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\\-. S. PrER por\-r. Pu.D.(Sheffield)
fI. \-. TR.r( E\', ll.A.(Cantab.)
G. H. \\'rrrssrnr, PH.D.(Cantab.)



I

A ssislant Staf
R. J. AlTR]., JA\ET BATES, MURTEL DucKrRrsG, MRs.
-{xsr G. FE....ToN, GILU.{N B. Hanrrrv, MARGoT H.
RoBERTS

PLANT PATHOLOGY DEPARTMENT
Head. of Deparlment

F. C. BAwDEN, M.A.(Cantab.), F.R.S.

Scientifc Staf
J. W. Brrxcorvr., Px.D.(Lond.)
L. BRoADBE\r, Px.D.(Lond.)
UARGARET tr{. BRowNE
E. W. BuxroN, Pn.D.(Cantab.)
C. E. CoRNFoRD, Px.D.(Lond.)
Lrse CuNow
D. H. FrRrH, B.Sc.(Agric.)(Reading)
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D. H. LAp$'ooD, PH.D.(Lond.), A.R.C.S., D.I.C.
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H. L. NrxoN, M.A.(Cantab.)
G. .{,. SALr, M..{.(Oxon.), Pu.D.(Lond.)
D. B. SLoPE
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Htis\U IsMA\, B.Sc.(Ankara)
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BEATRTCE ALLARD, NA\ETTE CLARKE, Serrv EIsrrn,
JuDrrH ELLrorr J. Fox }I.{RG.{RET Fox, B.Sc.(Cornell),
R. Gannrr:r, Brrrv Hrnnlsc, G. E. Hooenn, J. Iwa\IcKI,
IIRS. JoA\ IwAliIcKr, Olca Lese, \\r. N. MooRx, A.
Rorprr, Bensene SA$YER, A\N lI. \\rrLLrAMS, l{RS. JE.{\
\l'rrrs, R. D. \\iooDs

NEMATOLOGY DEPARTMENT
.Acliag Head of Departrnent

D. W- FEN$'IcK, D. Sc. (\\'ales) *
r F. G. \\.. Jones, lL A. (Cantab. ), appointed Head of Department Irom r'r.56.
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Scientif,c Staf
C. C. DoscesrrR, B.Sc.(\\'ales)
A. Rae Fonsren, Drp.HoRr. (Nott.)
MARY T. FRA\KLrx, Pr.D.(Lond.)
J. B. Goonrv, Pn.D.(Lond.)
J. J. HESLr\c, B.Sc.(Lond.), A.R.C.S.
JoAN U. \\'. HInnrrr, t3.Sc.(Lond.)

IRS. ELTZABETH NrDDowso\

Temporary ll'orhers

J. \\'. MEAGHER, B.Acn.Sc. (l{elbourne)
H. E. \\'ercr, \I.-\.(Toronto)
A. G. \\'urrenreo, B.Sc.(Lond.), A.R.C.S.

Assislarl Staf
AliliE Y. B,\LD$'r\, SHETLA D. BAY\HAM, S1.BrL Cox,
JANET A. D.rxrers, D. HoopER, Morry Krr.rono,
]Io\rcA fI. \\'ALLER

ENTOMOLOGY DEPARTMENT
Head o/ De?a ment

K. IIELTA);Br, C.B.E., Sc.D.(Cantab.)

Scientif.c Staf
C. J. Basxs, Pu.D.(Lond.)
l{. li. B.rk\ES. 11..\.1Oxon.), Pn.D.(Lond.)
Lors [. CHrnnr', B.Sc.lQueensland)
A. J. CocKB-.r\, B.Sc. (llanc.)
R. M. Dosso'\.', lI.-\. (Cantab.), Pu.D.(Lond.)
R. .\. FRE]-cH, B.Sc.(Lond.)
C. G. JoH\so\, D.Sc.(Lond.)
D. B. LoNG, M.A.(Carltab.), Pn.D.(Lond.)
P. \\'. IIrRpHy, D.Purr.(Oxon.), B.Acn.Sc.(U.C. Dublin)
F. Reu', Pn.D.(Lond.)
J. \v. STEpHE\soN, B.Sc.(Lond.)
BARBARA trf. Sroxrs, }I.Sc. (Reading)
I-- R- T{YLoR

T emporary ll'orhers
D. L. lIrLNE, B.Sc. (.\tric.)(\atal)
NI. A. ZAHER, M.Sc.(Cairo)

Assistanl Slaf
Jasr B.lr-sHeu, Pulr-rppe f[. Bor r\1.ooD, C. I. C.,IRTER.
.\Lrso\ ]I. FLETCHER, .\\\E G. Gnar-, f. R. Lor-ry.
\-ALERTA .\. G. trIrL\E, BrDDy NASH, Mencenrr Rrsp

INSECTICIDES AND FUNGICIDES DEPARTMENT
Head of De?altme t

C. Pomrn, D.Sc.(Lond.), D.I.C.
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Scictdifu Staf
R. BARDNER, B.Sc.(Lond.)
P. Bunr, B.A.(Cantab.)
M. Eluo'rr, Ps.D.(I-ond.)
MRs. ELEEN M. GrLLxen, B.Sc.(Hort.)(Lond.)
DAPHNE V. HoLBRoox, B.Sc.(Lond.)

Temlorary 14 orkers

M. Des, M.Sc.(Calcutta)
ELTZABETH H. Havrox, B.Sc.(Lond.)

A ssistant Staff
A. J. AR\oLD, P. ETHERIDGE, PATRICIA FoRBES, JILLIA)i
HAcK, RosEMARy E. HAMLEY, MRS. VA\DA HowARD,
JA\E JAcKMAN, B.Sc.(Cornell), Mns. It{encerur Mecren-
LA\E, SHEILA PAI\, PATRICIA A. SA\DERS, DOREEN
Tuonsrrr, Susex V-rx \oonorx

BEE DEPARTMENT
Head of Delanmcnt

C. G. BurLER, PH.D.(Cantab.)

Scientific Slaf
L. Berrnv, M.A.(Cantab.), Ptt.D.(Lond.)
ELTZABETH Cetrrsrr
J. B. FREE, B.A.(Caatab.), Prr.D.(Lond.)
DoREE\ A. Grssoxs, B.Sc.(Nott.)
C. R. RrBBA\DS, tr!.A.(Cantab.)
Ixce B. M. RIEorr, B.Sc.(Lond.)
J. Srveso:r, M.A.(Cantab.)

Assislant Staf
tr'ALERTE E. BR{MLEY, H. B. Corresror-', N. E. ELLEUE\T,
-\. R. \V. GRrFFts, IIARTo\ F. \u\]i, P. \\'. TouxIxs,
JoycE If. WHITE, R. .\. \\'ELCH, R. E. \\'ooDsrocK

STATISTICS DEPARTMENT
Head. oJ Depa ment

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

D.I.C., A.R.C.S.
Px.D.(Lond.), A.R.I.C.
L.), Pu.D. (Lond.)

oronto), Px.D.(Lond.)

A.R.I.C.
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Scientifc Staf
D. A. Bovo, Px.D.(Lond.)
B. M. Cnuncu, B.Sc.(Lond.)
Sxrre Couex, B.Sc.(Lond.)
J. H. A. DuNwoonv, B.A.(Oxon.)
J. C. Gowrn, l{.A.(Cantab.)
M. J. R. HEALY, B.A.(Cantab.)
MARY G. HTLLS, B..{.(Cantab.)
G. E. HooxrTr, B.Sc.(Liv.)
F. B. LEECH, B.Acn. (Belfast), I{.R.C.V.S.
\V. J. LESSELLS, B.Sc. (Econ.)(Nott.)
S. Lrpro:r, M.Sc.(Liv.)
MRS. MARJoRY G. MoRRrs, B.Sc.(St. And.)
.\r'eRrr ItI. Mt's:r-s, B.Sc.(Lond.)
H. D. PATTERSo\, tr(.Sc.(Leeds)
D. H. Rres, ts.Sc.(Lond.)
MRs. Evn-Y P. Srupso\, B.A.(Oxon.)
H. R. Srupsox, B.A.(Cantab.)
Eorru Srrrcx, B.Sc.(Lond.)
II. H. WEsrlrAcorr, B.-\.(Oxon.)
A. \V. \VHrrwELL, B.Sc.(Nott.)

T echnician for Electronic C omputer
D. J. Kxrcur

Tetnlorary lforhers
R. W. SH.{RP, B.Sc.(Lond.)
CEcrLy M. THouAS, B.Sc.(Lond., U.C.W.I.)

Assistanl Staf
Rutr Huxr (Secretary)
IIns. Donsrs BrspHAlr, IIRS. EDrrH E. CHALLE\GER,
trIns. Ilenrr CLARKE, MRS. DoRrs A. Counr, Vns. \frxr-
rnro L. Dervsox, Coxsrexcp Hu\T, MRS. FLoRE\cE
V. \Y. JoRDA\, ]IRs. G\\zsnorrxr Lucas, Srerre }Ienorr,
Donrel Mrrcsrrr, Mns. GwrsoouNE O'DELL, AuDREy
Pr:{coMBE, Asxr Prerr, Mns. Vrnose A. Rosenrs,
Mns. Donorsr- SL.{CK, FREDA Surrr, KerlranrxE
THoyAS, A\\ \\'arxrssox, Mns. Mancenrr P. \l'Hrr-
TI\GHAY

FIELD EXPERIMENTS SECTION
Head of Section

H. \t. Gensrn, lI.^\.(Cantab), B.Sc.(Liv.)

Stof
G. \r. DYKE, ll..\.(Oson.)
LL .I. ALLE\
C. R. L. Scol'es
\IyRrLE HUcHES (Clerical Assistant)
Il. WESros (Field Superintendent).
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FARM STAFF
Head. oJ Farms

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

Deputy Farm Manager
M. J. HIrr, B.Sc.(Agric.)(Lond.)

Assislant Farm Manager
G. F. CoLE

Secretary

Bnrxoe Srupson

Recorders

J. M. BrDGooD
F. V. CooPER, Dre-Acnrc. (Wye)
G. F. Jenvrs, M.Sc.(Dunelm.)

Foretnan
W. A. H. Bunrox

Farm lVorhers
T. Arrrwxrrr, J. BrRD, H. BuNyAN, W. CAr\, A. B.
CARPElirER, H, S. Cuaplrex, P. W, CURRA\-T, A. JENNTNGs,
P. LocKaoN, A. MTLLS, T. F. NrsroE, K. SMrrH, E.
Srrvrxs, F. SroKES, H. A. Werrono, M. R. Wenxen

LIBRARY
Librarian

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

Assislant Librarian
MRS. K. ToNI GREEN

A ssistatl,ts

MRS. SHEILA BE\SoN, MRs. HELEN .J. HART, DIANA
Ro\Yr-EY

ADMINISTRATIVE AND CLERICAL STAFF
Director' s Personal Assislant

MILDRED E. ASHFoRD

Assistant to Secletart
E. CHURCH

C ashier
MRS. OLrvE CoLEMAN

Clerical Staf
I[RS. tr{AR]. AR\oLD, MRS. DoRorHy CoATES, YvoNNE
FrrzHUGH, JoAN A. GARDNER, MARY K. Holveno,
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Jr.-lrrrn LAWRENCE, Mevrs F. LAWRENCE, tr{RS. DoRrs
Pnrcr, Mns. Aunnrv SreprB

Slorekeepers

A. H. BowoB}r, F. lV. ELLTNGHAM.

PHOTOGRAPHY
Photografher

V. Srexsrrern, F.R.P.S.

Assislanl
F. D. CowLA\D

Draughtsman
AUDREY I. SIMPSON.

HALL OF RESIDENCE AND CANTEEN
lV ad en and, H ous ekeep er

ManlonlE tr{. BLooMFTELD

Assislant Househeeler
AUDREY H. BENZIE

Staf
IRS. CA:rnERrNE Dovm, Pnv[rs Gn-lr,:esrocr, Mns,

ErnEr L. HAwKI\s, Fersv Jxrr:sol,r, Mns. Ersre Lne,
E. lirrouelr, Mns. Genrnuor A. NEEDHAU

MAINTENANCE AND WORKSHOP STAFF
Head oJ ll'orhshop and. Maintenance Slaf

A. E. HALL

Staf
\V. G. .{.BBorr, L. C. BERRY, E. .I. BURGESS, S. A. CHALLEN,
-{. Cr Rr. B. EDWARDS. S. FosrER, A. Hersey, J. R. HrLr,
S. \t sr, R. C. Parnorr. L. R. Syrrr.r. \\'. J. SMrrH

Cleaners, elc,

]IRs. E. B].cRAvE, H. P. CURRA.\r, MRS. FLoRE\CE
HAurLTo\, F. K. HAwKr\s, W, F. Hrrvrm, A. C. H[L,
P. RoLr, F. J. Srocx, L. C. S\-A\, H. A. \\'ESro\

Cafieners
L. ALLE\, H. BALD$]\, R. \V. B. DAIE, W. S. FrsHER,
Ii. HAyrLTo\, F. IvoR]., H. J. NetIuas, D. \Y. STAPLETo\

Members of the Administrative and Scientific Stafi who left
between January and December, 1955,
Bee Delalt rer,t

JEA\ lI. WrLSoN, B.A.(Cantab.)
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Chemistry Department

J. E. A. Ocaons, A.R.I.C.

Entomalog! Depqrlment
C. B. WILLIAMS, Sc.D.(Cantab.), F.R.S.

I ns ecticid. es D elaiment
MRS. JoYCE KE\rEN, B.Sc.(Lond.)

Nematolog! De?artmenl
B. G. PBruns, M.Sc.(Bristol), Pu.D.(Lond.)

Soil, M icrobiology DePa ment

.IA\Er I. Fr)iDLAren, B.Sc.(Lond.), A.R.C.S.

Stalistics Department
tr{rRrEL E. Devts, B.Sc.(\Yales)

Field EtcPeriments S ection

tr[ns. Karnrrrx OcBoR\, N.D.D.

Rolhamsted Farm
S. trIevrrn, B.Sc.(Agric.) (Lond.)

The following spent varyirE periods as temporary workers
at'Rothamsted durin$ 1955 :

Austuqlia

J- \Y. Me.Lcnan (Nematology), P. Spnrsr (Statistics)

Belgiuru
M. A. E. G. Fnene (Physics), G. C. J. Souvrnavxs (Plant
Pathology), G. \r.{\.' DER GHI\sr (Plant Pathology)

Britisk 17'est Indies
W. D. Bunno$'ss (Statistics), R. K. CU\NI\GHAv (Chem-
istry), H. A. L. FRA\CIS (Statistics), J. M. HARRTS (Ento-
mology), Crcrrv If. THoMAS (Statistics)

C anada

G. B. OeKarn (Statistics), E. A. PETERSo\- (Soit Micro-
biology), I. L. SrE\ENSoN (Soil Microbiology), J. A.
Toocooo (Phvsics), H. E. \VELCH (Nematology)

Cl|rus
V. D. KRENros (Insecticides)

Ectlt
M. A. ZAHER (Insecticides)

France
R. CAYRoL (Entomology)



Germanl
F. K. Bo'I"rcHER (Bee), H. FRrrzscHe (Soil Microbiology),
ELSE E. HAI:,{E (Entomologl'), C. K. H. MARrrNr (Pltnt
Pathology)

Holland.
FRTDEITKA Quex (Plant Pathology), J. B. M. Vocr
(Chemistry)

Ind.ia
S. Baoeur (Plant Pathology), M. DAS (Insecticides),
K. M. Pepoar-er (Biochemistry and Soi[ Microbiotogy)

I srael

D. H. YA'ALoN (Pedology)

Kenga
K. LERCHE (Statistics)

Malaya
GrM H. TEoH (Statistics)

Maurilius
S- FruerB (Statistics)

Mexico
I. Penna (Pedology)

New Zealand
T. Peruan-Jorrs (Bee)

Pahislan
K. A. HASAN (Chemistry), D. H. KHAN (pedology)

Portagal
c. DE M. SrLvA (Insecticides)

Rhodesia

A. I. CARMTcHAEL (Pedology)

South AJrica
D. L. MrLNE (Entomology)

Spain

J. Cexo (Chemistry), D. Reurnrz (Statistics)

Sudan
trf. A. NouR (Insecticides)

Su,itzerland

R. A. Csnrsr (Chemistry), A. J. \vEHRLr (physics)

Turhey
F. I\cEKARA (Field Experiments), HiisNU H. Isuex (plant
Patholog1J
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ll est Alrica
W. F. K. CHRTSTIAN (Statistics), J. N. EFrrE (Chemistry),
G. HIGGINS (Soil Survey), W. MrcNes (Statistics), P. T.
NELSo\ (Statistics), D. J. TAI'LoR (Insecticides), J. M.
THRESH (Plant Pathology)

Yugoslaria
M. Jrnrurd (Insecticides), Z. TnorLovt6 (Entomology),
B. VovK (Pedology), R. Vuleorxovrd (Insecticides)

