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Rothamsted
Experimental Station

LIST OF ST.{.FF

DECEtrTBER, 1953

Director : SrR \\trLLrAM G. Occ, M.A., B.Sc.,
LL.D.(Aberd.), Pu.D. (Cantab.)

Deputy Directors :

E. M. Cnowrxrn, D.Sc.(Leeds), F.R.I.C. [Sor;ls Dit'isiott]
F. C- Bervorx, III.A. (Cantab.), F.R.S. [P/azl Patholoy, Ditisiotrf

Secretary : J. B. BE-\-\Err, A.C.A.

PHYSICS DEPARTMENT
Head oJ DePa mml

R. K. SCHoFELD, PH.D.(Cantab.), F.INSr.P.

Scientif.c Staf
G. H. CASHEIi, M.Sc.(Manc.)
W. W. E}lERSoN, B.A.(Cantab.)
I- F T-ovc
J. r,. Mo:,nsrrrr, B.Sc.(Edin.), D.I.C.(Lond.)
D. A. PEARCE
H. L. PENMAN, M.Sc., Pu.D.(Dunelm.), F.Issr.P.
A. W. TAyroR, M.Sc.(Manc.)

T emlorary lI'o*ers
J. S. G. McCu[ocu, B.Sc.(Edin.)
F. Srrva, INc.AGR. (Colombia)

Assistant Staf
F. M. Axo\, JENNTFER DAy, \1:. C. GAyE, B. !(.
STARLT\G, JESSTE A. J. \l,arxrn.

CHEMISTRY DEPARTMENT
Head. of Depart nant

E. M. Cnow:nrn, D.Sc.(Leeds), F.R.I.C.

Scienlif,c Staf
Braxorr Brxzles, B.Sc.(I-ond.)
J. M. Bnrur-en, B.Sc.(Gla^s.), Pn.D.(Lond.)
G. W- CooKE, Pn.D.(Lond.), A.R.l.C.
W. B. HArliES, D.Sc.(Lond)., F.I\sr.p., D.I.C.
SrcNr G. Hrrr..rzr, M.PHrL.(Stockholm)
A. E. Joxssro:r, B.Sc.ftVales)
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G. E. G. IfurrrNcrv, Pu.D.(Reading)
J. E. A. OcBoRlr, A.R.l.C.
W. F. RouE
K. SHArv, B.Sc. (Bristol)
H. A. SMrrH
A- STEPHEIiS
O. TALTBUDEEN, M.Sc.(Lucknow), Pn.D.(Lond.)
R. G. WARRIN, B.Sc.(Lond.)
F. V. WrDDolvsoN, B.Sc. (Agric.)(Reading)

Temporary ll'orhers

J. BoLroN, B.Sc.(Leeds), A.R.I.C.
P. \V. W. DABoRN
F. S. C. P. KALpAGri, B.Sc.(Ceylon), Drp.AcRrc.CHEM.

(Leeds)
J. C. Wrrcox, B.Sc. (Agric.)(Wales)

Assistant Staf
E. BrRD, DrANE Y. Boorn, F. CowraNn, Nrurr CnBssrv,
G. DenxrBv, YvoNNE FrrzHUGH, S. C. R. FREEMAN,
C. HucHES, W. K. INDGE, G. E- INGRAM, Lrxor JoNrs,
NoRMA LAMB, J. C. LEITS, M. RoBERTS, STELLA RoBERTS,
F- J. SEABROoK, E. Juov SMrrH, JoycE W. THoRNE,
J. R. \VrLKrNSoN, K. S. W[Lrs.

PEDOLOGY DEPARTMENT
Heqd oJ De?alttued

A. Murn, Px.D.(Edin.)

Scientif.c Staf
C. Broourrrro, Pn.D.(Lond.), F.R.I.C-
G. BnowN, B.Sc.(Glas.)
J. R. BurLER, Pu-D.(Cantab.)
R. GREENE-KELLY, B.Sc.(Lond.)
D- N- GREET
D. M. C. MACEWAN, M.A., B.Sc., Pn.D.(Edin.)
I. STEPHEN, B.Sc. (St.And.), Pu.D.(Lond.)
A. H. \\rErR, B.A.(Cantab.)

'f emporary ll'orkers
S. STNGH, M.Sc.(Benares)
J. L. Wurrr, M.Sc.(Oklahoma)

Assistant Staf
JANET BECKETT, AxxB Drxxrs, G. DrBLEy, R. FARRow,
DENISE A. GRAY, AUDREY MORGAN.

TROPICAL SOILS ADVISER
H. Grcrrr, D.Sc.(St. And.)
Secretary : T. MARJoRTE G[cHRrsr
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SOIL MICROBIOLOGY DEPARTMENT
Eead of Departrnent

H. G. Txonrros, B.A-(Oxon.), D.Sc.(Lond.), f.R.S.
S cientifc Slaf

Jaxrua Krrczxowsxe, Pu.D.(Cracou'), Pu.D.(Lond.)
JANE trIETKLEJoH\, PH.D. (St. .{nd.)
P. S. NurMAN, PH.D. (Lond.)
F. A. SxrN\ER, M.A. (Cantab.), Pu.D.(Lond.)
T. I. STEENSoN, B.Sc.(Agric.)(New Zealand)
N. WALKER, Pu.D. (Leeds), F.R.I.C.

Temlorary lVorhers

I. L. SrEvE\soN, M.S.A. (Toronto)
V. TRECcA)ir, Dom.Scr.AcRrc.(Milan)

Assislant Staff
Jlrrt Bennono, Jrex Buncrss, JoA\ CRA\vLEv, MABEL
DUNKLEY, ANGELA RoE.

BOTANY DEPARTMENT
Head oJ Def artment

D. J. WArso\, Pu.D.(Cantab-)

Scientif.c Staf
S. A. W. Fnrxcx
E. C. Huupxnrrs, D.Sc.(Lond.)
P. C. OwrN, B.Sc.(\\ales), Pu.D.(Lond.)
Gnrrex N. THoRNE, B.A.(Cantab.), Pn.D.(Lond.)
JoAN M. THURSToN, B.Sc.(Lond.)
Kersrnnr WAxrNcroli, D.Sc.(I-ond.)

Assistant Staf
JLrNE P. ARCHER, Bernene Iupry, G. H. KrNG, BRTNDA
MEssER, HEATHER Perrexr, ANxerrs Rel'rrr.

BIOCHEMISTRY DEPARTMENT
Eead. of Def arttnenl

N. W. PrRrE, M.A.(Cartab.), F.R.S.

Scienlifc Staf
D. Farncroucu
Mencenrr HoLDEN, B.Sc.(Lond.)
R. H. KexreN, B.Sc.(Lond.)
P. J. G. M,rvrv, B.Sc.(Birm.). PH.D.(Canrab.)
W. R. SMrrHLEs, Pu.D.(Liv.)
M. V. TRACEY, M.A.(Cantab.)
G. H. WLrsHrRE, PH.D.(Cantab.)

Assistant Staff
A. J. BANCRoFT, Evr CrenrsnoucH, MuRtEL DL:CKERrNG,
I{ARGor H. RoBERTS, l[ARy RoFF, Josrrurxe Tnoursox.
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PLANT PATHOLOGY DEPARTMENT
Head oJ Delartment

F. C. Bervoar, ]I.A.(Cantab.), F.R.S.

Scientifc Staf
.I. W. BLENCo\YE, B.Sc.(Lond.)
L. BRoADBE\r, Pn.D.(Lond.)
MARGARET M. BROWNE
C. E. CoR\roRD, Ptt.D.(Lond.)
Lr-.*.c. Cuxor,r'
H. L. Frsnrn, B.A.(Cantab.)
L. F. GATES, B.A.(Cantab.)
MARY D. GLYN\E, D.Sc.(Wales)
P. H. Gnrconv, D.Sc.(Lond.)
BRENDA M. G. HAMLYN, M.Sc.(Reading)
G. D. Hrarncore , B.Sc.(Lond.)
J. M. Hrnst, B.Sc.(Reading)
R. HULL, Px.D.(Lond.)
B. KASSAN rs, D.Sc.(Lond.)
.{. KLECzxo\lsKr, M.D.(Cracow), Pn.D.(Lond.)
F. T. LASr, Px.D.(Lond.), D.I.C., A.R.C.S.
I. Mecnenrexr, B.Sc. (Glas.)
H. L. Nrxo:{, M.A.(Cantab.)
G. A. SALr, M.A.(Oxon.)
D. B. SLoPE
O- I- STEDMAN
T. W. Trxsrev, B.Sc.1Dunelm.), PH.D.(Lond.)
MARrox A. WATso\, PH.D.(Liv.)

Tern?otaly tVolhels
G. T. A. Brsna, Pu.D.(Yale)
B. D. HARRrso\, B.Sc.(Reading)

A ssistord Staf
BEATRICE ALLARD, JEA\ BLOOTIFIELD, SAI-LY EISLER,
Turrrn Errrort, -I. Fox, A. W. HALSEY, R. HurcHrNSoN,
i. I*l.*.cxr, lo,r.r Irva.xrcxa, W' N. Moonr, A. RoLPH,
joex Saurso":, BARBARA Sev-vrn, Grenvs A' Waronx,
MARJoRTE J. WArso\.

NEMATOLOGY DEPARTMENT
Head of Delarlnent

B. G. PETERS, M.Sc.(Bristol), PH.D.(Lond.).

Scientif.c Staf
C. C. Doxcesrcn, B.Sc.(Wales)
D. W. FBNwrcx, D.Sc.(Wales)
A. Ra.E FoRsrER, Drr.Honr.(Nottingham)
MARY T. FRANKLTx, Pu.D.(Lond.)
I. B. GooDEY, Ptt.D.(Lond.)
j. 3. He s sc, B.Sc.(Lond.), A.R.C.S.
Errzerers WrDDo\TSoN
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Assistant Staf
SyL1aA J. ELSE, D. HoopER, Morrv Krrronl, DoBRTLLA
Krxc, SurnBv KTNGSBURY, H. Meny MurR, MoNrcA M.
WALLER.

INSECTICIDES AND F'UNGICIDES DEPARTMENT
Head. of Depa ruent

C. Pomrn, D.Sc.(Lond.), D.I.C.
Scientific Staf

R. Banonrn, B.Sc.(Lond.)
P. Bunr, B.A.(Cantab.)
.J. U. Cox^* r, B.Sc.(Bristol) (working at Seale-Hayne

College)
ff . ELlrorr, Px.D.(Lond.)
ETLEEN M. GrLrnlu, B.Sc.(Lond.)
DAPHNE V- Horrnoor, B.Sc.(Lond.)
JraN HorreNn
Jovce Krxre:t. B.Sc.(Lond.)
.IILL R. KERRIDGE
K. A. LoRD, B.A.(Cantab.), PH.D.(Lond.), A.R.I.C.
A. H. McI:rrosn, B.Sc.(Edin.), pH.D.(Lond.), A.R.I.C.
P. H. NEEDHAM, B.Sc.(Manc.)
J. WARD, B.Sc.(St. And.)
M. J. WAy, B.A.(Cantab.)

S|ecial Part-time A??oint nent
F. TATTERSFTELD, O.B.E., D.Sc.(Lond.), F.R.I.C.

Temlorary 14'orhers

R. BERNET
J. K. F. KIRTI SINGHE

Assistant Staf
4.J. Anroro, R. Bnrsrow, Pernrcu FoRBES, R. E.
Gooocnrro, YaNoe Howean, I{ARGARET MAcFARTA}aE,
JexET M. PATTERSoN, DoREEN THoRNETT

ENTOMOLOGY DEPARTMENT
Eead. of Delarttnent

C. B. \!iLLrAMS, Sc.D.(Cantab.), F.R.S.
Scientif.c Staf

C. J. Berxs, Pu.D.(Lond.)
H. F. BARTES, M.A.(Oxon.), pH.D.(Lond.)
R. M. DoBsoN, B.A.(Cantab.)
R. A. FnescH, B.Sc.(Lond.)
C. G-. JoH\-so-\- D.Sc-. PH.D.(Lond.)
D. B. Lo\c, M.A.(Cantab.), Pn.D.(Lond.)
P. W. IUuRpHy, D.Put.(Oxon.), B..{cn.Sc.(U.C. Dubtin)
F. Raw, Pu.D.(Lond.)
J. W. SreruervioN, B.Sc.(Lond.)
PAIBARA M. SroKES, M.Sc. (Reaaing)
L. R. Tavron
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Temporary l{orherc
ELSE E. HAr\E, DR.RER.NAT.(Bonn)
G. W. Hrers, B.Sc.(Dunelm.)
B. Jonxsor, B.Sc. (Agr.)(Sydney)
T. R. E. Souruu'ooD, B.Sc.(Lond.)
Sevrne Er-Zrelv, M.Sc.(Cairo)

-1 ssistant Staf
B. BucI NGHAM, JUDY HoR\, CoNSTANCE P. JENrirlis,
ELSA KoLLER, J. R. Lorrv, BrDDY NASH, SHTRTEY RUDD,
Surra SBurnes.

BEE DEPARTMENT
Head of Department

C. G. Burrrn, Pu.D.(Cantab.)

Scientifc Staf
L. BATLEY, M.A.(Cantab.)
ELTsABETH Canlrsrr
AcNES W. FREE, C.D.H.
.1. B. Fnee, B.,\.(Cantab.)
C. R. RIBBA\DS. M.A.(Cantab.)
J. SrvPSoN, Il1.-{.(Cantab.)
Errzagnrn TY\DALE-BrscoE, D.I-C.

Assislattt S,af
J. C. ADArrs, A. J. But r, J. B. CLrtFoRD, N. ELLEMENT,
i{enrou Nu:qs, 

-R. A. \\'rrcH, JoYcE \YHIrir, F. }t.
WooDSTocx.

STATISTICS DEPARTMENT
Head of De?a.ltnent

F. YATES, Sc.D.(Cantab.), F.R.S.

Scientif.c Staf
P. R. D. Avrs, B.Sc. (Econ.)(Nottingham)
D. A. BoYD, Ptt.D.(Lond.)
B. M. CHURCH, B.Sc.(Lond.)
MuRrxL E. Drus, B.Sc.[Vales)
-J. H. A. Dt li\1ooDr', B.-\.(Oxon.)
N. E. G. GrI-sEnr, B.A.(Cantab.)
P. M. GRU\DY, Pn.D.(Cantab.)
lf. .1. R. Hearv, B.-{.(Cantab.)
G. E. Hoorsrr, B.Sc.(Liv.)
F. B. LEECH, B.AcR.(Beuast), M.R.C.V.S.
\\'. -J. LESSELLS, B.Sc. (Econ.)(Nottingham)
AvEruL M. Muxrs. B.Sc.(Lond.)
H. D. PATTERSoN, M.Sc. (Leeds)
D. H. REES, B.Sc.(Lond.)
EMrLY P. Srursor, B.A.(Oxon.)
EDrrH SPETCH, B.Sc.(Lond.)
If. H. WEsrYACorr, B.A.(Oxon.)
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Assistanl Staf
Rurx Huxr (Secretary)
DoREEN BrspHAu, DoRorHy Bnou'trxc, Eorru E, Cnar-
LENGER, DoRrs A. CouRT, WiNTFRED L. DAwsoN, JANETGrlrrsrrr, GwrNnorrxr HArsEy, CoNsTANcE HUNT,
Fronrxcc V. W- JoRDAN, tr[ARrE KEASLEv, GwENDoLT\E
Luc-ls, SsrnrBy I{ARDLE, DoREEN il{rrcne[, Auonry
PrNColrBE, VERoNA A. RoBERTS, Fnroa Slnrx, BERENTCE
Sonn r, KATHARTNE THoMAS, ANN WATKTNSoN,
]!{ARG-{RET P. Wnrrrxcueu,

FIELD EXPERIMENTS SECTION
Head of Section

H. Y. Genurn, M.A.(Cantab.), B.Sc.(Liv.)

Strf
G. Y. DYxB, M.A.(Oxon.)
KATHLEEN SKDMoRI, N.D.D.
M. J. ALLEN
Mvnrrr Hucnrs (Clerical Assistant)
B. WESToN (Field Superintendent)

FARM STAFF
Farm Manager

J. R. IUoFFArr, B.Sc.(Agric.)(Lond.), N.D.A., A.LB.A.E.

De?ut! Farm Manager
S. Meler, B.Sc.(Agric.) (Lond.)

Assistants lo Farm Manager
G. F. CorE
C. R. L. Scowx

Secrela4r

Bnrxne SruPso:

Rccorders

J. II. Brocoon
A. BURDETI
F. V. Cooprn, B.Sc. (Agric.)(Lond.)

Foreman
H. P. Cunn-q.xr

Farm ll'orkers
T. Anrorvnrre, J. T. BAGTiELL, .J. BrRD, P. BrRD, A. BRowx,
A. E. BRowN, W. A. H. BuRroN, W. Cers, H. S. CHAPMAN,
P. W. Cunne:{r, G. Fecrn, G. GLASSpooL, A. lENNrNcs,A. MTLLS, T. F. Nlaroe, F. SroKES, J. UxoenHrrr,
H. A. WerFono, M. R. Wanxen.
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LIBRARY
Librarian

D. H. BoALcH, M.A.(Cantab.)

Assislant Librarian
K. Toxr Suuxrx

Assistads
HrrrN J. HARr, SHETTA WEBB.

ADMINISTRATIYE AND CLERICAL STAFF
Director's P ersonal' A ssistanl

Mrrorpo E. ASHFoRD

Ass;srqnt tn Secrdq,ly
E. CHURCH

C ashia
Ornn CorBueu

Clerical Staf
MARY ARNoLD, DoRorHY CoArES, JULrE V. CoPE, JoAN A.
Genoxrn, Peurrxr S. Gnev, MARY K, HowARD, RUBY M.
PEPPER, DORIS PRICE, BERYLM. TEORNE, ANNE I' WALKER.

Slorekeelers
A. H. BoworN, F. W. ELLTNGnAM.

PHOTOGRAPHY
Pholografher

V. Srassnern, F.R.P.S.

Draughtsman
Auonrv I. S*rpsox

HALL OF' RESIDENCE AND CANTEEN
'll arder and. H ous e he e! er

MARJORIE BLOOMFIELD

Assistant HousekeePel

AuDRxY H. BENZIE

Stof
Ioycs E. Brcc, Eruel L. HAwruNS, FANxY JEliKrNSoN,
kerulrrN M. KIRKwooD, ETHEL F. LAwRENcE,
GERTRUDE A. Nrrlner'r, E. Nrronelr, OIJVE C

WHrrcHER.

MAINTENANCE STATF
Head. of Worhshol and Mahttenarce Staf

.q.. E. HALL
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Joiner, Plumber, Painter, elc.

W. G. Anaorr, F. A. ANDRrws, L. C. Benny, E. .1.
Buncrss, S. FosrER, L. J. hNxev, A. W. Pmlrnrr,
L. R. Srrrru.

Caretakerc, Cleaners, Cardeners, etc.

L. ALLEN, A. CURL, R. W. B. DALE, W. S. FrsHER,
FTORENCE HAMrLTori, F. Hev[ro-r.-, F. K. HA$.KrNs,
A. C. HrLL, G. E. Hoopen, F. IvoRy, T. Jecxsox, H. J.
NEWMAN, R. C. Pennorr, W. J. Srrrrn, F. J. Srocr,
H. .{. WESro\.

Members of the Administrative and Scientific Staff who left
between January and December, 1953.
Bee Depa.rlnte t

MARGARET RYLE, B.A.(Oxon.)

Chemistry Delaltt .e t
G. E. HooPER

I ns ecti ci d es D e! ai,tuent
PAULr\E M. Srmu, B.Sc.(Hort.)(Lond.)

Plant Pathol,ogy Depa ment
Fronrxcp lI. RoBERrs, M.Sc. (\Yit*.atersrand), Px.D.
(Lond.)

Soil Microbiologt Depalt nent

LETrrcE LI. Cnuur, II.Sc.(Lond.)
J. HAzEL Frr-eces, B.A.(Mod.)(T.C. Dublin)
E. R. Tl rs en, B.A.(Cantab.)

Statistics

J. K. R. WooD, B.Sc.(Lond.)

Director's Personal A ssistanl
MARGARET AsHsy S ru

The following spent varying periods as temporary workers
at Rothamsted during 1953 :

Ausbalia
B. J9][ol (Entomology), .H. PuRCHAsE (Soil Microbiology),

H. R. SAMSo\ (Physics).

Brazil
C. FRAGA (Statistics)

Btilish West Indies

J. R. CoweN (Physics), J. HARxwooD (Statistics).

Canada

I. L. SrEvENsoN (Soil Microbiology)
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C eylon
B. A. Beprrsr (Bee), F. S. C. P. KerpacE (Chemistry),
A. I!I. Ksex (Insecticides and Plant Pathology), F. D.
Krex (Insecticides), J. K. F. KIRrHrsr:rGHE (Insecticides),
S. A. \I'AHED (Entomology).

C olombia
F. Srrre (Physics)

Cy?rus
C. G. SorBnraoes (Soil Survey)

Deamarh

J. JTRGENSEN (Entomology)
East AJrica

U. Kroll (Statistics)

Ecfit
SAMTRA EL ZrADy (Entomology), M. HosNI (Entomology).

Ftance
U. DE BARJAC (Soil Microbiology)

Gumany
E. Herxr (Entomology)

Gteece
TH. A. METAKTDES (Statistics)

Id.ia
N. G. Goxerr (Soil Survey), K. K. Neven (Entomology),
P. K. Rov (Soil Survey), S. Srxcu (Pedology).

Ilaly
V. TREccANT (Soil Microbiology)

M alaya
R. Ho (Soil Survey)

Ntut Zealald
E. CUTLER (Soil Survey)

No h Bornco
R. H. Fonsrrn (Statistics)

Spaia
J. M. MAcEDo (Physics)

Su.dan
A. Y. Konoorexr (Chemistry)

Sutilzerland
R. BERNET (Insecticides)

u.s.A.
G. T. A. BE!iDA (Plant Pathology), H. J. BRoDTE (Plant
Pathology), J. E. DA\.vsoN (Physics), J. L. Wrrrrt
(Pedology).

ll'est Africa
.T. .{. Cnnrrn (Statistics), A. S. DE EsDREDv (Pedology),
N. A. Nwosu (Statistics), T. E. TortLr..*sox (Physics).
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Bitish I slcs
K. S. Aropnsox (Plant Pathology), R. Benren (Bee),
J. BoLroN (Chemistry), J. Bneflei (Plant Pathology), -J.
BRrccs (Plant Pathology), M. BnorvN (Soil Microbiology), J.
A. Burrocx (Entomology), E. L. C,rlwnr (Plant Pithol-
ogy), M. CoLE (Botany), G. CHESTERS (Chemistry), P. W- W.
Derons (Chemistry), J. K. R. GASSER (Chemistrv &
Pedology), N. Hecur (Nematology), G. Harorv (Ftant
Pathology), E. D. Haurrrox (Plant Pathotogy), B. E-
Hennrs (Entomology), B. D. HARRTSoN (Plant FAtholosy),c. W. HEArH (Entomology), J. Iuerr (Nematologi,),
M. JAcxsoN (Statistics), C. D. KEup (Statistics), C. 

-p.

KTRKLAND (Chemistrv), B. R. Leuncxip (Ertomolosv).
T. Mearorr (Nematoiogy), J. S. G. McCurroircs (Physlesl,
c. MoR-ay (Insecticides), E. -l- Perxrxrrn (Insriti;idesi.
G- W. PAxsoNS (Chemistry), H. Pess (Insi\cticides), M.
PRArr (Plant PatholoB'y), P. RoBERrs (Nematolosv),
J. E. SATCHELL (Entomology), V. M. Suonnocxs (Botany),
J. M. THRESH (Plant Pathology), M. VrnsrrecH (BeL).
J. C. Wrrcox (Chemistry).

Soil Survey of England
and Wales

Hcad oJ Sumqt
A. l[urR, PH.D.(Edin.)

Delrly l{cad oJ Surcy
D. A. OsnoND, M.Sc., Px.D.(Bristot), A.R.I.C.

Soil Sumcyors
c. D- AsELEy, B.Sc.(Sheffield)
B. W. AvERy, B.Sc.(Reading)'
D. F. BArL, B.A.(Cantab.)
A. CRoxproN, B.Sc. (Ireds)
E. Cnourror.r, M.Sc. (Manc.)
L. F. CuRTrs, B.Sc. (Bristol)
D. C. Frxnrey, B.A.(Cantab.)
R. D. Gnarx, M.Sc.(i-ond.)
B. R. HALL, B.Sc.(Edin.)
J. F. H,rnnor, B.Sc.(Shdffield)
C. A. H. HoDGE, B.Sc.(Wales)
J. H. J.rurs, PH.D.(Bristol)
D. W. KrNG, B.Sc.(Lond.). A.R.I.C.
D. MACKNE1., B.Sc.(Brist6l)
R. S. Sr.[r, B.A.(C;ntab.)
C. J. Tee, B.Sc.(I-ond.)

C heris*
9j L. EASCoMB, 8.9c.(Agric.)(Reading)
H. H. LE fucxr, B.Sc.(I-ond.)

Assistanl Slaff
Menro:rteren, Joex K.
MoRRrs, EDrTH fucsy, P.

FosrER, D. V. JoNES, SHTRLEY
SALT.
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Woburn Experimental Station
Directnr

Srn Wrurev G. Occ, U.A., B.Sc., LL.D.(Aberd.), PH.D.
(Cantab.)

Assislanl Director
H. H. Mexx, D.Sc., F.R.I.C. (Kaiser-i-Hind Gold Medal)

C hemisl
T. W. BARNES, M.Sc.(Lond.), F.R.I.C.

Assisrants
A. PEAcocx, G. PEARcE.

FARM STAFI'
Farm Manago

J. R. MoFFAT T, B.Sc. (Agdc.)(Lond.), N.D.A., A.I.B.A.E.

Assislant
G. F. CoLE

Baitif
A. W. Nurr

Farm lYorhers

A. Heruox, C. HATHAwAY, Cr-ene E. HoRr, W. A.
MCCALLUM, K. lv[soN, W. WEsox.

lmperial College of Science
and Technology

(Research Instltute ol Plant Physlology)

Direclor
F. G. GREGoRY, D.Sc.(Lond.), F.R.S.

Ilcad oJ Defartrwal
F. J. RTCHARDS, D.Sc.(Birm.)

Scientific Slaf
A. R. Rers, B.Sc.(Wales)
W. W rcHwABE, Pn.D.(Lond.), A.R.C.S.

Temforury Worher
Donofirv Enxcroli, B.Sc. (Lond.), A.R.C.S.

Assistafl, Stsf
\\'. S. Brccs, Meunrer FosrER, C. Srxcrern, Paxere
Svrrn.

B
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The Commonwealth Bureau of
Soil Science

Director ..,
Consultant Director
Assistant Director
Assistants

Indexer .,.
Senior Clerk
Clerks

The Bureau is one of ten Commonwealth Agricultural Bureaux,
and was established at Rothamsted in 1929. Administratively and
financially the Bureau is distinct from the Station, but the closest
collaboration exists in the work of the two. The Director of the
Station is Consultant Director of the Soil Bureau.

The function of the Bureau is to assist rvorkers in soil science
throughout the Commonwealth by providing technical information,
by promoting contact between them and by rendering any technical
assistance possible when they are irr this country. A bi-monthly
abstract journal Soils and Ferlilizers, covering the literature of
soil science, fertilizers and the culture of field crops throughout the
world, is published, together with occasional monographs-T echnical,
Communicalions on subjects of general interest. To facilitate its
work, the Bureau seeks to be well informed as to the personnel
engaged in soil work in the Commonwealth and the problems on
which they are engaged. Each Government has been requested to
nominate one oI its stafi as Ofiicial Correspondent to the Bureau,
who acts as Iiaison officer in Bureau matters aud assists in the
collection and distribution of information. The issue of technical
information is usuallv free to a]l workers in soil science who ask the
assistance oI the Bureau-

t8

... G, V. JAcKs, M.A.

... SrR W. G. Occ, M.A., PH.D., LL.D,

... W. D. BRTND, B.Sc.
... K,crHreex H. Cenwn, B.Sc.

M. KerurerN Mn Nr, B.Sc.
I. SzLADrrs, PH.D.
Nonen J. WATTS, M.A.

... SoPHE ADAUS

... CYNTHTA M. HoRN

... MARGUERTTA D. PevNr, Inrs Srup-
soN, RITA M. STARKINS
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PREFACE
The Rothamsted Experimental Station was founded in 1843 by

the late Sir J. B. Lawes, with whom was associated Sir J. H. Gilbert
for a period of nearly sixty years. Lawes died in 1900, and Gilbert
in lml; they were succeeded by Sir A. D. Hall from 1902 to tgl2,
and by Sir E. J. Russell from 1912 to 1943, when the present Director,
Sir Witliam G. Ogg, was appointed.

For many years the work was maintained entirely at the expense
of Sir J. B. Lawes, at first by direct payment, and {rom 1889
onwards out of the income derived from the endowment {und of
gl0O,00O given by him to the Lawes Agricultural Trust. In 1904
the Society for Extend.ing the Rothamsted Experiments was
instituted for the purpose of providing funds for expansion. In
1906 Mr. J. F. Mason built the Bacteriological Laboratory; in
t907 the Goldsmiths' Company generously provided a {urther
endowment of f10,000, the income from which-since augmented by
the Company-is devoted to the investigation of the soil. In l9ll
the Development Commissioners made their first trant to the
Station. Since then, Government grants have been made annually,
and at the present time over 90 1xr cent of the necessary funds is
provided from Government sources-mainly by the Ministry of
Agriculture and the Agricultural Research Council.

The main block of laboratories was opened in l9l9; another
block was erected in 1924 for plant pathology by a grant provided
by the Ministry of Agriculture out of the Development Fund; and
Red Gables, tlie house adjoining the laboratories on the north side,
was converted into an Administration Building to hold the
Commonwealth Soil Bureau, Stafi Common Room and Con{erence
Room.

Since 1945 Rivers Lodge, a house belonging to the Station, on
the south side of the laborttories, has been used to provide accom-
modation for the Statistical Department.

In 1946 Rothamsted Lodge, the dower house oI the Estate, was
purchased and occupied by the Entomology and Bee Research and
Advisory Department.

In 1947 the plant nematology work under Dr. T. Goodey, oI the
Institute of Parasitology, was tianslerred to Rothamsted, and a new
laboratory was erected to house this department.

Large glasshouses, including special insect-proof houses for
vinrs studies, were added in 1926, 1928 and l93I by aid of generous
grants from the Rockeleller Foundation, the Empire Marketing
Board and the Ministry of Agriculture. A new large range oI
houses, some of which are insect-proof, was erected in 1935 for
plant-pathology investigations.

A large new South lVing was completed in 1940, and the old
chemical- laboratories were reconstructed. These extensions and
reconstructions have provided excellent accommodation for the
Chemistry, Biochemistry, Physics and Microbiology DePartments ;

in addition, a fine rangi of iot-culture houses wai built. A new
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laboratory has also been built and equipped lor workers from
the Imperial College ol Science and Technology-

The Rothamsted Home Farm of 25O acres came under the
management of Sir John Lawes in 1834, the experirnental fields
being worked from the farm buildings at the Manor House- In
l9l3 the first range of farm buildings and cottages was erected
on the site oI the present buildings. These were considerably
enlarged in 1930-32 and equipped for electric light and power.
Further additions were made in 193H0, and the electricity supply
has now been extended to these newer buildirgs.

A further range oI slx farm cottages was erected in Ninnings
Field irr 1948, and a concrete road constructed from the back of the
laboratories to the farm.

The non-experimental part of the farm was reorganized in 1928
to meet the prevailing economic conditions, much of the land being
laid down to permanent grass, and cattle and sheep were introduced.
In 1939 this policy was reversed, ley farming was introduced and
the arable acreage was increased to meet wartime conditions.

The extension of the experiments to various outside centres in
Great Britain, be$rn in I92I, has proved so advantageous tiat it
has been developed. Not only is useful information spread among
farmers, but the Station also gains considerably by this closer
association with the Universities and Advisory Services- As part
oI this extension, the Station took over in 1926 the Woburn
Experimental Farm. We were thus able to make experiments
simultaneously on the light land at Woburn and the heary land
at Rotha.msted.

In May 1934 the negotiations for the purchase of the farm and
some adjoining parts of the Rothamsted Estate were completed.
The Rothamsted Trustees now own the site of the laboratories,
the experimental and ordinary farm fields, Knot Wood, the Manor
House and grounds, the farm manager's house and eight cottages.
The total area is 527 acres. The purchase price was 135,000, all
of which was raised by public subscription. Generous contributions
were received from Sir Robert McDougall and others, and a highly
encouraging feature of the appeal was the number of subscriptions
received from farmers, vi.[age school teachers and from oversea
sources,

During I95I-52 the Manor House was converted into a Hall oI
Residence, providing accorrmodation for seven families, rooms for
twenty single workers and two guest rooms. Some of the large
public rooms are available for lectures and general institutional
purposes. The fabric of the older part of the building, part of which
dates back to the lSth century, has been carefully preserved. The
greater part of the cost was met by the Ministry of Agriculture, but
the Station also received encouragement and financial aid from the
Pilgrim Trust, The conversion has greatly enhanced the amenities
of Rothamsted, and the accommodation is particularly useful for
the younger memberc of stafi and temporary workers from overse.ls.
An illustrated guide to the Manor with an account of its history has
been published (1953) under the title The Mdnot oJ Rothqrnsted.
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The activities of Rothamsted, however, are not conined to the
British Isles, but are gradual.ly spreading out to the Commonwealth
and other countries. The Station regularly participates ir work for
the solution of agricultural problems of great importance to the
Commonwealth.

The Station ofiers research {acilities for post-graduate students,
trut unfortunatelv the number of additional workers that can be
accommodated is'at present strictly limited by lack of laboratorv
space.

The Commonwealth Bureau of Soil Science, one of the ten
Commonwealth Agricultural Bureaux set up to act as clearing
centres o{ informition on agricultural science, has been located
at Rothamsted since its establishment in f929.

TrtB LreRAnY

The Library may be said to have come into being in 1913, when
the Sir Henry'Gi.lb"ert Collection, presented by Laiiy Gilbert, was
added to theimall body of referenie works used in the Laboratory
at that time-most of them the gift of Sir John Lawes himself.

Its expansion, aided by gif[s and grants from a number of
individuatt and Societies, was rapid, until it now contains:

(APPloxiEatelY)
Periodicals 3'5oo

(Current, 1,500)
Bobks, l84I- ... ... 10,000
Books, l4?I-1840 3,500

(includins 14 incunabula)
Bo'und vohiines of pamphldts ... 4oo
MSS. ... ... - ... ... ... I00
Maps ... 300
priirts ... 100

-in all about 18,00O items, comprising some 50,000 volumes.

The yearly accessions of books and periodicals, bought and
exchangCd, amount to approximately 1,100 volumes.

The chief periodicals on agriculture and related subiects pub-
lished throughbut the world are received, either by subscri-ption or
in exchangeland constitute the most-used section of the Library.

The stock of books also covers a wide range of subiects- not
onlv agriculture but also, e.g., chemistry, physiis, biology, botany,
seoioev, zoology, meteorology and statistics. The books are
irratied accoriiioe to the Uuiiersal Decirnal Classification system.
The c;ttection of "early printed books (147I-1840), which is kept
seoarate from the rest, iniludes fourteen'incunabuli, amongst which
isi copv of the first dated edition of Pier de' Crescenzi's Ruraliun,
commadlorum libri duodecim-lhe ear\est printed book on agriculture

-oroduced 
at Aussburs bv lohann Schiissler in f47l (Hain 5828).

Th'e collection of tfrSS. iictirais a copv of the Trealise oJ Husbandrl,
by Walter of Henley (fl. f250), writien in England on vellum about
the middle of the l4th century.
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The prints, which are mainly of the l8th and early lgth centuries,
include portraits of eminent 

' a.qriculturists, bucolic scenes, and
representations of livestock- A most valuable addition to this col-
iection was made in 1948, when Lord Northbrook presented his
father's collection of prints to the Station.

The Library is designed to meet the requirements of the stafi of
Rotharnsted; -but 

its ise is extended to airy research worker who
can show his need of it.

The General Catalogue of the Library is kept on cards. There is
also a published catalogue ot the collection of early printed books on
agriculture (Rothamsted, 1926; second eclition, 1940; Supplement,
_19_49). 4 -complete catalogue o{ the serial publications in the
Library is in the press.
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INTRODUCTION
By THE DrRxcToR

It is with very deep regret that we record the deaths of Dr.
Winifred E. Brenchley, Dr. Tom Goodey and Mr. Arthur Oggelsby,
all of whom were held in afiection and esteem by the stafi. Dr.
Breuchley, who retired from the headship of the Botany Department
in 1948, came to Rothamsted in 1906, and was the first woman
member of the staff. She not only achieved eminence in her subject
but did a verygreat deal for the social life and welfare of the Station.
Dr. Goodey, after two short periods of service on the staff (1912-13
and I92G-2I), returned as Head of the newly-formed Nematology
Department in 1948, but during the intervening years he was closely
associated with Rothamsted, both socially and professionally.
He was one of the leading nematologists in the world, and his friends
will also remember his high spirits and his accomplishments as a
singer and actor. Mr. Arthur Oggelsby, who gave many years of
valuable service to the Chemistry Department and later was Head
Storekeeper, retfued in 1951 after ifty years at Rothamsted. He was
one of the last links with our founders, for Sir Henry Gilbert was
still Dfuector when he joined the stafi.

Sir Edward Salisbury, a representative o{ the Royal Society on
the Lawes Trust Committee since 1940, retired from it during the
year, and his place was taken by Sir Lawrence Bragg. Miss L. M.
Crump, a member of the Microbiology staff since 1918, retired in
October. In addition to her valuable scientific services, she took
much interest in the library, particularly in the collection of early
books. Dr. F. M. Roberts, of the Plant Pathology Department,
who retumed from secondment to the Clove Research Scheme,
Zanzlbar, resigned to take up a post in Jamaica under the Colonial
Agricultural Research Service, and Dr. T. W, Tinsley's secondment
to the West African Cacao Research Institute has been extended for a
further tour of eighteen months. At the invitation of the Colonial
Office and the Government of Nyasaland, Dr. A. Muir took charge
of a soil suwey of the Shire Valley area in connection with an
extensive land development project; Dr. D. A. Osmond is in
Cyprus Ior six months initiating a soil survey. Dr. J. Meiklejohn
has returned after spending a year at the East African Agriculture
and Forestry Research Organization, Nairobi, where she was working
on problems of soil microbiology. Dr. P. S. ]iutman, of the Micro-
biology Department, vr'as awarded a three-\'ear Senior Research
Felto;;ship Ly *re Commonwealth Scienti6c a;d Industrial Research
Organizatlon (Australia) to work in Canberra, and Dr. W. R. Slqit]lies,
of the Biochemistry Department, was awarded a one-year Fellow-
ship oI the National Research Council oI Canada to work in the
Council's Department of Applied Biology in Ottawa. Both are on
leave of absence, Mr. B. W. Avery returned after spending a year
with the Soil Survey of New Zealand in exchange with Mr- E.
Cutler.

Several members oI the stafi made shorter visits abroad in
connection with various projects. Dr. E, M. Crowther made a tour
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in the Sudan and East Africa at the request of the Sudan Govern-
ment, the Empire Cotton Growing Corporation and the Colonial
Advisory Committee on Agricultural Research; he a.lso attended
a Specialist Conference on Fertilizers at the East African Agiculture
and Forestry Research Organization and the Annual Research Meet-
ing of the Sudan Ministry of Agriculture. Dr. F. Yates visited India
at the invitation of the Food and AgricuJture Organization of the
United Nations to advise the Indian Council of Agricultural Re-
search on the development oI their Statistical Branch, and Dr.
D. A. Boyd spent six weeks in Rome, Greece and Cyprus as con-
sultant on experimental design to the F.A.O. Working Party on
Mediterranean Pasture and Fodder Development. Mr. G. E.
Hodnett ii'as one of the instructors at an eight-week course held at
the African Trainin8 Centre Ior Agricultural Statistics at Ibadan,
Nigeria. Dr. B. G. Peters spent three months at the Connecticut
.\gricultural Experiment Station to advise on nematological prob.
Iems, and Dr. C. B. \\'illiams and trIr. R. A. French visited the
Mediterranean coast to study the autumn southward movement of
insects in that area.

Representatives {rom Rothamsted attended the Ninth Inter-
national Genetics Congress and the Third International Biometric
Conlerence, both held at BellaEio, and the Twenty-eighth Session
of the International Statistical Institute in Rome; the Sixth
lnternational Congress of Microbiology and the Symposium on the
Interaction of Viruses and Cells, which took place simultaneously in
Rome; the Fourteenth International Congress of Zoology in
Copenhagen; the Thirteenth International Congress of Pure and
Applied Chemistry in Stockholm, and the meeting oI the Inter-
national Institute of Sugar Beet Research in Bergen op Zoom. Mr.
1". C. Bawden accepted an invitation to participate in an Inter-
national S5,.'rnposium on the Dlmamics o[ Virus Infection held at the
Henry Ford Hospital, Detroit ; and, at the invitation of the Research
Council lor Ontario, Dr. H. L. Penman attended a Meteorological
Conference in Toronto. At the request of Professor E. C. Wassink,
Diector of the Laboratory of Plant Physiological Research, Univer-
sity of Wageningen, Dr. D. J. \lratson gave lectures in a course on
photosynthesis in Wageningen.

Dr. F. Yates was awarded the Weldon Memorial Prize given by
the University of Ox{ord for outstanding work in biometrical
science. Mr. M. H. lVestmacott was granted leave of absence for
six months to take part in the Everest Expedition. Sir William
Ogg was elected President of the Society of ehemical Industry.

Vtsrtons
There were several thousand visitors to the Station during the

year, including many farmers. ,Amontst the overseas visitors were
the Ministers oI Agriculture from Norway and from Western
Nigeria, the Yugoslav Ambassador, the Paramount Chief of Swazi-
land, the Senior Chief of Bechuanaland, the heir to the Paramount
Chieftainship of Basutoland, the Secretary-General of the Israeli
Ministry of Agriculture, the Under-Secretaqr of State for Agricul-
ture and the Director General of the AgriCultural Department of
Siam, a party of six United States Congressmen and a group of
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French Scientific Editors. Many organizations visited the Station,
includirg the Institute of Biology, the Geological Association, the
British }tycotogical Society, the Organization for European Economic
Co-opera{ion, fhe Empire Cotton Growing Corporation, the B.B.C.
European Farm Organization and the Nuffield Foundation Survey
Team of Architects, Overseas scientists who sPent some time at
Rothamsted included Dr. M. M. Bums, Principal of the Canterbury
Agricultural College, New Zealand, Professor L. Davis of the
Universitv of Califomia, Dr. Ionathan Garst of Califomia, and
Dr. C. S. Piper and Professor-J. G. Wood of the University of
Adelaide.

Burorxcs
Since the \[ar there has been a rapid expansion in the scope of

Rothamsted's activities. In addition to considerable growth in
size of existing departments, two new departments, -Pedology_and
Nematology, h-ave 6een set up; two sections, Biochemistry and Bees,
have been 

- 
expanded into dePartments; the headquarters of the

Soit Survev ofEneland and Wales has been trans{erred to Rotham-
sted, and'a Stati;tical Research Service has been set uP in con-
iunction with the Statistics Department. As a result, the stafi of
ihe Station has more than doubled in numbers during the past ten
vears, and accommodation problems had become very acute. In
6rder to meet the most pressing needs, several new buildings are
beine orovided. One of these is ihe 6rst instalment of a block which
will iritimatelv house all the departments of the Plant Pathology
group. Othei buildings of a less permanent character are being
erected to ease the congestion in the Statistics Department and to
provide for fertilizer experiments and the work on the production
6f leaf protein. An extinsion of the Plant Pathology potting sheds
and a riew insectary have been completed. A historical account of
the Manor of Rotliamsted, now usid as a Hall of Residence, has
been written by Mr. D. H. Boalch, the Station's Librarian.

THE WonK oF THE STATToN

The PedoloQv DeDartment is studving the weathering of rocks
and the formatio-n anh chssification oi so=ils, and it worlis in very
close association with the Soil Survev of England and Wales. Much
attention is beine civen to soil and clay m-inerals, and the work is
not confined to ihis countrv. Mineral6gical studies of soils of the
Athi Plain in Kenva and ofihe lower Shile River area in Nyasaland
are throwing liehi on the nature of their parent materials. Good
oroeress hai be"en made in the survev of clay minerals, improve-
io"it. h.u" been made in techniques, ind one or two new minerals
discovered. These studies, which appeared somewhat academic,
are besinnins to have possible practicii applications, for it has been
found"oossiEle to chiracterizi the clati 

-mineral responsible for
potash hxation in certain soils. Should-this Prove to be generally
ihe case, we shall have a useful diagnostic criterion for this important
soil orooertv- A detailed comparison is being made of the soils in
SroddUilt held and the adjoining strip (Broadbalk Wilderness),
which has been uncultivated and under natural vegetation since
1882. There appears to be very little change either in the soil

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-1-75 pp 27

26

profile or the composition of the clay, but the structure of the surface
soil in the Wilderness has improved through an increase in orgaaic
matter. Investigations are being continued into the minor-element
content of soils in vadous parts of the country, and a number of
copper- and zinc-deficient samples from Wales are being studied.
The work on soils with impeded drainage has been wideneii in scope,
and interesting information obtained on the movement of hon a-nd
aluminium in the soil profile. Satisfactory progress has been made
on the Soil Survey of England and Walesl eailv 300 square miles
having been mapfed in virious parts of the couniry ard idvice and
assistance given on several proiects.

In the Chemistry Department much attention has been given to
assessing by laboratory tests and field experiments the agriiultural
value of phosphate fertilizers insoluble in water. This is 

"important
at the present time, when attempts are being made bv manuficturers
to effect economies in sutphuriC acid by us,-ine new 

-processes 
which

give high proportions of the phosphate in foins insbluble in water.
Two series of co-operative fielcl experiments planned ard co-
ordinated at Rothamsted have been carried oui in collaboration
with soil chemists of t-he National Agricultural Advisory Service,
the Macaulay Institute and the Northem Ireland Ministry 6f Asricul-
ture. The general results emphasize the outstanding meits of
water-soluble phosphate on most classes of land, especiallv when used
as a " starter dose " and placed close to the seed. Some of the
insoluble forms, however, gave almost as good resu.lts as suDer-
phosphate for certa.in soils -and crops. Thr:ee kinds of nitropfios-
phate, prepared by difierent processes, were tested on potatoei and
grass. They differed amongst themselves, and all weie somewhat
inferior to superphosphate, ispecialty on potatoes on neutral soils.
It is too soon to come to definite conclirsioni, but the results obtained,
so far, suggest that the phosphate in these materials has about the
same effect as that in high-soluble basic slags. The nitrophosohates
were granular, and thi question arises "whether watdr-indoluble
phospates in 6ranular form can act quickly enough in the earlv
stages of crop grou.th. The experiments als'o indicite that ereater
use might be made of ground- mineral phosphates on acid soils,
particularly for swedes and established gr:ass in the wetter Darts of
the country. For other crops a starteidose of soluble ohbsphate
would be necessary. At crirrent prices, including subsid.ies, this
material costs or y about a third thebrice of sranula;suoerDhosDhate
per unit of phosphate. The results'from m'a.v;";T;;;;ffi;;i;
show the need for a National Compound Fertiiizer with hieh ratios
of nitrogen and potassium to phosihorus.

Earlier worli on fertilizer ptacement was extended. On the
average ot seven experiments on potatoes, light dressinqs of ammon_
ium sulphate gave better resultiwhen placid and heiw dressines
when broadcast. There was no advantige in holdins b;ck half tfie
nitroten until surnmer, even where the po'tato crop wYas resarded as
maturing too early. Placed fertilizeri gave bitter .oilts than
broadcast on lettuce, cabbage, beetroot,-broad beans and runner
beans. Further work on thqmanuring problems of forest nurseries
has given additional evidence that cinifer seedlines srow better
when supplied with ammonium than with nitrate. " p6t and field
experiments using radio-phosphorus are in protress to assess the
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availability of soil and fertilizer phosphorus to crops, and it has
been shown that superphosphate combine-drilled with barley is
utilized several times as efrciently as that broadcast. The investiga-
tions on soil organic matter and manganese have been continued.

Assistance has been given by the Adviser on Tropical and Sub-
tropical Soils, both in the trainirg oI workers and in connection
with the soil projects in various Colonies. Many Colonial soil
workers spent part oI their leave at Rothamsted discussing their
problems in detail with the Adviser and other members of tbe staff,
particularly those who have recently visited their territories.
On the recommendation of the Soils Sub-Committee of the Committee
for Colonial Agricultural, Animal Health and Forestry Research,
approval has been given for the formation of a pool of three soil
suiveyors who will be available for periods of work in British
Colonial Territories. At other times these surveyors will take Part
in the Soil Survey of Britain.

In the Physics Department a study is being made of the efiect of
organic matter on the crumb structure so desirable in soils, and a new
laboratory test for estimating the strength of soil crumbs has been
devised. Field experiments are in progress to study the efiect oI
various crops on soil structure and, after two years under a grass
ley, there is a distinct increase ir the stability of the crumbs in the
top 4 inches of soil. Further work has also been done on the
stmcture of the land flooded by sea-water in February. It is well
known that when rain has washed out the salt, heaqr arable land
may lose its crumb structure unless gypsum is applied before all the
sali has gone. Calculations showed that, under the low rainfall
of the East Coast, 2 tons per acre should in general have sumced to
prevent ttLis during the past winter. More gypsum may still be re-
ouired in certain cases, and a soil test has been devised which the
National Agricultural Advisory Service can use to determine this. In
the Woburn irrigation experiment the summer rainfall in 1953 was
sufficient to maintain unrestricted transpiration, and calculated
irrigation requirements were small and were not expected to lead to
maiked incriases in yield. The early potato crop yielded 12 tons
per acre without irrigation, but, with 2 inches of sprinkler irrigation,
ihis was raised to 14.i tons, and in seven cuts the gain frorn irrigating
grass was 13 cwt. dry matter per acre. With sugar beet and barley
ihere were no sigrrificant responses to irrigation in 1953.

Various soil-micro-organisms produce substances (antibiotics)
which might hetp to combat diseases in the roots of plants, and in the
Mtcrobi6loEy bepartment further work has bein done on this
subiect. It has bien found that the production of antibiotics is
inflirenced both by the strain of micro-organisms and by the type of
soil-the efiective action of many antibiotics being limited by the
fact that thev are rendered inactive bv soil colloids. Nevertheless,
in pot experiinents with wheat, signifiiant reduction of root diseases
h; been'brought about in sterilized soil through the action of
antibiotics produced by some strains of actinomycetes. Much of
the work o{ the department deals with the nodule organisms of
legumes- It has been shown that the number of nodules that develop
on a root is determined more by the susceptibility of the root to
infection than by the population of nodule bacteria surrounding it.
It would also afpear lloh studies on clover that hereditary factors
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in the clover plant influence the time at which root nodules first
appear, the number o[ nodules subsequently produced and their
effectiveness in fixing nitrogen. Attention will no doubt be given
to this by plant breeders, {or it is desirable to have strains of clovers
which freely produce nitrogen-fixing nodules. There can be com-
petition between difierent nodule bacteria in the root surroundings,
but it would appear that this is most acute amongst closely related
strains. Experiments have shown no evidence of such competition
between lucerne and clover bacteria, so it is unlikely that a legume
crop will be harmfully affected in this way by a difierent legume
previously grown on the same land. In view o{ the increasing use
of insecticides and herbicides, the bacterial decomposition of these
substances in the soil is also being studied in the department.

In the Botany Department work has been continued on plant
nutrition, weeds and the physiology of virus infection. It has been
shown experimentally that some of the ill efiects caused by excess
of manganese, molybdenum, and vanadium can be prevented by
increasing the supply of iron. Further interestiag information has
been obtained on the efiects of applying fertilizer solutions to leaves.
Earlier experiments had shown that the protein content o{ sugar-beet
tops could be Breatly increased by repeated spraying of the leaves
with solutions of urea in late September, and it has now been
established that a single low-volume spraying with a concentrated
solution is as effective as several sprayings with a dilute solution,
although it may cause some scorching of the leaves. The potash
content of lucerne was increased markedly by spraying with a
solution of potassium sulphate, although the yield was unaffected;
the sane amount applied to the soil gave only a third of the increase
in potash content. Beneficial results on plant gowth, apart from
the control of insect damage, from applications of insecticides
containing phosphorus have been reported, but these have not been
confirmed in experiments at Rothamsted. The work on wild oats
suggests that it is safer to sow r,vinter corn than spring corn where
the land is infested witb Aaena Jatua; the winter sowing appears to
lead to lower germination and reduce production of new seeds.

Much of the work of the Plant Pathology Department is basic
research on the nature of viruses, and during the year studies have
been made oI variatiors in infectivity of virus preparations, the rate
ol virus multiplication in plants and the efiects of ultra-violet
radiation on viruses and other proteins. The electron microscope
is used a great deal in virus research, and improvements have been
made irr the techniques for preparing sections of leaf cells. On the
more applied side, further work has been done on the exposure oI
plants infected with tomato bushy stunt, cucumber mosaic, tomato
aspermy and two carnation viruses for two weeks to temperatures
of 35' C. Some were completely freed from infection; in certain
other cases virus-free progeny \,trere established by taking cuttings
from the heated plants, Heat therapy was not successful wifh
plants infected with tobacco mosaic, potato X or spotted wilt viruses.
It would appear that only viruses of spherical shape are inactivated
by heat treatment; the practice fails with rod-shaped vimses, for
tley go on multiplying although adversely affected by the heat.
Four viruses were isolated from commercial stocks oI carnations.
Two of these were the spherical ty?e, and no insect vector has been
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lound for them. The other two are rod-shaped and transmitted by
aphids; one of these was fust recognized by serological tests and
eiectron microscopy, and of the many plants to which it has been
transmitted, only sugar beet has so far shown any s)rmPtoms.
Studies of the viruses affecting cauliflower and broccoli have been
continued, and it has again been shown that benefits are derived by
surrounding seed-beds with barriers of barley. Turnip yellow
mosaic virus was isolated {rom several species of cruciferous plants.
and did much damage to some crops of broccoli in Northumberland.
Further experiments with persistent insecticides aPPlied to various
crops, incliding potatoes, suggest that they have some value in
decieasins the splead of virusis from infected to healthy plants
but thevire larielv ineffective in preventing infection by infective
aphids drriving ii a crop. In the srigar-beet iroP attempts are being
made to select breedin[ lines that either resist or tolerate infection
with the vellows virus. So far, no resistance to infection has been
found, bui difierent lines varied Breatly in their reaction to infection.
This and other work suggests that there may be more than one c-ause

for the disease now calleii yellows. The various methods which have
been developed for controlling yellows in steckling beds are Proving
reasonablv satisf actorv.

In thd Mvcologv siction continued attention has been given to
potato bligh[, and-a piece of apparatus has been designed for use
in studviie the conditions favouring blight. It continuously
records ihdamount of water that is dePosited as dew or rain on
Dotato shools. Under the conditions at Rothamsted in 1953, spray-
ins with copper fungicides and destroying the haulm with acid
inEreased poiito yields by onty { ton p6r icre, despite the earliest
attack of blight ior over thirteen years. Further work has been
done on the incidence of powdery mildew on cereals, particularly on
time of sowins in relation to the date o[ application of nitrogenous
fertilizers. E"xperiments are also in progress on the eftect of various
crop rotations in freeing land from weeds and Irom fungi that cause
rooi rots oI cerea.ls, It has also been confirmed that on land con-
taminated with take-ali and eyespot, yields oI grain were alnost
doubled by giving 4 cwt. of sulphate of ammonia peJ acre-and
decreasing-th-e seed rate from 3 to-t , bushels per acre. It has been
shown th-at there are physiological races of the Iungus caustlg
clubroot in turnip and cabbage. For instance, the variety of swede
called Wilhelmsburger, bred for resistance to clubroot in Derunark,
is verv susceDtible to the Norviegian form of club-root. The
benefiiial effecis ot dressing sugar'biet seed with a lungicide were
again demonstrated, particularly for early sowing in cold ground.
$ork was started on the conditions that favour the rotting of sugar
heet bv the grev mould funqus (Boltvlis cinerca\,which threatens to
beco-i incrtasingly troubldsome as-mechanized harvesters become
more widelv used.

The Bidchemistry Department is concerned mainly witlr enzyme
actions, and those studied^fall into three main groups. The first is
ribonuclease, which digests nucleic acid. This substance is intimately
connected with many cell processes, and particularly with virus
infection; every pla:it virus that has been purified has turned out
to be a 

' 
ribonircieoprotein. The Iactors c;ntroling the rate of

destruction of normal nucleoproteins and of those connected with

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-1-75 pp 31

30

virus infections are therelore of interest, and a knowledge of them
must precede a rational approach to the cure of virui diseases.
The second group of enzl,rnes bring about oxidations. Part of this
wo_rk is a prelude to the study of the formation of complex mole-
cules such as the alkaloids. 

- lt is already clear tbat'oxidation
products oI amino acids and their derivatives can undergo further
oxidation in the cell and build up cvclic molecules. Bi suitable
choice oI starting material, it is piobable that fairly " elaborate
molecules can be made. The plant liormones and growth regulators
are also subject to enz,'mic oddation, and this mav be part of the
normal mechanism by which their concentration ii contiolled, and
if_so, tlese enzyrnes play a part in regulating the growth of the plant.
The third line of work is an inveitigation of-the breakdoivn of
cellulose and chitin by enzymes. Cellulose is a characteristic com-
ponent of the residues of plants, and chitin is present in fungal
residues and those of most soil launa; both may-be of importaice
in the forma_tion of soi.[ organic matter. Eizymes, fiom soil
organisms and from other sources, are being useil to throw light
on the natural course oI breakdown of both substances in the ioil
and on the nature and composition of the cell walls and other
structures in which they are found. Knowledge of the chemical
behaviour of the various interrnediates is expecteil to elucidate some
aspects of the binding of trace elements, phosphorus and other
nutrients in the soil. During the past year liltle iractical work has
been done on the pilot-plani production of leaf protein, but some
machinery has been installed, and other equipment, both for pro-
duction and for the control of the operationi, is being designed and
made.

- It is important to be able to assess the number of potential
eelworms (living eggs or larvae) in sa.mples of soil This is a tedious
and time-consuming business, and in the Nematology Department
a good deal of attention has been given to improving-and'speedinr
up- the methods. One of the most"promising ipp.oi?f,u.1o-."r,t.oi
oI eelworms is to find varieties oI ciops whidh i.ie resistant and, in
co-operation with th€ National Institute of Agricultural Botany,
work is in progress along these lines. Numerori new oat varietii,s
have been tested for resiitance to stem eelworm, and one spring and
and two or three winter varieties show promise. A race ofthe"sa-e
species of eelworn (Ditylerchus dipsici) attacks lucerne, and in
prelim_inary trials tw6 virieties of licerne and most other legumes
were Iound to be resistant. Twentv-four commercial varieiies of
potatoes were tested lor resistance- to the related potato tuber
eelworm, but not one was resistant. There is a plant bI the Dotato
family {rom South America (solanum andigeiuml which'shows
reslstancc to_potato rool eellorm, and plant breeders are using this
lor crossrng, rn an attempt to get the resistance factor into cultivated
potatoes. In the Nematology Department the nature of this
resistance is being studied, It apfears that the eelworm larvae
can penetrate the roots ol S. andiginum, but most of them fail to
become adult. Resistance to cerea-l root eelworm is being studied
in twenty-one varieties of barlev and seventeen varieties "o{ sorins
oats, in conjunction with the National Institute of Asriculiurii
Botany and the National Agricultural Advisory Sefrce. Eel-
worm attack can also be controlled by suitable cr6p rotations, and
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changes in the populations of Potato root eelworm and cereal root
eelwo-rm under various rotadons are being investigated at several
centres. Work is also irt progress on the root di.fiusates which
stimulate hatching of cysts and on the control of eelworms by
applying various chemicals to the soil.- -I-n tf,e EntomoloEy Department further work has been done on
insect migration and on the influence of weather conditions on insect
populatio,-ns. Many insects, harmful and beneficial, move southward
in 

-autumn over loirg distances and in vast numbers, In order to
studv this a small eioedition was made to the Pwenees, and exten-
sive'movement over i period of at least five weeks was observed of
about a dozen speciei of Lepidoptera (including Small Cabbage
White Butter8ies and Silver Y Mbths. both pests in Britain and
Central Eruope) and various species of Diptera (including Hoverflies
oI two groupi, those that eat tphids and those that live on decaying
vegetation 

-and manure). In another investigation it has been
sh6wn that certain caterpillars grow and develop more rapidly
when crowded together-in abundant population thus tending to
become more abundant. The work on gall midges of economic
importance has been extended, especially on grass seed midges, the
lucirne leaf midge, and those tttacking chrysanthemums. The
biology of a species of midge which attacks the lower parts of the
stemi'of gras+s and cereals"is being studied, and the ringe of host
plants, oi this and various other midges, investiSated. ExPeri-
ments have showl that the very injurious sorghum midges that are
now causing great trouble in West Africa can survive for over nine
months on lo=rghum heads in tlis country, and it may be possible
to sive some assistance on this problem. Work on aphids has been
.or"tirru"d, and it has been shori,n that tbey can take ofi from their
host planis during much higher wind spelds than,was previously
thougit. It wouid also appear that aphids normally do not repro-
duce-untit thev have made a flight, however short. The destruction
of aphids by iadybirds and hoverflies is largely dependent on the
number of these lredators at the beginning of the season, and hence
on the survival of adults from the previous year. In co-operation
with the Insecticides DePartment and the National Agricuttural
Advisorv Service. work lias been commenced on the wheat bulb
fly, and methods devised for rearing the flies in captivity, thus facili-
titins a studv of their biolosv. In the wireworm investigation it has
been"found tiut, under a diise vegetation cover, there il very little
movement of adult beetles, and with the Insecticides DePartment
further work has been done on the chemical control of wireworms.
The forest soil studies have been continued w'ith particular reference
to the activities of mites in natural and afiorested heathland.

The main lines of work in the Bee Department concern the be-
haviour and diseases of bees and the pollination of red clover. In
work on queen introduction, it has been showa that queen honeybees
oroduce a substance (" oueen substance ") which the worker mem-
Lers of their colonied uigently seek. This substance is the factor
controlling the production of s:upersedure and emergency queen cells
and probablv plavs an important part in swarming. So long as each
worlier obtains sirfficient 

-" 
queen substance " she is inhibited from

building these cells and fromlolerating the Presence oJ eggs- or larvae
in swain queen cells, The " queen substance " of virgin queens
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app€ars to differ Irom that of mated queens, but probably aU virein
queens produce one kind and all mated queens another- It- is
suggested that the craving for " queen substance " is the most
important factor in the maintenance of colony cohesion in honev-
bees, ants, and termites. The results of these and earlier observi,-
tions have led to experiments on a simple and most economical
method oI queen introduction with whicli very satisfactory results
have so Iar -been obtained. Of 230 mated que-ens, includin-g nearly
100 that had been in transit or caged in thi laboratory for-as long
as five days, all except one hav! been introduced iuccessfully.
During the last few years it has been claimed that an anaesthetic
prepared by adding crystals of ammonium nitmte to buraing fuel
in a beeke€p€r's smoker has very valuable practical applications.
The active agent was said to be niirous oxide, and the treatment was
also claimed to cause loss of mernory, so that when a colonv were
moved to a new position the bees did not drift back to the oid site,
even iI it were close at hand. Work at Rothamsted has shourn that
the ma.in anaesthetizing action must be due to other substances, as
nitrous oxide has little effect on honeybees, that the fumes contain
harmful cyanides and that little, if any, inhibition of drifting is
obtained. Nevertheless, if used with great care, this metbod- of
anaesthetizing colonies of bees lz sr'tn is probably the most effective
known.

Obsen-ations on *'orker bees visitine dishes of susar swuD
indicate that, even when a bee has become"aware of a richir stoie oi
food, she may continue to forage {rom another source to which she is
more accustomed. Investigations into the causes of swarming
suggest that, whilst overcrowding of the bees in the hive predisposes L
colony to swarm, an excess of bees to brood has little, if any, such
efiect. \4.ork on the pollination of red clover bas been coniinued,
and it has been shown that althoush fertilizer treatment of the croD
does afiect nectar secretion, mudh greater difierences are founh
between clones receiving the same treatment. This indicates the
possibility oI selecting strains of red clover more attractive to
pollinating insects. Further studies have also been made on the
pollination activities of bumble bees on this crop. In the bee
disease work it has been shown that Nosema disease is carried over
from one year to the next on old combs and that infected bees do
not transmit it to anv extent at times of the vear when thev can flv
freely. The transfer-ence of all tbe adult beei of an infectdd colonv
to clean comb in spring is sufficient to eliminate this disease from tht
colonv. This procedure seems likely to be more satisfactory than
the use of drugs. A successlul metLod has been found oi tieating
old combs froni infected colonies w.ith 

".po* ot 
"it 

t .i ior.Ja.nydE
or acetic acid.

The Insectlcides Department is concentrating on the studv of
the various factors-biological, chemical and 

- ohvsical-wlich
determine the action of inseit poisons. This tloe'of work should
enable existing products to be uled more safely 

-aird 
eflectivelv and

also put the search for new and better materials on a more raiional
basis. Work is bei-ue carried out on the followins grouos of in-
secticides: (l) chloritr;ted hydrocarbons, chie8y D.d.f. anf related
substances; (2) organo-phosphorus compoun-ds, includins those
which are taken up bylhe plant and r-ender it poisonois; (3)
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natural pyrethrins and allied substances. Laboratory experiments
are in progress on materials of the D.D.T. group to throw light on
the efiect of particle size of suspensions, for this influences both the
amount of poison retained on the body of the insect and its efiective-
ness, The persistence and toxicity of deposits of these substances
on leaf surfaces is also being studied. Strains of insects resistant to
insecticides are becoming a serious problem, and attempts are being
made to find out what favours the occurrence of a resistant strain.
In the orgalo-phosphorus group Iurther work has been done on
the insect enzJme systems that are acted on by these compounds- A
good deal oI attention continues to be paid to the pyrethrin group of
insecticides since they are so safe to use. The relationship between
the structure of the molecules in this group of substances and their
insecticidal action is being investigated. The four known active
constituents which occur in Pyrethrum flowers have been isolated
for the first time, and their properties are being studied. Although
they differ in todcity, all are highly efiective. Some assistance has
been given to the Kenya Pyrethrum Board in their endeavour to
improve the strain of plant that is grown. On the field side, experi-
ments on the control of bean aphis, wireworms and the aphids which
transmit potato viruses have been continued. The wireworm
results for 1953 again indicated that insecticides drilled with the
seed gave protection for subsequent crops which a seed dressing
failed to do. In collaboration with the SealFHa5me Agricultural
College further rn'ork has been done on the effect of plant protective
chemicals on honeybees.

There have been no major changes in the work of the Statistical
Department during the year. One of the problems being studied is
the amount of experimentation economicalJy justified when questions
of immediate practical importance have to be settled. The Iuture
of a number of the long-term Rothamsted and Woburn experiments
is being reviewed and a plan drawn up for the re-design of the
Classica.l rotation experiment on Atde lietd. As in the past, much
assistance has been given to other departments at Rothamsted, the
Colonial Office and the National Agricultural Advisory Service.
Reports have been prepared on sugar-cane experiments and help
given in connection with experiments on the manuring of rubbei.
.{. survey of hill and livestock rearing farms has been begun with
the object of finding out how far improvements under the Hill
Farming and Livestock Rearing Acts have affected the production,
economy and working conditions. The surveyors are also estimating
the scope for further improvements. The survey of fertilizer
practice has been extended to eight more districts which had aot
previously been examined or had not been surveyed for many vears-
A report has been published on the 1952 survey of rabbit damage to
winter wheat; a close correlation was found between rabbit grazing
observed in January and the final loss of yield. On the animal
production side, surveys are in progress, in conjunction with the
Veterinary Laboratory, \\reybridge, on diseases of dairy cattle, and
assistance has been given to the Ministry o{ Agriculture, Northern
Ireland, in the planning of a survey of diseases and husbandry
practices of cattle, sheep, pigs and poultry. The survey of bloat
carried out in Wales in 1952 has been reported on and further work
carried out, and, in co-operation with the Veterinary Investigations

C
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Officer at Leeds, a survey has been made of the incidence of loss in
pregnant ewes in Yorkshire.

An extensive programme oI Fleld Experiments at Rothamsted
and Woburn was carried out successfully. The cool, moist sunmer
Iavoured roots and grass, and there were also good yields of cereals in
spite of some lodging. The section of Broadbalk field immediatety
following the fallow had its worst attack of wheat bulb fly so far
observed, and the fly is being studied on this field and on neighbour-
ing areas. In addition to the Classical and other long-term experi-
ments, many shorter experiments were undertaken. Some of these
have already been men tioned. On the nutritional side they included
studies of nitrophosphates and fertilizer placement, on the patho-
logical side, eyespot in wheat, late blight in potatoes, virus spread in
sugar beet, potatoes, and broccoli, mildew in wheat and barley.
wireworm in wheat and aphis in field beans. For several seasons
the residua.l efiect of dung applied to potatoes has been measured
in the following wheat crop, and again in Ig53 dung was shown to
have an appreciable effect, although the wheat had received a good
dressing of fertilizers. Measurements of the effect of top dressings
of " Nitro-Chalk " applied to cereals in late June after the ears had
emerged conflrmed that the nitrogen was utilized better by barley
than other cereals. There was an increase in crude protein of 1.3
cwt. in the barley gra-in plus straw as a result of applying 3 cwt. ol
" Nitro-Chalk " Ixr acre, a recovery of about 45 per cent of the
added nitrogen. Experiments were commenced to see whether top
dressings of either sulphate of ammonia or muriate of potash, applied
just before the final earthing-up, would prolong the life of poiato
plants and thereby increase yields. Neither fertilizer had any
efiect in 1953, but the experiment will be repeated.

At Woburn in 1952 part of the permanent barley plots, sown
with winter barley, gave much better results than spring barley,
and it was thought that this might have been due to the v/inter
barley suppressing weeds. Further work in 1953, however, suggests
that ninter barley is not superior, and that the difierences can be
accouated for by variations in acidity within the plots. The study
of the efiect of irrigation on the proportiol of grasses and clovers
in repeatedly cut leys has been continued, and although with the
well-distributed summer rainfall in 1953 there appeared to be no
check on growth, even on the dqr plots, irrigation as in previous years
raised the proportion of clover, though to a much smaller exteot.
Work on maize grown for grain has been continued at Woburn for
fifteen years. The past season was a difrcult one, owing to the long,
cold spell in spring and early summer; nevertheless, certain hybrid
varieties, acclimatized in Europe, yielded up to 3l cwt. of dry corn
per acre, and it is clear that there are nov/ t)ryes which, under
proper management, can give an economic yield, even in an un-
favourable year. In tests with sweet lupins Ior green fodder,
yields of 2.7 and 3.4 tons dry matter per acre were obtained, and
Iurther work with serradella indicates that it may be a useful Iodder
crop on light acid land.

There has been a gratifying amount oI co-operation between
departments and also rrith the Farm Manager and his stafi.
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PHYSICS DEPARTMENT
R. K. Scnormo

Thanks to financial support from the Research Council of Ontario,
H. L. Penman was able to attend a meteorological conference in
Toronto, to meet and visit Canadian workers in agricultural meteoro-
logy, and to visit four American centres of research in agronomy,
hydrology and agricultural meteorology. At the request of the
Research Council he prepared a report makint recommendations
for future research activity in agricultural meteorology in Ontario.
He wishes to record his sincere thanks to the Council for their great
generosity in sponsoring the visit, and to all in Canada and the
U.S.A. who made a crowded trip so happy and rewarding.

H. R. Samson received the Ph.D. degree of London University,
and returned to resume his duties with the Ceramics Section of the
Australian Commonwealth Scientific and Industrial Research
Organization. I. R. Cowan has translerred to the Sugar Research
Department, trIandeville, Jamaica, where he will work under Mr.
R. F. Innes with general guidance from Rothamsted. J. M. Bastos
de Macedo, of the Instituto Superior de Agronomia, Lisbon, worked
for seven months on the sorptiou of phosphoric acid by the difierent
crystalline {orms of ferric oxide which occur in tropical soils, and
he will continue this work in Lisbon. F. Silva, of Medellin Univer-
sity, Colombia, has joined the department for ten months, having
won a British Council Studentship.

J. L. Monteith joined the stafi, but continued for a few months
his work under Professor P. A. Sheppard at the Imperial College ol
Science. J. S. G. McCulloch visited agricultural meteorological
stations in Germany with the assistance of a travel grant from the
.{gricultural Research Council.

AGRICULTURAL METEoROLoGY

(H. L. Penman)
I nigation

The summer rain in 1953 was sufficiently plentiful to reduce the
irrigation requirement to very low values. Indeed, by ordinary

Woburu Itigation 1953
Rain, Irrigation,

Crop Period inches incbes Plot Yield

Grass 27 -{pr.-28 Sept. 19 l
l2.l 5.6

Sugar beet 27 Apr.-28 S€pt. 12 l

l2.l 3.6

Barley 27 Apr.-lo Aug. 7 4

7.4 0.8

Potatoes . 27 Apr.-6 July {.5

4.5 2.O

ON,
oN,
CN,
CN'
ON,
oN'
C\,
CN'
oN.
oN"
CN,
CNr
oN.
oNr
CN.
CNr

82.2
95.0
9t.7

108.4
81.0
87.3
80.1
83.2
23.7
30.0
23.4
29.0
l0. t
12.0
t2.o
t4.7

Dry matter
(7 cuts),

Sugar,

Graia,
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farning standards it was a summer in which irrigation would be
dismissed as unnecessary. The table on p. 35 shows the yields for
the watering extremes at two levels of nitrogen dressing.

Notes on weather and crops :

Weather. Rain[all was not much above average at any time, but
evaporation conditions were poor, so that soil moisture dehcits
never became very big,

Grass. The seventh cut was late in October. The maximum
irrigation was deliberately overdone, and lower rates were almost
as efiective: e.g., for 2.6 inches of irrigation the yields were:
ANr, 91.3; ANr, 101.9 cwt. dry matter per acre. During the
summer H. H. Mann has continued to keep his records of the content
of grass, clover and weeds in the herbage.

Sugar beet. Irrigation was unnecessary.
Ba ey- The irrigation schedule had to be abandoned in June

because of lodging on all the plots, but which was most severe on the
high nitrogen halves-

Polatnes. A very good yield without irrigation was made even
b€tter by keeping the soil close to field capacity throughout the
growrng season.

With a new rotation starting in 1954 some changes are being
made. The grass plots will be ploughed up and re-seeded with a
pure grass strain; main crop potatoes will replace earlies; and a
winter cereal will replace barley.

