.18 +0.20

26.0 16.2 2{.9
+0.2 - 1.3

\(uriate Pota-sh
of potash salt

ToTAL SUGAR , ROOTS (washed); I SUGAR pER-
cwt. per acre toDs per acre CENTAGE

(c*.t. K.O) I\Iuriate Potash
ofpotash salt

50-9r I

49.91 48.81 j 14.80

Muliate Pota-sh
ofpotash salt

l{.t(} 16.8? 16.71
17.05 t6-93

25.9
45.2

0.0
0.6
t.2 50.1r 50.3r I r{.69 14.88 I

Standard errors; (1) +f.67: (t) +t.18.
Irrtenctior. of botash uitlt subelbhosbh^t?
TOTAL SUGAh : cu,t. per a'cre'( +2i.04+)

Potash (c]irt. K,O)
0.0 0.6 1.2

Superphosphate I
(cwt. P,o,) 

|

o.o Io.5 
I

t.o

60.7 47.1
53.6 4S.3
48.5 51.4

32.)
49.8
{8.6

'This standard error applies to comparisoDs that are uot con{outrded.

Cottlusions
No sigrificant effects.

' Mean of single aDd double.

INeraclior of pot*sh qaality with quartily
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Sugar beet, F. Hartley, Esq., Upwe[, Wtsbech' 1936

wlaslngton Beet Sugar Frctory
6 randomised blocLs of 6 plots eacb. Certain interactions partially conlounded with block

difIerences. Plols; 0.Ol ll acre.
TRB^TuENrs: 3 x 3 x 2Iactorial desitn-

Soperphosphate ; lione, 0.5, 1.0 c*t. Pp. Per acre.
Po:tasi; Iioae,0.6. l.2cwt. Kp per ac;e ai Euriate of potash aBd Potash salt.

BasaL iraNoRrNc : Nil.
SorL: Silt. Vari€t; Marsters. MaDures aPPlied ; March 3l H solr,D ; APril 2. Lilted ;

Nov- 20. Previous crop; Potatoes.
STANDARD ERRo* pER rrorl Tot"l srrgar ; 3.73 c$t. Per acre or 5.60% : meaD dirt tare ; 0.1971'

Mah eff*k
SuDerphcphate Potash (cwt. Kp) lMEri' Potash'

Gwi. P.:o.) i late of' salt
o.o 0.5' - l.o I o.o 0.0 1.2 IPotash

65.0 65.4 68.3 I 87.2 66.4

-0.5 +2.e 1 -0.6
(+ 1.08)

Incredsc (+1.531
66.4 67.9 65.2

+1.5 - 2.7

RC)OTS) washed) ; totrs per acre
Iacteasz.. .. i

20.12 20_84 20.42
+0.12 -0.12

20.32 20.17 2r.2ol 20.93 2o-?4

+0.15 +0:t3 | -0.19
1623 ltrS l6J, ]16.03 16.28 15.96,

+0.25 -0.32 l

30.9 3r.9 31.8
+ 1.0 -0.3

-0.28 +0.11
16.05 16.00

-0.05

32.0 39.u
0.0

PLANT NUMBER; thous.
pea acre

Increase . .

'MeaD of singl€ atrd double.

(cwt. X!O)

on
0.6
1.2

30.5 31.7 32.2
+ 1.2 +0.n I

Interurtiott oJ Polesh qu ity uiah qtodity

85.9r I rO.ge 16.23
66 rr I 20.11 20j2 15.96 15.94

30.5
31.6 31.8
3!.3 32.166.7r i 21.65 20.73 16.13 16.05

Statrdard errors; 0) * 1.53, F) + 1.08.

Interuction of lotosh with su,erlhos?hale
TOTAL SUGAR: cwt. Per acre (a1.86*)

Super
PhbsPhate Potash (c\at. KrO) -(a'!t.?"oJ 0.0 _ 0.6_ _ .. l 2

--o-o- 3r.6 65.4 71 4
0.5 66,4 66.5 70.1
1.0 68.7 64.3 62.8

t This statrdard errot aPPlies to comParisoDs that ale not conlounded'

C onclusittts

The yiekls of sugar per acre were high and the effects of the fertilisers were not
significant.

64.61
69.91

TOTAL SUGAR ; crit. peracre

SUGAR PERCENTAGE
ItLYea,se . .

TOTAL SUG-{R ROOTS (\'ashed); SUGAR PLANT NUMBER
crt. per acre I to"" pi. acre- | PERCENTAGE thousands Per acre
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SuEar Beet. A. E. Btrd, Esq., Scotter, GahsborouEh, 1936
Brlgg Beet Sugar tr'actory

A. Mcvicar, Esq., County Organlser
3 BDdoaised blocks oI 8 plots ea.h. plots: l/5O acre.
TRE^rMENts : lYo Tr"Td-"t 5 cwt. superphosihate and 3 clrt. AO% potash salt, ptooghed ir :

Jao. lO; IJroadcast after witrter ptouthiDg: JaD. 2i. Broadaast- io spring:'Apit 6. }-o
dung, l0 toDs duDg per acre.

BAsaL MANURTNG: 3 cEt- sulphate oI ammooia per acre, aDDlied otr ADril 6.SorL: Satrdy. variety: KleitrwanzlebeE E. Seed'sowE: airiit Zz. lida, Oct. 28. preeious
crop : Wheat.

STANDA.RD ERRoas pER PLor: Totel drgar: l.68cst.pel a.re, ot !.67o/o- Tops: 0.916 tous per
acre or 8.ll%. MeaE dirt tare: O.'i23.