Brilish I sles

R. F. ADAMSos (Chemistry). G. D. AsDERso\ (Insecticides),
MencenxT K. ARsoLD (Entomology), J. K. Benxre
(Botary), J. A. R. BArEs (Chemistry), C. Brsnor (Chem-
istry), D. S. BRowN (Entomology), B. Bucxrxcxeu
(Entomology), J. A. BuLLocr (Entomology), Donrrx A.
CAXE (Bee), A. G. CxeMarnrArx (Chernistry), R. CxsN
(Chemistry), J. \1r. CoLE (Nematology), L. R. CoLE (Ento-
mology), P. \\I. \\r. DABoRN (Chemistry), J. E. V. Devrs
(Entomology), K. Dooosox (Plant Pathology), K. B.
EASTERBRooK (Plant Pathology), P. F. ExrwrsrrE
(Entomology), P. B. Frecc (Physics), Coxsrexce Gennrrr
(Entomology), J. Gurx (Entomology), J. L. HeuurnroN
(Field Experiments), B. D. HamrsoN (Plant Pathology),
M. G. R. HARr (Soil Microbiology), ELTZABETE H. HAyroN
(Insecticides arld Statistics), PAUELA HEPDEN (Plant
Pathology), P. HoLLTDAY (Nematology), DmNr M. Hurerr
(Bee), K. Joy (Plant Pathology), D. Lrr (Insecticides),
J. SHEILA LE Mo\r (Insecticides), ANN LvELL (Nematol-
ogy), Cnnrsrrsr E. MASo\ (Nematology), G- M. Mecxrx-
rosH (Nematology), LArrrrrA MELvTLLE (lnsecticides),
J. \\'. MIlrr.lrx (Soil Microbiology), Lon:r.r MoFFArr

, P. T. NELSo\ (Statiatics), I. \V. B. NyE
J. E. A. OcBoRN (Chemistry), D. A. PERRv

, A. PrxxrnroxLthology), A. Prxxrnrox (Chemistry), M. V.
(Plant Pathology), Joas Rrcues (Chemistry),
lussELL (Soil Microbiology), G. C. E. ScuoornJUA\IrA RussELL (Soil Microbiology), G. C. E. ScuooLn

(Entomology), R. \\r. SHARP (Statistics), J. R. C. Surru
(Plant Pathology), T. R. E. Sournt'ooo (Entomology),
Je:er K. SrEvE\s (Botany), B. Srrvrssor (Bee), P.
Svues (Insecticides), A\)i TERRv (Insecticides), J. THoR\-
ro\ (Chemistry), P. B. TINKER (Chemistry), IRENE WAR-
uer (Physics), JEA\ C. V. WEBB (Botany), A. G.WHITE-
HEAD (Nematology), J. WHITEHoUSE (Plant Pathology),
J. C. WILCox (Chemistry), K. J. Wrrrs (Plant Pathology),
JEA\ YoUNG (Entomology)

B
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Soil Survey of England
and Wales

Head of Suruey

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

Deluty Head. of Suntey
D. A. Oslrorn, M.Sc., Pu.D.(Bristol)

Soil Surueyors

G. D. Asurrv, B.Sc.(Sheffietd)
B. W. AVERY, B.Sc.(Reading)
D. F. BALL, B.A.(Cantab.)
B. CreYps.-, B.Sc.(ShefEeld)
C. B. CRAMPTo\, B.Sc.(Bristol)
A. Cnonrrox, B-Sc.(Leeds)
E. Cnouerox, M.Sc.(Manc.)
L. F. Cunrrs, B.Sc.(Bristol)
D. C. FxoreY, B.A.(Cantab.)
R. D. GnsrN, M.Sc.(Lond.)
B. R. Heu, B.Sc.(Edin.)
J. F. Hennoe, B.Sc.(Sheffield)
C. A. H. HoDGE, B.Sc.(Wales)
J. H. JAMES, Px.D.(Bristol)
D. W. KrNG, B.Sc.(Lond.)
D. MAcKNEY, B.Sc.(Bristol)
C. C- RuoBronrs, B.Sc.(Lond.)
R. S. SEALE, M.A.(Cantab.)
A. J. THoMASSori, B.A.(Bristol)

Colonial Pool of Soil Suroeyors

A. O- BALLA\ryNr, Px.D.(Edin.) (In Northem Rhodesia)
G. F. M. Munooor, M.A.(Edin.) (In Swaziland)

Chemists

C. L. BASCoMB, B.Sc.(Agric.)(Reading)
H. H. LE RrcHE, B.Sc.(Lond.)

Temporury Worhers

-J. C. CnrsxEl-r, B.Sc.(Nott.)
C. D. Ourrn, B.Sc.(Brisiol)
.I. STARK, M.A.(Glas.)

C artog/ alher
D. V. Jo\ES

Assistanl Staf
R. F. ALLBRooK, PAMELA AsH, MRS. AUDREY M. DEliroN-
HUGHES, MRS. JoAN K. FoSTER, M. A. MURPHY, SHEILA
PErrrrr, MRs, SHETLA M. WRTGHT
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Woburn Experimental Station
Director

SrR WILrAM G. Occ, M.A., B.Sc., LL.D.(Aberd.), PH.D.
(Cantab.)

Assistqnt Direclor
H. H. MaNu, D.Sc., F.R.I.C. (Kaisar-i-Hind Gold Medal)

Chetnist

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

Assislanls
A. PEAcocr, G. PEARCE.

FARM STAF'['
Head. oJ Farms

J. R. MoFFArr, B.Sc.(Agric.)(Lond.), N.D.A., A.I.B.A.E.

Assistant
G. F. CoLE

Bailif
A. W. Nrru

Fartn Worhers

C. HATHAIVAY, R, HoLLrMAli, Crane E. HoRN, W, HUM-
MERSToN, \\r. A. MCCATLUM, K. WrLSoN, W. WTLSoN

Imperial College of Science
and Technology

(Research Institute of Plant Physiology)

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

Head. oJ Departmcnt
F. J. RTCHARDS, D.Sc.(Birm.), F.R.S.

ScientiJtc Staf
E. H. GRrcE-HurcHrNSoN, B.Sc.(St. And-)
C. A. PRESTLEY, B.A.(Cantab.)
W. W. Sfirwesr, Px.D.(Lond.)

Assistan Staf
W. S. Brccs, C. Srxcrern, PeMEre Surrn



The Commonwealth Bureau of
Soil Science

Director ...
Consultant Director
Assistant Director
Assistants

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 trvo. The Director of the
Station is Consultant Director of the Soil Bureau.

The function of the Bureau is to assist workers 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 in this country, A bi-monthly
abstract ioumal Soils and F ertilizers, covering the literature o{ soil
science, {ertilizers and the culture o{ field crops tbroughout the world,
is published, together with occasional monographs-Technical Com-
munications-on sttbiects of general interest. To facilitate its work,
the Bureau seeks to be well informed as to the personnel engaged in
soil rvork in the Commonwealth and the problems on which they
are engaged. Each Govemment has been requested to nominate
one of its stafi as Oficial Correspondent to the Bureau, who acts
as liaison officer in Bureau matters and assists in the collection and
distribution oI information. The issue of technical information is
usually free to all workers in soil science who ask the assistance of
the Bureau.

90
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Clerks
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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. Gifb€rt
Ior a period of nearly sixty years. Lav'es died in 1900, and Gilbert
in l90l: they were succeeded by Sir -{. D. Hall from l9O2 to 1912,
and bv Sir E. J. Russell from l9t2 to l9{3, when the present Director,
Sir \lilliam G. Ogg, was appointed.

For many years the work was ma.intained entirely at the expense
of Sir. J. B. Lawes, at first by direct payment, and from 1889 on-
wards out of the income derived from the endowment fund of
{10O,00O given by him to the Lawes A6ricultural Trust. In l9O4
the Society for Extending the Rothamsted Experiments was in-
stituted for the purpose of providing funds for expansion. In 1906
[Ir. J. F- Mason built the Bacteriological Laboratory; in 1907 the
Goldsmiths' Company generously provided a further endor,r'ment o[
{10,000, the income from which-since augmented by the Company

-is devoted to the investigation of the soil. In l9ll the Develop-
ment Commissioners made their first grant to the Station. Since
then, Government grants have been made aanually, and at the
present time over 90 per cent of the necessary funds is provided from
Government sources- mainly by the llinistry of.\griculture and
the .\gricultural Research Council.

The main block of laboratories rvas opened in l9l9; another
block was erected in 1924 for plant pathology by a grant provided
by the Ministry of Agriculture out o, the Development Fund; and
Red Gables, the house adjoining the laboratories on the north side,
Nas converted into an Administration Building to hold the Common-
rvealth Soil Bureau, Staff Common Room and Conference Room.

Since 1945 Rivers Lodge, a house belongiag to the Station, on
the south side of the laboratories, has been used to provide accom-
modation for the Statistical Department- In 1946 Rothamsted
Lodge, the dower house ol the Estate, was purchased and occupied
by the Entomology arld Bee Research Department.

In 1947 the plant nematology $'ork under Dr. T. Goodey, of the
Institute of Parasitology, was transferred to Rotharnsted, and a new
laboratory t'as erected to house this department.

I-arge glasshouses, including special insect-prooI houses for virus
studies, \r'ere added in 1996, l028and I93l by aid of generous grants
from the Rockefeller Foundation, the Empire Marketing Board and
the Ministry of Agriculture- A new large range of houses, some of
which are insect-proof, vr'as erected in 1935 for plant-pathology
investigations.

In 1940 the south wing was completed and the old chemical
laboratories reconstructed. These extensions and reconstructions
provide accommodation for the Chemistry, Biochemistry, Physics
and Itricrobiology Departments; in addition, a ralte of pot-culture
houses was built. In 1939 a laboratory was completed for workers
from the Imperial College of Science and Technology. A West

9l
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Building, to house the Entomology and Insecticides Departments
together with the mycologists of the Plant Pathology Department,
was completed in 1955.

The Rothamsted Home Farm of 250 acres came under the
management of Sir John Lawes in 1834, the experimental fields
being worked from the farm buildings at the Manor House. In l9t3
the first rante 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 addi-
tions were made in I939J0- A range of six farm cottages was
erected in Ninnhgs Field in 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 lg28
to meet the prevailing economic conditions, much oI the tand being
la.id down to permanent Brass, 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, begun in 1921, has proved so advantageous that it
has been developed. Not only is uselul information spread among
farmers, but Rothamsted also gains considerably by this closer
association with the universities and Advisory Services. As part
of this extension, the Station took over in 1926 the \\'oburn Experi-
mental Farm. We rrre thus able to make experiments simultane-
ously on the light land at \\'oburn and the heavy land at Rothamsted.

In May 1934 the negotiations for the purchase of the farm and
some adjoining parts of the Rothamsted estate were completed.
The Lawes Agricultural Trust now owns the site of the laboratories,
tire experimental and ordinary farm fields, Knott \\rood, the Manor
House and grounds, the farm manager's house and eight cottages.
The total area is 527 acres. The purchase price was {35,000, all
of which was raised by public subscription. Generous contributions
were received from Sir Robert [IcDougall and others, and a highly
encouraging feature of the appeal was the number of subscriptions
received from farmers, village school teachers and from oversea
sources.

During l95l-52 the Manor House was converted into a Hall of
Residence, providing accommodation for seven families, rooms for
twenty single workers and two guest rooms. Some of the large
public rooms are available for lectures ald general institutional
purposes. The fabric of the older part of the building, part of which
dates back to the l3th century, has been carefully preierved. 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 members of stafi and temporary workers from overseas.
An illustrated guide to the Manor with an account of its history has
been published (1953) under the title llc Manor of Rolhamsted.

The activities of Rothamsted, however, are not confined to the
British Isles, but are gradually reaching out to many parts of the
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world. The Station regularly participates in work for the solution
of agricultural problems of great importance to the Commonwealth.

Rothamsted oflers research facilities for post-graduate students,
but unlortunately the number of additional workers that can be
accommodated is at present strictly limited by lack of laboratory
sPace.

The Commonwealth Bureau of Soil Science, one of the ten
Commonwealth Agricultural Bureaux set up to act as clearing
centres of information on agricultural science, has been located
at Rothamsted since its establishment in 1929.

THE LIBR,TRY

The Library may be said to have come into being in 1913, when
the Sir Henry Gilbert Collection, presented by Lady Gilbert, was
added to the small body of relerence works used in the Laboratory
at that time-most of them the gift of Sir John Lawes himself.

Its expansion, aided by gifts and grants from a number of indivi-
duals and societies, was rapid, until it now contains :

(Approximately)
Periodicals 4,800

400
100
300
200

(Current, 1,600)
Books, l84I- ...
Books, l47l-1840

(including 14 incunabula)
Bourd volumes of pamphlets
MSS. ...

... 1t,000
3,500

Maps ...

-in all about 18,000 items, comprising some 53,000 volumes.

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

The chief periodicals on agriculture and related subjects published
throughout the world are received, either by subscription or in
exchange, and constitute the most-used section of the Library.

The stock of books also covers a wide range of subjects-not
only agriculture but also, e.g., chemistry, physics, biology, botany,
geology, zoology, meteorology and statistics. The books are
arrarged according to the Universal Decimal Classification system.
The collection of early printed books (1471-1840), which is kept
separate from the rest, includes fourteen incunabula, amongst which
is a copy oI the first dated edition of Pier de' Crescenzi's Ruralium
commpdorum libri duodecizr-the earliest printed book on agriculture

-produced 
at Augsburg by Johann Schiissler in l47l (Hain 5828).

The collection of MSS. includes a copy of the Trealise of Eusbandry,
by Walter of Henley (fl. 1250), written in England on vellum about
the middle of the l4th centurv-

The prints, which are mainly oI the l8th and early lgth centuries,
include portraits of eminent agriculturists, bucolic scenes, ald
representatious of [vestock. A most valuable addition to this col-
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lection was made in 1948, when Lord Northbrook presented to
Rothamsted his father's collection of prints.

The Library is designed to meet the requirements of the stafi o{
Rothamsted; but its use is extended to any 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 of the collection of early printed books on
agriculture (Rothamsted, 1926; second edition, 1940; supplement
1949). A complete catalogue of the serial publications in the Library
was published in 1954.



INTRODUCTION
BY THE DIRICToR

It is with deep regret that we record the deaths of Sir Alexander
Fleming, a member of the Lawes Agricultural Trust Committee since
1953, and Mr. Edwin Grey, the last remaining link with our Founder.
Ted Grey, as he was affectionately called, came to Rothamsted as a
" grass picker " in 1872 at the age of tvr'elve, and was on the staff
for sixty-eight years. He did a variety of increasingly responsible
jobs in the laboratory and on the farm, and was finally Super-
intendent of the experimental plots, a post he held until his reiire-
ment from full-time work in 1922. He was a remarkable character
and rtas known to agriculturists the world over. Hi,s Reminisceuces,
lales ad atecdoles of Rothamsted (1922) and Coltage liJe in a He -
fordshire oilloge (1934) bear witness to his afiection for Rothamsted
and his interest in rural life.

Professor D. D. \\'oods has been appointed to the vacancy on the
Trust Committee as a representative of the Royal Society. In
June 1955 Dr. C. B. \f illiams, who had been Head of the Ento-
mology Department since 1932, retired and Dr. K. Mellanby from
the London School of Hlgiene was appointed in his place. Dr.
\\'iltiams is coDtinuing his work on quantitative ecology at Kin-
craig, Inverness-shire, with the aid of a grant from the Agricultural
Research Council. Dr. B. G. Peters resigaed from the Headship
of the Nematology Department at the end of September lg55 to
become the first Professor of Parasitology at the Imperial College
of Science and Technology, London. IIr. F. G. W. Jones, Lecturer
in Agricultural Zoology at Cambridge University, has been appointed
to succeed him, and will take up his duties in January 1956. Dr.
R. K. Schofield, who has been on the staff since 1928 and has been
Head of the Chemistrv Department since 1954, has been appointed
Reader in Soil Sciencdat Oxford Universitv.

Dr. L. Broadbent was arvarded a KeUolg Scholarship and spent
three months visiting universities and research stations in the United
States and Canada, and Dr. llary T. Franklin also spent four montbs
in the United States and Canada, working mainly at the Con-
necticut Agricultural Experiment Station, New Haven. Mr.
lI. V. Tracey obtained a Royat Society and Nuffield Foundation
Commonwealth Bursary and will spend a year ai the Wool Textile
Laboratory oI the Commonrvealth Scientific and Industrial Research
Organization at Melboume. Dr. A. !V. Taylor retumed from the
University of Wisconsin, where he had held a post-doctorate fe[ow-
ship, and Dr. P. W. Murphy resumed his work in the Entomology
Department after spending a year at the University of Vienna.
Dr. T. W. Tinsley retumed from the \\'est A frican Cocoa Research
Institute, Ta{o, Gold Coast, where Miss Margaret Holden and Dr.
F. Raw are still on secondment.

