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Experimental Station Staft
J ANU ARY_DECEM BER IS38

Director : SrR E. JoHN Russrrr, D.Sc., F.R.S.
Assistant Director : B. A. Krrw, D.Sc., F.R-S.

The Jamer Mason Bacteriological l.:boratory-
Head of Department . . H. G. TnonNroN, B.A., D.Sc.
Assistant Bacteriologist . . Hucn Nrcor, Ps.D., F.I.C.
Post-Graduate Research

Worker.. .. .. Cnrr HwA-KuEr, B.Sc.
Laboratory Assistant .. Brexcns Rorr
Laboratory Attendant .. MAvrs GRANr

Botanical Laboratory-
Head of Department

Assistant Botanist
Laboratory Assistart ..
I-aboratory Attendants . .

Chemical laboratoty-
Head of Department
Assistant Chemists

Post - Graduate Research
Workers

Special Assistant.. ..
LaboratoryAssistants ..

Laboratory Attendart ..

Fermeotation laboratory-
Head of Department

Assistant Chemist
Post - Graduate Research

Worker . .
Laboratory AtteDdant ..

Wrsrrnro E. BnrNcHEY, D.Sc,,
F.L.S.

KATHERTNE WARTNGToN, D.Sc.
\Ienlonrr IIESSENGER
Ruru \V-rrxrn
Coxsr,rrcr Hun

E. M. CRowrrrER, D.Sc., F.I.C.
R. G. W.rnruw, B.Sc.
SIcxr G. HrrNrzr, Mag. Phil.
G. NecrrscnMror, Dr. Phil.
J. B. HALE, PH.D.

G. W. Cooxr, B.Sc.
S. A. ULLAH, PH.D.
B. N. Ler, B.Sc.
E. Gnrv
A. H. BowDEN
F. J. SEABRooK
G. Lermr^-cr
H. A. Snrrx
Jo.lr Halr.r'nn
K- Il. Cr-ARE
Auce Krlcrrlu
Eru.r Il.rcIxms
Joerv Cuarrrx

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

N. W. Bannrrr., M.A.

N. S. Bev1r, ILSc.
Depnxr Penav
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General Microbiology l-aboratory-
Head of Department . . D. \V-rno CurLER, M.A., F.Z.S.
Assistant Microbiologists Lmrrcr M. Cnunp, M.Sc., F.Z.S.

JANE tr{EIKLEJoHN, PH.D.
Post - G{aduate Research

Workers

Laboratory Assistant

lnraicider and Fnngicider
Head of Department
Assistant Chemists

Entomologist
Honorary Entomologist . .
I-aboratoryAssistants ..

Laboratory Attendant ..

Phyrical hbontor5
Head oI DePartment

Colloid Physicist .. ..

Assistaot Physicists

Post - Graduate Research
Workers

Assistant .. ..
Laboratory Assistants . .

Laboratory Attendant ..

Statiatical Laboratory-
Head of Department
Assistant Statisticians . .

Post - Graduate Research
Workers

.A.ssistant Computers

Honora.rv C,onsultant

B. N. STNGH, M.Sc., Ps.D.
Y. HTYANG, Dr. Econ.
MABEL DUNKLEY

Laboratory-
F. TATTERSFELD, D.Sc., F.I.C.
J. T. MARrrN, Prr.D., A.I.C,
S. H. Ilenpen, PH.D., A.R.C.S..

D.I.C.
C. PorTEn, PH.D., D.I.C.
MRs. E. M. Porrrn, PH.D., D.I.C.
J. R. WrLLrAus
UARJoRTE RoBERTS
MAvIs GRANT

B. A. KBsx, D.Sc., F.INsr.P.,
F.R.S.

R. K. SdroFrELD, M.A., PH.D..
F.INsr.P. (Empire Cotton Grow-
ing Corporation Soil Physicist)

E. W. RussELL, U.A., PH-D.,
F.Ixsr.P. (Goldsmith's Com-
pany Physicist)

G. H. CAssEN, M.Sc.
H. L. PENUAN, Ps.D., A.Inst.P.

A. L. C- DAvrDsoN, B.Sc.
S. P. S^Rrc, B.Sc.
JEssrE WALXER
W. C. Geur
R. Yrms
H. C. D. KrNG
Pnrunosr Berv
trf,orrc,r Wer-lrn

F. Yerrs, Sc.D.
W- G. Cocrner, M.A.
J. W. WE!L, M.A.

D. A. BoYD, B.A.
R. N. P. LuDDrNGroN, B.A.
PEGGY IIUBBARD
hccY HURT
PEGGY MCLART:Y
Graovs A. Srnrs
Pnor. R. A. FrsER, tr[.A., Sc.D..
F.R.S.
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Entomological Llor.tory-
Ilead of Departmeut
Assistart Entomologists. .

Soil Insects Investigations

Migration of Insects
Post-Graduate Research

Workers

I-aboratoryAssistaBts,.

Iaboratory Att€ndants . .

Bee Ineestigations-
Apiarist
Apicultural AssistaDt . .

8

C. B. Wrrrrerrs, M,A., ft,D.
H. F- Belxrs, M.A., PE.D.
A. C. Ev Ns, Pn.D.
P. S. Mrurr, B.Sc.
H. C. Goucu, Ps.D.
G. F. Cocxsru, B.Sc.

BETry J. IrvrBoND, B.Sc.
J. Drer, M.A.
E. R- GooDLTFFE, B.A.
Ertzesrtg Stnr.Ey
Jren Prucr
Axrra Nrwaury
G. EvBnrr

D. M. T. ldoRLAND, M.A.
A. C. RoLr

Plant PaGology Labontory--
Head of Department

Mycologist
Assistant Mycologist
Virus Diseases: Special

StafI-
Physiologist
Cltologist

Entomologist .. ..
Assistant Entomologist

Glasshouse Superintendent
Post - Graduate Research

Workers

LaboratoryAssistants ..

Laboratory Attendant ..
GlassbouseAssistants ..

J. HENDERSoN Sutrs, M.8., Cu.B.,
B.A.

S. D. Gennsrr, M.A.
trIARY D. Gryxrr, M.Sc., F.L S.

F. C. Beworx, M.A.
FRANCES M. L. Surrrrer,o, Pr,D.,

F.L.S.
Mexrox A. Wersor, Pg.D.
Fromxcr M. RoBERrs, PE.D.
Mencenrr M. Bnowrs

LrNA CuNow
ELIZABETfl M. TURNET, B.A.
A. G. WALrxn, B.Sc.
T- S. Seoesrvex, M.Sc.
C. I. Srrr, B.Sc.
V. K^ssaNrs
STELLA WARD
Mencenrr Bracrsrorr
Greovs Cusr-qlrcE
BErrY M. BRowlr
A. W. H^LSEY
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[operial Collcgc of Science and Techuology Stefi-
(Plant Physiology) .. F. G. GREGoRY, D.Sc.

A. T. LEcc
F. J. RrcEARDs, M.Sc.

Assistants.. .. .. A. R. WrLLrAris
T. W. MrssrroBx

Ficld Experincotr
Guide Demonstrators

PlaDt Physiologists

Post - Graduate Research
Worker . .

FieldSuperintendent ..
Assistants.. ..

Assistant .. ..

liccretarial $af
Secretary .. ..
Assistant Secretary
Director's Private

Secretary
Senior Clerk
Juaior Clerks

Ehotograph€r
Isboratory Ste,trrard

Storekeeper

0

H. V. GARNER, M.A., B.Sc.
E. H. Gnrconv
D. J. WArsoN, UA., PE.D.
Pnor. W. SourEwoRTE

B. P. Axxeunv, B.Sc. (Agric.)
B. WESToN
G. F. CoIJ
S. A. W. FRENGE
G. WEsroN

J. R. Morr,r.rr, B.Sc. (Agdc.),
N.D.A.

G. W. WrLcocK, N.D.A.
H. CURR NT
F. Sroxrs
C. Mrpluu
W. Cetr
A. T. SMrrE
J. UNDEREILL
W. Honalo
H. Cuepu,rx
E- Fox

IIARY S. AsuN
Joar Conarrr

W. BAxMcor, M-B.E.
CoNsrAl'rcE K. CATToN

Axxrr E. MACKNESS
BEATRTCE E. ALURD
OLrrc MUNT
l,fa.RGARxr BusrrELL
Brrrv Jecrsox

. . V. STANSEELD, F.R.P.S.
rd
.. A. Occrrssv

Engineer and Caretaker . . W. Peencr
Assistant Caretaker .. F. K. HewxrNs

Stockman.. ..
Tractor Driver ..
Labourers., ..

Recorder
Bailiff
Horsemen
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l0
Memberr of Permanent Stafi who left between January lrl

and December 3lst, 1938, and the Appointmentg to which
they proceeded:

J. W. Drwrs, B.Sc.,
Assistant Soit Analyst,

I-and Fertility Scheme,
School of Agriculture,

Cambridge.
IlIrss ANNrE Drxor, M.Sc.,

To establish on her own account,
Batchwood Nursery,

Batchwood Drive,
St. Albans.

Mrs. K. J. Gnerlr,
Went to China to be married to Dr. H. L. Richardsoo.

ldtss Cnntsuxr J. Gooorv,
Assistant Librarian,

Geological Society,
Burlington House,

Piccadilly,
I-ondon-

A. F. HoraELL, B.Sc. (furic.),
Chadacre Agricultual Institute,

Hartest,
Bury St. Edmunds.

S. H. Jrxxrxs, PH.D., F.I.C.,
Chemist to the

Birmingham, Tame and Rea District Drainage Board;
Rookery Park,

Erdington,
Birmingham.

W. R. S. LADELL, F.I.C.,
Agronomist and Soil Chemist,

West Indies Sugar Company,
Jamaica.

H. L. A. Tenn, M.A., Ps.D.,
Bacteriologist,

Fisheries Experiment Station,
Prince Rupert,

British Columbia.
T. G. TouuNsox, M.Sc.,

Assistant Bacteriologist,
Water Pollution Research Laboratorv,

Drainage Board Works,
King,bury Road,

Minworth,
Nr. Birmingham.

R. WrLKrNsoN, M.Sc.,
Assistant Chemist,

Water Pollution Research laboratory,
Drainage Board Works,

Kingsbury Road,
Mirworth,

Nr. Birmingham.
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Tcmporary Worlrcn, 193a-
In addition to those temporary workers recorded in the list oI

staff, the following sent ofrcially by Governmorts or Universities,
or who have comi on their own resources, have worked at the
Station tor varying periods dudng the year 1938.

(f) Fnou rEE EUPTRE :

A*shalit: W. M- Holman, J. M. Yincent.
hdia: S.P.C.aynr, M- O- Ghani, E. S. Narayan, C. C. Sekar,

R. V. Tarnhane, K. N. Trehan.
Ncw Zealaful: Dr. L. A. Wbela.n.

(2) FRou Fonrrcx Courrnrrs :

(3) FnoM BRTTISE IsLEs:
E. M. Carpenter, A. R. Cottrell, C. E. Ford, Miss E. Glenn,

I. S. Genussow, J. Hewitt, J. Wyatt Smith, D. C. Thomas.

Woburn Experimental Farm
&ptev Guire, Bletchlen Bcdr.

Ttlcptnu 6 Telegrans: Slaliott:

Ridgmont 3O.

Assistant Director

Chemist .. ..
Laboratory Assistant

Farm Stafi-
Foreman and Stockman
Horseman . .
Stockmen .. ..

I-abourers.. ..

Ridguont' LM.S.
. . H. H. MeNx, D.Sc., F.I.C.

(Kaisar-i-Hind Gold Medal)
T. W. Benxrs, M.Sc., F.I.C.
D. li'oon

W. MCCALLUU
G. Tvrrn
W. A. MCCALLUX
R. Prencr
A. STBLEY
T. EvANs

https://creativecommons.org/licenses/by/4.0/
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Imperial Bureau of Soil Science
DLector : SB E. J. RussELL, D.Sc., F.R.S.

Deputy Dtector : G. V. JAcrs, M.A., B.Sc.

Scientific Assistants : A, J. LLoyD ItwRExcr, M.A.
I$r"rx ScmnsetoFF

Assistant Abstractors: Jexrr N. Courr
Benyr l[. Nonrs

Secretary : l[ARy ELLINGE u
Cl€rks : JoAN S.tuNoras, Mynrrt Stenras

The function oI the Bureau is to assist workers in soil scieuce
tbrouthout the Empire by providing technical information, by
prornoting contact between them, and by renderi4g any techoieil
assisJance possible whan they are in this country.tiir ficilitate its\.
work, the Bureau seeks to 

-be 
well informed i Io the personnel

engaged in soil work in the Empire and the problems on whicb tbey \
are engaged. Each Government has been requested to nominat€ \
one of its stafl as Official Correspondent to the Bureau, who i{ acts \
g€niEdl# as liaison ofrcer in Bureau matters and assisb itr the \
collection aud distribution of information. The issue of tecbnical I

. *.s-, , information is@ cxtcods I

*^*- if:1 to all workers in soil science wbo ask the assistance of the Bureau. I, '.@*E"%"r,e8ts haye Lccn adE lo-BEffi!ritH6iCst I
O6ssjnt€restd in soil problerns. 

_-

.i+.-. .q-r^*t"*'- --^'Ir ;
-.--,;--,! *T+--
- ""-tr''u #

tr r,^*q1\ .9'E "t-
cr,+5-\ €.al(:--^La*
*r d.-l .rE-- "f ?-o.t
pJ.e- :r- J , E7 n- - .*c\
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Publications of the
Rothamsted Experimental Station

For Farmcn
" MANuRTNG FoR HTGEER CRop Pnooucnox," by Sir E. J. Russell,

D.Sc., F.R.S., 19I7. The University Press, Cambridge. 6/6.
" ARTrFrcrAL Fsnrrrrzrns rx Moornx AcRrcuLTURE," by Sir E. J.

Russell, D.Sc., F.R.S. Bulletin No. 28, Ministrv of Agricultue
and Fisheries, Third Edition, revised 1939. I{.M. Stationery
Office, or from the Secretary, Rothamsted Experimental
Station, Harpenden. Cloth,4/6 post Iree, or paper cover 3/6
poit free.

" Weros oF FARMLAND," by Winifred E. Brenclrley, D.Sc., F.L.S.,
1920. Longmans, Green & Co., 39 Paternoster Row, London,
8.C.4. 1216.

RotsAusrEn CoxmnrNcr REpoRTs; being papers by practical
farmers and scientific experts. Obtainable frorn the Secretary,
R.othamsted Experimental Station, Harpenden, Herts.

" Tm MANURTNG or Porerors." l/6.
(l)t" tsr Gnowrlc oF LUCERNE." l/6.
(2) " Tm Currunr exo MANTTRTNG oF FoDDER CRops." l/0.
(3) " Gnrrn Mexuntxc: rrs PossIBILrrEs AND LIUITA-

TroNs rN PRAcrrcE." 2/-.
(4) " Tm Currurc aro M,rxunrxc or Sucen BEE[." 216.
(5) " A-nr exo Scrrxcr or CurttvarloN." 2/-.
(6) " Powrn ron Currrveuow lro HeurecB ox tm Ferx."

216.
(7) " MALTING BARLEY." 2/6.
(8) " RrcrNr Cnr'xcrs rN SysrEus or Husrenpnv trr

Excrexo." 2/6.
(9) 'TEE HEmroRDSsrRE AcRTcuLTURAL Srruerrou: Cer

rr BE IUPRoTED ? " 2/-.
(r0) "Tm Gnowrs or CrcApER wrNrER FooD FoR Ln,E

Srocx." 2/6.
(ff) " TIrE MAXTNG oF Nrw Gnessrexo: Exprmtxces op

PRAcrrcAL FARrcRs." 2/6.
(f 2) " Tre Precr exo M,NAGETGNT or SmEp tr Moprnr

FlnurNc." l/6.
(r3) " TE TEcENrerrE op Frero ExpERIrENrs." l/6.
(14) " MrcxeNrserroN AND Bnrtlss Acmcurrunr." 2/6.
(15) " Rrcrxr DErBLoprGNrs IN MARKET GARDENING." 2/-.
(16) " PRoBLExs oF PorATo GRowrNG." 2/-.
(l7) " MoDERN Cnexce s rN trrc Truerutxr or LtcET SoILs."

(181r" UooI, Bnooo Drsresrs or BEES." l/6.
(fg) " TEE Pnooucrrox oF Prcs FoR B^coN." l/6.
(20)*" ,'"u a^u." AND CoNrRoL or Sw.rnurxc IN BEES." l/6.
(2f ) " TEr Usr or Erscrmcrry rN AcRrcuLruRE." 2/-.
(22) " DrsEAsEs oE BEES." l/6.

t Out of print in separare copies, but obtainable in bound volumes.
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l4
Nurnbers I to 20 inclusive are also pubtished in book Iorm with

the exception of l-5 (Vol. I), which is out of print. Vol. II
(Gl0), Vol. III (U-15), Vot. IV (rC20), l0/- each, postage
extra,

For Studentr end furicultrral Erpertr
'' Tm RorgAusrED MEMorRs oN AGRTCULTURAL ScrENcE_,,

puarto Series, vol.4 (lgf4f934), 20/-. Octavo Series, vols. l-?
0847-1898), 30/- each. Royal Octavo, vol. 8 [900-l9l2],
vol. I (1909.1916), vol. l0 (tgr&Igm), vol. u il92}.l922i.
32/6 each, vol. 12 (1922-1925), vol. I3 0925-f927i. 88/6 eacli.
vol. 14 (192&1930), sS7-, voi. r5 (192i-1931), 

"6i. tii ttszz_
1932), vol. 17 (193I-1933), vol. 18 (1928-I9Bi), vol. tg al93$
1935), vol. 20 (r93e1936), vot. 2l (I93&19J7). 86/- each.
Foreign postage extra. Obtainable from tht Secretarv,
RothatrLsted Experimental Station, Harpendeu, Herts.

"Tre RotsexsrsD MoNocRA?Es oN AGRrcuLTUnAr Screxcr,,,
edited by Sir E. J. Russell, D.Sc., F.R.S.

" Sorc Coxoruoxs AND PLANT Gnowrn," bv E. I. Russell.
D.Sc., F.R.S. Seventh Edition, 1937. Lon-grnan;. Green &
Co., 39 Paternoster Row, London, E.C.4.- ZU-.

" TE ItItcRo-ORGANrsus oF rrrE: Solr," by E. J. Russell and
StafI of the Rothamsted Experimental Station, lg23.
I-ongmans, Green & Co., 39 Patemoster Row, London,
E.C.l.716.

" Mexunrrc oF Gne.ssrexo ron [Iey," by Winifred E.
Brenchley, D.Sc., F.L.S. 1924. Longrnani, Green & Co.,
39 Paternoster Row, London, 8.C.4- lzlf'.

" A Lrsr oF BRrrrsH Apsroes " (including notes on their
recorded distribution and food-plants i; Britain and a
food-plant index), by J. Davidson, D.Sc., F.L.S. 1928.
I-ongmans, Green & Co., 39 Patemoster Row, I-ondon,
E.C.4. t216.

"Tm Pnvsrcer PRopERrEs oF THE SorL," by B. A. Keen,
D.Sc., F.R-S. 1931. I-ongrnans, Green & Co., 39 pater-
noster Row, lnndon, E.C.4. 2l/-.

" Pnosrrus rx SorL MrcRoBrolocy," by D. Ward Cutler, M.A.,
and Letlice M. Crump, M.Sc. 193t. Longmans, Green &
Co., 39 Paternoster Row, London, E.C.4. 9/-.

" Frrry Yeans oF FTELD ExpERnGNTs AT TIiE WoBURN
Exprnrrctr.lr SrerroN," by E. J. Russell, D.Sc., F.R.S.,
and J. A. Voelcker, C.I-E., M.A., Ph.D., with a Statistical
Report by W. G. Cochran, M.A. (Rothamsted Statistical
Department). 1936. Longmans, Green & Co., 89 pater-
noster Row, London, E.C.4. 2{-.
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'' PLANr NurRrrroN AND CRop PRoDUc"rroN " (being the Hitchcock

Lectures, 1924, University of Califomia), by E. J. Russell, D.Sc.,
F.R.S. The University of Calilomia Press and the University
Press, Cambridge. 1216.

" Raponr oN TrrE WoRK or rm Iuprnul Courcrr or Acnrcul-
runer Rrsrercn ru Apprvrxc Scrrrce to Cnop Pnooucrrox
rN INDrA," by Sir John Russeil, D.Sc., F.R.S. Reprinted
Edition, 1939. Government of India Press, Simla. 3/3.
Obtainable from the High Comrnissioner for India, India
House, Aldwych, London, W.C.2.

" INoRGANTC PLANT PorsoNS lxo Srnrurexrs," by Winifred E.
Brenchley, D.Sc., F.L.S. Second Edition, revised and enlarged.
1927. The University Press, Cambridge. 10/6.

The following are obtainable from the Secretary, Rothamsted
Experimental Station, Harpenden, Herts.
" AGRTCULTURAL INvESTrcATroNs AT Rotueusruo, ENGLAND,

DURTNG A PERToD oF 50 YEARs," by Sir Joseph Henry
Gilbert, M.A., LL.D., F.R.S., etc. 1895. 3/6.

" GUrDE To rHE EXPERTMENTAL Pl-ors, RorEAusrED ExpERr-
MENTAL STATToN, HenprNorr." 1913. John Murray,
50 Albemarle Street, W. l/-.

" Guror ro rHE ExpERndENTAL FARM, RorHAxsrED."
" Cererocur oT JoURNALS AND PERToDTcALS rN TrrE RorEAu-

srED LTBRARY." 1921. 216.

'A Dpscnrrrrve Cererocur oF PRTNTED BooKS oN AcRr-
cuLTrrRE FRoM l47l To 184(}, CoNTATNED rN THE RoTHAM-
srED LrBnARy " (ircluding Biographical notices of the
authors and short descriptions of the importaut books).
1926. 331 pp. 22 illustrations. Cloth cover, l2l-; papet
cover, l0/-. Packing and postage extra:-British Isles.
9d.; Overseas, Dominions and other countries, l/3.

Trc Rorxeustto Exprrulmxret StetroN R.rponrs :

l9O8 to 1914 (annual)
1915-1917, fOiA-fOZO' ltrienniall .. .: ..
192l-1922, 1923-2+, 192-c.1926, lS27 -1928 (biennial)
1929 to 1938 (annual)

Foreign postage extra.
" REcoRDs oF TIrE RoTTTAMSTED STATF, HARpENDEN," containing

personal notes and accounts o{ events at Rothamsted past and
present, and o{ past members of the Staf{. Published annually.
No. l, 1929. No. 2, 1930. No. 3, 193t. No. 4, 1933. No. 5,
1935. 2/- each. Post Iree. Subscription Ior first five issues, !6.

For Ule in Farm lutituter
'' A SruDENr's BooK oN Sorrs eNo MeNurcs," by E. J. Russell,

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

For Use in Schoolr
LEssoNS oN Sorr," by E. J. Russeli, D.Sc., F.R.S. 1920. The

University Press, Cambridge. 3/-.

!- each

)ru*"o
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For Generd Rcadcn

" Tne Fenu AND rEE NerroN," by E. J. Russell, D.Sc., F.R.S.
1933. George Alleu and Unwin, Ltd., 40 Museum Street,
London, W.C.l. /6.

" TlIr Frnrrurv on rm Sorr," by E. J. Russell, D.Sc., F.R.S.
The Uaiversity Press, Cambridge. 4/-.

"THE PossrBrlrrms or Bnrrrsn Acnrcurrunr," by Sir Henry
Rew, K.C.B., and Sn E. J. Russell, D.Sc., F.R.S. 1Y23. U-.
Obtainable fiom the Secretary, Rqthamsted Experimental
Station, I{a4renden, I{erts.

" Pensou.Lr RflfiNrscENCES oF RoTHAMSTED ExpBnnExrer
Srarror," 1872-1922, by E. Grey, formerly Superintendeut
oI the Experimental Fields, 5/-. Obtainable from the S€cretary,
Rothamsted Experimcntal Station, Ilarpenden, Herts.

" Cotrlcr LrnB rx a I{enrnonossrnt VTLLAGE," by E. Grey. 1935.
A companion volume to " PERSoNAL REIaINIScENcES oF
RoTHAMSTED Exprnnmxrar Srerror." Fisher, Knight & Co.,
St. Albans, 3i6. Obtainable from the Secretary, Rothamsted
Experimental Station, Ifarpenden, Herts.

Other Bookr by Memberr of rhe Staft
" EvoLUrroN, Ifuneorrv .rrn VenrerroN," by D. W. Cutler, M.4.,

F.L.S. 1932. Christophers, 22 Berners Street, London, W.l.
416.

" Srerrsrrcar TABLES FoR BIoLor;rcAL, MEDICAL AND AcRrcuL-
ruRAL RESEARCH," by R. A. F'isher, M.A., Sc.D., F.R.S., and
F. Yates, Sc.D. 1938. Oliver & Boyd, Edinbugh. 1216.

" PIlNr GRov/rs Suasrewcns," by Hugh Nicol, Ph.D., F.I.C-
1938. Leonard llill, Ltd., 17, Stratford Piace, London, W.l.
3/6.

Mezzotint Engravingr

Mezrctift Engravings of Portraits o{ the Founders of the Station,
Sir J. B. Lawes (H. Herkomer) and Sir J. H. Gilbert (F. O.
Salisbury), by Julia Clutterbuck, A.R.E.
Signed Engravers' Proofs on India Paper, f,4 4s. each.
Ordinary Lettered Proofs on hand-made paper, d2 2s. each.
To be obtained lrom the Secretary, Rothamsted Experimental
Statiou, Ilarpenden, Herts.

Planr aad Drawingl of the old Rottramrted Laboratory' 1852

These drawings show the old R-othamsted I-aboratory erected ill
1851, the first important laboratory devoted to agricultural
science, and the one in which much oI the classical work of
Lawes and Gilbert was done : it survived till 1914.

The size oI the volume is 2l! in. by fa| ir.; it consists oI
four full-page lithographs ma.Ce from tlrawings by Charles
Lawes, son oI Sir.|- B. Lawes. {l per copy (post Iree).
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INTRODUCTION
The Rothamsted Experimental Station was Iounded in 1843

by the late Sir J. B. I-awes, with whom was associated Sir J. H.
Gilbert for a period of nearly 60 years. Lawes died in 1900 and
Gilbert in l90l ; they were succeeded b-v Sir A. D. Hall from lg02
to 1912, when the present Director, Sir E. J. Russell, was appointed.

-For 
many years the lyork was maintained entirely at the expense

of Sir J. B. Lawes, at Iirst by direct pay'ment, and from 1889 onwards
out of an annual income of [2,4.00 arising Irom tbe endowment
fund of 1f00,00O given b1' him to the I-awes Agricultural Trust.
In 1904, the Society for Extending the Rothamsted Experiments
was instituted {or the purpose of providing funds Ior expansion.
In 1906, Mr. J. F. Mason built the Bacteriological Laboratory; il
1907, the Goldsmiths' Company generously provided a Iurther
endowment oI [10,000, the income of which-aince a.ugmented by
the Company-is devoted to the irvestigation of the soil. In 1911,
the Development Commissioners made their Iirst grant to the
Station. Since then, Government grants have been made annually,
and, for the year 1938-39, the Ministry oI Agriculture has made
a grant of f,29,095 for the work of the Station. I-ord Iveagh has
generously bome the cost of a chemist and a special assistant for
field experiments for studying farmyard manure, both natural
and artificiat ; while other donors have, from time to time, generously
provided funds for special apparatus and equipment. The Fertilisei
Manufacturers' Association and the United Potash Company provide
considerable funds for the rather expensive field woik. Imperial
Chemical Industries, and the Association of British Chehical
Ma.nufacturers, have provided a special assistalt for the study of
soil insecticides. In addition, British Sugar Corporation, British
Basic Slag Companies, the Royal Agricultural Society, Dunlop
Plaltations, Ltd., the Institute of Brewing, United Africa Company,
Trustees oI the late Viscount I-everhulme, the Department of
Scientific and Industrial Research and other bodies have made
grants for speci{ic purposes. In 1938 a grant was made iointly from
the Colonial Development Fund and from the Ministry oI Agriculture
Ior the extension of the work on vegetable insecticides. The result
is that the Station is able to deal with problems aflecting modern
farming in a far more complete manner than would otherwise be
possible.

The main block of laboratories was opened in 1919, and is
devoted to the study of soil and plant nutrition problems; another
block was erected in 1924 for plant pathology at a cost of {21,135
provided by the Ministry of Agriculture out oI the Development
Fund; and Red Gables, the house adjoining the laboratories on the
north side, has been converted into an Administration Building to
hold the Imperial Soil Bureau, part of the Records and Statistical
Department, StafI Common Room and Conlerence Room.

Large glasshouses, including special insect-proof houses for
virus studies, were added in 1926, 1928, a.rrd 1931 by aid oI geaerous
grants from the Rockefeller Foundation, the Empire Marketing
Board and the Ministry of Agriculture. A new large range of

B
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houses, some of which are insect-proof, was erected in 1935 for
Plant Pathology investigations at a total cost oI d2,283, toriards
the cost of whiih the Ministry oI Agriculture made a granl ot f,1,025.

From 1926 onwards great changes took place on the farm. New
and gleatly improved methods of Iield experiment at ion were adopted
on aIl but'the classical plots, wh.ich remain essentially uncbanged ;

and the non-experimental Part of the farm was reorgani"ed in 1928,

considerable nimbers oI live stock being introduced, and much
of the land being laid down to grass. The farm buildhgs were
considerably enlarged in 1930 with the aid of a grant of {1,700
siven by the trlinistrv of Agriculture and a new block ot buildings
iontaining a demonsiration room, work-rooms for the exPerimental
staf{, ofiie and store-rooms was erected in 1931-32 at a cost oI
11,300 collected by public suhscription. In 1936 a pair of cottages
f-or farm workers wai erected at a cost of f1,050. A special building
was also constructed in which both {armyard manure and "artificial"
Iarmvard manure can be produced under standardised conditions ;

the c"ost was f275, towardi which Lord Iveagh contributed {100'
During 1932, the farm was well equipped with eleclrical alpli

ances. thanks to Senerous assistance by the General Electric Com-

Danv and the Norih Metropolitan Eiectric Power Suppl5'Company.
Ttre Ounlop Rubber Company also provided rubber equiPment,
including J rubber road, rubber flooring for cattle and pig pens,
and rubber tlres for cart and tractor.

The Library is steadily growing, and now contains some 27,000
volumes dealing with agriculture and cotnate subjects. 'fhe

catalogue of the old prirted books on agriculture was published in
1926, and every effort is made to obtain any that we do uot possess-

A collection is also being made of prints of {arm animals, of old
letters on agriculture, farm account books, and models of old farm
wagons. Many of these lie in {armhouses, unused and inaccessible,
noi in themselves valuable, but ofteo a great help to students of
asriculrural history and economics when brought together as we
aie aohg. Gifts dt books and documents to the Library wiI be
greatly appreciated.

The extension oI the experiments to various outside centres
in Great Britain, begun in 1021, has proved so advautageous that
it has been developed. Not only is uselul information spread
among farmers, buf the Station iiself gains consideraLly by this
closeiassociation with practical men. As part of this extension
the Station took over iu 1926 the Woburn Experimental !-amr.
We were thus able to make expriments simultaleously on the
liEht land at Woburn and the heaw land at Rothamsted: a very
advantageous arrangement. The Assistant Director in charge is

Dr. H. H. Mann, with Mr. T. W. Barnes as chemist.

In trlay, 1934, the negotiations for the purchase of the farm and
some adl6ining parts of the Rothamsted estale were completed.
This step was-n6cessary owing to building developments in Har-
penden ihat threatened to extend over the estate. We held the
iarm lands only on lease; some on a yearly tenancy, and some at
shorter notice. Even the Iand on which the laboratories are built
atrd the sites of the classical fiekls did not belong to us. The Rotbam-
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sted Trustees now 

",wn 
the site of rhe labr.rraLor rcs. the exoerimental

and ordinary farm fields, Knott Wood, the Manor House and
grounds, 

-the farm manager's house and eight cottages. The total
area is 527 acres, sumcient for carr5ring oui lield and farm experi-
m€nts on a scale correspondiag to the importance of the w:ork.
The purchase price was {35,000, aU of which was raised by public
subscription in eight weeks. Generous contributions were ieieived
from Sir Robert McDougall, the Sir Hallev Stewart Trust_ the
Carnegie Truslees, Sir Bemard Greenwell, Eart.. the Roval ieri-
cultural Society, the National Farmers' Union, and 

-Impeiial

Chemical Industries. A highly encouraging feature of the a'ppeal
was the trumber of subscriptions received from farmers, viliage
school teachers, and from overseas sources.

The activities of Rothamsted, however, are not confined to the
Britisb Isles, but are gradually spreading out to tbe Empirb and
other countries abroad. The Intemational Educational Board sends
qorkers from all parts of the world to study in these laboratories.
The Empire Cotton Growing Corporation has, since 1928, made a
grant of f,1,000 per annum for the development of investigations in
Soil Physics. The Station regularly panicipates ir wor"k for the
solution of certain agricultural probiems of great importance to the
Empire.

At the inyitation of the proper authorities, the Director and
other members of the staff have already visited tbe Sudan, palesrine,
Australia, New Zealand, South Africa, West Africa. India. Malava.
Nyasaland, Tanganyika, and Canada to discuss agricult ural problins
and possibilities oi co-operation ; in addirion. vlsits are paid to the
United States and to European couatries, including 'Russia. to
discuss problems and methods with experts there, d generallv
to improve the equipment of the Institulion and widen tie knod-
ledge and experience of the sta{I.

More and more workers are coming from the overseas Dominions
to carry on their studies at Rothamsted. Onlv University eraduates
are eligible, aud rnost are, or are about to be, on the staffio"f Govern-
ment or other Agricultural Departments : men who will become
ljaders in the agricultural communities of their respective countries.
To our great regret, lack oI accommodation has- compelled us to
refuse some who wished to come.

- The most imponart of all these EmpAe devetopments was
inaugxmted in 1929. At the Imperial Agricultural Conlerence of
1927 it was decided to set up in this country a series oI Bureaux
to act as central clearing houses of information and to promote
irterchange of ideas and methods between the agriculturai exoerts
oI the different parts of the Empire. The Soil Bireau is locatid at
Rothamsted and began operations on May lst, 1929. Dr. A. F.
Josepb, late Chief Chemist to the Sudan Government, was apDointed
Deputy Director, with Miss H. Scberbatoff and m. A: .I. L.
Lawrence a.s Scientific Assistauts. In lg3l Dr. -A,. F. Ioseph resiened
and his place was taken by Mr. G. V. Jacks.
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ROT}IAMSTED REPORT FOR 1938

The outstanding event of 1938 was the inauguration oI the

".r"re"*.nit 
for ce"lebrating the centenary in 1943. As Rothamsted

is bviar the oldest existing agricultural station' the centenary n'ltl
'U="-in 

t ittoti" event of w6rld"-wide inlerest and the preparations

-".i U"ii" in ampte time. The Committee has decided that the

..iJr"rlin tlttt tate the {orm ofputting the laboratories, equipm.ent

and farm and other buildings into proPer order as,lar -as PosslDle
for the thorough carrying out of the work, and of adding to the

endowment a ium suficient to ensure proPer maintenance ot the
fabric and to Dermit certain essential salary augmenlations' - 

An
Inausura[ Meeiing was called on November lsl, 1938, at wluch

ii-nif. d," Duke" of Kent presided. H.M. the King op"l"^q 1!9
srrbscriotion list. and promises and donations amounting to l3I,O(ru
*"* ,i,ro**d. Th; fund has since grown and on June l2th
t939 it slood al f3?,I00 of which {10,000 is earmarked for special

nrrrioses. The cl6uded international situation has hindered opera-

i""'.. Uut a slart has already been made in erecting proper labora-

i;;": l; ihe chemical, biochemical and bacteriological workers'

i;i;; ;" it is hoped. to provide Ior more.Pot culture houses, the

extension of the {;rm buiidings and rhe laying out of the fore-court'
The total cost of this part ii to be about {47,000 9f wttictt^3q19

iu,soo ir found by th6 Ministry oI Agriculture and some f,3l,ooo
i.rom the Centenarv Fund.

The need. for tL extensions is very great: the departments
concemed have hitherto been working under serious disadvantages'

which have prevented them from accomplishing as much as they

would have liked.

THE WORK OF THE STATION: WORK AT IIOME

The ourpose of the work is to provide the basis for impronng
and devilopine asricullure and for raising the standard ot country
ti{e. Asricult;e,-however, is so complex, and its practices are so

diversel varving so much according to local conditions, that rt -ls
nuile imDo'sibl; to lav down rules for universal adoption' 1'hrouth-
irt Gr"it Britain there are County Organisers ard Local Adeisory
Exoerts who keep in touch with individual farmers and give them
G"'U"ii ,A.ri." .i"i)able in regard to their dificulties. The function
oi-nothrt""tud is to provide lrustworthy in{ormation about soils,

croos. fertilizers, diseases and Fsts of crops, and generally.any
sub'iect connected with soil management and crop productlon:
and'to put I his inlormation into forrns in which County Organrsers,

expertJand good Iarmers can use it-
The information is obtained in the laboratories, pot-culture

1reu.e. and experimental Iields. The key experiments are,made.at
Rothamsred on hear,y soil and at Woburn on light soil, and in,order
lo find the Jurther effects of soil and weather condrtrons, selecteo

"*p"ii-""tt 
are repeated on good commercial farms in different
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parts oI the coutry. We owe a great deal to those farmers who,
it much inconvenience to themselves, allow us to make these experi-
ments il their fields under conditions of good practice.

These outside field experiments are a vitally importart part oI
our work and we are hoping to extend them so as to strengthen
still further the links between the research workers arrd the advisory
staffs. The experiments are designed, and the results worked out,
bv the Chemiial ard Statisiical DeDartmenfs, and the carrying
oit oI the experiments is in charge oi Mr. H. V. Garner, lo whom
much of the success of the scheme is due.

EXPERIMENTS AT OIITSIDE CENTRES

Durhg 1938 the following croPs came "nder exPeriment at the
centres inilicated and rrith tbe valuable field assistance oI the
experimenters named.

Potatoes. Balaace of manures (three levels of nitrogen, phos-
phate arld potash in all their 27 combinations).

Isle oI EIy-Mr. w. E. Mortoo'

Sugar beet. (a) Response to three levels of nitrogen, phosPhate
and potash in all their 27 combinations.

East IrthiaD-i! coDiuoctroo with t]le statl oI the Cupar Sugar
Factory.

Ess€x-Felstead Sugar FactorY.
Fife--{uDar Susar Factorv.
Isle of Eiy (two_ceotres)-Ety a-od Peterborough Factories'
Liacolns[ini (seveE ceokes)-Bardney, Brig8, Newark, Spalding,

Susar Factories.
Norfolf (seven centres)--{anttey, KioS's Lyo.!, atrd WissiDgton

SuRar Factories.
Nottiog-haE--4olwick Sugar Faatory.
Northa--rnDtoo-Peterborough Sugar Factory.
Sbropshiie (tso ceDtres)-AIscott Sugar Factory.
Surfdlk (four cetrhes)-Bury St. Edmunds and Ipswicb Sugar

Factories.
Worcestershire--Kjdderminster Sugar Factory.
Yorkshirc (three centres)-Poltpleton and Selby SuSar Factories'

(6) Time of tifting and eJfect of fertilisers.' ' Lincolnshire-SDaldioe Sugar Factory.
Norfolk (two ce;hes)--{anuey Sugar Factory.
soflolk-Bxrv St. Edmu.ds Sogar Factory'

(c) Ploughing in of fertilisers.
Sufiolk-Mr. A. W. Oldershaw.

(d) Residues of Chalk applied in 1932.
strIlolk-Mr. A. W. Oldershaw.

le\ C)ther exoeriments were carried out :' ' Lirrcotnsb]re-Lindsey CoEnty Couacil, BriSg aDd BardDey Sugar
Factories.

Norfolk-Wissingtotr Sugar Factory.
Nottiagham-Nesark Sogar Factory.

Poultrv Manure Experiments. Ministry o{ Agriculture Scheme.

The fertitising value of poultry manure and its cumulative and
rasidual eJfects.

Bedlordshire-Mr. T. W. Dallas. Vegetable MaEows.
B€rkshire--Prof. R: H. Stoughtotr. Chr]EaDthemEEs' Strrwb€rde''
Bistol Ptovincc-Mr. A. W. Lint. Early Potatoca.
xcnf.-Dr. K. BaEatt' Oaion8.
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Small scale trials testint the cumulative eflect of pouttry manure
were made at eighteen schools in various parts of the British Isles.

Basic Slag Committee Experiments.
Residual effeck ot Dhosphates aeasured iD OaLs ad Hay,

West o, Scotland-Prof. n- it- U-cLrtlur-
Experiments on Organic Manures,

KeDt-Mr. G, Ossenton. Mangolds.
SEffolL-Mr. A. W. Oldershaw. Potatoes.
Sussex-Irod SettlemeBt Associatioo. Potatoes.

The dissemination oI the information gained by these various
experiments is effected by $'ritings, lectures or addresses, broadcast
talks and visits of various kinds. Much of the lecturing is done by
Mr. Gamer, but other members of the staff share it with him, anil
so far as is practicable a lecture visit is combined with visits to farms
in the distdc-t-

The iustification for these extensions is that agricultural research
work calnot be regarded as complete unl il it has found a way into
current teaching or practice, and the first sleps must be taken by
the Research Institute itself. The work gains considerably thereby,
for it often happens that considerable extensions are opened up
through the observation and criticism of the advisors and farmeri.
A good exa.mple is afforded bv the discovery in the Botanical
Deparfment a[ Rothamsred in I'923 rhar small quantities of boron
are essential to the growth of certain plants. This was at Iirst
regarded rather as a scientific curiosity till agricultual experts in
various parts oI the world learned the sl,.rnptoms of boron deficiency
and found that it was widely spread, and was the cause of certain
plant diseases that had caused a good deal of trouble. Once the
cause was discovered the remedy was easily applied, and now these
diseases are well under control. But the diseases and the associated
problems of the practical growers have opened up a new lot of
scientific problems and shovryr that the subject is much wider than
was first suspected. Many of these diseases occur overseas, e.g. in
New Zealand. Australia, the United States, and rbe investigations
made in these countries have proved very' helpful to agricultural
cxfrerts in Great Britain in showing them what to look for.

OYERSEAS WORK, AND LINKS WITH OTIIER
AGRICULTURAL RESEARCH STATIONS

The overseas activities oI Rothamsted.began in 1923 when the
Director rvas invited jointly by the Sudan Government and the
Empire Cotlon Growing Corporation lo visit the Sudan and advise
in regard to agricultu-ral developments and scientific services.
Subsequent visits of a similar nature have been made to other
parts of AIrica, Palestine, Australia, New Zealand, Canada, India,
and outside the Empire. the United States and European countries
including Russia. In additioD a good deal of experimental work in
paris of tbe tropical Empire is organised or directed from Rotbam-
sted, and this has in several cases led to the transfer of Rothamsted
workers to large plalting organisations overseas. The old methods
of plot experiments had in many cases prove<I unhelpful, but the
new methods worked out at Rothamsted fom 1926 onwards have
proved of great value and are now widely adopted in A&ica, Indta,
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Malaya, Ceylon and elsewhere, They have the great merit of
giving results oI known validity, so that the magnitude of the
experimental error can be estimated, and in consequence the experi-
menter knows how much importance attaches to each Iigue in his
results. Dr. W. B. Haines in 1927 gave up his post at Rothamsted
to carry out experiments on the Erowth oI rubber in Malaya,
remaining in close association, however, with the chemical and
statistical departments. His work has already had a marked effect
in showing how the rubber trees should be manured. Dr. H. J. Page,
formerly head of our Chemical Department, has accepted the
Directoiship of the Rubber Research Institute in Malava, thus
ensuring close touch between their workers and ours. A visit by
Dr. Crowther in 1938 still further strengthened the connections.
Dr. T. Eden left Rothamsted in 1927 Ior the Tea Research Institute
i:r Ceylon and by suitably applying the new field plot technique has
succeeded in obtaining valuable information about the manunng ot
tea which the older methods never could have given, in view of the
dificulties such as steeply slophg ground, etc. All the imPorlant
sugar Grne experimenti in India are laid out on the modern lines
discussed in our laboratories with Dr. Vaidyalathan and others
resoonsible for their oerformance. This use of Rothamsted methods
anri oI Rothamsted r^esults ha. led to invitations to members of the
staff to visit overseas countries for purposes of discussion with the
errrerts there: durins 1938 the Director was invited to Australia
an'd Ceylon : Dr. Croinher was invited to Plan exPeriments on the
manuring of oil palm and to visit West Africa as exPert attached
to the ieverhuline Commission ; Mr. Cochran was inviled to
the United States to lectue on the recent application oJ statistical
methods to agricultual problems : in addition Dr. Marn went
to New Zealan-d. Quite ap-art from the many advantag€s of render-
ing service to the large planting organisations olxrating overseas,
brit centred. in Englaicl, and ofleturning courteiies to the Uniled
States and European Universities and exPeriment stations which
are invariablv wiline to helD us-aDart from all this the Rol hansted
work gains 6normo,isly by these visits: the methods and results
are criticised by really competent e4rrts and new ideas emerge.
In all scientifii work. and 6speciallv-in agricultual scierce,.it is
the new idea that counts: and wheiher it was acquired in Africa,
America, or at home is oI secondary importance.

TIIE LESSON FOR THE BRITISH FARMER

One impression comes out very definitely from these overseas

visits. Farmers in every exPorthg country are casl ing longing
eves on the Enslish maiket,-and their expert advisors are doing
i6eir best io hel"p tbem secure a place. English farmers can keep
their oosition oilv bv maintainine a bigh itanclard of efficiency,
for it'is certain ibai no protection would long be given to an
inefrcient industry.

GRASSLAND
Numerous experiments are made on grasslaJrd. For so99

vears these were dhieflv concerned with basic slag and were carried
irut under the aegis ofihe Basic SIag Committee of the Ministry of
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Agriculture, but this has unfortunately come to ar end with tbe
setting up of the Land Fertility Committee. Although much
remains to be done there is at present no research work on basic
slag. The present grassland experiments are concerned with the
effect of fertilisers on tbe vield and botanical composition of hay
(studied in the Botanical Department) arrd with the effect of cake
fed to grazing animals on the feeding value of pasture land.

Tm Cnopprxc or Proucnro-up GRASSLAND

An investigation of special interest has been begr.rn to study
various ways o{ rapiclly converting grassland into arable land with
a view to the fullest utilisation of its stored-up fertility.

During the period that the land has lain in grass it has accumu-
lated fertility and tbis is liberated when the land is ploughed up.
A field experiment of special interest has been started to find how
best the fertility can be utilised: several different {irst crolx are
being tried. Considerable work is being done on another problem
of particular importance, \,shile it was in grass the land accumulated
not only fertility but usually also accumulated insect pests, especially
wire worms, which may do great damage, sometimes almost ruining
the first crop. The possibility of controlling wire worms by soil
insecticides has been under investigation since January, lg3l, b1
Maior W. R. S. I-adell, but he lelt i; April, 1938io take'ihe po;t;f
4gronomist and Soil Chemist to the West India Sugar Compan1.,
Jamaica; the work was then continued by Messrs. P. S. Milne
and If. G. Gough. The problem is diftcult but not by any means
hopeless.

CONTINUOUS WHEAT GROWING

The wheat consumption of the United Kingdom is about 6l
million tons per annum, of which about l* million tons are produced
at home aud the rest is imported. The need for ensuring that the
home production shall not Iall below its present level has led to the
ado,ption of certain financial devices, and the possibility that a
higher h-orne,p:oduction might be needed has o6ned up certain
technical problems.

Increased wheat production could be brought about in two wavs :

by more frequent growth of wheat on existing arable land, and by
ploughing grassland a.nd sowing it with wheat. For various reason_-s
the former is the easier. Valuable information on lhis subject is
furnished by the Broadbalk wheat field at Rothamsted on'which
wheat has been grown for nearly I0O years; its history is ver1.
instructive. The field has long been arable land: it appe-ars so on
the estate map of 1620 when"it had the same bounddries as now,
though it was called Sheepcote field and not Broadbalk. Its soil is
hea!'y but it never had much reputation {or fertility and at the
outset of the exDeriments it vieldid about 20 bushels of wheat Der
acre. In 1839 it-was given j dressing of {armyard manure for ihe
turnip crop: this was succeeded in l8r1o by barley, h l84l by peas,
in 1842 by wheat and 1843 oats; then in O:tober, l84il, the field
was so.lr,rr with wheat, and it has been croppeC with wheat each year
.sv'er since : the ainety-fifth successive crop was harvested in Aufrrst,
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1938. No farmyard manure has been applied since 1839 excePt to
one olot. nor has there been any green manure or any sort ol orgarlc
man'ure.' One plot has been lYiihout manure since 1839 and thls
has now reach^ed its hundredth year of abstinence Olher crops

have received various combinations of artiticial fertilisers, the
.aml combination every \'ear since 1843 on some plols and since

1852 on the others, so'ai to allow the study of any cumulatrve
e{fects either on the soil or on the crop. In the early years there

were manv who thought this continued use o{ afl ificials in the large

;;ii-ti; ei;n;"" some plots over l0 c\trts. per acre-would
doison the soit and ruin the crop; the grain, it was suPPosed, would
Le Iacking in quality or nutritive vatue as the result of this suPPosed

unnatural method oI Srowth.

For manv vears none of these things happened, excePt that the
vield on the"unmanued plot {ell to about 12 bushels Per acre, and

ihai on the olots withoui nitrogen was but little better' There was

no inilicaiioir of anv deterioration of the grain.

After a time, ho*ut 
"r, 

*""d. b"gan to be troublesome' In those

.lavs abundant child labour was available and there was much hand
*.'"ainn. t rt ltt"t on labour was not obtainable and the fields became

- io-*t u.".t bad.lv infested. The trouble was particularlv marked
durine t"he War ana Ior a time afterwards, when great dllhculty
was e"xoerienced in keeping the experiment going: {or some- y-ears

the unmanured plot yieidea only about 9 bushels per- acre '^1n9 
tto:e

receiving farmyird m"n,,r. ot iomplete arti{icials aboYt q0 }l1s*l:
oer acrel From time to time atlempts were made to deal wrth the
ieed oroblem bv partial fallows: in 1889 and 1890 by wide rows

o"". fr'"f f of rnelt'ot to permit of hoeing ; and in l9l4 one half oI

each olot was failowed, and the other half in the following year ;

i. igfs. rotatins {allow was introduced which became regularised

hv 1930-3I. one iiflh o{ each plot being fallowed in the lransverse

direction and the rernaining fbur-{ifths cropped' The fallow }ept
do$'n the weeds lor one year but not, so far as could be,udged, lor
much longer. The fundamental difficulty is that the short interval
between liarvesting of one crop and sowing the next allows so little
iime for cultivati"on; weed ieeds especially of the black bent

I Alobec$/us asraslrt) rernain in lhe .oil till the wheat is sown'

i"iiivutlon ha"s now, how"rer, been greatly sPeeded up with the
iid of the tractor. Whether it is thisfaclororsomepeculiarilyof t-he

season 1937-38 we are nol PrePared lo say, but ce-rtainly the yields

on Broadbalk in 1938 were ixciptionatly high, such aslad not been

attained for many years on any plot and on some- th€y were the
triehe"t vields evei ricorded. In particular the plot which has had no

minure"for l0O vears gave no less than 39 bushels per acre on lhe
part that had b6en {al"lowed during 193? and the remaining parts
averaged 20 bushels Per acre.

Clnlv time will show whether tbe vields of 1938 cao be rePeated,
rlrt thi exoeriment Droves clearlv ihat wheat ca'n if desired be
grown continuouslv oir the same laird. Why then is it that d-ificulties
Irise when wheaf is grown contiluously on mech-anised farms ?

The answer is probabllito be found ir the nature of the soil On the
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heavy Broadbalk Soil the wheat crop remains healthy. Diseases
and pests are, oI cou$e, present, but they usually do but little harm.
The lighter soils, however, and especially the light chalky soils
on which the mechanised Iarms are so often situated, are much
more liable to certain Iungus diseases such as Take-all, lodging
diseases (Cercosfotella) and others- Mr. Garrett is studying these
diseases with a view to finding some method of control: if this can
be done continuous or very frequent wheat growing with suitable
artilicial Iertilisers, but without farmyard manure, should become
possible on a wide sca1e.

TABLE I
Yields of Wtual, Broatlbalh

Blsh.ls dtassed grai\ ?n adc

Plot Annual tieatmetrt

20 yeals'
average

1852-1871
l0 years' average

1928-1937
1938

All

tions

ExcludiEg
sections
followitrg

fallow

All

tions

Excludif,g
sectioos

Iollowiog
,allow

6
7
8

No maDure .. . .

Complete artificials
I dose nitrogen ..
2 doses Bitrogen .,
3 doses dtiogen ..
Farmyard maoure

15.2

28.5
35.3
38.3
35.9

t3.5

27.4
24.2
24.9

8.9

15.1
21.9
24.1
2t.6

24.6

40.2
48.5
55.9
55.3

19.8

31.1
45.2
62.8
49.3

It is sometimes stated that wheat grown in this way without
organic manure has less nutritive value than wheat 6rown with it,
The Broadbalk experiments afford no evidence of this claim.
Samples of grain lrom the different plots were sent to the Dunn
Nutritional laboratories at Cambridge and examined by Dr. Harris,
but no consistent diflerence in their content oI Vitamin Br could be
found. Nor have the milling or baking tests ever shown any superi-
ority of organic over inorganic manure, The claim is also-made in
regard to other crops: fruit, vegetables, tea, etc.: but no good
experiments have shown any difference. Bad misuse of ertiEcial
(ertilisers may of course lead lo loss of quality of produce and it is
well known thal larmyard manure has l"arious beneficial effects on
the soi I

FALLOW AS PREPARATION FOR WI{EAT
CoupenrsoN oF A oNE-]'EAR rALLow wrrr A TEREE-vEAR FALLow ;

Hoosrrero
The yields oI Broadbalk wheat in 1930 showed a remarkable

response to a previous two-year fallow and on most plots a further
response to a four-year {allow. The effects were most marked on the
plots receiving no nitrogen; in particular. the yields on the con-
tinuously uLmanured plots were i

Whrd grdin : cd. pa au.
fo*oDingWheat Tso veirs'raloiw Four vearc' {allow3.3 1.6 l0:4 rr.C ' n.4
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To study this effect fi.rther, a comPaxison of the effect of a
one-year fallow with that of a tfuee-year fallow was included in
tbe unmanured wheat plots on Hooslield from 1934 onwar<Is.

TABLE II
Whadt dfret fdlou : HoosJicv

Grdin : cutt. Per erc
Tbtee-year fa[ow 

I

Otre-year falow
Mean

O[e-year Iallow
Broadbalk

1034
1035
r036
1937
1038

t6.8r
s.1
2.9
4.8

17.7

r8.4
12.4

5.4
22.5

12.3, 17 .2
6.3,3.7
5.0,2.8
4.8, 6.0

u.0, 1s.2

14.8
6.0
3.0
6.4

18.1
* T{o yea$' fallow.

Except possibly in 1935, the beneficial effect o1 a three-year
Iallow was no greater than that of a one-year fallow. It is
uncertain how effective the one-vear fallow was in these
years, since there are no plots on this field without fallow, but it
may be noted that on the corresponding plots on Broadbalk a one-
year fallow produced an increase in yields in all these years except
1936. The Broadbalk yields after a one-year fallow are, however,
Iairly consistently above these on Hoosfield.

The Hoos{ield results are supported by those on the unmanured
plots on Broadbalk, in which on the average of these seasons the
yields Iollowing a fallow two years previously were no higher than
those following a fallow three or four years previously.

TABI,E III
Bloaifrdlh @fua4 groin : cal. Pd er.

Plot g {io ,nanul.J
Ycar after fallos

83
r8.4
t2.4
6.7
6.4

22.6

10.6 S.03.0 3.r
1.5 4.1
6.2 4.7
ll.0 12.1

1934
1936
1930
tg37
r938

t3.2
5.8
8.2
3.t

ll.7

The indications on both fielals are that il most seasons no marked
ellect of a Iallow is detectable after more thar one year.

EFT'ECTS OF TEMPORARY LEYS AND GREEN MANURES
PRECEDING WHEAT

Clover, ryegrass and a clover-ryegrass mixture were compared
with lallow as temporary leys preceding wheat in thee exPeriments
at Rothamsted duriag l93f-3i1, 193436 and 193&38 respectively.
The leys were sorpn under barlelu and cut in mid-summer in the
,ollowing season.

l{ean 12.9
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TABLE IV
Elfecls oJ LhAersou;ng of leys o, barlqt Erair.

Barla! graia : cut. ?er acre

UadeIsolxn nrith
Clover-

Clover Ryegrass Byegrass

15.8

No
1ey

t6.r
24.8

t93t
rs36

The lelds of barley were not recorded in 1934. In the other
years there was no widence of any deleterious effect of undersowing
on the barley.

After the first cut of leys some plots were ploughed while ou
others a second cut of the leys was taken. The yields of dry matter
oi the leys are shown below.

17.3
26.6

16.0 +0.80
+0.96

+0.472
+0.51E
+0.463

TABLE V
Dry nta ar : cttt. ?er dcrc

Clover-
Clover Ryegia-ss Ryegrass

lS32 First ctrt - -

Second cut . .

1936 First clt ..
Second cut . .

1937 First cut ..
SecoEd cut . .

19.6 37.9 27.8
7.7 12.8 2.9

27.5 30.6 12.8
10.6 8.9 2.2

The clover-ryegrass mixture gave consistently the most sub,
stantial crop. Clover had about the same total yield as ryegrass
in 1932 but a much higher yield in 1935 and 1937. The yields at
the second cuts were much smaller than at the first cuts, particularly
so with ryegrass. The 1937 experiment also containad a spring
dressing of sulphate of ammonia (0.3 fl^,I. N per acre) to the leys.
This had no effect on clover but increased the clover-ryetrass
mixture by 8 cwt. and ryegrass alone by 24 cwt. per acre.

30.4 46.6 34.8
18_l rr-6 1.2

16.4
I t.0
26.2

30.4
16.4
36.3

Ig33
1936
1938

TABLE YI
Aoerog. clfe.Js of falou and Ws on @tual

G?dir, : cur. per dcrc
Prec€diag crop

Clover-
CIover Ryegrass Ryegrass

26.6 20.712.7 t2.1
33.6 27.6

AII lbree leys decreased the yields of wheat as compared with
fallow. In each case lbe smallesi decrease occurred afterilover and
the lartest after ryegrass. The decreases with clover ranged from
3 to 5 cwt. per acre. The decreases with the other levs wire little
Sreate,r lhan with clover in 1936 on a poor crop of wheat, but in
the other two years they averaged 9.2 cwt. per a&e with the clover-
ryegrass mixture and 12.0 cwt. per acre with ryegrass,

The experiments also contained a spring ilressing of sulphate oI
ammonia applied to half-plots.
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1032 (0.2 cwt.)
1036 (0.3 cwt.)
1038 (0.3 cwt.)

4

TABLE VII
Wh.d gtcii : cd. Qct uc

Rcs?ons?s to stJ?hat of anlnonia
Prec€di-og crop
Clover Clover- Rjregrass

Ryeg:'ass

-0.2 +0.7 +r.0 +r.r+4.6' +0.2 +r.6r + l.?.
+ t.0 _0.2 +2.t* +2.6.* : signficaDt response.

FoUowing
Clover Clover- RYegrass

Ryegress

+0.835
+0.603
+0.693

As might be expected, sulphate of ammonia gave litlle lf any
increase on plots Iollowing clover. The plots following the clover-

ryegrass mi*ture and ryegrass alone showed moderate responses in
ail ihree years, while the fallow plots have a large response in 1936,
a year of high winter raiafall.- In ihe first experiment, the plots ploughed after the first cut
of the levs were ldft fallow over-the summer. In addition to this
treatmeni, the last two experiments contained a comparison oI
vetches and mustard as green mamues grown after the ILst cut of
the leys. The green manures were also grown on so,me of the plots
which had lain fallow since the barley crop. The amounts of
nitrogen buried per acre when the green manures were ploughed
under are shown below.

TABLE VIII
Crc.n rnanw. cto,s : ailrogcn tb. ?er etu

Mustard

Vetches

Musta.d

Vetches

Tbe 1935 8,reen manures were Practically a failure. In 1937

the stimulatio-n of grourth on ploti which had previously been

fallow is evident, wh"ile the clovlr plots produced a better ErorPlh
than clover and ryegrass or ryegrass alone. There was little

TABLE IX
ElJccrs of €rccn ,nanures a*l summa fallow a ulval

Wh.at grain cal- P., acrc
PrecediDg croP

Fallow Clover Clover-
Ryegrass

1033 Surrroer latlow
2 cuts

Summer lallow
1936 2 cuts

Mustard
Vctches

61

62

lot 71 32 11

Itl 67 32 49

Rye-
Srass

12.6 13.0 9.8I/ o lB.8 15.8 12.1
t6.2 rl.2 11.8 t2.4
16.3 r0.3 9.2 9.0

Su&mer tallo\r
1038 2 cuts

Mustard
vctchcs

37.0 31.9
33.6
33.0

25.2 3t.8
29.4 2r.9
26.7 23.0
27.6 27.4

+0.736

13.2

12.8
I1.0

33.2

29.6
3l.r

30.4 1,E.? ?l:3 il:i

3t.6
36.8

+0.90?

+0-578
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difference between the amoults of nitrogen buried in the two gree[
manures.

The effects of taking a second cut of the leys, as compard with
a su[rmer fallow, are not very consistent. In 1936 the second cuts
produced significant increases in the yield of wheat of about 3 cwt.
per acre with all three leys. In the other years the second cuts
resulted in sigrificant decreases, except for clover in l9ilil and the
clover-ryegrass mixture ir 1938, for which there was little effect.
The growing of a green manure crop generally reduced the yield
o{ wheat as compared with a summer fallow, the average reduction
being 1.3 cwt. per acre in 1936 and 2.8 cwt. per acre in 1938. In
1936, when the $een manure crops were poor, vetcbes produced a
signilicantly greater reduction than mustard, but in 1938 the
position was reversed.

In each of the three exPeriments work was undertaken in the
Chemistry Department to follo\f, the seasonal changes in the nitrates
and arnmonia and readily decomposible crop residues of tbe soils
iD an attempt to trace the form in which available nitrogen is
carried over from one year to another. Samples representing all
the treatments were analysed periodically for nitrate and ammonia
in the fresh soils and also for the amounts of carbon dioxide, nitrate
and ammonia produced during incubation for three weeks under
optimal conditions.

In the second and third experiments some of these analyses
were also carried out on subsoil samples.

The diflerences in weather conditions in the three seasons so
arfected the yield of wheat and the responses to the previous
ooppings that it is scarcely possible to establish general quantitative
relationships between the wheat yields and the simpler nitrogen
compounds of tbe soils, but some general effects emerged.

Fallows caused a high accurnulation oI nitrate during the
summer and a marked reduction in the amount of readily oxidisabre
organic matter. In the wheat crop of lg32-3 it was possible to
establish sigrificant correlations between the mean of values of the
soil analyses duing the period spring 1932 to spring 1933, and the
wheat yields, the yields increasing with the total amount of nitrate
and amrnonia in the incubated soils and decreasing with the amount
of readily oxidisable organic rratter (carbon dioxide production).
Throughout the winter and spring of 1932-3 soil under wheat had
consistently low nitrate contents after each of the treatments and the
wheat therefore obtained its nitrogen either from nitrate stored in
the subsoil or from crop residues,

In the autumn of 1935 it was possible to follow the temporary
accumulation of nitrate in the subsoil dofir to 27 inches, but in
this very wet winter the nitrate throughout the soil to this depth
fell to loly values. The wheat crop oI 1936 ras unusually weedy and
some of the treatments gave straws which were very rich in nitrogen.
Although the wheat yields were not well related to the soil analyses,
the total nitrogen contents of the crops as harvested were correlated
with the average nitrate contents ol the soils to 27 inches dr:ring
December to March and also positively $'ith the amount of mineral-
isable nitrogen atrd negatively with the oxidisable carbon in tbe
surface soil during the early wirter,
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Under the wheat clop oi 1937-8 the soil nitrates durhg the
winter were increased by fallowing, clover, and vetches and decreased
by rye grass and mustard in each of three I inch depths, but in
spring of 1938 they had reached similar values for all treatments
at a considerably higher level than in that of 1936.

BARLEY

The production of barley in Great Britain was about 867,000
tons per annum for the period 1927-36; in addition, some
745,000 tons of barley were arurually imported.l We thus produced
about & per cent ol our total requirements. About 900,000 tons
are used for malthg, oI this quartity about 650,000 tons are used
for brewing, about 150,000 tons for distilling, and 100,000 tons for
other purposes, and the rest oI the barley for seed or for feeding to
animals. As the malting barley normally sells at much higher
prices fa"rmers are naturally anxious to secure as good samples as
possible.

Field experiments on barley have been going on at Rothamsted
since 1852 on Hooslield a.rrd at Woburu on Stackyard field since
1876: in both cases barley is grown continuously year after year
under the same lertiliser treatment.8 In 1922 the scope ol these
experiments was greatly widened by associating the work with the
Institute of Brewing, whereby it became possible to ensure proper
study of the maltilg properties of the samples. From time to time
Reports on various aspects of the work have been issued and a
compreheasive account has now been published by the Director
and Dr- Watson-

As is well known, superphosphate produces striking elfects on
Hooslield at Rothamsted iacreasiag yield and hastening maturation,
but it is not so effective in the ordinary farm rotations where it
has a.lready been applied to a previous root crop. If superphosphate
is withheld for a few years, however, the yield begins to go down,
There is no clear connection between soil type a.rtd phosphate
ef{ectiveness, and phosphate did not overcome the bad effects of
late sowing on the heary soil of Hoosfield. Superphosphate proved
more beneficial after a dry wiuter than alter a wet one, but on the
other hard it was more beneficial in a wet April than h a dry one.
Its effect was enhanced by adding nitrogenous fertiliser and zicc
tefsa.

Potassic lertilisers had less elfect than phosphates and there was
no esidence that their actioD was improved by nj.trogenous fertilisers.
The mixture of potassium, sodiu:n and magnesium salts tended to
reduce the damage done by a wet wiater (being thus unlike the
phosphate) ; it also acted better in a dry surnmer than i-rr a v/et
oue. It is unforturately not possible from the Hooslield experiments
to say which of the three elements is the potent one, but other
evidence indicates that it is almost certainly the potassium. The
withholding of potassic fertiliser has less eflect on barley than on
wheat, alld as both crops contair approximately the same amourts

r The importatioo bas been much higher ia the yeals 1936-38, indeed ia
1938 it was 993,000 totrs oI which about 375,000 totrs rPele used Ior maltiag.

r Cbaages wore iotroduced at Woburo in 1028.
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of Dotash, in spite oftbe shorter growing season of the barley, it seems

cle'ar tbat ba--rley has a greater Power than wheat of extractrng
ootash from the soil. Perhaps the most remarkable result ot Hoos-
ii"ld, ho*.'r"., is given b1 a plot which received farmyard manure
€very vear from 1852 to l87l and then no manure o[ any klnd; lt
itiiiiii.r "".tlv 

aouble the crop yielded by the adlacent plot which
has 6een without ferl iliser since 1852 but there is no certarnt\'
that the soils were initially alike.

Farmvard manure is less effective after a we.l winter than after

" dw o"L, but there is no evidence that it is specially beneficial
in years of dry spring or drY summer.

Fallowing has a remarkable e{{ect on the yield, far gr-eater than
is obtained biy the u"e of {ertilizer. Experiments in other lields show

iU"i *d"rro:*it g with clover apparently stightly raises the yield,
but not significantly.

There is a general relationship between the malting quality.ol
barlev and its;itrogen content. 

-High nitrogen content is usuallv
assoclat ed with low-quality and vice versa, though the rule is not
absolute, because the condition of maturation is also important'
Of the cLemical properties, however, nitrogen content is the most
important.

The nitrogen content of the grain is lower on the healy soil at
Rothamsted tihan on the light soil at Wobum under similar treatment
and the variation between-different Iertilizer treatments is less ; the
variation tlue to season is also less. These relations seem to hold
senerallv. The nitrogen content for dif{erent years of the Hoosfield
Barlev ii related to tf,e vield : hish vields which are not due to high
,ritro["norr content oi soil or -minure are associated with low
nitro[en contents and vice versa. The nitrogen is-not much if at a]l
affecied by fertilizers used in the ordinary way. Where phosphatic
or ootassii fertilizers increase the yield they may lower the nitrogen
coritent of the grain but not othenvise: nitrogenous fertilizers-may
eitber lower th-"e nitrogen content or they may be without effect'
Onlv iI thev are used in larger quanlities, or iI ihey are unnecessary,
do ihev raise the nitrogea ionti:nt. Nitrogen content is also related
to the sowins date, earlier sowings giving in general lower nitrogen
contenls thai late ones. There is ilso a marked seasonal effect which
is not yet fully understood, but seasonal conditions that increase

vield. tend to sive tow nitrogen content. Further, additional rainfall
in Mav. Iune"and Julv lowers the nitrogen content. These relations
are sJbsiantialtv ihe iame at Rothamsted and at Woburn, except

that at Wobum the rainfalt e{{ect is somewhat more pronounced'
The Rothamsted plot receivint farmyard manure. however,-stands
out as exceptionai in that it shows a higher percentage ol mtrogen
tban the oihers, no eltect oI rainfall, and no .onnection between

Dercenlage of nitrogen and either yield or sowing date. Thtts the
effects oioduced bvtherainlatl,the dale of sowing, and the general

vield rilations account for some 40 per cent. of the lariability in
iitrogen content of the grain on the Plots receiving artiliclal
fertillers or even no manure, but for only 16 per cent. on those

receiviag farmyard manure annually.
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The weight oI 1,000 coms varies from seaso[ to season, but it
has not been possible to ideutify the weather factors responsible
[or_ the change. At Woburn rainfall above the average in January,
February and March tends to depress the 1,00O com weight, b.irt
no relation can be traced with rainfall in other months nor with
temperature after April, uor is there arly consistent relation between
1,000 corn weight and nitrogen contert.

The bushel weight also varies with the season, but there is no
tendency forit to fall even when the yields of the plots are falling.
For Hoosfield it has averaged 53 tb. and as the spicific gravity of
the grain is 1.3 the volume of solid barley in the bushel is 5l per
cent. and the vohrme of air space is 49 per cent.

CoNrBnrxcr or MaLTrNc B.sRrry

The filth Conlerence on the growing of malting barley was held
on November 29th, 1938. Sa"mples were sent in by growers from
all the important barley growing districts, accompanied by full
agricultual details.

The procedure differed somewhat ftom that of previous years
in that growers were requested to send il at least two samples,
one of their better, and the others of their poorer quality barley,
though still of malting standard. The samples thus represented
better than in previous years the whole crop of the growei.

The samples were graded by arl er:pert conrnittee of valuers,
and displayed at the Conference to provide the basis of a discussion
of the technical problems of barley growing. Six classes were
distinguishcd graded II to VII, there being none up to grade I
standard. Grades II and III were pale ale barleys, grades IV to VI
mild ale barleys and grade VII Ieeding quality. The price range
between the Brades varied Irom two to four shillings per quarter.
Among the ) sanples sent in there were some 65 pairs of samples
and of these only 5 of the samples classed by the growers as inferior
were given better grading by the valuers. The average difference
between the better arrd the inferior samples was nearly three-
quarters of a grade.

This year the lowest malting glade (Grade VI) was assigned
about 60 per cent. of the value of the highest (Grade I). In 1937
the relative value had been 75 per cent. and in 1936 and 1935
50 per cent.

Yields were high, but values were low, and the cash retums per
acre were about 30 per cent. lower than last year when the crop was
a much smaller otre.

Sowing conditiorx were good and nearly all growers reported
sowing in February or the first two weeks of March, i.e- about a
month earlier thaq last year- Good growing conditions followed
and the harvest weather was good, all conditions being favourable
Ior a heavy crop,

The 201 samples reaching malting standard were dMded as
follows :-
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TABLE X

Grade

So far as the sa.mples sent in were representatiye of their districts
there is a marked effect of locality inlhe grading results. As last
year the Kent barleys were well above the average in quality and
those from Essex and Suffolk were better thar the average. those
from Norfolk, E. Midlands, West and South, were sligrritly worse
than the average, while as last year the barleys from-Yoiks and
Lincs were well below the averagi.

, The distribution of the grades showed many more samples in
the lower grades than in 1936 or 1937.

The estimates of yield for the various districts were :-

District

B! Dishicts

TABLE XI

Norfolk
Sulfolk
Essex
Ke11t
Yorkshire, Lincs, etc.
E, Midlands
Souti
West

B9 Grades {All Dist?idsl
Sfring I Adt nn
sorm I soum

47
.13

47
55
40
4t
39
44

1I, [I
IVv ..
VI
Meaa 1938
Mean lg37

4a147
41
11
43
34

46
53
49
50
33

1938 tr{eatr
1938 Min. of Agiic.
193? Meao
IS37 Mio. of Agric.

44
36
34
28

- . 
-The mean yields ol the samples were, as last year, considerably

higher than the Ministry of Agriculture esrimates. As before, thi!
was not due to optimistic estimates by the growers since there were
64 samples giving actual (threshed) yields as well as estimated
yields and the average difference was over 2 bushels in favour o,
the actual yield.