I l-o Plousb- Broad6r
I mins. ed io Jao. April

B.cd.ast Man I@.,k

--i-:-- 'P:Ll-noors 1."**i1 , tc rEr &r.
1r.80 13-16 12 allr.Er rz.re | ,2.67 -o.tz

12.55 
'2.E1+0.29

,9-Bo t2.82 | is.r6

7 t'.9;
7 t'.t2

SUGAR PIIRCEi-TAGE
18.07 tE.03 17.98 I l8-r'
1i.98 17.85 ta,o2 I tt.g1 -o.o;

12.26 13.16
t2_s4 19.5!

l{_l

29.i 30.3 29.8 ir a I1e.e 2s.7 99-. ro.o 
I

TOTAI- SUGAR: c*t,
47.5' t6-1 1i.3.15.1 45.7 45.0

15.0\ 16.31 15 9r t6 2l+1.r +0.9, + 1-2.

St..lI@ lC)+0.6E6, (t)+o.s?0, e)+0.486

tB-02 I?,91 t|.oo U?.98+0.08 0.00 +0-0a

I

N*-l-

PLANT NUMBER: tTOufudS Er *"
No Plough- Armd6r I lla^ t@..*miE. .d io Jan. April i

30.3
99.6 -0.'

tt.a, | !9_8 to.o 29.6 3O.i JO 0Ind.e - 0-2 0.2 -o 7

C ottclusiotts
Io the absetrce of dung, minerals produced sigrificaat increases io total suqaf aad toDs. In

the prcsetrce o, duDg there was Do respoDse to miDerals ilr total suRar and a simiFcaat decriase to
Einerals itr top-s. There uere no apparent differences itr the effectis of differe;t methods of apply-
iag the minerals.

Sugar Beet. H. J. Shuttleworth, Esq., Langton, Wragby, Lincs., 1936
Bardney Beet Sugar Factory

A. Mcvicar, Esq., County Orgadser
3 raodoEisad blocks of 8 plols each. Plots : l/.40 acre-
Tit^aMaNrs: No minerals, 5 crat. suFrpbosphatr and 3 cr+-t. 30% potash salt, ploughed in

(JaD. 24), broadca-st after winter ptoughiog UaD. 3l), broadci+'in spring (A-pr "r). No
dung, l0 to[s dutrg per acre.

BASAL MANURTNG : 3 c$t. sulphate of ammoda per acre, apDlied oD ADril l.
SorL-:. -Heavy^ loam- on gravel and sand.. Varieb: Kteinianzleben 'E. Seed sosn: April 9.Lifted: Oct. 28. Previous crop: Barley.
STANDARD EnaoRs pER PLor: Tot;l sugar:' l.7l c$.t. per acre or J.8Oo/o. Tops: 0.729 tons per

acre or 8.43% Mean dirt tare: 0.193.

ll.9l ll.gn t2-22 t t)_61'
10.21 ro.s,t ro.88 I ro.99r

M^ llii;-;1.08 -;Lrr' ,.,ilM.@ I -0.26, -o 12, \o 2tr

10.54 10.88 I '0.99r1t.2|t rr.ie I 11-ro
-0.12'+O.2trI

Sr..ftors l(I,+0.37r, e)+0.529, i') to.26t
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No PlouSh- Br@d6!
Diis. ed iq Je. APril Eitrs. ed fu J@. April

mTAL SUGAR: .rt. F! ac!. (+0.993)
l0-3 14a 45-6 16., I tll-2r
11.' 11.1 r?.0 a6.' | 16.1r +2.2'

ROOTS {P6hed): to6
11.16 11.98 1r..1, 12.00
1r.10 1r,6, 1r.86 12-53

L.89

!12.2r ,6.01 16.81 1C.0r
+r.Er +f.6r +r.E.

1t.:t 1r.62 12.d0 
'2-A1 

12.26
+0.68 +1.02 +0-61

c)+0.?0r. c)+0.ee3, (t) 10..e6

TOPS: toc D.r &.c (j0.421)
7-86 i-At 8.t3 8.ll I ?-99.
9.5r 9.39 8.76 9.67 | |ir. rr.t|l

SUGAR PEBCENTA
t8.0? 18.63 18,77 1fl.83
18.27 18.77 18.30 18,?0

GE
fi.56
18.51 -O

8-681 6.62t 8.1t\ E.E6'
-0.06, -0.e1. +0.18r

8.6it tE.)7 16.?0 1E.51 18.76
+0.s3 +0.3/ +0.59

t8.il
n: 

,

c)a0.29{r, {r)f 0.42r, r)}0.?r0.

PLANT NUMBER: tLoi,sa& Fr &!.
I No Plodshed B@dcast I M.., I@.e

Dus I .ai!6. in Jawy April

r0 rlE | ,r.! ,1.5 ,r.0 rr.s l 22-6 +0.5

It^ t Zte ,rJ -rr-6 ,L4 t Ztlrw.ak I l|.t t0.1 +0.2 |

Cowlusiotts
Minerals prcduced an aveBge iDcrease itr total sugar oI 4.1 cwt. per acre, the increase bebg

soEewhat greate! in the abse[ce of dung than in its presence, thouSh not sig ficant]y so. TheE
were no apparent di{ferences iE the eflects of differctrt methods oI applicatioo, atrd tro apparent
effect o{ miderals on the tops.

Dulg produc€d significant increases in both total sugar aad tops.

Sugar Beet. G. L. Dodds, Esq., Habrough, Ltncs., 1936
BrlgE Beet SuEar Factory

A. McYicar, Esq., County Organlser
3 iasdomised blocks of 8 plots each. Plots: U5O acre.
TnanrME*-Ts: No rEherals, 5 cwt, superphosphate atrd 3 cwt. 30% potash salt, ploughed iD

(Dec. 16), broadcast a{ter wi.oter ploughing (Dec. 19}, broadcast in spriBg (April 3). Ploughcd
7 or ll inch€s deep.