Sir Witliam Ogg visited Finland at the invitation of the Uni-
versity of Helsinki and the British Council to give lectures and visit
agricuttura-l and forestry research organizations. He also accepted
invitations to take part in a Round Table Conference at the Swedish
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Royal Academy of AgricuJture and to lecture at the Royal Agri-
cultural College, Uppsala. Mr. F. C. Bawden went to West Africa
to advise on swollen shoot disease of cocoa, and Dr, H, L, Penman
visited the Gold Coast at the invitation of the Volta River Project
Preparatory Commission. Dr. H. Greene, Adviser on Tropical
Soils, went overseas on three occasions during the year, visiting
West Africa, the United States, the High Commission territories of
Swaziland and Basutoland, and the Sudan. These visits were con-
cerned with soil surveys, field experiments, UNESCO's work on arid
regions and various other problems. Dr. A. Muir was a member oI
the British Agricultural Delegaiion to the U.S.S.R.; and on behalf
oI the European Productivity Agency of the Organization for
European Economic Co-operation Dr. G. W. Cooke visited research
institutes in Denmark, Norway and Su'eden, Mr. H. V. Garner
sp€nt three weeks studying field experimental methods in Holland,
West Germany and Denmark, and Dr. N. Walker accepted the
invitation oI Professor E. B. Chain to work for six weeks at the
Intemational Centre Ior Research in Chemical Microbiology in
Rome,

Rothamsted was represented at the Srd International Congress
of Biochemistry in Brussels, a Conference of Agricultural Physicists
iu Wageningen and the Intemational S1'mposium on Plant
Nematodes in Wageningen. Mr. F. C. Bawden attended a meeting
in Paris of a study group " to consider how UNESCO might help
to promote krowledge on cell trowth $.ith a view to assisting research
on cancer ". Dr. G. W. Cooke contributed a paper to the meeting
oI the Association Intemationale d'Etudes Phosphatidres held in
Blois, France, and Dr. C. G. Johrson to the German Plant Protection
Conference at Kassel. Mr. N. W. Pirie attended the \\'orld Sr.'rn-
posium on Applied Solar Energy in Arizona, and Mr. D. H. Bollch
the meetings of the Intemational Congress of Agricultural Librarians
and Documentalists in Frankfurt and Ghent. Dr. R. Hull and
Mr. H. V. Gamer both attended meetings of the International
Institute of Sugar Beet Research.

IlIr. F. C. Bawden was the first recipient of the Roy'al Agricultural
Society of England's Research Medal in recognition of his work on
virus diseases of crops. Sir Witliam Ogg retired from the Presidency
of the Society of Chemical Industry in July; he delivered the gth
Dalton Lecture in Manchester on 28 October. Dr. H. G. Thomtor
has been appointed Foreign Secretary of the Royat Society.

VTsIToRS

There were over 3,500 visitors to Rothamsted during the year,
many from overseas. In July H.R.H. the Duke of Gloucester paid
ar informal visit, accompanied by Mr. F. \Yycherley, his agent at
Bamwell. The Marquess of Salisbury, Lord President of the
Council, Mr. D. Heathcoat Amory, M.P., the Minister of Agriculture,
Fisheries and Food, and Lord St. Aldwyn and Mr. G. H. R. Nugent,
Joint Parliamentary Secretaries also visited the Station. Visitors
from overseas included Mr. Ezra T. Benson, United States Secretary
of Agriculture, and Mrs. Benson; Mr. Jens Smorum, DanisL
Minister of Agriculture; Mr. J. Dillon, T.D., the Irish Ninister of
Agriculture, and the Irish Ambassador, Mr. H. F. Boland; Mr.
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J. E. Jantuah, Minister of Agriculture for the Gold Coast ; Dr. Eric
Englund, United States Agriculturat Attach6, and Mrs. Englund;
Mr. K. R. Damle, Vice-President of the Indian Council of Agri-
cultural Research, and senior Indian Government omcials. Visitors
from the U.S.S.R. included Mr. I. Benediktov, Minister of State
Farms; Academician Tsitsin, Director of the Moscow Agricultural
Exhibition; Academician L G. Petrovsky, Rector of Moscow
University; and Academician A. L. Kursanov, Director oI the
Timiryazev Institute of Plant Physiology.

BUTLDTNGS exo Leso
The West Building was completed in the spring, and the

Entomology, Insecticides and Fungicides Departments and the
mycologists ol the Plant Pathology Department have moved into
their new accommodation. The space vacated by the Entomology
Department at Rothamsted Lodge has provided more room for the
Bee Department and the Bee Advisory Service; the old Insecticides
laboratories are being used by the Botany Department and the
Offce.

Two orchards adjoining the north boundary of the farm, together
amounting to 26 acres, were purchased during the year. The trees
were in very poor condition and, apart from a small area, are being
grubbed up. The land, which is to be known as \Vhittlocks, will be
used for experimental purposes.

THE \YoRK OF THE STATIo\

In the Physics Department much attention continues to be
given to the question of soil structure. This is dependent on the
surlace physics of the mineral components, particularly of the clays,
and careful work on one clay, kaolin, has showa almost conclusively
that there are charges on the edges of the kaolin crystals in addition
to the isomorphous replacement charges associated with the basat
surfaces. There are indications that the action of some soil condi-
tioners such as polyacrilic acid is due to the edge-to-edge lini<ing ot
the clay crystals, whereas linking oI the basal surfaces in inter-
lamellar complexes may be the dominant factor in the crumb struc-
ture built up under a grass ley. Field experiments have provided
some evidence that improved crumb structure increases crop yields.

The environment o{ the growing plant has a direct bearing on the
incidence of diseases. Studies of dew lormation and persistence on
potato plants (an important aspect of the blight problem) have
made pro8ress, and equipment is now almost complete Ior a com-
prehensive experiment on potatoes in which daytime transpiration
and night-time condensation will be continuously measured at the
same tirr,e as the energy transfer in and above the soil. Work has
also been started on the micro-meteorological problems oI cereals;
the first year's pilot experiment has revealed significant difierences
between close and open stands of wheat. Little control of environ-
ment is possible except that deficiencies of rainfall may be made good
by irrigation. The dry weather from mid-June onwards has
indicated how much benefit may be derived Irom such control, for
the irrigation experiment has showl a 6O per cent increase in dr1r
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matter from irrigated grass,90 per cent from main crop potatoes
(from ll tons/acre without irrigation to 20| tons with 6 inches
irrigation) and 40 per cent in sugir vield from'sugar beet.

'fhe Chemistry Department's work on fertilizer placement has
been continued. Placing of both superphosphate and muriate of
potash increased lelds of peas and beans on soils where broadcasting
these fertilizers had little effect. On ordinarv potassium-deficieni
soils combine-drilling muriate of potash gave liigirer yields of barley
than twice as much broadcast potash, confirming the results of
earlier work on Chalk soils. For potatoes, placing potash beside the
seed gave consistently higher lields than broadcasting. In con-
trast, placing and broadcasting of nitrogen fertilizers gave similar
yields for both cereals and potatoes. Experiments carried out over
the last three years show that there is no gain from splitting the
normal nitrogen dressing used for main crop potatoes, higher yielcls
being obta.ined by applying all the nitrogen before planting than by
applying a portion of it before earthing-up the potatoes. In a
comparison of calcium nitrate with ammonium sulphate, the two
Jorms of nitrogen gave similar yields of cereals and oI kale; for
potatoes calcium nitrate was inferior, particularly when healy dress-
ings were used. \Vork on nitroten for spring cereals emphasizes
the dimculties of recommending the " best " rates, and times and
methods of application, since so much depends on soil and weather
conditions. For the present it seems best to suggest that nitrogen
dressings for spring corn should be splt, part being given to the
seedbed and the remainder appled as a top-dressing in May, ln
ten long-term experiments on oil palms carried out in lVest Africa,
potassium fcrtilizers consistentl)' incrcased f ields: phosphorus sas
effecti\e on only one kind of soil, and there were no gains from
dressings of nitrogen, calcium or magnesium. In examining these
data it was necessary to take account of both climatic cycles and
ph1'siological rhythms in the crop. In the investigation on the
manuring of forest nurseries copper sprays cured a defrciency-
symptom described as " needle-tipburn ' of Sitka spruce seedlings
uhich had appeared on plots on a heathJand soil. On plots uhere-a
hop-$'aste compost \r'as used there uas no deliciency, since the
compost contained an appreciable amount of copper. In pot
experiments the yields of oats grown on a calcareous " skirt " fen
soil were increased by both complex and simple salts of manganese,
although s}'rnptoms of " greyspeck " disease were not completely
eliminated.

Estimates oI the values of dicalcium phosphate and rock phos-
phate, in terms of superphosphate as standarii, have been mtde in
pot and field experiments by measuring both crop yields and
phosphorus contents and also by using radio-tracer techniques.
lsotopic excharge is being used to examine the phosphorus status of
soils which have had varying manurial histories. Important pro-
gress has been made in defining the conditions under which denltri-
fication occurs in soils, particular attention being given to the losses
of nitrogen which are promoted by additions of organic materials.
Studies on the nature oI organic phosphorus compounds present in
soils have continued.

In the Pedology Department mineralogical studie have been
carried out on a rl.ide range of soils and soil clays from this country
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and from various parts of Africa. It would appear that the black
clay soils from the Athi Plains, Kenya, show microreliefs similar
to those of Australian gilgai soils. An examination of the calcareous
shales of the Lower Lias lormation has shown that there are high
concentrations of molybdenum in the lower zones and in shales
with between lO and 

-50 per cent calcium carbonate. In an in-
vestigation of the trace element content of crops from the classical
plots it was found that wheat shoots from Broadbalk field showed
little variation Irom plot to plot. Where continued application of
ammonium sulphate has increased soil acidity, however, the molyb-
denum content was strongly depressed. Determination of the
inorganic constituents of cocksfoot from Park Grass field, when the
plants were in flower (June), showed little variation in the Ca content
of non-flowering shoots between limed and unlimed plots. Copper
uptake followed the pH of the various plots with the lowest value on
a limed area. Molybdenum uptake increased with pH, but the
content seems to be influenced positively by the dung and guano
treatment on a no-lime plot. Further studies have been made of the
effect of materials leached out of leaves on the mobility of sesqui-
oxides and clay with reference to movement in soils.

The Soil Microbiology Department has commenced a study
of the non-symbiotic nitrogen-fixing organisms in Broadbalk field.
It would appear that the anaerobic Clostridiwn ?asteulianurn is
much rnore abundant than Azotobacter and may be of more
importance in nitrogen fixation.

Further work has been done on the breakdown of herbicides in
soil, and organisms that can decompose 2:4-D, MCPA and para-
chlorophenoxyacetic acid have been isolated and are being studied.
Treatment of soil with any of these compounds accelerates the rate of
decomposition of the compound added, or of the other two. As
small an addition as I part per million oI 2 : 4-D will thus adapt the
soil to its decomposition. A soil adapted to decompose 2:4-D or
MCPA wilt retain this adaptation lor at least 6 months.

A survey has been made oI the types of predominant fungi in
clover rhizospheres in the surrounding soils. Preliminary results
show some difierences in numbers and types of fungi, both as between
rhizospheres and surrounding soil and between clover-sick and
healthy soil. Experiments have been carried out to test growth
and survival oI clover nodule organisms in soil and in media at
various pH. In sterilized soil at a pH below 5.7 none grew and all
died within two weeks. \\'ork has shown that on the introduction
of effective strains a ratio oJ I :1,000 of a competitive ineffective
strain was sumcient to give improved clover Browth, and higher
ratios gave an increased efiect.

The Botany Department is working on certa.in aspects of plant
nutrition, weed problems, the physiological effects of virus infection
and the physiological limitations of crop field. It has been found
that molybdenum added to a complete nutrient solution delayed the
precipitation of iron, possibly because it also retarded the upward
drift of pH. This may account for the increased uptake of iron and
the reduction of ctrlorosis u hen molybdenum is suppled to plants
growing with a deficiency of iron. The interaction between molyb-
denum and iron may be at least partly due to chemical reaction
outside the plant.
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The application to wheat of a nitrogenous spring top-dressing in
the same spray solution as 2 : 4D has been studied, and it appearc
that the weed-killing efiect was not interfered with, but only about
half as much nitrogen was recovered in the crop as when it was
applied as fertilizer to the soil.

The studies oI wild oats and of certain other weeds have been
continued, and it has been found possible to reduce the amount of
viable seed produced by wild oats by spraying them with maleic
hydrazide after the panicles emerge; but this is not a practical
measure, as the crop may also be severely damaged. There are
indications that the population of viable wild oat seeds rapidly
decreases under temporary ley.

In the Biochenistry Department most attention continues to be
given to the study of enzymes. Three of these, ribonuclease,
metaphosphatase and phosphatase, are concerned with breaking a
link between a phosphate group and some other structure, and are of
particular interest because of the importance of nucleic acids and
ohosohate esters in the metabolism of the leaf. Leaf ribonuclease
irepSrations can now be made in which no other enzlme activity
has been recognized. Work has continued on the enz)'rnes of
bracken, particularly on thiaminase, which destroys vitamin B and
is in part responsible for the toxicity of bracken; furthermore, it is
found in few other plants, and an attack on it might provide the
basis of a selective poison for bracken. More evidence has been
accumulated about the parts that amine oxidase and peroxidase may
play in alkaloid formation and in controlling the concentration oI
trowth hormone. Chitinase and related enzymes should be useful in
studying the nature of fungal mycelia and their residues in soil
organic matter; some strains of bacteria are promising sources of
these enzymes.

The physiological state of a leal has a great efiect on its com-
position and on its susceptibility to virus in{ection, and attempts are
being made to find some correlation between them. The properties
of higlrly purified virus preparations may differ from those of viruses
in the natural state in infected leaves, and the changes which take
place in tobacco mosaic yirus during purification are being studied.

Further progress has been made in the large-scale preparation o{
leaf protein. A palatable protein curd is now being produced as a
first step to a product that can be stored without refrigeration.

In the Plant Pathology Department virus diseases are being
studied in a wide range of crops, including potatoes, sugar beet,
barley, and various legumes and crucifers. Potato paracrinkle
virus, which is universal in the variety King Edward, seems to be an
aberrant strain of potato virus S, which occurs in many other potato
varieties. By excising apical meristems from King Edward plants
and culturing them on agar, a clone of this l,ariety has been estab-
lished that seems to be free from paracrinkle virus. Potato virus C,
although a strain of the common aphid-transmitted potato virus Y,
is not transmitted by aphids when obtained directly from infected
potato plants. An isolate that has been maintained for years in
tobacco plants under glass has, however, become transmissible by
aphids, but when transmitted to potato and returned to tobacco this
isolate usually lost its ability to be transmitted by aphids.

Further attention has been given to the possibility of checking
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the spread of virus diseases by means oI insecticides. Spraying
potato crops with DDT emulsion again prevented the spread of leaf
roll within crops, but only slightly decreased the spread of mgose
mosaic. This insecticide was valueless against aphids on sugar
beet; other insecticides decreased the incidence of yellows, but the
disease was not prevalent enough lor spraying to give profitable
returns. A survey showed that wild beet is abundant on many parts
of the east coast and is generally infected with viruses and downy
mildew fungus as well as being infested with maagold fly. The
plants were free from aphids in the summer, but there was evidence
at a few sites that wild beet had provided sources of pests and
diseases for nearby beet or mangold crops. Wild beet now occurs on
waste land and in hedges far inland up to the high-water level
reached by the sea floods in 1953.

Among the diseases being studied by the mycologists are foot-
rots of cereals, potato blight, potato skin spot, downy mildew of
sugar beet, pea wilt and apple scab. Outbreaks of apple scab in
East Anglia were again correlated with spring weather that liberated
ascospores from dead leaves. The liberation of ascospores was much
decreased by spraying dead leaves with DNOC. Eyespot and take-
all of cereals were unusually prevalent, and in an experiment where
these diseases were controlled the wheat variety Capelle, grown after
potatoes, yielded up to 651 cwt./acre, a record for Rothamsted.
Further work has been done on the effects of ultra-violet radiation
on plant pathogens.

Work has been continued in the Nematology Department on
various species of eelworm of economic importance. Attention is
being paid to the structure and development of cyst-forming
nematodes. The detailed development of the cabbage-root eel-
worn appears to be very similar to that of the sugar-beet eelworm.
Population studies on the cereal-root eelworm indicate that build-up
appears to be more rapid on oats than on other cereals, and that in
the absence of hosts there is a rapid decline in population. The
study of the emergence of larvae has been extended to the cabbage-
root eelworm and its responses to root diffusates investigated. The
relationship of eelworms to their host plants is being studied, and a
number of varieties of oats, barley and wheat have been tested for
resistance to cereal-root eelworm, but no marked resistance was
detected. Work on the physiology of plant nematodes has been
commenced, using potato-root eelworm as material, and a start has
also been made on the study of nematode parasites of insects.

In the Insecticides Department recent work has led to a much
greater understanding of the reasons why a change in particle size
of a contact insecticide produces a change in its toxicity. The
effects of temperature on this change in toxicity have been studied in
detail, and a theory has been put forward which may sometimes
enable the efiect of temperature on the relative toxicity of difierent-
sized particles to be predicted.

The earlier work on the mode of action of organo-phosphorus
compounds is being followed up. These insecticides are believed to
act by inhibiting esterases, but it is not certain which of these
enzymes are directly concerned with the death of the insect. Pro-
gress has been made in isolating from the German cockroach those
enz).'rnes which hydrolyse acetyl choline from those that hydrotyse
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phenyl acetate but not acetyl choline. This separation is a neces-
sary preliminary to the identification and characterization of the
particular enzS,rne system concerned with the death of the insect.

The study of p)'rethrins and allied molecules has been continued,
and various substances have been synthesized and tested biologicaJJy.
but it is doubtful whether they could be produced cheaply enough
to compete with the natural products or the synthetic materials
already in the market. Further fietd studies on the control of black
aphis (A phis fabae) on field beans and of wbeat-bulb fly have been
carried out, and in conjunction with the Plant Pathology Depart-
ment additional information has been obtained on the prevention of
virus spread through control of the aphid l'ectors by insecticides.

A beginning has been made with fungicide investigations. A
technique for studying fungicidal action on plant pathogens has been
elaborated in which the ability oI treated spores not only to ger-
minate but also to infect is measured. \4'ork on the action of the
systemic fungicide griseofulvin on club-root oI cabbage and powdery
mildew of cereals has been carried out, and a considerable amount o{
information has been obta.ined about the way in which this chemical
affects these diseases.