II III YI Total MeaIr
Grade

Norfok
SuIfolk
Essex
Kent
Yorks, Litrcs

Notts . .
E. MidlaDds
South

and

I

8

I
I
4

I
t
I

3
4

3

2
I
I

t5

3

2
6

l3

14
13

3l
1l
l9
l2

30
I

2t

20
34
2l

5.27
6.00
4.89
3.48

5.94

5.41
5.43

Total I tl l6 58 106 201 5.l9

Percetrtage
1937 Percentage
1936 Percentage

5.6
4.5

15.6
2.9

6.0

7.6

8.0
30.7

28.9
19.9
46.6

52.7

20.6

Aoe/age flielil, b*shels pel dcre

I
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Once again Kent, which produced the best samDles. also save
the highest mean yield; the remairirg districts weie ciose to-the
average yield.

, The.mean yield-of the autumn sown barleys was above that of
ihe,spring sown, rhough ihey showed no mirked superiority in
quahty.

TABLE XII
Sfuing Sowt

Grude Number Perceatage
.. t7
-- t2
.. 5l
.. 96

Attunan Soun
Number PerceDtage

4 16.0
4 16,01 2a.or0 40.0

II, IIIrv ..

]rI..

9.7
6.8

29.0
54.6

100.0 100.0

The distribution of the grades was very similar lor sprirg and
autumn sown barleys with rhe possibte exieption that t h'e auiumn
sown samples had a slightly bigger percentage in srades II. lll and
IV and.sj'mewhat less in gradi Vl-the mein difierence being less
than hall a grade.

The sequence of cropping had but little eIIect exceDt that after
seeds the quality of the barley was somewhat inferior and also I he
yield was lower.

TABLE XIII
Elect oI ptevio* dol ot yiclil aat| gadiq

Aoerage licw in b{shcls ?c/ acac

No barleys sowrr after the middle of March fell into erades II
or III. There seemed to be little difference bet\a,een the q"ualiry of
barleys sown in February and those so$,n in the firsr two'rveekl of
March, with the exception that a few more of the earlier sown barleys
fell into $ades II and III.

Sowirg trad been much earlier in lgBS than in 1917. but in soite
of that the grading was generally not as good.

Gmde

Com Matrgolds Tumips Seeds

No. Average
yield

No.
yield

No. Average
yield

No. Average
yield

U, III ..
IV

\II

11
7

22
48

5t
56

4
7

lg

40
47
47
42

I
I
I
I

50
50
{8
.10

5
l3

4l
38

Tot^l 9l 45 15 t2 l8 39
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TABLE XIV
Time of SPring Souin?

II, III . .
IV

VI

^larch 
f,larch Atter

February lst-l4th l5th-28th Mrrch 28tb

6-
3r72

40.9
Total 1938
Per cent. 1938

47l
40.3

Grade Natrure only Artificials

I
8

12

l2
5

20
48

2
4

l0
22

6
5

l9
24

Total
Per cent. 1938 ..
Per cent. 1937 -.

I1.5
8.0

85
42.5
52.0

38
r9.0
23.0

54
27.O
17.0

The newer concentrated compound fertilizers had been used for
about one third of the 139 samples grown with artilicial {ertilizers.

For the remaining samples some nitrogen was a.lmost always
included in the &essing even when the barley followed sheep or
ploughed-in tops : the average dressing was 20 lb. nitrogen per acre,
slightly less than the equivalent oI I cwt. sulphate of ammonia per
acre.

In 1938 out ol some 240 samples, only 27 cases of lodging were
reported, nearly all of them very slight. This was practically the
same as last year and only about half of that reported in 1936.

SUGAR BEET
This season 1938 was one of the most unfortunate for beet

growers since 1927. Although the year started well with a dry
spring and excellent conditions Ior working the land, the dry
weather lasted too long, with the result tha.t germination was
irregular and much beet was sown too late. In the Eastem Coutties
severe sunmer drought followed with bad attacks of aphis, and really
good growirg conditions did not set in till late August, when the
plant failed to make much use of them-

The e{Iects of manures in this dry and unfavoulable setLson are
compared below with their average performarce over the previous
four years. The main fertilizer effects averaged over all soils are
given in Table XVI.

29
16.5
18.0Per ceDt. 1037 .. I

l

The manuring of the samples was generally similar to that re-
ported in previous years.

TABLE XV
Mdfitrirrg

Artilicials Organic Orgaoic aad
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TABLE XVI
Mean I

yield per acre of Increase Ior

The yield of roots on the experimental plots in 1938 was nearly
tbree tons below the average oI the past four years; expressed in
terms of sugar the difference was I2.5 cwt- Sulphate of ammonia
gave much less than its average effect, aad on the average the double
dose was no more e{fective than the single application. 2 cwt. of
sulphate of ammonia gave 1.3 cwt. sugar less than usual, and 4 cwt.
gave 2.7 cwt. less. Superphosphate also was somewhat less effective
than usual, but potash was distinctly more effective, the increase oJ
1.4 cwt. sugar for the single dose of potash and 2.9 cwt. for the
double dose was as good as in 1937, which however was a good year
for sugar beet. Unlike the other nutrients potash showed no Ialling
off in effectiveness at the higher dressing.

As in previous years nitrogenous and potassic fertilizers each
did considerably better in combination with the other than when
used alone.

Stgar a4. lcl er.
Incaeasc fiorluced by 1 ct . of salphde of afirronta

No potash 2l cw.t. muriate
Presetrt oI Potash Present

193+37 ..
1038 +o.9 +2.O

+3.8

+3.6 +3.3
+5.5 +3.1
+3.0 +2.2
+2.9 +2.8

+0.6 -0.1+ l.o +1.1
+o.9 +r.2
+0.3 +2.0

+r.8 +2-0+r.7 +2.0
+2.6 +O.4
+3.8 +r.8

+5.7

The increases are smaller than in previous vears, but tbe effects
are in the usual direction. In Table XVII the yield efiects are
summarised by soil groups.

TABLE XVII
Incltdi, in S*gar, cot. ?.r acr.

Coarse Fitre Light Heavy Cley Feag
Sands Sands Loams Loams I-oams

Sulphate of Amoooia
!934-37 2 cwt. .. ..

4cwt...
r03E 2cwt,..

4 c*'t. . .
Superphospbate

1934-37 3 cwt. .. ..
6 c\xt. . .

lS38 3 cwt- --
6cwt...

Muriata of potash
t934-3? ll cwt.

4 csr.
1038 ll cwt.

2l cFt.

+2.6 +2.9 +3.0 -0.2+4.0 +5.0 +6.8 -0.7+1.0 +r.5 +2.2 -l.l+r.5 +2.6 +0.6 -2.2
+l-4 +0.6 +1.2 +1.4+2.t +r.1 +2.0 +0.6
+0.4 +4.8 -O.4 + l.l
+0.8 +6.2 +0.5 +0.9

+0.8 +r.6 +0.2 +1.2
+r.4 +0.4 +o.2 +2.2
+0.6 +0-8 +r.8 +1.6
+2-o +0.9 +4.3 +3.6

Nitrogen was less e{fective than usual in all soil goups, indeed
in the fens its eflect was if anything depressing. SuperPhosPhate
did better than usual on the fine sands and heary loam, but the

expeli-
meDts

Super-
phospbate
36
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latter value was based on only one centre in 1938. The marked
e{fect of muriate of potash appeared in this season in three soil
groups, coarse sands, fens, and clay loams, although the good results
in the last group were largelv due to one particularly responsive centre
on a gravelly clay. The weights of tops are given in Table XVIIL

TABLE XVIII
Tops, rons Ocr @.

No. oI Mean IEcrease for sulphate oI
experimeDts Yield ammonia

Y6ar

r 034-37
r 938

_ Altho'gh the yietd oI roots was low in lg38 the average pro-
duction oI tops was normal. Nitrogen had the biggest efiecf on
tops, the yields and increases being close to the four year average :
the increase produced by the double dressing was as usual almost
twice that produced by the single dressing.

The sugar cont€nt of the roots was little affected by phosphate,
somewhat- lowered by_ nitrogen -and slightly increased 6y potash,
as in previous years (Table XIX).

2 c$t.
9.2
9.628

TABLE XIX

+r.4 +3.0+1.6 +2.r

Muriate ol potasb
rl crt. i 2l cwt.

+0.15
+0.2

l113.i-3?
1938 -0.38

-0.4
+0.22-0.16

-0.t
The sugar percentage in lg38 was exceptionallv low. no less

t han I.2 per cent. below the average of the past fourvears.
The poor seed bed conditions were refleited in a ilant number

somewhat lower than usual, on the clav loams the p6pulation was
onlv 18.8 thousands. Fertilizers had 6ut little eff6cd except that
1'otash significantly increased plant number at four of the'thirtv-
Ino centres.

TABLE XXph*s, ?ho tands p.t aca.

Year Mean of Potash
2[ cwt.

Strlphate of AEEouia
2 cwt. I 4qrt.

iuperphosphate I Muriate
Sqrt.JOcrlrt.iflcwt.

r934-37 . .
r 938

27.a
26.1

+0.28 I +0.25o.o | -0.2
+0.28
+0.2

+0.25 +0.22
+0.1 r +0.2

ORGANIC MANURES
The importance of maintaining the supplv ol orsanic matter

in the soil is well recognised, but nothing is gaiired by the"exasserated
claims sometimes put forward on the subjeit.

The standard organic manure, and the one which would sufrce
for all needs if it were available in sufficient quantitv. is farmvard
manure. Unfortunately the shrinking acreage of striw crops,"and

S{gar in roolt, O.r crnt.

Sulphate o, ammotia
2 cwt. | 4 cwt.
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the reduclion in number of vard-fed cattle have reduced the amounts
of farmyard manure available and substitutes have to be found.

A very tempting source oI organic manure is furnished by some
of the wa-ste materials of the torMns, which at Dresent are not fullv
ulilised or even are only a source of embarrassment. Chief of lhesl
is town reluse which is available in enormous quantities and which
along with much useless material contains substances of undoubted
fertilizer value. In its crude form it is not readilv taken br. farmers
and large amounts hare annually to be dumped either in the sea
or in the country where a complaisant land-owner or council will
give the necessary permission.

Towt ReJ*se,--:fhe older Rothamsted experiments on town
refuse indicated that the sorted and pulveriied materials from
Hampstead and from Walworth had fertilizing value, and they were
at least as effective as dung in the one experiment in whiah the
comparison was made.

1923
Mdngows, bns ?c/ d.rc

1921
Oals, bushels ?e7 acTc

No manuie
16 toqs duEg .. ..
16 tons Hampstead refuse
l5 tons Walworth reluse

. . 0.6 No refuse . .

.. 13.2 5 tons

.. 14.0 l0 tons

.. 13.9

, . 3l.r
.. 35.4
.. 36.8

No great certainty attached to these results, since standard
errors could not be calculated ; all the same the lg38 results suggest
that they were probably not {ar wrong.

In 1938 a prepared to&'n refuse was compared with (l) sulphate
oI ammonia ard (2) dung or rape dust, each given in single and
double dressing, the nitrogen content being taken as the basis for
comparison. The sulphate of ammonia dressing pror'-ided onl], one
half of the nitrogen of the corresponding organic manure. At
Rothamsted and Woburn dung was the organic manure chosen ;
at the outside centres it was rape dust. The town refuse varied
somewhat in composition and was applied on the basis of its
analvsis; its mean composition as used was N:0.82 per cent;
moisture:3o.3 per cent.

The rates ol application were :-
Single dressing of Towrr Refuse (about 5 tons per acre), Rape

Cake, Dung 0.8 cwt. N. per acre.
Single dressing of Sulphate of Ammonia 0.4 cwt. N. per acre.

The double dressings were at twice the above rates. Town refuse
significantly increased the yield of kale at Rothamsted, sugar
per acre at Woburn, and of potatoes at Tunstall. It increased
the number of " bolters " in the sugar l: ,-l ar Woburn, and the
percentage of diseased potatoes at Turlstali. It gave higher yields
than farmyard manure providing equal nitrogen in three out of
Iour comparisons at Rothamsted and at Woburn, and in one of
these comparisons, the double dose of refirse against the double
dose of dung at Woburn, the dilference was statistically significant.
Table XXI gives the yields and Table XXII shows whether the
refuse did better or worse than subhate of ammonia providing one
quarter, one half, or the whole of the nitrogen.
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TABLE XXI
Cont|arison ol lrcated toum relLse airh othd ,ritlogenoLs ,ta*Lres

Sulph. Dune Sulph. s.E-

0.8 0,8 0.8 1.6 I 1.6 1_6

10J9

34.5
r.a5

35.0
3.95

,130

21.6

10.01
90.8

11.39
88.6

7.8

+1.27

+6.3
+!.30

-1.2+0.02

+0.95

+0.6

+0.89
-0.3

+9.08
+1.3

-0_3

+1.49

+4.8
+1.02

-1.6
+2.62

+0.78

+0-7

0.41
0.6

+1.0!
+0.4

+0.3

+0.97

+5.8
+1.36

-0.4
-0-5I

+4.92

+r.5

+1.98
+1.5

+r,66
+2.5

+1.7

+2.811+r.801+1.3e

+7-2 l+7 5 l+a-1
+4.?61+3.201+1.23

-1.8 l-r.{ t-r.2
+2.421+3.26lf r.52

*r.rl*r.,rJ
-0., l*0., I

*r.r,l*r.r I

+0.? 

l+r.r I

+3.r81+r.081
+3.' 

l+r.r I+{.7 +r,8 I

+5.2i

+r,9

+1.02
-2,1

+0.398

+0.8r6

+1.65

+0.4tt

+1.201

TABLE XXII
Corn?alison of ,fcaled to bt ftfise uith stlt?hde oJ amrionia

Toum ,.Jus. sqslior (+l ot inf.rior (-)

When sulphate o, aErmode provides
itrogen :

Nitrogen in
refuse

I the N. oI
re{use

0.8 cwt. pet Nale
Beet
Potatoes (t)
Potatoes (2)
Maogolds

Kale
Beet
Potato€s (l)
Potatoes (2)
Mangolds

+
+
+

* Dif{eretce betq.een rcfuse a-ad sulphate of ammooia statistically
signilicaat.

Treated town refuse did almost as well as sulphate of ammonia
providing half as much nitrogen, and was distinctly superior to
sulphate of ammonia providing one quarter of the nitioge;, ibough
it was much inferior to sulphate o[ ammonia supplying the sarie
amouat of nitrogen.

These estirnates are derived onlv from the vields in the vear of
application, and it is possible that the retuse mi6ht build up rlsidual

(l) Siddlesbam. (2) TuostaU.

;
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effects if used in healy dressings. Further experiments should be
instituted to test residual and cumulative effects. The similarity
in effectiveness to duug emphasises the desirability of adequately
investigating the possibility of utilising town refuse in agriculture.

There is also some hope that another waste product, now a
source oI embarrassment to the to$'ns, may become of value to
tarmers. Much oI the sewage sludge at present made is of so little
value that farmers wisely do not buy it. There is, however, at
least one type of sludge that would have considerable fertilizer
value if it could be clried and powdered for distribution. Hitherto
no suitable method has been available, and instead the slufue has
been destroyed by digestion. We understand that there is now the
porsibilitv that this dificult drying problem may be solved.- 

The experiments with dried poultry manure were also continued ;

in these the nitrogen had about tvo-thirds the value of that of
nitrogen in sulphate o{ ammonia,

The fertiliier value of all these organic wastc substances is
determined by the nature of their carbon and nitrogen compounds
and by the r'atio ol the carbon to the nitrogen. The work of the
Fermentation Dcpartment consists in finding out exactly what Part
these various factbrs Play so that the probable fertilizer value of any
particular waste miterial may be forecasted Irom analysis and,
-more 

important, improvements in fertilizer value may be suggested.

USE OF STRAW AS MANITRE

On July l5th, 1938, an informal conference of farmers and
tecbnical exoerts was held at Rothamsted on the use of Straw as
a Soil Impr6ver. Most speakers had observed that the ploughins
in oI raw-straw bad a dEpressing effect on the crop immediately
following. The most Iavourable result was that the straw used in
this manner did no harm. The bad effect was probably mitigated
if the straw was ploughed in when the land was still warm, i'e.
immediatelv after 

-harvest, 
so that some decomposition could take

place before wirter. If a bare fallow followed straw ploughed in,
most of the straw disappeared during the course of the fallowing
operations.- In practice some form of nitrogen was rlsually added to straw.
This wis done either by direct additions oI calcium cyanamide or
sulphate of ammonia to the straw tefore turnin8 under,. or alter-
na t-iwlv by giving a nitrogenous dressing to the following cereal
crop. i1e-rJte oi application was aPproximatel)' I cwt. ol nitro-
senous manure Der ton of straw." No orr" advo'cated the buming of straw on the llnd; Ploughing
under with the addition of cyanamide was said to have given
noticeablv better results.

It is lossible to assist the decomposition of straw by gro*ing
red clov6r r:nder the corn croP and lurning it in with the cereal
stra\F.

Composting the straw in heaps with the addition of cyanarnide
or dung had been tried, but succeeded only when a water suPPly
was aleilable,

Another use of straw was for the improvement of glass house
soils that had lost their texture through surface watering, but were

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-1-86 pp 43

42

richly supplied with dung and artilicials. Walls of straw let verti-
cally into the soil improved aeration, drainage, and root action.

One complication of special importanci to mechanical cereal
growers is the incidence of Take-all'Disease (Ofhiobol*s grami s).
The fungus survives in the stubble. and conirol methjds centie
round the hastening of decomposition of the funsus after the
stubble has been ploughed under. Carbohvdrate addit"ions facilitate
the decomposition of the funzus, but ;dditions of nitrosenous
fertilizers tend to protect it. Furthermore although straw pr6vides
carbohydrate it also tends to aerate the soil, ani aeratio'n, while
facilitating the decomposition of the fungus in the autumn and
winter, as-sists in spreading it when the following crop has been soun.
When Take-all- is prevalent the stubble should be ploughed at the
earliest possible opportunity together with addiiionit straw if
available. No nitrogen should be given and ploushins should be
shallow to facilitate aeration which at this stige is be"neficial. In
the following spring the seed bed should be heafr'ly roued to restrict
aeration and nitrogen may then be applied to the-crop that lollows.

GREEN MANURE

. Another possible source of organic manure is to grow and plough
m a gTeen crop.

The eflects of mustard, tares and lupins as sreen manures
preceding_kale were studied in a number ol ixperimeits at Wobum.
In. 1934, lupins weJe groln on alJ plots, the ireatments compared
belng: removing the whole plant ; removine the toDJ and bu-rvins
the-roots; buryllg the whole plant ; and birying t'he whole piani
and extra tops. The lupins were followed by iwo years of kale.

Yield with
whole
plaaLs

reooved

Itrclease iq vield with
Roots wtola whole
buried plaots and eitra

buried tops bu ed

-0.38 +3.16 +4.93
-0.07 +1.08 +2.16

s.E.
of

ioclease

1936 . .
Nitrogea buried

in 1${ 0b.
per acre) ..

3.54
rr.0l

+0.287
+0.489

The burial of the roots produced no beneficial elfect on the
vields of kale. There were substantial responses in lg34 where the
whole plants-w-ere buried, the response per'I0 lb. of nitiog"n Ur.i"a
being about 0.3 tons with the single dre:sinq of roos and"somewhat
less._with the double dressing. Ttre residuil effeits in lgBE were
smrlar, except that the double dressing was as effective per unit of
nitrogen as the single dressing.

The experiment was exlended in 1935, the green manures being
mustard, tares and Iupins; there were also some olots which lai
fallow preceding kale.- As rhe 1935 kale croD 'was eaten b'v
pigeons the green manr.ues were grown again in lg16; the yieli
of tale then was :-

Wobwn : KaL (tor$ pet d.rrl
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TABLE XXIII
Wob*tt : Rale (tons ler arrc), 1936

+0.60 +1.r3

Wobunt : KdL (tovs pu acre),lg}8
Increase io yield alter gleetr rnanure

Whole plaDt Roots Whole plant Whole ptraot
rerooved buried buried aod extra

tops buried

-1.86 -2.12 -1.54 -0.48

Mustaid
Lupitrs
Tares

+0.538

Mustard
Lupins
Tares

23766
641 77
6 53 106

With whole plarts or tops removed, the growing oI a green
manure crop of mustard reduced the yield of kale significantly by
over a ton per acre, while lupins and tares had litfle effect. Burial
of the tops increased the yield< significantly with lupins and lares.
Thc increases to the double drcsiings pei l0 Ib. ni trogen buried
were 0.39 tons for mustard,0.53 tons for lupins and O.5Z tons
for tares, the last two beirg significanrly grei.ter lhan the lirst.
Even with the addition ofextra lops, howevei, mustard proved little
if at aU-belter than fallow. though lupins and tares weie markedlv
better than fallow

The experiment was continued on the same site il lg37, but the
kale was badly eaten by birds. Notwithstanding this, the buried
tops of lupins gave substantial increases over fallow. In 1g38, on a
different site, the tares crop failed. The results Ior lupins and
mustard were similar to thosi described abot.e.

Crop

Mustard

Lupias

Yield
alter

fallow

rPlots severely allected by a strowstorE.

A comparison oI the manurial values of buried tares and mustard
is made each year in the Wobum green manuring experiment on
Stackyard, started in 1936. The lg37 and lg38 yields of kale were
exceedingly poor and showed no significant efiects of the green
manures. The 1936 results were:-

Wobarr. lsrarhydfdl Kdle : tons per acr.,lgi$
Gtee* Mantre

NonelMustardlTares

-,-i-

12.62 | t2.62 I 13.90

-1.r2 -I.68 -0.?0 +o.79+0.r3 -0.18 +2.40 +3.6r+0.53 +0.54 +3.66 +6.20

Nitrogen buried 0b. per acre)
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Mustard was again ineffective, but tares gave a significanl
increase of 1.4 tons per acre. The kale crop was Iollowed by barlev.
which gave a significant residual response to tares of 2.2 cwt. per
acre.

THE SOIL
One o{ the oldest problems in agricultural chemistry is to

attempt a forecast of the effects of Iertilizers on crops, this being
done on the basis of chemical analysis. It was at one time thought
that the protrlem was quite simple, and that a chemical analysis
of the soil would readily shorr its response to {ertilizers. Actual trial
has proved that this view is wrong; no method of analysis yet
tested accurately forecasts the effects of fertilizers: the soil is too
complex to allow the problem to be solved in an easy way. For-
tunately the liming problem is less dificult. Various methods
are in use for estimating chemically how mucb lime is needed, and
one of the most popular was devised at Rothamsted, but results
are by no means clear cut and much further investigation is necded
belore they can be regarded as satisfactory,

The whole subject is wrder investigation in the Chemical
Department.

The field experiments furnish numerous samples of soils which
vary in their responses to potassic and phosphatic fertilizers, and
these soils are exarnined chemically to find out how their composition
is related to the fertilizer results.

Certain rapid methods for approximate analysis of soil have been
examined and their possibilities noted, and a rapid pot culture
method of soil analysis is also being studied in the hope of evolving
something that will combhe the advartages oI the Neubauer and
the Mitscherlich methods witb certain other advantages. Now
that the new chemical wing is built it is hoped to sct up a slxctro-
graph which rvould, of course, greatly facilitate the whole of this
work and make possible rapid suweys that might prove oI the
utmost yalue.

Phosphorus compouttds in soil.--:lhe phosphorus compounds of
the soil have also been studied in the Chemical Department. This
subject is of particular imponance at the present time because our
field experimeni s indicate that. of the phosphate added as lertilizer.
only about 25 per cent. is recovered in the crop in ordinary circum-
stances: the rest remains in the soil, but it is, so far as rve can dis-
cover, in a lorm in which plants cannot easily take it up. On our
present evidence the soil is a poor store house Ior fertilizers.

In the Rothamsted soils much of the phosphorus is present as
iron phosphate even in neutral soils and those heavily duaged-
Fenland soils are remarkable in their phosphate relationships and
these are being stu<lied in detail. A large part of their phosphate
seems to be there in combilation with iron and alumirium. The
orgaaic phosphorus compounds in soil appear to be relatively inert.

Mangarese d,ef,iciercies in soils.-Ttree main types of soil
are Iiable to manganese deficiency as shown by characteristic crop
troubles.
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(l) Neutral or alkaline soils, notably recently limed reclairned
heath soils, which do not contain manganese minerals. These are
liable to " Grey Speck " of oats.

(2) Alkaline fen soils: these are liable to " Speckled Yellows "
of sugar beet.

(3) Heavily alkaline marsh soils, even if they contain manganese
minerals: these are liable to " Marsh Spot " in seed peas.

-{ll thee diseases have been remedied by suitable applications
oI manganese sulphate. It should be noted that they can all be
brought on by overJiming, and it is not dificult for a farmer to
injure his crops b\' putting on more lime than the crop really needs.

Cobalt def,iciewies iz soils.-Both in Australia and in New
Zealand animals grazing on certain pastures have suffered from a
disease traced to cobalt deficiency. In the Chemical Department it
has been shom that pastures in the Dartmoor area are also deficient
in cobalt; the sheep there suffer from a disease similar to that in
New Zealand. The remedy is to give a cobalt lick, but it is clearlv
desirable to make a suwey of other hill or moorland grazings.

Soil tr[burals.-Farmers recognise many different ty'pes of soil,
and soil suweyors make maps showing their distribution in par-
ticular areas. Birt in order to understand them properly it is
necessary to Iind out exactly how they differ, and investigations
both of the orgaric and of the inorganic constituents have long been
in hand. X-ray analvsis is now used in the Chemical Department
for the identification oI thc minerals in the various soil fractions
and examinations made this year have included soils from India
(in collaboration with Dr. A. Muir and A. D. Desai of the Macaulay
Institute), from the United States Bureau of Chemistry, from Malaya
and from the Malvern Hills. Special attention has been devoted
to the clay fraction as being one of the most characteristic and at
the same time most difrcult to investigate. It is being studied in
the Chemical Department by X-ray methods, and in the Physics
Department by other physico-chemical and physical methods. Each
set of methods reveals something about its constitution. The clay
fraction is not homogeneous, but its special properties are largely
due to certain components now under investigation. They are very
complex, and their smallest particles are shown by X-ray analysis
to consist of a lattice structure in which layers o{ silicon and orygen
atoms alternate sandwich-like with layers of aluminium and oxygen
atoms arranged systematically. The particles are electrically charged
and hence have associated with them various ions, of which the most
important from the point of view of soil fertility are calcium, and in
our conditions, hydrogen and potassium, but in arid conditions
sodium and magnesium. These cations are replaceable by others:
the " souring " of soil is caused by the replacement of calcium by
hydrogen; conversely the " sweetening " of the soil by timing is
due to the replacement of hydrogen by calcium. The electric
charges appear to originate in three ways. Some are due to isomor-
phous replacements within the crystal lattice and are Permanent
in the sense that they are not influenced by the hydrogen ion con-
centration oI the medium in which the clay is suspended, althouth
this determines whether they are balanced by H+ ions or metallic
cations. The other two kinds of electrical charges are associated
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wilh the surface of the clay particles when susp€nded in a solution
of an electrolvte. One is associated wilh acidic ,,spots " where
negative charges develop ar high pH values of the merl'irr" tUr"rsh
dissociation of the H l- ions which probably come from hvdroiyl
groups attached to silicon atoms at the corners and edgd ol tf,e
grystals. The other oI these two kinds of charges is associated with
basic " spots " which become positively cbargid at low pH values
of the medium through combination with H+ ions : the chemistrv
of this process is not kno\Mn, but it may involve an interaction with
an aluminium-oxygen group. These basic " spots " occur on many
of the common subsoilclays and indeed in some instances, a striking
example of which rvas a red clay from Natal, they are so numeroui
that rhey €xceed the permanent netative charg-es. In such cases
b1' regulating the degree of acidity the number -of positive charses
can be made equal ro the number-of negative charies and the ciiv
then carries no nett charge: it becomes incapable of retainins
exchangeable ions, e.g. it cannot, like a fertite ilav, hold calcium]
magnesium and potassium and supply them to the growing plants.

-The recognition of clays that ian thus becomd unchir'ged at
only a_moderate degree or acidity (pH b) is obviously of consid"erable
agricrrltural importance. The defect can to some exient t e remedied
b-y the-addition oI trumic material which at this pH is negatively
charged, and in such soils it is essential to maintain the suf-ptes oi
organic matter,

-These basic spots do not occur on all clays: montmorillonite
and kaolinite seem to be free from them.

Soil surveyors use the colour of the soil as one of its properties
{or classification, but the estimation of soil colours is vtiy'vague,
Dr. Schofield has devised an instrument for exactlv mea.uire
colour, and this has been taken over by Tintometer Ltd.'for exploita"-
tion on a commercial scale. The instrument should prove oi great
value to a wide range oI workers.

.Wakr suplly _to fla*ls.-The water supply to plants is at least
as important as the food supply, and it is weli knoiYn that different
soils sho\ remarkably wide variations in their power of holding
water: some retain a large part so firmly that plants cannot get itl
others hold the water witi much lesi lenac'itv. A meth;d oi
measuring the intensity with which soits hold water has been worked
out in the Phy"ics Depanment and is being developed for wider
use. Thc underlying conception oI water suition is 

-beine 
applied

to a study of the pore size &stribution in soils.

CROPS AND MICRO-ORGANISMS

For many ycars t he Bacteriology Department has been engaged
on a study of the organisms asiciated with lezuminous p'lai:ts
and onc o[ thc bcst known results has been the iorking oui oI a
method- of inoculating luceme seed before sowing: tlis is now
generally adopted by farmers.

Investigation showed that clover nodule bacteria are verv
widely distributed throughout the courtry, but that some of theiir
strains or varieties are much less eftcientihan others, One of tbe
poorest, found on the Welsh hills, has been studied in some detail.
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lt is so ineffcient that it can barely sustain its host Dlant: the
growth of the clover is miserably ioor. The reason ior the in-
effciency o{ such strains has now been traced to some incom-
patibility between them and their hosts: thev eet into the root
and start forming the nodule, and then commin& to fix nitroeen
just as the more efficient forms do. But in a very short time ihe
nodules begin to disinte$ate. Similar results have been obtaiaed
with pea-s and soya beans. Evidence was obtained that Dlants
bearing inefficient nodules produce some substance toxic t'o the
organisms and so put an end to their actMties. There is acute
competition between good and poor strairs of nodute bacteria in
the-soil, and lpparently those that multiply most rapidly are able
to dominate the others and to enter the plant.

Soil contajns quantities o[ unspeciatsed bacteria which have
hitherto be€n little studied but are imponant bv reasoD of their laree
numbers and variety. A survey to study their distribution undir
gjfferent 

- 
systems of cropping and manGng is being made in the

Microbiological Department. There is some iuggestio-n of a relation
between cropping and bacterial flora: comparison of the un-
manured plots on Broadbalk wheat field and on Park Grass showed
only two species of bacteria common to both, but on the other hand
four of the eleven species isolated from the unnanured park Grass
plot were found on unmanured grassland in other parts of the
country.

The process of denitrification whereby nitrates are reduced in
the soil to gaseous nitrogen ha.s hitherto been regarded as entirelv
anaerobic, It is now shown that this is not so. ;d that comDte6
reduction of nitrate to gaseous nitrogen can take place r_ilder
aerobic conditions with the difference that, for a CN-ratio o( IO.
the whole of the carbon supplied is used up under aerobic conditions.
but part of it is left untouched under anaerobic conditions.

Ught appears to have no effect on the process.
It is a commonplace that scientific investigations DroDerlv

clrried out are apt ro develop in wholly uaexpected diiectioni.
This work on soil organisms was soon found to pr6vide the key to a
particularly difficult practical problem, the purification of effiuents
from sugar beet factories and from mitk iactories. Bv arranRement
with rhe Department of Scientific and Industrial Researih this
problem was actively followed up for several years, u.ith such success
that at the end of September 1938 it had reached the stage where it
passed out oI our hands and could be handed over to the factories
as- a matter oI {actory technique. The work was done join y by the
Microbiologicat ard Fermentation Departments witL the c<r'rdial
co-operarion of Aaglo-Scottish Sugar Beet Crrporation (Colwick)
and United Dairies Ltd. (Eliesmere).

Soil fungi responsible for certain plant diseases are dealt $'ith
later, wbere it is shown that the peisistence of one oI the more
serious diseases is related to the bacterial activity in the soil.

The protozoa of the soil have also been studied and it is shorrn
that, in addition to rheir effect in reducing bacterial numbers. thev
have a further effect in raising the bacterial efrciency, as tt'e
members oJ a small bacterial population Ere more efrcient than
those ol a large one.
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INSECT PESTS OF CROPS

In the Entomology Department the staff investigate the factors
governing the rise and fall of insect populations. For some years
past the relation between weather conditions and population
numbers as sampled by a light trap has been studied and the special
feature of the work has been the use of statistical methods of a.nalysis
to ensure that the maximum of information is obtained from
the results and that no unwarranted conclusions should be drawn.
Important results are already foreshadowed. For the insects
studied the population level at any time is determined by the
conditions prevailing during the previous weeks or months, and
muitiple regressions have been worked out from which the popula-
tions should be predictable with fair approximation at least one
month beforehand. The principal factors concerned are temlrrature
and rainfall, the former being more important in winter and the
latter in surffner. The rainfall of two months previous has a greater
effect per inch of rain than that of either one moDth or three months
prevrous.

Population changes in the field have also b€en studied in carrot
fly, leather jackets arrd gall midges, ard in these the elfect of
parasitism is taken into consideration.

Other work on gall midges has also been continued.
.4. new line of work has been opened up which promises to be

particularly important when it can be developed in association
with a biochemist; at present no successor has been appointed to
Dr. A. G. Norman and in consequence the station is without expert
guidance on the subject- Investigations of cabbage aphis show that
the rate of reproduction of the aphides is dependent on the com-
position of the cabbage, and that the aphides themselves affect
not only the yield but also the composition of the cabbage. These
reciprocal relationships promise to be important and they wi be
worked up as opportunity arises.

Considerable attention is devoted to soil insects, esp€cially
those that live in grassland and may become serious pests when the
grass is replaced by aratle cro1x.

Dr. Willians'work on Insect Migration has been considerably
strengthened by the receipt of a grant from the Leverhulme Founda-
tion which has much facilitated the recording and study of observa-
tions. Those dealing with migrations of Cabbage White Butterflies
in Europe were worked up during 1938; other material is accumu-
lating.

I\SECTICIDES AND FUNGICIDES

During 1938 this work has been greatly extended under a scheme
sErnsored by the .{,gricultural Research Council and the Colonial
Development Fund and additional chemical and entomological
assistarce has been provided. It has now become possible to carryr
out biological tests throughout the greater part of the year, and
still further progress may b€ ex?ected as the selection oI more suit-
able test insects proceeds. Under the conditions of the grant special
attention is to be devoted to the insecticidal plants grown in Malaya.
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The chief work has been on Derris, and it has been concerned
with a critical examination of the methods of determinins rotenone-
the substance on the basis of which derris is usuallv stirdardised-
This was done in close consultation with the Imperi;l Instituti ani
satisfactory progress has been made. Some oj the other active
principles are being examined as regards both their chemical
constitution and their insecticidal activity.

Certain Australian plants used as fish poisons bv the aboricines
have also been exa"mined as insecticides, arid one of ihem. a sicies
of Tcphroia, was toxic to Alhis ru,micr's, but not to the s.he ,ixtent
as l)erris or certain species of Lonchocarpus.

The effect _of manuring on the yield of plreth-rum flowers, and
on their p]trethrin content, has now been fii;ly well ascertained.

VIRUS DISEASES
Considerable advance in this subject was made h 193g.In collaboration with Mr. N. W. pirie ot the Biochemical

Laboratory, Cambridge, work has been continued on the isolation
of plant viruses. From plants infected with two strains of Dotato
virus ' X," nucleo-proteins have been isolated which in man,i wavs
resemble those previously obtained from plants itrfected with t6bacio
mosaic tJT)e yiruses. Io oilute solutions ihese show the phenomenoD
of anisotropy of flow and when suficiently concentrate'd they form
liquid crystalline solutions. Wben precipiiated from solutioris with
acid or with salts tbese proteins are amorphous. From plants
infected with tomato bushy stunr virus anbther nucleo-piotein
has been isolated, which after precipitation with salts crvstallises
in the form of rhombic dodecahtdra. This is the fust virirs which
has beeD obtained in a ful.ly crystallioe state. It differs from those
previously studied in having sphericat instead of rod-shaDed Dar_
ticles, also in having a much greater nucleic acid conteat. \otliins
lile these proteins has been isolated from virus-free plants. althousfi
tobacco and tomato plants bave been fouud to contain relative'iv
large amounts of Foteins with large molecular weights. The con"_
ditions in which these nucleo-proteirs break down haie been studied
but none of the eyidence conflicts lyith the view that thev are the
viruses themselves

On the cytolotical side an approximate estimate of the virus
content of the abnormal " inclusions " Iound in cells of leaves
affected by Aucuba mosaic disease showed that its activitv is of the
same order as that of an equal weight of purified virus. 

-

Further studies were made of the relations between the insect
traDsmitted viruses and the insects that carrv them. Darticularlv
the effects of fasting and times of feeding.

FUNGUS DISEASES OF CROPS
" Take-all " dtsease (Ofhiobolus grambtis) cotrtinues to cause

trouble in wheat growiag areas and it is shown that the frasments of
mycelium persisting in the soil are the most important iource of
inlection. The fuugus produces air-bome ascospoies, but these are
apparently incapable oi initiating outbreaks of-disease in the field.

D
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The chiel factor in the Persistence oI the disease in a particular
field is therefore the length o{ time that rhe mycelium can continue
to survive in the soil. Fortunately the mycelium does not live
ildetinitely : it is attacked and decomPosed by other soil organisms.
The most'favourable conditious {or this appear to be (f) high
microbiotogical activity in the soil; (2) maximum soil aeration;
(3) temporary scarcity of nitrogen, which drives the soil organisms
to attaik lbe OPhiobolus mycelium for the sake of its nitrogen.
Co-operative experiments bave been started with the Norfotk
Asritulturat Station to apply tbese results to farm practice.

- Fortunately the English variety of the lungus does not attack
oats and in consequence oats can be sown on infested land il Eastern
and Southern England. Grasses also are not affected.

In Wales, however, it is different. Another strair or perhaps
even arother species of the fungus has been found there which
attacks both oaG and grasses, thu;differing widely from the English
strain. One hopes it will not irvade Eastem or Southern England.

The fungus-Fnsaui*ttt culnorum, which causes trouble to wh€at
growers hasalso been studied: it can colonise dead plant remains,
and was indeed the dominant {ungus, with Mucm sfp. as stb.
dominant, in decomposing wheat stubble for at least the Iirst three
months alter it had been ploughed into the land. Later oD these
were replaced by Penicillium srp. as dominants. Enrichment oI
the striw with nitrogen accelerit-ed the decomPosition but did not
alter the succession of fungi. The Practical signilicance of the
results lies in the fact that F. ctlnprun must now be considered a

regular member of the Jungus flora of tbe soil, since it can colonise
de-ad plant remains, and is therefore not restricted to a Parasitic
tife. It is, therefore, highly improbable lhat any system of croF
rotation will eliminate this wheat Parasite from the soil, so that
coutrol measures must rather b€ directed towards raisbg by appro-
priate cultural measures the resistance oI the cereal host Plant to
disease.

The iurrgus Cercosporella herfotrichoides, which causes lofuing
in wheat, was first found in thiicountry by Iltiss M. D. Gl1'nne at
Rothamsted in 1935. It was afterwards recognised iu a number of
Dlaces on wheat iu the southem half of England, and occasionally
Ln winter barley. and it was much corunoner in the wet season of
1937 than in the tlrier season 1938 when there was much less lodging
and the Dercentaee of infection was lower.

The eifects ol ihe firngus are more marked when wheat has ctosely
to follow wheat or barley than when a wider interval is possible.

STATISTICAL CONTROL OF THE EXPERIMENTS
Design of Field Experbnerls and Attalysis o! tlw rcsu s

It is obviously useless to make field experiments unless the
results are reliable, and long experience has shorm that the old
simple desiBns frequently give untrustworthy results; moreover
no 

-estimate of thair validity can be made. In the Statistical
Department new methods have been developed which enable the
exllerimeutal errors to be Properly assessed and which are Iar more
e6'cient than the older meiho'ds. 

-The 
new methods are now widely

used itr the Empire, especially in India, Ceylon, Malaya, Australia,
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the Sudan, and in manv parts of Canada and Great Britain as well
as in the United States. They are continuously beiag improved,
and dudng 1938 guasifactorial and incornplete block designs were
studied: these are alreadv much used in plant breeding work,
in experiments on virus disease and other problems. Designs for
rotation and other long term expriments are also being investigated,
and numerous experiments of this t,'pe involving many novel
features have been commenced at Rothamsted and Wobum.

When the experiments are done the results have to be analysed
and relations with metmrological and other data investigated.
The results of the Saxmundham experiments are being worked out
on these lires. Methods oI dealiag with survey data have been
developed, and used in an enquiry into potato blackening carried
out for the Potato Marketing Board in conjunction with the Imperial
College Botany Department.

The Statistical Department also does a good deal of work in
associatiotr with other bodies: duriag 1938 it carried out an
investigation Ior the Forestry C,ommission on methods oI sampling
for yield of timber.

Sp€cial attention is given to tbe study of methods of crop
Iorecasting: this is done in association with the Plant Physiologist.
The particular crops at present under investigation are wheat,
potatoes, and sugar beet.

FIELD EXPERIMENTS AT OUTSIDE CENTRES, 1922-38
When the wheat experiments on Broadbalk field had been carried

on for eight years, Lawes repeated certain of them on lighter soil
at Holkham, Nortok e) for four successive years, tbe manures
beiag made up at Rothamsted. Five years later some Kentish
farmers who had visited Rothamsted were so interested in the
wheat field that they offered to repeat the exp€riment in their
own area : this they did for six years at a centre near Sittingboume.
Writing of these exp€riments (r) Lawes aJrd Gilbert say : " It is
highly desirable, in a practical as well as a scientific point oI view,
to determine, by means of care{ul experiments, whether or trot the
action of particular manures on particular crops is substantially
similar on different descriptions of soil and in dilferent localities."

Although the need was clearly appreciated the early records
show ferv excursions to outside farms apart from the above, In
1876 the Woburn exlxriments began and the main treatments of
Broadbalk aud Hoosfield were repeated on a light soil and mah-
tained for 50 years.(o)

Until after the War the small size oI the stalf had not allowed
of any but occasional experiments outside oI Rotbamsted; this
became possible as soon as the staff was eularged. There were,
however, certain administrative difficulties as the scheme under
which research institutes then worked did not envisage investigations
outside the institutes, except at the request of the local authorities.

0) J. B. Ir*cs. JoDr. Roy. Agric. Soc. Eog., 1866 ; 16 ; p.2O7,
(r) J. B. I-alres aDd J. H. Gilbert. Joor. Roy Agric. Soc, EDg., 1862;

9, ,' p. 31.
(.) E. J. Russeu and J. A. Voelcker- Fifty years of ficld c4erimeotr at

Woburu EDeriEentd StatioD. Rothamst€d Moootr.ph3 Atric. Sci., 1036.
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These difrculties were gradually overcome, and in l92l a serious
start was made with f-ield exieriments on commercial farms ir
connection rvith problems arisii.rg out ot certain reorganisations -of
the fertiliser industry which wele then proceeding. In 1922. the
work was extended:" experiments were begun under the aegis 9!
the lDstitute ol Brerving io test the effects of fertitisers on tbe yield
and quatity o{ barley grown on a number of good barley Eror,ving
farms'in rianv Dafi; ;f the country. The reiults were published
periodicallv in-the Institute's -foumai, (') and firally s"rnmarised.(5)
ihe station also became assoCiated with the Leadon Court Farm ol
Sir E. D. Simon where a large scale trial was made of the use of
arable crops for dairy farming. Other experiments dealt_with the
pos,lbilitriof using muriates(6) and silicates as fertiliser. The work
irad norv so much increased that T. Eden was appointed to suPervis€
the experiments.

Gradually the organisation of these outside exPeriments was
developed. They were usually repetitions oI exFrimelts at
Rotharnsred, and the plans were sent out to co-operators a-t

agricultural colleges, and-the results were worked uP at Rothamsted
and circulated to all concemed.

ln 1924 the Royal Agricu.ttural Society of England gave a
grant for experiments on green manuring at outside centres(?).
These were much more difficult to carry out than the manurial
exoeriments since thev involved the successful establisbment of
thi green manuring irop as wel.l as the croP whose yield was
measured. In the meantime grazing exPerimeats evaluatrng m
terms of live weight increase the effects of different types oI basic
slag on grass land had been conducted at Rothamsted for some year_s

and theie were extended to the outside centres (8) in 1925. This
type oi work involved much closer supewision than anyttring
priviously and this was secured by enlisting the helP of local
workers.

The above experiments were carried out on the then accepled
technique of singlc large plots, or sometimes duplicated or trip-li
cated ;^ but by 1926 the improved plot arangements dweloped by
R. A. Fi,her had proved 50 advantageous at Rothamsted that they
were adopred on ciommercial farms ai the outside centres; H. J' G.
Hines being in charge (e) ; and henceforward the lield results \rere
publi"hed !-early ir the Statiou Report in tbe same form as the
hor ha"m.re'd exlieriments. Two sections are maintained ; the first
contairirg expiriments carried out entirely by the Rothamsted
stalf ; thd sec6nd comprisirg experiments deii$;d and siatistically
anah'sed at Rothamstad, but conducted in the tield by local workers
withlittle or no assistance from the Station. In 1928 a scheme was
begun whereby certain schools possessing the necessaSz land were

(.) E. J. RusseU. Jou.r. Iast. Brew., 1923 ; 29 ; 9. 621: aDtl subBequcDt
volumes.

(5) E. J. Russetl and L. R. Bishop. Ibid., 1933 ; 39 ; p.287-
i.) in. Agric. BuU 28. hd Eda., 1932. pp.62, 80,81.
a?) H. J. Page. Rothamsted Coalereocls, 1927. No. 3, P. 13.
(.) Rothamsted StatioE Report, 1925, p.24.
('i J. wishart aEd H. J. G, Hi,res. Jour. MiE. Agric., lS29; dA; p.624.

H. V. Garoer asd J. Wishart. lbid., 1030; 3f i P.7e3.
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invited to repeat certain of the simple experiments. They operated
on a verSr snall scale with plots of 1/160 acre or iess instead of l/50
acre or more, but this was partly offset by painstaking attention
to details o{ cultia'ation. Approved designs capable of ordinary
statistical treatment were employed. This work has since dweloped
and has proved advantageous both to the Station and to the schools
themselves. eo)

In 1929 II. V. Garner took charge, and the work on the lines
previously laid down was consolidated and extended to take in
more centres and a wider range oI crops. The field methods in use
at this period, and the sampling procedure that enabled a start to
be made on the study oI cereal crops on commercial farms were
put on record. (u)

From 1933 onwards much attention has been directed to the
organisation ol groups of experiments, uniform in desigrr, made in
as rnany areas as possible. The method had been used previously
in the Institute of Brewing Series on barley in 1922, and the Basic
Slag Committee Series on hay in 1926; but the extent and scope
w,as widened when in 1933 the poultry manure investigations of the
Ministry of Agricr.rlture were put under the direction o{ the Station
and still more when the Sugar Beet Series was undertaken with
the co-operation of the Sugar Factories. Thar*s to the managers
and the agricultural staffs, and larmers concerned, experiments
on sugar beet have been conducted on a scale quite out of the ques-
tion under the previous arrangements. In 1927 only 12 sugar beet
plots were harvested in addition to those at Rothamsted and
Wobum; by 1932 the number had risen to 660; but the effect
of the factory scheme and the increasing co-operation of local
workers has raised the plot number to 1,360 in 1938. The results
are reported annually to the Sugar Commission. (13)

The operation oI the poultry manure scheme had two importalt
results. It b,rought under modern experimentation a series of market
garden crops whose manurial requirements had hitherto been little
studied; and it called for new field designs to bring out direct,
residual, and cumulative eIlects. This in its turn involved arrange-
ments with the experimenters for maintaining the same experi-
mental area under various treatments for a series oI years with a
rotation of crops. This t,?e of work is likely to develop, as more
attention is devoted to the long range effects of fertilisers especially
of organic rnanures. Unforturatelv it makes much more demand
on al1 concemed than the usual t}'?e of annual experiment. Tle
poultry manure results are collected each year both for the Ministry
of Agricultue and in the Station Reports. (13)

The rnanuring of potatoes has been studied in important fen
land and silt land areas with the co-operation of farmers anxious
to test local practices. Thirty-one experiments have been made on

(!) II. V. Gartrer. Scttool ScieBce Revie\r, l93l; No. 48, p. 371.
Ibid., 1037; No. ?4, p. 268.
e) II. V. GarDer. RothaEsted Conlercaca, l93l; No. ,3, p.49.
D. J. Watson. Ibid., l03l; No. 73, p.54.
er) RothaEsted Statiotr Rq)orts, 1933, p. 167; 1934, p. 215; 1035,

p. 2l? ; 1S36, p. 21r', 1937, p. r75 ; 1938, p. 00o.
(r) RothaEsted Statior Rq)orts, 1933, p. 16l; 1934, p. 206; 1935,

p. 209; 1936, p. 233; 1937, p. r70; 1938, p. 000.
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the black land and ten on the silt land since the series started in
1928- The results have been of considerable interest locally and
have brought out the need for potassic and nitrogenous manuring
ia the black land area. (L) Other potato experiments were concerned
with the relative values of the ordinary inorganic fertilisers and high
grade organic manures, dried blood, steamed bone flour, and
occasionally fish meal. No evidence of superiority oI the organic
Iorms could be obtained lor the lirst crop, potatoes, indeed any
differerrce observed was usually in the other direction. (16)

The increasing importance of kale in the root area led to experi-
ments on its response to nitrogenous manures and on the eflect of
thiming out the plants in the rows. Manv of these trials were made
at the Midland Agricultural College.

fn collaboration with Mr. A. W. Oldershaw oI the East Sulfolk
County Council, some fruitful exp€riments have been started at
Tunstall, bringing out quantitatively on the acid sand the eflects
on a rotation of crops of varying doses of chalk. Other experiments
deal with the value of magnesian limestones and basic slags on
acid soils, and the fertiliser requirements of sugar beet and potatoes.

More recently the fertilising value of treated town refuse has
been tested at the outside centres but this work is for the moment
in abeyance. The effect of granulation on fertiliser efrciency is
being studied and this work is to be extended to include studies
of the effect oI the location of fertilisers in relation to the seed.

Pncision atbiacil
The degree oI precision obtained in replicated experiments

at outside centres compares {avourably with that obtained in
similar experiments carried out at the central experimental stations.
For every experiment published in the Rothamsted Station Report
the standard error of a single plot is recorded as a percentage of
the mean yield of all the plots. In Table XXIV will be found these
figures averaged over the period 192G38 for the various cla-sses of
crops at Rothamsted and Woburn, and also at outside centres.
They include all experiments with the exception of a few in which
the crop was practically a Iailure, or where the agricultural notes
showed that certain plots were seriously damaged by disease.t

TABLE XXIV
Sta',rqtt Errort le, ?ror, ?cr ctn, ol r,.ar. yia&--192Ett

RothdrnsLd aid Wob*ri Otdiir, Cart as
No. oI S.E, No. oI S,E.

etp€riEcntr % €rpcriEe[ts %

6'
20
32
l3
l8

t0.9r
0.9
8-2'
9.4!
7.sl
8.61

36

ll0
281
t2
u

8.0
9.1
8.4
8.8
8.3
8.6

' The StaDdard Errors in these experiEenls were:-
Potatoes (maitr crop) 42. l, 22.7, 24.0, 2 1.0 Fr ccDt.
Potatoes (early) 5{.0. 49.9. Sogar Beet 3:.5. 25.6.
Kale 26.?. Oats 20.6.

(r.) H. V. Garuer. RothaEsted Crslerctrces, 1934; No. ,6, p. 4.
(I) Rothamst d St ti@ Report, 1030, p. 32.
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Experiments o{ equal size and the same design should therefore
yield results oI about equal accuraclz whether made on an outside
farm or an experiment station. Greater precision on individual
comparisons may actually be secured at the experiment stations,
however, since larger numbers of plots giving greater replication
and higher accuracy can be handled in a single experiment than a
busy larmer can cope with.

The magnitude of the standard errors obtained with vegetable
crops has been recorded.(1?) Owing to the smaller numbers of
erperiments the average values are less well determined than in
the case of farm crops, but the figures indicate that, altbough
vegetable crops are somewhat more variable than farm crops, the
existing experimental methods can give definite and useful informa-
tion on {ertiliser questions. For micro-plots conducted at schools
the standard erors are, as might be expected, as a rule somewhat
hiBher than the normal r,'a1ues obtained from full-sized plots, but
none the less tbe experiments hcve provided numerous results
that attain stalistical significance. (ro) A brief summary of some
of the main conclusions from work at the outside centres may now
be given.

Barlcy. First Series 1922-1925: The yield of barley was
influenced much more by nitrogenous than by phosphatic or potassic
Iertilisers. The two latter gave generally only slight increases on
farms in which the root crops, and in some cases the seeds also,
received additions of mineral manures. Soil and season had much
greater influence on the nitrogen content of the gain than had
manuring. Moderate use of nitrogenous manures (l cwt. Per acre
of su\rhate of ammonia) gave substantial increases in yield witb
no loss of malting value.

Ammosthtm CNoride. 1925-7928: On barley ammonium
chloride was somewhat more beneficial both on leld aad quality
thaD sulphate of ammonia. On mangolds and sugar beet it vras
about equal but on potatoes it was less effective.

Gree* Mamtring. 1924-1926: Trials with summer arrd autumn
sown catch crops and with undersown crops were greatly
by the difrcultv oI establishing the Breen manuring crop. Even
when grown and duly ploughed in, the following croP was in most
cases only slightly benefited. The few experiments that succeeded
show that green manurhg can give good results uader correct
conditions.

Basia Slag- The work on basic slag and rock phosphates has
been too extensive to admit of any adequate brief sumrnary.
Dr. E. I{. Crowther has recently discussed the results,(l') and they
are reported in full annually to the Basic Slag Committee oI the
Ministry of Agriculture. The yield of hay and o{ repeatedly mowrt
grass, and the recovery in the berbage of added phosphoric acid,
ahowed a fairly close relationship with the citric solubilities of the
slags employed. Rock phosphate was much more active on acid

0') Rothamsted StatioD Report, 1535, pp.32-12,
fr.) H. V. carDer. Scbool Science Review, 1937; No. ?4, p.268.
(r.) E. M. Cro*ttrcr. Jour. Rry. Agtio. Sd. Eng., I93f; 95, p. 34.
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than on neutral or alkaltte soils. The imDrovement in the ohos-
phoric acid and calcium content of herbale following phosplatic
manuring was often very considerable.

Pol.alacs on FeaLand Soils. There are two t\pes of black soils:
(l) light len soils resting on a thick bed of s'imilar unweathered
material underlain by clay, which, however, is not brought up to
the surface: and (2) the heavier soils in which the su;face'soil
has had recent artificial additions of clar', or I'here the clay subsoil
is so close to the surface that a certain amount of admixture takes
place b_y very deep ploughing. In the first tpe potatoes have
responded well to potash, usually to nitrogen also, and to moderate
doses,of superphosphate, 5 cwt. per acre. The heavv lcns, on the
other hand, har-e so far shown little need for potash, but thev respond
to hcavy dressin_gs of both nitroten and pliosphate.

Polaloes ott Silt Land. Thesi soils in th; \l'isbech area have
been very highly farmed for a long period. Under these circum-
stances maximum yields have been obtained by rhe use of onlv
moderate dressings of artificials as distinct from the exceedingly
heavy dressings locatly in favour. The experiments a.re beini
repeated in the same plots lo ascertain whether the observed effeci
holds for one year only or whether .maller dressings \^'ill now
suffice for a series of years. Nitrogen and DhosDhate iave oroved
more important than potash on tf,ese goocl silis, especially when
dung is aprplied.

Dried. Putltry Mamtre. As a source of nitrogen, dried poultry
manure is only about 2/3 as efleclive as sulphaie of amm'onia iir
its.year o{-application. The design of the'exlxriments enabled
residual and cumulative ellects to be investigated but these turned
out to be small even when the dressings had-been repeated for four
years.on the same plots. The experiments had special value in
directing attention to the manurial responses siven bv market
garden crops grown rmder normal commircial condition;,0t) and
also in developing the technique of estimating rhe vield df crops
han'ested on a number of successive occasions.

Corcenlraled Oryanic Mamrres. Dried blood and steamed
bone flour, or fish meal, were never superior for Dotatoes to
ordinary mileral fertilisers providing equal nutrients, aid occasion-
alll' they were significantl.r' inlerior.

Sugar Bcct. Numerous sugar beet experiments are in orogress
under the scheme of sugar beit Researcli and Education lnd the
present results have been surnmarised. (1t) Sulphate of ammonia
is in all soils and seasons the most consisterrtiv effective of the
fertilisers tested. It is least elfective in fen hnd soils and in verv
dr5r summers. Three to {our cwt. per acre mav be used with coi-
Iidence on mineral soils and in normil seasons. Il markedlv increa-ses
the tops and is as effective at the higher as at the lowei&essings.
It reduces th9 sygar p€rcentage in the roots bv about 0.1 per cent.
per c*.t. applied, but this disadvantage is more than offsei bv the
much larger yield increase.

(rt) Rothamsted Statiotr Report, tggg. pp. 32-42.
_ (r.) E_.. J. Russell. Britjsh Sugar Bect ftLvicw, l93S; ,2, p. IO9. H. V.
Garner. Ibid., 1939; ,3, p.4t. -
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Muriate of potash had done well throughout the series especially
on light and fenland soils. Its effectiveness is increased when
used with a nitrogenous manure and a balance between these two
should alwavs be maiatained. Potash increases the sugar
percentage by about 0.1 per cent. I)er cwt. applied.

The effect of phosphate depends on seasoa and on soil type.
Coarse sands and lenland soils have unifornly responded to
moderate dressings of phosphate (3 cwt. per acre), and in a few
experiments a heavier dressing of phosphate had been justified.

Kalz. }i.ale responds readily to nitrog€nous manures, giving
an average increase of approdmatelv I ton of green stuff per I cwt.
of nitrogenous manure applied. The increase is smaller, however,
in exceptionally dry summers, or where high yields (35 tons or
more) are obtainable without additional nitrogen. Thinning the
plant in the rows tended to reduce rather than increase the yield
I)er acre.

Toun Refusc. A treated town refuse applied at the rate of 12
tons or more per acre gave promising results in the year of appli-
cation, its nitrogen having approximately one hall the value oI that
oI sulphate of ammonia.

Limirg Materials. Experirnents on lirning have be€n conducted
mainly on the acid sands of East Anglia and in particular on the
Tunstall experimental Iarm. On these acid sands a small dressing
ol ground chalk has had rernarkable effects. At Tunstall I ton of
calcium carbonate per acre has acted for se!/en years, giving live
excellent crops of sutar beet, one good crop of barley and a useful
crop o{ rd clover on land which previously would carrlr none of
these crop6.

Comparisons of ground limestone with ground dolomite showed
no dilference so far as the sutar beet crop is concemed.

Fudhcr DelelofteNs. The experience of the past ten years
has shown that modem methods of lield experimentation may be
applied to root crops with complete success witbout appreciable
disturbance to the routine of a commercial farm. Crops harvested
on several successive occasions, such as Brussels sprouts or French
beans, require considerable extra supervision aud the experiments
must be either fairlv accessible to the research station or mainly
under the control of local workers. Hay experiments also can be
undertaken at outside centres but in catchy weather the weighing
of the produce may be protracted, necessitating the presence of a
recorder for several da]rs.

Cereal crops present more diftculties. The large barley plots
o{ the early experiments were harvested in the ordinary farm way,
but this is out of the question Ior modem small replicated plots.
Several alternatives have been tried.

(l) A number of small random samples cut with shears at the
ordinary stubble level are taken from each plot, transported to
Rothamsted and threshed in a special small machine. The y.ield
per acre is then calculated from the areas actually sampled. 

-

(2) The produce of every plot is weighed on the field and a
sample is taken fiom each plot either (a) by ra.ndom setection of a
sheal and random sampling within that sheaf, or (D) by $ab
sampling either from sheaves or loose produce. All tbe samples are
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taken to Rotharnsted and tbe ratio of grain to total produce is
determined by small scz.le threshing as be{ore, and the grain yield
is then calculated.

Several dificulties still remain. Small scale harvesting necessi-
tates a certain amount of walking about in the standing crop
especially when sampling from the standing crop by the method
first described, and this naturally does not commend it to farmers.
The second method requires expert sclthesmen who are not ahrays
available. Cereal harvest also is a time of greater stress tban root
harvest and extra hands for experimental work are not easy to
obtain. It is further necessary to induce Iarmers who have already
carried out an experimeat in roots to continue the existing plots
in the following cereal crop. This is not always easy because the
main effect of the manures has been shown in the roots with com-
paratively little effort, while the problematical and certainly
subsidiary residual effects in corn involve additional trouble. Bad
weather moreover tends to keep the field staff stationed away lrom
home for longer periods when engaged on cereal experiments than
on roots. Field weighing of roots can be done under weather condi-
tions that would stop corn harvest for several days.

None the less the successlul carrying out of cereal experimerts
is an essential development at outside centres, for only in this
way will the full study of fertiliser effects be possible. Many of the
sugar beet experiments and alrnost all tests of organic manures and
liming materials involve the harvesting oI cereal crolx for their
complete examination.

INSECT PESTS AT ROTHAMSTED AND WOBURN, T938

A. C. Ev.r.xs
GENERAL

Little trouble has been experienced from insect pests this year.
No Iurther occrurence of the Wheat Mud-beetle has been recorded.

WrBer
Wheat Blossom Nhdges (Sitdillasis ntosdlana Gdhin and

Contzrbtia hitici Kirby) have decreased considerably in number.
Number of Larvae per 500 ears

1937 1938
C.,r;,ici .. 2,668 378
C.tmsellsna.. 3,409 7W

K^Ir
On Fosters, Flea Beetles (Plryllobcla spp.l severely damaged the

seedlings which survived a dry period in early summer.

SUGAR BEET AND MANGoLDS

The Black Bean ApNs lAph;s Jdac Scop.) wes rath€r plentitul
on the mangolds and sugar beet on Barnfield and the Irng Hoos
experiments in early JuIy but the plants grew afley successfuly
and no obvious damage was done.
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BEANs

The spring Beans on Great Harpenden were ruined by the
Black Bean Aphis. The winter Beans on the same field were badlv
attacked in places. Spraying was not practicable owing to the
density of the plant.

\{osux}l
No serious pests B'ere noted. Aphids (various species) were

comrnon on several crops but no obvious damage was done.

FUNGUS DISEASES AT ROTHAMSTED AND WOBURN, 1938

MARY D. GLYNNE
GBNrnar

The dry season of 1938 produced differences in the incidence of
several diseases compaxed yrith the wet season of 1937. Thus
Eyespot Lodging of wheat caused by Cercosporclb lurfotrichoi.des
Fron. was much less severe thau previously and Brown Foot Rot
of wheat caused by F*sarium sp. was more frequent thar usual.

WEEAT

Eyespot Lodgiry (Cercoslorella lwpotrhhoiiles I.ton.) produced
no general lodging oI wheat on Broadbalk in 1938 when the avemge
percentage cukns inlected at harvest in the whole field was estinated
as about 40 per cent. In 1937 lofuing had been very sesere with
over 80 per cent. of the culrns infected at harvest. In general,
observations have indicated that serious lodging is caused by the
disease only nhen about 80 per ceut, or more of the culms are
in{ected. Individually lodged culrns could be seen lying criss-
crossed in the otherwise apparently upright crop on Broadbalk
in 1938 and these showed a high percentage in{ection while upright
culms showed a low prcentage. The disease was found in lg38 on
Hoosfield on the dternate Wheat and Fallow Experiment to a
less extent than on Broadbalk. It also occurred, but on relatively
few culms, on some of the rvheat grown in rotation at Rothamsted.

" Eyespot Lodging " was approved in December, 1938 by the
Plant Pathology Committee o{ the Britis}r Mycological Society a-s

the corrmon name of the disease caused by Cercosforella horlo-
trichtidcs Fro*

White Straw Disease (Gibdlitu caaaJis Pass.) was first found in
1935 on I{oosfield on the Altemate Wheat and Fallow experiment
ard to a very small extent on the adjacent plot of the Soil Exhaus-
tion experiment. As the only other records of this disease show
that it has occurred in Italy, Ilungary aad as a rarity in central
France it has rather a special interest. It re-appeared in the dter-
nate Wleat and Fallow experiment in 1937 when the B series oI
plots cropped in 1935 again bore wheat, but none could be found in
1936 on the A series of plots. It was a little surprising there{ore
that in 1938 when the A plots were next cropped more diseased
plarts were found than i,o 1936 or 1937. The disease caused severe
damage to the plarts attacked but these formed only a small pro-
portion estimated in 1938 as I to 5 pet cent. o{ the total number.
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No sign of the disease could be found on Broad.batk or on anv
other wbeat grown at Rorhamsted or Wobum-

_ 
Brown Foot Rot lFusaium sp.) was more than usuallv freouent

at harvest, sometimes causing individual culrns to lodse or io o.o'do""
whiteheads. Its incidence varied on different plots"on Br6adbalk
and showed some tendency to be greater on ihe plots receivilg
heaty nitrogen. On these and on some of the commercial wheai
crops as many as 33 per cent. of the culms showed sims oI in{ectionat harvest, but of these on)y a small proportion "were 

attacked
severely en-ouBh to cause either Iodgbg br whiteheads.

Take-all (Ofhiobolus gramhis Saic.l'. The season was in general
not very favou.rable to this disease. It was found. but infreo"uen v-
on Broadbalk at Rothamsted. On the Continuous Wir""i.o*il
ment on Stackyard lield at Woburn the disease had increase'd a.
compared with the previous year and its distribution in relaiio;to manurial treatment showed a close similaritv lo that {ounri in
the years l93l-33 betore it was fallowed in f Sga'and i9i; --- -
- . Mildew lErysilhe gtamiris DC.) was moderate at Roitram.tea.
berng more severe where heavy dressings of nitrogen were aoplied..
,^ ..lrose Smut (Ustilngo Ttitici @ers.t Rostr.) was slight boih at
Rotharnsted and Woburn.

Benr"sy
Take-all (Olhiobolus graminis Sacc.) was slisbt on the Contin_

uous lrarley plots at Rotha.msted and Woburn ird moderate after
green manure on Lansome field, Woburn.

-B-tgy" fg.t Rot (Fttsarium sp.) was slight at Rothamsted.
lrt$y (prysiflu Srazrrzrs DC.)'was slig[t.
Leaf 9Jripe (Heliinthos.potit4i gramiitm Rabenh.) occurred

occasronally on-the Commercial Barley on Ijnsome field, Wobum,
where unireaied seed saved from ihe farm had been usecl. On the
Green_ Ma.nure and other experiments .Uer" .o*-e."iai ,""a
already treated was used, the disease was absent. Leaf stripe used
to occur frequently but since the almost universal adootion'of seed
treatment by commercial firms it has now oracticalhi di
except rf,hen untreated seed is used.

GnessBs

, Cho.ke (Elichlae ty?hino (Fr.) Tul.) occr.rred as usual on
Agrostis on the grass'plots anh ri,a^s m6st plentiful on the acid
plots -where also Agtoilis is most frequent.'It was rather more
abuadaut than in 1937, when however t-here was rather less than in
previous years.

Crown

- Rot (Sclaolittit Trifoliorum Erikss.) caused death of some
plants and of the outei leaves of otheri in the early sprirg ard
previous autumn both at Rothamsted and Woburn. 

- ^ "
Bnoeo BreN

Bobyth spp. causing two types of lesion, the limited, known
as '' Chocolate Spot," and the rmlimited t\rpe, was unusually
slight at Rothamsted.
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Poem
* .| E s.- Ire! O"op Strea.k was fairly common at Wobum otr
Butt Furlong field.

Bligbt (P@ilttlola inlastarts Ofiont.l de Bary) ras observed
as slight on the Four-course experiient <in Hoosfiieid in Augut.

FARM REPORT, 1938
Weathel

The outstanding weather feature of the vear 193?-Bg was the
severe drought during the spring and summir months. The total
rairfall for the year was ofuv 20.08+ inches comoared with lasr
year's total of 35.859 inches 

-and 
the 85-year avdrage of 28.710

inches. Ten of the twelve months had rainfall belonithe ave.aee.
and the _six months April to September only had g.laa incdes
compared with the average of 14.029 inchej. The winter was
generally mild and there were only two frosts of anv severitv.
Mean temperatures were slightly a'bove average. Thdre was in
extremely warm and sunny speli in March, but-the total sunshine
lor the year was below normal.

IAeather ad Crols
Conditioos from late auturrm to early spriag were generally

favourable to farm work, and all root crops 
-weri 

eather;d unde;
good conditions. The land which was piouehed "bv the end of
1937 worked down well in spring and good seed beds iryere obtained
gaxly lor the spring cereals. Owing to the absence of frosts the
late ploughed land was difrcult to-work down. The continuous
dry weathe,r 

-soon 
slowed down growth oI all corn crops and towards

the- end of _May-most (rolx were tuming yellow.' However the
little raitr which feU at the end of May broig[t about aD immed.iate
change in the com and bean crops. These itarted to srow raDidlv
and charged to a darker and moie uniform colour. T"he continuJ-
tion of the drought did not apEear to affect the com croos afrer
this,.and yields were exceptionally high. Allhough the ieather
conditions gave rise to excellent yields of grain, t-he straw yields
were not correspondingly high, and in many exDeriments tbe-vield
of grain was higher than the yield of straw-.

The root crop areas whicb were worked dowr earlv produced
good seed beds, but those tbat were not worked down bjtfie middle
oI March dried out into hard unworkable lurnps, and gdod seed beds
were diftcult to obtaitr. Yields of beet were rather-poor, but the
w.eight of the-tops was in most cases up to average 

-and 
was well

above the weight of roots. Sugar percintages wele low.
The dry weather during the summer enabled the we€ds to be

kept under control easily. The germination oI seedUngs was slow
and they were far less numerous than usual. The stibbles were
far cleaner than usual, and as these had been softened bv storms
during harvest they were ia good condition for working. Advantage
was taken ol this and all stubbles were cleaned eitf,er bv sha dw
ploughing or cuttivating, followed by several harrowingsl
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The experiment on newly-ploughed-up grassland, to determine
the best crop to utilise the stored-up fertility, could not be com-
menced, although some o{ the preliminary work was carrted out.
The ground during the srunmer was far too hard for ploughing,
and by the time the ground was soft enough the sea.son was too far
advanced to expect reasouable autuma sown crops. The ptoughing
will now be done in the late winter of 1939, and the autumn-sown
crops will be replaced by the same crops to be sown in the spring.

Cbssical Exlcrituttts
Broadbalk was plougbed in September, only the one ploughing

beilg given. Dritling took place rather later than usual as n'e
waited Ior rain before commencing this operation. The wheat
looked exceptionally well throughout the year, and at harvest
every plot was standing well. This is the first occasion for many
],ears that all plots were standing at harvest. Some of the plots
ripened earlier tban others so the cuttiag was done at two different
times- There was some bird d,yn,ge both before cutting and while
in the stooks, but the darnage was not so severe as in past years.
Sections I and II of the dunged plots contained a lot of wild oats
but otherwise the field was much cleaner than usual.

The wheat plart on Hoosfield Halfacre was rather thin, but the
straw was long and the ears of good size. Before harvest the crop
looked better than it had for many years. There was no sign of
wireworms or wheat butb fly damage.

Iloosfield barley plots worked down to a nice seedbed, and
sowing was done in late FebruarJr rmder excellent conditions. The
plant looked x,ell early, but late frosts aad lack of rain caused a
slight setback. However, the barley grew away later, and at
haxvest was an excellmt crop with all plots standing.

In Agdell field the clover looked a nice even plant fur auturnn,
but much was killed oIf during the winter by Sckrotbtia. I{owever
a Iair plant remained, the plot which received full manuring for
the root break looking Inorest. Very little growth took place
until late in May but then growth started Iairly quickly after rain.
Tbe plot receiving mineral maaures only stood out as having the
best plant and making the greatest growth.

BamJield was ploughed rather late, and considering the few
frosts there were, the land worked down quite well. All seedbed
preparations were done when the soil was dry, and the land was
ready for sowing by the end of March. Sowing *as postponed in
the hope of rain, but as none had fallen by early Uay drilliog was
done. The plant came through rather slowly but a good thick plant
rvas Iinally established. Singling was dificult owing to the hard
state of the ground. Fair grorth was maintained throughout tbe
season and yields were almost up to average. Weeds were kept
under control easily as the dry weather retarded their germination
and trowth.

Mdent Long-Tcr* E*[aimois
Fun Cuose Rdalion. T\e wheat was sown under good con-

ditions and came through nicely, though it became a little patchy
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later. The crop evened out before harvest and though the straw
was short the lelds of grain were very good. The barley was sown
in a fair seedbed but much of the seed was taken by birds shortly
after dri.lling. The crop looked rather gappy and uneven, and
th.roughout the year was the most backward barley on the farm.
Ilowever, yields were up to average, the $ain yield being above
the straw feld. The ryegrass was sown late and germination was
extremely slow. Only a thin plant was established and subsequent
growth ras slow. A little growth of flowering heads took place iD
May but there was no bottom gmss, and yields were very low. The
wheat stubble lor potatoes was ploughed across the usual way, and
the second ploughing was done across these furrows. The land
worked dovn quite well but the sets $'ere planted rather late- The
crop looked poor throughout the season and yields were low.