BasaL MANoRTNG : 3 c*t. sulphate oI atDmonia per acre, applied on April 3.
SotL: Sandy loaE on deep saDd. Vad€ty: Kleinwanzleb€n E. S€ed sown: APril 27, Lifted:

Oct. 30. Previous crop: Barley.
STANDARD ERRoRs pER PLoa: Totalsugar:3.49c\*t.peracreor5,96%. Tops : 0.09,1 toDs pcr

acre or 9.18%. Mea.D dirt tare : 0.110.

Ploqh-
ipa

Slatlo'

No Ploqhed BroadatpiB. iE De. April

TOT-{L SUGAR : crt. t)er;61 601 587 6a-7
6?.1 53-6 

'7.6 
!7.0 6E.E +0.2r

No Plouat.d aro.dest
mic- in Dec. April

15-?3 r7-r8 16.[t 16,67
r7 r! 16.16 16.t8 16.30

16.55
16.5t -0.02

i9.21 59.V 58-tt 57.81
+0i. -t1. -1.4

16-aA t6.t7 16.16 
'6.1E+0.31 0.00 +0.02

16,5t

e) +r..3, e) +r.0!, r) ar.or
TOPS : toB per a.re (i0.674)

lo_1, 11.39 tO.35 lt_OO t tO72t
rr.{7 10.82 lo.z, 10.6? | tog? +0.20'

SUC-{R PERCENT
17.83 17.60 17.75 17.60
18.08 18,03 ,7.b7 77-40

17.69
17.79 +0.10

10.Eqr 11.101 ,0.51\ t0.8.tl
+0.301 ,0_26t +0.01r

l0.Ea 17-96 t7.E2 tf.66 1?.55
-0 t! -0.30 -0.t1

c) +0.{06, c) +0.r7r, c) +0.rE7

-ll
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PLAN-I NUVBER: thoN ds Fr acre

-Ite averag-e eftects of minerals and , f#'f'fr:-r"s in total sugar and tops ilere rm.eu
atrd not si-8aifi-caDt. There r*'as, however, ar interaction behieen them wlich reacf,es the 5 per
ceDt. level i-D both total sugar atrd tops.

Sugar Beet. C. Coupland, Esq., East Klrkby, Lindsey County Councll, 1936
Bardney Beet Sugar f,'actory

A, McYicar, Esq., County Organiser
3 ra[doaised blocks of 8 plots each. Plots: l/40 acr.
TREAjT_raBNts: No minerals, 5 cwt. superphdphate and 3 cwt. 309/0 potash salt, ploughed in(Jan.-fq, bmadcast alter winter- plougbiag Oan. 3l), btoadil* in sprirg'(Airil S).

Plougbed 7 or l0 itrches deep.
Basal' MaNURTNG: 3 cwt. sulpb-ate o{ ammonia per a.re, applied on April 8.
SorL: Sa[dy_Ioam. Variety: ioeitrwanzlebea E. 'Seed sowa^:' May f. Lifted: Nov-5. previous

crop : q,heat.
SaAlsDAID EiRoRs pER Pror: Total suSar: 9.17 ci+t. per acre or 8.62%. Tops: 0.ZlA tons per

acl€ or lO.4%. Mean dirt tare: 0.105.

lio. Plouahed Bludesr
EiB. tu Jatr. April

TOTAL SUGAR: .F1. D€.aire {+t.rr},6.6 3,1.E 37.1 3{.0 I J9 3.25-2 33.0 Jr.8 $.a I t,.a, -o.el

ROOTS: (w6bed) | ron760 l0
?.51 9.80 10.31 9.72

25.c 31-11 3f.4\ A3.Zr+9.u +12.O +8-31
34./ l..re 9.92 10.71 9.66

+2.36 +3.15 t!-t0
St. e.rct 0) +0.884, f) +1.25, *{r) 0.615.

TOPS:0.E7 6.0'
7.t1 6.71

SUGAR PERCENTAGE
17,3! l?.4? t7.1tl \ ,7.52
17.27 li-bu rt-.2o I tT rs -o tj16.i7

7.06\ 6.68t 7.00t 6.?6r
-0.aE,-0.06.-0-30,

a.87 rc.ta tti-Ttii-7.i1 tt.te -
+0.i2 +0.70 +0.6r 

I

0) to.rsr, C)o.rtr, C) ao.2o6

PLnNT IiUMBER: thoMds per &e

22.9 +0.7

22.6

Conclusiotts

_ MinJrals gave an average response oI 0.8 cwt. total sugar per ac!e. The January applicatiod
o, Ei._Derals gave a.somevhat higber yietd than the April +pti;ation, the diff?rence 

-beii| 
atmost

significatrt, and minerals broadca.st aftcl ploughiDg in Jaou'ary gave a significatrfly higier leldthaD--miDerals ploughed itr itr Jatruary. TLere werc no appare'nieffecfs o-'f mineraG oo-tops'aad
no erject of depth o, ploughing.