Iluch of the work oi the Ertomology Department has continued
to deal with insect numbers. Estimations of numbers of various
species, and of their activity, have been made with light traps,
suction traps working at different levels up to 1,0OO feet above
the ground, and among !'egetation. Populations have also been
measured in soils of various kinds, and in different crops. The
results obtained have been related to changes in the weather and to
variations in the physiotogy of the individuals concerned. This
u ork is fundamental to any understanding and prediction of attacks
by insects of economic importance, and the significance of data
collected over many years is only now becoming apparent.

\\-hile some of the work has concerned insects generalty, and has
not been related to pest species, most of the investigations have
concentrated on insects of economic importance. Gall midges
attacking wheat and other crops have been studied. On Broadbalk
the Nheat-blossom midge has been estimated for the twenty-ninth
successive year: 1955 showed a much increased infestation over
1954, rvith some 27,000 larvae per 500 ears oI wheat. Work on the
Hessian fly and on the gall midges afiecting seed production in clover
has been continued. Aerial trapping work has been largely con-
cerned rvith aphids, whose flight-physiology has also been investi
gated. Soil studies relate particularly to wireworms and other
beetles which attack growing crops, as well as to the relations
bet$cen earthworms and fenilitv. Several members of the deoan-
ment have worked on differeni aspects of the life history oi the
wheat-bulb fly.

In the Bee Department much attention continues to be given
to various aspects of bee behaviour. Evidence has been obtained
which supports the view that food-sharing amongst the adult bees
provides the network oI communication which is the basis oI social
life in honey-bee communities, and it has recently been shown that
a most important function of food sharing is the widespread and
rapid distribution of " queen substance ". This materiat inhibits
ovary development in workers and the production oI queen cells;
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a similar ovary-inhibiting substance appears to be oresent in certain
other artlropods. Studies of the sdriruli which lead to food ex_
clJange between worker bees indicate that scent is highlv important.
The accuracy with which bees communicate the i,hirea6outs of
food crops to fellow members of their colonies and the Dractical
problems involved in inducing bees to forage on selectia crom
requurng po[rnation are also being investigatd. Further informi_
tiou has been obtained on the factors aftecting the incidence of
swarming. lt would appear that queen<ell pioduction is not a
reliable index, particularly after midiummer. '

The researches on bee behaviour, physiology and pathologv are
now being applied to the solution of piaitica [ioUte-!, ,rct '"( it 

"cont_rol of various diseases, the pre:vention 6f spoilaee of stored
combs by wax-moths, the introduction of queeri bei and other
1spgcts.oi co_lony management. Nosema and amoeba aire"s"i i."
be ellminated from colonies by transferring the bees in earlv summer
to combs that have been sterilized with ihe vapour of aieti" 

""iaFurther work has been done on European t oui -BroJ ;;A ;i;;
organisms responsible for this disease,

- . An incr_easing a.mount of work on the desierr and analvsis oI
held 

- 
and laboratory experiments has been undertaken 6v theStatistica l]-epgtment for Rothamsted and other research stitions

and for the National Agricultural Advisory Service. fle elaiionic
computer l.S provtng very useful in this connection, and about gSO
analyses. of sets of experimental results, mainly randomized blocli
and Latrn squares, were carried out on it during the vear. Good
pr-ogress has- also been made on the application "of tt J macfrine to
other branches of statistical work, ai.rd arrangementi h;r; L";;
concluded with the National Research Deveto-"pment d;;rati";
for it to remain at Rothamsted for a further piriod of ni;v;;;.
Surveys of fertilizer practice were carried out i; fo; m;r. alri;"t"
and a summary of the manuring of cereal crops, l".eA on inio.-"l

on-lrom_ the tertltEer sun.eys, has been published. More than a
third of.the cereal acreage in England and'Wales ,e."ir., no 

"it.Jgen lcrt rzers, and_the average dressings given are onlv about half
the-calculated optrmal fuessing. The conclusion is reached thatprontable rncreases rn nrtrogen might increase total cereal vields bvabolt 6 per cent. Average potash dressings on cereals aie abo,it
optlmat, but too much phosphate is used on much of the acreaee-
Lontrary to current advice, as much as a third of the nitrosen u;ed
on winter-cereals is applied in the seedbed in autumn,;t-;;f
complete lertrl]zers results rn the wasteful application of phosDhate
and potash in spri_ng top-dressings. OtU,ii pubticatioris- iniiuJe
a rep-ort on the_results of a survey of progress irnder the Hiff narmano Llvestock Keanng Acts, a paper on the use o[ weed-killers and
lnsecucrdes, and a report on the results of the l9E4 Survev of rabbit
gamage to vrnter cereals. In co-operation with the Nationat
Institute for Research in Da-irying and'the Aa"i.orv n..iU.l""'i"i"
ot the National Agricultural -{dvisory Service, a series of triadhas
Deen ciurlect out_ to compare the standard hypochlorite disinfectant
wlth som-e new detertent sterilizers, a.nd in another investisation ananalysls tras been made ol a large experimental assav of n6w tuber-
cutrns on catue and tests of their powers to discriririnate between
tuberculous and tubercle-free cattle.

C
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The Field Experiments Section and Farm staffs were responsible
for 3,000 experimental plots at Rothamsted and Woburn, about 85O

microplots b-eing laid oui by the scientific departments. A small area
of coritinuous riheat has 6een re-establish6d on Broadbalk; the re-
mainder of the field will continue to have one year fallow in five.
Included in this report is an account covering the 20 years 1935-54 of
the effects of the filtowing system on yield, the residual effects of one
vear's bare fallow. the re"tationship oi fallow to the level of fertility
"of the land and the effect of bdre fatlowing on the incidence of
evesDot, take-all and wheat-bulb fly. The report also gives a con-
dLnsid summary of the very large amount of detailed work carried
out bv the Botairv Departnient on the efiect of the fallowing system
on thi weed poprilation. Much thought has recently been given to
re-casting thL lbne-term experiments which have completed their
cvcles. ihe fouriourse hai now commenced a new period with a
modified rotation and some new treatments suggested by the results
of the earlier period. A new plan is under consideration for the
utilization of tie Agdell plots, which are meantime being cropped
with nitrosen onlv, ifter ihe acid areas had been limed. The deep-
cultir-atioi rotatibn experiment wilt be discontinued as each block
comoletes trvo entire ivcles. Important modifications have been

""..i"d into the lev-arable rotatioh experiments to reduce eyespot
d.isease and to eqrialize the status of 5oil potash which was being
afiected bv diflerences in the management of the leys. The most
notable addition to the annual experiments has been a new series o{
exDeriments at Rothamsted and Woburn to investigate the nitro-
ee;1ous manuring of spring wheat, including rates of aPplication of
? \itro-Chalk ",- aimeie"i times of appliCation and a study of
divided dressings.

At Woburn-the drv summer was favoutable for cereal crops, but
main crop Dotatoes and grass only gave full yields under irrigation.
The perniairent barley plots each received a dressing of ground chalk
suffiiient to raise thd fH to 6'0. The crop was much improved b1'
the chalkins. and theland will now be intensively cleaned in 1956.

The ler'-aralile experiment, now in its eighteenth season, has shown
the vaiue of levs 6n the Woburn soil, but the results are now being
comolicated bir the potato-root eelworm, which has built up, par-
ticuiarlv in tlie purily arable rotations. This witl necessitate a
modificition in tie exjreriment. Observations have been made to
ascertain the factors involved in the increase in yield observed in
soring-sos-n rvheat and barley fotlowing the application of " Nitro-
cltralf '. Pretiminary results indicate that the ear length of barley
increas"s in proportiirn to the nitrogen applied, but the effect in
increasing the ntimbers oI ears per foot of rorv falls off rapidly as the
riressins 

-is increased. The e{Iect of bulky organic manures in
increasins $eeds has been studied in the market-garden experiment.
In eenera]. all the organics tested increased the weeds by about one-
thir"d. rshether used in single or double dressings Work on exotic
.ioot ""t continued. trIaize ripened perfectly in 1955, but yields
weie lieht, two early Dutch types giving 25-30 cwt. grain/acre.
The me"an vields oI Wisconsin and Dutch tyPes 8rolvn for ser-en

seasons on"ordinary farm land with at most 3 c*t. sulphate of
ammonia has been I|5 cwt. grain/acre. The outlook for soya beans

in this country is not promising, the exPeriments showing that only
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the .dwari typs ri!1n and that these are uncerta.in and not highly
productive. 

- 
The_" Topine " strain of Jerusalem artichoke stood up

well to the drought,_the tops alone in 1955 giving 2.82 tons of dry
matter. A study of the rate at which added organic matter dis-
appears from Woburn soil has been completed. -



PHYSICS DEPARTMENT
H. L. PeNlreN

On his return from the University of Wisconsin, A. W. Taylor was
transferred to the Chemistry Department, so leaving another gap in
the establishment strength of the Physics Department. Mr. P. B.
Flegg and Miss I. Warman left in April. Mr. M. A. E. G. Frdre,
{rom Louvain, sp€nt two months with us before taking up micro-
meteorological research in the Belgian Congo. Prolessor J. A.
Toogood, from the University of Alberta, came in September on
sabbatic leave. Miss Margaret Dettman, from the University of
trIelbourne, has joined the department for a period of a year or two
to assist W. W. Emerson in his soil structure studies, Mr. A. J.
\Vehrli, of the Technical High School, Ziirich, spent two months
uorking on soil structure. W. C. Game rvas given a suitably
inscribed barometer by the Meteorological Office in appreciation of
his services as Observer since 1911. .I. S. G. McCulloch and .J. L.
Monteith received the Ph.D. degree of London University.

R. K. Schofield, J. L. Monteith arrd H. L. Penman attended the
seven-day conference of agricultural physicists in \Vageningen.
At the invitation of the Yolta River Project Preparatory Commission,
H. L. Penman spent two weeks in the Gold Coast collecting local
data as a basis for advice on eyaporation problems that *'ill arise
if the new Lake Volta is created. During this period visits were paid
to the Gold Coast University Department of Agriculture and its
experimental farm, to a pilot irrigation scheme and to the Cocoa
Research Institute at Tafo.

Sorr Pnvsrcs

There is a wide range of problems in the study of soil structure.
First, and most difficult because of the heterogeneity of the material,
there is the problem of the surface physics of the clay minerals;
then there is the problem oI the forces and compounds that can act
as binding agents in aggregate formation, and the mechanisms of
binding: there is the problem of testing in a reproducible way lhat
will give a quantitative measure of "structure"; and beyond all is
the problem oi deciding whether there is any agricultural benefit
from improved soil structure,

Electrical charges on clay (G. H. Cashen)

The intensivework on kaolin described in Re!. Rothamst. etcp. Sta.
fot 1953, 1954 has been continued to obtain further evidence of
buffer action by the edge faces of kaolin crystals, i.e., to demon-
strare the existence of positively and negatively charged edges in
acid and alkaline conditions respectively. lt is established that
there are changes with pH of the charge carried by kaolin, but in
spite of every care in the pre-treatment to " clean " the kaolin, it
has not hitherto been possible to state definitely that the changes
are due solely to bufier action by the edges. A method has now been

36
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iound for measuring the charge on the cleavage faces by observing
the electro-osmotic movement of water in samples of kaolin treated
with increasing amounts of cetyl trimethyt ammonium bromide.
The cleavage faces can be made positive, which shows that this
organic cation does not move when the direct-current voltage is
applied: consequently the ion must be held on the surface by specific
{orces-hydrogen bonds-in addition to the purely electrostatic
force. Measurement of the amount of CTAB necessary to reduce
the charge on the cleavage faces to zero over a range of pH thus gives
a new t1?e of titratiou curve. Ideally the test condition should be
with the cleavage faces oriented parallel to the electric field if the
side edges are not to contribute to the endosmotic movement of the
water: to a very good first approximation the ideal is realized,
because of the intense dnring rvhich takes place as the *'ater moves to
the electrodes.

Results have been very encouraging. For a pre-treated kaolin
(washed with normal KCI at pH 3, followed by normal KCI and
distilled water) the charge measured with the CTAB is constant to

negative isomorphous replacement charge. For such pre-treated
samples the bufiering observed in earlier experiments can be more
confidently attributed to the edge {aces oI the kaolin crystals. In
contrast, for an untreated trIerck kaolin the amount of CTAB
required to make the kaolin positive does change with pH, an effect
most probably due to the presence of some " impurity " as yet
unidentified.

Soil structure (\\:. W. Emerson)

Synth etic soil condition e r s

Sodium-saturated clay flakes have been prepared from three pure
clays (a montmorillonite, an illite and a kaolinite) and a range of
pohtners. The swelling pattern of the flakes has been studied in
dilute salt solutions, and G. C. Dibley and R. Greene-Kelly of the
Pedology Department have kindly taken X-ray photogmphs of some
of the montmorillonite complexes.

It has been deduced that the polymers can stabilize clays in tu-o
ways. First there are inter-lamellar complexes in which the polymer
links the basal surfaces of the clay crystals : this can be achieved bv
non-ionic polymers such as poly-vilyl alcohol, or by poll'rners con-

distilled water) the charge measured with the CTAB is constant to
+0.1 m.e. in the pH range 4.5-10. This charge must be the

carboxj,rnelhyl cellulose, alginic .acid and
shol.n'this behaviour, and the

acid have
mechanism

depends on the existence of edge charges of the kind being studied
by G. H. Cashen." The tu'o types of complex difier in their responses to leaching
rith a strong solution of neutral py'ro-phosphate. The wet stren6[
of inter-lamellar complexes is unafiected, but tiat of the periphelat
complexes is reduced-to that of the clay without poll'rnei. bilute
alkali will disperse the ionic irterlamellar complexes after prolonged
soaking, but polyvinyl alcohol complexes are unaffected by con-
centrations up to tW-NaOH.
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Similar experiments on the wet strentth of crumbs from Rotham-
sted grassland showed no change on leaching with M llO-pyro-
phosphate but a very great reduction after leaching for one week
with alkali. It is inferred that the Srassland soil crumbs are
stabilized by the formation of interlamellar complexes and that the
active agents are poly,rners containing positively charged groups,
probably amino groups.

Sodiut t salulal;on tesl

This technique for determining the wet strength of soil cmmbs
(Rel. Rotharrrst. exp. Sta Jor 1953) is not yet suitable for all routine
measurements. It has been found that crumbs of near minimum
strength are partly dispersed in 20 mtr'-NaCl, leading to blocking of
pores in the sintered glass supporting the crumb bed. The per-
meability measurements have thus been made non-reproducible, and
a modification of technique is beiag sought to avoid the dificulty.

Soil structure f eld exlerimenl
A second set of four-year-old grass and luceme plotswas ploughed

up in autumn 1954 : these and two fallow plots were later sown with
spring beans. A{ter soil analysis, appropriate nitrogen and potash
fertilizer treatments were applied to plots, or part plots, to permit
some discrimination between the efiects of nutrients and the efiects
of soil structure. Unfortuaately the crop vr'as not sprayed, and grain
yields were low. The appearance of the crop suggested that sus-
picions about last year's result rvere well founded: the 1953/54
difierences were primarily reactions to fertilizer difierences. The
19 /55 mean yield on the lormer fallow plots was 12.7 cwt./acre,
with no response to additional N or K : the mean yield on the former
ley plots was 14.7 cwt./acre. The hcrease of 2 cwt./acre is
attributed to improved soil structure.

The first set of plots (beans in 1954) had winterwheat as a second
crop, and was given a heary dressing of a complete fertilizer to
minimize differences in nutrient status. Former erass ald fallow
plots gave almost the same mean yield of 38 crvt. grain/acre: the
former lucerne plots gave ar extra yield of 5 c$'t. 'acre.

AcRTcULTURAL METEoRoLocy

M icro-neteotol.ogjr

(a) Continuous rccording (I. E. Long)
The apparatus lor continuous recording of temperature, humidity

and wind-speed profiles in a potato crop has been used throughout
the summer. The second set of equipment, originally intended for
use on the irrigation experiment at Wobum, has been used instead
on a wheat crop alongside the potatoes. Analysis of the great bulk
of data now accumulated has started, and a useful preliminary
operation has been the drawing up of a special set of tables.and
nomographs for rapid conversion of chart readings into relevant
physical parameters.

New measuring equipment has been designed, made ald used.
An instrument for continuous recording of dew-point gradients
employs nickel resistance thermometers of small dimensions. The
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design exploits the approximate relationship: dew-point tempera-
ture =2 X wet-bulb temperature - dry-bulb temperature, known
to be correct within +2'5 per cent in the temperature and bumidity
ranges in which it is used in night-time studies of dew formation on
potatoes. The records show with acceptable accuracy the times of
start and 6aish of dew formation, arld can be used to estimate an
order of magnitude of rate of condensation. This is the kind of
information needed in the study of potato blight. Similar, but much
smaller, nickel thermometers (l mm. diameter and 5 mm. long)
have been constructed to record leaf temperatures at two levels in
a potato crop; and also for measurement of soil surface tempera-
tures. First results indicate that in the sun leaves mav be 10" C.
warmer than the air round them, and on clear nights miy be 2" C.
colder in calm air. Leaf temperatures can chalge rapidly, and
several times a rise and fall of 5'C- or more has occurred in
I0 minutes.