Siz-Co*rse Rolatiott. Tbe clover stubble was ploughed early
to give a bastard Iallow before the wheat crop. The wheat looked
well throughout the season and had a remarkably dark colour.
Grain yields were well above average but stra\r' yields were low,
The mustard catch crop between the rye and sugar beet made very
little gowth. The seedbed lor beet worked down weli, but sovring
was delayed in the hope of rain. The yield of roots and the sugar
content were lo\y and there was more weight of tops than oI roots.
The clover plant was thick and even, all.d looked well in spring.
However growth during the su[lmer was very slow and the crop
was not cut until the end oI June. The wheat stubble was ploughed
early so that a second ploughiag for potatoes could be made later.
The rye crop to be ploughed in as green rlanure was omitted this
year so that better tilth could be obtained Ior potatoes. A good
tilth was obtained and the crop looked well throughout the season.
Yields were about average despite the dry seasou. Barley and rye
was drilled under good conditions and good growth was maintained
throughout the season. Yields of grail were well above average
but straw yields were low, there behg more weight oI Srain than
of straw in the barley crop.

Thr*-Curse Rolotiorj. (Straw and Adco.) The green manure
crops were omitted this year for the Iirst time. In past years these
crops were ploughed in shortly before sowing, and as the last plough-
ing prevented much weathering action on the soil good seedbeds
werC difficult to obtain. This year instead of ploughing eacb
break as it was cleared, the ploughing was delayed rmtil the wbole
area was cleared a.nd then the ploughing was done across the usual
direction of ploughing. This will be the procedure adopted in
{utu.re years. All tbree breaks were partly worked down together
in early spring, and good tilths were obtained for barley aBd Potatoes.
These crops did very \,vell tb-roughout the season and gave excellent
yields. The sugar beet break was not worked dowtr to the fil.al
seedbed until much later, and by this time the soil had tlried out.
The plaqt bad a poor start and there were many gaps. Growth
throughout the season was slow but lelds \yere Iower than were
estimated owing to tbe high proportion oI tops.

Thrcc-Cowso Rdalion. (Cultivation.) This experiment was
stigbtly modified this year. Each of the ttuee methods of cul-
tivating the gound \vas done at the most suitable time, and not all
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at the same time as hitherto. The usual shallow ploughing of the
wheat stubble was attempted but had to be abandtned-. On some
plots the plough sank in deep and on others it would not enter the
soil. The area was therefore cultivated both wavs and the rubbish
p1 led out was carted off. Ploughing for manlolG was done in
the winter, and the cultivator was used twice irr tate winter. The
rotarJr cultivation rras delayed until mid-May as the tround was
too hard for the Si[tar. Germhation and gTowth were very slow,
and weeds were thick in the rotarv cultivated ptot. Yields were
very poor. For wheat the ploughing and tine cultivation were
done earlier than usual, and the tine cultivation was repeated
shortly before drilling. The rotary cultivation was done iusi prior
to seeding. Much of the seed wai taken by birds, and tdrougiout
the season the plant looked poor, thin and weedy. - The
rotary and--titte cultivated plots were most weedy, the iloughedplots standing out as better, taller and thick'er plants th
fe\f,er weeds. On the barley break the eastem row of plots came
through badly and they would bave been redrilled had'rain come.
The_ ploughed plots seemed the most darnaged. The western row
of plots came throwh Iairly well, but at harv;st both ears and straw
were short. The eastem row reurained thin and backward and
riyxned late. Over the whole break the rotary cultivated plots
seemed most forurard throughout the season ind they ripened
earlier. This is bome out in j,ields, though the vields of'grai'n and
straw were lor,9,

Atnual Erf*ine&s
Whctl aflq dilldent Zays. The crop looked well throughout the

season and plot differences were soonhoticeable. The plots after
the ryegra-ss ley were noticably more backrp.ard and y6[ow. All
plots yielded wel[, the best treatments lelding up td 64 bushels
Per acre-

Kal9. 'lbe experiment testing town re{use with sulphate of
rmmonia and dung was only slghtly attacked by flea bee[le and a
good plant was lefr. Growth was maintained until late in the season.

The Iirst sowing oI the experiment testiag various forms oI
organic manure was destroyed by flea bee es, but the second
sowing suwived. Groldh was slow but the discoloration of the
plant noticed last year on this e{periment did not re-appear.

Sugar Beet. The laad was ploughed early but the ground
dried out before a tilth was obtaiaed, and sowing was therelore
delayed. Sowing finaUy took place on a rather rough tilth but a
iair plant cime through. An even plart was left ifter singling,
which Erew until late in the season. There was good growth of tops
but roots were rather small and fangy. The roots averaged near-ly
I tons per acre of rashed b€et, while tops averaged 15 toni per acri.
The sugar coDtent was low (average 15.6%, but bolters were
almost entirely abseut.

Pobtaes. The land was ploughed rather late but worked down
to quite a good tilth. The ptants ca.me through well and good
trowth was rnaintained despite the &ought. The crop was not
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sprayed but only a few of the tubers were blighted. yields were
good, the best treatments yielding up to lE to-ns Der acre with an
average of l2l tons per acre, and the proportion oi ware was hieh
- Clwer. The plant in Great Harpenden field was rather tfiin
but was spread evenly over the wh-ole area. Little sroMh was
made untill_ate May and then the crop grew fairly fast. 

*The 
ground

became rvell covered and there were-viry few weeds. Cuttiie was
delayed until early July, and a fair cut ;as obtained.

N on-exlerimedal Crcllir.g, 7937-8

The non-experimental com crops were affected bv the sorine
drought but the rain which tell atihe end of Mav bio"elrt it-ii
an immediate change in the crops. The crom lo;ked w;ll durins
ttre renainder of the season and only one filtd was lodeed. ThE
lelds were higher than were expected as the straw was"senerallv
rather short, the oat straw be-ing especially short. Th"e whea"t
averaged 54 bushels per acre, the barley 64 busbels per acre and
the spring oats 74 bushels per acre. All trops except t'he oats nere
threshed and sold before the end of September. 

-

The winter beans which were plougied in with dune in Great
Harpenden field looked well forwaid and clean until lui'v. but the
crop was then attacked by bean aphis. The beans 

-weie 
too tatl

to allow spraying and the attack rin its course. but the vield was
reduced by about half. The part of the field under sorins bear,.
did poorly as the drought severely retarded erourth.'Th"e aohis
first attacked the spring beans and'spread from-them to the wii.rter
sop.

Litt! Hoos field was ploughed up late after Iolded kale and was
too hard to work down until the miadle of May. It was drilled. on
May 23rd with Abed Kenia barley, a quick drowins varietv virh
a stiff straw. Growth was rapid ior the firsi few ieeks bu"t then
slowed down, and had stoplrd completely by earlv Tuly. Althoush
the plants were only 6 inches to 8 inches high thiv sh6wed sierrs-of
qmrlg hto ear, and the crop was therefore fdlded off *ith ,t eEp fo,
which there was no other keeo-

The kale plant on the various fields was attacked bv flea-beetle
which severely thinned the plant. However. enoush'was left to
warant leaving the crop and healy doses of sulphaie of ammonia
were given to hasten growth. Pait of the plani on Foster,s field
was completely destroyed and had to be re-jowr. Growth durine
the autumn was rapid but much \yas destroved bv frosts anf,
pigeons during the very cold spell late in IgB8. The heaw doses
of sulphate of ammonia appeared to make the kale more susieptible
to damage by frost. Long Hoos VII which had received 2d tons
ol compost lxr acre in addition to nitrogen gave the best vield.

The non-experimental porato land worked down quite iell and
growth throughout the summer was good. The rairr- which lell in
August kept the hautns green longer than usual. and liftine was
delayed by ra.in early in October. Yields were ouite eood and ontv
the King Edward VII variety was attacked io an"v aopreciablL
extent by late blight. Selling prices throughout the winier were
very lo\r.

E
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High Ficld Grazhg Exlerinad
This experiment is designed to compare the manurial value oI

feeding stuffs fed to slock on grassland with the convenlional
estirnates of the manurial value oI the cake, applied as fertilisers.
The arrangement is described on page 25 of the 1937 Station Report.
The season 193? was used to develop technique and to conduct a
miformity trial on all the plots, while the 1938 season was the first
in which experimental treatments were given.

Before grazing commenced two extra strands of wire were added
to the Iences to make them completely stockproof, and eight cages
were put on each plot so that samples of the herbage for botanical
analysis could be taken later in the season.

The plots were grazed from the end oI April until mid-June,
the rate of stocking being adjusted on each plot to suit tbe growth
of grass. During this period 828 lbs. each of flaked maize and
udecorticated cotton cake was fed on each " cake " plot. The
stock was removed ov/ing to shortage of grass. All plots remained
empty until mid August and were then Bxazed with varying densities
of stock until October 4th when the plots were cleared Ior the
season. During the second grazing period 1,650 lbs. of each flaked
maize and decorticated Sroundnut cake was fed on each " cake "
plot. In order to get the amout of cake fed close to the amount
wbich would be fed in a year with a normal growth of grass, the two
" cake " plots were grazed more heavily than the trass warrarted.

The stock used this season were forward blue-grey bullocks
on the plots receiving cake, and blue-grey heifers on the other
plots. The sheep used were Hallbred ewe tegs.

EshTla Wo*
The badly overhanging trees around Appletree field have been

severely lopped and trimmed.
A new automatic electric water pump has been installed at the

well, and has been suitably housed. There is a pressure tank at
ground level which has enabled us to dispense with the two unsightly
water towers, Water has been laid on from the farm to the two
cottages on the Redboum Road.

The foundation o{ the Roman Temple and surrourding wall
near the buildings have been built up ia cement to prevent dis-
integration, and the surrounding area ha^s beerr levelled off,

Crssslatd
The grass remained very green throughout the winter but very

little earl!'growth rras made. Most of the fields were harrowed in
the spring. The most serious effect of the drought was on tbe grassland.
There was no flush of grass irl the spring, and during the surruner the
g:ass made but very little Srowth. Full winter rations, iacluding
ha1', were fed to cattle into May, and ewes with lambs had to be
{ed until the end o{ May, four weeks longer than usual. Owing to
the shortage of grass no fields were shut for hay and none of the
Iields required topping as the stock ate the flowering heads. How-
ever the mower lvas put over most fields to cut thistles. Thef,e was
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19 _grass or aftermath for the lambs after weaning so they were
folded on a late sown crop of barley which had stopped growing.
The grassland remained baie until laie September tui iapij growtl
then took place. The fields were more lreen in October tf,an at
any time during the summer.

Lhestoch

Horscs. Two horses have been disposed of owing to advancing
age, and_ two useful young horses have been bought to replaci
them. There are now three teams. all fairly young horses: two of
the teams are Suflolks and the third tearn- are irossbred horses
which are only worked together at busy periods.

Cattk. The Kerry heifers which were bulled to calve in tbe
spring of 1938 were out-wintered, and reccived onlv Door aualitv
hay, but they remained in fair condition. They catved dor,r,ri earli.
in the summer and did their calves quite weli on the little grass
lhgy haq. The heifers were bulled agiin to calve in the spriig oI
1939. The calves were weaned early in November into a fiatd frth
a covered shelter, but during the rough weather late in lg38 the).
were btought into covered yards. They were tumed out at th;
end of March, 1939, and theiifood was gridually stopped. Between
weaning and t urning out they received an averige of 4 lb. per head
per-day ot a concentrate ration in addition to hay. They were sold
earlf in May and fetched fl3 5s. 0d. each.

The-Blue-Grey heifers frbm the High Field $azing experiment
were taken over by the farm when thCy came ott ttrJplois.

SW-i_.-qlyFg to the large number of lambs sold by October
Ist, 1937 (217 had been soldJ we had rather more kale-thaa was
needed for winter keep, so 90 store tegs were purchased and fattened
off on the kale with ihe remainder o-f our own tegs. All were sold
by early February before prices dropped.

F-or the 1938 lamb crop Hampshire riuns were used on the
Hallbred ewes. Hay and 6eet tois were fed until January and
then the ewes were f6lded on kale eich day. Lambing s"tarted'at the
end of Febmary and concentrate feeding was corrinenced as the
ertres. went irto the lambing field. Weather conditions during
lambing were almost ideal, ard both ewes and lambs did well-.
O{ nearly.25O ewes lambed only 3 died through lambing. The
lind lambing ligure for the Hallbred ewes was ISZ per cen1. 216
of_tbe 1938 lamb crop had been sold by the end of Septernber, but
pnces were very much lower than in past years.

The Suffolli ewes purchased in thi autimn of l9B7 were sold
1fter {ealilg their lambs. The ewes were rather disappointing in
that their lambs sere very small ard their lambiag 

-perceniige

was only 120. The ewes seemed more liable to -fo-ot 
trouble

than.did the Hal{breds, and they did not appear suitable to our
condltlons and requirements.

?dgs. During -the early winter months the old cow statrdirgs
atrd old manure shed were converted into farrowins oens- and tie
litters reared in them did far better rban did those"ii the piggery.
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The fattmirg pigs did fatuly well during the summer and sales
for the year tottUed 297. Owing to the unsatisfactory housing
conditions it was decided to disperse the herd, and all the sows were
sold. The fattening pigs were kept on until most of them had
reached bacon weight. A new herd will be started immediately
new housing is provided.

Siozzs. No entries were made at aay of the Agricultural Shows
during the year. At the Redbourn A$icultual ComPetitions
C. Mepham ind F. Stokes were both placed for their horse PlouSh-
ing, and they secured first and second places respectively for
tuinout, Mepha.m also being reserve champion for the best turnout
in the field.

Stoff. A. F. Howell, the larm recorder, left iu September, 1938,

and G. W. Wilcock was appointed to the Post.

I mllertettts
The following implements have been Presented or loaned to the

farm by the manuJatturers. The {irms to wbom we are indebted
are as follows :

Cooper, McDougall & Robertson,
Ltd. Sheep diPPer.

Allen & Sirnmontls, Ltd.
Bamfords, Ltd.
E. H. Bentall & Co., Ltd.
Blackstone & Co., Ltd.
Cooch & Sons.

Motor hoe.
Hay machinery.
Cake breaker.
Srathe turner.
Potato sorter.

Spraying machinery.

Sheep shearing rnachine.
Rubber wheels.
Grass seed broadcaster.
Electric motors.

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

Co., Ltd.
Dunlop Rubber Co., Ltd.
R- G. Garvie & Sons.
General Electric Co.
Harrison, McGregor & Co., Ltd. Root pulper, nanure distributor.
R. A. Lister & Co., Ltd. Otl""ill1, sheep shearins

Parmiter & Sons, Ltd. Rake and harrows.
Ransomes, Sims & Jefferies, Ltd- Ploughs, cultivators, Srass

reiuvenator.

J. Wallace & Sons, Ltd. Manure sower, Potato planter'
i. Wtaer. Pitch-Pole harrows.
iry. A- Wood & Co., Ltd. Mower, spring tire harrows.
The Harvest Saver & ImPlement

Co. Prime Electrical Fence.
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, METEOROLOGICAL OBSERVATIONS

Meteorological observations have been systematically made ai
Rothamsted Ior many years; these records are being used in the
Statistical Department in interpreting crop records. The Station
has co-operated in the Agricultural Meteorological Scheme since its
inauguratior by the Ministry ol Agriculture in 1926, and possesses
all the equipment required of a CropWeather Station.

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

Tcmlcrolures---+aaxirtum and minimum in screen, minimum
oo grass, 4 inches and 8 inches under bare soil, dry and wet bulb
in screen ; Raittfall.-4-itch garge ; Surshiw-duration by
Campbell-Stokes recorder ; Weathcr-Beatfort lelterc ; Wind

-direction and force ; VisiUility ; Stnte of growtd.
These, together with notes and observations oI crop gro\trth, are

used in drawing up the weekly statement Ior the purpose of the
Crop Weather Report of the Ministry of Agriculture.

The above observations are supplemented by the following
records, for the use of the Meteorologcal Office :

Balorster and, attachd Thermometer ; Solor r a*irfiirrr* ;
TemPeroture-l foot under bare soil: Cloud---amou , form and
direction; Stnshine-hotrly 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 :

Tenluahfies *tder gruss at 4 inches, 8 inches, aJrd I foot,
taken at 9 a.m. G.M.T. ', Witd-4itedion and Iorce at 3 p-m.
and I p.m., G.M.T., taken fron chart of recording anemo-
biagtaph ; Ral'lr,fall--5-ir.ct. gauge taken at 9 a.m. G.M.T.

Radiatiott.-4. Callendar Radiation Recorder (on loan from the
Imperial College of Science) gives a continuous record of the radiant
energy falting on a receiver situated on the roo{ ol the laboratory.
The records are compared with those {or South Kensington, and are
also used in plant physiological studies in the Station. A Gorczlmski
Radiometer Ior rneasuring the radiant energy of the sun has also
been installed, urtder the Agricultural Meteorological Scheme.

RafufalJ atil Drubnge.---The rain falling on one-thousandth
oI an acre is collected in the big gauge erected by Lawes in 1871.
Samples oI the water are analysed in order to ascertain its nutrieut
value.

Tbree drain gauges, each of one-thousandth of an acre in area,
originally installed bv Lawes in 1870, and fitted with continuous
recorders in 1926, give the drainage tfuough 20 inches,40 inches,
and 60 incbes of uncropped and undisturbed soil. A continuously
recording Ginch gauge is used in conjruction with these.

.DiscootiDued October, 1935.
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Ewf oralio*.--:f\e amount of water that evaPorates in 24 hours
from a porous porcelain candle dipping into a boltle of watei is
measured daily by the loss in weight. This measurement has been
found to give a good general indication of the " drling power "
oI the atmosphere during rainless periods which, being controlled
by wiad, railiation and humidity, is dificult to compute from
standard data.

Atmoslhcric Pallulion.-A gauge for measurhg the amount of
solid matter deposited from the atmosphere has been ir use for
some years in connection with the scheme of observations aranged
by the Atmospheric Pollution Research Committee oI the Depart-
ment of Scientific and Industrial Research. In February, 1933, a
gauge for measuring atmospheric sulphur diodde was also set up.
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SCIENTIFIC PAPERS
PLANT GROWTII, AND ACTION OF MANURES

(DepartmeDts o( Bota.ny, Chemistry, Iusecticides aad Fuagicides; Fleld
Exp€riE^enLs 

. S€ctiotr ; Wobum ExFrimetrtal Statiotr;-and Imperial
CoU%e Staff. )

(a) PrANT GRow-rsL E. J. Rus$LL and D. J. WArsoN. " Ttu Rothamskd Fietd Exb.i-
,n?nts on Barl4t 1852-1937. /. The Otdel Rothartstcd Etberi-
,nenls." 'f\e Empire Jouroal of Experimentat Agriculture, i938,
vol. VI, pp. 268-292.

rr. E. J. RussELL aIId D. J. WATsoN. " The Rotharnsteil FielA Erfcri-
mcnls o Barlcy l8s2-t932- Pr. II. Etfcets of phosbhati and
Polassic F.r7;lirirs: Detetiotariot uadz Cditinuous Crclbi g." Tbe
EEpire Joumal oI E4)eriEeotel Agriculture, lg3B; Vol. \rI,
pp.293-314.

A review aDd summary o[ rbe results of experimeDts oD barley caried
out at Rotbamsted, Wobum and other centres fn;m 1852 to 1937. '

Parts I and II deat nith factors which aflect yietd, and part III (in the
press) with the factors which determine tbe qualiiv of the srajtr.

Io Part I, it is shown that the retatior 6etwdn the yields oI gr"ain a.Ed
straiy is very close, so that the variatiotr in tbe ratio of gr;io to tota-i produce
is small. Further discussion is therefore confiDed to the yield of gr;iD. AD
account is given oI the effects of soil type, seasonal climatic fiitors and
nitr-ogenous fertilizers. Differcnt forss of'oikogenous t€rtilizer are coEpared,
aDd the effects of raiDiall and of time of sofing oo the response to ^added

aitrogetr are discussed.
Itr Part ll phosphatic and potassic fertilizeE are considered. It is sho*.n

that these are usually of less importance thatr nitiogeDous lertilizers. Other
factors discussed a-re:-tarm)ard batrure; soil reactioD ; Iallowitrg;
dete.ioratioD oI yield Eoder cotrtitruous cropping rith barley; mdersowing
l*ith €lover.

rar. D. J. WATsoN and E. C. D. BAprtsrE. " A Cor.fardh)e phgsio-
logical Srttdy oJ S gar-beet ald Maigou aith rcsleA b Gtouti a*'
Sugar Accu ula!;on. I. Caodh AnAbsis of lhc Crob it thc Fictd."
ADals oI Botatry, 1938, New Series,-Vol. if, pp. I3Z<AO.

A-study was made of the growth of sugar-beet aDd mangold sown on six
occasioos at iDtervals oI a IortDisht in 1934. Samoles were taken at {ortnishtlv
intervals to determine (l) dry Ne'Bbt of lamiDa,'petiole and root; (2) ;t;
cotrteDt of lamina, petiole and root; (3) !e.f area per pl"ant.
, ,-SDgaf-beet ultimately attaiDed a greater dry seiEht than manSotd, the
difference beiDS maialy io the leaves. The dry weighi ot tamina and petiole
contiDued to iD-crease lbr a loneer periqd in suiat-bJet than in mansotd-

I-ater sowing decreased tbetry weight of r;ot at all samptilg t;mes, but
itr tbe latcr stages o{ growth it caised a marked increase in la.iitr; aod petiole
dry weights.

Tbe water conteDt oI mangold was very much $eater i_o all parts oI the
plant than io sugar-b€et. liter sowiDg cailsed an increase of waier cotrtelt.

Tbe numtrer oI leaves per plant waJgreater itr sugar-beet tbao iD mangold
owing to a slightly higher rate of prcductioD and a-lower death rate. I;ter
sovring incleased the rate of production. Tbe rate oI le3'f p.oductioo was
correlated with mean temperature, Q- b€ltrS 3.1.

The variatioE oI leal area per plant was simiLir to that o{ lamiDa dry
seight. The elfect of soNiDg date on leaf area wa-s greater thaD otr leal weiRhi.

Tbe Relative Gro*4h Rate was sliehtlv sreater in susar-be€t thar- in
rnangold: it decreased throughort tb; 8ro;tb period, f;UiDg eveotualty
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I-at€r sorriig increased ttre Relative Growth Rate io tbe early stagB, duc
to an increase in the Leaf Weight Ratio; Unit LeaI Rate was rinaffeited by
date of sowiDg.

rv. D. J. WarsoN atrd I. W. SELurri. " A ComUa?atioc Physiological
Srud! of SugaT-beet and Mangold aith /csp.ci to c/ounh and S"gd,
Acturnulalio . II. Changes in Suga, Co ent." Annals of BotaDy,
1938, Nerv Series Vol. II, pp. 827-846.

.{o account is given oI the chatrgB durin8 gro$'th in the socrGe aod
reduciDg su8ar conteDt (expressed per I0O g. of d5r matter atrd per l0O t.ot water) ot the l.minr, petiole, and root of sugai-beet atrd matrgold sorr[
on six occasiols in 1934.

SuSar-b€et bad a higber coDtent of botb sucrose aod reduciDg sugaE tbatr
mangold, except that tie sucrose content oI the lamina was alm-ost ihe saEe
itr the two plants, aDd ill tbe root the reduciDg suga! coDtent was greater itr
matrBold. ln general, both the sucrose atrd redicin! sugar content oi aI parls
oI the plaDt increased steadily rvith time.

The sucrose conteDt iEcreased tbrough the plaat in the direction from
lanina to root. The reduciog sugar coatr-eat wa"i liglest itr th€ petiole, arld
was greater in the lamiDa tban in the root. lt is pointed out that this does trot
necessarily imply that tr_anslocation takes place against a gradieat of sugar
coDceofratio[, Ior giadieqls falliDg ia the ilirection of mov;meot may exist
in the coDdlcting tissues, which aie masled in the mass analyses of EmiDa,
petiole, and root. The data sive little direct evideDce otr the mechanism oI
tra.rslocatioD, but they serv6 to illustrate some fallacies itr the argumests ol
Davis, Daish, aDd Sa$-yer Ior the vieN tbat suGose in the leal is ao-immediate
product o, photoslmttr;sis and that carbohydrate is translocated as helose.

There is Do clear distinction in the root'bet\r.eetr a phase of gio\rth aod a
Phase oI sucrose storaSe, for the very youDg roots bavea high sucrose coateDt.
Growth aDd accumulation of sucroie'procied togetber.

On the mean oI all saEplitrg times,'a signitica;t itrcrease of suclose contetrt
was louDd iD the lea{ lamioa, betweeD t0 a.m. aod { p.m. Tbe correspoDdiEg
iDcrease in reducing sugar was smaller aod trot siiDilicatrt. 'Ihe average
chatrges during the day iD the sugaf contetrt of the petiole were alnost tEe
sa_me as thosa o{ the ieal lamina; but were Dot si8iificant. There was no
itrdication of aDy diurnal va atiotr h the,oot.
_ Ister sowinS caused atr iocrease i[ the redDcing sugar cotrteot and, to a
less exteot. io t.be sucrose content of the leaf lamina. itr tbe later stages of
Syowth. The reducing sugar coDtent of the I,etiole was similarly afiected, but
the sucrose coDteDt of petiole aod root was -always 

depressed bi later sowiDg,
Tte reducing sugar cootent of the root was al;o sliibtlv dec-rased. These
results suggdst tbat the effect of later sowiog, p.e"iousiy demoDstrated, in
increasiDg the size aDd weight oI the leaves, wis ciused bia restriction of the
rbovement of carbohydratdout ol the leaI, rather thao by an itrcrea-sed ability
of tbe leaf to utilize ;siEilate in sro*th.

Later sowitrg depressed tbe toial yield p€f acre oI sucrose itr tbe root.

v- F. J. RrcEARDs. " Phys;ological ShaAizs in Pldnl N ttililm. VIII.
The R?larion ol R.srirulion Rata ta the Cd"bohydtele and Nittog.$
l4etabotisn oJ thc Eaiey bal as Dclomiud-by Phosphonls ;nd
Potassiu,h Sippty." eo"nats dr notaoy, 1938, Niw Series, Vol II,
pp. 401-534.

- Barley Eas grown in satrd culture at three levels oI phosphorus nutrition.
In three other s€ries phosphorus aDd potassium were redlced proportioDately.
- \ery coDsiderable beatment diIlereD(es were obtained iD grosth rate.
final yield and weiSht of correspoDdiDg leaves; these being aliost enthely
due lo pbosphorus and nearly Independent of variation in potassium supply
at any oDe phosphonrs level.

\Yater content dilferences were comparatively slight.
_ Changes in respiration Iate undelgone during tf,e first JelP hours in the

dark are described atrd the results oJ GrcSory and Sen (lg3?) coolirmd.
Respiration rate $as greatly reduced b, ,hosphorus deticiency, thc change

witb supply being gyeatcst at'comparatrveiy hiah levels. \\'bei pb,,sphorus
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and p^tassium lvere simultaneously proportionally reduced, the fall in respir.-
tion was at first more sradual than when phosphorus aloDe was altered, but
at lower levels the resultant change was greate!.

Proqressive phosphorus deficiency led to proqressive reduction ia protein
coDtent aDd progressive and considerable iacrease in amiDo nitrogen.

Total sugars and suqose were in geDeral reduced by phosphoi$ deficienct
while reducing $rgar vras incleased.

Respiration w"as generally closely related to nitrogenous substances iE the
series $,ith high potassiud and phosphonB supply. As the level of phosphonrs
supply ralls the content oI reducing suBaf becomes of incre8ing importance
which is interpreted as evidence for heiose as substrate aod the importaoce
of phosphate lor it3 breakdolPE.

v]. W. E. BRaNcELEy- " Co pdrdlio. Effr.is of Cobdll, Nichcl aat
Cof?., on Plat! Gtotdh." AEnals of Applied Biology, 1038,
Vol. XXv, pp. 071-694.

A gmeral teview is gia'eD of the distributioo and the phFiological idpor-
talce of nickel aad cobalt, iD relation to plants and animals.

Expea'ments on barley and broad beans were carrr'ed out in water cultures
v.ith the sulphates and chlorides o, cobalt, trickel aEd copper. Itr every case
a range oI low concentrations did little or no damaqe, but toxic action occurred
abruptly above a coDcentration which varied with the species and with the
cornpoutrd. With barley, cdpper was the most poisoDous element ia either
compoutrd, but the difterences were not strikiDg. Irw concentrations oI the
mlphate wele inocuous, but parallel low strengths of the chloride caused
a slight siSniticant depressioD in gro$th. With broad beans, cobalt was much
Eore poisoEous than either nickel or copper, partr'cularly with the sulphate.
No slight depressioa with low coEceEtratiotrs o, the chlo de E-as noticeable
rittr this species.

The Erorpholodcal response to toricity }'aried with the element concerned.
Copper, in poisonous strengths, caused shortening and " bunching " oI barley
roots, whereas nickel aDd cobalt permitted the growth of elongated roots of a
very atteDuated nature. Tbe iDdividuality of plaDt respnnse to poison was
bequeotly sho*.n by the great variation in Rro\rth iE the borderline coE-
celtratioas just below those which ceused marked depressioD oI growth.

(t) AcrroN oF M^IIunEs

vlt. I{. H. MaxN. " ?r, W..a H.rbdpc ol d Sliqh, l Acit ArdL Soir."
Journal o, Ecology. 1039, Vol. XXVII, pp. 89-l13.

Tbe weed herbage w-as studied on a light sandv loam of sliEbtly acid
char.cter rrhich has beetr trnder continuous wheat or barley cropping for
over Iifty years. The several plots had various manurial treatments to 1926
and no manures si[ce that date. A fallow taken in 1034 and 1935 enabled
the general character oI the weeds to be determined duri.g the seasoa.

With most ol tle importaDt annual wds itr the soil, rouqbly hall the
year's growth of plants qerminated before the end of April. This does not
apply to iDdividual u,eeds as the dominant one ls?eafidd dmcns;s) germinates
at any time in the y€ar, while some ol the ot}rels, rrot^bly Poll/ponur. drricaddrc
(March to May), Grarhali tti.lieinosui. UttDe to Septemb€t) aid Ch.noqodiui
&u, Mey aDd June) were very seasonal.

A silglc yeat's fallow, even vhen acco panied by lreqoent cultivations,
is aot very eflective itr getting rid of the arinud weeds. Two years'tallo-
brings about, however, a la.irl]' Iarge reduction, except wil}l Sl.llarid rt dia
an<1 Poa dnnud, neither ofwhich appeared to be appreciably altered in amotrnt.

Acidityofthe soil itrdrced by previous manuringwitb sulphate of ammotia,
had a very rreat influeDce on the weed herbase, and when the pH valDe was
lowerthan 5.0, tbe annual plants consisted almost entirely o( Sp.rdr.la am.nsis,
Eittr a small altonnt oI Porlgoturr. dvid.rau aJrd Poa annro. Mdicada
;iodord, thonglr an acid loving weed, disappeared aldost entilely when the
pII !'alue was less thatr 5.4, bot was also reduced iE amount when the pll
valoe was greater than 6.8. Pol,rqontrrn dt ict dre and Pod annua aft W lar t}le
teast seDsitive to changes itr acidity ol all that were Iornd on the plots studied.

The eflect ol lotrg cotrtioued application of m ineral maaurcs rras very soall
@ tho ruober o, platrts pe, Enit a.r6s, olc€pt i.a the c4ec ot Vicia tirsdd,
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*hich appeared as a serious weed only iD the plots which had receil'ed mineral
malures or Iarmyard manure, and theD only when the pH value was over 5.6.
T-he annual addition of farmyard manure ,or ti{ty yaars left a le8acy of ao
iEcreased amount of most of the weeds-

The ellect oI lime on the weed herbage is almost efltirely govemed by the
chatrge itr &idity thereby iflduced. The litrre did Dot appear to have a specilic
ellect oo atry oI the atrtrual weeds examined.

Tbe perennial weeds which tended to take possessioD oI the plots were two
" twitchis," Demely Holcits mollis and. Agr;stis stalonileta, ihi"h beca-e
serious iD the more acid plots, while the more usual twitch (Agrofyum/c?crll
sas wbolly absent itr this sandy acid land. Ruri.r .urtoseqa was common oD
the more acid plots atrd could not be Bot rid ot even by a two years' Iallow.
Equis.tum dtuensc (rEc1jmed largely, th6ugh there *as u6 sig ol wetness atry-
where in the field, and seemed to be rather encouraged by the fallowing of
the le[d. Conull)ulus arucasis only occuffed ia plots which had bad Eineral
loallores o! farmyard matrure in the previous hall catrtury, but its a!!!ourt
.li'as hardly affected by eveD a two yeals' fallow.

raru. J. T. M^RTrN, H. I{. MANN and F. TATTERSFTELD. " Th. Maiuridl
R.quir.rncnls of Pyr.thrum (Chrysalthedum cinerariaelolium
Ttev.)." AEtrals of Applied Biology, 1939, Vol. XXVI, pp. l+24.

A small lield experiment upon the manurial rcquirehetrts of the itsecticidal
pyrethrum plaot, grown up.n sandy soil o/l lo\v fertility, is describ€d. Liae had
the effect of produciDg slight, but trot significant, iDcreases each year itr the
yield oI florrers aDd ttreir colteot oI the prethriEs, aad decteased the per-
ceatages of plant Iailures itr the fourth atrd Iifth years oI tbe experiment.
There wa-s a sigrificaDt depression in the yield of flowers itr the year alter tbe
single applicatjon oI double dressings of the maDures, but no elfect iD later
years. Ttle yearly applicatiotr of moderate dressiDgs oI manures gave sisni-
ficant incleases in the yield of flowels in the second and fifth years, aDd
sigEificant itrcreases in ihe pJ,.rethrin I coDteDt ol the llowerg ia ihe foudh
aDd Iilth yeats oI the experimetrt.

rx. H. Il. MANN. "In@srigariorrs on Ckocr Sichn ss." Joumal ol Agi-
cultura.l Science, 1938, Vol. XXVIU, pp. 437-456.

It a clover sick soil be defiDed as o[e on which a EormaI ar@ of cloeer
catrDot be Brown, but on which only small duarfed plants are produced. the
clover sickness caE be {ouDd in the absence oI the usual fungi to which it has
beea attributed, and also ill the absetrce of the eelwofln (Anglilh.lir.a di?sacil
which geDerally accompanies it.

In tbe particular soil examined, Do matrurinq with lime, potash, or Pbos-
pbates, o, rdth eas;ly available nitrogeB io the form ol pota-ssiuD oitrate had
any considerable ellect in eDabling good Bro*.th oI clover to be obtaiaed.
T\rio methods, ho1r,ever, were capable oI temporarily Siving good dops. l.he
,ilst wa-s the heating of the moist soil to a temperature of 60 to 70" C. {or I to 2
hours. The effect of this trcatment, however, passFd off io a {ew months aftet
one or two croDs of clover had beetr obtained. The secoEd method was the
applicatioD oI i very large dressiDg o, farmyard manure. This was at lirst
quite erfectiwe, but the qEatrtity needed *.as not such as caold be oscd ia
practice. Where Dearly t0 per ceat. of the weight ot the soil vas added ia tbe
lorm o, wet farmyard maouae, the e{Iect coDtinued even after tout successive
crops oI clover had been groq.n: where 3 per ceDt- o, tfle soil weiSht Ya-s
added, the betrelit very rapidly passed away aftcf, the sccoDd ctop.

x. E. M. Cnowrrr* aDd R. G. W^P:REN. " R.Porl or. Pot Crvwc,
Ldbordory lvoth arul Aha Inoestitations." AppeEdi: I to tbc
Fifteenth Report ol the Permanent Committee oE Basic Slag,
Miaistry of Agiiculture, 1937, pp. 4-11.

In pot colturcs foul types ot basic slag vere cornpaEd Iot perennial rye-
8rass aod tumips oo an acid Scottish soil and otr a neutral saDd-beotonite
Dixture with t*,o depths of incorporatio! of the basic slags. The tDrnips ia
.pita oI daEage b'y p€ts respolded to slags oo both soils. but tbe ryG.grass
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respoaded only on the artiJicial soil. The ,act that rye-8rrss Srew well otr a
sou otr which turnips had failed completely frcm Phoq)hate shortate in the
field iE the previous seasoD suggests that soEre oI ttre poor residual ellects
observ€d jtr lield experimeEts are due to the abitity of other crops to utilise
soil phospbates which are not available to swedes. Itr the pot exp€dmetrts irl
the soil but not in the sand tle turnips gave better results yrhen the slags were
coDcetrtrated iE a trarlo\D baod tbaD *hen they weredistributed more drffusely.

In coojutrction with the Forestry Commissioa two experimeDts were laid
down on young trees ia Scotland to test thlee ratrs of applicatioo of thlee
slags aud Bitreral phoq)hate.

xr. E. M. CRou.rEER aDd R. G. WARREN. " Relorl on Pot CtU ra, Lobola-
tory Worh and Oth€, Ino.stigations, 1937." Appendk I to tho
Sixteetrth Iaterim Report oI tbe PermatreDt Committec on Basic
Sla& Ministry oI Agiculture, 193S, pp. 4-9.

The pot experimetrts o[ the previous year were cotrtitrud with clover,
pereDniai rye-Bia^ss and timothy. in ttre said cultures, trcm which about tall
of the citric soluble phosphoric acid of tle slags had beetr removed iD the
prcvious year's crops, the clover failed atrd the two grasses did Dot Srow well.
In the soil a[ three crops grew well but the respooses to basic slag residues were
so sfiiall tbat it was not possible to dillereBtiate betweetr slags oI between tbe
reqroDsiveness of the different crop6.

Irboratory exhactioDs under controlled pH values brooght out thc
onexpected resBlt that the retative solubilities of trpo rnedium soluble sla88
were dirferetrt itr citiic acid and ill other acids at the saae pH value.

xfi. E. M. Cios/TtrER (with D. N. MCART,dEP.). " Repoi on FicA Erp./i-
,nenls ii 1938." Appendix II to Filtcenth Itrterim Report of the
Permanent C-ommittee otr Basic Slag, Mitristry of ASricultsre,
1s31, W. 12-22.

Four field experimeDts sere coDducted oD swedes to compare two rates
of applicatioo of three less soluble types of slag with (our rates oI applicatiotr
of a high-soluble slag. The yields lrom lhe less soluble slags were SeDerally
similar to those lrom high soluble slag supplyiog equal aEouDts of citric-
soluble phosphoric acid. The phosphoric acid conteDts of the dry swedes
were ilcreased considerably by tJle higber rates of application ot tbe more
soluble slags aDd this auowed comparisotrs oI the slags to be Eade over a
msch wider raDte thatr was possible Irom tle yields alone.

xIIt. E. M. CRoWTIIER (xrith D. N. McAirrltr.\. " Re?od on FiA E.?./;-
nuats in 103i." Appeudix U to the Sixteenth Iaterim RePort oI
the Permaaent ComBittee ol1 Basic Sag, Mitristry oI AFiculture,
1939, pp. 1G22.

Five ery€rimeDts similar to those of 1936 again gave very steep
curves to basic slag, otre-eighth oI the customary dressing of
dooblinS the yield of swedes. Such results emphasise the

stri}iDg thao i[ atry of the t5.ree precediDg years-

very steep response
: of high-soluble slag

the ifiportaoce of
the availabilities ofworkinS weD below the upper lioit of yield in comparing the availabilities of

dilfereDt slats. The results rvcre generally related to the amouats oI citticgenerally related to tbe amouDts of citric
;xceot lhat those from the rDore solublesoluble phosphoric acid supplied, except tl

oI the two medium-soluble slags were defitri
expected on this basis. This Iairue oI the

soluble phosphoric acid supplied, except lhat those from the Eore soluble
oI the t*o medium-soluble slags \rere defitritely better thaE would have beeD
expected otr thls basis. Thjs fairure of the citric acid method was lar more

STATISTICAL UETHODS AND RESIJLTS
(Dep6,rtmeot of Statistics; atrd Field Experimerb Scction)

(a) TIIEoREITCAL
xrv. F. YArEs. " An Arpatcnl lruon"rishr.t Aris;ig lrorn Tcds of

Sig$;Iicaaca Bas.d on Fiducial D;dibtliotts of Unhtoutt Pata-
,.&rr." Prcceeditrgs of t'he CaEbridge PhifGophical Society,
1030, Vol. XX)(V, Part IV.
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The problem oI testi-og whether the me3'us oI two samples aie sirDilicantlv
diflerent, wheD there is no reason to suppose that the variaaces of tU=e observ-j-
tions on which t-lle m@.Ds are based are equal, preseats certail featues which
do Dot arise in ottret tcsts of significance.

Bebreos aDd Fisher have proposed aII eiact test ba-sed oB the liducial
diskibutiotr of the ratio of the variatrces ol the two sets of obseri'atioos, which
at {irst sight appears to give rise to certaia itrcoosisteocies. The cause oI
these appareDt atromalies is explained and it is shown that the criticisEs ba-sed
od them are invalid, b€iot due to (a) neglect oI tle relevatrt iDlorrnatioD
provided by ttre estimated valDes of the variaoces, aDd (D) ao hsu6c;eot
appreciatiotr of the liducial basis of a.I tests oI sigliIicatrce (including the
ordilary t-test) oa small saoples.

The problem of testing the weighted meall oI the meatrs oI hro sets'of
ottservatiotrs coacemiEg wbose relative accuracy no prior kDowledqe is avail-
able is showr to be siiibr to that of testing tie diilerence oI ttrE means of
two saDples.

xv. F. YArEs. " Tcsls oJ SigniJican. oJ th. Dilf.l.nccs bztu.tn Rcsr.ssion
Co?frti.nls Dcril).d IrorrL T to S.ts of Conelared VdTior.s:' P.o-
ceediogs o{ the Ro}.al Society of Editrburgh, 1939, VoL LIX, ID.
t8,r-t94.

Tests of sigEilicatrce oI the diileretrces of regressiorl coeEcieats derived
frorE two sets oI correlated dependent and itrdependetrt variates are described.
The Decessary computations are reduced to a s)'stematic atrd easily calculable
,orE, and are illustrated by a Eumerical examile.

xvr. F. YArrs. " Mhogonal Ftnction"t and Tesls oJ Signif;canc, irl th.
Autyns oJ Varidltz." strppleaent to the JoorDal oI the Royal
Statistical Society, 1938, Vol. V, pp. 177-180.

Itr ma,ly types of statistical analysis based on the method of last squar6,
it is necessary to test the significatrce of oue group oI el{ects while admittitrE
the possible eristence o{ otber groups oI elIects.

Itr the presetrt paper explicit proof is givetr of tbe procedure adqrted lor
$rch tests oI siguificaoce. The generil properties oI ortlogotral fEDct-io[s ate
dso describ€d.

xvrr. F. YArEs. " Thc AdjLstnenl oJ ,h. Ilr'c;ghts oJ Corrriotnd, Ir.k,
Nitr,,bcis Bos.d oi Ina^dlrotc Dda." Joumal of ttre Royal
Statistical Society, 1939, Vol. Clt, pp. 285-2E8,

The problem of choosint the weights of the compooetrts of coopouod
index trumberc based on iDaccurate data is discussed. It is sbowB abat a,
ptocess analogous to that adopted Ior the Iormatioa of a discrimioaat fuDc-
tiotr will give ttre set of irldex trumbers agreeitrg most closely v.ith the etrtities
they are iateoded to represeat.

xvrrr. 'W. G. CocBR N. " Th2 Ortissiort or Additiol of an Ind.b.nilcnt
Vafiatc in MltUiPk Liuar Reyessiott." Su'ppleEetrt'to the
JourDal of the Royal Statistical Society, 1038, Vol. V, pp. l7 t - I 76.

I{ tests oI sigEiJicance of the regressioD coe6cieats aae lequired i[ a
multiple regessiotr, the aorrral €quatioDs are usEally b€st solved by lindiry
Iirst the coopon€nts ciq ol the iDverse 6atrir. WheD it is dested to oBit G
to add oDe or Eore indepeadetrt variates a.fter the origiDal regressiol equati@r
bave beetr solved, the nerr c's atrd regressioD coemcients mdy easily & calcu-
lated lroE tL original c's atrd regresaioo co-c6cienls. A trirmeri(il exaEplc
oI the addition oI a! iDdelr€DdeDt v"ariate is given to itlushate the codputatiois.

xuE. W. G. CocHR N. " An Enension of CoA's M.thod, ol Esarninine
th. A Pparcnr Persisknca oI Or., Tyle ol W.a!tur.1' Qu.a].terti
Journal of the Royal Meteorologica.l Society, f$8, Voi. LIUV,
pP.03l-684.
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If a deteorological eveDt is cla-ssiried into two types only, Ior iDstance \ret
or dry mooths, a tendency to$?rds persistence o( tbe same q?e oI Beather
Eay be tested by exa$itriD8 the distribution oI lengths of ruos oI tbe saEe
type. Gold's (ormuia for the eq)ected number oI ruDs oI leDgth r lrom ,'l
eveots is exteDded to tbe case in which the probabilities oI the two ev€nts are
utrequal. A sjmple test oI significaDce of peGistence is found by classifyint
the data itr a 2 x 2 c!trtiDgercy table, accordiag to the rcsults at the cureot
aod previous trials.

(6) DEsrcN AND ANALysrs oF EXPERTMENTS

xx. F. Y^rEs. " Thz Rccotety of Inler-bl.oth Inlotnatioa ii Vari.ty
Tnals Alrangcd, in Three Dirn nsional Ldtic2s." A!.nals oI

. Eugeaics, 1030, Vol. IX, pp, l3Gl56-

The qua-si-factorial and incomplete block designs, a-s originally put lot-
E'ard, although iB general cousiderably more eficieat tha! desigas itrvolvi[g
the use of coDtrols, had the delect oI being ress efficietrt thatr ordiBary rao-
doEized blocLs iJ the reductiotr iD variability resultiDg from tle use ol the
smaller blocks was in Iact sma[. This *-as a coDsequence of the fact that
certaitr of the varietal (or t eatmetrt) comparisoDs w€re coDfounded with
block dilfereaces, aEd the iDJorEatiotr cootaiDed in the inter-blocL coEparisoDs
w"as wholly dis.arded.

Ia the presetrt paper an account is givetr ol the method of estimating the
relative accuracy oI these comparisoBs, and of recoveriDg the iDformatio!
contaioed io theln. Ooly the case of the three diEensiolal lattice is discussed
here. It is prolrcsed to deal witl the other types of desiga ia subsequelt
Papers.

The procedure coosists oI so aEangiog the analysis ot variaDce that aB
estiEate oI the inter-block variance is provided, freed Irom varietal efIects,
aDd ther calculatitrg ad.iustmenls to the varietal means such that the inter
atrd iDtra-block coElrarisons axe corectly weithted accordiBg to their relative
accuracy.

The computatioos are Iully illustrated by a numerical example. It is
sho*'o that the amount of computatioo rcquired for the full aDalysis is scarcely
Sreater thatr that required for the complete elimitration of block effects, s'hich
w.as the method oI atralysis origiDally prcposed.

With tlis Eoditicatioo the eficiency of these desigtrs is showtr to be
alq-ays greater thatr that of oraliDary raodomized blocks, except for the
limiti[g c.^se whed thele is ao reductiotr of variance due to the use ol tIe
smaller blocts: ia this case a sDall amount oI ioformatiotr is lost due to
haccuracies oI weightidg, but in general this loss is quite trivial.

It is also pointed out tiat it is quite legitimate to analyse the results of a
qoasifactodal experiment as iI it were aD erperimeDt arraoged iB ordioary
raldomized blocks. This is a valuable property of the desigds, since it eDables
3ub6idiary mea$rements which are unlikely to be Etuch affected by block
diflerences, or Ior which high accuracy is Dot required, to be abstracted with
a mioimoE oI computation.

**r. F. Y^aEs. " The Cornpd/aliod Aik dnldgcs of Sfsr.rnatic dnd
Randomi.cd Anongemrnls i, lhe Dcsigt of AgnruUutal and
Biological Ez?crim.nls." Biohetrika, 1939, VoL XXX, pp.
440-469.

Ile recetrt claims advanced in favour oI sFtematic arrdogemetrts by
Gosset (" Student ") atrd others are examined. The cotrclusioa is reached tbat
iE cases where IatiD sqoare desigls caa be used, atrd in Eany cases where
randomized blocks have to be employed, the taitr itr accuncy with systematic
afl'anSemetrts i3 trot likely to be sumcieDtly gre-at to outweiSh the disadvaD-
tages to shich s,'stematic desi8ls are subject. In particula, the av-ailable
evidetrce, though not coDclusive, indicates that the half{titl strip arrenge-
laeat, which Gosset particularly {avoured, is likely to be somewhat less
acrorate thaE suitable raadom arantements occupyitrg the same Plots. Orl
the other tratrd, systematic arranSements day in certaia cases give decidedly
gneater accuracy than ratrdomized blocks, but it appeaG that in such cases
the use of the modem devices of confouoding, quasi-Iactorial desigtrs, or split
plot Iltia squares, wbich are much more satisf.ctory statisticaly, are li&ely
to givo a sidilar gaio in accut&y.
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- As a! exanjle tie unilormity J*** by BarbacLi atrd Fisher to
deEonstr.te the defecb of the hrldril strip ar;anqemetrt is re-examin€d
It is showD ttrat Cosset's criticisms oI Barbacli aad Fisher,s rrorl. tl"r"n "ifirst sight coDvinciEg, are oot as cooclusive as he suppos€d, and that iD"Iact
this particular trial provides a strilriag exaEple of irist those deI€cts which
lra,ve always beea attributed to the hali-&il sitip oiUoa Uy its critics.

xxrt, F. YArBs atrd R. W. II^LE. " Th. Aialysis ol Ldin Souares ah.n
T@o or mor. Rous, Colomls, o, T?aalrr;nts aia Missr;i.,, Suoole-
pept_jlo the Jouloal oI the Royal Statistical Soc-iety, i6J9,
Vol. \rI, pp. 67-70.

Methods of aaalysing a Ijtitr square witb two or Eore Eissing tieat nelts.
mws or coluE-os are described, alld illustrated by aa e,(aEple.

AtteDtion is dra.\I1l to a special type of incomDlete souare. iahoduc€d tw
YoudeD, which is capable of-srmple 

_aialysis. youden s,iuares oroviae lIatf,
erperimental arraagedeDts, which are likely t bG of 

_value _itr 
biolocic..l

exPerimeots and occasiotrally in variety trtali.
The evaluatioa oI tbe reciprocal matrix whetr redoada[t coastants orr ressioa coe6cients are introduced itrto least square solutioas is also dis-

cussed.

xxrll. w' G. C,ocBR^N. " Lon*krn A$calural Ezt tarrts,,' SuDple.
IEetrt !o the JourDat of the Royat Statisiicat Society, i6A0,
Vol. VI, Part lI.

The varioos types of loog-terE experioeot are described. The desictr oI
experiments oD a single crop or on a fixed rotatjo! oI crops with fired &er,t-
EeDts is discussed aod the statistical aralyses are ilus6ated bv Du.merical
examples. Where treatoetrts are apDlied af Iiled ioterEls oDlv. 

_the 
resrdual

as well as the drrect effects catr be asiassed. The possibilitv of obiainiDs sreaflv
increased accuracy on the resldual ellects by eaiuriag that tle perio&"ol thi:
crops and treatmeDt cycles are dilferent ts polDted out. The meth_od oI seoarat-
itrg the dir€ct and residual effects when ihe treatmeDts rotate lrom D,'tot to
plot io successive years is eraeiDed and ilustrited bv a qumerical eramole_
The d€sign oI loDg-terE experimetrts on the eliects ot diJferetrt crop seq,reic.es
aDd the advisability oI iacludiut iDdicator crops are discussed. Ia_cpnilusion,
roEe practical coosiderations oiioportaoce aio metrtioaed.

(6) ANALysrs or DAIA

xxrv. F. Y^TES aad D. J. WATsoN. " Fadors l"fiuncir.g th, pzrcaildt
oI N;trogen in tha Bdrhy crain ol Hoosfiew." Joumal of Ari-
cultural ScieDce, 1939, Vol. XXIX, W.4i2-45a-

The eflect oI rainfall, sowiog date aad yield on the Dercatrtaso of nitrodeni! the barley traitr oI cerEiu r;preseotative plots otr tioosfieh'is studied."
AII these lactors are shown to have Earked effects. The farmvard matrure

plot dilfers Irod the others, both i.o meaa Irerceutage and in tle effects oI
railIall aod yield.

Chaageg in variety appear to have had little i loelce, but there is a
proSressive decft,ase in tbe percettage oI mtroger lrbich canEot b€ accouated
Ior by chatrges itr atry oI the above lactors.

- Comparison-is made witi the tesults oI the 3ioilar study on tle Froaoclrt
berley plots at Woburtr.

xxv. D. A. BoaD. " Corr.tatiois Bda.cn Monrhla Rainfall ar Eb)en
Stafions ir.li. Bitish rsrrs," Memoirs oI the Rold MeteorotoEi-
cal Society. 1939, Vol. IV, pp. 143-166.

The paper is based upotr r.iDrall records for the Eooths oI Janua.ry, April,
July and October at eleven statio[s iD the British Isl€s over the period
187G.rS20.
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The meaDs, variatrces aDd covariances were comPuted. Perce[tage
staBalard eEors were obtained and EaPPed, tbe dishibuuoD ProvitrS similar
in atl months.

A corel,atiotr coefrcieDt lor each pait oI stations in each oI the choseD
EoDths was evaluated, aDd traasformed to z. The value of z was dependent
to a coDsiderable exte[t otr the ilter-station distaDce aod bearinS. The litrear
rcgressioo oI z on distance tetween statiotrs was signilicaot ia each month,
bit the quadratic terE 1IIas small atrd lloo-sisaificant. The remaiEing tlvo
terBs of t-he regressiotr, a-ssociated wittt the b€ariag betw€eu pairs oI statioos,
reached sipilicaoce oo otrly two occasions out of the Possible eiSht; but.
as a whole; they gave a reaionably coherent Pictule oI moothly chatrEes in
the itrter-statioo bearing at which correlation rcach€d a E.iiftuE.

To account Ior such changes, aDd {or changes in i, data Siven by otber
workets were exaDiBed. The variatioDs appeared to be closely a-lsociated
with the petsistcnce ot a pt€s$[e gradielt Ior wiods Irod the south-\resterly
quadrant._ 

A ta.rge part oI tbe lesidual variamr is shown to t € due to a Earked regional
variation-, lhe ?rss,ociauotr betwe€n moDthly rarnfals beiEg greatest io the
south aod least itr the Dorth. MaPs oI the lesidual z's show that the association
within goups of stations oo the west coast or oD the east coast was Sreater
tlan tbat betweeB the west and east coast grouPs.

xxvr. D. A. ErcvD- " Thc Esl;tnarion oJ Rothenskd Tcmpelatwe lrom
tk T.riP?ratvft oI OtJont and Gteeiuirr." Atraals of EugeEics,
1930, Vol. IX, pp. 3{l-363.

Itis propos€d shortly to atralyse the elJect oI temperature od the Rothamsted
crop-yie1ds. For this Pu4)ose the mean temFrature Qo ,or each cloP year
is required, aDd also quatrtities Qr . . . Qn proportional to the reglessiotr
coe6cieEts of a (itth degree polfaomial fitted to the weekly meaD temlrcra'
turc of eaah crop y€ar. Rothamsted's temP€rature lecord did oot comm€trce
Etrtil 187& whercas yields Ior most oI the classical exPerimetrts are available
from 1852. Tbe possibility oI estiEating tle requted values lrom the
louger records o{ -Oxlord aod Greetrwich for tie period lE52-3 to 18?7'8 has
therefore beeE ilvestigat€d.

As a fitst step, t[e quaDtities Q werc eva-luated ,o! a Period of years
(l87Sg to l007-8j during which the tbre€ statioos were concurreEt, ard tbe
m€atrs, v_rrietrces atrd covarianc€s of each set of Q's were calculated Green{'ich
app€ers to have had a slithtly more ertreme climate thao OxJord or
Rotbamsted, but this may ha.ve 6eeD due in pait to the uDorthodox exposure
of tbe thermoEeters there. A significant iocleirse in mean temPerature over
the period w"-5 noted, amouotinB to about 0.05'F. a year. ChatrSes in the
seas6nal distribution oI temPerature were not significant. The varia.trce of
Rothamsted temperature wa-s siSnrficaDtly sEaller than that of Oxjord or
Greenricb, both foom week to we"ek, and iiom yeat to year. This Doteworthy
differeoce was doubtless due to the more upland situation of Rothamsted.

The liaear regressiotrs of the Q's Ior Rothamsted otr the corresPoodiDg
values for Odord arld GreeDwich wele evaluated, takiDt the two stations
individualy aod simultaaeously. OxIord gave a better fit than GreeDwich rn

"r.ry 
*"1 and the partial relression oitbe two statioas was little better

ttrad'the regr€ssioD oi Odord alooe. The ,it was very good fm the regressioo
oI Rothamstcd oD Oxlord, the residual varia[ce io no case exceeding 5 Per ceDt.

verv satislactow estr'mates of the meaD aEDual temDerature atrd oI the
regessioo coe6cieo'ts up to the 5th degree may therel6re be obtaiDed for
R;tbansted IroE the temperature records of Oxlord oaly. At the salle tlEe
diflereDces oI surprisiog magnitude have b€eo revealed iE the variability oI
weekly alrd annual tcmpelature at Rothamsted as comPared with Oxford
aad Greerrvich.

(d) SA{PLING

rxvrr. W. G. C(rcIIRrN- " TbUs.oJlhc Arralysis of Vaiawz in Etumeta-
tiolt b1 Sam ;ng." Jourrul oI tbe llmericao Statistical Associa-
tioo, 1039, Vol. XXIV, pp. 402-610.

The re.sults oI a prcperly plaDned sampling investiSatioD, in additiou to
providi[g an estimete ol the accDraay of the method, ofteo tive estiEates oI
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tbe accuracy oI various altemattvc Eethods of samDlins which miEht hevc
beea used. These estimates are helDlul io iEcreasius the e;frciencv ol ;moliDt
in future studies oE similar roateriai. The use of the-aoalvsis oI viriance oi tli
sampling results lor this pur?ose is discussed aad illust?ated bv a truf,erical
asaEple. The case itr rrhicL ai appreciable fractioo, say, Eore tha-u lO per cetrt.,
of the total populatioo is sampli:rd is discussed brieilv. The estiBa_te of thc
relative-accuraly oI two Eethfos of sampliag is sbo;E to be ia Eost cases a
simple functioo of the variance ratio. so thal its samolitrs limits are easilv
obtainable. Some adyice is Blveu oo the problem of aialy;iog the results o'f
large saDples without excessive labour,

xxvrrr, W'. G. CocHR^N. 'The Infolmatiol Stbblicd b! tic Sr',mbl;n!
Rrslrrs. ' (Appeadix to a paper by W.'ft.. S. .adeI). A;ruafi
of Applied Biology, 1038, Vol. XXV, pp. i8i-889.

Io aay field experimetrt which iovolves saopling of a Iaborious Dature,
it is important to krlow as sooq as possible wbat desree of accuracv i[ the
treatmeot meaD values wrll be reacf,ed \rith a give;amouot ol \tr;rk, how
mucb.work must be doDe to reach a tivetr staDdtd of accuracy and how best
to distribute one s resources between-the amouDt of saEpling ;nd the a.Eount
oI rq)licatioE.

_The -fi.st sarapliog, whether it contaiqs experimeatal treatments or is
unilorEly treated, can supply inlorrtratioE on all these points if properly
carried out. Ladel s firct iiriworm sampling is taken a_s d simple nim6ridl
exaEple oI the way io wbich these quesaioai can be auswered i,itn ttre belp
ol aD iutalysls ol vilfrance.

Th€ sa,mpling atrd experimetrtal errors oI Ladell's experiEeots are dis-
cussed- The sampliag error accruuts for a larte proportion 6I the experimental
error iD most cases, as tt is always ad\ristbl; where the labour i'avolved in
3ampling is high.

Ladell s sampling elrors agree well rith those obtaioed utrder widelv
dilferent conditioos by Jotres, a;d both rDay be recoomended ro other worker;
as an iodicatioa of the aeouot oI variability to be expected in field sampliDg

xxrx. W. G. CoCERAN. 'E beckd Errols in Dilul;n? Bact r;al S|asbe,-
sio',s." (Appendix io a paper by H. L. A. Tarr). AtrDais of
Applied Biology, 1938, Vol. XXV, pp. 633-043.

.\ knowledge oI the aoount of variariotr inkoduced by the process of
dilution in tte trumber of spores or vegetative cells io a so[utioE is often of
inter€st to bacteriological workers. TLe variatioDs itrtroduced by dilutitrg
coDsist of two parts {i) a samplitrg error, which wit} careful wor( w l tent
to Iollow a, Poisson series distribution (2) the error involved in ertricting
rather dore or less thatr the volume of liquid stated otr the pipette. By makiag
reasotrable assuEptioos about the sec.nd source of err6rl staodaicl errori
aod 5 per cent. lidits of va.iatiotr can te assittred to the truobet of qrorcs or
vegetative cells iD the volume \phich is beiog used for experimental p_urposes.
A table of these errors aad limits is giveD. Covering the -raage ftom lo._to lO
spores per uLit volude. Examples oI its ose are worked out.

THE SOIL
(De?artaeots oI Chemistry aEd Physics)

xxx. G. N^cELscE$tDt. " Oi rli Atomi. Arrang.ntcrd ana Va d[,itih,ol thc Montmodllofiite crcup." -UircraloSical Uagazirc, tog6,
Vol. XXV, pp. 140-t55.

A cta.aiilication of clay mirprals is based on their lattice skoctures aDd the
quality oI their X-ray powder diatr.6s. The aontEorillonite group, wjtb a
ttrree layer lattice and poor powder diag.ams, is shown to haie t6.ree ead-
members, which id the completely dehvdrated state alld free from isomorl,hous
repla.ements are moutm6rilonitc Alrsi.Orr, DontroDite FerSi.O,r^ aod
lnagnc_iuB. beidellit€ Mgrsi.Oir. Cslculatibni of the isomorph-oud r6bce-
6ents Ior si: oI these Datedals showed tbat the excess cationi Ualanc, tle
ootativo charges resulting from the rcplaceEeuls. Furthor it *as showtr ttrat
lor tlt6€ oI thes€ materials aU the erc.ess catiotrs were ercbangesble, ttrough
thero rar discrepancies witb oatrcaium boid€lite.

F
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The hvDothesis is advatrced that a cerbitr amouDt o{ isoEorphous rePl"ace'

ment of;iiicotr bv aluminium atrd perhaDs of alumidum by magtresium is
essetrtial for this'structural type- 'this ;rray exPlain botb the high water
coDteDt, which is due to the 6xlcess catioos, atrd the Poor diffracting Power
,or X-rays, nhich is due to the tack of tegularity in the lattice.

X-ray powder data lor the sir samples and the values lor thc lattice
shriokag; upoD dehydlation are tiven ald discussed.

xxxt. E. W. RussELL. " Soi, Slructurr." Imperial Bureau of Soil
Scietrce, Tecbnical CommuEicatiotr No. 37, 1938. Price 2s

The Droblems concemed with the Droduction a[d mainteDaDce of a good
soil stru;ture, which is a fuDdameobl alemeat itr good tiltb, have teetr extea-
sivelv itrvestisated durins the last few vears. This review describes the matry
metdods thatiave been divised lor mea-iuriDg the soil structure quaatitatively,
the desree oI control tlat can te obtaitred over tbe soil structure by weather_
rng, critivation, the appticatioE oI maoures and the 8rowitr8 crops aqd thc
tb;ories that have beetr put ,orw_ard to e{rlain the resolts

xxxrt. R. K. ScrloFrBLD. " Polc-Sizc Disltibt tion er Ra)ed.d by th,
Dcpcadcrcc oJ Suction llFl oa Moislurc Cotrlrl." Traasactioos
of 'the First 'Commissi6n 6t trc IDtematioDa[ Society oI Soil
Science, 1038, Vol. A, pp. 38-45.

Bv fouowiEg the iEvasioD oI air itrto the pores of soil saDPles as the pF
rises ;Dd its rep-lacemeDt by water a-s the PF lalls a measure is obtaiDed of the
pore-size disbibutio[.

WheD the suctiotr does not exceed PFO (S0percent- R.H.) there are good
reasoos for believinS that resutts of th6 ritbi oraer oI magnitude are obtaiDed
by assumi[g tie normal value Ior the surface tension.

Above DF 6 the direct adhesion of tbe water molecules to the solid surfaces
and to the'hydratioD oI the exchangeable iotrs are Probably t5e controuing
{actors.

xxxllr. B. A. KEEN. ' What Haplens lothe Rai, ? " Quarterly JourDal
ot the noyal Meteorribgical Society, 1939 \'ol. LX\', pp.
123-137.

An atrnual ruinlall oI 30 in. meaBs that 3,fi)o toos oI water ,all otr ao acre
oI latrd. Id the course of the year this all disappears, by run-otf. evaporatiotr,
transpiratjon through vegetatioD. and by dowDward percolation. The relative
imooitance oI tlese factors in British aod overse:ui conditioDs is discussed.
Ila;v of the traditiotral beliefs amonR {armers aod gardetrers sere based on a
tbeoil of water movemeot that wa-s attractively simple to uDderstand-but
inco;ect. It is oDlv in recent vears that the true picture oI the moveldent of
water io the soit his been buiit up. In consequeice, some of tbe traditional
grectices tre€d re\risioa. whlile oth;rs Dow bav; a differeot erplatratioD. Tbe
iew work has also clarilied some of the coDcepts used io bydrology.

xxxrv. R. K. ScEoFtELD. " Thc R.bres. diott ol So;l Colout by -Vedns
of lh. C.l.E. Co-odinafcs." TraBsactidns of the First Com_
riissiou of the Itrtemational Seiety oI Soil Scienc€. 1938'
Vol. A, pp. 54-69.

Tbe *?y iD which C.l.E. colour co-ordiDates can be cortrputed from the
Maxwel spitrIrirg disk is explaioed.

A Dumerical example is worked out ia detait by way of illustratiotr' thc
bue wave-leDgtb, the iuiity aud the relative brithhess beiDS also evaluated.

The cause oI the dilfercnces in thc matches obtained between soils and
MuEseU colour disks by diJfereot observers is explained, atrd it is cotrcluded
that such Eatches obtliEed bv observers oI unElowtr visual charactedstics
do Dot provide a satisfactory b;is for soil colour noEenclature.

Various ways are discussed iD which better results dight be obtaiaed.
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MICROBIOLOGY
(De!'artmeots of FerEertatioD aad GeDeral Microbiology)

xxxv. E. II. Rrctr.ARDs.,, N otz on thc Ellecl of Tanfcralua on a Miul
Cultutc oJ Tuo Orya*sns it Slimbioik Rciatioi.', lotrtrlrel oi
Agricultoral ScieDce, to3g, Vot: XXIX, pp. A02_3OS:

A study was made of oitf,ogeD-IixatioD by,{ totoba.t t chloo.occurn^loneina
medium coDtaiaiDg dextrose (which it can utilize) aEd in Eixture with a
cotrlorm organisE otr a Eedium coDtaidog tro ce.rbohvdratc exceDt starch-
which Aror&add caruot utitize uDless ii be hydrotis€d UV ttd cofiil;LorgadsE or some other aaencv.

The amoutrt of nitrogln lixe<l ia the Eixed cultures *,as loutrd to be
maxlmal at two teEperatures, aad a discussiotr is civetr oI ttre causes thoucht
to be op€rative in produciog tbe double EaxiEuD:.

xxxvr. A.DrxoN. " Tha Pfttoroa ol sorn Eas, Gt.athnd, Soik-" loi-Jln lol Atrimat Ecology, l03g, Vot. VIII, pp. 102-107. -

-Soil saEples froo KaDgerdltussuat itr East GrcenlaDd were eraEiacd.A larte protozoan populatioD was presetrt eveo in those which were frozeDlor une Eotrths oI the year, the greatest oumber oI sD€cies beitrs {ontrd ir
the soils produciDg the richest vegatatiou. The testaceoirs R-hizo!,ois itr thesc
soils were utrusually tru.Eerous io soEe of tbe Doo-peaty samples:

TIIE PLANT IN DISEASE : @NTRoL oF DISEASE
(DE)artoeats ot Ento8otroty, IN€cticides aad FEogicides,

aad plaDt patiology) -
(a) IlrsEcrs AlaD rEBtR CoNrRoL

xxxvtr. c- -B. W-rLLrAlls. 'Ths Migatbr. oJ B{acrflhs in lidia.,,
JourDel of the Bombay Natural -History- 

Society, 1938,
Vol. XL, pp. 139-167. '

This &coutrt of the kno\*.D migrations o( butt€rllies oI India was writtetr
at the request o{ the Bombay Natura,l }listory Societv to suEulete itrterast in
the subiect in Iodia. About eighty records reiating td i2 sDecies are discussedand tabulated. A map sho\rs the localities where flish_ts }uve treen seen.'l-he species migratitrg oo ttre slopes oI the HiEalayai itr North lEdia aredrilereot f(om tbose migratiag further south otr tie DlaiB. The sD€cies
migratiDg in South lodia are, however, very similar to tb6se in Cevlon. 'mere
ls some evidetrce of the l[ght seasons beiDg retrated to the seasoDat [emtr"ot,.r.
chatrges iD the north, atrd to the ooDsooD ihaDges iD the south.

,axxurr. C. B. \tr/tllrArrs. ,, Rcc.t1, pro$rcss irt thz Srude ol Sorn Noar|
ArrErican Mi$dnt Bdt.tltis." Aooals oi ihe Entomo-
logical Society of AEerica; lgg8, Vol. XXXI, pp. 2ff-2g0.

This is e suEmary and disrussion of a aumber oI trew records of migrationol butterflies i! North America aad particularlv of the Monarch l6a;alrs
Plcippusl, the PaiDted La.dy (Vancsi cadti\.'a , the Mi;to; 'S-,r i;;
\Phoebis .ubi.k). Itr the former southward autumD nights iie forioa id tUe
Ea-st€rD States do$.n to Florida aod in the Central p'iaiDs froE the Great
l-akes dou,D to Texas. Io the mouDtaiE areas tbere are ro ftishts. but thev a[
agaitr foutrd otr the Pacilic c.ast. In tle paiotrd t2dv in".a_ii""i "."* i,i fl,"
!!,ngg from the souti apparenuy onty Irom the 

"ria oo*io"s ;i W;;t"r"
Mexico. creat iEmigr.tions occured itr t521,1926,193i aad 1936 but aonc
iA the iotervedDt years. For phocbis .t b{t tbere ls gi"eo a'reoartatii seriesol,observatiotrs by. M.:. P. Sm-yth lastitrg over eigEteeD co[secutive JreaE.(-ltllel species are also discussed.

xxxrx. K. J. FrsEEi (K. J. GR Nr). ,, M;Eralions of tt S;tt cr-y MotL

I"lHi,giHi] ;!:;'# 
B/i!zi't"; lo.*n,.t-of aDisar Ecorosv'

-. -+.""!gu!t of immigratioas of the Silvq-y Eoth ftom t0B2_lOB6. Th.tutnis rtr ttre tast oI these y6ar'!r was otr a very erteuded 3ca,le aod cotsidarauc
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damate was dotre by the larva€. The moth E-as se€o as fat lorth as th. Shetl^trd
IdaDd-s. Tbe first iomigraats wete see! on May 6th, but the maitr iBdigr'atiotr
was ill June. The data are a[alysed aDd show considerable evidence to suPport
a returi Ilight to the south ill tie autuEn. The lviDd bas no aPParent itrlluclrce
od the directioo of Oitht.

xL. D. C. THoM^s. ' RePort ot thc Hemi Dteru'H?teToqtera lah?, in th.
Lishl Trab ot RolhomArd Ezbdir\c;ltdt Slarion, Dwin( lh? Fow
y;/s t9'33-1936." Proceediogs oI the Royal Ent6mological
Society of lrndou, A, 1938. vol. XIII, pp. 19-24.

SeveDty-four species oJ Heteroptera were idetrtilied of which 67 were of
the lamily Capsidae. This latter number is atrout one_third of the kno$rn
British soecies of CaDsida€. Several sDecies caDtured rvere oes' to the district.
The Cap;idae were lredominantly -lales, and the Corixidae chiefly females.

xr-r. B. l-ovtBoND. Tk Feuu F'Iy Dilophus febrilis L." Journat oI
the Board oI Greeokeepitrt Research, 1938, Vol. V, pP. 271-273.

Fever flv qrubs ale frequently tound io clusters on golf greens and are
oftea conluied witl l€tbei jack;Ls. The damage coosr-sts of thia Patcbes
rotud the oesls and looseoinS;f the soil. Theliiefustory has beetr thorougbly
iEvestigated by other \rorkers aod rs quite straiShHorwatd, ttrerc being two
geDet'atioos iD the year. Irad arsenate has givea Sood cootrol.

xLrr. B. LovIBoND. " lleloe proscarabaeus t." Joumal oI the Board oI
GreenkeepiDg Research, 1939, Vol. VI, pP. 42-45.

Specimeas oI the oit beetle Meloc p/oscarubae s L. were troublesome oo a
LenAshire goIJ course but did not ciuse aoy actual damage to the turf, It
rras fouDd tiat they mated and laid eggs readily under laboratory cooditioEs-'
An excellent hatch_\[as obtained but allhe trruogut'trs could not b€ persuaded
to Ieed, it was impossible to carry them on to the adult stage.

xl-trt. K. N. T[.EB^,\. "Tuo Neu Srecies of A lewodidac Foutd otr Fcttts
in Gr..nho[se: in Atirain.r' ProaeedinBs oI the Royal Ento'
mological Society of lrndon, B, 1938 Vol. \'II, pP. 182-189.

Two aew Whiteflies were Iound oB Jems in the Femhouse at the Royal
Botatric Gardens at Kew. They are descriM as Akutoplarus /trt t sis alld
T aLutd.s ulilliarisi.

xLrv. A.C. Ev^Ns. " Stutiies oi the Di\ltibution of N itrogd in Insaet;."
I.InthcCostesolthc ryasP, Vesputa SerEaaica (Fa6.) " Procled-
ings ol the Roial Etrtoirologiizl Society of Irndoo, A, 1938,
Vol. XIII, pp. 25-29.