M icro-tneteorologlt

I. F. Long has maintained the continuous recording of dry and
wet bulb temperatures within and above the potato crop used for
blight studies. To this equipment he has added continuous re-
corders for wind of his own desitn and builcling. This was first
successfully tried at East Malling, where the equipment was set up
at blossom time to help Dr. Rogers get a measlue of air movement
among apple-trees on nights of radiation frost. It was then used at
Woburn along with a duplicate set of temperature and humidity
recorders in a first attempt to find out what difference irrigation
makes to the microrlirnate of the crops irrigated. In this wet
summer no difierences were detected.

Transferred to Rothamsted potatoes in late summer, the wind
recorders have usefully supplemented the other information about
dew formation and vapour-pressure gradients. An account oI this
work was given at the Toronto Conference. Although there may be
wide variations, a typical " dew " night has the following character :

about sunset the wind &ops quickly, the atmosphere in and above
the crop is saturated, but there are vapour-pressue gradients such
that vapour moves to the crop canopy Irom the air above and from
the soil beneath. Condensatioo takes place at a fairly uniform
rate until about sunrise, when there is a simultaneous rise in tem-
perature and in wind speed, and a relatively rapid re-evaporation of
the dew, completed in about 3 hours, the final phases oI which
coincide with a change from saturation to non-saturation in the
ambient atmosphere.
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Hcat flou in the soil

J. S. G. McCulloch has made an intensive study of the causes of
the anomalies found in deriving thermal diffusivity from records of
daily amplitude and daily phase o{ temperature waves in the soil.
These anomalies are attributed to the variation of the " constant "
with depth, and standard theory has been modifred to take account
oI this variation with depth in a way that makes no initial assump
tions about its form. The final expression for the difiusivity is
essentially the same as one due to Dr, Peerlkamp of Holland, un-
knowa to us until recently. The main immediate application oI the
new theory is in determining the effect of changes of water content
on thermal constants of the soil-

Sorr Pnvsrcs

The efect of oryanic ,noller on crumb cohesiott

Previous methods {or measuring crumb cohesion, such as wet
sieving, have not distinguished between the breakdown of crumbs
on wetting, due to entrapped air (staking), and that produced by
subsequent mechanical dispersion oI the wetted crumbs. From the
previous year's work on the dependence of slaking on the rate of
wetting, W. W. Emerson concluded that under the low intensity
rainfall conditions prevailing in England, slaking would be a rela-
tively unimportant cause of crumb breakdowa.

A test was needed, therefore, which would measure only the
resistance of crumbs to disoersion. lt was fouad that natural soil
crumbs, which are efiectiveiy ca-lcium saturated, would not disperse
in very low concentrations of calcium chloride unless mechanically
disturbed. This accounts for the dependence of the results
obtained by wet sieving on the particular way in which the sieves
are agitated. However, if the soi.l crumbs are sodium saturated,
swellilg and then dispersion occur spontaneously as the crumbs are
flushed with successively lower concentrations oI sodium chloride.
The degree of dispersion at any particular concentration is an index
oI the stability of the crumbs.

This technique has been used to study soil samples taken from
grass and lucerne plots taid out ou a field which had been irt arable
cultivation Ior many years. This soil contains calcium carbonate.
Two to four years under grass have materially increased the cohesion
o{ the surface crumbs compared with crumbs from adjoining Iallow
strips. As might be exp€cted from the preponderance of roots in
the surface layers, the improvement in soil cohesion is much greater
at G-4 hches compared with the deeper soil layers.

The practical importance of increased crumb cohesion has still
to be evaluated- A friori,less panning oI the surface soil should
occur, leading to better germination and growth due to improved
root aeration. The four-year-old plots have been ploughed, and the
growth of crops on these and the fallon, strips will be compared.

Delayed, suelling
Soil crumbs dried initially to the \Milting point have been slo*'ly

percolated v,ith I x l0-rM. calcium chloride through a capillary
siphon. It has been shown by weighing the crumb at intervals that
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although excess solution is ai*f,llg"a Irom its base, after the first
or second day the crumb continues to take up solution at a decreas-
ing rate over the next three months. This is attributed to the re-
arrangement of the hdividual clay crystals, as the thickness of the
water films on the crysta.ls increases u.'ith decreasing suction. lt bas
been shown theoretically that the equilibrium thickness of these
films will increase markedly as the suciion approaches zero.

Tbe slow swelling of the clay rvill be accompanied by a correspond.
ing decrease in the permeability o{ the crumbs as the larger 

-pores

are reduced in size. This is of great practical importanie in the
drainage of heavy clay soils, sin& it nieans thai ii" p".-"rUititv
of the soil as a whole may be improved over the wintei by using a
deep.rooted crop to dry the subsbit out during the summir. This
has been shown by comparing the drainage records of three fields :

one after fallow, one after winter wheat and the third in permanent
grass on the Gault of the Cambridge University Farm forlhe v.inter
of 1932-33. It was also possible to infer from ihe dates at which the
drains started running and the volume of water discharged that
considerable delayed water uptake occurs as the clay slowiy swelts.

Delayed swelling also afieits the concept of field'capaciiy, since
the moisture content of the soil at " field capacity " -will 

iircrease
during the r.inter with each succeeding fall;f rain. Penman's *
attempt to forecast the running of mole ilrains has been re-examined
in this light.

The time taken lor clav to swell oartlv exolains whv mole drain-
ing is successful at all and why it is prefdrabli to mole"in the spring
rather than in the autumn. ihe gridual reduction in the cohisioi
of crumbs as the clay slowly swills may be important in some
engrneenng problems.

Posithte charges on the edge faces of clay crystals
G. H. Cashen has endeavoured to get further eyidence for the

existence of-positive cbarges on the adge faces of clay crystals.
Schofield and Samson (1953) gave reasons for thinking thai at ieast a
part of the bufier action of kaolinite is due to proton transfer at the
edge faces. In order to accentuate the influence of the positive
charges, the efiect of the larger negative charges associat;d with
the cleavage faces has been progressively suppressed by the addition
ot gmded amounts of an organic cation (celyl lr;melh ammonium).
In this way the normal lowering of pH whdn KCI is 

-added 
to a clai-

suspension has been reversed. The results are not yet entirety
satislactory owing to a troublesome &ift in the pH vatules.

Pnysrcer Cnrvrsrnr-
Soil, tesl,s fot flooded land.

A. W. Taylor has worked out the details of a method devised bv
R. K. Schofield for measuring the deficit of divalent ions in a soii
which has been flooded bv sea-water. This method (modi6ed
slightly for convenience in-routine testine) will be used bv the
National Agricultural Advisory Service to-iest heavy Iand ivhich
may require more than the standard dressings of gypsrim in order to
prevent breakdown of stnrcture during the next fiw years.

. ,[. Soil Sci. (ls4s), t, ?4-8s.
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Many soil samples were taken by N.A.A.S. offrcers from the land
after the flooding, and the chloride contents of these samples were
determined in N.A.A.S. laboratories. This information was of
considerable value as a Buide to the chances of successful cropping
in 1953 when plant growth was mainly afiected by the salt content
of the soil. In a general way it was to be expected that high salt
content would run parallel with the degree of replacement of
divalent cations by sodium which, if not corrected by application of
gypsum, would ultimately result in loss of soil structure. Pro-
vision was therelore made for the application of 2 tons 1xr acre o[
g-ypsum to all arable land containing more than 0.I per cent of
sodium chloride in the top 6 inches.

It was believed that this gypsum dressing would be sumcient to
safeguard the structure of considerable areas, but that more would
subsequently be required on some of the heavy lands. A test was
needed that would, in efiect, determine the amount of exchangeable
sodium, but no satisfactory laboratory method was available.

Although the development of the flame photometer has revolu-
tionized the determination oI sodium, the difficulty is to determine
how much of the total sodium in the soil sample is present as salt,
which in itself is no danger to soil structure, and how much is present
as exchangeable sodium, which is potentiaUy irjurious.

A practical solution to the problem has been found through
measuring the quantity of divalent ions which the soil sample can
tahe *p rather than the sodium given out in the exchange reaction.
It is logical to recommend a field application of gypsum equivalent
to the amount which can be seen to react with the soil sample under
laboratory conditions. Moreover, shce field conditions are never
as favourable for complete reaction as those which can be arranged
ir the laboratory, this method of test will tend to underestimate the
amount of g1lsum which could give maximum benefit in the field.
Furthermore, in calculating the field dressing a somewhat arbitrary
figure must be taken for the depth to which it is considered necessary
for the reaction to proceed.

In spite oI these obvious lirnitations, it is hoped that the test will
prove useful.

S oil solulion equilibrium
The acquisition of a flame photometer has greatly facilitated the

determination of K and Na at low concentrations, while the develop.
ment and refinement oI the versenate titration has facilitated the
estimation of Ca and Mg. A critical examination of ttte soil/solution
equilibrium, which was formerly impracticable, is now under way.
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CHEMISTRY DEPARTMENT
E. lll CnowrnBn

Allenatiue phoslhale fe ilizer
The phosphates in most British compound fertilizers are derived

from superphosphate or ammonium pliosphate and are valued in
terms of a water-solubility test, but in many other countries phos-
phates insoluble in water are classed with water-soluble compounds
as " ava.ilable phosphoric acid " in assessing fertilizer values. In the
United Kingdom the citric acid test is used for basic slags, and it is
known to distinguish fafuly sharply betneen the active silicophos-
phates and the almost inactive fluorapatite in Open Hearth basic
slags. The citric acid test is of little, if any, use in characterizing
gound phosphate rocks, because the amounts dissolved vary
markedly with the conditions of extraction.

A universally applicable method for evaluating phosphate fer-
tilizers would be of great assistance to farmers ana theii advisers,
and especially to manufacturers conductint pilot-plant investiga-
tions on new processes, but there is a serious risk of error if the
analytical method chosen should prove to be inappropriate for any
important type of soil or class bf product. The ivaitability df
phosphate fertilizers to crops involves so many complex factors
that laboratory methods should be checked and standariiized bv the
results of dir'ect comparisons of fertilizers in field experirients
under a wide range of conditions. This is of special importalce at
the pjesent time, when attempts are being made in several countries
to efiect economies in sulphuric acid by using new processes which
give products with high proportions ot their phosphate insoluble in
water. Before such materials are produced and sold on a large scale
it is important to know how they compare in the field witti super-
phosphate supplying equal amounts of phosphorus, for the newer
processes are not likely to succeed unless the products prove to be at
least as economical as superphosphate.

In order to obtain basic data on these general questions, several
series of co-operative field experiments have been conducted
with associated laboratory work. E. M. Crowther, R. G. Warren
and G. W. Cooke have published a detailed account (21) of field
experilnents on materials of special interest during the war and
the following years. Since I95l two new series of field experiments,
initiated by the Fertiliser Conference of the Agricultural Research
Council and planned and co-ordinated from Rot'hamsted, have been
conducted annually by the soil chemists of the National Agricul-
tural Advisory Service and the stafis at the Northern Iieland
Ilinistry of Agriculture, the Macaulay Institute for Soil Research
and the Rothamsted Experimental Station. G. W. Cooke has
prepared the follou'ing interim sutnmary of the results so far to
hand. Both series of experiments werc in 6 x 6 Latin Squares
with superphosphates at rates of 0, 1, 2 units of PrO, and three
other phosphates equivalent to 1.5 units. All plots received equal
amounts of nitrogen and potassium.

The results are summarized below as crop yields and as " per-
centage superphosphate equivalents ", the latter figures giving

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-1-75 pp 42

4l

the amounts of superphosphate found graphically to give the same
mean yields as onC hundred parts of the fertiliger tested.

TABLE I
Er?d;orc rs on lototaes 0961-53) ard stoedcs (f951-"52)

Potato€ Potatoes Potsto.s
on very otr acid oo neutral

acid soils soils soils
(pH 6.6 (pH 5-6- (pH oYer
and l6s) 6.5) 0.6) S*'edes

No. olexperiments: l0 15 S 24

Ya.lils in ,ois Per acr.
No phospbate 5.2

0.33 Superpboq)hate 10 9
0.66 Superpho6phate ll.0
o.5 DicalciuD phoE)bate I1.5
0'5 Silicopho6phate I1.2
0.5 Gafsa pttoqphate 10.3

Cwt.
Proo

Per acre

9.8 9.1 ll.6
to.g 9.9 t7-2
ll.2 10.3 19.7
lo.9 l0.o 18.3
t0.8 9.6 l8.t
10.6 9.2 l8.l

P.rcentage su?erPhosihar. cAsilalents
Dicalciumphosphate 122
Silicophosphate 92
Gafsa phosphate 34

62 88 90
56 30 87
374a7

The results of the first series of experiments on potatoes and
swedes are given in Table l, the potato experiments being grouped
by soil reaction. Most of the swede experiments were on soils
with pH values between 5.5 and 6.0. Dicalcium phosphate, which
is highly soluble in citric acid or neutral ammonium citrate but not
in water, was used in a frnely divided form, and gave results only
slightly inferior to those from equivalent superphosphate for both
crops on all classes of soils. Silicophosphate, prepared by heating
phosphate rock with sodium carbonate and also without water-
soluble phosphate, gave almost as good results as superphosphate lor
potatoes on very acid soi.ls and for swedes, but was markedly less
active than superphosphate for potatoes on moderately acid or
neutral soils. Ground Gafsa mineral phosphate gave very good
results on swedes but poor ones on potatoes, even on very acid
soils, This material is not expected to work on neutral soils.
With current subsidies udt phosphate in ground Gafsa mineral
phosphate costs only about one-third as much as that in Branular
superphosphate, and there would therefore seem to be a good ca-se

for usirg mineral phosphate much more extensively on the large
areas of acid soils which remain in the hill lands of the wetter
areas. Ground mineral phosphate could serve as the only souce
ol phosphate for swedes and established grass, but for other crops,
including the seeds for leys, it would need to be supplemented by a
moderate dressing of a soluble phosphate as a " starter-dose ",

In several countries compound fertilizers-" Nitrophosphates "
-are being made by using nitric acid in place of sulphuric acid to
attack the phosphate rock; ammonia is added to neutralize the
excess acid and form dicalcium phosphate and ammonium nitrate,
but it is also necessary to reduce the content of soluble calcium
salts still further. In one process excess calcium nitrate is removed
before adding the ammonia. In others calcium sulphate is formed
by using a mixture of sulphuric acid and nitric acids or by adding
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ammonium sulphate. As the products are granular, the important
questiou arises whether the insoluble dicalcium phosphate ian act
quickly enough where early establishment and 6rowth are important.

Tesra 2
Erlerinenls on Ootatoes ord. glass (1952-.53)

Cwt.
PO.

Fr acre No. oI expcdEetrts :

Potatoes Potatoes
on acid on Deutral
soils soils

(pH 6.5 (pH 6.6
and less) and over) Grass

tl 7 20
Yi.U in ,ons fel aac

No phoE hate 9.7 lG7 2.330'3 SuFrphosphate 10.7 tl.3 2-610.8 SoperphoE)hate lt.6 l2.f 2-82

I1.2 2.5fi
ll.2 2.47
tl.o 2.46

\itrophosphate made by :
0.45 AddiDg ammonium sulphate ll.0
O.45 Usirg nitric aDd sulphu c acids tO.?
0.15 Removing calcium nitrate lO.2

Pcrc.,ldt. sup.rphosphete .qltivalcr.rs
\itrophosphate made by :

-{dding ammonium sulphate 88 5t -UsiDg nitric and sulphuric acids 66 it?
Removing calcium ritlate 84 20

Three kinds of Nitrophosphate were compared in the co-operative
trials of 1952 and 1953, with results set out in Table 2. All three
Nitrophosphates proved to be inferior to superphosphate for
potatoes, especially on neutral soils. There wtre alsd marked
differences between the three kinds of Nitroohosohate- the one
made by removing calcium nitrate being inferi6r to^ the other two.
The -grassland experiments were very insensitive, with negligible
benefits from increasing the superphosphate dressing. Alihoueh
the differences were very small, the order of the Nitiophosphatis
was the same as for the average of the potato experiments. 'These

results suggest that producers of Nitrophosphate or similar fer-
tilizers should not value the phosphate ai m6re than about three-
quarters of water-soluble phosphate. Further, it may be mis-
leading in pilot-plant developments to rely on the citric-acid tests.
The product made by adding ammonirrm sulphate had 28 Der cent
of its phosphorus in a water-soluble form, and the other iwo had
alnost none, but only 89 per cent of its phosphorus was soluble in
citric acid, as compared with I00 and 96 per cent in the t*o products
which behaved less well in the field. The behaviour of dicalcium
phosphate in granular fertilizers needs much more detailed investisa-
tion in the laboratory and the 6eld in relation to the precise fo-rm
of the crystals, the physical conditions of the granuies and the
nature of the other salts present before it would be safe to rely on
Iaboratory methods to characterize the products. The necessarv
field work, laborious and expensive as it is, should be regarded as
part of the developmental costs to be incurred before a neiv kind of
phosphate fertilizer is introduced. For farmers and their advisers
it would appear that the phosphate in Nitrophosphate behaves in
much the same way as that in high-soluble baiic slags. These
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two classes oI fertilizer have not been compared dfuectly, since they
are normally used in different ways.

The general results of both series of experiments ernphasize the
outstanding merits of water-soluble phosphate on most, if not all,
classes oI land. Although other tests are needed Ior certain special
classes of phosphate fertilizer, formal simplicity should not be
secured at the cost of sacrificing the water-solubility test for super-
phosphate, ammonium phosphate and mixtures based on them.

Fe ilizer ?lacemcnt
G. W. Cooke with F. V. Widdowson and J. C. \lilcox tested a

Nitrophosphate (made with the addition of ammonium sulphate)
against an equivalent mixture of granular superphosphate and
" Nitro-Chalk ", both lots being applied broadcast and combine-
drilled. On the average of five experiments on spring cereals,
Nitrophosphate was oI little value when broadcast and better,
though still inlerior to the superphosphate and " Nitro-Chalk ",
when combine-drilled. The mixture with soluble phosphate gave
much better early gro$'th than Nitrophosphate. On very man1,
soils cereals requle phosphate only to ensure quick establishment,
and for this purpose water-soluble phosphates are much to be
preferred.

In extendirg earlier work on methods of placement for PK
and NPK fertilizers, experiments were made to test individual
fertilizers, On the average of seven experiments on potatoes,
ammonium sulphate at a light rate (0.5 cwt- N per acre) was better
placed, whilst double this amount was better broadcast. Placing
potassium sulphate (3 cwt. per acre) gave slightly higher yields than
broadcasting in five of seven experiments.

There was no worth-while advartage from splitting the nitrogen
dressing, applying half at planting and half in the summer, over
giving all of it at planting. In another series of experirnents
additional nitrogen as a top dressing gave only trivial increases in
yield, even in areas where potatoes are regarded as maturing too
earlv in the autumn.

in further experiments on horticultural crops placed fertilizers
gave better results than broadcast fertilizers on lettuce, cabbage,
beetroot, broad beans and runner beans, The benefit showed par-
ticularly well in the first cuttints of lettuce, French or runner beans
and cabbage.

Much of the work on fertilizer placement has now reached the
stage at which it should be extended to other areas not easily
reached from Rothamsted- A useful beginning has been made in
this direction in the Eastem Province of the National Agricultural
Advisory Service in trials on threshed peas and also on peas picked
green for market, canning, or freezing.

Experiments on several crops have shown the advantage of
placing moderate amounts of PK fertilizers near the seed. In a
recent experiment on luceme a " starter-dose " of superphosphate
placed directly beneath the seed improved establishment and early
growth. Many experiments on old arable soils have shown only
imall responsei to n^ormal dressings of phosphate Iertilizers, and coli-
siderable economy could often be made by broadcasting a fertilizer
rich in nitrogen and potassium and placint a small amount of water-
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soluble phosphate near the seed to promote early growth and to
act as an insurarce ata.inst an unsuspected defrciency of soil phos-
phate. Heavy manuring of potatoes and other m6re responsive
crops often supplies unnecessari.ly large amou_nts of phmphate,
and there is now a need for an addiiional National Comiound
Fertilizer with high N, low P and high K or even for an NK ieriilizer.
For cereals P and K should always be applied by combine-drill,
with nitrogen broadcast at rates limited onlv bv thC risk of lodsine.
Kale and similar forage crops require only"m5derate quantitiEs 6f
phosphorus and potassium, which could be applied as a " starter-
dose " close beneath the seed, with nitrogen bioadcast at seeding
time or later, at much heavier rates than are commonly given.

Long-le/w efecls oJ Jeltil;zet tleabteflts
The conclusions drawn in the preceding paragraphs are ba-sed

on single-year experiments, A number of fhe experiments were
continued Ior a second or third year, but the residual benefits
were generally small, and the comparisons o{ alternative materials
after the first season were of low precision. Since the residual
effects are generally small, there is little point irr attaching much
importance to them in comparing altemative fertilizers and in
considering many other problims in practical manuring, with one
important exception. There is no- doubt that lonf-continued
manuring at high rates builds up substantial reserves. Many
farmers would justify their continued heavy use of phosphorus anil
potassium fertilizers as a long-term investnient,

An extreme example of long-term residual efiects is afiorded
by ten plots on the Exhaustion Land of Hoos Field, some oI which
received PK fertilizers or farmvard manure annuallv between
1856 and fg0f with none since." Nitrogen fertilizers 

-have 
been

applied to annual barley crops on these plots during the last dozen
years, and tbe plots with manurial residues have given rouehlv
twice the yields on the plots without. R. G. Warren, in ion--
tinuing his analyses of soils and crops from the older Rothamsted
experiments, has obtained results summarized in Table 3,

Tanrs B

Hoos Field Erhaustion Land
llean yields, P and K contents of Excbangeable
barley in cut. per acre per aDnum, X inloit_A.nnuat 1940-Sl t96t,

maDuring Dry Dry mg. Ii per
Plots 1856-190l Frain srraw P K ioo g.

l, 2, ;t. 6 no P, no K I0.l ll.8 0 033 0.t32 6.13 P (Inith K 19.? 19.0 0.071 0.226 7.0
to l8?5)

?,8, l0 P, K zr-t 20.7 0.077 0.3373,4 F. Y. M zt.t 22.O 0.082 0.289
r l.?
9.3

The plots with PK or farmyard manure last century gave croDs
with over twice as much phosphorus and potassium is-those nbt
receiving these manures. It is not easy to decide whether the P and
K act independently or whether the large crops grown by the P
residues are able to explore the soil moie thoiou-ehly foi K. It
was shown in the 1950 Report that the readily soluble P in the soil
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was higher on the plots with P residues, and the difierence has been
broughl out r/irridy in several recent pot experiments on soi.ls from
these olots. Althoush the residues of P and K are sufficient to
doubld the yields of 

-barley, it may be noted that the amounts of
these elements recovered each year in the crops represent only very
small lractions (around 0 5 per cent) of the total amounts applied
to the plots last century. This exFriment gives a good example
of the lbne duration of manurial residues and the verv low rates oI
recovery. " Although the exchangeable potassium contents reflect
past treatments, tbey account for only a small part of the residues,
ahe bulk of which must remain in other, as vet, ill-defined {orms.

W. E. Chambers has recently published-(t2, 13) two parts of an
investigation on the soils and crops of the Broadbalk wheat experi-
ment- One paper follows changes over long periods, and the other
through a siirgle season. On flots which hid received no added
potasslum, the crops over eighty yearc extracted three or four times
as much potassium as was found in the exchangeable form. Large
changes in the amounts of potassiurn added to or removed from the
soil *ere associated with bnly small changes in the amounts oI
potassium extractable by a neutral salt solution or by dilute acids.
it ,oas also shown that iotlium and magnesium sutphites increased
the uptake of potassium by the crops, presumably by liberating
potasaium from some non-exchangeable form. It would appear
Irom investigations on the Hoos Exhaustion Land and on Broad-
balk that the amounts of exchangeable or readily soluble potassium
are only loosely and indirectly related to the amounts likely to be
taken 'up by'crops, though'they provide convenient eripirical
methods for comparing soils.

Rad.iotracers in soil axd, ferlilizer rcsearch

G. E. G. Mattingly carried out pot experiments using labelled
monocalcium phosphate as a tracer. One series paralleled the
series of field ^ expiriments already summarized in'Tabte l, but
included five soili, Iour neutral aird one acid. It is convenient
to express the results as " A values " (i.e., estimates of amounts of
soil phosphorus bearing the same ratios to the added labelled
phosphates as are found for the soil and Iertilizer pltogpi,orus
in plint samples). The purpose of several of the pot and field ex-
periments was to see hourfaithe estimated " A values " were altered
6y adding other unlabelled phosphorus {ertilizers to the soils. Table
4 shows iatisfactory agreement between the changes in "A values "
and the amounts oI unlabelled fertilizer added. (P labelled with
lOp C activity was added at the rate of 2 mg. P Per pot with

TABLE 4

Pot er,erimenl on ryeglass

I ncrcas€ in " A values ", dg. P per pot
P in mg. per pot added as unlabetled llean of Iour one acid

tertilizer treutral soils soil
5.0 as superphosphate ..

IIO a-s superphosphate .. . - .:
7.5 as dicalcium phosphatc ..
7.5 as silicophosphate .. ..
7.5 as Gafsa rock phosphate ..

5.3 60lo.0 I1.2
8.3 E.41.O 4.2

-0.3 10.6
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l6

400 g. soil. The estimates are for the second cut of perennial
ryegrass.)

The estimates made from plant analyses agreed fairly u'ell
with the amounts oI Iertilizer ailded, with-the ex-pected exieption
that Gafsa mineral phosphate was inactive on the neutral -soils.

Experiments of this kind can be used to provide estimates of the
relative availabilities of phosphate Iertilizers, even where the
yield responses are small,

A second pot experiment tested soils from the Hoos Four-
course experiment on the residual effects of superphosphate and
Gafsa mineral phosphate over five-year periods. The iesults are
not fully worked out. They showed ahe expected differences
between the two forms of fertilizer, and that incieasing the specific
activity of the labelled phosphorus five-Iold reduced the uptake of
fertilizer phosphorus by about l0 per cent, but did not aftect the
yields or uptake of soil phosphorus.

G. E. G. Mattingly with G. W. Cooke also carried out several
field experiments. In one series (Table 5) labelled phosphoms
fertilizers containing 0.1 c$,t, PrOs per acre were placed below the
seed on plots which provided contiasts between various unlabelled
f ertilizers applied broadcast.

TABLE 5
Field exlerimals on labelled Jertilizos

Increase in "A values", cwt. P,Or pe. acre
Unlabelled fertilizer broadcast, Barley sh-aw FoaaeriSeet tops

cwt. PrOi per acre Hi8hfield Sawyers Highfetd
0.3 as superphosphate .. 0.f2 O.O3 O.32
0.6 as superphosphate .. 0.35 O.3l 0.?0
0.45 as dicalcium phosphate .. 0.27 0.r4 0.41
0.45 Galsa mineral phosphate -0.04 0.(N O.25

The barley straw gave increase in " A values " markedly below those
expected from the amounts of phospbate fertilizeis broadcast,
but ttre agreement was satisfactory for fodder beet in Highfeld.

ln a second kind of experiment on barley with 0.1= cw't. PrOs
per acre of labelled superphosphate placed near the seed, broad-
casting 0.2 cwt. PrOo per acre as unlabelled superphosphate in-
creased the A value by about 0'04 cwt. PrO" per- acr6. With
0.2 cwt. Ppu per acre of labelled superphosphate broadcast, the
placing of 0.1 cwt. PrOu per acre as unlabelled superphosphate
increased the A value by 0.30 cwt. PrO" per acre. This experiment
indicates by measurements from both directions that the placed
fertilizer was from three to five times as efiective as an equal *eight
of broadcast fertilizer, but the results are provisional, as ihe
main purpose of the experirnent was to test and develop a tech-
nique for 6eld experiments using labelled fertilizers.

O. Talibudeen used some o, the soils from the above Dot and
fietd experiments for evaluating the rate and extent of isotopic
exchange of phosphorus under laboratory conditions.

Solubility tests on Gafsa roch phoslhate

F. S. C. P. Kalpag6 studied the approximate equilibria estab-
lished between excess finely ground Gafsa phosphate rock aud various
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dilute acids and chelating agents. When incre+lng amou-nts of
Gafsa ohosohate rock (in ixcess of those required for IulJ solution)
are added tb fixed quantities of dilute hydroci:loric acid, the amount
of carbon dioxide 'liberated steadily iricreases and the amount of
Dhosphate in solution decreases. The apparent solubility of phos-

ihati rock can be increased at will to any value by selecting the
iatio of acid to rock. Extrapolation indicates that about 20 per
cent of the total calcium carbonate present is dissolved independently
of the rest. II this is regarded is " free calcium carbonate ", it
mieht be supposed that the attack on the remainirg complex is
arr-ested whtir- it becomes coated with dicalcium phosphate' An
altemative interpretation is that the phosphoric acid and mono-
calcium phosphite formed by the iniiial attack on the rock react
\Mith the " Iree carbonate "'exposed by the undissolved complex
and are precipitated as dicalcium Phosphate. AttemPts are.being
made to 

-distinzuish 
between these two views. The final equilibria

do not agree sufficiently well with the solubility product for dical-
cium phoiphate to suppbrt the view that the solutions are saturated
with ihis substance. O. Talibudeen found that from 4 to 6 per
cent of the phosphorus in the undissolved residue equilibrated with

"UU"6 
."6iq.--pho3phorus. This is of the same order as would be

exoected if dissolved DhosDhate was precipitated in an active form
bJ reaction with 'frei cafcium carbonate"'. F. S. C. P. Kalpage
aiso studicd the equilibria with citric acid, alone and partially
neutralized, and rvith sodium versenate, which around pH 7 5
extracts more Ca and P from excess phosphate rock than 0'lN,-
HCI does at pH 3.0.

Nutriliot problems in forcst nurscries

Investigations were continued in conjunction with the Research
Branch of the Forestry Commission, B. Benzian being in charge
of the field work, andh. G. Warren, assisted by H. A. Smith and
J. E. A. Ogborn, of the anatytical work. Members of the Soil
f,Iicrobiologj and Nematology Departments investigated special
aspects of i6me o{ the field eiperiments. Summaries are published
in^the Forestry Commission'! arrrual Repois on Foresl Research
(20).' 

Most of the experiments in six nurseries are planned to run
for several vears with repeated annual crops of Sitka sPmce or
other conifei seedlings oi transPlants. As seasonal fluctuations
are inevitably large,-summaries are postponed until a series of
exDeriments is completed. In 1953 twb large rotation experiments
at Susar Hill Nurse-ry', Vareham, and Kennington Nursery, Oxford,
compl"eted their prei.iminary years to give all phases of-.a three-
courie rotation tisting fallirw, various green crops, seedlings and
transplants in the second phase and seedlings in the third Phase,
with additional comparisons between comPost and lert Eers,
reoeated every year-. There are supplementary experiments
on manuring continuous seedbeds and continuous transplant beds
and on tesiine as transDlants seedlings raised il the second and
third phases 6t the main experimenti The sites bad not before
been used for nurseries and, as special precautions have been taken
to isolate the plots, it is hoPed that the exPeriment may produce
evidence on the vexed question of whether composts and other
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methods of supplyjng organic matter ilre essential for maintaining
productivity over long periods.

During the last few seasons new plots on a verv acid sandv soil
at Sugar Hill Nursery have shown a characteristi; needle tip:burn
on many of the plants with fertilizers but on very few of thosi with
a standardized compost made from bracken and hop waste. The
sl,mptoms have not been recognized in any other nursery. and no
explanation can yet be ofiered, apart from the possibilities-of Iack of
calcium or some minor element.

In 1953 early sowing and a moist season allowed verv sood
growth in most experiments, with marked responses to- miior
nutrients, especially nitrogen. De6ciency slmptoms showed earli-er,
but seemed more complicated than usual. Sitka spruce seedlings
provide sensitive material for studyins the inierrelationshiis
of N, K and Mg, and the efiects of thesd and other elements aie
being tested in plots as well as in the field.

TABLE 6
One-year seedlings of Sitha slr*e 1953

Mean heitht in inch€s
Four neukal or aodeGtely TEo very acid

acid soils soils
Without With WithoutIormalin formalin ,omralin

.. 0.9 1.6 1.6\o Dikogen

Calcium aitrate ..
" Nitro-Chalk " ..
AmmoDiuE sulphate

Formalized ceseiD

2.6
2.5
2.4

2.9

2.5
2.3

2.8

l-2
1.4
1.6

1.6

In past years some of the benefits from formalin treatment,
especially in the older nurseries and on neutral soils, have been
ascribed in part to the inhibition of nitrification and the consequent
accumulation of ammonia. Additional evidence on this poinf was
obtained in 1953 from experiments at six nurseries testing four
alternative Iorms of nitrogen fertilizer supDlving g s. N Der iquare
yard: formalized casein ipplied a mont6 i;for; soir.ins'and ihree
inorganic nitrogen fertilizers apptied to two summer toi-dressinss.
Table 6 shorvs mean heights of one-year Sitka soruce ieedlinesln
experiments with treatm6nts in both-lgi2 and lg'58. The dati lor
four nurscries on neutral and moderatelv acid soils are given lor
plots with and without previous treatment with formalin: \trherc
no formalin was given, growth was Door throushout. oarticularlv
on plots with cilcium -nitrate; thi superiori"tv oi ^ammoniurir
sulphate over calcium nitrate was sig-ni6c'ant in ihree of the four
experiments, and " Nitro-Cha.tk " gave intermediate results in all
four. Formalin greatly increased growth lor all treatments, and
at the poor established nurseries gave crops resembling those srown
in very acid newer nurseries. Further,-on formalin" plots ;t old
nurseries and on plots w"ithout forma-lin on very acid soils there were
only small differences between the three kindsbf inorganic fertilizer.
The superiority in lg53 of the slowly acting or{anic fertilizer
applied in the seedbeds mav be due to its supplvini nitrosen in a
\r'et season before the inorganic fertilizerswere given ai top-diessings.
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The series of experiments added support to the view that conilers
profit from receiving their nitrogen as ammonia.

In several experiments chlorpicrin inlected in January or
February 1953 gave improvements similar to those from formalin
applied as a drench. Series A in Table 7 shows that earlier applica-
tion was sometimes better for formalin, but that the time of applica-
tion had no efiect for chlorpicrin.

TABLE 7

Onc-year sedlings of Sitha s?luce lg53

S.ics A
Untrcated
ChlorpicriD-Januar!,
Chlo4)icritl-February
Formalin-JaEuary
Formalin-Februarv

s.E.

si/irs B (Jauuary treatmetrts)
Utrtreated
Paralo!maldehyde
DD
Ethyleae dibromide
Fo.mali!..

S.E.

Eeh*orms
Mean heights in iEches per plaat

Kendngton Ampthill Ring*ood Ringwood
K68 AnSO R50 R59

.. t.8 t.8 l.{ t00
2.5 2.9 2.7 2
2.5 2.9 9.8 1

. . 3.1 2.i 2.8 t7

.. 2.5 2.i 2.0 8S.. =0.r0 -io.ls 0.r2

K60 Am 3l R58 R58

t.7 1.8 1.3 156
2.1 l.s 1.6 lll
2-t 2.1 28 1
2.2 2.5 2.8 2
3.1 2-7 2.9 8

a0.08 +o.og :o.07

In Series B ethylene dibromide and DD applied in January gave
very good results at two of the nurseries but much poorer ones
at the third (Kennington). At all three nurseries paraformaldehyde
gave little improvement in 1953.

J. B. Goodey continued his examination of plants from several
experiments in the Ringwood nursery, making counts of the numbers
of the nematode If oplol.aimus uniformis in seedlings and transplants.
.\t this nursery January applications of formalin, chlorpicrin,
ethylene dibromide and DD greatly increased growth and markedly
reduced infestation with nematodes, paraformaldehyde in January
and formalin in February being much less efiective on growth and
against nematodes, Similar results were obtained in other seedbed
experiments at Ringwood. Formalin treatment of transplants beds
at Ringwood reduced the mean numbers of eelworm from 1,680 to
120 pei ptant. Atthough this is presumptive evidence that part of
the benefits from fumigants is through control of eelworms, it may be
noted that in the Ampthill nursery, where plant and soil examina-
tions have revealed very few eelworms, the effects of various fumi-
gants on plant gro$'th were generally similar to those at Ringwood.
The Ringwood eelworm data thus add one more class of organisms
to the lengthy list already known to be afiected by soil fumigation
in our forest nursery experiments.

Six species of conifers showed closely similar responses to
fumigation with formalin and chlorpicrin and also to other manurial
and iemedial treatments. The 1953 plots and stockbeds of Sitka
spruce in each of the older nurseries (now no longer used for raising

D
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conifer seedlhgs) gave, after formalin treatment, outtums of usable
seedlings approaching those from the best new nurseries in the
country. If techniques for soil fumigation can be interpreted,
standardized and mechanized they may prove to have applications
not onlv in forest nurseries but in some intensive branches of horti-
culture'in the open as well as under glass.

The nature of soil organic mallzr (J. M. Bremner)
Previous work on the estimation and decomposition of arnino

sugars in soil and on the identification of hydroxylamine and
hydrazine by paper chromatography was completed and prepared
for publication.

Earlier work on the chemical nature of the nitrogen in the
humic (i.e., acid-insoluble) fraction of soil extracts was extended
by comparing the properties of humic fractions isolated from
0.S.V-sodium hydroxide and 0.lN-sodium pyrophosphate (pH 7.0)
extracts of mineral and organic soils. This investigation showed
that alkali- and pyrophosphate-extracted humic acids difiered
markedly in nitrogen content, nitrogen distribution and other
properties. For example, the proportion of the total nitrogen
Iiberated in the form of amino-acids by acid hydrotysis of the
alkali-extracted humic acids (31-48 per cent) was considerably
greater than that liberated by hydrolysis of the pyrophosphate-
extracted acids (20-35 per cent). Estimation of the amino-sutar
contents of the preparations by an alkaline decomposition technique
showed that only 3-8 per cent of their total nitrogen was in the form
of amino-sugars. No marked difierences in the amino-acid com-
positions of the alkali- and pyrophosphate-extracted humic acids
could be detected by paper chromatographic examination of their
acid hydrolysates. The nitrogen in both typ€s of humic acids
v/as practically non-dialvsable through Cellophane.

Previous work on lhe effect of nitrous acid on humic acid pre-
parations has been extended by a detailed investigation of the
behaviour of various alkali and pyrophosphate-extracted humic
acids under the conditions used in the Van Slyke nitrous acid method
of estimating amino-nitrogen. The results showed that 10-20 per
cent of the nitrogen in the humic preparations examined could be
accounted Ior as free amino-nitrogen by this rnethod using a reaction
period of 15 minutes. The amouat oI gas evolved under the con-
ditions of the Van Slyke method was found to increase steadily
with time of reaction. The reaction was not afiected by light, and
the results were not sigrificantly difierent when the preparations
r+-ere dialysed against disti.lled water or extracted thoroughly with
ether, alcohol, benzene or dilute acid before analysis. The mech-
anism of the reaction between humic acid and nitrous acid is still
obscure, but analysis of the products has shown that the reaction
leads to an increase in the nitrogen content. Tests with straw and
wood lignins showed that treatment of lignin with cold nitrous acid
also led to an increase in the nitrogen content and that methoxyl
groups were destroyed in the reaction. Whatever the nature of the
reaction bet'.r'een humic acid and nitrous acid, it does not appear
to involve free amino-groups, since no free amino-groups could be
detected when the preparations were examined by the fluorodinitro-
benzene technique developcd by Sanger.
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Previous work on nitrogen translormations during the biological
decomposition of straw composted with ammonium carbonate has
been completed, and a paper giving the results is being prepared for
publication. The transformations were studied by following
changes in the amounts of inorganic and organic nitrogen present
and in the amounts of ammonia-. volatile base-a-amino- and a"mino-
sugar-nitrogen liberated by acid hydrolysis. Changes in the amino
acid composition of the composts were also studied by paper chroma-
tographic examination oI their acid hydrolysates. The results
showad that synthesis of organic nitrogen during the biological
decomposition of straw composted with ammonium carbonate is
not accompanied by any gross change in the distribution oI the
organic nitrogen in the compost. A large fraction oI the organic
nitrogen s]'nthesized is in the form of protein; a smaller Iraction is
in the form of amino-sugars. The amino-acid compositions oI acid
hydrolysates of the rotted and unrotted straws were not greatly
different. The rotted, but not the unrotted, straw hydrolysates con-
tained p-alanine and a substance provisionally identified as ac-
diaminopimelic acid. Tests with an oat straw compost containing
3.94 pei cent nitrogen showed that it nitrihed extremely slou'lv
when incubated with soil under conditions known to produce rapid
nitrification of casein and ammonium sulphate.

The search for methods of fractionating and characterizing
inositol phosphates has been continued, and promising results
have been obtained using the method of paper electrophoresis.
An attempt is now being made to use this technique to identify
inositol phosphates in soil.

fhe decamposition of organic materials in sorT (K. Shaw)

The rates oI decomposition oI various commercial nitrogenous
materials and oI nitrogenous materials prepared in the laboratory
have been studied by estimating the mineral nitrogen (ammonia +
nitrate nitrogen) produced on incubation of the samples with soil
under standard conditions. A product containing Il'7 per cent N
prepared by the nitration of sawdust was found to produce only
about I0 p.p.m. of mineral nitrogen in eighty days. Two com-
mercial nitlosenous materials, hoof and casein, were formalized in
the laboratori. The formalization had only a temporary depressing
effect on the iate of mineralization of the nitrogen, and after seventy
days the production of mineral nitrogen was approximately equal
in ihe formalized and normal products. A material prepared by the
deamination of casein decomposed at nearly the same rate as the
untreated protein.

Work was started on the formation and decomposition of
'' mat " on old lxrmanent pasture, using initially samples of " mat "
separated lrom the under\ring mineral soil on some of the Park
Giass Plots (ptots l, 4, and llr). A preliminary fractionation of this
organic material shows decreasing amounts of cellulose and hemi-
celluloses and an increasing amount of lignin on passing down
through the " mat ". The rate of decomposition of the material
when mixed with its underlying mineral soil, with two added levels
of nitrogen and calcium, is being followed by measuring the carbon
dioxide and mineral nitrogen produced during incubation. The
results so far obtained with samples from the unlimed section of
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plot l, which has received nitrogen annually for many years,
indicate that added nitrogen has no effect on the rate of production
of carbon dioxide from the " mat " material at any level of calcium.

The simultaneous determination of ammonia and nitrate
nitrogen in Ohen extracts oI soils by reduction with reduced iron
in acid solution at room temperature was found to be unsatisfactorv.
Better results were obtainef when titanous sulphate was used is
a reducing agent in place of the reduced iron, and the ammonia
formed estimated by distillation with magnesium oxide in Conwav
Units at room temferature, but the recoiery of added nitrate was
still incomplete. However, alrnost complete recovery of nitrate
nitrogen as ammonia was obtained by carrying out the reduction
y/ith titanous sulphate and distilling with magnesium oxide in
a larger plastic modification of the Conway Unif which permitted
more satisfactory mixing of the contents of the outer chamber.

Soil Manganese (S. G. Heintze)
In a group of soils, mainly alkaline and with high organic matter,

the occurrence of manganese deficiency sJrmptoms in crolx was
associated with low values for seyeral variables: total manganese,
t}te absolute quantities and the fractions of the total manganese
extracted by neutral ammonium acetate with hydroquinone or
sodium hydrosulphite, calcium nitrate a{ter reduction vrth hydro-
quinone, sodium pyrophosphate at pH 9.5. The mean of the two
methods based on hydroquinone was somewhat better than either
method separately. No single fraction of the soil manganese has
been found to give an adequate estimate of avaiJability to plants,
but any of the above methods would merit further attention where
it is necessary to classify soils in relation to field observations.

Neutral solutions of pyrophosphate do not extract much man,
ganese, even in the presence of hydroquinone. Alkaline p,'ro-
phosphate removes much larger quantifies, but dissolves large
amounts of organic matter, which may reduce manganese in high
states of oxidation. Sodium versenate behaves in ihe same wav
as alkaline pyrophosphate; solutions of sodium calcium versenate
at pH 9.0 give only light-coloured extracts but remove more man-
ganese from organic soils than neutral pyrophosphate. Neutral
solutions of sodium calcium versenate dissolw less manganese than
neutral pyrophosphate solutions, but the amounts of manganese
dissolved by sodium calcium versenate are greatly increased by the
presence of hydroquinone. These findings are consistent with, but
do not establish, the view that in organic soils a considerable
amount of the manganese present is held in high-valency forms b1'
the organic matter,

General

Early in 1953 E. M. Crowther made an eleven weeks' tour in the
Sudan and East Africa at the request of the Sudan Government, the
Empire Cotton Growing Corporation and the Colonial Office Advisorv
Committee on Agricultural Research. In addition to visiting
several research institutes and exp€riment farms, he attended a
Specialist Conference on Fertilizers at the East African Agriculture
and Forestry Rexarch Organization and the Annual Rqsearch
Meeting of the Sudan Ministry of Agriculture. J. M. Bremner
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attended the lTth Conference and l3th Congress (Physical Chemistry,
Wood and Paper Chernistry) of the International Union of Pure and
Applied Chemistry at Stockholm.

J. C. Wilcox, of the National Agricultural Advisory Service,
J. Bolton, of the Colonial Agricultural Research Service, and A. Y.
Kordofaoi, of the Sudan Ministry of Agriculture, were seconded
to the Department for work on field expriments. P. W. \Y.
Dabom of the Forestry Commission took tle place of C. P. Kirkland
on secondment for forest nursery work. A. E. Johnston was
appointed Ior analytica.I work.
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PEDOLOGY DEPARTMENT
A. Murn

At the invitation oI the Colonial Office and the Government of
Nyasala-nd Dr. Muir took charge of a soil survey of the Shire Valley
area which was required in connection with a large development pro-
ject. Prof. J. L. White of Purdue University has come for a year
to work in the department of clay mineralogy. Mr. R. Greene-
Kelly has been awarded the degree of Ph.D. by London University
for a study of the sorption of polar molecules by clay minerals, and
Mr. J. Gasser the degree of M.Sc. for his work on the behaviour of
iron and other phosphates during the fermentation oI plant materials
under anaerobic conditions.

SoIL MINERALoGY

Kenya
During the year work has continued on the mineralogy of the

" gilgai soils " of the Athi Plains, near Nairobi (see 1952 Report),
and it has now been shorar that these soils cannot be regarded as
entirely residual from the underlying volcanic rocks (phonolites,
phonolitic trachytes, etc.). This is indicated by the presence of
such minerals as sillimanite, garnet, staurolite and kyanite, which
are the characteristic minerals of metamorphic rocks of gneissose
type, and which occur at all levels in the soil proile above that of
the weathered rocks. It is very difficult, however, to make an
estimate of the amount of contamination. lt may well be that the
soils are in the main derived from the underlying volcanic rocks,
ard have had a " wash " of material of foreign origin deposited on
top, which has been incorporated in the soil due to the " chuming-
up " action resulting from their shrinking and cracking proprties.
(I. Stephen.)

N yasaland.

A study of the mineralogical composition of a suite of soils from
the lower Shire River area has been commeuced with the object of
defining the types of soil parent materials, which do not appear to
be all of altuvial origin. (I. Stephen.)

Crev Mrsrnerocv
Soil morlhologt and. minerulogy

It has been shown (27) that lepidocrocite ol pedological origin
is oI widespread occurrence in British soils and that its appearance is
associated with gleying. Work has been done on three gleyed soils
from Lancashire in a preliminary exploration of the relation of
norphology to mineralogy. The soils were those studied by Bloom-
field (f952, J. Soil Sci.,3, 167). Separates of closely associated
brown and grey soil were used, and the clay fractions were examined
by X-ray difrraction. This limited investigation suggested that the
hydrated ferric oxides goethite and lepidocrocite are the pigments
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oI the brown mottles of gleyed soils and that rate of oxidation
decides which is formed, slow oxidation favouring the formation of
lepidocrocite. It also appears that the alumino-silicate clay
minerals of associated brown and grey soil are identical in kind and
relative amount, but variations in amount occur between difierent
soil horizons and different profrles.

A more detailed study is being made of another gleyed profile
from Lancashie in an efiort to relate detailed field morphology to
laboratory data. For this purpose the semi-micro method for the
preparation of clays (28) was devised, and in addition an approximate
method of mechanical analysis for similar small amounts of soil
has given satisfactory results. (G. Brown.)

Pa@gorshile
The study of an occurrence of the clay mineral palygorskite

(attapulgite) has been completed and will be published shortly.
The palygorskite occurs with montmorillonite in a decomposed
syenite, The exchange complex of the altered rock, in agreement
with the occurrence of magnesium-bearing clay minerals, is saturated
dominantly with magnesium ions, and it seems clear that the
alteratioo involved the introduction of magaesium solutions from
elsewhere than the parent rock. In the field the juxtaposition of
highly decomposed and essentially unweathered syenite suggests
that the alteration of the rock is not due to atmospheric weathering,
but to the action oI hydrothermal solutions, which have permeated
the rock mass.

Sampla of other clays, knowr as pilolite (Heddle, 1879, Min.
Mag., 2, 206), " mountain leather " and " mountain cork " have
also been examined, and these have been found to give X-ray
diagrams identical with that of the Shetland palygorskite. (I.
Stephen.)

Dichile ond kaoliflite
In collaboration with Dr. F. Smithson, University College of

North Wales, examination of samples of a kaolin from British
sandstones has been made in addition to those reported in Nalurc
(31). In the majority of cases it has been possible to identify the
mineral even when it is contaminated. The additional results are
largely in accord with those published, viz., that where alteration
of bther minera.ls in the sandstoue seems to have occurred, well-
formed plates of the kaolin are present and have been shown to be
dickite. Where no alteration is suspected well-Iormed Plates are
absent and the mineral is kaolinite. (G. Brown.)

Neto clay minercls
A previously unreported vermiculin, i.e., a member of the

vermiculite group (cf. kaolin, kaolinite), has been eacountered and
shown to be the dioctahedral analogue of vermiculite. In addition,
a mineral which may be analogous to the ill-defined material which
some American workers call mica-intermediate has been recognized.
and dia,qnostic criteria have been established. Both minerals
occur in -mixtures with other clay minerals in soil clays and pure
samples have not yet been obtain6d.
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In previous years relerence has been made to an unidentified
14 A. mineral which resembled vermiculite in collapsing to give a
lO A. ;pacing after heating to 300' C., but which did noicotlipse to
l0-ll A. spacing after boiling for short periods with ammonium salt
solutions. It has been shown that prblonged treatment, l0-hour
boiling with ammonium or potassium salt lolutions, collaps€s the
mineral, giving a lG-ll A. spacing, and that the collapse can be
reversed bv treatment with Ms-salt solutions. lt is thousht ihat
these expeiiments show that ihe mineral is a vermiculir" with a
difficultly exchangeable cation, and it is suggested that this cation
may be partly "organic. In addition, the mineral has an (060)
spacing of 1.50 A., and hence is probably the dioctahedral analogue
of vermiculite.

The name " degrading illite " has been given provisiona-lly to a
material which givis a band with a high airgle eilge at l0 A. and
which " tails ofi " towards lower angles. In some cases the low
angle edge of the band is at 14 4., bu1 generally the band is not so
broad. The width oI the band depends in part on the exchangeable
cation. The band disappears alter trea[ment of the clay with
glycerol and, if vermiculiri is absent, a sharp line at 14 A. aipears.
It has not yet been possible to decid,e whethir all the layers iespon-
sible for the band expand to 14 A. with glycerol trealment, or
vhether the band is resolved into lines at l0 A. and 14 A., as the
mineral is always associated with much illite with a strong line at
l0 A. It is hoped that comparative photometry witl lead to a.

decision on this point. When the clay is heated to 30O' C. for 12
hours the band disappea.rs along with the 14 A. vermiculin line, and
the inteDsity of the I0 A. is enhanced by the collapse. (G. Brown.)

Lancashire soil larenl materials
Further work has been done on these to explore the usefulness oI

clay mineralogy for difierentiating surface deposits, commonly
known as drifts, which form the palent materiali of many British
soils. Previously C. J. Tapp, of the Soit Survey of Engiand and
Wales, had been able to diffeientiate the Carbonilerous and Triassic
drifts according to the rate at which they release potassium to strong
acids, the latter having a higher rate oi potassirim release than th;
former, and his work suggested that the cause of the difierence lav
in the clav fractions. Careful exa"mination of the clavs from i
number of'soils shows that their mineralogy is never s ple, The
clay minerals found are kaolin, illite, " de$adhg illite ", vermiculin
and chlorite, All are often present, and no clay has been found
with fewer than three of them. In addition, all Clays derived from
Triassic deposits contain a small amount of a minerai similar to that
from _the Keulrer Marl which Honeyborne (Clay Minera.ls Bulletin l,
I50) described. As well as the clayminerais, lepidocrocite, goethite,
quartz and anatase are common constituents, ihe last two in small
amounts.

An attempt is being made to unravel these complex suites, grving
p-articular attention to-the hydrous micas, by careiul photonie"try oi
.\-ray patterns of clays whilh have had dii{erent diignostic triat-
ments. A measure of success is promised not ouly in correlating
and in a few cases correcting field classification oI ddfts but also iir
relating the potassium release figures to the illite content of the
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clays. In addition, our knowledge of the clay mineralogy of these
drifts has been increased. (G. Brown.)

Broadbalh soils

A start has been made in a detailed study of the Broadbalk soils
in an area including Plots 2-13 and the Wilderness. The objects
of this work are two-fold. First, to correlate difierences in clay
properties with comparatively recent changes in vegetational
cover and fertilizer treatment. Secondly, to assess the relative
value of difierent methods of studying the clay fraction. The
results already obtained have shown that the differences between the
surface soils of the arable plots and those oI the Wilderness are
superficial. and are not reflected by changes in the clay mineral
content. The exchange capacities vary, but this has been satis-
Iactorily correlated $rith the amounts o{ organic matter present in
the soil. Profiles examined in the Wilderness show poor develop
ment; although there is ao increase of clay content going down the
profile, little or no change in clay composition occurs. This is
explained by the results of detailed study of the clay {raction of the
C horizon. Here the composition of the clay is nearly independent
of size fraction, and it can be concluded that these soil clays would
not be altered in composition during the process of being washed
down the profile. These studies have also emphasized the ease
with which the Broadbalk soil clay is deBocculated in the absence
of organic matter. Considerable improvement in stability was
observed with surface soils from the Wilderness, which are higher in
organic matter than those from the arable plots. The total exchange
capacity of difierent size fractions from the C horizon increases
with decreasing particle size, but the changes are much less than
might be expected if the exchange capacity is proportional to surface
area. The composition of the clay fraction has been found to be
illite, kaolinite, with small quantities of chlorite and goethite.
The quantitative estimation of the composition of the clay fraction
has not proved feasible by X-ray methods, but diflerential thermal
analysis has been successfully employed to estimate t}Ie amount of
kaolinite. A value of 20 per cent, nearly independent oI particle
size, was found. This figure does not appear to be compatible with
the results of silicate analysis oI the clay fractions if it is assumed
that the clay consists predominantly of kaolinite and illite. Much
higher values were obtained for the sesquioxides than would be
expected from the mineralogical composition. The occurrence of
amorphous aluminium and iron oxide appears probable. (R.
Greene-Kelly.)

In addition to the clays reported above, samples from Northum-
berland, Yorkshire, Cambridgeshire, Bedfordshire, Buckingha.m-
shire, Hertfordshire, Sudan, Gold Coast, Kenya and Persia have
been examined. (G. Brown.)

Pohsh rtxo on

A number of surlace soils Irom Eire was examined in an attempt
to relate clay mineralogy to potash fixation which had been estab-
lished by 6eld experiments. lt was lound that " degrading illite "
was the only distinguishing clay mineral between soils which fixed
potassium and those which did not. No potassium fixation could be
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attributed to illite or vermiculin. It has been possible to foretell
which soils are potassium f,xers by X-ray-difiraction tests. How-
ever, this work has been done on a limited number of soils, and it is
hoped to extend it. (G. Brown.)

Iot exchange studies

The dioctahedral montmorillonite minerals can now be identified
with precision by means of a diagram which relates their com-
position to their expanding properties after lithium saturation and
heating- Over ifty montmorillonite minerals from soils and de-
posits have been classifled by this technique. It has been concluded
that dioctahedral soil montmorillonite minerals generally belong
to the intermediate class where the exchange capacity originates
about equally from tetrahedral and octahedral substitution. A
study of montmorillonite minerals derived from difierent parent
materials has emphasized the need for a more exact knowledge of
the relation between the magaesium content of the parent material
and tbe type of clay mineral derived from it. Although it is
generally true that under basic conditions magnesium-bearini parent
materials give rise to montmorillonite whereas those low in mag-
nesium give beidellite, several exceptions to this rule have been
found.

The exchange capacity of lithium-saturated montmorillonite
after drying has been found to give reliable values for the external
surface area of the crystallites. This method is superior to gas-
adsorption methods for studying the micro-structure of montmoril-
lonite aggregates. The results, using this new method, of a study of
the effect of the method of preparation of the montmorillonite on its
external area has shown that, in contradiction to what was previously
betieved, the external surface is unaltered bv different methods of
prepaxation, despite the fact that the macro properties of the
mineral are very different. The same technique has been used to
study the variation of external area betweer montmorillonites of
difierent morphology as revealed by the electron microscope.
Surprisingly little variation has been found.

The distribution of exchange cations in the mixed lithium-
sodium montmorillonite system has been investigated using the
lithium-fixation method. If the lithium ions 1re distriEuted
uniformly in the mixed systems, their fixation would lead to the
trapping of sodium ions. If there is no miscibility the availability
of the sodium ions should be unaffected bv lithiumfixation. In thl
case o{ Redhill montmorillonite it has 6een concluded that onlv
limited miscibi-tity occurs between the two cations.

The efiect of dehydration on the availability of exchange cations
on kaolin minerals hirs received detailed stud;. It has b-een found
that after drying only lithium ions are fixed by kaolin minerals, and
in contrast to montmorillonite the exchange capacity is hardly
changed, structural cation exchange having taken place, Thii
interesting efiect is being firrther studied. (R. Greene-Kelly.)

Adsorplion on clay minerals
The X-ray work on tbe montmorillonite comolexes nith simDle

organic mollcules has been considerably ex[ended. About'a
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hundred difrerent compounds have been investigated, and in prac-
tically all cases it has been possible to interpret the results in terms
of t[e shape and the orientation of the sorbed molecule. The
techniques lsed for this work have be€n applied to the problem of
the steieoisomerism of piperidine and its derivatives. Although the
energy of interaction between ortanic molecules and montmoril-
Ionite can only be roughly estimated by X-ray methods, it is clear
from the resuits obtained that strong interaction is more likely to
occur if the organic molecule is capable of electron donation to the
clay mineral, This tendency emphasizes the importance of organic-
ally combined nitrogen in promoting strong interactions between
clays and soil organic matter. (R. Greene-Kel1y.)

Techniques and methods

In addition to techniques previously mentioned, exploratory
work has been done in the use of X-rav difiraction to establish
orientation in sedimentary deposits such ai lacustrine clays, and the
method seems satisfactory,

The Wiessenberg goniometer has been modified {or clay mineral
work, and its use foi the determination of orientation in oriented
aggregates, which is required for quantitative clay mineral analysis,
is being explored. (G. Brown,)

Poudu camera

An improved form oI our 9-cm. powder camera has been designed,
and one of these cameras has been made lor us. This camera has
adlustable tantalum slits, adjustable screening plates and a screw
adlustment for the fiImJocating peg- The specimen holder carries a
pointer moving over a gradual scale of angles. The specimen can be
iotated or oscil.lated by means of ar external motor, coupled to the
camera by a flexible drive. (D. M. C. MacEwan.)

CentriJuge separutior oJ clays

A small-scale method for fractionating clays according to grain
size, based on Marshall's two-layer method, has been in use here lor
some time (see ref. 34. Report for 1949). Although the method is
useful, it has been found io be subieci to certain defects, due to
" streamer " {ormation, and it is being re-examined to see if it can
be improved, by using a graded viscosity distribution in the centrifuge
tubes instead of a viscous layer (glycerol sotution) sharply passing
into a layer of low viscosity. (D. M. C. MacEwan.)

Gas X-ray lube

A gas X-ray tube, of our own design, has been in use }tere for a
considirable piriod and, in view of the simplicity oi this tyPe of
X-ray generaior, we wished to study its performance with various
electioiie positions and sizes. For this purpose an experimental gas
tube has bten constructed, with removable sections, allowing various
dimensions to be made. This work has shom that, in ordinary
operation, a considerable proportion of the total current passes to the
tibe wd[ and not to th'e tirget, a condition which ii not easily
rernedied. Pure aluminium is the best cathode metal found; a flat
cathodewith acentral hole ofsuitable depth is found to give improve-
ment both in focus and intensity.
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This work has been mainly empirical in nature ; lack of time has
prec_luded a highly systematic apflroach to the problem.

_ It is now proposed to stabilize the conditions of operation of the
tube, and use it as a source of X-rays. (G. Dibley.) -

Scales for measuring X-ray phatographs

Direct-reading Angstrom sca.les have been made for CuKe
radiation. These are very rapid in use, and much more accurate
than any direct-reading scales with which we are acquainted, since
they have finely-spaced divisions, and full compensatibn for chanees
in f,lm dimensions. (D. M. C. MacEwan.)

Fourier sydhesis
A rapid method of fourier slmthesis is desirable, both for studies

on montmori.llonite and for possible fuhre work on micas, etc. A
BeeveeMacEwan tlpe machine has therefore been obtained on
loan fiom the Dewar Crystallographic Laboratory, Edinburgh, and a
cou[ting unit is now being made lor it. One experimental counter
has been assembled, using ex-R.A,F. " impu.lse motors ". These are
very inexpensive, and will count readily at 20/sec., and probablv
fasier. They will not count negatively: cor.isequently leparatL
counters are used for negative and positive countini, anda subtrac-
tion unit has been maile, bv whiih automatic sub-traction is oer-
formed. .The use of stepwisi 

-char,ging of a condenser for counting
is also,being experimented with : this het-bod should be very rapid,
but will not be accurate. (D. M. C. MacEwan.)

Fourier transforms

, This method for analysing interlayer mixtures, mentioned in
last year's report, has been further studied. A slide-rule-tlpe scale
has been made which enables the necessarv calculations td ire verv
rapidly carried out. (D. M. C. MacEwan.)'

Grocxrrnsrny
Investigations are being continued into the trace element con-

tent o[ sedimentary rocks of the Lower Lias formation. Analvses
have been carried out on samples from a boring at Northleach "and
Irom the Dorset coast, aDd certa"in correlations have been found
between their contents oI molybdenum, vanadium, nickel and
copper. Abnormally high contents of Mo (i.e., > 20 p.o.m.) have
been fouad onty in the lower zones, lrom Jamesoni donnivard's, and
here only in the less highly calcareous str-ata.

The content of these elements aDDears, in turn. to be closelv
related to that of material oxidizddle bv the diihromate wet"_
ofdation method, this consisting of organichatter with more or lesspyrite. The pl,rite, which is piesumed to be of secondary origin,
has b€en found to contain a relatively large amount of Mo. but-no
detectable V, whereas the separated ilay fiaction contains ihe butl<
of the V and little Mo. These findings-suggest that both elements
were originally l{d down with the organi;;raterial, but have sub-
sequently been difierently segregated.-

It has not been possible !o -far to separate the orsanic matter
completely from the clay, but it is hoped that further exforiment wi[
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make it possible to demonstrate whether, in fact, these elements are
directty associated with the organic matter. (H. H. Le Riche.)

The general minor-element survey of English soils has been
extended] and a number of Cu- and Zn--deficienisamples from Wales
are being studied. The results of the study of minor-element
distribution in some Lancashire soils have been published (33).

A spectrographic method lor determining Sm, Yb and Eu in a
mixture of rare 

-earth oxides has been used; eleven of the sixteen
rare earths are now determinable,

The problem of ttre estimation oi niobium in rocks and soils has
been apiroached spectrographically ; using the internal standard
method Nb has been estimated in pyrochlore-rich soils, but the
results compare rmfavourably with those obtained by the much
loneer chemical or absomtiometric methods.

"A semi-quantitative sipectrographic method for estimating Pb in
twis samplCs has been used for twigs collected from areas where
vari"able ainounts of Pb occur in the soils. The time for each deter-
mination is 4 minutes in batches of twenty or more. The method
should be of some use in geochemical prospecting. (J. R. Butler.)

Sor Cnrrustnv
Efects of leaf extracls on soil constituents

Further work on the solution of soil sesquioxides by leaf leachates
has shown that both the iron ard aluminium compounds formed in
this Drocess are stronglv sorbed by soil colloids. It is suggested that
this 'process is responiiLle for tbe immobilization of the sesquioxides
whici teads to tfie formation of the B horizon in podzolized soils.
The sorDtion is oarticularlv Dronounced in the case of the New
Zealand'rimu, arid conseqrienily attention has been concentrated
on this species.

Althoush it is verv di6cult to achieve a strictly valid comparison
of the exte;t of sorption from the leachate oI difieient sPecies, on the
basis of the measurements made thus far it is possible to sugBest an
exolanation of sucb anomalies between the laboratory aud field
obiervations as were mentioned in the previous report (t952' p. 57).
Thus, while the kauri is a more efiective podzol former thart the rimu,
it has been found in the laboratory that of the two, rimu leaf extracts
sive rise to much more extensiv'e solution of ferric oxide. On the
6ther hand, sorption from rimu solutions is also more pronounced,
so that under fi1ld conditions the kauri would give rise to Sreater
net loss of ferric oxide from the A horizon. The same argument
mav be aoolied in the case of such broad-leaved species as ash,
which, altiroueh they apparently do not give rise to any detectable
movement of"sesquloriiies in ioils, nevertheless give appreciable
solution efiects in the laboratory. No doubt faunal activit-y under
broad-leaved cover also contri6utes in counteracting the leaching
Drocess.' A feature of grey wooded soils which are formed urder a pre-
dominantly asperi c6ver, is that although the A, horizon is leached
of sesquioidei, this horizon commonly has a high Percentage base
saturaiion. This apparent paradox may be readily explained by the
fact that aspen leavli havebeen found to contain a relatively high
proportion 6f water-soluble calcium compounds.
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_ Alt-hough podzolized soils, sezsr striclo, are predominantly
formed on sandy materials in which clay movement w6uld not be ad-
parent, cases are known in which astrong textural profile is developeil,
and tfuee, widespread groups of soils, the grey wooded and lrey
brown podzolic soils of North America, andlhe grey forest soift of
the U.S.S.R., always show this textural profile. 1t has been found
that at low concenirations, aqueous extr'acts of the leaves of several
tree species are capable of deflocculathg clay suspensions, which
would account for the removal of clay Irom-the A, horizon. At
higher concenhationss of the leaf extracts a tendiency towards
reflocculation develops. Experiments on the bark of kauri and
rimu, both of which shed their bark, have shown that weieht for
weight, the bark has a greater deflocculating action than the'ieaves,
and furthermore does not appear to give -rise to reflocculation at
higher concentrations. Furtrher study-of these processes will, it is
hoped, be 

-of- 
value in connection witti the podzol group as a whole.

(C. Bloomfield.)

llobilizalion of phosphate under anq.elobic conditio\s
The effect of anaerobically fermented plant material (dried grass)

on the mobilization of phosphates of ahiminium, calcirim and iron
and of phosphated clays has been tested. No conclusive evidence
for any mobilization of either aluminium or phosphate from alumi-
nium phosphate was obtained. With varioirs calcium phosohates
the calcium and phosphate were readily mobi.tized due to the jower-
ing oI the pH during Iermentation. -In 

the case of a crvstalline
basic ferric phosphate and a non-crystaltine ferric hvdroxroliosohate
the fermented grass caused a mobiliiation of both irdn and-phosp'hate.
The basic ferric phosphate exhibited re-adsomtion of the ihosihate
presumably by'r free " iron oxide. tn ttri cdeoiihe re-i; h;dr;;;l
phosphate, particle size afiected the amount mobilized. -

Both kaolin and montmorillonite removed DhosDhate from the
fermenting grass solution. With phosphated clivs firmented erass
mobilized phosphate previously iied by treatirent of the ilavs
with KH,PO.. In the case of kaolin ab6ut half the amount fi,x6d
was released, and with montmorillonite the amount remainine 6xed
was about equal to the amount taken up from the ferm"entino
solution by the untreated clay. It is thouiht that the adsorptioi
of inorganic P by montmorillo;ite occurs mai"nlv throush .rno.Jhou,
sesquioxides on the surface. Kaolin may alio sorb"phosphite in
t}.ris )v1y and also- through hydroxyt riplacement 'on the edge
aluminium atoms of the crvstald.

Oxidation of extracts cbntaining iron phosphate gave a orecioi-
tate--of basic ferric phosphate wiih orginic mattei, a sm'aLl blut
srgnrlicant amount of iron and phosphorus rema.inine in solution_It seems that this stability of iron phosphate mav ac"count for the
movement of phosphorus in association with iro-n within the soitprofile. (J. K. R. Gasser.)

The col.oralion of black trolical soils
A study of some black soils from India (Reeur. Kabar and

Karail) suggests that their dark coloration is maiilv'due to their
clay organic complex. Using a variety oI clays, formition olsimilar
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complexes has been studied in the laboratory under anaerobrc
and partially aerobic conditions. Among the Iaitors which seem to
be aisociated with the dark clay-humus complex are: (a) clays of
high base exchange capacity, especially when in a dispersed state
du"e to the presenie of'sodirim; '(6) coiclitions favouririg reduction
of iron; (c) acid reaction, evenaslowaspH 3, and (d) certain tpes
of nitrogenous plant residues somewhat resistant to dgcompositio-n
and usuallv base saturated. A comDarative studv of the black soils
w"ith their-neighbouring red soits stiggests that the organic matter
of the black soils is more easily oxidizable but less easily hydroly-
sable. (Sant Singh.)
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SOIL MICROBIOLOGY
DEPARTMENT

H. G. TnonNror
Miss Jane Meiklejohn returned to the department in September

after spending a year in East Africa on an-appointment tiom the
Colonial Office to report on problems of soil microbiotogy.

P. S. Nutman left in May to take up a three-vear i-ooointment
at the Commonwealth Scieniific and Industrial R'esearci'Organiza-
tion, Canberra.
_ B.Jt{. Singl IeIt in November 1952 to take a post at the Central
Drug Research Institute, Lucknow.

" Miss Hilary Purglase- left in September to retum to Sydney
alter three years work in the Departmint, for which she was awardeil
the Ph.D degree, London Univirsity.

T. I. Steenson from Canterbury Agricultural College, Christ-
church, joined the department in March, and has been"appointed
to a post as Assistant Experimental Officer.

I. L. Stevenson ftom the Department oI Agricutture, Ottawa,
came to Rothamsted in June for a period of two years.

. -Mis-s.U. de Barjac from the Pasteur Instiiute, Paris, paid a
visit of slx weeks to the department.

The work of the department has been concerned rvith the
competition between actinomycetes and root pathogenic fungi,
the influence of partial sterilization on the miirofloia in foreist
nurseryteds, the decomposition of ctrlorinated aromatic compounds
py soil bacteria qrd rvith various problems relating to the nodule
bacteria of leguminous plants.

ANTrBrorrc PRoDUcrroN B). Acrr\oldycETEs rN SorL
The usefulness of actinomycetes that produce antibiotics in

combating root infecting fungi is limited by'the fact that the anli-
biotics produced by them tend to be adsorbed and rendered inactive
by soil constituents, and especially by the clay fraction. It is thus
important to know which actinomycete antibiotics are least afiected
in this r.r'ay and how active these are in different types of soil. l. L.
Stevenson is studying ten actinomycetes selected foi activitv asainst
root disease fungi, particularly Heluinlhosporiun satiaumj and.
the influence of clay minerals, soil type and soil reaction on the
production by them'of antibiotics. in media, differences in reac-
tion influenced the production of antibiotic bv a 1ew onlv of the
actinomycetes tested. The addition of bento;ite sreatlv 

-reduced

antibiotic activity, but kaolin had little or no effect: Th; addition
of.soil to agar_ media also reduced activity, but this varied with the
soil type and wirh the species of actinomycete. Those species
whose antibiotic properties in agar were leasf affected bv the'addi-
tion of soil also showed the mosi consistent antibiotic aciivitv when
grown in the soil itself. Their activity in soil rvas also afidted bv
soil type and reaction. Four of the- actinomvcete strains testef
were identified as Slrcptornyces aalibiotious, 

-and the antibiotic
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produced in soil was extracted and Bave the chemical tests lor Actino-
mycin. Pot experiments with wheat in several sterilized soils
confirmed that root tot by H dninlhos|oriurn salivurn was sitni-
ficartly reduced by some of the actinomycete strains, and this
reduction was in Sleneral related to the activity of the strains i
ttibo.

Tua Enrrcr oN NUTRTENT Supprv oN Conpsrr[os BETwEEN
ACTTNoMYCETES AND FUNGr rN Son

ln his study of competition between an actinomycete and the
root pathogen Fusaliurn culmorum, F. A. Skinner showed that the
actinomycete reduced Browth of the fungus more in media that were
rich than in those low in energy supply. This was the case whether
antagonism was attributable to antibiotic action or to competition
for some avai.lable nutrient. This effect oI energy supply on com-
petition may also be important where it is desired to introduce and
establish an organism, Ior example one that is antagonistic to a root
pathogen, in fresh soil in competition with the natural micro-
population. An investigation is therefore being made of the efiects
of energy supply on the establishment oI organisms, including some
that are ant€onistic to fungal pathogens, in fresh soil and in
sterilized soil to which other organisms have been added. This
work is in progress.

PARTTAL STER zATIoN

The survey of changes in the soil micropopulation oI forest
nursery plots that have been given various forms of partia.l steriliza-
tion has been carried out for several years, and was continued by
Miss L. M. Crump during the period under review. The results
are now being collected. These surveys have been carried out on
plots la.id out by the Chemistry Department as part of their work on
forest nurseries.

THE DEcouposmoN oF CHLoRTNATED ARoMAnc Coupouxos ny
Sorr Becrtnn

The use of chlorinated aromatic compounds in soil makes it
important to kno\./ the efrect of nicro-organisms on them and
whether a population of orgarisms capable of attacking such a
compound will be built up if it is added to the soil- Studies are
being made y/ith cbloro- and bromo-naphthalene and v.ith 2:4-
dichlorophenoxyacetic acid and compounds related to it-

In the case of a-chloronaphthalene several soil bacteria have
been found capable of attacking the compound, and the course of
breakdown is being investigated. The organism that has been
mainly studied produces a chloronaphthalene diol. N. Walker, in
collaboration with G. H. Wiltshire of the Biochemistry Department,
has produced evidence indicating that this diol is 8-chloro-l :2-
dihydro-I : 2-dihydroxynaphthalene. A later decomposition pro-
duct appears to be 3-chlorosalicylic acid, but the intermediate
breakdown products are not yet determined. The course of de-
composition of c-bromonaphthalene seems to follow an analogous
course through the diol to 3-bromosalicylic acid.