Field conditions of dr]'soil in late summer have provided a strong
contrast with previous years. Such dew formation as there has
been on potatoes has come from the air rather than the soil, and
there are indications that some of the water on potato leaves after a
" dew " night may have been exuded by the leaves themselves. The
new field observations on wheat have given a comparison of a thick
(normai) crop and a thin (hand-pulled to 25 per cent normal) crop.
Marked differences in temperature and humidity gradients occur-
as expected-on sunny days and clear aights.

(b) Short-fetiod experiments (J. L. Monteith)
Work has been concentrated on instruments to measure the com-

ponents in the energy balance sheet of a crop, particdarly the net
radiative flux and the storage of heat in the soil,

Radiation. The old Catlendar receiver and recorder of solar
radiation rvere replaced in May 1955 by a Kipp solarimeter linled with
a recording potentiometer. -{ simple portable solarimeter is being
built for field use among growing crops.

A Gier and Dunlle tlpe radiometer has been built and used.
When this is exposed above a crop its electrical output is proportional
to the rrf radiation receited by the crop and its underlfng surface.
So, by day, it gives a direct measure of energy available for evapora-
tion and heating ; and, by night, the amount derived from condensa-
tion and by cooling. Tests during cloudless days in August showed
a good correlation between net income for a potato crop and total
income on the Kipp instrument, the slope of the regression line
indicating that the potato crop was reflecting l7 per cent of incoming
solar radiation,

Eeat flux in soil. Heat-fl,ax plates have been made, calibrated
and useci in the field. The plate, of glass or paxolin, is thin and
carries a thermo-couple array to measure the small temperature
difference that may be set up bet\a'een its two faces. Laboratorv
uork has shoun thit plate reiponse becomes less dependent on soit
conductivitv as the ratio of area to thickness is ircreased. For
paxolin, 8 ch. square and 0 15 cm. thick, the sensitivity changes by
onlv a few per cent for a six-fold change in soil conductivity. Durini
the- dry X-riod from l8 August to 8 September plates in-the potat6
crop showed that heat stored in the soil was often about one-tenth of
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the net radiation income in a day. Later rain cooled the top soil,
and the subsoil then supplied lG-30 cal./cm.,/day to the surface.

Other quifnnl. A large recording ba.lance to hold ten normally
spaced potato plants is being constructed for the department at the
National Institute of Agricultural Engineering. This will provide a
direct measure of evaporation and condensation per unit area of
ground surface, and so will give a measure of the latent heat term in
the energy balance.

Thermocouples have been made from copper-nickel tubes 0.5 mm,
diameter, and used to measure leaf temperatures (see also (a) above).
Inserted in the stems of arbitrarily chosen leaves, the leaf-air
temperature differences has ranged from 7.3" C. (net radiation gain
0.68 cal./cm.2/mia.) in sunshine to -l'7" C. (net radiation loss
0.12 cal. /cm.,./min.) in darkness. There have been indications that
as the net radiation income becomes small in late aftemoon the leaf
temperature may fall below air temperature because oI cooling by
maintained evaporation.

(c) Mkcdlany (J. L. Monteith, P. B. Flegg, I. Warman, M. Frdre)
Short-period laboratory experiments have included: (i) Tests on

titanium oxide elements for measurement of relative humidity,
kindly given to us by British Scientific Instruments Researih
Association. (ii) An attempt to exploit an idea of Dr. D. C. Spanner
(Imperial College, London) that the Peltier effect can be uled to
measure relative humidities close to 100 per cent. Encouraging
progress has been made. (iii) Tests on varied designs of anti-
radiation shields for thermocouples, and for small resistance thermo-
meters. A reassuring result was that the device used in our field
equipment is as satisfactory as much more elaborate shields.

Eoaioralion
Application of the results of previous work continues. Con-

sideration of the data from American experiments at Wagon Wheel
Gap and at Coweeta has indicated that Coweeta conclusions about
the hydrological consequences of forest clearance may need re-
examination. In a difierent kind oI hydrological pioblem, an
attempt has been made to estimate the annual evaporation loss
from the 2,000 square miles of the Lake Volta that willbe created if
the damming of the River Volta does take place as part of the Gold
Coast scheme for generation of hydro-electric powei. This u-as art
interesting exercise, for meteorological stations in the area are few
and their records of short duration.

For the introductory lecture at the Wageningen Conference on
" Physics in Agriculture " the opportunity was taken to outline the
physical principles, and some of the soil and biological aspects of
water use by plants, From the extended discussion of the-topic it
became clear that \rhile there is stilt much that the physicist c;n do
by himself, most progress will be made by co-operative activity of
physicist, biologist and pedologist. In his individual contribuiion
to the sJ,mposium J. L. Monteith shoued that the small night-time
rates of evaporation from grassland were controlled by a tiansport
constant not very much greater than the molecular coefficieni of
difiusion oI water vapour ilt air.
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Inigalion dt Woburn
After 1954, the kind of year in which we expect-and get-nothing

out of irrigation of any crop, 1955 has been a welcome change,
particularly from the end of June onward. For the first time since
the Wobum experiment started there has been dry weather in July
and Autust, and we have been able to see the effect of late summer
irrigation. Crops were as irr 1954.

Grass. A good u:riform stand of S 37 Cocksfoot was available.
Colour chaage in low-water plots appeared about mid-July.

Sugar beet. A very uneven staad, gappy alter singling. Treated
Ior mangold fly. Plants never recovered from bad and irregular
start.

Barley. A very even crop that made all its gror{h while natural
rain was almost adequate. Some rust on all plots.

Potatoes. Mair. crop, which grew well under all treatments.
Mid-July colour contrast was most striking, the watered plots being
much lighter green, with flowering appreciably delayed.

Up to the end of June there was little need for irrigatiou: thence,
to mid-September demand was continuous, and was so successfully
met by T. W. Barnes that C plots of grass, sugar beet and potatoes
were kept withia I inch deficit belorr field capacity.

As usual, the table that follows ignores intermediate levels o{
watering, and merely reports extremes of no irrigation (O plots)
arrd full irrigation (C plots) at two levels of nitrogen dressi.ng (N,
and NJ imposed on a standard basal dressing of P and K appropriate
to each particular crop. There was rain in excess in the five \reeks
9 May-I3 June (5.9 inches).

14' oburn I rrigalion 1955

Crop Period

Grass 25 Apr,-26 Sept.

Sugar Beet 95 Apr.-26 Sept.

Barley ,5 Apr.-l Aug.

Potatoes ,5 Apr.-26 Sept.

Iri-
Raib, gatiotr,
inches inches Plot Yield

( ON. 37.21v'i' - loNr'5{.s I orymatterc*t./acre

" " ,cN' 63'51 7 cuts, . r cNr 81.9 |

e'a - {3N:l?:31-
.. t3Nili:3/""s"'' 

cr'/t /acre

( ON, 31.6)t'' 
* iE$i#,il"*' 

crt /a*e

e.s - {3N:i9:ll.
6.3 {EN:}i:gJ-'"''"'"

As in most previous years, extra nitrogen is more important than
extra water for barley. The grass responded to both, and it may be
that an even bigger response to irrigation might be obtaiaed by
increasing the nitrogen dressing beyond the N, level. The sugar-
beet response is disappointing when compared with what is krown
to have happened on irrigated commercial crops. Irrigated potato
yields are the best ever obtained at Wobum: the non-irrigated
yields are much in excess of any others at Woburn in 1955. One
u'onders why.
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Miscellaryt
A brief survey of the efiect of tJre weather of 1954 on farming

productivity indicated that yields of main crops were about average,
and the chief effects of the poor summer were in the delays caused by
bad rveather, a higher incidence of disease, and poorer quality in
crops harvested.

During the year the Institute of Physics has published a short
monograph ol Eurflidity, by H. L. Penman. This is intended for
students in technical colleges, and though mainly standard material,
it includes a little of our special Rothamsted experience in handling
problems of soil and atmospheric humidity.



CHEMISTRY DEPARTMENT
R. K. ScuorrBro

Frnrrrrzrn Ptecruext
(G. W. Cooke and F. V. Widdowson)

Peas q.nd, Beons

In exyxriments on broad beans and peas both croDs were picked
green for market. Dressings of suxiphosphate aird muriite of
potash and a mixture of tie two firtilizerls *ere broadcast- and
worked into the seedbed and compared with dressines olaced in a
single band beside the seed. For both 

".ops 
Uro"aiittiirs oii.-K

and PK fertilizers gave onJy small increases'in yield. ph;ed s;;-
phosphate gave several timis the increases from broadcast dressii:gs.
while placed K and PK fertilizers were about twice as efiectiveii
broadcast dressings. The experiments also tested a mixture of
complete NPK fertilizer. There was no consistent gain from
nitrogen dressings used for either crop. Adding nitrogenio the pK
ferti,tizer depressed yields when the dressings were Eroadcast and
had practically no efiect when they were phcA beside the seed.

Potatoes
One experiment on potatoes compared ammonium sulDhate and

muriate of potash broadcast over the seedbed with dressilss placed
at the side of the seed. With potassium fertilizer. plicirie the
dressings beside the seed gave consistently higher yields Itran Uioad-
casting. PlacEg and broadcasting of niirogin give ctosely similar
increases in yield.
C ombine-drilJing potassium Jerlilizers for cereals

Four field experiments on barley compared combine-drilled
dressings- -of potassium -fertilizers with dr*sings broadcast and
harrowed into the seedbed. There were good responses to Dotassium
in all the experiments. At each centie a sirigle dose combine-
drilled gavr higher lelds than twice as much poiassium broadcast.
The experiments confirm earlier work carried 

-out bv the National
Agricultural Advisory Service on chalky downland soils and sueeest
that all potassium dressings needed foi spring-sowa cereals sh"d'utd
be drilled \Mith the seed.

Coup.lnrsoxs oF METHoDS oF Appl-rcATro\ A,\D FoRMS oF
Nrrnocrx FERTTLTzERS

(G. W. Cooke aad F. V. Widdowson)
Winteroheal

Three experiments on three varieties of stifi-strawed winter wheat
compared thr- ee rates of " Nitro-Chalk 'applied as a spring top-
&essing. There were good responses to nitrogen at eaih &ntri.
In one experiment 3 cwt./acre oI " Nitro-Chalk-" was sufficient for
maximum yields, at the other two centres yields continued to rise as" Nitro-Chalk '' top-dressings were increasid to g cwt./acre. There

,13
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rvere no consistent gains from splitting the nitrogen dressing and
drilline I cwt./acre of " Nitro-Chalk " with the seed in autumn,
the remainder being applied in spring.

Spring cereals

Combine-dritling and broadcasting of ammonium sulphate was
compared in experiments on spring cereals, and the additional effects
of "- r*itro-Chalk " top-dressings applied in May were measured.
In the absence of top-dressings the overall increases given by com-
bine-drilled and brbadcast nitrogen rvere similar. When top-
dressings were also gir-en, broadcasting of the seedbed dressing gave
consistiutly higher-yietds than combine-&illing. Conclusions on
the value ol different methods of application in individual experi-
ments were conflicting. In one barley experiment heavy seedbed
dressings gave large iacreases in yield, and additional top-dressings
had litt-le efiect; in a second barley experiment both seedbed dress-
ings and late top-dressings gave yield increases of rougttly the same
order. In a wheat experiment nitrogen applied at sowing-time had
tittle effect on lields, but additional top-dressings gave sizeable
increases. The only consistent conclusions uere that when 0'4 cut.
N7/acre applied on the seedbed rvas followed by 0'45 cwt. N as a late
top-dressing yields were increased by roughly 50 per cent at each
centre. Increases in yields of straw from nitrogen applied in various
1va!'s \r'ere generally similar to corresponding increases in y'ields oI
grain, but in one barley experiment late top-dressings increased the
yields of straw, but had little efiect on grain vields. The increases
in straw yields given by top-dressings of " Nitro-Chalk " applied in
Itay were of the order of the correponding increases given by
dreisings of ammonium sulphate applied at sowing. The experi-
ments iuggest that for spring cereals late top-dressings of nitrogen
are not a certain method oJ increasing grain yietds without pro-
Dortionate increases in strau'.' In other experiments on springu'heat and barley, combine-dritling
and broadcasting of both ammonium sulphate and calcium nitrate
s-ere compared. On the averages of trvo barley experirnents and of
three u'hiat experiments, the tlvo forms of nitrogen gave closely
similar increases in vield. There were no clear and consistent
differences between yields given by combine-drilling and by broad-
castins ammonium sulohate. \\'hen calcium nitrate t'as used,
driltin[ gave slightly hifher yields than broadcasting in the barley
experiments, but for uheat broadcasting was somewhat suP€rior.
In t954 experiments combine-drilling of ammonium sulphate gave
consistently higher yields than broadcasting; this conclusion is not
supported bv the 1955 series. The u'ork emphasizes the difficulties
in'ricommending the " best " rates, times arid methods of applying
nitrogen for cerials. The value of any Particular method must
depend on soil and vrcather. By splitting dressings of nitrogen for
spiing cereals and apptying part at seeding and the remainder as a
t6p-diessing in May, it may be possible to obta-in maximum responses
over a nm of seasons.

Polaloes

Seven experiments on main-crop potatoes tested three levels of
dressing of lmmonium sulphate and calcium nitrate. Yields in-
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creased steadily with increasing dressings up to the maxirnum rate
used (1.5 ort. N/acre). At each rate of dressing calcium nitrate
gave lower average yields than equivalent ammonium sulphate,
and the high dressing of calcium nitrate (l'5 cwt. N/acre) was
inferior to the medium dressing.

These experiments also tested the efiect of splitting the dressing
of nitrogen, part being applied on the seedbed and part as a tol>
dressing of " Nitro-Chalk " immediately before earthing up the
potatoes. At both levels of manuring, split applications gave lower
average yields of potatoes than dressings apptied wholly before
planting; this was true whether the spring-time dressing was
ammonium sulphate or calcium nitrate.

Seven experiments on potatoes in each of the last three years have
tested late topdressings of " Nitro-Chalk ". The results are
summarized below in Table l.

TABLE 1

Efect oJ late top-dressing on lhe yields oJ main-uop lotalnes
Nitrogetr Iertilizer applied'

cilt J,/acre Yields of potatoes, totrs/acre
to as Mean

seedbed top-dressing f953 1054 1955 (3 yeals)
Dotre 9'0 8'8 7'2 8 3

o.5 10.7 9.8 8.4 9.8
t.0 ll.8 l0.l 9.3 10.4
0.5 0.5 1r.3 9.0 8'9 ro.O
r.5 9.9 9.7 (9.8)t
r'0 0.5 9.5 9.4 (9.4)t

+ Seedbed dressiEgs were in the fortlr ol amEonium sulphate, " Nitro-
Chalk " was used Ior top-dressings.

t Averages oI two years oDlY.

In each year, higher yields of potatoes have been obtained by
apptying all the nitrogen before Planting, than by saving a portion
anit applyhs it before earthing up the potatoes. In addition,
another series of experiments carried out in 1953 showed that, when
sufficient nitrogen was given before planting, late top-dressings Iailed
to increase yields at all.

Kale
In two experiments on kale, almost identical increases in yields

were given by calcium nitrate and by ammonium sulphate at both
centres. Th6 experiments also tested the effect of splitting the
dressings of nitrogen fertitizers, part being applied before sowing and
part as a topclressing oI " Nitro-Chalk " at the beginning of July.
Split applicalions gave slightly higher yields than dressings applied
whoUy at planting.

MEASUREMENT oF " SupERpHospHere Egutverrxrs " or
Ornrn ProspHATE Frnrrrrzrns

(G. E. G. Mattingly)

In a series of pot and f,eld experiments started in lg52 and now
concluded, the " superphosphate equivdents " of other phosphate
fertilizers have been estimated from (a) the crop yields, (6) the
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phosphorus contents of the crop ard (c) percentage of phosphorus in
the crop derived from the Iertilizer. In order to obtain estimate
(c) the same small amouat of sP-labelled phosphate was introduced
into every pot or plot.

In the pot experiments 82P-labelled monocalcium phosphate was
applied in solution ard the soil thoroughly mixed. The super-
phosphate (given at t\tro rates) ard the other phosphate Iertilizerc
(given at an intermediate rate) were then mixed in as powders
immediatety before sowing. Table 2 gives a summary of some
results Irom an experiment with radish on acid soil (pH 5.3), com-
paring dicalcium phosphate and Gafsa rock phosphate with super-
phosphate as standard.

Tenre 2
Comlarisons oJ " superlhoslhate equiralenls" ol dicalcium t'hosphale

and. roch lhoslhale in Uo, ex?erirnents on rudish
(All pots received 2'00 mg. P as .tP-labelled EoBo-calcium phosphate per pot)

lMcriv. ldiilirr rzl
P applic4 Yi!'ld,
ds. Phot s./oo!

NoE ... 0 ,.34
SuperpbGpbate ... 15 5.16
SuDerDhcphat. ... 30 7.16
Dicdciue pbcpbar. 22.5 6.15
Galsrcctphcphate 22-s 5.i1

l.l
Pi! @p Pn!o, " Sup.rpt6pbat4 cquiv.Llt "D&/Dot Idtilia (.) (r) kl

, sl 9.rt
7.57 5.68

It.!6 3.80
9i0 .1.58 22.1 ,O.3 ,3.1

lr.l3 t.60 1.E7 ,r9 !e

Results by the three methods agree for dicalcium phosphate, but
not for rock phosphate. It is suggested that phosphate diffuses
only slowly frorn rock phosphate dissolving in an acid soil, and that
local concentrations of phosphate are produced. If phosphate is
taken up preferentially from these phosphate-enriched spots, the
specific activity of the phosphate entering the plant would be lower
than in plants grown in pots through which the ualabelled fertilizers
had spread more evenly. This result, which rvas obtained with
several samples of rock phosphate in this experiment, confirms
similar observations in a previous experiment with ryegrass.