In the adult wasp most of the dtrotetr is Present tn the cuticle aod solubl€
proteiD {ractioDs, id prepupae little is fouDd in the cuticle, but over 60 per cent
is in tle form of sdlu6le proteitr. Just eme4ed wasPs Probably coDtaitr a
reserve proteitr, iosoluble lD water, which is utilised to comPlete tle harder_
ing oI tie cuticle. The Iat-My oI queeN PreParing Ior hibematiotr weiShs
a 6ut 25 per caot. of the body-weig:trt aad co:atains about 1.3 Per cent. of
nitrogea.

xl.v. A. C. EvANs. " Sltdr€s on th. Dislrib*lion oJ Nit/og.n in Ins.cts.
II. A Note ott the Estifialion anil Somi Proberties of Ins.ct
Cla,ich-" Ptoceelir.igs of the Royal EDtomobaical Society oI
Irndotr, A, 1938, vol- XIII, PP. r07-rr0.

'I\e cnlicle ol Teubrio ,nolitot L. contails about 60 p€r cent. proteio which
is soluble in dilute acids atld alkalis. The hlrpothesis is Put lor*atd that Part
o, the Eaterial absotH IroE the cuticle at the last l.alval moult may eveD_
tuauy be utilised to form the major Part oI the adult cuticle.

xlvr. A. C. EvANs. " Physiotogical Rcwionsti|s belaecn lls.cts anA
thei/ Host Ptants.'l. Tie Efftcl of rhe C'herninl Comlosition oI
,he Planl ffi R.pnAldio" and P/odlction of Wingcd Fohrs in
Brcvicorytre bras.sicae a. (A?hi.di.da..") Atrnals of APPlied
BioIoSy, 1938, Vol. XX\r, pp. 55&572.

Uoder late surDtDer couditioas of light the rat€ oI teProduction of the

^p)hb 
Br.ticortn D/assi6a, is Positively correlated with the nitrogeo coDteDt
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oI thc host plaut aad, in particular, with the plotei! cotrtent. The lormatioD
of sinSed lorEs is Eegatively correlated witli the same factors.

xl.vrr. \!-. R. S. LADBLL. " Fi.A Extutimenrj ot lh. Control of Wire-
ud|ns." ]rith ao AplreDdix 'by W. c. Cochraa. Airals of
Applied Biology, 1938, Vol. XXV, pp. 341-389.

An account is giv€o oI three fietd experimeots platrned to show the elfect
of soil iDsecticides otr w eworms. Oae was iD tbe fo-rm of a 5 x 5latitr souare :
the other two 3 x l0 aDd 6 x 8 ratrdomised blocks. The oean deoslitv o{
wireworms before cotrtrol uas 65, 335 and 277 per souare vard resDectivetv.
Diskibutiotr was uqevetr and tbus introduced hish sampli;s errors'. Severi.l
fumigatrts showed sigrificaot reductious in the population. one of the best
beitrg crude naphthaGDe.

x!.vrrr. F. TArrERsFrrro and J. T. y^RTlN. " Thc probhm ol the Eralua-
tion ol Rol.\one-containiry Pltnls. Il/. Ttu Tozi;itr to Aohis
rumicis ol Cenain Prcdkls I solalcd, fTom Drnis E@t," Aith
q-4ppegdi! !y W. c. CocrrRAN. .A.nnals of Applied Biotogy,
1938. \'ol. XXV, pp. 4ll-429.

Atr account is tiveo of the preparatiotr and a few of the proDerties ot a
com?ound isolated from the extracts of Sumatra-type derris iooi.
- This compoutrd yietds opticatly inactive toxici;t itr high yietd, aDd is

characterised by the switcb-over from laevo- to dextro-rotation on tle addi-
tioo oI ceustic potash in riethyl alcohol to its b€nzeae solution, aod is maiDlv
respoDsible lor this leaturc of the Sumatra-type resins undersimilar heatmeni.
The chaDg€-over in rotation was Iollowed by a gradual tall ill rotatiotr of a
unirnolecular t,Ire. The cordpound is laevo-iotaiory in benzene and dextro-
rotatory id alcohol.

The toxicities to llrrs ,i..rtirir of rotenone, toxicarol precursor, sumatrol,
toxicarol and the residual resiDs from the Sumatra-tvDelnd Drrti, cllibtica
roots have been determited. ID our erperiments the ioxicitv in desceidins
order flas Roteoone > D-? ipti&ftJLr > Sumatra-type resi; > su6akol j
toxrc{rlol precursor > iDactive toxicarol.

Io the AppeDdix, the computations treccssa5r to estiDate tle reLative
potercies oI two iBecticides from controlled experimetrts oo ins@ts are
illustrated bya, nuEljrical example. A brief discusaioa is givetr of the appro-
priate tests oI significance.

xLIx. J. T. M^RT[N. " Tha Ch.rtical Eoaluation of pyrsrhlum Floua"s
(ChrysaEthemum cinerariaefolium).' Jouhai of Agriculftrral
Science, 1938, Vol. XXVIIT, pp. li;e-+it.

Comparative atralFes of pyrethrum flowers lEve been carried out by the
methods of Tattersfield, Seil, Ripert, Ha.ller and Acree atrd Wilcoxon. 

-

The methods were of value in iDdicatiEg the rel.ative richtress in p).retb.rins
of tle saEples tested, but discrepaocies iere seen io the absolutd;alues of
tbe pyret}i-os I and I I recorded. lioder preseot conditioqs aqd utrtil e standard
mettrod of atralysis is agreed upoD, rd would appear requisite to state the
method employed in the evaluation of tie Ilowera.

The Wilcoxoa method has giveo higher fiqures lor the Dwethritr I contcat
than the Seil oethod. The desree of dfuerseoie betweeo tie resulb deoended
upoD the ricb.[Bs o( the flowers, and upoolhe excess oI acid used in di:rtilfinc
the volatile acid itr the Seil method. 'Tbe retationship between the amoutri
oI ttre p,.rettrrin I acid presetrt and tbe titratio[ rec'orded la the WilcoroD
Eethod was trot a linean: oEe-

Tbe quBtioa o{ the solvent to be used Io! the iD.itial er.traction o( the
floll'ers has been brieflv disuscerl

t. S. 5. H+PER :' A Ncu Com?o,nd fior,Detrris elliptica R sin.,,
Chemistry atrd Industry, 19i8, Vol. LYII, p. tOSg.'

By clr.romatographic absorption on aluEitra oI a roteDotre-free D..tt;brica
ro6iD Buclley's coEpouad is obtaioed. It has the lormEla C.H,.O.: Artrlctllr! i! assiSncd ba-sed on its siEilarity to iso-rotenoD..
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(b) FrrNGus DrsBAsas
Lr. S. D. GARRlrr. " Soil Cadirioas and th, Root-Inf.ding Fungi."

Biologica.l Reviews, t938, Vol. XUI, pp. 159-186.

An examinetion is ,nade ot pape.s published durhg the last filteeE years
oo soil-bome luEgus diseases ol ptants, with +ecjal refere[ce to the itrfluetrc6
oI soil cotrditions oo itrfectiotr.

I!! reviewi-tr8 the ecology of the root-iafecting futrgi, a distincdotr is dla,tlm
Iollotf,iDg ReiEkiDg, bet\eee soil inh&itdnts en.d. soit ifitddcrs.

T\e soil inhabitdn s are cotrsidercd to be prioitive or uuspecialised para-
sit6 rf,ith e wide host ratrge ; these futrgi are dist'ibuted tbroughout the
soil, atrd their parasitism al4)€als to be itrcidetrtal to their saprophytic eaistence
as EeEb€rs ol the geoeral soil microflora.

The soit irntodzrs, to which class the Eajority of the rcot-infectiD8 tungi
seeE to beloog, are fiore higbly E)ecialised parasites; the preseDce olsucb
Iuogi io the soil is generally closely associated with that oI their host plants.
In the coatianed absence of host plant, such fungi die out in the soil, owing
to their iDebility to compete with ttte soil saproph,'tes to! an existetrce orr
ooa-living ot'8anic matter. I'his close association bet$eea the soil imnda*
aod their bost plaots thus seems to be enlorced by tlrc competition of the
Seneral soil Eicroflora.

T-he iDlluence ol soil cotralitions lrlron a nulnber oI soil-bome fu[gus
discases is tabulated atra discussed trnder the headings oI soil ,Doisture conteDt,
t ature, orsaEic Eatter, reactiou aDd cbemical coioposition.

Ltt. S. D. GaRREII. " Soit Condiliortt anlt tha Toh.-all Discase oJ
lvkat. III. Dcconposition of rhc Rcsring Mycclitm of Opllo-
bolus grartrinis in l4etted Whaal Sttbblc Bllticd in th. Soil."
ADDals oI Applied Biology, 1938, Vol. XXV, pp. 742-760.

Declitre in viability oI the resting mycelium oI Ofhiobol{s gldninis in
artiliciauy infected wheat straw was {ollo\r,ed under experimentally coDtrolled
soil corditions io glass tumblers. The results suggested tlat the disappeaence
ol O|hiobolus from the straws was due to its oatural tlecoBposiiioE by the
othcr soil organisms, since, ia its restiDg phase, the fun$rs tolerated adveGe
phFica.l coaditiof,s of the soil better thall those optimum lor micrcbiological
activity. The declitre ot Ophiobolus was hesteDed by the addition to tbe soil
of erergy materials poor or lackiDg in nikogeE, such as glucose, starcb a.trd

ry6.8rass tl!e3l, whilst it was posq)ooed by tbe addition of olganic dtrogeB
iD the lorm of &ied blood, or of inorganic nihogen, as ammotrium catbotrate.
Thes€ resulf,s led to the hfpothesis thal ttre Optriobolls oycelium is decoElrcsed
as a source oI Dikogerl by tbe Ericro-orgatrisEs engaged iD breaking dowlr the
stras residues.

Ltt!. S. D. G^RiETr. " Soit Condilior$ and ,he Tahc-all Discesc of tyhcd
IV. Fo.lors Limiring InJrcliol by Ascoslores o/ Ophiobotus
traEids." Annals of Applied Biology, 1939, Vol. XXVI,
pp. 4z-6i.

No idection oI wheat seedliDgs by the ascospores of OfhiobolLs grdrninis
could be obtahed except uDder skictly pure culture cotrditioos iD bacterio-
logica,lly sterile soil or sind. Yet such isiospores germinated w€ll otr nutrient
agar, aad the resultiag Dycelial cultures tould produce i ection oI !.heat
seedlitrgs gtou.itrg ooder natural soil cotrditiols. Failure oI the ascospores to
cause ioJectioD ooder ordiDary soil cotrditions wa-s attributed to coinpetitivo
assimilatioD by ttre other soil micro-organisms of the root excretions, whict
ia sterile Boils ate wholly availa,ble to the gerEitratiDg ascospores.

(6) VrEUs DrsEAsrs
LIv. F. C. B^WDEN atrd N. 

,w. PrBtE. " Liquid Clyslawin Pr.?drations
of Potalo Vit* 'X'." Bitish Jounal of Experioeatal Pithology,
1038, vol. XIX, pp. 6&82.

Mettrods are described Ior the isolation of nucle,fEotaius a.ofi, N. labaaLri,
N . gt dirbsd z!.d Ljcalcrsiclrr, caetlorrtlrn, iDJe€ted ;ith th6 S and G strahs
of potato vims " X." These have not b€€o isol,ated from ttealthy DIaDts, atrd
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tha evailable cvidence suggests tbat they are the viruscs themselves. Iafec-
tiotrs ltrere obtaircd with l0-. gm., and speciiic aerological reactioDs with

I
Ol-fO" p. ConceDtrated solutions are spoDtaneously bi-refriDgetrt and

dilute solutiotrs show aoisotlopy of flow; when setlimented by higb-speed
centritoSation the [ucleoproteins 1016 biretrh8eDt iellies, but when p!e-
cipitated witl acid or ammonium sulphate the material appea$ amorphous
utrder the misoscope.

The tilterability of the virus after purilication is less than that oI the vims
itr ufltreated sap, and puri{icatioa appears to cause the virus particles to
atgregate into rods-

Two types oI itractivatio! ale descriM : one leads to a loss oI iDlectivity
without changing the optical properties or serological reactions, whereas the
other denatures the protein and destroys all thee. The effects of heatinS,
dryi-ng, acid, alcobol, sodjum dodecyl sulphate, i-rradiatioD with X-ra.ys aud
ultla-violet light, and hy&ogen peroxide are described. The properties of
virus " X " are compaled with those of tobacco mosaic virus, and the results
discussed.

Lv. F. C. BawDEN and N. W. Pra.tE, " Crlstall;ne PleFaralions oI
Tomalo Btcshy Slunl Vir{s." British Journal oI Experimetrtal
Pathology, 1938, Vol. XIX, pp. 25r-263.

The isolation of a proteitr, probably the virus itself, is descriM ftom plants
islectcd wittr tomato Bushy studt virus. This protein oot otr[y differs from the
norEal plant proteiDs, but it also differs more from the other purified plant
viruses thao these dilfer from one aoother. It is lully crystaline iNtead of
liqsid crystalline. It has a higher nucleic acid coltent thaD tobacco mosaic
virus or potato virus " X," aod is more stable towalds pII changes, but less
stable towards dehydratitrg agents, Its particles are not eloDgated, atrd liquid
and solid preparations are isotropic. I c.c. of solution cotrtaining l0-7 gm.
produces inJection l,heD rubbed on Lo N. glutinosd, and I c.c. cotrtaifiitr8
l0-3 gm. gives a specific precipitate with antiserum. Precipitates oI the rod-
shaped viruses with their a[tisera resemble those obtained rvith bacterial
nagelar (" H ") aotigens, but those oI Bushy sfunt virus resemble those with
somatic (" O ") atrtigeDs. w.hetr irradiated with ultra-violet liSht or treated
with nitrous acid the virus loses its itrfectivity, but it can still be crystauised
and still retains its serclogical activity.

Lvr. F. C. BAVDEN and N. W. PIRLE. " A Not2 at Som, Prot"irt
Cottstittcnts of Normal Tobarco aril Tomato laal,es." Blitis}r
Journal of Experimental Pathology, 1S38, Vol. XIX, pp. 264-
247.

ProteiEs witb high oolecular weighls have been isolated frcm healthy
tobacco aDd tooato platrts. Except Ior their large size, these proteins have
little in coEmon with the plant vir8es that have beeB purified. They cotrtain
14-16 per cent. N., but less tban 0.2 per cent.P atrd less thatr I per cert.
carbohydrate, wbereas the viruses are trucleoproteins.

Lvrr. F. C. BAWDEN and F. M. L. SIIEFFIELD. " Tha Intruccltula.l
Irr.ltsions ol Some Plai! vitts Diseasrs." AEnals o{ Applied
Biology, 1939, Vol. XXVI, pp. 102-115.

The coEtents of healthy cells a l those infected with a Bumber of drllerent
pleat viruses are descriM. SoEe oI these vinrses apparently do trot cause the
productioD oI intracellular ioclusions; othe$ cause the productioD oI .dor-
phous bodies ooly and the remainder produce both amorphous and crystallioe
ioclusions. The properties of the inclusiotrs are compared with those of put'i-
ficd preparatiotrs of the viruses. lt is shown tlet itrsoluble compleres oI the
viruses with protamines, histoEes and proteins vhich in oany rirays rescBblc
the intracellular inclusions caa be produced i, ?irro. Possible e{rlaEationr
Ior the lormation and disappearance oI the itrclusiotrs in iDtect€d plants a.rc
sugScsted.
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Lvtrt. F. M. L. SEEFaIBLD. " Vcin Ctadriig dnd Vai^ Banding InAuccd
bt HyoscramLs III Disrasr." AnDals oI Applied Biology, 193t,
Vol. XXV, pp. 78I-780.

The f.irst symptoD of Hy. III disease io tobacco is a clearing oI the veins.
Ittis is followed later by veio baoding. Duritrg cleariDt Do aDatomical or
cytological abDormal.ities occur. Tbe yellow colour is due to a retardatioo of
chlorophyll Iormatioa.

WleE vein baoding b€comes apparent coDside6ble hypertrophy is seen
in the tissues near the veins and hypoplasia is apparent in the inteweiDal areas.
Irtracellrrlar itrclEsions arr abuadatrt itr all tissues except the xylem.

Cleared tissue coDtains B-ll times as much virus per udt volume a-s does
tie beDded tissue. The liatter also coatains less tba! ao the yeUower parts ol
batrded leaves-

Lrx. M. A. WATsoN. " Farthzr Studics on thc Reldliorrsiip Betu.en
HyoscydmLs V;i{s 3 dnd thi Alhis Myzus p€rsicae, od* Spr.ia.l
Rclcr.nc. lo lk EII.ds oJ FaJrirg-" Proceeditrgs oI the Royal
Society of Lotrdon, B, 1938, VoI. CXXV, pp. 144-170.

Tbe e6cieDcy ol Mj,,rrs ,.7sica. iD traasEittilg Hy. 3 virus increasas wittr
iocreasiDg time of fastiDg befole feeditrg otr the iirfected platrts. Their e6cieBcy
decreases 1*ith ircreasiDg leeding time otr tbe ialected plaots up to one hou!, it
which time a cotrstatrt low level is teached. Iolectivit is losa by the aphides
when fasting after in ectioo ferding, bot the loss is less rapid iJ the feeding
time on the i ected plaDts was very short. Tbe rate oI loss of iDlectivity
appears to be tnote rapid ttratr th rate at vrhich the viius is ilactivated i,
uirro in expressed praDt sap. IDdi\.idual aphides vary in their eficieDcy a-s
vectors, but the rclative eficiency of iDdividuals catr be altered if ttre pretimin-
ary Iasting treatmeDts are variid. The most probable explaaafio!'ol these
tesults is that the virus is inactivated by some substaoce secreted by the
aphides when feeditrB.

Lx, F. M. L. SIIEFFTELD. " Micritrgical Sl dies on Vin s-Ir,feckd
Plals." Proceeditrgs of ttre Royal Society of LondoD, B, 1930,
Vol. CXXVI, pp. 52F638.

C€lls ot virus-iDfected plants were examined by miclo-manipulative
mettrods-

The pH of th€ ceU coDtetrts was foutrd to be the same in diseased and in
bealthy pfaots.

The non-cq/stalline irrkacellular iDclusiotrs of aucuba mosaic disease oI
tomato aishtegrat! imm€diately otr slight mecba.nical pressure or oa prickitrg.
They are almost una{fected by acids froo pH 7 to 2.r. They br@k dowtr if
the osmotic pressure is reduced below 0.O7 M, but can be isolated itrto solutioDs
of O.l M- These itrclusioDs coDtaiE vims, but virus may also be dispersed
tlrough the caU.

T-he striate material ol tobacco and enation mosaics caftot be isolated, as
i.Emediatrly it is touched {.ith a miclo-Deedle it brez.ks down into Deedle-like
tibres.

APICULTURAL PROBLEMS
(Section for B€e InvestigatioDs)

LxI. H. L. A. T^RR. " Stt di.s on Arn rical Fou, Btoott oI B.cs."II. The G./t tina,ior. of the End.ospons o/ Bacillus larv-ae iz
M.dia .o"la;ninE Embryonic Tissl/,ts," with aD AppeDdix bvI . c. CocBRrN. A$als of Appued Biology, 1918,-Vol. XXV,
PP. 633-643.

The dimculty of producing vegetative growth lrom tbe sDores of -Ba.irr&t
,ara", tie orgaoism rcspoasible for ADericatr foul brood of tEes, even on rich
Eedia such as a complex egg lrolk carrot extract suggested the possibilitv of
usitrg media. cotrtainiDg the tissues o, the dev€loping-chick emb_n,o. Ex6eri-
ments comparing four dilferetrt Eedia showed that chick embrvo .. biei',
and tJle cborioallaotoic medbraoe of the developiDg chick are by Iir tle most
favourable mcdia yet lound for the Browth of thjs 6rgaoism. Added av?ilable
nitogeD itr the lorm ol beef digest brotb to the embryo brer teDded to inhibit
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garoiaation. CoDccrrt!'etio[s oI r€duciDg sogars up to 12.6 per cetrt. caused oo
aPPa&at redEctiotr in the gerEioatioD of B. krua, spores oa the cbick embryo
Eedia. Tbis is oI iaterest because of previous sutEestioDs that the rcduciDg
suger cotrtent of bee la.rvae at various stages ia their development ,night b€
coDnccted with thc age-incidetrce of American Ioul brood.

Lxrr. H. L. A, T^RR. " Studi.s on Am.liral Fottl Brootl of Bc.s. III.
Th. R.sislafi. of lndivid*at Lamac to Inocdaion $ith tk
EndosFores ofBec,llns larvae." Atrtrals oI Al4ried Biology, 1938,
Vol. XXV, pp. 807-814.

Ex!,erimetrL3 are d*cribed iir which a.ttempts were made to produce
AmericaD loul brood by the direct iEoculation of eggs, or of larvae lrom the
time oI hatchiDt up to that just subsequeDt to se;nng, by pla.iog aqueous
suspetrsions ot the reasbed spores of Baeirras lanat it lbe cells. In Do case
did the disease develop iu tEe colotry itrto whicb the inoculated larvae were
introduced. Positive results rrrere, however, obtai[ed by spraying a comb
cortaiDitrg eggs aud youtrg larvae with ao aqueous suq)eisiotr of ihe spores
ot B. lamo., the disease b€comiDg evidetrt seven days after sprayiog. Sioce
in this case the adult bees had acc;s to the spore susiension it'caa'be"i erred
that tbe adult be€ plays an important part-in the iooculation oI the brood.
E4reriEetrLs design'ed io test tLe possiLility thet B. lama. undergoes soma
chatrge duriD8 its carriage by the adult bee yielded netative resl ts.

Lxtlt. H. L. A. TAIlr.. " Studies on E{rop.an Fotl B/ood,of Becs- IV.
04 the Attzmprd Cgllivalio of Baci \splutna, ttu S,.sc.ptihliry
oI Indil,idaal Lanae to lioculation tiih lhis Otgan;sm and iis
Localisdion ,ilhin irs Flosr." Anoals of.A.pplied Biology, 1038.
Vol. XXV, pp. 815-821.

AtteDpts to $ow Saeirrxs plulon, tbe causal organism o{ Eurcf,€atr ,oul
brood in b€es, otr the milced tissues oI the chick eErbryo, or on its chorio-
allaltoic rtrembratre were ulsuccessful, is coDtrast to B.-laruac, which grows
reell on these media. Soall doses of B. lrulo, wh'ich were unable to produce
growth oD chick embryo medium or on beel digest brood {iltrate medium
were iffitrumeDtal iD causinS Europeao Ioul brood itr youDg bee larvae wl,eD
placed in the cetls along with the oormal brood food. Stained sectioDs cut from
larvae of all ages and showing all steges of the disease showed ttrat B. ,r/ror,
is localised in the lood mass withiD the peritrophic membralre. The dis€-se is
shown to be a purely intestinal infectioo ol the bee larva- The orgaoisrn
reqronsible is a strict parasite.

TECHMCAL AND OTHER PAPERS
GENERAL

Lxrv. E. J. RussELL. " S.irrr, and th. Itu ian Pcosen!-" lolufiel oI
the Roy.l Society of Arts. 1939, Vol. LXXXVII, W. A62-A74.

r.xv. E. J. RussELL. " Naliondt Planning ifi Agiculllrrc i irs Possi-
bililics dnd, irs Lirnits." NitreteeEth Century and Alter, 1038,
Vol. CXXIV, pp. t87-109.

of Ar8, 1938, Vol. LXXXVII, pp. r2E-128.
Lr.vrr. B. A. }<EEN. " What Hdlrens to Rair." The Listeoer, 1930,

Vol. XXI, pp. 3t9-320. '

Lxvrrr. J. MErrIlJoElr, " Tha StaTting-Flient ol Enernt ? " Journal ot
tie Royal Agriculhtral Society ol Englaact, fd38, Vol. XCIX,
PP.37-53.

- . 
This paler contains a rcview o{ the prcs€lt knowledge of the status aad

habits oI tbe starliDg, espccially those $hich are of aSri;uthrral importasc€.
It also contaiEs an estim;te oI t-he density of the starliD:g populatiou io several
parls o, EEglaDd, taketr froE comparative counts o{ ieiG, aod aD account
oI atr experiioeDt oD the recovery oi plants bitten of, by birds.
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CROPS, SOI,S AND FERTILISERS
Lxrx. E. f. RussELL. " Th. Propcss of Soil Sci.n a." ASriculture in

the TweDtieth Century. (Essays otr Research, Practicc aDd
OrgaoisatioD, to be pre'sentea to Sir p".nlel Hall, 1930.)

Lxx. E. [. RussBLL. " Suga, 8..] Monurial Experirutds. R.suEs oJ
lhc RottonLskd Stalion's Worh." British Sugar B€et Re\riew,
1938, vol. XII, pp. 100-110.

Lxxr. E. J. RussELL. " Soirs du, Fcrtilisars," Thc Farmer's Guide to
Agriculturat Research ia 1937. Jouroal oI the Royal Agricul_
turd Society oI EDglatrd, 1939, vol. C, Pp. 133'159,

Lxxr!. E. J. RussELt. " Sor, Consarudiott aiil Permgrrcnl Agrtclblr.:'
Joudal oI the Aust'alial Ifttitute of Agricultoril Scieace,
1030, Vol. V, pp. 2l-32.

Lxxrrr. F. YATBS atrd W. G. CoctiR-r.N. " Sarny'ring Obs.molions on
R/tuaJ." JourDal o{ tlne MiEishy oI Agticultue, 1938, Vol. XLv,
pp. 86-86, 624-627, 83&838.

Lxxrv. G. NAGELscEutDt, " Sttttctu/e ana, PrcP.nics of lrnpetJcctlf
Ctystallisat Clay Mincrals." RePort of tbe British Associatiotr,
1038, Dp. 403-404.

Lxxv. G. NAGELscEMtDt. " Roil-sha?eil ClLy Pdtti.hs." Nature' 193E,
vol. CXLII, p. ll4.

I! sul4rort ol tle soggestiotrs tbat some oI the Einerals itr clays arld soil
colloids mly occur as rod- or needle-shaped Particles, it is poitrted out thet
other laver iattice minerals can be developed as ,ods utrder sP€cial conditions
oI growth 1e.g. pyrophylite from Tres Cerritas, Califomia) and tbat rod-
sha;ed EiD;rals;av have a structure based on siDgle or double chains oI
silic'on-orygen teh_a6edra, similar to the py'roxeneJ atrd amPhiboles. Atr
example 6ithe latter type seems to be the series of clay miDerals kDown as
polyglrskites, which in'ciude tbe mitrerals saPiolite and attaPulsite.

Lxxvr. R. K. ScsoFrELD. " Physicol Chamistly o/ Crar." Nature, 1939
Vol. CXLII, p,p. 52G527.

Lxxvrr. R. K. ScttoFrELD. "Thc Eh.trical Charyes on Chy Patticles."
Sorls ard Fertilisers, 1939, Yol. II, PP. l-5.

Lxx!'rrr. R. K. SCEoFTELD. " Physical Ch.tt idry o/ Cray." The British
Clay Worker, 1038, Vol. XLVII, pp. 208-210.

The above three paperc can be sumDarised as Iollows.
Some oI the charges on clay ParticlB, due to isomorPhors substitutions

withia tbe cr!'stal l,aatice, a* fuimaaai itr the setrse that they are oot iE-
fluerced by tf,e hydrogetr ioB c6lceBtration oI the medium itr ri.hich the cfay
is susDead;d. Thire aie also " sDots " oo tbe Darticles which are cbarged or
uDcb;ged accorditrg to tbe reacdioo of the meaium. They are of two krnds:
acidic iots wbere iegative charges caa develoP tbrough the drssociatiotr -of
hydrogen ions, aod basic qrolr wherc positive charges catr develoP through the
c6mbiiation oI hydrogen ions. The p-rocess itr thtcase of tbe aaidity spots is
probably - +

>si---oH 

-_""' 
>si--o + H

tbe siljma atoms bcint those situated at the edgcs of tbe silicon oxySeo layer'
The cbeEical trature 6f the basic sPots is uncertaiD. They are not lound iD
the clay mberals so tar indentilied but are Ircquetrt iE the commoD clays
The €quilibrium is possibly

-ir-o, ---------------> -Al:o + fi
rnd Eav bc due to aa overttowditrq in the octohedral layer.

A slidv of thc variatioa ol tbe el;kic charge with pH etrablcs tbc amouot6
oI pcroaalat cbarge and of the acidic and baiic groEps to be dettrEitred. ID
ccriain clays tbe aimber oI besic groups exceeds the rcSativc chargB ThotG
crhihit weudefircd i so-electric poiab.
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LIttI. E. M. CRoyrrs!f,. " Th. Dcrclrtinarion of Sili.rL, Ifon a*t
A,{rninilrn in Sorrs." TraEsactioos ot th6 S€cood Cooaissiotr
atrd Alkdi SoMomEission oI thc Iotematiotral Society oI
Soil ScieDc!, 1938, Vol. B, pp.97-100.

tIIx. E. IU. CRosrrEBR. " Tfu Mainlanan 2 ol Soil Fcrtil;ry." ReWft
of the British Associatioo, 1938, p. 610.

Lxxxt. E, M. CRowTraR (with R. STE\rARI). - Th. Sc?arafio, drut
Andyscs oI Soil Cldy Fradions." ASricultural Pro8re$, 193t,
Vol. XVI, pp. 65-60.

lx rr. I. W. SELIaAN. " On tfu Usc oI Cor,fiot SaA as a Fcrliliscr."
Joumal oI the Miaistry of Agricdtore, 1938, Vol. XLV, ?,p. 237-
240.

Lxtxrtt. H. V. GARNER. " Stgu 8.., Mdrt idl E lc7irnzirs." British
Sugar Beet Review, 1039, Vol. XIII, pp, 4l-43.

BIOLOGICAL
Lxxrlv. H. F. BARNES.- " Radnt A&)dncis-Eilanoto.y." Scietrce Prcgtlaa,

193t, vol. XXXII, pp. t{2-47.
Lxxxv. H. F. BARr{Es,, " Rccrnl Adudnt s-En onorogl." Scief,cc Profeas,

1938, vol. XXXII, pp. ?54-8.
Lxxxrtt. H. F. BARNES,, " Rcccn Aihdnces-Entoriologt." ScienceProgreas,

1938, vol. XXXUI, pp. ll7-23.
Lxxxvlr. D. MoBLIND. " Reccnt Inlhsrigalions ino Bcch.e?ing al Rolham-

srrd." Joumal o{ the RoFl Society ol Arts, 1938. Vol. LXXXVI,
prp. 39+404.

Lxrxvlrt. B. LovtBoND. " A Belying Bcctlc Pcculiu ,o Sca Mush Ts'
(Bledius tricomis H.rbstl." Joo't,J'al of the Board oI Green-
keeping Research, 1038, Vol. V, W.217-214.

Lxxxrx. K. GR Nr. " I M;glaliol of Cdbag. lvhil. Bu e/flies in H.nJord-
sh;re il Maj, 1937." The Entotoolotist, 1938, vol. LXXI,
PP. 103-108.

xc. MARy D. GLyNNr. " Eycs?ot Lot ging of Wt d C&scn bf Catca-
sporella herpotrichoides Fron." Agicultural Progess, 1030.
Vol. XVI, pp. l-6.

xcr. F. C. B^wDEN and N. W. PrBrt. " A Phnt Vir*s Piciaraliort at a
Fully Crysrallin Srarr." Nature, 193E, Vol. CXLI, pp. 613-614.

xcrr. F. C. BAWDTN and N. W. PtFjB. " Ptan Vir*ses It Scrotogkal,
Chcniol atul Physico-Clumical Propcslies." Tabulae Biolo$cae,
1038, Vol. XVI, p. 355.

xcrrr. F. C. BAWDEN. " Cryddltin atul Liquid CrystalLnc Varus.s."
Proceediags oI the RoFl Society oI IrBdoo, B, 1038, Vol.
CXXV, pp. 20?-209.

xcrv. F. C. BawDEN. " Sorn Rcccnl Worh on Planl virr.srs." EEpire
Jourtra.l oI Eipe roeatal Agricultore, 1939, Vol. VII, pp. l-10.

xcv. S. D. G^RBtrr. " Tdha-dlt or Wfuit.h.ds Diseo-se of V/hcd, dtu
Batley arul ats Conlrol." Joumal oI the RoFl ASricBtturel
Society of EDglatrd, 1937, vor. XC\rIU, pp. l-11.

xcvr. J. IIaNDBRsoN SMltE, ",Som, Rcaan Dco.b?ri.nls in Viret
R.scarch." Ans.&]s ol Applied Biology, 1938, vol XXV, pp.227-

9.

xc\rrr. Hucrr NrcoL. " SiEliJicdre2 oJ Polhn in Blood Cop?iqi." Thc
Bce World, 1039, Vol. XX, pp. 0-10.
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WOBURN EXPERIMENTAL STATION
REPORT FOR 1937.38.

BY DR. H. II. MANN
Season

The season of 1937-38 was a rather remarkable one. Among the
many memorable features were the very wet winter, followed by
a serious drought from February to April, the exceptional mildness
of the early spring, the severe gales which prevailed at times,
particularly at the beginning and end of June, and the series of
thunderstorms during the early part oI August. The most impor-
tant feature from the farming point of view was the long spring
droutht (following on the wet winter) which led to alnost record
crops of those plants which were sown either before the drought
appeared or whose germination was secured in spite of its prevalence,
but which also resulted in very light crops of hay and in great
dificulty in establishing the later spring crops like kale. The
meteorological records from October 1937 to the end of 1938 were
as follows :-

METEOROLOGICAL RECORDS FOR I937.3E

Month Totat
Fall

Bright
Sun-
shine

No. oI
Rainy
Days

I{axi- Mini-
-u- | mum

1ft.
in

GrouDd

Grass
Itini-

le3? I Ins.
Oct- . - 2.76
Nov... 1.84
Dec. .. i 2.44

1938 i

Jatr. .. , 2.40
Feb. .. | 0.63
lIar... I O.32
April.. I o.l2
May .. 1.77
June.. I l.I0
Juty .. i l.6r
AuE. .. i 2.83
sept.. . i r.20
O.t I 2AC
Nov... I z.rl
D€c- .. I 3.4?

t2
ll

2t
12

5
l6
l0
l3
11
t4
17
l6
2l

Hours
13.7
69.1
28.7

48.4
66.4

189.8
157.5
t78.4
211.3
104.4
t67.7
124.3
128.4
88.4
47.8

.16.8
45.6
58.1
34.2
59.5
67.1.
68.5
6S.5
6,{.6
56.8
53.8
43.3

"F.

46.6
4l. r

.F.
12.1
34.0
31.8

36.9
35.2
39.2
32.1
41.5
40.8
61.6
53.1
48.6
12.t
42.5
33.5

"F.
51.3
43.0
38.6

40.7
39.9
46.5
49.3
54.3
61.8
63.4
64.8
58.5
50.1
17 -4
3S.2

33.7
32.1
3{.0
26.8
36.8
18.7
48.5
50.9
44.6
37.1
38.6
3l.l

.F.
37.s
30.7
2S.l

Totat or I

-""o I#to3s - - I 20.s,[ r6{ t5?1.8 57.3 42.2 51.3 38.5

CONTINUOUS WHEAT AND BARLEY EXPERIMENTS
The present interest of these experiments, which have been

caried on ever since 1877, continues to reside in the study of the
effect of fallowhg, without further manure, on the crops of wheat
or barley. Two two-]'ear fallows have been taken in recent ]'ears: in
1926 and 1927, and again in lg34 and 1935. The crop in 1938 was
thus the third a{ter a two-year fallow, and thus assists in deter-
mining hon, far the previous manuring {or Iilty years has affected
the power of recovery of the soil through fallowing.

TernPeraawt (Mcan\
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(a) Cortintots Whcat.-" Red Standard " wheat lvas sowo on
November 8th, and a good plant was obtained and developed
normally. On the whole the weediness did not appear to hive
increased much since the fallow, except on the viiy acid plots
(2a,5a, and 8a and b) but on these the awo twitches lHotcls iwltis
ar'd Agroslis slolonr/cza) which prevail in this field proied absolutel)
uncontrollable, and the condition has reverted almost to the condi-
tion before the last two year fallow. There was little of the weed
Vicia hirc a or wild vetchling, which has been such a nuisance on
certain plots, but this is probably a seasonal matter.

The yield on the various plots is shown in the following table.
TABLE I.

C6tin&tt Gto6;ne o, What,1938-4kt72 ,t.an Os31-ts35') laltooirc ai.t t .tk*, Jall@inc,

Thc chief interest of these figures lies in the relation of orevious
p-r1rqing to_ the capacity for iecovery o, fertility by nieans of
fatlowing. This is shown iir the followin! Iigures forteriain selected
plots.

YieA ol dress.d eon ?at dcte
t877-86
(with

maDures)

tst7 -26
(with

maDures) j*9iff- Aner tso ye:'is' fauo*
(tro manures since 1926)

t
2a
2b
3b
4
5a
5b

1
ltb

bushels
10.8
25.4

21.1
t7.7
31.5

32.4
t7.4
26.7

bushels
3.6
0.3
4.3
7.1
1.1
6.1
7.1
8.8
4.0
9.6

bushels
I l.l
0.3
l.l
9.6

t7.8
r0.9
r3.3
t2.8
8.6

2t.3

bushels
t0.7

DO CrOp
13.7
13.4
15.8
t6.3
t4.8
I1.4
13.0
14.3

bushels
r7.9
2.3

12.9
lt.5
t8.6
8.5

13.5
r2.0
16.0
ll.8

bushels
t2.5
0.9

13.3
10.0
l4.l
\1.4
13.5
t3.4
t3.4
16.5

lb.
I

3b
4

6
i

lr.6
0.9

4,i
t3.l
1il.,
10.6
l0.o

1.1,1
ta.a
lt.5
13.4
lt.,r

2.6
8.6

lr,l
t5.2

10.7
13.0
!1.8
16.7

u9l

60.0
01.0
00.5
6t.o
01.0

6l.l
01.,
0r.6
61.,
eo.i

eot

oi.o

61.,

6r.{
61.0
61,,
61.2
61.2

51

266
at7
E7l
456
6r0

868

834
819
420

156
5rs

136
111

815

lot9
30,
85a
9?3

l0l!t

1777
98

t99
980

t0-i
893
77t

ta2L
1041
99'

ll.lll
1163

,30
6i4

t81
911

ll9i
lilil
932

1008
l27l
1483

l1a
11b

)1tuu..s Applied .{ntrually.
(B.loE rhe FaxoP.)

Fo. mounts 3e Re@rt l9ri.l9r8
No Mtrres rin.. ie26

@oala ..
, lio€, Jer., 1e0t, r.pearcd 1909,

rAeaoci, r*ei .. . -
rep.ated Je., rsnt .- --

:; .: .t :. I

(sutcrphcpLates aad sulDbate I

..1
.!d sulDb.te or ammolia .. I

J.n., 1lO5 .. . . .. I
&d nit:r.6f vn. I

i,i".it -.til.*", i.rpriti I

rn,, 1905, repeal.d 1.n.. 1ul8
aqd sulpLai. of ammoda
tate years) ..
o.,19()5, r€D€ated lan.. 1918
d, in art.mate rraB, lithte 

]

nitrate of sod. (omirted ia

"it..tl u.ii" .. .l
and litrate of s6da
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The recovery of the yield after the fallows is very troteworthy ;
so is the maintenance of the recovered yield even in the third year
after the fallow in the present case, in spite of the absence of any
manuring since 1926. This applies to all plots, but the outstandint
charactei of the ptot to which farmyard manure had been applied
for the first lifty years of the erpriment seems now alrnost to have
disappeared. There has been little or no recovery of the Plots made
acid by treatment nith sulphate of ammonia either by fallowing
or by absence of any Iurther addition of this salt.

(b\ Codinuo*s Ba qt. " Pl'tntge Archer " barley wils sown
on February th, and a good plant was obtained which grew
normally, considering the exceeding poverty of these plots. The
vield on the various plots is shown in the Iollowing table.

TABLE II
C^linas G,@i4 oJ Ba*r, \93aaf., , 1@' llga1-rsts) tCto-ir€ ..4 )@ktt lduocins,

1916 4rd lrrS

!l&s6 Apph.d ADuarly
(Belor. th. Edloa.)

lor uouDrs c R.port 192i-l0r,r
\o tuur.3 eire 1925.

tb. Itt. lb.

I

2b

3b
3bb

6
7

8b

8bb

l0b
lla
l1b

Utrmuurcd
SulDb.t of mmonia .. ..
tu'ra. iitb li@, Me,, 1005, rep..t.d 190r.

1010, l9l, ed 19rl .. ,.
As ra. 

'irh 
lioc. D.... 1E97, r.D..red lrt2 .,

A3 t.. nth liE.. f,tc., lEo?, reDc2tad U.r. , tloi
Nitr.tc of 3oda .. ..
As 3:, ?ith lide, Jr., l02l . .

Nftrat. ol sod. .. ..
As 3b. sith liEe, Je., rrtl ..
Min.ral DuuG (superybaph.ie od sulpbate

ol potasb)
A5 4., Pith li@,19ln .. ..
Min rd l!@t,c ed sulghar. of @DoDia .
As 6a, riih lirE, Mrr., 1005, EIaled 1016 . .

.As!..rirhli@,D...,1E9?,reFaled lrlr ..
ItiDcr.l l!Eu.6 ed litratc o! soda ..
UnEour.d
uin.lal meur€s a!d, i! alteftate FaE, sulPbat.

of admoDia
As Ea, *ithlioe, De.., tEl7, rep..Ld 1912 . -
lrimral @nu6 .rd lulph.t o, .elDdia

(@rt d ir rlt mt. 
'ersl 

..
As Eb.ritb UEe. Do...1817. r.Deai.d l9l, ..
Vin !-.r rlEu6 od, in .lt rmte Fc, altrat

ol !od.
vin.rrl mdure dd nitrate of soda (ooitted in

alrernat vears)
suD.rDh6p6ak iod nitat. oI soda , .

RaD. dusr ..
Suli,b.t. oI potah and ritr.t. ot sada

l?.1
0.4

t5.E
1r.l
L.,
t0.0
16.?
l6.0
t0.{

10.6
18.,
1.5
6,5

18.0
18.3
10.4

,.8
17.9

2.e
tl.4
20.5

20.,t
9.5
8.1

rr.7
18.,1

E6'
,l

147
585
72E

l0r5
8t4
861
ll0
6re
016

7,1
3r0
91,
043
614

lrto
010

l11
1003

1038

l0{,
610
434
197

lo06

a9J

19.0
4E.0
48.5
51.0
4€.t
50.0
48.6

t0.,
50.,

a!.7
.l

4S.l

51.0

s

50.6

51.1

63.6
51.0
5{.6

803
?

800
197
6t6
894
782
678
509

53'
7&l

?

851
646
5a7

?
698

?

763

?88

669
508
356
61'
836
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Considering the circumstances, the crop of barley was a.stonish-
ingly good, and the effect of the two-years' fallow has evidently
lasted at least util the third year after the fallow, as the following
figures show.

(with
matrures)

bushels
26.0
39.4

(with
manures)

bushels
8.5

After two yeals'
Iallow

After two years'
Iallow

(no manures siEce 1926)

bushels
20.4
2.7

21.9

2l.l
21.4
5.8

21.2
30.6
20.2
84.7

bushels
19.8

10.0
r9.2
18.2

17.4

16.3
29.1

bushels
l7-3

bushels
I1.2

40.4
23.3

43.0

a0"
23.0
.10.0

I
2a
2b
3b
4e
4b
6a
6b
0
7
llb

1.5
8.7
8.7

l0.t
I1.6
4.9

t3.4
16.8

25.9

t0.r
r0.3
16.8
9.4

13.4
r 1.9
10.0
22.O

o-4 I

l2-l I

ra o I

10.6 I
l8 2 I

1.6 I

l8.g I

18.3 I

ro-4 I

18.4 I

The falling off in the years succeeding the fallow has been oI
the same order in the two occasions quoted, though it is certainly
not greater in the later case, when the soil would presumablv be
more exhausted than after the first fallow.

GREEN MANURING EXPERIMENTS
A new long-term experiment on the effect of tares, mustard,

clover and ryegrass as green manures, either alone or in conjunction
with applications of farmyard manure, straw, and varying amounts
of su\rhate of ammonia on the yield of kale was started in 1936.
Unfortunately, as can be seen from pp. 133-134, this experiment has
not yet given any definite results as the kale crop has been alrnost
a complcte failure in the last two years. The plan of the experiment
involves growing the kale crop alter the burial of the green manure
crop grown in the same year. This is possible provided the weather
in or about June is suitable for the burial of the green crops and the
sowing of the kale. Neither in 1937 nor 1938 was this the case, and
hence the kale crop was sown late and had to be re-sown in the
middle of August, with the consequence that the crop was very small.
Kale has been used in this experiment because the other green
manure experiment now runnhg, in which mustard and tares are
buried, has shown that it is a very sensitive means oI testing the
eflect of green manures on the succeeding crop.

ALTERNATE I{USBANDRY EXPERIMENT
In recent years, it has been contended that the best way ol

maintaining ttie fertility of land is to have an alternation of " lly "
crops such as grass and clover, or lucerne, occupying the laad for
several years, and arable crops which would utilise the fertilitt
accumulated during the time the " ley " crops were on the land.
How far this is more effective than a proper use oI artificial manures,

Yicld of dressed cotn per acrc

Plot
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and, small amounts o{ Iarmyard mamrre on a continuous arable
rotation. in maintaining the iertitity of land is a doubtiul question,
and it seemed of imporiance for a direct test to be made of the two
methods in a light ;il such as occuis at Woburn 

-Such 
an--gxperi-

ment has, there-fore, been established ir Stackyard Field at Wobum
in 1938, and the Present rePort contains, in a separate sectlon,.the
first vear's resulti. The experiment consists of a five year rotation,
three- vears of which may be under either a seeds ley or under
luceme. Reference for details may be rnade to the seParate section
of this report dealing with the exferiment in question, pp. 136139'

LUCERNE INOCULATION EXPERIMENT

In 1932 a series oI plots was laid down to test the effect of
inoculation of the seed on the yield and character of luceme and so

1938 is the seventh year oI the'growth oI the croP. The results have
shown no increase- oI yield due to the inoculation, though the
nitrogen content of the fodder from the inoculated Plols was Sreater
in thE earlier years. The plots have continued to yield-very-heary
croDs. though, in spite of-all that could be done, weeds and grass

are'now t en"ding to imother out the lucerne. The crop has, however,
been maintaine-d by very thorough harrowing of the area after the
final cutting has lieen iaken intach year, rePeated several times
during the succeeding winter, and, in the last four years, a dressmg
,,f fainvard manure (10 tons per acre) applied as a toP dressing
in -fanuiry of each year. The actual yield of lucerne ha1- for each

veir since it was planted is shown in the {ollowing table.

YieA of hrcns trdy Per efi

It is anticipated that it will not be possible to maintain this
area under luce-me for more than another year, owing to the hcrease
of grasses and weeds, which have now seriously invaded the area

in ipite of the annua.l and frequent harrowing.

OTITER FIELD EXPERIMENTS

An account of the following experiments will be found in the
:tatistical section of this rePort.

l- Sir Corrsa Rotdion Exberiue*. This has been carried out
ever since 193O, using no ouiside organic manures, but applying
varvins amounts of nitrogen (in the form of sulphate of arnmonia),
Dotisf(in the form of miriate of potash), and phosphoric acid (in
it 

" 
torm ot suDerDhosDhate) for eich crop. 1038 is the nintb crop

of the series. the'rotition used consists of barley, clover, wheat,
potatoes, rye, and sugar beet'

1932 r933 193{ 1935 I936 t937 fotar

Uniaoculated
IDoculated
trlean of aU pI

toDs
0.70
0.68
0.89

totrs
3.28
3. r2
3.20

tons
1.07
3.96
4.0r

6.55
6.48
8.52

totrs
4.37
4.25
4.33

totrs
5.02
4.98
5.00

tons
3.42
3.
3-27

27.41
26.62
27.O2
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" 
2. Tlv Masurittg of Sugar Bed. This is a study of the effect of

farmyard manure applied in the autumn, and;I cornmon salt,
superphosphate, and muriate of potash, applied either in the
previous autunn, in the early spring, or at t66 time of sowins. on
the sugar beet crop in the light sandy soil at Wobum

3. The Maturitg oJ Muha Go/deri Ctobs with Corcedraled, Orsanic
a*d olher Nitrogetous Maranres. The cro! used in lg38 was kalE and
the manures investigated were soot, dried poultrv *-*.. ..r.
dust, compared with sulphate of ammonia,- w.ith 

-or 
without ti.re

addition of dressing of farmvard manure.

POT CULTI'RE EXPERIMENTS
The work in the pot culture house outlined in the last reDort

has been continued. The experiments on clover sickness haru,e"ih.d
the point that we have been able detinitely to cure I his disease bv
heating the soil to 135-1r()'F. though it reippears if clover is aeaiil
continuously gron'n on this soil. In 1936 tiri still more imooriant
discovery was made that a liberal application of farmvard inanure
was successful in_-preventing clover iickness from appiaring in the
crop, wtute artllrctal manures had no such effect. The results
have now _been published in detail (see paper IX, p. Zb, of this
Report). We aie now preparing f#ther l,ots of s6il sufficienth.
clover sick for further experimenis on the subiect.

The study of questions relating to the nitrition of barlev on
the extrem€ly acid soils produced by the continued use ot suldhate
of ammonia has been continued, and an account of them and the
results obtained are now almost ready {or the Dress. It is hooed
that these will be published during th6 present yiear.

Work has also continued on the effeit of manuring with various
forms of organic material chiefly $'ith those that miiht be used as
green mamrres, in comparison with farmyard manure and with
sulp-ll,te of ammonia. The results are now being prepared for
publication.

FARM REPORT
From the point of view of vield, the season of lg37-88 wab a

good one, at least in certain cases. All the autumn-sown croDs did
well, and also those that were sown earlv enoush in the sorine to
be established before the drought became seridus. Recor'd vi"elds
were, in fact, obtained with wheat, barley and potatoes, and, even
with. sugar beet, the early sowing enabled a ve-ry good crop to be
obtained. On the other hand. the hay crop was riery tight, ina tne
late- spring crops such as kale were in-ferior anh o--nly yietOed
moderately.

On Stackyard Field the area known as " Series C,,was fallowed
in preparation for another experiment, and the year appeared to be
suitable for the pu-q)ose, the spring drousht aliowing i laree Dart
of the " twitch " to be elimirated. The aria known a-s.,Series D,,
in the same field, which was similarlv cleaned in the previous vear-
has now been- dev_oted to the long period experiment (see abov61 on
alternate husbandrlz.

o
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As far as livestock are concerned, cattle, sheep, Pq. pigs. dig
,".rr**"ii a*ir,* ,he vear, but the *'e{' uigh irice rii feedingltufts
did'away with iny possibility of large profits' A 1-1FI gl-PlYit:
#il-h"il;;;aii;;;;i"-"F"t"Fittt'9cop11s11;g^"11rherdiA;. i*ild*lir; iir? ptire {or a bacon pig. The farm shepherd

(D. B. McCaUr.rin) obtained a Prize for percentage of lambs to ewes
ieas, i".tuairig the iir:st prize {or a-bacon

i; the season 1937-38."' Til;;; "I"*d 
with a breeding flock of 88 ewes, all being 

-cross
bred wiih two Hampshire rams. The number of Pigg wa-s r"e"duged

drrrine the vear owirig to the very high price of feedlng stulls' Dur

the ye'ar closed with iherd ot 128 animals'
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DETAILED RESULTS

OF THE EXPERIMENTS

1938

Noles on th€ Construc'tlon and Use oI the Sumn ary Tables

ln the remalnder of fiis Report are given l! the 1936 Repoit,
pp. l7o-173.
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CHEMICAL ANALYSES OF MANURES USED IN
REPLICATED EXPERIMENTS, 1938

Manurcs ./.K,o%N

Rape Dust

Poultiy MaDure .. ..

Soot
ToEa reluse

Rotted normal
Ro$ed strawy

Fresh strarty

Sulphate of ammonia
Nitrate of soda

1.62
1.08
1.00
2-t2
l.0t

Dung

Nitrochalk

2t.t,21.2
t6-l
l6.0
20.0,21.r
17.0 Total
15.8 Water Sol.
l5-a Total
15.0 Cihic Sol.
40.1
50.2,53.2
63.1

0.75
0.94
l.14
1.07
0.94
1.06
0.82
o.71

%P,o,

%K'o

Cjranamide
Superphosphate

}[anures
% Olgadc

Matter

Rothamstcd atrd Wobum ExDeriments.
Wobum Experiment. _

Rottramsted ExperiDeEt.
Tunstall Experiment.
Rochester Experiment.
Chichester Experiment-
Rotlamsted Sugar Beet ErperimeDt.
Rothamsted Kale, Organic Manurs Erperimetrt.
Rothamsted Kale, Town refuse ExDeriment.
Wobum Kale, Organic MaDures Eieriment,
Wobum Kale, To-wn refuse Experiient.
RothaEsted Potato Experimetrt,

%N % P,o. "k K,o
Chaffed skaw
-{dco
Superphosphate
Sulphate of ammonia
Uuriate of potash , .
Sulphate of potash
Nitrat! of soda

0.64
0.4

21.r e) c)

0.m
0.39

16.8e) r7.0c)

1.66
11'

6r.4e) 63.2f )
40.1

77.4

:
l6.r

3.62

4.10
3.69
5.4t

4.03, 4.83
1.00
0.77
o.a2
0.08
l.0t
0.68
0.69
0.70
0.75
0.s2
0.75
0.74
0.68
0.04

0.83
0.73
r.00
0.46
0.37
0.39
0.28
0.21

Three Course Rotation

(1) Applied in Autumtr. (') Appted in Spridg,

(r)
12l
(3)
(4)
(5)
(6)
(7)
(8)
(e)

(t0)
(lr)
(r2)
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Four Course Rotatlon

106

Manurcs

lb. (pound

%N %P,o, %Kp
Chaffcd straw
Dung . .

Adco
SBperph6phata
MiDeral phGphete (00%

tbrcryh lm Eesh)
Muriateofpotash .. ..

0.54
0.52
0.42

0.30
0.40
0.39

16.8 e) f)
26.e r) (r)

r.66
t.32

'1'

e)51.4
zl.r | -

F) Appried io SprinS.

Slx Coursa Rotadoa
SutDhate oI amrDoEia .. 21.2 % N
soierphosDhate t6.80i, 17.0(r), % Pp. (Totd)
Miria-te oapotash .. . - 51.4e),53.2(r), % Kp

0) Applied itr AutumL (t) Aplried itr SPriDS.

Inng Pertod Cultivation Experiment
CyaEamide
Nitrochalk
Superphosphate
Yuriatc of potash . . ..

AVERAGE WHEAT YIELDS OF

2r.r % N
16.0 % N
17.0 % P'O3 (Total)
53.2 yo R,O

VARIOUS COI'NTRIES
Uean laeld Per
acre. 1928-37

23.1

6.2
7.0
7.1
6.4r

. Excluditrg 1931.

CONVERSION TABLE

toD (20 cwt. or 2,240 lb.) ..
met'ic quiEtal or DoPPel
Zetrtoei (Dz)
Eretric totr (toone)
bushel pe! acre
lb.peiaare.' ..

ton per acre ..
dz. per Hecta.re

0.364 HectoUtre
0.454 Kilogramme

50.8 Kilogiaoa€s
1016 Kit ialomes
f 100.0 Kilosrammes
1220.46 lb. -

lO0O KiloBraEmes
0.809 Hectolitre P€r Hectare
l.l2l KilograEmes Per Hectare
1.255 dz. pir }Iectare

25.11 dz. per Hectare
O.?97 cl,'t. p€. acre

sq.
)(8r

sq.

, ..
l12lb.)

}{ectare 0.892 lb. per acre

Io A-";". th" wio"hester bushel is used : 35.238litxes. I Eaglish bushel - l '032 Americaq
bushels, In America I cwt. : l00lb.

The vields of eraitr in the reDlicated erperi.mcDts are givetr in cwt. Per acre ODe bushel of
whcat weighs 60lbi, of bartey weighs 52 lb-, of oats weighs 42Ib. aPProximat€ly'
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t07

METEOROLOGICAL RECORDS, 1938

Total
faU

r/r00orh

Gauge.

No. of
RaiDy
Days

(0.0I inch
or more)
r/r00oth

Gau8e.

Drainage tbrouEh soil.

20 ins. i() i,ls. 60 ins.
deep. deep. deep.

I ,"-n"o*r" 1tu"o1.

BriSht
Sun-

shine.

Inches.

0.592
0.318
0.t21
t.840
0.804
1.218
2.401
t.760
x.273
3.54)
3.741

Hours.
47.1
67_0

176.6
157.r
161.4
203.1
148.4
l5l.l
120.o
117.7
68.9
45.4

No.
2l
ll
5
5
lt
7

l3
ll
l5
l6
t7
20

Inches. IDches, Itrches.
2.475 2.aU 2.715
0.044 0.t65 0.145
0.000 0.000 0.000
0.000 0.000 0.000
0.m0 0.007 0.003
0.000 0.000 0.000
0.000 0.000 0.000
0.2s5 0.269 0.231
o.17t 0.423 0-307
1.749 t.741 1.040
2.8,10 2.7t5 2.577
3.189 3.451 3.270

Max. MiE. I ft. Gra-ss
iB Mi!.

grou[d

.F. .F. 'F. 'F.
45.7 35-g 39.7 31.7
14.5 31.4 38.6 30.6
67.4 37.a 43.7 30.6
52.5 35.6 45.1 27.1
58.4 41.9 50.3 37-9
66.7 50.1 57.S 46.3
67.5 51.7 59.5 47.6
68.9 53.r 61.5 49.2
64.1 49.4 56.S 44.9
55.5 42.1 50.O 37.6
52.9 . -5 47.4 37.2
42.3 32.7 39.0 30.4

Tord ol
Meat

S.pt. ..
Oct. ..
Nov. ..
Dec. . .

J.". ..
Feb. ..
Mar. . .

April . .

M"v ..
Juoe ..
JuIv ..Aut. ..

152

RAIN AND DRAINAGE
\{ONTHLY MEAN FOR 6E HARVEST YEARS T87O-1-I937-t

Drainage % of
RaiEJall.

2O-iD. 4o-in. 6Gin. 2o-in. 40-ln. 6Gin. | 2Gin. 4Gin. 8GiD.

11.261 11.635 10.s76 i1458.8 ,56.1 12.2 19.2 37.5

E!.aporatiotr.

Gauge. Gauge. Gauge. I Gaug€- Gauge. Gauge. I Gauge. Gauge. Gauge.

Inches Inches Inches

2.818I 2.400 2-501 2-391
2.452 2.OtA 2.209 2.110

2.439 | 0.831 O.8ll 0-748
3.059 i t.7r9 1.698 1.574
2.A731 2.202 2.2A0 2.131

IDches Inches Itrches
1.601 1.621 1.684
1.340 1.361 1.485
0.671 0.813 0.730
0.418 0.st7 0,127
0.434 0.243 0.312
0.527 0.400 0.481
o 902 0_778 0.839
1.389 r.200 1.327
r,672 1.505 1.538
1.678 1.600 1.683
1.074 r.044 1.992
1.881 1.867 1.009

34.2 33.3 30.8
58.2 55.5 51.5
76.6 7A-7 71-3
a5.2 88.8 E4.8
82.3 90.1 86.1
73.8 75.7 ?8.1
64.0 60.4 57.2
33-0 38.9 35_0
24.2 27.4 25.8
21.2 25.0 24.0
26.5 27.0 25.2
26.3 26.8 25.2

2.0131 1.486 t.604 1.532
t.s59l r.057 1.183 I -I20
2.045 0.874 0-753 0.716
2.0?3 L 0.50r 0.568 0.535
2.214: 0.584 0.554 0.531
2.664 0.690 0.720 0.672
2.661i 0.670 0.684 0.642

151 11.7 81 1s.54s 14.?0s 50.1 14.367 13.606 14.446
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CROPS GROWN IN ROTATION, AGDELL rIELD
PRODUCE PER ACRE

lr.o
Unmatut€d
siocc 18,18

68
Fdtrow Ctove!

!fineral Maourel
No NitrogcD

34
Fallow Clovet

c
C.Eplete Mindal
aad Nikotenous

Maaure
L2

Fallow Clov€r
or BeaEs

26.7
29.1

o!

Roots (Swedes)
Barley-

Dtessed gBin
Total straw

B€atrs-
DEssed tlaitr
Total straw

CloYer hay
What-

Dressed Srain
Total rtrew

Roob (fur!ip6)
Barley-

Dressed F.ia
Total straw

Clover hay

,. busb.
.. clrt.l
.. ctrlt.

.1 8.1

bEsb.
cwt.l

busb-ll
clrt.ll
c*t.!
bu3h.
cwt.l

298.9

33.6
21.3

21.2
15.4
52.O

28.3
29.O

3{0.4

29.1
18.0

Presetlt Courae (23rd), 1936-8

1036
1937

0.5
1.7

29.1

53.8

,:

51.0 66.3

1.5
3.4

26.1

t12.6

0.9
,:

0.6 0.4
3.1 2.1

8.3

. Plots l, t aad 6 bascd upotr m cours.s. Plots 2, 4 aad 6 bascd upon lg coutsas.
+ Iacludca strew, cavi.trts and chafl.

I MiEeral rnaruie: 62t lb. f0% Sup.rphosphatc ; 600 lb. Sulphate oI Potash ; l0O lb.
Sulphate ot Sode; 200 fb. Sulphate of Magrcsia, all pet acre. Nitrogetrous Ma[urB ; 200 lb.
Sulphate ol Alomonia atrd 2,OO0lb. Rape Dust pr ace. Ma[utts alrplied orc. every {ou years,
prior to soriDt ot Ssedes.

ll Ba36d oa 0 coErs€s.

5 B{*d o! l3 co[rs6.
CularvAatoNs, Etc.--{rol4red s€ctions: seed undersoy'n ir badey, May 10, 1037. Variety:

Motrtgod€rJr Red, Digdng out docLs i May 4. Haod hoed : JuDe 3. Cut : July 2, Fallow
soctioDs : Ploughed : G. 19. Cultiv'et d l Merch 10. Spritr8-tine hartosed : May 6. Roled
Uay !. Thtutlca cut: Junc 22-

Average ot llr€t twe[ty-two Couases, lE{8-1935

3t.4 16.5 | t60.6 201.9

20.8 19.0 I 22.1 26.0
t3.0 12.8 I r3.3 l6.a

12.6 I r8.0
s.4 | r4.9

25.6 I 52.1

22.7 zt-t I 26-6 28.8
22-A 2t-2 28.5 29.7

1938
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WHEAT AFTER FALLOW-HOOS FIELD
Wlthout Manur. 1851, alrd 3hce.

ACIIEME FOR COMPARING A THREE.YEAR TALLOW WITII i, ONE.YEAR
FALLOW

Each o{ the two strips oo Hoos Wheat altet F.lloet is divided into four Parts. In the ye-ar
whea a strip is iD crop, ol1e quartet colrtinues to be fallowed, so that this quarter has a thrEe-
year Iatlow. DiIIereDt quartets are s€lected for lallow in successive yeaB itr the rotatioo tiven
itr tbe lollowitrg teble :

Dressed Graiir-busbels
Total Grain----cwt. ..
weight per bushel-lb.
Totd Stiav----cwt. . .

PRODUCE PER ACRE, 1938

29.5
r?.0
63.r
t9.4

B

Cropptntl o( .trlps A ald B
C:Cttp. F: Fallow.

A2 A3 A4 B2 B3 B4

1932
r033
1934
1935
1936
1937
t938
1939
1940

FFcc
FFcc
FF
FC
FF
CF
FF

FF
FC
FF
CF
FFcc
FFcc
FF

F
F
c
F

F
c
F
F

C
F
F
F
C
F
C
F
c

c
F

F
F
F
c
F
c

C
F
C
F
c
F
F
F
c

A comparisoB ol the elfect of a three-year lellow with the effect of a oue-year {allos \ritl be
poesible in every year.

HalI the experiment motioues to be wheat after otre yeat tallow, atrd continuity with Previous
results will thus be oainteitred.

CuLirvarroNs, ETc.-{ropped s€ctions : Ploughed : Sept. 23-27. Cultivated : &. 16.
Harow€d: Nov. 6, March 17. Spring-tine harrow€d: Oct. 20. Rolted: Oct. 20, March f9.
Seed sown: Nov.6. Variety: Red Statrdard. Harvested: Aug. ll. Fauow sectioD: Ploughed:
*fi. 2f-27, Juoe 23. Cottivated: Oct. 16, March 5. SPriog-tine harrowed: May 7, JuDe 3.
Rolled : May ?, June 3. Thistles cut : June 21, Aug. 16.

30.1
17.7
63.7
18.9

30.9
18.0
63.3
19.t

Atcrqc
82 y.afi ,

5A-1937

11.2
t.1

58.9
19.7

I I

2 2

3

4 4

Year

33.0
19.2
43.2
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tt2

PARK GRASS PLOTS

BOTANICAL COMPOSITION PER CENT. 1938 (1st Ctop)

" Other ordeG "
cotrsist largely

OI

( Plzntago

I euo;u-
\ satpisotba
I l-iontodt ,
I rt2a*

As 3 limed

oulgea
Cerrtaulea nigra

PLutago

Planlo$o

Complete Miaeral Maoure

Mileral Maaure (without
Pot8h)

Complete Mi[eral l[a8ure and
double Aom. Salts

Mineral Maaure (sithout Pot-
a-eh) aDd double Amm. Salts

CoEplete Miaer.l ldatrure and
doEble Nilr.te of Soda

Mitr€ral Manure (without
Super.) and double Sulphate
Amm., 1905 and since

FarDyard DuDg itr 1005 and
evelv fourth year since
(oaitted rOlT)

Farmyard Duag in 1905 and
every Iourth year siDce
(omitted r0l7) each inter-
vedllg year sulphate oI Pot-
ash, Supe.., and Nitrate of

UDlioed

Limed

UnliEed

Limed

Unlimed

Limed

UdiEled

Limed

Unlioed

I-iEed(sun

LiEed
(snade)

Unlimed

L.0,?88Ib.

L.3,95r lb.

Uolimed

L.3,r50lb.

L.670 lb.

Udimed

L.2,772tb.
L.6?0 lb.

UnliEed

28.53

56.14

48.0.1

54.62

35.72

94.00

0.08

94.47

t00.00

89.25

85.tl

94.16

?6.19

73.59

s2.34

76.66

70.9{)

08.32

63.37
82.75

80.33

4.18

20.48

27.99

6.73

11.12

2.22

99.92

10.07

0.84

0.1?

0. t6

0.18

?.63

9.66

13.6r

{.2A
6.6,1

6.20

47.29

23.38

21.00

38.65

55.16

3.78

5.53

8.50

4.39

5.01

23.64

26.25

7.50

t6-71

19.54

18.14

27.10
10.57

ta.q

Anlhiscus
syhtcstris

Anthdsclts
sthtast'is

( Aithiscts
l, rylocdris
lRurt., a..tosd

0 lga/.

uulga/e
Centauca nigra

I t"n;"t"!-
1 Truealogolr
I PaaLnsis

No we€d
domiDatrt

Rar nculus sl.
No wred

dominaot
No weed

domiaant

Manuring Liming
Gram' I Legum- Otber
ineae I inoqe ordeG
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BARLEY_HOOS FIELD, 1938

Dressed Grain

[IanuriDg (amounts stated are
per acre).

bushels per
acte

Aulage
t93A 1652-

Total Strav

18.I

loercge
$48 1852-

192E

4.2 7.8
s.l 9.E

10.4 6-f
Lt.$ 11.2
9.6 9.1

t2.o 13.7
t'.g 20.1
t4.g 18.0
t4.6 23.6
t7 .8 21.7

ta.2 15.14
17.5 23.1'
17.A 16.6r
ts.a %.6.

tg.6 1\.2.
tg.t 23.9.
t8.0 r9.9'
20.1 25.1.

17.1 20.6
r?.s 22.0
16.0 20.1
ta.1 22.6

r4.0 Ir.6l
s3.a 28.1

r0.8 t.6

10.3 9.3

16.4 .17.60

lo
9()
30
lo
50

IA
2A
3A
4A
5A

lc
2C
3C
{c

7-l

7-2

GI
B-2

IN

Unmanured .. ..
Superphosphate (31c*t.) ..
Alkali Salls (see below)
Super. and Alkali Salts
Super. aDd Potash (200 lb.)

fr13 I andsuronate
As 30 l oI amrinonia
As 40 I tzoo tr.r-
As 50 ,

As tO I
As 2c) I an.t nitmte of
As 30 I soda (2751b.).
As 4c) |

As IAA
As 2AA
As 3AA
As 4AA

and silicate oI
soda (40O lb.).

tg.i 13.1
25.O 19.0
23.9 14.3
2A.A 19.0
18.7 r5.5

27.1 23.f
31.9 35.8
32.7 25.8
34.r 39.3
37.A $.E

33.0 21.3'
16.4 38.8.
97.1 21.5*
44.5 37_ft

30.2.
39.7'
31.2'
39.9.

l0.l
12.8
t2.l
14.6
s.6

11.2
17.0
t6.4
t8.4
19.7

l?.6
23.3
lg.5
23.0

19.4
23.3
19.7
22.8

55.8
55.5
55.2
55.8
65.2

51.8
54.7

66.6

56.8
55.0
66.4
56.8

66.3
67.2

55.1

66.0

66.6

60.9

2.,\A
3AA

IAAS
2AAS
3AAS
4AAS

36.9
44.9
38.4
43.8

As lO )
As 20 t
As 30 I

As !o I

anq lape

Dnng (14 toas) 1862-?l: alterwards
uomanuted

Farmya.rd Manure (14 toIrs)

UtrmanuEd .. ,.
Ashes Irom LaboratorJr furnace

1852-1933 : afterwards utrmallured

Nitrate of Soda (276 lb.) ..
Nitrate of Soda (650 Ib-, 1852-7,

alterwards 275 lb.)

11.4 35.5
43.6 38.1
31.8 Jr.7
37 .6 37.5

22.51,
14.6

11.7

15.7

28.19

3r.7!!

21.1
22.6
l?.9
19.{

11.1
39.4

13.0

12.2

r6.0

20_3 20.0s!

100 lb.

33.8
15.8

25.5

23-5

38.8

Alkali salts corsisted ot 200 lb. sulphate of potash, 100 lb. sulphate ol soda and
sulphate of magnesia.

Itr l9l2 and 1933 all plots nrerc fallowed,

tTotal skaw includes straw, cavings aEd chaII.
*60 years, 1888-1928. I 66 yea$, 1872-1928. g ?5 years, 1853-1928. !S 69 years, 1859-!928.

CuLrIvArroNs, Erc.-Ploughed: Jatr- 1-25. Dutrg applied: Jan. 4. Cultivated: Oct, t-,t,
-Feb. 

23. Harrowed: Feb. 25.- Spring-tine laioriif: Feb: 25. Roled: Feb. 2s, Apr. 8.
Matrures applied: Feb. 8-0. Seed_sown: Feb. 25. Variety: Plumage Archer. Harveited:
Aog. 4.

5r.9
55.9
56.9

67.2
56.4
66.1
56-5

caLe (r,00O lb.).

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-1-86 pp 119

ll8

FOUR COURSE ROTATION EXPERIMENT,
ROTHAMSTED

RESIDUAL VALUES OF ORGANIC AND PIIOSPITTTIC FERTTLIZERS
(Fos detatls, 8ce 1932 Report, p. 127)

MANURES APPLIED, SEASON, 1937_8

Orgaaic Fen isets (cv,t. per acIe) Add.itioaal Artificial Fertilisers
(c*t. per acrc)

N as PrO5 as KrO a.s
S oI A Super IUu.. oI Pot.

60 (as F.Y.M.)
60 (as Adco)
123.76 (as straw)

r.782 1.3441 4.5031
1.646 1.69q t.r89
0.862 0.480 2.652

0.018 0
0.154 0

0
l.8l I0.938 0.720 0.348

NoBe
Notre

I Erccldcd the plescribcd limit, so tlat ro additiotral artificial lertilizer was required.
. As Bileral phoqhat .

CULTMTIONS, erc.

Ba ey

0.36 t,2
0.36 1.2.

0.6

Ryegra-qs Potatoes

Variety- ..
Date oI so\PiDg
Harvested - -

Ptevioas crop

PluEaSe Archer
Feb. 28
Aug. l8
Potatoes

Western Woltlls
Nov.3
Juoe 18
Barley

Ally
May 7
Oct. 0 atrd 7
Wheat

Yeoman
Nov. 4
AuB. ll
Ryegrass

Manures applied :-
Lime . .
Drtrg, Adc!, ssd

accomPanyilg
artilicials
Artilicials to straw

TreatEeats 4 & 6

Oct. 20

Nov. 26
Nov. 26, Jatr.l8,

Feb. 2l
Feb.2l

O.t.4
Oct 5, 6, ?, Jaa.

18, Mat. f0
Nov. 2

Nov. 25
Nov. 27, Jatr.

18, May 6
May 6

Oct. 4
Oct. 6, Jan. 18,

Mar. l0
Oct. l8

CEltiv6tioE!-
Ploughed
Clrltivatrd
Harlowcd

Rotled . .