E
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In the case oI 2 : 4-dichlorophenoxyacetic acid, a strain of
Flavobacterium has been isolated that will decompose this com-
pouad in pure culture, both in sterilized soii and in laboratory media,
in which it can utilize it as the sole energy source. In soil, breakdown
occurs only under aerobic conditions. Washed cells oI the organism
grown on a medium containing 2.4.D., till absorb orygen in a
Warburg vessel when supplied with this compound as substrate.
There is no such oxygen uptake with 2 : 4dichlorophenol as a
substrate. In liquid media with 2.4.D., ionic chlorine is liberated.
The Flavobacterium will also utilize parachlorophenoxyacetic acid,
but will not utilize either orthochlorophenoxyacetic acid or 2-
methyl-4-chlorophenoxyacetic acid. Attempts are being made by
T. I. Steenson to isolate other organisms that can attack various
chlorophenoxyacetic compounds. This work is in progress.

Nooulr BacrrnrA AND LEGUMTNoL'S PLANTS

(l) The infuence oJ hereditary factors in lhe clooer plant on nodulation
For some years past P. S. Nutman has conducted a series oI

genetical studies to determine the influence of hereditary factors
in ttre clover plant on the time oI appearance, number and efiective-
ness of nodules. He bas continued the study of these factors, and is
collating his results for publication. Hereilitary lactors influence
the time at which nodules first appear, the number of nodules
subsequently produced and the effectiveness of the nodules. For all
these iharacters there are factors showing a complex heredity, that
act independently of what bacterial strain is applied. In the case of
nodule numbers and efiectiveness there are also factors associated
with simple recessive genes. One of these causes the production
of numerous ineffective nodules with a normally efiective bacterial
strain. There is evidence of the existence of a second gene with
similar efiects. Both these genes show their influence with one par-
ticular bacterial strain only. A third gene has been tentatively
identified that produces ineffective nodules which, however, are
Iarger and less numerous. This appears not to be specific in irs
action with a particular strain of bacteria. Modifying factors also
exist which can reverse the efiect at least oI the first gene, while the
bacterial strain with which it shows its effect has given rise to
mutants which restore the efiective response. There is thus a very
complex set of genetically controlled interactions which determine
the number and efiectiveness o{ nodules on the plant.

(21 Nofule bacteria in the rhizosfhere
Miss Hilary Purchase continued her work on this subject, which,

as previous reported, had shown that the population of nodule bacteria
in the root surroundings of clover, even when it arose Irom a
small inoculum, soon attained numbers far in excess oI those re-
quired for maximum nodulation and independent of whether the
plant was of a type that produced many or few nodules or was com-
pletely resistant to infection. The number oI nodules Produced
must therefore be limited by some factor operating on the actual
process of infection. Infection of the root is knowa to take place
through the root hairs. In further work she has shown that, in
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clover, the number of infected root hairs is related to the number of
nodules finally formed, so that nodule numbers would seem to be
determined by root-hair irfection and not at some later stage
of nodule development, as has been claimed in the case of luceme.

While the growth of nodule bacteria when in pure culture in
the root surroundings may not afiect the number of nodules, com-
petition betn een different strains outside the plant may welt be of
importance. In her rhizosphere studies Miss Purchase {ound that
acute competition occurred between a strain and a mutant of that
strain that was incapable of forming nodules, but that no such com-
petition occurred between tvi/o strains of nodule bacteria, one from
clover and one from luceme. This finding has a bearing on the
general problem of competition between micro-organisms, since it
suggests that closely related strains may compete more acutely than
those more distantlv related. It also makes it unlikely that nodu-
lation of a legume trop will be adversely affected by ihe previous
grou'th of a different letume crop on the same land.

NoDULE BACTERIA IN ACID SoIL
Previous work has shown that clover nodule bacteria of an

efiective strain could produce completely ineffective forms when
grown in sterilized soil. It has been found that soil ty?e, and par-
ticularly its reaction, affects the production of such inefiective forms,
which can sometimes be prevented by liming. A study is being made
by Janina Kleczkowska of the srinrival and genetic stability of
clover nodule bacteria in various soils and agar midia at di-fiereni pH
values with and without calcium.

Becrenropnecr ATTACKTNG Noourr Bacrrnr A (RHT41BIUM)
The influence of the enzymes Ribonuclease and Ch5.'rnotrypsin

on the interaction of Bactcriophage and. Rhizobiuu has bein madi by
Drs. Janina and A. Kleczkowski. The two enzymes behave diffei-
ently, although both check phage multiplication, but neither affects
the pbage in the absence of bacteria, Ribonuclease interleres
with the combhation oI phage with bacteria- Chymotrypsin does
not afiect this, but seems to act on the freshly formiii phase-
bacteria combination, making the phage inactiv6, but leaving ihe
bacteria to multiply normally. The two enzl'rnes difier also in tbe
action of the bacteria without phage, ribonuclease seriously afiects
multiplication, whereas chlrmotrlDsin has little efiect'on the
bacteria.

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-1-75 pp 69

68

BOTANY DEPARTMENT
D. J. WarsoN

Dr. Winifred Brenchley, who was head of the department from
l9OO until she retired in 1948, died on 20th October, 1953. The
department is proud of her achievements in many branches of agri-
cultural botany, and especially of her pioneering work in the field of
trace-element nutrition. All those who worked with her remember
with gratitude the help that she gave with unlailing kindness and
cheerfulness,

D. J. Watson was invited to give two lectures in a course on
Photoslmthesis organized jointly by the Netherlands Association
Ior Agricultural Science, the Netherlands Institute of Agricultural
Engireers and the Agricultural University of Wageningen, and held
at Wageningen in September.

J. M. Thurston was asked to contribute a review of research on
urild oats to the First National Weed Control Conference, at Margate
in November.

PLANT NurRr[oN
Dependence of mangarcse, mallbdcnurt aril tanadi*m toxicity on iron

sufply (K. Warington)
The toxicity oI vanadium to flax, soybean and pea grown in solu-

tion culture has previously been Iound to depend on the concen-
tration of iron on the solution (1952 Report, p. 65); it was more
severe when the supply of iron was low, and could almost be elimin-
ated if suficient iron was given. Toxic effects of manganese and
molybdenum have now been shown to depend similarly on iron
supply (59).

Excess manganese (10 p.p.m.), molybdenum (40 p.p.m.) and
vanadium (2.5 p.p.m.) all caused cruorosis of the shoot in soybean
and flax, when the concentration of iron in the culture solution was
low (1-5 p.p.m. Fe, according to the crop). Manganese excess had
little efiect on the root system, but molybdenum induced slight, and
yanadium severe, root abnormalities. Ra.ising the iron supply to
20 or 30 p.p.m. counteracted both the chlorosis and the root sJ.mp-
toms. Frequent small doses of iron proved less efficient iu over-
coming molybdenum or vanadium toxicity, but not manganese
toxicity, than the same amount of iron given in larger quantities at
longer intervals. When the concentration of Mn, Mo or V was low,
iron had little efiect on groMh, but later experiments on flax and
peas showed that iron given at the higher rates may itself be harmful.- 

Spectrographic analyses of soybean shoots (by H. H. le Riche, oI
the Soil Survey) showed that where increased iron supply had
counteracted chlorosis caused by high Mn or V, the content of the
toxic element per cent of dry matter was also reduced, but the
content of Mo was not consistently changed by high iron supply.
Root material is being analysed to find out whether the reduced
content oI Mn and V in the shoot resulted from decreased absorp
tion or restricted translocation. The total iron content per cent of
dry matter of the shoot was scarcely afiected by variation in iron
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supply, but it *'as greatly reduced by the high concentrations of
Mn, Mo or Y.

Nulrient ut'tahe b1 ercised rools (E. C. Humphries)
The rates of uptake of nitrogen, phosphorus and potassium frcm

a nutrient solution by excised barley roots iocrease with increase in
the reducing sugar cdntent, but not-with the sucrose content, of tlre
roots (1952 Report, p. 66). Experiments have been made to find
out whether glucose and fructose both influence nutrient uptake.
Barley was germinated and grown in darkness for about nine days,
supplied only with water. The low-sugar, low-salt roots so produced
rve* cut ofi and placed in O'OIrIf-KCl solution to which 0'5 Per cent
glucose, fructosebr sucrose had been added- The uptake of potas-
iium in a 4-hour period, measured by the change in concentration
of the solution, was then compared with the uptake from a solution
without added sugar. Both glucose and fructose increased the rate
of K uptake by about l5 per cent. The efiect of sucrose was vari-
able; the reaion is not knom and needs further investigation.
Analyses of root samples, to measure the efiect of the external sugar
supply on the nature and amount of sugars present in the roots, are
not yet complete.

Nubient u?tahc florn leaf sptays (G. N. Thorne and D. J. lVatson)
Chemical analyses of material from sugar-beet plants, grown in

soil in pots with- factorial N, P and K fertilizer treatments, and
sprayed daily with water or with solutions supplying N, P or K
sCparatelv (1952 Report, p. 67) showed that uptakes of N, P and K
from spravs were increased by N fertilizer, and unaffected by P
fertilz6r;- K fertilizer reduced the uptake of K from spray. 

-In-

creased nutrient uptake brought about by sprafng was less ef{ective
in increasing dry matter yield than equivalent increase in nutrients
brought about by fertilizer application, presumably because supply
lromthe spray occurred later in the grolt/th period than supply from
fertilizers.

In this and earlier experiments the increased nutrient content of
spraved over unsprayed plants usually represented only about 50
ftr cent of the quantiiy of nutrients applied in the spray, as estimated
Irom the difierence bet$een the volume of spray lost from the spray
gun and the amount collected on blotting-paper placed round the
olants durine soraving. Andvses of the \tr'ater used to wash the
ieaves before"thi pialt-s were hirvested showed the presence of only
trivial amounts ofP and K, and no N, so the incomplete recovery of
nutrients from sprays cannot be attributed to nutrients accumulated
on the outside of the leaves and washed ofi before harvest.

Another possible explanation of the aPparent low recovery is that
absorption of a nutrient by leaves from spray may reduce uptake
of that nutrient bv the roots, so that the difference in nutrient
content between spiayed and unsprayed plants may not be a correct
measure of uptake from the spray. This was tested by using iso-
topes to label nutrients supplied either to the roots or the leaves,
so-that amounts entering the plant by each route could be deter-
mined. Sugar-beet plants $owing in soil were sprayed either with
u-ater or with ammonium nitrate solution labelled with r6N, and
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swedes grouring in a lrPlabelled nutrient solution were sprayd
with water or normal sodium phosphate solution. In neither
experiment was the nutrient uptake by the roots of the sprayed
plants significantly less tban that of controls sprayed with water,
and, as before, only about half of the estimated nitrogen or phos-
phorus supply from the spray was recovered in the ptants. It is
still not possible to account for all the nutrients supplied in leaf
sprays, and the fate of the fraction not recovered in the plant needs
further investigation.

Further experiments \rere made on the efiects of nutrient sprays
on field crops (1952 Report, p. 67). As before, ammonium nitrale
applied to winter wheat as a solution sprayed on the leaves during
May and June produced about the same incease in grain yield as an
equal quantity of ammonium nitrate applied to the soil at the same
times, or as an equivalent top-dressing ot " Nitro-Chalk " in April.
The recovery of nitrogen in the crop was similar for all three methods
oI application. The efiect of the spray treatment was no greater on
plants that had previously received a spring top-dressing ol nitrogen.

Earlier experiments had shown that ttre protein content oI sugar-
beet tops could be greatly increased by repeated spraying oI the
leaves with solutions of ammonium nitrate oiurea in late September,
without harmful efiects on the yield of sugar, and spraying *as more
efficient than soil applications. As repeated spraying with a high
volume of dilute spray would be impracticable on a commercial
scale, an experiment was made to see whether similar results could
be obtained from a single low-volume spraying with a nearly
saturated urea solution. Two rates of spraying, supplying 32 and
64 lb. N in 12.5 and 25 gal. per acre respectively, were tested and
compared with similar amounts of N given in four high-volume
sprayings with a dilute solution. The concentrated spray caused
some scorching of the leaves, especially at the higher rate of applica-
tion, but increased the nitrogen content of all parts of the plant to
about the same extent as the repeated spraying treatment did.
Spraying at the higher rate increased the nitrogen content of the
leaf lamina by 45 per cent, while equivalent applications of urea
to the soil produced no detectable increase; the recovery of nitrogen
from spray was much less than in previous experiments. The yiitd
of sugar was slightly reduced by spraying, especially with con-
centrated solution at the higher rate.

The potash content of lucerne tops ',r'as increased by 24 per cent
at the first cut and 35 per cent at the second cut by spraying with a
solution of potassium sulphate, although the yield was unafiected
(1952 Report, p. 68). The increases represent recoveries of 38
and 18 per cent of the potash applied. The increase in potash
content produced by equivalent applications to the soil were only
about one-third of those due to spraying.

Benehcia.l efiecls on plant growth {rom applications of phos-
phorus-containing insecticides, ihat could not be explained by con-
trol of insect damage, have been reported by several observers. It
was suggested that these effects might be due to absorption through
the leaves of the phosphorus contained in the spray, though the
amounts of phosphorus involved seem to be far too small to be
capable of producing measurable efiects on grorrth. Brussels
sprouts plants grown in pots, with or without phosphate added to
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the soil, were sprayed six times with water, or v/ith " Pestox III " or
" Svstox ", or with sodium phosphate solutions supplying the same
amounts of phosphate as the insecticides. Alt the plants were kept
free from insects by nicotine fumigation. None of the phosphorus-
conta.ining sprays had any detectable efiect on the appearance, dry
weight or phosphorus content of the plants, although large resPonses
to the phosphate applied to the soil showed that the plants were very
sensitive to change in phosphorus supply.

I\TEED STUDIES

Germinatiott and dormancy of uild oats seeds (J. M. Thurston)
In the field experiment testing the efiects of depth of sowing

and varied cultivation treatments on wild oats seeds sown in October
1950 (1952 Report, p- 69) fewer seedlings of both Awna fatua and.
A. l.u.d,oliciatta rppetred i; 1952-53 than in either of the two previous
seasons. Less ihan 4 per cent o{ the seeds of ,4. Jatua sown in
1950, and only O.l-O.i per cent o[ the seeds of A. ludooiciana,
produced seedlings in 1952-53. Germination in both species
appears already to be declining in the third year of the experiment,
although so far less than 20 per cent of the seeds sown have produced
seedlings that emerged above ground. Germination on plots
ploughed in autumn or spring was similar to that on undisturbed
plots, as in the previous year ; frequent harrowing again stightly re-
iluced the number oI seedlings; deep-sown plots produced more
seedlings than shallow-sown.

The wild oats infestation on the continuous spring-sown barley
plots of Hoosfield consists of A. .[atua, while that on the autumn-
iown wheat plots ot Broadbalk ii nearly all A. ludq'iciana with a.

lew A. fatua'. Since seeds ol A. lu.doaiciara germinate mainly in
autumn and winter, seedtings of this speciei are destroyed b1
cultivations for a spring-grown crop, and this presumably accounts
for the absence of T.ludooiciana on Hoosfreld. On the other hand,
it is not obvious why A. fatua, which germinates in spring, should
not become established in an autumn-sown crop. The rare occur-
rence of A. fatua in rye crops in Sweden has been attributed to the
production by rye roots of1 substance that inhibits germination of
A. Jalua seeds- A new field experiment was started on a heavily
inlisted site in Hoosfield to test +hether autumn or spring sowing is
the main factor affecting the establishment of A. fqtua in a cereal
crop, or whether difierent cereals have specific efiects. The germina-
tion and growth of A. Jalua was compared on plots left lallow, or
sourt with wheat, rye or barley in autumn, or with barley in sPring-
In April the number oI wild oats seedlings was inversely related to the
*'eight oI crop, the well-established autumn wheat and rye having
least, autumn barley rather more and spring barley more still.
All the cereal crops reduced the number of wild oats seedlings
compared with fatiow. This result indicates that the inhibitory
efiect of cereal crope depends on the size of the pla[ts at the time
when the wild oats are germinating, and does not suggest that rye
or wheat have specific inhibitory efiects. The crops were cut green,
before the wild oats produced visible seeds, to avoid re-infestation.
Just before cutting, the wild oats had fewer spikelets per plant and
seeds per spikelet on the ry'e and rvheat plots than on the barley
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plots, and many lewer than on the Iallow plots. Thus, autumn-
sown cereals tend to reduce re-infestation with new seeds of A. Jalua
by reducing both the population of wild oats plants and their seed
production.

In a pot culture experiment, plants of both wild oats species were
Brown outdoors or in a glasshouse, with and without shading, and
$'ith two rates of nitrogen application, to determine whether
temperature, light intensity and nitrogen supply afiect the onset
oI dormancy in the developing grain. SampleS of ears were taken at
intervals alter emergence. Glasshouse conditions and shading both
greatly increased the percentage of sterile spikelets. The 1xr-
centage of viable seeds of both species, and of dormant seeds of ?4.

latua, increxed. more rapidly in the glasshouse than out-of-doors,
but there was little dormancy in unripe seeds of ,{. ludoviciana.
In another set of pots the effect of removal of whole panicles or parts
oI panicles on the growttr, viability and dormancy of the remaining
seeds was studied; this is relevant to attempts to control wild oats
by cutting ofi the inflorescences above the cereal crop belore the
emergence of the cereal ears. The results of these experiments are
not yet complete.

Puysrotocrcer STUDTES o\ liRus I:iFECTroN
Dfect oJ a darh leiod on susceptiblity oJ leates ta inJection (E. C.

Humphries, in collaboration with B. Kassanis, Plant Pathotog)'
Department)
The number of necrotic local lesions produced by tomato aucuba

mosaic vims on tobacco leaves is increased if the plants are kept in
darkness before inoculation, and the efiect becomes progressively
greater with lengthening of the dark period up to nine days. When
plants are returned to daylight after a dark period before being
inoculated, the number of lesions decreases as the length of the light
period increases, The variation in lesion counts was shown to be
closely correlated with changes in the nitrate content of the leaf
Iamina (1952 Report, p. 7l); nitrate accumulates in leaves of dark-
ened plants and decreases again when the plants are restored to
daylight. Further experiments have consistently shown this
correlation, but variation in lesion counts on similarly treated
replicate leaves did not always reflect variation in nitrate content.
DrJr matter content decreases and the water content increases when
tobacco plants are held in darkness, and these changes are both
correlated with number of lesions. At present it seems possible
that lesion count per unit area of leaf may be independently related
to the nitrate, dry matter and water contents per unit leaf area,
but this needs further investigation. Variation in nitrate content
oI the leaves induced by nitrogenous fertilizer had no effect on lesion
numbers. Repeated spraying of the leaves with potassium nitrate
solution before inoculation reduced the number oI lesions, but this
was presumably an efiect oI the salt outside ttle leaves, for addition of
potassium nitrate to the inoculum also reduced the number of lesions.

Another way of increasing the susceptibility of tobacco plants to
aucuba mosaic virus is to keep them at 37" C. in the light for one or
hlio days; this treatment also has been shown to increase the
nitrate content of the leaves.
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Nitrate accumulates in discs of leal lamina floated on water and
held in darkness, and this sugBests that the nitrate accumulated
in leaves of darkened plants originates from proteolysis in the leaf,
and is not transported from other parts of the plant.

Efect of infection uith tobacco mosqic drus on the respiratiot of tabacco
leauas (P. C. Owen)
Further work has been done to find out the conditions in rvhich

infection with tobacco mosaic virus afiects rate of respiration of
tobacco leaves (1952 Report, p. 72). In winter experiments,
leaves rubbed with infected sap and immediately detached from the
plant had a higher respiration rate in the first twenty hours after
inoculation than comparable leaves rubbed with healthy sap, but
no consistent increase by infection was found in summer. Experi-
ments are in progress to find out whether this seasonal Iluctuation
can be related to variation in light intensity or day length.

Iraves taken Irom systemically infected plants three to four
weeks a{ter inoculation and showing mosaic s1'rnptoms usually had
a lower respiration rate than comparable healthy leaves.

Efect of drus infection on llans[itolioz (P. C. Owen)

Sugar-beet plants infected with beet yellows virus in the field
appear to wilt less readiiy than healthy ptants. The possibility that
this might be due to a reduction by infection in the rates of trans-
pfuation was tested on plants 6rown in pots by measuring the rate of
water loss from attached leaves to a stream of air drawn over them-
The rate of transpiration per unit area was lower for leaves of in-
fected plants that showed yellows sl.mptoms than for comparable
healthy leaves, but young infected leaves not yet showing symptoms
had a stightly higher transpiration rate than healthy controls.

Systemic infection with tobacco mosaic virus caused a small
increase in transpiration mte of attached tobacco leaves; infection
*'ith aucuba mosaic virus had a similar but larger effect.

Efect of infeclion uilh beet yellous drus on sugar 6eel (D. J. Watson
and P. C. Owen)

Much time was spent on an attempt to measure the diumal CO,
exchange of whole sugar-beet plants grown in pots, with the obiect
of determining the extent to which changes in the rates oI photo-
synthesis and respiration are responsible for the reduction in net
assimilation rate caused by infection (1952 Report, p. 73). No use-
{ul data were obta"ined, because the automatic gas-sampling unit
previously used {or respiration measurements with air-flow rates of
about 200 ml./minute, was found to be unreliable for the high flou'
rates (3-4 litres/minute) ne€essary for the photosSrnthesis measure-
ments. The unit has now been redesigned, and the investigation
will be continued in 1954.

Gnowrn Axervsrs
DePendence of ul assimilation rate on leal area indcr (D. J. Watson)

Previous work has shown that future improvements in crop yield
are more likely to be effected through increase in leaf area p€r unit
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area of land (leaf area index; LAI) than through improved photo-
sy'nthetic efficiency as measured by net assimilation rate (NAR) .

As LAI increases, NAR must eventually begin to decrease tfuough
reduction in mean light intensity at the lea, surface caused b1
mutual shading of leaves, and possibly because of a fall in the
atmospheric COr concentration in the crop caused by crowding
together photoslmthesizing leaves. Such an interdependence of
NAR and LAI presumably must set an upper limit to the rate of dry
matter production per unit area of land, and hence to yield.

The effect of increasing LAI and NAR tas measured in a Eeld
experiment on kale. Starting with a uniform population of closelv
spaced plants, LAI was varied by removing varying fractions of tbe
plant population on difierent plots, and NAR was determined lrom
the dry matter increments in a subsequent growth period. NAR
was found to be independent of increase in LAI up to about 2.5, but
decreased by about a quarter when LAI was incieased from 2.5 to
4. This result shows that increase in leaf area per unit land area
may lead to reduced photos5mthetic efficiency of t}le leaves, even
uithin the range of leaf area that can be acbieved by present cultural
methods, but the experiment needs to be repeated at difierent stages
of growth and on other crops.
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BIOCHEMISTRY DEPARTMENT
N. W. PrnIB

W. R. Smithies has been awarded a National Research Council of
Canada Fellowship tenable for one year in the Department of
Applied Biology of the National Research Council Laboratories,
Ottawa. He lelt for Canada in August.

N. W. Pirie attended the 6th International Microbiological
Congress in Rome and was a participant in the S1'rnposium on
" Interaction of Viruses and Cetls " that was held in the lnstitute
Superiore di Sanita at the same time.

D. Fairclough has joined the department to take charge of the
work on large-scale preparation of leaf protein and on such other
aspects of Biochemical Engineering as we are equipped to under-
take.

Tnr Oxroerrox on INoorr,tcnrrc lsn IxrotrpnoproNrc AcrD Br-
Prnoxroesr Svsrexs

(R. H. Kenten)
It is known that indoleacetic acid (IAA) is a principal native

growth hormone of higher plants. A knowledge of the enzyme
systems which control the proportions of IAA present in the plant is
therefore important. Previous evidence suggested that manganese
and peroxidase might be concerned in the oxidative inactivation
of IAA, and in the hope that some evidence of the physiological role
of manganese as well as the metabolism of IAA might be got, the
oxidation of I.dA. and indolepropionic acid (IPA) by certain plant
saps and other peroxidase systems has been studied.

The system in waxpod bean (Phaseolus aulgarisl root sap which
catalyses the oxidation oI IAA has been shown to consist of a
thermolabile fraction and a thermostable fraction. The thermo-
labile fraction appears to be a peroxidase, and can be replaced by
horseradish peroidase. While both the thermolabile fraction and
highly purified horseradish proxidase preparations catalyse the
oxidation of IAA by Or, in the presence of the thermostable fraction
the rate of oxidation is much faster. Evidence has been obtained
rvhich suggests that although the thermostable fraction contains
several components, a large part of its activity is due to the presence
of Froxidase substrates. Certain peroxidase substrates, e.9.,
monophenols, cause a large increase in the rate of oxidation of IAA
by peroxidase, but if other peroxidase substrates, e.g., di- and tri-
hy&ic phenols are also present in small amounts (10-s or lOd M.)
the oxidation is completely inhibited. The inhibition by these
polyphenols can be reversed by the addition of an amount of HrO.
slightly greater than that required for the complete oxidation oI
the poll,?henol by peroxidase. In this connection it is of interest
that horseradish root sap, although rich in peroxidase, will not
oxidase IAA unless it is first treated with a suitable amount of
Hpr, suggesting the presence of inhibiting peroxidase substrates.
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The mechanism of the oxidation is not clear, but at pH 6.5 or 7,
which is around the optimum for catalase action, catalase inhibits
strongly, sutgestint that the reaction is accompanied by, and
depends on, the formation oI H"O". The monophenols are active
in catalytic amounts, and it seems likely Irom previous experience
with such systems that they act via an oxidation-reduction cycle,
being oxidized by peroxidase and reduced by IAA. Such a mechanism
would account for the inhibiting efiect of polyphenols, since these
are more readily oxidized by peroxidase than monophenols, and would
successfully compte for the HrO, formed. It presupposes that
polyphenols cannot act as oxidation-reduction carriers in the
oxidation of IAA, but a similar situation is known with manganese
oxidation by peroxidase and HrO, where mono- but not poly-
phenols are active as carriers,

The oxidation of IPA difiers from that of IAA in that it is not
catalysed by lxroxidase alone or by peroxidase plus monophenols-
However, in the presence of small amounts of Mn!' (10t 5 M.) or the
thermostable fraction of wa-xpod bean roots the oxidation of IPA by
peroxidase proceeds readily. The oxidation of IAA by peroxidase
is also stimulated by Mn,- (10-5 M.) but the efiect of Mnz' is much
less than that oI the monophenols.

A SrypLE METHoD FoR THE PREp.{R-{Tro\ oF HoRSERADTSH PER-
OXIDASE

(R. H. Kenten and P. J. G. Mann)
Of the two available methods for the preparation of highly

purified horseradish peroxidase one requires t}te use of an electro-
phoresis apparatus, while the other involves many fractionation
procedures. A simpler method has been devised which avoids the use
of electrophoresis and considerably reduces the number of Iractiona-
tion procedures. This method depends on the removal of much
inactive material from the crude extract by precipitation with a
mixture of ct oroform and ethanol (Tsuchihashi's rea"gent). Follow-
ing this treatment, highly purified peroxidase preparations have
been obtained by fractional precipitations with ammonium sulphate
and ethanol. The product is obtained as a stable dry preparation
which can be crystallized from ammonium sulphate solution. The
activity of the dry preparation varies from P.Z. 900 to I,000. This
compares with values of 930 to 1,220 given by other workers for
" pure '' horseradish peroxidase.

PLAsr ENzyME REAcnoNS LEADrsc ro rHE FoRMATToN oF HETERo-
CYCLIC COIIPOUNDS

(P. J. G. Mann and W. R. Smithies)
Work has been continued on plant amine oxidase and has

ma.inly been concerned with a study of the formation of hetero-
cyclic compounds resulting Irom oxidations catalysed by the enzyme.
With aliphatic diamines of the ao series as substrates the enzyme-
catalysed reaction has, in presence of catatase, generally been repre-
sented by the equation :

r- Hr.CHr.(CHr),,.CHg.NH2 + lO2 
->\Hr.CH!'(CH2),.CHO + liHt (l)
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The reaction is an oxidative deamination, in which only one of
the amino groups oI the substrate is attacked, with the formation
of an a"mine aldehyde. We have previously suggested that with
I : 4-dia"minobutane (putrescine) and I : &diaminopentane (cada-
verine) as substrates the a.mile aldehydes formed undergo spontane-
ous cyclization to give unsaturated ring compounds by interaction
betweeD the aldehyde group and the residual amino group with
elimination of water. This has now been established. By hydro-
genation of the oxidation products using platinum black as catalyst,
ihe corresponding saturated ring compounds, pyrrolidine and
piperidine, have been Jormed and derivatives of these compounds
isolated. If the product of the enzyme-catalysed oxidation of
rJysine undergoei similar ring closure"r-pipecolinic acid should be
formed on hydiogenation. AttemPts to isolate this compound from
the hydrogenated reaction mixtures have not yet been successful,
though evidence of its presence has been obtaiaed by paper chroma-
tography.

With the c.o series of dia.mines ring compound formation,
as would be expected, depends on the length of the hydrocarbon
chain. With I : O-diaminohexane as substrate, evidence has been
obtained of the formation oI an unstable ring compound, while
with l: t0-diaminodecane ring formation does not occur. The
oxidation of the latter substrate takes place in two stages. With
smau amounts of enzyme it proceeds according to equation (l).
With sufficiently large amounts of enz]rme t-he O" uptake increases
to I mol./mol. substrate with the formation o[ 2 mols. NHr/mol.
substrate. The results suggest that the amine aldehydes formed
according to equation (l) are themselves substrates for plant
amine oxidase but that when these compounds undergo spontaneous
cyclization they are protected from further oxidation by the enz),me.

The possibility of ring compound formation following oxidation
catalysed by plant arnine oxidase is not confined to the oxidation
products of the diamines and of r-lysine. We have previously
shown that the oxidation of phenylalkylarnine is catalysed by the
enz1ime and that with p-phenylethylamine as substrate phenyl-
acetaldehyde is formed. It has now been found that the oxidation
of o-amino-p-phenylethylamine catalysed by the enzl'rne leads to
formation of indole. Presurnably the product of the enzyme-
catalysed reaction is o-amino-phenylacetaldehyde. It is knorvn
lhat in o;lro this compound readily forms indole.

With suitable phenylalkylamines as substrates it should be
possible to prepare quinoline, and possibly /soquinoline, ring
compounds. This would complete the first part of the work, which
aims at demonstrating that plant amine oxidase may be used as a
tool in the slmthesis of most of those ring compounds rvhich form
the framework of the plant alkaloids. The work should throw
light on the synthesis mechanisms in oioo ar.d may, in some cases,
represent the actual mechanism. Thus it is now known that L-
pipecolinic acid can be formed in the plant from rJysine. The
amine-oxidase-catalysed oddation of rJysine may well be the
6rst stage of this reaction. If so, the plant should be able to
reduce the unsaturated ring compounds {ormed from the amine
aldehydes oI equation (f). This is under investigation. By
suitable oxidation oI these unsaturated ring compounds pyrrole
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and pyddine rings rvould be formed. We have already found that
peroxidase catalyses the oxidation of these compourids, but the
nature of the oxidation products has not yet been established.

LreF RrsoxucrresE AND NucLEopRorErN
(M. Holden and N. W. Pirie)

\l'ork has been continued on the puriflcation and prooerties
of leaf ribonuclease, All preparations of the nuclease 'which
have been made so (ar also have phosphatase activitv. Some of
the properties of the phosphatase 'havi 

been studied"so that use
can be made of differences in the two enzl'rnes in findine a method
of separating them. Ribonuclease and pliosphatase are-stable over
the same pH range, and the nuclease is only slightly more stable
to heat t[an the- phosphastase. Precipitations"witi a-mmonium
sulphate, ethanol, and acetone do not-give a useful separation.
The phosphatase is adsorbed from a dialyJed solution on t6 calcium
phosphate, but the nuclease is adsorbed to a much smaller extent.
It is hoped to make use of this difference in making purer nuclease
preparations. In the early stages oI the purificatiorioi the nuclease,
peroxidase is -present. This enzlrme can be removed by adding
ribonucleic acid to a dialysed sohition at DH {: the nucliase and
phospbatase are coprecipitated, leaving thL peroxidase in solution.

Changes in nuclease and phosphatlse ldvels during the early
stages of development of pea seedlings have been followed. Iir
ungerrninated peas both enzymes are ai a verv low level. and there
is a steep rise in the activity of both enzymris from the second to
sixth-day after germination. ' The activity per gram wet weight then
remarns constart until the tenth day, after which the nuclease falls
slightly, though the phosphatase iemains about the same. The
total -activity per- plant continues to rise throuthout the vi,hole
period of observation. At six days 70 per cent o-f the total phos-
phatase and nuclease activity is i.L the cdtyledons, and at seveiteen
days about 30 per cent, wheieas the activity in the shoot increases
from 20 to 60 f,er cent of the total. The ioot has low activitv of
both enzvmes, and contains onlv a small DloDortion of the totai.

Various methods ihat havi been us'ed'by other workers for
measuring ribonuclease activity have been compared. The rate of
enzyme_ ac-tion has frequently been measured'by precipitation of
unattacked ribonuclease acid (x-n-A). A numbei ;I Dr'eciDitatinp.
agents bave been used, ranging from'acid alone (HCl, ftCtO,, acetii
acid) and acid a alcohol, to lanthanum and uranium silts. A
reagent made up from uranl.l nitrate in trichloracetic acid (TCA)
has been widely used, and we have investigated in some detail the
precipitation of RNA by it. The amount of P precipitated from a
parlly- hydrolysed mix[ure, and therefore the ippaient extent of
hydrolysis, depends both on the concentration of ilre TCA used and
on the concentration of RNA in the hvdrolvsate. There is less
precipitation rith more concentrated icid, "and rhe lower the
concentration of RNA, the greater is the apparent hydrolysis.

We are primarily interisted in the liiiretics of the-action of
leaf ribonuclease on leaf nucleoproteil and nucleic acid, but manv
experiments have been made with pancreatic enzvme on these twb
substrates and on yeast nucleic aiid, and also iryith leaf enzyrne
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on veast nucleic acid. This has led to a study of the components
in iommercial veast nucleic acid, and some methods of tetting
uniform fractiois from it have been developed. As a result, we
now find that variations in the ionic environment affect the hydro-
lvsis of some lractions from commercial yeast nucleic acid in
."ob.tantiaUv the same wav as they afiect that of nucleic acid made
from the noimal leaf or from tobaico mosaic virus. Other fractions
more closelv resemble leaf nucleoprotei-n. It is still not clear to
what exteni these difierences are the consequence of the Presence
of varvine amounts of enzvrne inhibitors such as Fe Cu and Ca.
The D6int" is of some impoitance, because they are able to act at
ohvsioloeical concentrations and so may play a part in the control
irf iucte6protein metabolism, in ttitto. 

- We realize, however, that
tnii whol6 investigation is taking us too far away from the original
obiect of the resea"rch, and propose to finish it as soon as possible'

Tnr Pnoprnrrrs or Fnecrroxs FRoM vrRus Ixrrcrro
LEAVES

(N. W. Pirie)

In recent vears more widespread attention has been paid to
the fact that virus infection leads to the formation of several anomal-
ous proteins besides the one that is generally accepted as the virus'
In iarticular. there are claims that tobacco leaves infected with
ioui."o -osai" virus contain a non-infective protein that is free
from nucleic acid but still carries the serological activity charac-
teristic of the virus. There is nothing intrinsically improbable
in this claim, but we do not think that it has as yet been-properly
substantiated, and so have been re-investigating slowly sedimenting
iractions similar to those that we made in 1944. No conclusion
h.r "it U""n reached, but we are in the odd position tbat, although

"..,ei.t 
oth". laboratories are now finding a large proportion o[ the

anomalous orotein in the slowlv sedimenting fraction, we no longer
find this. ih" ""r." 

of this ihange since 1944 is being actively
looked for.

ihe factors afiecting the loss of infectivity by tobacco necrosis

virus have been discusied in recent Annual RePorts. Our results
are now relativelv svstematic, and during the past year none have
contradicted the 'coictusion that virus priparations made by gentle
methods mav carrv uith them an enzyme system whlch ln the
oresence of; suit;ble substrate, robs the virus of its infectivity'
fue do not knon, what the substrate is normally, but it can be re-
olaced bv slucose and some other substances. Other exPlanations
lrf th" oL"iomena ate. of course, possible: u'e hope soon to get
evidencL compatible with only one explanation. (In collaboration
with F. C. Bawden.)

METABoLTSM or Tnvproprex rs Prexts
(G. H. Wiltshire)

The reaction of tryptophan with hydrogen peroxide mentioned
in the last report was irirthlr defined as a reaction of two molecules
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of peroxide with one of tryptophan. The product was tentatively
identifed as 3-hydroxykynririni-ne. I t has pieviouslv been susgestei
(Galston, A. Y., Plant Physiol., 24,527. i949) that trvptoiHan is
converted in pea seedlings epicotyls to nicotinic acid "tfirorieh the
intermediates klmurenine and 3-hydroxvanthranilic acid. ind to
indoleacetic acid. Neither klrrureirine nor indoleacetic acid was
detected in the products of tivptophan oxidation bv the enz,,me
system studied here. The rate oi production of hvdroxvkvnureirine
was faster, and the proportion of tryptophan converted io it sreater
than in the production of indoleiietii acid studied bv Gilston.
Hydroxyklmurenine was already known to be a product"of trvoto-
phan oxidation in rats and some insects, but had'not been fou"nh in
plants.

Tur Irrturxcs oF LrcHT oN THE RESTSTANCE oF LEAvEs ro
I\FEcTroN lrrrx \rrRusrs

(G. H. Wiltshire)

Both th€ number of local lesions artd the vield of some viruses
are increased by shading or darkening the ho;t Dlant before inocu-
lation. Some changes produced by -darkening in the nitrogenous
constituents of bean and tobacco leaves weri described hv"Hrrm-
phries and Kassanis in the last report from tfre Botanv Depdrtment.

The relative and absolute cbncentration of orianii acids is
also known to be altered by darkening, and experimeits have bien
started to explore the relation between these charees and sus_
ceptibility. Ascorbic is one of these acids, and it is alieadv knovrn
to inactivate viruses under some conditions and protect th'em from
inactivation under others.

Leaves of French beans in normal sre€nhouse lishtins in the
spring contain about 0.6 m.equiv. ascoibic 

".ia 
per'iOO?. 

-i.".f,
weight. Yount leaves contain- more than old, and' the conient in-
creases durint the day and falls at night. The precise level depends
a.lso on the amount of sunlight rCeived during the dav oi two
before sampling. One-quarter of the acid is"lost froir olants
shaded under muslir for two days, and one-half from olants in'dark_
ness. The loss from tobacco 

- 
leaves similarlv darliened is from

0.3 to 0.I m.equiv. 1xr 100 g. This Ioss occuis durins a Deriod of
ingreasing susceptibility, bui it continues untit the c"oncintration
Ialls to zero, while susceptibil.ity decreases if darkness is prolonged.
\\ hen only one-half of a bean leaf is darkened, the a-sc'orbic Xcid
content of the darkened part falls by about one-tenth in two djvs
and two-thirds in six days. At tw6 davs the darkened half orl
duces three times as many lesions as the control half, while at^ six
days both halves produce the same number.

- 
Detached leaves standing in water in the dark lose ascorbic

acid rather more _slowly than the intact plant. The level can be
restor_ed to ggrmal 9r even higher by stan?ing the leaves in 0.005_
0.O5M-ascorbic acid solution, insteid of watir. Detached leaves
become more easily infected if placed in the dark. iust as does
the intact platrt. Iraves which had been darkened f6r two davs
and in some of which the ascorbic acid level had been restor6d,
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were inoculated with virus. Tobacco leaves containing 3.0 m.equiv.
per 100 g- produced more lesions with aucuba mmaic virus tban
leaves containing 0.2 m.equiv. Beaa leaves containing 1.2 m.equiv.
produced as many lesions as those containing only 0'3 m.equiv. per
r00 8.

The results show that the numb€r of lesions produced on a
leaf is not a direct function of the ascorbic acid concentration
in that leaf. There is a coincidence of loss of ascorbic acid and
increase oI susceptibility when plants are darkened, but the loss
at the time of greatest susceptibility is relatively small, and making
up that loss does not confer resistance.

Trcxsorocrcet PRoDUcrroN oF LEAF PnorErN
(D. Fairclough and N. \Y. Pirie)

Last year the Annual Report contained an article, " Large-
scale production of Edible Protein from Fresh Leaves ", which
summarized work that has been done during the last thirteen
years. It also suggested that the time was ripe to get the fust part
-of this work to a definitive stage with machinery for the reliable
production of protein ir butk for feeding trials. During the past
i'ear there have been no experimental advances, but a building for
ihe work bas been erected-and machinery is being made and de-
signed. Production should start in the spring of 1954.

Tnr PnopcnrrBs or rHE REsrsrANT PARTS oF FUNGAL MYCELTUy
wnrcH rl.oul.D ACCUMULATE rx Sorts

(M. V. Tracey)

An intensive investigation of conditions under which the " non-
chitin glucosamine polymer ' ', referred to in last year's rePort, can
be brought into solution has been undertaken, together with an
examination of methods by which it can be hydrolysed with minimal
loss of the products o{ hy&olysis. The use of sodium chlorite
solutlons seehs to be the most promising method of bringing the
material into solution, but the method is not completely satis-
factorv. Phenol, monochloroacetic acid and alkaline solutions
are noi successhrl. Many enzvrne solutions from a variety of sources
have been shown to have no effect on the material. Hydrolysis
witb hvdrochloric acid results in little decomposition ol the tlucos-
amine iormed, but has the disadvantage that subsequent determira-
tion of volatile acids, such as acetic, is not possible. Sulphuric
acid results in more extensive decomposition of glucosamine, but its
use under defined conditions appears hopeful. The results of work
done in previous years have been amplified, and a number of papers
are being prepared for publication.

During tlie year under review the preParatory work for and
initial editing oi a new comprehensive text-book on plant analysis
has b€en und-ertaken with I'rofessor Dr. K. Paech of the Botanical
Institute, Tiibingen. It is hoped to publish it in four volumes
during the course of 1954-55; each volume is expected to be of

F
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about 600 pates. The contributors, who are drawn lrom seven
countries, include the following members ol this Station :

N. W. Pirie (and R. L. M. S1'nge)
(Biochemistry Dept.)

M. J. R. Healy (Statistics Dept.)
R. H. Kenten (Biochemistry

Dept.)
E. C. Humphries (Botany Dept.)

M. V. Tracey (Biochemistry
Dept.)

F. A. Skinner (Soil Microbiology)

Most of the material submitted is now in the press, but it is
expected tlat the final editing and preparation of indexes will be
a commitment in the coming year.

General Methods of Separation
(IIe)

Proteins, Peptides, Amino Acids,
and Amides (IXe)

Principles oI Bioassays (IIo)
Gas Analysis in Plant Investiga-

tion (IIs)
Mineral Components and Ash

Analysis (III)
Chitin (IVx)

Antibiotics (XII)
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PLANT PATHOLOGY
DEPARTMENT

F. C. BeworN
We had hoped to have a full season's use of the new insectary

and glasshouses, but building delays meant that we did not start
to use them until October. These, with the extension to the
potting sheds and a new animal house, are valuable additions to
our facilities, but we cannot yet report on the ventilation and other
features of the glasshouse. The Dunholme Field Station was also
improved by installing central heating in the laboratories and
building a small seedling house.

F. M. Roberts resigned in September to join the Colonial Agricul-
tural Research Service, and is now studying the " unknown disease' '
of coconuts in Jamaica. T. W. Tinsley's period of secondment to
the West African Cacao Research Institute rvas extended for a
further tour of eighteen months.

F. C. Bawden attended the International Congress of Micro-
biology at Rome in September, and, as the guest of the organizing
committee- took Dart ln a sr-'rnoosium on the Dvnamics of Virrs
ItJection, ireld in'October ai the Fo.d Hospitai in Detr6it. R.
Hull visited Holland and West Germany in September, to see large-
scale experiments to test the value of insecticides in controlling_beet
yellows. He also attended the meethg of the International In-
ititute of Sugar Beet Research at Bergen op Zoom in December:
so, too, did J. W. Blencowe, who spent some time studf ing the
serological teahniques used bv Dutch workers with plant viruses.

G." A. Satt rias award<id the degree oI Ph:D. of London
University.

VIRUSES AND VIRUS DISEASES

l/arialions in infectiaity of oilus Plefio?otions
In previous reports we have commented on the variable infec-

tivity bf preparatlons of the Rothamsted tobacco necrosis virus
(RTNV). - Pieparations made by sedimenting the vims from
ireshly 'extractid sap are, weighi for weight, less infective than
prepaiations made b'y centrifuglng sap that has aged for a day or
io it room tempera[ure. Thii difierence seemed to sugtest that
virtrs oarticles cbuld acouire infectivitv itt l)itrc, but further work
makei this idea less likdly. It now s&ms probabte that infective
sap contains an enzyrne ihat can destroy infectivity without de-
stioying the physical integrity of the virus particles. The enzyme
is uirstiule iri sip and ni tiitte efiect on the virus in sap, bit it
sediments with tLe virus when fresh sap is ultracentrifuged, and is
stable and active in partially purified preparations ot RTNV. 

-
Workers in the U.S.A. have reported that sap from plants

infected with tobacco mosaic virus (TMV) contains, in addition to
specific nucleoproteins, proteins that have the serological characters
oi the virus but that contain no nucleic acid. As yet we have not
identified any such particles, though we have several times sought
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them. We have conflrmed our earlier conclusions that sap con-
ta.ins specific particles oI various sizes ald that the sma.ll ones have
Iittle or no infetivity, but we are now finding that the ratio of small
to large particles in fresh sap is much sma.Uer than we recorded some
years ago. (Bawden and Pirie.)

The rate of airus mulli?lication
As a preliminary to studying the factors that afiect virus multi-

plication, detailed experiments have been made on the rate at which
viruses multiply in inoculated leaves. Assays on extracts from
leaves macerated at difierent times after inoculation show the same
three phases with all viruses and hosts studied. First, there is a
period during which infectivity decreases; this is followed by a
period of rapid increase, which passes into a third, during which
infectivity still increases, but at an increasingly slower rate. The
sholtest time after inoculation at which newlv-formed virus was
detected varied with difierent viruses and h6st plants. At 20-
25'C., it was l0 hours Ior RTNV in French bean,24 hours for
RTNV in tobacco and 4O hours for TMV it tobacco and, N . glutinosa.
Experiments in which inoculated leaves were exposed to ultra-
violet radiation, suggest that these times are probably at least
twice the minimum required for new virus to be formed. As re-
ported last year, irradiation appears to afiect virus only when it is in
the epidermal cells. Irradiation 6 hours after inocrilation halves
the number of infections produced by RTNV in French bean, and
irradiation after 20 hours halves the number Droduced bv RTNV and
TMV in tobacco. These times are thougtit to irdicite the time
required for the inoculum to multiply in the epidermis cells and
new virus to pass from there to dedper cells; 

- this move seems
to occur before free virus can be deteated in leaf extracts. With
RTNV in French bean, the times needed for successive ten-{old
increases in infectivity of leaf extracts, starting l9 hours after
inoculation, were 3, 7, l0 and 19 hours. During the first day after
inoculation, virus multiplies predominantly in ihe epidermal cetls,
but after this most is produced in the ct brench].'rnd. (Harrison.)

Hedl therar),
Last year we reported that Browing plants at 36" could be

used to establish virus-free progenv from parent Dlants svstemicalh.
infected u'ith tomato bushy sluit and i carnaiion urir.. U-i
cuttings taken from side shoots or the main stem of olants kep't
continuously at 36' for ten or more days developed Gto heat0i,v
plants. The result has been confirmed ind the wbrk extended to
other viruses, most of which seem to multiolv ooorlv at 36o and
many, including some with hieh thermal iniitii,atioi Doints. not
enough to maintain themselves. Virus-free oroeenv were estab-
Iished from variegated Abutilon, and from ilan"ts "infected with
cucumber mosaic and tomato aspermy viruses: With the last two,
striking cuttings was not alwavs necessarv. for manv of the heated
parent plants themselves weie whollv ireed froni the infectine
viruses and remained healthv when kept for months in ordinari
glasshouse conditions. No liealthy plairts were established whe'n
cuttings were taken from treated plants infected with tobacco
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mosaic, potato X or tomato spotted \,ilt viruses, though the virus
content of plants kept for fourteen days at 36'was much less than
that of comparable plants at 20". (Kassanis.)

Electron microscofu
Electron microscopy has continued to be used in the routine

examination of virus preparations, but most time has been occupied
in improving techniques, particularly for preparing sections of
leaf cells. When clear pictures oI tobacco mosaic virus were
obtained in sections from infected leaves, attempts were made to
use electron microscopy to discover the sequence of events involved
during infection. These failed, pa ly because sections contain
only parts of a few cells and, in the early stage of infection, the
virus occurs in detectable quantities in only a small ProPortion
of the cells. Also, although with winter-growu plants fixation
was good enough to identiiy virus particles in the cytoplasm, it
was not good enough to do so in such structures as chloroplixts.
With the harder cuticle of summer-grown plants, 6-xation was
worse, and treatments were sought that might help the fuxative
to penetrate without damaging the cell contents. Of many treat-
ments tried on intact pieces of leaI, the best was rinsing in l0 per
cent " Teepol ", but still better results have been obtained recently
by removing one epidermis belore putting the leaf in fixative.
lllis method has shown that the bufier containing the osmium
tetroxide fixative afiects fixation, and that the chloroplasts are
better preserved if the leaves are left in fixative for 24 hours instead
of for 2, as was the previous practice. The nuclei, however, are
better preserved witti the shoit exposure to the fixative. Dis-
solving'the plastic embedding material is a slow process, and also
seems to harm delicate structures in the cells; by cutting sections
thin enough (0.05 p or less), and modifying the microscope suitabll.
the plastic can be left irr place without obscuring fine details.

The spray method devised by Backus and Williams for counting
particles has been modified to produce small drops. An " Aero-
foaph " spray gun makes a satisfactory substitute for their glass
sprav with concentric iets, which is difficult to make accurately.
t'hu"d.opr from the grin are sorted and collected in a " Cascade
Impactoi ", instead of being allowed to sediment erratically on
grids placed 3G.4O cm. from the spray. By this method small drops
(t-2 p across) can be selected, and this allows examination at the
high magrrification needed to count the small particles in prepara-
tions of -RTNV. Some of the larger particles in preparations of
this virus seem to become flattened bv surface tension when the
droolets drv. and the method is now beine adapted to combine the
adv'antagej of collecting drops by impiction'with rapid freeze-
drvins, This technique also promises to be valuable for examining
th6 structure of clay aggregates by electron microscopy. (Nixon and
Fisher.)

Efects of ultra-oiolat radialion on Prcteins
To compare their behaviour with that of viruses, antibodies

and chymolry.psin were irradiated with ultra-violet light. The
inactivation of both follows the course of a first-order reaction-
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The quantum yield for antibodies is about 10-t, falling between
the value for viruses and smaller proteins, further evidence that
quantum yield and particle weight are inversely proportional.
This fact suggests that the same amount of radiation energy must
be adsorbed by each unit weight of a protein to inactivate specifrc
biological activities. In some conditions irradiated antibody
combines with other serum proteins to form complexes, which,
although they still combine speciflcally rith their antigers, behave
difierently from normal antibodies in precipitin tests. As with
complexes Iormed when antisera are heated, the behaviour of the
irradiated antisera depends on the character ol the antigen. Un-
like the plant viruses studied, but like a Rhizobium bacteriophage,
ch1'rnotrypsin that is still active alter exposure to ultra-violet is
less stable than unexposed enzyme. When tobacco mosaic virus is
exposed to much more radiation than is needed to destroy its in-
fectivity, its resistance to denaturation by heat is decreased.

Ribonuclease and chS.rnotrypsin, both of which inhibit infections
by plant viruses, also inhibit infections of. Rhizobium sp. by bacterio-
phages. The two enzlmes seem to act in difierent rvays. Ch1'rno-
trypsin does not interfere with the combination between virus and
bacterium, but interferes with some process that occurs inmediately
after they combine, whereas ribonuclease interferes both with the
combination and also slows the growth of the bacteria. (Klecz-
kowski.)

l'irus diseases of cam,ation,

Most commercial stocks of common carnation varieties seem
to be virus-infected, but the viruses concerned and their relative
importance have been little studied. Infected carnations often
show no clear leaf sy.rnptoms, but their infected state is usually
shown by inoculating sap from them to sweet william (Dianthus
barbatus\ plants, which are hosts of all the camation viruses and react
to most by showing much clearer s],'mptoms than do carnations.
One virus, widely distributed in carnations, will infect tobacco and
French bean, but these species rarely become infected when inocu-
lated \i.ith sap from infected carnation or sweet william plants,
because the sap contains substances that strongly inhibit infection
of both tobacco and French bean.

Four distinct viruses have been isolated from commercial
stocks oI carnations. Two (including the one that infects tobacco
and French bean and has previously been recorded in Holland)
have spherical particles, a thermal inactivation point above 80',
are easily puri-6ed, and plants can be freed from them by exposure
to 36" for fourteen days. No insect vector has been found for
either- The other two viruses have elongated particles, a thermal
inactivation point below 65", and both are transmitted by Myzws
persicae- Growing plants at 36' has not freed plants lrom either.
The existence of one of these was recognized solely from serological
tests and electron microscopy. It produces no external sJrmptoms
in either carnation or sweet william, but its transmission to and
multiplication in them can be detected serologically or by examin-
ing sap in tbe electron microscope. Sugar beet has recently been
found to be susceptible, and this plant is the only one yet discovered
that shows s),Tnptoms of infection, the older leaves sometimes
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becoming chlorotic- Whether this virus occurs in field crops of
sugar beet is unknown. (Kassanis.)

Viruses oJ cruriferous ctops

Studies on the transmission of cabbage black ringspot (CBRSV)
and cauliflower mosaic (CLMV) vimses, by Myzus percicae and
Breaicoryta brassicae, showed considerable difierences between the
behavioir of the two viruses and slight difierences between the
two aphids. Most infections ltrith CBRSV and M. persicae were
obtained when previously fasted aphids were fed for 2 minutes or
less on infected plants, but the numbers of B. brassicae that trans-
mitted increased with infection-feeding times up to 30 minutes, after
which thev decreased. With short infection-feeding times more
M. OersicaL lhut B. bzassicar transmitted, but \r'ith infection-feeding
timis of I hour or longer, equal numbers of both species transmitted.
B. brassicae ceased to be infective uithin 2 hours of leaving infected
Dlants. whereas M- bersicae remained infective {or 6 hours when
iasted. More aphidl of both species transmitted CLMV when given
infection-feedinf times of I hour or more, than when given
infection-feedin[ times of 2 minutes. With the 2-minute infection
Ieedings, the pioportion that transmitted s'as increased iI the
aphidJ were pieviously fasted, but even so, it was less than with
piolonged iniection fiedings. Experiments with leaves exposed
io ultri-violet radiation suggests that CBRSV occurs in greater
concentration in the epidermis than in other cells of inlected
leaves, The difierences between the behaviour of the two viruses
suesest that CLMV is more uniformlv distributed through the
vaiious tissues of infected leaves. The difierences between the
behaviour oI the two species of aphids in transmitting CBRSV
can be partialtv explained bv the asumption that fasting affects their
feeding habitd difierently, 

-and that ilt. percicae aftei fasting are
more iikely to imbibe sap from the epldermis. Fasting aphids
can still iniect healthy plants with CLMV as long as 6 hours after
leaving an infected pl:adt. Myzus circumferus transmitted CBRS\-
from infected turnip to tobacio. (Wats6n and Ha"mlyn.) 

-
Field experimenis in coniunction with the Nationa[ Agricultural

Advisorv Service were done in difierent parts of the country to see

how thd incidence of virus diseases was afiected by surrounding
cauliflower seed beds with narron, strips of barley, kale and broad
beans. Aphids were so {ew in the spring that there was little
sDread of tLMV or CBRSV, but wherever tbe viruses occurred,
tLeir incidence was decreased by the barriers, Particularly of
barlev. Seedlinss surrounded bv barriers grew better than un-
prot&ted ones, ind up to l0 Per cent more plantable ones were
obtained.

Winged aphids produced on Plants infected with CLMV were
collected as tirev miierated, and were ptaced singly on turnip seed'
Iings to see whai proportion was infective. Ofl9l tested, thirty-five
infected the turnips.

A new form of stickv aphid traD was constructed to be used for
a survev of virus diseisei of cauliflower crops that the National
Agriculiural Advisory Service is making. ihe sticky surface is
horizontal and placed level with the surface of the crop; com
parisons with th-e old type of cylindrical traP suggest that it will
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give a truer picture oI aphids entering, leaving or moving within
the crops, Jor the older type of cylindrical trap mainly caught wind-
borne aphids.

Plots of various crops were again grown and regularly observed
for their populatiors ot Myzus lersicae urd, other aphids. The
results so far obtained, with all species recorded, agree with those
reported by Kennedy with Afhis fabae, in showing that aphids
prefereutially infest tissues that are either rapidly giowing oi be-
comrng senescent.

The multiplication ol IvI. fersicae on healthy and virus-infected
cauliflower plants was compared by infesting cag;d plants and count-
ing.the aphids orre month later. Althorigh -foui times as many
aphids were produced on the infected plants, the difference was
barely significant, because the variations betrveen individual plants
were so large.

Turnip yellow mosaic virus was diagnosed in several kinds of
cruciferous crops, and did much dairage in Northumberland.
Some of the isolates oI this virus seem to difier from those ore-
viously described. (Broadbent and Heathcote.)

Polala xir*s diseases

As in previous years, the or-erhead irrigation of potato crops did
not significantly afiect the spread of potato viruses.-

In a field experiment done in conjunction with the insecticides
Department, Majestic potatoes were sprayed with frve insecticides.
Late in July, thd unspiayed plots dev;lolfu the larsest population
of M- persicae recorded at Rolhamsted for many vears, but-none of
the spray-ed plots became infested. Effects on fhe spread of viruses
will not be known until 1954. Excellent control of 

-aphids 
was also

obtain_ed by spraying two commercial potato crops'in Essex, the
second year of a test to see whether insecticides will Drolong the
useful life of seed stocks there. When planted, the itocks-were
free from leaf roll and severe mosaic, but-in the second year I per
cent of the plants had leaf roll; 2 per cent in one crop,-and 5 |ercent in the other, had severe mosaic. These diseases- occurred to
the same extent whether the plots were sprayed or not in 1952.
.{s expected, t}re insecticides did not prevlnt viruses lrom being
introdirced into healthy crops, and it 

".itl 
,ot U" L"o*n ;ti-;;;i

year whethe,r t}rey afiect thC spread from inlected plants within the
crop. Further information on this series of expe-riments on virus
control is given in the report of the Insecticides Defartment. (Broad-
bent.)

Sugar beel lirus dtseases

Experiments were started to devise methods for assessing the rela-
tive susceptibility of sugar-beet varieties to veUows. Twentivarieties
supplied by the Plant-Breeding Institute; Cambridee, wLre tested
!y colonizing thirty seedlings,len each being coloiized with one,
five and ten aphids. The ploperties of the plants that developed
s).mptorns was taken as an index of susceDtibllitv, and the seveiitv
of sl,rnptoms was also recorded to give s6me measure of tolerancri.
Varieties from Beta maritima showed less severe sJ.mptoms than
Bela vulgaris, but both t5pes rvere equally susceptibie fo isfection.
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Serological tests showed that B. tulgatis planls also contained more
virus, and B. marilima plants with more severe s5rmptoms contained
more virus than those with mild sl.mptoms. Plants with slight
symptoms in the glasshouses often b€came severely chlorotic when
grown in the open, whereas seedlings that had shown severe sJ.mptoms
sometimes recovered when grown in the open, the appearance of
recovery being helped by the death of the yellow leaves. (Watson.)

Experirnents at Dunholme comparing the reaction to yellows of
inbred lines of sugar beet also sometimes gave difierent results
when comparisons were made between seecllings in glasshouse or plants
in the field. Line M9, {or example, reacted severely in the glass-
house, but in the field was greener and less stunted than N4, which
in the seedling stage under glass showed only very faint symptoms.
Reductions in yield of sugar {rom infection reflected the severity
of symptoms shown in the 6eld. Thirty-seven inbred American
lines of b€et were all formd to be susceptible. A comparable range
of reaction to infection was noted as in our inbred lines. Whereas
seedlings of some lines showed etching of the veins rapidly and soon
became necrotic and stunted, seedlirgs of other lines took much
longer to show sJ.mptoms, which then were also usually milder,
some giving only restricted yellow blotches on a few leaves. (Hull.)

The study of viruses isolated from beet showing sl,'rnptoms
of difierent tlpe and severity suggests that there may be more
than one cause for the disease normallv called " vellows " in field
crops. Many isolates have been found ihat cause'yellowing but no
etch or other necrotic lesions, and sap from plants infected with
these has consistently failed to react with antisera prepared against
isolates that cause necrosis. Similarly, when sap from diseased
plants has been examined with the electron microscope, filamentous
particles have been found only when tbe Plants showed necrotic
ilnnptoms ard when their sap precipitated strongly with antiserum.
Plants showing yeUowing only developed veinal necrosis as rapidly
as previously h6althy piants when they were infected with virus
from plants with necrosis. Plants so infected were more chlorotic
and stunted than \ ere plants infected with either isolate alone.
Whether the isolates that cause these different efiects are distinct
viruses or related strains remains to be established; those causing
necrosis occur together in the same crops and often in the same
plants as those that do not. AII seem to be transmitted similarly
by aphids. (Hull and Blencowe.)- 

The series of field experiments on the efiects of date of sot'ing
and time of singling suglr beet was inished. Again only a small
percentage of the plants contracted yellows, and they not until after
ihe latest singlint. In nine experiments done at Rothamsted,
Dunholme and the Norfolk Agricultural Station, Sprowston, between
t950 and 1953, only once has the time of singting greatly influenced
the incidence of yellows. On that occasion there was an unusually
early migration'of aphids, and a much smaller proportion of the
plants beca"me infected on the plots which had not been singled.
The incidence of yellows has usually been affected by date of
sowing. In vears when aphids arrived ea.ly, plots sown in March
had more plants inlected than did plots sown in May. More
usually, however, the aphids arrived in late June or July, and then
the late-sou'n beet had more irlected plants than the early-sown.
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The May-sowrr beet also had larger populations of apterous aphids,
especialy Afhis Jabae.

Late singling decreased plant populations and yields unless
" rubbed " or " de-corticated " seed was used. Soiving seed itr
March usually gave the biggest felds, except when weathtr caused
much " bolting ". (Blencowe.)

Samples from aU beds of sugar-beet stecklings soti'n in the United
Kingdom were planted at Dunholrne. Thosi used for planting
commercial seed crops in June averaged 2.6 per cent plants with
],ellows. Steckling beds in the north of England had eiceptionally
heary aphid infestations, and they had a mean of 4.I per cent
in{ected plants, compared with I.9 per cent for beds in the
Eastern Counties sprayed with insecticide and 1.3 per cent for
beds grorvn there under a cover crop and sprayed. Seven beds were
rejecied because they had more tlian f pir ient infected plants in
the autumn. Samples from slx of these beds gave from 6 io 63 per
cent inlected plants. Nine beds passed for planting gave 5-I0 per
cent infected seeders, three 10-15 per cent and two gave 22 per
cent. Most of these were from beds in the north-

In the autumn of 1953, 6fty-one out of eighty-six steckting beds
showed less than I per cent-of plants wit"h yellows. Ten" beds
contained more than l0 per cent infected planis. The mean per-
centage in sixty beds which will probably be used for 1954 s-eed
crops is 0.61 per cent compared with 0.22 per cent in 1952,0.09 per
cent in l95l and 0.21 per cent in 1950. Beds in the isolation areas
were generally satisfactory, twenty-one showing less than I per cent
yellows, six between 1.8 and 2 per cent, and one bed in tha Tweed
Valley 5 per cent. The worst lsere in the Eastern Counties, where
spraying did not adequately prevent infection. Of {ortv-nine beds
sprayed, only eighteen had less than I per cent infeCted plants,
slxteen had between I and 5 Der cent and fiJteen had over 5 per cent-
In Bedfordshire sprayed be-ds were better, and beds sown under
cover crops, and sprayed after the cover crop was cut, have very lew
infected plants. (Hull and Osborne.)

As soon as stecklings emerged at Dunhokne this year, they were
colonized by many alale Mlzus persicaa, and none ofseven systemic
insecticides used prevented yellows from developing.- Earty
spraying probably frves poor r"esults because little i;siticide i1
absorbed by small seedlings, and extra seedlings emerge after the
spraying. Soaking the seed in systemic insecticides b;fore plant-
irg, or watering them on to the soi.l when the seedlings were begin-
ning to emerge, prevented the seedlings from becoming colonLed
by aphids, but it also decreased the stand of seedlings. -

Experiments to test the efiect of spraying rdot crops with
systemic insecticides on the incidence of yellows were continued.
They showed that the effect of two spraf-ngs varies greatly from
year to year and from crop to crop, depeniling on t[e naiure of
the particular outbreak, When only a few plants are infected bv
aphids that bring virus into the ciop, and most of the yellow's
results from secondary spread within the crop, then inse;ticides
greatly decrease the incidence. In these condiiions, however, the
losses in yield from vellows are small. and althoueh soraving mav
decrease iircidence by factors of from 2 to 5, the trea"tmeirt ii uititeti,
to be an economic proposition. When infection occurs early an-d
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many plants in a crop are infected by incoming aphids, then dl the
planis on sprayed and unsprayed plots may become infected. In
these conditions, spraying simply delays, by two to three weeks, the
time when the crop becomes 100 per cent infected. However, as
yield of sugar is greatly decreased by infections early in the life of
plants, this delay in time of infection may be uselul, and these are
probably the conditions in which spraying gives the greatest return,
despite its apparent lack of effect. (Gates.)

Systemic insecticides were sprayed on fodder-beet crops a few
days before lifting to see whether they would kill aphids and so
prevent them from infesting clamps. A field crop of fodder beet,
variety Hunsballe X, was sprayed with 0 2 per cent parathion at
the raie of 100 gal. per acre, on I lth Novemb€r 1952, and lifted and
clamped three days later, before the plants could become reinfested
with winged aphids. In the following April no aphids, or any other
arthropods common in clamps, such as spiders, gaats, and flies, were
found ln the clamp of sprayed fodder beet, whereas a control clamp
of unsprayed beei was infested with aphids (Myzus fercicae Subl
and other insects, " Systox," parathion and " Pestox 14 " were tested
to find the concentration needed when spraying fodder beet in Octo-
ber to kill all aphids that feed on cut leaves. All three need to be
applied at threa times the concentrations normally used on sugar
beet in the summer.

In addition to using insecticides to prevent aphids from being
introduced into clamps, maleic hydrazide, a growth-regulating sub-
starce, was tested foi its ability to check sprouting of stored roots,
with the idea that this might decrease infestations. Mangolds were
soraved with 0.25 oer cent maleic hvdrazide in the field on l5th
dctdber 1952 and wire clamped in the usual way, with unsprayed
mangolds acting as a control. In the following April the sProuts on
the sprayed plants were only half as big as those on the controls. In
anotier-experiment Klein E sugar beet was sprayed with I per cent
maleic hvdrazide on 5th November 1952, harvested on 2lst Novem-
ber and ltored in damp sand in a cellar. Sprayed and unsprayed
plants both started to iprout immediately, but by Februarv difier-
inces were apparent, for the sprouts on the sprayed plants were then
2 inches long, whereas those on the unsprayed were 4 ilches. In
July 1953, when the control shoots were 18 inches long, the sProuts
of t'he sprayed plants were only 4 inches. (Cornford.)

Of various weeds tested, three were found susceptible to sugar-
beet yellows. The leaves of infected Senecio oulgais became yellow.
thicli and brittle. Passage through this host did not affect the
type of sl,mptoms produied in sugar beet by mild and virulent
iioiates. in'one teit \vith Capselli bursa-pasiozis, infected plants
were stunted, but in anothei they were indistinguishable from
uninfected plants. Even when a virulent isolate was used, the virus
recovered iaused only mild s1'rnptoms in beet. Stellaria madia
showed no symptoms when infected, but sap from infected plants
reacted stroirgly with virus antiserum. Isolates virulent to beet
were recovered apparently unchanged by passage through this
host. (Hull.)
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Mycorocy
Sporc dislersal

The wind tunnel was moved to a specially designed wooden
brilding, so that outdoor air can be useil and llants-kept alive in
the tunnel for several days at a time. Using-a modifiid version
of the Hirst spore trap desigaed to put in t-he wind tunnel, the
production of spores by plants kept under known wind conditions
rvas studied and compared with the results obtained by trapping in
the open.

Tests so far have been done maialy with wheat and barley
plants, heavily infected with powdery mildew (Erysifhe graminisi.
At a constant wind speed of 2 m.p.h. spores were liberated with
the sarne diumal periodicity a-s found Ey Hirst when using the
suc-tion lrap in the open. SPore liberation therefore appears
to be independent of wind speed. Keeping the plants in con;tant
light, or in constant darkness, for peri6ds ip to-72 hours did not
chante the diurnal periodicity, whith is evidently not determined
by tight or darkness, Other variables, such as-temperature and
humidity, have yet to be examined. Potato shoots sevirelv afiected
\Mith potato blight did not produce spores in the wind tunnel,
presumably because the relative humidity was too low. A small
tunnel through which conditioned air can-be Dassed. is beins made
to.study- the liberation of Phlophthora izfestais spoies. (Giegory;
Hmt; Last; Stedman.)

The deposition of air-borne spores on plates charged to 4,OOO
volts (positive or negative in respect to earth) has 6een studied
using electronic equipment designed and madb bv H. L. Nixon
and H. L. Fisher. When Lycofoditm spores ard blown from a
glass tube some are apparentlli ndgatively 6harged, but more appear
to be charged positively, and others carr], no charge. Vertical
metal plates charged to 4,000 volts, arranged eit.her par:allel to or at
right angles to ttie wind direction, catch-up to ten'times as many
spor-es q! they do when earthed. (Gregory and Stedman.)

Casella Lid. are marketing a cbmrieriial model of tire Hirst
automatic spore trap, and this was calibrated against the " Cas-
cade " Impactor, using both large (Lycolodium) ind small Mush-
room spores. (Hirst and Stedman.)
_ A portable hand-operated volumetric spore trap was designed
for use where there is no power supply and the Hirst auto;atic
trap cannot be worked. Tbe apparatus was tested under a varietr.
of con.lltions to find its advant-aees and limitations. It is particri-
larly valuable Ior making many measurements of the spore iontent
at short time intervals, and for studying how spore concentration
varies at difierent distances from theirblice of libeiation. lGregorv.)

The automatic spore trap was usi:d to study the dGperial "oi
ascospores and conidia of the apple sc ab fung:s (V-enluia iniequalisl,
the spore concentration in wheat stubble infected with Obhlobolis
graminis and. Cercosporella herfolrichoides, and in co'nlmercial
mushroom-growing houses. (Gregory and Hirst.)

Polato blight
In the hope of improving disea.se forecasting, the correlation

between weather and infections by Phytolhlhora iilcstans wx a4ain
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studied in four parts of the United Kingdom, where the weather
was recorded, both in rreens 4 feet above the grouad and in potato
crops. At Rothamsted conditions afiecting the liberation of
spores, and the conditions that allow them to infect, were Iurther
studied by measuring the concentration ol P. hfeslnns spores
in the air and finding when potted potato plants, which were placed in
the potato freld each day, became infected. The progress of the
disease on individual shoots was recorded to study in what way
modifying the ecoclimate, by irrigation at difierent times of the day,
or by preventing the deposition ol dew, afiected spread. Although
the treatments were not stalted until blight had already occurred,
increasing water increased infection in both foliage and tubers.

A continuously recording dew-balance was made that measures
the amount of water deposited on a potato shoot and the length of
time for which water deposits persist. This should allow the
importance of water films in afiecting potato blight to be t€sted
adequately.

Potato blight in 1953 was recorded at Rothamsted on 23rd July,
the earliest outbreak since records were first taken in 1940. The
disease spread moderately fast until September, when dry weather
stopped it. Experiments in which Majestic potato crops had
two well-timed copper sprays and the haulm was killed with sul-
phuric acid, showed that these measures increased feld of tubers
by only I ton per acre. A tractor sprayer with an eight-row boom
passing through the crop three times reduced yield by about 7 c\trt.
per acre. I-ess than I per cent of tubers from sprayed or unsprayed
plots had blight. Duri.ng the dry weather in September, ttre weight
of tubers decreased by about I ton per acre when the haulrn died.
Loss of water to the dying haulm or to the soil may be the cause,
but unfortunately dry weight was not estimated. The decrease
occurred earlier on unsprayed than on sprayed plots; had the
experiment been harvested when only the hauln oI the unsprayed
plots was dead, spraying would have seemed to have increased feld
by about 2 tons per acre.

Poudery rtildea of cereals

Studies on the efiect of nitrogenous fertilizers (N) on the incr-
dence of miidewdence of miidew (Er1silhe graiinisl on whter wheat grown in
pots were finished. Applying N to plants of difierent ages afiected
ihe incidence difierentty. \lrhen applied before the flag leaf had
emerged, the infection-index (number of Pustules per 100 sq. cm.emerged, the infection-index (number of Pustules per 100 sq. cm.
of leaf blade) increased to a maximum and then declined. Applied
after the flig leaf had emerged, the infection-index inciea-sed
steadily without reaching a peak, and the increased susceptibilit]'
was not associated with an increased relative leaf growth rate as
when N was applied earlier. Plants given N in either April or Mav
had at least iliree times as manv iustules as those liven N i"n

January. The time when N was applied did not afiect the datc
when perithecia appeared. After adding N to nitrogen-deficient
plants; the mature leaves, which had previously resisted mildew,
became susceptible.

A series of field experiments was started to test the efiect of
date of sowing on the incidence of mildew. Barley was sown on
four dates from 28th February to 22nd APril 1953. Pustules were
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first observed in mid-May. Subsequently the number of pustules
per unit area increased rapid.ly, and the plants sown on 22nd April
(fourth sowing date) were the most susceptible.

The spore content of the air within- and above two mildewed
cereal crops, (a) barley on the Garden Plots and (6) wheat on Broad-
balk, was measured in June and July. Most sp6res occurred at the
base o{ the crops, the concentration decreased rapidly near the top
of the crop, and was always greater within the crbp lhan in the a.ii
above.