-0.t
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Sugar Beet. Harper Adams Agrlcultural College' Newport' Salop' 1936
5 ratrdomised blocks of 5 plots eacb. Plots: l/40acre.
rniiirresrs, ro pbosihate (P) or Porash (X)' (A), PK aPPUed i4mediately teJore lvioter

olouebins {Dec. t4): {R), immediatelY alter ploughiog (Dec. l8), (C), 6 \r'eeks before sowing'
iil^iii.i ippli".ti6ti (,uarch 3) (Di, t weit< titore io*'in8' broadcast applicatioo {April
r0) (E).

ts,rsrr .\ie.-r'nrsc : { c\rt. pcr acre 3O1o suPerPhosphate aEd 2 cwt. per acre muriate-of Potash_
SorL: Loamy sand. Yarieiv: Kfeinr*anzleira- E -S€ed sos'n: April 17. Ufted: Dec lO_14'

Previous crop : \\}leat.
Sr-rro,rnn Ennoi prR plor : Total sugar : 3.07 cwt. per acre or 4.60%. Mean dirt tare : 0.178'

I TOT.{L SUGAR ROOTS (\I'ashed)

i .rrt. ln(lcase Tor]s lwteasP

Mean .. 66.6 i lg.zz
A .. r 62..1 18.03
B .. i 66.ri +,t.1 19.28 +1.2510-35 + 1.32

19.54 + 1-51
+ 6.1 i 19.88 +1.E5

tI.25
17.34
11.26
,.7.47
t7.31

Early I-ate Mean In-

ROOTS (washed) ; tons
per acrc

17.69 16-9216.15
16.97 ta-45 t 17-71 + 0.79

SUGAR
PERCENTAGE

Ilclease

+ 0.05
- 0.03
+ 0.18
+0.02

PLANT NUMBER

'lho'us. Itcrease

25.2
2X.1
25.r + 1.4
2A.2 +2.s24.6 +0.926.3 +2.6

c
D
E

.. i 66.8 + 4.1
68.3 + 5.9

St.Ilrror -l3i + 1.91

Conclusions
vinerals Droduced a sisnilicant iacrease on total sugar, but the diflerences oE the effect of
method oi application iere not significant. f,lioerala also i-Dcrea-sed Platrt ntrmbrr-

Sugar Beet, J. Arden, Esq., Newton-on-Trent' 1936

A. Mcvlcar, Esq., County Organiser
4 randomised blocks oI 8 plots eacb. C€rtain interactiotrs Partially coD{ooaded rvith block

di{Iere[ces. Plots ; l/40 acre.
TREATIiENTS ; 4x2r factorial desigD.

Mixed artilicials; Nolle, 4 cwt., 8 cwt., 12 cwt. per acre
Nitr.te oI soda ; NoDe, I c\rt. per acre apPlied as top dressiog on June 6.
Time ol liftins: Earlv (Oct. 2l). Late (Nov. l9).
The mixed a;tificials'cdns'sted of 3l irts sulphate of ammonia, 3 parts nitrate of soda,
6+ larts superphosphate, 4 parts Eu-riite of poiash, atrd I part steaEed tone flour-

BasAL MANuRTNG : Nil.
SorL; Satrdy. variety. Nlein$'anzleben E. Matlules aPPlied ; APril 14. Seed so{'n; APril 2?.

Previous crop : Barley.
Srr:roerp rnnon's ern rr6t; Total sugar; 2.5o crf,t. pet acte or 4.03%. Tops; I.05 tons Per

acre o! 6.950/,,. Mean dirt tare; Iirst li{ting; 0.0750, second liltitrg; 0.0889.

Nitrate oI
soda

Earl-v I-ate

17.86 r8.O8
17.91 17.96

17.88 18.O2
+0_11

Mean I*-

17.97
17.91 0.03

65.0. a

+ 5.Sr i

+0.88i,

16.5 6 18.07
L 1.5

Standad erroG (r) (.) -0.625
SUGAR PERCENT PLANT

thous.
NUMBER ;
per acre

28.1
28.5 +0.1

28

TOTAL SUGAR; cwt.
Per acre

s7.7r 63.91 16r.8,
60.81 66.2r I6A.i. + 2.7r

28.6
28.6

-0.6

None
I cl*'t.
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Mixed artificials: cwt. per acre
0 { 3 l:

Ilixed artificials : cwt. per a,cre
1 S l2

No Dit. soda
Nit. soda

TOTAL SUGAR : crt. per acre
( + r.25)

53.4 60.6 A4.2 65.0
58.7 42.4 65.8 67.1

ROOTS (washed) : tons per acre

14.82 t6.88 17.76 18.23
16,47 t7.45 18.12 t8.79

EarIy
Iate. .

52.2 50.2
59.8 63.8

63.4 62.)
70.0

14.63 16.76 17.37 17.48
16.66 17.57 t8.60 19.54

Indea.se
StaDdard errors

56.01 61.51 65.01 66.1r
+5.5' +A.s' + 1.1'

(r) +0.884, (r) +r.25

15.64 17.16 17,94 18.51
+ 1.52 + 0.78 +0.57

\o nit. soda
Nit. soda ..

TOPS: tons per acre (+0.525)
10.56 t2.72 15.63 t7.22
13_02 14.88 l?.39 19.74

SUGAR PERCENTAGE
t8.00 17.95 18.10 t7.82
t7.42 17.90 18.18 17.85

11.55 15.09 17.56 19.59
12.02 12.5' 15.46 t7.37

17.85 t7.68 18.25 17.78
17.98 18.18 18.02 17.90

Inercasc
Standard errors

11-791 13.80t 16.511 18.1Er
+2.01. +2.71' + 1.97'

e) +0.37r, r) +0.525

1?.91 17.93 lE.11 17.81
+0.02 + 0.21 -0.30

No ait. soda
Nit. soda

PLANT NUMBER; thous. per

27.2 24.7 28.3 28.3
28_0 29.r 28.4 2A.1

27.6 29.7 28.8 28.2
27 .6 28. I 27 .9 2A.4

27.6 28.9 28.1 2E.3
+ 1.3 -0.5 -0.1

Cottelusiotts
yixed artilicials sitaificantly increased total sugar and tops, the response Ialling oII at the

higher levels of dlessiDg with sugar but not with tops. Nitate of soda signilicantly increased
total sugar and tops. The increase ia total sugar due to dkate oI soda vras greater where it was
applied aloae thart where mixed artilicia.ls were also applied, but the dilference was not
siSDilicant. The yield oI tops {'as sigailicantly lower with late lifting (NoveEber lS) than with
early (October 2l) but total sugar $as siSnificantly highei \r'ith late lifting, both roots aEd sugar
p€rcetrtage haviog iDcreased from the early lifting.