Ridged ..
Grubbed

Jatr. 6-Feb. 4
Feb. 23
Feb. 26, 28

Feb. 25, 2E,
April 8

I

Oct 6 8, 7 | Sept. 13, Feb.4
I Feb- 23

Oct. 12, Nov.3 I Nov.25. Mar. ?,
I May 4, JuEe 4

Oct t2, Mar. l9 | Feb 26, Mar.7,I May t, 18,
' June 3
I Mar. 0, May 6,
| ,loly,a
I July 6. 2r

Oct. 0

S€pt. 27, Nov. 4,
Mar. l8

M.r. l9

I

3
4
5
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I l9

PI"AN lrND YIELDS

Rye Era88-An, plot8 l-25
Ylelds ta !b., hay

2t31
27.3 36.6 31.3 49.4

3a224.t 41.X 35.2

Iv
2

27.3

I
452

32.0 32.1 42.2

1532
27.7 27.2 27.A 28.0

l"
Bail€y-AB, plots 5l-75
Ylelds tn lb., grain above, atraw below

4t.{ 6,1.3 74.2
40.6 53.7 75.8
V II III

Wheat-Aw, plot8 26-50
Ylelds in lb., gratn above, ataaw belos

2t531
60.3 67.2 64.1 59.E Ia92 88.8 71.1 68-7 iIIrrrrv]

5
66.6
76.S
III

67.0
7r.0
IV

5
43.6

I

3
60.4
68.t
III

71.0 az.t 65.E l82.0 73.4 90.7
VIIII

5l
3t.8 20.1

I
69.7
80.3
IY

3
20.8

III

541
31.3 38.6 32.O

I
47.2
12.3
IV

t12l
59.1 71.3 6t.2 |660 47.2 568 |

5
70.2
42.3

IIIIII]

34.0 65.1 65.1.
33.0 66.4 67.9
IIIIII

4352
63.t 91.6 68.6 5?.3
7t.4 107.6 80.4 66.7
VIIVIII

N,W.

1

t
6l.l
71.9
IIII

13
.2 53.9

III I

32rl
u.7 58.8 63.4 l

70.8 68.9 72.4
IIVIV

4
20.2

4
65.0
74.6
IIIII

6t.3 64.4 63.4
63.7 62.4 69.0
IVVII

Potatoes-AP, plots 76- 100
Ylelds ln lb.

34
67.1 84.0
60.6 62.0
IVI

{2
77.7 42.4
69.8 39.6
M

N.\ry.

I

521,t3
t07 16? 111 ll2 176

VIIIIIIIV
21543
ta3 153 80 76 139

IIIVIVIII
21153
t21 280 ll4 a7 106

IIIIVIVII

34
60.4 76.0
63.1 66.0
V III

56.3 65.0 60.3
64.7 68.9 66.2
IVIII

21315
67.1 03.9 52.9 6r.2 69.9
62.9 60.1 53.6 56.3 77.1
IVVIIIIII

IV II

4
79.4
0?.6
I
2

70.7
89.8
I

12531
ta 116 ll0 a2 r70

UIIVIIVI

52311
l2t ll5 280 ra l4l
UIVIIIry
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SUMMARY OF RESULTS, 1938

Y€ar
Xaaut! oI

Cycle

Wh€at
c*t. per acre

Graitr Straw

Potatoes Badey
to,ls per I cwt. pcr acte

acre i Grai! Straw

Ryegrars
cwt.

per acre
dry eattcr

I
II
III
IV

Matrure
:ls

F.Y.M.

24.t 33.2
22.4 27.5
2r.0 26.2
23.2 26.6
19.9 22.5

2.72

2.93
2.18

20.6
24.3
t2.4
15.5
l4.s

22.4
22.r
12.7
t7.3
15.2

8.2
r0.9
7.9
9.5
6.0

I
Manor€ II

A5 III
Adco IV

v

25.9 32.922.1 25.a
21.0 21.4

.6 26.0
21.6 25.3

3.00

2.20

20.1 21.6
t9.9 19.7
18.8 20.8
20.9 ls.4
t5.5 t4.5

8.t
9.9
8.6
8.1
9.6

I
Maaore II

as III
Strac IV

v

33.5 39.4
23.7 28.1
22.1 25.0
2r.1 23.3
21.9 26.2

5.53
3.16
2.66

t.57

2t.3 20.6
23.9 2r.2
t0.4 19.6
21.0 l8_5
2r.8 19.5

15.6
a.2
8.0

9.6

I
II

SuDer. III.IV

29.1 35.8
22.8 26.0
21.2 27.3
25.5 29.4
23.1 28.2

5.35
2.11
2.12
2.70
1.43

30.8 22.7
26.t 24.6
27.9 24.2
28.6 21.9
23.4 22.0

13.2
I t.4
14.5
9.5
6.0

I
Rock II

Pbcpbate III
IV
v

23.6 27.3
23.2 26.6

.1 28.2
25.1 25.5
26.0 30.r

1.70

2.3 r
1.28
2.O5

23.9 24_O
26.6 28.3
27.9 27.4
20.6 23.7
25.7 22-8

12.8
s.?
9.5
E.3
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t2l

SIX COTIRSE ROTATION EXPERIMENT
SEASONAL EFFECTS OF N, PTO! AND KTO

(For details, oee 1932 Report, p. 131)
CITLTMTIONS, EtC.-ROTIIAMSTED

Sugar Beet I Ba ey lCloverllay I Wheat Potatoes

PlumageVariety

Date oI sowiag

Harvested
Pierious crop

Maflures applied

Lime applied

Ctltivations-
Ploughed

Cultivated
Harro1ved

Rolled

Singled
Hoed

RidBed

Grubbed

Yeomar1

Nov. 4
I Archer
' Feb.28
I

Oct. 26-28 i Aug. 2
Rye Sugar Beet

May 9

, Aug. 2
I Potatoes

Nov. l,
Mar. 12
Oct. 20

Oct. 18

Oct. 18, 21,
Nov. 4,
Mar. 18
Oct.2l,
Mar. l0

Arv

Apdl 14 Nov. 4Apdl30,
1937
Jutre 27
Barley

, Aug. s Oct. I
\\heat

Aug. 18,2
30, Itlay ?

April30,
1037

April 30,
1937

Aug. 17,
Nov.22
trfar. 5

Dec. 7

Feb- 25, 28

June 29

Oct. 16
Oct. 18, 2
Nov. 4,
Mar- 18
Oct.2l,
Mar. l9

Sept. 6,
Dec. 16
Mar. 5
Ma"r. 7,
June 4

Mar.7,
May 18,

June 3

Mar. ?,
May 24,
July rg
July 6

Feb. 25,
April S

Aug. 18,2,
30, May 4,

July 7

June 23,
July 16,
Au8. S, 11

I Potatoes i Rye

I ely (Home
I Gro*n)

Nov. 4
Aug. 4
Potatoes

Nov. 3,
March l8
Oct. l0

Sept.25

Nov. 4,
tr{arch 16

RoIed

Singled

IIoed
Ridged

Sept. 14,
April 12
June 14,
July 8, 25
July 6 Jure 22

March 31,
July 4

Oct, 20
Mar. 14

Oct. I8,
Mai. I2

CT LTMTIONS, EIC.-WOBURN
Sugar Beet Badey Clover Hay Potatoes

Variety Kuhn E

Date ot sowiEg April 12
Harveste,l Nov.3
Previous crop i *y"

Plumage

Mar. 2
Aug. 6
Sugar beet

Broad Red

May 5, 1937
July26, r93?
Ba.rley

Yeomaa

Nov. 4
Aug. 6
Clover

Ally

April 8
Sept. l9-22
Wtreat

MaEuresapplied 
I 

April t2

LiEe applied I

March 2

Feb.2I

Dec. 16,
March 18

Nov.3,
Ma"rch 18

Apdl 7

CgltiYations- I

Ploush€d i e"g. za,
I March 2s

Ilarro."ed I Sept. r4
I March 91,
I April t 2

Dec- 30

March 2, 3f May 5,

Sept. 23

Nov. 4
March 16

Aug. 23,
March 22
Oct. 14,
March 31,
May 20

Mai. 28-30
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ROTHAMSTED, T938

Potatoe6-BP, Plots l-15
Ylelds to lb.

Clover Hay-BC, Plots 3l-45
Ylelds in lb.

Rye-BR, Plots 6l-75
Yielda in lb,r gratn above, straw belo\f,

2N 3N 4K 3K 4P
73.6 82.1 70.4 70.8 A7.4

10t.4 114.9 104.6 t01.2 92.6

Ba.ley-BB, Plota 16-30
Ylelds tn lb., Eratn above, atras

belotlr

tP 2K OK IK
84.6 06.0 97.7 99.2
71.1 80.0 83.3 86.83K OP 4N 3P
95.1 9?.7 108.9 95.8
81.4 8r.8 S5.l U.24K 3N 2N ON

105.0 109.2 gs.l 7r.2
89.4 52.3 81.0 65.3

Wheat-BW, Plots 46-60
Yleldo tn lb., gratn above, srtra*'

below

IlK3N{P2P0Pl
06.9 t0r.2 t03-o loo 4 t00 0 I

lo?.1 109.8 t20.5 lt4-6 116.5 i

4N 2N ON IP 4K
10r.8 103.0 98.6 102.8 96.3
107.2 t0s.6 1t0.0 lts.? 98.7
OK 3P IN 3T 2K
09.0 108.E 105.4 108.3 r0r.0

103.0 119.4 t2l.I 127.7 t10.6 I

I

SuEat Beet-BS, Ptots 76-90
Ytelds tn lb., roots (dtrty) above,

topa centre, aullar perceotage
below

2N 3N lN 3P 3K
3lr 335 307 362 3r0
494 636 116 536 1t2

16.68 16.30 16.02 16.07 16.18
OK IK 2P OP IP
351 403 257 270 259
616 641 466 432 384

1.6.04 t6.3S 16.07 16.16 16.65
4N 0N ,lP 2K 4K
379 330 323 284 236
627 178 486 400 253

15.32 10.30 16.5t 16.33 16.65

IN 3K 3P 2P OP
340 363 387 360 301

2K ON IK 3N 4N
364 268 307 368 401

4K OK IP IP 2N
157 381 398 303 350

N

IrNl
s2.6 I
70.1 |2Pl
s5.2
79.8
4P
88.0
72.O

IP 4N
76.0 81.0

lo2.l 114.5

OP IN
74.5 50.0
93.7 78.6

3P 2P
68.7 73.7
98.8 102.8

N

N

ON
56.9
81.6

2K
63.{
84.6

OK IK
70.r 69.0
u.1 93.6

OP 3N 3K ON IT
36.4 60.0 45.3 31.3 41.6

IP 4N 2K 2P 3P
25.0 31.2 11.4 q.2 35.5

2N IN 
'K 

OK ,TP
31.4 33.9 0t.7 49.0 36.2
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t?3

woBURN, 1938

Rye-CR, Plots 1-15
Ytelds ln lb., gratn above, straw below

OK 2P lP OP lN
12.5 61.0 61.2 62,2 4.2
50 74 6? 00 60

lK 3P 3N 3K ON
57.0 65.2 76.8 64.0 11.2
68 64 86 64 62

4P 2N 4N 
'x' 

2K
60.6 51.2 67.0 60.4 4l.t
64 61 82 11 66

Potatoes---CP, Plots 3l-45
Ytelds tu lb.

Sugar Beet--CS, Plots l6-30
Yields ln lb., roots (dt'ty) aboYc'

tops centre, 8u€,aa per'ceatage
beloE,

wheat--ow, Plots 76-90
Yields ln lb., Eratn above' ataaw

bclow

3P 1P 2T 3K IN
17.6 7A.7 80.2 91.2 89.3
88 0l 105 ll4 109
ON 2P lP 3N 2N
70.2 0r.0 9?.6 s2.6 89.7
7S 103 ll7 lr0 llr
IN 4K OP OK IK
7o.2 83.7 89.6 7A,1 86.0
7S 96 l0r 88 S9

N.W.

I

2P IP 4N
492 466 612

OK 3N 3K162 606 652

OP 2N 2K
340 374 468

1K
452

3P
5lr
4P
440

574

ON
430

1N
448

4K N.W.

I

N.W.

I

Barley--{B, Plots 6l-75
Ylelds tn lb., gratn aboee, straw below

4N 3N ON 2K !tr,
91.2 92.0 63.0 05.0 03.6
7S 73 62 El E3
2N OP 3K 4P 3P
03.0 94.2 t05.7 102.7 106.0
n 7a 85 96 r0g
IP IN 4K 2P OK
88.2 00.7 98.2 03.2 96.0
76 70 83 80 E7

ON 3P 2K IP OK
173 542 614 66,1 4Et
252 280 376 319 244

17.77 17.89 18.23 18.36 r?.8:l
4P 2P 4K 3N 2N
568 176 564 641 641)
308 292 376 400 350

t8.26 18.26 18.49 18.26 18.46
IN OP 3K IK 4N
483 488 578 663 60t
235 3r9 g7r 388 12a

18.49 17.02 18.76 18.96 l8.q)

Clover Hay--{C, Plots 46-60
Ylelds lu lb., greea welghts

4K 3K IK 3N 3P
89 139 120 r20 89

OP IP 4N IN 2P
88 r08 ll8 160 136

2K OK 2N 4P ON
92 94 t22 164 166
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AveraSe
1930-37

1938

1938

AveraSe
r030-37

1938

r938

Sugar
Beet

Roots
($ashed)
tous

Yield
N
P
K

1.79

-0.40
0.21

4.66
l-lg
l.?0

-r.80

Clover
IIay

D.v
mattcr

Yield
N
P
K

19.7*
12.0+
0.3*
2.4*

I1.7

1.7
3.4

+4.9
+4.9
+2.9

+3.r
+3.1
+t.9

Tops Yield
N
P
K

8.35
3.60

- 1.24

-0.39

8.39
4.62
3.lo

-4.12

+r.67
+ 1.67
+ 1.00

Wheat
GraiD

Yield
N
P
K

23.6
3.6t
0.1
l.l

36.4
0.6
2.9
0.8

Sugar
p€rcetrtage

Meao
N
P
K

17.1.1

- 0.31

-0.480.47

16.04

- t.17
-0.43
-0.48

Straw Yield
N
P
K

46.3
21.6i
2.1

40.5

- 4.1

t.7

Total
suSar

Barley
Grain

Yield
N
P
K

Yi€ld
N
P
K

24.4
5.8

1.6

14.9
2.4
6.3

-6.2

+4.1
+4.r

r"ot.""l Yield
N
P
K

6.52
t.67
l.0l
2.13

6.22
3.33
3.27
r.68

a r.13
+ t.l3
a0.68

+2.7

+r.o

28.0

3.4
0.4

33.9
24.3
-2.0t.7

+4.1
t4.r
+2.1

Rye
Grain

Yield
N
P
K

22.45
5.2S
r.5$

- r.0s

26.2
16.9

0.2

Straw Yield
N
P
K

35.6
13.7
5.0
1.5

28.7
21.2

- 1.6
0.s

Straw Yield
N
P
K

43.6$
16.2S
4.45
3.6S

34.7
24.4

- 1.3
4.0

I?A

ROTHAMSTED, 1938
l.-Mea! ylelds pe. acre and locr€meltts ln yteld per cFt. ol N, PrO. and trro.

t Crop lailed irr 1933 and 1935. t l93f-37. $ 193437. Signilicaat results ir heavy type.
Negative sitn means depressiotr.

2.-Average percentage lncrernents ln ldeld tor each applicadon of N, PrOs and KrO.
N

Average 1038
1930-37 

]

Average
r930-37

Average I 1938
1S30.37 | ts38

Sugar Beet
Roots (wa-shed)
Tops
Sugar percertege
Total sugar

Barley---6raitr
Strat'

Clover Hay-Dry matter

Wh€at---6rain
Straw

1.08

-0.530.68
l.8l

-0.88
-0.84

-2.2s' | 2.14 | 2.o4' ?2' | +6J0

3.04
4.7 4
0.02

5.79

3.83
8.26

- l.r0
2.62

r0.75
12.65

-9.66
-12.29

-0.74
-10.40

+2.S9

+4.r7

+r.800.50
3.28

0.58 I +r.2?0.94
t.02

l 85
2.34

t.21 I

o.8o 
i

Potatoes

1.06

+2.73

+r.63Rye--CraiD
Stiaw

3.68$ r0.0E
6.41$ t0.54

l.r0i -3.ror.3o$ l-0.68
o.20
2.91

- 1.30!
-2.08!

* Crop tailed i! 1933 atrd 1035. t l03r-rB?. $ 103,1-1937, SigBilicart regult ia bc6vy
ttpc. Nqe,tive siga De..D.B d.pllssid.
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AveraSe
1930-37

t938
etrors,

1938

Average
1930-37

r938

l93E

SuEa.
Bcet

Roots
(rf,asbed)
tons

Yield
N
P
K

1.44
3.50
0.45
0.39

7.8S
2.51
1.65

Oover
IIay

Dry
matter

Yield
N
P
K

21.7*

-r0.0.
-4.9*4,8r,

17.9

- 10.6
r3.3
0.5

+7.2
+4.3

Tops
totrs

Yield
N
P
K

M€3.n
N
P
K

6.43
2.25
0.94
1.00

5.89
6. r0

- 0.63
L76

+r.38
+1.30
+0.82

Wheat
Graia

Yield
N
P
K

12.5r
r4.01

-r.4f
-0.rt

30.4
14.3

-9.9
3.3

+4.8
+4.8
+2.9

Sogar
PerEeotate

17.05

- 1.00
0.48
0.70

18.26
0.15
0.14
0.45

Straw Yield
N
P
K

26.01
3t.21

-2.5t
- t.4t

35.5
2t.7

-ll.?
4.4

+2.17
+2.r7
+ r.30

Total
Sugar

Yield
N
P
K

25.5
10.5

28.8

6.2
9.1

i5.9
+5.9
+3.6

Potatoeg Yt"ld | 81,
N I 4.46
P i 0.08
K I O.73

8.48
5.00
2.93

19.4
t7.7

-0.61.1

Barley
Grai11

Yield
N
P
K

23.6
18.6
0.9
1.2

33.4
t3.9

8.4
2.1

+5.6
+5.6
+3.3

Rye
Graitr

Yield
N
P
K

20.4$
r3.7!

-2.3$
- 1.6$

+5.2

+3.1

Stra$' Yield
N
P

;K

37.8
r9.6
0.8
2.9

28.1
r0.7
l8.l

-0.0

Str.w Yield
N
P
K

2r.2
1.3
8.2

l?5

woBURN, 1938
l.-Mo.! ! slda pe! rqne rld lmree.,tts f! $eld per cwt. ol N, PrOr and Kro.

'1034, clop lailed. t l93l-t037.
sigtr roeans depressiofi.

S 1934-1S37. Signilicatrt results in heavy t!.De. Negative

2,-Ayeaalle percentage increraenta ln yteld for each appllcatlon olN, pros and KrO.

r938

35.2S
30.0!
-3.4$
-2.35

0.68 3.13 r.98 7.36
3.4t ) 7.15
I 02 08t
2.A7 7.91

0.48 I 3.?z I 1.76 I z.o1 |

0.68 I s.4r i r.Es l-0.72 i

SuEar Beet-
Roots (washed)
Tops
SuSar perceDtage
Total sugar

Barley---Grai n
Straw

Ryc---Graitr
Strew

r 1034 cIop failed.
sign meatrs dqrressioE.

8.36
5.0t

-0.655.53

.12.42

4-77
15.53
0.r3
1.79

+s.47

+3.08

+2.50

I ro.log , la.zz l-1.53s l-0.16 -1.e9$ 5.62 +3.esI 12.98$ | 13.68 r-1.5t$ I 0.86 l-t.68S 6.70 I

t 1031-103?. 5 1934-1937. SiFficaot tesults ia heavy t,'pe. Negative

N Standard
lS38 errors.

r938

-4.91
-4.96

I t.22t | 2.7o I +23A
I o.o8t I 3.r3 |

I1.09 | 6.?3. i 0.6z | +6.00

+3.85

Clover Hay-Dry matter

Whe3t---Grain
Straw

Potatoes
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r26

THREE COI'RSE ROTATION EXPERIMENT,
ROTHAMSTED, 1938

EFFECT OF PLOUGHING IN STRAW
(For detatls, see 1933 Reportr p. ll8)

CULTMTIONS, Etc.

Sugar Beet Potatoes

PLAN AND YIELDS

Barley-DB, Plotr 19-72. YieldE tn lb., graio above, atraw telow.

Barley

Variety ..
Date of SoldEg
Harvested. .

Ptevious crop

PluEate Archer
Feb. 28
Aug. 6
Potatoes

Kubn
May l0
Oct. 25
Barley

Arv
April 14
Oct. l0
Sugar Beet

Maoures applied-
A.rtificials
Adco alrd stiaw

Dec. l5
Dec. 15

Dec. 15, May 0
Dec. l5

Dec. 15, April 13
Dec. 15

CultivatioDa-
Plouthed
Cultiv'at€d
Harroqed
Rollcd . .
Silgled . .
Iload ..
Ridged
GrubH

Dec. 16-28
Feb. 24
Feb. 28
Feb. 28, April 8

Dec. l5-28
Sept. 16, 30, Feb.
Oct. 5, May 9, 10
May 4, 9, l0
July 8
Juue 23, July 18,

8, l0
Aut.

Dec. I5-2t
Feb. 24
lda.. 7, June 4
Uar. 7, May l8

Uar. 8, Uay 26, July I
Jury 4

The comparisoDs of \riDtet tteel-manute ctoPs oI vetches atrd rye, Eade itr Plevious years oI
the experiroetrt, have beea discoDtiDued.

St]I AdI AdII AdI AdII StlI
81.6 85.4 82.8 83.3 64.0 57.8
73.5 ?6.1 68.2 68.7 66.0 58 7

strl st2rr strrr stzl StzI St2I
92.7 s8.5 s5.7 95.6 79.9 71.0
?6.3 8?.0 83.3 7S.9 7l.l 64.0

ArI ArII A.I AdI StTII ArII
89.4 08.7 89.6 85.3 88.7 91.6
74.t 81.3 70-4 68.7 78.3 76.9

St 7 II Ad II St 2II St 2II Ar I Ar II
90.6 79.1 91.0 93.2 84.0 85.8
81.4 67.9 ?8,6 79.3 72.0 76.7
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Sugar Beet-Ds,Plots 25-48.
perceDtage below.

127

Yfeldo tn fb., loot3 (dlrty) abovc, tot ! centns, sllgr.

St,II
999
466

18.79

St2II
380
450

17.66

Ar II
282
lfr

r6.04

AdI
250
356
16.60

AdI
345
410

17.14

Ad II
352
418

17.66

Ad II
3r7
128
I6.95

ArI
279
358

15.92

StzII
363
509

16.85

strr
333
402

16.21

Ar II
342
175
16.9r

st2I
362
u2

16.76

StII
353
430

17.t0

Ar II
269
408

15.64

.4..I
256
369

17.O2

stru
s72
604

18.39

strl
328
l()0

17-10

St2II
416
r6.82

ArI
322
382

r?.89

AdI
293
342

16.99

STIII
382
484

16.53

st2r
342
146

17.66

Ad II
307
3S8

17.05

st2I
331
406

17.24

Potatoes-I)P. Plots l-24, ytelds in tb.

ArI St2II ArII AdI339 436 418 418

St 7II Af II Ad II st 9I460 1t7 344 3a2

ArI StII AdI StrII289 339 305 438

AdI St9I StII AdII293 369 338 281

st2I
356

St2II
415

St2II
456

STIII
459

gtlr
368

Ar II
114

Ad II
403

ArI
30I

SUMMARY OF RESULTS
Manured 1936-7

Arti{i- Adco Straw Skawl Mea;cials St 1 St 2 I
I

Artifi' Adco Stlaw Stra\r
cials St I St 2

trlearl

Barley-
Grairl c.w't. p.a.

Straw cltrt. p.a.

Sugar Beet-
RooLs (washed) tolsp.a.

Tops tods p.a.

Sugar percentage ..

4l.l 33.6 10.9 42.1 I 39.1 39.r 37.8 34.5 36.7 37.0

34.9 30.1 36.2 86.4 | 31.4 32.2 31.8 31.0 32.0 31.8

5.895.62 5.95 7.12 6.771 6.36 3.27 5.56 6.36 6.36

9.6e 9.25 10.82 1O.2sl10.OO 8.18 8.!4 9.17 9.63 8.80

16.20 16.89 16.67 17.Mi16.68 16.94 16.67 16.83 17.23 6.92

Total sugar cvt. p.a. 18.3 20.1 23.6 25.7 21.3 17.9 t8.6 21.4 22.0 20.0

Potatoes-
Tors p.a. t 9.52 7.a9 lo.lo 9.96

flanured 1937-8

9.32 7.66 1.71 a.t6 | 1.58
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t8

LONG PERIOD CULTIVATION EXPERIMENT, 1937

Loag Hoos V
(For details, see 1934 Report, p. 175)

CULTTVATIONS, Etc.

Variety
Date oJ sowiDg ..
Harvested
Previous crop

Yelo,i. Glob€
l,.ay 27
Nov. 2-4
Wtreat

Plumage Archer
Mar. I
Aus. 18
MaBgolds

Wteat Mangolds Barley

Feb. 2-4
Feb.5-14
Feb. 22
Mar. 7, I

May 19

Matrures applied-
CyaDamide
Nitrc-chalk .. ..
Super. & mur. pot- ..

Mar.2
Mar. 2

Cultivatiotrs-
Ploughed
Cultivated
SiEared*
llarrowed
Hoed

:: i 
**' 

'n

Feb. 2
Sept. 15, 30, Feb. 14
May l9
Oct. 5, 18, May 23, 27
Juae 29, Jury 18, Aug.

s, l0
May 18, 19, 23
July 8

Sept. I0
Sept. 23
Nov. 1l
Nov. ll, t7. Mar. 18

Ro ed
SiEgled

PLAN AND YIELDS IN LB.

Barley
Gratn Irft, Straw RlEht

PShCy
PDCy
sshN
CDN
SDCy
cshN
SShCy
CDCy
CShCy
SDN
PDN
PShN

16.7 25.a
19.8 23.7
31.6 28.9
33.6 30.S
30.0 26.r
36.4 31.6
28.O 25.5
33. r 27.9
35.8 3L7
37.3 32.7
30.3 29.3

35.8 27.2
32.7 26.8
33.4 30-6
95.7 28.8
37.1 31.4
37.3 31.7
36.7 30.8
33.5 29.O
33.1 26.4
37.8 30.2
34.2 28.3
20.9 19.1

CShN
sshN
SDCy
PShCy
SDN
PShN

15.6
,8.1
21.:
r4.9

l9.l

32.6
25.1
30.4
25.7

t9.7
29.4
26.2

20.8

22.5
30.4
26.8
25.6
26.4
26.9
27.0
31.5
28.1
31.5
29.1
27.0

i,,
I

loPDN
SshCy
CShCy
CDN
CDCy
PDCy

CDCy
PShCy
SDCy
PDCy
sshN
CShCy
SDN
CDN
PShN
PDN
SShGy
cshN

cshN
sshcY
PDCy
CDCy
CShGy
PShCy
sshN
CDN
SDN
PShN
SDCy
PDN

N

t

18.5

22.4
28.0
r9.8
19.0

22.6
22.1

29.4
29.4

31.9
27.t
30.8
28.8

32.1
28.8

Nov. l?
Aug. lI
Barley

Mar. 17
Mar. 16

May 2l
May 21, I\iy 27
M.ay 2l

t Simared or rotary cultivated.
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s sh N 236 t06sDcy 251 86
P Sh Cy 275 rO7
P Sh N 262 r3o
P D Cy 310 lgo
C D Cy 262 IOOsDN 288 106PDN 280 138
s sb cY 201 1Sc sh N 235 lt4cDN 218 ll2
C Sh Cy 2O3 lOO

sshN 2X2 99
c sh N 230 106
c sh cY 228 105PDN 280 t27cDN 233 roo
P Sh CY 246 IOO
C D Cy 238 rO2SDCy 238 ooPSbN 246 trz
S Sh Cy 224 8lsDN 27a loo
PD Cy 262 r2r

225 90
224 ll8
232 tl8
232 t24
22A t20
247 102
215 lr0
265 ttz
208 ll4
208 105
23r 107
260 106

C D Cy ll.? l4.E
C Sh Cy t7.3 Zt.1cDN 27.3 33.2
P Sh N 30.t 32.4
c sh N 19.? 23.3
S D Cy tg.5 21.6
s sh N t7.0 25.0PDCy 27.6 gl.4
S Sh Cy l{.5 2r.0
P sh Cy 25.1 27.9PDN 30.0 32.0sDN t7.2 24.5

c sh N t0.6 14.4
S Sh N trr.8 n.7
P Sh Cy 28.9 3O.r
C D Cy 23.6 2A.1c Sh Cy 2o.5 25.icDN 21.7 29.8
S Sh Cy 14.4 l9.l
S D Cy 17.9 9g.6
P D Cy 23.3 27.7
P Sh N 31.2 35.a
PDN 29.5 33.5sDN t8.0 25.0

S D Cy t3.8 2o.2
c D Cy 18.6 22.5
C Sh Cy 17.2 18.8
P Sh N 2A-2 30.8cDN t7.8 26.2
s sh N r3.4 2o.lsDN t0.8 18.2
S Sh Cy 12.7 r7.3
P D Cy 23.0 27.6PDN 23.5 28.0
c sh N 19.8 24.7
P Sh Cy 27.5 zg.E

S D Cy 18.8 22.2c Sh Cy 20.9 zi.S
C D Cy !8.0 22.O
P D CY 35.1 36.4cDN 23.4 28.1sDN 17.7 2t.3
c sh N 19.0 22.5
P Sh Cy 25.t 24.9
s sh N t4.l t8.9
P Sh N 25.6 33.0
S Sh Cy ll.t 15.9PDN 31.8 34.7

SDCy
PShN
PShCy
PDCy
cshcY
SShCy
c shN
CDCy
PDN
CDN

I sshN
j sox

Wheat
Graln Left, Stratr Rlght

sDN 2 l0?
s sh N 2t5 108
P D C:I 20s t0?cDN 910 u3PDN 227 134
P Sh Cy 197 IOO
S ShCy 2O1 08
c sh N 238 t2oCDCy 2t0 08
C Sh Cy 182 04SDCy 222 gE
P Sh N 214 116

t29

ManSoldo
Roots Leltr Tolrs Rlght
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Summary of Results

Ilst year
This Year

Continuous I llP s c I uca" ll CP s c I ll P

Cvcle Bs 'c P
PSC

Cycle A IP Sls cl Mean

lvhcat
N D ..115.4

sh .. I 16.?
cy D .. ltr.lsh .- i15.9

St. Errols

GRAIN: cwt. per a.rc

8.4
4.2

7.9
+r.32

13.6
I t.0
t0.4
l2.l

18.5 10.3
l7.l 8.2
20.4 10.9
14.6 6.4

r2.3 I 12,0 l17.4
R.s L,.2 ll rz.6

12.2 | 
'r.6 

ll 16.0
ro.o Lr.6 ll u.6

l+0.?5e ll

lo-o 15.8
9.9 .4

rl.3 6.8
8.4 l0.o

11.3

12.6
11.0

NDsh ..
cvDsh ..

17.8 12.5 16.0
t9.3 tl.5 ll.3
16.0 12.7 l{.2
17.3 10.6 t2.9

STRAW : qrt. per acre

ROOTS : tons per acre

20.1 12.4 16.3
tg.2 ll.0 l3.l
2t.l r2.9 12.8
14.5 9.2 I4.g

16.8
15.0
14.5
13.3

ManEolds

ND
sh ..

cvD
sh ..

St. Errors

13.11
12.9f
13.38
12.16

12.07 I5.09 12.07r 13.17 14.01 12.19
13.23 13.41 t2.4A' D12 12.48 13.81
14.62 t3.06 15.38 12.13 l2-88 l2.lg
t3.46 14.33 13.23 11.43 rr.84 t0.56

6.2t 6.56
6.27 6.96
5.51 5.60
5.69 5.46

5 9a d.15
5.95 6.38
5.lt 5.86
4.64 5.95

NDsh _.
cvDsh ..

r9.5 |2t I I

10.2 |

20.8 
|

1

7.69
7.O2
?.28
6.01

13.4
19.5
17.0
t7.2

6.61
6.4 5
6.08

6.5f
6.06
6.11

16.3
16.2
14.2
14.0

TOPS : tons per acre

7.78

6.2t
5.80

GBAIN : c*t. per acre

6.62 6.15 6.09
6.85 8.21 6.38
7.20 5.22 6.50
6.85 5.02 6.96

Ba.ley

ND
sh ..

cvD
sh ..

St. Errorc

15.s I to.lrr.r ll tt.t
17.s ll u.o
17.7 ll a.6

+ q.s|c,l-[

17.6 21.6
2t.6 18.3
ll.5 17.9
9.7 16.2

17.8
t9.5
10.4
17.7
+r.73

15.4
16.4
16.9
18.2

13.4
16.3
14.0
16.0

15. r
9.1

I1.5
t3.0

STRAW : cwt. p€t acre

NDsh ..
cvDsh .-

13.9 16.0 14.0
18.I 16.8 14.8
l8.l 17.6 t6.9
t7.7 15.7 18.0

15.3 t8.3
17.6 13.3
15.6 l7-2
18.3 16.3

19.0 17.9
16.8 18.3
l5.l 16.2
l4-8 18.4

14.9
16.6
17.5
17.1

17.2
16.2
15.6
16.3

16.9
15.8
13.8
15.0

r 15.7
ll rs n
ll rs.z
ll u.e

15.1
11.0
14.3
13.6

15.25
13.94
15.13

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-1-86 pp 132

t3t

Mean of Nitro-Chalk and Cyanamide

Iast year
This vear

Continuous
PS
PS

Cycle A I Cycle Bc P s ls c P
P S C lP S C

c
c

Mean

GRAIN: c*t. per acle

11.4\
t6.3r

u""" -lls"l, ga,

8.8r 12.2r ,r.6. 16.7 10.0 ll.3 I9.4 10.8 12.0
8.0, 9.8r ,I.d, ll t6.o 0.2 10.7 t5.8 7.a ll.6lrt

13.1
11.f

l],J,l lln | 16-4 L, 111 i r|n ,.0 113 | lrn
St. Errors (r) +0.930, f) +0.658, (r) +0.537.

16.9 12.6 l5.l
18.3 ll.0 12.1

17.6 11.8 13.6

11.9 tl

7r.s 
ll

tnt 
11

1E.0 13.6 13.5

STRA\\': cwt. pe! acre

18.4 13.8 t4.0
17.5 13.4 13.0

20.0 12.6 14.6 1s.7
16.8 lo.l t+.0 I tt.l
18.7 11.1 14.3 ' 11.9

ManlloldE ROOTS : tons per &re
D .. .. l16.121 15.351 13.80r ,5.I9rll I3.3{ 14.08 13.?2, 12.65 13.46
sh.. .. I r1.93, 13.00, 13.021 ,3.65.11 13.34 t3.87 t2.86i u.92 12.t6

ltins, 11.18, 1L41, u.4, i tJ31 fisB nn
St. Erlols (r) +0.428, (') +0.303, (r) +0.247.

t2.ts I 13.21
12.r8 12.7 2

12.28 12.81 12.19 12.98

.. I 7.48 6.6,{ 8.00
-. le-sz sro nrR

totrs per acte

6.91 5.68 6.30
6.85 6.06 6.67

7.00
6.26

| 6.31
6.3 4

6.12
6.21

TOPS :

D ..
sb..

6.3 4
5.99

5.86
s.98

Maai

Brrley
D..
sh..

| 7.oo 5.az 6.os 6.17 6.88 s.67 6.48 5.92 6.16 \ 6.32

GRAIN: cwt. per &re

1 16.21 18.$r l0.2r 1 16.r. ll 10.8 13.7 13.3 | 14.6 lo.t l9-4 | ,5.J
118.11 18.6r r7.3rl 

'E.r' ll e.8 tE.2 tr.0 i15.8 r7.2 zt.o | 15.1

u.1 ll tu-i r5.o tz-z I ta.t it.s zo.z
f) +0.863, F) +0.704.

Medn .. | 16.8. 1E.6, 16.$tl
St. Erro$ (r) +1.22,

STRAW: crrt. per a.re

D .. .. I 16.0 18.8 t6.g t 16.2 ll ls.z 16.4 l?.8 ! lE.{ t?.o l7.o t 16.1
sh .. .. I rz.e rB 2 na 1 t6.E ll ls.2 l8.o t4.B I lE.4 15.8 18.4 rB.3

M.a, . - | tt-o t6.s t6.e i 16.6 ll ts.l rc.t fi.J I r5.1 fi..t tt-t t ;r.-c
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Concluslons

For wheat grain the mean 5,ields or the plots ploughed, simared and cultirrated
every year were respectively 15.4, 8.4 and ll.0 cwt. per acre, alt differences being
signiricant. The results were similar with the rotating cultiyations.

For barley train there were no signiricant differences between the ef{ects oI the
continuous cultivations. On the blocks with rotating cultivations the yields varied
irregularly, the plots ploughed this year giving the lowest yields in each case.

- ,For mangold roots the plots ploughrd every year gave a signiricantly bigher
yield thao the plotssimared every year, the latter being slightly but not significalitly
above the plots cultivated every year. With the rotating cultivations the ditlerences
between ploughing, simaring and cultieating this year were small.

For mangold roots the deep cultivations gave a signiiicantly higher yield than
the shallow cultivations on the continuous part or the experiheni. flre results
with the rotating cultivations were in the same direction though the difference was
small. For wheat grain there wa; little difference between deep and shallow culti-
vations on- the continuous plots, but deep cultivation gave 

-significantly 
higher

yields on the rotating cycles. There were no sienilicant differences betri,een 
-the

ellects of deep and shallow cultivation on barley grain.
There was no apparent difference between nitro-chalk and cvanamide.
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NEW GREEN MANURING EXPERIMENT
STACKYARD, WOBURN

(For details see 1936 Report, p. 2O3)
Cultivations, etc.

UppER HALF: Ploughed. S€pt. 27-29. Harrowed, mBstard atrd tares driled: Oct. 21.
Plouthed: March 18. Ilarrowed, mustard and tares redriUed: Merch 28. Clover.nd
Iyegrass !ut: June l?. Dung applied: June . Straw apptied: July l. Ploughed:
1.4. Roued, harrowed. kale diilea and sulphate oI ammooia'joolied io jtt otors, i"t" Z
and 8. MiDerel manure3 apptied to att piots aod barrowed:"July S. Klle red;iu;d:
Aug. lla8d12. Hoed: AuB.30,Sept.b, l4end 20. Harvested: Feb. lgard2o. Varicty:
Thousaod head. Previous drop: tiarley.

LowsR H^LF:_ P-loughod : Feb. Z-i. ttarrJwa aod barley drilled: March A. Ilarrored and
Broad Red Clover and Italiarr Ryegrass drilled: Marcl gl. Harv6ted: Aog. ll aud !2.

_ Varie-ty: Plumage Archer. Preiidus crop : Kale.
SpEcraL NorE: Thc gr€en manuritrg crops ol1 

_the 
uppe! hall sown in the wiDter (Oct. 2l) worc

a lailure.
W_STACKYARD, r93E

Upper ha[-trale. plan and yteldi t! lb.

20

t

20

I

N84
N73

2N t?l
2N 174
N 239
N 212

2N 301
2N 378
N 335

2N 230
N 318

2N 29s
N 303
N 270

2N 325
2N 298
2N 288
N Sl3

2N 224
2N 268

s
s

DS
Dll
D_

s
3D_

D_
s

DS
sD8

D_

l"IMlr
lMlrITlclnlc
lnlplulc
lelnlrlclnlu

sNrr0
2N 106
2N 104sN83
2N 95sNr!9

s 2N t05s2N05sN80
N08
N:8

8N73s2N09
N09s 2N 106
N0l
N 1042N 106sNl2l
N 106

1
D
D
D

D

D
DI
D
D

D
D

T
R
F
M
F
c
T
F
c
F
R
F
T
R
M
M
M
T
R
T

2N tl1
Nll

2N 43
N82

2N 106
2N l7t
N40
N89

2N r11
N49
N t79

2N 297N 2r2N20
N40
N t43

2N 179
2N 139
N I6E

2N A22

1004
ll8
04
95

102
04
90
E6

lot
80
8{
76
8l
87
9r
0r
09
85
t4
70

s2N
SN

N
D_N
DS2N

s2N
D3N

2N
D_2N

2N
2N

s2ND_N
DA2N
DSN

SND_2N
2N

DS2N
N

I

s
s
s

s
s

s
s

s

Lower hall-Bar.ley. Plan alld ].telds ol Craln tn lb.

--I

c
M
F
T
T
F
F
T
R
T
M
F
c
R
R
T
M
M
T
c

D
D
D

D
D
D

R
M
F
R
Tr
R
F
c
R
T
M
F
c
M
c
R
C
M
c
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Upper half: Leys and Green Manures : dry matter and nitro{len per cent.

Dry matter, c*t.
Nitrog€n per cent.

Dry matter, cwt.
Nikogen pe! ceEt. ..

Norr.-The dry matter yields lor the individual Plots are d3o avaitabte. Tte Iallow lisures
are tbe waights atrd DikoSeo percentages of th€ weeds otr the Plots.

Lower hall: barley grain' cwt. per acre
Resldual effects of green manures and fertlllzers applled to kale in 1937

.an l+1.251

Interactions of fertillzers
Graitr, cwt. per acre (+1.58)

No strast
Straw

I , .*. *rn*." , .--. I

I No dutrr DuEs 
I

.. I 21.6 2:,.6 I

I zt.z .3 
|

21.5 2r.a
23_6

4 cwt. sulohate o, aoao.
No duDg ' Dung

Concluslone
Upper half :-- 

The kale crop was a Iailure, the mean yield being just ova 2 tons Per acre and for
that reason no iummary tables are given. There were no signilicant effects ot the
green manures or leys. Dtmg produced a sigrrilicant increase of 0.83 tons pr acre
and su)phate of ammonia a significant increase of 0.86 tons per acre.
Lower half :.-

There were no effects on the yield of barley Srain of the $een mannres trown
before the preceding kale crop, or of the undersowing oI clover or ry-gga{. -

Dung applied to the kale increased the yield of barley grain significantly by,2.9
cwt. peiacie-. The residual effects of sulphate of ammonia and straw were negligible.

IJ].s and greeD Eanules
priorto kalecropof 1037.
Ily sowa 1938 uBdet
barley.

NoDe
None

Tares
NoDe

Clover Mustard
Nooe

Ryegrassl
ctove( 

I

Mcdn
l-0.789\ l+ 1.11\

2t.l
24.9

2t.4
25.3

21.7
21.6 23.4

20.8 21.6
21.5 +2.9

23.7
22.1
21.?

22.6 24.O
22.1

22.8
22.4

22.E
+ 0.5

2 c$t. sulphate oI amm.
4 cl*.t. sulphate of amm. 23.6

23.8
22.9

23.6
22.6

23.8
22.4

22.0
23.r

23.t
23.0 - 0.1

M 22.6 23.0

Fallop I Tares I Mustard ll Clov* i Ryegrass

0.2
3.64

Witrter crop : buried
r l.l

Dry matter : carted oll
13.8 6-4

2.8S 4.r2 I r.l8
0.3
3.27

No straw .. ..1
Strae .. .. I

No duDg
Duog ..
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EXPERIMENT TO COMPARE LEY AND ARABLE
ROTATIONS, WOBI-IRN

Stackyard, Seale6 D

The purpose o{ the erperiment is to test the value of a thr,ee year ley, three years oI luceme
ald an araSle rotation with a one year ley, as meaN of building uP soil Iertility in comPatison
witll a rctation without [eys- The affects 6I these crop sequences aie measured by the yields of
two foUowiDg crops of poiatoes and barley, which m'ay 6e termed the rndicator crops. Each
rotatiotr th€relore has live courses.

Rotetlora
'Tte rotadons compared arc :-
(l) Thr€e year ley'
(2) Tbree yeara of lucerner
(3) Potatoes, wheat, oEe year ley,
(4) Potatoea, wheat, kale,

potatoea, barley.

Arangement
The plaD of the experimetrt is shown on p.138 atrd the croPPing sequence on P l37'
Therl are live btocis, one Ior each phase of the five year crale, so t-h-at-all the courses oI every

,ot"tioo 
"." 

."p.*"oted ivery year. Tie rotations begin on block 3 in 19-38 and then in successive

"ears 
on Uioct's 5. l. 2. aod i.- Each block bas eigbi main plots, two for each rotation On balf

ilJ pfoG tt " "r-" tot tion will coDtioue throu-8hout the experimeDt This may cause wide
i".tiiitv di{t"t"r""" if the repeated arable croppiD-8 should lead to organic matter shortaSe Otr
thc reiuioing plots the ley ;Dd arable rotati6is wilt alternate so as to provide comparisons at
a steadier feriitity tevel. TLis altemation oI rotations can be made in two ways, oamely' l, 3, 2, 4
ctc. aad l, 4, 2, tetc. The Iollowing sequences were choseD :

Cycle
Blocks l, 3, 4

Sequence of Rotatio0s
Blocks 2, 5

Sequence oI Rotations--r---- i;l;
? I Blilll11 1l3l2l

2
4
I

2
3
I
4

,-i
2 1l
- ol
I 3l

I
I
3
2

car'ry rotatioDThus, iD btocks l, 3 anil 4 the ptots carrying rotatioo I in the lirst cycle will
3 itr the second cvcle. and so on.- w;tl this sc*mi it will be seeD that j{ rotation I follows rotatiotr 3 in any cycle, it lollows
rotatioD 4 iD the cvcle coEmencinq a vear latet. In the earl]' years oI tbe exPeriment, the
iota6ons wilt be du;licated in each"blocir, but after the completion of one full rotatioD the two
Dlots lor anv one roAtioE lrill have dr{fered in tbeir previous croppin8.
' Tt" tnri" y".r tuy wiU be grazed by sheep throughout the three years -The luceme aod tbe
one vear lev w-ill be clt for hai. To av;id a(iectiog ihe barlev yields by undersowing and by tbe
iachision oi ryegrass aod clov;r iD tbe straw of soile Plots bul not others, the leys wru be sowa
after the barley crop is harvested.
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Ma[urhe
Each maitr glot is divided into t*o suLplots, one of*hich sill rec€jvc alung at the ratc ol

I*:i?rff[ ffi:;"f i;| to the i-udicator crds ;ii;A;". -ii-" ;;ilfiir.'e" ;iu '*i""-i- -AII plots will be liberalry manured with iDorganic ,ertirizers. rae ditfere,t rotatioos rillreceiv€ the same amoutrt of ihosphatc aod p"r""h:t;;;; ;i;'iftd; 
*-'

Year of
rotation

I

2

3

Super-
phospbate

3

1

:
3

1

i
3

I
4
6

Potatoes
\*y
Lucer4e
Wheat
r-ey

Rates of Applicatlon, cwt, per acre
SBlpbate oI
aDmonia

3

I

Sulphate oI
potash

url

i
n

Luceme . .
One vear lev
Kale-
lty
Luceme . -
Potatoes ., .: :.
Berley .,

P.eloln ry ycrrs
Special .arraagelDerrts are made for the prelirDitrary Jrears io btocks 6, {, 2 aod I, atrd thescate shotrD itr the table oo D. 137. As far as'possible tie'oor-J 

"-"q"r 
'"!'oi"ioppi!g 

is lo1owedin sJ prdimi'arv vea'". the potato cr-ops ri" ur.ct i-ri, r-essli-ilrl;'i ii i'srs 
"oa - bb.t r

il j#;ffii"kTf":le aplfication or iuas ;ppri"d ; ;;pi&;^i-tf. idloton pot to oop"

V.ilctle.
Lucemc-Ptoveace.
M.at-Rcd Stasdad.
Potatoe-Uaiestic.
Berte5r-PlurD;*c Ar,chcr,
Xale-Tbousara H€ed.

14 lbs. PereDnial Ryesrass oer acrc_
8 lbs, Cocksloot o& icre. '
M" Iit" Fbwlring Red Ctover pcr ace.
2 lb6. Wild Whit Clover 1rcr ace.'

Grass I-cy-
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PLAN AND YIELDS' 1938

Yleldr ln lb, I,er plot I B.rl€y: Er.h left'.rtaw rtEht-. Potatoat: tot'l prodEc'- lett' percentag,e ware rlght. Luceme: SracT welgllt
Block t-I

6

I
s

126.r * 2d.6 | 36.0
lz 3

reol

31.7 * 32.0

38.8 39.0

4

L
3
I

39.0 38.0

47.5 r 43.0

I
34.6 . 37.0 I 38.0 39.0

3
38.8 3S.O | 38.3 ' 36.0

44.5 * 41.0
3
I 44.1 41.0

41.0 ' 42.0
2
I

12.2 47.O

2
27.7 38.5 | 25.6 ' 32.3

212 *
2L
| 2t2

2L
%), I Ztt '

ILI'
r136 80.7

3P
I ll50 ' 9r.9

t372 t
3
| 1076

llfr6
3
I 1426 *

l5l0 *
I
I

Iu4
2

062 | 1374 *

1
26.2 43.0 | 31.2 * 45.0

zs.z az.o f se.e ' a.o 
I

,rr.* t*a 
l

44.7.64.0
I
I

54.0 77,0

67 lr
433 44.0 | 47.3 ', 50.0

oll 212
Barle\'

l0 ll 2
{1.8 * 45.0 | {6.5 .15.0

l5 a
17.6 6r.0 | 20.O . 42.0

l3

l7

2l

29

33

37

al

16

ts

63

67

cl

66

l8 rs

28 27

30 3t

34 35

38 3S

42 13

16 17

60 5l

5t 56

68 69

02 63

86 6'

a
4r.o I

120
u.2 . 12.01.

lb

21
36.0 4r.0 | 27.3 * 38.0

24.6.16.0 47.O

Barley
28

a2

36

40
Potatoes (P)
Ley (L)

4,1 Luceme (A )

48

62

56
Potatoes

60

6r

68

72

Badcy
78

80

3
| 22.o

60

7g

70 7l

74 16

78 ?9

Area ot each SuEPlot: 0.0390 &re.

' Thcsc sutFplots rccrivc dung whc[ tlre wholc hlocl c.rd€s Pottt..! (block Iv i! 1938)'

l. 2. 3. 4 
-refer to thc rotatioas, scc p. 136.

Tb.'dd; F:id;;;;;;;;a L; [r-si!s @ sh*P whou tbo tcv Plot! tro to bc 8r"'d'

2l
29.0 33.? | 3r.6 ' 34.8

-i

3t.? 4r.0

1
25.2 34.8 I r3.3 . 33.6

1062 * 9l.l n78 92.4

3P
r2l3 52.1 | 1268 ' 01.7

.P
1028. 92.9 | rr88 92.8

IL
I

1
061 | 1316 '

I
1078 I r3r2 r

2
l.7l t I ru3

I
1386 r I 0o3

3
36.2 66.0 | 26.5 ' 4,(.0

1
{0.8 * 59.0 I 32.8 61.0

2
40-2 12.O | 26.2 ', 14.O
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Bt.ock L Ptougbed : Sept. I l, 20, March 7 aud 8. Harrowed atrd barley drilled : March g. Moaurcs
applied: March 10. Cut: Aug.25asd27. Varieqr: Plumage Arcber.

BLocK II. Ptoughed I Sept. I l, 20 and I\tarch 8. Harrowed aEd barley drilled : Match 0. Maauies
appli€d: Malch 10. Cut: Aug. 27. Variety: Plumage Archer.

BLocK III. Ploughed: Sept. ll, 20, March l7 -and 18. Harrowed: April2l and 22. Roled atrd
bouted up {or potatoas:
Ley aDd luceme plots roLey aDd

: Sept. ll, 20, March l7 and 18. Harrowed: April2l and 22. Roled atrd
)tatoes: April 29. Artilicials applred aDd potatoes planted: April 23.
plots rolled aDd barrowed: Itlay 19. Seeds sowtr, ha;owed, rolled aod

luceme sown: May 20. Manures applied on ley ind lucerne
hoed: JuEe 22. Luceme plots hoed: July l-5. Potato plhoed: JuEe 22. Luceme plots

lred on ley and luceme plots: May2l. Potato plots
: July l-5. Potato plots rebouted: July 7. S€eds

plots Siared by sheep: Aug.2-9 aDd Sepr- 8-14. Luceme-cut: Sept. t4. p;taioes lifted:
Sept.22-28. Varieties: Potatoes: Majestic. Luceme : Garton's Pr6vence.

BLocK IV. Ploughed : Sept. lt-20. Dury applied : March 14. Ploughed aDd harro*ed : March
31. Rolled_and touted- up forpotatoes: April 21. Arti{icja.ls apptied and potatoes ptanted:
Apri! 22 Ho€d 

-a.Dd 
bonts,brokea dowD: JuDe 22. Bouts Erirtt up: .|uly 5. ?otatoes

lifted: Sept.30, Nov. 16 and t8. Vanety: trtajestic.
BLoc( V. Ploughed: Sept. ll,20andMarch7. Harrowed, rolled aDd barteydrilled: Maich 0.

Mallrres apptied: March 10. Rolled: IIay 20. Cut: Aut. 25. \'ariery: plumage Archer.
Sr'EcraL NoaE. Potatoes in Block III passed over a l* iDch iidde to detdEine p€rcentate warc.
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WHEAT
Effects of fallow and of one-year leys of clover, ryegrass atrd clover and
ryegrass, cut once and followed by summer fallow or by green manure
crops of muatard or vetches, or cut twice. Dffects of sulphate of ammonia

applied to leys and to wheat.

RW-FOSTER^S, l93t

w

1

cM(R)
cr N (R)
FVN(L)
Rr N (R)
Rv(L)
R2 N (R)
cv(R)
c R9 (R)
F2 (L)
c Rr (R)
R Nr (L)
CRMN(R)
cRvN(L)
c2 N (R)
Fr (R)
FMN(L)

rr G)
FMN (R)
RvN(L)
c2 N (L)
rv(L)
RM (L)
F2 N (R)
R2 (L)
cr(R)
cRM(L)
cRrN(R)
cRvN(R)
cMN(R)
cv(L)
c R2 (L)
Rr N (L)

cR2N(L)
CM (L)
c2 (R)
F2 (L)
R2 N (L)
cRv(R)
Fr N (L)
c Rl (L)
FM (R)
Rv(L)
RM N (L)
FVN(L)
cvN(R)
cr N (L)
cRMN(R)
Rr (L)

Norr.-The plots were split lor sulpbate oI aEdonia aPPlied to thc Eheat a! a -top dr6!iD-t,
(L) -the Ieft half-of the ploi roceivod thi3 dressitrg asd (R) the riSht hal, rrceiv€d the
dressing.

cr &)cvN(R)
R2 (L)
cMN(L)
F2 N (R)
Rr (R)
cR2N(R)
RVN(R)
c2 (Ll
Fl N (R)
cRrN(R)
RMN(R)
cRv(R)
CRM(R)
FM(L)
rv(L)
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Sysrax or RalLlcArtoN : 4 !"andomizcd-b_tocks of 16 plots each. the plots beiog split lor sulph.toI a,Emoda at the rate oI 0.4 cwt. N per acre aiplia as i top'are.ssioc io-the cheatl
AREA oFEAc[ suB-pl-or: l/80 acre (08.2 lEs. x l8.fI<s.).
TBA'ruENTs: 1 x 1 x 2 x2 fac6rial desigtr.

FaXo$ (F), clover (C), clover aDd ryegr&s Eixture (CR). r.t.esra-ss (R).
Vetches sowtr alter firs! c-ut ry)r mustard sowD alter Iii.st i,rt'(tri), suaimir fallow alter firstcut (l), two cuts takeD (21.
Sulphate oI aBmoEia: Notre, 0.3 cs.t. N Der acr€ aDDled to the levs IN)
Sulphate oI ammoda applied as top dressint to whAi : N;;", Oi-;wti-ii p* acre (3ee trote

below platr).
BasAL MANURTNG: Nil.
CuLTlvATroNs, Brc.: 1930. Irys sowD uDder badcy.

Ploughed: March I0 atrd li. Harrow€d: Irta;ch gf and May 7. Rolled: May 4 aod 7.
Barley so}! : Msrch-3l. Va,riety : PluEage Archer. Seeds sorin : May 6 ald 6. 'Varieties:

- . . Mootgomery Red Clover and Italiatr Ryetr&es. Barley harvested : August 31.
t037-8.
Plouthed fallow plots: Jan. +?. Appued sulph.ta of ammoDia to lev Dlots: ADril t3_
xoued. ley flots: April2o._ Ilarrowqt_ fallol, plots: April 28. Cultiriati:d lallow plotJ:
JuDe I0. Cut ley plots i Juoe 16. ploughed all plots -except 

second cut levs: Tuie 29_
Julyz. Harrowed July 6,8,9, 12 and 13. Rolled: lulyo, g, 12, lg atrd il. -Vetcl""

Ty", Jlrly 12. 
-Mustard 

sowu-: July 13. Thisttes cut-oa-all piots exceptiDg secoud cutptols: August 6. Cut second crop: Sept. 2. ploughed aI- plots: S;pt.-1t28. Har_rowed: Oct. 2t, Nov.3 ard March 17. Rolled: Oct:2I ad iWarcl Ztl .Wheat 
sowE:

Nov.- 3. Variety: Victor. Appl ed top dr*sing oI sutphate oI ammoaia: March 16.
HaDd hoed: May 12. Harvested: Ausust 12 aEa 13.

SpEcraL.NorE: Parley 1938: the yield of-8raitr was estimated from the weight of the total
produce per plot by means oI raDdom saapliqt lrojrl the stooks to determiae-the grain-strawrafio. fhe samples suftered from atteclis b, Eice belore ttre"r,i"C. !tenaa"[ e;oi G_ plot: Grain: 3.85 cwt. Fr acre or 15.3%.

STANDARD t.RRo-Rs-:- (;rar! : per plot : l.8l cwt. Fr ade or 6.940/0 ; per sub-.plot : l.06 cwt.pet acrc or A,9lyo.

Barley, 1936
Crain r cwt, per acre ( +0.962)

I.ey underao*tr

Effect of Nltrogen on Leys, 1937
Dry Matter: cwt. per acre

Clover aad Ryegr.-ass Ryegiass

23.7 2 5.1

Nitrogetr to leys

None
0.3 cwt. N Fr ecre

Mustard
V.,tches

I Clover aDd Ryegrass
First Cut

Rye6rass

27.6
42.O

+0.6

1E.1

+r.8
13.6

+ 14.1

1.'
S€cotrd Cut

Green manure crops : Nitrogen burted lb. per acre
Fallo]i' Clover ] Clover and I Rye$as3

Ryeg:'ess

t01.4
110.6

?0.9
6?.4

14.0
48.6

51.5
82.1

3r.9
31.9
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ol Leys and nitrogen applied 'to wheat

36.3

NitroSco to wheat Fallow I Clover I Clover and ] R,"egrass I rf4rat
RyeSre-ss

Grain: c\*'t. per acre (+0.640*, +0.4901)
35.8
36.8

r 33.8 r 27.7I 33.5 ] 28.7
NoDe..
0.3 cwt. N per acre

M*tt . .

Diflcr.nce

+0.153

+ 1.1 +0.693+ t.o | +z.s0.0 + 1.5

31.3 2f.8
-10.0 l-te.s
+2.1 i +t.O+0.6 I +e.e

+ 1.0

41.3

-0.3

| +1.0
i -0.E

cwt. per acre
30-l 26.8
32.6 29.E

Stralr'
38.2
39.20,3 cwt. N Per acIe

Meal ..

Dtll.run r +I.8
IiafaLsc .. .. I

Fallow ..

. Fo! comDarisons involving the averages of the two levels oI sulphate of ammonia.
t For coDiarisons involviDE the dillerioces oI the two levels of sulPbat€ oI ammonia.

Nitrocen to kvs I I

cwt. ft per acr| I cut 2 cuts I Mustard Vetch€t

GRAIN : c*+- per acrc l+L.28, Mcorrs: +0.90510 I 36.11 I i14.6 36.4
o.a ] ,r.t, ] sl.o t7.2

37.02 I a1.6 36.8

Clover ..
32.0
35.3

34.8
32.4

31.9 33.6

29.4

2A.5 26.0
20.9 29-0Clover eod RyeSr'ass ..

Ry€trass

Clover atrd Ryegrass ..
0
0.3

31.6 21.9

STRAW : c\!t. per acre

20.6 2r.8
33.6 22.0 l

0
0.3

0
0.3

23.0

23.6

37.4
37.1

28.8
29.7

27.8

27.8
27.9

4t.2
43.7

41.3
44.2

37.4 ,12.1

10.2

35.6 40.0
38.8 39.4

30.0
34.0

22.A 31.0
25.4 30.4

34.1
29.O

21.8

29.2 32.0

Effect of green manures and of nitrogen to leys

0
0.3

36.0
34.4

30.8
33.0

0 I 29.1 31.2
0.3 I 28.9 21.6

41.6 35.0
41.5 s7.0

Standard Ertols : C)*0.S06, C)+0.040.

Ryeglas.i

30.7

Statrdard
Errors

33.6
35.9

31.6
32.1

Itean I 31.9

0
0.3

I
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Concluslotrs

There were no signilicant effects of the leys sown rmder barley on the yieltls of
barley grain.

Sulphate of ammonia applied to the leys had no appreciable effect or the yields
of clover, but increased the dry matter in the first cut oI the clover-ryegrass mixture
by 3.8 cwt. per acre and the dry matter in the first cut of ryegrass by 14.4 cwt.
per acre.

The amormt oI nitrogen in the green manure crops ploughed under was greatest
after fallow and considerably greater after clover than after the other leys.

All three leys produced sigrrificant reductions as compared with Iallow in the
yield of wheat grain, the average reduction being 2.7 cwt. per acre aiter clover,
8.1 cwt. per acre after clover-ryegrass mixture and l0.l cwt, per acre after ryegrass.
For clover and for ryegrass, the decreases in yield were significantly greaiei with
two cuts oI the ley than witb a single cut followed by a surnmer fallow, but lor the
clover-ryegrass mixtue the decreases were abut the same.

The growing ot a green manure crop of mustard or vetches also reduced the yield
of wheat grain significantly as compared with a summer Iallow. The average
reduction was 3.7 cu't, per acre rith mustard and 1.8 cwt. per acre with vetcbes,
the difference between the two green manures being signiricant.

The residual elfects of the nitrogen applied to the leys were not significant.
Sutphate oI arrmonia applied to the wheai produced a signiricant increase of l.l
cwt. per acre. The increases did not difler sigailicantly according to tbe presious
treatment, but it may be noted that there was no increase after clover,
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CLOVER

Second year residual effect of dung, straw and sulphate of ammonla applled
to the potato crop of 1936
RC--4.Gat Harpenden, 1938

Plan and yields of hay-tn lb.

DBSTN
63

N
l7

8l

DE
0l

DEN
05

97

N
88

Ntt
9l

St DEN
59 78

DL St DLN
69 14

N NiT
12 64

stN
54

DL
58

108

DESTN
tl0

DLN
lll

DESTN St
102 104

DEN DLSTN
lo7 ll0

108

DLSTN
l16

DE St
1t8

DL

96 80 64

Nil DL St
69 A2 57

DLN StN DLSTN
74 68 7A

w

Nil
80

stN
71

DE St
108

N
7A

DL St
8l

DE
11

DLSTN
67

DE St
86

DE
r00

DLN
88

DESTN
55 .18

Sv$Eri or REpLrcArroN: 4 randomized blocks o, 12 plots each.

AREA oF EACE PLor : l/40 acre (45.5 lks. x 54.0 lks.).
TREATuENIS: Applied to potatoes in 1936 (see f936 Report, p. 213) : 3 x 2 * 2 factorial desigD.

Dung: None, l5 tons per acre ploughed in itr December (DE), or all equivaleDt amouEt
stored and apptied iu the bouts (DL).

Straw: Noae, 40 cirt. per acre (chaffed) (St), ploughed in io Decembet, ercept l,hetr
applied with DL, {or which straw atrd dung were lixed alld stored-

Sulphate of am.Eonia: None, 0.4 c$t. N per acre applied itr the bouts (N).
Bas L MaNURTNG: 0.5 c*.t. Pp3 per &re as superphosphate, and I cwt. KrO Irer acre as

sulphate of potash applied in tie bouts (ap,pted io 1936): 0.2 cwt. N as sulphate o,
ammoda (applied in 1937).

CgLrrvATroNs, ETc.: Clover utrde$owD in oals and herrowrxl itr: May 19, 1937. Varicty:
MoDtgomery Red. Previous crops: Oats (see 1037 Report, p. I53), atrd Potatoes (see
1036 Report, p. 213).

STANDARD ERRoR pER PLoa: 3.02 c\jtt. per a$e or 12.2o/o.

Summary o, Results : Yields of separate treatmentg
HAY: cwt. per acre (+1.81)

Conclusions
Dung apptied to pctatoes in 1936 re;ulted in a signilicant increase in the leld

ol clover hay ol 5.3 crflt. per acre. There were no other significant effects.

99.5
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SPRING OATS
ReEldual effect of dung, sEaw, sulphate of ammonla, superphosphate atrd

sulphate of potash applled to precedlng potato crop
RO,--Gt. Knott, 1938

Plalr and ylelds tn lb., Eraln above,:slf.w belop

DENrP DESI
83.8 97.4
87.2 62.8
P StK

83.4 83.0
60.6 57.0
Nl DLN.Sttr

81.2 r02.,
60.E 42.7
DL DLSTPK

80.8 55.7
al.2 73.3

DLNTSt DEPK
01.3 86.4
72.7 63.6

DLNf NTStPK
80.0 89.1
83.0 85.9

DENTStK
97.1
63.0
NiPK
95.7
62.3

DLNrPtr.
94.3
7t.7

DENTStPK
94.0
68.0

DLPK
102.3
68.7
DLNr
r01.4
67.6
K

89.5
55.5

DENTSt
.95.8

65.2
DESTPK

96.0
63.0
Nr

83.3
6t.7

NrStP
85.3
55.7

StPK
81.8
53.2

DENr
92.9
6t.l
Nrr.
89.4
72.4

DEN!P
t06.6
71.4

DENTSIPK
92.3
68.?

DENJ(
105.8
78.4

DLSTP
95.0
85.0

DENISt
98.0
67.0

DENTPK
99.6
?3.4

DLN,PK
103.8
11.2
DLK
01.2
56.8

DENiStf
100.6
69.4

DLNr
99-5
62.5
DLP
90.6
62.4
N.P
s2.2
62.8

DLN+StPK
105.8
71.2

DLNTK
103.7
63.3

Nrst
s4.l
60.0

DENr
99.2
65.8

NrL
80.6
57.6

DLNTStP
95.4
68.0

Nrstr.
79.6
54.4

DESTP
s9.9
6.1. t

DLSTK
r03.0
74.0
DBK
96.4
70.8

I{'w

1
DENlK

05.4
74.6

NrstPr
100.4
66.0

DLNTStPtr
00.0
60.1
DB

86-9
68.1

DENIPK
r01.6
7t.{

DLNTK
80.8
50.2

St DBP
91.2 101.0
61.8 69.0

DENiStP DESttr
r 11.9 101.0
79.r 6S.0

NrStP DrNtSt
95.4 99.r
63.6 64.9

DLNrP NIStK
t10.2 92.2
65.8 A2.A

DLNrSttr PK
106.3 87.7
65.7 58.3
N.K N,P
82.9 83.1
40.1 48.9

Nrst
96.9
64.1

D!NrStP
104.6
78.4

NTPK
93.3
62.7
stP

48.3
DENTStP

s4.2
68.8
DLSt
80.4
51.6

Systar oa Baplrc^floN : 4 raldomized blocks oI l8 plots each. Certain itrtera.tions cotrIounded
with block differenc.s.

Aala oF ElcE PLor: U40 acrc.
TREAT uENTs : Applied to potatoes in 1937 (see 1937 Report, p. 155) : 3 x 3 x 2r Iactorial d$i8r.

Dung: Nooe, 16 toDs per acle plouthed itr itr JaDuary (DE), or an equivalent aEount
stored alld applied iD the bouts (DL).

Straw : None, 40 cwt. per acre (cbafied) (St), plougbed in in Jatruary, except whea aPPlied
with DL, for which strav and dung weie mixed ard stored.

Sulphats oI anmonia : NoBe, 0.41 (NJ, 0.t (NJ cwt. N per acre-
Sqrcqlhosphate: Notre, 0.8 cwt. PrO. per acre (P).
Sulphate oI potash : Nooe, 1.6 cv.t. KrO per acre (K).

BasaL MANoitNG: Notreitr 1037. Sulphate of ammoda: I sit. per acle in 1938.
CultlvATtors, rtc.: Ploutbed duritrg Ja[uary. Cultivated: Feb. 5. Seed sown: March l.

Sulphate oI ammooia applied: March 4. Harros'ed: MerEh I, ll. Roled: M4rch ll.
Clov€r utrder-sown: Juoe 7. CoveEd ia vrith horse ralc. Ilarvested: Aug. 3. Varicty:
Uarvcllou3. Previous croo : Potatoes.

SpEcraL NorE: Tbree randoai samples per plot were taken from the sheaves to detarDiDG tho
traitr-straw ratio.

StaNDAnD ERnof, pEi PLor : GraiE: 2.33 c$.t. pe! acre ot 6.94%.
K
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Summary of resldual effects of nltrogenous ferdllzera

No shaw Straw
Sulph.
afilm.
)$t. N I

Dutr8
ia Itr the bouts

GRAIN: c\ "t. per acre (*1.16)
33.1 32.6 25.1
33.2 36.6 I 32.2

Dung
iE In the boEts

0.O i 30.6
o-4 | sl.z
o.8 I rr.l

0_o r

o.4 |

0.8 |

35.2 33.4
34.1 34.3
36.9 36.8

23.6
21.1
24.8

(cwt. PtO.)

STRAW : cwt. per afie

24.7 24_O
26.5 .1

Shaw
(c*t.)

040
Sulph. .sm.

(c$.t. N)
0.0 0.4 0.8

32.1 33.6 34.5
+1.2' +0.9'

M.an

20-7
20.t
20.8

19.?
22.t
22.O

23.t
21.O
25.2

Main effects: Interactions of Dung

0.0

Super.

+0.4

Sulph. pot.
(c\rt. KrO)
o.o l-6

33.0 35.4 34.9 I 34.1 34.8 r 3{.1 3{.8

3r.0r 31.7
34.E 34.7
33.6 35.3

33.1 33.9
+0.8"

1- s.tt
+3.1'

31.3
31.7
31.1

None
Ploughed iD
In the bouls

Mzat 33.e U.8
+0.4

None
Plouttted ir
Ilt the bouts

.20.2 21.2 21.4
'y zt.z zt.l zs.s
| 22.9 .2 .5

STRAW: c*t. pcl acre
20.6 2r.3 r 20.7 91.0
24.6 .0 i .0 24.a
25.5 24.2 I 22.6 25.t

20.9
21.3 +3-123.8 +2-9

22.9 23.2
+0.3

+0.640.

22.4 23.6
+ 1.2

20,9 21.4
23.8 24.4
23.8 23.8

22.6 23.3
+0.t

Mea -- I zz.t 23.2 23.8
rnclcasc .. I +t.l +o.a
St. errors : (!)+0.824, e)+0.673,

2 3.0

Interactions of Sulphate of ammonia with Straw and Minerals

SulPh.
a&m. (cwt, N)

Str.w (cwt.)
040

Super. (c\It. PrO!)
0.8

Sulph. pot. (cwt. KrO)
0.0 1.6

GRAIN : cwt. per acre (+0.673)

0.0

32.0

33.8 34.9

0.0
o.4
0.8

0.0
0.4
0.8

32.7 t 32.2 42.5

STRAW c*t. per acre
22.1 I 21.9 22.3 t

23.6 I zz.t 21.o I2!.s I zs.o %.8 I

, 22-t
i zz.e
I 23.7

31.6 33.9
33.7 33.5
34.0 35.134.2

21.5

21.4

22.7

24.2

Colclualona
The residual effect of dung was significant, with an increase in yield oI just over

3 cwt. per acre of grain, there being no difference due to the manner in which the
dung was applied in the previous year.

The residual effect of the double dressing of sulphate of amrronia produced a
significant increase oI 2.1 c\rt. oI grain per acre. The residual elfects of tlle
minerals and straw were small and not significant.

l3l.rr
1 31.7

31.6
31.7
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. SUGAR BEET
Effect of agrtcultural salt, superphosphate and murlate ol potash, ploulhed
ln ln January, broadcaot ln February, broadcast ln March, broadcast at

sowlng, and of dunE
RIi-P.EEfc.. 1938

Plqn .nd yleld8 In lb.
Roota (dffty)r tops, rugar Dctcslta8c and plant luDber h dcrceadtnE order

Nr DM, NAPM, KPMI NaPM.
684 526 5\2 664
806

18.44
672

KPM1 NAKPDMT NaDM, Mrqa 589 803 452
PM. KPDMI NA

PM, DM. DMr NatrPM
483 446 462 418
726 071 612 M5
15.66 16-68 16.69 15_61

508 6A2 510 526

444
724

15.61
553

NAMi N^PDMTN^trDM. trPDM"
466 570 486 448

16.44 t6.32 15.00
682
t6

562

NaM! NAPDM. I(Mr K M.
616 624 389 378
799 72A 604 65S
15.87 16.43 11.92 15.29

569 580 54t 598

658 820 88?
16.07 16.(N t6.0r667 646 404

670 72A
18.30 t6.24

614 430 474
670 820 696
16.01 16.29 15-64

672 536 514605 563

835
16.75

559

147
14.82

537

PDM.
521
868

16.43
680

M.
488
713

16.68
676

M.
116
720

16.65
652

N^KMr KDM. KDM,
629 484 660
681 6&
16.07 15.98

'1 lzz

678
l5

599

;68

688
l6

598

704
15.00

650

898
15.92

598(r00

N^trPDM, PDM! NAKM.
803 176 603
871 680 749
t4.27

017

trDM,
500
725

16.60
60t

16.46 16.01
602 679

N^trM! NADM, KDMr
656 7 562
623 120 758
16.76 16.07 15.66

N^KPDMT KPMI N^ PMr PDM,
468
638

15.87
604

NAPDMT PMl PMr KPDM.
642 360 300 434
765 666 636 700
15.95 16.61 14.71 15.61

563 461 400 592

DM. KPDMr NaPDM! NA M!
5A2 461 434 466

Na Mr N^trDMt NarDMTNArPM!
552 510 492 320
772 6S4 664 694
15.49 16.04 16.04 16.44

756 686 ?06 678
14.89 15.00 14.6,{ 15.06

521 62a 601 5&

DMi N^ trPM. KM' KM,

t5.29 15,66 15.52 15.00

332
562
t5

369

608
734

612

660 610
004 744
16.76 16.12

603 67E

NADM. KPMt
670 493
715 730
15.72 16.32

594 684

78t
16.46

666

Mr
351
558

16.00
565

NA PMr PDM1 N^ KPDM. Na KMr
652 467 592 638

I 628 A44I rr.m 16.61
67 l___9!9_---193-

16.06
63E

402
524
l5

405

528
798
t5

483

340
575

490
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1,ta

Sysrrx or RspLlcAtro! : 4 randoDized blocLs ot l0 Plob e3ch. C€rtain interactiods Parti.lly
cotrIoulded with block diflerences.