The two most numerous tlrpes of spore are (a) Clod,osfiorium and,
Erysiphe on dry days and (b\-Sporcbolimyces arid I elio2srs on wet
days. In Broadbalk wheat the concentration of spores varied
greatly in different plots. Erysifhe conidia occurred at 10,0(x)
per cubic metre of air on dry and wet days in the heavilv fertilized
Plot 8, but hardly occurred in Plot 3, which receives nb manure.
On wet days only, both Sforobol.t>mltces and Iil/etioy'srs spores
occurred at 200,000 per cubic metre of air at l0 cm. from-the ground
in Plot 8, whereas Sporobolonyces occurred in Plot 3 at onlyr2,000
and Tilleliolsis at 40 spores per cubic metre of air.

I_solation of Sporobolomyces sp. from leaves of field crops gave
results comparable with those from sDore trappins. Manv more
colonies weie obtained on agar plates'from leiies"taken ldw in a
crop than from higher leaves, and leaves from Plot 8 on Broadbalk
gave many more thar leaves from Plot 3. (La_st.)

Cereal foot and root rots

Land which was infested by weeds and on which wheat was
severely infected by eyespot (Cercosfodla herpotrichoid.esl and take-
dl (Ophigbolus grarzlzr's) in 1949, was used to test the relative cleaning
arction of three years under difierent crops. Plots in which wheat
(Sqlareheads Master) grown in 1953 was the first, second, third,
and fifth consryutive crop of wilter wheat or barley, gave respectively
mean yields of 37,28,I9 and 15+ cwt. per acre; these included ti,
2O, 32 and, 32 per cent tail corn ; 16, 47 , 82 and,63 per cent of the
straws had eyespot and 0.3, 24, 34 and 45 per cent had take-atl
at harvest. Efiects on weeds were equally spectacular; about
1,775 heads of wild oats occurred in f0 sq yit. in the plot lvith the
fifth consecutive wheat crop, whereas only-two occuried in l0 sq.
yd. in plots that had not cirried cereals during the previous thre'e
years. Full records exist from this and another ixperiment to
show how various rotations afiected the incidence of fun-sus diseases
(eyespot, take-all, sharp eyespot Co icium (Rhizocloiial solani,
brown ,ootrot, Fusarium sD.). and insect oedts (wheat bulb flv
Hessian fly and stem sardy)j ttie aensity of tfie c;i, i-h;ilil.;d;
of weeds, lodging and yields of grain and straw. (dlynn;, Salt and
Slope.)

A field experiment testing the efrects of seed rate, rate and
time of applying nitrogen, and spraying with sulphuric acid on
two varieties of wheat was continuid ior a second v-ear, The cror.r
was,the fourth wheat crop in five years and, in addition to evespod,
it developed take-all and became weedy; consequentlv- yiilds
were lower than be{ore. Decreasing the sied rate'irom'B io 1*
bushels per acre decreased take-all and increased yield by 3-5 cwt,
per acre. Sulphate of ammonia apptied at 0, 2 and 4 cwi. per acre
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increased the area of Squareheads Master lodged from 22 to 
-51 

and
58 per cent respectively, decreased take-all 

- 
and 

-ilcreased leld
frori 14 to 18 a;d rg c\i't. per acre. The variety Cappelle did- not
lodge: the Iertilizer decreased take-all and increased leld from
18 io 22 and 24 cwt. per acre. The lower seed rate and a healy
dose of nitrogen combihed to increase yield of Squareheads Master
from 12 to 22 cwl. per acre, and of Cappelle from 14 to 25 c\a't. per
acre.

Four vears' work testing the effects of applying nitrogen at
dif{erent dates to wheat have again shown that tillering is imPortant
in determining the incidence of eyespot. In pots, nitrogen given
between October and April increased tillerirg early enough to delay
infection of the straws, and so decreased the severity oI lesions at
harvest; when given in May tillering was too late- to prevent the
orincipal strawi becoming severely infected, although young
iillers'escaped infection. ln the nald the effect of nitrogen- in
delavine infection of the straws v/as counteracted by its efiect
i, iri:reisins the luxuriance of the crop, which favoured the spread
of the funfrs. Nitrogen applied in October produced more tillers
and feweisevere lesiions it harvest than aiplications in March,
Aoril or Mav. which oroduced more luxuriant crops. (Salt.)
' Annua-l io.t.v. tilo* that evespot is the mos[ important of the

foot and root ro[ting diseases 6n t-he four- and six-course rotation
experiments at Rothamsted, In_the four-course expedment an
avirage of 45 per cent straws were infected at harvest in the sixteen
vears"l938-53, the incidence varying from 3 to 86 per cent in differ-
'ent vears : an averaee of 29 D€r cent straws were infected in the same
peri"od in the six-coirrse exi€riment ranging from 2 to 80 Per cent
in di-fferent years. Sharp eyespot occurred in most yearc, brown
footrot and iake-all occasiona y, but none seems imPortant.

Six wheat varieties srown- in pots difiered in tbeir reaction
to evesDot. Of two hisi-vietding- varieties, Cappelle yielded as

-u.fi c.*in when infected bv evespot a-s did the four lower-yielding
varietiis when uninfected. " Eich-variety suffered most loss when
sown thicklv and inadequately tertilized with nitrogen. No
relation was iound between tillering capacity and loss from eyespot.
(Glynne.)

Clubroot of *uciJers
Last vear we reported the existence of laces oI Plasmod,iolhora

brassicae. This has been confirmed, and an isolate from Norway was
Iound to resemble isolates Irom Agdel.l field. The variety of
swede called Wilhelmsburger, bred f-or resistance to clubroot in
f)enmark. is verv susceotible to the Norwegian isolate.

The life cvcl6 of the orsanism was stuAied by infecting plants
erown in wat-er cultures. A wide range of stages, from root-hair
intections to mature galls, was obtaine-d for hislological examina-
tion.

Experiments on spore germination were made easier by making
them i'n ohosohate briffer instead of a full nutrient solution. Omit-
tine nitiatei has sreatlv reduced bacterial contamination and
ma"de it possible to Iengthen the experimental period up to sixteen
davs. Variations in the germination of different sPore susPensions
exierienced in previous ylars can partly be explained by the fact
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that germination depends greatly on the age of the parent gall.
Spores from old galls germinate more readily ihan those-from vo-ung
gills, possibly o"nly b"ecause they are matirre. Sto.inr sporl suil
pensions at 4-5' C. seems not to afiect germination. - A-lrnost all
staSes of germinating spores have been slen, contrary to reports
by other workers, flagella were seen only on zoosporej which were
almost completely liberated. (Macfarlarie.)

Sugarbeel diseases

Diseases of seedlings caused by Phoma belae canied in the seed
and by soil fungi weie this yei.r greatty decreased by Phvgon
dust (I p€r cent); by soaking for 20 minutes in ethyi mercwv
phosphate solution ({0 p.p.m. active material) ; and 5v Dow 98
dust (0.5 per cent). Phemox was less effective than th! standard
dressing, Agrosan. Dressing with a fungicide is most efiective when
the crop is sorm early and the soil is cold, conditions in which manv
seedlings rot before they come above ground. (Gates.)

The introduction of mechanical harvesters for beet increases
damage to roots and necessitates longer periods of storage. Work
has therefore been started to find tlie extent of losses"and their
causes. Roots harvested from two fields differed little in susar
loss after storing until February in a cetlar. Undertopped ro"ots
lost more sugar than overtopped ones. When sampled earlv in
January roots stored fresh lost the same amount as dried roots, but
by February the dried roots had rotted more. Bruising also
increased loss and rotting. The mean loss of sugar was 7 pe"r cent
by early January and l0 pir cent by early Februar|. Botrytii cinerea.
the main cause of rots, afiected mbre roots from irne 6eld than Irom
the other, was more severe on the dried roots, and on roots bruised
to simulate the darnage caused by mechanical harvesters, than on
those ha.rvested normallv.

When beets were cit lengthwise and the freshlv cut sur{aces
covered with Bolrylds spores, [he tissue under the crdwn to a depth
of about I inch resisted infection. When this tissue was removed,
as is done in " topping " the beet, the exposed surface was invaded
when exposed to a c-oncentrated suspension of Botrytis spres,
but not when exposed to a dilute one. If the cut iurface was
exposed to the air {or about a week, the surface cells became suber-
ized and resisted attack. A wet cut surface also became a barrier to
Bottytis gerrr^ tubes after only two days. (Hull and Cornford.)
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NEMATOLOGY DEPARTMENT
B. G. Prmns

T. Goodey died suddenly from a heart attack on the 7th.Iuly, a
few weeks before his projected visit to Australia to advise'the
government there on nematological research and training. He was
the most distinguished nematologist this couatry has ever had, and
his death has been a great blow, not only proiessiona.lly to nema-
tology and to this department, but a.lso personally to all memb€rs
of the staff and to his many friends elsewhere. At the time of his
death he was engaged in a study of species ol Anguitta from grasses
and in preparing (u'ith J. B. Goodey) a new edition of his text-book
Plant P arasiti c N qutodes.

B. G. Peters spent the three months April to June at the Con-
necticut Agricultural Experiment Station, New Haven, to advise
them on nematological problems. He is most gratehrl to all the
stafi there with whom he came into contact for their extreme
kindness- During this time he was generously given opportudties
of visiting Cornell, Beltsville, and tha two golilen nemaiode labora-
tories on Long Island. In July he visiteil nematological labora-
tories at Ottawa, Sa.lt Lake City, Berkeley, Modesto, Riverside and
SeaI Beach.

Iq July M. T- Franllin paid short visits to Wageningen and
Lyngby, on her way to attend t}Ie l4th International Congress of
Zoolory al Copenhagen. Mr. N. Hague (Imperial College, London)
ard Mr. T. Mabbott (Department of Agriiutture for Scolland) spent
two weeks in the department acquiring experimental techniques.

MATERIAT AND METHoDS

The department continues to receive much eelworm material for
identification, most of this work being done bv M. T. Franklin and
J. B. Goodey. Populations oI various specids of Mekiilopwrc are
building up w_ell, in. the heated glasshouse beds, this materi;l being
used for morphological studies and for comparison wittr unidentifed
material sent in. (M. T. Franllin.)

The standard hatching test, for estimating the oooulation of
living larvae ol Heteroderi roslochietsis, invohies soakiire cvsts in
potato root difiusate for several weeks and counting the 

- 
larvae

which hatch from their egg-shells and emerge from the ciysts. Great
variability in the numbers of eggs within-a cyst entaiis very hieh
replication (several hundreds) in the cvsts used. A new tecLniqire
is under test wherein eggs are 6rst removed from cysts and ttien
treated with enz5,mes before being exposed to root difiusate; the
object is to attain equal precision wiih the expenditure of iewer
cysts and a much shorter time. (D. W. Fenwicli.)

Two ottrer techniques, developed elsewhere, are being tested. An
established alternative to hatching Helendeta larvae was to erow
indicator plants in infested soil, siain the root systems and c"ount
larvae withir the roots: it now seems that this can be greatlv
improved by cutting up the roots in a homogenizer. Both halchini'
and the gro-wing of indicators have been neiessitated by the virtuai

G
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impossibility of deciding visually when a given larva, coiled up
within its egg-sheu, was living or dead. In the past much time has
been wasted in seekjng inlra vilam slins which would difierentiate
these. It now seems likely that t}te fluorescence colours of larvae
stained with acridine orange and examiaed by ultra-violet light will
reliably distinguish living (6reen) from dead (red) larvae, at least
under certain conditions. These two techniques have applications
orttside the Heterodera frcld' (C. C. Doncaster.)

Pre-soaking cysts in weak solutions of several ionizing and non-
ionizing detergents, in order to facilitate the subsequent rapid
difiusion of root-diffusate, has not proved satisfactory. (B. G.
Peters.)

Hosr-PARAsrrE RELAIoNSEPS
Under this general heading are grouped studies on life-histories,

resistance and pathogenicity.

Life-histories
The lile history ot Helercilcra ouciJerae has been investigated

by growing cabbage seedlings in heavily infested soi.t for two days.
transplanting to clean sand and using nutrient solutions, and re-
moving two to four plants daily for fixing and staining, over a lxriod
of five weeks. In this way all stages up to mature adults have been
produced, each stage dated to within two days. (C. C. Doncaster.)

By sowing barley in November (1952) in soil inlested with
Hderodcra major, a-nd staining roots at intervals, it has been shown
that there is a considerable invasion oI roots durhg the winter
months, whether the pots of barley were grown in a glasshouse or
plunged outside. There had been doubts whether winter invasion
by this species occurred. (A'. R. Forster.)

The host ranges of several species of Mdoiodogyne are being
investigated. (M. T. Franllin.)

Resistance

Stringent pot tests and three fleld trials of several oat varieties
for resistance to Dr'ryrrn chus dilsaci, in conjunction with tie National
Institute of Agricultural Botany, have shown that most varieties
are susceptible. Of spring oats only Milford (5.225) is resistant:
two or three winter varieties show promise, and work on these is
continuing. In co-operation with the N.A.A.S., one field trial of the
luceme race of D. difsaci has shown two lucerne varieties to be
susceptible, and two others, along with most other legumes, to be
resistant. A second fleld trial involving the carrot race of D.
difsaci is under observation. (J. B. Goodey.)

Not since 1935 has any extensive suwey been made of the
varietal susceptibilty of potatoes lo D. deshuclol. This year
twenty-four commercial varieties have been tested both in pots
(at up to 20O,00o eelworms per pot) and in a randomized plot
experiment in the Fens. No variety showed any resistance. The
mushroom race oI this species seems, in this courttry, to be alrnost
entirely confined to mushrooms. Experiments on the biology ol
this race are in progress. (J. B. Goodey.)

Hetqodaa roslachietsis in potatoes may yet be controlled by
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breedilg into commercial varieties the resistance factor found in
Solan*m luberosum aadigenum from South America. Tubers of
S. l. atdigenum have been grown in infested soil to discover what
type of resistance is involved. Counts are not yet available, but it
is already clear that larvae of 11. roslochieasis penetrate the roots of
this plaat but mostly fail to attain maturity. (C. C. Doncaster.)

Resistance to Helercdda major inlestation is being investigated
in twenty-one varieties of barley and seventeen varieties of spring
oats, in co-operation with the National Institute of Agricultural
Botany and the N.A.A.S. (J. J. Hesling.)

Palhogenicily
The dynamic equilibrium which exists between a plant host and

its worm parasite cart be upset, under certa.in conditions, in the
direction of plant disease, with consequent loss oI yield. This
situation is difficult to investigate. \n Helercderu rostochiensis it
is being approached from opposite ends. First, and more funda-
mentally, the biological complexity of soil as ar ecological habitat
could be side-tracked if bacteriologically sterile larvae could be
made to invade sterile roots. Tomato roots have been successfully
grown by sterile tissue-culture methods, but so far it has not
been possible to produce viable sterile larvae. (D. W. Fenwick.)
The end result may be disease, revealed by various slrmptoms. A
start has been made on testing s)rmptom-assessment in attacked
potatoes with a view to finding sensitive slmptoms amenable to
scoring and statistical analysis. These symptoms are largely
those of drought, and the past season was too wet to yield many help-
firl results. (B. G. Peters and A. R. Forster.)

The study of several populations of supposed A?helenahqidcs
?afielirlus has been started. This species is common in decaying
plant material, and the problem is whether, and under what con-
ditions, it can become pathogenic- (M. T. Franklin.)

Two other situations should be mentioned in which the r6le of
eelworms in causing manifest disease is doubtful. First, the in-
vestigation ot Hoplolaimus uuiJormh n Sitka spruce, in collabora-
tion with the Chemistry Department, is being pursued, and secondly,
Iurther advice has been given to Mr. A. R. Bull of the West African
Institute of Oil-palm Research on the eelworms associated with
seedling oil palms sufrering {rom a disease called " Blast ", of doubt-
ful aetiology. (J. B. Goodey.)

EELwoRM PoPrrLATroN Cnexcrs
H eleroder a losto chi e nsis

By arralgement with the Kirton Experimental Husbandry.
Farm (N.A.A.S.) annual samples are being taken from an eighi-
course and a five-course rotation experiment there. These rotations
have been laid dowa by the N.A.A.S. to reduce the eelworm popula-
tion, and we are following the course of its fatl. At Roth'aristed
one complete cycle of the three-course rotation experiment has now
been completed: this year's counts are not yet ava^ilable. (C. C-
Doncaster.)

Eelworm strains lrom eight localities have been used in a pot
experiment to compare the multiplication rates of the strains wien
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cysts of difiering size were used as inocula. The new cysts produced,
also graded by size, and of known age, are available for Iuture use.
An experiment to test the efiect on multiplication-rate of \uintering
cysts outside and in the laboratory, prior to using them as inocula
lor potatoes planted in March and May, showed that the method
of wintering had no efiect upon multiplication rate, but the May-
planted potatoes produced more of the largest cysts, and also more
tubers, than tlose planted in March. (J. J. Hesling.)

H eterodera major
By the kindness of trIr. P. R. J. McMorland, annual samples are

being taken from his fields, near Winchester, to follow changes in the
cereal root eelworm population under various rotations. At
Stoke-on-Tern (Salop), with the valued co-operation of Mr. H. C. F.'
Newton, a micro-plot experiment has been la.id down to study the
rate of increase of H. major over several years, in the presence of
both autumn- and spring-sown oats, wheat, barley and rye. (J.J-
Hesling.)

Hetefidera crwiferae
In a small plot on which crucifers are grown each year to find the

maximum achievable level of popu.lation under field conditions, the
density of eggs and Iarvae per g. of air-dried soil has risen from 12
to 64. (C. C- Doncaster.)

Roor Drrruserr PRoBLEUs

H eterod, er a r osto chi ensi s

Reference was made last year to the tripartite scheme for re-
search into the chemical nature of potato (or tomato) root difiusate;
thisyearwe havecontinued to monitor the charcoal extraction carried
out atReading and to bio-assay numerous fractions produced by Cam-
bridge. Results are now available on the breakdowl of potato-root
diffusate in sand, gravel, peat and clay; breakdown is most rapid
in sand and gravel, and least rapid in peat. It is di6cult to inter-
pret the results, partly o\Ming to the varying water capacities oI
these four materials. Partial soil sterilization neutralizes root
diftusate for a few weeks, after which breakdown appears to be
slower than in unsterilized soil. Moreover, the rate of breakdown is
increased fotlowing successive applications of diflusate. So far as
they go, these results suggest bacterial breakdown, whereas previous
in dl/o tests had shown that bacterial filtration did not materially
delay breakdown. Further investigations are proceeding. (D. \\'.
Fenwick and E. Widdowson.)

Root difiusates from sixteen species of Gramineae, including five
cerea.ls, collected after two and three weeks of grow-th, failed to
stimulate hatching fuom Hetercdaa rcstochietsis cysls. Stimulation
had been observed earlier, in some of these grasses, by both M. J.
Trifrtt and M. T. Franklir, and accordingly the present experiment
was carried out twice, wiih the same negative result. A pre-
liminary comparison of diffusates hom Solatum andigeruu, polato,
and S. demissum showed strong stimulation from all three and
roughty in that order (" roughly ", because no account was taken of
differential root size or grorth rate). Thus, there is no a ptiori
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reason v/hy S. andigenum x S. tuberosum crosses, bred for resistance
to H. rcslochiensis, should not also produce active diffusates, which
would give them a valuable traptropping effect. This would be a
biological altemative to the manufacture and application of artificial
hatching stimulants. (J. J. Hesling.)

Heterodcra cruciferae
A suggested inhibiting efiect of white mustard difiusate on the

hatching of Helerodera cruciJerae larvae has not been confirmed.
Mixtures of mustard diffusate with those of sprouts, swedes and rape-
kalegave larger hatches than any of the.latter without mustard, though
mustard alone was less active than sprouts alone, In the latter test
some cysts were Iound with an external sub-crystalline layer and
some with mineralized contents ; in a few cases the whole cyst was
solid. This occurred mainly in cysts exposed to sprouts difiusate,
and not at all in those from soil leachings. The mineralized cysts
are being examined spectrographically by H. H. Le Riche (SoiI
Survey); preliminary results are anomalous in suggesting both
calcification and silicification. (C. C. Doncaster.)

CHEMTcAL CoNTnoL METHoDs

Pot lests

Annual pot tests of nematicides in glazed pots holding 20 lb.
of soil infested with Helzroderc roslochiensis have continued. Pota-
toes are subsequently grown in the pots to detect phytotoxic or
stimulating efiects, and to show how far the eelworm population
can recover alter a crop.

Analysis of the 1952 results showed that six compounds based on
&hydroryquinoline gave disappointing results even at l0 g. per
pot. Two which were water-soluble gave no kill, and in the otber
Iour, which were formulated with diacetone alcohol, any lethal
efiect was masked by that oI the diacetone alcohol. Two of these
four containing iodine had phytotoxic effects, as measured by length
of potato haukns and yield of tubers.

A number of soil-fumigant tests can be briefly summarized as
follows :

Probit Relalionships. Using seven dosages in two-fold steps
(1, 2, {,8, etc.), probit lines were fitted for D-D mixture and Chloro-
bromo-propene. The fit was reasonably good up to above 90 per
cent kill ; at higher dosages there were more survivors than would be
expected, suggesting that a feu, cysts in the soil are Protected from
the fumieant.

V eniial Difrusion. Using D-D to Iumigate soil in wooden boxes
made up from 2-inch vertical sections (so that the soil could subse'
quently be analysed in 2-inch layers) and lined witb aluminium IoiI,
it was found that the kill was negligibly small in the top aDd bottom
sections exposed to ventilation. Sealing by sprinkling water on
the soil surlace or by covering it with a piece oI aluminium foil gave
only a slight improvement.

Soil Moisture. A dosage of D-D giving a 90 per cent kill in
normal soil gave no detectable kill at all in air-dried soil. Addi-
tional moisture did not signifcantly change the kill from 90 per cent.
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Fiel.d lesl

The co-operative exp€riment with Shell Chemicals Ltd. and the
West Norfo& Farmers' Manure Co., to test the efiects on a potato
root eelworm population of single and annually-repeated D-D
injections at various stages in a five-course rotati6n, ii now in its
third year. In last year's report was recorded the non-significant
kill shown by the soil samples taken in spring 1952, fotlowing
ttre first injeciions of autumn'1951. It is of inter;st to iecord thi?
sarnples taken in autumn 1952, immediately before the second injec-
tions and twelve months after the first, showed a significant averirge
kill of 4l per cent. The samples o{ spring lg53 show reasonable kills
in plots injected twice, and in those injected in the first vear onlv,
but poor kills in plots injected in the second year only. 'It wiu be
interesting if the latter give an improved res:ult in the samples of
autumn 1953. The whole situation suggests the novel idea that a
delay of six montbs in taking soil samples after injection is insuffi-
cient to give a true picture of the kill. (8. G. Petirs.)
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INSECTICIDES AND FUNGICIDES
DEPARTMENT

C. Portrn
Miss Pauline Smith left the department during the current year,

and has been replaced by Mr. R. Bardner. Following visits by
Colombo plan students to the department, Mr. Kirthisinghe of
Cefon, one of the students, arranged to work here for three months.
Mr. Bernet of Switzerland is working in the department for slx
months.

Cnrurcer
Phjtsical chemislry

Particle size attd loxicity ol st s?e$iqns of co act insecticides.
This work has been continued and very nearly completed.
In the past the toxicities of colloidal and crystalline suspensions

of DDT and its analogues have been compared by dipping insects
in them Ior a few moments. After this the insects are taken {rom
the suspensions with poison sticking to them, and are kept for a day
or more till counts of kill are made. The amoults of poison retained
are not necessarily the same for difierent types oI susp€nsion.

Methods have been worked out for washing the poison from
treated iasects and chemically analysing the extracts. In this way
it is possible to ind out exactly how much poison is retained by the
insects. Retention by adult grain beetles (Oryzaephilus suritra-
mensis L.) seems to be purely mechanical, depending on the size
and shape oI the poison particles in the suspensions, and not on
any other properties. Thus, crystals of difierent poisons but of the
same size are retained equally well. Needle-shaped cr,sta.ls are
retained better than plate-sbaped crystals. Poorest retention is
found with plate-shaped crystals oI about 25 F; particles smaller
or bigger than this are retained more efrciently. With some
compounds there is no method for micro-analysis. In such a case
the retention can be guessed by comparison with another compound
that has analysable crystals of the same size.

The results of all comparisons of toxicity already made u'ith
compounds of the DDT type have been corrected to allon'for
differences in retention amongst the suspensions.

When this was done it was found that, although colloidal poison
was always more toxic than the same poison in crystalline form
when the insects were kept cool after treatment, the size oI the
difierence in toxicity still varied Irom one DDT analogue to
another,

Two qualities that might influence the size of the difference in
toxicity were mentioned in last year's Report. If the crystals
of a compound dissolve very slowly (compared with the deposit
from the colloidal poison) in the wax of the insect cuticle, or if the
colloidal suspension gives a deposit on the insects that crystallizes
out slowly, the compound is likely to show a large difierence in
toxicity between crystals and colloid.
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The corrected results oI a great many tests made in the last three
years have now been examined; the only compounds in the DDT
series that show a large di-fference in todcity between crystals and
colloid are those that bave bolh the above qualities. One quality
or the other on its own is not enough; the reason for this is not
clear.

This subject is reviewed in a special article on page 176.
Te Pelalr+/e coefi,cienk oJ bill by rolalile solid insccticides.
The temperature at which insects are kept after treatment is im-

portant in deciding the kill. With contact poisons, lower tempera-
tures a{ter treatment often give higher kitls, i.e., the temperature
coemcient of kill is often negative. With commercial insect fumi-
garts lo\*'er temperatures of exposure sometimes give higher kills,
but this is unusual.

Three volatile solid insecticides (DFDT, r-BHC and aldrin)
were tested against two species of Brain beetle (Oryzaephilus surina-
mensis L. and.Tibolium castareum Hbst.) at two exposure tempera-
tures (30" C. and lI" C.) in simple laboratory fumigation tests.
DFDT killed both species faster at ll" C. than 30'C. ; 7-BHC killed
O. sutinamensis faster at lIo C. than 30' C., but I. caslafleutn faster
at 30' C. than llo C.; aldrin kiled both species faster at 30" C. thanrr c.

Biochemical
The investigation on insect esterases and their inhibition bv

organo-phosphorus compounds has been continued by K. A. Lord ani
C. Potter, with the assistance of D. Holbrook. The comparison of
the relative todcities of para-oxon, TEPP, parathion and two
oI its analogues, reported last year, has been completed. The
inhibitor power of the five poisons has been determined on choline
esterase and a general esterase that does not hydrolyse acetyl choline
derived from each of the four species of insects Blalelf,a getmanica L.
ad':lts, Tenebrio ,nplilol L. adults, D1sd.ercus Jascrarrt Sign. adult
males and Tribolium castsneurn Hbst. adutts used iu the toxicity
tests.

In general, the poisons are more active inhibitors of the enzl'rne
which does not hydrolyse acetyl choline, although this is not so in
every case. The inhibition data suggests that both kinds of esterase
difier from species to species. This work is being prepared for
publication.

Work is now in progress on the variations iu amount and be-
haviour of esterases on difierent instars and species of insects. A
short publication on this subiect has already been made. In
addition, an attempt is beiog made to determine the location o{ the
esterases in the insect tissues, and techniques are being investigated
for isolation of the esterases from insect extracts and studyine tbeir
properties. This work is intended to provide a ba.sis for ihdstudy
of the in vivo action of organo-phosphorus compounds.

In connection with the studies on the action of svstemic insec-
ticides on bees and on the use of systemic insecticides to control
aphids on sugar beet, a little work has been done on the behaviour
and action of organo-phosphorus compounds within the plant.
This work may be extended.
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Organic chemislry
M. Eliott and P. H. Needham are continuing the work on the

relationship between the insecticidal activity and the chemical
constitution of pyrethrin-like compounds, and a publication is in
preparation. In connection with this work two new routes to bio-
logically active compounds of the pyrethrin type are being developed.
It is hoped that it may be possible to produce toxic compounds
more easily by these routes than those at present available, but
the work is not sufficiently ,ar advanced to give details at present.

In the course of this work some pure organic chemistry of general
interest was carried out, of which a short account is given belorr'.

Ultru-dolel absothlion of uttsaluraled compounds rdaled to suacinic
anhydride. In the iteporf for I95t (p. llTj it was stated that rso-
alkvlidene succinic anhvdrides show maximum absorption at
2,fiO ^A. (ethanol), wheieas the corresponding acids Iiave r.-,.
2,20O A. (ethanol). The table belorv shows the ultra-violet absorp-
tion ma-xima of compounds select-ed to investigate this phenomenon.
Since crotonic acid (r*. 2,130 A.) and crotonic anhydride (\'Ill)
absorb at the same wavelength, it is improbable that conjugation
is transmitted tfuough the anhydride (-O-) oxygen in the latter
compourd and, therefore, in compounds (II), (IV), (VI) and (\'ll):
moreover, ).*,. for the svstem MeCH=CH.COR is the same whether
R be (--{H) or (-O-). Again, maleic acid and maleic an}rydride
(VII) have almost the same 1-,, indicating that an endocyclic
double bond does not produce a bathochromic shift in the anhydride.
To eliminate the possibility that an enolic structure, (IX), might
contribute to the absorption spectrum of (II), the infra-red spectra
of (II) and of (VI), which could not enolize, were compared (gratitude
is expressed to Dr. L. Crombie of the Organic Chemistry Depart-
ment, Imperial College of Science and Technology, for these measure-
ments), but no bands in the hydroxyl region were found with either
compound. Woodward (J, Ama- chem.Soc.,1942, 64, 76), collected
data to show that o.g-unsaturated ketones with exocyclic double
bonds had maxina nearer the red than corresponding compounds
without exocyclic double bonds. It appears, therefore, that an
exocyclic double bond coniugated with the carbonyl group of an
anhydride a.lso exerts a bathochromic effect in comparison with
related crp-unsaturated acids and anhydrides without exocyclic
double bonds.

The ultra-violet absorption spectrum of a fulgide such as (VI)
has not been prgviously determined. The very broad absorption
band (r-,. 2,760 A.) is obviously related to the phototropic properties
of the fulgides with phenyl and other aromatic substituents.

The constituents of ?trclhlum f.ouels. Work on separation of the
constituents of extract or pl,'rethrum flowers has been continued.
The technique of displacement chromatography has been applied
to the problem, and by its use J. Ward has separated the four known
active constituents from each other and from some inactive con-
stituents of pyrethrum extract. The separation was achieved by
adsorbing the pyrethrins on activated alumina and eluting with a
solution of stearic acid in normal hexane. A note on the process
has been published. Later work was directed to achieving a separa-
tion on a larger scale. DifEculties were encountered in scaling up
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StructureCompouod

I. isoPropylidene soc-
cioic acid

)*- (r.)
2,210 9,400

I\-

II. isohopylidetre suc-
cinic anhydride

III. y-Eexyl r-Erethyl
itaconic acid

y-Hexyl 7-methyl
itaconic anhydride

Tetrarncthyl fulgic
acid

Vl. Tetremethyl fulgidc

VII. Maleic aDhydride

vtII. Crotonic anhydride

IX.

Mc.
\=q_co,H

Eexyl' IcH,cqlr
Me.

',c=c-co.Hexylt I )O
cH,co/

Mer
/c=C-{orH

Me/ |Me. I\c=c_corH
Md
Me

\c=c-co.My'l\Me, I ;o
-c=c--Co'

Me/

2,250 8,730
(methaDol)

2.350 r 2,600

2,200 15,000

2,190 r2,ll0
2,7A4 1r,600

Relative
LD 60yoslv potency

0.0020 10,00
0.0010 2,000
0.0050 {00
0.0026 769
0.0250 8.0

cH--{o. 2.130 8,0u)
ll )o 2,130 (etheDol)
cH--co/ 10,300

(hexeDe)

UeCH:CH-{q z,t$ 21,00
)o (hei.De)

MeCH=CH-{O/
Me.

\c=c-co.M{l\o
tr:.=c(\ott

the process, but about 100 mg. of cinerin I and 300 mg. oi pyrethrin
I have now been obtained. Certain physical constants of these
materials have been measured and their dinitrophenylhydrazones
prepared. An automatic fraction collector is being built, and the
chromatographic work will be continued as soon as this is completed.
A rough assessment of the biological activity of these four com-
pou[ds to mustard trcelles, Phaedon cochleariae Fab., hx beeu made
by P. H. Needham. Their relative toxicities were as follows:

(:inerin I . .
Plrethrin I . .
Cinerin II . .
Pyrethrin I t

M6.
)6=q-co.nMe,, I

Cx,co.n
Me.' C:Q-Co\ 2.350 t 2,600
Me1,o

cHrco/

-\llcthdn
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BroLocrc,tL
Pyrclhrut

(a) In addition to the work already described on this subject,
members of the department have taken part in a collaborative
study on the insecticidal activity oI strains of pyrethrum. This
work is in preparation for publication.

An estimation oI the activity o{ a strain of flower collected from
Aden has been made by P. H. Needham at the request ol the Colonial
hoducts Advisory Bureau, with results as follows :

P?oiodions of Pyrelhrin I and Pytcthrin II in sarn?le lreatcd
Erlract of froucrs horn Adcn 

%
Pyretbrio I .. 0'35 w/v
Pyrethrio II .. .. .. O.f0 w/v.

Total pyrethriB .. ..
E raet su??ti.d b! Coo?er T.chnicol Bt r.a&

O.5l * /v.

.. 13.67 r,/v.

.. 10.99 w/v.

Total pyretbiins .. .. 24.66 */v-
Relqtioe laaicities cgaizsl Tenebrio molitor

llearared drop, Injection,

.. 0.100 0.120

.. o.r22 0.130
,. 0.950 0.480

PFethriD I
Pyr8thrin II .. ..

Aden extract .. ..
Cooper's extract
Allethrin

ConcentratioEs oI total p]'rethriDs required to Sive 50 P€I cent kill.

(6) A study of s1'nergism of the pyrethrins has been started by
C. Potter, K. A. Lord and D. Holbrook. The object of this work is
to investigate some of the biological and physico-chemical factors
that influence sy'nergistic action and at the same time to obtain
detailed information on the performance of some particular syner-
gists Eith the pgethrins, So far, performance curyes have been
obtained for the slmergistic action of piperonyl butoxide (technical
material containing 80 per cent of 3 : 4-methylenedioxy-6-propyl-
benzyl (butyl) diethylene glycol ether) and Sulphoxide (z-octyl
sulphoxide of rsosafrole) under one set of experimental conditions
nsiig Tenebrio malitar L. adults as test subjects and prelirninary
data using Blaklla gnmanica L. adults a'nd Phaeilot cochleariae
Fab. adults.

Investigations were dso carried out on the synergistic properties
ol M elaleuca bracteala Ntell. oil sent to us from Kenya by Mr.
Gilbert Walker, and a performarce curve has been obtained, using
T. uolil,or adults as the test insect. Further investigations are to
be carried out on B. german:ica tnd P. cochleariae when these insects
become available.

Bioassay t*hniques
Measurd drop and injecticn technique. The range of applica-

tion of the micrometer syringe used for these bio-assay technigues
has been increased by a modification Permitting the raPid reproduc-
tion of doses do\*'n to 0.0OO125 ml., utilizing the clicking device
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described la-st year. A variety of media can be employed with this
apparatus, including water, odourless distillate and acetone.

The use of the 0.000125-ml. drop enabled the aphid Megowa
oiciae Buckt, to be added to the list of suitable test inaects.

Film mathod, for cot tacl Poisons ot glass-climbing insecls. Con-
tact insecticides are often tested bv a film method: a surface such
as paper is sprayed with an insecticidal preparation and then allowed
to dry, giving an even film on t}te surface. Insects are allowed to run
on the treated surface. This method is suitable for flat surfaces and
for insects that cannot climb the smootl vertical surfaces that are
often used to conta.in them on the film.

During the course of his work on particle size effects, A. H. Mc-
Intosh had occasion to compare a number of contact poisons as
residual films, and he and Mrs. Macfarlane developed a-technique
for this purpose which can be used with species of-insect that can
climb smooth surfaces. The technique is also of general application.

An even film oI insecticide is made on a g+m. circli-of filter-
paper. When the paper is dry, it is lolded loosely in half and the
edges lastened together with an Emgee " Multigrip " rotary paper
crimper. A small opening is lelt at one end. Through ihG ihe
insects are inserted into the paper, by way of a glass funnel if necessary,
Fifty adult Oryzaet'hilus surinamosis L. are used for each papei.
The opening is closed by crimping, and the paper is stored it con-
stant temperature. The irsects are quite unable to crawl ofi the
treated surface. The method is simple to use. The papers do not
take up much constant-temperature space; they can 

-be 
stored flat

or upright. Repeated cleanirg of glassware is unnecessary. If
more than one count of kill is needed, the pap€r can be opened and
crimped atain several times.

l'he efect of bio-assay technique on lelotive to*icity. During some
recent routine bio-assay tests on some extracts of-difierent ;trains
of p]'rethrum flowers, for the Colonial Products Advisory Bureau,
in which " allethrin " was used as a standard reference insecticide,
an interesting point arose concerning the difierence in relative
toxicitl, of allethrin and natural pyrethrins when injected and applied
topically.

fhi5 ic row being investigated more fully, and a note on it will be
published in the near future.

Bio-assay of Phos?horus insecticides. Since organo-phosphorus
compounds are being extensively used in the departmental field
experiments, it seemed desirable to have detailed information
on their insecticidal action. A series of laboratory tests have there-
fore been started to investitate the relative ihportance of the
contact, stomach poison and Iumigant activitv of aieries of organo-
phosphorus insecticides witb systemic action including " Svstbx ".
" iso-Slstox ", schradan, " N.C.? " and parathion.

The contact activity of these poisons has been investigated
agaimst Phaedon cochleariaeF. and, M egoura ricia, Buckt., and it is
intended to add also Alfhilobits laevigatus F. arrd, Diataraxia
olqacea L. latyae.

The investigation of all three factors wi.[l be made against
Dialarcxia oleracea L. larvae with which a start has been mide on
stomach-poison tests.

II a suitable technique can be arranged tot fceding known doses
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of poison to an aphid, Megoura oiriae Bttckt, will be included in the
stomach-poison tests.

Toxicily arui percistence oJ insecticidal deposits

Work on this subject was continued by J. Wad and?. F.-Burt
during ttre first balf of the year. Thereafter the entomological side
of the-work was taken over by M. J. Way and E- M' Giilham.

Microscooical technioues were investigated in order to fird a
method ot dbservine thd very small crystals of DDT which have
been used. It was iound that the most satisfactory method was to
mount them ir glvcerol or water and view them with dark ground
illumination. Ii ihis way it is possible to foUow the evaporation of
the crvstals on slides stored for diferent periods.

The deposits formed wben various types of emulsion are sprayed
were studiid. It was found that an emulsion of 25 per cent re-
crvstallized DDT in xvlene gave a deposit with crystals ot about
the same size as thos6 in tEe suspensions previously used The
crvstals aDDeared over a period of about 6 hours from the time of
.oiavine-'ihe toxicitv o:f these deposits to Tribolium castaneurn
fiu.i.,5" both glass aird leares, wai of the same order as that of
deoosits from suipensions and the rate at which toxicity decreased
wh'en the depositd were exposed in a glass-house was also about the
same.

The work described in the Annual Report for 1952 had suggested
that the main cause of loss of toxicity of DDT deposits under our
exoerimental condilions was volatilizrtion of the DDT. Further
evi'dence tbat this was so was obtained by exposing sprayed plates
in a still atmosPhere and in a draught {rom an electric fan.. It
was found that ttre plaies in moving air lost their DDT more -than
twice as rapidly as those in still air. An attemPt- was- made .to
reduce the iate ot evaporation of DDT by mixing it with a resin.
An emulsion was rnade of a solution in xylene of equal weights of
DDT and of " Arochlor 5460 ", a chlorinated polyphenyl resin.
This formulation produced a deposit consisting o[ droplets of a
viscous liquid whi;h did not crystallize even after several weeks.
On e-xoosuie to hieh temperatuies and to sunlight, however, DDT
was l6st at least 

"a-s rap'idly as lrom crystalline deposits.- It is
t housht that a mixture containing a larger proportion ol resrn may
provE more successfirl, and this will be tested in due course.

The nechanism of sel'ection oJ sbains ol insect lesista?tt ti insecticides

F. Tattersfreld and J. Kerridge have continued theit work on
this subiect. Two papErs eivinian account of work carried out
in orevi6us vears hivi beei published it lhe Annals oJ A?plied
Bi,ilogt - ,\ iumber of issues aiising out of previous t'ork have been
examined.

Problems arising from the CO"-sensitivity of. the 
- 
strain of

Brosobhila melanapasler Meig. used have been investigated.
rri A pretiminirv seriesif tests showed that these insecrs could

be ) ionditioned ", i.e., by administering sub-lethal doses of COr,
the insect for a period sho'wed an increased resistance to the toxic
efiects of this gas.
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A more elaborate experiment on a stock of insects which, how-
ever, were not of the highest susceptibility, in which successive
increases in concentrations of CO, were adm.inistered at 24-hour
intervals for four days showed on statistical analvsis that the
average proportion surviving was sigrri6cantly greater than in the
case- of fresh insects. M. J. R. Healy of the Siat-istical Department
confirmed this finding by ihe use of I more rigorous analyiis. Cer-tain other points emerging from our analvses. and those of
M. l. R. Healy, wi.tl need Jurlher investigation.-

(6) A series of respiration experimenti wilh strains of D. melano-
gaslez sensitive and non-sensitive to CO" at temDeratures of aooroxi-
mately 15' C. have not indicated ariy diffeience betweeri'them
in rate- of-respfuation of sufficient signiicance to account for their
marked differences in sensitivitv -to CO". The investisation
however,- showed up grave imperf&tions in ihe ;;e;i 6irtqi;;
employed.

Tests were undertaken tq ascertain whether D. mel,anopasler
could be " conditioned " to the ef{ects of insecticides. The w6rk is
in p-rogress, and data obtained by the application of DDT and BHC
to the adults are being examined. So ffi the results do not indicate
that such is the case.

- We ge being competled to undertake experiments on the effects
of certain environmental factors such as food. etc.. uoon the viabilitr.
ol D. mdanogaster adults and on their resistance^to DDT. pre-
Iiminary investigations have shorn that some of these factors are of
considerable importance, and it is proposed to extend the investiga-
tions.

At Professor L'Hdritier's suggestion we undertook during the
autumn to examine Drcsofhila m.clanataslez Meis. caotured in d"iffer-
ent localities to ascertain how widesiread *as" their susteotibilitv
to COr. Dr. H. Kalmus, of the Gatton Laboratorv. whci t tati-
undertook to arrange the trapping, and Miss I. Kerridse have founi
that such sensitivity is widespread wi th this in-sect, confirming resul ts
obtained by Prolessor L'Hdritier.

Insect rcaring

Fourteen species of plant-feeding insects and eleven species oI
red-products insects were reared -during the year. Foui speciesthe year. Foui speciesstored-products insects were reared

were added to the previous year'ryeart list :- the 
-" 

Khapra " beetle,
i.; the willow aphid. l'uberolachnusTrogod.erma granariim Everts.; the willow aphid. 7'ub,erAiiiiil,

saligna Gmel.: the. ladybird beetle, Coccitrella- sepicmpunctata F-;
purratata is being reardd in
on the Dests oI field beans

saligna Gmel.: the ladybird beetle, Coccitrella- sebicmbunctata i-:
and the wheat bulb fly, Leptohylemyio coarctata Fa|.' C- sebten_
Puu.tala is being rea_red in connection with the fteld experiri.rents
on the pestson the pests of field beans, and t}Ie wheat bulb flv is bei;e reared
in order to provide material for insecticide tests on ihe contr6l of the
insect.

J. Kenten has continued her work oD the faclors influencine
the production of the various forms of the aohid Acyrthosibhni
pisum (Haris), and has made observations throushoit the'vear
on an unidentified species of Phaerobremia (Cecid;mvidae) w"hich
causes considerable damage to the laboraiory culiures'of the
aphid Maoosiphoniel.la saiborni Gill. The foilowins is a shorr
progress report on the observations and experiments oi the biologl.
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oI the four species (a\ Cocinella se?krn|unetala F., (b\ Phaenobemia
sp., (c\ Acyahosiphon fisumHarrii, ([l Lcplofulemyia coarclalaFaJ]. :- (i\ C6ccinehi seftempwtctata F. An attemPt wa-s made to rear
Cocciiu,lha sebternbunctato F. in the laboratory for use as a test
insect for thi stuLCy of insecticidal action. It-was found difficult.
however, to rear the large numbers that would be required for this
purpose owing to the laige quantities of aphids necessary for food.
it was also found that [he adults were very erratic in their egg-
laying habits when kept under greenhouse conditions, which
susee-sts that it mieht b-e difficutt to ensure an all-the-year-round
sui-plv. However, 

-P. Forbes has been able to rear a series of
sii g6nerations throughout the year by keeping some insects at
constant temperatures of 20' C. and 24" C. and under continuous
illumination. 

- It is considered therefore that should this insect be
reouired it could. if necessarv, be reared in moderate numbers
throughout the year, but that ii would not be practical to rear it as

a test insect for general purposes.
ftl Phaenobimia sp. Observations have been made through-

out'tile vear on an u;identified species of Phaenobreuia (Cecido-
mvidael. a oredator of the aphid Mccrcsibhoaiella sanbozzi (Gillette),
w6i"f, iiuri" considerable damage to tha laboratory cultures of this
aphid. The midge larvae were first observed attacking the aphid
cirlture during Miy, and from an initial stock of about twenty larvae
five seneratio-ns of midees were reared in the laboratory, the last
mideis emersins durini October. A complete life cycle took from
four"to five 

"weiks, of-which (very approximately) the egg stage
took four to five dats. the tarval staga eight to fifteen days, pupal
stase thirteen to siiteen davs. The leneth of life of the adults
wd verv variable (probablv due to an imierfect rearing technique)
and mairv died afder one t-o two days; a number, however, lived
{rom Iouiteen to seventeen days, and on one occasion an unfertilized
female lived for twentv-thre'e days. This particular female was
dissected after death anh found to contain l16 fully developed eggs.

No larvae was ever obtained from unfertilized Iemales.
It was not found possible to induce midges to lay their eggs on

bean plants bearine iphids Aqrthosibhon fisum Haris or Aula-
codhaim circumflexvl Buckton.- They would, however' lay their
eess on chrvsanthemum leaves bearing no aphids. and on cotton-
rioil strandi, and the resulting larvae fed readily on A. pisum *td
A- circumfleius, and in both cases adult midges were obtained.

k\ A;lvtho;;bhon bisum Hz;ris- Experiments to test the
effeidof diftereni photo:periods and temperaiures on the reproduction
and oroduction oi varibus forms of the aphid A. fisum have been

disco^ntinued. lt was found that this aphid will readily produce
sexual forms at temperatures below 20o C., if parent apterae are given
a dailv rrhotoD€riod-of 8 hours durine the period from birth until the
last iiri.einal'moult. If, however, parent apterae received a daily
phoiopeiod of 16 hours during this period they pruduced only
'narth6noeenetic forms, In both instances the treatment the parent
lphids rdeived after their last imaginal moult had no efiect on the
oioportion of sexual ofispring they produced. The temperature
ivhich favoured the optimum production of males differed from that
which favoured the 6ptimum Production of females. - l!9 lalgest
numbers of male ofisfring were obtained at 19-20' C. (2G3O per
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cent), of females ar Il-13'C. (50-80 per cent). No sexual forrns
rvere obtained at temperatures above 25-26" C.

The length oI lifi of the aphids increased with decrease in
temperature from approximately twentv-two davs at 2g-jo" C. to
approxim-ately 140 days at 5-9"C. Maximurn repioduction occurredat 19-20" C., where arr average of seventv-seven to eishtv-six
ofispring were p-roduced per parent. Above a;d below this tEmirera-
ture the reproduction dropped to none to sixteen per oareit at
29-90" C. and twenty to -tlirtyJour 

1)er parent at'5-9.^ C. The
ofispring- produced by aphids [ept at- 29-i0. C. from birth were
abnormal, iT that their nymphal-period was frequently prolonged
ano t-bat when mature they were considerably smaller than was
usual-

(dl Leplahylemyia coarclata Fall. An attemDt is beins made to
rcar Leplohykmyia coarclata Fall., the wheat butb flv. in tie labora-
tory on a Iarge scale. Pupae were obtained from Di. H. C. Gousn
of the National Agricultuial Advisory Service, Cambridge, shortiy
before the flies emerged at the beginning of .lune; of thei approxi-
mately 50 p€r cent produced adrilt fli6. These flies were lipt in
the laboratory under a variety of temperature conditions in'two
tlT)es of cages, muslh-covered cages '(2 ieet x 2 feet x 2 feet)
and in cages made from hurricane l"ameela-sses. The maioritv oi
the flies received a diet of three foods:'h6ney, condensed iritt a"O
blood, a number, however, were given other-diets. i.e.. Bolril and
honey, Bowil and condensed milk, condensed milk'and honev
blooil and honey, honey, blood; these Aius ,u".. t"pil" k;;i;;
cages. EggJaying commenced at the besinnins of lulv. ar,'d ""orr-
tinued, in some instances, until October.- The "eees"weie co[ected
every two to three days ard counted. It was foiind that the flies
rn the lampglass cages receiving a diet of the three foods (honev
condensed mi& and-blood) prod'uced manv more ;"; thil ;ili:;
the qles kept in tle large muslin cages .eciivine the-ihree foods or
the flies kept in tie lamp-glass cagei receiving fhe other diets,l.e. :

Eggs pe! {eBale
ll5-242 for dies in lampgla_as cages led on three {oodso-ts for flies in lamir-ilass caies fea on other aijts10-35 for fies in muJli; cages ied on tbree foodj

(app.oxJ

_ The eggs obtained from these flies and from other flies causht in
the field, were placed at a number of conditions of t 

"-ialti- ."atem-perature to find the conditions necessary for optimum suririval.
So far, it has been lound that at temperatu'r"" of iOt C. ana ,Uo""
!f9 "tg" "oon 

become iDfected with rirould, and at B0; C. the eses
did- _no,t develop at all. At relative humiditie" ,f 96 ;; ;H't
and below (at 20" C.) eggs became desiccated and coUaosedl Some
ol the eggs are receiving a variety of temperatule treaiments in anattempt to break the diapause oI'the egg.-

The efecl of llaN-proteetfue chemicak on pollirrating irrsects

- . D. Glynne Jones and J. Connell have continued their work onthis subject at Seale-Hayne Agricultural Collese. The bio_a_sa"ol vanous chemica.ls has been cbntinued, and tf,ose tested indude
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melathon, " Plrolan ", endrin, " Systox " and " N.C.7 " (Peat
Control Ltd.). 

- 
The results may be iummarized as foUows :

mB. /bee
.. 31.6 x loj
.. 137.8 x lf
.. 141.3 x l0-'
,. 147.8 x 1tr3
.. 359.3 x l0-:

mg./sq. cm.
,. 107.2 x lO-
.. 454.3 x l(F5
.. 495.7 x lfi{
.. 512.3 x lr
.. 1230.0 x ltr!

No fumigant or residual contact efiect is to be expected when
these chernicals are used at normal field concentrations.

The possibility of the active ingredient of " Systox " contaminat-
ing nectar following foliar applications has been investigated
using radio-tracer techniques in collaboration with Dr. Thomas of
the Long Ashton Research Station. The rate of translocation
from treated to untreated leaves was shown to be much slower
than for schradan, and the amounts appearing in nectar are very
small. The in!'estigations into the action oI dusts on the water-
proofing mechanism of the honeybee and other adult hy,rnenoptera
has been continued, and are now being prepared for publication.

Evidence has been offered to the Zuckerman Working Party
considering the efiect of todc chemicals on wild life.

FIELD ExPERIUENTS

Conlrol of Aplis f.abae on feld beans

M. J. Way assisted by P. H. Needham continued the work on
this subject. As a continuation of the 1950-52 trials, an account
of which has been sent in for publication, a more ambitious experi-
ment was laid down to compare parathion, " Systox " ard DDT
sprays lor control of bean aphid, Aphis fabae Scop., on ield beans.
Replicated plots of spring and autumn sorrn beans $'ere planted,
and tractor-&awn farm spraying machinery was used to apply the
the insecticides. Unfortunately the aphid infestation did not
develop. Only one insecticide treatment was applid, and this
showed that the spraying machinery, comprising a spray boom
with drop bars, gave satisfactory coverage of the crop. The experi-
ment is to be repeated during 1954.

A small-scale replica of the main field trial was laid out on thc
Garden Plots. Shmbs of spindlewood, the winter host of A. fabae.
were planted near by. These were attacked by the aphid, and from
them many alatae migrated to the beans during June. However,
due to the cold, wet weather, aphid colonies did not build up, and
counts of flower, pod and seed production on sprayed and unsprayed
plots showed that the aphis attack had no efiect on development
oI autumn so*al, and little efiect on the spring sown, beans.

In three small field trials at Woburn and at Rothamsted bean
H

trIalathor (LD5O/24 hours)
" Pwota.n r' :. ..' .. ..
Endrin ..
" Systox " (active ingredieDt)
" N.C.7 "

Contact poison
MalatboD (LDsO/2{ hou rs)
" Pyrolao "
Endrin ..
" Systox " (active ingredient)
" N.C.7 "
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aphis control was attempted with seed and soil treatments of the
systemic ins€cticide " Systox ". The insecticide was applied as
seed &essings or as a soil treatment in the seed drill at the time of
planting in early March. The seed dressings, which comprised
relatively low doses of " Systox ", had no recognizable efiect on the
sma.ll aphid attack which developed in June and July, but the soil
treatment kept the crop practically free of aphids until it was har-
vested in August. It is interesting that all treatments were toxic
to the adult p€a and bean weerril, Sitoza liwata Linn., and markedly
reduced feeding damage by this insect during May.

Ef*t of insecticides on the afhid-parasite-fredalor comllex
In conjunction with the Entomolog-y Department a preliminary

attempt was made to assess the impoi[ance of ccrtain aphid para-
sites and predators in reducing aphid populations on 6eld beanssites and predators in reducing aphid populations on
and on a brassica crop. Laboratory exlxriments s
0.3 per cent w/v. calcium arsenate sprayed on aphid infested
cabbages and field beans had little effecl on Myzus fersicae Sulz.
and n6 efiect on Aphis Jabae Scop. The insecti;ide was, however.
toxic to Braconid parasite adults and to Coccinellidae, especiallv
the larvae. In view of this selective efiect the insecticide was used
to treat small plots of beans and cau.liflowers at fortnightly intervals
from the beginning of June. Predators were relatively scarce, and
no Braconid parasites were recorded on the beans. The insecticide
reduced the Coccinellid population almost to zero, but appeared to
have little efiect on Syrphid larvae. The A. Jabae popdation rose
higher than that of the untreated control plants, butlhe experiment
was spoilt by severe phytotoxicity caused by the calcjum arsenate
during humid conditions in July. This phytotoxicity had not
shown up io the laboratory trials.

On the caulidowers a few colonies oI Brcoicorvte brassicae Linn.
and, M. persi.cae were recorded, but in both tieated and control
plots the numbers fell almost to zero in September, after reaching
a peak of around fifty per plant in JuIy. Occasional Coccinelliii
adults, Syrphid larvae and Braconid parasites were recorded on
clusters of B. brassicae. No Coccinellirl eggs or larvae were found.
It seemed that unfavouable weather was responsible for the
scarcity of aphids, which never beca.me sufficienlly abundant to
attract signifiaant numbers of parirsites or predators.

l|'heat bulb fly
Field trials on the protection of wheat against wheat bulb fly

(Lcflohylemyia coarclata Fall.\ by the use of lnsecticides have hail
little success so far. M. J. Way and R. Bardaer have started work
on this problem. The most promising method would seem to be
the control.of the newly-hatched larvae at the stage where they

exlxriments showed that

closely controlled
enter the wheat seedling. To gain further informati6n under morl
closely controlled conditions than hitherto. a small-scale exoeri-than hitherto, a small-scale experi-
ment is in progress, using wheat planted in seed-boxes. Knbwn
numbers of eggs, obtained from flies kept in the laboratorv. havenumb€rs of eggs, obtained from flies kept in the laboratory, have
been placed in the boxes, and the efficacy of several insectiaides in
numbers of eggs, kept i

various formulations in reducing the number of infested plants is
being tested. For any treatmant to be practical economicallr..
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tle insecticide would probably have to be applied at the time of
ryymg in the autumn to control larvae wliich hatch in earb
February, and preliminary experiments on the effective persistence
of soil insecticides for this length of time are being carried-out. The
possibfity that soil insecticides might have an appreciable ovicidal
action on the eggs is also being investigated. The rate of progress
of the above experiments could be much greater if satilfac1ory
methods ol breeding the flies all the year round in the laboratory
can be devised, and the work on this subject is described in the
section on insect rearing.

Some work is being done on the structure and properties of the
egg-shelt, rvhich may be of use in connection with survival in the
field and the action of ovicides. Histological work is also being
done in conncction with the experiments on diapausing eggs.

Conbol of the t)ectors of potato lirus
P. E. Burt of this department, in conjunction with L. Broadbent

of the Plant Pathology Department, continued the experiments on
the control of virus diseases of potatoes.

In l95l-52 an experiment was carried out in which plots of
potatoes, each contahing some plants infected with leaf roll and
some with virus Y, were sprayed with various insecticides in an
attempt to control the aphid populations and to prevent the spread
of the virus diseases through the crop. The results of these experi-
ments (see Annual Report f952, p, 87) were encouraging, and a
further experiment on similar lines was carried out in 1953.

The treatments used t'ere a DDT suspension, and emulsions of
DDT, endrin, malathon and " Systox ". Nine applications were
made during the period 29th May 1953 to 4th September 1953.
Modifcations were made to the sprafng machine used in the
l95l-52 experiment according to a specification drawn up jointly
by the department and the manufacturers. This has enabled much
better crop coverage to be obtained, especially on the undersides
of leaves. There was a very high aphid population in the control
plots in July, which was efiectively reduced by all the treatments,
" Systox " and endrin being most efiective. For example, the total
aphids count on 23rd July on 120 leaves u'as 3,929 in the control
plots, eight in the endrin treated plots and none in the " Systox "
treated plots.

An estimate of the amount of virus spread will not be available
until next year. Further information on this series of experiments
on virus control is given in the report of the Plant Pathologv
Department.

Control of wiratorms

The experiments started in the autumn of 1951, in collaboration
with F. Raw o{ the Entomology Department, on the direct and
residual efiects o{ a number of insecticides on wireworms have
produced interesting resuits. Large diferences in the residual
efiects of the difierent treatments are apparent in this, the second
year after treatment. The Iollo*-ing figures have been obtained
for the yields in autumn 1953 :
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Yield of grain in aot.la*e, Aulumn 1953
TreatEents

Autumo 1951 : Udtreated S G A
MeaD (+ r.60) .. 21.6' 22.9 3O'2 34.6
Inuease (+ 1.84) 1.3 8.6 r3.0

C D uean
32.9 20.1 26.5
ll.3 5.1

* l: 0.s2.
S : BHC seed dressiBg at 2 oz. per bushel of the &essirg.
G: 3.5 per cent BHC dust combine drilled with seed at 56 lb./acre.
-{ : 1.78 per cent al&ir dust coobine drilled with the seed at 2O0 lb. /ac!e.
C : 5 per cent chlordane dust combined &illed with the seed at 100 lb./acle.
D : 5 per cent D.D.T. dust combitre drilled with the seed at l50 lb-/acre,

These figures show a good correlation with the figures for wire-
worm population estimated by F. Raw, and the comparison is
given in the report oI the Entomology Department. The crops on
the control plots and those originallv treated with dressed seed are
probably no't economic, rvhile"on tfie plots where the insecticides
were drilled in with the seed there has been a marked crop increase,
good crops being obtained with BHC, aldrin and chlordane.
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ENTOMOLOGY DEPARTMENT
C. B. Wrrrralrs

STAFF

During the year J. E. Satchell and M. M. Hosni have left, and
R- M. Dobson has joined the stafi.

M. M. Hosni obtained the degree of Ph.D. at London University
for a thesis on the effect o{ environmental conditions on populations
of insects.

B. R. Laurence (now at Birkbeck College) obtained the degree
of Ph. D. London {or work done at Rothamsted on the insect fauna
of dung.

C. J. Ba*s obtained the dcgree of Ph.D. at the University of
London for a thesis on the efiect oI predators, particularly Cocci-
nellidae and Syrphidae, on populations of the black bean aphis
(Aphis fabae) .

D. B. Long obtained the degree of Ph.D. at the University of
London for a thesis on the efiect of population density on the
physiology and behaviour of lepidopterous larvae.

P. W. Murphy obtained the degree of D.Phil. at Oxford Univer-
sity for a thesis on the r0le of certa.in insects and mites in determining
the fertilitv of forest soils.

Dr. K.-K. Nayar, senior lecturer in t}re Department of Zoology,
University College, Trivandrum, who has been on study leave for
one yei[ for advanced post-doctoral work and trahing, spent most
of the summer here working on gall midges before goirg to Leeds,
Oxford and Cambridge Universities.

Dr. Raw attended the l4th International Congress of Zoology
in Copenhagen and read two papers--" The extraction of small
arthropods from soil samples by a flotation method " and " The
abundance of Protura in grassland ". Summaries of these will be
published in the Proceedings of the meeting.

Errrcr or Wrergrn CoNornoNs ox INsrcrs
(C. B. Williams, R. A. French, M. M. Hosni and

Samira El-Ziady)

The continuous trapping of insects by light traps was brought to a
conclusion in March 1953 and the results included in a thesis by
M. M- Hosni. During the summer a detailed experiment was carried
out to test the difrerences between two types of light traps (the
Rothamsted and the Robinson) and two types of illumination
(ordinary electric light and a mercury vapour bulb) Ior difierent
orders of insects. The mercury vapour lamp, rich in ultra-violet
light, was two to three times as attractiye as ordinary light for all
groups of insects. The Robinson trap was definitely more effi-
cient than the original Rothamsted tlpe for larger insects such as
the Macrolepidoptera, but much less efrcient for the Diptera.
which are mostly sma-ll or very small insects.

Miss Ziady has continued her study of the population of flying
insects at 5 feet and at 30 feet by meals of suction traps, and the
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results oI the past two years'work are now being studied; there is
new evidence of a lunar periodicity of catches in the suction traps.

Ixsecr }ficnerrox
(C- B. Williams and R. A. French)

The most important work during this year was the planning aud
carrying out of a short expedition to the Pyrenees in September
and October to study the autumn southward movement of insects
that had recently been observed in this area. C. B. Williams and
R. A. French, with several voluntary assistants, took observations
at various localities {rom the Meditenanean coast to over 9,000 feet
in the Gavarnie area over a period of nearly six weeks, and south-
ward movements of insects were seen on almost every fine day.
The insects included about ten species of Lepidoptera and fow species
oI Diptera (with others in smaller numbers), but very few dragonflies
were seen. Among the I-epidoptera were large numbers of the
small cabbage white (Piezis rcpae) and the silver Y moth (PlzsrT
gamma'1, lnlb crop pests in Britain and Central Europe. Among
the Diptera were two species of hoverflies (Syrphidae), one a well-
knom predator on Aphididae.

These results are of importance from the economic point oI view,
and also from the scientific angle, as they demonstrate the reality
of the to-and-fro movement of great numbers of species and indi-
viduals of insects to the north in the spring and to the south in the
autumn, much more resembling the migrations of birds than has
been previously accepted.

We wish to acknowledge the receipt of a grant from the New
York Zoological Society, which helped to defray the costs o{ this
work.

EFFECTS oF Popularrox DENsrry oN INsEc'rs
(D. B. Lons)

Further experiments have been carried out involving the efiects
of population density on lepidopterous larvae. The faster rate of
development occurring in crowded cultures vr'hen compared with
their solitary controls is of particular interest. Associations of
as small a number as two larvae of Plusiq gqlt rLo c l result in a
marked increase in the growth rate of the individuals. The egg-
laying habits of the adults are of prime importance amongst the
factors governing larval associations. Eggs which are laid in loose
or tight clusters, such as those ol P. gaima and, Pieris brassicae,
afiord suitable conditions for subsequent larval association, and may
be contrasted with eggs which are laid singly or in occasional pairs.
The larval association of P - brassicae typifies one class of associltion
in which the larvae form dense ma-sses, whilst the larvae of P.
gatnma ill]rsttate the other class, in which the larvae are more
dispersed though still retaining a loose association.

A study has been made, both in the laboratory and in the field,
of some of the factors responsible for the formation and main-
tenance of larval associations. The silk-spinning habit of the
larvae of P. brassicae assists their aggregatibn, wliilst strong gre-
garious tendencies result in the maintenance oI the association
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and the development of a mass feeding and resting rhythm. The
presence of this rhythrn in crowded cultures is probably largell,
responsible for the marked difierence in the rates of development
occuring between crowded and solitary cultures. The gregarious
tendency is weakened by conditions of prolonged isolation,

The larvae of. P. gamma are only slightly gregarious. Larval
aggregation is built up and maintained by the reaction to lanal
proximity which induces feeding. This reaction appears to be more
developed in crowded cultures. Under crowded conditions in the
field the larvae show little teldency to disperse until the iood plant
is completely defoliated. It had previously been observed that a
darkening of larval colour occurred in crowded cultures only, and
it has now been found that this darkening is dependent on a sense of
contact between larvae, and therefore also involves the question of
larval proximity.

GALL MTDGES oF EcoNoMrc IMpoRTANcE

(H. F. Barnes, Barbara M. Stokes, K. K. Nayar and
G. lV. Heath)

The twenty-seventh successive annual sampling of the wheat
on Broadbalk showed that the numbers of larvae of the wheat
blossom midges in 1953 remained at about the same level as in 1952,
in spite of the fact that ten times as maJJy Silodi,l.osis mosd.lana
emerged Irom the l94l-51 samples of larvae in 1953 as in 1952.
However, the ratio of midges to parasites indicated that an increase
may be expected in 1954.

A good start has been made to an investigation into the biology
and host plant rarrge of the Mayetiola spe,c,i* recorded as attacking
the lon er part of the stems of cereals and gasses. A species
obtained from AgloPylon rcpens ltas already been reared success-
fully on several difierent plants, including various species oI Titicum
and also on barley and rye. Tests are also in progrcss on the host
plant range of Mayeliola daclylidis.

Improved techniques to ascertain the incidence of various grass-
seed midges have also been evolved, while preparations have been
made to carry out control experiments in the coming year at the
Grassland Research Station, Hurley.

A successful start has been made in the study of the Lucerne
I*af Midge llaaliella mcdicagi s) by the development of a sampling
technique to ascertain its prevalence in commercial stands of
Iucerne.

The biology of the black medick or " Trefoil " gall midge (Das1'
reua lupttlhtae\ has been worked out, and tests have been made
to see if it would attack luceme. These latter experiments gave
negative results in every case.

It has been demonstrated by inter-mating and breeding experi-
ments that the Shasta daisy midge (Conlatinia chrysanthemil is the
same species as that which occurs on wild ox-eye daisy, and that it
rvill breed on Chrysanthemum cotinaturn and C. Jrulescens. It has
a.lso been shown ihat lhe DaEttcura species recdntly discovered in
wild ox-eye daisy flowers will breed on commercial Esttrer Read.
The survey of the distribution of the gall midges of wild ox-eye
daisy flowers has been extended to include those of cultivated
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Chrysanl,hemum speries, as well as those in the National Chrysan-
themum Species Collection at Wisley and Dr. G. J. Dowiick's
collection at Bay.fordbury. In this way, in addition to obtaining
further information regarding the distribution of the three previously
found primary species, a fourth primary gall midge har been dii-
covered,

Furtler tests have been carried out on the host-plant range
among violets and pansies of the two sryies Dasyneura affnis aid.
D. ttiolae.

New gall midges have been described from the Jew's ear fungus
(Auricularia a*ricula-jrdae) found in Buckinghamshire by Professor
P- A. Buxton, and from lavender, the latter midge was reared in the
south of France by Dr. R- Pussard and is closeV related to the
raspberry cane midge. Two other new gall midges have been
described lrom Colrosma (Rubiaceae) ; they were reared by Mr.
K. P. Lamb in New Zealand.

Among the numerous gall midges that have been received for
identifrcation, perhaps the most inaeresting ones have been several
reared from Myxomycetes by Professor P. A. Buxton. The most
important are undoubtedly the Sorghum Midge and other gall
midges reared from various Sorglrnrz species, Paiicum and Eleuiittc
in flganda, Gambia and Nigeria. The possibility of carrying out
biolo$cal studies on these nidges at RotLamsted is being expiored-
The danger of ttrese midges being transported in infested heads
from country to country ha.s been demonstrated by breeding midges
during April-May and October-December from a-single sm-all head
of guinea corn received from Gambia during the previous December.

APHID PRoBLEMS
(C. G. Johnson, Bruce Johnson, Elsa Haine and L. R. Taylor)
It was shown last year that a principal factor determining

fluctuations in numbers "of aphids flyiig froir hour to hour was th"e
periodicity and rate of moulting of nymphs into alatae. Super-
imposed on this are flight behaviour changes. An analysis of 6oth
these factors, populatibn and behaviour changes, is 6eing made,
both in the laboratory and in the field.

Dr. E. Haine is studying the factors which cause rhythmical
changes in moulting and variation in length of the teneral period
under laboratory conditions, wtlh Alhii fabae, Myzus pirsicae,
Bretkoryne brassicae and. Adelges spp. She is also studying the
take-off behaviour in wind. Contrary to accepted beliefs, it is
found that aphids virill, under certain conditions, take-ofi in wind
well above their own flight-speed.

Mr. Bruce Johnson is working on the interaction of flight and
reproduction and on the irfluence of flight on the behaviour of
alatae Aphis fabae. Young, unflown alatae will not settle even on
the most satisfactory host plants. A{ter short flights the aphids
undergo a behavioural change, and will settle and reproduce. 

- 
The

factors afiecting the rate oabirth oI larvae by aphiils which have
6own is being studied. After the birth of a nuniber of larvae the
llility to fly is lost, and this is coincident with the autolysis of the
flight muscles.

Dr. C. G. Johrson and Mr. L. R. Taylor continue the work on
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dispersal of aphids at high a.ltitudes and on the design and standard-
ization of suction traps for this purpose, It has been necessary to
construct extremely large and very powerful traps in order to sample
adequately the low concentrations of aphids found at the higher
a.ltitudes.

These low concentrations are of great importance when studying
the sequence of changes which occur throughout the day and nighi
in the atmosphere and in the elucidation of factors responsible
for the descent of aerial populations each day and their relation to
weather-

THE NATURAL ENEMIES oF APITDS
(C. J. Banks)

Field studies on the natural enemies of aphids were continued
during 1953, and additional information on the abundance of various
species of predators throughout the year was obtained lor com-
parison with results of earlier years.

Methods of rearing hoverfly larvae (Syrphidae) were investigated
in the spring.

Some of the causes of the high mortality in the field o[ ladybird
larvae (Coccinellidae) have been investigated. Causes of mortality
in 1952 included cannibalism and predation by btds, but a shortage
of food (aphid prey) was not considered a satisfactory explanation.
It was considered, however, that larvae might not reach a food supply
if they should search in an inefficient ma.mer.

Expriments in the laboratory and in the field suggest that lady-
bird larvae, having found a supply of the prey, remain close to it:
but while they are capable of making a thorough search of their
surroundings, they appear to be inefficient in finding the prey, and
this is advanced tentatively as being a contributory caule of the
high mortality of the early-stage larvae.

The beharriour of larvae newly-emerged Irom the eggs has an
important influence on their survival, for some larvae manage to
procure food by attacking unhatched eggs. Such larvae probably
have an advantate over the others if they can live longer and search
a greater area lor Iood. Experiments show that newly-hatched
larvae fed on one egg of their own species can [ive, on the average,
almost twice as long as unfed larvae, and the lifetime is extended
even more by the provision of two or three eggs. This work con-
tinues.

Tnr Ecotocy or tsr Hrrnnoprrne
(T. R. E. Southwood)

Attention has been concentrated on the speties commonly
occurring in bedgerows and the marginal land around fietds; for
it is these sites that provide a reservoir of both the predatory and
phytophatous specles.

Weekly samples of adults and nymphs from a strip of waste
ground in the centre of Great Field have provided detailed informa-
tion on the life histories of twenty species from the families Lygaeidae,
Nabidae, Anthocoridae and Miridae. Samples were also taken
from the margin oI pastures. A large part of this year's work has
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been the identification and description of the various instars of the
n]'rnphs oI these species. Dissections of the last instar nlrmphs
have disclosed parasitisrn by the larva of a Euphorine; ttris *as
frequently of a fairly high order, for example,48 per cent in Ste otus
bitotatus lak. on 6th July from Pastures.

A study of the structue and \pater requirements of the eggs is
being made; and in connection with this is ha-s been fouad that the
structure of the egg is of considerable importance in the higher
classification oI the Heteroptera.

THE WHEAT BULB FLy (Lrtronvte utt,t co-ARcr',[TA F ALL.\

(Barbara M. Stokes, D. B. Long and F. Raw)
Preliminary work was started on breeding a stock of wheat bulb

flies for an investigation into their host plants. Healthy flies were
matrtained on several difierent diets, including one which consisted
of fresh wild flowers and water only, and oviposition continued
throughout the summer,

The wheat bulb fly has been known to occur, though not severely,
on Broadbalk for some years, particularly afiecting the wheat in the
first year after fallow. In preparation for an investigation of the
larval populations of this pest a suwey has been made of the adult
flies in the fields in the Broadbalk area. In late June and early
July both male and female flies were abundant on Broadbalk.
Few males were found outside Broadbalk, and none was found
any.where after the third week in July. During July and early
August, with one exception, the female fly was found on all the
crops examined. Apart from Broadbalk, it appeared to be most
numerous on potatoes and sugar beet.

In the laboratory eggs were successfully obtained from adults
bred from pupae and fed on milk, honey, pollen and water.

Following this year's wheat bulb fly attack on Broadbalk, soil
samples were taken during December from tiose sections of selected
plots which were fallowed in lg53 and those which were four years
after fallow- It is hoped that these samples will yield data on the
extent of egg-laying and the oviposition preferences of the flies.

SorL ARTHRopoD PnosExs
A gricuh*rc (F. Raw, R. M. Dobson and J. W. Stephenson)

The study of wireworm populations on the Ley and Arable
Experiment in Highfield and Fosters field has been continued. The
plots were sampled in September lg52 and September 1953. \\hen
the 1953 samples have been examined the results to date will be
written up.

During April and May a marking and recapture experiment was
carried out on the Ley and Arable Experiment in Highfleld to obtain
data on the abundance of Agrioks adults and their range of move-
ment. Sixty traps were laid out, each consisting of a depression
in the ground filled vdth chopped vegetation from the ptot. The
traps were examined every other day, the beetles marked individu-
ally, and liberated within I yd. oI the trap in which they were
caught. Over 1,000 beetles were caught in this way, and about
20 per cent were recaptured, some up to four times, but the results
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have not yet been fully analysed. It appeared that there were real
differences in population on different plots, and that where there was
a dense cover of vegetation the beetles did not move far.