EarIy
I-ate . .

Early
Iite. .

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-1-68 pp 291

288

Sugar Beet. (r) J, Swift, Esq., Braintree, (2) Messrs. Baker Bros., Mundon,
(3) R. Robertson, Esq., Wix, 1936

F, Knowles, Esq., Eaet AEglian Institute of Agriculture

5x6Irtitr square. plots; (l) l/6r acre, (2) li50 acrc, (3) ll50 ac!..
TREATMENaS; No superphosphate or rsudate of potash, superpbosphate (P) at the rate of

4 cE't. and munate of potash (K) at the rate oI 3 c!vt. per acre ploughed in itr winter,
broadcast after $.ioter ploughing, :l ploughed in itr rrilter, remaiaing + broadcest in
spring. A plots with PK received 4 cvrt- $lphate oI ammoaia in spriog.

BASAL UANURING; Nil.
SorL; (l) Healy chalky boulder c1ay, (2) Heavy, (3) Light loam. Variety ; (l) KlemwanzlebeD.

(2) Johnson's KuhD, (3) Kleio$anzlebetr E. Matrures applied; (l) Nov.5, Feb. II, April 21,
(2) Dec. 2, March 26, April 17, (3) Dec. 10, J4a.22, April 25. Seed sown; (l) Ap. 29,
(2) April 20, (3) April 25. Lifted; (r) Oct. 2S, (2) Oct. 2, (3) Oct.20-22. Previous crop;
(r) meat, (2) Potatoes, (3) wleat.

Sa-TNDARD ERRoRs pEE pl.ot ; Rmts (washed) ; (f) 0.762 totrs per acre or 1.Uo/o, Ql O.7a7 toD.s
per 

^ne 
or 7.21oL, (3) 0.830 tons per acre or 4.48%.

I

i ttopx l

6.44
6.64

18.02

Rools (washcd,) lons ler acre
Sulphate of ammonia ill spri[g ;Winter I Wil1tlf

PK applied nr
Spring

plou8hed broadcast iald Spring
Staadard

10.73
l0-7i
18.98

_lrl
3

11.89
I1.82
18.33

I l.0l
I1.33
18.61

10.90
I1.04
ta.72

9.98
10.32

'18.s3

+0.34r
+0.334
+0.371

C onalusiotts
At the first tBo ceDtres there *as a liarge average respoDse in roots to sulphate oI aEhonia

a.nd minerals. At the third centrc the mean yield was tigh atrd the averate rcslroEse sa.i not
signi{icant. The difJerences due to the hethods of application oI the Einerals lllere trot signiricaEr.

Maagolds, Lower Titmore Green f,'arm, Stevenage, 1936
H. W. Gardner, Esq., Herdordshire Farm Instltute, St. Albans

5 x 5 Latia squale. Plots : l/83 acre.
TREATITEN?S: Chalk at the rate ot 0, 35, ?0, 140, 210 c*t. per acre, applied ia 1933.
BASAL MANURTNG: 5 cwts. I.C.I. No. 2 :-N 10.3% ; Sol. P,O6 10.3% ; l<zo 20.7o/o.
SorL: Gravelly loam. Chalk applied: trtay 30, 1033. MaoSolds sowD: April 25. Lifted :

October 20. Previous crop: Hay. (See 1935 Report, p.263).
STANDARD ERRor.s pEi PLor: Roots: 3.18 toDs per acre or ll.8%.

chdk ROOTS
Tons per lrtcleosc loracne .ach dlassing

TOPS-loDs lFI Irrcreasc Jo,
acle carh dressing

PLANT NO.
Thousatrds Incaaase Jor

per *re caah alressing

17.1
14.9
r7.8
r7.8
t7.6
17.5

cwt. per
acrre

Medn
None

35
10

140
210

26.86
17.22
24.92
29.t2
31.49

+7.70
+1.20
+2.37
+0.0E

St. Error +1.12 -2.01
Cotcl*siols

fhere ea3 agair a l"arye respoBe to the lg33 &ersirys oI chalt, and a significalt taUitrg.ofl iD
reqronse at tlle higher leveb oI applicatioD.

2.95
1.99
2.71 +0.72r.22 +0.513.16 +0.243.39 -0.07
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Mangolds. Hunsdon Lodge, Ilerts, 1936
H. W. Gardner, Esq., Ilerrfordshtre Faim tnehtuie, St. Atbans

{_ raodoEised blocts oI 8 plots each. plots ; l/t t2 acre.
TrrAT!.ENTs ; Li.me aDd ;halk at the rate ot O, 2t, 12. Of c*t. CaO per acre, i.e., 0, l, I l, Zt cst.ol the HutchiEsoE aDd McclelaDd lime requirement.
BASAL ITANURTNG: 2.4 cl*t. I.C.I. I\*o- g aDd 2:5 c\tr-t. niio_chalk oer acre.SoIL; Silty gravely loam. Variety ; yellow Globe. fi.r".* .ipilJ'; 'feb. 

16. Seed sorn ;

^ April 24. Lifted; Oct. 2?. Pr6vious crop; Wheat.
STANDAiD BRr.oR pER pi.oa; Roots; 4.lg to;s per acre or 26.1%..

c*t. per
acre

tons per acre
(+2.06.)