AraA oF EACE PLor (after rcjectiDt edge-rows) : U48 acre. Plots ectuauy U40 acre (82.6 lLs.
x 30.3 lks.).

TREATIiENTS : 4 x 2' Iactorial desigE.
DutrR: None, lO toos p€r acte ploughed ia at eDd of Ja[uary (D).
Asriaultur.l salt: Noae, 6 cxrt. p€r acre (N^).
Sup€rphosphate: None,0.5 crrt. PrOr cwt. pet acre (P).
Mririate of potash: NoDe, 1.0 cwt. KrO Per acIe (K).
Minerals pioughed in itr JaDuary 0dt), broadcast iB February (Mr), broadcast ia Match

(Mr), broadcast at so$,ing (M.).
B^s^L M-ANURTNG: 0.6 cwt. N Der acre :ui sulDhate oI anmode.
CulrrvArroNs, Erc.: M.irerals (!{t) applied: i'Iov. 29, Dung appli€d: Nov. 30. Plougb.d:

Iatr- 26-Feb. 3. Mioerals (M.) atiued: Feb. 3. Coltivat€d: March 8, ll. Harrowed:
i{arch 12, May ll, 12. Roiled': ir'arch t2, May ll, 12. Milerals (Mr) appli€d: arch 2!.
Minerals (M.i and basal dressiog applied: May 10. Secd sowa: May 12. Hors€ boed:
luae 14, jult 12-16. Singled : JuDa 2g-July 6. Hand ho€d: July 26-A118. 22 otr variou3
aates. Lift;d: Dec. 6-10. variety: KleiowaDzleben E. Previous croP: Ehe3t.

SpEcr^L NorE: The minerals (Mt) wer; applied oa NoveEbet 20, but owitr8 to bad we5-thG
cotrditiors they were rot plduS-Led io tiu ihe end of Jaouary iDstead ol shortly .rtei aPPlyilg
as was intetrded.

SiarDAiD ERRoRs pEr PLor i Total suger : 2.63 cwt. pcr acte or 0.60%. ToPs: l.6l to!!Fr
.cre or l0.l%. Mean dirt tare: 0.157.

Effects of rnineral manures
Minera,ls

Sdt ald
Uut. ol Mur- ol SuFt.
pot. pot.

Salt ald Mut. of
suPer. Pot. aDd

suPer.
AII

L
Mr
M,
Mr
M.

Mr
ilr
M,
M.

Mr
M!
IIr
M.

24.9r

TOTAL SUGAR :

20.0 .9 28.6
29.0 26.0 27.9
32.9 .t 32.6
31.4 23.6 3l.r

Salt

9.40
9.39

10.38
r0.06

29.0
25.3
31.7
21.9

| 2t.2r
: 21.6.
t 2t.d
| 28.0r

c*t. per acre (+ 1.86)
23.4 32.1 29.1
26.6 32.8 25.1
25.2 27.2 28.7
27.6 29.4 26.r

9.22 9.09
a.27 1.97
8.69 S.S{)
7.08 8.99

8.14

ROOTS (washed) : '

8.07 0.r8 7.19
8.38 8.87 8.52
7.7t 9.04 8.43
?.50 s.g2 8.89

tons per acre
10.09
l0.u

8.91
9.40

E.91
t.f 6
9.12
E.07

TOPS :
16.17 v.2a

15.09, 14.98 16.00
17.51 t3.83
18.30 13.00

tons per acre (+ 1.07
16.17 12.95 16.31 t4.12 14.00
t2.a7 15.06 14.42 16.17 16.30
l4.ll t1.79 14.27 16.05 14.68
15.33 16.97 17.30 14.31 13.80

| 1a.71.I |a.Al.
I ls.ostI ts.so,l-

Mr
Mr
Ilr
rI.

!1,
Mr
M,
M.

15.92
16.00
15.96
16.50

15.72
t5.30 15.86

16.81
16.60

26.1
28.3
27.9
2C.3

SUGAR PERCENTAGE
15.33 16.55 15.61 16.86
15.42 15-68 15.56 16.26
16.60 16.40 t1.02 t6.22
16.64 15.66 15.62 16.62

15.96
15.16
15.52
15.71

15.f I
15.f 0
15.63
15.60

26.9
26.9 28.O

21.1
28.0

PLANT NIj}TBER :
26.8 26.6
27.A 27.5
2t.o 28.0
2t.t 27.1

tbousaEds Irer acra
26.4 28.0 2A.2
26.6 27.7 26.7
26.6 28.7 27.6
27.1 26.t 2t.1

26.7
2?-6
26.5
2f .1

Staldard errors: (r) 10.930, (r, +0.70i1, e) +0.63{, (') *0.(N.
.:Minerals plougbed iD ia JaEuary. Mt- broadcast iE Fcbru.ry.

M; - broadcad iD March. M. - broadcast at loriat
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Dlfferenttal Feaponeea to lerdllrers

I DiflereDtial respotrses

TOTAL SUG.\R : qi.t. per acre (+0.930. Mcdns :
Dung
sdt
MEriat oI potesh
Superphosphate ..

D!tr9
Salt
Mtrri.te of potash
Strpcrphosphete ..

Duot
sdt
Muriatc ol potash
SuperphoE hate ..

Dsot
sdt
Muriatc oI potash
Superphosphate . .

+r.54 +0.06
-0.40 -0.1r+0.t2 -0.06

+0.30 +0.32
+0.22 +0.08
+0.26 -0.17

+4.1 +2.3 , +2.8

- I+6r
+o.3 -r.4 I -+r.3 - r.r 0.0

+r.30 +o.72

-0.02 -0.49
+0.40 -0.34

+3.6
+3.6

+0.2

+0.87 + l.16
+r.49 +1.02

0.00 +0.06

+0.0 +r.6+,, -0.,
0.0 +0.3

+0.65E)
+3.? +2.6
+5.7 +3.3
-0.6 -0.4

+r.r0 +0.02
+r.62 +0.88
-o.2a -n22

+0.24 -0.r9+0.39 +0.28
+0.14 +0.18

+0.4 +r.8
+r.2 -0.3+0.2 +0.4

+3.2
+1.5
-0-5+0.1

+1.01
+ 1.25

-0.26+ 0.03

+0.02
+ 0.31
+ 0.15
+0.04

+t.t 
"

+0.1 |+0-a I

+0-1 |

+5.4
- 0.0
+0.6

+3.6
-0.2
-0.4

+o.e o.o

-0.2 +0.t
-0.6 +0.8

ROOTS (washed) : totrs per acle

TOPS: tons per ac.re (+0.634. M.ans : +0.378,

SUGAR PERCENTAGE
+0.04 0.00 | +0.10 -0.05I +0.38 +0.29
+0.19 +0.10
+0.r0 -0.0r +0.03 +0.06

PLANT NI'MBER :

+1.5 +0.6

+l.r -0.5+o.9 -0.6

thousatrds pet acre

Conclusions

Dung gave a significant increase oI 3.2 cn't. Per acre in sugar and 1.0 tons Per
acre in aops. Salt increased total sugar by 4.5 cwt. per acre, but its effect on toPS

rras small and not sigrificant.
The reslnnse in sugar to dung was somewhat greater in the absence of salt than

in its preseirce- Whilt this ditference was not signilicant, a siSnificant effect of the
same [ype was observed at Wobum (see page 157).

MGite oI potash had no apparent effect on sugar and decreased the toPs siSni
ficatrtly by 0.8 tons per acre.

The elfects of superphosphate were negligible.
No significant diileiencei were producdd by the different methods oI applying

the minerals.

DiflereDtial respotrses

Dg"t .. .. | *1.91 t - -- -.5"tr :: :: li6.ii I +o.oe -o.ooMuri.t o, potsh I -0.8, | -1.01 -0.04slp.rpho6pb.t .. 1-0.03 | +0.20 -0.34

sdt .. .. I +0.31
l- 1.40 +0.67 r *0.85 * 1 22 i + 1.35 +0.72

I +o.zz -o.rs ' +0.61 +o.ol
-0.37 -r.28 I - r.33 -0.32
+0.2? -0.32 I -0.53 +0.48
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D1
465
s,

438
o

347

o
362
o
D,
432

sl{

1

N!
494
D!
409
D,
461

N,
s42
M,
495
s,
498

STaNDAID ERRoR hR PLor : 0.644 toDs pff acre or 6.36%.

M!
520
N1
451
R,
538

150

KALE
Effect of sulphate of ammonia, poultry manure, soot, rape dust and dung

Rtr-Foster's, 1938 (sth year)

PIaa ar1d yield8 in lb.

14t
M,
500
o

321

Dr Dr
448 476
N1 s!
46t 465oM'312 4a2

SysrEM oF REpLrcATroN: 4 ratrdomized blocks of 12 plots each.
AxEA oF EACE PLor (aft€I rejecting edge rows) : 0.0231 acre. Plots actually: 0.0289 acre

(14 yds. x l0 yds.).
TRlaruENTs : None, sulpbate of ammoda at 0.4 cwt. and 0-8 cu.t. N per acre (Nr, Nr) poultry

manure (M,), soot(Sr), rape dust (Rr) a[ at 0.8 cwt. N per ac!e, atrd dulrg at 0.8 cwt. and
I.6 cwt. N per acre (Dr, Dr).

B^SAL trlLA.NURrNG : Sup€rphosphate aod muriate oI pota^sh al4rued to every plot to give a total
of 1.0 cwt. P,O6 atrd f.0 qrt. KrO per acre, ircluding tle P,Or atrd K,O in the orgai c
fertili zers.

CuLarvATIoNs, ETc': Duog spread: Feb. 10. Ploughed: Feb. 1G12. Rolled aEd harrowed:

Concluaions

AJl dressings produced significant increases in yield. At the 0.8 cwt. N per acre
level of dressing, rape dust and sulphate of ammonia gave yields which were sig:nifi-
cantly higher tharr soot or dung and also higher than poultry manure, though tbis
latter diflerence did not quite reach significance. The double dressing of durlg was
not significantly different from the singte dressings of the other four fertilizers.

At both levels of application, sulphate of ammonia was slightly though not
significantly better than a double dressing of dung.

R,
550
N,
548
o

348

o
388
o

340
R,
547

D.
554
o

330
o

326

oD.
389 513
oDr
370 415
R, Nl
508 440

o
414
o

364
o

330

Dr

D,
414
s,
511

D, N1
528
N,

o
350

ci+'t. N per acre . .

Sulphate.of
ammolLa

o.4 0.8

Poultry

0.8

Rape
dust
0.8

Dung
0.8 1.6

Soot
0.8

Kale : tons per acre 6.781 9.09' to.B?s I 9.6, 1 s.zz, to.B4. 8.503 9.953
StaDda.rd erors : (r) +0.136, e) +0.188, (') +0.272.

Summary of results
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l5l
KALE

Effect of sulphate of ammonia, dung, treated town refuse, superphosphate
and muriate of Potash

Rl(-Foster's, 1938
Plan and in lb.

M,

Mo
t0
M,

SO M' II' M'
384 541

D" Ir4 H, Mo
370 52r

D, M, D.M,
422 406

$Mo Do M,
111 120

II, M, HO M'
433 398

S, M. D,M.
469 407

D,Mo H,M,
503 580

s, Mo D, M,
497 408

H,M, HoMo
496 399

D" M.l?5
508 I

So M,
48n

S, M,
571 173

D. Irq
460

HrMo
501

Sr Mr
545

SysrEU oF REpLtcATIoN: 3 ratrdomiz€d blocks ol9 plols each.
e""iJ" E^i" eioi 1"tter r;iecting edge ro$'s) : 0.0262 acre. Plols actually : l/40 acre (60'6 lks'

x 41.3 lks.).
TRlarMENrs: 3 x 3 x 3Iactorial design.

Nitrosenous lertilizeB: Notre L), "siogle dressing (r) double dressiDg (J of sulPhate of
a"mDotria (S), tleated towu;;fuse*" (H) d'rd {D)- The sitrsle dressiog ]I,as 0 4 c*t'
Nperacreidisulphateofammoniaahtlo.8cti't.forteatedtowdrefuseanddunS',

Mineraf,: None (IIo)i single dressing (Mr), doubte dressiag (Mr), the siDgle dlessiDg beiDg
0.4 cwt. PtOr aEd 0.6 cwt. KrO per acre.

BasAL M^NURING: Ni!.
C"ii-iii""i, t""., Applied dung and town reluse: Apri-l 2. Ploughed: April4-6' Rolted and

harrowed: Mav fi,'lo,26,3-1. Applied artificials: lrlay 25. Seed sowtr: May3L Horse
noed: Iune 3d, lrity 8, f6. Cot'."Oec. ts-Feb. 10. variety: Tbousatrd head' Previous
crop: Barley.

Spscr,ri Note : *Tow! refuse scr€€Ded, and fermented in silos.
STANDAiD ERRoE pBB PLor : 0.008 toEs p€r e.re ot 6.71y".

Main effects and lnteracdons of amount of nitrog,en with kind of nltrogenous
matrure and minerals

lsulDhate Treatad I Minerals
I bt torn Dung I None Siogle

Amou[t of nikoge! | ammonia refuse ' dressitrS
Siogle Double I Mcdi Ircazosc

dressitrg &essiDt I

-l-

I u^n rrn"*"

KALE:
9.20r

10.70 10.18
12.0t 10.60

totrs per acre (+0.403)
| 8.?3 9.52 9.36
I to ql lo-94 t0.16
l tlz rl.6z ll.7g

9.201
10.13r

t' t 1.5 4'
+ 1.23
+ I.IIt

McarL

10.42
12.02

KALE :

Sulphat€ o, aEmoda .. I

Treated tos'n refuse .. IDurs .. I

11.2* 11.3& 10.39 10.2rr 10-181 10.111 10.39
+ 0.141

Interaction of kind of nltrogenous manure with minerals (adjusted for
block differences)

Minerals
Single dressitrS Double dressiDg

tons Der acre (+0.tl6l)
11.08 

- ll.l3 11.43
rr.78 11.43 10.E8
t0.21 10.30 10.62

Conclusiotrs
It should be noted that sulPhate oI iunmonia was aPPlied at half rate Per unit

of N as compared with to\f,n refuse and dung.-- -eritnr"u'"it.ogenous 
fertilizers produced'significant increasas in the I'ield ol kale'

There was little differencc between the resPonses to sulPhate of ammonia and treated
t-own refuse, but the response to the dou6le dre*ing of dung was.-signi{icantly less

than tbe resDonse to the doubte dressings of the other two fertilizers'
Minerals iroduced no significant results.

Sitrgle dressing
Double dr$siDg ..
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POTATOES

Effect of fresh and stored dunE, superphosphate, sulphate of potash, slraw
and of sulphate ammonia

RP-Paatu.e8, l93t
Tota! produce tn lb, on lett and per.centage waae on rlEht

202 No 81.3
2A7 Nr 88.1
2?7 Nr 87.8

l92No 83.3
2l8Nr 84.0
234 Nr 85.0

P
72 Nr 40.0
95 N! 58.4
05N. 67.2

233 Nr 88.O
210 No 8{.9
282 Nr 88.7

stP
77No 45.5

120 Nr 64.3
132 Nt 66.1

Dr
182 No 8r.9
208 N, 84.7
221Nr 86.1

DiStP
256 No 86.8
292 Nr 88.8
268Nr 86.8

K
202 Nr 84.3
r6ENo 81.8
2ll Nr 84.1

DISTP
252 No 88.2
248 N! 87.0
267 Nr 89.r

Dfst
269N,88.7
207 No 87.6
236 Nr 80.7

NrL
106 No 0t.9
90 Nr 55.5

22S Nt 83.7

str
184 Nr 82.0
167 Nr 76.8
rs9 No 84.0

I

st
278Nr 88.1
222 Nr 85.6
232 No 84.8

DfPK
304Nr 90. r
267 No 89.2
320N, 88.9

DI
286 No 89.1
282 Nr t7.6
300Nr 0o.5

DrPX
314 Nl 88.2
265 No 85.6
324 N! 88.2

DrStP
278 No 86.3
318 Nr 88.S
319 Nl 88.6

D.StK
,89 Nr 86.6
930 No 84.5
265 N1 85.8

I

SIPK
284 No 87.5
327 N, 80.3
301 Nr 88.6

DrStK
292 Nr 88.6
312 N! 88.2
290 No 86.0

DfStK
298N188.6
270N. 88.0
276 Nr 87.8

PK
330 N! 87.7
217 No 83.0
279 Nr 86.0

DfK
293Nr 89.8
285 No 88.5
2S3 Nr 87.8

IXP
290No 87.4
309 Nr 89.0
323 Nr 8S.7

DrSt
337 Nr 00.6
289Nr 89.7
230 No 87.8

stK
900 N, 87.6
t94No 83.1
r84Nr 86.2

DrP
2?r No 87.3
2S8 Nr 88.6
287 Nr 80.9

DrK
253 No 87.4
240 Nr 85.0
240 Nr 80.2

DrP
262 No 88.1
250 Nr 88.0
266 N, 86.8

Drst
308 Nr 89.1
2l0No 86.7
261N.88.0

DfK
256 N1 88.9
234 No 86.4
288Nr 88.1

DrK
l08No 84.4
243 Nr 80.0
290 Nt 80.9

Dtst
103 No 86.0
233 N1 85.8
264 Nr 88.5

DTStPK
212 No 80-0
253 Nr 87.9
302 N! 89.6

DfPK
2t6 No 87.5
310 Nr 90.0
266 Nl 88.1

P
132 N, 6S.7
127 No 73.3
l70Nr 80.9

stP
243 No 88.2
260Nr 87.9
248 Nr 88.4

DTSIPK
297 Nr 90.2
260 No 0o.o
310 N, 90.1

NrL
l89No 84.7
232 Nr 86.6
203Nr 82.4

StPK
2t5 No 87.1
273N188.8
284 Nr 89.8

K
162 No 83.4
185 Nr 84.0
215 Nr 83.7

DfStP
217 N1 88.5
226 No 87.3
273 N! 89.0

DIP
293 Nr 90.9
300 No 89.4
346 N" 91.4

DfStPK
296 No 01.4
327 Nr 89.6
337 N, 91.7

PK
2t7 No 83.6
262 Nr 86.6
298 N, 88.9

Df
269 N1 80.0
234N0 88.3
277 N. 89.6

DfStK
279 Nr 8S.4
284 Nr 00.1
232 N" 88.2

st
22r Nr 84.7
l4t No 77.4
l5l N, 78.0

StstDL oF REpl-rcarroN : 4 raadoDized blocks of 12 ptots each, the plots beiog sput Ior sulphate
of aamonia at ttre rates oi 0, 0.4 aud 0.8 cwt. N pe! ar!e.

ArEA_ g-!_pActl suB-pr,or (after rejecting edge boulr) : 0.00882 acre. plot3 actually 0.01176 acte
(42 lks. x 28 rks.)

TREATUENTS: 3t x 2r lactorial deeigD.
DusS: Nooe, t5 toos tresb (DI), l5 toDs stored (Dr) p€r acre.
Straw: Dung made with DorBal amouot of straw, or with 50% additioaal straw (St).
SElrerphosphate i Notre, 0.8 c\rt. PrOi per &re (P).
Sulphate of potash: None, 1.0 cEt. K,O per acre (K).
Sulphate of amsonia: None, 0.4 clit., 0.8 cwt. N per acre (No, Nr, Nr).

Bls^L MaNURTNG : Nil.
CuLrrvATtoNs, ET!. : Feb. 10-16, plougbed. Malch 10, rolled aEd bartow.d. April 17, lollcd .od

ridggd: 4prjl 2l-23, applied artificials atrd stored dung. April 25-26, apptied testr dutrg.
AFif 2?-29, potaibes platrted. May 10, toUed. June 3, ;dteii. Juoe 4, harrowed. Juoe 21,
E"! h94 Ju!!e 2{-JEIy !,tnbbed. July 7-27, hatrd hci{. july 20-rl, esrthed up. Oct.
l1-m, Ut.d. Variety: AUy. Previow crop: Wheat.

s

I4.1

I
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SpBcraL NorEs : Potetoes passed tlrough a I t itrcb riddle to determine percentage warc.
I'tlere was a Earked drop ia lertility lrom the centre oI tbe site towards the soBtll end.

The whole-plot yields of total produce were corrected for this lertility gradient by estimatiry
tie retrdtive fertilities of the top Iour rolf,s io the pl,an by the method oI least squares. Thc
statrdard error per whole plot was reduced by these correctiotrs from 12.8 p€r cent. to 8.2 per cetrt.

STANDT\RD ERRoRs : Total produce : per $rhole plot : 1.02 tons per acre or 8.21% ; per sub-.plot:
l.ll toos per acre or 8.92o/o. Percentage ware : per whole plot: 16.3; Per sub-Plot: t.38.l.ll toos per acre or 8.92%. Perledtage w-are : per whole plot: 16.3; Per

Summary of effects oI dung
Superphosphate

(cwt. P,o')010.8

and artificial fertilizers

Sulphate oI potash
(cwt. K,O)

Sulphate of potash
(c\I.t. K!o)o r.6 I 0 r.6

I

surpl. or I

(c*t. N) |

0 1.6 | 0 r.6

No dung

Dung

Ftesh
Storcd

0

0.4

0.8

+r4.3r'

+r.69t
! 85.8 83.0 70.5 88.9

11.65 11.73

13.78 r2.77

13.99 t3.50

13.18 12.55

13.73 14.54

14.67 15.94

(c*t. K,O)
0 1.6

(cwt. N)
0.4 0.8

+10-0*

+ 1.20i

13.15
13.54

i4.08'

87.6 87.0

88.7 80.0

89.0 89.1

Straw
Addit-

Comparison of fresh and stored dung
Super- Sulphete of I Sulphatr of ammoda

pota-sh 
I

iotral

r3.35
13.48

TOTAL PRODUCE :

12.75 14.16 I t3.16
13.06 14.02 I 13.81

88.0 88.3

t5.77 *

tons per acre
r3.75 I r2.36
t3.27 I t2.20

13.56
t3.85

(cwt. N)
o 0.4

14.4.1
14.66

St. erro$ +0.361*
PERCENTAGE

Fresh .- I 89-o a8-4 | 88-3 89.0 I 88.6
stored .. | 88.5 88.0 | ao.z ez.e ] az.z

88.0
85.9

WARE
88.? I

87.3 I

+0.2781

883 89.1
87.6 88.3

+0.2 55'

88.f
87.3

+6.77*

Comparison of normal and

+0.36r*
PERCENTAGE

I +0.845t

additional straw
Sulphate oI af,moniaSuperphospbate j Sulphate of potash

(cwt. P.O!) I (cwt. K!O)
0 0.8 101.6

TOTAL PRODUCF: :

13.03 l4.tl 13.84 13.30
12.77 14.06 13.t2 13.71

12.4A 13.74
12.08 18.67

I +0.2781
v/AREI 36.6 88.1

87.3 88.4

) *".,

13.57
13.12

+0.255*

8?.7
88.2

0.8

St. efiols

St. errors

47.2
8?.8

88.3
88.6

87.8 87.7

t4.50
14.50

88.5
88.8

] +o".rt +1.08*
* For comparisoDs iovolviDt mears of the three levels of sulphate of ammoDra
I For comiarisoDs iavolvia! differeaces between the thiee ldvels of sulPhate o{ amEo[ia.

0

0.4

0.8

r3.55
t3.59

phosphate
(cs.t. PpJ
0 0.8

77.2 83.0 I 66.0 85.6

75.4 84.1 I ?0.8 87.2

PRODUCE i tons
8.18 9.27 | 8.38

8.15 9.80 i 0.24 13.14

11.87 1r.42 i s.36 14.70

86.6 86.?

87.6 87.6

87.8 88.7

Normal . .

Additional
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C.oncluolon3
The average response in total Produce to dung was 3.1 tons Per acre' The response

r*as significaitly gleater in the absence of sulphate of Potash -than- 
in its- lxesence,

and ali slightly tf,ough not significantly Sxeateain the abience of sulphate of ammonia
than in its lrejence. there iere no apparent differences betwe€n the effects of ftesh
and stored dung, or of normal and strawy dung.

The effecs oI dung on percentage vare were similar to those on yield ; in particular,
the increase to dung;as 13.6 in the absence of Potash and 2.7 in the Presence of Potash.

The double dr€ssing oI sulphate of a.mmonia produced a significant increase ia
total produce of 2.4 tons per 

-a.cre. The response was significantly greater in- the
preseace of potash than iu ils absence. The three-factor interaction between sulPhate
6f ammonia, sulphate of potash and superphosphate nas also statistically sipificant,
the response to the doubla dressing of sulPhate of ammonia being significantly 6neater
on plois receiving neither or both the minerals than on Plots receiving one oI the
min-erals but not the other. No explanation of this effect can, however, be offered,
anal it is not supported by the result3 with the singte dressing of sulphate of ammolria.

Sulphate of anr-nonia also produced a significant increase of 2.9 in lxrcent-age ware.
In addition to producing the effects noted above, sulphate of potash gar-e a

significant average r-esponse of 0.8 tons Per acre in total Produce and superphosphate
a ii6nificant average reslrcnse of 1.2 toni per acre. The response to each was signi-
ficantly greater in the presence of the other than in its absence.

Sulphate oI potash lave a significant increase in Percentage ware of 10.0 in the
absence oI dug, but had no appreciable effect in the presence of dung. Superphosphate
had little effect ou percentage \f,are.
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SUGAR BEET
v/OBURN

Effect of agrlcultural salt, murlate of potash aud of superphosphate, ploughed
ln in December, or broadcast in January, broadcait t'n llfirch, b:road-caet

at sowing, and of dung
WS-Butt Close, 1938
Platr alld ylelds ln lb.

Roots Tops Sugar(dirty) per
cent,

Roots Tops Sugar
(dirty) per

6.56
6.85
6.67
7.31
6.79
6.64
6.82
7.O2
6.85
6.75
6.62
7.3t
7.19
6.79
6.70
7o4

- Na - - Mr 607 556 t6.68

- M. 194 442
K M. 576 565

- Mr 570 594

- M, 508 638
K Mr 518 450

I
I
I
I
I

- Na - K M. 530 613
P K M. 421 430

D - - K Mr 556 619

- - M,524 4lO
- Na - K Mr 6OG 612

P K Mr 5O8 399
D - - K Mt 548 533
- Na P - M- 52o 1o2D - p - lti sso oosD Na - - rr. sOt SOI
D Na P K Mr 570 653
D - P - M. 551 627D Na - - Ilti soa sez
- Na P - M. 502 430

- - M. 43r 392D Na P K Mr 460 620

- Na - - Mr 466 520
- Na P K M.485 385
D - - - M. AO2 627
D Na P - Mr 487 630
D - - - Mr 481 4?0
- Na - - M. 304 302D Na P - M; 4do 607
D - P K Mr 466 406

P - M. 427 385
D Na - K Mi 4as 16t

P - M.4 A77

- Na P tr Mr 476 341

6.76
6.07
6.82
6.76
6.79
6.82
6.S3
6.0t
6.39
6.33
6.56
7.28

6.24
6.04

6.90
8.73
6.87
6.lo
6.50
6.68
6.42
6.73
6.33
6.50
6.33
7.02
0.58
6.r0

33

- Na P - M; iz, l1sD - P - M,538 635

- Na P - Mr 620 418
P K M.618 467D - - K M;5zr 5oo

- Na - K M. 460 459D Na P K Ms 537 539D - P - M. 566 533
P K M, 474 421D Na P K Mr 523 670
- - Ml 4lE 380

!Y

D Na - K M.6?2 562 16.36D Na P - M:612 599 t6.O?
P - M. 438 457 15.90D - P K M! 612 644 16.24

- Na P K M,401 430 t5.92
- K M; 472 4it t6.82D - P K Mr 626 552 t6.33
- K M. 40E 479 t6.59

- Na - - Mr 460 151 17.02D Na P - M. 498 {50 15.75
- Na P K Mr 488 464 16.39D - - - M! 488 509 t8.85
D Na - f, M, EBI 62z t6.88P - M" 469 425 16.36

- K Mt 303 40t
D Na - K Mr 398 474

;: D - P K M: 438 449 15.84

- - M,618 534 16.53 l- - - K M.39t 307 17.05 6.1

SysrEM or RlplrcAaroN : 4 ratrdomized blocks of 16 ptots each. Certain interectioN partially
conJouoded with block differences.

AIIIA oF EAcx PLor (after rejectiDg two edge rows of each plot): U6O acre. plots actualy
U40 acre. (183.8lks. x t3.6 lLa.).

TREATMENTS : 4 x 2. factoriat desim.
Dung: Noae, l0 tons per acre ploughed iD, in December (D).
A8ricultural salt: Nooe, 5 cwt. per acre (Na),
Muriate of potash: None, I cwtl K,O pei acie (K).
Superpho+hate: NoBe, 0.8 cwt. Pp" per acre lf1.
Miqerals ploughed iD io Dece6b€r (Mr), broadca-si ii JaDuary (Mr), broadca-st in March (Mr),

broadca-st at so\r.iEg (Mr).
BASAL M NrrRrN6 : Sulphate of ammonia at the rate of 0.6 cwt. N oer acre.
CuLrryATloNs, Erc.: Du-ogapplied: Dec. l. Mioerals (M,) applied': Dec. l. ploughed: Dec.8.

Mioerals (Mr) applied: Jan. 3. Minerats (Mr) apitiid: 'Match 20. Harow;d: Aprit ll.
P4[F aEd_ miDerals (M.) apCied: Aprii lr. Rbued: Aprit 13. Earrowed: Ai,ril 14.
Sulphate oI arD-EoEia applia: April 14. Hatrd hoed: Mav l2-r8. Siniled: liav IS.
Jorre 7 and June l&.3O. tifted: Odt. t7-Jl. Variety: Klein*,azleben E. -pro.ious 6rop:
Badey.

STANDA.BD ER!.oBs pER PLor: Total sugar: 3.lS cwt. per a.te or 7.00%. Tolrs: t.l4 totrs F!
L(l.e ot 8.73o/o. Mcea dirt te,re: 0.1t2.
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Effects of mlneral manurreg

Mioerals
Salt Mur. of Satt and SuPet. Salt aad Mur. o( All

pot. rDur. oI suPer. Pot. aEd

' 156

Pot.

TOTAL SUGAR: cwt. per acre (+2.23)
12.5 37.3 41.0 38.6 30.3
12.1 41.9 12.1 30.6 40.7
12.5 37.6 36.1 36.2 38.2
37.8 43.0 39.7 39.1 30.2

None

I1.58

suPer.

!I'
Mr
Mr
M.

Mr
Mr
M.
M.

Mr
Ml
NIr
M.

Mr
Mt
M,
M.

30.5 40.0
38.4 41.8
11.1 4t.9
aa.2 97.2

38.6r

12.25
12.55
12.40
11.36

12.72
12.31
t2.17
11.46

ROOTS (w-asbed) : toos per acre

11.32 t2.3t 11.60 11.77
12.48 12.59 u.88 12.24
tt.25 11.06 ll.2l 11.26
12.86 t2.O1 11.76 12.08

I1.03
I1.44
12.50
10.17

39.7'
41.0'
39.r
3E.5.

12.00

11.7 3
11.67

13.22.
13.32.
13.11.
12.71.

16.55
16.f 6
16.67
16.15

15.40
14.96

l2.w 1s.25
12.27

TOPS : tods per acre (+0.802)
13.21 r3.o3 12.21 12.17
t2.76 13.76 12.86 13.62
12.61 15.22 r3.2r 12.86
13.0E 13.74 13.26 12.04

13.03
I1.99
13.54
tt-77

13.51
13.3t
13.43
12.t2

16.68 16.66 16.63 16.44 16.08 16.66 10.31
l?.00 10.E0 16.84 16.60 16.64 10.76 18.68

16.08 t7.r8 16.70 16.30 16.17 16.94 16.54 16.85
16.54 16.72 16.49 16.5,1 16.20 16.30 10.38

SUGAR PERCENTAGE

st ndard errors : e) *1.12, F, +o.&13, (r) +0.40r, (') +0.303.
Mr-Mi.uerats ploughed in i! Declmber.
Mr: baoadcait ia Ma.rch.

M r: broadcast in Januery.
M.: broadcast at so9itr8.
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Dlflerential reapoEaes to rertillzers
Differe[tial responsqg

+3.8
+ t.0
+0.3

- 1.0

-0.8

+6.1

+0.6
- t.l

Salt
Abserlt Presetr

MEri,ate
of potash

AbseEt Preselrt Pr;sent

+ l.t
+ 1.0
+0.3

+0.6

-o_4
-o.8

+ 1.2
+t.2
_0.1Muriate oI potash . .

Superphosphate ..

Dung
sdt..
Muriate oI potasb
Superphosphate ..

Dutrg
Sdt..
Muriate of potash . .
Superpbosphete ..

+ r.04 -0.27+0.34 -0.18+0.r2 *0.46

+0.?8 +0.37
+0.20 0.00

-0.76 -0.o2

+J.ro _ior
-0.01 -0.09
-0.07 -0.28

+ 1.65 +0.34

+0.r3 +0.03
-0.21 -0.13

+3.05 +2.64

+0. -0.06+0.03 -0.82

-0.05 -0.26
+0.06 -0.16
-0.20 -0.r4

+3-9 +2.r
+1.8 + r.0

-t.2 -o.8

+ r.26 +0.74
+0.44 +0.33

-0.17 -0_r0

+0.281\
+2.55 +2.71
+0.71 +O.12

-0.35 -O.{,1

-0.12 -0.20+0.1? -0.06

-0.26 -0.o8

+r.2t +0.?l
+0.34 +0.42
+0.08 +0.08

+2.48 +3.22
+1.0o +0.16
+0.14 +0.06

-0.06 -0.26+0.03 +0.08
-0.14 +0.0{

+ 1.00
+ 0.3E
+ 0.0E

-0.lf

TOPS :

+2.85
+0.5E
+0.10
-0.39

tons pet acre (+O.1O2. Means :

SUGAR PERCENTAGE
Du[g
Salt . .
Muriate or lrcstalh
Superphosphate ..

- 0.16
+0.06
-0.05
- 0.17

Conclusions

Dung produced significant increases oI 3.0 cwt. per acre in sugar and 2.85 tons
per acre in tops. The response to dung was 5.4 cwt. per acre oI sugar in the absence
of salt and only 0.6 cwt. per acre in the presence of salt, there beilg a significant
negative interaction.

Minerals gave no signilicant results in either sugar or tops, though the responses
to salt almost reached signilicance in both cases. The times and methods of applica-
tion of the minerals had no apparent effect.

TOTAL SUGAR: c\*t. per acrc {+l.ll. Mcans: +0.7ttl

ROOTS (washed) : toEs per acrc

+ 3.0
+ 1.4
+0.1
- 1.0
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SUGAR BEET
WOBURN

Etrcct of sulphate ol arnrnoDl8, dunE, treated town refuse, superphoaPhate and murlate
oI potash

WS-Butt Gtoge, 1938

Plan and yleld3 ln lb.

Roots (dtrty), tops, sugar Ircrcentagei plant number and percentaEe boltera ln
deacendlnE order

II1MI DTMO SIM2
262 287 264
t71 105 200
r?.83 17.61 17.97

353 308 362
7.1 t-6 1.7

D2MO SOMO DIM2
267 222 26t
170 133 167
r6.e9 17.60 17.11

358 368 AA2
3.9 4.1 2.5

DOMO D2M2 HOMT
208 230 2t5
It8 t45 r22
17.28 t7.89 18.t8

361 343 368
2,2 3.8 1.0

IIOMO SOMT D2MI
237 273 277
t51 166 199
l?.60 17.16 18.03

380 378 357
,.2 r.3 6.8

HIMO HOM2 HiIMI
276 227 308
184 143 221
17.37 17.08 17.34

3e 366 345
1.6 4.4 5.6

DIM1 HIM2 H2MO
257 213 244
161 112 t84
17.80 t8.08 t7.22

354 340 324
3-l 1.7 6.2

Etll,t s2Mo D0M2
3r0 323 252
243 279 t68
17.51 17.08 17.83

353 348 370
6.8 5-6 3.0

stMl DoMt s2Mit
268 233 304190 t67 246
17.03 t7.91 l?.05

360 355 339
4.9 2.6 7.1

stMo s2Mr s0M2
270 266 210lg7 2rt ts2
18.03 t7.25 17.28

35? 351 316
2.2 3.t 2.6

w

I

89

Sysrrv or RsprrcltroN : 3 iaddomized btocks ol 0 plots each.

ARB^ oF EAcr PLor (after iejectiog edge-rov.s) : 0.0101 acle. Plots actuauy 0.0108 acf,e.

TRaarrENTs: 3 x 3 x 3 factorial d6igu.
Nitroteoous lertiligers: NoDe (0), single drcssing (l), double dressing (2), of sulphate oI

alE.mooia (S), keated towtr retu66.(H), dulg (D).
The si.Dgle dressiDg was O.4 cwt. N p€r acle for sulpbete oI ammonia and 0.8 cvrt. lor treated

torn refuse and duog.
Minerals: None (M0), siogle dressiDs (Ml), double dressiDg (M2), the siogle dressing bein8

0.4 cwt. PrO. end 0.6 crt. KrO Irer acre.

Balal malluril8 : Nil.
CsL varloNs, Erc.: Ploughed: Decerubcr, l9B7 and April l, ToI,! teluse and duag applied:

April l. Harrowed: April 13. Rolled r April 13. Drilled: April 13. Artilicials applied:
April l,l. Hand-hoed: Mayl9. Sitrgled: May 28-30 and June 30. Horse-hoed: June 20-30.
Liftd: Nov.2. Variety: Kleinwa,nrebea E. Previouscrop: Barley.

SpEctaL Noaa : * Towtr tefuse screeoed, aod ,eroeoted io silos.

SaANDARD EiioBs DER PLor: Total sugar: 2.6? cwt. p€I acre or 7.45%. Tops: 0.60? tons Fr
e.E or 1.Wo. MeaD atirt tare : 0.133.
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Maln effects and interactlons of amount of nltrogen wlth klnd of nltrogenous
manures and mlnerals

Mitrerab
None Si!8le Double

dressiDg drqcaing

Sulph. Tie.ted
of tovm Dutrg

7.61?

f) +(

31.5 31.0 35.2
-0.5 +0.1

Maan IneraasaAmount o, nibogetr

No11e
Single dressiDg
Double dressing

Mcat
Inaaadsa

Notrc
SiDgle dt!3silg
Double alrcssing

M.a*
Incrcasa

None
SiuSle dressiEg
Double dressing ..

TOTAL SUGAR :

30.6r8 36.3 30.7 3t.0 34.
+ r.6r
+0.E,

17.55
17.77 +0.22
1f.36 -0.39

3.95

(u) +0.853

30.5r
36.1\
36.9\

29.3
35.0
36.8

per acre (+1.40)
29.6 92.7
3E.7 34.8
35.8 38.0

Standard errors: (r)
+0.4, - 1.1'

(r) +r.21, e) +1.06,

ROOTS
8.89

10.28 0.95 10.28
u.00 10.94 9.90

3f.2' 36.7. 35.6.
-0.5. - 1,6r

10.61 10.11 10.09
-0.20 -0.55

31.71 35.11 33.7r

9.96 9.95 9.58
-0.01 - 0.37

31.5

(.) +r.48.

E.69
10.17 + 1.18
10.62 +0.t6

9.E3

8.31.
7.E/. + 1.60
9.37' + 1.60.

: tons per aare
8.48 9.2t 8.40

10.90 g.to 9.?5
t0.17 10.83 10.65

TOPS: toas per acre (+0.3{6)
6.31. | 6.94

8.01 7.33 7.67 I 8.45
11.07 9.5t 7.51 5.29

6.63 8.17
1.70 7.41
9.26 9.68

9.E1? t.12'
- 1.12.

;tanal,ard erton

SUG
17.66

f.tgr f.E,. f.t15 7.8 3

t7-19 17,77 t7.14
17.U t7.75 17.92
l?.10 t7.61 17.49

-0.06 +0.01. I

(.) +0.28r, () +0.211, (.) +0.316.

17.88 t7.75 17.68
17.13 17.s7 t7.64

Maort

None
Silgle dr€ssiat
Double drcssitrg

1f.50 17.56 1f.66
+0.06 +0.16

PLANT NI'MBER :
30.0

34.8 U.4 36.6
11.2 33.6 34.8

lf.41 17.69 1f.60
+0.2E -0.09

thousatrds per ac!€j 36.4 30.2 35.5
35,5 34.7 34.8
33.8 31.7 34.0

35.2 35.2 31.f
0.0 -0.5

PERCENTAGE OF BOLTERS (+0.862)
2.0t. I 3.60 1.00 3.332.93 6.63 2.+O 2.77 5.13 2-57

5.33 6.17 4.43 6.20 1.73 6.00

36.0
31.9
31.2

Maai
Iectcasc

No!6
Single dressi,lg
Doubledre$iog.-

e5.0

2.91r
3.AP +0.f lt
5.3lt +1,Agt

4.131t 5.E5,LL
+ 1.f2r. -0,7Staadard erors : (.)

SUGAR PERCENTAGE

Sitrgle dressitrt
Double drcssitrg ..

3.E2. 3.92.
+ 0.1oto

rr.) a0.096,

Medn

Mtolt
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Interaction of kind of nitroEenous manures with mlnerals
(adiusted for block dlfferences)

I *oo" None
Mitrelals

Single
dressing

3.94
6.09
1.74

Doublc
dressiDg

MiBerals
SiDgle Double

dresiing dressiag

Sulphate oI Ammonia
Treated Tosa Refuse

SulDhate oI A-Emoria
Tiated TowD Refuse

Sulphate oI Ammotria
Treated Towr Refuse
Dutrg

ROOTS ({,ashed) :

tons Per acre
11.26 10.32 10.32
10.46 10.64 10.24
10.41 9.08 9.88

17.55 11-43 17.52.
l?.28 17.60 17.80
17.26 17.91 17.80

(+0.s65)
33.8
34.0
35.2.. 35.4

34.6
33.9

4.24
5.30
2.40

thousands Per acre
a5.2
34.O
36.0

4.20
6.15
3.09

Conclusions

It should. be noted that sulPhate of ammonia nas applied at half rate per rutit

oI N as compared with tor#n refuse and dung'

The nitroeenous t-ertitizers produced sigaificant increases in total sugar and toPs'

F.orsulohate"ofammoniaandtreatedtownrefuse,thedoubledressmgProveo.as
ii""it5?. -tu" .irsil dt*.-g per unit of l! applied in tops' brlt somewhat less

;ii;;ii"; i" ;;;r:-io. arttg, t"#.e *as no additional response to the double dressing

either in sugar or toPS.

The average req)onses in sugar to sulphate of 
"Jnmonia 

and treated town refuse

o,"r" lLuii6'" sarrie, the respoise to durig being lower, though.not :ignificartlyro
Thc averase response in tops to sulphate of a"mmonia was siSnlllcantly 8re11er rnan

;h:. ;".;";;-;;-iil" oil"i t*o f.itilir.tt, and lhe resPonse to town refuse was

signiJic;ntty greater than that to dung'

All three nitrogenous fertilizrrs produced siSnificant increases in the Percentage

.f ;1;;. th;';;?&; ir*"^" u"i":g significan"tlv Sreater with treeted town re{use

than rrith sulphate oI ammonia or dung'

There were no signi{icant eflects oI minerals'

TOTAL SUGAR :

cwt. per acre (+ 1.66)
39.6 - 38.0 36.2
36.2 37.4 38.4
35.8 36.7 35.1

10.48
8.50
7.60

per acre
9.21
8.26
7.94

0.8r
8.49
1.24
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KALE
WOBURN

The effects of roots and tops of mustard, tares and lupins used aa green
manures

WK-Lansome, l93Z
plan and ylelds in lb.

T^R MR
28 48

MiITR LTR
38 84

TaO L2TR
44 105

T^2TR LR
84 62
FF
42 45
MO MTR
5l 6l

MTR F LR
36 26 20
LO M2TR F
l7 33 16

MO LTR L2TR
28 00 73

LTR. TATR
68 80
LO TAO
30 26

M2'I'R MR
37 l7

FMR
30 t2

T^O TaR
10 l0

TA2TR TATR

T^2TR
30

MO
6

L2TR
44

l0

II

LO
57

TATR,
7A
F'
69

IV

2859

F
35
LR
2t
F
l4

III

LTR TAO LR MO
55 t4 46 37
FMTRLOF
26 19 2A t4

TA2TR M2TR MR L2TR
l9 14 15 82

F

T^TR
38

TAR
L2

F
44

TAR
4l

MTR
21 60

SysrEM oF REpLrcATroli: 4 randoirized blocLs of lS plols each.
AREA oF EACH PLor: 0.00478 acre.
TREAT!{ENTS : GreeB maDures: Falow (F), tarcs (T^), lupins (L), mustard (M). ptaots DuUed

up after $owin_g (O), ptants cut aDd removed, but roois lefi ii ground tnt, irtaars ptoiina
^----': ": 

cr*g GR), plants pto\sld itr aad additiolat top_s tro!".'(n) puti iis'o Uu,i& tilliiDUNG was applrecl at tbe rate of l0 toDs per acre to blocks I aDd IV.
B^s^L M^NrrRrNc : Nil
CulTrvarroNs, Erc: Plouthed: Fet. 

_3, l0 and ll-..,Earrowed, mustard, tares ot lupir$ dr.illcd:April 12. AppUed duDg: Aprrl t3. Tares redrilled: April 21. Mustard redritied: Mav 0.Additional mustard and bres drilled: May t0. creed maDure crop cut: Juty 8 aa,i g.
Ploughed : July 10. Harrowed : Juty t2. Roled aDd kale driued : iutv 16.- Hoed : Auo
24-31. SrnSled. aDd traDsplaDted:- Sept. 10-13. Kale harvested: F;b.i aad l. V.riet1i,
Thousatrd head. Previous crop: Kale.t*"uffi 

lliit,'J?'".'"H *ffi";l no duEs : l le tons per acre or 4l'3%' Area vith

Nitrogen buried : lb. per acre
No dunS

Fallow* Falow*

. Nitrogen contetrt oI weeds otr lallovr plots.

TR 2TR

Mustard .. ..
Lupias
Tares

t8
6

44
296
104

20
156
43

t8
7

6l
289
ll?

3l
162
6t

I

I

5l

2TR

l8
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Summary of Results : Kale : tons per acre

Fallow O R ITR | 2'fF. I Mtd'L

3.04
2.10
l.l2

2.09

,.66
4.06

No Durg
t.26
3.08
1.02

+0.842)
2.54
6.78
3.08

4.57'

2.88

3.16.
5.s0.
1.56.

2.20
6.31
3.65

1.05

3.60
6.96
5.12

5.26

M.o, (+0.186]- 1.79 4.1;

+0.486, e) +0.42r, P) +0.559, (') 0.484.

Conduslons

The vields of kale were very poor. Where whole plants or tops were removed'
ttr" "..riir" "ie.".r, 

tntt *"t -prbducea 
a small though not sigdficant decrease in

ili;. 'ni;; uffi"e or whole piants, with or withoui extra tops, gave significant

increases over failoi of 3.7 toni per acre with lupins and 1.5 tons Per acre wrth tares

;;;l;;;;;ittt **t"ta. 'There was, howiver, no extra response to the double

dressing of tops with either lupins or tares.

Duns aoolied to whole btocks increased the yields by l4 tons per acre' There

o,ere ,o" 
"ii.'i, 

ificrt t diflerences between the effects of the green manures on the

dunged and undunged blocks.

M.an l+0.559],

IUustard
Lupins
Tares

Mustard
Lupins
Tares

.. I 2.31
L

'' I 388r
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KALE
WOBURN

The effects of roots and tops of mustard, tares and lupins used as green
manures

WK_Buft Furlong, 1938
plan and ytelds tn lb.

LO
94

TATR
88
F

t0,

80

F
9i
LR
g4
F
085l

T^2TR LR
97 116
FF
94 98
MO MTR
9l 83

LRMOF
lot 78 94
LO I. TATR
80 94 90
MR L2TR TAR
64 (71) 84

LTR T^TRll8 92LO T^O
104 107

MzTR MR0l 78

l0

LTR TAO
9l 86
F MTR

i9476
T^2TR M2TR

sl 86

SYSTEM oF REpLtcATroN: 4 rafldomized blocks oI l5 ptots each.
AR!^ oF Eacn PLor: 0.00478 acre.

F
90

T^R
l0l

MTR
86

TA2TR
r08
MO

78
L2TR

(102)

TRaATMENas: Green Eanures: Fallow_(F), tares (TA), lupiDs (L), mustad (M). ptatrts puled
up after growing. (O), ptants cut aDd.removed,.'br'rt;oois left i; $o;nd lR1, iraob ploirgted

^ itr as Ero\*.tr (TR).-ptatrts ploughed in a.od addjtionat tops hom jR) piot" ii"i, Ur.id; 1frfi1.BAsaL MaNURTNG: Nil.
CulTrvarloNs, 

._ETc.: - Ploqglgdr March 2J. Halrowed, rolled aad lupitrs driled: Malch 25.
Vetchc_s d+edi March 26. Tares, lupios aud mustard drilled: Uif f_i.-Cre"" *;p";";,
July ll. Ploughed:. July.l2 and ti. .Harrowed, rolea anO tate JriUea: ;uty tO.. Uoea:
Juty 29. srngted and kate transplanted : Aug. l0 and ll- Kale harvested : 'Ma;h ?, If aodApril 14. 1939. Variety: Tho;saDd hea_d.'previous..oo: Sueir-b..i

SpEctaL NorEs: The yields in brackets in ttre above plan weri seriou"slv atiectea Uv rcao*, 
"oo*:,i D^11:TtIi Tbe tares.crop $as a failure; tbe iields of r"re ar. iiven itve] .tG;'rs;.ii

tDe rares prors recerve{ the same treatdeDt.
STaNDARD ERRoR pER PLor: 0.?56 totrs per acre or g.E5%.

..1 t2 1 3 I &12 l3 ll
83

186.. ll I t04 I* NikogeE cotrteDt of weeds on ialJow plots.

Summary of Results : Kale : tons per acre ( +0.37g)
Falow I O

Mustard
Lupi-Es

Nitrogen added: lb. per acre
Fa[ow+

8.13

E.66
t

Mean (+0.267]'
StaDdard errors: (r)+0.218, (r) +O.BZ8i Yields affected by hearry snow.

. The growing- of a-*t""r, ^-*" .r"o'ffilos?ira, removing the top,s or whore plant,
significantly I+*g th: yiekls of kale as compared with {a-- ow. 'Where tops'weri
buried the- yielcls of kale were ircreased, but even with the burying of thdclouble
&essing of tops. the yields- did not equal those after fallow. Lup-ins"gave about the
same yields of kale as fallow when lops were carted off, but a simi"ticaDt increaie
ol l.l. tons per acre over fallow when fops were buried.

MTRFLRFMR
75 108 tol 04 74LO M2TR F T^O TAR86 tol 9r 03 to5MO LTR L2TR. T^2TR TATR6r r24 (100) 92 rto

MR
68

LTR
t02

L2TR
(82)

I t^*
lee
I M2TR
lesI T^Oleg
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KALE
WOBI'RN

Effect of sulphate of ammonia, poultry manure' soot' rape dust and dung
WK-Lausorre, f938 (sth Year)

Plan and Ytelds tn lb.

D.D.os.
67' 54 40 9o
oM.OD.
49 ?0- 38 0E
N.R,NrO
ro,i go 66 27

D. N' D' Nr
8;; lt6 7A 7S
D-ooo
53' 40 {l 3l
s,M"R,o
88- 78 84 {1

+3

N.D.oo
r30 84 15 39
os.MrR,51 10, 80 tlz
D,ON.D.8i 50 07 8l

oD,M,o
31 52 89 43
oN.oD,
23 lo9 17 53
N, R, S, D.
6l- 90 96 91

1

I

I

SysrrM oF REpLtcATIoN: 4 randomized blocks oI 12 plols each_

^G;;.;";-i;;;i;ft; 'Eectt"s "ds" 'ows) 
: l/le2 aire. Plots actuallv l/160 acre (25 lk' r

25 rks.).
fr"^rut"ii, 1938 : NoDe, sulphat€ of ammooia at 0.4 c$4 aqd o 8 cwt N per acre (Nr' Nt)-'-'ilJf 

i.-r-,G-xa.nd hjl adtop dressing, Poultry manure (M')' soot (sr), rape. dust,(&)-all
at 0.8 cwt. N per acle and alplied in seed M, aDd duoS at 0'8 cwt aDd l'6 clx,c' N p€r
acre (D', D.) Ploughed itr.

e^s;-ilinii.r"'; ,' Suierphosphate and muriate of Potash aPPlied to every Ptot to give a totsl
--';; i:dJ".i: i.o.-J,,a'i.o t"t. Kp Per aqe, iniluding iie Pp. and Kro in theorgadc

tertilizers.
C"r;;;;;;";, Etc.: Dung apPlied: Feb. 17. Ploughed: Feb -21-ard 22- Roled atld

narroq,ed : lune ?. ]laoui6s applied (sulphate oI ;rimonia at half rate) : -Jy"t- 1 !"*
."* , luni Z. Secotrd half sulpbate ammooia applled a-s toP dressi"og: July lz' Lut:
bt. 0," J.o. lo, 12 and 13. variety: Thousaod head Previous crop: fiAre
lse€ lg37 ReDort. P. 167).

Sr,rxbeao Etnon prR PLor : 0 ?00 toDs Per acre or ll.8%.

Summary of results

cwt. N per acre

Sulphate oI
ammorua

0.4 0.8

Kale : toDs De! acre 3-39r I 6 4Ss lo.09t' Standard errols: (r) +0.

Conclusions
Alt &essings Droduced siAnificant increases in yield. At the 0.8 cwt' N per acre

level of dressiig, sulphate oJ ammoDia gave a significantly higher-yield- t-han any
Li ilr" "tt "t 

..i..,r."! ; soot and rape dust gave significantly higher yields than
noultrv manure and ooultrv manure gave a significantly higher yield than dung'
' At'both levcls oi appliiation, sulphate of ammonia proved significantly more

effective than a dressirrt of dung coniaining twice the amount of N per acre'

Poultry
manure

0.8

Rape
dust
0.8

Dung
0.8 1.8

Soot
0.8
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LUCERNE
WOBl'RN

fnfluence of dung on effectiveneos of lnoculatlon
Stackyard, l93t

Platr and yields ol hay tn lb. per plot

OD,
60.4
oDo
70.8
oD.
6.1. ?

ID'
76.3
IDo
65.6
ID,
59.9

rDr
38.4
IDo
45.6
ID,
57.4

oDo
71.3
OD,
71.4
oD'
69.6

oDo
56.1
oD.
51.7
oDr
50.9

lD'
64.4
IDo
68.6
rD'
61.9

IDo
41.1
ID,
39.9

ID,
56.8
rDr
62.9
IDo
61.2

oD.
35.6
OD,
25.0
oDo

3l

oDr
87.0
oDo
76.3
oD'
67.4

ID'
91.1

ID.
40.9
ID'
12.9
IDo
14.8

oD'
64.5
oDo
65.8
oD'
55.5

1938: Harrowed: Jao.?atrdFeb.2l. Lime applied: Feb.25. Ifarros'ed: March 2
and 28. lst Cut: Juiy 18. Harros.ed: JuIy 2ii 2nd Cut: Sept. tS. I{arrowed:
Sept. 16 and 22. 3rd Cui: Nov. 24.

SpEc-raL NorE: A prelimiDaDr cut was taken in .{ugust, 1932, the average yield beiDg 6 cwt.
hay per acre.

ST iIDARD ERaoRs :-.Per whole plot : 4.Ol cwt. per acre ot 8.0*/o. per sub.plot : 7.62 cwt.
P€r acre or 14.9o/o.

None

Summary ol Results
HAY : crt. per acre (+2.84*, +3.llt).

20 toDs Mcan Inaraast
(+1.61'l l+2.32.1

DUEB
5 tons

Not Itroculated
Itroculated

M.d,t (.!:2.20t)
Increasc (*3.111)

51.2
49.2

49.8 55.1
50.4

53.1
18.9 - 4.2

48.5 ) at.o
- 1.4

' For coEparisotrs iovolving the ttre3.tr of tro dung alld dutrg treatmeats.
I For coDparisons irvolving the differences o{ no duag and dunt trealoeDf,s.

ConclusionB
Inoculation resulted in a decrease of 4.2 cwt- of hay per acre thouth this amount

was not quite significant. Dung produced no significant effects,

- 3.2

36

SYsrB oF REpLtcATroN:0 randomized blocks o,2 plots each, the plots beitrg split for dutrg at
the rates oI 0, 5 aod 20 tons pe! acre.

ARra oF EACE suB-PLor: l/lm a.rc
TREAr!f,EN,rs: (applied itr lti37). 3 x 2lactorial design.

Itroculated (I), Dot inoculafed (O).
Dung: Noae, 5 toos, 20

Basal MANSRTNG: lO cEt.
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EXPERIMENTS ON POULTRY MANTIRE

CeDtres
Type of No. oI

exp€rimeat plots Yeer

Rothansted (see p. l5O Ior details) . . . . i 2aCR 48
Wobum (see p. 164 lor details) . . %CR 48Wobum (see p. 164 lor details) . . %CR 48
Irdy M.!!er's School, Bakewe! .. .. .. lC 16
St. Jo6€?h's School, Castlerord, Yorks lC 16
Saii-ots'brphan Homes School, Newland, HuI .. lC 16
A. G. BriShtoan, Esq-, Mauldeu, B€ds. J. W. Datlas. Esq.,.

Couaty Organiser 3 24
NortoB New Coutrcil School, DoDcaster, Yorks .. lC 16
CouEcil School, tuGd, Surey - . lC I0
L. Pop€, Esq., Pelton, Durbam .. lC 12

J. F. Broughtoo atrd Sotr. Sorrth Petherton, Somerset. University 
I

5
5
6
3
5

4

2
4

5
I
6
I

oI Bristol, Agricultural Department .. .. .. .. i 2CR 36
Church of EDglaod Scbool, Staindrop. Darlington, Co. Dubam I lC 16
Hodicultural CrU e, Swalley .. 2CR
Couaty School, Welshpool, Motrtgomeryshire .. . . .. I lC 16
Central School, Withemsea, Yorks I 16

E r ! er imcd al afl angcrncnls
(l) 2r lact rial desigD. P.M., S/A.

4 x 4 Iatin squares or raadomized blocks.t Basal maouriug : I.0 cwt. KlO and 0.8 cwt. PrOi per acre.
(fC) Cumulative : As (l) \rith keatmetrts applied on the saEe plots each year.
(2CR) Irnmediate, cumulative and residoal effects. ManEres SiA (S) aod P.M. (M).

metrts as follo*s :

lst year O O lS lM
,rd year 25 2M lS lM

Randomizad blocks.r Basal maouritrg : 1.0 cl,.t. KrO atrd 1.0 cwt. PrO. per ecre.
(2aCR) As (rcR) with soot and rape dust, Io! the past four years. IB the preseit year, the

treatDenk were : O, hall S/A, S/A, P.M., aoot, rape dust, duag etrddouble du!8.
IDmediatr, curlulative aod residual effects. Treatments as tollorps:

lst trear O O M M O O S SgndyearOMOMOSOS
3rd year M M O O S S O O
4thyeerMOMOSOSO

Randomizrd blocks.r Basal EaDuring : 1.0 cwt. KrO atrd 0.8 cwt. PrO. per ac!e.t iIorr.-Itr all ca-sqs the loi[eral maiures per plot were made up to 1.0 cwt. Kro atrd
0.8 crt, or 1.0 cwL P!Or, usitrg muriate irl potash and superphosphate.

Ralas of Mantrittg
(I), llc) : N at tlrc rate of 0, 0.6 atrd 1.2 qr.t. per acre
(2CR) : N at the rate ot 0, 0.4 and 0.8 cst. p€r acre
(3) : N at the rate oI 0, and 0.8 (:rvt. per acte.

Treat-

25 2Moo

(3)
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Exlerimats on imtudiale, nuldfirc anil lasifutal clfeck

Tyfe zCR

PIace experi-
medt

Crop lg37
1938

2N IN ON
ON IN 2N

Mtdtt

Swadey Filst Onions : tons per
acre (+0.950)

P\I
s/.{ 16.6r. i3 33

18.08
r5.l I

17.14
15.96 +0.672

M.an (+0.672]- 16.51 16.50 16.60 16.5 4

Percentage Iirst
grade (+4.63)

PM
s/A 54.6' t3I 3i 3

51.6
50.6 +1.27

Meaa (!3.271 s4.6 49.0 56.1

South
P6tberton

Second Potatoes : tons
per acre ( +0.133)

PM
S/A

4.t2 1.03 1.X7
4.48 5.00 4.80

1.17
4.76 +0.077

-vedn (t0.094) 1.30 1.52 1.58 4.17

Percentage Ware
(+r.0r)

Plt
S/A

87.8
88.9

87.9 87.9
86.6 89.2

E7.9
8E.2 i0.583

Mea" l+0.7141 E8.1 8L2 88.6 88.0
Statrdard errorc: 0) +0.672, (r)+3.27.

Expetimatts ott immed.iab, a.mulath)a atd rcsi&nl eJl*ts

Type 3

St. eror

\+0.67 0) 11.02 1.4.51 14.59 11.65 14.11

Cottchtsions

The yields uoder the dilferetrt treatmetrts varied somewhat irregularly, but there were rro
si8Eifi catrt dif lereDces.

Conchtgiotts

Irnn iliarc, cumuldlioc and l.si&tal clfccts

The liBt-year experimeots on oDioas at SwaDlev tests the immediate effects oily ol si!8le atrd
double dressi'ngs of p'oultry matrure aod sulpbate ofimmonia. Tbere were tro significint difl&eaces
betwe€n heatments either io total produce or io the percetrtage oI Iilst grade onioN.

There s'as a sigtrilicaot reqroas6 to the dnect applicatiotr oI nitroge! on potatoes at South
Pethertoo, sulpha"te oI ammoiia giving sigaificautiy higher yields thio pouit*y maoure. The
difference betweet the residual elfects ol sulphate oI ammo[ia and poultry mennre lras no!
siguificant.

Y

NONO
NNOO
ONON
OONN

+0.47414.06 14.76 r6.34 13.64
r3.97 14.26 12.84 15.66I per acre (ao.olz1

Marrows : tons
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SUGAR BEET FERTILISER HEBRIMENTS
Factory Serles

Srsrrx or RlpLtc^rroN: 3 t'aadoEized blocks oI 9 plots each Fith tEo degtees ol lrecdom,
rq[€seEthg secoDd order itrteractioDs, conJounded with block differcoc€s.

Ar! or BActt PLor : wGsiogt a II and Oaklards I : U80 acre. Wissitrttoa I aod WissiEstoa III :

Ul0o acre. Oa.klan& II: Ullo acte. Remailde.: I/40 acte.

TRaAruzNTs : 3 , 3 , 3 ,actorial desigD.
Sulphate ot aeooDia : Nooe, 0.4 cwt,, 0.8 cwt. N per affe.
SuFrpho6phate : Notre, 0.5 crt., 1.0 cwt. PrO. per acre.
Muriatr oI potish : None, 0.0 cwt., 1.2 cwt. KrO per acre.

V^rrE !!s : Scbrciber S.K.W.E. : Colwicl. Scbreiber S.K.W. : Kitrg's Lyon II, Berdney I,
Oaklands I, Newark I. Johnsotr's Perfectiotr : CEpar I. MaFters : KidderEinst r, SpaldiD8
I, Ely, Peterborough II. Sharpe's E.: Bury I. Kiih! E.: Ipswich II. Remainder:
Ioei[wanzlebe! E.

Mechadcal eDd cheaical analyses ot soil samples ftom each experiment have boen carried out.

Station
i Yield itri toqs

Total
sugar in
Ib. pei
plaEt

Iocrease i6
sugar {or
one addi-

tional plaDt
per acre.

PlanLs io Distatrcria Weight of
thousandi inches roots in
per acle b€tweetr lb. per

rows Plant

COARSE SANDS
I Arlscott I
2 Allscott II . .
3 Cantley I
4 Catrtley II . -

6 Cotvrick
6 KiDg's L,'Dtr I
7 KiDg's LyDr II
8 Newark I
0 S€lby I

l0 WissiBgton I
ll Wi$siDgtoa III
FINE SANDS
12 Bardney I ..
13 Batdney II
14 Brigg I
l5 Brigg II
16 Bury II
17 Cupar I
18 Ipswich I
l9 Kiddermiostet
20 Poppleton ..
LIGHT LOAMS
2l Bury I
22 Cupar U
23 Ipswich II
24 Oaklands II . .

26 Spalding I
HEAVY LOAM
2A Peterboro' I
CLAY LOA},IS
27 Felstead
28 Oaklatrds I ..
29 Sclby U
FENS
30 Elygl Peterboro' II

12.43
tt.30
4.t5
6.00
6.31
5.00
5.S5
8.07
9.23

12.75
8.r9

13.41
9.23

14.24
10.57
6,00
8.48
6.08

11.07
6.59

t.038
0.984
0.356
0.325
0.666
0.382
0.500
0.705
0.671
l.l?8
0.499

t.o22
o.692
1.263
0.s26
0.650
0.98?
0.555
0.93r
0.648

0.914

o.s22
0.966
0.956

l.0ll
0.466

+.104r
-.017
+.06.1"
+-013
- .o2s
+.002
-.092.*
+.031
+.033
+.096r
+.1774

+.160*'
+.1$r
+.019
+.036
-.103r
+.124.
+.002
+.063

+.019
+.0831
+.013
+.112t'

+.116'*

+.016
+.071
+.0?t'

-.326.1
+.u?
+-164'

850 sg.e
6.79 28.6
3.86 21.5
4.O7 25.r

9.07 22.2

7.00 lt.4
7.46 17.2
8.94 2o.g

26.8

2A.t
41.1
25.0
20.3
20.6
25.6
30.7
24.2
38.8

29.8
29.9

25.5
t7.1
10.7
24.5
26.6
22-7

20
20
l6
l9
20
t8
l0
l8
24
l6

20
l8
t8
t8
2t
22
l0
20

.l?6

.r62

.062

.050

.002

.050

.077

.t23

.l l0

.tg5

.081

.170

.rl8

.2ll

.158

.108

.157

.081

.157

.l t9

.153

.t47

.r 6l

.140

22
20
l8
22

2'

0.644 .ros
0.530 .081
0.352 .050
0.363 .060

.160

.083

.072

26

20
20

3, Wissin8to! II
t4.82 32.1
6.24 30.0
6.20 20.0

sigailicaace.
0.555rr':l% si8trific.trc!

-lrorr -' At crdtes l, 2, 8, 7, 9,17, 18,22,23, 27 ?.ad 29, plant numbers werc countod fot oDly
a lractioB oI the plot. Por these cetrtles the iocreas€s in sugar lor otre additional plaltt aI! oot
d;t€ctly comparable rrith the yields oI sutar per plant.
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t7t

Statron Soil Ptrvious Dat€ oI
croP sowiDg

Satrdy
loam

Sa[dy toam Permaoeot May 20 Nov.30
PastureMired Barley April T Nov. 2l & 22

Sandy Badey Mid-April Nov. 16
Saad Oats April t2 Oct. f7
Sady Barley May l0 Nov. 23
Saady loam Wbeat April 16 Oct.26
MoorlaDd Wheat Aprit l9 Nov.4,6&7
Litht Peas Aprit 16 Oct. 17, 18 &

Potatoes Aprilb Oct.20

Lisht loem Barley
Satrd Rye
Sad Wheat
Loar! Wheat
SaDd Oats
Medium Barley

loam
Li8ht Wheat
Medium Wheat
Satrdy loam Barley
Medium Brussels

sand Sprouts
Mediua Barley

loam
Light Wheat April ro
M€dium IIay April26

loam
Loam Wheat May4
Gravel Oats Apr fl
Iledium Barley April l9

gt'avel

Dutrg aod liEe to bcot

Aftet old gr&ss. Limed
Ior bcet

Sullered &oo drcught
Suffercd iiom drought
Very poo! land
SuIIercd IroB &ought
Sullercd from drougbt
Fa.tort ' liEo " Io. b6t

Deep ploughed

Dung {oi beet
RedriU€d
Limd lor beet

Sufiet€d froD drowht
Some Same daBage
SulIeled lrom drouSbt
Very tood land

Lirned lor beet

-
Suflered Irom &ou8ht
Sulfered llom drouSht
Sulfered ftom diought

Dunged lor beet
Suffered from drought

Li; for beet
Good land

Farmitrg ootr!Date of
liftiag

I Altscott I
g Alscott II
3 Cadtley I
4 CaDtley II
6 Colwick
0 King's Lyoa I
? King's Lyn! II
8 Newark I
0 Selby I

Wissin8toE I . .

WissiogtoE III
Bardney I
Bardneyu ..
Bri8g I
Brigg II
Bury II
Copar I

Bory I
Cupar II
Ip$rich II
Oaklands II . -

SpaldiDg I
Petelboto'I ..
Felstead
Oaklands I
Selby II
Elv
P€terboro' II . .

WissiDgtotr II

Heavy loaE wheat
Heavy clay Fallow
HeaY,,loam Oatg
StroBg varp wheat
Black Ien Potatoe.s

I Light black Wheat
I fen
I Bh.L r"o wh.at

l9
Nov. 18
Oct. 26
ut.27
Oct. 26
Nov. I
Nov. 28

Nov. 8
Oct. 24-20
Nov. l0 & ll
Oct. 28-20

Nov. ?

Nov. 17
Oct. 20

Nov.2l
Oct.18
Oct. r3 & l4

Oct. l0
Oct. r0
Nov. 16
Oct.21
Nov. 26
Nov. 17

l0
ll
t2
t3
l1
t6

l6
t7
l8
l9

2t

21
26

28

28
2S
30
3l

,2

Aprit l2
April 13
,{pril 14
May 6.
April 14
April I I

April lE
,{prit 25
April 28
April2S

-{pril28

Mar. 28
April20
April 23
April 12
Apnl l3
April l8

April 13 Nov. l?
:Second sowing
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Sigtificow Reslonses

NPK
Total sutar
Tops

Total sugar
Tops

Total sugar
Tops

+* 0
Curvature

0
00

NxP NxK
00+
00*

AveraSe 1938
r933-37

+4.8 +2.1
+ r.70 +0.95
+3.47 +3.44
-0.56 -0.50+0.4 - o.2
-0.6 -o.2

(32)
(28) 0*

0
0

PXK
0
0

+ r.3 +2.1
+0.26 +0.59
+0.r4 +0.r0
+0.22 +0.28+0.3 +0.3+0.r +0.2

+ 1.4
+0.40
+0.42
+0.02
+0.4
+0.3

+ :Positive I Sigtrificaot
0:No I average

-:Negative I respons€s
(32) No. oI clltres*:Sicnificant dillerences

between celtles

Mcaa Resfonses Per I aol. of N, PzOo and. K2O

NP
Average 1938
1033-37

Average lg38
1933-37

Total sugar----.n"t.
Roots-toos
Tope-totrs
Sugar %
Plant Eumber
P".ity %

+ l.l
+0.39
+0.32
-0.08
- 0.1
- 0.2
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Mait Elfeck ad Firs, O/dd l*eraclions
Totdt Stgar i .td. Pcr oaac

CeDtre P. PI PI K,Ko Kr Medrt KrKrKo

No
lN'

N,

39.2 40.9 40.4
45.8 45.1 43.5
42.1 42,t 40.1

37.9 41.4 41.3
44.t 15.O 16-1
39.5 12,5 42.4

40_2
14.8
41.5

Po
Pr
Pt

39.3 43.2 44.0
42.3 43.2 42.4
40.3 42.3 41.8

42.4 42.7 11.5 10.6 12.9 43.0 +1.U. M.dns : +0.t30

No
2N.

N,

35.? 34.3 37.9
38.0 30.5 40.9
35.0 37.4 37.t

33.7 37.1 37.r
37.7 39.0 41.8
34.8 36.4 38.2

36.0
39.5
36.5

Po
Pr
Pi

Bl.3 36.4 41.0
35.4 36.3 39.4
30.4 39.8 36.7

36-2 3f.1 3E.6 35.1 3f .5 39.0 +1.31. M.a''s: +0,f 51

N.
3N.

Nr

ll*"

IO.5 l3-2 lO.O
lr.8 t3.0 13.3
12.0 10.0 13.7

I t.8
l6.l
14.2

10.5
9.9
9.5

ll.6
ll.9
13.{

11.3
12.6
12.4

P.
Pr
Pr

9.2 ll.4
10.4 12.5
10.4 12.9

l4.l
14.2
13.8

11.6 12.1 12.3 10.0 12.3 14.0 +r Means : +0.667

No
Nr

4Nr
16.5
t8.4
19.9

t8.6
19.t
18.7

t7.6
18.4
20.8

17.3 17.3 18.0
16.7 l0_2 19.9
18.6 20.1 20.5

17.8
18.6
19.7

Po
Pr
Pr

t7 .4 20 .2 18.7
17.7 18.7 20.2
l7 _a 17.7 lg.6

18.8 18.9 18.3 17.6 18.9 19.5 18.6 *0,883, McaLs : -0.510
Ne

5N.
Ni

lfean

17.6 2t_4 20.1
19.3 23.8 22.3
r0.8 20.2 20.3

14.8 20.0 23.3
t6.a n.4 26.7
13.? 20.6 26.8

Po 12.9
P, 16.4
Pi 15.5

19.1
21.8
20.1

20.o 28.7
23.5 25.5
21.5 25.6

18.9 21.6 20.9 15.0 21.7 25.0 20.; +0.785. Means: +0.153

No
6N.