The Geescroft experiment on the chemical control of wheworms,
carried out in collaboration with Insecticides Department, was
continued to test the residual efiect of treatments apptied in the
autumn 1951. Wheat was again used as a test crop, and as there
had been no appreciable wireworm damage in 1952 the seeding rate
was reduced to 2| bushels/acre to increase the efiect of wireworm
damage. Plant counts made ir the spring showed little efiect of
wireworm feeding, but damage developed later, and was assessed
by visual inspection. At harvest the felds oI grain from the aldrin,
chlordane, BHC and DDT plots were significantly greater than
those from the BHC seed dressing and control plots. Wireworm
counts made after harvest showed population differences which cor-
responded to the difierences in crop yield.

1953 rcsults

Treatmetrt: O S G
Yield oI giain, cwt. /aare . . 21.6 22-g 30.2
Wireworms per sq. ft- .. ll.9 lO.O 3.9
O : untreated

ACI)
34.6 32.9 2G.7
l.o 2.9 3.3

S : BHC seed dressing at, oz. oI the dressing/bushel
G: 3'5o/o BHC dust combine drilled tith seed at 56lb.lacre
A : Aldrin combine drilled with seed at 200 lb./acre
C : Chloldane combine drilled with seed at 100 lb./acre
D : DDT combine drilled with seed at l5O lb./acre

A more detailed account of the yieltls obtained is given in the
report of the Insecticides Department.

A study of the biology of the snake spotted mi[ipede, Blaniulus
guttuJalus, by J. W. Stephenson has contiaued, but has been handi-
capped by the difrculty of obtaining material and of finding the
apparently critical conditions {or reproduction.

Experiments have shown t.hat grassland species of millipedes
prefer decomposing vegetation to fresh material, as do forest
species. The palatability of a particular grass may be difierent
for different species, and difierent grasses may difier considerably
in palatability for the same millipede, e.g., Alofeeurus pralcnsis
is about twenty times more palatable to Cylindroiulus lotdinensis
lhan is Poa annua.

Foreslr! (P. W. Murphy)
Dr. Murphy is at present engaged in anatysing and collating the

data obtained in an investigation oI the meio- or meso-fauna of a
heatl and habitat in the Allerston Forest area, North-east York-
shire. The main proiect has been a soil faural survey of natural
and afiorested heathland. The fauna nere extracted with a splic
funnel extractor, a modified Berlese funnel. The sampling method
consisted in taking blocks from heathland and Iorest sites, and
cutting cores which were placed in the funnels, in an undisturbed
condition. In a previous report reference has been made to experi-
ments to test the eficiency of the extraction method. It is boped
to publish the results of this investigation in the near future.
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A total of fiity-three species of Acarina have been recorded from
natural heatl and and forest plantings in the A-llerston area. This
total includes two new species, two new British records of genera
(Mlcrotydeus and EtpaloPsis\ and 6ve new spocific records. In the
natural and uudisturbed heattrland the most common and abundant
species are Nonarchestcs arboriger Berl. (Endeostigmata), a smatl,
actiye, saltatorial mite, Carabodes minuscnlus Berl., Tectocepheus
oelal*s (l0fich.l and Chamobales sp. (Oribatoidea). When compared
with other habitats, the most striking feature is the small size of the
heathland species. It is noticeable, too, that the Trombidiformes
are frequeotly more numerous than in other situations,

The most imJrrrtant pedological attributes influencing the
fauna in raw humus appear to be pore space and water content.
Although the pore volume of the raw humus layer is usually in the
region of 75 per cent of t]le total volume, much of it is either too
small for the fauna or is occupied by water, and thus denied to these
aerophilous creatures. The apparent density or volume weight of the
raw humus milieu, that is, the ratio between the dry weight of a
given volume of undisturbed soil and the weight of an equal volume of
water, is a useful indication of the pore space available. Table I

TABLE I
A!?a/ent densities, noisture cqblenls a d. lo|ulations of Acarina

attd Collenbola occurrhry in rau hum*i in natural, uttdisturbed
heathJand (lilt* excludd)

Depth
(iDches)q
t-i
l-r*tl-l*

I il-2*

Moistule Moisturc
N umbers- Acari-ua Apparent cratent, cootetrt,
and Crlleabol,. <ftinsity % of fr;h % of lreah

NuEbers y" l9.l..c.l volutie ucitht
4@ 82.1 Otg 16.4 ?O.0
86 ll.6 0.28 0r.0 68.8r0 2.0 0.46 70.t 82.713 2.3 0.45 14.2 10.6
6 r.r 0.80 6r.3 37.1

Norr: These appalent dessities are calculated on the basis of extraction
dried *,eights, and are therelore somewhat higher thatr the values obtaiDed
from oveD dry *eights.

gives the apparent densities of the raw humus covering, and it will
be seen that the ratio increases as one proceeds down the profile.
In animal ecological studies moisture conients are usually exiressed
on a weight basis, but it is obvious that tle apparent ilensity
gradient will afiect these values and give a false irijrression of thi
water regime. Expression of water content on a yolume basis
overcomes this difficulty and indicates that the pore space in part
of the raw humus layei is alrnost completely oicupieil by witer.
The larger populations occuplng a grcater volumt of the drier
raw humus resulting from " cultivation " and the presence of trees
is additional evidence that water is an active competitor for living
space.

From this study it is concluded that the meiofauna of the natural,
undisturbed heathland is composed of large populations with a
relatively small number of small species, rvhici are confned to a
narrow surface and subsurface zone of the raw humus. There
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seems reasonable evidence for stating that water content, lack of
suitable food material and perhaps lack of oxygen {orm effective
barriers to any expansion of the faunistic structure or the appear-
ance of larger species in this biome. These findings cast doubt
on some of the pedological theories concerning the mechanism ol
development and maintenarce of mor raw humus formations,
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BEE DEPARTMENT
C. G. Burmn

GEIiER-ar

During 1953 the work of the department has proceeded along
the lines which have been outlined in previous reports. Members
of the department have given lectures to Scientific Societies, Bee-
keepers' Associations and other organizations, and have taken
part in Summer Schools and similar short courses; they have also
continued to serve oD various committees, such as the Ministry's
Bee Disease Advisory Committee.

A book entitted The Bchauiour ard Social Lile o! Horcybees, on
which he has been working for some time, has been completed by
C. R. Ribbands (la5). This is essentially a reference book, and
will, without doubt, be of considerable value to bee research workers.

A book on the organization and behaviour o{ honeybee com-
munities, The Wotld of the Honeybee, has been written by C. G-
Butler lor the New Naturalist Series (144).

During the year Margaret Ryle resigned in order to take up a
new appointment in Cambridge. At the time of her resignation
the programme of work on nectar secretion, on which she and others
had been engaged for several years, was nearing completion, and it
is hoped that it has now been completed by Elizabeth Carlisle.
Many of the results of t}lis work have already been published, and
others (M. Ryle, 152, 153) are in the press.

Throughout the winter C. G. Butler was seconded to the Depart-
ment oI Agriculture of the Government of Ceylon, in connection
with the Colombo Plan, to give advice upon the development of
beekeepirg and bee breeding in the Dominion. A Sessional Paper
giving the results of these investigations and recommendations for
the luture development of beekeeping in the Island has been pre-
pared (147). During the summer Dr. B. A Baptist was sent over
by the Govemment of Ceylon in order that he might obtain experi-
ence in practical beekeeping and bee breeding.

Brr Brnelroun
Efiech oJ certain araestJplics ot behaviour

During the last few years claims have been made that i{ a colony
of boneybees is moved a short distance whitst its members are
anaesthetized with nitrous oxide they do not, on recovering from
this anaesttretic, show any tendency to drift back to the original
site of their hive, as they would do when anaesthetized with chloro-
form and other anaesthetics. It has also been been claimed that
anaesthesia with nitrous oxide, unlike that induced with carbon
dioxide, does not result in acceleration of the rate of change-over
by individuals from household duties to foraging, nor inhibit the
pollen-gathering activities of established foragers. This anaesthe-
tic, if the claims mentioned could be substantiated, would undoubt-
edly be of considerable practical value, and efiorts have, therelore.
been made to check them.
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The anaesthetic for which these claims have been made was
prepared by its sponsors by adding ammonium nitrate crystals to
the burning fuel in a beekeeper's " pipe " (used on the Continent
Ior producing smoke with which to subdue bees during manipulation
of their colonies). J. Simpson has demonstrated that the active
agent in tbe fumes thus produced, which act very rapidly as an
anaesthetic to bees, is certainly not nitrous oxide, but may be
cyanides [which are, oI course, harmfr:l] and probably also some so
far undetermined substance which appears to be a usefirl anaes-
thetic for bees. He has shown that pure nitrous oxide can pro-
duce anaesthesia only if it is used to dilute the oxygeo in the atmo-
sphere in which the bees are placed to about a tenth of its normal
atmospheric tension at sea-level.

Simpson has found that no inhibition of drifting is obtained by
anaesthesia with carbon dioide, nitrous oxide or the fumes produced
by adding ammonium nitrate to burning smoker fuel; furthermore,
all three of these anaesthetics resulted in foraging bees ceasing to
collect poUen, and dso in acceleration of the histological changes
in the pharyngeal glands of household bees which normally occur
about tle time when they first corurence to forage.

C. R. Ribbands has aiso, independently, carriid out experiments
with nitrous oxide anaesthesia and found that tbe efiect on drifting
is negligible.

In practical, apiary, tests Simpson has shown that when whole
colonies are anaesthetized with the fumes produced by adding
ammonium nitrate to burning smoker fuel they occasionally Iail to
recover (probably on account oI cyanide poisoning), but the results
of his experiments suggest that this danger can be eliminated by
using the minimum proportion oI arnmonium nitrate to fuel necessarJr
to produce anaesthesia. Apart from its slightly toxic effect, this
method, using the minimum quantity of ammonium nitrate trecessary,
appears to be the most efficient and sirnple one so far suggested for
anaesthetizing whole colonies of bees iz slln.

Foruging beharioar

C. R. Ribbands and Nancy Free (n6e Speirs) have continued ther
observations on the behaviour of individual worker honeybees
which were visiting dishes of sugar syrup and have, as a result,
suggested that, although the interplay of choice and memory
enibles a honeybee to exploit her environment very adequately,
she is not an automaton rvho invariablv chooses the best of thosc
crops with which she has become acqriainted. They have found
that even if a bee has become aware of another dish which contains
s1.mp of a higher concentration, she may continue to forage from
another dish to which she is more accustomed. These observations
confirm the existence of an aspect of bee behaviour which is implicit
in earlier work but which has not hitherto been revealed by Ribbands'
own observations, nor demonstrated in detail,

Saarming

J. Simpson has continued his investigations on the causes of
swarming by studying the effects of combining overcrowding oI the
bees in the hive with either an excess, or a deficiency, of brood for
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them to feed. From a preliminary examination. the results aDDear
to confirm the previous'year's coiclusion that \,vhilst ot 

".c.oi"bingof the bees in the hive piedisposes a colony io;;.;;;;"* &
bees to brood has little, if any, such efiect.

The organization of social life

- C.G. Butler has shown that queen honeybees secrete on all parts of
their bodies a substance (" queen substance ") which the household
bees of tbeir colonies urgently seek. This substance is obtained b1.
young worker bees, who happen to be near to the queen at any given
time, by licking her body. Many of the bees that liave iust obtiined
a supply directly from the queen move rapidly over th6 combs ofier.
ing food which contains " queen substance '' to other members of
their colony. In this way " queen substance " becomes widely
shared amongst the members of a colony- As long as worker beei
obtain sumcient " queen substance " they remairi ifibited from
building emergency or supersedure queencells, and from tolerati_ng the
prexnce of eggs or larvae in swarm queen cell cups (or artficial
queen cell cups).

The " queen substance " o{ virgin queens appears to difier from
that of mated, laying queens, but it is probtble that all virgin
queens produce one kind of substance anA that all mated que;ns
produce another kind. The results of exp€riments indicate fl\at it
is appreciation of ttre difierence betweeulhe " queen substances "
of virgin and mated, laying queens, rather than any difterence in
their behaviour, which enables worker honeybees'to distinguish
between them.

It seems probable that the readily demonstrable craving of
workers for " queen substance " is one of the most important faclors,
if not the most important, in the ma.intenance of c6lony cohesion,
not only in honeybees but also in ttre ants and termites. It is also
very likely that it plays an important part in swarming; a tem-
porary shortage of supply or, more probably, a breakdown in its
distribution, leading to the toleration of eggi and larvae in queen
cell cups.

-__I! is h-ope! that th€ results of some parts of this investigation
will be published shortly.

C lustering behatiour

J. B. Free and C. G. Butler have continued their analvsis of the
factors involved in the formation of a cluster of honevbdes- Thev
have been able to verify the fact, first demonstrated by LecomtL
in I950, that if one hundred or more worker honevbees arl scattered
individually in an arena in total darkness they 

-will 
soon al.t come

together to form a single cluster.
The bees appear to cluster together in this way in search of

warmth and food and, if a queen is present, as usiallv occurs in
nature, " queen substance ".' (See Sri:tion on " The oiganization
of social life ".)

Various factors combine to attract the " Iost " bees together,
such as t}Ie fact that the temperature of the incipient cluster is-higher
than that of its surroundingJlif it is not no clusttr is formed, and-if it
exceeds a certain level anv cluster that has alreadv formed tends to
break up), the scent prodriced by the individuals of which the ctuster
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is lormed, and the vibrations produced by the clustering b€€s.
It has been deroonstrated that each of these factors is, on its own,
suficient to induce clustering, even in total darkness. In the Ught,
vision also plays its part in attracting stray individuals tot'ards
an incipient cluster.

It is hoped to publish these observations in detail before long.

Bqmblebee behatiour

J. B. Free has continued his work on ttre behaviour of various
species of bumblebees, with particular reference to the sizes oI the
foraging areas of individuals and their constancy to particular
crops; the nature of the division of labour shown by th! workers
of a colony; and the physiology of caste produciion. He has
shown that it is possible to induCe queen production from the fust
batch of brood produced by an overwintered queen bv providing
her with ample fbod and atiendant workers t ori, oifreitofi"t"-- "

GrNrner Rrsrencn
Red docr lolliraliol

E. Carlisle has continued the work on the effect of fertilizer
treatments on nectar secretion by red clover which was besun bv
M. Ryle and berself. The resulti of last season's field expefiment's
are now being analysed and prepared for publication. Tio papers
on this subject have already been *ritten by M. Rvle 052. l53):

The leld of nectar appears to be the irrincipil limitine factor
in the attractiveness of red clover for honeyb&s. M. R_"vle ha-s
demonstrated that marked variation occurs- in the nectir vield
between clones, and an attempt is therefore beine made bv i. G.
Butler, J. Simpson and E. Tyndale-Biscoe to a-ssds the poisiUilitv
of selecting strains of established varieties of red clovir with i
much increased tendencv to secrete Dectar,

Experiments carried "out in 1952, by the above workers toeether
with J. B. Free, not only contrrm the-need of red clover for'insect
pollination but also appear to indicate that large variations in the
percentage seed set can occur even with a population of honevbees
larger than that required to pollinate all 

-th! florets. Befoie in-
vestitating the causes of such variations, it has been necessary to
carry out furtler experiments to eliminate a possibilitv that ihe\.
might have been due to constriction of the clovei heads b.i. the musliir
bags which were placed over them. During lg53, therefore. a studv
of seed set variation has been made by imethod which does no't
involve bagging the heads. The resilts app€ar to confirm the
presenrce of variations in set even when excess honeybees are used
to pollinate the flowers.

A comparison is also being made by f. Simpson between the
proportion of florets in which seed is set-oi waterid and unwatered
plots of red clover. On account of the wetness of the summer of
1953, it is doubtfirl whether any di.fierences will be demonstrable.

Quem idroduction
As a result of his earlier work nith J. B. Free on the wav in which

the worker bees of colonies respond to intruding workers t(orn otfrli
colonies (see 1952 Report) and his own work-on the existence of

I
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" queen substance " and its importance in the maintenance of colony
co[esion and organization (see Section on " The organization of
social life "), C. G. Butler his suggested, as a working hy'pothesis,
that the following points should be observed when introducing to
colonies mated queens, oi any age or strain: (a) the colony to be
requeened should not be left {ueenless for more than a few minutes;
the new queen should be introduced directty the old queen has be-en
removed.- The bees must not be allowed to sufier even temporarily
from a de6ciencv of " queen substance " if it can be helped. Ex-
periment has shown that the longer the interval between the
iemoval of the old, mated queen and the introduction of a new,
mated queen, the greater the chance of failure. (6) The new queen
should be introduied alone, without attendants. The presence of
attendants with strange body odours probably tends to alert the
bees of the recipient c"olony, 

-and 
this fray leaa to difficutties. (c)

Idea-Itv the ouee'n should bi released (bv the bees) from her cage an
hour 6r so aiter introduction, by which time any alertness caused
bv disturbance should have diid dorvn. 1d) Nb food should be
piovided in the cage. The proper lood for a mated queen is almost
iertainlv brood-food. and thi bees will provide this if the cage has a
taree m'esh and is placed amongst beei of the right age' (e) The
cae-e should be pliced between combs containing the youngest
la&ae in the hive,^as it is here that the nurse bees, who are producing
brood-food. congreeate. ( f) The mesh of the wie-gauze of the cage
must be laige (5imm.) io that the nurse bees can feed !l'e q'9en
and can liclihei body, aird thus obtain " queen substance ". (g) A
cotonv should be lefiundisturbed for at least four days after a queen
has b'een introduced in her cage, otherwise there is a stigbt risk of
her being " balled ".

The iaee suggested is made entirely of wire-gauze, and has one
ooen end. - Thdooen end is covered with a single thickness of news-
o2r.oer after the qrieen has been placed in it and just before it is put
lnionest the be& of the recipient cotonv. It has been found that
the te"moorarv reduction in ihe a.moun[ oI 'queen substance " in
circulatibn bifore the queen is released from ttre introducing cage

sometimes leads to the-Iormation of a few emergency queeu cells.
However. exoerience indicates that these may salely be igaored, as
the bees will'destrov them after a dav or two, when, presumably,
the suDDlv of " oueen substance " bas retumed to normal aga.in.

Soiir, ZgO mated quee.ts, including nearly I00 that had been in
the mail or caeed in the laboratory for anlthing up to 6ve days,
have been intioduced by this method, with the loss of only one.

With the aid of a number oI beekeepers it is hoPed to carry out
further trials of this method during 1054. A preliminary report is
being prepared for Publication.

BEE DISEASES

N osema disease

L- Bailev has continued his work on Nosema disease. He has
demonstratid that if the adult bees of an infected colony are trans-
ferred entirelv on to clean comb-foundation early in the active
season, the disease will be eliminated from this colony by the
following sPring.
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It now seems quite definite that Nosema disease is carried over
in a colony from one year to the next on old combs, and that in-
fected bees do not transmit this disease to any significant extent at
those times of the year when they can fly freely (150).

Successful attempts to fumigate combs and kill all the contained
Nosema spores have been made at room temperature, both with the
vapour of formaldehyde and with that of acetic acid- After
exposure to ttre air for seven days combs that have been fumigated
in this way did not appear to have any harmful effect upon the
adult bees, or brood, of the colonies to which they were given.

The large-scale field experiments using the drug fumagillin
against Nosema have been continued. It has been found that
spread of the disease within overwintering clusters of be€s, and the
conta.mination of their combs with faecal matter containint spores
of the organisms concerned, can be efiectively prevented by feeding
colonies with this drug in the autumn. Colonies treated in this way
appeared to be healthy by the following spring, but subsequently,
some mild relapses took place as brood rearing developed and the
brood area exparded over comb which had not been completel]'
cleaned of Nosema spores during the previous season.

It appears that the autumn is the optimum time of year Ior
treatment of colonies with fumagillin, as the combs are in their
cleanest condition at this time. The few bees which are still dis-
eased are cured by the drug, and thus prevented from spreading the
disease during the winter. Spring or summer treatment with fuma-
gillin does rrot appear to be satisfactory, as the bees are cured only
temporarily, and infection of the combs remains the same and the
disease follows its normal course when treatment is discontinued
(l4e).

Nosema infection reduces the proteol1.tic activity of the ventriculus
of the adult bee, and also reduces the bufiering power oI the contents
of this organ in the alkaline range- The inorganic phosphate
content of the ventricular lumen increases signifcantly when
infection develops, due presumably to the lysis of intracellular
granules oI calcium phosphate. The bufieriug power of the mid-
gut of the honeybee in the alkaline range is not, tlerefore, due to
inorganic phosphate, as has been suggested by earlier workers.

Other d.iseases

Work on Amoeba, Acarine and European Foul Brood diseases
has been continued as opportunities occurred.

BEE BREEDING

E. Carlisle has now completed a detailed biometric study of the
honeybees of Europe and the Middie East. A few specioens of
Apis dorsal.a , A . f.oreo arl,d A . indica have also been examined. The
results of this work are being prepared for publication.

The production of queens oI selected strains for trials has made
considerable progress during the past year. Mated queens have
been sent to a number of County Beekeeping Instructors and others
who have kindly agreed to help with this work.
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. STATISTICS DEPARTMENT
F. Yerrs

There have been no major changes in our lines of work during the
vear. but the oossibilitv of utilizins modem electronic methods of
iomputation ii under ictive consideration. M. J. R. Healy and
D. H. Rees attended a course on programming methods for elec-
tronic machines held at the Mathematical Laboratory, Cambridge.

A new temporary buil<ling adjoining Rivers Lodge, sanctioned
in 1952, is now alirost complete, and will provide much-ueeded
additional accommodation for stafi and temporary workers. The
Hollerith equipment will also be transferred to this buildint Irom
its rrresent cramoed ouarters.

h. Y"t". 
"p"tit 

t o months in India advising the Indian Council
of Agricultural Research on the developmeqt of their Statislicd
Branah. This work rvas sponsored by the Food and Agriculture
Organization of the United Nations, and was carried out in co-
operation with Dr. D. .1. Finney of Oxford. who spent a year in
I;rdia (October 1952-August 1953). A report on this work is now
almost comDlete.

D. A. B^ovd acted as consultant on experimental desiga to the
F.A.O. Wori<ing Party on Mediterranean Pasture and Fodder
Development, and spent six weeks (October-November) in Rome,
Greece and Cyprus. G. E. Hodnett was one of the instructors at
the African Training Centre for Agricultural Statistics at Ibadan,
Nigeria, which was conducted jointly by the Colonial Oftce and
F.A.O. The course lasted for eight weeks (Ju]y-September), and
was bi-lingual (English and French). Hodaett was responsible
for giving the lectures on sampling methods in English and for
adviiine on the application of these methods to problems of local
importance. A duplicated set of lectures in summary form has been
issued bv F.A.O. (I77).

F. Yates, M. .I. R. Healy and F. B. Leech attended the 3rd
International Biometric Conference held at Bellagio from Ist to
itth SeDtember, and F. Yates also attended the 9th lnternational
Genetiis Congress (also at Bellagio) and the 28th Session of the
International Statistical Institute from 7th to l2th September in
Rome.

F. Yates was awarded the Weldon Memorial Prize by the Univer-
sily oI Oxford for outstanding work in biometrical science.-M. 

H. \('estmacott was Sranted leaye of absence for six months
to ioin the Everest Expedition.'Eight temporary ivorkers were accommodated in the depart-
ment during tlie year, two from Great Britain, flve from the Colonies
and one {rom Greece.

DBsrcN elo ANArysrs oF EXPERiUENTS

Work has continued on the problem, outlined il last year's
report, of deciding what amount of experimentation is economically
iuitifed when questions of immediate Practica"l importance have to
-be 

settted. A lairly full investigation has now been completed by
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P. M. Grundy, M. J. R. Healy and D. H, Rees of the case in which a
decision has to be reached whether to adopt some new treatment of
the all-or-nothing type and there is only time to carry out one
further batch of experiments after the initial experiment. This
situation is somewhat similar to the double-sampling technique
used in industrial quality control, but our approach has been difier-
ent. Given the cost of a unit of experimentation and the gairr
resulting Irom a given difference between the old and the new
treatments, it is possible to determine on the basis of the estimate
provided by the preliminary expenment whether to carry out any
further experimentation, and if so, how many experiments should be
undertaken. A paper outlining the lesults of this work was given
by Healy at the Biometric Conference. The solution of this prob-
lem has indicated that our previous ideas on the fully sequential
problem in which units of experimentation are successively under-
taken until a decision is reached require reconsideration, This
problem is now being actively pursued.

A number of long-term Rothamsted and Woburn experiments
are now reachiag the stage s'here tleir termination or modification
has to be considered. The three-course rotation on the efiects oI
ploughing in stra\rr' was re-designed at the end of 1951, and the
four- and six-course rotations are now under consideration. A plan
for the re-design on modem lines of the rotation experiment laid
down by Lawes and Gilbert on Agdell Field has been drawn up,
but has not yet been put into operation, as certain irregularities on
the field due to acidity have first to be corrected. Various ottrer
problems in t}le analysis of long-term experiments have been
atudied, and a paper has been prepared on the analysis of experi-
ments containing difierent crop rotations (168).

There has been the usual volume oI routine work on the design
and analysis oI held and laboratory expriments for Rothamsted
and otler research stations and Ior the National A6ricultural
Advisorv Service.

The Unit of Animal Experimentation has been fuIly occupied.
We have continued to assist various research stations and N.A.A.S.
farms in the planning and analysis of their experiments. F. B.
Leech's report to the Agricultural Research Council on the efiects of
thyroxine and iodinated casein on lactating cows has now been
published (165).

Sunwvs exo Oprntuoxer RESEARcH

A survev of hitl and livestock rearing farms has been begun
in Wales and the Welsh border and in marginal and upland areas
in Northern England, Yorkshire, Lancashire and the South-west.
D. A. Boyd and B. M. Church are in charge of this work. This is a
follow-up of the survey of marginal land which was undertaken in
1949-5o. The object of the present survey is to find out how Iar
improvements based on assistance given under the Hill Farming
anil Livestock Rearing Acts have afiected the production, economy
and working conditions. The surveyors are also estimating the
scope for fuither improvements. Since most schemes are not yet
completed, the present work will provide only a provisional estimate
of the vdue oI improvements, and it is planned to revisit the farmeE
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in four or five years' time to estimate the full efiect. In addition
to a random sample of improvement schemes, all those farms which
have had schemes accepted under the Act are being visited, and
further records are being taken covering areas of land which were
already improved in 1949 to assess the long-term value of land
improvement. The field work is now in progress, and it is antici-
pated that this suwey wi.ll be completed by June 1954.

A survey of fertilizer practice has been carried out in eight
districts. These districts were mostly new to survey or had not
been suweyed for many years, and were chosen because of tleir
particular interest to the advisory chemists concemed. A report is
almost complete, except for one district, from which results have
not yet been received.

The results of the 1952 survev of rabbit damaee to wirter wheat
were examined, and a paper has"been published 1iSe1. The survey
gave the following estimates of losses in yield :

hovince
Eastern.-
East Midlaod .. ..
Sou th -eastem (Readiog)
Soutb-€astertr (Wye) ..
West Midland .. ..
South-westertr .. ..
Allproviac€s .. ..
Ketrt, spring wheat, 1050 22 16.7

Meaa yield Estimat€d teduction
ovcr all ploB, ia yield of train,cwt./acre cst./acle

26.6 l'7 + t.423.A 2.1 + 1.325.? 1.0 + 1.6
20.8 1.9 + r.E
21-S 1.2 + r.02t-0 r.6 + r.0
23-6 1.0 + 0.5

NuEbGr o,
sit€s

l6
2l
2l
l1
23
26

ll0
3.0 + 0.7

A close correlation was found between the rabbit grazing observed
in-January and ttre find loss of yield, as is shown-in the following
table :

Fetrced uor"Tff 
Yi"rL" 

oo oor"o".aplots plots plots
ExteDt of rabb-it Percetrtage (cwt. p€r (c-t. per (cwt. pet
gnMrnt lo Eeld ot sitas acre) acre) acre)
NoDe ,. .. 30 26 26 0
Sright .. .. 36 26 24 IModeate .. 21 25 21 1Severe.. .. l3 20 16 1

This provides satisfactory confirmation of the validity of the
survey methods.

On the animal side F. B. Leech has continued his work in
collaboration with F. W. Withers on the survev of diseases of dairv
cattle carried out under the direction of the Vdterinarv Laboratorri.
Weybridge. This suwey has now been extended to cover part 6f
Devonshire besides being continued in Surrey, Berkshire anti Witt-
shire. The Ministry of Agriculture, Northern Ireland, are also
about to investigate diseases and husbandry practice of cattle,
sheep, pigs and frultry. We are assisting in- tlie planning of this
survey.

The survey of bloat carried out in Wales during lg52 has been
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analysed and briefly reported on, and further work has been carried
out in 1953. The results of this are now awa.ited.

We have co-operated with the Yeterinary Investigation Officer
at Leeds i-n the planning and survey of inciddnce of loss in pregnant
ewes in Yorkshire. The results of this survey are now 6ehg
analysed here.

We are also assisting variorrs ot.her departments in the plannhg
of surveys and the analysis of the resulting data.

On the methodological side B. M. Ctiurch has carried out an
investigation into t}Ie errors obtained in past survevs of fertilizer
practice with a view to improving the efficiency of desigrr and estima-
tion p_rocesses. A paper has been prepared and is now being
revised.

D. A. Boyd and W. J. Lessells have carried out a reyiew of
Iertilizer experiments on grassland, and a paper oD this subiect was
read to the British Grassland Society at their December heeting
(158). They have also summarized all available experiments on thi
efiect of seed rate on the leld oi potatoes (157).

A paper by G. V. Dyke and P. R. D. Avis has been published on
estimates of potato lelds by sampling methods, based on the results
of the survey oI maincrop potatoes (161).

In the second editiola ol Samllirg Methods fm Censuses anil S*t-
wys (155) a method of sampling-lattice sampling-was described
by which the efiects of two or more cross classiEcations can be
simultaneously eliminated. H. D. Patterson carried out aa in-
vestigation into the appropriate methods of estimating the errors
in the more complicated applications oI this type of sampling
(r67).

F. Yates and P. M. Gruady carried out an investigation into
selection vrithout replacement from within strata with probability
proportional to size (l7l).

CotoNrer Wonx
G. E. Hotlaett has continued his work in advising and assisting

workers in all parts of the Commonwealth in statistical problems-.
Five colonial workers have stayed in the department for periods
of up to two months, and twenty others have paid brief visits.
As already mentioned, Hodnett assisted in ttre African Trainirg
Centre for Agricuitural Statistics at lbadan. Reports on thi
analysis of sugar-cane experiments in British Guiaua, Mauritius,
Barbados and Antitua have been sent to tlre Colonial Office (178),
aud a combined paper is being prepared for publication. Hodnett
also assisted D. H. Constable of the Rubber Research Institute of
Ceylon in the preparation of a paFr on a manuring experiment on
rubber (160).

OrHrn Wonx
The lourth edition of Slalislical Tabks Jor Biohgical, Agticul-

hual atd M cd.ical Rescazclr appeared during the year (156).
F. Yates, D. J. Finney and V. G. Panse prepared a joint paper

on the responses of food grains to fertilizers in India, srimmaiizine
the readiJy available experimental results (170). Yates gave an
address to the Indian Society of Agricultural Statistics on the wider
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aspects of statistics, in which he &ew attention to the important
contributions that cao be made by statisticians to the planning of
research and the utilization oI the results in Dractice (169).

F. B. Leech assisted A. B. Patersori of thb Veterinarv
Laboratory, Weybridge, in the analysis of an experiment on tubei-
culin reaciion iri the -guinea-pig, and a joint paircr is in the press
(166).

M. J. R. Healy has contributed a chapter on biological assay
to a new text-book on Mdhods ol Plant Analysis. in which he
discusses direct, parauel line, slope-ratio and pr6bit assays, giving
the appropriate statistical techniques and some suitable experi-
mental designs (163). Iu this field oI work he has deyised a method
of evaluatin€ tests of fly-repellant sprays. In a common technique,
sprayed and unsprayed mice are exposid to Stamaxys flies, and c6m-
parisons are made on the basis of the proportion -of 

flies attacking
the mice. The attack rate may vary r,r.'idely from one occasion
to another, and the problem tai' in finaing iome stable basis for
comparison (f62). Jointly with c. V. Dyle, he has described a
method for solving to three-figure accuracy large systems of normal
equations- that arise in survey analysis, using only a Hollerith
sorter and tabulator (164).

As usual, a large number of papers have been referred to the
department for reifereeing; duri;g 1953, forty-one papers were
received. The work involved is very considerabie, as theitatisticd
analysis and presentation are often very unsatisfactory, and direct
collaboration with ihe authors is frequently necessary in order to
efiect the required revision.
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FIELD EXPERIMENTS SECTION
The following members of the stafi, who constitute the Field

Plots Committee, are responsible for planning and carrying out the
protr:[nme of field experiments: E. M. Crowther (Chairman),
H. Y. Garner (Secretary), L. Broadbent, H. H. Mann, J. R. Mofiatt,
F. Raw, D. J. Watson and F. Yates.

The number of plots comprised in the field experiments at
Rothamsted and Woburn in 1953 rvere :

C t a s si c o I ., PcTirnznt s
Rotbr,mstql .. ..
Wobura

Long+ariod c,pcrin 2n,s
RothaEsted .. ..
Woburtr

Anfi.al ,r?.imcnts
Rothamsted .. ..
Woburtr

Grazirg Total
250
3A

s0 r,007
12 611

Total .. .. 1,231 1,072 422 108 2,833

Some of these plots were put down on behalf of certain of the
scientific departments for observation only, but 2,593 v/ere carried
through to the harvesting stage and weighed. In additiou to the
above, the farms accommodated some 600 microplots at Rothamsted
and 100 at Woburn. Most of these were preliminary experiments
carried out, observed and recorded by laboratory workers, ln
addition, the farm provided uniform areas of commercial crops,
which were taken over, treated and intensively studied by the
biological departmen ts.

The weather conditions affecting agricultural operations are
described in detail in the farm report; the fotlowing brief notes
put on record the main features of the season 1953 to provide a
general background for the year's experimental work.

Regarded from the point of view of the preparation of seedbeds
and drilling of winter wheat and beans, the last two months oI
1952 were distinctly unfavourable. November was 4" F. colder
and also l'2 inches wetter than average, and similar conditions
persisted in December. The consequence was tlat on some fields
drilling was late and seedbeds were rather poor. In these circum-
stances germination was slow, and very little grorth occurred
during the winter. Late drilled beans were badly damaged by
birds; on the other hand, beans ploughed in earlier made good
croPs.

In tle spring conditions improved. There were light showers,
but practically no very heavy rain. Snow stood for ten days in
mid-February, and then ar unusually dry period set in, with prac-
tically a complete drought from the middle of February ti.ll t-he third
week in March, with many ground frosts. The result was that the
land worked down for spring seedbeds unusually well; even the
deep-ploughed plots on the cultivation experiment gave mellow
tilths. Sowing commenced at the end of February, and continued

Roots
i2

320
314

302
a1

Giain
l3l
36

336
133

5S0

Hay

:

258
55

64 062
61
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without a check under ideal conditions. In spite of arr excellent
start, early growth was somewhat slow, owing to cold nights and
dry soil. Growth responded to tfre milder amd moister conditions
in April and more so in May, which was warrn, bright ard rather
dry. Thereafter followed a " roots and grass " summer. June
was cool, very dull and drizzly rather than excessively wet; July
was very wet, with 3.8 inches, and also deicient in sunshine, towards
the end of the montl there were heary falls, which lodged some of
the cereal plots, in particular the barleys in the High.field experiment.
The first fortnight of August was dry, and corn harvest made good
progress in spite of some lodged crops, but before the end a wet spell
set in which delayed operations considerably. Potato harvest
commenced in the last week of September, and a heavy crop was
lifted \i'ithout a check urder ideal conditions, wittr the soil much drier
than usual at this time oI year. A {eature of the autumn was the
warm growing weather, which enabled the roots to make con-
siderable progress in October, and gave a remarkable germination
of weeds and shed corn on the stubbles.

THE CLAssrcAL ExrrnrurNts
Owing to persistent lyet weather, Broadbalk was not sown till

Ilttr November on a seedbed that barely covered tle seed, and it
was mid-January before the rows y/ere visible. Section I nea.rest
the farm, carrying the second crop after fallow, was a good plant,
and looked well throughout the season, but on the remaining
sections the plant was much thinner tlan usual, and poppies,
buttercup and bent grass were conspicuous. On Section II, first
crop after Iallow, t}re stand was particularly thin, so much so that
the south side of the section from Plot l0 onwards when inspected
in April could for a.[ practical purposes be classed as a Iailure. In
this badty affected area the only plot which appeared to be rather
less damaged than the rest was Plot 15, which received all its
nitrogen in the autumn- The cause of the damaEe was wheat bulb
fly, a pest ttrat had been noticed on several occasions on Broadbalk
since fallowing started, and was very prevalent indeed in the Eastern
Counties in 1953. In spite of the miserable appeararce of the after
fallow section in spring, the surviving plants tillered out and made a
remarkable recovery in summer, and by harvest there was the
promise of a fair crop.

WiJd oats appeared to be diminishing slightly, thanks to the care-
ful and systematic hand-pulling that has been carried out on Broad-
balk for several seasons. On the other hand, leguminous weeds,
chiefly trefoil and vetches, were particularly bad oi Plot 5, minerals
only, where the wheat was practically choked out by them. These
weeds are beginning to spread to the neighbouring Plot 6, which
receives only a small dressing of ammonium sulphate in addition
to the mineral manures-

Hoosfeld
The classical barley ground broke down in early spring to give

an excellent seedbed, but in view of the very heary infestation of
wild oats in the previous year it was decided to leave the land
unsown as long as possible in order that some wild oats mkht
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germinate and be destroyed by cr:Itivation. This was done, and
the barley was not sown till 9th April. A good plant was obtained
on all plots, but seedling growth was slow owing to Iow temperatures.
Later wild oats appeared in quantity. and by the beginning of July
they had iopped the crop and spoiled the appearance of the field.
The state of the plots was carefuUy considered. Itwas clear that the
lelds would have little value, so the most useful course would be
to cut and cart the whole crop green before any oats had time to
shed. This was done in mid-July. The spread of acidity in Hoos-
ield is becoming still more noticeable. In particular Plots 5A
(complete fertilizer with sulphate of ammonia) and 3A (complete
fertilizer without phosphate) show extensive central areas dominated
by wild oats. The soils of these areas have been sampled in detail,
and are under examination,

Barnfpld
The season was particularly favourable for roots, and the field

was sown on loth April, on what, by Barnfield standards at any
rate, would be called an excellent seedbed. The plant came well,
and was kept growing by well-distributed summer rainfall. At
lifting time the crop looked heavier than for many years, the com-
pletely manured plots carrying some very large roots indeed. The
plant population, while fairly good, varied considerably from plot
to plot, the thinnest plants being found on areas receiving ammonium
sulphate, and probably now becoming acid in patches. The field
has been thoroughly sampled in order to determine the pH distribu-
tion by individual plots. Judged by the appeararce of the plants
when in firll growth, the superiority of nitrate of soda over the
corresponding sulphate of ammonia plots was not striking, t}le
nitrate plots being poorer and the ammonia plots better than usual,
an effect probably related to the wet summer. In the matter of
disease, the main pest, both in mangolds and sugar beet, was man-
gold fly, but the damage, though widespread, was scarcely enough to
be serious.

Park Crass

Growth was late to start, ow"ing to the dry cold weather in
spring, when only Yorkshire Fog on the acid plots was at all con-
spicuous. Later the weather was much more favourable, and the
yields promised to be above average. A feature of the season was
the appearance of Yorkshire Fog in quantity on the limed ends of
Plots 11, and lt"; this had been gradually building up for several
years, but was most noticeable this summer, rendering the contrast
in species between the limed alrd unlimed ends of these plots very
much less striliine than usual.

Owhg to shoiery weather, the plots were not cut till mid-July
and baled under rather bad conditions. The second growth was
lighter than usual.

Agde

This field was drilled with barley in 1953 according to the
standard rotation, but the plots were very exhausted, having
received their last manuring in 1948. It was originally intended to
harvest the barley in a large number of small plots to test the
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uniformity of the various sections in preparation for a new long-
period experiment based on the former treatments. As it tumeld
out, the grow.th of barley was so poor that this scheme was aban-
doned and the usual six plots were hawested. There was a unilorm
plant over the whole area in tlre seeding stage, but by early May the
side after clover was showing phosphate-deficiency symptoms, but
these did not appear on the side following bare fallbw, wfuch was at
this stage a better green colour and showed stronger grourth, A
month later the position of the two halves was reversed : the fallow
side showed extreme nitrogen starvation, while the clover side
\r'as a much better colour, except in one corner of Plot 2, where
extreme acidity had stunted tle crop. Later the barley on ttre
acid areas r,lzs largely suppressed by weeds and worse ihan t.he
unmanured. A detailed soil examination of this field has been put
in hand.

LoNc-PERroD ExpERndENTS
The long-period experiments were contiaued. The four-course

rotation started in 1930 to test the residual values oI organic manures
and phosphatic fertilizers completed its twenty-year iycle in 1953,
and is being worked up and summarized. A modified scheme of
treatments for the continuation of this experiment is being worked
out,

D e e!-cullir al,ion rotation
This experiment, testing the cumulative efiects of deep and shallow

ploughing, was continued Ior the tenth season. The dEep-ploughed
plots have now been moved to full depth on five occasioirsl bui the
light colour and lumpy tilth of these plots after deep ploughing is
still noticeable. All the cereals looked better in spiing -on the
shallow-ploughed land, but on wheat and barley tle position was
reversed bv harvest-time, while on oats the su6erioritv of shallow
ploughing -persisted. 

The effect of dung applied to ihe previous
root crop was clearly seen in the vegetative growth of oats and
barley- The deepploughed land lay very rough for sugar beet,
but the clods crumbled dom very well in spring and produced a
finer and cleaner seedbed than the shallow-ploughed land. In the
end there was an advantage of over 2 tons of roois per acre for deep
ptoughing. Dung was the most efiective of the 

-manures 
tested',

although superphosphate showed a visible efiect in the early stages
of growth, which, however, was barely reflected ir ttre 6ni,l vie-ld.
The one-year seeds were good, and duig applied to sugar beei two
years before raised the yield by l0 crt. of hay per aare, and also
clearly increased the proportion of clover in'tie mixture. The
potatoes looked best on the shallow ploughing, ard shon'ed great
improvement for dung and some benefit from phosphate. The
haulm on plots receiving only nitrogen and supe-rphosphate died
back by tbe middle of August, particularly on the Lalipiois on which
the phosphate was applied in the ridges.

Ley-arublc exlerimcnts, Highfielt and Fosterc
There were two tests crops Brown in lg53 to assess the efiects

of the difierent three-year leys : wheat for the first-year effects, and
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potatoes for the residual effects after one wheat crop had been
grown. The third test crop, barley, had not yet come into cycle,
Xnd merely showed the effeii of exira nitrogen and of the residues
of dune applied to the previous potato crop.

A gio<i ftant of wheit *as obiained on bbth fields. on Highfreld
in early spring there was a visible difference between the titth after
cut gri.ss and after arable cropping: the former was fibrous and
flufiv- while the latter had beeh beaten do$'n bv winter rains. In
midlseason, however, the crop looked much bettlr on the old arable
tilth than after cut Brass, where the Srowth was noticeably patchy
and irregular, at barvest the yield was l2'9 c$'1. greater on the old
arable land. Extra nitrogen had little visible effect on the crolx
at any stage, and the grain yield was actual.ly decreased. Wheat
after lucerne was judged in i.he freld to be sligbtly better than wheat
after arable crops, but at harvest the position was teversed, and as in
the previous yelr the arable land yielded best. On Fosters luceme
gav6 about 4 cwt. grain more thln the other treatments. Extra
nitrogen to the wheat was more effective on Fosters than on High-
field,1or it gave an increase of 1'9 c*t. per acre. Potatoes looked
well on both fields and produced a heary crop, differences between
the various grass pre-treatments followed a somewhat similar Pattern
to the wheat, old arable giving the best yield on Highield and
lucerne on Fosters. Direct manurial efiects were conspicuous, dung
increased growth by 3 7 tons in Highfield and 2'8 tons in Fosters
and lightened the leaf colour on both fields, high nitrogen gave
ratherimall increases in yield, deepening the colour and if anything
restricting the leaf groltth. The barley was a heary croP on both
fields, anii showed the usual effects from high nitrogen, but dung
residues from the previous potatoes were also visibly beneficial.
Bv l0th.lune the cr'op was bady lodged on Highfleld,-the severity
drlpendine closely on the manurial treatment, but a month later
prictically the whole area was flat aDd Producing a strong grovth
of erect late tillers. The undersown seeds for next year's hay were
killed out, and had to be resown ir autumn. Conditions were
similar, but much less severe, on Fosters. The main effects of the
difierent cropping systems are given on p. 142.

The graziag piots had a favourable season. On Highfield grazing
was starled on I4th April and continued till ISth September. The
teams of sheep were six for the permanent Srasses, where the interval
between successive grazing was fourteen to twenty-two days and four
for the rotation grasses, where the interval was only eight to twelve
davs. At midsummer the stocking had to be reduced to three sheep
p"i team, but the plots were co-ntinualty grazed tfuoughout thi
ieason. The three-year leys were particri{arly good on this- field,
the second- and third-vear grasses having eleven grazing circuits
and giving over 3 tons 6f d5/ matter per acre. On Fosters field the
grasses were not quite so early nor tle leys so productive as on
Hiehfield, but the rate of stocking and the course of grazing was
mulh the sa"me. Tbe season extended from 2nd May to 2nd October,
and tlere was always some stock on ttre plots. The cut-grass plots
grew well, and aveiaged 68 cr,r't. dry matter in five cuts on each
ietd during the season, with a response to extra nitrogen of about
I cwt. dry matter. Lucerne became very grassy in its third year on
Higbfeld-, but was much better on Fosters, where the ttrird-year
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Ley-arable erleinents, Rothamsted., lg53
Efiects of previous leys and arable cropping measured in two test

crops
Mean yields : wheat cwt./acre, potatoes tons/acre

Alter three years' cropping with :

Lucer,e r,.y rt* t3i:" trrean

Highfcld, 
Fi,"t test croP

Wheat, grain . .
Efect of extra N

F oslcrs
Wheat, graiu . .
Efiect oI extra N

Highrt.A
Pot to€s
Effect of ituag . .
Effect ot extra N

Fosrars
Potato€s
Efiect of dutrg . .
Effect of exka N

Hay

Block8 :

First yea.r -. -Sccoad year 
-Thiid year 37.0

Blocls :

Fitst year ,. -Secold ycar -Third year

.. 4r.8 38.6 3r.6 44.5
- - -2-2 -1.6 -4.9 -0.5

35.2

.. 41.3 3i.2 37.4 36.3 38.0.. 4.8 -0.3 0-2 2.9 1.9

SecoDd test crop

-. 14.51 15-41 14.30 tA.26 t6.t3
-. 1.51 2.A2 5.t4 2.11 X.72.. 1.05 0.97 -0.08 -0-60 (}34

. . 12.05 11.58 10.16 11.46 lr.3l.. 4.ll 2.28 2.89 l.gt 2.80.. o.84 0.82 0.67 -O. 0.63

plots gave no less than lI3 cr*4. dry matter during the season. In
its second and third years it was the most produciive herbage crop
on both 6elds. The lelds of the various pieparatory crops ir lgfb
are grven below :

Yidd oJ hefiage crols, Highfidd oLd, Fosters, lg53
DrJ. matter, cwt-/acre

old Res€€ded Tbrce.yea.ley 9Xgrdss tra-*9 cu t cut 'L"
Crazed Hay Grazed Grazed g.r"ass lucerae h,;y

igtrt.A

36.8 46.6
42.5 56.4
36.41 55.3 32.4.

Fostars

44.3 75.S 58.9 59.5
63.8 73.1 103.t
82.4 6U.2 a4.7

40.0 3r.5 46.5 43.9 34.O40.5 57.3 77.2 107.340.4 3l.t* 61.4 07.0 1t3.2
I afterEath grazing.

SnoRT-PERroD AND ANNUAT EXpERDIENTs
These experiments fall into several sections: (l) Experiments

on special fertilizer problems, where ttre Rothamstea triaG are part
of a series carried out at a number of outside centres. Fertiffzer
placement studies fall in ttris group. (2) Those in which the
primary purpose is to provide data for the scientific departments, as
for example the spread of virus or fungus disea-ses in tle field ir
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relatiou to various agricultural Iactors. (3) Other Rothamsted
experimetrts on general fertilizer or cultivation problems. Experi-
mdnts in the frst two groups are observed and reported by the
scientifc departments primarily concerned, and are listed below
merely to inilicate briefly their general scope.

Fcrtilizer Plac.rnent exlerimzNs (G. W. Cooke, Chemistry Depart-
ment)
(l) Barley-Highfeld V, a comparison of British " nitro-' phosdhate " and equivalent nutrients in standard forms,

broaiicast or combine drilled.
(2) Spring bears-Sawyers I, decalcic phosphate and super-

phosphate, broadcast or placed.
(3) Broad beans-Sawyers I, two levels of compound fertilizer,

broadcast or placed.
(4) Lucerne-Highfield V, second year: residuals of fertilizer

treatments applied in spring 1952 : suPerpbosphate, muriate
of potash, bioadca-st or ploughed in, with and without a
superphosphate application placed beneath the seed.

E4clirneits o?& eyesiot (Cercosporella herpotrichoides) in wheal

(M. D. Glynne and G. A. Sdt, Plant Pathology DePartmert)
(l) Rotation experiment-Little Knott, fourth year: wheat' ' crop testing' thirty-two difieretrt croP sequ6nces on the

incidence oI eyespot.
(2) Wheat-Greai Field I, second year : testirg two varieties ;' two seed rates; two levels of nitrogenous manuring; four

times ol application of nitrogen; spraying in early spring
with sulphuric acid.

(3) Wheat-Great Field I : testing four varieties ; two seed' ' rates; two levels of nitrogenous manuring; spraying with
sulphuric acid.

Cortrol of latc blight on fotatacs (J. M. Hi$t, Plant Pathology
Department)
Deacon's Field; efrect o{ copper and sulphuric acid sprays.

Virus yellows expeimed o'n sugar bcd, (J. W. Btencowe, Plant
Patbology Department)
Long Hoos VII; efiect of tlree sowing and three singling
dates.

Virus sfucad cxlerirnents (L. Broadbent, Plant Pathology Depart-
ment)
(l) Potatoes-I-ong Hoos lI, efiect of rePeated sprayinS5 against' ' aphids with five insecticides on spread of two viruses lrom

infector Dlants.
(2) BroccoEj-Stackyard Field, effect of dung and hoof at two' ' rates on incidence of cauliflower mosaic virus.
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Er?e"intents or foloibly midhu (F. T. Last, Plant Patiology
Department)

(1) Wheat-Long Hoos III, time of application and quantity of
nitrogenous fertilizer on winter- and spring-sown wheats.

(2) Barley-Little Knott I, two varieties; two times of spring
souing; effect of lime sulphur sprays.

Wiaoorm exlerimazls @. Raw, Entomology Department, and C.
Potter, I nsecticides Department)
Wleat-Geescroft Field, 2nd year: residual efiect of five soil

insecticides applied in autumn lgSl for the wheat of 1952.

Control oJ bean afhr's (M. J. Way, Insecticides Department)
Beans-Long Hoos V ; test of four spray treatments on ]einter

and on spnng sown beans.

Wild oats germinatiott atd. growth studies (1. M. Thurston, Botany
Department)

Cereal crops-Great Hoos; efiect of autumn sown wheat, rye,
barley and spring-sown barley on growth of \Mild oats.

Othe/ An rual Er?elirnents
Wheat, rcsidual efect of dmg

A heavy crop of wheat averaging 40.8 cwt./acre was grou,n on
land that had car ed in lg52 a tesioflarmyard riranwe on "potatoes.

The residual eflect of dung was roughly pioportional to tlie rate of
qeTing apptied, ard amounted to l.6iwt. of grain for each 5 tons
of dung given to the previous crop. The manner of applvine tbe
dung to potatoes, whether ploughld in in witrter or ii-sbrine or
placed in the ridges, had no signihcant efiect on its residuaf valie.

Cereals, latz nitroger exleiments
This is the fourth season in which dressings of " Nitro-Chalk "

have been applied to cereals at the end of -lune;hen the croDs were in
ear. The experimental crops had all received fairlv generotG applica-
tions of nitrogenous fertilizer either in the seedb6 or as spriir! too
dressing, the object of the experiment being to a_scertain' wh;thei.
Iate nitrogen would increase the protein content of a croD alreadv
ade_quately manured. The agricultural details may be suirmarizeil
as Iollows :

"mg*:,I-ate N Dale oI Itrterval. G'cuttlns
Basal maauriDg applied cuttiDg days ' ioches"'

Wheat Cappelle 29 Apr. Slcwt.S/A 2oJune loAue. El 4.6
Barley Herta I [tar. 2] ,, ,, 26June t3Aui. 50 3.0Oats l\lame 26 Feb. 2 ,, N/C 26 june IO Sep1. 7A 5.6

There was ample moisture to camr the late top-dressines into
the soil, and in thii respect the season ivas similar td 1980, wien the
experiments were started and gave ratler promisinq re$lts. At
harvest tbe wheat was all standing, ttre barley leaning-but not badly
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laid, but the oats were completely lodged, and were harvested by
combine fitted with a sheet to catch the straw. The mean yields
of grain and straw, the arnount of crude protein and the prcentate
recovery of added nitrogen are given below :

Late ,tirrogefious taP-dressifigs on cereatrs, Rothamsted, 19fi
" Niko4hall ",

cwt./aaf,e

0
1.5
3

Wh€at Barley
Grai[ Stfaw. Graia Straw'

Iwlease in cfl.ile Plot.in, .ut. I acrz

Oats
Grain Straw'

o.52 0.16 0.11 0.23
0.89 0.12 0.16 0.28

Pe/centage Prahe oI a(U.il,titrogen
36 ll

YieA, cut.laarc
44.6 3E'8 39.8 12-r 42.4
43.3 40.3 39.3 41.5 43-1
43.3 12'O t()'8 4O-9 12'o

31.8

31.8

8 t6
598 -33l

t.5

1.5 0.12 -0.053 0'09 0.o4

3l l4

' Adjusted to 85 Per cent dry matter-

All the cereals gave good \ields rYithout additional nitrogen in
I953, especially the barley and oats. Usually in these experiments
the incriase in leld of giain and straw following the late dressints
has been neglisible. This was so for wheat and oats in 1953, but the
barley gave"firlv large and highly sigaificant increases in yield of
grairr birt not of-stra*. There was the usual increase in nitrogen
iontent of the barley grain and straw, and the final resrrlt was a
gain of 0.68 cwt. of-crude protein from the single top dressing of
" Nitro-Chalk " and l'31 cwt. for the double dressing, amounting to a
recovery of about 45 per cent of the nitrogen added. This was the
best result so far recorded in this series of experiments.

Oats with the extraordinary yield of a2 cwt. train Per acre
without tie late top &essing gave only 0'44- ,cwt. _ 

extra protern
per acre and a recovery of 14 per cent of the added nitrogen for the
irighest level of manuring. -ln contrast to barley, the nitrogen
te;ded to accumulate in the straw rattrer than the grain' In spite
oI the favourable season, late nitrogen gave negligible responses iu
wheat either in vield or nitrogen content. So far barley has been the
most consistent-crop in its utllization oI late nitrogen.

Polaloes

A sirnple experiment testing farmyard manure the three stan-
dard fertiiizers ind thet it t".a"Iions w-as begun in 1953, and witl be
continued vearly. There was a good crop showing large fertilizer
efiects. A-dressing of l0 tons of iiung Save an increase of 4'65 tons
of ootatoes in the absence of Dotash, but onlv 2'75 tons when muriate
ot ^potasl was present. Suferphosphate dLpressed t"he crop in the
absince of dung and potash;bui incieased the yield in their presence,
thus showing tihe pc,iitive PK interaction observed in,many -other
exoerimentsl Nitiosen increased the yield significantly, and was
oricticallv unafiectei bv anv of the otf,er manures. The residuals
6f the feriilizers applied to potatoes will be Iollowed up in wheat in
1954.

K
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Potataes, method ol lla iry and hcation oJ lertilizer
C,ontinuing experiments on this question, a simplified scheme was

adopted in 1953. Planting with a hand-dropping machine fitted
with a fertilizer attachment was compared at two rates o{ compound
ferti-tizer with the traditional method of broadcasting fertilizrr
oy_er open ridges, hand planting in the turrows and sp-iitting the
ndges back over the seed.

Potatoes, method. oJ planting and. hcatior. oJ fertilize?, Rothomsted,lg53-
Mean leld : tons/acre

Compouad fertilizer, 7 : 7 : lO+,
cwt./acre + 0.379

i,
9{{
9.58 t0.81

8.60 10.9{)
8.60 I.0l

Method of plaDtiDS Fertilizer applied 0By haDd, in treshly Broadcast, over 6.78
opetr ridges ridges

By hand, in ridges ex- Broadcast. over 6.17
posed for eight days ridges

By machine, from fat Broadcast, on dat
,, Placed Dear se€d o oo -

l5
I1.30

* + 0.268.

Responses to fertilizer tere good at bot-h levels. At t-he earlv
stages of growth potatoes planted with placed fertitizer looked more
vigorous than those put in by the standard method, but later the
position was reversed. In the end the yield obtained from l5 cwt.
of placed fertilizer was practically the same as that given by the
Itandard_ pro_cedure, a resxlt in-line with previous -experinients,

but at the 7|-cwt. level the advantage appeared to lid with the
st-andard -proced_ure. Moreover, in tbi preient season placed fer-
tilizer did not show its usual advaDtage over broadcast fertilizer,
the two methods giving practically the same results at both levels.
Exposing the ridgas foi eight days before planting, instead of plant-
ing and covering immediately, reduced the crop bv onlv 0.3 toirs oer
acre, a non-significant amount. During the ptriod of"exposure'the
yeather was cool and overcast, and theie was- no severe dirying out.
Tle exlxriment_ also included a test o{ late top dressings oflrnlhate
of ammo'Ia and muriate of potash. These treatments-were afplied
on 30th June before earthing-up to see whether thev could 

-niain-

tain active groMh in late surnmei and early autumn. "No advantage
was obtained this season from either feititizer used in this wa"v.
Some burning occurred where the late top dressings had touchdd
the leaves; this was appreciable where polash was 

"used 
alone, but

much worse where sulphate of ammonia u.as also Dresent, The late
nitrogen darkened the foliage slightly

E rpelirnents cn soil ctnditionas

_ Four full-scale plot experiments, laid down in Ap l lg52 at
Rothamsted and Wobum, were croppd with carrots in'lg53 to test
the residual efiects of a synthetic soii conditioner suDDlied as " Kril-
ium CRD-189 '. The o;isinal treatments in f952 Lld consisted of
0,3 and 6 cwt. /acr-e of the soil conditioner broadcast and B cwt./acre
raked into the soil surface. The carrot croD of lgii showed onlv
small yield difierences, except in an exDeriment of heal.v soil iir
Warren Field, Woburn, wheie the leld was only 6.4 tons"/acre on
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plots with the surlace applications in 1952 as compared with 8'2
tons on plots wittrout soil conditioners.

Iu ttr1 spring of 1953 soil conditiouers were available in mixtures
rvith inert substalces for more convenient application, Four small-
scale experiments on carrots were laid out, two at Rotlamsted and
two at Wobum, in 4 x 4 Latin squares with dressings at the rate of
of l0 cwt. active ingredient per acre in tle following forms:

" Krilium 931 " (or " CRD-189 "), containing 25 per cent of the
material used alone io the 1952 experiments ;

" Merloam " (or Krilium 631 or CRD-186) containiag 25 per
cent of active material ;

" Aerotil " (dry Iorm), 40 per cent active material.

The conditioners were applied between 20th and 25th March,
and incorporated bv two rotary hoeings. Seedbed conditions were
favourabli in three"experimeuti, but tf,e heary soil of Warren Field,
Woburn, was rather hard.

Canots, yidds of tolal uo!, tottslacte
Cooditioner None " Kriliua 931 ' " Aerotil " S.E.

Rotha st.il
Irng Hoos .. 28.3
Stackyard .. 23.8

'Wobufi
Stackyard .. 8.7'WaIlen .. ll.8

28.9 27.1
21-9 2l.A

9.4
13.8

r8.0

29.r (}6r
23.r 0.76

0.613.4 0.41

189

9.7
12.3

M€atr of lour ex-
perimeDts .. l8.l 19 0

The conditioners had no appreciable efiect on yield at Rothamsted,
and gave moderate increases at Woburn.

Orn several occasions there were clear efiects of the conditioners
on the physical state of the soil. At Rothamsted on 7th April the
" Merlo-aui " plots were dry and powdery on top after heavy rain
on the previous dav, while tle untreated and " Krilium 93I " plots
*ere qriite moist, urith the " Aerotil " Plots intermediate' On 5th
June the " Merloam " plots on Long Hoos field were dry on t9p r1n!h
imall hard clods, while the rest of 

-the plots were moist, with clods
that crumbled easilv. After lifting the carrots in the Long Hoos
experiment. the " Merloam " plots retained a more crumbly tilth
th;n the otfrer plots. The " Mirloam " plots dried up more <iuickly
and were less wiedy than the other plots in the experiment in \\'arren
freld, Woburn; thL " Krilium 931 " plots were tle most weedy.

It is DroDosed to recrop the experiments started in l9i3 to assess

the exteht 6f any residuil effect'from heavy dressings of soil con-
ditioners.
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THE FARMS
J. R. Morrarr

Rothamsted

The year 1952-53 was generally a very satisfactory one. Weather
conditions, which always play a major part in the success or failure
of a farming year, were very variable, and rather extreme- Despite
this, tbe weather generdly favoured farming operations this y'ear,
as crops were sown in good time, growth was continuous throughout
the year and most oI the crops were harvested satisfactorily. The
major exception to this was the hay crop, much of which was spoilt
by adverse conditiorx.

The very wet and hard weattrer in the autumn of 1952 gave the
year a bad start, as less wheat was drilled than had been planned,
and the winter ploughing was very considerably delayed. The
temination oI the winter wheat tvas severely retaided by the early
onset of wintry weather, and hungry flocki of rooks aid pigeons
p_reyed on the seed. Two fields of *heat were so badly damaged
that they had to be resown in spring.
_ _4 y"ly rvelcome spell oI Ene weather occurred during the latter
half of January 1953 and the early part of February, during which
ttre ground dried out welt. This eria6led the ploughiig to be inished
and some fields to be ploughed a second time, while others were
given a prelimiaary working for spring corn seedbeds.

The tu-o weeks in the middle of Februarv broueht a return of
wintry conditions, with frosts and falls of sndw, but"from the third
week of Februarv to the last week of March the weather was ven'
dry. Fortunately the tround dried out fairly slowly, and so did noi
become harsh, and suitable seedbeds were'obtairied without any
qificul!]a. Some 100 acres of spring corn were drilled and manureil
by mid-March. There was a large number oI sharp night frosts,
which, although not interfering wi-th field work, must havi retarded
germination and growth of crops and grass.
,- The preparation of seedbeds for the root crops following imme-
diately. Sugar beet was drilled under good coiditions before the
end of March, and potato planting was also well under way bv the
end of the month. Mangolds were sown early in April.

Growth of all crops 
-was satisfactorv durine April and earlv

May, but the milder'weather in the ljtter pait oi May greatli,
accelerated gro*th. June was a month of cold, unsettled wiathei,
witb very little sunshine. Crop growth was retarded, but the
warmer wet weather during July enabled good groMh to be main.
tained. Unlortunately the wet weather, interspersed with thunder.
storms, caused serious iodging of some of the coin. Weeds tended to
flourish under these conditions, and became difficult to control.-The weather dwing the first half of August was generally fne
and warm, and tood progress was made with the iorn haivest,
whicb, however, starteil later than usual. Changeable conditions
during qle,latler half of tlre month delayed these operations, but a
6ne spell during early September enabl;d the bariest to be com-
pleted early in that month. Unsettled conditions in the latter half
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of the montl delayed the start of potato lifting until early October,
but then a speu of alrnost three weeks' drv weatler enabled the
crop to be lified under almost ideal conditidns. The experimental
crops of winter com were sown during this fine spell, and autumn
ploughing made excellent progress. Heavy rain towards the end
of the month delayed the drilling of non-experimental winter corn,
but the mild and fairly dry weather in November enabled this work
to be completed in good time.

The vEry mild weather persisted throughout November and
December, ind although the iainfall was small, it was spread over
seventeen davs in November and h enty &vs in December. The
harvesting oi the mangolds and sugar 6eet 

-was 
done under good

conditions and was completed early ir December. The land con-
tinued to work wetl throrighout these two months, and the work was
well up to schedule. The mild conditions encouraged the growth of
weed seedlings, and several fields were ploughed a second time before
the end of the year.

FIELD EXPERIMENTS

The number of experimeDtal field plots at Rothamsted in 1953
showed a considerable increase over the previous year. .\ltogether
tiere were about 3,0O0 plots, oI which about 600 were microplots.
A small number of plots did not have to be harvested, and some work
was carried out by members oI the scientific stafi. Hovr'ever, as
usual, the resources of the farm were strained, and long hours of
work had to be put in by the farm stafi at critical periods to enable
the large programme io be carried through successfully. The
experiments embraced most farm crops, and an account of them is
given in the report of the Field Experiments Section.

CnoPs
Wheat

Some 85 acres of this crop were grown, of which about 27 acres
were under experiments. Squareheads Master l3/4 was gro\4'n on
the Classical eiperiments and on some long-term experiments, and
Yeoman was grown on the more recent long-term experiments.
On the non-eiperimental fields Cappelle replaced Nord Desprez
as the main winter wheat, though a small area of the latter variety
was grown, while Atle held pridi of place as the spring wheat. No
lodgi-ng occurred with the French rvheats, and only patches o{ thj
Atle wire laid. There was little evidence of damage by wheat bulb
fly, except alter the fallow section of Broadbalk. Althoughthreshing
ii not .iet comDleted. indications are that vields will be above

"rle.agel 
The wild oats which u'ere a serious inenace on Broadbalk

field ; few years ago were further reduced in numbers by hand
pulling, and the infestation is no Ionger serious,

Ba ey

Plunage Archer was growr only on experimental Plots aDd
blanket areas. This variety has been completely replaced on non-
experimental areas by Herta and Proctor. The former has been
grown very successfuliv for several years, and its strength of straw
ina high yielding capacitt make it "very suitable to oui conditions.
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However, its poor malting quality will probably result in its replace-
ment by Proctor, which although of somewhat weaker straw and lower
yietding capacity, has a much liigher market value. Under the rather
exceptional weather conditions of this year the Herta gron'n on some
of tle richer land was badly laid, althbugh it stood will under more
normal conditions. The Proctor yielded over 34 cwt./acre, and
though it was leaning at harvest, no real lodging occurreii.

Hoosfield, the Classica.t barlev field. waslo badlv infested with
wild oats that the whole area wai cut and carted offbefore the oats
ripened. This procedure will probably have to be adopted for
some years in order to clean up the field, as the infestation is too
severe to be dealt with by hand pulling.

Oals

The Dutch variety Marne was the only one grown in 1953. The
crop looked very forward during the 6arly iummer, but unfor-
tunately became badly lodged during fuly. Although losses
from shedding were severe, the yietd was high, and averaled about
33 cwt./acre.

Beans

The area under this crop was restricted to experimental plots.
The season was remarkably iuitable for beans, and both wintei and
lpring st_rains felded extremely well. There was no aphis attack,
but weeds, especially ma,.weed, made rapid growth during the wet
weather in JuJy, when the crop was too-higf, for inter-roi cultiva-
trons-

Polatoes

The area under this crop was reduced from over 40 acres in lgd2
to 27 acres this year, because of the difficulty of getting seasonal
labour for lifting. The variety grown was Majeiiic, S"tock seed
bemg used on experimental plots and Class A seed on the non-
experimental areas. A[ ope]ations were mechanized, no hand
laborrr at all being used, except for lifting.
- The- crop maintained gbod grow.t-h throughout t}re season.
Late blight appeared_towards the end of July, iird two preventive
sprayings were carried out, mostlv at low v:olurnes. The iaulm was
burnt ofi with acid, except for'a small area where a mechanical
hau.lm destructor was used. This proved unsatisfactory on our
very, stony ground. Lifting was d6ne mainly by scho<ilchildren,
and heavy yields were obtained. The crop wa! lified under almost
ideal conditions, and is stored under iover at the farmstead.
Owing to the glutted market very few have been sold so {ar.

Sugar beel, fodd* beet and mangol.ds
The area of each of these crops was restricted to experimental

rgquirements, as the labour force available was unable to-cope wittr
tbe heavy demands at singling and lifting times. Sowirig took
pface e_arly under good conditions, and good growth was mainlained
throughout their liJe after an initial atiack b"y flea beetles had been
checked by spr-aying with DDT emulsion. 

- 
The rapid growth of

we€ds presented a problem in the wet weather, but the Crops were
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kept reasonably clean. There were more bolters than usual in the
sutar beet, aDd there was a fairly severe attack by the mangold fly
on all three crops, which, however, grew away from the attack just
as control measures were being considered. Harvesting was done
under good conditions, and lelds were well above average. The
roots Y/ere of good size and shape.

Kale
A small area of Marrow-stem kale was grown for cutting arrd

carting to cattle in yards, and Thousand-head was grown for lolding
by sheep. Alihough ttre crop was sown early under good con-
ditiorr, at attack of flea beetles developed, but one spraying at low
volume with an emulsion of DDT prevented any severe check or
darnage. Weeds were troublesome irt the early stages, but were soon
smothered by the rapitlly growing crop. The crop is a very heavy
one.

Grasslqnd
The rather cold spring somewhat retarded the early groMh of the

grassland, but subsequent gror*th was very rapid, and the land
remaired productive unti.l about the end of the year. No supple-
mentary feeding was given to the livestock until sutar-beet tops
were fed early in December.

The heary rainfall and lack of sunshine during June and luly
made ha5,making a very diftcult and protracted operation. Cut-
ting, making and carting were all delayed and internrpted by the
weather, and tle quality of the resulting hay was adversely afiected.
Some which was tut in late July appears to be the best quality.
The hay was all baled, and is stored under Dutch barns at the farm-
stead.

LrvESTocK
Cattle

There were a number of Aberdeen Angus and Hereford crossbred
cattle in hand at the beginning of the year which could not be
fattened in 1952 because of the shortage of grass. These were
overwiatered, some outside and some in yards, and were fattened,
together with some younger Hereford-cr:oss cattle, on the gmss
during the summer and autumn of 1953. Altogether fifty-nine
beasts were sold, all without supplementary Ieeding.

In view of the apparent preference of butchers for light-boned
catile, it has been decided to latten some crossbred Devon beasts,
and to this end some forty young animals were purchased ir the
autumn. Twenty Hereford-cross cattle were also purchased, and
both bunches will be fattened on the grass ir 1954.

Sheef
The small and rather mixed flock of sheep were mated in the

autumn oI 1952 to Suflolk rams to lamb in late March and April.
Tbey produced I t2 lambs at tail.ing time, giving a lambing per-
centage of 147. Some of tlre larnbs were sold fat, but most of them
have been retained for use on the grazing experiments at Rothamsted
and Wobum in 1954. In the autumn of 1953 the whole breeding
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flock was disposed of, and was replaced by eighty Scotch Hall-bred
gimmers. These were mated to Sufiolk tups to lamb 1954, and tle
progeny will be kept for use on grazing experiments.

MAcHINERY

New machinery purchases were mainly restricted to items
replacing out-moded equipment, and to duplicating some equip
ment in great demand at peak periods of work. Such items include
the replacement o[ a small wheeled tractor by a diesel-engined one
fitted with an hydraulic lift, and the exchange of a vaporizing-oil
tractor for a diesel-engined model. This gives a total of three of
one make, for which there is a range of implements for direct
mounting. A third combined seed and fertilizer drill and a drill
suitable for drilling beans deeply rvere also purchased.

The mounted two-furrow reversible plough purchased ir l95l
is being used to an increasing extent each year. Not only does it
save time and fuel on the operation, but it leaves the land free from
ridges and furrows, which are a severe handicap when laying out
experimental plots. Once the 6elds have been ploughed by t}te
reversible plough it seems a retrogade step ever to revert to the
ridge-and-furrow method. Therefore a single-furrow reversible
plough was purchased for the lighter tractors, and it is planned to
standardize on the heavy tractors so that they can all take the
mounted reversible ploughs.

The trials of the standard pusher-t5?e combine harvester Ior
hawesting experimental coEr crops which were started in 1952
rvere continued in 1953. The results were again very encouaging,
and a new l0-ft self-propelled machine fitted with a diesel engine
has been ordered for the 1954 harvest.

The old road weighbridge used by horses and carts for weighing
the produce of the Classical plots is being replaced by a new 20-ton
dial machine suitable for tractors and trailers.

A full-time mechanic has been engaged to repair and maintain
the equipment. Workshop facilities have been extended, and a gas
welding plant has been purchased.

The wetter harvesting conditons of 1953 made it necessar5z to
dry more grain than in 1952. Comparable figures for ttre fifty-hole
platform drier for the two years are as follows :

1952 1953
22 toDs 60 tons
4.1 4.3
4.2 5.O

Quantity of graitr dried . .
Average % Eoisture exkacted ..
Units -or 6iectrlcity per cwt. ariea :. . - : :
Units of electricity per lo/o moisturc extraction (per

cwt.) I.l4

BUn DTNGS

No new building work has been undertaken, though some modi-
fications to existing buildings have been made.

Plans are being considered for the bulk handling and storage ol
grain either in covered birrs or in bins in existing buil<Iings. The
adaptation of part of the old stables to other uses is under con-
sideration-

1.02
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Esrern Wonx
General estate duties, including hedging and fencing, were carried

out during tle vear. Owing to the large amount ol time taken in
hedging, ii is h<iped to purclase a mechanical hedge trimmer in the
,,".i fuiu.". Se'veral oid post-and-wire hedges werl renewed during
the vear. The woodlands were cleared of dead and dying trees,
which have been sawn up for use on the farm.

STAFF

Mr. S. Meyler has been appointed Deputy Farm Manager, and
commenced his duties in April 1953.

Woburn

The work of the Woburn Farm was carried out under the direc-
tion and management of the staft oI the Rothamsted Farm.

The vear. althoueh bv no means an easv one, can be considered
a satisfictorv one. in ttiat the result of siveral vears' endeavours
showed up iri verysatisfactory crops on the experiments and on the
non-expeiimental parts of ttre fa"rm. The attention, paid to hedges,
ditches- and fences over recent years not only greatly improved the
appearance of the farm, but resulted in a general improvement in the
croDS-

bf tt" tZZ acres farmed, 60 acres were under cereal cro1x, 18
acres under potatoes and 33 acres under grassland of varying age.
The remaining acreage was under various experimental crops, with
a small fallow area.