A field experiment v/ith F. V. lViddowson used the same three
methods to estimate " superphosphate equivalents " of fertilizer
residues from heary dressings of superphosphate on the same acid
soit. Superphosphate was applied broadcast on plots at three rates
of application and rock phosphate at a single rate in 1954; the site
was cropped with barley in 1954 and ploughed in the autumn. In
1955 superphosphate, at Iour rates, was broadcast and harrowed into
plots that did not receive any phosphate in 1954. 0.1 crt. PrO, as
DP-labelled superphosphate was drilled with the seed on all ploti in
1955, which were cropped again with barley. Results are given in
Table 3 for a sampling 6 weeks after sowing and at harvest-

" Superphosphate equivalents " of the residues by all three
methods at the first sampling were about one-quarter of the amount
oI superphosphate applied one year previously. At harvest, horv-
ever, while " superphosphate equivalents " from yield measurements
had not increased, those from phosphorus uptake and from measure-
ments of specific activity had increased considerably- It is con-
sidered that this may indicate uptake of phosphoms in the late stages
of growth Irom fertilizer residues that rvere buried by ploughing.
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The " superphosphate equivalent " of rock phosphate applied a
year before was very small il this experiment, both at the first
sampling and at harvest. Further measurements will be made in
1956 on the same site, using ryegrass as the test crop.

TABr.r 3

Field experiments on barl.qr 1955

AU plots leceived 0.1 cwt. Pior/acre as trP-labelled superpbosphate dritled
with ahe seed. Measurements: (i) 6 weeks after sowirg; (ii) at harvest
(gtaiD ooly) .

Nooe .., ... 0

SuFrph6ph.te 195t 0.375

,, 0.i5

,, 1.50

lgt{ 0.i5

,, 1.50

,, 3.0

R@LphGph.t. ,, 3 0

IEctiv. f enili,ar {bto.d6l)
P aPPli€d,

Y6 crt.PtOJ
appli.d

(0)
(a) P i! @p, (,)

Yield, crlBor/ Sp..i6c
c*t./a@ activiiy.

1.95 0.0082 al.E
It., 0 orrt 9.,117.72 0.O2a7 

'O.ils.7 0.13, a.86
1.78 0.0t64 lr.0
,3.' 0.10, 6.t6
5.r2 0.0a0, 9.6

25.1 0 170 4.77
5.12 0.0694 6.4

29.I 0.!ll 4.66
2 t-8 0 01!6 ,l E

15.4 o.ltt 7.06
3 39 0.Orr7 23 0

10'9 0.1t2 6.9{1.82 0.0175 1r.0
23.0 0.tE0 t.8l2.31 o'Oltl 311.4
17.0 0.134 ?.lE

_-:

===0t0 0.16 0.1,0.10 0.311 0.980.30 0.34 0 15
0.41 0.60 0.750.87 0.8' 0.9'0.14 1-eO l.tt0.1, 0.08 0.07
0.r, 0.t5 0.t5

i
ii
i
ii
i
ii
i
ii
i

ii
i
ii
i
ii
i
ii
i
ii

. As peMltaSe of sp.ci6c &tivity ol the placed superDhGphate.

DETERVT\ATro\ oF LABILE ORTHoPHoSPHATE BY Isoroplc
EXCHANGE

(O. Talibudeen)

Isotopic exchange experiments reported previously were extended
during the year to several soils from Rothamsted and forest nurseries.
In these experiments the isotopic exchange of orthophosphate
ions was measured in a suspension oi 0'5 g. soil with 100 mt.
O.OoolM-citrate + o.02rlf-Kcl adjusted to the acidity of the soil.
The composition of this solution was designed to rePlace the ex-
changeable pollrvalent cations in the soil by K' or NHn' and keep
the ionic strength of the solution at a reproducible constant level.
Using this procedure isotopic exchange was practically completed
in I50 hours at 25o C.

In an altemative procedure, the polyvalent cations were exchanged
by leaching uith a small volume of M-KCI, and the samples were
then suspended in 0'001.V-KCI. Although equilibrium was reached
more slowly, the results indicate that citrate at only 0O0l.V does
not actualljr dissolve any orthophosPhate that was n6nlabile in the
original sa.mple,

lf orthophosphate is added to the solution containing 0'0OlM-
citrate and 0.02rt1-Kcl, isotopic exchange is not complete in 150
hours at 25' C.

Measurements made to test the efiect of pH on the pool of labile P
emphasize the importance oI controlling the pH of the sytem during
iso[opic exchange exlrriments. They suggest that the labile P is
very sensitive to pH changes in the ra[ge 7 0-7'5 for calcareous
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soils and 5-5-7.0 for acid soils. The simple expedient employed in
these isotopic exchange experiments is that the original pH o{ the
solution is adjusted to the acidity of the soil, so ttrat it does not
change by more than 0.1 unit after equilibration wittr the soil.

During the year, considerable attention was given to the possibility
of deriving diagnostic informatioa regarding the status of phosphate
residues in soils from curves for the rate of isotopic exchange with
radioactive phosphorus obtained during the last three years. These
curves suggest that the rapid interchange of orthophosphate ions
ends after approximately 24 hours, whereas a slower exchange ends
around 150 hours. Values of labile P measured a{ter 24 and 150
hours exchange are tabulated for groups of soils which afford
interesting comparisons. (Table 4.)

Tesrr 4

Labile orlho-|hosfhale ib Rolhornsled, a.nd Forest Nursery soils

l. Hoosfeld
Exhaustioa
IiDd-

2. Broadbalk

3. Hi8hfeld

Expressed as mg. P/100 g. soil
24 houts 150 hours P!r/Pr5o

(a) No phosphate 2.9 l-a 0.61
(b) FYM belore l90l 7-7 ll.0 0.70
(.) Superphosphate be-

forc l90l 6.7 5.2 0.73

(a) No phosphate or
(Nrrr)rso.

(6) Superphosphate
Slightly acid

2.4 *5 0.58
59.5 AO-4 0.71
t3.6 16.0 0.85

4. Sawyer's Very acid

5. Fourrourse Superphosphate
Rotatioa (a) lst year

(b) 2nd year
(.) 6th year

0. Wareham No phoq)hate
Sup€rphoq)hate

7. KeDDiDSto[ No phospbate
Superphospbate

8- Rilgrrood No phosphate
Superphospbate

5'0

5.9
3.9

0.88
3.8

8.1 12.1
l4.l t5.5

8.0 8.7 0.92
t4.7 11.7 1.00

8.4
7.8
8.0

t.3
4.O

0.99
0?6
0.49

0.68
0.95

0.65
0.91

Generally the application of fertilizer superphosphate is reflected
in the increase in Iabile phosphorus measured al 24 and. I50 hours.
However, the labile phosphorus at 24 hours, expressed as a fraction
of the total labite phosphorus, appeared to be a good index of the
status of residual phosphate. Soils with recent applications of
Iertilizer phosphate showed substartial increases in this {raction.
The eftecfof the year of application is clearly showa in the Hoosfield
Exhaustion Land soils and the Four-course Rotation soils fertilized
with superphosphate.

Assay of " soft" P-?odicle emitkrs
\{ork reported last year was repeated and extended to sS and 1!C

estimated as BaSOn and BaCO. respectively. Self-absorption curves
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for sCa, sS and 1{C were worked out, which used in conjunction
with the gas proportional counter now make the absolute datermin-
ation of these elements possible. During the year the proportional
counter was set up and standardized against sP measurements.

NurRrrroN Pnonrrus IN FoRxsr Nunsrnrrs
(B. Bemian aud R. G. Warren)

N eedle ti!-burn
In the Rothamsted Report for 1953 mention was made of a

symptom called " needle tip-burn " rvhich had been observed for a
number of seasons in Sitka spruce seedlings and transplants at Sugar
Hitl Nursery, Dorset. This nursery is on a very acid sandy ioil
rvhich had previously carried. Calluna and scrub pine. The
s]'rnptorns tend to appear after a hot spell in midsummer. They
occur on many of the fertilizer plots, but have only rarely been
observed on plots which have received a dressi-ng of a standardized
compost made from bracken and hop waste.

During the 1955 season foliar applications of several micro-
nutrients, i.e., copper, zinc, manganese and molybdenum, were
tested on Sitka spruce seedlings at Sugar Hill Nuriery. On plots
s'hich had received a foliar spray of copper sulphate applied in June
at the rate per squaxe yard of 0-16 g. Cu. in 300 ml. water, tip-burn
symptoms were completely absent until the middle of August and
developed only slightly during the remainder of the season. Plots
s.ithout copper sulphate showed tip-burn from the beginning of
August, the sy,rnptoms increasing in severity throughout the sumher
and autumn. At the end of the season the mean height of the " no
copper " plots was 1.9 and of the " copper " plots 2.8 inches. None
of the other micro-nutrients appear to have reduced the sj,mptoms.

In experiments on both Sitka seedlings and transplants raised in
1955 testing fertilizer and compost made from bracken and hop
waste, tip-bum developed on fertilizer-treated plots but was absenl
from compost plots. Beds which had received both compost ard
fertilizer together showed sl.ight symptoms. The hop waste used in
the making of compost is knowl to contain several hundred parts
per million of copper, and a compost dressing of l0 lb./square yard
generally prevents the appeaxance of the syrnptoms.

Ittethod.s of Jormalin alplications
Although formalin applied as a drench (formalin diluted with

$-ater approx. I irr 20) has proved consistently good in experiments
extending over many seasons and soils, it has not been found easy
to use the method on a large scale in Conservancy Nurseries becaus'e
of the difficulty of apptlng large volumes of liqiid by machine and
the lack oI a sufficient water supply in some of the nurseries. In
I955 neat formalin was placed in drills approximately 2 inches deep
and lI irches wide with g inches between the drills. The treatmenl
was applied either in December or in Februar5r at rates of 25 and
50 ml./yard of clrill. The seedlings above the formalin drills com-
pared favourably with those on plots raised with formalin drench.
As there was little sideways-spread of the effect o{ neat IormaLin, the
test will be repeated in Ig56 with closer spacing oI the dritls.

D
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Rool eramination
Mr. D. M. Griffin, working under Dr. Garrett, Director of the Sub-

Department ot Mycology, Botany School, Cambridge, has continued
mvcological examinations of plants from many of the exPeriments'
The summary of the main result of his investigation is the conclusion
that stuntin! in conilerous seedlings is not due to root-rot. J. B.
Goodey, Nematology Department, has continued his study of
nemalodes in experiments at Ringwood Nursery.

FERTILIZER Exprnrurxrs ox Orr Parus
(W. B. Haines)

The results from Iertilizer experiments on oil palm in Africa,
desiened and directed by the late Dr. E. M. Crowther and referred
to in the Report for 1949 have been reassessed. Some of the experi-
mental field! have reached the end of their economic life, and all
have revealed most of the information to be expected from them,
The volume of the records available must be exceptional in the annals
of field experimentation, for in l0 various sites a total of nearly
16,000 palhs rvere individually recorded for 14 years; this has
entailed nearly a million weighings of fruit bunches. Response to
potassium was the most important and consistant result, showing
highly economic possibilities. Phosphorus had good efiects on a
.oil oi lr"ry sandy^type, but there weie anomalies 

"on 
a gravetly clay

apparently connected with the variety of palm. Nitrogen did not
pi6r'e to be markedly deficient, uor did limestone or magnesium
produce positive results. The responses to applications of phosphate
or potash rvere reflected more in the total phosphorus and potassium
contents of these soils than in the amounts extracted by dilute acetic
acid.

A feature of theoretical interest and of great importance to exp€ri-
mentalists working with this crop emerged from these reaords
because of their long ulbroken continuance. Earlier records from
oil-palm experiments appeared to be statistically intractable. It is
nou- found ihat much of the difficulty had arisen lrom cyclic fluctua-
tions of yield with periods of three, four or 6ve years. -{ three- to
four-yeai period is most marked in the individual palm. ApParently
the environment tends to keep thern in phase, for the cycles do not
disappear by smoothing when examining results from plots of
48 palms. Unless results are taken for the period of a complete
cyc[e the estimate of error may be unduJy large. and natural rhythmic
fluctuations may be mistaken for experimental effects, flost un-
usual sub-normal items of variance also make their appearance.
The climate of Nigeria, where most of the experiments were situated,
has a very marked annual rair cvcle, and it is considered that the
three-]'ea; yield rhy'thm may be a iompounding of this with a shorter
cycle ln the palm itself of nine months effective period. Yields
Iiom large bodies of pa.lms tend to fall into a five-year cycle, which
has a poisible explanation in an alternation of activity between the
Iormaiion of flower-bud and fruit, very roughly analogous to that
which produces an alternation of crops in some varieties of apple,
In this-case the half-period is 2| years between bud formation and
ripening of Iruit. Thi five-year cycle has sometimes been so marked
that the years of minimum feld have caused alarm.
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The records of these experiments have also supplied valuable
measurements of the increase of poaching of fertilizers by root
action extending across plot boundaries, and of the rate of fading of
t'ell-established effects after the treatment has been stopped.

Sorr Nrtnocex
(J. M. Bremner and K. Shaw)

It is rvell established that a considerable amount of the nitrogen
applied as fertilizer cannot be accounted for by analysis of the ciop
and soil. For example, about two-thirtls of the nitrogen applied
annually to the Broadbalk wheat plots is not recovered by such
analysis. So far it has not been possible to estimate how much of
this loss is due to dra.irage and how much to gaseous loss of nitrogen,
but recent work in America has suggested that gaseous loss of soil
nitrogen is much greater than previously suspected, and that under
some conditions this loss may be very serious. J. M- Bremner and
K. Shaw have therefore started an investigation of the factors
affecting denitrification in soiI in which particular attention has been
given to soil samples from the Broadbalk plots. Preliminary work
in which samples from these plots lvere treated with nitrate and
incubated at 25o C. for 80 days showed that no serious loss of nitrate
occurred whatever the moisture content. It was found, however,
that extensive loss of nitrogen occurred when small amounts of
glucose, cellulose or straw rvere added to water-saturated soils.
For example, total nitrogen analyses showed that more than 70 per
cent of nitrogen added as nitrate to Broadbalk plot 7 was lost in
2 days when the soil was treated with glucose, saturated with water
and incubated at 25'C. A study of the efiect of adding difierent
amounts of glucose to water-saturated Broadbalk soil showed that
maximal loss of nitrogen occurred when the amount oI carbon added
as glucose was about three times the amount oI nitrogen added as
nitrate. lvhen smaller or greater amounts ol glucose were added the
loss of nitrogen decreased. Investigations of the factors af{ecting
Ioss of nitrogen on addition of glucose and nitrate to water-saturated
Broadbalk soil gave the following results :

l. The percentage loss of added nitrogen was about the same
whatever the rate oI application of nitrate.

2. Denitrification was very rapid at 25" C.; the loss of
nitrogen after 3 days was praiticaily the same as after 20 days
(80-85 per cent).

3. The rate o[ denitrifrcation increased with temperature;
practically no denitrification occurred at 2o C.

lllost of the nitrate-nitrogen not lost as gas on addition of nitrate
and glucose to water-saturated Broadbalk soil could be accounted
for as ammonia-nitrogen in the soil.

No loss of nitrogen occurred when ammonium salts or organic
nitrogen compounds such as glycine, alanine or urea were added
instead of nitrate. A study now in progress of the efiect oI the soil
pH on denitrification indicates that the rate of denitrification of
nitrate increases with pH and that no denitrification occurs below
pH 4'5.
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Denitrification of dtrate upon addition of straw to water-saturated
soils is markedly slower than when glucose is added, but the loss in
20 days can exleed 80 per cent if-sufficient straw is added. No
exteniive loss of nitrogen was detected when soils treated vi,ith
nitrate and glucose were incubated at moisture contents below their
water-holding capacities. Denitrification of nitrate appears to be
entirely due to the activities of soil micro-organisms, as it is
comptetely inhibited by toluene.

In continuation of earlier work on amino sugars in soil, J. II.
Bremner investigated the nature o{ the 2-amino sugars present in
soil hydrotysates, Glucosamine and galactosamine were identified,
the former being isolated by ion exchange tecbniques.

\York by K. Shaw on the decomposition of " mat " on permanent
pasture has been extended to include samples taken from two areas
in North-West England where the problem of " mat " formation is an
important factor in soil fertility. The sites were carefully chosen so
thit the samples obtained were taken from under pure stands of
Nardrc and, DeschamPsia Flexuosa. Analyses altd fractionations of
the tx'o samples oI " mat " showed that they were very similar in
composition 1o the " mats " produced under the rather artificial
conditions of the Park Grass Plots.

ORGANIC PHosPEoRUs I\ SoILS

(P. W. Arnold)
\York on the characterization of the organicphosphorus-containing

material which can be extracted from soils has been continued,
Attention has been given to that part of the organic phosphorus
which, although isolated along with the inositol phosphate. does not
behave as inositol phosphate on paper electrophoretograms, This
fraction of unknown constitution possesses considerable electro-
phoretic mobility but does not migrate as a compact sPot. AttemPts
to release recogaizable organic phosphorus-containing substances
from this fraction by hydrotysis, etc., have not, as yet, been successful.