N.

r2.4 r3.0 16.0
16.4 15.4 16.2
t5.2 17.9 16.6

Po l3.e 14.8 16.0
Pr l{.6 16.2 16.3
P! 14.2 15.9 l8-?

13.6 14.8 r3.9
l4-3 16_0 l7-7
l4-2 16.t tg.4

14.1
16.0
16.6

I

N.
N1
N!

Mean

No
Nr
Nr

11.1 15.7 16.3

20.5 20.9 20.8
20.3 16.5 17.0
16.8 17.0 17.0

18.9 18.1 18.3

11.0 15.6 1f.0

20-9 r9.5 21.8
16.9 18.2 r8.7
17.3 16.9 15.7

18.1 18.2 1t-7

15.6 +0.872. I'Ieans: 0.503

20.7 P o 17.8 19.1 19.7
17.9 Pr 18.8 18.3 17.3
16.6 Pr 18.6 r7.2 l9.l

18.4 l, +1.2A. lleans: +0.727

20.6 23.5 25.4
27.7 3t.l 33.1
29.7 32.t 30.7

ta.2 23.8 27.4
23.7 3r.0 37.2
23.4 38.0 35.3

I pn izt.e z1.o 2g.g
Pr 2l.S 29-7 34.9
P. 21.6 31.0 35.7

i ----------]-

23.1
30.6
30.8

26.0 28.8 29.7 21.8 29.5 33.3 i +1.14. Mcans : +0.657

NooN.
Nl

Nc
t0 Nr

N,

22.1 24.0 18.3
s2.2 S4.t 32.9
36.6 37.5 32.6

22.3 20.5 2t.8
35.6 32.5 3l.l
34.0 36.4 36.3

21.5

35.6

Po
Pr
P,

30.0 29.t 31.0
33.2 32.2 30.2
21.8 24.2 21.9

30.3 31.9 27.9 30.6 29.8 29.7 30.0 11.73. Means: +0.997

4r.9 44.7 41.9
43.3 43.2 41.8
40.2 39.3 43.3

43.2 12,9 42.5
38.9 44.1 46.4
39.2 40.9 42.8

42.8
12.8
10.9

I Po 3E.8 43.4 43.4
i P, I 41.8 12.3 43.t

i Pr Q.9 12.r 14.O

41.8 12.1 42.3 40.1 12.6 43.5 42.2 +1,92. M.ans: +1.11

No
tl Nl

Nr

Mcan

20.4 24.2 27.2
29_0 26.9 23.6
27.8 30,2 zA.t

22.9 2B.t 26.2
26.1. 25.4 2A,A
25.0 3r.7 2S.3

24.7
26.2

Po
P1
Pr

24.4 28.O 25.2
22.6 27.9 31.8
21.O 27.7 24.2

25.9 27.1 2e .3 24.6 21.9 21.1 26.5 +2.49. M.a*t: +1.52
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Tolal Sugar : c@t. ?c, ac/.
I K" I(, Kr i i

(4) At this cedre thee plots weE EissiDA. Ooly th. yields lor tot l .utar adiust d ,or
pLDt afiobad e6a a.!aly4d.

PtPrPo Ko Kr I(rKrKo

N.
t2 Nr

Nr

Maart

1t.6 11.1 15.4
45.3 44.5 44.5
13.8 44.7 47.1

11.1 11.5 45.1
42.8 45.1 46.4
12.a 15.6 47.2

13.9
11.8
45.2

Po
Pr
Pr

13.2 1l.S 13.7
42.8 13.4 47.4
44.1 44.9 48.1

43.6 14.5 15.7 43.3 44.1 46.4 44.6 +1.39. M.ans : +0.E00

N.
r3 Nr

Nr

Mean

29.7 30.5 22.4
30.6 3r.8 3{.4
30.2 36.0 36.4

30.6 24.9 
'7.032.4 30.1 34.4

35.5 38.0 20.1 31.2

Po
P1
P,

32.5 30.6 27.4
33.2 32.8 A2.3
32.t 29.6 30.8

30.2 32.8 31.1 32.8 31.0 30.2 31.3 +2.61. Mcons: +1.51

N.
14 Nr

N.

Maara

11.3 11.7 18.4
48.7 49.0 6{.3
47.8 47.3 46.6

44.3 44.9 45.1
61.6 .r8.3 62.1
11.2 17.O 60.1

11-E
50.f
41.2

Po
Pr
Pr

44.2 18.O 1a.7
40.8 45.7 116.6
49.2 46.6 63.4

46.9 46.0 49.7 16.f 16.7 49.2 47.6 +2.4X, M.ans : +1,52

N.
16 Nr

Ni

Mcar,

123 2a.4 29_7
33.0 35.5 37.5
42.2 14.t 4t .t

27.5 28.8 34,t
35.1 36.2 34.?
sg.2 16.2 13.O

30.1
35.3
12.5

Po
Pr
Pt

34.3 33.7 39.6
34.1 38.4 35.5
33.5 38.r 36.7

35.8 A6.0 36.1 33.9 36-7 37.3 36.0 +2.37. Mca,Ls: +1.3f
N.

t0 Nr
Nr

Mcan

15.9 18.6
17.5 t7.6
t6.4 17.0

17.2
15.4
14.7

15.4 18.0 18.2
14.4 17.0 l9.l
14.6 r5.8 17.8

16.8
16.1

Po
Pr
Pr

13.4 16.0 17.0
14.7 r7.2 18.0
16.3 17.6 10.2

15.7 16.6 lf .7 11.8 16.9 18.3 16.7 t0.g70. Mcdns : +0.560

N.
l7 Nr

Nr

M*,

25.8 27 .2 27.O
2S.a 27.5 3t.4
26.0 25.9 21,4

2g.o za.t 21.4
28.8 29.2 31.3
27.0 28.2 23.r

26.6
29.7
26.1

Po
Pr
P,

28.7 24.9 26.8
26.1 2A.O 26.2
29.1 30.6 26.0

26.8 27.0 26.6 28.2 27.8 26.4 +2.22. Maans: +1.28

N.
It Nr

Nr

Meat

18.9 18,8 14.2
18.4 17.4 21.4
15.7 r7.O t6.2

16.5 14.4 2t.0
14.7 18-9 23.6
15.0 10.8 l7.r

17.3
19.1
16.3

Po
Pr
Pr

15.0 r8.2 18.9
16.6 l7.S l8-9
13.8 l4.l 24.0

17-f lf.t 17.3 15.1 16.7 20.6 17.6 +2.12. M.ans : +1.10

N.
l0 Nl

Nr

Maart

34.2 40.O 40.7
32.2 39.9 38.2
36.8 37.3 33.0

43.5 36.9 36.6
s4.6 4r.2 31.6
32.2 36.8 40.r

39.0
36.8
36.0

Po
Pr
P,

36.2 36.9 32.1
37.5 40.7 30.0
30.0 36.2 40.0

35.' 39.0 37.6 36.t 37.9 31.0 +2.12. Mcdns: +1.22

N..20 Nr
N,

Mean

18.9 20.r r9.0
2t.5 25.A 22.8
26.4 28.3 32.3

18.0 16.6 24.4
23.5 .a 2t.6
28.6 28.3 30.2

19.f
23.4
29.0

Po
Pr
Pr

22.6 20.6 2S.S
22.7 2A.S 27.7
26.2 25.4 24.6

22.3 24.7 25.0 23.5 23.2 26.4 21.0 +2.27. Means: + 1.31

No
2r(z) Nr

N!

Meart

13.9 16.2 16.8
14.6 15.5 15.5
16.4 18.r 17.7

16.6
16.6
18.6

r3.3 l?.1
14.t 14.7
16.4 l?.2

15.6
15.2
17-l

Po
Pr
P,

13.3 14.0
l5.l 16.3
16.4 17.8

16.7
r8.3
16.8

15.0 16.6 16.7 11.6 16.3 17.3 16.0 +0.A20. Means : +0.1f 3

No
,2 Nr

Nl

M*"

28.9 25,O 28,6
30.0 26.7 32.3
32.6 30.7 30.6

2A.A 23.A 27.8
27.1 21.A 3g.l
3l.r 32.2 30.6

26.1
29.6
31.3

Po
Pr
Pl

20.2 to.o 30.2
27.3 25.3 29.4
29.0 28.6 31.8

29.8 2f.5 29.8 2t-5 27.9 30.6 29.0 +1.78. M.zns: +1.03
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t75

Centre KI
Totdt Sugal : ctttt. ?cr dc/.

PrPrPo Ko 11 K, ll Medn Ko Kl

No
2t Nr

N,

M*"

r7.9 22.1 r8.9
20.5 2l-0 90.8
20.1 2t.5 22,8

20.9 r8.2 19.8
2t.2 20.0 2r.l
20.1 22.t 22.r

19.6
20.6
21.5

Po
P1
P,

22.1 18.5 18.2
20.6 21.6 22.3
tg.8 20.2 22.5

19.6 21.5 20.E 20.E 20.1 21.0 20.6 ll,2l. M.als : +0.f 00

N.
21 Nr

N,

Mcatr

It-a I1.6 10.7
ll.5 ll.4 ll.2
r0.r 10-5 r0.0

10.8 ll.9 rr.3
r0.4 r2.t lr.6
10.7 9.7 10.2

11.3
11.4
10.2

Po
P1
P,

10.8 12.0 10.6
rl.7 ll.2 10.0
9-5 t0.5 rl-9

11.1 11.1 10.6 10.7 11,2 11.0 11.0 +0.664. Mcans : *0.3E3

No
26 Nr

N,

M"""

ll.8 13.? 14,4
ll.8 r5.4 16.0
r3.2 13.4 r2.7

l3.l ro.2 16.5
l2.s 13.7 16.7
Il.t 13.2 15.0

13.3
14.4
13.1

Po
Pr
P,

lr.4 rr.0 13.7
13.1 13.3 l6.t
12.0 11.9 18.6

12.3 11.1 14.3 12.4 12.4 16.1 13.6 +1.67. Means: +0.96f

No
26 Nr

Nr

27.0 52.0 AO.2
26.9 31.1 31.4
26.5 34.2 37.4

29.8 29.3 30.r
30.7 3r.3 27.4
3t.l 32.3 35-0

29./
29.8
32.8

Po
Pr
P,

26.5 2A.O 26.9
30.6 3r.7 35.0
34.4 33-2 31.8

26.8 32.1 33-1 30.5 31.0 30.8 30.8 +1.8O. MearLs: +1.01

N.
27 Nr

N.

Mcdn

22.O 22.6 24.1
26.2 26.3 26.1
22.t 21.0 23.4

20.a 21.8 21.7
21.2 25.2 2B.S
22.3 22.8 25.0

22.9
26.2

Po
Pr
P,

22.t 23.2 26.1
23.a 24.5 21.7
23.9 23.9 26,2

23_4 24.3 24.f 23.9 24.2 +1.1,,. Lleans: +0.611

No
2t Nr

Ni
M*"

24.6 23.7 21.2
23.1 24.3 30.6
26.2 23.1 24.0

r0.8 26-1 26.6
ts.3 26.3 32.4
18.3 24.7 30.7

21.2
26.0
21.5

Po
P1
P!

ts.4 26.2 28,4
t7.t 25.7 28,6
20.s 25.2 32.7

26.323.8 19.1 25.7 29.9 21.9 +2.O2. Mcans: l1.rl
N.

20 Nr
Nr

27.5 21.2 25.4
2a.4 25.8 26.2
27.a 27.0 27.5

20.0 2{.r 27.0
28.7 27.2 28.3
28.A 25.1 24.4

2 8-1
27.1

Po
Pr
Pr

29.4 29.2 25.1
26.9 21.6 29.1
27.2 22.8 2S.l

27.9 28.9 26.4 27.8 25.5 27.9 27.1 *1.8A. Mcans: +1.07

N.
90 Nr

N,

M*"

50.0 60.5 42.1
4A I 47.2 39.8
47 .1 13.6 45 .g

44.7 14.2 5l-7
43.4 40.1 43.6
43.8 45.3 47.9

17.6
44.1
16.7

Po
Pr
P,

47.2 14.7 62.2
45.4 ,17.0 48.8
39.4 40.0 48.3

47.1 42.548.0 49.843.911.0 15.9 +3.27. Means: +1.89

N.
3l Nr

Nt

Maort

22.9 19.6 3r.l
22.7 25.7 20.7
18.7 2l.S 17.6

22.t 2r.7 29-S
rs.1 2:3.8 25.7
18.4 19.4 20.4

21.6
23.0
19.1

Po
Pr
Pr

21.2 19.7 2X.6
r7.3 2r.8 28.1
2r.a 23.A 24.4

21.5 22.1 23.1 20.1 21.6 25.3 +2.06. M.dr.s: +1,11

N.
92 Nr

Nr

Maot

4.9 ll.9 17.2
9.8 t2.7 22.0

12.3 14.6 15.4

9.8 10.7 13.4
14.0 16.6 t3.l
t4.8 14.l t3-4

11.8
11.1

Po
Pr
Pl

8.7 8.2 l0.l
l2.t 14.6 12.6
r8.7 r8.6 17.3

9.0 18.213.0 13.2 13.8 13.3 1i.1 ll.8g. M.ans: *1.09

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-1-86 pp 177

r76

Roots (@ sh.4) : ,on"s fa aa.
Ceotre PrP1Po KrKo K, K,KrKo

No
lNr

Nt

Mcaa

lI.4l 1l.96 ll.95
13.47 r2.0S r2.S7
t2.53 12.49 t2.15

tt.t2 12.11 12.04
12.89 13.25 13.27
t2.23 12.43 12.50

13.11
12.30

Po
PI
P,

rr-72 12.80 12.89
12.43 t2.62 t2.48
12.10 t2.53 12.44

12.47 12.48 12.35 12.08 12.62 12.64 12.43

N.
2N.

N,

M*"

10.83 10.72 I1.59
11.40 11.83 12.40
r0.?3 tl,lt I l.l0

t0.37 11.42 11.36
t1.60 1t.56 12.48
10.85 r1.01 11.09

11.05
11.8E
10.9E

Po
Pr
P,

9.90 10.92 t2.14
r0.75 lr-03 11.80
12.17 l2-0{ 10.89

10.99 11.22 11.7 A 10.94 11.33 11.64 11.30

Nc
3Nr

Nr

Mcatr

3.55 4.38 3.43
3.93 4.40 4.50
4.45 3.a3 4.72

3.59 3.79 3.99
3.54 4.08 6.31
3.48 4.72 4.45

3.79
4.31
4.34

Po
Pr
P,

3.26 3.94 4.7 4
3.61 4.33 4.76
3.68 4.32 4.66

3.98 4.24 4.22 3.53 4.20 4.72 4.15

No
4N.

Nr

5.87 6.58 6.29
6.20 6.91 5.84
6.03 6.74 6.58

5.53 5.48 5.73
5.47 6.15 6.33
6.25 6.50 6.60

5.5 8
5.98
6.45

Po
Pr
P!

5.64 6.44
5.74 6.06
5.87 5.63

6.0,
6.43
6.21

6.03 6.06 5. 5.f5 6.01 6.2211 6.00 
|

N.
6Nr

N.

Maat

5.33 6.53 6.18
5.95 7.23 6.04
a.$ 6.24 6.27

6.90
?.84
7.86

4.10
5.15
4.36

6.,15
7.13
8.44

6.02
6.7 0
6.22

Po
Pr
P,

4.12 6.15 7.16
5.17 7.17 1.67
4-93 6.69 7.77

5.E1 6.61 6.46 1.74 6.67 7.53

No
ON,

N!

Mcaa

7 N.
Nr
N.

Madn

3.98 4.35 4.0r
5.25 4.52 5.23
5.08 6.81 5.45

4.28 4.66 !r.30
4.74 5.t0 6.60
4.67 5.39 6.27

4.41
5.11
5.15

Po
P1
PI

4.42 4.a2 5.tl
4.68 5.21 5.19
4.60 5.12 5.87

4.18 5.03 5.19 4.56 5.05 5.39 5.oo 
I

6.40 6.39 6.44
6.41 5.36 5.69
5,30 5.66 6.92

6.49 6.15 6.60
5.60 5.87 6.00
5.7J 5.75 6.39

6.11
5.82
5.62

Po
P,
P,

5.66 6.23 6.23
6.lt 5.74 6.67
6.05 5.81 6.10

6-01 5.80 6.02 5.91 5.92 6.0A 5.9 5

d
No
N1
N,

No
Nr
Ni

5.90 6.59 7.35
7.83 8.80 S.23
8.60 S.32 8.92

5.35 6.74 7.75
6_80 8.80 tO_35
7.07 9.55 t0.21

6.61
8.65
E.94

Po
Pr
P,

6.38 7.59 8.38
6.35 8.56 9.88
6.50 8.94 10.07

7.14 8.26 8.5A 6.41 8.36 9.11 8.07

6.9t 7.37 6.81
0.75 10.58 10.08

rr.0r r1.32 t0.2r

7.O2 6.31 6.77
10.75 9.88 0.77
10.47 t1.07 10.99

6.70
10.13
10.81

Po
Pr
P,

0.59
9.33
8.62

9.50 8.59
10.07 s.8?
8.67 8.81

9.22 9.76 8.7() 9.11 9.09 9.18 9.2 3

N.
lo N!

N!

Mcon

t2.51 13.55 t2.51
12.90 t2.86 t2.6'
12.36 t2.16 t3.13

13.13 12.89 r2.60
11.78 r3.37 r3.31
12.00 r2.82 r2.83

12.88
12.82
12.5 5

Po
Pr
P,

11.56 r3.33 r2.99
12.a5 12.9A 12.71
12.50 I2.77 13.01

12.63 12.86 12.76 12.30 13.03 12.92 12.7 5

No
ll Nr

Nl

6.33 7.79 8.25
8.89 8.04 7.37
8.60 9.50 8.96

7.04 1.aS 7.43
8.27 8.04 8-00
8.08 9.79 S.r8

7.46
8.10
9.02

Po
Pr
P2

7.46
9.64

7.75 a.62
7.t2 A.66
8.52 8.54

7.94 t.14 7.80 8.51 8.19
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t77

Certre

Roors kt)ashed) : torLs pellade

P,Po P1 K,Ko Kt K,KIKo

No
12 Nl

N!

t2.24 13.28 13.60
13.51 I3_43 13.36
13.45 13-67 t4.14

13.40 12.36 13.36
12.99 t3.50 13.88
13.16 I3.82 l4 27

Po
Pr
P!

13.04
13.41

13.20 13.04 r2.96
12.96 13.23 t4.t9
13.33 r3.40 r4.36

13.07 13.46 13.? 13.16 13.23 13.8 13.11

13
No
Nr
Nr

M"*t

No
Nr
N,

Mean

l4

8.73 8.S2 6.46 i 8.80 7.35 1.56
8.93 9.68 10.12 S.65 I Ot l(l 07
8.99 lO.?3 10.541 t0.54 11-06 8.65

8.04
9.58

10.08

Po
Pr
P,

9.56 8.97 8.r2
9.85 9.89 0.60
9.58 8.57 8_06

8.88 9.7 8 9.04 9.66 9.11 8.89

13.34 12.43 14.5'
14.69 14.31 15.88
14.30 14.24 14.46

r3.37 13.35 13.58
15.23 14.36 I5.29
13.58 14.22 15.20

13.43
11.98

Po
Pr
P!

13.36 t4.36 t4.61
13.89 13.47 13.61
14.93 14.09 15.84

14.11 13.66 14.95 14.06 13.98 14.69 14.24

No
15 Nr

N,

9.39 8.28 8.80
9.73 10.34 rr.00

12.43 12.93 t2 22

8.23 8.45 9.79
r0.46 t0.55 10.05
1t.90 13.34 r2.34

8.82
10.36

Po
Pr
Pr

r0.3, 9.93 rr.30
10.08 1r.t7 10.30
10.19 11.24 10.69

10.52 10.52 10.67 10.20 10.7 8 10.73 10.67

l6

l7

No
Nr
N,

ilI*

No
N1
N,

Mean

5.27 4.9t 5.52
4.77 6.16 5.22
4.52 5.01 5.t8

4.83 5.46 5.41
4.57 5.07 5.51
4.46 4.91 5.35

5.2 3
5.0 5
4.9 0

Po
Pr
Ps

4.2a 5.0t
4.56 5.18
5.01 6.22

5.24

5.68

4.86 5.03 53A 4.62 5.14 5.42 5.06

7.97 A.22 8.09
8.82 8.81 9.37
7.S7 8.52 8.58

8 .$1 7 .90 7 .77
8.60 8.83 9.56
8.59 8.98 7.5t

8.09
9.00
8.36

Po
P1
P,

8.?3 7.5S
8.25 9:01
8.82 9.1r

8.4{
8.29
8.12

8.25 8.s2 8.63 8.60 8.57 8.28 8.48

No
18 Nl

N,

M*"

6.33 6.36 4.82
6.27 6.0A 7.40
5.49 6.08 5.85

5.70 4.S0 6.90
5.27 6.60 7.88
5.47 5.95 6.00

3.81
6.58
5.81

Po
P1
P!

5.57 6.3t 6.21
5.87 6.19 6.47
5.01 4.95 8.1r

6.03 6.18 6.02 5.48 5.82 6.93 6.0 8

No
l0 Nr

NI

No
20 Nr

Nl

Mear4

10.7s 12.31 11.72
9.71 11.77 I1.42

10.96 11.02 9.96

12.55 11.52 10.75
10.51 11.91 10.45
9.48 10.76 11.69

=1it)'
t0.96 |

10.65 I

Po
Pr
Pe

r0.8i l1-29 9-36
I ro.gz tz.so tt.sz
I to.g: ro.os rr ae

10.48 11.70 11.031 10.85 11.41 10.96 11.07

5.17 5.37
5.83 7.18
7.35 7.71

6.4s I 4.86 4.s2 6.63
s.3o I 6.52 6-91 E.8R
8.gr i 7.s9 7.76 8.31

5.3 4
6.44
7.99

Po
P1
Ps

6.22 5.57
6.r7 6.61
6.8S 7.0t

6.56
7.47
6.79

6.11 6.75 6.9A 6.42 6.40 6.91 6.59

N.
22 Nr

Nr

Maan

a.o1 7.33 7.91
8.82 8.08 S-60
9.52 8.97 0.03

8.01 7.14 8.23
8_36 8.29 9.75
9.08 9.53 8.91

7.79
8.80
9.17

Po
Pr
P,

8.74 8.83 8.84
8.08 7.56 8.74
8.63 8.57 9.31

8.80 8.12 8.18 8.32 8.59

I
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178

Rools (uashed) : tons Pcr ocla

Maab I Ko fr Kr
Centre P,P1Po Ko Kr Kr

No
23 Nl

Ni

5.83 6.99 6.22
6.80 6.9? 6.81
6.7A 7.25 7.46

6.76 5.84 6.44
7.04 6.55 6,99
6.87 7.29 7.33

6.34
6.86
?.16

Po
P1
P,

7.34 6.09 5.98
6.80 7.03 7.38
6.53 6.56 7.40

6.8 3 6.926.664.89 6.?9

No
24 Nr

N,

4.00 3.s4 3.65
4.02 4.13 3.91
3.73 3.69 3.58

3-?6 4.05 3.78
3.A9 4.22 4.16
3.80 3.62 3.58

3.86
4.02
3.67

Po
Pr
P,

3.a4 4.24
4.07 3.91
3.34 3,74

3.67
3.78
4.O1

3.9 2 3.75 3-96 3.84l 3.E5

No
25 Nr

N!

3.46 4.06 4.13
3.50 4.64 4.77
3.98 4.09 4.03

3.9r 3.02 4.68
3.91 4.16 4.84
3.17 4.13 4.51

3.s8
4.30
4.04

Po
P1
Pr

3.41 3.53
3-98 4.07
3.93 3.71

4.00
4.14
6.29

3.6 5 4.314.26 4.6 8 4.0'l

No
26 Nr

N,

7.90 9.1r 8.78
8.05 9.10 9.08
8.24 10.33 r1.03

8.66
9.09
9.47

8.52 8-60
9.04 8.10
9.70 10.44

8.59
8.7 4
9.E7

Po
Pl
P!

8.04 8.40 7.?6
9.15 9-27 10.12

10.04 9.58 0.26

8.06 9.52 9.84 9.08 9.08 9.05 9.07

No
27 Nr

N,

6.67 7.02 7 -45
8.05 8.33 8.03
7.23 7.8i 7.80

6.31 7.27 7.56
8.38 8.05 7.99
7.28 ?.4? 8.09

7.05
8.14
f .62

Po
Pr
P,

6.92 7.32 7 .11
7.50 7.92 7.74
7.55 7.55 8.18

7.32 7.72 7.76 7.3 87.60 7.60

No
28 N1

N,

lI*r"

7.26 6.83 ?.09
6.87 7.20 9.35
7.AA 7-17 1,14

5 90 7.59 7.68
6.97 7.86 S.59
6.68 7.49 9.32

t.06
7.81
7-50

Po
Pr
Pt

5.84 7.8r
5.22 7.57
6.50 ?.56

8.36
8.40
9.83

7.33 7.0'.1 7.96 5.85 7.65 8.86 7.4 5

No
29 N1

N,

8.88 ?.88 8.39
9_38 0.81 8.75
0.21 8.98 9.15

8.48 7.96 8.71
s.46 8.99 9.48
9.59 8.47 9.29

8.3 8
9.31
9.11

Po
Pr
P!

9.88 9.38
8.87 8.17
a.77 1.81

8.20
9.62

9.16 8.89 8.7 9.17 8.48 9.16 8.9 4

No
30 Nl

N,

M"""

No
31 Nr

N,

13.57
12.15
14.7 5

t5.83 16.04
14.67 14.87
15.0t l4.ll

16.48
t5.59
I5.36

1,1.55
12.87
14.46

14.4I
r3.82
l{.06

15.15
14.10
14.62

Po
Pr
P,

14.20 16.44
14.84 15.48
12.84 15.6r

14.88
14.69
12.72

15.11 15.01 13.69

6.35 5.54 8.43
6.36 7.24 5.85
6.26 6.25 5.04

11.10 13.96 15.81 11.62

6.26 6.96 8.rl
5.59 6.65 7.20
5.27 5.53 5.75

6.78
6.48

Po
Pr
P,

5.98 5.46
5.00 6.22
6.14 6.46

6.53
7.81
6.72

t-84 4.73 6.45
3.92 4.96 8.23
4.89 5.71 6.ll
3 53 5.13 6-9i

6.315.99 6. 5.10 6.05 7.02 6.26

No
31 Nr

N,

M" r"

3.85 4.13 5.04
5.81 6.15 5-16
5.83 5.56 5.25

5_ 16 5.28 5-11

4.34
5.70
5.5 5

5.20

Po
P1
P2

3.50 3.25 3.83
4.77 6.60 6.03
122 7.OO 6.57
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To?s : tons ?., acr.
Cenh6 PrPrPo Ko Kr Kr KO K' KT

2

I
N.
Nr
Nr

M*"
No
N1
N!

Mea

u.48 10.64 t0.13
tt.36 t2.t2 t2.27
13.16 14.62 12.53

10.22 10.75
12.33 r0.37
13.70 13.41

lt.t8
13.06
13.09

10.72
11.92
13.40

Po
Pr
P!

I 12.33 13.20 10.37
I l3.so 12.62 r r.oz

I n.5r 10.34 r3.0s

12.00 12.40 tr.64 12.41 12.08 11.51 12.01 +1.13. Meais : +0.A50
s.98 0.92 12.42

13.76 t1.48 12-53
11.36 14.29 13.12

10.95 11.57 g.8t
t3.35 11.80 12.62
13.21 12.24 13.30

10.77
12.59
12.92

Po
P1
Ps

I ll.?1 r2.4r
i tz.eo rr.ll
I ra.ol rr.zl

r0.98
11.45
13.2S

11.70 11.90 12.65 12.51 11.87 11.91 12.10 X1.08. ]Ieans: +0.623
No

3N'
Nr

M*"

5.48 6.33 6.24
6.77 6.93 7.14
8.18 8.33 9.13

5.15
6.93
7.78

5.49 5.41
7.39 6.52
8.50 9.35

5.r5 ,l Po I 6.?6 6.80 6.8?
6.9' ll P, I 7.2r 7-2t 6.1?
8.55 li P, | 7.4t 7.27 6.83

6.81 6.86 7.1? 7.13 7.09 6 i 6.ri a+o,4oo. rr*"* xL%1
No

4N,
Nl

6.lt 4.96 4.73
4.50 6.17 a.24
1.72 A.23 a.79

5.04 4.76 4.98
6.21 6.6t 6.09
8.98 8.04 7.72

4.93 tl Pr
6.30 ll P1
8.24 P,

6.09
6.40
6.29

6.68 6.56
6.40 6.55
7.16 6.31

6.596.456.4 4 6.75 6.17 6.26 6.49 +0.224. Mcans: -0.156

5

6

7

No
N1
N,

M*"
N"
Nr
Nr

Medn

No
Nr
Nl

Mean

8.54
t2.50
14.08

?.92 9.6r
12.44 1t.25
12.56 lt_71

8.82
12.55
r3.9t

9.79
15.0{
t1.20

8.60
10.2.1

8.69
12.06
12.78

Po
Pr
Pr

13.t8
11.93
13.9r

9.16
9.39
7.7 5

12.74
I l.5S
t0.91

11.71 10.9f 10.86 8.77 11.76 13.01 11.18 +0.930. Nea,B: +0.537
5 .15 5 .20 4.54
5.88 6.72 6.95
7.87 8.55 9.07

5.25 5.25 4.79
7.19 6.20 6.16
8.83 8.76 ?.91

5.10
6.52
8.50

Po
Pr
Pl

6.69 6.12 6.00
7.0t 6.?7 6.60
7.57 7.32 6.08

6.30 6.996.82 7.09 6.?4 6.29 6.70 +O.1O0. Ileans: !0.231
6.24 5.04 4.52
6.99 4.88 5.18
6.06 5.92 ?.01

5.02 4.74 5.04
5.2{ 5.41 5.39
6.37 6.53 6.09

1.93
s.3 5
6.33

Po
Pr
Pr

5.95 5.72 5.61
5.22 5.41 5.21
5.45 5.55 5.71

5.76 5.28 5.5? 5.5 )5.54 5.56 5.;1 +0.987. MeaLs: +0.223
No

8N'
Nr

trIean

6.61 6.33 7.63
8.85 10.2t 9.74

11.32 11.58 12.68

6.02 7 .30 1.25
8.12 10.21 10.46

10.22 t2.29 t3.O7

6.86
9.60

11.86

Po
Pr
Pr

?.83 9.40
7.97 10.0r
8.56 10.39

9.56
10.l4
I r.09

8.93 9.37 10.01 8.12 9.93 10.26 9.11 +0.391. lteans: 10.226
No

9N,
N!

5.81 6.74 4.17
9.05 9.20 9.00

t1.81 13.11 10.92

5.50 4.64 3.57
9.r7 8.67 9.49

11.45 12.48 1t.92
9.11

11.3;

Po
P1
P!

9.95
9.36
7.68

8.?9 7.04
9.10 9.59
8.23 8.21

8.069.3 56.89 8-71 8-60 9.0( 8.7i +0.6 tO. Mear,s : +0.38f
No

l0 Nl
N,

Mean

8.50 11.88 9.29
10.41 9.97 tl.?6
14.14 12.39 l2.lt

11.68 9.29 8.70
9.69 11.40 11.0.1

12.71 13.74 12.]9

9.89
10.71
12.88

Po
Pr
P,

| 10.33 11.48 11.24
I r:.43 rl.92 9.89

| 1r.32 r l.o{ t0.80

11.02 11.41 11.06 11.36 11.4E 10.64 11.16 +1.34. Means: +0.773
No

rl Nl
N,

Mca,

5.71 6.23 6.20
7.60 7.04 6.93
8.29 8.4r 8.37

5.83 6.66 5.64
8.18 6.77 6.62
8.31 8.83 7.93

6.04
7.19
8.36

Po
P1
P,

6.47
7.48
625

7,54 7.5a
4,71 7.43
8.02 7.25

7.22 ,.11.r0 7.11 6.7 7.20 +0.672. Means: +0.330
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KrL

Tops:: ilons P.r acrc

P,PrPo Ko Kr Kr Ko Kr

No
12 Nl

Nr

r3-33 r2.20 13.27
t4.29 14.41 13.15
17.80 16.25 16.73

14.05 1r.67 13.09
t3.r6 14.ll 14.58
16.55 17.85 16.37

12.91
13.95
16.92

Po
Pr
P,

16.13 15.00 r4.29
13.81 14.I7 14.88
13.81 14.46 14.88

15.14 14.28 11,33 14.58 14.54 14.68 14.60 +0.785. Meafls : +0.153

No
13 Nl

Ni

8.00 8.27 6.23
s.s3 9.80 9.95

r3.52 t3.78 14.70

7.83
10.35
13.17

7.63 7.03
10.15 9.08
14.34 14.49

7.50
9.86

14.00

Po I rr.o2 9.92 lo.4r
P, 11.18 10.25 10.42
P, 9.92 10.43 10.53

10.45 10.62 10.29 10.71 10.20 10.45 10.15 !0.733. Mellls: 10.123

No
14 Nr

N,

10.9r 10.71 r1.88
14.25 13.28 13.82
14.60 14.35 t6.20

r0.77 I l.r0 r1.53
13.93 13.89 13.53
14.15 15.17 15.83

11.16

15.05

Po
P1
P,

I2.29 14.06 t3.41
12.83 12.78 12.73
13.73 t3.41 14.75

13.25 12.7 8 13.9J 12.95 13.42 13.63 13.3 3 +0.791. Mea*s : +0.457

No
16 Nl

N,

tI*r,

7.04
8.57

11.26
9.24

10.14

7.11
8.87

t0.40

6.50 6.45 8.47
9.25 8.75 8.68
9.29 1r.75 10.76

8.89
10.60

Po
P1
P,

8-17 8.82 9.39
s.03 8.68 9.16
7.84 9.45 9.37

f .i9 LE98.96 8.35 8.98 9.30, 8.8 8 +0.751. Means : +0,433

No
16 Nr

Nr

5.17 4.90 5.13
5.04 5.40 5.71
5.04 5.59 5.64

5.10 5.09 5.00
4.90 5.63 5.6r
5.46 5.13 5.68

5.06
5-38

Po
P1
P,

5.04 5.06 5.t4
5.O2 5.29 6.58
5.39 6.51 5.57

5.30 5.455.48 5.4 Ji.2 85.15 5.29 +0.267. Means: +0.154

No
t7 Nr

N,

Mean

10.16 8.33 7.50
u.28 9.19 9.32
10.50 12.06 12.89

7.40 8.73
9.46 10.31

12.00 12.73

9.86
10.02
1o.12

8.66
9.93

11.82

Po
Pr
P,

1l-7t
s.32

10.74

11.7 t
10.21
8.68

8.52
10.05
10.29

10.64 9.86 9.94 10.20 9.69 10.55 10.14 +1.11. Mealts: +0.613

No
r9 N1

N,

M"r"'

11.56 12.45 11.37
t2.50 t5.23 12.77
14.05 t4.40 11.49

14.03 12.95 8.42
l4-81 13.3t l2-38
t2.03 14.47 13.43

11.80
13.50

Po
Pr
Pr

13.99 13.78 10.34
14.39 t3.57 r4.12
t2.48 13.38 9.77

12.70 14.03 11.83 13.62 13.58 11.41 12.87 +O.g4i. Mealls : +0.547

l{o
20 Nl

N,

M"""

4.01 3.67 3.84
5.49 4.76 4.86
6.83 6.31 7.83

3.44 3.41 4-66
5.77 1.55 4.40
7.26 6.19 6.92

3.8 4
5.01
6.90

PD
P1
P,

5_94 4.74 5.65
5.05 4.81 4.88
5.48 5.60 5.45

,t.4.1 1.91 5.51 5.0,55.49 5.29 +0.515. Meals : +0.300

No
22 Nl

N,

M"""

6.65
9.93
8.43

7.0t 7.77
8.70 ?.89
760 1013

6.60 8.05 6.79
9.24 7.79 9.44
8.15 8.12 9.89

7.15
8.8 4
8.72

Po
P1
P!

8.03 6.38 8.91
8.91 8.81 8.06
7,05 a.17 9.20

7.77 8.59 8.00 7.99 8.7 8.23 +1.14. Means: +0.65f
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l8t

To?s : lons pct ut
Centr! I P" Pt P" I K. rr K, ll M K,KrKo

No
Nr
Nr

Mca*t

6.00 5.06 4.87
6.86 6.02 5.46
5.93 6.?9 5.77

1,55 6.41 6.02
5.18 6.26 6.90
6.88 6.02 5.02

5.00
5.76
s.8 3

Po
Pr
P,

5.40 6.02 6.46
5.22 6.15 6.51
4.98 5.55 6.67

5.62 5.61 5.3? 5.20 5.t9 5.51 5.51 +0.240. Means: +0.139
No

25 Nr
N:

3.t7 3.70 3.86
{.39 4.88 4.40
4.98 4.6t 4.93

3.65 3.48 3.69
4.60 4.50 4,66
4.50 5,25 4.71

1.55
1.84

Po
Pr
P,

4.34 4.29 3.91
4.07 4.50 4.61
4.23 4.45 1.60

4.16 1.39 4.35 1.22 1.41 4.31 4.32 +0.211. Med s: +0.139

No
2? Nr

N,

5.03 6.23 6.15
7.55 8.17 6.44
6.81 8.22 8.48

5.08 6.44 5.80
8.02 ?.98 818
8.33 6.92 E.27

5.E0
?.J9
7.84

Po
Pr
P,

6 60 6.89 5.89
7.65 8.20 6.78
7.t8 8.23 7.87

6.46 7.54 f.03 7.11 7.11 6.7I 7.01 +0.849. .t ears. +0.490

No
28 Nr

N,

6.79 6.87 7.O2
8.38 8.19 rr.09
9.68 0.95 9.96

6.72 6.95 6.01
8.28 8-97 10.41
8.88 9.90 t0.81

6.56

9.66

Po
Pr
P,

7.18 9.14 8.53
?.46 8.18 8.3S
9.24 8.51 t0.32

6.28 7.99 9.36 7.96 8.61 9.08 8.5 5 !0.710. Means: +0.410

No
29 Nr

N!

r2.43 10.s0 12.64
t2.49 14.t6 11.89
14.01 t3.65 14.34

12.9r rr.23 .83
12.49 I3.O9 12.06
13.89 13.50 14.61

11.99
12.8 4
14.00

Po
Pr
P,

13.49 13.47 t2.04
11.95 12.73 14.(N
13.92 1t.62 13.32

12.98 12.90 12.96 13.10 12.61 13.1t 12.94 +1.42. Irleans: +0.820

No
30 Nr

N,

M*"

20.95 t9.43 21.22
20.30 20.54 20.01
21.56 20.t3 2t.87

21.48 20.21 20.30
20.30 20.50 20.06
2t.2A 21.47 20.A1

20.67
20.29
21.19

Po
Pr
Pt

21.38 
'0_97 

20 47
19.88 20.12 20.53
21.82 21.10 20.18

20.91 20.17 21.03 21.02 20.7 3 20.39 20.71 *0.681. Means: +0.393

No
3l Nr

N!

t1.00 10.83 10.65
10.13 12.06 11.30
9.83 10.95 t1.00

11.30 I0.42 t0.?7
11.94 10.54 I1.00
9.60 r1_36 10.83

10.8 3
11.16
10.60

Po
Pr
P!

10.83 10.65 9.48
10.89 t0.71 r2.23
tt.t2 10.05 10.89

10.32 11.28 10.98 10.95 10.77 10.87 10.86 !0.670. I$ea s: 10.387

No
32 Nt

N,

M^,

6.72 8.89 15.r6
9.38 t1.72 t5.59

10.66 12.62 13.52

8.75 9.20 1t.82
I1.66 12.67 l2-35
13.20 t2.46 ll.l3

9.92

12.26

Po
Pr
P,

8.00 8.48 S.28
to.l8 I l-17 I l-47
15.43 14.60 14.t5

8.59 11.07 11.7 11.20 11.11 11.7 11.17 +1.24. M.ans : +0.713
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la2

Respona€s to trerdllre$

'6 per ceDt. significaoca. ttl Per caBt siSDilicaoco.

Station

COARSE SANDS

Linear RespoDse
(respoDse to the double

dtessing)

NPK

CurvatBre
(excess oI extra response
to secoad dressing over
!€spoDs€ to lirst dtes.siDg)

NPK
yicld

st.

2.66.8* r, 1.70
l.d5

TOTAL SUGAR: cwt. per acte

r AIscottl (a) ..
2 Allscott II
3 Cartley I (a) ..
4 Cantley II
6 Col\rick
6 KiDg'sL]'ntr I
7 King's L,'trn II (a
8 Newark I
I S€lby I
0 WissiDston I (a)
r Wisshgton UI (a)

12.2

12.1
18.6
20.5
15.6
18.4

30_0
42.2
26.5

+1.8 -1.2 + r.9
+0.5 +2.4* +3.6*t
+1.2 -0.1 *2.s**
+2.2a. -0.5 + r-9*
+o.4 +2.0*r' + 10.0**
+2.6.+ + r.6',1 +3.0*:
-3.1'* -0.3 + r.4
+?.7*' +3.7** +11.5**
ll4,l*, -2.1 -0.9
- l.l 0.0 +3.7*
+6.3' -r.4 +2-8

+0.98r
+1.07
+0.655
lo.725
+0.64r
+0.712
+0.?31
+0.029
+1.41
+1.34
+ r.84

-6.6*. +0.8 -0.00.0 +0.6 +0.2o.0 -0.7 -0.7_3.8r* -3.9*t -3.4r.
- 1.3 -0.6 -0.2+r.0 +0.r - 1.4
_7.3*. _l-9 -4.0*_9.r** _5.6* +0.7
-1.8 -0.6 -2.5+0.6 -2.6 -2.2

+ r.?o
+ 1.85
+ r.r3
+r.25
+l.ll
+1.23
+1.21
+r.6r
+2.14

+3.r8

FINE SANDS
12 Bardney I
r3 Batdtrey II (a)
la BriSg I (a)
r5 Brigg II
16 Bury II
rZ Cupar I
18 Ip$richl (a) ..
l9 Kidderminster
20 Poppleton

26.5

41.5
31.3
17.6
36.0
16.7

17.6

21.0

+2.9 +0.3 +3.8

+1.4 +2.r +3.3*
+4.?* +3.0 -r.1+2.O +2.5 +2.2

+r2.3** +0.2 +3.3
- l.l +t.gt +3-6*'
-0.6 +r.8 -1.8+o.2 0.0 +5.3**
-3.0 +2.6 +0.3
+9.4'* +2.7 +1.8

+1.13
+1.?1
+ 1.78
+ r.03
L0.792
+1.8r
+1.67
+r.73
+1.86

- 3.1 - 1.5 - 1.5

-0.4 +0.2 +r.?
-1.4 -6.2 + r.8
-6.1 +4.0 +4.2
+1.0 -0.1 -2.s
-0.4 +0.2 -0.7_a.7* +1.1 _l.t
-1.4 +1.6 +6.7
+r.4 -5.4 -2.1+r.0 -2.1 +2.6

+r.96
+2.96
+3.08
+3.35

+3.14
+2.90
+3.00
+3.2r

LIGHT LOAMS
2l Bury I (a)
22 Cupar II
23 Ipswich II (a) . .

24 Oaklaadsll ..
26 Spalding l (a) ..

31.1

16.1
29.0
20.6
11.0
13.6

+2.t +2.0 + t.E

+l.t' +1.7* +2.7..*6.rr* 0.0 +2.1+1.4 +r.0 +0.6
-l.l -0.6 +0.4+0.3 +2.0' +4.1*'

+0.668
+ 1.45
+0.820
*0.642
+0.834

- 1.6 - 0.3 +1.1

+2.?. -1.6 -0.t
-r.0 +4.6 +3.2
-L.2 -1.0 +r.6
-1.2 -0.6 -0.t
-1.0 -1.0 +r.0

+1.15
+2.5r
+r.42
+0.939
+ 1.45

HEAVY LOA}I
26 Peterboro' I (a)

CLAY LOAII{S
27 Felstead
28 Oaklands I
20 S€lby II (a)

1E.1

30.8

27.1

+ 1.5 +0.8 +2.0

+2.6* + 6.2** +0.9

+0.4 +r.2 + 2.r*
+0.4 +r.6 +10,8**+0.6 - 1.3 0.0

+t.12

+0.sr5
+1.66
+1.31

-0.5 - 0.1 + 0.E

-o.4 -3.3 -0.3

-6.3'* -0.5 +0.8
-3.3 +3.3 -2.4
-2.1 +0.8 +3.0

+ r.94

+1.58
+2.86
+2.28

Mcart

FENS
30 Ely
3l Peterbcro'II ..
32 Wissingtoo II (a)

25.4

15.9

13.1

+0.5 +0.5 +1.3

_3.0 _7.0* +6.8**
-6.2' +1.7 +5.3'
+ 1.7 +7.0*r -1.3

+2.08
+2.12
+ r.32

-3.9 +1.2 +0.8

-5.0
-o.2+r.2

+3.0
+2.2
- 1.2

+4.0
-2-l
-0.8

+ 3.60
+4.r9

M.an .. | 27.2 -2.2 +0.9 +3.6 + 0.1 - 1.3 +0.3

LIoan .. 26.7 + 1.9 + 1.1 +2.9 - 1.9 -0.7 0.0
(a) -adiusted lor Platrt Number.
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Station
Maan
licld

183

LiDear Req)onse
(response to the double

d.essing)

NPK

Curvatore
(eicess oI extra respoosc
to s€cond dressiDg over re.
sponse to {iEt dressiDR)

NPK
ROOTS (washed) r toos per acre

COARSE SANDS
I Allscott I .. ..
2 Alscott U
3 Cantley I -. ..
4 Cantley II
5 Colwick .. ..
6 King's L)'nn I
7 King's L]'nn IL . . .

8 Newark I .. ..
I Selby I

l0 Wissingtoo I
ll wissitrgton III .. ..

11.30
4.15
6.00
6.31
5.00
5.95
8.07
9.23

12.75
E.19

+0.62 -0.11 +0.52
-0.06 +0.7r +0.70
+0.66 +0.r4 +r-19
+0.87 -0.r3 +o.47
+0.20 +0.65 +2.80
+ r.03 +0.4r +0.82
-o.79 -0.02 +0.06+2.$ + r.06 +3.03
+4.14 -0.52 -0.23
-0.32 +0.13 +0.6r
+r.56 +0.25 +0.4r

-2.12 -0.13 -0.66
-t.73 +0.94 -0.08
-0.49 -0.28 -0.15+0.07 -0.23 -0.rr- l.l7 - t.06 - 1.08

-0.43 -0.08 -0.t6+0.40 +0.44 +0.O9
- I.74 -0.59 -0.88
- 9.72 - r.59 +0.42
-0.22 -0.32 -0.83+0.27 -0.?5 - t.14

Mean

FINE SANDS
12 Badney I
l9 Bardney II
14 Bri8t I
16 BriSgII .. ..
16 Bury II .. ..
l7 Crparl .. ..
l8 lFwich I .- ..
l9 Kiddermimter .. ..
20 Poppleton

8.13

13.11
9.23

11.24
10-57
5.06
8.18
6.08

11.07
6.59

+0.92 +0.21 +0.91

+0.7r +0.63 +0.68
+2.O5 +O.t5 -0.77+0.90 +0-8,1 +0.63
+3.70 +0.16 +o.53
-0.33 +0.45 +0-80
+0.27 +0.43 -0.32
-0.03 -0.0r +r.45
-0.96 +0.55 +0.12
+2.65 +0.78 +0.52

-0.90 -0.10 -0.11

-0.09 -0.15 +0.64
-1.01 -1.63 +0-27
-2.18 +r-75 +O.80
+0.64 +0.16 -0.64+0.04 +o.ro -0.25- t.64 -O,10 -0.28
- r.62 -0.30 +0.77
+0.32 -r.88 -r.00+0.46 -0.49 +0.67

LIGHT LOAMS
22 CuparU .. ..
Cl Ipswich II
24 Oaklards II
26 Spalding I

419

E.59
6.7I
3.8 5
1.07

+ 1.00 +0.11 +0.10

+1.38 +0.03 +0.!r8
+0.82 +0.36 +0.O3
-0.19 -0.20 +o.os
+0.10 +0.66 +0.9o

- 0.51 -0.28 +0.09

-0.04 +r.39 +0.t1
-0.2r -o.84 +0.69
-0.s2 -0_21 -0.34
-0.09 -0.57 +0.0r

Mcan

HEAVY LOAM
20 Peterboro' I
CLAY LOAtrl{S
27 Felstead -. ..
28 OaklaDds I
29 SelbyII .. ..

7.60
7.15
8.91

5.82

9.07

+0.51 + 0.21 +0.38

+1.28 +1.66 -0.03

+0.67 +0.{,1 +0.56
+0.rl,l +0.62 +3.or
+0.?3 -0.39 -0.02

-0.62 -0.06 +0.62

+0.98 -t.34 -0.06

- r.62 -0.38 +0.01
-t.oi +t.r8 -0.58
-t.13 +0.14 +r.38

FENS
30 Ely
3l Peterboro' II
32 Wissingtotr II

6.00

11.62
6.26
5.20

+0.58 +0.22 + 1.18

-0.63 -1.48 +1.71
-1.20 +0.46 +r.31
+r.21 +3.r(} -0.02

- 1.21 +0.31 +0.2f

+1.67 -r.16 +r.00
-0.67 -0.26 +0.63
-r.62 +O.r9 -0.26

8.69 -0.19 + 0.79 + 1.00 - 0.21 -0.11 +0.79

8.2 8 +0.74 +0.39 +0.71 - 0.67 -0.28 + 0.0s
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LiEear Respons€
(respons€ to the double

dressing)

NPK

TOPS: toos p€r acre

Curvature
(excess oI extra respome
to secoEd dressing over
rEspoDse to lirst dressiDg)

NPK

st.
errot

Station
Mean
yiekl

COARSE SANDS
I Allscott I
2 Allscott II
3 Candey I
4 Caotley II
5 Col*ick
6 KiDg's LJmn I
7 King's Lytrn II
8 Newark I
I S€lby I
0 Wis.siagtotr I
I Wissington III

12.01
12.10
6.95
6.19

1 1.18
6.70
5.5 4
9.11
E.77

11.16

+2.68'r.-0.35 -0.94+2.15* +0.99 -0.60+3.r9** +0.36 -0.'l
+3.31** +0.r4 -0.49.
+4.09** -0.85 +4.o4'
-L3.40*'! +0.69 _O.80.
+ 1.40+* -0.19 -o.o{+5.0o** + 1.09**+2.14*
+ 6.7r** _0.83 +O.20
+2.99* +0.04 -0.79+2.3r.* -0.03 -0.71

+0.919
+0.882
+0.326
+o.224
+0.759
+0.326
+0.316
+0.320
+0.547
+I.09
+o.467

+0.28 - t.15 -0.2r
- r.48 +0.60 +0.68
+0.0r +0.26 -0.44+0.57 +0.13 +0.06
-2.66 +0.62 - r.75
+0.56 -0.36 -0.r0+0.57 +0.77 -0.07---0.48 +0.20 - 1.48'
-1.04 - r.75 +0.50
+t.35 -0.76 -0.95+0.02 -0.08 -0.66

+ 1.59
11.53
+0.566
+0.387
+ l.3l
+0.565
+o.5{7
+0.554
+0.947
+ r.89
+0.808

FINE SANDS
12 Bardney I
l3 BardDey II
l4 Biigg I
l5 Bngg II
16 BUryII
l? Cupar I
l0 Xidderminster
20 Poppletoa

8.87

11.60
10.15

E.tt
5.29

10.14
12.87
5.29

+3.38 +0.10 + 0.17

+3.9S** _0.76 +0.10
+6.50*+ -O.16 -0.25+3.89+* +O.72 +0.68
+3.46*r +O,oS +0.96
+0.36 +O.41 +0.28
+3.r5'* _0-?4 +0.39
+ r.52 -0.82 -2.2r,r.+3.r5** +0.06 -0.r6

a0.641
+0.599
+0.646
+0.6r3
+0.218
+0.910
+0.773
!0.424

-0.21 -0.11 -0.10

+ 1.98 +O.95 +O.18
+ 1.78 -0.49 +0.76
-1.36 +1.66 -0.26
-0.05 -0.23 -0.32
-0.28 -0.02 +0.01
+0.62 +0.83 +r.65
-1.89 -3.47+ -2.12+o.75 +t.12 +o.72

+r.lr
+ l.o4
+ r.12
+ r.06
+0.377
+ r.58
+ 1.34
+0.734

Mcor . .

.HT LOAMS
Cupar II
Oaktratrds II
Spaldiog I

10.11

8.23
5.51
1.32

+3.25 -0.15 0.00

+r.57 +0.58 +0.72
+0-83** -0.26 +0.32
+r.27,t* +o.2t +0.r2

10.929
+0,196
:!0-197

+0.19 +0.01 +0.04

-l.El -r.08 +0.?4
-0.68 -0.22 -l-06.r
-0.69 -0.21 -0.27

+r.6r
+0.3{0
+0.341

Mcdn . .

LY LOAMS
Felstead
Oaklatrds I
Setby II

6.03

f .01
8.5 5

12.91

+1.22 +0.lf + 0.39

+2.03* +0.5? -0.30+3.3r** +1.08 +t.r2
+2.02 -0.02 +0.04

+0-693
+0.580
+t.t6

- 1.06 -0.50 -0.20

-r.13 -r.60 -0.20
-2.01 +r.66 -0.18+0.30 +0.r2 +1.02

+ r.20
+ r.00
+2.0r

Mcan . -

Elv
Peterbolo' II . .
WissiDgtoo II . .

9.50

20.71
10.86
11.47

+2.15 +0.51 +0.21

+0.52 +0.09 -0.63
-0.23 +0.66 -0.08+2.34* +6.r7'r +0.67

+0.556
+ 0.546
1l_0r

-0.95 +0.06 +0.18

+1.28 +r.64 -0.(x
-0.90 -r.25 +0.27
-2.27 +r.20 +O.08

+0.963
+0.946
+t.75

Mean . . 11.3 5 +0.8E +2.31 -0.05 -0.63 +0.53 +0.10

9.57 +2.75 +0.32 + 0.12 -0.31 -0.03 -0.13

FINE

LIGHT
22 Cup
24 Oal
95 SDa

CLA
21 )

28(
9S:

FENS
30 El
3l Pr
32W

st.
error
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l8s

Liacar Rerpon*
(rEspotrsc to the double

diessing)

NPT

Curvatue
(excess of extra ,eE)oose
to secoDd dressiDg over

resDoDse to first dressiDg)
i{PK

st.
ettor

st.

Station

COARSE SANDS

FINE
f2 Bt
fg Br
14 Br
15 Br

LIGHT
22 Cup
23 Ipsr
24 Oalr
25 SDa

HEA
26 I
CLA'
27 1
28C
29S

FENS
s0 El
3l Pe
32W

SUGAR PERCENTAGE

I Allscott I
2 Allscott II
3 Cartley I
4 Catrtley II
5 Colwick
I Kiog's Lytrtr I ..
7 Kiag's L]'nn II
8 Newark I ..
I Selby L,
0 Wissington I ..
I Wissin8ton IIL .

16.97
16.51
i4.54
15.52
16.21
15.61
15.48
17.16
16.28
16.55
16.18

-o.2s -o.17 +o.27
+0.31 +0.0? +0.60t
-0.63*r +0.r1 +0.78*
-0.41*' -0.04 +0.40r
-0.251 -0.04 +0.75*
_0.77r, +0.29 +0.44*
_ l.sb*r _0.42 +0.06
-0.26 -0.r0 +0.63'
+0.37 -0.3? -0.07_0.35r +0.02 +0.45*
_0.6si. -0.22 +0.77*

+0.r87
+01r8
+0.173
+0.r34
*0.086
+0. r53
+0.205
+0.203
+0.255
+0.r56
+0.130

-0.29 -0.47 -0.r7
-0.41 +0.01 -0.14
-0.r4 +0.02 -0.31
-0.08 -0.04 -o.31
-0.0r -0.34' -0.07+o.og -0.33 +o r8
+0.21 -0.48 +0.r8
-0.79' +0.02 -0.73
-0.17 -0.23 -0.41
-0.37 +0.14 +0.5$
+0.13 -0.14 -0.23

+0.323
+0.377
+0.30o
+0.242
+0.140
+0.265
+0.355
+0.351
t0.443
+0.270
+o.241

IINE SANDS
2 BatdDey I
3 BardEey II
4 Brigg I ..
5 Brigg II
6 Bury II
7 Cupar I
8 lpswich I ..
I Kidderminster
0 Poppletotr

16.12

16.65
16.99
16.72
17.03
16.50
16.17
14.45
16.84
18.29

- 0.39 -0.08 +0.16

_0.39*i +0.03 +0.35*i
-0.18 +0.22 +0.01
-0.22 O.0O +O.14
-0.14 -0.13 +0.7o**

o.oo +0.49 +0.93*'_0.78* +0 23 -0.53
-0.?9r,* -0.40* +0.81*.
+o.os +0.30 -0.02
-o.27 -O.19 -0.07

+0.r02
+0.180
a0.l?5
+0.r37
+0.279
+0.273
+ 0.115
+0.34r
a0.154

-0.17 -0.17 -0.13

-0.rr +0.26 -0.rr+0.3E +0,88* +0.05
-0.70' -0.40 -0.16
-0.14 -o.29 -0.08
-0.40 -0.25 +0.05
- r.02' +0.s3 -o.210.00 +0-12 +0.r5
+0.21 +0.36 +0.54
+0.10 -0.29 +0.25

+0. r77
+0.3r2
+0.303
+0.237
+0.483
l:0.174
+0.251
t 0.690
+0.267

.HT LOAIIS
Cupar II
Ipswicb II
oaklands II
Spalding I

16.63

16.90
15.24
11.30
16.73

-0.29 +0.06 +0.26

+0.31 -0.08 +0.26
_0.4d'* +0.06 +0.07
_0.Zgr +0.r8 +0.14
_o.80r. _0.36 +0.?4.r

+0.181
+0.r5r
+0.257
+0.1t0

-0.18 +0.12 + 0.05

+0.16 -0.19 +0.24
+0.u -0.(x -0.37+0.33 +0.03 +0.36
-0.13 +0.32 +0.56

+0.314
+0.262
+0.4{5
+0.295

Maai . .

A.\rY LOAI!f
Petarboro' I ..

iY LOAM
Felstead
Oeklaods I
S€tby II

15.79

16-97

15.91
16.72
15.18

-0.11 - 0.05 +0.30

_0.?4.. +0.66r., +o.

_0.06'. _0.14 +0.22
_0.791. _0.31. +O-5li
-0.32 -0.r8 +0.07

+0.156

+0.r85
+0.r r2
+0.210

+0.13 +0.05 +0.20

-0.20 -0.29 -0.26

-0.08 +0.46 +0.46
+0.r9 -0.29 -0.41+0.2E +0.02 +0.41

*0.270

+0.32t
+0.r91
+0.363

Mcon . .

0 Ely
I Peterboro' II ..
2 WissingtoD II . .

15.94

15.6/
17.80
12.81

-0.69 -0.21 +0.27

-0.0? -0.28 +0.14
_0.52.* _0.02 +0.40.r
-0.18 +0.34 +0.18

+0.r6r
+0.r29
+0.268

-0.06 +0.06 +0.15

-0.13 +0.o3 -0.r0+0.12 +0-54r -0.r80.00 +0.54 -0.48

+0.27s
+0.223
+0.46J

Medn . - 15.43 -0.26 + 0.01 +0.21 0.00 +0.37 -0.25
6.1 - 0.10 -0.0E + 0.33 -0.11 + 0.01 - 0.09
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r€AoDse to Iirst dressiag)
NPK

PLANT NUMBER I thousands per a.re

l0
ll

FINE
12B
l3&
14 Br
16B
16 Br
l? cr
r8 I!
t0K
20 P(

LIGI{T
22 Cup
23 Ipsr
24 Oak
25 SDal

FENS
30 El
3l Pc
32W

HEA
26r
CLA'I
27tr
28C
29S

COARSI' S.\\DS
I Auscott I ..
2 Allscott II
3 Caodey I
4 CaDtley II
5 Col*'ick
6 KiDt's Lynn I ..
7 Kiog's L]'nn II
8 Ne*'ark I
0 Selby I ..
0 Wissingtoo I ..
I Wissin8tao II . .

26.8
25.f
26.1
11.1
2 5.0
29.3
26.6
25.6
30.7
21.2
36.8

-0.5 +0.3 +0.6
+1.0 +r.r -0.4-0.2 + r.6 +2.0
+0.3 -0.r +r.2
-l'3 -0 8 +2'x''0.0 0.0 -0.6-r.2 -0.3 -1.3+o.l +0.5 *2.t**
-0.9 +0.7 +0.3
-0.9 +0.? -0.6-0.8 +r.1 -0.2

+o.716
+0.952
+ r.23
+ r.l7
+0.886
+0.981
t0.9r5
:|0.{15
+0.764
+ r.04
+0.768

-t.2 +r.2 -0.2
- 1.0 -0.3 -2.1
-2.8 -2.5 -1.3+0.1 -2.0 -o.50.0 +2.0 -2.1+0.E -r.0 +0.9
-0.5 +r.0 +2.5
+0.6 -o.5 -1.?*
-0.3 +0.4 +r.00.0 -0.1 +r.4
+0.3 0.0 -1.2

+1.29
+ 1.65
12.12
+2.03
+ 1.54
+ r.70
+ 1.58
+0.7r9
+ 1.32
* r.80
+ r.33

l.tcatr , -

INE SANDS
2 Badney I
3 Bardney II
4 Bdt8l..
6 Britg II
6 Bury II
? Cupar I
8 Ipswich I
0 Kidderminster
0 Poppletd

28.9

29.t
29.9
25.2
25.5
17.1
19.f

26.6

-0.1 +0.1 +0.5

-r.4* +0.3 -0.8+I.4 - 1.0 -0.E+0.2 -0.1 +o2
+0.8 +0.r - 1.9

-r.3 -0.2 + 1.3
+1.7* -0.3 -0.5
- l.l -0.3 0.0

-1.6 +0.2 -0.4+0.6 +0.3 +0.6

+0.599
+0.948
+0.792
a0.9r5
-0.840
+0.726
+ 1.03
+0.882
+0.808

-0.1 -0.2 -0.2

+0.4 -2.0 +r.3
-r.0 +r.3 -0.8-2.0 -0.r - l.l
+ 1.3 +o.9 +0.8_3.2. +2.8 _0.8
-0.6 -t.l +r.6
-0.1 -4.6* -2.E0.0 -l.r -1.0+2.4 +0.9 +0.7

+ 1.04
+ r.64
- 1.37
+ 1.58
* 1.47
+1.28
+r.78
+r.63
+1.40

Mcdn . .

;1IT LOA]dS
Cupa! II
Ipswicb II
OaklaDds II -.
Spalding

21.6

29.8
2E.6
21.5
25.1

-0.1 -0.2 -0.3

+1.4 -0.1 +2.1
+0.7 +0.a -0.6+0.7 +0.4 -0.r
-0.4 +0.1 -0.3

+r.16
+0.797
+0.688
+0.872

-0.1 -0.3 -0.3

+ r.2 -2.O +0.4
+ l.l -0.9 +o.2
-1.8 +l.r -L2- l.t -0.5 +2.2

+2.0r
+1.38
+ l.l9
+r.5r

M.an . ,

AVY I-OA.\[
Pcterboro' I ..

rY LOAMS
Felstead
Oa.kl,aads I
Selby II

2?.0

1t.1
17.2
20.9

+0.6 +0.2 + 0.1

+0.4 0.0 -0.6

+r.r +o.3 + r.2
-08 -05 *20*+r.? -0.3 +0.1

+0.970

+ l.1l
+0.999
+ r.2l

-0.2 - 0.6 + 0.4

+3.3 -l-6 -0.3

+ 1.3 +0.6 +0.4
-0.3 +r.6 -3.4- 1.3 -0.4 + 1.2

+r.60

+1.93
+1.73
+2.r0

Mcar . .

0 Ely
I Peterboro' II ..
2 Wissintton II

32.1
30.0
20.9

18.8 +0.7 -0.2 + 1.3

-0.4 -0.6 +0.4
-5.6. +0.2 +5.0'
+0.8 +0.9 +1.0

+0.606
+2.03
+0.589

-0.1 +0.6 - 0.6

-o.2 -0.5 -1.0+0.e -5.9 +t-2
-2.3't -0.1 +2.1

+ t.06
+3.51
+ r.09

Mcan . . 27.8 - 1-7 +0.2 +2.1 - 0.7 -2.2 +0.8

26.1 - 0.2 +0.1 + 0.1 -0,3 - 0.4 - 0.1
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Linear Response
(reE)otrse to the double

dressing)

Cuwatune
(excess o{ extra respoDse
to smoad drcssi[g over
response to fitst dressi[g)
NPK

st. st.
Statlon

COARSE SANDS
PERCENTAGE PURITY

5 Colwick
6 King's Lynn I . .
7 Kng's L]'nn II. .

8 Newark I
9 Selby I ..
0 Wissingtotr I ..
r Wissington IIL .

86.6
89.9
89.1
90.3
86.8
89.6
89.8

-0-7 -0.5 +o.3
- 1.r +0.4 +0.3
-r.3* -0.4 - t.7++
+0.2 -0.2 -0.1+1.0 -9.5** + r.2
+0.2 -o.4 +0.3
-0.3 -0-l -0.2

+0.32S
+0.5?0
+0.465
+0.481
+0.8r r
+0.324
+0.297

-0.4 +0.8 -0.6
-0.7 -0.3 +0.2
+0.4 -0.3 +0.2
-0.1 -o.2 -0.5
-0.8 -2.5 -1.2+0.4 +0.6 -o.7
-0.5 -o.l -0.9

+0.570
+0.988
+0.805
+0.833
+ 1.40
+0.562
+0.5r3

.E 
SANDS

Bardney I
Brigg I . .
Brigg II
Bury II
Cupar I. .

Poppleton

8S.9

87.3
90.2
90.1
8 5.5
87.1
90.6

-0.3 -0.5 0.0

-0.2 -0.8 -0.3
-o.2 +0.2 -0.r+0.2 -0.3 +0.4
+2.0 -r.4 +r.10.0 -0.2 0.0

0.0 -0.1 0-0

+0.476
+0.314
+0.365
- 1.90
+0.159
+0.r40

- 0.2 - 0.3 -0.5

-1.6 -1.0 +1.4
-0.3 +0.4 * 1.r*

0.0 +0.1 0.0

-0.9 - 1.5 -5.3+0.0 +0.1 0.0
+0.61 +0.2 -0.3

+0.825
+0.545
+0.633
*2.08
lo.27 5
+0.243

,HT LOAMS
Cupar II
AVY LOAM
Peterboro' I
IY LOAfIS
Felstead
Selby II

88.5

88.2

82.9

86.8
87-2

+0.3 -0.1 +0.2

+0.2 +0.3 0.0

-r.4 +0.7 *3.0**

-0.2 +0.1 +0.4*
-0.6 -0.4 +0.3

+0.4r2

+0.867

+0.r6s
+0,448

-0.4 -0.3 -0.5

-o.2 -0.5 +1.0

0.0 -0.8 +0.8

-0.4 -0.1 +0.4
+0.2 +0.5 +0.8

+0.7r4

+r.50

+0.293
+o.778

Meen . .

0 Ely
I Peterboro' lI
2 Wissingtotr II

85.6

88.5
E0.7
83.2

-0.4 -0.2 + 0.4

0.5 -0.1 -0.1
-0.9 +0.3 +1.2
-0.1 +0.6 0.1

+0.504
+0.773
+0.379

- 0.1 +0.2 +0.6

-0,2 -0.4 -0.1+0.6 +0.9 -0.5+0.5 -o.4 +0.3

+0.873
+1.34
+0.656

Mcat . . 8 4.1 -0.5 + 0.3 +0.2 +0.3 0.0 -0.1
87 -0.2 -0.2 +0.3 -o.2 -0.2 - 0.2

10
II

FINE
12 B1
14 Br
15 Br
16 Br
17 Cr
20 P(

LlGHT
22 Cnp

HEA
26P
CLAI
21 |
29S

FENS
30 El
3l P€
32 w

Mea* . .

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-1-86 pp 189

188

Interactions

Station

InteractioD of linear
lesponses (oEe half of
the extla response to
one Iertilizer through the
additioD of a second)
NXP NxK PXK

st.

Interaction oI lioea!
rcsponses (one hall o{
the extra respotrse to
oae {ertilizer tlrougb the
addition oI a secoad)
NxP Nx( PxK

COARSE SANDS
r A scott I (a) ..
2 Allscott II
3 Canttey I (a)
4 Catrtley II
5 Colwick .. ..
6 King's Lynn I ..
7 King's Lytrn II (a)
8 Newark I
I Selby I .. ..

l0 $'issington I (a)
ll Wissington III (a)

TOTAL SUGAR :

c*t. per acrc

- 1.5 +0.r -0.9
-0.r -0.1 -6.2**
+ r.7 +2.r 0.0
+ r.6 +0.6 +0.2
_ 1.0 + r.8* _0.3

-1.0 +2.-1+ +0.9
-0.8 -0.7 -2.1*1.9 + r.3 +3.3*
-0.1 +r.5 0.0
+2.2 +2.3 -0.4
-4.7 ,1.3 -3.4

+1-20
+r.3r
+0.802
+0.884
+0.785
+0.872
+0.895
+1.14
+r.?3
+r.64

ROOTS
(washed) : tom per acre

-0.48 -0.33 -0.41
-0.20 -0.38 -1.76+0.20 +o.50 -0.25+0.56 +O.08 -O.02
-0.36 +0.65 -0.r0
-0.28 +0.79 +0.29
+o.29 -O.23 -0.22
-0.56 +0.37 +0.80
+0.15 +0.38 -0.0,+0.39 +0.69 -0-48
-0.78 +0.36 -0.36

Mean

FINE SANDS
12 Rardne-v I
13 Bardney II (a)
14 Brisg I G4
15 Brigg II
16 BUry II .. .,
l7 Cupar I .. ..
l8 lpswich I (a) ..
l9 Kidderminster .. . -

20 Poppleton

-0.5 +0.9 -0.8

0.3 +1.5 + r.8
+3.6 -0.9 +3.9
-0.8 +2.3 +0.r
+0.8 -7.4 -t.t+0.4 +0.1 -0.8+0.5 +0.3 0.6
+4.3 - 1.4 +2.1
-3.? +7.4+* +3.8
+2.4 -2.3 - 1.0

+r-s9
+2.0s
+2. r8
+2.37
+0.970

+2.05
+2.12

-0.10 +0.26 -0.23

-0.34 +0.58 +0.64
+ 1.91 -0.53 +0.4r
-0.51 +0.70 -0.17+0.r9 -0-56 -0.29+0.21 +0.15 -0.15+o.24 -O.12 -O.2t+0.94 -0.$ +r.23
-0.s7 +2.01 +1.r4
+0.63 -0.67 -0-22

M?at1

LIGHT LO,{\IS
2r Bur) I (d)
22 Cupar II
23 Ipswich II (a) ..
24 Oaktatrds 11
25 Spalding 1 (.r) ..

+ 0.8 +0.6 +0.9

-0.8 0.5 1.0

-0.8 -0.8 +0.s
+0.6 + l-0 +2.2*
+0.5 -0.5 +1.4l.l +0.7 + r.3

+0-8r8
+1.78
+r.00
+0.664
+ r.02

+0.26 +0.14 +0.26

-0.20 -0.19 +0.29
+0.15 +0.39 + l.1l
+0.10 0.12 +0.45
-0.31 +0.15 +0.39

HE,\VY LOA]I
26 Peterboro' 1 (a) ..

CLAY LO.\]IS
27 Felstead .. ..
28 Oaklands I ..
29 Selby I (rI)

-0.3 0.0 + 1.0

+3.6* +0.4 +0.6

-0.3 0.8 -o.3
-0.9 +2.8 +r.4
+0.8 -0.5 + 1.3

+ r.37

+ r.12
x2.02
+ r.60

-0.06 + 0.06 +0.56

+0.95 +0.51 -o.25

0.ll 0.22 -0.08
-0.13 +0.93 +0.40
+0.21 -0.26 + r.28

Meat

FENS
30 Ely {") .. ..
3l Peterbom' II
32 Wissinston II (a)

-0.1 +0.5 + 0.8

+2.2 -4.3 +1.6
-1.7 -2.9 +0.r
-2.4 - r.3 -0.r

):2.55
+2.96
+ 1.62

- 0.01 +0.1s +0.53

+1.00 -o.38 +0.62
-1.r5 -0.68 +0.02
- I 86 -O.sq -0.49

- 1.8 - 2.8 +0.5 - 0.60 -0.65 +0.05

-0.1 +0.3 +0.3 0.00 +0.11 +0.11
(a) Total sugar adjusted ror plant aumber.
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COARSE SANDS
I Allscott I
2 Allscott II
3 Catrtley I
4 Cantley II
6 Colwick
6 KiDg's LJmn I
? Kitrg's LyDn II
8 Neu,ark I
I Selby I

l0 Wissington I..
ll Wiisilrgtotr III

Mcan . .