ChalL LiEe
+1.16 +2.0

TOPS
toDs per acre

Chalk Lime Chalk Lime

o
,t
{2
83

Mcan
(+1.1

Diff.rcnc.
(+1.6

9.74
14.82 t3.42
18.38 16.86
15.74 15.76

9.f 4
11.12 + 1.38
17.62 +3.50
15.7 5 - 1.87

l.9l
2.36
2.67
2.79

2.A1
3.12
3.14

1.91
2.60 +0.69
2.90 +0.30
2.96 +0.06

10.8
14.4 12.6
16.l 14.8
15.0 13.8

10.8
13-5 +2.7
15.4 + 1.9
14.1 - 1.0

16-31 15.35

+0.9(

11.31 3.03 2.61 2.59

+ 0.12

15.2 13.7

+ 1.5

13.5

t Ercluding plots receiving no chalk or limc.

C orclusiotr,s

_--:.t: f:ld: :CT lery. variabte- The Iirst dressing Save a significaqt increase iD the yicld ofnooE Dut tbe a4ldrtroDar rlrcrease to tbe second dressing was Dot sigtrificatrt aEd tbe third aressitrsgarre-a sligbtly soaller yield than the second dressint.-Limirg p.&"".a . tirge'ir"i*-* i.-pf"ri
alrmbcr.

Kale. Midlrnd Agricuftural College, Irughborough, 1936
{ ratrdomis.d blocks or G plots each. Plots: l,'{O acte.
TREAaTENTS : 3 x 2 Jacto;at desim.

Nitiochalk : NoDe, 3 and 6 c*t. per acre.
UDthitrned aod thiDaed.

BASAL MaNURTNG: 16 tons farmvard rranurc, 3 toEs waste beet liDe, tO cwt. basic slag (f.t%P,OJ, I I cEt. muriate oI ootish.
SorL-: Light loam. Vari-ety: Iilarro*steD, S€ed sofla_: ApriI2J. \itrochatk applied : May 5.Harvested: Oct. 2&Nov.4. Previous cIop: Seeds. '
SpBcrAL^ NoTr:- Thir.ed plants 8 ins. to l0 iris. apait. Urthinoed were chcpped out to 5 itrr.

or 6 ins. otrly in places where weeds rsere very ihick. Thev rvere not sinqle?
STANDAnD ERRoR pER PLor : 3.08 toEs per acre,'or 9.26o/6.

ROOTS

Tons p€r acie
( + 1.54)

Nitro-cbalk (cwt.)
Nooe 3 6

Mcan I nc,case

i (+0.88e) \+1.26\
Unthinned ..
Thinned

Mcan l+1.091 \ 30.10 32.91
Increas, (+1.51) + 2.81

33.50 35.t9 30.87 , 36.1928.69 30.69 33.75 30-38 _5.81

36.81
+3.8f l

Cowlasiotts
Niho-.halk produced a significant itrcrease in yield and thinning a significant decleas€.

]PLANT NO.
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Bruasels sprouts. BrauEhing Bury Farm, BuntinflJord' 1936
H. W. Gardner, Esq. Ilerdordshire Farm ltrstitute, St. Albans

6 randomised blocks of 6 plots €ach. Certain interactrons Partially conlounded with block
differetrces. Plots ; U95 acle.

TREATMENTS; 3> 2\2 factorial design
sulDhate ofammoDia: None, 3 awt per acre (in 2 doses) (N)
Pfr,i"pf,rt": -\one. superphosPhate l6% (Su.) basic slag l{o; rSL ) at the rate o[ 0'8{ cwt'

P.O6 per acre.
MuriaG ol potash; lion€, :l cst. per acre (K).

B-asAL nr-A:ruRING ; Nil-
s"ri, i"."" chaikv Ioam. \'ariet'_; Farme.'s osn selectron. llanures aPPlied; May ll an(l

lulv 21.'Plant€d; Ilay 2+ Pick€d i Oct 22, D€c. 3. Jan. 19, Marcb 2'
Srrr'ooio rnnon rtn PLorltotal oI all pickings, saleable spiouts) ; 5.02 c*t. Per acre or 14 096'

Swrmary of rewlk : a . ler acle

N K Nf SL NSL KSL NKSLSU NSU KSs

lst ..
2nd ..
3rd ..
4th ..

PickinSs

Tolal saLablc
(+2.90) ..

4.0
10.9
12.0
9.1

25.1 37.5 25-2 36.2 26.9 15.2 30.2 18.4 32.0 13.9 29.3 50-3

Responses to Jertilisers
Mean yield. (total saleable) : 36-0 cut.

i Diflerential resPonses
.llea\ Sulphate o{ }luriate of \o i

rc,bo 'e ammonra potash phos_ i SIag ' Super._ 
. Atsent Present -\bsent Present Dbate I

36 L)

, Dllierentral resPoBses| .llear SulDhate o{ }luriate of \o
l,;,i;":', ",i-on,. 

potash phos- 
' 

SIag i Super.
| . Absent Present .\bsent Present pbate 

I

s;ohateof ammonia, + t5.7t Fl3.t' rl8.ot, +12.6. | +t8.2. I f 16.4.
Muhateof potash .. | ..,r7.9t I 6.5r +{.3'i I r04r i +3 31 1 +19'
Stap ..1 +6.2,1 +J.1, F0.0| | _4.sr +7.7t1 _ | _ 

|

sup;r. .. .. I +7.1!' +s it +e.2r I 16.6' -8.2{ '

staDdard erors; (r) +1.67, (') +r-05, i') +r.5r, {t) +2.90.