A quantitative study of the products of the progressive hydrolysis
oI phltic acid at pH 3 (120'C.) has been made, using a paper
eleCtrophoretic technique. Experimental results have been com-
pared with calculated figures based on a dephosphorylation involving
six consecutive first-order reactions with a single velocity constant.
It rvas concluded that, although values for the velocity constants in
the successive stages of the dephosphorylation were all of similar
magnitude, the tetra-, tri- and di-phosphates of inositol were slightly
Iesistable than the hexa- ard/or penta-phosphate of inositol. Peak
concentrations of tetra-, tri-, di- and mono-phosphates occurred at
the stages when 29, 43, 63 and >80 per cent of the total phosphorus
respectively had been released as inorganic phosPhate,

SOIL MA,\GANESE

(S. G. Heintze)
Results of applying various manganese materials to an alkaline

manganese-deficie;i "lkirt " fen in pots and $o\ving oats showed
that-highly significant increases in grain yields could be obtained
from application of manganese versenate, manganese hydroxy-
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quinolate, manganese pFophosphate and margarese sulphate,
despite the plants exhibiting signs of greyspeck. Manganese
verienate was somewhat superior to other materials for increasing
grain and stem yields, while manganese sulphate was outstanding for
its efiect on leaf yield. Rhodonite increased grain yield below the
level of significance and had no effect on leaf and stem yields or on
manganese content of grain. The increase in total manganese
content of grain was smallest where mangarese versenate had been
applied.-Estimation of various soil manganese fractions at the end of the
experiment showed that manganese added as versenate or hydroxy-
quinolate had been converted into forms partly extractable by
ammonium acetate with hydroquinone. Recovery of manganese
added as pgophosphate was found only in alkaline pyrophosphate
and neutral versenate extracts-

The effect of liming on various soil manganese fractions of a man-
ganiferous clay loam was studied by analysing soil samples before
and at intervals after liming of plots from Agdell Field, which had
become acid in parts. Atl acid plots contained more manganese
in the various fractions than corresponding alkaline plots. The
decrease in exchangeable and alkaline pyrophosphate-soluble
manganese as a result of liming rvas markedly less at comparable
pH r:alues on the half of the field which contained more accumuiated
orsanic matter, the clover side, than on the lallow side. More
reidily reducible manganese higher oxides u'ere found after liming on
the fallow side. The readilv reducible fraction constituted a much
larger proportion of total manganese than the neutral pyrophosphate
soluble Iraction on acid and alkaline plots. This fraction showed
only small differences with time after a first initial decrease after
liming.

The study of the nature of organic manganese complexes uas
continued. The behaviour of manganese of various extracts sub-
sequent to sodium chloride eytraction of organic soils was followed
bv paper electrophoresis and by dialyses of such extracts against salt
solutions. It u'as Iound that the direction of migrating manganese
depended, amongst other factors, on the nature of the extract and
the reaction. The retention of non-dialysable manganese, whether
present in or added to extracts or humic acid preparations, was not
ielated to readily oxidizable carbon content of the organic matter,
ard tas in some cases not af{ected b1' pre-removal of dialysable
organic matter.

GENERAL

A. C. D- Nev,rnan joined the staf{ in October, arrd A. Penny was
appointed to assist \aith the experimental field work. J, E. A,
Ogbom resigned to take up a post with the Abyan Board in the Aden
Protectorate, and rMas replaced by the appointment of B. Harrington,

P. \\'. \\'. Daborn of the Forestrv Commissionwas furtherseconded
for thc field work on nutrition pioblems in forest nurseries. J. C.
Wilcox, who had been seconded to the Department for tra.ining in
field work, returned to the National Agricultural Advisory Service.
J. A. R. Bates, P. B. Tinker and J. B. M. Yog:t of the Colonial
Agricultural Research Service u'orked in the Department for varying
lengths of time while being trained in field experimentation. R. K.
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Cunningha.m a:rd A. Pinkerton, also of the Colonial Agricultural
Research Sen'ice, were seconded {or a year's training in soll fertilitv-
R. A. Christ of Basle University worked in the dipartment for'9
months. G. W, Cooke carried <jut a study for the'European Pro-
ductivity Agency oI the Organization ior European Economic
Co-operation on " The agronomic value of non-sulphuric acid
phosphate fertilizers ". He visited research institutes in Denmark,
Sweden ard Norwav to collect information for this studv. He also
attended the Meeting of the Association Internationaie d'Etudes
Phosphatidres held in Blois, France and contributed a paper.
A. W. Taylor, who had leave from the Physics Department duiing
the tenure of a post-doctorate fellowship at thi University oT
Wisconsin, was tr'ansferred to the Che;ilt, Oep..t-*i rri f,ii
return,



PEDOLOGY DEPARTMENT
A. Murn

A. Muir represented the Agricultural Research Council on the
British Agricultural Delegation tothe U.S.S.R. Dr. D. H. Ya'alon
completed his clay mireralogical studies on soils f ormed overclay-with-
flints and has retumed to Israel. Mr. C. Ollier, a Coloniai Office
student in tra.inirg with the Soil Survey, has collaborated in this
particular study. Mr. D. H. Khan of Dacca University is spend-
ing two years studying soil genesis. Dr. J. H. Raynei has- been
appointed to the staff to work on the slmthesis of clay miaerals.

Sorr Mrxrnerocy
During the year mineralogical investigations ofsoils from difterent

regions of Africa have been completed, ald reports on soils from the
following countries have been prepared for publication: (l) Nyasa-
land, (2) Kenya, (3) Tanganyika.

(l) Nyasaland
)llinera.logical examination of the sand and clay fractions of a

series of soiE and parent materials from the Lower'Shire Vallev has
confirmed the field evidence and shows that the bulk of the maierial
forming the valley slopes is of a localized nature. In conjunction
with geomorphotogical data it seems possible to ascribe the oriein of
much of the superlicial deposits to a kind of pedisedimentation
brought about in part by the various earth-movements associated
with the Rift Valley. (A. Muir and I. Stephen.)

(2) Renya
This investigation arose out of the problem of uneven growth of

crops on several estates in the Athi Plah region of Kenya. Over
hundreds of square miles occur roughJy circular " islandi " of 20-
50 yards diameter at 50-100-yard intervals, on which crop growth is
very much superior to that in the surrounding area. The pheno-
menon seems best described as an example of what has generally
come to be kno$'n by the Australiaa word gilgai, aIId the pattem
seems to be that of the normal or round gilgai.

A study oi the mineralogy of the underlying rocks (soda-rich
intermediate lavas including trach5rtes and phonolites) and the sand
fractions of the soils shows that all the profiles studied have a
common origin, and appear to result lrom the combined influence of
climate and relieI on the alka.li-rich rocks. Under such conditions
t}Ie rock weathers directly to montmorillonite, the high swelling
properties of whicb appear to be a dominant factor in the production
of gilgai relief. (A. Muir and I. Stephen.)

(3) Tanganydha

A series of soils from two areas (Kongwa in the Central Province
and Nachirgwea in the Southem Province) have been investigated.
The parent rock, while in general an amphibolite, is sufficiently

55
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varied locally to cause difierences in the appearance of some of the
shallower soils. In the main, however, since the soils are formed
on a mantle or p€disediment, there ha-s been much mixing of the
weathered products, and it is only by an examination of the resistant
heary minerals that an indication of the probable source rocks is
obtained.

The clays of the red soils are characterized by a predominance
of kaolinite, whereas the more poorly drained grey soils have a dis-
ordered kaolin. Other components of the clays are iron oxides and
minor amounts of iltite. The pallid soils contain moderate amounts
of montmorillonite in the weathering zone, some of which persists
into the soil. The mbuga and black soils contain montmorillonite
or illite uith subordinate kaolin. (A. Muir and I. Stephen.)

Rock ll eathering

.{ study of rock weathering and soil formation on igleous soils in
Shropshire has been commenced. The parent rocks are of varied
composition arrd include rhyotite, augite-andesite, dolerite and
picrite. (I. Stephen.)

MiuoPedology
During the year research on improving methods ol preparing thin

sections of soils for optical study has been carried out. The section-
ing of soils in this department was started using kollolith as the
impregnating medium, but temporary failure o{ the suppty led to the
search for other suitable media. Satisfactory results have been
obtained using " Ceemar Embedding Resin ", enabling sections of
20-30p in thickness to be prepared, but preparation o{ sections oI
soils of very high clay cohtent has proved difficult, a:rd further
experimentation is proceeding on this problem.

- Atthough much of the work so far has been concerned with per-
{ecting tecbniques, a series oI sections of red soils (terra rossa,
rotlehm, etc.) from Cyprus have been prepared for future study, and
a start has been made in sectioning local soils develoPed on chalt,
clay-with-flints, etc. In the soils developed on clay-with-flints artd
atlied deposits, prelirninary studies of the sections show a marked
micromorphological change in the profiles, the dense " braunlehm-
like " character of the lower horizons being replaced in the surface
lavers bv a fabric characterised bv the flocculated structure elements
of a briuaerde, this fabric alte;ation apparently behg related to
weathering under present-day conditions. (I. Stephen and D. A.
Osmond.)

Clev Mrxrurocv
Soil Morfholog and Mineruloglt

No work has been done on this during the year. A microfocus
X-ray tube is being constructed with which it is hoped X-ray
examination (radiographic and diffraction) of soil sections may be
made in the manner of petrofabric anatysis. (G. Brown and G. C,
Dibley.)

Dickile
The mineralogical work on dickite is now completed and has been

prepared for publication. (G. Browrr.)



Pyrite
X-ray identifications of pyrite and plrite pseudomorphs have

been made for Dr. F. Smithson. The pseudomorphs were ihown to
be mixtures of goethite and haematite, the proportions of these
influencing the colour. The very dark brown pseudomorphs con-
tailed more haematite than the tight browa. A single pseudomomh
was examiaed by singte crystal methods and the goe[hite and haenia-
tite was shown to be polycrystalline, with no preferred orientation
with respect to the p,'rite. This work has been vritten up and will
be published in Dr. Smithson's paper. (G. Browa.)

As a corollary to this work a number of pyrite pseudomorphs o[
different habit and from difierent environments are being investi-
gated by single-crystal methods to find the efiect of habit and
environment on the oxidation. (G. Brown and G. C. Dibley.)

Collolhane
Examination of the insoluble sand fraction of the Upper and

Midille Chalk has revealed the presence of collophane apparently
derived from 6sh. The properties of this occurence have been in-
vestigated by optical arrd X-ray methods, and tNs work has been
accepted for public ation by lt.e Mineralogical Magazine. (G. Brown
and C. D. Ollier.)

C lay-with-flints
The phase of the work mentioned in last year's annual report has

been completed. Mineralogical examinations of clay, silt and sand
fractions and detaited mechanical analyses have been carried out for
five complete profiles. The results show that four of the profiles
are polygenetic. Changes in particle-size distribution curves are
accompanied by mineralogical changes. The chief pedological
cbange in the clay rninerals appears to be an increase in the pro-
portion of dioctahed&l vermiculite at the expense of dioctahedral
mica in the surface horizons. (G. Brown and D. H. Ya'aton.)

Quantitatioe aralysis
A method for the estimation of Iree iron oxides in clays by X-ray

methods is being investigated. The basis of the method is the
formation of haematite from iron oxides on heating to moderate
temperatures in a.ir. The proportion of haematite can then be
estimated by an intemal standard method. With mechanical
mixtures of iron oxides and clays heating gives sharp haematite
reflections, and for concentrations ir the range fFlo per cent,
haematite can be estimated with an accuracy oI 

=gIO 
per cent in the

presence of mica, kaolinite or montmorillonite miaerals by comparing
peak intensities. However, when the iroo oxide is precipitated on
the clay, heating gives broad haematite reflections, and estimations
based on peak intensities give lorv results. An attempt to overcome
this difficulty by using integrated intensities is being made. (G.
Brown and R. Farrow.)

Chalh rcsidue
The insoluble clay fraction of the Upper and Middle Chalk samptes

investigated in connection with collophane have been examined.
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The bulk of the clay consists oI a mixture of a mica and a mont-
morillouite mineral. The mica seems to be concentrated in the
coarser clay. (G. Grown and R. Farow.)

T echniytes
A simple vapour-pressrue method of adding glycerol to clay

specimens has been tested and adopted for routine identifications.
An extrusion device for banded powder specimens using hypodermic
needles has been developed. A 9.0-cm. powder camera has been
modified so that it can record spacings up to I00 A. (G. Brown,
G. C. Dibley and R. Farrow.)

Anglesey

The X-ray pattems of a number of soil clays taken itr previous
years have been interpreted. The results will be included in the
memoir to the Anglesel'sheet of the Soil Survey. (G. Brown.)

Shrolshire
X-ray difiraction has been used to identify the finely crystalline

materials encountered in the rock-weathering study which is being
carried out by I. Stephen. A mineral rvhich give excellent fibre
patterns. fibre period about 5.3 A., has been identified as a mineral
of the montmorillonite group, and structural work on this and closely
related minerals is being carried out. (G. Brown.)

M iscellaneous

In addition to materials already mentioned, soil clays from Aden,
C1ryrus, Kenya, Tanganfika, Nyasaland, Israel and St. Helena
have been examined. In England soils and clays from Lincolnshire,
Buckinghamshire, Hertfordshire and Kent have been examined.
(G. Brown ard R. Farrow.)

The sotptio* oJ ?eatet by clay ninerals
Thestudies on the crystalline swellingol montmorillonite minerals

have been continued. The influence of difierent monovalent cations
and composition of the substrate on the amount of adsorbed water
required to give difierent sheet separations has been investigated.
The chief obstacle to accurate evaluation of the iaternally held water
is the correction for that held externally, but this has now been
satislactorily overcome by the use of lithium-treated montmoril-
lonites (see earlier Reports). The very slow approach to equili-
brium o[ these systems bas neant that comparatively few results
could be obtained on one apparatus, but during the year a multiple
sorption apparatus incorporating six quartz spiral balances and a
marilold to which six detachable X-ray samples could be sealed
has been constmcted and has greatly improved matters. A paper
describing the work carried out during the last four years is in
preparation.

The calorimeter described in last year's Report has been used to
measure the heat capacity of sodium montmorillonitFwater systems
as a fuaction o{ the water content and the temperature. Up to
20 per cent water the heat capacity at room temperature varies
rougNy linearly, but is slightly greater thar would be expected iI
the heat capacities of the dehydrated mineral and liquid u'ater were
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additive. Superimposed on this relation rvere significant fluctua-
tions which appeared to be correlated with the crysialline swe[ing of
the mineral. At lower temperatures the caloriineter behaved l-ess
satisfactorill,, due to lead conductance, and it became necessary to
modify the desigrr. A new calorimeter oI greatly increased precilion
has been desigaed for low-temperature work -and for the Jurther
investigation of the small fluctuations already mentioned. A large
part of the construction has been completed. (R. Greene-Kelly.)-

Microcalorirneter
As foreshadou'ed in last year's Report, a microcalorimeter has

been designed and constructid for thi measurement of small heat
efiects occurriag il clay systems. Since many heat changes occur
over comparatively long periods, it has been necessary to aim at
very constart conditions in and around the calorimeter. Since
lg.rge clay mineral samples involve lengthy preparation aud are
difficult to disperse in heats-of-immersion sludies, it has been
necessary to develop sensitive methods of temperature measurement.
The use of a thermistor as a temperature-sensitive element was
investigated in detail and found tb be satisfactory if its power
sensitivity was arranged to be low. A Wheatstond-bridge circuit
was used to measure the resistaace of the thermistor, particutar
attention being paid to the elimination of parasitic potentials. The
out-of-balance current was measured, using a linear galvanometer,
this giving a sensitivity of about 3.0 X IO$ C./mm. Alternatively
a d.c. amplilier and recorder could be used. The thermistor was
directly calibrated in joules with an electrical heater in the calori-
meter at the time o{ the experiment, The calorimeter itsell was a
30o-ml. vacuum flask which was closed bv a Persoex lid throueh
which the stirrer, sample breaker and lea<is passed, and the who"le
was enclosed in a brass box which u'as itself immersed in a doubte
thermostat. The evacuated samples, for heats-of-immersion studies,
u'ere enclosed in 2rm.-diameter sealed glass bulbs and were broken
under the selected liquid by screwing dorm a rod Irom outside the
calorimeter. The results have shown that the precision of measure-
ment of heat of immersion depended on the reoroducibilitv of the
blank heat o[ bulb breakage, which at present may vary by "as much
as 0.1 joule. Recently suitable bulbs have been obtained lfrom a
glass-works), and in view of their reproducible size and wall thickness
they are expected to be more satisfactory. The calorimeter has
been tested by measurement oI heats of solution of potassium
chloride, and has been used to measure the heats of *etting of
kaolinite and montmorillonite in water and salt solutions. Kaolinite
evacuated at room temperature showed a heat of wetting in water
which is roughJy proportional to its surface area, O.3 ioule being
evolved for every square metre wetted. Sodium mon{morilloniti
sho*ed a larger heat of u'etting in water which was accompanied bv
slow heat esolution lor several hours. If the expansion w.as timitea
to crystalline swelling, the thermal drift was found to disappear,
and it therefore se€med that it was due to continued expansion and
eventual breakdown of the clay crystals. A detaiJed iavestigation
of the heat effects accompan)'ing swelling phenomena in clays is in
progress, in conjunction with X-ray and negative-ion adsorption
measurements. It is also hoped to utilize the calorimeter in the
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study oI heats oI solution of minerals. (R. C. Gallavan and R.
Greene-Kelly.)