FINE SANDS
l2 Bardney I
l3 Bardney II ..
14 BrigS I
15 BriSg II
16 Bury II
l7 Cupar I
18 Ipswich I
lg KiddenuiDster
20 Poppleton

Station

Irtqaatiotr of ' liaesr
!€sPonses (oae hau of
the exka response to
ooe Iertili"r€r through tbe
additioD of a secotrd)
NxP NxK Pxtr

TOPS i toDs per acre

+0.37 +O.38 +1.77
-0.34 +0-60 +0.50
+0.59 -0.19 -0.35+0.73* -0.60+ -o.14
-t.12 +O.82 + 1.07
+0.70 -0.23 -0.45+0.83* -0.r5 +0.30
+0.17 +0.81 +0.40
+0.37 +O.20 -0.86
- r.4l +1-23 -0.12
-0.21 -0.10 -0.35
+0.01 +0.25 +0.11

-0.5t +0.39 + 1.46
+ r.47 -0.68 +0.61
+0.32 +0-46 -0.05
-0.21 -0-25 +0.t5
+0.32 +0.16 +0.04
+2.52* +r.57 + r.03

- l.l8 +3.51** +0.47
+0.58 -0.78 +0. 13

st.

+1.13
+ r.08
+0.399
+0.274
*0.93O
+0.40o
+0.387
+0.391
+0.670
+r.34
+0.572

+0.785
+0.733
+0.79r
+0.751
+0.267
+l.ll
+0-947
+0.5r9

Iatlta.tio[ of lioeer
r€qroas.s (oDe hall oI
the extra rEspo$e t!
one lertilizer ttrrough tle
additioa o{ a secoad)
NxP NxK PxK

SUGAR PERCENTAGE

+0.04 +0.96 -0.18+0.26 +0.51 -o.22+0.42 +0.35 -0.r2
-0.05 +0.27 +o.22
+0.11 -0.22 -0.10
-0.r8 -0.09 +0.02
-0.28 -0.45 -0.03+0.08 +0.04 +0.39
-0.22 +0.09 +0.t2
+0.r0 -0.03 +0.30
-0.30 -0.r4 -0.46.

0.00 +0.05 - 0.01

+0.30' -0.r5 -0.15+0.04 +0.r8 +0.06
-0.36 +0.20 +0.16
+0.r2 +0.14 -0.02
-o.28 -0.38 -0-34
-0.06 +o.39 +0.08
-0.12 -o.08 +0.06
-0.r8 +0.20 -0.06+0.10 +0.16 -0.r2

st.

+0.299
+0.267
+o.2r2
+0. r64
+0.r06
+0.r88
+0.25r
+0.248
+0.3r3
+0.r9r
+0.170

+0.r25
+o.221
+0.211
+0.r67
+0.34r
+0.336
+o.177
+0.417
+0.189

LIGHT LOAMS
22 Cupar II
23 Ipswich II
24 Oaklands 1I
25 Spalding I

+ 0.41 +0.55 +0.48

+0.61 +o.77 +0.63

+0.03 -0.36 +0.26
-0.37 +0.16 +0.36

+ l.14

+0.240
+0.24r

-0.01 +0.0f -0.04

-0.02 -0.r2 -0.04+0.r4 +0.r5 -0.03+0.27 -0.21 +0.16
-0.60r, -0.14 +0.38

+0.222
+0.185
+0.3r5
+0.208

Meart

HEAVY LOAM
26 Peterboro' I ..

CLAY LOAMS
27 Felstead
28 Oaklatrds I ..
29 Selby II

+0.09 +0.19 + 0.11

+0.27 -0.43 +0.60
+0.02 +r.32 -0.14+0.08 +0.90 +0.39

+ 0.849
+0.7r0
+ r.42

-0.03 -0.0E +0.12

+0.42* +0.06 -0.t6

+0.t2 -0.03 -0.09
-0.30. -0.08 +0.08
+0.10 +0.03 -0.44

+0. r9r

+o.227
+0-137
+0.267

Maan . .

FENS
30 Ely
3l Peterboro' II --
32 Wissingtotr II. .

+0.12 +0.60 +0.28

+0.02 +0_35 -0.36+0.76 +0-88 +0.66
-3.29. -2.57 -1.27

+0.681
+0.669
+ 1.94

-0.03 -0.03 -0.16

-0.02 -0.05 +0.03
-0.44. -0.28 -0.10
-0.32 -O.21 -0.21

+0.197
+0.158
+0.328

Mcat . . -0.84 -0.45 -0.36 -0.26 -0.18 -0.09

Mcar + 0.05 +0.29 +0.22 -0.03 +0.01
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oI linear

Station

IDteractiotr ot linear
req)otrs€s (ooe half of
the extra respoose to
otre fertilizer tbrough the
additioE o{ a second)
NxP NxK PxK

st.

fnteractio! oI lineal
req)omes (oEe hau ot
tbe extra respolxre to
one fertilizer through the
addition of a second)
NxP NxK PxK

st.

COI,RSE SANDS
I Alscott I
2 Allscott II
3 Cartley I
4 Caotley U
6 C.olwick
6 Kitrg's Ll'!n I
7 Kitrg's LFn II
8 Newark I
0 Selby I

l0 WissiDgtoB I ..
I I Wissin8totr III

PLANT NUMBER :
thousaods per aare

+0.r -0.6 - 1.0

-2.2 -0-7 - 1.8

-1.6 -0.7 - 1.4
+0.5 -2.O +0.2
+0.3 -0.4 +r.3
-t.7 -0.4 +l.l
+r.6 -0.6 +1.8
-0.1 -0.7 -0.1
-0.3 0.0 +0.6
-0.8 -0.2 -0.5+r.r +r.4 +1.r

+0.9r2
+1.17
+1.5O
+1-44
+ r.09
+ 1.20
+ l.t2
+0.508
*0.935
11.28
+0.94r

PERCENTAGE PURITY

0.0 +0.5 +0.4
-0.? +0.4 +0.5
-o.2 - 1.3* -0.7
-0.8 -0.2 -0.6
-r.2 + r.0 -0.3+0.2 -0.8 +0.4
-0.1 -0.3 -0.8'

+0.403
+0.600
+0.569
+0.589
+0.s93
+0.397
+0.363

Mcar . -

FINE SANDS
12 Bardoey I
13 Bardney II ..
14 Brigg I
16 Brigg II
l0 Bury II
17 Cupar I
l8 Ipswich I
l9 Kidde.minster
20 Poppletoa

-0.3 -0.1 +0.1

-0.8 +0.8 +0.6+2.2 -0.1 -1.?-1.1 +0.3 -0.t-0.8 +0.5 - t.3
+r.2 -0.0 -0.1-0.2 0.0 -0.3
- 1.5 +0.2 +r.3
-1.6 +r.4 +1.80.0 +0.4 +0.r

+0.?33
+ l-16
+0.970
+ l.12
+1.04
+0.889
+ r.26
+ 1.08
+0.98?

-0.1 - 0.1 -0.2

-0.2 +0.r -1.1
0.0 -0.1 +0.4

+0.1 +0.2 -o.2+0.{ +0.3 +3.4*+0ryT
-o.t -0.2 -0.1

+0583

+0.385
+0.417
11.47
+0.r05

+0.r72

LIGHT LOA.MS
22 Cupar II
23 Ipswich II
24 Oaklands II ..
26 Spalding I

-0.3 +0.3 0.0

-2.9 -0.1 -1.3+o.2 +0.6 +r.6+0.3 -0.5 +l.r
-0.3 -0.3 +0.4

+1.42
+0.976
+0.843
+ 1.07

+0.1 0.0 +0.4

- 1.0 -0.3 + 1.0 .T'

Maai . .

HEAVY I-OAM
26 Pet€rboro' I ..

CLAY LOA}{S
27 Felstead
28 Oaklands I ..
29 Selby II

-0.7 -0.1 + 0.1

+0.4 +r.4 -1.6

0.0 -1.1 -0.3-0.6 +0-9 -l.l+0.r -o.2 +2.6

+1.20

+ r.36
+1.22
+ r.48

- 1.0 -0.3 + 1.0

+0.s -l.l -1.3

-0.1 +0.2 -0.1
+0.5 +0.8 -0.5

+ r.06

+0.207

+0.640

Meatt . .

FENS
30 Ely
3l Peterboro' II .,
32 Wissington II. .

-0.2 -0.1 +0.1

-0.3 -r.0 -0.r-2-A -0.6 + t.6
-1.2 -0.8 -0.9

+o.742
+2.44
+o.122

+ 0.2 + 0.5 -0.3

-0.4 -0.3 +o.8
- 1.6 -1.0 0.0

-0.4 -0.7 -0.5

+0.017
+0.0r?
+0.461

Mcat . . -1.1 -0.8 +0.2 -0.8 -0.f +0.1

-0.4 -0.1 -0 .0+0.r
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Conclusiorrs

Oring to th€ erceptional drought ilr spring, t.he yields of ioots alrd sugar aod the sugar
perceotages in these experiDeuts were substaatially lower than in any Previous year, the meatr
iield oI total sugar beitrg 26.7 qrt. per acre aSaiDst aa aver€e oI38-9 cwt. for the period 1033-7.
Platrt trusbels also were variable and rather low. Tops recover€d somewbat itr Septembe!
atrd October, aDd the m€atr yield, 9.67 toDs pe! acrc, is about the average lor the PrecediDS Iive
yeals.

Elf.cts oJ subhah oI a'nmbnid
The average respotrse in total sugar to the double dressing of sulPbete of ammoaia qras 1.9

cwt. per acre. This is the smallest i€sponse itr aDy yeat except 1933. There wete as usual
signilicaDt differeDces in the respoDse irom ceEtf,e to centre ; itr particular yields were sitBilicatrtly
depressed at KiDg's Lyn[ ll ard Peterborough IL Th€ additioml i-oclease to the secoDd dressing
u& oo tle average signilicantly smaller thatr the iDcrease to the lirst dressinS.

All except six oI the tweDty-€ight centres where toPs were weighed showed signilicaDt
iacreases to sulphate oI ammonia. The meatr respoase to the double dressin8 v.as 2.8 toDs per
acre. This Iigure has varied Uttle ia the past five s€asorls.

The rcsponses varied signilicatrtty from ceoke to centre. At Icng's Lynn II, where total
sugar tras sigtrilicaDtly depre-s.s.d by sulphate oI ammortia, toPs Devertbeless sbared a significant
in&ea-se. There was little itrdicatiotr o{ any fauinS-off itr ellectiveDess at the hiSber level o(
applicatioo.- - Sugai percetrtage {'as decrcased at all ercept live centres, the avelage decrcase being 0.40.
Tbe errats otr rools were io teBeral similat to tho6e oa total sugat. The average ellects oE plant
trunbeis were sEtall, the o y exceptioD beilg a marked dePrcssion oD the teD soil at Petetboto' II.

EfJcck oJ su?e1 ?ho s?hate

Tte average lespoDse itr sugar to the 6 c\rt. &essitrg wa-5 l.l cri/t. Per acre. Thele \r.as a
striLing depression oI 7.0 cwt, per acre oa the Sood crop at Ely. There was some indication oI a
fauiog-otl iD respoDse to the secoDd dressing at cetrtres which tesPorded well to superPbosphate,
though this was Dot significant. The e{Jects on tops were small at most ceDkes, though there
was i strrking increase at WissioSton II atrd a sitDrficant increas€ at Newark I. SuperPhoE)hate
had Uttle eflect oa sugar FrceDtage, Percetrtage Purity or pLa,Et rumber.

Eff.cts of tndiala of ?otash
T-he average ioEease ia suSar to the double dressing rvas 2.9 srt. per acle, this being prac-

ticalty the same as last year. Responses of over l0 cwt. Per acle werc obtained at Colwick,
Newirk I aDd Oaklands I, the liast cetrtre beitr8 in the cLiy loam soil grouP on which muriate
oI pota-sh has Dot be€n very e(fective in Pest years. There vas no indicatioo oI a decrease in
resloasiveuess with the double dt€ssi-E8, ercePt at the th.ree ceDtres whicb showed very hiSh
teE)otrs€s.- 

The averaqe ellect oo tops *as small atrd trot signilicaat. Ihere wete, howevet, significalt
iBcreases at Cofwrck and Neivark I aod siSDificaDt decreases at Cantley I, King's LytrD I ald
Kidd€rmiEster.

SEgar perceotages were ioGeased signilicatruy at filteetr cetrtres, the aveage iocrease over
au ceades liiog 0.35- Pbnt numbcrs we; iE cea$d siSnilica8tly at fout ceEtres, but tlre average
effect I"as saall.

InLrkliols
The positivo itrteractioo betweetr sulPbate oI aEmoDje aod muriate of Potash was Eot so

Earlcd a! in pr€vious years. Tbe average interactiotr over all cetrtres, though Positive, was trot
sigD.iIicetrt.

Bott rs
C,ourts oI bolteE were made at Bardtrey I, the meaa PercentaSe of bolted Plants beina 3.0'

Alt three le.rtilizeB produced siSnilic.trt itrcteaa€s rn the Frc4trtage oI bolteB.
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EXPERIMENTS AT OUTSIDE CENTRES

Barley. E. M. Howard, Esq., Nocton, Lincoln' 1938

lst Year Residual Effects after Fertilizer Experiment on Sugar Beet (Factor)
Sertes)

3 ratrdomized blocks of I Plot.s each Plots: l/4O acle.

TRTATMENTS ; 3x 3 x 3 lactorial design.

See 103? Report, page 176, 4 s.4., Bardrcy I exPe meDt, No. 16. T,eatments appliqt to
1937 sugar beet exPeriment :-
Sulpbate o{ ammoda : NoDe, 0.4 cwt., 0.8 cl[t. N Per acre.

SuperphoE)hate: Nooe, 0.5 cw"t., 1.0 cwt. Pp. per ac!e.

Muriate oI potash: None, 0.6 cwt., 1.2 clrt. Kp Per acre.

BASAL I\{^NURTNG : Nil.
SorL: Coarse sandy toam. variety : SPratt Archer. Seed sowtr : March 4 and 6 Harvested :

Aug. 17.

ST-AxDARD Eiior pEi PLor : Gt'aia : 2.07 cwt. per acle or 10.2%'

Resid.ual main efJects-Interuclions of suQhale oJ ammoril uith sulerlhoslhale attd
murinlt oJ lotash

Mean
Sulphate .of

GRAIN: c*t. per acre (+1.10. Means: +0.690.
O.O cwt. N I 19.61- 20,26 10.86 I 10.38

Irl.a.a"r.s: +0.976]-

Superphosphatc
(cwt. PpJ

o.0 0.6 1.0

rs.96 20.98 20.47
rs.g8 20.01 20.71

Muriate of pot3-sh
(cl*.t. Kp)

0.o 0.6 I.'

0.4 cwt. N
O.8 cwt. N

Mcat

0.0c$t. N
0.4 c*t. N
0.8 c!v-t. N

Maan

STRAW :

2r.13 20.37
20.47 21.03
21.00 20.s0

22.96
20.46

t9.40 20.88
t9.17 19.68
19.38 20.98

19.91
20.60 +0.6920.27 -0.33
20.26

Per acre
20.37
22.07
21.33

2r.s7
15.47
20.97

20.80 20.97 20.77
+0.17 -0.20

21.17 20.81
18.32 10.S4
20.06 20.66

21.26
20.32
20.95

21.26 20.31 20.93

-0.92 +0.59

cwt. per acre

Superphosphate (cwt. PrO.)
0.0 0.6 l.o

21.03 22.37
t0.77 ls.l3
20.2A 21.30

22.90
ls.so
t0.60

- 0.91
+0.63

Muriate of
potash

0.0 cwt. K'o
0.6 c\rt. KrO
1.2 cwt. KrO

20.83
t9.?5
20.s2

20.00
20.17
21.83

20.87
20.67
2t.37

Cottcl*sio*s
T-here l,i-as ao sitn oI aDy regid[al effects of tbe three fertiliz€rs.

20.93 19.31 20.51

- 1.59 + 1.1f
19.85 20.41 20.50

+0.59 +0.06

Residual iNeructiofi of ,rt*riata of lol4sh uilh sul,erfhosfhate

GRAIN: cwt. per acte
(+1.19)

SuDerphosphate (cwt. PrO.)
0.0 0.5 1.0
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Mangolds. G. Ossenton, Esq., Mtll Farm, Hlgh llaletow, Kent, lg3g

3 tandomrzed blocks of I plots each. plots : U6O acre.
TiE-ArxENrs : Sulphate of amrllonia : Notre, 2 cwt., arld 4 cwt. per acre, o! O, 0.4, O.g cwt. N pcr

T!€etcd towtr tefus€* : None, 6 toos, aod 12 toEs pe, &te, or O, O.g, 1.6 cwt. N l,e|r a{Ee.
Rape cake: NoDe, 14 cwt., and 28 cwt. per acre, or O. O.E, 1.6 cn t. N pet acre.

BasAL M^NURTNG : 6 cwt. suF4rhoehate and 2 cwt. sulphate oI potash per acte.
SorL: MediuE loao. Varietv: Oratrce Globe. MaDuresapptied: April ?. Seed sown: April 16.Lilted: Nov. lI. kevious crop: potato€s.

SpEctAL NorE : *TowB refirse screeoed, aad Ierme[ted in si_los.

STTIDARD ERaoRs pEa PLor: Total produce: 2.114 tots per &re or lO.O%. ptarlt truEber
1.2, thousatrds per acre or 6.06%.

Sumnary of resulrs

Dresitrgs of NitrogeD
None SiDgle Double

TOTAL PRODUCE: tons per acre (+1.41)
22.48 29,26 | 26.0f,

123.38'
. 27.0?26.85 27.tA

Mcat .. i 21.931 24.151 26.83rItcteesc +2.22r +2.68.
Staada.rd eEors: (r) +0.8t3, C)+0.9S7, e)+r.4t, (r)+r.r5.

21.30

PLANT NUMBER : thousatrds per acre (+o.?t6)

Sulphatr of ammoda
Treated towtr refuse
Rape ca'Le

Sulphate ol ammooia
Treated towB refuse
Rape cake

Maan
In6rdta

21.6 21.t26.3 20.7

22.7 | 2.1.06

23.5
23.81

2 3.9'
2 4.4.
26.5r

+ 0.5.
+2.6'

23.tr
*1at

(r)+0.606,

25.11

e)+0.7r0,

21.8r
- 0.3r
(.) +0.614.

24.6

Corclusions
It should be aoted that-su)phate of amoooia was applied at hall rate per unit oI N as coB_

pared with town refuse aDd rape cake.
The siugle dressing.ol the dtro8enous fertiliz€rs gave atr average itrcreas€ oL.2 toEs roots per

acre, atrd the double dressing a furthet increase of -2.? toEs per a-crc. There rero oo sigDilici;t
diffetetrces betwee! the three forEs ol qikogerrous n,nnie.

Rape caLe Foduc€d a siguiticatt irct€aso in pla[t aumbar.

2t.93r

Statrdald errors :
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Potatoes. Land Settlement Associatlon, Siddlesham, trear Chlchester' l93E

3 ratrdomized blocks oI I plots each Plols: l/60 acre.
i;;;;i;, Suipbate of'ammonia: None, 2 curt. and 4 cl.lt Per acre or-o, 0 4, 0 8-cwt' N Pet a'te'- - iioi"a to".n i"foset: None, O totrs ard l2 toBs per acle or o, 1.2, 2.4, cwt N pet acre'i

RaDe dust: Noae, 14 c*'t. and 28 c\rt. per acre, or 0, 0 8, I.6 cu't. N Per acre'
Bes,rl ihrunrrc: 5 c\r.t. superphosphate and 3 cwt. sulPbate o[ Potash P€t acre'
siri', i-" *irat si, clav sibsi,it. V".i"tv, y.i""ti". lrhnures ipplied: April 22' Potatoes

olanted: Mdv 5. Lifted: Oct. 10. Previorrs crop: Brassicas.
Specirl Norgs : Potatoes passed over a I I iDch riddle to determine PerceEtage l*?re'

. Town reluse screened, atrd Jermented iD silos.
tri *L inienaed that the siDsle dressiDs ol treated torFn refuse should be the sane- 

"" tnai ot taoe oaroelv 0.8 c-wt. N per aire. Otr analysrs, however, the nitrogetr coateDt
s'as lound td be hieh;r than erDecied so tbat the acfual dressitrEs were as stated above'

Srexo*o dnrons prR PLo-r : Total pr_oduce : 1.44 tons per acte or 14.4%. Percetrtage ware:
2.4.

194

S*mmary of rcvlts

DressrDss of Nitrogetr
Notre -Sitrgte Double Mcou

Sulpbat€ oI ammonia
Treated town refuse . .
Rape dust .. ..

TOTAL PRODUCE: toos Per
acle (+0.83r)

10.10 I1.30
9_rl1 a.77 r0.E2

11.19 10.23

10.7 4'
9.E0.

10.1 12
- 0.9$
-0.09

c)

s.2tl 10.021 10.81r : 10.01
+0.81. +0.79

+0.480, (') +0.688, (.) +0.831, (r) +0.679.

PERCENT.q.GE WARE

Sulphate o, amsonia
Treated town refuse . .
Rape dust

Mearl . -

Stendard errors

91.01 90.fr
+0.Y -0.3r

s0.81

(+1.4r)
90.5
90.2
92.3

91.5
91.0
88.7

91.0'
91.0' 0.0

-0.F90.5'

90.E\ 90.8

,e) +0.813, c) +r.00, f) +1.4r, (') +1.16.

Co*lrsions

It should be noted tbat sulPbate oI amrooda was aPPlied at hall Iate Per udt of N as

comoared witb to*,n reluse atrd rape.
'The double dressing oI nihoge-n gave a significa.Dtly hither meaD leld thaD the tro matrule

Dlots. Tbere $,ere tro s-i8!.iJicana diliierences il yield between the three ,orros o, dlrogetroos
haaures. Ttcre were no si8lificaut results itr ttre Perceatage ware.

Staodard errors
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Potatoes. A. W. Older€haw Esq., Tunstall, Suffolk, 193E
East Suffolk County Councll

3 raDdoEized blocks of 0 plots ea.b. Plots: l/8O acle.
TRE TMaNTs: Sulphate of ammonia: NoDe, 2 crPt. atrd 4 cwt. per aate, or 0, 0 4, 0.8 cwt. N Per acre.

Treated town'refuset: NoDe, 6.4 toDs atrd 12.8 toas pei acre, oi 0, 0.8, 1.6 cwt. N pet acre.
RaDe dust : NoDe, 14 csrt. atrd 28 cl 't. per acre, or 0, O.8, 1.6 q't. N per acre.

Beser. MexsnrNo : 5 cwt. superphoE)hate atrd 3 qrt. sulphate of pota-sh per acre.
SorL: Very poor saBd. Variety : Arran Batrtrer. Manures aPPlied : APril 2f_8. Potato€s

platrted : April 28. Lifted : Oct. 24. Previous ctoP : Sugar beet.
SpEcrAL NorE : a ToEn refuse screened, aDd (ermeDted in silos.
STANDT\iD E*lrolrs pER PLor: Totalproduce:0.65ltoEsPeracreor5.72%. Percentage *'are i

1.40. Petceutage diseased ware to total *arc: 1.80.

Sumary of rcxrlts

Dre.s.sing ol NitrogeD
Norre Single Double Medn Inlrcasc

Sulphate of ammonia
Treated to*'n refuse
Rape dust

TOTAL PRODUCE: toos per
r acre (+0.3?5)

.. ll.8a 12.06
. 9-781 10.8? 10.86

.. 12.44 t4.22

9.7 8r 11.7 2r

(+0.roE)
88.2

88.01 87.3
80.8

12.11'
10.86' - 1.5e
13.33' +0.92.

Mean . - 11.39

89.2'

Incrcas. +1.91' +0.96' I

Sterdard erro6 tC)+0.217, (') +0.265, e) +0.375, (') +0.306.

PERCENTAGE WARE

Sulphate oI amiloDia
Treated town refuse . .

Rape dust

Mean . -

Standard errors

.. I 86.91 88.4 90.4.. I +1.5. +2.d
I (r) +0.467, f)+0.672, (t) +0.808,

90.1
88.4
92.7

, tt.t' - 1.4
+2.e91.2'

88.d

(') +0.660.

Sulphate oI ammooia
Treated towD reluse . .

Rape dust

Mtan . .

Standaid erro$

PERCENTAGE DISEASED
WARE (+r.04)

6.17 10.62
6.80r a,t2

10.48
8.63

11.63

5.801 7.361 10.261
+ 1.56r +2.9d i

e) +0.600, e) +0.735, (:) +r.(N,

8.00,
/.3E'

11.00t

f.81

c) +o.84t.

- 0.62'
+3.0F

C ott:hrsiosts

It should be troted that so\rhate oI amlEonia was aPPlied at hau rate Per urit of N as
comDared with towr refuse aDd raDe dust.

'The increased dressings produc'ed signilicantly higher yields excePt that the double dresing
of town refuse gave the same yield as the single dressinS. The percettage $'are aEd PerceDtage
diseas€d ware ,ere sigtrilicatruy trigher wittr tlre double dressiDg

Tolfltr rcfuse gavtl.S tons iess-aDd rape 0.9 tons Per acre mdre total Produce thatr sulPbate
of ammonia, these differcnces b€in8 si8liJicaDt.

SiEilar &sults were obtained in perceDtage ware and P€rcetrtage dis€ased ware'
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Potatoeo. W. E. Morton, Esq., Australla Farm, Msrch, f93E
3 raDd. o-miz.ed bloc-E of- 9- -plots each. Ca.taiD iDtera.tioas partiaUy coalouded vit! bl,ock

differelces. Plots : l/60 acre,
TraAu(BNrs: 3x3x3 dtorial deligtr.

Sulphate oI ameoDje : Nooe, 0., cw"t., 0.6 cwt. N Dei acre.
SuFrpbocplate : None, 0.76 cwt., l.60 cwt. pro. ier ecle.

_ Suf-p_hat! oI potash-: Nore, 0.78 cwt., f.SO cwt,' E b per acre.
BASAL M^NUB.ING : Nil-
SorL-: Variable. .FiDe silt to h€avy clay oo satrdy subsoil. Variety: Doon Star (once ttolrltr).MaEurEs appued: April 20. Potat e3 ptatrtea: April 22. LiIied: Nov. f. fieviori crq':

Wh€at.
SpEctaL NorB : I c\d. of potato€s Irom each plot rvas passed over a l l itrch riddle to detcrtrrioe

ttre perceatage wars.
SaalaDArD lnroR pBB PLor : Total prcduce : 0.816 totrs per acre or 9.?4%. perartage rarc: g.l.g.

Ma;r, effcets-Intdactians of s*Qhale ol amrronic with sulalhosfhata anit sttlphdc
oJ lottsh

Sup€rlrhospbate
(cwt. PrOr)

0.00 0.76 1.60
Sulphate ol
ammooia

0.0 cwt. N
0.3 cwt. N
0.0 cwt. N

Mcan

0.0cwt. N. .
0.3 cwt. N. .

0.6 cwt. N. .

0.00 0.75 1.50

TOTAL PRODUCE: toas per acle (+O.4Zl. Mcans : +0.272. Increetcs: +0.385\
7.10
e.46 |
9.80 |

90.3 90.9
+ 0'6

Sulphate ot potash
(cwt. Kro)

7.98
s.29
9.16

89.0
93.5

89.5 91.0 91.t
+ 1.5 +0.1

PERCENTAGE WARE: (+1.8f. M.ans: +1.01. Inclcascs: +I.lfl

7-25 7.60
7.62 8.20
8.12 9.78

88.1
91.0
93.8

f.45
t.13 +0.9E9.26 +0-83

7.t3 7.228.12 7.879.23 0.39

8E.8 gO.2

92.2 92.3gl.s s2.6

89.6
93.5
89.8

89.0
90.6
9t.2

88.0
91.8
92.9

88.1
91.1
92.6

90.?

PERCENTAGE WARE

Sulphate o{
potash

0.00cwt. Kp
0.75 cwt. KiO
l.60 ort. KrO

9.08

9.46

7.66 8.56 E.92
+ 0.90 +0.36

6.16 8.16 8.81
0.00 +0.65

Irrttlacrion oJ strQhafe oJ lolash uith suleehoslhatz

(+1.8r)
Superphosphate (c*t. PrO.)
0.00 0.15 1.50

88.7
9t.4
so.7

Cotulusions

. Sulphate.of alDrlroaia aod supe.phosphate produced srgBilicatrt rtrcreas€s io total yield, th6
increes€s to the double dressiags beiag r.8 tons-per acre aoi r.3 tons per acre respectiiery. TheexFa increase to. the second dressiDg- of sulphate oI aomonia vras p;acticaly tde same'as ther-!g?T l.. tI9 first dressing, both teiDg 

- 
aignificant. Tbere was I coasiae'rabte, thouSh trot

3rgarrrcaDt tallrog oft.in respoffe at the higher level o{ applicatioD of superphosphate. Silpbate
ot aln-Dooia gave an itrcrease o, 0.9 totr,s per acre itr the a'bsence 

"f s,rpe'rptiorpf,at a"a Z.O'to"sper.acre wi+h_lhe double dr. essiDg of sup€rphosphate, though the intiractioo did not rcach
srgDurcaace. lDe rcspoEse rD totat produce to the double dressiDg of sulphate oI pobsb $,a3
aot sigdJicatrt.

-- 
Thj j:ublg dr.essitrg oI sulphate oI amooDia Save a sitnificatrt iDcrease i! the percentage

warc or 4.2-. -l E€ rncreils€ rn percentage ware to sulphate of pota-sh r{.&s Dot sigrilii3'trt, whilc
superphcphate bad Do al4rareDt ef{ect.

TOTAL PRODUCE: to[s per 
I

acre (+0,47I ) i
Superpbosphate {cwt. PiO.) i

0.00 0.75 r-60 r

+2.7
+ 1.5

8.71
9.03

90.3
88.0
94.5
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Sugar Beet. Tunstall, Suffotk, l93g
A. W. Oldershaw, Esq., County Organizer

4 raDdomjzed blocks of 6 plots each. plots : O.0l30 acre.
IREATMENTS: 3 . : factonal desion

N-o rnanure, superphosphate ind ba^sic stag (1.0 cwt. p,OE per acre).Manures plougied rn oi harrowed ru.
^BasAL 

M.{:ruRrn-c: 3 c$rt. tritrate of soda and 3 cwt. mulate oI potash Der acre.SorL: Poor saDd. Vsrierv: KtF,Dw,nzteben e. ltirr-.* .ppri"[l'Vir"i. 's""a 
sowD : May 7.

^ 
Lifted: Nov ::3. priviouscrop: Bdrtcy.

SrrND.rRD ERRoRs pER pLor: Total sug^ari 2.63 c!rt. per acre or 16.2%. .fops: 
0.702 toEsper acre or I5.0oo. pta.trt nuober : 

-J.28 thouraoa" i*. ."." oi S. il-"1

i*",ro"u #"u | *r*, nn"*o Har- |

Ploughed rowed I Mcaa Inucasc

TOTAL SUGAR :
cE't. per acre ( +1.32)l6.tr I 16.1rr0.8 ' r?.0, +0.g,t7.6 15.6t -O 5.

Mcan l+O.S3Ol. .l IS.1 11.2
Incr.asc l+1,92) I + l.l ) 16.2 1.96 5.41

+ 0.18

NoEe
Super.
Slag

t7.t
r3.6

toas per acre

5.16

5.09
5.33 +0.215.08 - 0.0t5.62

5.09
5.30
1.53

None
Super.
Slag

4.5t
5.51

TOPS: tons per acre (+O.JSIl
4.605 4.6U

{.40
4.39

1.16' - 0.11r
1.98 + 0.35.

M.an (+0.248). . 1.10 S.0tL,crcasc(+0.3s|)i +0.61
Standard Ertors : (1) +0.930.

None
Soper.
SIag

4.67 15.38 15.68
+ 0.30

(r) + 1.32, e) +0.248, f) +o.s5l.

Mean (+1-16\
Itcrzas. l+1.'61)
StaDdard Errors :

.. 38.9 12.2 1 J9.0

(r) +1.16, f) + t.64.

Cottcl*siorts

or al|!.r"I* 
*"t" noor atrd the standard erro$ high. There were tro sigliticatrt r6ults iD sugsr

Both forms of DhosDhate resDlted io a significaDt iDcrease itr the plant number though therewas_no diflereDce ts betweea superphosphatE ana Ua-sic sia.. 
_

Earrowrng the Eralures in iocreased- thq.p-lapt aumber 5y 3.3 thousaods per acre over plouth-iog theE iD, the itrcreese beiDg alEost sgrurcaDt.

Summary of revlk

alir,o

PLANT NUMBER: thousauds per acre
(+r.64)35.8r I Jr.8r

1C.! 1?.3 10.31 +1.839.5 42.t 4o.Er i s.o,
I

SUGAR PERCENTAGE
15.74 t 15.71

15.75 t6.N | 15.82
15.00 t6.16 ) 15.22

+0.08
- 0.52

Ploughed Harrowed
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Sugar Beet. T\rnstall, Suffolt, 1938

A. W. Oldershaw, E8q., County Organtuer

5 ). 5 btitr so$are. PloLs: 0.0129 acre.
i"i^ir.""i" i'S""*th yean, no Iuither chalk aPPlied (see Ig32 RePort, P. 208, Ior firt year's

&essings).
BesAL uerrJnrno: 3 cwt. nitiate of soda, 3 clit. sup€rphosphate, 3 cwt. muriate oI Potash per ecre'
Sorl: Poor sa[d. variety : Kleitrs'anzlebeD 

-E. - Seed sovn : May 7. Lifttd : Nov. 23.

Previous crop : Clover.
SrAriDAnD Emois prn PLor : Tot4l sugar I 4.39 cwt. Per acre or l0.l%. Tops: 0.836 totrs

Fr a.re or 0.00%-

S*rnnnry oJ results

Cbark
to[s per

(r932)

TOTAL
SUGAR

ROOTS
(washed)

Tons Increasc

TOPS

'lons Increosc

PLAl,iT
\ U}TBER

Tho'Js. Inaredse

SUG.AR

0
I
)
3
1

39.3

48.1
61.7 +3.6
4S.0 - l-E
46.6 -3-3

t.s$ +2.77
* The yields oo the Plots with no chalk were qegligible.

C ottclusions

The higher dressitrgs of chalk in 1932 gave si8lificantly hisher yields oI sugar than the first
dressinq. there $as a-faling of{ iD respoDse at tle two hiShest dressings.

Tb; yields oI tops were Practically the same at aU dressiDgs

:t0.374 +0.

17.48

17.52
t7.56 + 0.01
t7.12 -0.14t7.40 -0.02

12.50

t1.24
16.9t + 1.67
16.28 +0.3s
16.08 -4.18

9.19

I1.34tr.$ +0.09tt.aa +0.10
t1.35 -0.16

50.0
55.9

66.0

+ 5.9
+0.E
-0.f
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EXPERIMENTS CARRIED OUT BY LOCAL WORKERS
Hay. 2nd Season. Burford Grammar School, Burford, Oxfordshtre, l93g
5 x 5 I-atiB square. plots : l,/160 acre.
a*ro:1::,T-'-I.9 slag, slag at the rate,of *. cEr. ard I cwt. lrOs per acre. Tbe object of ttris

:iltr'fi:ll rs to comPare anDual dressitrBs or I c.nt. P!o5' ririh dressings or r'c*t.-.*fr
B^SAL IIANURTNG: Nil.
SorL: StoEe brash. Phosphate applied: -A.prit 29. Haycut: June 22. (See f937 Reportp.2OE).
SraNDAriD ERRoR EER proT: 4.0O c*t. Per acre or g.7O%.

Cv7.t. P.q 1937
t938

cwt.peracte | 4r., 41.01 43.11 40.0r
(r) +t.26, (r) +r.20.

4t.1,

C onclusiotts

0i0lollo

No si8Dilicant efiects.

Hay. Eth Season, Lady Manner's School, Bakewell, 1938
3 raDdoEized bt.d(s oI 8 ptots €ach. ptols: l/t98 acre.
IREATMElirs : 9, Iactorial desim

Nitrate of soda : None, 2 c"n1. per acre.
Superphosphate t3.7% : NoDd, J cwt. per acre.

- 
Potash salt 3010.: None, I c\I't. per acre.

IJA s^r. tr{ANURTNc : Nil
::l:-: .Li-:"_t9* lran^ures apptied : llarch r_3. Hay_cut: AuSust 2. (See lsJT Report p.206).5TA:{DARD bRRoR pER PLoT: J.6B c\ t. pcr acre or g:?g? .

Reslonses ta feflilizels : crel. ?er o.c/e

Meat yield : 41.2 aut.

I Mean Differeotial resDoases f
of soda I Superphbsphatd
PreseDt I Absent Pr.$nt(+r.

Nitrate
Absetrt

Nihate of soda
Superphosphate
Potash salt . .

+6.C +2-A+0.1 +8.7

2_rr)
Pote-rb salt

Absetrt Pre-r€at

+7.2 + 15.8
+4.2 +5.0

+11.5
+4-6
+1.1

+r3.6

+4.0

+9.6

+4.8

Cotclusians
There was a larse resoonse to oihate of soda of Il.S cwt. per acre. Superpbosphate atrdp.*.1_*t 

*:,.. ey: signilicant responses .r Lo."a riiii. p". 5*. Eieci*ry.roEs.n salt gave a srsD.ilicaDt r6rr)nse o, 8.7-c*t. per acri io the pniencr ofuit-ate of soda,while its respoDse itr the ibse,rce of Jtratc ., ;Ar;';i, A;;tiiilT6"g 
"ir"irio"t.
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Meadow Hay. 7th Season. Lady Manner's School, Bakewell, l93E
.l randomized blocks oI I plois each. Plots : 1/203 acre.
TREATMINTS : 3x3 factorial desiSn.

No maDurc, 8 totrs compost, mixed artiJicials applied in 1932, 1S34, 1936, 1938, or in 1933,
1935, 1937.
Mixed artificials codsisted ot 2 c\\t. dtrate of soda, 3 c1vt. 13.79lo superphosPhate aad I cwt.
309/0 potash salt per acrc.

Basal- M^-NURTNG : Nil.
So!L: Limestone. llanutes applied : March 4-10. Hay cut : JuIy 21. (See 1937 RePortp.206).
STANDARD ERRoR pER PLor : 3.3{ c$t. per acrc or 9.06%.

1932, 1934, 1936 atrd
1938 treatmeDts

M.an ltoea-se
(+0.964) (+r.3d)

Nit
NPK
Compost

M.dn l+0.9641 ..
Ii.r.asc (+ I .36'l

28.8

39.0
+ 13.9
+ 10.2

36.1
+ 3.3

36.9

Conclusioas

CoEplete aitificials applied iB lg38 iDcreased tie yield of hay by 13.9 c*t.,Per acre, -while
compost;ppued itr 1938 gate an itrctease o{ 10.2 c$t. per acE, the extra inqease due to artiJicials
beitrg signilicaot.

Arti{icials atrd compost applied itr 1937 Save siSoiricant iDctases ia yield of 3.3 and 8.8
cwt. Per acre respectivell theincrease due to comPost behg sitDificantly greatff thatr that due
to artificials.

Kale. Lady Manner's School, Bakewell, l93E

{ x il Iltitr souare. Plots l/102 acre.
TREATTTENTS : 'NoDe, 2 cwt., i c$t. atrd 6 cltt. per acte equal parts of tritrate of soda atrd solPbate

of ammonia.
BasaL MaNURTNo: Superphosphete 5 cl*t. per acre and sulphate of potash 2 c*'t. per acre.
SorL : Limestooe. Varietv: liarow Stem, Matrures applied : May 12-16. Seed sown: May

13-16. Singled : 6 inches apart. Cut: Nov. l4-Dec. 14. Previous clop : Potatoes.
STANDARD EiRoR pER Pror : 2.03 toos pel atre ot g,52yo.

Sammory ol re$lts
SulDhate of ammooia atrd Ditrate' oI soda (cwt.) | Mcan

Tons per acre (*1.02) 17.20 !0.5S 92.57 21.32 21.27
Incrcise la1-11'1 .'. +3,39 +2.38 +1.35

Conclusions

There yras a siSaif;caDt resPonse to nilrogen. with a sliSht but not siSoi{icaot lallinS_off in
rcsporse at the higher levels oI application.

Sumnur! ol results, cul. ?et ac/e (+1.67)

21.5 27.9 33.6
36.? 42.4 48.9
30.8 37.9 12.4

32.8
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Kale. Midland Agricultural Co[ege, Loughborough, l93g
{ raddomized blocks of 6 plots each io each of the two expe meats. plots j UJo acre.
TtE^TxENTs : 3x2 factorial desigD.

lst €xperimeEt: Nitrate of soda:
and thitrned.

Notre, 2 and 4 c*t. per acrc as top dressing. Unthianed

2ad experiment : Nitro-chalL : Noae, 2 aBd 4 c\rt. per acre as top dressiDg. Urrttritued ard
thinned.

B^sAL MANrrRrNc: 26 tons larmyard maoure, 6 cwt. slag, 2 c\I,t. gO% potash salt, I cwt. nitro-
cbalk per acre. I cwt. nitrate of lime giveD after so;iog durine drbugbt period.

SorL : Light loam. \-ari_ety : Marrowstem., Seed so*.r : April 2t. Nitrate oI soda apptied :
June 21. Nitro-chalk apptied: June 23-2s. Thianed:^June 2l and 9B_28. Hariisted:
lst experiment, Dec.2&Jan. 17; 2nd experiment, Nov.2&-Dec. 16. previouscrop: Wtreat.

SpEctAL NorE :- OD thc thiDtred plots the plaots were set out to 10 ilches; elsewhere ao thinnitrt
of any kind was done.

STAN^DARo ERxoRs I,ER PLor,: . lst experiment, 2.?l tons per acre or B-O7oh: 2rrd experiment,
2.2O toDs per acre or 5.95%.

Tons per acre
( + 1.36)

EXPBRIENT I
NitrAte oI soda (cwt.) Mcon lrcr.asco 2 4 1( t0.?821 (Lr.lrl

Uothitrned
Thinned

.. I 34.45

. . I 32.89
31.69
31.61

32.8t
31.80

33.98
33.10 -0.88

)tean l+0-gi8) 3J.62 J2.J0 J4.6;
Itcrease l+1.35) - 1.37 +2.35

ExpERrMEn.'t II
Tons per acrc Nitro-chalk (cw"t.)(+r.r0) 0 2 4

33.5 4

Mean ltcrease
(+0.635J 1t0.898),

Utrthinned .. l

Tninned .. 
I

Mrut l10.rrg I
Inocase (+ 1.10) |

37.81
36.15 

-1.69
38.44
35.94

36.25
36.01

38.83
36.48

37.19 36.13 37.66

-1.06 + 1.53
36.99

Conchtsiotrs
ThiaDiDg gav-e_. small though not si8nilicant decrcases i! yield. The top d&ssitrg did trot

produca any significatrt iDcreases, probably due to the high yiefs consequeot'oa the hiwy hasat
maaurrng.

Potatoes. Bur{ord Grammar School, Burford, Odordshtre, 1938
3 randomized blocks o{ I plots each. Plots : t/173 acre.
TREAITGNTS-: 

-The,object of this erperirneEt is to compa.e Iull drBsirys every thid y€ar with
one-thtd dressings everJ. year of artificial aad equivalent orga,aic fe? izers.
Artilicials: Sulphate of ammoaia, sup€rphqsphalte aDd aurlate of potash.
OrSadc fertilizer: Dried blood, steamed booe flour.
Fu[ dlrssint coaleiEs : N 0.8 cEt. pet acre.

PrO. 1.0 cwt. per acre.
KrO 1.0 cE't. per acre,

BASAL MANUTTNG : Nil.
SotL: Stoneb-rash..Variety: Grca.t ScoL Manures applied: April 2g-May 2. potatoes pl,alH:

Aprif lS2I. Lilted : Sept. t$.21. Previous crci: Swcdes atrd Beed,rot.
Srerpeio Eeeons rrn PLor : Total produce : l.l I toos per aace or l2.ayo. perceltag€ ware : 1.r0.

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-1-86 pp 203

202

1937 I Noae lO€.1038 | None JNoDe
Art. r *org. {art, I Notre Nooe
NoDe I lorg. I art. I Ors. Art. I M.dn

TOTAL PRODUCE: tons per acre (+0.641)
8.39r 9.54 g.tl

1.15 +0.72
0.03

+ 0.61
9.34 8.98
0.ss | +0.5s

PERCENTAGE WARE : (+0.78?)
05.6r i 96.5 05.6 I 95.{ 00.6 i 9a.8

I +0.9 0.0 | -0.2 + 1.0 | -0.8
e) +0.370, c) +0.454.

9.4t
1.02

96.5 | 95.8
+0.9 |

Iactcasc (10.gOSl I

Standard errorc :

Sugar Beet. J. E. Barrick, Esq., Caistor, 1938
Brigg Beet Sugar Factory

6x8l-atia squaI€. Plots: U93 acte-
TRaArraBNas : Nitxoge[ at th- e_-rate oI 0.0 atri 0.7 cwt. N pei acre, coDparing sulphate of am_Eotria,

nitrate oI soda, niko-chalk, claaamide and dtiate oI lihe.
BasaL MaNURTNG: Superphosphate aBd muriate oI potaslr.
SorL-:..SaEt. -Variety : Kleinwanzleben E. 

- -Iuarures applied: April ,f. S€ed sowa: April Ig.
Lifted: Novembet 4. PEvious crop: Wleat.

StaNDATD ERRoRs pEB PLor: Total sugar: 3.70 cxt. per acE or 12.4%. Tops: l.5O tons per
ecre ot 14,2y". Mean dirt tare: 0.149.

Cottclusions

- T-he ptots whirJl have_not yet received aay lertilizer lelded less (but berely si8Dific..nfly so)
thaD tho€e lecliving lertilizers, but there were no sigdliiatrt differenies betwedn these lattei.

Summary of results
No Sulphate oI Nitr:ate;ulpbate oI Nitiate Nitrc. Cyana- Nitrate

ammooia of soda chalk mide oI lime

TOTAL SUGAR: cwt. r'er
acre (+ l.5r)

Inc,cases l+2.111 .. ..
22.0 32.0 38.8 A2.1 24-7 $r.9

+10.0 +11.8 +10.1 +2.7 +9.9
29.9

ROOTS (washed) : totrs per
acre

Inarea.aas
0.33 9.20 10.82 9.37 7,18 9.30

+2.8f +1.19 +3.01 +0.85 +3.03
8.71

TOPS: toDs per
(+0.612) ..

Incacdsts 1t0.865),
6.(N 10.22 14.22 lL56 8.67 t2.68

+1.18 +E.1E +5.52 +2.63 +6.61
10.56

SUGAR PERCENTAGE . .
fndcoscs

17.1 r7.1 t7.O t7.l 17.2 l7.I
0.0 -0.1 -o.a -0.2 _0.3

PLANT NUMBER : Thoos.
per act! ..

Isaeases
22.7 21.5 26.3 .4 23-t 21.5 2 4.1

+ + + + 0.1 + t.8

C ottclllsiotts
AI lorms oI nitrogea produced large incree-ses in suta. per acre iixcept cyaDarride, for which

the increase was soall aDd Dot sig ficatrt. Nitrate of soda ga!.e a significaltly hjgher yield of
sygal rh1. aly ol Fe other fertilizers. AII lorms o{ nitr eo Save siSnificant hcreases ia tops,
aitrate ol soda- giviog-the greatest itrcrease and cyanamide the smaUest. Tbe etlects or1 pliot
aolnber wet€ also siDilar to tbo6e o,1 sugar. Tbe soil wa-s acid, pII 5.4.
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Sugar Beet, \{. H. Waldock, Esq., Pode Hole, Spalding, 1938

Spalding Beet Sugar f,'actory
4 X 4 I-atitr square. Plots : U49 acre.
TRr-AaMlNTs : Nitrcgen at the rate of 0.0 and 0.8 cilt. N pei acre, comparing sulphate of ammonia,

[itrate oI soda and nitrc-€halk.
BASAL MANURTNG: 4 c9rt. oI complete Jertilizer pmviditrg 0.5 cwt. N, 0.5 c$4. P,O!, 0.6 c\It.

K"o
SotL: Ileav'y silt on clay. Variety: Johflson's Perfection. Manures applied: Apdl 4. Seed

sown: April6, rcddlled ]fay 5. Lifted: November 9. Previous crop: Bulbs.
STANDARD ERRoR pER PLor: Total Sugar: 2.40 c1lt. per acre oI 11.0%. Tops: 0-?59 tons per

acre or 1r.41(. Mean dirt tare: 0.06{.

Su,mmary of rewlts
No Sulphate Nitrate of Nitro- M?an

nifro8en of ammonia sodd Lhalk 
I

TOTAL SUGAR: c$t. per- acre
(+ r.20)

Irrcteases (+1.f 0J

ROOTS (washed) : totrs per acre
ficleases

SUGAR PERCENTAGE
Increases

6.69 7.25

-0.04 + 0.52
6.84

+ 0.11

6.83 7.02
+0.51 +0.73

6.58
+ 0.29

2t.a

6.73

16.0

2t.4
0.2

t5.6

-0.4

21.8

6.68

21.5 22.5

-0.1 +0.9

6.8 8

16.0'
0.0

15.5
0.5

15.8

31.9PLANT NUMBER: thous. peracre 34.6 35.0 35.0 35.0
Inc/eases +0.1 +0.4 + 0.4

Canclusions
In the ver]_ dry seasoD the basal dressitg of nit.ogen was apparcrfly suf6cient Jor the needs

of the crop, so that no e{{ects of trcatinents were observed.

Sugar Beet. Cleyfield Estate Company, Cockley Cley, Swaffham,
Norfolk, 1938

Wissington Beet Sugar Factory
5 x 5 I-atin square. Plots : l/140 acre.
TREAa}rENTS: None, muriate oI potash, kainit (both 1.25 c*t. K,O per acre), sa-lt (4.75 cwt.

per acre), and mudate ol potash \\'ith salt.
BASAL MANURTNG : 4 cirt. sulphate oI ammonia, 6 civt. 16% superphosphate per acre.
SorL: Sand. Va ety: Kleiawanzleben E. Manures applied: Aprit 8. Seed sown: Apdl 13.

LiJted: Oct. 25. Previous crop: Rye.
STANDARD ERRoR pER PLor: Total sugar: 2,65 clrt. per acre or 10.6%. Mean dirt tare: 0.075.

TOTAL ROOTS SUGAR PER. PLANTI(JI-AL ltOO S SUGAI( .PI1I(. fLAN -t

SUGAR (washed) CENTAGE NUMBER
]C"'t. lntftas? Tons lnnease In.reas. Tbots. In eose

Meart .. .. INir .. .. .. I

Muriate ofpotash ..
Saft . .
Muriate of pot. & salt
Kaiait

| 8.38
6.68

+d.7 I 8.58
+5.2 i8.37
+8.8 19.33
+7.4 | 8.85

14.98
14.60
15.22 +0.6214.72 +0.1215.16 + 0.56
15.18 +0.58

32.5
36.3 +3.833.2 +0.f33.4 +0.9a2.9 +0.1

2 5.1
t9.5
26.2
24.7
28.3
26.9

+ 1.90
+ 1.69
+2.65
+ 2.17

St. Errors .. .. l+r.rs +1.68

C ottcl,usiors
The tbree heatmeots, muriate of potash, salt ard kaiait, all prcduced signilicart idcreases in

sugar but there \sere tro sigDificatrt dillerences between the responses. The effect of salt was
Sreater iII the absence of muriate oI potash than ia its presetrce, but not signilicattly so.

The itrcrea^se itr su8ar percetrtage due to salt ri.as less thao the increases dne to the other
treatmerts.

TOPS: tons per acre (+0.380)
Increases (+0.537) .. ..
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Sugar Beet. Mrs. F. A. Noble, panton, Wragby, l93g
Bardney Beet Sugar Factory

I X 4 htin square. Plots: l/40 acre.
TREATMENT5: 2X factorjal desren.

Compo-u-nd manure: 5 aDd t0_cw1. per acr..
Salt : Notre and 3 c*4. per acre.
Compound matrure cotrtained 6.6% N, 4.99% Sot. p!O!, 0.69% Insol_ p,Os and l0% KrO

BAS^L }IAliuRrr*c: l0 loads duDg.
SolL: Light loam. \'arietv: \Iarsters. -\-Ianures applied: -{pril 8. Seed sown: Aprit l3Lifted: November 2. Prevrous crop: Wleat.
STANDARD ERRoRs I,E& PLoT: Totat sugar: l.3i c.!rt. per acre or J.759/". Tops: 0.i80 tonsper acre o! 9.4690. MeaD dirt tare: 0.077.

204

CompouDd malure Compound matrure
6 c*t. l0 crat. I Meon lrcrease 5 cq+. l0 cv.t. Mean Inctease

ROOTS

7.78
8.59

tons per acre

+ 0.31
9.00
9.3 4

10.21
10.10

Notr€
Saft

\one
Salt

Mean
Itrcrease

Mean
Itrcrease

9.17

SUGAR PERCENTAGETOPS: tons per acre (+0.290.
Means i +0.205. Irrir.as.s :

.1.95
5.52

+0.2901
7.O7 | 6.01
6.98 I 6.25 +0.24

19.40 19.25
19.30 19.45

19.32
19.38 +0.06

5.24 ?.02 | 6.13
+1.67 |

19.3s 19.35 | 19.34
0.00

5 cwt. l0 c!rt. Mean lficrease

PLANT NUMBER : thous. per
acre

29.9
2 9.8

28,8 30.9
+2.1

28.8 31.0
28.9 30-8

Mean
IDcrease

29.8

C ottchtsiols

_ _ The l0 cwt. dressing oI mmpouod maoure produced a srgdlicaEt rocre:Lse rn totat sugar 01/.c cwt. per acre over ttre 5 cwt. akessrug. Salt prod,rced a. si,{nificant iocrease of 2.9 cG. per
acre in sugar rrhe_n ap-plied w.ith the E cwt. dressi'ng of compou-od manure, but with the lO c'wt.
*-=i9.1r1:ry9,,.* no respotrse in susar. The l"arg-er arissing or rertilize! save a signiJicatrt
racreas€ rtr tops ot l.ZU totrs per acre, rrrhile the eflect of salt was oot significant.

Main efJects and bieractiofs of sslt 12/ith cornpoand nam.re

TOTAL SUGAR: cwt. per acre
(+0.665. M eanr : + 0.'4 7 0.

Incr.d^tcs i +0.665)
30.3 39.4 I 31.8'
33.2 39.2 36.2 + 1.4

31.8 39.3 35.5 8.18 10.18
+ 1.98

CompouDd manure

None . .
Salt ..
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SuEar Beet. F. Brtdges, Esq., Sleaford, l93E

Newark Beet Sugar Factory

5 X 6- Latio- squares. Two idetrtical Lati! squaxes, otre of whicb received a drcssiag ot duEt.
Plots : l/41 acre.

TRE^TuENTS : Coap-orrtrd manure attherattofO, 6, 0, 12 altd 15 cwt. 1)er acre. Coopound oanure
cotrtained 6.62%N, 4.30% soluble PiO., 0.69% itrsotuble pro; atrd f0% K;O.

BAsaL MaNuRTNG: l0 loads dung per acre to one Latitr square.
SoIL: Mediuh.loaD: Vari-ety: Sharpe's KleiBwatrdebea E. Seed sowa: April 22. Ma,oores

appUed: April 4. Lilted: Nov. t6. Previous crop: wheat.
STANDATD ERRoRs plR PLor: Ar.ea lrith duEg: Total susa!: 2.96 cwt. Der .cre or 6-jgo/--

Tops-:_ _0.006 tons p-er acre or 8.18%. Areiwith ao dua-g: Total sugar :' l,62 cwt. per #ie
o,r 6.040/0.. To-ps: 0.61-l-totrs per acre or 5.5S%. Meatr dirt tare: jlrea with dutrB': 0.086.
Area with Do duEg : 0.106.

S*ntmary of lcs{Ls

CoEpoutrd
IUaUUlre

TOTAI-
SUGAR

Cvrl. Incredse

13.6
40.1
14.5 + 1.1
43.6 -0.945.8 + 2.2
43.9 -,1.'

32.0 +4.t
32.6 +0.6
36.2 +3.6
33.3 - 2.9

ROOTS
(washed)

Tots l*rcase

12.11
10.95
12.27 + 1.32
t2.01 -0.2312.74 +0.71\2.89 -0.09

ROOTS
(wa-shed)

Toos Intradsa'l

9.11
7.70
9.12 + 1.!12
s.s1 + 0.22

r0.03 +0.d9

205

+0.229 +

ritn dong
TOPS

Toas fnctcasa

11.0f
4.24

10.57 + 2.33
11.65 + r.18
t2.17 +0.82
12.44 -0.03

TOPS

To\s Irtcaaasc

9.21
7.15
8.66 +t.5r9.7r + 1.05

ro.32 +0.61
10.20 -0.12

SUGAR
] PERCENT,

PLANT
NUMBER

'lho,ts. Ia*ease

25.1
24.4
20.1 + 1.3
25.2 -0.924.9 -0.325.3 +0.4

Mcan
None

6
I

12
l5

1f.97
t8.42
t8.12 -0.3018.12 0.00
t7.aa - 0.21
17.24 -0.64

St. Errors

Compound

+t.32 +1.8f

TOTAL
SUGAR

Cl,t. Inaaaosc

+o.1o5 +0.5f
-\rea with no dutrg

Mcan
Notre

6
0

12
l5 9.36 - 0.67

17.7 0
17.68
17.52 -0.1617.14 -0.04lE-04 +r.dd
t7.ao -o.2,

SUGAR
PERCENT

PLANT
NUMBER

Tho\s. Incltasc

22.6
22.A
23.8 + 1.5
22.5 -0.923.6 +0.721.6 -2.0

St. Errols +0.725 + 1.0 3

Cottcl,ttsiotts
There w_as a significait respoDse in sugar to the Iertilirer, with a signilicaat Ialling off in

respo.se at the higher dlessiags. Tops sbowed similar results. T-he reqrcnse in sugar to the
f-gr_tilizet wqs greater oa the undunged plots thao otr the duDged plots, though this-difiereace
did.Dot teach significaDce. The dunged plots were signilicaotly -Eor; v-ariable tf,ao tbe utrdoDged
plots.
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Sugar Beet. A. Hodgson, Esq., Tattershal, 1938

Bardney Beet Sugar Factory

5 x 5 Iitin square. Plots: l/40 acr€.
TRlArxBNTs : CoEpouod matrure at the rates oI O, O, I, 12 aad 15 cwt Der acre. CrmDouod

toanure contajDed 6.82% N,4.39% Sol. PrOr,0.69% Iosot. pro. atrd tO% K.O.
BasAL MANuRING : 12 loads furEyard Drzurure per rlcre.
SorL-:.Satrd o-v_ef gravel. Variety: Strobe_E. Maluresapplied: March 24. Scedsoirn: April lg.

Lifted : Nov. 10. Prcvious crop: Whe3't.
SIaNDARD ERRoRs pBR PLor : Total sugar : 2.36 c\rt per acre or 4.96%- Tops : l.S2 tons pet acre

or 8.3O%. Meaa dirt tare: 0.067.

Srmmary oJ results

Compouod TOTAL
SUGAR I

Cwt. Inctcase I

17.6
.14.8
50.2
48.6
{6.3
47,9

ROOTS
(washed)

'lons ltcrease

13.97
13.09
14.44
14.29
13.70
14.32

TOPS

ToDs lrLcreasc

15.93
13.67
15.22
16.19
l6.lg
18.39

SUGAR PER-
CENTAGE

17 -02
t7 -12
t7.38 +0.26
17.02 -0.3616.88 - 0.74
16.72 -0.16

] PLANT
; NTffRER

Tl,Lons. Increase

) %-8

I zc.z +o-5
I 23.9 -O i23.7 -0.2lzr.s -0.1

0
6
9

t2
l6

+ 5.1
- 1.6

+ 1.6

+ 1.35
- 0.15

- 0.59
+ 0.62

+ 1.55
+0.97

0.00
+2.20

St. Errors +r.06 +

C ottclrsiorts

_ 6 cwt. oI coropoutrd-maoure ga-ve a sigtrificaat i[crease of d.4 cwt. per acre itr total sugar.
l,arte,r amouDts of fertilizer proved less effective, the Deao yield o{ sugar lor the 9, 12 aad- l5
c\f,t. dressings beitrg siguificantly below that for the 6 cwt. diessins. -
. There vas a sigaificatrt incrase itr the yield of tops, with tro sid of a falliDg-of io respoDse at

the hither levels of application.
. .Bot-h sugar perceotage atrd plant aumber show a teddetrcy to decrease with increasiDg levels

of fertilizd

+0-E341
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Sugar Beet, E. L. Nickols, Esq,, Pinchbeck, Spalding, 1938

Spalding Beet Sugar Factory

{ x 4 LatiB square lrit]l split plots. Sub-plots : l/93 acre.
TREATMENTS : Nil, 3 c\*.t. p€r acle sulphate of aDlmoaia, 4 c*'t. per acle superphosphate, U c$1.

per acre muriate oI potash. Plots split Ior early aBd late tiltings.
BASAL MANURTNG: I cwt. sulphate oI a.af,oda, 2 c$'t. superphosphate and I cwt. muriate of

potash per acre-
SoIL: Silt. Variety: JohnsoDs. Matrures applied: April 18. Seed sown: May 6. Lifted :

Oct. 26 atrd Nov. 29. Previous crop: Oats.
STANDARD ERRoRs pER PLor: Total sugar: Whole plot: 2.74 c*t. per acre or 10.?o/o. Sub-

plot: 2.47 cw4. per acre or 0.61%.

Summary ol rc$lk
No Sulpbate oI Super- Muliate oI I Mrafl lttLreosc

manure ammoDia phosphate potash 
I

TOTAI- SUGAR : cwt. per acre (+1.2,4*)
Lifted Oct. 25
Lifted Nov. 29

Mean (+1.37\ ..
Increcse (+1.94)

2C.2 2t.2 2t.2 22.2 | 22.1r
3r.2 28.9 25.5 30.3 I 29.0r

26.0

- 1.2
23.4
- 3.8

28.2

- 1.0

ROOTS (l*ashed) : toDs per acre

6.85 6.88 6.08 6.64Lilt€d Oct. 25
Lrfted Nov. 29

Meart

8.52 7.51

7.70 6.E0

-0.36 - 1.26

6.59
6.59 +2.009.05

7.80
-0-26

7.59

Lilted O.t. 25
Lifted Nov. 20

SUGAR PERCENAAGE
16.9 17.1
l7.o l7-o

.. 17.0

.. 16.8
17.0
16.8

1r-1
16.9

Mcart .. 16.9 17.0
+ 0.1

17.2
+0.3

16.9
0.0

17.0

Lilted Oct. 25
Lilted Nov. 20

M.an ..\ zt.a
Inctaasc -. .. .. !

PLANT NT MBER : thousands p€r acre

. . | 28.7 28.6 24.2 27.7

.. I ze.t 26.9 z6.s 2s,l
I

2 8.3
25.9

27.0
-0.6

26.1
- 1.2

27.1

Sta.ndard errors: e) +0.818, e) !0.874.
t For comparisoDs iavolviag the difference of tiEes oI lilting.

Cotclusions
The later liftiDg gave a siSrrificatrt increase io sugar of 6.6 cwt. per acre. There werc ao

significant eflects o-I ihe lertilizers. The v.,ei8hts oI toPs E'ere recorded fot two rows per half Plot,
but the results were too irregdar to be included.

| 
27.2
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Sugar Beet. C. H. Cole, Esq., Uggeshall, Suffolk, 1938

Cantley Beet Sugar Factory
,1 x 4I-atin square with split plots. Sub-plots : l/lll acrc.
TREATTE.\rS:.Nrl,3c$t. sulpbate of ammooia, 4 cw.t. superphosphate, ll c\lt. muriate of

pora\h. Plots split for earlv and late liftings.
BASAL MANuRrxc: Ilumarlure 4 tcDs I)er acre.
SorL: Light loam. Variety: Kler[rraDzlebetr E. Manures applied j May 3. Seed sorvn:ltay 5. Lifted: Nov. laodDec.t6. Previous crop: Bar'tiy.
STAND-rRD ERRoRs pEr PLor : Total sugar: whole plot : 1.80 c\rt. per acre or 6.g9% ; sub.qlot:

?.!l^c*t. per acre or 9.2191q. Tgps: -whole ploi: 0.235 tons pei acre or 8.119/0-; sub_plot :

0.760 tons per acre or 8.38%. Meatrdirttare: tst lifting: O.164,2ndlifting:'b.I32.

Lifted Nov. I
Lifted Dec. I 6

TOTAL SUGAR :

27.6

cwt. per acre

28.5

25.6 25.6 26.7
-2.0 -2.0 -0.9

No Sulphatc ol Super- Muriate oI
aatrure amltrooia phosphate of potash

29.4r + 6.I'2
25.0 22.2
t0.2 29.0

(+r.22"1

30.r

M'o,t (+0.9001 . .
Inercet l+1.271

LiIt€d Nov.l
Lilt€d Dec. 16

26,1

) f.39| 8.96
. . ?.80 7.02.. 9.00 8.88

7.48 7.25
8.go 9.05 + 1-57

ROOTS (washed) : tons per acre

Jtaat .. 8.10
lacrease ..

-0.15 -0.21 -0.23
7.95 8.19 E.It I e.te

TOPS: tons per acre (+0.380*)

Mea,, (+0-a6tl .. .. 7.E0 E.5J 11.21 t.tt I c.ot
Incrz&tc I r:0.5201 .- l|.ta +8.11 +0.91 Itv.rt I

Lifted Nov. I
Lifted Dec. 16

Li{ted Nov. I
Lifted Dec. 16

Lifted Nov. I
Lifted Dec. l0

SUGAR PERCENTAGE
16.0 15.8 t5-2
18.8 16.4 16,0

lt_01 8.67
1t.47 a.75

t6.0
16.6

8.46
8.61

31.5

- 0.f

8.90'
9.2 4r + 0.31'

+ 0.6
1,1.8
16.4

14.1 15.8 18-3
-0.3 -0.8 -0.1

16.1

33.2
36.4

PLANT NUMBER: thousands per acre
34.3 32.9 34.5 31.3
36.1 38.O 36.3 37.0

35.4
+0.2

31.2
- 1.0

Standard errors : e) +0.608, f) +0-860, (3) +O.rgo, f ) +0.269.
*For comparisons involvitrg the differerce of times oI lifting.

C onclusiotts

_ The later lifting gave a sBnrfrcaot iDcrease in sugar oI 6.1 crrt. per acre, and also a small
tbougb trot signilicaot itrcrea.se io tops. The only siguificatrt elfect o{tha tertilizers \ras aD iocrease
ot 3.4 ton8 lr€r acre iD tops due to supe4)hospbete.
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Sugar Beet. F'. W. White, Esq., Balderton, 1938

Newark Beet Sugar Factory and Nottinghamshire
Agricultural Education Committee

0 x 6 I-atiD square. Plots : l,/41 acre.

TEEATMENTS: No manure, superphosphate and basic slag (0.72 cwt. PrO5), agplied in Janudr]'
oi April. As an extra treatmetrt a higher dressing oI basic slag (0.95 crlt. P,O6) was applied
in January.

BAS^L I\IANURTNG: Nil.
SoIL: SaDd aDd gravel. Variet': Dippe. Manures applied: Jan. 0 aDd April 21. Seed sown :

April22. Lifted : Nov. ll-18. Previous crop: Wheat.
SaaNDARD ERRoRS pEn PLor : Total sugar : 2.97 cu4. per acre or 7.33%. Tops : 0.710 tons pe,

acre or 5.38o/o. Meatr dirt tare: 0.122.

Sunmary oI resulk

209

No Superphosphate
0.72C*'t. PrO! maoure O.72 O.12 o-95

applied applied applied
Jar. Apr. Jan. Apr. Jao.

S.E.

TOTAL SUGAR : cwt. per acre
Irunas.

39.4 40.9 39.1 4t.8 39-6 42,7
+1.5 -0.3 +2.1 +0.2 +3.3

tl.zl
+1.7 t

ROOTS (washed) : tons per acre
Increase

11.65 l9.ll 11.42 1r.89 11.66 12.46
+0.46 -0.23 +0.24 +0.01 +0.81

TOPS : tons p€r acre
Iraraosa

13.33 13.63 13.02 12.83 13.46 13.58
+0.30 -0.31 -0.50 +0.13 +0.2d

+0.2s2
.1 0.413

10.85 16.85 17.13 17.60 16.08 r7.t2
0.00 +0.2E +0.75 +0.13 +0.2f

24.0 27.O 26.4 26.0 20_3 21.4
+0.1 -0.1 0.0 -0.6 +0.5

Basic slag
o.95

C olclusiotts

Tbe itrcreas€s itr total sugar for tbe Jatruary applicatioDs oI mioerals were trot siguilicant, while
there was tro appareot req)onse to thc April al4)licatiotr. Thete sas oo appateDt dilteretrce betweeD
sup€rphosphete and basic slag.

The effects of the miDerals o,l tops were treguRible.

SUGAR PERCENTAGE
Increase

PLANTNUMBER: thons.
pe! acre ..

InEzL.c . -
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Sugar Beet. W. Everard, EBq., Leverton, 1938
Bardney Beet Sugar Factory

6xOlitiasquare. Plots: U80 acre.
TREArMEr.iTs:. Nil and OJ c*t. N-per acle. Compariry sulphate of ammoda, nitrate of soda,

Eitro{balk, Ditrate oI lime aDd calcium cyaDamide.
BASAL MaNURTNG : Superphosphate aDd muriate of potash.
SorL,:. Silt.. llatrures applied: April_28. Variety: JohDson,s. Seed sown: April 29. Lilted:

November IE. I,revious crop: Wleat.
STANDARD ERRoRs pEi pl.or: Total su8ar: 2.08 cFt. per acre or 9.69%. Tops: 0.813 toDs per

acle or 9.99%. iueaD drrt tare: 0.t95.

Summary of Results
Sulphate Nihate

No of of
nitrogea ammonia soda

TOTAL SUGAR: cs't. per acre
(+0.840)

lncrcdsts t+1.201

ROOTS (washed):
Inc/aas.s

Nikate
Nitro- Cyana- oI
chalk hide lime

TOPS: toDs per acle
Increas.s l+0.169)

SUGAR PERCENTAGE 16.60 16.52 16.83 t6-72 16.65

-0.07 -0.15 +0.16 +0.05 _0.02

21.5

6.16

8.13

16.66

27.1
+0.2

27.5
+0.6 + 0.3

27.2
+ 0.3

27.4
+ 0.5

Conclusions
All.IorDs of oitrogetr produced iDcreases iD sugar per acte though ootre oI tbem were signili_cant. All ,o.rms of lrhogen .geve siFificatrt increasei in tops, Di#at€ of soda and .y.n"irrriaugiviag sittrilicatrdy ttigher yields than sulphate of ammonia.-

20.2 22.2 21.9 2t-r 22.2 21.5
+2'0 +1'7 +0'9 +2-0 +1-a

8.05 6.66 6.77 6.29 6.63 6.34
+0.61 +0.72 +0-21 +0.5E +0-29

6.17 7.51 0.15 8.46 8.84 8.34
+1.0f +2.68 +1.99 +2.37 +1.87

116.67

PLANT NUMBER: thous. per 
Iacre .. ..1

Incraos.s
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Kale (1938)-Mustard, tares and lupins as greeo ma.Dures ,. .. 163
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tive aDd residual elJects, DuDg . . 164
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Experirnenta

Ilarley.
Maogolds.

Suga.r Beet.

Kale.

Potatoes.
Sugar Beet.

Centres

Erperlmenta carrled out by Local Workers
Hay. Burford, Oxlord---Slag (0, l, 3), direct aad residuat eflects .. ..

r92

193

ls4

195
r96

197
198

r99
199
200
200
20t

201-202

202

203
203
20{
205
206
207
208

Bakewell, Derby-N, P, K
gakewett, OerUi-A;Ui"i.t. .od ."-p".t, airect aoa iesiaoJ .ff..is
BakeweU, Derby-N (0. l, 2, 3)..
I-oughborough, Iricester-N (0, l, 2), thiDriog
Burford, Oxlord-A.rtificials aild orgiuic lertil"sers, (0, l, 3)
Caistor, LiDcs-Sulphata of ammoiia, nitrate oI soda, nitro-chalk,

crlanamide aad Eitrite.of lime
Spafdiq, Lilcs-'-Sulphate of ammonia. nitrate oI soda ald nitro-

chalk
Swaflbem, Norfolk-Muriate of potash, kainit aod salt
Wragby, LiDcs-Salt aad compo-und rnanure ..
Sleaford, Lincs-{ompoutrd rDatrure (0, 2,:},4, s) .. ..
Tatlgrsha!, Lincs-{rmpouod manure (0, 2. 3, 4, 5l
Spalding. Liocs-N, P, K. Time oI liJtiDg
qgggsbaU, Sgfiotk-N, P, K. Time oI liltidg . .
BaldertoD, Notts-Superphosphate atrd sla8. Two times of applica-
tioD . .
Levertotr-Sulphate ot ammonia, oitrate oI soda, nitro-chalk,
cyanadide atrd nitrate of litle ..

209

2to
aod K\'orr.-N denotes sulphate -ol- aomonie or oitrate of soda, p ilenotes superphosphat€.

detrotes aoy potasb fertiliser.

ERR]\TA
1937 Report

p. f32. Plots ll-to__Is, ]:ields are ore Iine too low. Sectioos at the boltom of the page shouldread: I, II, III, IV, V.
pp. 132, 133 From 1927 oDwards, the dressings of sulpbate oI ammooia have b€€D in utrits oI

2 cwt. aod 
'lot 

as reported iD uoits oI 206 lb.

Noctotr,
High Halstow, Kent

refuse (0, l, 2) and
Siddlesham,

refuse (0, l,
Tunstall. Suffo

(0, l, 2) and
Yarch, Cambe
Tunstal, Suflo

in .-

(o, r, 2)
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