The exoerimental field work was restricted to the Classical
rvheat and'barlev plots and the modem long-term exFriments,
except for some riicioplot experiments. In all there were 550 plots,
ol which 104 were micro-plots.

The vear started off bldlv, as the adverse weather conditions in
the late iutuorl of 1952 resr:Iied in the wheat being sown rather late.
Gerrninatiou was delayed by ttre early onset of wintry conditions,
and rooks and pheasarits veiy seriously damaged tle c-rop iust as it
was emerging. 

- About 25 acr'es of whett, fortunately all non-experi-
mental, w:erd almost comPletely destroyed, and had to be ploughed
up- A small experimenial aria of spiing cabbage on tle Market
Garden Experimht was so badly damagCd by pigeons ttrat it had
to be scrap-ped, and two isolated areas of winter cabbage were aho
badlv damaeed.

feather"contlitions improved considerably in the latter half of
Januaryr, and ttre fine speli lasted well into February. During this
-period iirmvard manur-e was applied to the potato croP, and several
irf the neldi were ploughed a second time. Alter another short
spell of bad weathei a four-week spell of 6ne, dr5r weattrer enabled
lind work to continue without a check. Twenty-four acres of light
land were given a dressing of 3 tons/acre of ground carbonate
before sowing to Herta barley, and Afle spring wheat was sown on
those areas where winter wheat was destroyed.

Tbe preparation seedbeds for root crops followed, and good
tilths we:re ieadily obtained. Sugar beet and early Potatoes were
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plantgd b-y mid-March, and main-crop potatoes were sown during
Iate March and early April.

All crops made good growth during April and Mav. but the cold
and unsettled weather duri-og .June- slowed down " srowth. The
wam, wet weather during July enabled all croDs to p,-ut on a spurt
of trowth. During this month, with one exceition.'all corn cioos
were looking very promisiog. The disappointing one was pione'er
winter barley, and as its poor growth w-ai erroniouslv ascribed to
shortage of nitrogen, it was given E cwt/acre of nitroeen"ous fertilizer.
Soil tests made after harvesl showed that the poor irop was due to
soil acidity. The root crops were cleaner and more foniard than ior
many years.

The corn harvest started rather later than usual, and at first the
weather was unkind. However, it improved by the middle of Aueust
and the operation was comptited b'y ;tv $;i;-b*.- -e]i-.".i"i
were cut by binder, and mosi were st-acked under Dutch barns. lio
lodging took place on the non-experimental Herta barlev or Afle
wheat, but was severe on some 

-experimental 
areas of'plumaee

Archer barley. Yields obtained so fai are welt above the ave.a""-"
The main-crop potatoes, grown from seed from Northern IreLnd

were lifted by caluat labour"obtained Ir; B;dfora ;;;;il;:;;.-i
basis. The leld was heaylr, and the tubers were of exiellent size
and shape. Precautionary iprayings were siven aeainst late blipht
and the-haulm was burnt-ofi uy ac'ia ueioi firtinE. ive.itrer c'onl
ditions u.ere excellent for tbe ei.rlv part of the liftjne. but deterior-
ated towards the end. Tbe crop is now beine eraduallv disoosedof- An experimental area of fiist earlies (U"Isier Chieitaini was
disposcd of satisfactorily, but a small non-eiperimental area'could
not be sold owing to the glutted market and the oresence of late
blight on some of the tubFrs. These were eventu'allv sold to the
Ministry of. Food as- sub-standard, as were some of ihe main-crop
variety, which were damaged bv wueworms.

The small experimental areis of sugar beet were harvested under
good conditions and yielded well. -The roots were o[ excellent
size_and shape, but the sugar content was only moderate.

The small acreage of winter corn was drilled in excellent con-
ditions during October and early November, and germination was
good and rapid.

- The mild dry weather during November and December enabled
land work to continue \Mittrout interruDtion. Dung was carted out
for the 1954-potato crop, and nearly 'all ploughin[ was compleiJ
bv the end of the vear. -

The crops on the Market Garden Experiment had a verv favour-
able season after a bad start. The sorine cabbaee were riestroved
by pigeons in the early winter of IgEi, an_-d were ieplaced bv erlen
peasj the red beet failed to germinate satisfactorilv. and as thjarea
rapldly became very weedy, t}Ie b€et was replaced-bv white turnips.
Ijoth substitute crops yielded very well, anh the foilowine croDs'of
leeks and spring cabbag_e, are looking well. The leeks p-romiie to
grve us a very heaw vield.

The wet weathei i-n -July qave the wirter cabbases on the Green
Manure Experiment a good start, and despite a moierate attack bv
clubroot disease, the plants have grown well, and heaw vields art
now being obtained. The winter iabbage folJowing earl/ potatoes
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on the Irrigation Experiment have made very disappointing grorth,
and are not hearting up at all well. None have been cut as yet.

The grassland was very productive throughout the season, after a
rather late and slow start. It was a.ll top-dressed with nitrogenous
{ertilizers during the season, and this, helped by the wet weattrer,
prevented the usual shortage of gass in late July and August.
Hayrnaking began late, and was a very protracted and tedious
operation in the inclement weather, but yields were good and quality
fair. The crop was mostly baled in the field with a pick-up baler.
During the late summer and autumn some of the grass fields which
had become rather acid were given ground carbonate of lime at
about 3 tons/acre.

About 7 acres of very hil.ly land were chalked and seeded down
under barley to a cocksfoot-meadow Iescue-S.l0o clover mixture,
and a good take has been secured. A small area oI very rough old
pasture behind the farmstead was ploughed and reseeded to a
lucerne-timothy mixture.

Twelve cattle were fattened on the Brass during the summer,
and graded satisfactoriJy. In view of t}re good stocks of hay and a
plentiful supply of home-grown feeding-stufis, more cattle are being
wintered during 1953-54. Twenty-two crossbred Devon steers
were purchased in the autumn, and because of the mild weatler
were still lying out at ttre end of the vear.

The Laige"\\nite pig herd was malntained at about ten breeding
sows. Some of the older sows were replaced by gilts of our own
breeding, but a new boar was purchased. Most of the pigs were
retained to bacon weight, but any found making only small live-
weight gains were sold for pork at an earlier stage. Atl pigs over
about 100 lb. are weighed regularly- OI the eighty-one baconers
sold since the start of the palrnent-by-grade scheme la-st April,
95 per cent were graded A.

Two infra-red heating units have been in use for very yorurg pigs,
and were lound to be of great benefit in preventing overlying by the
sows.

The feeding of antibiotics to some of the poorer pigs after wean-
ing commenced in the autumn, but no experimental work is being
done.

Very little expenditure was incurred on new implements, as the
Woburn farm is now fairly well equipped. The light tractor ruaning
on vaporizing oil was exchanged for one with a diesel engine, so that
both iractors are now fitted with this type of engine, which is show-
ing great economy of fuel.

A small threshing machine fitted witl a slow-speed peg drum was
overhauled and converted to a high-speed beater-type drum, and
will be used for threshing experimental plots. This will make the
Iarm independent of Rothamsted for this work.

The dificult labour position eased considerably during tle year,
as two cottages were made available for farm workers. Also a pair
of new cottages for farm workers have been erected by the London
and Devon Estate Company, and are almost completed. When
these are available, mostbf the regular workers will be satGfactorily
housed, but casual labour will still be needed for work on the market-
garden crops.- The covered yards have been completely re-roofed, and the badly
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rusted purlins replaced. The drain€e system itr the yarG has also
been renewed.

The Woburn {arm is now reasonably well equipped with
machinery and buildings. The labour position has eased con-
siderably, the fields are reasonably clean and fertile, and the hedges
and ditches ar:e in a satisfactory condition. Damage by game and
vermin was considerably reduced in tle last few monttrs. The future
at Woburn can now be faced with some confidence.

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-1-75 pp 158

167

WOBURN EXPERIMENTAL
STATION
H. H. MeNlt

SEASON

With a rainfall far (3.4 inches) below the average, but no drought
during ttre growing season of all spring-sown crops, and with a cool
summer up to tbe end ot Jnly, the agricultural year on the light saldy
soil at Woburn in 1953 has been a good one, while tle autumn has
been almost consistently favourable for the harvesting of the excel-
lent crops that have been grown. The only exception to this has
been the rather poor growth of the grain crops sown in the autumn
of 1952, which apparently suffered as a result of the dry weather in
Februar,' and March 1953. The metmrological records from October
1952 to the end of 1953 are shown below.

M cteorohgical Recods lot 195243
Rain{aU

Total No. of Bright Temperature' 'F.
Iall, ainy sunshine, I Jt. in Grass

Moath itrches days hours Max. Min. ground l!in.
r062

October 2-SO l8 98.7 53.5 41.0 46.8 36.9
Novelnb€r 3.24 16 65.4 43.7 32.7 39.9 30.o
DeceDber 2.06 rS 68.3 4t.8 3O.0 35-8 2i.7

1053

January 1.10 13 32.8 41.7
February 1.62 ll 68.5 44.3
Uarch 0.62 7 126-2 50 g
April 2-34 13 158.3 53'4
May 1.64 rl 204'3 O3'2
JuDe r.92 15 110.3 64.1
July 2-97 20 190.4 68'0
August 3.Il ll 223.2 70.0
September l.4l ll 169.9 65.1
October 2.fB l3 68.4 55.8
NoveDtber l.3l l0 55.2 30 9
December O.58 13 32'2 47'9

32.6 36.9 29-6
12.2 37.8 2S-2
3t.5 4l.O 24.7
37.2 46.0 32.O
15.1 55.6 39.9
48.9 58.9 48.1
51.0 61.9 48.0
52-2 62.3 17.4
48.2 5r'8 42,7
42.3 6l.t 37.4
42-O 46.1 37.3
39.9 45.O 30.4

Total or mean
,or 1953 20.81 150 1,439.7 56.3 12.O 50.9 37.i

FIELD EXPERIMENTS

The field exlrriments at Woburn are now conducted under the
direction of the Field Plots Committee at Rothamsted, and that
committee will report separately on tlem. There are, however,
a few points ir connection with them which may be recorded
here.

Contiruaus barley

In ttre past two annual reports certain aspects of recent crops of
barley which have been grown on this area have been discussed.
The yield on all the plots has been declining for many years, even
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wittr heary nitrogenous manuring, and when the land became in-
fested with wild oats it becarne necessary to fallow it lor four vears
in order to get rid of this weed. Even-then, though the wildoats
had been eliminated, the area was so foul with spurrey that it was
impossible to dpen the barley crop of lg5l. As the crop of sprirg
barley had become so poor, it was suggested that it 1952 half of each
ptot should be placed under winter barley, which grew so well in
that year (see Report {or 1952, p. I52) that it was supposed that the
superior capacity of winter barley for smothering weeds and its
greater root range might be the reason for its greater success. To
test this, the areas which grew whter barley and spring barley in
1952 were reversed, with the result ttrat the witrter barley yielded no
better than the spring barley. It is in fact clear that ttre better
results with winter barley in 1952 were due neither to the reduced
weed growth nor to the Breater root range of tle crop. This has led
to an exami.nation of the soil acidity, and it appears that io nearly
all the ptots, one haII is more acid than the other, and the more
acid half has in all cases given the poorer crop, whether of winter
or spring barley.

It is, in fact, the diflerence in acidity which seems to be t}re
primary cause of t-he appareDt superiority of t-he winter barley re-
ported last year. It is well known that barley is the most sensitive
of the common cereals to soil acidity, and we have found in pot
experiments ttrat a critical acidity for this crop lies between a pH
value of 4.8 and 5.0. The exact poirt where pathologica.l symptoms
appear seems to depend on the amount of organic matter and of
soluble phosphate in the soil. The efiect of acidity on barlev, and
the precise conditions under which it becomes injuiious, have been
studied in a long series of experiments at Wobrim, an account oI
which is now being prepared for publication. In any case, there
seems to be a tendency for land which is growing barliv to become
steadily more acid, whatever tle nature o{ the manuiing. Thus,
in the continuous barley experiment at Woburn, where thi original
soil had a pH value of 6.1, the values at intervals of years have been
found to be as follows :

pH values
Treataetrt to 1027

\o Eaaure
Nitrate of soda
Nitrate of soda and miaelals
FarEyatd ma[uI!. .

Crop tujury by ird.astrial tumes

1888
.. 5.9
.. 60
-. B2
.. 6.1

r898
5.4
5.9,:

t92i 1963
5-3 5-2
5.0 5.5
5.8 5.3
5.8 5.3

On 26th June, there appeared a blighted appearance on many of
the crops at Woburn just after a serious and unusual foe. The
damage was 6rst noticed on barley, but on examination it wai found
on many plants, including wheat, oats and lucerne, and these
shou ed brown patches on the leaves or otler exposed parts of the
plants. It soon appeared that this was not mereiv a feiture of the
crops on the experimental station, but also occurr;d on many other
plants in the neighbourhood, including fruit-trees and especialv
young conifers in nurseries. This effect has been put dovm, iocally,
to efluyia from local brickworks retained near thi ground owing io
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the foggy conditions. Though this is as yet quite unproved, it has
raised the question of the general results of Iactory emanations on
vegetation in tleir neighbourhood. It is only in exceptional cases
tlat damage such as occurred this year is sufi.ciently obvious, but
it is more ttran possible that ttre yield of various crops may be
afiected long before any visible sign oI damage would be noticed.
We have not been able to follo\ up this question, but it is clearly
important if occasional visible damage can occur, as in 1953, in an
almost completely rural area.

Efiect oJ irrigation on grass and clover

The irrigation experiment at Woburn started in 195I, under the
general supervision of Dr- Penman, has afiorded us the charce to
estimate, on the grass ley plots in the experiment, the efiect of
watering on the proportion of Brass and clover in the cut grass
during the slx or seven cuttings during the season. The results of
1953 are particularly interesting, as there was no period of drought,
and the growth of the sward was continuous right through the season,
even wittrout the application oI extra water. Under these con-
ditions the efiect of additional water still tended, as last year, to
give more clover in the grass ley, though the difference was small.
At the period when the 6rowth of grass was at its height, the water
caused the proportion of clover to go down very markedly, but at
other times the proportion was always a little higher on the more
heavily watered 

-plo-ts, 
except just ai the end o{ the season. The

actual figures for the seven cuttings on the plots receiving the most
water are shown below :

Percentage of Clouer in Cut Grass
lSth sth
May JuDeI. Lot t llit ogenaxls

No watering .. 12 10
Maximum w"ateriog 48 44

II. Iligh nirrogenotts

No {atering -. 18 20
Maximum watering 28 27

3rd 4th 21th r6th 2fth lleatr
lul-v Aug. -{ug. Sept- Oct. season

25 29 27 29 lS 30
13 40 40 30 t4 33

l2 t3 6 t6 7 13
1l 17 25 11 719

In a year such as 1953 when the actual leld is trot affected by
v/atering, it is noteworthy that tlere was no appreciable difference
between the sugar content of highly watered sugar beet and that which
received no water. This agrees closely with what vr'as found in the
very different season of 1952-

New Cnops

Maize
For ttre past fifteen years maize has been grown experimentally

at Wobum with the object oI obtaining grain tyPes that cou.ld
be economically grown in England. At 6rst t}re attemPt proved
futile, for the only kinds of maize which would ripen in this country
gave too small a yield per acre, and the more productive varieties
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could not be relied upon to ripen. With the advent of hybrid corn,
the situation changed, and some of the early hybrids developed il the
northern United States oI America have aow for five or six years
given economic yields of grain that can be relied upon to ripen,
provided the site faces south and has a reasonably warm soil. Some
of the American hvbrids have now been acclimatized in Europe,
particularly in Hoiland, and the seed of these has been furtier
improved there.

The year 1953 has been very much a test year for these
hybrids, for the early part of the season was so cold that little
grorth was made up to the middle of July, and at one time it
appeared as if they would fail as commercial crops. When tle
weather became more normal in the latter part of July, the hybrids
improved very much, and by the beginning of October it was possible
to reap some of them with a satisfactory yield. For instance, a
Dutch variety gave 3l cwt./acre of dry corn, harvested in Novem-
ber, while some of the others did almost equalJy n'ell. It is clea"r
that we have now types of maize which can ripen in this part o{
England even in an unfavourable year and give an economic yield.
But the following points must be attended to if success is to be
achieved, First, the seed must not be sown before the beginning
of May; second, the land must be well manured with nitrogenous
manures, which are best applied soon after the seed has germinated;
and third, tiere must be some provision for drying the maize after
it has been harvested, as otierwise it will go mouldy.

Fod.der crops Jor semi-acid soils
(l\ Sweel lupins. We have continued testing sweet lupirs as a

fodder crop in 1953. The previous two years were wet, and good
yields had been obtained with Weiko, a variety developed in Ger-
many- This was again tested, in ttre very difierent season of 1953,
along with two othcr varieties, Neven and Pflug-the last being a
white variety from South Africa. All were sown at the beginning
of May, arrd all flourished, giving record yields oI fodder on 7th
September. The figures were as follows :

Yield of greetr
fodder per acre, Percentage

Variet-v tons dry matter
Weiko .. 27.8 1,2-4
\even .. 211 12-6
PfloS .. 2r.8 I2.5

Dry matter
per arcre, Perceotage

to.!s inedible
3.15 25
3.04 12
2.70 16

These yields are very high when it is considered that the growth
had been made in four months, and on suitable soils sweet lupins
should now take their place as a most valuable Iodder crop. The
dr5r matter of the fodder contained about 3 per cent of nitrogen, so
that these lupins must be considered as a highly nitrogenous fodder
material. The seed of sweet lupins has been used largely as a con-
stituent of concentrated feeding-stuffs, but the leld of seed here has
not yet been satisfactodly determined.

(2) Setadella. This is the fourth successive year in which we
have obtained excellent felds of this very suitable fodder. Sown
at the beginning of May, it gave on 24th Autust over 20 tons of

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


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

https://doi.org/10.23637/ERADOC-1-75 pp 162

r6l

treen fodder per acre containing 12.7 per cent dry matter, equal
to 3.09 tons of hay. This follows yields of 2.14, 1.33 and 2.84 tons
of hay equivalent"per acre in the irevious three years. It is only
necessary to arrange for a supply of seed for this crop to become a
very valuable addition to our Iodder resources in the early autumn,
on semi-acid light soils.

(3) Birdsfoot treloil. Ttns is supposed to be a Iodder suitable
Ior our class of land, and one which will flourish where conditions are
too poor to give a normal grorvth of clover. It is a perennial, and gives
a very large yield of Iodder in the second year. When sown at the
beginning oI May, it shows little growth ti-tl after the end of July,
but it can be cut for fodder at the end of September, giving a large
fleld. This year, the second year's crop was taken, and the follow-
ing yields have been obtained with t}e narrow-leafed and the broad-
leafed varieties :

\l't. Sreen Iodder Percentage $'t. hay equivalent
Va,riety per a.re, tons dry matter per acre, tons

First year . . 12.5 2.A
Secorld year .. 20.5 21.5 5.19

??
16.5 21..r

Broql-teafed
First Year
Secon_d year

I
4.t6

The small area has now been left for a third year, to see whether it
will continue to give y'ields o{ the same order.

Crovrn SrcxNBss
There is little to add to ryhat was said on this subiect last vear-

The whole study has been completed so far as we are iikely to io at
present, and we are now able, with some certa.inty, to give a qeneral
explanation of t}re phenomenon. We have still not-been ible to
isolate the toxic material in the soil which causes the clover failure.
it is certainly not soluble in water, alcohol or neutral salts tike
potassium chloride solution. But it seems clear that this toxic
material is sensitive to heat, that its influence can be reduced by the
addition of certain forms of colloid matter, and that it gradia v.
t}ough only very gradually, disappears if clover or a similar cr6p
is not grown on the soil.

LA-BoRAToRY WoRK
Work in the pot culture station and in the laboratorv has aeain

been restricted in 1953 bv t}te demands of the irrieation ex;eri-
ments, and has hence been almost entirely concerned ivith what'was
necessary for the freld experiments. Most of this work falls on Mr.
Barnes and his stafi, and they have been fully employed in ihese
directions during the last year,

L
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SOIL SURVEY OF ENGLAND
AND WALES

D. W. KrNc
Detailed surveying on the 6 inches to I mile scale has continued

on sheets 70 (Leecls), 75 (Preston), 107 (Denbigh), r88 (Cambridge),
938 (Avlesbury) and 280 (Wells), and about 289 sq. miles have been
mapped. Wolk on the Cambridge and Preston sheets is nearing
completion.

Dr. A. Muir was seconded to the Government of Nvasaland for
four months, and Dr. D. A. Osmond has been seconded to the Govern-
ment of Cyprus for six months to initiate soil surveys in tlese terri-
tories. M"ri B. W. Avery spent a great part of tle year in New
Zealand studying soil-survey methods. Mr. E. Cutler, of the New
Zealand Soil Survev, Mr. R. Ho, of the University of Malaya, Mr.
P. K. Roy, of the Central Sugar Cane Research Station, Bihar, and
Mr. C. G. Soteriades, of the Cyprus Agricultural DePartment, sPent
periods of one to several months rvith soil-survey parties.

Yonxsrunr
Sheel T0 (Leeds\

A further 32 sq. miles have been mapped in three seParate
regrons." The first was on the eastern side of the sheet between Tadcaster
and Sherburo-in-Elmet, covering the junction of the Magnesian
Limestone with the drifts of tht Vale of York. The drift here
consists on the rvhole of a sandy till overlying a calcareous clay, and
the most widespread soil is the Ryther series. Depressions often
have clav and silt deposits, or in so'me cases Peat, wLich may be of
considerible depti. -Near Barkston a heavy soil, pinkish in the
upper sub-soil, but mottled grey below, is probably derived from the
Llp:per Permian Marl. Theliinestone outcrop gives rise to-soils -of
th;Aberford series, in which have been included soils formed on the
Strandline gravels, which consist largely oI limestone fragments.
The gravelJround Stutton conta.in more sandstone {ragments, and
the ioils have been mapped with the Rougemont ieries. The
recent alluvium o{ the W[aife is silty and of impeded drainage, and
is liable to flood even in summer- The terrace between Ne*ton
Kvme and Tadcaster is sandv, and tends to be excessively drained'- 

The second area was on the north-eastern outski s of Leeds,
larselv on Coal Measure Beds and the Rough Rock. This last

-."t"r1"1, a coarse, gritty sandstone, gives riie to the Scarcroft
and Wigton series. 

- Mairy red soils occur on the Coal Measures.
These iiclude sandy soils, mapped as the Kirby Overblow series,
soils from shales, w"hich give tieiry red clays, aira aeep red mica-
ceous loams formed on frne sandstone and siltstones. Drainage
variants have been noted.

The third area mapped this season was in the north of the sheet
between Thoro Arch 

-and 
Healaugh, consisting of the easterly

extension of tlie York and Escrick moraines' The soils and their
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distribution resemble those mapped to the east. On the whole,
they are medium and light tiitured and freely to imperfectly
drained.

Laxcesmne
Sheet 7 5 (Preston\

Approxirnately 30 sq. miles have been mapped; mainly arouad
Hutton, Leyland, Bamber Bridge and Waltonle-dale, together with a
a few square miles north of Blackburn. In this latter area the soils
are derived mainly from Carboniferous rocks and till derived from
them, and belong to soil series described previously. In the other
areas the parent materials are mainly drifts of Triassic or mixed
origin, and here also the soils belong to series described in earlier
reports.

The landscape between Leyland and Waltonle-dale is mainly
gently undulating u.ith sharply incised river and stream valleys. It
appears that in most of the area a cap of till a few feet in depth is
underlain by glacial salds. Soils formed on till, especially the
Coppull series, are the most widespread, with Newport, Wem and
Chorley series occurring mainly on the sides of the large valleys.
West of Leyland, Faringlon and Penwortlarn, the topography is
only very stightly undulating, and considerable areas were formerly
covered by shallow peat, small patches of which still remain. Mostly
however, the remains of the peat cover are to be seen only in tlie
nearly black peaty loam and peaty clay loam surface soils, overlying
mainly heavy textured tiU of Triassic material. The soils of thE
Salop series, and an improved phase oI the Oaklands series, are the
most widespread,

Several areas have been encountered, especially around Much
Hoole, Longton and Hutton, in which old soil profi.les formed on till
and alluvium, sometimes peat covered, appear to have been overlain
by a more recent alluvial wash.

DENBIGHsHIRI
Sheels 107 (Denbigh\ ann 95 (Rhyll

Approximately 105 sq. miles have been surveyed, comDletins
t}re aida west oI i line t-hrough Rhyl, St. Asaph and Hinttani fnE
soils mapped in the Silurian shale country fave been described in
earlier reports, but several new series have been established to the
north and east.

The Carboniferous Limestone ridge between Llvsfaen and St-
George is largely covered with mixA drift. In a"ddition to the
Pentraeth, four series have been recognized: the Dinorben, a
variant o( tle Penrh5m with a lighter texture due to admixture of
colluvium from the limestone; the Castleton, a freelv drained red
loam developed on tle basement beds of the Carboiriferous; the
Llysfaen, a light soii formed on Silurian shale drift with some
admixture from the basement beds of the Carboniferous and the
Morfudd, an imper{ectly drained variant of the Llvsfaen.

The Triassic till of the Vale of Clwvd has siven rise to soils of
ttre Cottam and Flint series, tJre latter occurriig on steeDer sloDes-
Small isolated patches of t-he Newport series havd been mipped riear
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Rhuddlan. The soils on ttre large tract oI marine alluvium between
Abergele and Rhuddlan belong to the Wentlloog series and to a
heely drained variant, the Rhuddlan series. Along the coast,
blown sand overlies t}te alluvium and gives rise to the Pensam
series.

Deep, imperfectly drained silt loams, which have been pro-
visionally included with t}re Conway series, occur on alluvium
associated with the lower reaches of the Elwy and Clwyd. Near
Llanerch the alluvium is lighter in texture, due to the local influence
of Triassic material, and gives rise to deep freely drained firre sandy
to silt loams distinguished as the Llanerch series.

CAMBRIDGESHIRE

Sheet 188 (Cambridge)

A further 36 sq. miles have been surveyed this season. Mapping
commenced on a |-mile-wide strip along the eastern border of t}te
sheet. One new slries was established, the Worlington, a freely
drained slightty calcareous soil derived from deep river gravels and
sands overlying chalk.

To the s-outh and west of Worlington the hummocky topography
has given rise to a complex of soils. The Worlington, Moulton and
Swaftha.m Prior seriei occur on tbe hummocks, white slightly
mottled variants oI these soils or peaty loams or peats are found in the
deoressions.

' Work was also continued in tlle area of Girton, Histon, Milton
and Horningsea and to the north around Stretham, \Vilburton and
Haddenham-. In the former area the Peacock, Wicken, St. Law-
rence, Newbarn, Wilbraham, Reach, Clayhythe, Mi.lton, Land-
beach and Lode series all occur in a small but iotricate area east of
the River Cam, together with disturbed soils resulting from coprolite
digging. The Cam flood plain at this point is mainly occupied by
soG oJ the Cam series, with some peats and peaty loams near
Waterbeach. To the west, larger areas of the Milton, Landbeach,
St. Lawence, Newbarn, Peacock and Wicken series are found.
The Milton and Landbeach are newly recognized series, occurring
on the gravels and sands which {orm a low-\ring terrace to the nort}
of Cam-bridge. The Milton is a slightly calcareous freely drained
soil rith a sandy clay loam to clay loam Profile with occasionally faint
mottling belo$: 2 fdet. The L;dbeach is a similar soil, bui with
coarse a--nd often gravelly sand at about 2 Ieet. West of Histon the
Wicken series is the dominant soil on the Gault.

The Lower Greensand outcrop near Oakington gives dse to a
heavier textured soil than is found on the same formation around
Cottenham. This new series, ttre Oakington, has a clay loam to
sandy clay profile wittr some mottling below 30 inches. It is usua.lly
non-calcareous.

In the second area to the north the Wilburton ridge rises out of
the Fenland. In the fens soils of the Bracks series a-lternate with
shallow peat, whilst close to the ridge and on ttre lower slopes the
Peacocki Newbarn and Oakin6ou series are Predominant. Th€
crest consists mainly of the Cotten-ham and Oakington soils, with
patches of the St. Liwrence and Stretham series. -
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Hrntronnsnrnr exo Bucrmrcnqusnrne
Sheet 238 (Afiesbury\

A furttrer 30 sq. miles were mapped during the season. On the
Chilterns the surveved area was extended east of Great Gaddesden
and in the country- south and west of Tring. No new series were
required, and the soil pattern conlormed to that described in pre-
vious reports.

Work was also begun in the Vale of Aylesbury in ttre extreme
west of the sheet to the north oI Kimble and in a triangle with its
vertices at Ivinghoe Aston, Mentmore and Wilstone. With tle
exception of the Lower Chalk outlier near Cheddington, both areas
are Iargely flat or gently undulating, and are drained by small
streams which arise Irom springs thrown out by the argillaceous
basal beds of the Lower Chalk. Between this Chalk Marl and
the Gault clay which underlies most of the Yale, a more sandy
Upper Greensand facies is developed, especially in the west. Nearly
the whole area is covered by drifts composed of locally derived
material which has been resorted and redistributed by solifluxion
or stream action. The soils so far encountered have a high base
status, and apart from small areas on the Upper Greensand are
slightly calcareous in the upper horizons and contain a zone of
carbonate accumulatiou at about 3 feet-

The most extensive soil series on the Lower Chalk is the Wan-
tage, which gives way on lower ground to the Burwell and Edles-
boiough series. This last is a calcareous slightly mottled clay loam
formed on local alluvial or colluvial material. In a Iew places on the
Upper Greensand platform flne-graiaed calcareous sandstones
ei'v'e rise to soits oi the Harwell ieries. Elsewhere the soils are
Ieveloped on more or less flinty drift, and two new series have
been recogrized: the Marsworth, a light brown slightly calcareous
siightly mbttled clay loam over a glauconitic fine sandy clay, and
the Cheddington, a brown slightly mottled clay loa.m over very pale
olive brown slightly calcareous fine sandy clay.

The mairr aiea of the Gault is covered bv soils of tlre Peacock and
Wicken series. On the extensive areas of gravel to tle north of
Wilstone, a new series, the Gubblecote. a freety drained calcareous
soil, usually a sandy clay loam overlying the coarse flinty gravel,
has been established.

SoUERsET

Sheet 28O (lYells\

A Iurther 56 sq. miles have been mapped in the southern portion
of the sheet.

Organic soils are largely confined to Tealham Moor and Aller
Moor, and have been mapped with the Sedgemoor series and the
Turbury Moor complex. In Mark Moor and in the area to tle
north of Mark a uniform stretch of soils belong to the Wentlloog
series, whilst to the west a poorly drained variant has been estab-
lished as a new series, the Allerton. Stoke and Draycott moors
were largely rnapped as the Godney series, and to tle south-west
lighter estuarine deposits give dse to a new series, the Latcham,
an imperfectly drained silt loam over pale mottled silt or fine sand.
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Ottrer established series identified and mapped on the borders of thc
moors are the Butleigh and Fladbury south of the Wedmore Ridge,
and the Tewkesbury, Crcmpton and Miclleney around the Axe
level.

Most of the soils of the Wedmore ridge itself have been mapped
as previously established series; the Evesham, Charlton Bank,
Somerton and Haselor. Two new series have been recognized
formed on sandy and sandy clay facies of the Rhaetic: the Sand
Hall a freely drained and light-textwed soil overlying sandstone,
and the Wedmore, a strongly mottled loam overlying a mottled
grey sandy clay passing abruptly to a stiff brown clay in which
limestone beds occur. The rather steep north-facing slopes of ttre
ridge show a transition from the Evesham series at the top thmugh
the Hucot series on ttre slopes to the Worcester series at the bottom.

The soils formed on the level top of Mendip are subjected to a
rainfall of 40-45 inches, tend to form a mor humus and to have a
thin iron pau under conditions of imperfect drainage. Large areas
o{ the Carboniferous limestone are covered wit}r the Nordrach
series, a silt loam passing down into a silty clay loam changing
sharply to a reddish brown clay. Two new series have been recog-
nized on Devonian material; the Masbury, a Ireely drained light
loam over sandstone, and the Thrupe, a gleyed soil on colluvium.

The south-Iacing Mendip slopes exhibit the established Lang-
ford, Worcester, Wrington and Lulsgate series in order of increasing
altitude. The soils oI tJre Lulsgate series are very shallow, with
frequent outcrops of limestone.

OTSER WoRx
Reconnaissance surveys were made of sheet 84 (Wigan) and of

ttre parishes of North and South Kelsey in Lincolnshire. Frodsham
Marsh in Cheshire was mapped on the 6 inches to the mile scale for
the Agricultural Land Commission. Detailed soil maps were made
of the University of Leeds Farm at Wise Warren and of Brogdale
Farm, Faversham, Kent, the latter in connection wittr the trans-
ference of the Wisley Fruit Trials. Advice on soil problems has
been given on opencast coal sites, marginal-land improvement
schemes and other agricultural properties.
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BEES AS POLLINATORS OF FRUIT AND
AND SEED CROPS

By
C. G. Burrrn AND J. STMPSoN

I- INrnooucrrox
It has been showa that a number of important agricultural

crops require the services of insects as pollinators. Whilst this
does not apply to the major crops required {or human consumption,
such as cereals and potatoes, it is particularly important in the case
of the legumes, which play such an essential part in agricultural
economy. Many other crops require insect pollination in order to
produce fruit or seed, of which such horticultural crops as brassicae
and orchard fruits are good examples.

It should also be mentioned tlat many grasses and forest trees,
which rely on wind pollination, are frequently visited by large
numbers of pollen-gathering bees (S},nge, f9 7).

Although adequate data are not yet available, it is probable
that in many pans of Britain today, as a result of irtensive cultiva-
tion, the number of wild polinating insects is insuficient to ensure
firll production. However, the distribution of honeybee colonies
is by no means ideal for ttris purpose, since t}le great majority are
kept in the immediate neighbourhood of large cities and not in those
areas where insect-pollinated crops are extensively grown. This
state of affairs is harmful both to the farmer and to the beekeeper,
whose honey yield suffers as a result of excessive competition Ior
limited supplies oI bee forage. Its rectification is, however, clearly
a matter of organization rather than of research, and the research
worker is more concerned witJ: those cases where, despite the presence
of bees, pollination still remains inadequate.

II. INSUFFICIENT PoLLINATIoN
Many insects, including bees, visit the nectaries o{ flowering

plants in search of food. It has been showa by Wykes (1952c)
that honeybees preler solutions containiag sucrose, glucose and fruc-
tose to solutions oI the same total concentration of any single one
of tlese sugars, The fact that most nectars contain tttese tbree
sugars in major proportions (Wykes, 1952a; 1953a) may, tlerefore,
indicate ar aspect of tJre mutual adaptation between plant and bee.
Wykes (19530) has also found that the removal of nectar from the
nectaries of some plants stimu.lates further secretion an interesting
example of economy on the part of the plant.

In most cases the nectariqs are situated within the flowers them-
selves and, when approaching them, the insects usuaLly effect the
pollination of t}te flowers concemed, Flora.l nectaries are probably
more attractive tlan extra-floral ones, and also the more readilv
found on account of the colours and scents of the flowers. It ha!
been shown by Oettingen-Spielberg (1949) that worker honeybees
searching for new sources of food are particularly attracted to small,
coloured objects. This has been confirmed by Butler (1951), who
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has also shorrn that bees will alight on such objects much more
readily if suitable scents are also present. Furthermore, he has
shown that bees that have been visiting a crop of scented flowers
for some time will hesitate to enter them if the perfumes of the
individual flowers are experimentally masked with another perfume,
even with one rvhich is normally attractive to bees. This probably
explains the observation of Butler, Finney and Schiele (1943) tltat
many bees are deterred, at least temporarily, from continuing to
visit-flowers when they are sprayed wiih insecti.idat and fungic-idal
mixtures containing scented materials which are not, in themselves,
strongly repellent to bees.

Bees are especialty important as pollinating insects because,
both as larvae and as adults, they are entirely dependent upon nectar
and Dollen for their food, and numerous visits have to be made to
floweis to collect them. The branched hairs on their bodies, which
enable them to collect pollen, also increase their pollhating efEciency.
The honeybee is especially valuable because its colonies contain
thousands of individuals which can readily be moved to those places
where they are required.

Failure of bees to *'ork on crops is often explicable by lack ol
nectar or by the presence of nectar which is too dilute to attract
them. Some plants consistently produce nectar which, both in
quantity and quality, is attractive to bees, whilst otlters cauot be
reled upon to do so. Such variations in nectar secretion can usually
be attributed to weather conditions, even to those of the previous
year, through their efiect on carbohydrate accumulation (Wykes,
19520), but may also be afiected by the availability of soil nutrients
(Beutler, 1953). Ryle (1954a, 19546) has investigated the eflect of
fertilizer treatment on nectar secretion in mustard, buckwheat,
apple and red clover. She showed that with apple-trees the mean
quantity of sugar produced per flower rvas sigrificantly increased
by extra potash. In sand-culture experiments with red clover,
niustard and buckwheat, in which the levels of nitrate, phosphate
and potash were varied, any treatment which checked gro*th at
flowering, apart from a shortage of potash, increased the yield of
nectar. However, with the clonal material used in the red-clover
experirnents, it was found that the differences caused by the fertil-
izeis were small in comparison $rith those between clirnes. This
suggests that it may be possible to select strains of red clover
wliich, whilst retaining their preseDt tood vegetative qualities, witl
also have improved nectar-secreting properties.

It is also possible for flowers to contain nectar which is not
available to all pollinating insects. Thus inadequate pollination
of red clover by honeybees can be due to the long corolla-tubes of
the flowers of this plant, which make it difficult, if not impossible,
for the bees to reach the nectar unless it is very plentifirl. The
longer-tongued species oI bumblebees, suclt x Bomb*s agrorum
and B. ruAeratus, are better able to pollinate this plant, but the
short-tongued species, such as B.lerreslris and B.lucorum, are often
actuallv harmful, since, bv biting holes at the bases of the corolla-
tubes, they obtain the nectar without making contact with the
stamens and stisma. and enable honevbees to do likewise. These
facts have recenily been verified by Free (19i2). Ribbands (1951)
has shown that in order to obtain maximum pollinating efficiency
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colonies of honeybees should be placed as close as possible to the
crop, since the imount of foraging in bad weather is considerably
reduced when t}Ie bees have to flv even short distances.

Numerous cases have been retorded of crops which would other-
wise be reasonablv attractive to bees being neglected in favour of
still more attractive crops, which have s6met-imes actually been
weeds. For example, Vansell (194!) has described a case of com-
petition, a multipie case, betrieen the flowers of apple, peach,
irectarine, plum. iour cherry, uinter Nelis pear and Bartlett pear,
in which thi two varieties oi pear were almost completely neglected
by the bees present in favour of the apple and other flowers. Butler
(i945a) ha-i described similar cases of competition between pear
ind hiwtlom, in which the pear blossom ll-as neglected in favour
of the hawthorn, and also between Sreengage and dandelion, in
which the dandelions received the bulk of the bee visits. Hammer
(1949) showed that red clover, even when it was felding nectar
rletl, was liable to be deserted in favour of mustard. Iucerne or carrot.
He Iound that this difficulty could be overcome by providing more
bees than the competing crops could carry.

Bees foragirg ior n"ectar may in some instances be ineffective
as oollinators if the floral structure permits them to reach the nec-
taries without touching the stamins and stigma. Thus some
varieties of apples have long, erect stamens beneath which bees
can crawl to reach the nectaries. In the case of flax many bees
learn to approach the nectaries by thrusting their tontues between
the petali from the back of the flower (Gubin, 1945), in rvhich
behaviour they are possibly encouraged by the fact that flax Petals
are extremely loosely attacbed and perhaps do not provide an
adequate support for a bee (Simpson, l9l9). In the same sort
o{ way nectar:gattrering honeybees rarely accomplish the tripPing
of luci:rne florvirs, which is necessary Ior their pollination, having
learned to obtain the nectar without thrusting their heads into the
corolla-tubes (Tysdal, 1940). Honeybees often take a little time to
leam such irrdg,ilar methotis of obtaining nectar (Butler, 1949), and
Dadant (1951)- has suggested changing the colonies on the croP
regularly to reduce the ef{ects of such learnirg.- Extia-floral nectaries on plants also allow ins€cts to obtain
nectar without efiecting pollination. It is surprising, therefore, that
in some plants, such as the field bean and cotton, such nectaries
are active at ttte time of flowering.

Where it is sufficiently abundant, pollen of itseU may attract
inatins insects. This occurs with a few nectarless plantsnectarless plantspollinating insects. This occurs

Such as foppies. Since pollen-collecting bees almost invariably
pollinate ihi:'flouers u'hicit they visit, m-ost pollia-ating difficultiespollinate ihi'flouers u'hich they visit, m-ost polliaating difficulties
iould be overcome by increasing the number of bees gathering
pollen from the crop. 

'This 
can be done by increasing the total bee

population in the district. About one colony of bees per acre ispopulation in the About one colony of bees per acre is
the pollination of croDs where nectar-isrially sufEcient to ensure the pollination of crops where nectar-

gatheiers are the effective agents (Hutson, 1926), but advantages
[ave been shown in increasing this number to three to four per
acre in the case of red clover, from which the bees often obtain
insuficient nectar (Hammer, 1950), and to five per acre with lucerne,
where nectar-gatherers do not pollinate the flowers (Dadant, l95l).

Many morl individuals are usually necessary to gather the
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nectar required by a colony of honeybees tllan are requLed to collect
its pollen. It follows, therefore, that if the population of honey-
bees in any given area is increased, until the number oI pollen-
gathering bees is sufficient to pollinate a given crop, tlre colonies
used are unlikely to give a satisfactory retun of honey and may
even require to be fed. The economics of ttris system of ensuring
pollination in any particular instance should, therefore, be care{ully
examined. The females of many solitary bees, for example Mega-
chile sp., arc mailly concerned with pollen collection when foraging,
and are, tierefore, probably more useful as pollinators of crops
such as lucerne (Franklin, l95l), from which honeybees can obtain
nectar without efiecting pollination. Attempts have already
been made in America to propatate Notnia mclaruIeri for this pur-
pose (Menke, 1952) ; otherwise this possible method oI solving the
problem appears to have received little attention.

The possibility of varying the proportion of pollen to nectar
loads collected by honeybee colonies has been considered. There
is some evidence that this can be done by creating a pollen shortage
in the hive by using a pollen trap to remove pollen from the legs
of returning foragers (Hirschfelder, l95l; Lindauer, 1952). Most
traps, however, remove only about 20 per cent of the loads of pollen
brought in by bees, and although a trap which removes as much as
75 per cent has been produced at Rothamsted, the obstruction
which it causes reduces the foraging level of t}le colony excessively.
Unless this difficulty ca-n be overcome, it seems improbable tlat
potlen trapping will prove to be useful in this respect. Pollen
collection may also be increased by adding to the amount of brood
in the colony, but this, too, involves considerable beekeeping
difficulties.

III. CRoss-PoLLrNATroi,r

Many plants of considerable economic importance are wholly
or partially self-sterile, or possess mechanisms which hinder self-
pollination. It is important, ttrerefore, that pollinating ircects
should carrj, pollen from plant to plant.

Individual honeybees do not forase over the whole of the area
*ithin flight range" of their hive, bu"t tend to return continually
to a small part of this area (MUller, f882). This type oI behaviour
is also showa by other insects (Minderhoud, l95I), and may well be
a characteristic of foraging animals in general. Individual bees
also frequently restrict their activities, at least for a time, to the
flowers of one of several available species of plants (Aristotle).

It is obviously desirable that the {oraging areas of individual
honeybees sbould be large where the transference of pollen between
trees, often between widely separated trees (as in orchards inter-
planted with compatible varieties), is necessary; and that they
should be small where transfer of pollen between adjacent plots, as
when growing seed of compatible varieties of brassicae, must be
avoided.

Butler (1943) described honeybees restricting their foraging on a
crop to areas of 5 yards or less in diameter, and the existence of
foraging areas of similar size was deduced by Crane and Mather
(f943) from a study of the distances necessary for isolation between
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crops of different varieties of radish. It was pointed out by Butler
(1943) that bees foraging in such small areas tannot be resp,onsible
for cross-pollination in orchards, ald, since the necessary transler
of pollen between trees does occur, he postulated (1954D) the exist-
ence of an additional " wandering " population of bees. He con-
sidered that these were probably mainly young bees which had not
yet found satisfactory foraging areas. It was known, however,
that bees tend to extend their foraging areas and to wander x'hen
ttre crop on which they have been foraging begins to fail. Thus in
an experimental field, which extended over a considerable area, in
which artificial flowers (dishes oi symp) were spaced 20 yards
apart from one another, Butler, Jefiree and Kalmus (1943) found
that honeybees which were accustomed to collect food from par-
ticular dishes moved elsewhere when the supply of slrup in these
dishes failed, but, nevertheless, returred from time to time to these
dishes and examined them. If the supply of syrup was subse-
quently replenished and maintained, the bees rvould often be found
tb have eirlarged their original foraging areas to include several
dishes, some of which thet visited only occasionally. Similarly,
Ribbands (1949) found that honeybees that $'ere gathering pollen
from Shirley Poppies spread their activities over a greater number
of flower-heads as the supply of pollen became exhausted. From
this and other observations with difierent crops he came to the
conclusion that the size of a honeybee's foraging area is liable to
continuous change, and is dependent at any given moment on the
extent to which she is satisfied with the return for her foraging
activitv. Since von Frisch (1934) has shown that such satisfaction
is related to the previous foraging experience oI a bee, it is probable
that as difierent bees have had difierent experiences they are liable
to be variously satisfied, and Ribbands (1949) has concluded that
one is likely to find a wide range of sizes o{ foraging areas amongst
any population of honeybees workirg on any crop at any given time.
Thus both Butler and Ribbands agree that the sizes oI the foraging
areas of individual bees vary from time to time, but explain this
ohenomenon il difierent wavs.' Butler (1945) supposed'that the proportion of " wandering "
bees could be raised by increasing the density ol bees on the croP,
but Ribbands (1953) has concluded that the efiect of competition on
the sizes of foraging areas is unpredictable Jrom the available
evidence. This pr:oblem, which clearly has an important bearing on
orchard pollination, still remains to be solved experimentally-

IV. TsB Drnrcuxc oF HoNEYBEES To CRoPS

Von Frisch's (1925) discovery that successful foragers are able to
communicate the scent of tlle flowers lrom which they have been
gathering food to other bees has led to attemPts to diect honey-
6ees to crops which need to be pollinated. The method used has
been to feed s],rup, containing the scents of the flowers of the crops
requiring to be pollinated, to colonies of bees.

- 
Foragers thtt are seeking food are attracted to flowers by their

movement (WolI, 1937) and by their colour and scent (Butler,
l95l). Ribbands (lgag) has demonstrated that when a honeybee
knows of more t]lan one source of Iood she appears to select t}Ie best
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of tlese 1t any given time, and von Frisch (1946) has sho\Mn that
she is able to communicate to other membirs oi her colony the
positions of any of these sources.

Close observations suggest ttlat colonies oI honeybees possess
very efiectiye methods of flnding and exploiting th6 best-of t}le
crops within their foraging rangi, so that alth6ugh it mieht be
possible to mislead them into pollinating one of the poorer crops, no
increase in honel yield could resu.lt fiom this procedure. -How-

eve-r a colony's rieihods of firding the best crops'available do not,
in Jact, app€ar to be as efiective as one might eipect ttrem to be, as
it has been noted that colonies in the same apiiry will frequeatly
collect the bulk of their food from very difierent 

- 
sou.ces (SyaS;,

1947). It has also been shown that iolonies of bees ttrai 
-hive

been moved to a heather area before t}te heather flowers have
opened, and have commenced to forage on other kinds of flowers,
have failed to transfer their activities to the much more abundant
heather flowers when these beca.me available (Moore-Ede, l94Z).
It seems possible, therefore, that when colonies of bees are directed
to crops-to pollinate them their honey yields may occasionally be
increased.

In early practical experiments to dfuect bees to crops Russian
workers, such as Veprikov (1936). claim to have obtiined con-
siderable increases in the nurnber of bees visiting the experimental
crops and in the amount of seed produced. However, late; investisa-
tions by von Frisch (19a7) produced less defrnite results; in -his

experiments the number of honeybees foraging on the experimental
crops appear almost invariably to have been increased, but the
figures obtained for set of seed, and for seed yield at harvest, are less
satisfactory. . On crops other than red clovei increased honey yields
(allowance being made for the sugar fed) were obtained. In ih-e case
of red clover, however, the effects on honey yield were not sigaificant,
This suggests that although von Frisch wis successful in -<lirectins
the beei'io red clover, the-y were unable to oUtain anv more nect#
from these {lowers than they would have done from others.

- Yon_ Frisch (19.17) pointed out that dtecting bees to crops {rom
w-hich the-y-. cannot obtain nectar is not likely toiesult in mudh addi-
tional pollination of the crop. He, therelore, suggested that in
slch cases it might be possible, and more profitabld,-to attempt to
dAect pollen-gathering 6ees to the crop rath'er than neciar-gath6rers,
by feeding syrup scented with the -pollen 

of its flowersi Unfor-
tunately, experiments at Rothamsted to direct bees to red-clover
crops, by feeding red-clover pollen in s1rup, have produced no evi-
dence that the pioportion of irollen gatJiered from r'ed+lover flowers
can be increased by such treatment.

Von Frisch (f9a7) also showed that it is more effective to feed
scented slmrp to bees outside the hive than inside. Some un-
published observations by Butler suggest that this may be due to the
very much greater tendency of bees ibat have collecied food in the
light to perform recruiting dances, and also that intermittent
feeding is likely to be mori efiective t}ran continuous feedine. as
most of the dances are performed by the fust few bees whichirisit
the feeder
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V. UsE or Ho\EYBEES AS PoLLTNAToRS rN PARTTCULAR hisrANcES

(a) Orchard ?ouination
Bittain el al. (1933) have pointed out ttrat the number of colonies

of honeybees required to yield the necessary proportion of bees to
flowers il an orchard depends on many {actors, including, of course,
the area of the orchard and also the amount of bee forage, otier ttran
that provided by the fruit-trees, available in and around the orchard.
Butler (1948) iecommended that a group of colonies should be
placed in the centre of each 16-20 acres or orchard. Although the
i,atidity ot the suggestion that this method of placing the c5lonies
increases the degree o{ competition between the bees and also
increases their tendency to wander from tree to tree, and thus to
effect cross-pollination, has not yet been adequately demonstrated,
there is no doubt that it possesses certain advantages. By keeping
the colonies away from t-be edges of the orcbards it probably reduces
the tendency of the bees to forage outside them, and further it
enables the grower to determine, over a period of time, the number
o{ colonies of a given strength necessary to produce an adequate
set oI fruit, sincell an insufrcient force of bees is present the set of
fruit fa.lls ofi at some distance from the hives, and when an even set
of fruit has been obtained throughout an orchard the force of bees
is probably correct (Butler, 1942). Grouping of ttre colonies to-
gether is also advantageous to management both by the beekeeper
and the grower. In spite of Ribbalds' (1951) observations of the
large diriinution of foiaging in bad weaiher with increased flying
disiance, it is unlikely that the method of locating colonies sug-
gested by Butler (1948) will result in any serious diminution of
foraging activity, since tbe radius of a circle of an area of 20 acres,
in th=e ctntre of which it has been suggested that the colonies should
be placed, is only 176 yards. Larger groupings, however, are
undesirable.

(b) Pollinalion in confined sPaces

Colonies of honeybees are sometimes used to cross-pollinate such
crops as peaches in |lass-houses (Thompson, 1940). Unfortunately,
horiever, although h-oneybees have been found to be very satisfactory
for such purposes, and to save rnuch manual labour, the condition
of the colonies used tends to deteriorate very rapidly and tle forag-
ing force to diminish during the fust few days of confinement to
th; house, on account of many of the bees dying in attempts to
escape. However, the young bees which reptace the origiral
foragers show a much reduced tendency to behave in this way.

Receotlv colourless nylon screen-cages have been found useful
in work on'the pollinatioir of red cloveiand otber croPs, as well as
Ior work on the breeding of brassica varieties. It has been found
at Rothamsted tlat bees behave well in these cages and that normal
plant gror*th is maintained 'within them. Indeed it- seems probable
that this tl4)e of cage may prove exkemely valuable in plant
breeding.
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PHYSICAL PROPERTIES AND CONTACT
TOXICITY OF DDT AND SOME

RELATBD COMPOUNDS

By

A. H. MclNross
Research on biologically active compounds, including insecticides,

is often done by m-aki-ng a -group of similar chemicaE aud testing
them by some standard method. This may lead to the discovery oi
new insecticides. But the aim is sometiries to correlate chemical
struct"le wit"h toxicity in the hope of finding some general rule by
which the toxicitV of any chemical in tte srouo mav be foretold_ 

-

The physical is well-as the chemicat iope^rties'of a comDound
can aflect its toxicity, and when chemii:al 

-structure 
is chinged,

physical properties aie nearly always changed as well; so tha"t it
may sometimes be misleading to relate toxicitv directlv to chemical
structure unless changes in ihe important pliysicat froperties are
small.

Some of the work done in the past few years at Rothamsted has
been aimed at finding out what edect the piysical form can have on
toxicitv, and what physical properties are-desirable in an insecticide
when it is applied directly to the insects' bodies. This work is
academic, but may in the end have some efiect on t}te way insec-
ticides are made up for field use.

All the compounds rve used are chemicallv related to DDT.
They are all crystalline solids which do nof dissolve in water.
They are all contact poisons. This means that the insects can be
killed without having to eat the poisons; contact with the insects'
bodies is enough. None of the poisons give off vapours that can kill
the insects.

Two or more types of aqueous suspensions were made with each
compound. One type (colloid) contained very small particles of
supercooled liquid poison, probably about 0.0001 ruir. in size.
The others contained crydtals, often about 0.0i mm. These
crystals were uniform, but the size varied from one compound
to another; in some cases several different tyoes of zusoinsion
w.ere made of a single compound, each containi-n! uniform irystals
of characteristic size-

The toxicity of each suspension was found bv a method which
involves dipping saw-toot-hed grain beetles (Oiyzaebhilus suritta-
mensisl f.or a few moments in the suspension aMcliltosh. lO4Za).
After this ttre suspension is drained oil, and the beetles are leit
wit-h a coating of poison stickhg to them. The diooins does not
drown the iusects; they are kepl for 24 hours or riri,re"after dip-
ping, and then counts are made [o see how manv have died from tfie
poison. It is importart t"hat the temperatuie of ttre insects is
kept constant during this- time, becar:le changes in temperature
nearly always afiect the kill.

In tbis way the suspensions were compared in paAs : a susoension
of crysta.ls of each poison was compared with ihe sime pxiison in
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colloidal form. This review discusses how the difierence in toxicity
between col.loid and crystals may be related to the physical proper-
ties of the poison.

DDT was one of the compounds with which several difierent
suspensions of crystals were made. each containing crystals of a
diflerent size. Crystals o[ DDT are needle-shaped or plate-
shaped; the crystal size was varied from about O.06 mm. to about
O.4 mm. \!'hen these suspensions were compared on grain beetles
kept lirarm (27' C.) after dipping, the colloid was always the least
toxic suspension; the longer the needles, ttre more toxic they seemed
to be (Mclntosh. 1946). The longest needles were about fifteen
times more tox.ic than the colloid. This was unexpected, but the
immediate cause was not ha.rd to find. When the insects are taken
from the suspension, poison sticks to them; it can be washed off,
and the amount retained can be found by chemical analysis. This
showed that the insects retain much more poison from a suspension
of long needle-shaped crystals than {rom a suspension of colloidal
particles. The extra dose received $'as in Iact almost enough to
account for the higher toxicity of the suspension of crystals
([lclntosh, 19476). Differencesin loxicity amongst theother suspen-
sions of DDT cn'stals can be explained in the same wav: crystal
size decides retentionl Tests wiii ot}rer rompounds beiides DDT
suggest that retention of this sort is purely mechanical. Retention
byone insect species depends on crystal size only; difierent poisons
xith crystals of the same size are retained equally well. Plate-
shaped crystals are not retained so well as needle-shaped crystals.
Poorest retention u'as {ound with plate-shaped crystals of about
0.025 mm., and not with the very smallest particles. With some
poisons there is no method for micro-analysis. In such a case the
ietention can be guessed by comparison wiih some other compound
that gives analyzable crystals of the same size.

TLe results- of all comparisons of toxicity by dipping must be
corrected one way or the other to allow for differences in retention.

It mav seem at first sisht as if the results of the tests with DDT
can be cohpletely explainid by difierences in retention. This is not
so. A very sho-rt description of what insect cuticle (skin) is like
mav make tlis clearer. Cuticles varv in structure from sDecies to
spe"cies, and even from one area of a iingle insect to another. But
there is always a t}tin waxy layer on the very outside (Wiggles-
worth. 1948:'Beament, 1948). The first thing a contact Poison
lying on the cuticle must do to get into the insect is to dissolve in
this-wa-x laver. Without this, nothing can happen to the insect.
For this reaion the need for a contact insecticide to be soluble in fat
has often been stressed.

With DDT it is thought that there are celtain spots -on the
cuticle surlace which are more easily penetrated than the rest,
or which form short-cuts to the site of action of DDT hside the
insect (see, {or instance, Schaerfienberg, 1949; Wiesmann, 1949;
Fisher, i952). Poison applied to them kiils the insect more efficiently
than tJre same amount-of poison applied any'where else. The wax
covers the sensitive spots as well as the rest of the cuticle, and so
the first step in penetration must be the same everywhere, whether
the insect dies as a result or not.

The wax layer is verv thin, and must soon become locallv
M
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saturated beneath and round about particles of poison that are in
contact with it. If saturation can be kept up long enough, especially
on a sensitive spot, the insect will die.

After insects have been dipped, the film of poison sticking to
them becomes dry. With colloidal poison the film is not even, but
takes t1re iorm, to begin with any,way, of little blobs o{ supercooled
liquid poison. The chances of hitting a sensitive spot with a blob
or witl a crystal must be about the same. One might naturally
expect that the poison from the blobs would dissolve more quickly in
the wa-x than the poison from the crystals ; colloidal poison should be
more toxic than crystals, or should act more quickly. However, the
two forms of DDT are in fact almost equally toic.

Counts of kill are usually made one or two days after treatment.
The choice is largely one of convenience. But it did not seem to
matter whether they were made after 1$ hours or 72 hours; the
ratio of toxicities was always the same (Mclntosh, 1949). So we
have the unexpected Iact that the speeds of solution of the two forms
oI DDT in wax are, as far as can be 1'udged from ttre biological
tests, nearly the same. Speed of solution does not seem to decide
speed of kill.

What has been said so far applies to insects that are kept warm
(27'C.) between dipping and counting. If the insects are treated
with the same two forms of DDT and then kept cool (Il'C.)
instead of warm, the relative toxicity is reversed; the colloid is now
more toxic than the crystals by about the same amount as it is less
toxic to the warm irrsects. Tests by injection of suspensions into
larger insects give similar results, and suggest that the difierence in
toxicity at ll' C. is largely a difference in speed o{ action; if the
injected insects are kept cool for long enough, the kill from the
crystals catches up on the kill from the colloid (Mclntosh, l95la).
The process of dissolving is slowed down iu cool insects, but it is
slowed down more for ttre crystals than for the colloid. The
physical ttreory of very small pirticles supports the idea that they
shotrld be relatively more toxic at lower temperatures (Mclntosh,
195rr).

One efiect of cooling the insects is to accentuate the difierence in
speeds of action between small and large particles, ma"king it easier
to measure. Other compounds related to DDT behave in some-
what the same way when tested as contact poisons on O. sarina-
tuensis kept cool after treatment. The colloidal form is always more
toxic than crystals, but tle size of the difference in toxicitli varies
from one analogue to another.

Two properties of dissolving materials might be expected to
afiect this difierence in toicitv.

Firstty, the deposits left 6y the colloidal poisons are made up
of globules to begin with, but often crystallize later. The speed at
which this happens varies from compound to compound, and can be
measured in in ritro tests. If the deposit crystallizes quickly, it is
soon not very different from the deposit left by a suspension of
cryrtals; the difference in toxicity between colloid and crystals
is likely to be small.

Secondly, if it is in Iact necessary for poison to saturate the wax
layer, tJren the speed at which a poison can dissolve in the wax may be
more important than the solubility itself. It is possible to measure
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th€ time it takes for crystals of a poison to bring about saturation of
olive oil r'z uilzo. This figure was taken as a griide to their speed of
solution in insect wax, It was not possible to measure the speed of
solution of deposits from colloidal poisons in olive oil ; they dissolve
quickly, and it was assumed that they all dissolve at ttre same speed.
Difierent poisons with crystals of the same size do not necessarily
bring about saturation at tbe same speed. If the crystals dissolvi
slowly, the difierence in toxicity between colloid and crystals is likely
to be large.

When allowance is made for difierences in retention, tle
analogues fall into t\tro groups. Each compound in the first group
shows a difierence in toxicity of about eight times; the colloid is
about eight times more toxic than the crystals if counts are made
one day after treatment. In the second group the difierences in
toxicity betweeo colloid and crystals are very much bigger; the
values found lie between thirty and eighty.

It was said that if a compound gives a slowly-crystallizing de-
posit from colloid o/ gives crystals that dissolve slowly, the difierence
in toxicity may be large. But the tests showed that each of the
compounds giving a large difierence in toxicity had 6olf these
qualities. One was not enough. The reason why both should be
necessary is not clear. lt may be tbat this is not a general rule;
one quality or tlre other, if extreme enough, might produce a large
difference in toxicity.

The lipoid-solubility, or solubility in fats, is often said to be
important in deciding the toicity of a contact insecticide. The im-
plication, sometimes stated directly, is that in a group of very similar
compounds like close analogues of DDT t}te most soluble compounds
are the best contact insecticides (Martirr & Wain, 1944; Browning
et al., 1948; Skerrett & Woodcock, f952). It is certa.inly not true
,,rith this group of DDT aralogues. They are all fat-soluble, but ttrere
is no relation at all between the toxicity (of colloid) and solubi.lity
in olive oil, which is often taken as a convenient measure of solu-
bfity in body fat. The difierence in toxicity between colloid and
crystals is not related to fat-solubi.lity eitler.

The reactions of the insects to difierent sizes of particle seem to
support the idea that the fust step ir penetration is solution of
poison in some solvent, presumably the cuticle wax. It may seem
rather obvious that it is better to use colloid than crystals, and that
the qualities making for efficiency are slow crystallization of super-
cooled poison if it is applied as a colloid, and quick solution of
crystals if the poison is applied as a solid. But the tests of DDT
on \i,a[n and cool O. surinatnensis, and of the other analogues,
suggest t}tat with tltis species the qualities that afiect speed of solu-
tion do not decide speed of kill if the insects are kept u'arm after
treatment; they are important only if the temperature is low.
These qualities ought to apply to some extent to any stable contact
insecticide and to almost an1' species oI insect: this has still to be
con6.rmed. The temperature at which they become important $.ill
not necessarily be the same for difierent species,

Crystallization of DDT can be prevented by mixing other
compounds with it. This kind of non-crystalline DDT is more
toxic than pure DDT in tests of dusts on sheep keds or vinegar
.flies (Riemschneider, 1950), and in tests of fllms on mosquitoes
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or DDT-resistant houseflies (Ascher, Reuter & Levinson, I95l;
Ascher & Reuter, 1953). In tIe film tests the non-crystalline
DDT may stick better to the insects than crystals do, and for this
reason miy seem to be more toxic. But Beian (1952) found that
impure nonrrystallhe DDT is more toxic than pure crystalliae
DDT when equal arnourrts are applied dAectly to houseflies.
ln all these tests ttre insects were kept warm {24-28" C.) after the
poison was applied. From ttlis it seems more likely ttrat a low
crystallization tendency is in general a helpful property at all
temperatures and not just at low ones.

In practice it will seldom be possible to apply solid contact
poisons in colloidal form. They are often formulated in one
crystalline form or another. If a poison is to be efficient it must be
able to saturate the cuticle wax quickly. This may be ttre result
of its own properties, or of formulation; but in either case attention
should be given to speed oI solution rather thaD fat-solubility,
which has perhaps been over+mphasized in the past. Some degree
of fat-solubility is certainly necessary, but it need not be very
high.
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RECENT WORK ON MOLYBDENUM AND
SOME MICRO-NUTRIENT INTERACTIONS

By
K. WenrNcroN

INTRoDUcTToN

Since l94l-42, when the efiect oI various iucidental constituents
of Chilean nitrate were being studied, micro-nutrient investigatioDs
in the Botany Department at Rothamsted have been large[ con-
cerned with molybdenum. This element is the most recent to be
shown essential for higher plants, and not until 1939 did Arnon
and Stout prove it essential for tomato. Piper (1940), Hoagland
(1941) and Warington (1946) {ollowed with oats, phrm and leituce
respectively, and prool has now been extended to a number of other
crop. It was from 6eld experiments in Southern Australia and
Tasmania, however, that the practical importance of the element
flrst came to be appreciated, Anderson (19a2) and Fricke (1943)
demonstrating that failure of subterranean clover on certain iron-
stone soils was due to molybdenum deficiency. The discovery in
New Zea.land (Davies, t945, and Mitchell,'1945) that whiptail
disease of cauliflower was caused by molybdenum deficiency soon
followed, conirmation of the field symptoms being obtained in
sand culture by Heuritt and Jones (1947).

MOLYBDENUM DEFIoIENcY
Among t}te points established during t}re course of the earlier

field trials was the greater availability of molybdenum under
alkaline conditions (Stephens and Oertel, 1943) a fact to which
Fricke (1944) attributed the benefit he obtained from ttre addition
of lime only on soils responding to mo\zbdenum dressings. These
results fall into lire with those of Ferguson, Lewis and Watson at
Jealott's Hill (1940), who had {ound that liability to " teartness " in
cattle, caused by excess molybdenum in ttte herbage of pastures in
Someiset, was iicreased by d rise in soil pH.

The notable response of legumes to molybdenum and the obser-
vation that molybdenum-deficient clover was invariably pale, led to
enquiries regarding tle efiect of this element on nitrogen fixation
by the nodule organism. Bortels (1930) had already shown that
mo\zbdenum was needed for normal growth of Azotobaclez in culture
media lacking nitrogen, and Steinberg (f936) tlat it was required
for nitrate reduction by Aslogil,lus. Jensen and Betty (1943)
recorded increased nitrogen content in the roots of molybdenum-
treated luceme and white clover, and high concentrations of the
element in tleir nodules, while in 1946 Anderson and Thomas
fotlowed with proof tlat molybdenum was essentid for symbiotic
nitrogen fixation. Mutder (1948) confirmed Steinberg's results and
showed in addition that molybdenum was required tor nitrate
reduction in higher plants of a non-leguminous tlpe and also for
denitrification. He\r.itt, Agarwala and Jones (1950) Iurther found
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that ascorbic acid production was much iliminished by a lack of
molybdenum.

Since the beneficial effect of liming suggested t}tat lesponse to
molybdenum might be in8uenced by the calcium supply or the pH of
the substrate, and one function of the element at least seemed to be
counected with nitrogen nutrition, the next series of solution cul-
tures at Rothamsted were designed to study the efiect of these three
factors (Warington, t95O). Here the amount of calcium supplied
was found to htve a marked effect on growth of both lettuce and red
clover, more being required as acidiiy in.reased, but the level
provided had no influence on the response of either plant to molyb-
denum. Variation in initial pH value (4.2-8.2), with ca.lcium at a
uniform standard rate, a.lso af{ected growth very noticeably, in spite
of a rapid levelling up in the reaction oI the solutions, but with the
possible exception of the most alkaline medium, visual molybdenum
de6ciency s5,'rnptoms were invariably obtained unless molybdenum
was p.o,,id"d. ' Response to molybd6num occurred wittr boih species
at all levels of nitrogen tried, and in both inoculated and uninocu-
lated clover, the number of nodules formed in the latter set being
greater when molybdenum was lacking, as described by Anderson
and Thomas (1946). Nitrate-nitrogen accumulated in the shootsofthe
molybdenum-deficient lettuce and clover shoots confirming the results
of trlulder (1948) and Hewitt, Jones and Williams (1949). There was
also some indication that lettuce was more liable to damage {rom
excess moli'bdenum when the nitrate supply was raised, an efiect in
keeping wilh the results of subsequent po1 experiments (Brenchley,
r948).

Mon"norNulr Excrss
(al Microscopic efects

Prior to the discovery that molybdenum was essential in plant
nutrition, Sheffield (1934), working at Rothamsted, had found that
addition of salts of molybdic acid induced changes in cell contents of
solanaceous plants, inclusion bodies similar to those resulting from
vims infection being formed. The nature oI the compound, how-
ever, was not determined. Later microchemical tests, carried out
on tissue from potato tubers arld tomato shoots of plants grown with
toxic quantities of mo\rbdenum, showed that the characteristic
golden colour developed ulder these conditions was caused by globu-
lar yellow bodies of a tannin-moljrbdenum complex (\\'arington,
f937). In the tomato, blue granular compounds of molybdenum
with anthocyanin were also detected. -{ form of lea{ mottling
appeared on the leaves of tomatoes suffering from excess molyb-
denum, simulating virus s5,rnptoms, but subsequent inoculation tests
showed that the plants u'ere free from disease.

(b) Macroscopic efects

Most plants show high tolerance to molybdenum, and herbage
containing amounts sumcient to cause " teart " disease of cattle
remains undamaged itself. The species comprising the pastures,
however, vary widely in their capacity to absorb the element,
clovers and Yorkshire fog in particular showing much higher con-
tents than tlte other grasses or weeds growing on the same soil
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(Ferguson, Lewis and Watson, 1950). Tolerance to molybdenum
also depends on the nature of the soil as well as the crop, Brenchley
(f9a8) finding that dressings harmless to tomatoes grown on loam
or allotment soil were very toxic on sandy Woburn soil Further,
Solanum nodiforum was uninjured on allotment soil by a dressing
which proved lethal to it on a cucumber soil rich in nitrogen, and
while flax suffered considerable damage on this latter soil, tomato
treated with the same rate of molvbdenum on it remained un-
harmed. Other soil properties as *,iU as nitrogen content and pH
value would, therefore, seem to be factors determining uptake of
molybdenum. HCl-soluble iron may also be of importance, for of
thirteen Australian soils tested, Williams and Moore (1952) found
least molybdenum absorbed by oats when the soil was rich in iron
the dif{ereuces reaching sigaificance independent of pH value.

INTERACTIoNS BETWEEN MoLYBDENUM AND oTHER ELEMENTS

It is generally recognized that interaction betrveen the vaious
major and minor elements are of paramount importance, and much
recent work with molybdenum has dealt with this aspect. From pot
and field experiments (1948, f949c), Millikan concluded that man-
ganese and mo\rbdenum were antatonistic, and showed later
(1951) that addition of high concentrations of molybdenum to flax
grown witl excess manganese reduced the manganese content and
altered its distribution, s'hile Anderson and Spencer (Ig5O) found that
manganese accentuated molybdenum deficiency in clover and lowered
its uptake.

Earlier Millikan (19.17) had shown that molybdenum, if presented
ia su6ciently high concentrations, could counteract chlorosis induced
in flax by a number of heavy metals given in toxic amounts. Hewitt
(19{9), on the ot}er hand, found molybdenum enhanced the ch.[oro-
tic sl mptoms of metal excess in sugar beet. He considered that
some aspect of nitrogen nutrition was probably involved whichever
way tle interaction worked, and Bennett (f945) had already put
forward the view that chlorosis nas a disturbance of nitrogen as *ell
as of iron metabolism.

The possibility that vanadium mitht give similar resr:Its to
molybdenum seemed worth investigating, Ior Horner el al. (1942\ had
shown that the tno elements could replace each otler in Azotn-
Dacrcl nutrition, thor€h Vanselow and Datta (l 949) found no evidence
for this in citrus. Comparison was, tlerefore, made of tJre efiects of
high concentrations of molybdenum or vanadium in the presence of
manganese excess (Warington, l95I). Flax and soybean were grown
in nutrient solutions containing manganese at toxic (10-25 p.p.m.)
and non-toxic (l p.p.m.) levels, each combined with a range ol
concentrations of molybdenum or vanadium. Relatively high rates
were required before any interaction wittr manganese was obtained,
and t}Ie efiects of the two elements were contrasting. Molybdenum
(20 p-p.m. and to a less extent l0 p.p.m.) intensifled the chlorosis
induced by high mangarese as Hewitt (1949) found with sugar beet,
but both rates of molybdenum proved harmless in the presence of
only I p.p.m. manganese.

Vanadium (equivalent to 1.0 or 5 or l0 p.p.m. Mo), on the other
hand, counteracted some of the slrmptoms of manganese toxicity,
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suppressing at least temporarily tle apical cl orosis of both crops
and reducing the leaf curling in soybean, though eventually the
higher leveli of vanadium induced apical chlorosis on their own
aciount. Vanadium equivalent to only 0l p.p.m. Mo, however,
failed to exert anv noticeable efiect at all. Thus, under this set ol
experimenta.l conditions, high vanadium gave results similar to
th6se obtained by Millikan fbr high molybdenum (1947) and later
by him for aluminium also (19490).

I\TERACTIONS BETWEE\ VARIOUS IIIETALS A\D IRO\
(a\ Visual efects

That metal toxicity causes disturbances in iron nutrition is no
new discovery, Ior in i9l9 Johnson cured pineapples sufiering from
excess manganese by spraying with iron. Similar antidoting
effects of iron on other metals in excess have been found by various
autlors using either additions of iron to tie nutrient medium or
external applications to the leaves, Counteraction of meta.l
toxicitv bli Elements other than iron has, however, only recently
been ciainied. Since vanadium was one of t-he elements possessing
this property, information regarding its efiect on plants sufiering
from- a direct (as distinct from metal-induced) shortage of iron
seemed desirable. Ferric citrate rvas used as a source oI iron, the
standard amount selected as control depending on the crop grown.
Within the concentrations tried (0.05-5 p.p.m. V) vanadium failed
to relieve iron-deficiency chlorosis in sol,bean or flax, 2 5 or 5 P.P.m.
\- in fact proving more toxic if the iron content of the solution was
reduced to one-half or one-third of the control (10 P.P.m. Fe) (War-
ington, 1954). lncreasing trre iron to 20 p.p.m., on the other hand,
almost removed the slrnptoms of vanadium excess in peas in both
root and shoot, and similar, tltough less-pronounced, eflects were
obtained with flax. Injury from manganese and molybdenrrm excess
rvas similarly reduced by an increase in the iron provided, but if
two or more of these elements were presented together ttre same
quantity of iron was less eficient in counteracting their toxicity.
This suigested that their eflects towards iron were additive. The
method-of supptying the iron was important, for the same total
amount given gradually proved less capable of offsetting the damage
from vanadium and molybdenum than when supplied in a single
initial dose. This, however, did not hold for manganese. Identical
changes in the [eve[ of iron supptied had little or no efiect in t]e Pre-
sence of low concentrations of these elements, tltough there were
indications, confirmed later, tltat there was a limit to t}te amount of
iron that could be given without causing injury. Da.mage to citrus
from excess iron has been described by Smith and Specht (1953),
who, moreover, fou:rd it could be ofiset by application of high copper,
zinc or manganese. A similar compensating efiect of high molyb-
denum on excess iron has been found in flax (Warington, unpub-
lished).