C ottcl*sio*s

Sulphate oI ammonia produced a large response in the total yield oi saleable
sprouti, the response being increased by the Presence oI potash or of either qualily
oi phosphate, though not-signifjcantly so. The response appeared in each of the
Iour individual pickings, but was Sreatest at the first Pickint.

trIuriate of potash gave a significant increase in saleable sProuts at the first
picking.' Boi-h qualities of phosphate siSnificantty increased_ total 

_ 
saleable sprout-s, the

increase biing somewhat greater with superphosphate than with basic slag, though
not significantly so. As t{th sulphate of ammonia, these increases appeared in each
of the four pickings, but \i'ere Sreatest at the f st picking.

t.0 1.9 1.6 2-8 1.9 6.4 2.6
6.8 t2.3 6.7 12.7 5.6 15.' 9.6

10.2 t2.l 10.{ 13.0 ll.5 13.9 11.3
?.1 ll.2 6.5 9.? 7.9 10.4 6.7

6.7 2.1 7.1 3.2 0.9
17.0 8.8 t4.2 7.0 15.1
13.0 l9.l ll.6 ll.3 l{.2
ll.7 8.4 11.0 7.8 ll.t
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Brussels Sprouts. Aldelham, Herts, 1936
H. W. Gardner, Esq., Hertfordshire Farm Institute, St. Albans

.l x 4 IatiD square. Plots ; l/?6 acie.
T*.Ar-"ILr-,-_L% lirlo{.lalk (A), .p,lko-chalk at the rate of : cwr. per acre io Juty rith:ur ..ddrEronal z c\*1. atter Ist and 2nd pickings (B), 4 c$t. p€r acre h July \f,ith ao ;ddition l
^ 2 cwt. alter lst pickint (C) and 6 c*t. p"r "acri i" ;uty 1b1.IIASAL MANURtNc; 20 tona duDs Der acre.
SorL-: Light gravelly loam. Variety; 

-Carter's L{arket Gardener. Maaures applied; mjd July,Nov. 4 atrd Dec. Ia. ptant ii : 'arly May. picked ; Oct_ 30, G. ii,l;. I5 atrdl Feb. 29.Pre\.ious crop ; Wleat.
SI^NDARD EFRoR pER pr_or; (total of all pickings, saleable sprouts) ; 4.39 c\It. peracteor 5.10%.

291

Summary oJ r*ults, aut. fel ocrc
BCDPickings

Toral Salabb

lst
2nd
3rd
.tth

14.8
30.6
17.9

71.9 92.9
+ 21.0

93.?
+ 21.6

86.0

C otrclu siotts

, TI* y*" " l3.g9,respoDse-to. pFo.chatlc There was, however, no app.rrot ,Bpotrse to thcdresstrg 8iven atter the secoEd pickiDg in treatment (B).

I t.l 12.8 16.4 2o.o21.t 3l-6 33.6 33.1t5-2 18.0 19.8 18.7zl.s 21.1 .t zt.g

85.7
+ 13.8

+2.20
+3.11
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ABBREVIATED LIST OF THE FIELD EXPERIMENTS
PaB.

.. t7Gl73

., t1+175

.. 175

.. 175

.. 176

.. r17
-. 178
.. l?9.. r80
.. 181-183
-. 18+185
.. 186

\6re{ on th€ coDstruction and Ds€ ot the summary tables
ii"i-J "".tr"i. 

ot natrures us€d io rcPlicated exPeriments '
.\verage wheai yietds oI various countrres
Conversiotr tables
lleteorological records '

Cla3slcal ElperLEenta
Itotatiotr-Agdeu '
wheat attet fallow-Hoosfield
MaDgolds-Barnlield
Hav-PatL Grass' Bot"oi"rl 

"o-potitioD - 
1936 (lst croP) '

Wtreat -Broad 
balk

Barley -Hoosfield . '

Short Terrrr Expeal$ents-RothaErsted
\tr'h€t-SulDhate o, ammoDia aPPIied at Iive dilferent tioes
iffi[i=iofi;a- -;A"t tT 1"v", 

'ouowed 
bv taustard and vetches as sreea

Mod€rn IrnE Terrr Experiments
Four Cours€. Rotatron-Residual vafue of humrc and Phosphatic {ertilisers - 187-180

i#i"'iil,*nitlfiJ.'noi-ilam"tea ana woburo -s'€as;Dal ;Ifects of \ P!o6 aod [('o leGls4
it',]."ci,i,".li"iliitiiralutitisation ot straw atrd sreetr matrurins Effect o' Plougb-''- i"Jj"-.i..* ""a oI e,rinter green Danure crops 195-197

rr'.*lil""'i"j'{.i"il";-;-{i;€';i ";.us tvp& aod dePtbs oI cultivation' The'-;*;;';;.;;;J;L 
" "'eea-kin'r " " re&202

\"*E;;ir;;;"g experiment, woburn-Elfects oD KaJe of clover and rye-srass
" -;i;;:.;i;;;a"'a .ia t"'"s.. g'iii il'""i"'lna ot a""e' N aod stra* ' ' ' 2o3'2o4

205

206-208

n .f.""-i{".iar"f effects ot chlorpicritr, chlordiDitrob€nzer- - i/"*rn " as controls of *ireworm itrfestatioD . :
" seekav " attdseekay "

" c\rmac ' as controls or q'rr€

Spriog 6ati-Residual elfects of''
.. 209-2lO

*'6li-ra n *iai'ii 
"tr*ts 

of " c)'Eag," carbon disulphide jelly'.chlordinitrobenzeoe

:5od"1'Ieek;;1:;;;;;iioi.or.i*o,fr.ini".t tl9"-r EiE-:L:r,llh-i,f-.',t^:-*"'' 3ll:3li
r'.t tJJls"lii?tl "i:;;;;;,'d*;";;-"Iii* 'i t*o u-"' "r a'Pp-rication 2ts'2t4

l;E:E:",r{;ilL";tr:l;iijS-**.*:Xt"1ii,1,"1,#*,ltli".?"":f .;*;''"-"'iIE:: ffifiil';;;lig EG *rpr''t" 't ammonia an'<f five oethods of aPPrvins 
zfi-zte

minerals '^r 
'mm6ni. ."',".."i.1t"Ut". muriate oi potash. satt and dunS 22G22i,lrr"ililljs'rrt.t" of a-monia, superPhosphate, muri-ate of pobsh salt aDd dunS

xoslDune,niqo-1!t:,:'fT.,biTlil1,3l"":^:i'"Tg,3ffIoirect.cumurative 219

)23

ll1

225-!)i
2JS

220
231)

231-23J

Summarlcs of Groupa of ExpctfuBents

F:xDenments oD Poultry rnaoure
:u!ar neet fertiiser €xperiments, fa'tory s€nes

Short Tetrn ExFrimeEts-woburn
\t'heat-SulDhate of arnmooia aPplied at Iive different times : '

ii,X';;-tiil;';;;g a.ili, '"rpt''t" oI ammonia' and three meth'rrs o{
" eDolvinc minerals

x"l"-kirstird. t-are-c aDd lupirc as groen maDures
ii;il-ii,j;r,..; Ji-t".i.l pourtr! manure' soot and raPe dusr' D'rect cumu-

htivdand residual ef lecls
KalFResidual eflect of lupins as Sren rrianure
i#Lr,ilii:ii"i". risl m,i,.e an,i',*iticials APplied in Iirst vear and everv vear

chlordinittobeozeoe

133,2{r)
)41-261
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Experlmeuts st Outslde Centres
Barley. TuDstatl, Sulrolk-Residuals of chalk (0, f, 2, 3, tlPotato$. WiEbliDgton, Cambs-N. P. K. duDg . .

Thorney, CaEbs-N (0, l, 2), P (0, t, 2), K (0, f, 2) ..
llarch, CaEb€-N (0, l, 2), P (0, I, 2), I( (0, t, 2)
Wisboch, C3mbs-N (0, l,2), P (0, l,2), K (0, l, 2) ..
Little DownbaE, EIy, Carnbs-N (0, l,2), P (0, I,2), K

Sutar Beet. TEnsta , Sufiolk-Sup€r or slag, limestotre or ilolomite
Holbrook. Sufiolk-Super or sleg. limestone or dolomite
KiddermiDster-Super or slag, S/A or I\a,tS
Tunstau, Soffolk-P. K. ploughed ilr or broadcastCelery. Mepal, Ely, Cambs-P. K. saft

poq.

)62
26:}
263
264
266

(0, r,2) .. 965-266
266
167
,68
2G9
270

27t
271

272

)73
271

27 4-216
275
276
278
!77

a7a
,79

,80
28t
,82
283

283-284
284-285

98,5
286

280-287
288
288
288
188
,89
,89
290
29r

and K

Expe!.lment6 caried out by Local WorkerB
Hay. Harlow, Essex-Sla8 (0, l, 2), super 10, l, 2), mrnerat phospbate {o,t,2)

BakeweU, Derby-N. P. K.
BakeweU. Derby-Arti{icials atrd compo6t, direct and residual effects. .
Barnet, Herts-Residuals of K. chalk, phcsphates
Gilston, llerts-K, phosphates
Ifatfield, Eerts-K. chalk, phosphates -. ..Oats. St. Albars, Herls-N. P. K: chatk

Potato€s. Irughborough, Iricester-Mixed Iertilis€r (0, f, ,, 3) .. ..
St. Alba,rs, Herts-N (0, 1,2), P (0, l, 2), K (O, 1,2)
Carltotr Cliff, Lincs-Mixed fertiliss (0, f. 2, 3, 4)
Itrgbam, Liacs-Miied ,ortiliser {0, t, 2. 3. 4) ..
St. Albaos, Herts-N. P. K . .

Sutar Beet. Iruebborough, Leicester-P. K before and after gyrotilling . .

HoltoE-Ie-Moor, LiDcs-Borax (0. L 9) at seedinror singlins. ]lixcd
artilicials . .

Uaflgolds.

Kale.
Brussels
Sprouts

Frisktrey, Lincs-Methods ol singling
Timberlland, Uncs-lrfetlois of SingTing.. .. .. . ..
DowahaD lllarket. Cambs-P (0, l, ,), ;unate of potash or potash salt

(0. t. 2) ..
Littleport, Cambs-P (0, l, 9,), Eruriate oI pota-sh or pota-sh salt (0, l, 2)
Wisbech, Cambs-P (0, l, 9), muriate o{ potash or potash salt 10, t. 2)
Gaiosborough, Lincs--ltethods oI applying minerali. Duog . .

lryrg8by, Lincs-llethods of applyiDg minerats. Duns
Habrougb, Lincs-Methods of applyiDg minerats. Depth oI plougbiDs
East Kirkby, Li-ncs-Methods ot applying mitrerals. Deptb of ploushjDi
Newport, Salop-Time of applicatioD of P- K .. .. -.. ..
Ne*ton-otr-Trent, Lincs-Mixed artificials (0, l, 2, 3), N, time oI liftins
Braintree, Essex-Methods oI applying artificiah ..
MuDdon, Essex-Methods oI applying artilicials. .
!t'ix, Essex-Methods ol appltring artiJicials ..
St. AlbaN, Herts-Residuals oI chalk (0, f, 2,4, 6) ..
St. AlbaDs, Herts-LirEe aEd chal} '1, f, 9, 3,) .. ..
Irughborough, Leicester-N (0, f, 2), thinaing .. ..
Buotiogford, Herts-N (0, l,2,), P. K
Aldeoham, Herts-Tif,e of appUcatioq of \

Notr.-N deootes sulphate of ammoDia or dtrate ot soda, P deootes superphosphate.
deDotes atry potash fertiliser.

ERRATUM.
1935 Report.

Long Period Cultivation Experiment, p. 174. The second paragraph
.onclurions applies onlv to mangoitls roots.

of the
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