Sl Efeas on plad composition
Attempts to interpret these interactions between manganese,

molybdenum, vanadium and iron necessarily include a study of the
changes in plant content of the elements concerned, though visual
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differences may occur without any corresponding change in plant
composition. Cblorosis, for exa"mple, is not always accompanied
by ireduction in iron content of the shoot. McGeorge (1949) fourd
a'correlation between chlorosis and tlre soluble fraction of iron
only, though Smith, Reuter and Specht (1950) showed that it held
foriotal iron if the material was washed with a detergent. Absence
o{ any correlation was irterpreted by Millikan (19494) as indicaiing
a lack of utilization of iron within the plant rather ttran to a reduction
in uptake. Analyses of soybean shoots (Warington, 1954) showed
that'the total irdn conten[ was scarcely affectea by t}re quantity
of iron supplied (5-20 p.p.m. Fe) provided manganese, molybdenum
and vanadium were present at a low rate, but it rvas much reduced
bv high concentrations of all three elements. On the other hand,
tfiereias little change in the iron found in the shoots of flax grown
with high vanadium. Berger and Gerlofi (1947) and Sideris (1950)
also record a drop in iron content of shoots of potato and pineapple
respectively on the addition of high manganese. Sideris attri-
bu[ed t]ris'to interlerence Eith translocation and inmobilization of
iron in the root, as there was no indication of external preciPitation,
a view supported by Epstein and Stout's results (1951). Smittr
and Speclii (1953) have described similar inhibitory effects on
movement of iron within the plant following the addition of high
coDDer or zrnc.

^ th" rn"ng"n""" and vanadium contents of the soybean shoots,
already referred to, fell sharply as the iron supply was increased,
in agrlement with the resulfs of Tw].rynan (1951) ard Morris and
Pierre (194?) for manganese. Reduction in molybdenum content,
however, was less clearly shown, in spite of the fact that visual
toxic sl,Tnptoms had been counteracted by the additional iron.
The melhod rvhereby the iron offsets metal toxicity thus aPPears at
first sight to be a reduction in the amount of injurious metal in the
shoot. 

- This does not explain t}te recovery of colour followirg t}te
application ot iron paintd or spravs, and i1 seems more likely that
s6rire interaction belween the ireaiy metal and iron takes phce in
the root, resulting in changes in translocation of both iron and metal.
Futher araly-tical work i,ill be needed before any definite conclu-
sions can be drawn.

Ornsn Facrons AFFECTTIiG Msrer Toxrcrrv

The degree of injury caused by molybdenum, manganese and
other elements also depends on the nature of the nitrogen supply.
Millikan (t950) found manganese more toxic uith nitrogen supplied
as nitrate than as ammonia; the reverse was true for molyMenum,
Further, ammonir:-m molybdate proved more toxic ttran ttre sodium
salt in the presence of nilrate, though both were equally damaging
if the nitrogen was given in the Iorm of ammonia or urea. Response
to iron was also iniluenced by the form in which the molybdenum
was provided, a.mmonium molybdate proving more efficient in
overcoming iron deficiency tian the sodium salt (Millikan, l95O;
\\'aringtonl unpubtished). 

- 
That the incidence of chdrosis is afiected

by manv othei factors such as potash suppty, light, temperature,
ale of plant, etc., only adds to the complexity o{ the problem.
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Coxcrusroxs

The ultirnate aim of all investigations with micro-nutrients is to
determine their ftmction irl plant nutrition. Information on this
point is at present scanty. Approached from ttre point oI view of
deficiency, manganese, molyMenum, copper and dnc each appear
to be associated wittr specifc plant processes. If given in excess,
these four elemeBts may eittrer cause disturbances in iron uutrition
similar to each other and to those induced by metals not
yet considered essential, (e.9., varadium, nickel and cobalt) or
exhibit antagonistic prolxrties according to circumstances. The
health of the plant seems to depend as much on a correct balance
between t}te nutritive elements as on the presence oI each, and
precise statements regarding demand or tolerance for any particular
micro-nutrient are, in consequence, oi limited value only. Much
further work will be needed before these metal interrelationships are
fully understood.
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PUBLICATIONS
Physlcs Department

I. ErrrERsoN, W. W- & GRrtNDy, G. M. F. (1954), The efiect oI rate of
wettitrg otr water uplake atrd cohesioD of soil crudbs. J. agric. Sci.,
&.

Short columns of air{ry soil crumbs were wetted at difierent rates and, after
drairriDg to a standard suctiotr, the amouDt of watet taken up by each colulIra
determined- It wa^s tound that this iDcreased continuously with rate o{ q,ater
applicatioa. The corresponding progressive decrease in the cohesio[ of the
wCtted crumbs has been measured by their resistance to break down uoder the
iEpact oI {altitrg s'ater drops. By developiDg this iDto a rapid alrd sensitive
method, it has been Iould that the lo6s of cohesiotr is due almost entirely to
enkapped air, llotr-utrilorm swelling of the clay beitrg a negligible factor in
weaLening cruEbs.

The aggregates investigated werc taken from adjacent 6elds difierirg only
iD tbeir croppitrg treatmeDt : otre being utrder coDtiDuous arable and tbe other
utrder continuous gr-ass. The extrapolated value oI the cohesiofl of the
grasslatrd crumbs at zero rate of wettiDg was twice that o, the arable, iadicatiag
aD additiotral cohesive force in the gra.ssland crumbs. The cohesion of the
arable soil fell nruch more rapidly with indeased rate of vetting thatr that of
the gra-qsland, probably because the roots in the grassland crumbs provide
easy escape passages {or the air.

The incfease, with Iate of wetting, of the aEroutrt oI water held by e soil
sample agaiDst a givetr suction is important, at least up to 200 cm- oI water.
This dependence oI the pF curve on rate of wetting is oI particular sigtrifcance
for laboratory studies of water movement in soils.

2. HrRsr, J. M., LoNG, I. F. & PENMAN, H. L. Micro-meteorolog-y iu
the potato crop. Proc.Torotulo Mel. Coz./. 1953. (Iathepress. To
be pubtisbed by Royal Met. Soc., Irndon. For summaDr see 99.)

3. PENMAN, H. L. (1952). Water and plaDt growtll. Agric. Progress,
27, 147 .

h this su ey o{ the causes oI the need of plaEts for water a number of
principl€s emerge, some based on reasooable certaitrty, others a little laqs
certain and yet othe6 are fraokly qreculative. Tv,/o statemeDts are made
and accepted as alEost axiomatic. They are :

1['hen water supply is tron-limitiDg tbe plant's r6le in traDspiratioo
is the pa-ssive one oJ providillg a conductiEg chauEel between the soil
and the atmosphere.

IIa-yillum taDspiration is a necessary coDdition Ior maxiEum
gro\r.th. It may not be a suficient co[dition.

The basic pri[ciples ale :

When \rater supply is Don-limiting the traNpir-ation rate is deter-
mined by prevailing weather.

-{part Irom hinor efiects, this rate, Lnowrr as the potential transpira-
tion rate, is the same for all short crops of about the s:rrne colour atrd
completely shading the ground.

The potential tBnspiratioD rate ls leas than the evaporatiotr Iate
from aa open lvater surlace exposed to the same weather. The operl-
water evaporation rate can be estimated from weather data.

Principles still i! evolution iDclude :

Potentiial trarNpiration is less thatr opetr-water evaporation beceuse :
(i) the stomata impede the flow of vapour ; (ii) transpiration opportuaity
is largely restricted to daylight, aod so varies *ith s€3soD and latitude.
As a dder : alr empirical cotrvelsion lactor has proved widely useful il] a
i.ariety of applications, including the contrcl of irigatio[ ol]erations.

A modifed treatBent is needed for crops where vetrtilation betweetr
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plants is pc6ible. The most iroportatrt case is an extreEe, namely
in an op€tr orchard. A trrst attack on this probleB has 6et with
soccess.

The JollowiDg are somewhat oore speculative :

Each type of crop has a toot cotrsta[t, which is the aEoutrt of wat6
that catr be trempired at the poteotial rate.

This constaDt is lartely indeperldent of tie type oI soil, but wiU depend
on the staSe o, biological developmeat of the plant, and may be modified
by the *eather cycle or crop lranagerDetrt.

4. ScHoFtELD, R. K. & S^MsoN, H. R. (1953). The deflocculatioD oI
kaolinite suspensions and ttre accolqpaoying chauge-over Irom
positive to negative chloride adsorption. Clay Min. Butl.,2, 46.

Pure kaolirito washed 6rst rrith lM-NaCl cotrtainiog o.oOlM-HCl and
theE with distiUed water remai.s fiIlrly flocculated when salt free. Itr this
state the kaolinite retains excha[geable Na, $hich shoEs that the crystals
are negatively charged.

WIen rcdispersed io o.fi)5.ll1-Nacl, tbe crystals positively adsorb chloride,
u.hich prcves that parts of their surfecB (presumably the edge Iaces) are
positively charSed. The attraction of the positive charges otr tbe edge faces
for tbe oe8ative charSes iD the body of the crystals is regarded as the cause
of the flocculatioa whicb occurs in tf,e absence 5f salt.

Deflocculatioa of the salt-free sus?ension occurs oD the additioa oJ a small
but suficieDt amount oI NaOH. When kaolinite so keated and then air-
dried is re-dispersed in 0.005M-NaCl, the crystals negatively adsorb chloride,
showin8 that the edte faces are Do longet positively charyed.

Deflocculatioo call also be brought about by addiDA sEall aEoutrts o{
sodium oxalate, sodiuE p,.rophosphate, sodiuE pol).metaphospbate, sodiDm
slgi-oate aad sodiuro beDtoDite. Regardless oI tbe agent used, wben tbe
taolinite is deioc.ulated in the abs€trce of free salt, the crystals rcpel chloride
ioDs whea pl,eced in dilute NaCl.

An expl,aDatiotr of the variation of tho charge otr edge Iaces with pH is pot
Iorward bas€d on the crystal structure of leolinite, coupted with theldea that
a small degtee of isoEorphous replacerrent Bives ris€ to a pe nanent negative
charge.

Chemistry Department
GENERAL PAPERS

5. CooxE, G. W. (f9$). Fertilizer placement for threshed peas.
British Frnr., February, p- 3.

6. CooKE, G. W. & CHAL!{ERS, G. R, (1953). Placement drills are
costly-but they pay. Frnr. & Slh,-Brced.,24th February, p. 65.

7. CooxE, G. W. (t953). Are compound lertilizers worthwhile ?

Gaouer, Sg, ll2), 583.

8. CRowrEER, E. M. (1952)- The evaluation of soil fertility. Iraas.
Joint Meeling of Comntissions II and IV,Inlat - Soc. Soil Sci.Dublin,
2. 14.

C'eEeral lecture given at the Opening Sessiotr of a joint meetiD8 oI the
CommiqsioDs for SoiI ChemisEy aod Soil Fertility and PlaDt NutritioD,
reviewing some of the obstacles to applyint what is known and to obtaitriDS
trew knovl/ledRe.

RESEARCH PaPERs

9. BREMNER, J. M. (1954). A review oI recent work on soil organic
loatter. Part Il. J. Soil Sci. (In tbe press.)

A review of rcceDt work on tbe extractiotr aDd fractioDation of soil orgadc
Eatter, the interaction of organic atrd inorgaDic soil colloids, tbe huBic
etrd fulwic fractiotrs and the ligdnlike complexes of soil organic matter.
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10. BREUNER, J. M. (1053). Identificatiotr of hydroxylamine atrd
hydrazine by paper chromatograpby. A flalysl.. (lD the press.)

-{ method for the separation atrd identifcation of micmgram quaDtities
oI hy&ox!'lamine and hydrazine is described. It involves palrcr chloBato-
graphy wrth acidic solveots and identiEcatioa by R, values and by the colours
produced with picryl chloride and other detectrnt reatents.

ll, BREITNER, J. M. & SHAW, K. (1953). Studies on tie estimatio!
and decomposition of amino sugars in soil. J. agic. Sri. (In the
press.)

The amouflts oJ amioo sugar-N presetrt iB acid hydrolysates of six soils
with tritrogen cotrtents rangiot ftom 0.17 to 2.82 per cetrt have beeo estimated
by colorimetric and alkalitre decoEpositiotr methods. Recovery of amino
sugar-N after hydrol,-sis of chitin o! glucosamiDe \I?s found to be uEafiected by
the presence of soil during hydrolysis. Substances knorn to inte ere Ir ith the
methods of amiDo sugar analysis employed were not detectable in the soil
hydrolysates. From the amounts of amino sugar-N liberated by acid hydrolysis
it is deduced that 5-10 per cent of the total nitrogea oI the soils examitred
l*?s ilr the Iorm of amino sugarc. The decomposition of amino suga$ in
soils has beetr studied by comparing the rates of decomposition oI chitin,
glucosamine. casein and yeast nucleic acid when incubated with soil uDder
conditions fouDd to produce rapid nitritrcation of ammonium sulphate.
Glucosamine and chititr are readily decomposed by soil micrGorgeBisms, but
not so rapidly as casein or ]'east nucleic acid.

12. CE.{}raERS, W. E, (1963). Nutrietrt composition ofthe produce of
the Broadbalk continuous wheat experiment. Part I. Changes
over seveoty years. J. ag/ic, Sci,,8,473,

A rapid exhactiotr procedure of dried grouod plant material was us€d in
coniutrction vrith the Lund€8Ardh flame method of spectrographic analysis
aDd its accuracy sborro to be comparable with that for ashiDg with 8ravi-
metric analvses. Tbe eflects of fertilizer heatments on feld and nutTient
compositio; oI the crops and their cbea8es with time'were summarized.
The recovery o, pota-asium was estimated, aDd it *.as shown that the exhaus-
tion or accumulation o{ soil potassiuE $ras related to the exchaogeeble potas-
sium contents oI the soils, but that the Det gains or losses oi potassiuE
were many times greater than those lound io the exchangeable or readily
soluble potassium of tbe surface soits. Sodium or magtresiud sulphates
increased crop yields by increasiDg the supply ofpotassiud from DoD-exch4nge-
able lorms.

13. CLAMBERS, W. E. (1953). Nutrient composition of the produce of
the Broadbalk coDtiDuous lvheat exlrriment. Part II. ChaEges
occurring durilg oEe season's gyowth. J. aglic. Sci., +8,479.

Throughout a seasotr the total uptake of nutrients increased to a daximuB
atrd then decreased. The losses oI potassium and BagnesiuE IroB the stems
and leaves were particularly large due to t6Dslocation to the eals, but there
s'ere also net losses of potassium and calcium from the platrt. The changes
were siEilar {or all fertilizer treatments. Tbe compositioD of the crop et
harvest ref,ected its composition throughout the seasoD.

14. CooKE, G. lV. (1953). The correlatioq of easily-soluble phosphorus
in soil with responses of crops to dressiDgs of phosphate fertilizers.
J- Sci. Fd-.4gr.ic., No. 8, p. 353.

Wherl suficieIlt numbem of soils are examined empirical determinations
of €asily-soluble soil phosphate cafl be used to forecast crop req)oBses to fer-
tilizer drqasinSs. Crrrelations between soil aDalyses aDd crop behaviour
fail for individual soils, and the caus€s have be€tr examined.

Dilute acids dissolwe relatively lerge quantities ol phosphate Irom some
soils where crops respond to phospbate fertilirers o*ing to: (l) dissolutioD
of iroD and aluminium phospbates; (2) use ot too much solvetrt ; (3) use oI atr
umuitable solvent; and (4) dissolutioa oI phosphate lrom the interior of
particles of calcium carbonate in calcareous soils.

Other soils contain very little phospbal.e soluble in dilute acid, but, never.
theless, crops grorvn on thent do not respond to phosphate fertitizers. In
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such cases crop growth may be liErited by some other factor, such as drought.
Phcphate dissolved by dilute acids is iEmediately reprecipitated by soEe
soils; the exteot oI such reactioDs may be estimatcd by repeated extractiotrs
iII the preseace of added phosphete. trlost Eioeral soils ia eastertr England
fx very little phosphate durinS acid extractioD, but Ie! soils and ferruginous
soils may fix considerable arrouDts.

Changes itr the amounts of soil phoE)hate that are soluble in dilute acid
may occur when air-diied soils ate stored. Such chatrSes are accentuated
by iocubating moist soils lrith or without calcium hydroxide. Incubation
erperimeDts may be used to forecast iDcreases io dilute-acid-soluble phosPhate
that occur during the SrowiDg period oI crops aDd chaDges which occur it1
easity-soluble phosphate \r'hen acid soils are limed. Incubation &'ith liEe
was used to measure reserves of soil PhosPhorus that were easily converted
into forms soluble in dilute acids; such measurements were more satisfactory
thaD simple extraction with dilute acid in telatinS crop respons€s aDd soil.
pbosphorus status itr ooe Sroup of Reld experrmeDts.

15. CooxE, G. w. (1951). Designs oI fertilzer distributors and their
mechanisms. J. Insl. Bril. Agtic. Engrrg. (Itr tbe press.)

The t)'pes of Eechal1is6s used in comrEercial distributoB are described
and classifed as: (l) Sravity feed (unassisted); {2) assisted Erai'ity leed;
(3) metered gravity feed; (4) top-delivery feed.

The following {actors cause irreBularities in delivery rates: (l) "head '

oI Iertilizer; (9) inclination of the mechatrism; (3) incor.ect sP€ed; (4)
itrcorrect delivery port openings; (5) iDherent periodicity itr delivery from some
mechanisms; (6) compacting oI fertilize!; (7) the hygroscoPic and other
physical properties of fertilizers.

Feed aysttms wbich meter and remove fertilizer ftoE hopPers horizontally
are superior to assisted Sravity teeds, *here fertilize! flows vertically. Top-
deliveiy mechaDisms are generally superior to aU tx)es oI gravity feed.

Possible luture developEetrts in Iertilizer distribution (including bulk
spreading, aerial distribution, and tbe use of lrquid rertrlizers) are discussed.
Distribulo6 should be desiEoed to deal specifcally with fertilizers haviD8
defnite physical properties. Different Eecbanisms may be needed to dis-
peose Eaterials sucb as free-flowiog gra.Dules, dry Powders and hygroscoPic
powdered tertrlizers. Co-operative work is needed to standardize physicel
abaEcteristics of fertilizers, so that in future distributors desiSn ma) have a
scietrtific basis.

16. CooKE, G. W. {& Deoo, C. V.) t1953). Fertilizer placemetrt
exlrriments on thleshed peas. Agticullure, Lond-, @,34.

Expenmeots were carried out by the National Agricultural -{.dvisory
Service to exteDd comparisoos of pla.c€d aDd broadcast phosphate-Potasb
fertilizer lor threshed peas to more distatrt areas oI the Eastem Counties.

The results of earlier Rotbamsted Experiments atrd of tbe -\.A.A.S.
experiEeDts were coDsistent. The gain fro6 PlacemeDt (over broadcastiD8)
o[the average of seventeen RotharDsted exPeriments was l9 c*'|../acre of
p€as, and the correq)oflding gain ia the N.A.A.S. exPeriments was 2.Ocwt./acre
oI peas.

The gains io yield lrom diillint PK lertilizer at the side oI the seed \r'ete
greater thaD Irom broedcasting twice as much fertilizer. Relatively small
quaotities of placed fertilizer are su6cieDt Ior maximum yields and on soils
;here threshed peas respond to phosphate and potash {ertilizers it will pa!
{armers to use placeEent drills to apply dressings b€side the s€ed.

17. CooxE, G. W., JAcrsoN, M. \.. & WrDDowsoN, F. v. (1954).
Placement of fertilizers for potatoes planted by ma.hineg, J.
agric. Sci.,,l4, (In the press.)

A two-row hand-dropping potato planter vras modiied by adding Iertilizer
equipEetrt and was used in thirty-three experimeDts in l05l and lg52 to
planl potatoes from flat land, and coapare broadcast dressitrts of granulated
compound fertilizer $ith dressings Placed near to the seed.

Fertilizer ptaced either in one batrd at the side and below the level of the
seed or in contect with the seed gave cotrsiderably hiSher yields than broadcast
dressings. Broadcast {ertilizer Save yields similar to thos€ given by only
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otre-halI to two-thirds as druch pldced fertilizer, Otr the average oI all the
exP€lieeDts Placing lertilizet Savc abut I totr/acre more potato€s thaD
broadcastirS. The advaotages oI placeEent $'ere treatest whetr low rates of
dlessi[g were used.

Broadcast fertilizer was cultivated deeply into the s€edbed itr aineteen
experimetrts in 1952, and gave slithtly lower averaSe yields than late dressings
broadcast oa the seedbed.

Fertilizer placed in batrds otr the soil sullace immcdirately in ftoDt oI the
seed-shoes gave yields siEilar to those given by drcssings btoadcast over the
seedbeds in fourte€n expedmetrts in 1951. Itr average planting conditions
Iertilizer broadcast on the seedbeds or pliaced ia ,ront oI the seed-shoes was
throwl to the middle of the ridges aDd coaceatrated abowe the s€ed.

Fertilizer placed in contact witb tbe s€€d Save higher averige yields than
dressin8s in a sideband at both rates oI EatruriDg in the 106l experiEreots.
Itr 1952 contact placement 1ras slightly suFrior to sidebaDd placeoent at
lovr rates of fertilizer and slightly inlerior at high rates. Ia Do6t experiments
ia each year emergence \r'as delayed by teo to Iourteen days when the heavy
dr€ssing $as placed in contact with the s€ed. Early tro&th was poor, but
at most centres the crops recovered later itr the seasoD and gave good yields.
There is most risk oI damage from contact placement oD light soil, on badb
prepared seedbeds and in dle ]'ears. Dressings oI 10-12 cwt./acre o{ ordinary-
strentth compound Iertilizers are likely to be quite sar€ when applied in
contact with the s€ed. If heavie! alressings are to be used, part should be
applied itr contact rdth the seed atrd palt broadcast; such split applicatioas
were satislactory in experiments in 1951.

Far'meis ptanting even moderate acrcages oI potatoes by dachiDes will
betrefit by usiog a suitable Iertilizer attachme[t. Equipment is needed to
place lertilizer at the side of the seed so that heavy dressin8s cetr be used to
secure maximum yields without dsk.

18. CooKE, G. \v. & WrDDowsoN, F. V. (1953). Placement of
fertilizers lor ro\r' crops. J - @gria. Sri., 'til, 348.

In e4)€riments on peas, beans, carrots, kale, beetioot and spfuach eppro-
priate dressings of fertilizers pLaced in one band 3 itrches below the soil sur-face
aod 2 inches to the side of the seed did trot danDage germiDatioa. Peas aDd
beans are likely to be injured when eveo sEall dressiags oI soluble lertilizeE
are drilled itr cotrtact with or below the s€ed.

In sixteen experime[ts otr peas atrd tritreteeD experiments on beeDs in
1949-51 broadc.-st fertilizer Save sD"a'll increases in yield of beatrs aDd peas
iD dry years and larSer increases in wet years. In about one-quarter of all
the expenEents Iertilize! broadcast early and either ploushed or cultivated
deeply into the soils gave sigDifcantly higher yields thaa late dressings
worked into the se€dbeds. Itr roDghly one-thiral oI all the experimetrts oE each
crop there were sigaifcant i[creases ir! yield from placiDs as coDpared with
broadcasting fertilizer. The average extra yields produced by placing {er-
tilizer vrere 1.8 c*t./acre o{ threshed peas, 9.3 crvt./acre of greetr peas, l.O
6rt-/acre oI winter beans atrd 1.3 cwt./acre of spring beans. For spritrg-
sown clolrs extra ]'ields frcm placement were greater than the increases from
broadcasting lertilizer. There was little advantage from splitting the lertilizer
dressing, broadcasting hau and placiDg the rcmainder beside the seed.

In most experiments oo peas and beans, yields given by a sintle dressing
of placad fertilizer *ere equal to, or greater thaD, the !'ields gilen by double
dressings of broadcast fertilizer. \\'hen placed in the correct position quite
sDall quaDtities of fertilizer are sufEcient tor maximum yields of such crops.
There \{'as no advantaSe Irom placing lertilizer at the side of the seed for
cairots, kale or beet. Placed Iertilizer gate a higher yield of spiDach than
broadcast fertilizer.

Placitrg fertilizer at the side and belov. the lewel o, the seed is likely to give
better yields than broadcast Iertilizer Jor crops having short growing seasoDs
or poorly developed roots and when broadcast ,rutrients are immobilized
in the surJace soil by drought.

19. CooKE, G. W. & WrDDowsoN, F. V. (1953). Methods of applying
Iertilizer lor herbaBe crops. Jf. ag/ic. Sci., 8,358.

Pbosphate-potash fertilizer was drilled itr bands 20 inches apart aDd
3 in(hes below the soil surface and compared sith similar dressitrgs broadcast
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otr the surface for established crops oI sainloin. On utrmanu.ed plots yields
were not reduced by cutting Srooves Ior the fertilizer batrds. Broadca-stitrg
Iertilizer on the sudace produced coDsistently more sainloin hay than dresitrts
pl,aced iD bands. In similar experiments on permanent grass broadcast
Iertilizer also Save cotrsistently more hay thaD bands oI fertilizer placed l0
inches apart. In the absence ot Jertilizer small decreas€s in yields of grass
were c:rusd by cutting tlooves. The advantages of an equal supply oI
nutrients to all the plants iD atl establish€d sward, obtained by broadca-'ting
fertilizers, outweighs any disadvantage Irom confining the application to the
soil surface.

Two expe ments on Iucerne io 1950-51 tave similar resulb tor broadcast
aDd placed ,ertilizer in the se€dbed.

Itr a luceme experiment laid down itr spriDg 1952, a " starter-dose " of
superphosphate drilled directly beneath the seed tave much better early grolltb
and higher yields of lucerne than ary o{ the dressings oI broadcast phosphatc
atrd potash.

There is no cas€ for introducitrg special equipaent to plac€ fertilizer itr
batrds below tbe surlace of established swards. For establishitrg lucerne and
otber ley crops, where IertilizeE may be applied at or b€Iore sowinS, there are
no advantages from usiog special drills to place the full dressiot of fertilizer
at a sale distance to the side of the seed. \Yhere coBbine-&ills are used lor
sowing herbage crops they should be Bodiied to place a small quantity oI
superphosphate directly beneath the seed, and the reEainder of the fertilizer
should be broadcast belore sowinS.

20. CRowrHER, E. trI. & BENZTAN, B. (f953). Nutrition problems in
forest nurseries. Summary report on 196l experiments. Foi.
Comm. Rep- on For. Res., l95l -62, 94.

Antrual report on inr'estigations revie$'ed in the Rothamsted Report for
1951, p. 41.

21. CRowrrER, E. M., WARREN, R. G. & CooxE, G. \v. (f063). The
agricultural value of alternative phosphate fertilizers (other tlau
silicophosphate) Part II. Field experinents. Minisrry oI &alPty,
Pelrnanenl Records of Res.a/ch and Deoclo?rnent. Mofiogrd?h ll,
109.

The work described was initiated in 1940 by the Cotrkoller ol CheBical
R€search aBd Developeetrt, Irtinistry oI Supply, as a getreral iovestigation
oI phosphate fertilizerc made *ithout the us€ ot sulphuric acid.

A la€e variety ol phosphate Iertilizem were tested against standard
materials i! trcenhouse pot experiments, atrd the Bote proBisilt new ,naterials
were compared in feld experifients on arable crops and oD grass with eitber
superphosphate or with Bessemer basic slag.

Of several mineral phosphates Gafsa was the most successful for all crops i

Florida mineral phosphate was of little value for aDy crop. The better
mineral phosphates wheu applied Ior sFedes were equivalent to superphosphate
supplying from one.half to threequarte$ as much pbospborus. The experi-
h€nts demonstrated that mineral phosphates are satislactory oDly oD vert
acid soils (below pH 5.5); theit use should be testticted generally to areas
itr the Dorth atrd uest, 'where swedes, turdps aDd Srass are important crops.
MiDeral phosphates a.re of little value for potatoes.

Mixtures of supe4)bosphate with mineral phosphate gave disappoiDting
results, and were geDerally o, very little Eore value than the dinelal phos-
phates Irom which they were made.

Other expedments sbowed that it may not be aecessary to grind mioeral
phosphates as 6De as is custodary,

Mixtur6 oI superphosphates with low-grade basic sla8, with liBe aod $.ith
seq)entine generally gave lower yields thaD equivalent superphosphate.
Theie l,as no evidence to justify the additional cost oI preparitrt such basic
superphosphates.

Experiments on svedes and grass with diferent types of basic slag coo-
firmed that the 2 per cent citric acid test difierentiates satis{actorily b€tweeE
ihe more-active and less-active basic slags.

B€ssemer tasic slag Bave ils best results for establishing res€eded grass otr
lery acid soils. For swedes and potatoes it was less e6cieDt than suller.
phosphate. Triple sup€rpbosphate and ordinarv superpbosphate SaYe

N
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siBilar yields oI $redes and potatoes. Yields o{ swedes Siven by calciud
Eetaph6sphate were equal to tbos€ ftoE superPho*hate suPPlying half the
quatrtity o, Phospborus.- wtrere arable e4)erimeats were cotrtinud Ior Dore thao one year the
efiects oI aU fertilizers itr the s€cond year wtre small, aDd there yere tro cleel
difiereaces Mween the tesidual values of sulrcrphosphate and oI tbe otic(
,ertilizers tested. The difieretrces itr growth oI grass prcduced by difi€rent
plroq)hate Iertilize6 became sdaller whea the observations were cotrtinued
ovet 6everal s€asons,

22. RrcKsoN, l. B. (1953). Surface properties oI some calcium
phosphates. Proc. O*fotd I solo,es T.chnique Conl., 196l,L,4ll.

A! accoutrt of prcliEiDary experimeats otr isotopic exchange with PrePara-
tions of calciuD phoq)hates, distitrsuishiDg raPid aad slow rcactioDs.

Pedology Department

23. BLooMFTELD, C. (1953-64). A study of podzotization.
(a) Part l. The mobilizatioD of irotr and alumiduE byScots

pi.De needles. l. So;l Sci.,l, 5.
ftf Parr 2. The mobilizatior oI iron aud aluEirdum by the' 'leaves aod bark oI Agathis aBhalis (Ka,nril J. Soil Sci.,4,

l7'
(c) Part 3. The mobilizatioE of iron atrd alumitium by the' leaves and bark ol Daclydiuri cupressizzz (fumu). ;1. Soil

Soi.,6,39.
An account of tbe ability oI sterile aqueous exhacts of the IeaI aDd bark

material to dissolve hydrous ferric aDd aluminium orides. Ferric'iroo is
reduced to the ferrous state, aDd although the extetrt oI solotion_reductiotr
is de$eased by raisitrS the pH aDd by aeratioD, the reaction still proceeds
uDder lully aeiobic conditions at pH 7.5. EvideDce is Siven ror the comPlex
nature of ihe lerrous and alumiDium reactioD Products.

24. BLooMFTBLD, C. (f954). Part 4. The mobilization of iron and
a.lumirium by picked and fallen larch needles. ,/. SoiI Sci., 6, 46.

A comparison oI the properties oI its Picked atrd fallen treedles. ODIy
quatrtitati\'e differeDc€s were lound. Tbe falleD Deedles aPpear to be Eore
active in dissoh.iDg tbe hydrous oxides.

25. BLooMFTELD, C. (1963). Part 5. The mobilization of iron and
aluminium by ash and aspen leaves. J. Soil Sci.,6,60.

The ability of water extracts of IalleD aspen leaves to dissolve the hydrous
sesquioxides is only slisbtly decrea^sed by rtising the PH Irom., 6 to over 7.

Thi; is in agreematrt with the frequently obs€rved alkaliDe reaction of the
podzolic Rrey-wooded soits, which are forEed uoder a predoEitranuy asP€n
tover. Extiacts oI ash leaves have a smatlet but appr€ciable solution efiect,
deElite the lact ttrat the ash is rrot howtr to possess any Podzolizint ProPerties
in the field,

26. BLooMFIELD, C. (1963). Sesquioxide immobilization- and clal'
movemeot irtr podzblized soils. 'Nature, Lond., 1953, 172, 958.

The rerous and alumioium reactioo Products of the solution of {erric
and aluaidum oxides are skongly sorb€d oD soil colloids. It is suggested
that this piocess is responsible ,oithe formation of the B hoiizon oI Podzotized
soils.

I-eaI leachates have beetr {ound to deiocculate clay susPensiotrs, both
kaoliBite and EotrtmorilloEite.

2?. BRowN, G. (1953). The occurreDce of lepidocrocite ia sorae
British soils. I - Soil Sci., 4,220.

kpidocrocite oI pedological origin in Sleyed soits ol North-\a est En8land and
North Wales appears to be resPonsible for tbe orange mottling $'hich is often
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IouEd in the€€ soils. Peroxidatio! of surface soils is shown to give qlcium
oxalate trihydrate. A Eethod of diEeretrtiatiDg lepidocrocite, boebsite and
c4lciuo oxalate trihydrate, all or'$hicb give a stroDg refectioD at 6.2 A, is
given.

28. BRowx, G. (1053t. A semi-micro Detlod for tbe DreDaratior o,
soil clays Ior'X-ray diftaction studies. l - Soil S.i-: 4,i25.

A Eethod whereby the clay froE small amounts of soil caa be quicllv
prepared Ior study by X-raydifiraction methods by using Perspex cenirifuge
tubes to make orieDted aggregates. lt is poiDted out that ior ao -understandiig
ol aoil proc€ss€s tbe soil must b€ studied in greater detail thaD the usuat bulI
horizon saEples.

29. ERowN, G. (1053). The dioctahedral analogue oI vermiculite.
Clay Mit. 8ll,11.,2, 64.

For suemarJr see report.

30. BRowN, G. (1964). Soil rnorpbology and mineralogy. A quali-
t_ahle +udy of some gleyed soils from North-west Etrgtand.
,J. Soi, S6i., 6, I45.

For suEmayy s6e report.

31. BRowN, G, & SMrrusoN, F. (1953), Distribution of dickite iD
soEe British sandstones. N a,urc, Lond., 172, 317.

A well-crystaUized mineral of the kaolin group bas beetr foutrd in soae
British sandstoDes, aDd s€lected samples weresho-wn to be dickite by X-rav
difiraction. Tbe saodstones where dickite has beetr louDd are I-orier Car-
boliferous, CaemarvoDshire, Millstone Grit, Anglesey aad Yortshie and
Middle Jurassic, YorLshire. Where well-Iorm6d ci-lstals are oba€rved
Eicroscopically there is usually evidence oI alteratiotr of;ther lninerals.

32. BurLER, J. R. (1963). The geochemistry and mineralogv of rock
weatheriag. (l) The Lizard- area, Corni{dl. GeochimlLt cosmo-
chin - Acaa, 4. 167 .

The Comish rocks: (i) adamellite; (ii) graoodiorite-sneiss: (iii) sabbro-
and (iv) tremolite-se4)entiDe are described, together with their'wa:a-theriDe
products- Illite aDd kaolin are preseot in all the clays derived lrom thi
rocks by reatberiDg, but cblorite atrd vemiculite are less widespread. and
talc and EoDtmorillonoid occur in oDe clay oDly. Both mineraloiicauy aDd
chemically lhe cl,ays resemble each other Eore thaD do the rocks.- Thl r6te
of the minor elemeDts in the rocks, mioerals atrd clays is discussed.

33. BurLER, J. R. (1954). Trace eleEent distributioB ir soEe
Larcashile soils. J. Sor, Sd., 6, f 66.

Variations in tbe conceDtratioa of tb€ elelneDls B. Be. Co. Cr. Cu. Fe. ca
Ge, I-a, Li, Mn, Mo, Ni, Pb, Rb, SD, Sr, V, Yt aDd Zr-io proites,if lt.aa<i* oi
Cley soils atrd a Broso Earth are discuss€d. IrIn varies +raticallv. Sn and pb
inclas€d markedly {rom the base to the surlaEe of tbe profile and aU tbe
other eleEetrts itrcrease \r ith depth.

34. BurLER, J. R. (1953). Geochemical amEities of some coals lrom
Svalbard. Nozsi PoJarirr-tl. Sh/-, 96.

An attempt is Eade to decide whether or not elemetrt dishibutiotr on ash
or coal basis in a particular coal seaB is suficiently distinctive to elable it to
b€ correlated in difierent localities and distinguished from atrother aeaE.

The boron contenb of the coals studied iere similar; in ash-poo! coals
boror r€ached I per ceot in the ash.

35. GoLDscHMrDr, V. M. (lgef). ffuik:) Gcothcaisrlr. edited bv
A. MurR (Oxford: Claretrdon Press).
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36. GREENE-KELLY, R. (1953). Idertiflcation of montmodllonoids
in clays. Jf. Soi, Sri., {, 253.

The dificulties wbich occur wheo ideDtifying the members of the rDont-
morillonoid gioup in clays are discussed. Tbe Iithium saturation and heating
test is showr to distintuish betweetr the dioctehedral members oI the 8rouP,
atrd its use is illustrated by several examples.

37. GREENE-KELLY, R. (1953). Irreversible dehydration itr mont-
morillonite. Par1. 2. Clay Mitt- Bnll.,2, 52.

The efiect of preheatiog to 200' C. on the montmorillo[oids de4onstrated
that dontmorillolrite alone showed anoaalous loss oI interlaEellar expaosion
to glycerol after beating. This loss of expanding Po*er oacDrred orly when
montmorillotrite was saturated with small cations, Ior example lithium and
Dagnesium. These observations are discuss€d with reference to the idea of
catioo mi8ratio[ iato the vacant octahedral positions oI the silicate sheet.

38. GREEND-KELLY, R. (1953). IDterpretation oI D,T.A. diagiams:
the low temperatule peak- Clay Min. Bull-,2, i9.

The low-temperature endotbermic Peak obtained dudng the D-T.A. oI
moDtmorilloDoida oftetr shows t\r.o maxima if the excbange cations are lithium
or are divaleDt. ln contrast, if the catioDs are sodium or potassium the peak
appears to be simple. Expedmental $'ork is desclibed which suSSesJs that
this diference is a ratural mnselluence of the Iact that montmorillonoids
possess aa expandiflg lattice.

39. ltrurR, A. (1953). ViDeyard Soils in England. lln : Vineyards it
Etglaat. EdiLed by E, Hyams. l-oodon: Faber & Faber Lld.i

A discussion of the distribution oI mediaeval vircyards in Elgland in
relatioD to soil t]'pe with comparisons of cootitreatal vinegto\ving areas.

40. STEpHEN, I. (f953). A petrogaphic study o{ a tropical black
earth aDd grey earth lrom the Gold Coast. J. Soil Sci.,4,2ll.

A comparative study oI tso proEles derived from ,eldspar-quartz-schist
atrd hornbilende-garDet-gneiss of the Archaean ComPIex near Accra, Gold
Coast, has shown the influence oI the Parent rock itr determidng the character
of tbe derived soil. The basic gneiss vreathers to Sive a ssDdy clay soil
characterized mineraloSically by quartz-8artret saDd and montmorillonitic
clay. Tbe acid scbist !i"es"a {uaitr"se sandy soil with smaller amounts of
clay comprising both kaolin and montmorilloDite.

Soil Mlcrobioloty Department

41. BRouFIELD, S. M. (1953). SulPhate reductioD itr Partially
sterilized soil exposed to air. J. gen. Microbiol.,8, 318.

H.S sas evolved f.om soil treated witb CCl. when EoisteDed witb sucros.
and (:\H,).So. solution and iEcubated aerobically HrS {ormation took place
wfrei ttrd $it moisture was less thaD freld capacity, and over a range ol PH
values from 5 to 8. Tbe orSanism respoDsible \aas isolated aod identified as
Bacillus ,flllat./iurrr. Several strains of this organisE reduced sulPhate in
*ell-aerated-sterilized soil aDd liquid media, but not ia soil or liquid incubated
aaaerobically.

The acti6n of CCl, in fresh soil is lo cbeck or destroy certain fungi and bac-
teria which Dormelliinhibit sulphate reduction by B. fi?Eotcrittrn. me ol
g5*. 6rqan15m5 weri isolated and sbown to be s€Dsitive to CCl. aDd to )nhrbit
sutDhat; reduction by B. m"earerium in sterilized soil. Tbe isolates did not
exf,,ibit atrtrbiotic actioD when Srown ifl certaiD defined media.

42. KrEczKowsKI, I., & KLEczRowsKr. A. (1953). The behaviour of
Rhizobium baateriopbages during and after exposure to ultra-
violet radiation. J. g?rr- Miclofiol.8, 135.

AIter inactivation by ultfa-violet radiation, particles ol l\''to Rhirobilrrrt
bacterioDhap€ itrterferdd temporarily witb the multiplicatioD ot active
particle! oflhe homoloSons Phage, itr liquid cultures of their resPective host
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bacteria. Itractivated particles did not afiect the number of plaques p.d.uced
by active particles in bicterial cultures otr agar.

No evidelce was {ouDd that particles that were itractive singly became
active whetr two or roore oI them itrfected the same bactedal cell. - '

The rate of iDactivatioD apFoxiaated closely to that of a irst-order
reaction. ExposiDg inlected bacteria to visible light increas€d the residual
activiti€s o, iradiated phage preparatioEs by aBouDts equivaleDt to decreas-
ing tbe doses of ultra-violet irradiation by a constant factor. Exposing
either tbe irradiated phage preparatiotrs or the bacterial cultures sepa}ateli
to visible ligbt had no eflect.- -

Those ultra-violet-iradiated phage particles which remained active rllere
so altered that they became rclatively unstable.

43. KLEczKowsKr, J. & KLEczRowsKr, A. (1952). Efiect of specifc
polysaccharides lrom tbe bost bacteria ahd of ribonuclease 6n tbe
multiplication ot rhizobium phages- J- ger.. Microbiol.,7, 34O.

Tso serolosically unrelated straiDs of Dodule bacteria produced t$.o difler-
eot polysaccharides, only one oI whicb precipitated with antis€rum to its
paretrt bacteriund. Both polysaccharides iDterfered irith the multrplicatioa
ol two bacteriophages iE llquid cultures of tbe two bacterial straiDs, each of
whicb vas susceptible to otrly one o{ the two bacteriopbages. ODe poiv-
saccha de was sli8htly more efiective than the otber rD inttr6ins with mulii-
plicatioD of both bacteriophages; one phage was much more susclptible tbaD
the other to the interfering action of both polysaccharldes. Crystallized
patrcreatic dbonuclease interfered with Euttiplication of bacteiiopbages
much more strongly tbatr did the polysaccharides. Neitber the polysac-
charides nor ribonuclease destroyed the phage particles.

44, KlEcz(owsKr, J. & KLEczKowsKr, A. (195{). A study of the
mechanism of inhibition of bacteriophage multiplication by
chymotrypsin. J. gen. TIiclobiol.,10. lln the press.l

Wlen 0.01 per cent chymotr]?sin is added to mixturcs of Rhizob;utn
bacteriophage and bacteii,a in liquid cultures, the multiplication of phage is
prevented, aDd the phage Sradually tecofires iDactiwe. The tate anil eitent
to which phage and bacteria combine are unafiected by the chymotr]?sin,
wbos€ efiect saems directed against an early stage in tld interaction beliveeo
the two. This stage peEists, on an average, foi less than I minute Irom the
mornent of combinatioD. A pbage particle coBbined with a bacterium trecomes
inactive, and the bacteriuE is thus protected agaitrst lysis and remains able
to multiply- Chyootrypsia do€s ,lot inted€re with combiDatioo betneetr
pbage and bacteria killed by ultra-violet radiation; the coEbiDatiotr leads
to loss oI phage activity, irrespective of the preseDce of chymotl]?siD. The
multiplication oI the phage is uDaffected by previous incubation of either
the phage or of the host bacteria separately wilh 0 01 per cent chymotr,?sin.

Chymotr)?sin has no efiect otr phage-host interactlon in an alar medium.

45. METKLEJoHN, J. (1953). Microbiological aspects of soil nitri.6ca-
tion, with special refereDce to the KawaDdt Nitrate Experiment.
E. Alt. agric. J.,19,54.

In the nitrate accurrulatioD experiment at Ka*.anda, Uganda, it has been
observed that more nitrate accuaulated in fauow soil exposed to the sull
tban in Iallou. soil shaded lrom the sutr or covered with a grass mulch. Cultures
of autotrophic nitrifying bacteria *.ere obtained ,rom the surface soil of Iallo\t
plots treated irl all three ways; but, contrary to expectation, the teast-
vigorous cultures were obtained Irom the e4)osed soil, vrhere the rDost nitrate
had accumulated. The nihilyiDg bacteria obteircd from the exposed fallow
were not thermophilic; and all the nitrifying culturcs grenr bette;in a neutral
Bedium than in an acid oDe, although the pH o{ the suitac€ soil was 4.6-5.0.

46. IIETKLEJoHN, J. (1953). The eftect of bush burning on tbe
microflora of soae Kenya soils. 6th Inf. Congr. Micrcbi;t.,Romc,
Sept.

The burning o, shrubs, utrdergro$4h aDd gi"a-cs, in order to clear the tand
for plartiog, is a very widespread iarmiDt praciice in tbe tropics, but s.ientific-
ally it has been very little studied. In the pres€nt work thi microflora o{ the
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sur{ace soil froE tbree sites at trIuguga, Kenya, u'as studied before and after
bu.ning. Two of the soils had carried Black Wattle \Acacia dc rrensl
atrd a light undergro\rth o{ sEall shrubs; the third x.as a! abaodoDcd A{ricitr
cultivatioo site, wbich had carried rough grass for tlr'o yea6.

ID all three sites bumitrt caused atr immediate reduction in the trumb€ls
in the top inch oI soil of microfungi, actinomycetes and bacteria. The.e
was also evidence that Ditrifyint bacteria, and both aerobic and unaerobic
{ree-livint nitrogen-6xers, were killed by burning the grass and shrubs above
the soil.

47. lIErKLEroEN, l. (1953). LiIe in the Soil. Ptoc- Nai/obi sci. and
Philos. Soc.

.18. RE.{D, }l. P. (1953). The establisbment of s€rologically identi-
6able strairs of 1?iizobium lrifolii in field soils in competition \rilh
the native microflora. J.ge;. Microbiol.,9, l.

Field tlials II€re made at thirteen centres in varied localities to test whether
a stain oI clover Rri?oDirz used as a seed inoculum in the freld could establish
itsel{ in the crop in coEpetition '\r'ith the Eative straitrs already preseflt in the
soil. Each experimeDt comprised four s€ts of quadruplicate plots, oDe un-
inocuLeted and the other three each so\r'n $ ith seed inoculated n_ith a difleretrt
si:ain ol RhizolriunL.

The dimculty itr ideatifying a strain re-isolated from a nodule \Ias Eet by
using as inocula strains whos€ antigenic compositiotr made them readily
idetrtifiable by a8BlutiDation tests. FroE each plot twenty-fve nodul€s
*ere selected, aod isolates from these tested against selected antisera. Tbis
method oI identincatioD eBabled 1be percetrtaSe of nodules produced by each
inoculant straiD to be ascertained. Strains difiered in their ability ro estab-.
lish thedselves in the ield ; a suitable stl-eio tave ris€ to 50 per cent o. more
oI the nodules. In satrd culture coElletition betw€en pairs oI inoculant
straitrs was not lelated to their ability to establish themselves in the field,
but each straitr whose establishmeDt sas superior also sho*ed coEpetitive
dominance on at least one date of saEpliog.

49. SKINNER, F. A. (f953). Inhibition of Fusariurn culrnor*m by
Slle?tornyccs albidofaous- Nalu/e, Lonrt., 172, llSl.

Slr.Utofiyccs alhdofattus arredted the growth of Frsarirr, ctlfioflrn by
antibiotic seqetions ia agar Dedia contaiDiDs I0 8. glucose per litre. On
media with lower glucos€ contents the {ungus coDtinued to grow towards the
actinoEycete, but there was er.idence that traces of antibiotic Baterial B'ere
formed by the latter. Both organisms Srew on a variety of natural organic
materials supported oD bufiered agar, but fun8al gro\*{b $'as arrested at a dis-
tance from the actitromycete oDly wben dried grass was used as source of Dutri-
etrts. Filtrates of liquid cultures of the actinomycete contained a substance
irhibitory to Biowth oi F. culrnorun, b\t this could b€ inactiyated by additions
of beDtonite, other clays, whole soils aad organic matter. In sand moisteDed
vith tiquid EediuE containing 8luco6€ the actinomycete limited $o*th of the
fuDgus by antibiotic action, by a direct attacL on the fungal Eycelium and
by cobpetitioo for the available Dutrients. Tbe efiectiretress of all these
antagonistic mechanisms $as reduced *heD the glucos€ concentration raas
los'ered. Antibiolic and direct-attack phenomena could not be detected shen
bentonite \sas added to the cultures. Neither antibiotic attack nor direct
attack on the fuDgus could be derlotrstrated in sterile soil, tbough there
lxas evideoce of coDpetition bet\r'een the organisms Ior trutrients or space.

50. THoR} roN, H. G. & S(INNER, F. A. (1953). The interaction oI
actinomycetes with other micro-organisms in soil. 6r, 1rr-
Congr. Microbiol. Symposium tn Adiiomyelales, 174.

The antagonisB displayed by many soil actitromycetes aSainst other
micro-organisms, particularly bacteria and Iun8i, in artifcial culture and in
soil, is discussed in this review paper. Particular attention is paid to the
complexity of tbe itrteractioos betseetr these micro-organisms io soil atrd to
the possible importance of antibiolic production, competition for nutrietrts
atrd the presence of s.il colloids.
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51. WALI<ER, N, (f 954). Preliminary obsqvatioDs on the decod-
position ot chloropheDols in soil. Plan €, Soil,6. (ID the press.)

It has been showtr that o-chlorophenol i5 Euch less persistelt in soil thaa
,thlorophenol or 2 : 4-dichlorophenol and that the decompositioa of o-
chlorophenol in soil is a biologicat Focess. There is evideoce tbat r-chloro.
pheBoxyacetic acid is subject to bioloSical decompositiot in soil.

62. WALXER, N. & WrLrsBrRE, G. H. (1953). The decomposition of
naphthalene and c-chloro- and c-bromo-naphthalenes by soil
bacteria. 6r, Inl- Congr. Microbiol., Riassutrti delle CommuDica-
ziotri, 1, 175.

A straitr of a raphthalene-utilizing bacterium will Srow with either a-
chlolonaphthalene or o-broEonaphthalene as carbon source. 3-Choro-
salicylic acid aad a chloronapbthaleDe diol have been isolated froE cultures
Srown otr a-chloroEapbthalene. Simiterly, in bromoDaphthalene cultures, a
diol ha-s beeD detected, aDd an acid which is probably a bromosalicylic acid has
been islated .

Botany Department
53. HuMpsRrEs, E. C. (1954). Mineral compotrents and ash analysis.

lModztn melhod.s oJ Planl analysis. Fiited by K. Paech and M. V.
Tracey. Section III. Heidelberg: Springer-Verlag. (ln the
press.)

54. TIToRNE, G. N. (1964). Absorption of nitlogen, phosphorus and
potassium from nutrient sprays by leaves. J. exP. Bot.,6. (ln
the press.)

Barley, Brussels-sprout, Frcnch-beatr, tomato aad su8ar-beet plants grown
in soil in pots and sprayed, usually daily, tor several weeks, with nutrient
solutions cotrtailiDg DitrogeD, phospborus, potassium and a q)reeder, with pre-
cautions to prevent the q)rey solutioD falling oD the soil, had higher nutrie[t
coDtetrts and dry weights than control plants sprayed with water and qlreader
only. Increas€ io trutdeDt c,otrtent occurr€d with higb o! low levels of nutrient
supply to the roots, atrd \i'as approximately proportional to the concetrtration
of spray and to the ,rcquency oI sp.aying.

The qitrogetr content oI suSar-beet plaots 1,as increased equally by spray-
in8 witlt solutioDs supplyiDg aDEoniuD sulphate, calcium nitrate or urea
io equivalent coacerh-atioDs.

Nutrient uptake lrom solutions sprayed otr leav6 influenced Dptake by
the roots, so that the additional amounts olrutdent contained itr sprayed
plants eay be treater or smaller than the aDount absolM {rom the spray by
thc leaves.

55. THURsroN, J. M. (1954). The biological approach to the problem
of wild oats control. Proc. Blil. Wccd Control ConJ-, 1953. (In
the press.)

Present knowledge o{ the biology ol wild oats, based oo experiments atrd
obscrvations in Great BritaiD aEd abroad, is suEmarized, and its relation to
control measures is discuss€d.

58. 'WARTNGToN, K. (1950). Work on trace elements in England,
Scotland and lreland. Proc- Soir. Ser. Soc. Fr., 10, l8l.

A review of inv€stigations carried out in Great Britain from 1896 to 1950,
contributed to a s]rDposiuB oD txace ele&etlts.

;7. WARTNGToN, K. (f954). The influence of iron supply oa toxic
efiects of mangatrese, molybdeDum and vanadium on soybean,
peas and flax. Ann. aPPl. Biol.,4l, l-

Reduction of tbe standard iron sulDly itr the autrient solEtion accentuated
the toxicity ol 2.6 or 6 p.p.rrl. vatradiur! to soybean aDd flax, but injory ,roB
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high manganese (10 p.p.6.), molyMetruE (ao p.p.m.) or vanadiuE (9.5
p.p.E.) vras counteracted by i[creasing the ircn to 20 or 30 p.p.m. Fe. The
range o, conceDtrations tested varied with the cioP, the lowest levels beinS
1.25,2.5 or 5-0 p.p.m. Fe for peas, soybean and 6ax rcspectively. Ferric
citrate $'as the source of iron. Veryint the iron supply had little ef€ct on
Srowth when the concentration of the three elemetrts was low. lvhere in-
qeased iron had reduced the chlorcsis caus€d by high Daflganese or vanadium,
it also reduced the amount o{ these elements itr the shoot, but the molybdeDum
conteDt $as lowered by hiSh irofl oDly when given in tron-toxic concentration
(0.1 p.p.m. trlo) combiDed'lrith excess Erantanese.

The iroE cotrtent of the shoot rras scarcely afiecterl by variation in the
amount oI irotr supplied, but was geaera.lly reduced by hi8h concefilrdtio i of
manganese, molyHenum or vanadium.

58. w-{TsoN, D. J. (1953). Reseaxch on virus diseases of sugar beet.
Blir. Sug. Beet Reu., 8, 27.

59. WArsoN, D. J. (1954). Measurement oI photosynthesis in field
conditions, atd The physiological limitations of crop yield and the
possibilities of increasiu8 it. Lardbouwh. T ij d,schr.,'s-Grat., 66.
(In the press.)

Text oI two lectures on tbe results o, growth-analysis studied on feld crcps
given il a cou$e on photosynthesis at the University oI waSeningen.

Biochemistry Department

GENERAL PAPERS

60. hRrE, N. 
.w. (1962). I-arge scale production of edible protein lrom

Iresh leaves. Rzp- Roth4rrrsted erp. Sr4., 1052, 173.

61. PrRrE, N. W. (f953). The emcient use of sunlight for food pro-
drction, Ch.rn. 6 Ind.., 443.

02. hRrE, N. W. (f 953). Research for PleDty. No. 8, New foods Ior a
crowded world. Aglicullule, Lond.,8{r, 116; and reprint by Bles.

63. PrRrE, N. W. (1953). Ideas and assumptions about the origir of
Life. Discovely, L4, 238 ; and in the lirerary Gr.idc, Jannary 1954.

64. PtRrE, N. 1\'. (1953). Cellulase as a subject for q)ecuLation atrd
commercial eDterprise. Biocfum. Soc. Syrnt., ll, 51.

66. PrRrE, N. W. (f953). Some host compoDetrts that affect yiruses
during isolation. In symlrcsium " Ilteractior! of virltsqs and cells,"
Rome, 1953.

66. TRAcEy, M, V. (f953). Cellulases. Biochem. Soc, Syrr.P.,D,,49.
A survey of the present state of ktrovledge of cellulases. Emph&sis is laid

on the importance of the iBsoluble rature of cellulos€ in interpretiDg the
action and hyd.rory{ic properties oI the enzymes. Relerence is also Eade to
similar prolrrties oI cbitinas€s.

Rrseltcu Pepprs
G7. HoLDEN, M. (1953). A comparisou of tbe applicability to plant

esracts of three methods of deterrDining deoxFibotrucleic acid.
Analyst,7E, 642.

The diphenylaErine Eethod (Dische, 1930) and a aodifcation of the
tr]'ptophan-perchloric acid method oi Cohen (1944) have been Joutrd to be
satislactory for detelBir ng deox)'ribonucleic acid io extiacts lrom plant
tissues. The cysteiae-sulphuric acid tnethod (StuEpf, 1947) has given
erratic results. A number of substaaces, some ot which are litely to be
presetrt in plant extracts, have been tested under the coDditions oI the three
Eethods.
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68. KENTEN, R. H. (f953). The oxidation of phenylacetaldehyde by
plant saps. Biochent, 1., $, 150.

l. Many plant saps oxidize phenylacetaldehyde. The system iu pea-
seedliDg sap consists of a therEolabile factor which appears to be a peroxidase
and a thermostable factor which can be parlialy replaced by Danganous iorls.
A system pith similar properties to that itr the pea-seedling 6ap can Lre con-
structed usilg horseradish peroxidase preparatiotrs and manganous ions.

2. The oxidatiotr wheo catalys€d by either pea-seedlitrg sap or hors€radish
p€roxidas€ and DaDganous ions procds with the ,ormation of ben?-aldehyde
and formic acid.

69. KENaEN, R. H. & IIe^-x, P. J. G. (1953). The oxidation ot certai[
dicarboxylic acids by peroxidase systems in the presence of
mangaDese. Biochetu- J.,8, 4ga-

l. The oxidation oI oxalate, oxaloacetate, ketomalonate and dihydroxy-
tartrate by oxygen is catalysed by peroxidase s,'stems in the presence oI Mtr2'.

2. It is suggested that these oxidatiols and that of dihy&oxymaleate in
pres€nce oI peroxidase systeds atrd Mtr2+ involves the oxidation oI Itlnt+.

?0. hRrE, N, 
,w. (1954). The fission of tobacco mosaic virus and some

other nucleoproteins by strontium nittate. Biochen- J., 60, 83.
Tobacco aosaic virus is q)lit at rooB teEp€taturc irlto deDaturcd prctein

and lree trucleic acid by solutioDs of stroDtiuro Iritrate more cotrcentrated than
lM.

Other nucleoproteins are less asily q)lit in this way, and other related salts
are not so eficient as strontium tritrate.

Nucleic acid is decoDpos€d by more i[tease treatDent.

71. SMTTHIES, W. R. (1953), The lysing action of etrzymes on a
sample oI mycelium oI Penicilliurn gtiseofubum Dierckx. Bio-
chem. t.,6,346.

l. Air-dried mycelium o, Penicilliurt griseojulu*m wa-s subjected to
autolysis. Tbe suspeaded Datter in the 6nal product contained 16 per ceot of
the odginal protein, 6 per ceDt oI the carbohydrate and 60 per cetrt of the
chitiD, The solution contaiDed dispers€d proteitr and carbohydlate, but no
a-amino acids or reducitrg sugar.

2. Airi ed mycalium alter two to three years'storage wasautolysed. The
suspended material contained 39 pei cent of the original protein, 7 per ceot of
the carbohydrate aDd 70 per ce[t of the chitia. The solution contaiDed amino
acids reducinS sugar aDd N-acetylgluco6amine.

3. Th€ proteas€ oI tbe myceliud is stable to storaSe. lluch polysaccharide-
splittinS and chitinase activity is lost otr drying, but so6e oI the rc.idual
activity remains a{ter three yeers. Such stored mycelium contaiNa very weak
glucose oxidase, but oo d-amiDo-acid oxidase, whicb was presumably veryactive
io the Iresh dry mycelium.

4. Little change t!,kes place itr the compositiotr of the oyceliuB o! storage,
except for a sligbt bydrclysis or protein.

5. 10-15 per cent of the mycelium proteiD resists digestion with ploteases ;
10-25 per ceDt of tbe carbohydrate and about l0 per cent ol the chitiD resists
digestioD with juice from the alimentary lract of snails.

72. WALRER, N. & WrLrsErRE, H. (f953). The decooposition of
naphthalene and .!-chloro- a[d a-bromo-Daphthalenes by soil
bacteria. Prcc. 6,h Inl. Congr. Microbiol.,l, 176.

For sudEarjr se€ No. 62.

73. WrLrsr.rRE, G. H. (1953). The optical form of glutamic acid in
tumouls. B/il. Jf. Can er,?,l!7.

Oae [ormal tissue and four tuDouls $ere analysed Ior isomers of glutanic
acid by methods applied to purified proteids. The percentage of D-glutamic
acid toutrd was in aU cases very small, aDd not more tban lllould be formed by
the inve$io[ of tb€ L-isoae! during hydrolysis.
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74. 'WrLrsErRE, G. H. (1953). The estimation oI D- and L-glutamic
a.id itr proteins. Biotheu. J -, &, 46-

Total glutamic acid 1ras estimated by amitro-Ditro8en analysis after
separation lrctn other aErino acids on buffered iotr-exchange coluftDs. The
carbon dioxide lelea-sed by etrzyEic de(arboxylation of tbe L-isomer was
measured manometrically. Five per cent oI L-isomer $as produced trom L-
tlutadic acid under the cotrditioss o{ acid hy&olysis and subsequent analysis.

D-Glutamic acid in excess oI that estiuated to be formed by iuversiotr w.Ls
found ia hydrol)'sates o, proteiN which had be€n treated with dilute alkali, aod
in the cells ol Lactobacillrs .assi, but not in ,our purified plaDt and animal
proteins or in tobacco mosaic virus protein.

75. WILrssrRE, G. H. (f953). The oxidatiotr ot tryptophatr in pea-
seedling tissues and extraqts. Biocherr.. 

"I., 55, 408.
The oxidatioo ol lryptophao in tissue slices and extracts ftom pea seedlings

was accelerated by addition of certain aEines, which are concurrently oxidized
Ivith productio[ oI hydrogel peroxide. In the extract a compound having
some oI the properties of 3-hydroxykyDulenitre was formed. The reaction of
one molecule of tiFtophatr witb two molecules of hydrogen peroxide l.as
catalysed by peroxidase, both ia pu ied extracts aDd in model systeos
employitlg peloxide-donating enzymes and purifed peroxidases.

76. (BoyLAND, E.) & .wrl.rsrnRr, G. H. (f953). Iletabolism of
polycyclic compoutrds. The melabolism o[ naphthaleDe, l-
naphthol aqd I : 2-dihydroxy-l : l-dihydroaaphthaleDe by animals.
Biochem. J., 58, 638-

Repeated dos€s oI traphthalene to dale rats resulted in atr iDcreased prc-
portion excreted as naphthalene diol and a decreas€d proportioo excreted as
Slucuronide.

Plant Patbology Department
GENERA! PAPERS

BAWDEN, F. C. (1963). The coEtrol of ptant diseases. lD. R.scarch
lor Plenty- I-ondon: Geofirey Bles. p.35.

BAII'DEN, F. C. (1963). The idtiatiou and development oI virus
i[fectiori. S]rrrosiurn, Islituta SuPeliore di Sdnila, Rornc,6li Int.
Congr. Microfiol.

BRoaDBENT, L. (f962). The epidemiology of aphid-bone virus
diseases. fiazs. glh In. ConCr- Ent-1,6lS-
BRoADBENT, L. (1953)- Aphid control to combat lettuce Dosaic-
Grouer, q, 774.

BRoADBENT, L. (1953). Aphids ald vilus diseases in potato crops.
Biol. Re!.,8,35o.
GLYNNE, MARY D. (f953). \\rheat yield atrd soil-borDe dis€ases.
Art. afpl. Biol-, fi,221.
CLYNNE, MARY D. (1953). Lower seed rates to save lodging.
Tirn s agric. Ra?., Autumn 1953.

GREGoRY, P. H. (1953). The fungi of Hertlordshire : SuppleDeDt
l. Ttars. Hctls. Nat. Hist. Soc., U,. 38-

HULL, R. (1953). Assessmetrt ol diseas€ incidence iD the sugar-
b€et crop. Ann. a?pl. Biot.,40, 603.

HULL, R. (1053). Ass€ssaents of losses iD sugar beet due to Virus
Yellows in Great Britaitr 1942-52. Planl Pathology,2,39.

77.

79.

80.

8t.

8r.

83.

8{.

8ri.
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87. SALr, G. A. (1953). A freld experimeDt on vheat inlected uith
eyespot. ,{ r,s. appl. Biol., 40, 224.

RESEARCE PAPERS

88. BAWDEN, F. C., Hlulvx, BRENDA I!I. G. & Wersox, MARIoN A.
(1954). The distribution oI viruses in difiereut leaf tissues and its
influe'oce oo virus-transmission by aphids. Atn. appl. Biol.,4L.

Exposin8 both surfaces oI leaves systemically ialected with cabbage
black litrg spot virus (CBRSV) or with henbane Eo6aic virus to ultra-violet
radiatioD direas€s the itrfectivity o[ expressed sap to about one-fifth. As
irradiaticn probably iDactivates virus only in tbe epidermis, which occuPies
about oDe-quarter the \'olume of the leaves, tbese viruses seem to occur at
much highe; coDcentrations in sap from the epidermis than in sap rroE otber
cetls. By conhast, tobacco mosaic virus seems ,lot to occur predoEinantly
in the eDidermis-

CBITSV aDd heDbane mosaic virus are Dormally tansmitted most fre_
queDtly by previously ,asted aphids that feed lor only short periods on in-
fected leaves, but aphids treated like this transmit rarely from leaves that have
b€etr erposed to ultra-violet. Irradiation has relatively little efiect on the
proportiotr of aphids that transmit after loDg inrection feedings. Fasting
seems to increa-se transEission by increasing the probability that aPhids
will imbibe sap fro6 the epidermis of leaves they nellIy colooize. \ 'ith loD8er
periods oD inG(ted leaves, tbe ability of fasted aPbids to transEit probably
aecreas€s, because th€y then feed from deeper cells and tbeir stylets contain
saD Eith less virus. Only vi.rus contaioed in the stylets s€ems to be trans_
mirted. Dot virus taken into the stomach. About balf the transmissions of
henbane mo6aic virus by aphids that have colonized tobacco leaves for houE
may be caused by iosects that temPorarily cease feeding on the Phloem atrd
ne\ilv Detretrate the eDidermis.

IHdiatins inlecta leaves afiected the traDsmission of sutar_beet mosaic
virus irl the saEe wav as that oI henbaDe Bosaic virus, but had little efiect on
the transmission of Seet yellows virus, $'hose vecto6 become morc likely to
tralsrDit the longer they Ieed on infected plants.

89. BAE'DEN, F. C. & Kesserrs, B. (fS54). Some efiects of thiouracil
on virus-iD{ected plants. J. gen. Microbiol.,10, 16O.

SubEerging leal'es in vater soon after they are itroculated $ith vimses
can prevenl iDfection, atrd for studying Iactors that aflect the rate of vins
multiplication leaves should not be Placed in solutions until a day after
noculation.

The rate at which viruses multiPly in tcbacco leaves is decreased by sPray_
inR with solutioDs of tbiouacil, but less so than by floatin8 leaves in the
soiutions. The physiological state of floated leaves afiects the extent to which
thiouracil impedes virus Eultiplication ; least viius is produced in the presetrce
oI thiouracil when the condition oI leaves otherwis€ most favours virus
formatiotr. Multiplication of virus can be checH at any time by thiouracil,
but is most aflectea when leales contaiD little vins; multiPlication is resumed
$'hen thiouracil is removed. Thiouracil imPedes the multiplication in tobacco
oI all viruses tested, but not of a tobacco necrosis virus in Frcnch b€an or
broad-teatr mottle virus ia Vieia faba.

Whe[ mixed with inocula, thiouracil can prevent infection lrom occurriag,
both in tobacco and French b€an. It also afiects the srorr'th and aPPearance
of both plants- Tbese efiects, unlike the iEP€daoce ot vi,:us multiplication
in tobacao. are trot counteracted by an excess oI uracil. Tobacco leaves in
\*'hich tobacco mosaic virus is multiPl],ing develoP recrotic spots atrd rings
whetr treated with thiouracil, aDd local lesions can t,e made evideDt by sPray'
ing iDoculated leaves. Necrotic lesions also occtt on V. faba infected with
broad-beatr mottle virus atrd treated with thiouracil.

90. BRoADBENT, L, (IS54). The differeut distribution of t\-o brassica
viruses in the plant and its influeEce otr sPread in the field. Ain.
appl. Biol., Sl.

Previous klrowledge did llot expl,ain the Sreater PrevaleDce oI cauliflower
fiosaic than of cabbage black ring sPot virus. Both viruses are spread by
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Mlzus P.?sicae end. Btetiortia brass;ca., a d both are transmitted equally
readily from itrIected seedtitrgs. Cabbage black rin8 spot virus has the wider
host range.

Part ol the difieretrce betweetr the rate at which the two viruses spread
can b€ accounted {or by the difierent matrtrer itr which they are distributed
itr old in{ected pl,atrts. Cauliflower mosaic virus occurs in high coocetrtratioo
iD young leaves of old plaats, whereas cabbage blacl ring spot virus occurs in
quatrtity oDly in the older leaves, where it is localized in parts that show
s]'mptoms. Alter flyin8, Bost aphids alight on the upper parts oI plaDts,
where they are less likely to acquire cabhage black riog spot virus tban cauli-
flower mosaic virus. Io cabbage the otd leaves are more lavourably placed
to catch alighting aphids than in cauliflower, and cabbage crops are olten
ertensivel-v in{ected with cabbate black ring spot virus.

91. BRoADBENT, L. & TrNsLEy, T. W. (1953). Symptoms of cauli-
flower mosaic aDd cabbage black ring spot iu caulifower. Pr4r,
Pathology,2, 88,

The succession o{ symptoms itr plants itrfected with cauliflorr.er mosaic
alld cabbage black ring spot viruses is described, together with 1'ariations
caused by chaDges oI terDperature, light intensity and maDuri[9.

92. (BRoDrE, IIARoLD J.) & Gnrconv, P. H. (f953). The action of
wind !. the dispersal ol spores lrom cup-shatrd plaut structures.
Caiad. J. Bot.,8,.,402.

When sEoke flowed over cotrical Slass fuDoels itr a wind tunnel, two eddv
systems u'ere observed. The 6.st took th€ form of twiD vortices, oDe on eitbei
sid€ oI the median line in the funnel. Each vortex n as srDallest at the narrow-
est part oI the {unnel and widened up$?rds. The secoDd system ln'as a single
permaneDt elliptical eddy near the Iunnel Erouth, The uppe. side of this
eddy moved with the uiDd, the lower against it.

Obs€n'atiotr ot Lyco?odibn spores itr glass vessels oI various sizes and
shapes subjected to winds lan8iDg from 0.6 to 7.1 Detres per second, shorsed
that spores arc blowtr lrom funDel- or e8g-shaped vessels more readily than
froE rectangular ves,s€ls or horizontal glass slides. Lycopodiurn spras werc
not visibly dispersed froE a fuanel with douth 4 cm. diameter at wind speeds
below 3 metres /second.

Sorcdia of the licheo Clulonia \rcre blowtr out of their lunnel-shaped
podetia by wiDds of 1.5-2 metres/second i3.3 .5 3 m.p.h.) although no sore?ia
were blosn from a borizoDtal glass slide at the same wird speeds.

Tbe two eddy systeEs created by wiDd blowlng over finnel-shaped plant
structures are thought to Irc adequate to remove sporeal and bodies of cosr-
parable size. The t\r'in lortices suck spores frcm the bottom ot the lunnel,
and the lotation of the upper elliptical eddy raises the sporcs along the upwind
wall o{ the fDDnel ald ejects theo into the wind above.

This kind of dispelsal could occur in a variety of plants, itrcluding Dis-
comycetes and witrd-pollinated plants.

93. (CRoXALL, H. E., GwyNNE, D. C.) & BRoADBENT, L. (1953).
Turnip Yellow Mosaic in broccoti. PlaN Pathology,2, 122.

Turnip yellow mosaic virus infected EaDy winter cauliflower aDd other
brassica crops in a saall area on tbe coast of North-east Enf,laDd dunDE
1952-53. This outbreak, the irst to te recorded itr broccoli in Britain, s'as
probably caused by virus spread by fle3-b€etles, which were exceptionally
numerous itr tbese ye4rs. PtaEts inrected in aurumE $ere either liilled b;
frost or {ailed to produce nrarketable curds.

94. {GENDRoN, YvEs) & KAssANrs, B. (1954). The impor-tance of the
host species in determining the action of virus-in6ibitors. ,{rrz.
appl. Biol.,41.

Tbe saps oI some platrt species ftom vhich virus€s are dificult to katrs-
mit to other sp€cies by sap-iDoculation coDtaiE substances that iDhibit infec-
tioo. The extent to wbicb they inhibit infection depeDds on the species of
plants inoculated and Dot o! tb; idetrtity of tbe virus. The iDbibito; do not
prewent illfection of species that contain the6.

Iafectiotr of cucu8ber was l6s affected tbatr any of the other species by aU
the inhibitors tested.
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95. GREGoRY, P. H., HrRsr, J. M, & LAsr, F, T. (f953). Coocentla-
tions of basidiospores oI the drjr rot fu[gus (Melulits loafyrnans)
itr the air of buildings. Aata allelg-, Kbh.,9,168-

The spore contenl of the air iD two buildiots agected by M?rttlius lotty
rrars \,va:s estiEated during autuEtr 1952, usir:g Power_opemted suction
traps. ID a bomMamaged house in Irrrdon coDceDtrations raaSed from
?9,-500 spoles/cu. Eetre iD a cellar silh active fruit_Mies to I6,0OO/cu
metre on a frst-floor room without fruil bodies, ID a couDtry house concen-
trations raDged frcm 360,000 spores/cu. metre in a cellar to 1,630 sPores/cu.
metre iD a frst-floor corridor, both with active lruit-bodies. The undisturbed
air in an old uoafiected cottate io Harpenden contained no spores ol Mcrqlils
,acrymars and less thaD l0 sporcs/cu. metre oI ally kind.

96. GREcoRy, P. H. & STEDMAN, O. J. (1953). DePositioD oI air-
lyrrne Lycoiodiurt spores otr pLaDe surfees- Ann. aPPl. Biol.,40,
651.

The depositioD of Lycoqodiurn sPores on sticky surface traps, including
vertical ana horizootal EicroscoPe slides and Petri dishes as used in routiEe
aerobiological survey, was studia io a small wilal tunoel at liind speeds froE
aDDroximatelv 0-5-9.5 Eehes/secoDd."Depositio; r€sults ftom seieral processes acting singly or in combinatiotr.
The pittern oI deposit on a micloscope slide onentated at aagles varyiot ftoo
0 to 

_90" 
to the wind, with gravity eit[e! positive, neutral or tregative, indicates

that, except on a surlace parallel to the wind at the lou'e.st wind sPeed,
sedimentation under gravity plays a Einor part itr depositioD on PlaDe surlaces
As the wind sp€ed ii incr;ased the deposit is decleased because ot " edge
shadow ". At_the highest s,ind speed the dePcsit is as lar8e oD the lower as
oo the uDDer surface oD the borizontal slide, which suSSests deposition by
turbuleoiti Deposition by impactioo against a vertical strip itrcrcases with
witrd sDeed and ;Eciencies observed are lower than Ior cylitrders of the saBe
dia.metiT. The deposit oD slides ioclined at angles of 45' or less to the wind
dircctiou is increaied by impaction of arr " edge drilt ". The interaction of
these vaiious depositioi proiesses on mean dePositiotr at difierent angles and
wind sDeeds eives a series o{ curves with a maximuB at 90' atrd g'5 metres/
second and "with miDiEa at 0", 90" atrd 180' at wind sPeeds lower than
9.5 metres/second. At these lower wind sPeeds there arc two maxima ill the
raDse 20-70' and 135"-150o respectively.

beposits on Petri dishes sboiv rim efects difiering at dlffereDt wind sPeeds.
These iatr be eliminated bv sinking the disb below a 6at surface.

BloFoff lrom notr-sticky surfaces is least at about 45', and greatest at
0'.

SDore concetrtration io air is dificult to estiEate from the defosits otr
plani-surface traps, because horizontal tlaps under'record at-medium wiDd
speeds, and because vertical traPs are very seDsltl\ie to ch:ur8es ln wlnd sPeet.
Powerloperated suctron traPs are to be preterred lvhen data oD sPore conceD-
trations are requiied.

97. HAvLyN, Btrxoe M. G. (1953). Quantitative studies on the
transmission of cabbage black ring sPot virus by Myzus pcrsica.
lSulz;1. Antt. o?Pl- B;o1., qO,393.

Factors affecttls the hansmission ol cabbage black riDg sPot \'irus b]
Mtzts b?rsicac (Su'iz-) uere studied quantrtatively usrng the local lesions
nmduceh on tobicco leaves. Aphids pretented lrom feediog for 15 minutes
br more. before leeding for a few minutes on an infecled Plant, caused more
irfections than uafast& apbids. Fasted aPhids acquired f_irus from infected
Dlants ia leediDs tises ai short as l0 seconds, atrd infected healthy PlaDts io
iest-I€editrs tiEa of 6 seconds. IncreasiDg test_reeditr8 times to 30 minutes
increased {he Dumb€rs of inrectioDs. Increasing iDfection-feeding times
Jrom ten secoods to 5 minutes had little efiect, but increasiDg to more than
thatr 5 minutes $eetlv reduced the numt er o( traflsmissions- This reduction
*?s Dartlv ofi6t if ihe aphids were prevented froE Ieading continuously
wrrild on ihe inlected Dlairts. With undistutbed infectiotr-{e€ding Periods
oI 15 oinutes or longer, previously fasted aphids caus€d no more inlections
tha[ unfasted aphids.
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Inlective aphids lost their abitity to produce lesions Eore rapidly whetr Ieed-
ing than when ,asting.

Winged and wingless apbids were equally efficietrt vectors.

98. HrRsr, J. I!I. (1953), Cbanges in atmospheric spore conteDt:
Diurnal periodicity and the effects of wertb.et- Trans. Bit. r.ycol.
Soa., 88, 375.

T'he use oI a por^er-operated suction trap, ir $hich spores are impacted
on the sticky surface of a slowly moving slide, made it possible to estiEate
accurately the concentration of diferent kinds oI spole in the air at aDy
givetr time. The catches often consisted predominantly of small hyaline
spores, tnes rarely caught by other Linds oI trap. ChaDges in the t)'pe.s oI
spore caught at difierent times of day showed tbat some species have a well-
d;fitred diurnal periodicity; the catclies also refiect chang(i in weatber.

In dry weather, pollen grains and spores of such longi as Cladosporhtm,
E^siPhc, A cr atia, smuts and rusts, are the main componeirts of tbe air
spora: they are mo6t abundaot iD the eftemoon and least in lhe early mominA.
Phyto?ithora itfestats aD,d. Polythrii.iu rnfohi also occur, but are earlier
and reach their maiimum concentratiou before trootr. Prolonged rain remot'es
most oI tLese spores, and ror a time there are few in the air. Withitr a rew
hours of the start ofrain, the t)?ical dry-air q)oIa is replaced by hyaline E)ores;
lew o[ thes€ can be identited. but they include splash-dispersed types;asco-
spores and basidiospores. Except after rain, this damp-air spora occurs in
quaotity only at Dight wheD dew is formed, and the greatest coDcentration
is reached betwe+n Eidnigbt aEd dawn.

Basidiospores were at times the dominant t,'pe of spore. Hyaline forEs,
ofteD Dainly S?orobolorlyc.s sp., rapidly reached largttrudbets in tbe earl-y
hours of the Boming, partimlarly when there l,as hea\,.y dew, aad tbeB dij-
appeared ahdost coEpletely. Coloured besidiospores rrraiDly froD the
.{garicales werc also commooest at night, but their occunence depend€d less
on weather than the hyalitre fonDs, an-d their diumal periodicity w:as less pro-
nouacd.

99. HrRsr, J. M., LoNc, I. F. & PENMAN, H. L. (t 964). Micro-meteor-
ology in the potato cfop. Quart. J. R. nel. Soc.

Ts_o main causes of redoced potato yields are virus dis€ases and blight.
Some of the virus diseas€s are apbid-transmitted. MeasureEents of teDpera-
ture, humidity and *ind itr potato crops showed tbat weatber amoD, the
plants oltetr favoured aphid flight u,hen weather outside did not.

During the summers of 1952 atrd 1953 wet- and dry-bulb temp€raturcs
were contiDuously recorded at six heights ia and above a potato arop (10-
320 cm.). For pirt of the period a de; balaDce atso recoraid ttre claie* in
weight of a potato shoot as dew condensed aDd later re-evaporated. these
changes were in phase witb vapour-pressure gradietrts iD thi air, $bich was
saturated, or very nearly so, at all levels up to I60 cE. during the period the
leaves wele rr'et.

100. KAssANrs, B. (1953). Some efiects of sucrose and phosphorus in
increa^sing the multipl.ication oI tobacco mosaic virris inietacbed
tobacco leaves. J. get- Mictobiol.,0, 467.

Tobacco mosaic virus rcached higher cotrcentratioos whefl inoculated
tobacco_ leaves were placed itr a solution containitrg l0 g./1. sucrose and 0.2
g./1. calcium phosphate than when in water. DetacheA leaves itr water
usually produced more virus thatr leaves left oo tbe plants. Other suqars
aod phospbates also iDcreased viius production. Sugar;Dd ca'lciuE phosp6ate
sometimes s€parately iDcreeses tbe aoDceotratiotr o, ihe virus, but thl resioose
ll?-s usually greetest to both togetber. The increase varied witb the ;utri
tional state o, the ptaDts from ;bich ttre leaves caee aDd vrith soDe other
etrviro[mental conditioDs. Virus concentration, atrd the efiect of sucrose
and calcium phosphate ia increasing it, was greater wheD leaves r{ere in tbe tisbt
tbaD iD the dark. Conditions which incre-sed virus concentra.tion a'lsr)
iocreased the total carboh].drates of the leaves.
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l0l. KAssANIs, B. (1954). Tobacco oecrosis virus€s afiecting tulip6.
Pla Pathology. (In the press.)

Difierent aethods of iDoculatioD were tried, but all failed to reproduce
the lethal necrotic symptoms usually s€en wbeD {orced tulips are naturally
infected- The only result was soEe necrotic spottiDg of the leaves, varyiDg
in severity with difiereDt varieties of tulips. Observations made io natural
outbreaks of the disease in forced tulips suSSest that the infectioa occurred the
year before.

102. KlEczxorvsKt, A. (1954). Stability of chymotrypsi! and
lobacco mosaic virus decreased by ultra-violet radiation. Bio-
chen. J.,56,345.

W'beD proteins with speci6c activities are expos€d to ultra-violet radiat;on,
the specifc activity is not necessarily lost by the 6rst alteration produced.
Ch)'motrypsiD molecules caD be altered by the radiation so that their stability
at tempertturcs around 37'at pll 7 is decrea-sed, although they are still Pro-
teobtically active. The iDcreased rate at rrhich tobacco mosaic virus is
detratured otr heating after irradiatioD results froD a s€ries of chatrSes succed-
ing thos€ associated wilh the loss of iafectivity.

lO3. (NurvAN, F. J.) & RoBERrs, F. M. (1953). Two new species of
{utrgi oo clove trees itr the Zatrzibar Protectorate. Tlats. Bit.
,nycol- Soc.,88, 229.

Two species ol rungi pathogenic to clove (E48c ia Lrcrnatico) are des[tiM..
Valsalugctiat sp. nov. always occurs io clove-trees which bave died ot tbe

suddeD-deatb disease. and it also causes die-back.
Cry?tosaot.lld eug.ltia, Nutda! & Rober6 is a severe \rouad parasite that

attacks clove-Eees oI all ages and often kills young trees.

104. TrNsLEy, T. W. (1953). The efiects of varying the water suPPly
of plants on their susceptibility to ilfection with viruses. ,4trr.
a?pl. BioL, q, 750.

IacreasiDg the aEount of water supplied to Plants before they were inocu-
lated with vinses Sreatly iflcreased their sus.ePtibility to iDlection; Plants
that received udimited 1,ate! produced ten or more tirues a-s many local
Iesions as plants that received oDly enough to Prel.ent wiltinS. Susceptibility
was increased throughout the yar, but the full tespo$e occurred ia two weels
in winter and {our ,€€ks in summer. Plants that received unlilBited water for
the ts'o u,eeks iEDediately precediog itroculatiotr were no more suscePtible
than those that received it duriog the previous two weeks, although the
external appearatrce of the plants difierEd at the time of inoculation. Vary-
itrg water iupply arter inoculatioo did not affect the truobers of lesions.-The diffdr;nces in susceptibility to infectiotr produced by difieretrtial
watering $,ere decrcas€d, but aot abolished, by 8ro*'itr8 Plants ulder shade or
by incorporating a diatomaceous ea h in the inoculum.

Iocreasing water produced plaDts Eith larger and more succulent leaves i
the cuticular" layer ias thinnei, and the Palisade tissue lvas less regularly
arraDg€d than in the plants kept dry. The increased sus.eptibility caused
by abundant water may be partly due to these structural difie.ences, \rhich
ailow tbe lea, to be damased more easily \r'hen inoculated.

I05. WArsoN, MARIoN A. & NIxoN. H. L. (1953). Studies on the
Ieeditrg of Myzus pelsica. (Strlz.) on radioactive Planis. Ann.
appl. Biol., 4O, 537 .

Adult apterae ol tasted Myztts Peni.ca. lsnlz.) rvere fed on leaves con-
tainiEg radioactive phosphorus. The ueiSht of saP idblbed by the apbids
after various feeding tiEes was estioated by relating the,r radimcti\ it]- to the
activit!'per unit se.-i8ht of the leaf oD which they fed- The cal.ulatlons E'erc
made on the assumption that llP is uDirormly distributed in the leaf.

The mean ratei of uptake were about lb pg. of saP for the first hour ot
feeding; 40 r8./hour betiveen I and 4 hourc feeding, and l7 Fg./hour betwe€tr
I and 24 houis feeding. The decrease iD apparent rate of uptal.e with the
IoDger feediDg times is attributed to loss oI ttP in nymphs bortr duriDg tbe
feeding Period.
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Wheo aphids vrere ld on seedlints raised in waterrulture solution coD-
taining .!P, no activity was detected atter 5 minutes' Ieeding aad oDly a t ace
after 15 ainutes, but when the isotope was introduced by immersing the leaves
,or seveBl days in the culture solution, aphids fed lor 5 minDtes were detect-
ably active.

Tbe increasc in rate of uptake after I hour oI leeding indicates that aphids
do not start to feed norrnally until they reach the phloem, but the activity
alter sbort ,e€diDg times suggests that previously fasted aphids do feed on
other tissues, possibly the epidermis.

Nematology Department
GENERAL PAPEBS

106. PErERs, B. G. (1063). Control of plant nematodes. R.l. Progl,
o?pl. Cheir.,87, 278.

107. PErERs, B. G. (1S53). The golden treDatode in Britain, ,4,rar.
Potato J., 80, 228-

RESEARCII PAPERS

108. BRowN, E- B. & FRAN(LrN, M. T. (f063). ExperiDents ou
coutrol oI eel$rorm in black currants. Plant Palhology,2, l0l.

SprayiD8 sith 0.025 per cent parathioD in early summer reduced the Dum-
bers oI live eelworEs in the buds o{ blackrurrant bushes, as did also severe
pruning. A later spraying appeared to be $'ithout efiect. The treated
bushes showed less damate thatr the untreated in the Iollowiog year. Appre-
ciable DuEbers of bracL-cufl-ant eelworms sere ,ound in the weeds surrouadiDg
i ested bushes.

109. DoNcAsrER, C. C. (1953). A study oI host-parasite reLatiouships.
The potato-root eelworrm, Helarofuta rostochiensis in black dght-
shade, Solanurn nigruri and tomato. J. Helmialh., tl, l.

It is recorded that larvae of tbe potato-root eelworm peEekate the roots
oI black nightshade, but usually lail to develop. Mary degenei'ate and die,
aDd iafected roots usually become necrosed. ToEato roots ate more readily
iDvaded than roots of blick nightsbade, atrd whereas necrosis is less evideni,
heavily iDfected loots tend to become swollen.

I l0- FENwIcx, D. W., PEaDRs, B. G. & LrBBEy, R. P. (f 9$). Efiects
of reFated field itrjections oI D-D Dixture agai[st potato-root
eelworm. lza. ap?I. Biol.,4O, 2OA.

.q.utumn injectiors oI D-D mixture have been annually repeated for tbree
years on a silt soil at Itloulton (Holtand, Lincolnsbire) and a blact fen soit at
PrickwiUow (Ely, Cembrid8eshLe), with difieretrt rrsults. At Moulton ther€
*as an incl€as€d yield of tubers each time D-D !r'as used, \trith no sigDitrcant
residual efiects after the 6rst year, aDd Do EArked lotrg-term efiect oo the
eel$orm population. At kicirsillow D-D gave an incleased yield in the
6rst season only, with no positive residual efiects on yield, and D apparent
stioulatirg effect oa the eelworm population. At trloulton in l9{8 atrd 1950
(but ro, itr l9{0) the cost of the D-D tf,eatment was hea\.ily out$.eighed by the
value of tbe resDltant incr€ase io crop. However, on the orgtDic soil at
PrickFillo$ D-D treatEent was ioeffe{tive in 1949 and 1050, aod the eelworB
polulation, initially hi8h6 than at Moulto!, reEained at a level irlducing
,ailure of the potato crop.

lll. FENwtcK, D. W. & REID, E. (f053). Population studies or the
potalo-r,oot @lworm (Hetrrodzla loslochie^sis Woll.\. J. Hcl-
mi h., t2, ll9.

This paper describes a series of pot experiments on populatiotr fluctuations
of the potato-root eelworm, Data are preseoted oD the degre€ of cvst empty-
iat which occurs in the vicinity o{ a potato plart atrd oa the build-up folowitrg
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irvasion. Rate of build-up foUowing difierent itritial levels oI ilfestation is
discussed; there is a netative correlatioa betveetr the rluDber of oe* cysts
produced aDd their larval cotrtetrt.
ll2. PErERs, B. G. (fgfi). Trial oI ammoniacal gas liquor agaiDst

poiato-root eelworst. Planl Pathology,2, 86.
Ammonilcal gas liquor used iD a Irot test at about 1,800 gal./acre had

tregligible efiect, botb on tbe eelworms aod otr subsequetrtly Byox,.tr potatoes.
At 9,000 Bal./acre it kiUed 35 per cetrt of thc eelworEs ard led to a greatly
itrcreased giowth of tubers and roots; the latter supported a large eelworm
population, qhich was inally 3.5 times that in the uDtteated contrcls.
l13. PErERs, B. G. (f053). Vertical migatioD ol potato root eel$'orm.

J. Helninlh., n, lO7.
A siEple appamtus is described itr whicb qlas deasured the vertical

mi8ratior oI Ectcroilcra toslo.hi.nsis larvae itr soil, itr the preseace of the
host platrt. The miSratioos upwards alld do*nwards are coEparabl€ and
limited to aboirt 8 inches; they can be iDhibited by s€ter-logSed soil and
greatly reduced if the cysts (when Dear the surface) are exposed to insolation
utrder glass.

ll4. PETERS, B. G. (f953), Changes in potato-root eelworm popula-
tioD witb time and depth.. J. Hclirinrh.,27, ll3-

By growiog potatoes in infested soil in sectioaal nlooden boxes, chanSes
in tbe population of potato-root eehaorD have beetr observed at 5, I, 13 and
l9 ri'eeks after planting, and at ive 2.itrch levels itr the soil. Results sho\.
that rnost oI the idcrease itr population occurted during tbe last six
weeks ot the experiEent and that the normal populatioo changes procecd
Dqre slowly in the toprnost level, leading to a lo*'er 6Dal populatiotr thcre
tban at deepe. levels.

Insecticides ard Fungicldes Departmeat
GENEaAL PAPERS

ll5. PorrER, C. (1953). The cottrol of crop pests. Blil. ,tc.l. J.,
no.4819, l6th May 1S53, p. 1093.

116. PoI.rER, C. (Part author), (f952). Rothamsted experiEeEts otr
field beans. Part 2. J- Roy- aglic. Sor., 118, 70.

ll7. PoraER, C. (1953). Filty years oI research at I-oag Ashtotr
Res€arch Station. Cten. & Ind-, ll6a-

ll8. (FuRroNG, J. F.) & PorrER, C. The pyretlrum industry of
Kenya aDd Tauganyika witb referetrce to research atrd analytical
coDtrol. Colo al Products Advisory Bureau. l6th January
1963.

REsEARcs PAPERS

ll9. CoNNELL, J. U. & GrvNre Jorves, G. D. (1953). Observations
on the entry of dusts iDto the respfuatory system oI tbe adult
worker honey b@, A?is mtlliJeru L. Bull. ent. Res.,44, pt, 2,
291.

A de.scriptiotr is given of the hair structDres associated {.ith the spiraclcs
oI the adult worLer honeyt€tr,, A?is mclliJ.?a L.

The surface hairs aroutrd the spirecular oriices vary in siza, deDsity aod
arraogemeDt and crith the exceptioD of those of the third, 6fth atrd sixth
abdoEinal q)iracles appear to be capable of holdiDg back particles greater than
30 Eicrons.

W}leo living bees wele exposed to dust clouds oI charcoal aDd cuprous
cyadde, Iro particles were foutrd io aDy intemal part of the respiratory systeh
b€yond the spiracles, except in the ca.se oI the trachea of the 6.st thoracic
spiracle, v.hich coDtaiDed charcoal particles less than 6 microns,

Thc Dechads8 oI tra.heal veEtilation was considercd, aad evidcncc
accuaulated to suggest that all spiracles could ha\/e aD inspiiatory fuEctioD.

o
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120. LoRD, K. A. & PorrER, C. (1053). Hydrolysis of estels by
extracts of insects. Noltttc, Lottd.,lz, Do. 4380, 679.

Extracts of most of the insect species exaEined bydrolyse phenyl acetate
Duch dore rapidly than acetyl cholitre. ID soEe species it isdiEicult to detect
the hydrolysis of acetyl choline owinB to eudogeoous acid production. Some
evideDce is also available that this enz)r6e is ishibited itr whole extracts of
soDe species,

12l. MURERJEA, T. D. (1953). Ttre relationship between the staee of
development and iruscdptibifity to DDT'aod tbe p1'retbriis oI
Diatar@zia oblacea L., Ten brio ,tolilot L., and'Peiblanzra
amcticdno L. Bull. cnr. R s., 414, pt. l, I2l.

A review oI tbe literature is givetr which shows that cbaDges iD the sus-
ceptibility of insects to iDsecticides occur duritrg developoaDt when the
poison is applied a-s a fuaigaEt. &s a stoEAch poisoD aod as; coDtact poisoD.

The basis of assessment of toxicity Eay be the coDceatratioo reqr.rired to
kill a given DuEtber of iDdividuals, or tho aEount oI poisotr requira to kill
utrit weight of iDsect baterial. A matbeoatical Bethod is giv;D ,or tlans-
foraing the results obtained iB terEs of conceDtration to kill i giveD Durnb€f,
of iDdividuals iDto weights of poisotr to kill u!.it wcight of iDs€ct Eaterial.
Rearing Eethods are outlitred which eDable batches of various staqes of
Dialarazia okra.?a (L.) (tomato E.otbl, T.n brio ,iolitof L. (',l,eal worm-) aod
Pniplan la amcricata (L.) (AEericaD cockroech) to be obtained at a klowD
age and stage of development.

On the basis of the concetrtration ol itrs€cticide requircd to ,.ill a givea
percenbge of individuals, it is shown that great difiereocas caa occur ii tbe
resistaDce of difereEt itrsters of one species. and coDsiderable difierences mav
occur withio the itrstar. If tbe data'for the larval and n!'mpbal instars are
cotrsidered on the basis oI the weight oI poisoD required toklfl unit weiRbt o,
itrs€ct material, ditrer_eDces still exist, but are Ducfreduced.

The 6gnr€3 show that the range of variatioo of rBistance duriEs develoD-
Eent may be very lar8e, over 260 ti6es iE tbe cas€ oI DDT and i, olcrcce',t.
where the pupa is resistant. The rnaximuB varietio! that was found withiD.
an instar \rras 16.0 times, qrhe.e the resistaoce to pyretbrins of the otre-dav-old
pupa oI T. ,lorir, Eas comparcd n ith tbat oI tie four-day-old DuDa. The
data shoE' that the aEount ot va ation in resistance that cau &cirr vades
with the test species aDd 1|lith the iDsecticide, furthermore, that the order of
resistaDce of the developroeDtal stages of atry giveD sDecies will difier with the
insecticidq aDd that with any givein insecticiie the;!der wiu vary with tbe
q)ecres.

- .It may be inferred Jron these data that any coEparison between idsec-
ticides ol1 one stage of developmeEt of one instaiof oa6 species will Dot treces-
sarily hold true of any otber stage of devetopment of tf,at species or of atry
otber species.

Using data SiveD in the liteBture aDd froE some preliEinarv exDeriloents
on respiratioD rates, it was possible to deduce some co'rrelatioo &tw;en meta-
bolic rate and susceptibility, and cbaDges ia the permeebility oI the coticle aDd
chorioD aDd susceptibility, but the evidetrce is uosatisfactorv aDd the causes
of the changes in susceptibility a\ ait further detailed iDvestiaatioo.

122. SALKELD, E. H. & PorrER, C. (1963). The efiect oI tie age aad
stage of developoent of ins€ct eggs on their resistai'ce to
insecticides, Btll- cnt. Rcs., A, pt. t b27.

Iiboratory spraying experiments were c:rrried out with DDT. allethriD
lhe triethanol,amine salt od S : Oainihocresol (TDNOC) a"a geip 

"-r";Jegss of difierent ales ol Dietararia olctatza ll.jpidopterAt ,"a *itn.rrEiUii,
I{ETP and TDNOC against eggs oI difier€Dt ases of Enh;sr;a hiahnic a iaDi-
doptera) and Dysdcr s fasciatus (Hefiliptera) uDder i:ontrolted tempeiatrire
and humidity coDditions.

The shape of the resistance-age curves obtaircd vaded \.ith :
(l) tbe iDcubation teEpcrature;
(2) the Bp€cies of egg;
(3) tbe insecticide.

ln e9gs oI Diatara-ria ol?ra..a vetry s,l..A,ll difierences in susceDtibilitv with
age were found with any of the insecticides at 25. F. and 6d-ZO pe'r celt
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relative humidily, but defnite resistance-age curves \rere obtained with
allethrin aad TDNOC rvhen the eggs tested had been iDcubated at 57'F.
In this case the youtrgest (one-day) and the oldest eggs (Jourteen-day) tested
*ere the least resistant. DDT atrd HETP were tested only against the eggs
ol D. oleracea irc.o.bated at 75' F.; only small difierences r,t€re lound at this
temperature. There were iDdications that tbe one-day-old e8gs $ere the
most resistaDt to tbese insecticides, but the results were barely signifcant.

The shape oI the resistance--age curves {or the two species of I-epidoptera
tested under similar experimeDtal conditions vaded slightly but had a general
similaiity, but those for the Hemiptaran eggs were very difiereDt. This is
ascribed to difleretces itr choriotr structure atrd process oI development
bet$een thes€ two species oI eggs.

With any ore species oI egg, the shape oI the resistance--a.ge curve difiered
,rom one insecticide to another. Usually, however, the shapes of the curves
obtained {or alletbrio aDd TDNOC \arre much the sase. The different t}.I)e
of curve with HETP is ascdbed to its ease oI hydrolysis.

Details are giveD ol the efiect oI the poison on embryonic de1'elopment.
The appearaDce oI eggs killed at atr early stage itr their developmetrt

was characteristic Ior each insecticide. When developoent is inhibited
by ?DNOC the eggs turn brcsrn atrd several sBall brown circles, \{hich
appear to be composed of yolk Eaterial, b€come closely applied to the chorion ;
rvith allethrin the yolk contents become dark in colour and quite liquid; vith
HETP the yolk contents are colourless atrd the choriotr opaque.

From a study of the structure and compositio[ of the protective enveloPes
in difierent ages o{ eggs oI a. oleTacea lt has b@n fouEd that oerDbratres are
formed by the ol.um during developEeDt which may hinder tbe petretration
o{ insecticides to the embryo. Maxiaal development of these membranes
occurs near the Eiddle of the itrcubation period. It y,as possible at this
time to remove the erabryo enclosed withiD these membratres from the cho on
without apparetrt iDjury to the embryo itsell. Details are given oI the struc-
ture and developmeDt of the e8g-shell of D. orptar.a.

The results of dippiDs atrd wasbing experimetrts \'rith e8gs of D. ol?ra.?4
indicated that the resistaDce aSe relatiotrships foutrd.iras due to a differetrce
in the ability of the ins€cticide to penetrate the shell laye6 alrd membranes
rather than to difieretrces in the inheretrt susceptibility of the embryos of
difieretrt eggs.

The speed of penetntion oI TDNOC into eggs of D. olefa.ea as delermi0ed
itr respiration erperimetrts was very Bpid, irrespective oJ the a8e o{ the eg8-
The poisoned eggs showed a marked initial dse in oxygen consumptioD, the
extent of which depended upon the age of the eg8, a Sreater iDcrease being
noticed in the otre- to tr'o- and flve-day eggs thafl in the three- and four-day
eggs. Although the metabolism oI these eggs 'vras afiected, the embr)'os
continued their developEent apparently normally until reaching oIre o, the
two critical stages. It is suggested that the nuEber oI embryos that succeed
in passing the clitical stages and in hatching depetrds upon the exteot oI the
initial loetabolic disturbaDce caused by the poison, rvhicb in turn depends
upon the aDouDt o[ poisotr reaching the embryonic material. The extent
of the Eetabolic disturbance is an index of the amouDt of poisoD eDtering the
egg-shell, and thercfore of ultiBate toxicity. The shape oI the respiration
curves indicates that the Eajority o{ the poisotr reaches thc embryo either sooD
ajter application or towards the end of the incubation period, when the
serosal Dembrane atrd fluids are resorbed. Thus difiercnces in resistance
that occur in the eggs of diferent ages are due to chal8es in the permeability
oI the egg-sheU \rhich allortr morc or less poison to reach the embryo.

A close correlation appears to exist between the age oI eggs which shorvs
maximum resistance to the ins€cticide and the age oI eggs ir r.hich the em-
bryodc membratres are present at their maximum stage of deyelopmetrt.

123, TATaERSFIELD, F., KERRTDGE, J. R, & TAyLoR, J. (f953). The
eftect of repeated spraying of insects in incleasing their resistance
to insecticides. I. Development of resistance to DDT in a
s&air ol Drasophila ,nelanogaster Meig- A k. aPpl. Biol,, 40,
no. 3, 498.

Successive spraying li'ith DDT suspensions of the adults of a raild colony
ol Droso?hila melanogast?/ and the progetry o{ survivors enhanced the resistatrce
oI that insecticide.

o2
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The rate at which rcsistance ircreased ilepeDded on: (l) the relative
proportion of resistant to susceptible itrdividuals; or (2) the intensity oI
selectioD as measured by the concentration oI DDT and the prcportion kiUed;
or on both. The resistance oI the populations oI the iNects fluctuated
considerably whether subjected to successive sprayings or Eot, atrd irl otre
sprayed series there *'as some indication oI a rhythB, with peaks oI susceP-
tibility occurring at regular intervals.

Enhanced resistance may show a change oI slope in the probit log concen-
tration regression litre, Ieading to difierent relative values at difierert levels
oI mortality, or by a paraUel shift of the re8ression line. The Iormer aplrars
to be a prelimitrary stage of selection, atrd indicates a chaDge in the Irequency
distribution vithi a population.

Iacreasitrg the co[certration of DDT, slowly or rapidly, may have
etrharced resistance at an iDcreased rate, but the series sprayed rrith the
loEer initial concentratiotr reached finally the same etrd point, as judged by
the walues oI log L.C. 50.

During the course of these expedments the insects developed seNitivity
to carbon dioxide (used in anaesthesis). Its bearing on our work is cotrsidered
in Part II

124. T-c.rrERsFrELD, F. & KERRTDGE, J. R. (1953). The efiect of
repeated spraying oI insects in increasing their resistaDce to
insecticides. lL The eEect oI carbon-dioxide sensitivity oo the
toxicity of bnf *tnil1 a strain oI Drosophila uclahogaster.
Ann. ap?l. Biol., 40, no. 2, 523.

During the selection of a slock ol Drosophilo ,nelafiogastel lot tesisl,jl.ce lo
DDT, in which carboD dioxide Eas used for purposes oI aBaesthesis, a sensi-
tivity to this gas developed. The phenomena closely paralleled those shos'n
by the Co,-sensitive ebony stock isolated by L'Hdritier aDd his co-workers.
An expe mental atralysis of its eftect upon DDT sensitivity was made. It
was found that a stock selected for CO, resistance gave the saDe probit
regressio[ line as the original stock. A Cor-s€nsitive stock, 'whether anaes-
thetized with tritrogetr or carbon dioxide, gave the same regression lirle at
a temperature of 25'C. at wbich CO, sensitivity disappeared, or at l5o C.
if adiuslment to the proportion of deatbs in lhe control \{?s Eade. The
efiect of CO, was there{ore to limit the population lrom which selection is
made lor DDT resistance, rather thaD to alter the distributiotr oI DDT
resistatrce within the stock.

I25. TURNER, N. & Blrss, C. I. (1953). Tests oI synergism between
nicotine and the pyrethi$s. Ann. aPPl- Biol-,40, no- 1,79.

Synergism behreen nicotitre and plrethrum applied by injectioD to adult
Onco'elrus fdsciaras Dal. has been reported by Turner (f95f).

\Vhe[ these insecticides rrere applied alone add as a mixture to adult
Tibolhtn casla$e rn Hbst., usiDg a dipping technique, the data iadicated
that independetrt ioint action occurred. Similar actioD could be eliminated
because the two insecticides had varying retative potency.

Since the efiect of the p,.retbrins has beetr short-lived itr soEe irNects,
it was postulated that the absence of synergism might be caused by lailure
of the nicotine to reach a site of actiol n hile the pyrethriDs {,ere still actiDS.

ApplicatioD of ricotitre, Jollowed later by treatment with plretbrins,
gave evidetrce of s,,nergism. A test itr which the interval betsreen treatments
ri'as va ed from t to 6 hours showed that toxicity was greatest with the
shortest interval betweea applications, and evidence oI synergism had prac-
tically disappeared after 6 hours. The Baximum amount of syDergism
observed was about twofold.

126. WARD, J. (1953). Separatiofl of the " B/retbrins " by displace-
ment chromatogr:aphy. Chcrn. C" Ind., tro.24,586 5a7,

The technique oI displacement chromatogtaphy has beetr used to isolate
plretbitr I, pyrethrin II, cinerin I atrd cinerin II Irom a purified extract oI
p]'rethrum flor,i'ers. Adsorbent alurnina rr.as contained in a glass column
which gadually tapered to a small bore at the botto6. The extract, dis-
solved in r-hexane, rras allowed to percolate iflto the top oI the column, and
the adsorbed " p,'rethrirs " were then eluted with a solution of stearic acid in
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r-hexaae. The p,'rethrin conteat ot the eluate \rvas Iollowed by measuriog
its ultra-violet absorptioB. The matcrials eoerged in the order: cioerio I,
pyrethritr I, cinerin II, p]'rethritr II. The dolecular extinction co€ficietrts
and the biological activities of the coNtituents were measured.

EntomoloEy Departmelt
127, BARNES, H. F. (f963). Outlhes of irsect phenology. Trazs.

9th Inl. Congt. Enlon ,, U, 163.
DefrEition oI " phetroloty "; tatrdmarls itr the oritin aDd developoent oI

the science; and phenology as exeEpliied iD the Cecidomyidae or gall mid8es.

128, BARNES, H, F. (f 953). The Wheat BlossoE l!i[id.ges. Neu Biol.,
L4, 82.

Aa esey based oE twenty-flve years' invBtigation oI these gall oidSes
as they occur oa Broadbalk.

129. BARNES, H. F. (1953). The absence of slugs in a gardetr and aD
experiment iD re-stockitg. Proc- zool. Soc. Lond-,1,8, 49.

Tbe intoduction aDd subs€quent otservation oI 1,000 Grey Field slugs in
a garden whele they were absent has showtr that most probably this species
had died out during some previous dry spell owing to the failure of the almost
humus-tree soil to retain moigture.

130. BARNES, H. F. (f953). The biological approach to the species
problem in gall midges (Dipt., Cecidomyidae). An t. ent. Ien t.,
Lg, 2.

An accouot of the use that has beetr Eade of the bioloSical approach
duiing the past quartcr oI a ceDtury and an indication of some immediate
needs.

l3l. BARNES, H. F. (1953). De-scription of the [ew gall midge found
by M. R. Pussard on Irvender, together with notes on the damage
caus€d by some other species. Bull. Soc- ent. Fr.,8, 125.

132. BARNES, H, F. (f953). The Sha^sta Daisy Midge aDd other iDsects
in flo\f,ers of Crrrsanlhernurl sEecies. Plant Pathology,2,52.

Preliminary i ormatioD on the bioloSy, the range of oviposition on
Chrysdn hcmurn sp€r'ies and the distributiotr ill the British Isles oI tbe Sbasta
Daisy Midte (C(mtarin;o chrlsantherni), together with notes on the distribu-
tiotr of two othe! primary gau Eidge sFcies, as well as other gau midges,
fies, wee\.ils, moths aDd hyEetroptera.

133. BARNES, H. F. & (PALMER, RAy) (1953). Bedfordshire plaot
gaus. Preliminary list. Part l. Diptera. Bedlordshire Nat r-
alist,7, 2l-

134. (BuxroN, P. A.) & BARNES, II. F. (1953). British Diptera
a-asociated rrith futrgi. l. Gall midges (Cecidoayidae) reared
from the larger Iungi. Ploc. R. crlr. Soc. Lotrd., B,D lllll2),195-

Iocludes the description of a relr speci€s reared ftor[ Alti.ulaia u.icato-
juda..

134a. JorrNsoN, C. G. (19t2). The role of population level, flight perio-
dicity and climate in the dispersal of aphids. Trans. qlh lal.
Coai. Enlorn.l, 429.

136. JoENsoN, B. (f953). Flight muscle autolysis and reproduction
in aphids. Nature, Lond,.,l79, 8l?.
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1354. JoriNsoN, B. (f063). The iujurious efiects ol tle hooked ePider-
hal hairs oI French lJ€a;ns lPhaseolus tulgaris L.) oD. Alrhis cfac-
ciura Koci. Bu . enl. Rcs. 44,779-

136. JodNsoN, C. G. (f954). Aphid migtatioD in relation to weather.
Biol. Reu.,8, l.

137. (TAvLoR, C. E.) & JosNsoN, C. G. (1954). witrd directioo aod
the idestatioo of beao, frelds by A phis laba. Scop, (In the Press.)

137a. LoNc, D. B. (f953). Effects of population deDsity oD larvae oI
Lehida,kra. Ttans. R. cnl- Soc. Lond.,L04,643.

A study has beetr made io sooe detail oI efiects ou the Eorlrhology, physi-
ology atrd_behaviour oI larva. Itr some speciB crowded cultu-r€ rYere ilatker
iL Colour than their solitary controls and the factors itrvolved have been con-
sidered. Crowding increased the lat€ ol developmeEt atrd decreased the
trumber of instas. This r-as accompaaied by a more simultatreous develoP-
meDt Ehich ia a mu lti-voltitre species could utrder favourable conditions lead to
a populatiotr build-up. In Beneral th€ efiects were 3howtr to b€ comParable
with the " phases " of locusts.

138. SourHwooD, T. R. E. (1053). The morphology and taxonomy
of the genus Ottholylus Fieber (Hem., Miridac), with special
relerence to the British species, f7ars. R. cnl. Soc. Lond.,
104,416.

An accoutrt of the getreral Eorpbology oI the Senus alrd a re3ssessraelt of
the taxonomic valoe of various characteE. The structure o{ the 8enus,
which is divided into four sub-getrera, two oI shich are new, is discuss€d. .q.

key is given to the eiShteen British spe.i6,
I39. SourHwooD, T. R. E. (1963). Iute.speciic copulation between

Nabis fctus (L.) atrd rv. rugosrs (L.) (Hem,, Nabidae). En.,non.
Mag., &, 294.

A briel accoutrt of an obs€rvation *hich suggests the eristence of a
Decbanical barrier to pairing itr these two sympatric species.

140. SroKEs, B. M. (f053). The host plaDt ralge of the Swede MidBe
(Coilarinia iaslullii Kiefrer) with special reference to typ$ of
ptatrt damage. Tijdschr. PlZieh., 60, a2-

I4l. SroxEs, B. M. (f963). Biolo8ical ilvestigations into the validity
oI Contarinia specie-s living o! the Cruciferae, with special
reference to the SwedeMidge, Cortarinia naslurlii lKiefret\. Arrn.
appl. Biol., tl(, (4), 726.

142. WrLLrAMs, C. B. (1953). Cooment on a query about a missing
value in an insec't bait trap experiment. Biomthics,0 (3), 425.

Shorring that the workiog out oI a Eissios r'alue in a ttapPing exPeriBetrt
on iDsects may give ulreliable results if the catches are used on ao aritbaetic
scale. The use o[ a geomeEic (loSaritbrtric) scale is believed to give more
rcliable rcsults.

143. WrLLrAMs, C, B. (1954). The statistical outlook in relation to
ecology. J. Ecol.,42 (l), l.

Pr6ide[tial address tothe British Frological Society dealiog with the effect
of tb€ EatheEatical aDd statistical ouuooL otr various ecological problems.
itrcluding the layout and interprctatio! of experiments, atrd particularly studies
made at Rothamsted on the relative abuldatrce of species; on the numbers oI
species in different geoera ; on the measureEent of diversity; aad on intra-
generic competition in animals aod pla s.

Bee D€partment
Booxs

144. BuaLER, C. G. (195q. The uord of fie horeybee- (New Naturalist
Series). Irndon : C,ollins.

145. RTBBANDS, C. R. (f953). Ttu behaoiotr atd social lif. of honeybccs-
Irndon: Bee Res€arch Associatiou Ltd.
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146. Burr-ER, C. G. (1053). The present status oI beekeephg i!
Ceylon aud po$sibilities for its luture develoPmetrt. Bnl- ag"ic.
BzII., 0 (no. 26), 125.

147. BurLER, C. G. (f953). A report oE tbe rqsults of atr irvestigatiou
irto the po$sibilities of beekeepiog ia Ceylo!, together witb soEe
suggestions for the futuie developmeDt of beekeeping itr the
lsJclo.d. Sessior.al Pdler, Goot. ol C.ylon.

RESBARCH PAPERS

148. BArLEr,, L. (1053). The efiect of Iumagillin upon Noscmo Llis
(Z^nder). Natu/., Lond., l7l,212.

Tie curative etrect of tumagillin uPon aD established infectioa s'itbiD
iadividual be€s is descriH. The drug acts uPon the develoPil8 intracellular
stage oI the para-site, but relapses occur evetr a{ter coDtinuous treatdent for
s€venteen da,'s.

149. BArLEv, L. (1053). The treatmetrt of Nosema disease with
fumagill.in. B?e WorA, U, l3B.

Tbe r€sults oI autuEn treatmetrt ol iDf€cted coloEies u,itb lufiagillin are
given. The preveotive efiect of this treatEent upon the resurSetrce of tbe
aisez-se during tbe followin8 spring was sh_ikiD8. However, a low level of
i[fection becaBe appalent in heated colonies in late spring. It is considered
to have arisen from the old coEb, which still cotrtained viable spores from the
preyious yea!.

150. BArLEy, L. (1963), The traosmissiou oI Nosema disease. Bea
lvotld, *, 171.

The carrying over of the disease from one year to the next by q)ores uPoo
coob has b€en dedotrstmted. The traDsference oI colonies Ircm old coEbs
to new comb foutrdation during early summer has been sho$'n to be effective
in breaking the cycle of infection, as the transmission of this dis€ase froEt
infected to healthy bees virtually ceases duriDg the flying season.

l5l. RTBBANDS, C. R, & SpErRs, NANcy (1953). The adaptability oI
the homecoming horeybee. Brit. J. anim, Behao.,l,59.

Groups of foraSing bees olloown ages were matked individually and intro-
duced to a colony of be€s. ODe to 6ve days later the breedcbadber housing
this colony was turned throu8h 90" and chaEged in heiSht. Two days later
it was tumed throu8h a further 90' and its height was changed agaitr. The
marked be€s reorie[tated quickly and completely in these expenEeots, aDd
their a8e bad no efiect upotr their adaptability. ColoEy odour Iacilitated
reorientation-

152. RYLE, M. (f954). The influence of nitrate, phosphate
potash on the secretion oi nectar. Part I. J. agric. Sci.
the pre$s.)

and
(I"

153. RYLE, M. (1954). The influence of trate, phosphate aud potash
on the secretion of nectar. Part II. -1. agtic- Sci. (In thepress.)

These two papers describe the r€sults ol rrork oD the efiect of fettilizer
lreatment oo nectar secretion in mustard. buckwbeat. apple and red clover.
It has been sbowD tbat in the case of apple-kees tbe me;; quaDtity of sugar
produced per do*er can be sign ificantly increased by extra potash. In experi-
oents with the other plants meotioned it was found that any t.eatdert
shicb checked grol^th at flowering time, apait from a shortage oI potash,
increas€d the yield of nectar.
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154. WyKEs, GWENYTE, R, (1953). The sugar conteot oI trectars.
Bioch.rn. J., 8, 294.

The srtars pres€nt in trectar s€creted by tx'elwe specie oI platrts were
separated otr pap€r chroEatograDs, and quantitative determhitions were
made of tle glucose and fructose present. It was louDd that the proportions
of glucose atrd ftuctose varied ge;tly io necter from the difierent s'pecies, but,
for atry one species, the proportions of these sugars appeared 

- to reEain
relatively coostant.

Statistlcs Department
BooKs

155. YATES, F. (1953). Samplirg mclhotls lot census.s arrd sutu.ys.
2od Edition. London : Gri6L

T\ro nelr chapters have been added. These amplify certain asp€cts aot
fully dealt with in the 6rst edition and contain adouirts oI varioius recent
dev;lopmeots. So6e space is also devoted to ploblems arising in the analysis
oI rnvestrRatronal surveys.

- (TraDslations oI th; lst Edition into French (195r) afld Japanese (f953)
have also be€n published.)

156. FrsHER, R. A. & YAaES, F. (1953). Srarisri.al tables fol bological,
agricullural and medical resealch. 4tt. Edition. - Edinburgh:
Oliver & Bovd.

New material included ia the lourth Editio[ fu: a table providing a test ,or
the existence of a periodic component; a table of se8meDial functions which
s€rve to specily the frcquencies of non-recombinaot and recombinant gaEete3
irl terms of the rDetrical positioos oI the cetrtrodere, a series ot markers and
the terminus of the chromo6oEe arm; random permutations of ten and
twenty numbers lor use in the coostructioa oI expe mental arrangements;
an additional table of the normal integral with the dtviation Irom the lneao of
the distribution as argumetrt. The section of the iDtroduction oD dosate
mortauty fests involviDg a tratural deatb.rate has also beeo re-r rttten.

RESEARCH PAPERs

157. BoyD, D. A. & LEssELLs, W. J. (f954). The efiect of seeil-rate
on the yield of potatoes- J. aglic. Sri. (In the press.)

This paper examines the relation between seed-rate atrd yield oI Daillcrop
potato€s, using data Irom experimeots reported itr the literature. OptiEum
seed-rates are pres€nted for a rante of prices oI s€ed alld produce, and these
are compared with estimates, derived ftom the Survey of Nlaincrop Potatoet
aDd the Suri?y of Fertilizer Practice, o{ the actual amoutrts planted by Etox.ers
in difierent parts oI the couotly.

Provided the optimuE seed-rate is attained, the precise combi[ation
oI seed size aod spacitrg distaoce appears to b€ of minor importance. The
optimum Iate of plaating oI certited seed is estimated to b€ l&-17 cwt. /acre
in the main potato-8rorr'iDg areas oI the country, \$hile the noroal planting
rate in these districts is over I ton/acre. The failure to pla[t at the optimum
seed-rate results in atr estimated loss of 2c-25s./acre. For oDce-grori.n seed
the optimum seed late is at least I totr/acre, whilst the average weight of seed
planted is only about l7 cwt./ac!e, rcsulting in a lo6s per acre oI l0-15s.

The expla[ation of the discrepaocy between experiment and pnctice
appeers to b€ that a Srower usually maitrtains the saDe spaciDg betwee[
s€ts regardless oI their sira; certiied se€d tends to be larger itr size than does
once-trow! s€ed.

168. Bol.D, D. A. & LESSELLS, w. J. (1954). Influence oI fertility
levels on glassland output. l. Review of fertilizer exlrriments
oD grassland in relation to current fertilizer usage. B/ir. J.
Grassl- Soc. (IE the p.ess.)

The paper sets out to summadze very briedy tle results of experidcnt-9
carried out on the efiect of Iertilizers applied to Sraa3land. The yield o{ stdch
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equivaleot from oitroten appli€d to dried 8rass, silage and hay varies betwe€tr
l0 and 15 pel cwt. N &cording to the quality of the product. ResPons€s
of hay to phospbate aEd potash ale also quoted. For grezed land, wbjch
aEouits to over two-thirds of t}le total grasslatrd acreage ea.h year, very little
experimeotal data on Iertilizer respoDses is availabl€; what there is suSSests
that moderate quantities can be applied without unduly afiectitrg the IeSuEes
in the s*'ard, when they give as good a leturn as in the experiments on coD_
served grzrss, but that the successlul use oI larger quantities demands a high
staadard oI grazing managemetrt.

Results froE the Survey oI Fertilizer Plactice show that wbilst the amount
of niEogeD used i! pr&tice rose considerably ftom t}le very loB level durin8
and berore the wa!, it has remaitred practica.lly unchanged since 1950, althou8h
there lras evidetrce of a slight upward trend in 1953, Ilore than half the leys
aDd three-quarters oI the perEajreDt grass received no nitrogeo in 1952-53.
There are coEsiderable variations r,rithiD the country; iDtetrsive dairyinS
districts like West Chesbire aDd the Fylde district o{ Lancasbire are usinS
about 0.25 cq.t. N per acte on temporary 8ra-qs aod 0l cs't. N Per acle on
perEanent giass, B[ereas io many less-intensive learing aod Ieedirg districts
less than one-quarter of tlese amounts is beinS used.

A simple cilcutation sbows that iI the acieage o, Srassland dressed si!I1
nitrogeD aould be doubled the gro6s returD ,or exp€nditurc of about 70,o0o
tons N would b€ about 0.8 m. tbns starch equivalent. giviDg a net returD of
something like {10 m. Such an iDcrease could not, hovrever, be attained
without tt the same tirne effecting an improvement in management so that the
extra feed produced was actually utilized.

For phosphate atrd potash ihere is little clear evideoce of how mDch is
required, ercept for perma.neDt deado$/s and leys cut for hay, silaSe, etc.
Wiilst there a;e still individual larms and districls where pho6phate deficien.
cies have not been overcome, the phosphate status oI most of our Srassland
has improved substantially iD recent years, atrd the average consumption at
about 0.2 cwt. P1O5 per acre does trot appear utrduly low. It is, however,
much less than the amount used by many successlul ttaziers, and here again
there is a great need {or extensive expetimeatal \rork.

I59. CHURCH, B. M., (J^coB, F. H. & TnoupsoN, H. \I.) 0953).
Surveys oI rabbit damage to \r'heat i England and Wales,
l95O-52- Planl Pathology,2, lO7.

In 1950 a pilot survey was carried out in Kert to estirDate rabbit damaSe
on spring wheat by coEparing yields on protected and utrProtected plots.
The metliods used in thitsurvey, and in the 1952 survey of $'inter *'heat in
EnglaDd atrd wales, are descritd. The survey results ihow tbat tbe di6er-
ences between the averege yields on protected aod unprotected plots must be
almost eotirely due to rabbit damage. Th€ estimated average loss oI \r'inter
wheat throughout the country in 1952 due to rabbit grazing was ll cwt. grain
per acre.

160. (CoNsrABLE, D. H.) &HoDNErr,G.E. (1953). Tbe manurinSof
Heuea brasiliensis at Dartonfield, Ce''loD. Errrr. l. erp. Ag/ic.,
21, l3r.

Tbe data otr girth of tie lrees and yield oI rubber obtaitred during the 6lst
th teen years of a fertilize! ttial on He|,aa b&siliensis at Dartonfreld bave
been analysed. With both girth and yield the principal response wa3 to
phosphate. The results of this experiment did trot indicate aEy appreciable
inter&tions.

16l. DyrE, G. v. & Aus, P- R. D. (1953). A survey of maiacrop
potatoes, 194&-1950. L Estimates of yield. Jf. agic. Sci.,

'18,.450.
.{. survey oI maincrop potato€s was carried out by members o{ the National

Agricultu;l Advisory S;riice in f94s, 1949 atrd 195'0 in couaboration with the
Statistics Departmetrt. Potatc.growiDg farms ir forty cou[ties lllere grouped
according to potato acreage, atrd ratrdom selections were Eade with differitr8
sampli!8 ,ractions. Each iarm sas vGited s€veral tiroes, and matry par-
ticulaB obtehed; the prcsent paper deals oDly witlt Btimates oI yietd.
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These u,ere based on small samples dug by haDd ,rom specifed locatiom in
(at most) two 6elds per farm.

The steDdard error o( the mean (basd otr about l,0OO sampled 6etds)
was about O.2 toos/acre (2 I)er c.trt). The sample estimates were coEpared
with yields calculated frorn t.he total weights oI produce per field whcrever
these were obtainable. This showed good agreement in 1948 and 1949, but
atr excess oI the sample estimatts of 0.9 tons/acre iD 1050, possibly because a
late infectioD of blight leduced the 6nal yield.

The omcial estimates issued by the Minisky oI Agiiculture are shown to
be less than the sample estiEates by about ll tons/acre in each year. Under-
estiEation s€ems to arise almGt eDtirely from the counties which io a parti
cular year have high yields, yields oI 7 tons and under b€int etiBated without
serious bias by the oEcial Clop Reporters.

162. HEALY, M. J. R. (1963). A method for comparing fly-repellant
sptlys. Biom.l/ics, g, 2gO.

In a standard Eethod Ior comparinS t\r'o fly-reFtlant sp.ays, batches
of mice are treated with the two Daterials udder tesl aDd are subsequently
exposed to aI:tar.k by slortorys flies. An utrtreated batch is ircluded lor
purpo6es of comparison, atrd it is touDd that the attack rate in the controls
varies considerably tlom one batch to arlother. II p., rr, ,, are the obs€rved
mean attack rates ill the controb and the t\r'o sets of tleated mice on any one
occasion, it is assumed that only a proportion ro oI the flies were liable to
attack in the treated betcbes, so that ptlq., p,lq.^re estimates of the attack
ntes in the teated mice iI all the flies \*'ere liable to attack. -\ssuming these
" tnre " attack rates to be essentially constant, a Eethod is given for estimat-
ing them from observed data aird Ior makitrg statistical comparGoDs.

163. HEALY, M. J. R. (1953). Principles of biologrcal assay. (ln:
Modclh methods of planl analysis, edited by K. Paech and M. V.
Tracey.)

An outline is gii.en of the cohmoner statistical techniques us€d in bio-
logical assay. The subjects covered include direct a-ssays. paralel line and
slope.ratio a-ssays with a quantitative respons€ and probit assa)'s. There are
discussioas of the planDing oI assays and of suitable exp€rimental designs, atrd
worked examples oI the recorEoended techniques.

164. HEALY, LI. J. R. & DYKE, G. V. (f954). A Hollerith techoique
for solving normal equations. J. Amzr. slolisl- lss. (In the
Press.)

In the critical analysis of survey data it is often [ecessary to flt constants
to obe€rved data by the method oI least squares. The resulting simultaDeous
(quations are most readily solved by a process of successive approximation,
and a technique is given for carrying out this process on a Hollerith sorter and
tabulator. In data arising {rom a survey of maincrop potatoes involvitrg
soEe thirty equations, the method was about fve tim6 as ,ast as hrtrd
computatiotr.

165. LEECH, F. B. & (BArLEy, G. L.) (1953). The effect on the health
of lactatiog cows of treatment \eith galactopoietic dos€s of
thyroxine or iodinated casein. J. agric. Sci.,43,236.

The efiect orl cow health of galactopoietic stiEulation \vith thyroactive
materials \r'as deteErined from a statistical study of the results of a large
field exp€riment ioYolvins 2,000 cor-s over a ttrree.year period. The same
erp€rimeDtal procedure was lollo*ed on thirty-seven lanrls scattered over
England, Scotla[d and .wales. This procedure u.as planned to ensure that
half the co*'s in each held $rould receive a couEe oI trcatment witi iodiDated
caseio or thr'toxine, and that the othe! hall would constitute a suitable set of
controls. Co*.s that remained itr the herds received second and third treat-
ments in successive lactatiotrs. The galactopoietic stimulatioo was started
at a 6xed interval after calving, irrespective of the season of the year.

The use of the thvroactive materiak in successive lactations did not have
any serious adverse ehects otr the health ol co*.s. The effect on productivity
rvas less thaD had been exp€cted, since the increas€ in milk yietd resulting
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duriDg the period of hormotral treatEert !r'as olteo laryely or coEpletely
[eSatived by a shorteDiag ot the lactation period. The iocideDce of dis€ale
wa.r somewhat Sreater iD the treated than the conkol group, the principal
coatributiotr to this diference being ,roE the diseases described as digestive
disorders. Thete were sorne othet difiereoces oI l€sser significance- The
Iate of disposal oI treated alld contxol groups was almoet idetrtical. There
rvere no adverse efrects on the reproductive lile oI {reated corrs; JactoE
studied rrere the emcieacy of coitus, interval betweetr parturitions, leo8th of
gestatioo and itrcidence oI aboormalities at parturitioB.

Durhg the period of treatEeDt, there was a daiked response in daily
milt yield, but the fat cofltetrt of the milk was not raised. L-Th].loxine
sodiuE replaced iodinated caeeia on twenty-sir Iarms durinS the secoDd and
third yeaIs. There was no sig[ificatrt difletetrce in the oilk-yield responses
resulti-Dt IroE the two druF. Cows readily ate cub€d feeding-stufis contain-
ing thlroxine, but frequently did not relish similar cubes {ortified with
iodinat€d casein.

166. (PATERSoN, A. B.) & LEEctt, F. B. (1954). Factors afiecting tbe
iltraderxoal tubef,culi! rea.tioD otr the guiuea-pig. Arner. Rcv.
TrDe7r. (Io the press,)

Differences itr the dose-r€sponse curves oI PPD a[d OT tuberculins sere
demonstrated otr Suinea-pigB sensitized with dead organisBs in oil; such
difference3 caD be me3sured oDly itr large-scale assays. Sidilar results were
obtained lrhe! the saEe erperiEeot, usht a fresh randomization scheme, sas
repeat€d. altet aD interval of three months, on the silme set of sensitized
gurnea-prgs.

Multiple tubercolin iljections in the s€Eitized guinea-pig depressed the
rcspoose to the itrdividual injectioD. The depression is probably related
to the degtee of s)'stematic respoBse, and is not a locat itrfluence o{ one tuber-
culio reaction on an adj&eut otre.

167. PATraRsoN, H. D, (1S54). The errors of lattice sampliDg. ,f. R.
starist. Soc. B. (In the press.)

Sahples calr be selected ftom af x p x ? x cla-ssificatioD with one
unit itr each sub-cta-ar in such a way tbat tbey hclude equal numb€rs o[ units
,rom each main class or lrom each combiDation ol two, three or more [rain
classes i,l difierellt classifications. Such samples can be natued latl;cc sanLfles.
The pap€r providB a discussio[ oI the eIIoIs ol lattice samples.

}Iethods for (a) det€.miDitrg the erroG oI lattice saEplint trom the popula-
tion dat4 and (6) estimating the errors (if this is possible) from the actual
sample data, are described in detail for the cases ol the, x , classificatiotr
and t}le p x 2 x 2 cla-asi-6cation. The results arc exteDded to the SeDeral
case o, ?D classiicatioD. In additioD, exaEples of lattice samplitrg lrom
P x ? x 9 cl,assiicadons aEd lattice saEpliat at a single stage ol multi-
stage sampling are briefly coflsidered.

168. YarES, F. (f954). The analysis of experidents contaioing
difierent crop rotatioDs. Biornetrics- (In the p!ess.)

Tbe problems adsiDg in tbe analysis of exp€rideDts contai-oing di-fieretrt
crop rotatioos are iEvestigated. When tbe d€sigD of tI€ experimeDt is such
that ea.h block contaios plots which sometimes carry e given crop but do oot
all carry the crop itr the sarne set oI yeaB the year-block totals lffill Dot be
orthogoDal with the plot totals. In most such cases the ftting oI coNtants
must be resorted to in order to obtain separate €stioates oI plot eror aod
plot x year error which are free oI year x block interactions. The method
is illust ated by applicatioo to a rice-pasture experiment containing rotations
of difierent length atrd with difierent proportions oI rice to pasture.

169. YArEs, F. (f953). The lrider aspects oI statistics. (Address
given at the inauguration of the Sixth Aoaual Meeting oI the
Indian Society of Agricultural Statistics.) J. Ittd- Soo, agic.
Srar. (In the press.)

The need ror statisticians to play their part io tbe planniDg of experi.
mental programm€, tle critical appraisal of their rBults as a wbole atrd the
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applicatiotr of the6e resulB to the improvement oI agricultural productioD is
emphasizrd.

170. YArEs, F., (FrNNEy, D. J. & P^NSE, V. G.) (1953). The use oI
fertilizers oD food grains. I-C.A.R- Rcs. Seics, No- t.

AI readily available lacts on respooses of Indian Iood grahs to sulphate
of ammoDia and sup€rphGpbate are summarized. It was louod that the
aitrogeo lespoDses are iD the main very coGisteat, 2.5 Eaunds of train per
acre from 20 lb. N p€. acre beiag a reasonably cpres€trtative fiturc for aU
cereals. For phoephate, respons€s are sEaller atrd more variable. One series
oI experiments oa cultrvatoG' fielals cotrsGte[tly shows appreciable respoDses
to potash fo! paddy atrd maize, suggestilg that the usual statemeots about the
adequacy of potash itr mo6t Indian soils De€d re-€xaBination.

Tlre economics oLertilizer application is ouUhed. The conclusiotr is
reached that, at plesent pric€s, 20 lb. N per acre as sulphate oI aEEotria to
Iood grains will b€ de6nitely proftable on most soils, and tbat atr equal
dr*siog of PrO! u,ill be equaly good if restricted to the Eore responsive soils.
From the poiDt of view o( the national balance oI paymeDts, such manuring is
relatively even more advaDtageous tban it is to indiyidual cultivators: a
large.scale programme ol fertilizer use, iJ necessary tamporarily aided by
imports of fertilizer, could go fa.r towards removing India's lood detcit.

l7l. YArEs, F. & Gnurpv, P. M. (1953). Selection witbout replace-
ment from withitr strata witl probability proportiotral to size.
J. R. statisr. Soa.8.,l,5, 263.

In selectioD with probability proportiotral to size , from witiin strata
uritbout replacemeDt, the usual ioethod oI s€lectiotr gives rise to bias io the
€stimate oI the total of a variate, derived by *ei8hting the units by {,ethts
proportional to llx. By meaos oI trumerical examples it is sbowD that the
amouDt of this bias is usually quite tri\rid. If, however, uDbia-!€d estimates
are r€quired. the true total probabilities oI s€lectioD of the difietent uEits
can be easily calculated tor samples of 2, atrd with coosiderably more labour
fo! saEples of 3.

The bias in the ordhary forDula {o! ttre €stiEatiotr of error is also i!-
vestigated, and the lormula is showo to be reasonably accurate. An unbias€d
estim;tor put lorward by Horvitz and Thompson in 1952 is shown to be very
ine6cient, and a new uobiased estimator is 8iveD.

A method for rcvising the size measu!€s so that with the usual method
oI selection the tiue total probabilities of s€lectiotr are proportional to the
origioal size measunes is Biven for samples ol 2. Horvitz aDd Thompson's
solutroD of this probleE do€s trot appear to Sive satisfactory approximations
itr the cas€s met with in practice.

The s€lection oI succ€sive EeEbers oI a sample with arbitrary sets oI
probabilities choseo solely so that the total Probabilities shall be proPortiotral
to the oritiDal size measules, which has been advocated in various quarters, is
criticized.

REvIEws
172. HaALlI, M. J. R. (1953). " The Statistics of Bioassay," by C. I.

Btiss; " Statistical Method itr Biological Assay," by D. J.
Finney; " Probit Ana.lysis," by D, J. Finaey. Biornctriha, 4lt,
473.

173. HEALY, M. J. R. (1953). " The Design and Analysis of Experi-
meDt," by M. H. Queaouille. J. R. stalist. Sor, A,Ll.A,45l.

174. PArrERsoN, H- D. (f953). " Field Experimentatiotr with Fruit
Trees and Other Perenoial Plants," by S. C. P@rcq Nature,
Lond..l72. 22r.

175. YArEs, F. (f953). " Cambridge Elementary Statistical Tables,"
by D. V. Lhdley atrd J. C. P. Mi\ler. Nattre, Lond,
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176, (EDWARDS, D. A. W., HAUUoND, W. H.) HE^LY, M. J. R. (&
TANNER, J. M.). (1953). Design of skirfold calipers-preliminary
report to the Madical Research CouDcil ComEittee o! Growth
aod Form-

177. HoDNETa, G. E, (1953). Statistical methods for saBple surveys.
African Trainhg Centre for Agricultural Statistics, F.A.O.
ATCAS/C.3.

178. HoDNETT, G. E. (f953). The responses oI sugar-caue to fertilizers
ia British Guiana, Mauritius, Barbados aod A!ti8ua. RePorts
to the ColoDial Ofrce.

General Publlcatlons
179. Bo^LcH, D. H. (1953). Th. rndnol of Rorhamskd- Ha4r€trden:

Rothamsted Experimental Station.

180. (GARDNER, H. W.) & G^RNER, H. V. (1953). The usc ol limc it
Blil;sh agricultbte. Loudon: E. & F. SPon Ltd.

l8l. GARNER, H. V. 0952). More about s€,lt. Bril. Sag. Beet Rcv.,

^, 
75.

182. GARNaR, H. V, (f953). Maoutiug of sugar beet. ChaP. VIU of
Mia. Agtic. Btdl., 153,30.

183. Occ, Si! W. G. (1953). Orgaoic manures atrd fertilizers. Contri-
butioD to discuision ou organic manures and fertilizers and the
production and compositiotr of lood for mau anil animals. Pzoc.
R. Soc. Med., {0, (9), 791, SePt., 1963.
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(91 Thc Hcrlfortlshirc agicullural silualion; con it be irnfiloved ?

(rszs-,2l-.)
(10) The grouth ol chca?./ utinter food lor live sloch. [930; 2/6.)

l/- each

. .I zte 
"""r,)'... 5l-

..- Dl-

.-. 3/- each

.-. 5/- each

... 7/6 each
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(ll) The rnaking oJ new grassland. : erperienres of fractical farmers.
(r93t ; 2/6.)

(l2l Thz place and, ,nanagernent ol shael in rad.ern farming. (1931;
t/6.)

(13) T-hz techniqar of field erfriments. (193I; f/6.)
(14\ Mecha zation and British agicdture. (1932: 216.1
(15\ Recent d.adopncrls in rarhet gardening. (1932', 2l-.)
(16) Problems oJ ltotala grouing. (1984; 2l-.)
(17\ Modem clanges in tha treat rent ol light soil. (l93l; 2l-.1

.(18) Brood diseoses oJ bees. (1934.\
(19\ The fioiluttion oJ ligs for bacon. G935; f/6.)

+(2O\ The cause and control oJ xoarming bees. (1935.)
(21\ The use of electricily in agricullure. (1936;2^.)
(22) Disea^ses of bees. (1936; f/6.)

Numbers l-20 were also published in four bound volumes :

Volume I (ConJererces l-5) out of print.
Volume 2 (Co{ercwes &-lO\ l0/-.
Volume 3 (ConJererces ll-15\ t0/-.
Volume 4 (ConJere ies 16-20) out oI print.

Guroe ro rnr Expearurwrer FARMS. (1954; 6d.)
INVESTTGATToNS rN THE LABoRAToRIES. (1950; 6d.)

*Roruexsr:n, 1843-1943: the work and history of the depart-
ments. (194i!.)

Rorneusrpi Exirnturrrer SrerroN LtsRnxv. Catalogue of
the printed books on agriculture published between I47l and
184O, bv Marv S. Aslin. (Rothamsted, 1926.) +

-SBcoNo 
EDrrroN. (Rothamsted, 1940. Cloth, l5l-:'

paper, 12l-.)

-Suppirurxr - . . Lrsr oF ADDTTIoNS SINCE 1940. (Rotham-
sted, 1949 ; paper, 2 16-l

THE MaNoR oF Roin.cusrro : [a history and guide], by D. H.
Boalch. (Rothamsted,1053; 7/6.)

PRINTS AND DRAWINGS
Nlezzotiltt engravings by Julia Clutterbuck, A.R-{., alter

portraits of the founders of Rothamsted Station, Sir John Lawes

lby H. Herkomer) and Sir J. H. Gilbert (by F. O. Salisbury) :

Signed eograver's prools oo Iudia paper, 4 gns. each.
Ofrinary lettered proofs on hatrd-made paper, 2 gns. each.

Plans and tlrawings of the old Rothamsted Laboratory, [?1855] :

Four lithographs after drawings by Sir Charles I-a1^,es-Witte-
wronge, son ofsir John Lawes, iu a volume 2f+ in. by f4+ iu', dl.
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byPublications Present and
Past Members of the

Rothamsted Staff
.1913 RussELL, Sir E. J. Thp feiility of the stil. Cambridge

University Press.
*1917 RussELL, Sir E. J. Manuring for higher crop prod.uction.

Cambridge University Press.
*1920 BRENCELEv, Winifred E. lleeds of farmland. London :

Longrnans, Green & Co.
t1922 GREv, Edwin. Reminiscences, lales and anecdotes of the

laboralories, slaff a .d exfcrimenlal fulds, 1872-1922.
Rothamsted Experimental Station.

t1923 RussELL, Sir E. J. et al. The micro-orgarisms oJ soil, by
E. J. RusselJ and the staff of the Rothamsted Experi-
mental Station. London: Longrnans, Green & Co.

*1924 BRENCHLEv, Winifred E. Manuring of grassland. for hay.
London: Longmars, Green & Co.

*1924 RussELL, Sir E: J. Plant nutrition and ctu? production,
being the Hitchcock I-ectures, 1924. University of
Califbmia Press and Ca.mbridge University Press.

*1925 DAvIDsoN, J. A lisl. oJ Brilish aph.ides. . . London :

Longmans, Green & Co.
*1927 BRINCELEv, Winifred E. Inotganic llant poisons and

slimulanls . 2nd edition, revised and enlarged. Cambridge
University Press.

*1931 KEEN,SiTB. A. The pkysical properties of the soil. Londor,:
Longmans, Green & Co.

*1932 Cu-rLER, D. Ward. Eaolution, heredity and aar,iation.
London : Christophers.

+1933 RussELL, Sir E. J. The farm and the nation. Londor:
George Allen arrd Unwin Ltd.

*1935 CurLER, D. Ward & Cnuup, Lettice M. Problems in soil
microbiologjt. London: Longmans, Green & Co.
rrv. Edwin. Coltase life in a Hertfordshirc uillage.*1935 GREY. Edrvin. Cottaee life in a Hetlfordshire
St. Albans: Fisher knigit & Co.

*1936 RussELL. Sir E. I. & Voncrnn. I- A- Fiftyussrrr, Sir E. J. & Voncrnn, J. A. FiJty years oJ
field experiuenls at the V'oburn Experimental Station- With
a statistical reErrt by W. G. Cochran. London: Long-

*1936 RussELL, Sir E. J. & Voncrnn,
f.eld

mans, Green & Co,
*1939 NICoL, Hlogh. Microbes $t tfu million. Harmondsworth :

Penguin Books Ltd.
*1939 RussELL, Sir. E. J. Anif.cial Jertilizerc inmodern agricultwe.

Ministry ot Agriculture and Fisheries Bulletin no. 28.
3rd edition. I-ondon: H.M. Stationery Office, Ig39.

*1939 Russerr, Sir E. J. Re,ort on the uik of the Irrtteriol
Council of Agricdtural Research in abblyinR scietce h crol
fuoduction i:n Innia. Reprinted. 'Siir al Governmerit
o{ India Press.
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1940 Nrcol, H]ugt,. Pla glowth sttbstances. 2nd edition'
London : Leonard Hill, 3/6.

I94I RussELL. Sir E. J. English farming. London: William
Collins, Sons & Co., 5/-.

*1943 NIcoL, Hugh. Biologicql control oJ iasecls. Harmonds-
worth : Penguin Books Ltd.

1944 GARRETT, S. -D. Roo, disease fungi. Waltham, Mass. :

Chronica Botanica Co., E4.5o.
19,14 H^[, Sir A. D. Th< Jeeding ol crofs and sroc]. Parts I

and 2 revised by Sir W. G. Ogg. 3rd edition. London :

.]ohn Murray, l2/-.
1945 Burren, C- G. Bee-heeping. Min. Ag:'ic. B.ulletin- no. I'

lTth editionl. London : [I.M. Stationery Ofice,9d.
1946 Rrlsserr-, Sir E. .1. British agricullarul research: Rotha,n-

sled. Revised edition. London: published for the
British Councit by Longrnans, Green & Co., l/6.-4'
SDanish translatioi (new impression. 1947, li-) and a
Pbrtuguese translation (1942,'l/-) are available from the
same publishers.

1948 Burr-en, C. G. The inL?ortaflce of bees in orchads.
lltinistry of Agriculture Bulletin no. 328. London : H. I.
Stationirv Oftce. 9d.

1948 FISBER, Sir" R. A. Slatistical, mtthods lot rcsearch worhers.
l0th edition. Edinburgh : Oliver & Boyd, l6/-.

1948 RussELL, Sir E. J. .4 siudenl's booh on soils anl manwtes-
4th edition. Cambridge University Press,8/6.

1948 TRACE\', \1. Y. Proteins and life. London: Pilot Press;
reorirted bv Chanman & HaI Ltd., I0/6'

1948-5I d,r-nrrs, 'tt. p'. Cott' mid.ges of economic impo ance,
Volumes I-6. London: Crosbv l-ockwood & Son, Ltd.
Yol. l, 12/6: Vols. 2 6, l5l. - Two more volumes will
complete the vr'ork,

1949 BUrmh, C. G. Beehh'es. Ministry of Agriculture Bulletin
no. 144. London : H.M. Stationery Office, 9d.

1949 BtrLER, C.G. The honcybee: an introduclion lo h?r sense-
ghysiitlogy and behadour. London: Oxford University
Press, l0/6.

1949 GooDEy, i. Laboratory melhods lor uofi uith p-lant--an'd

soil nimatodes. Miniitry of Agriiulture Technical Bulletin
no. 2. London: H.M. Stationery Office,9d.

1949 LoNG, H. C. & BRENCHLBY, Winilred E. The sulftesston
of ueeds bv fefiilizers and chemicals- 3rd and enlarged
edition. I-oridon : Crosbv Lockwood & Co.,7/6.

1950 BAwDEN, F. C. Plaal diseairs. Revised edition. London :

Thomas Nelson & Sons Ltd., 8/6.
l95O BAwDEN, F. C. Plan uiruses and ttirus diseases. }td

edition. Waltham, Mass.: Chronica Botanica Co., t4'75'
1950 RussELL, Sir E. J. Lesscns on soil- 2nd ed. Cambridge

Universitv Press, 7/6.
1950 RussELL, Sir E. .1. Sdl conditions and Pla l glo@tL 8!!

edition, recast- and rewritten by E. Walter Russell.
London : Longmans, Green & Co., 35/-.
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l95l GooDEy, T. Soil and [reshwater nematodes. Londoa:
Methuen & Co., Ltd., 45i-.

l95l FRAxKrr N, Mary T. The qsl-forming sfecies oJ Hetnodeta.
Farnham Royal: Commonwealth Agricultural Bureaux,
r8i 6.

1953 BoALCH, D- H. The manor oJ Rolhamsted. Harpenden :

Rothamsted Experimental Station, 7/6.
1953 FISHER, Sir R. A. & Yeras, F. St4listicsl tables lor biological,

agicult$ru] and med.ical rcsearch- 4t}]. edition. Edin-
burgh : Oliver & Boyd, 2l l-.

1953 GARNER, H. V. (part author). Iia use ol l,ime it British
agricullure. I-ondon: E. & F. N. Spon Ltd., 26/-.

1953 RIBBANDS, C. R. The behattiotr and icial lile oJ honcybees.
London : Bee Research Association Ltd.,2ll-.-

1953 YATES, F. Sa*flittg mcthads for censuses atd suwelts- 2nd
edition. London : Griffin,38/-.
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