O rganic compler es of nantmoril.lonite
The structuresof montmorillonitecomplexesandsaturatedorganic

compounds have been investigated. The orientations of ring com-
pounds in saturated and aromatic complexes have been found to be
similar (see last year's Report). The influence of di-substitution on
any one ring atom in piperidyl rings has shown that there must be
appreciable distortion of the tetrahedral bond angles in a similar
way to that reported by Hassel for the chlorocyvclohexanes. Chain
complexes have been found to show a puzzling variation in spacing
with chain length, the most likely explanation being that it is due to
C-C single-bond oscillations. The consequence of assuming this
efiect has led to the generalization that C-H-O (silicate) distances
are always reduced from normal Van der \Yaal's distances in
montmoriUonite complexes.

The crystalline sv'elling of montmorillonite saturated with organic
cations is sho\,r'n to occur in certain organic liquids. The resultant
interlamellar separation is determined entirely by either one or
other of the molecules and not by combinations of them. This
swelling clearly would interfere with the use of organic cation
montmorillonites as molecular sieves, as has been suggested by
Barrer and co-workers,

The competition for exchange sites on montmori.llonite between
ethylamine and inorganic cations has also been investigated.
\1'hilst ethylamine ions are strongly sorbed in the absence of extemal
concentrations of inorganic cations, the presence of a comparable
inorganic cation concentration can reduce the sorptioo considerably.
I{ ethylamine montmorillonite is washed with dilute sodium choride
or even calcium bicarbonate solutions the nitrogen is rapidly and
quantitatively removed. It seems therefore that such low-mole-
cular-v'eight amines derived from plant and animal remains could
not be retained for long in clay soils. This is in agreement with the
" normal " swelling behaviour of montmorillonites found in soils.
(R. Greene-Kelly.)

A thum.al balance for clay mineral uork
The d.t.a. method does not give quantitative data on water loss in

clay minerals, as it measures temperature difierences. It is sensitive
to packing, conductivity and thermal reactions involving the genera-
tion or absorption of heat. The role of a thermal balance is to
provide information on weight loss in minerals under the conditions
existing in the d.t.a. apparatus, and it must have a comparable
sensitivity. In addition, the sample size should be as small as
possible, and in practice 100-mg. samples are used.

The balance consists of a silica coil spring suspended irr a glass
tube, which is separated from the fumace by two water-cooled
collars with sliding vanes to shield the spring from radiation from
the fumace. The sample is placed in a platinum bucket I cm. in
diameter and 4 mm. i.n depth, which is attached to the spring by
a thin Dlatinum wire. The lurnace is controlled bv a chromel-
alumel thermocouple suspended in the furnace space 6y the bucket,
and attached to a Kent recorder which operates a porvered variac.
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Movement of the spring is Iollowed manually with a catheto-
meter which can be read to 0.02 mm. and represents a change in
weight of O'05 mg. or 0.5 per cent of a l0 p€r cent weight loss on a
I00-mg. sample. When working for the greatest accuracy, as in the
O-300'C. region on montmorillonite, the cathetometer is set at
successive positions 0-010 cm. apart and the time oI each reading
recorded and correlated with the temperature. As the sample is so
small, there are no packing efiects, and the temperature in the sample
is uniform,

The data of weight loss with time or temperature are converted to
rate of weight loss with temperature to compare with d.t.a. curves.
This operation has been programmed by J. Gou'er in the Statistics
Department and is performed on the electronic calculator. Using
difierent cams on the Kent recorder, the rate of heating can be varied
Irom 20o per minute to 5'per minute, and when malually controlled
the rate can be maintained at 2' per minute, so that intermediate
stages bet\a'een d.t.a. curves at t0'per minute and equitibrium-
weight-loss cun'es can be obtained, Accuracy of setting and reading
the cathetometer increases when the rate of heating is decreased.

Curves have beenmade Iorseveral kaolinites and dickite, halloysite,
vermiculite and various montmorillonite samples. Work on clays
from Broadbalk shows that the method gives a reliable value for
kaolin content and is unafiected by particle size and organic matter
in the soil.

The limiting factors iu the accuracy of the method include the
furnace-control system, the accuracy of setting the cathetometer
and oscillation in the spring due to radiation efiects in the furnace.
Further work will be concemed with these points and in making the
balance self-recording. (R. Greene-Kelly and A. H. Weir.)

Soil clays

The detailed investigation of the kaolinite-illite clays separated
{rom the C horizon of the Broadbalk soils on clav-with-flint material
has been continued. Con6rmation of the estimition of kaolinite by
difierential thermal analysis has been obtained by the use of the
nerv quartz-spiral thermal balance developed in conjunction rvith
A. Weir. The difficulty of correcting the difierential thermal curves
Ior the presence of traces of organic matter is to a large extent
avoided in the thermal balance, since the thermal efiects detected
by d.t.a- obtained Irom the oxidation of traces of carbon tend to
magnify out of all proportion the amounts causing the effect.
Simple X-ray comparison methods have been applied to the difierent
size fractions, and whilst for the coarser fractions the amounts of
kaolinite determined compared favourably with thermal methods,
the finer fractions, which showed appreciable line broadening, gave
useless results, at least when peak heights are compared- The
possibtity that peak areas may provide a better method of comparison
is being investigated, but clearly there is much to be said for thermal
methods in such cases, Ior they are not so dep€ndent on particle-
size variation.

The study of the surface properties of the Broadbalk clays as a
function oI particle size has shown that the adsorption of water and
polar organic compounds from the vapour phase at low pressures is
more a fuaction of the cation-exchaage capacity than th1 extent of
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the external surface. This suggests that crystalline $eelling had
occurred. It was estimated that the intemal area was of the order
of 300 sq. m./g., and allowing {or the amoutt of non-expanding
minerals, this showed that about one in three sheets expanded in
this soil itlite. This was not greatly effected by particle size.
Thermal and ion-exchange studies are also in progress. (R. Greene-
Kelly.)

Sprcrnocnepnv
Methods

The use of the Lundegirdh flame method Ior the determination of
exchangeable bases in soils has now been discontinued. A con-
siderable saving oI time has been achieved by the use of a flame
photometer for the determination oI potassium and sodium and o{
the versenatemethodforcalcium, Magnesium is determined spectro-
graphically by the porous-cup method.

A s?ath slechogafhic method. for aluminiun
In connection with Dr. Rayner's work on mineral sy,nthesis, a

solution spark method has been worked out for the medium spectro-
graph. The method is required to be rapid, to work with 0.1 g. of
sample, and in the first instance only for determinations of Si, AI
and tr[g. The spectrographic technique is tedious when a single
element is required, and only becomes competitive with colorimetiic
methods wheir several elements are to be d'etermined.

The sample is taken into solution by fusion with sodium hydroxide
or digestion u"ith hydrofluoric and sulphuric acids. A nickel solu-
tion is used at 1,000 p.p.m. as internal standard and tbe line Ni
2981 A. read against Ai 3092 and 3082 A. The plate is callibrated,
using an iron arc and step sector, and single-step bums are used with
four replications of each solution. Using Kodak B.l0 plates, the
greatest linearity of calibration is {ound when a density scale of

'9 - 0.9 ir used. This gives a straight line between l-l ard I.7.?"
On the advice oI Mr. Bal.langer, National Agricuttural Advisory
Sen'ice, Bristol, alt the cup electrodes are now heated to 500'C.
before use to prevent boiling in the cups. This method is susceptible
to changes in the sodium concentration of the solution. An
accuracy of 3-4 per cent is obtainable. (A. H. Weir and J. Beckett.)

Geochemistry of lias shales

Investigations irrto the molybdenum content of the calcareous
shales of the Lower Lias have shown that, where the whole extent of
the formation has been examined, high concentrations are con0ned
to the lower zones. The shales with high concentrations always
contain betn een about l0 and 50 per centialcium carbonate, and a
correlation has been found between the content of molybdenum,
nickel, copper and vanadium, on the one hand, and of organic carbon
in excess oI 2 per cent, on the other. \lrhen the organic carbon
content is below about 2 per cent the shales contain fairly constant
levels of these elements : Mo < 5 p.p.m., Ni and Cu about 50 p.p.m.
and V about 150 p.p.m. These levels increase with organic carbon
in excess of 2 per cent in such a l ay as to suggest that their content
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is proportional to the shale's present or past content oI some organic
constitueut which does not normally occur in the basic 2 per cent,
The amoult of cobalt appears to be independent and is relativel-y
constart at between l0 and 30 p.p.m. (H. H. Le Riche.)

During the year, analyses have been carried out for the Botany
Department in connection with studies of the uptake oI iron,
vanadium and molybdenum in water-culture experiments. Trace-
element analyses have also been done for the Grassland Research
Station, Hurley, and for the Botany Department of the University
of Southampton on crops where lailure was suspected of being
associated with trace-element deficiencies. (H. H. Le Riche.)

Trace elements in wheat shoots

Broadbalk was sampled in the last week of May 1954 for a smaU
pilot experiment on the efiect of lertilizer treatment on the trace-
element content of wheat shoots. Plots Nos. 2,3, 5,8, 10, t3, 17
and 18 r'ere selected as likely to show the greatest difierences, and
the top two-flfths o{ the fie1d were sampled for shoots and soil
(0-8 inches).

The analyses were done spectrographically, using the method of
Farmer for copper, manganese and iron and the concentration
method for the traces, cobalt, vanadium and molybdenum. Results
on the total soils showed very small variation from plot to plot in
the elements concerned. Iron was present at 5 per cent, copper
l0 p.p.m. and manganese 0.1 per cent, cobalt 25 p.p.m., vanadium
60 p.p.m., molybdenum < 10 p.p.m. The pH value of the soils is
approximately 7.5 Jor all the plots except No. 8, where continued
application oI ammonium sulphate had resulted in pH values down
to 5.5 in the lower part of section 1 of the plot. This in the bulk
sample lrom the plot showed in the molybdenum uptake for the
shoots, u,hich was as low as 0.09 p.p.m.

Iron and manganese uptake in the shoots showed a ratio varying
from 1.3 to 0.8, with the amount o{ iron va4ring from 100 p.p.m.
in plots 3 and 18 to 60 p.p.m. in plots 2 and 17. Molybdenum
shows a minimum of 0.09 p.p.m. in plot 8 and a maximum of 0.4
p.p.m. in plot 18. Cobalt, vanadium and copper show very little
variation {rom plot to plot, the plants containing 6 p.p.m. copper,
0.05 p.p.m. cobalt and 0.15 p.p.m. vanadium.

There is a slight tendency for the amount (in p.p.m.) of the
elements to increase in the plots with a low yield arrd a low weight
per shoot, which leads to diffculty in the presentation of data.
The variations showa in the elements between plots are not very
large, and there is no deFciency in the soil. In plot 3, rvhich has
had no treatment since 1839, 30 7 of Mn and Fe, 2 y of Cu, 0.08 7 of
I\{o, 0.05 7 V and 0.03 y Co are removed per shoot from the soil
reservoir, and no difierence is found in the total trace-element
contents of the soil from this plot compaxed with the others.

Plots 12 and 13 on Park Grasswere sampled for Cocksfoot (Daclylis
glomeruta) in June 1955 just before the first cut when the plants
were in flower. \\'hole plants were cut ern inch above the ground
and the samples divided and analysed in three parts, the flower,
the woody stems and non-flowering stems. Plot 12 had no treat-
ment and has a pH of 5.2 (f935). The udimed part of plot l3 had
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altemate dung and guano and a pH of 4 6, arrd tbe timed part a pH
o[ 6.4. The plots were sampled in the fourth year after liming.

The opportunity was taken to try a composite scheme of analysis,
20 g. of dried material were wet-ashed, made up to 200 ml. and two
small aliquots taken, one for sodium and potassium on the flame
photometer and calcium by LuadegArdh technique, and the other
for porous-cup determilations on phosphorus, manganese, mag-
nesium, iron. copper and zinc; the remahder was concentrated for
trace elements in the normal way.

Calcium in non-flowering shoots showed very little variation
between plots, 0'34 per cent for plot 12, 0.31 per cent for unlimed
plot 13, and 0.36 per cent for limed l3; for the stems and flowers
the results were 0.lF{.2 per cent. Copper uptake followed the
pH of the plots, and was the only investigated element to do so;
unlimed l3 contained 6'5-70 p.p.m., 12, 4.5-6.0 p.p.m. and limed
I3. 3.5-5.0 p.p.m. Molybdenurn occurred at 0.05-0.09 p.p.m. in
plot l2 and increased to 0.15-{.25 p.p.m. in unlimed 13, and 0.3-0.4
p.p.m. in limed 13. Vanadium is lowest in the latter, 0.04-{.08
p.p.m. and highest in plot t2.0.0G2.0 p.p.m. Cobalt is very low in
all three: unlimed 13, 0.07-0.18 p.p.m., plot 12, 0.04-0.08 p.p.m.
and limed 13, 0.0H.07 p.p.m. The figures quoted for molybdenum,
vanadium and cobalt on plot 12 are very low for grasses, and so are
the vanadium and cobalt figures on the limed half of plot 13. (A. H.
Weir and J. Beckett.)

Sorr CnBursrnv
A stud.y oJ l,eaf leachates

Further work on the properties o{ lea{ extracts has provided
additional evidence {or the presence of substances that inhibit the
solution/reduction oI hydrous ferric oxide. This has been demon-
strated by comparing the extent of solution of ferric oxide caused by
an untreated extract, a dialysed extract and a mixture of the un-
treated and the dialysed solutions. The dialysed extract is con-
siderably Iess active than the untreated material, but nevertheless
its activity is appreciable. Addition of the dialysed solution to the
untreated extract causes a marked decrease in the mean extent of
solution/'reduction.

On the basis of earlier work, it has been diffcult to reconcile
laboratory results with field observations on the po&olizing pro-
perties of the two New Zealand species rimu and kauri (Re1.
Rolhanst. exp. Sla. Jor 1953, 6I). Both these species shed their
bark, and water extracts of the two barks possess approximately
the same moderate activity- Comparison of the proprties of leaf
and bark extracts with a mixture of the two reveals a considerable
difference between the two species; for the kauri, the mixed leaf
and bark extract has virtualiy the same solution capacity per udt
'w'eight oI plant material as the leaf extract alone, but with rimu,
in the presence of the bark extract, the extent of solution of ferric
oxide is decreased to less than hall its original vaJue. It is therefore
apparent that compared with kauri bark, a rimu-bark extract has a
much greater inhibithg efiect on the reaction.

Using ion-exchange resins iu conjunction with paper chromato-
graphy, it has been shown that for several tree species a large part
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of the solution/reduction activity is due to the action of simple
carboxylic acids and reducing agents present in the leaf extracts;
the joint action of the two groups oI compounds is appreciably
sreater than the sum of tbeir indiyidual effects." Soore .u.c"r, has been achieved in producing podzolization in
columns o[ quartz coated with Jerric oxide. In these experiments
the sand columns were treated intermittently with dilute leaf
extracts of a wide variety of species. In all cases considerable
amounts of iron were lost irom tle columns. After standing for a
few weeks the columns aII showed clearly visible B horizons. So far
as can be said at present, it seems that the formation of the B
horizon is caused by drying out aud cousequent aeration of the
upper layers of the column, but this question needs further study.

The study of the deflocculation of kaoljnite suspensions by leaf
extracts has been continued. It has been found that the initial
dispersion caused by low concentrations of the extracts is caused by
an irreversible sorption of orgarric compoulds on the clay surfaces;
the reflocculation produced at higher concentrations of leaf extract
is reversible and may be counteracted by dilution. The efiect o{
the irreversible sorption o{ the pH oI flocculation is very marked;
untreated kaolirl, which is flocculated at pH values below 9, approxi-
mately, remains dispersed dowrr to about pH 3 alter treatment with
a leaf extract. Both the deflocculation and flocculation stages are
caused by large-molecular-weight compounds, since dialysis of the
extracts has virtually no efiect on the process.

\Vhile the action of kauri- and rimu-bark extracts on kaolinite
seems to be due simply to the presence oI po\phenols, the action of
an aspen-leaf extract is much more complex. In the latter case
several anionic species are present in the extract, and any one of
these alone causes dispersion of the clay; one such substaace that
has been isolated is art acid which appears to be present in the
extract as the salt of a weak base. It has been found that this
compound, which is strongly sorbed on kaolinite, causes defloccula-
tion of the clay, even when added in high concentrations; it is a
comparatively major constituent of the extract, {orming approxi-
mately I per cent of the dry leaf. AspenJeaf extracts also contain
small amounts of a poly'uronide, and this, too, is a powerlul de-
flocculating agent. The evidence suggests that other deflocculating
agents are also present in aspen leaves. (C. Bloomfield,)



SOIL MICROBIOLOGY
DEPARTMENT

H. G. TnonNroN
Miss Janet Findlater resigned her appointment on marriage, and

left on 31 March 1955.
Dr. Margaret Brown was appointed to our permanent staff, and

joined the Department on I October 1955.
Dr. I. L. Stevenson returnedtoCanada on 22 Juneafter two years'

research, for which he was awarded the PhD. degree. His place
has been taken by Mr. E. A, Peterson, also from Bacteriology
Division, Science Service, Ottawa, Ontario, who arrived on 30 May
1955 on a two-year Fellowship.

Dr. K. M. Pandalai worked in the Department for a few weeks
during July and August 1955.

At the invitation of Professor E- B. Chain, Dr. N. Walker visited
the International Centre for Research in Chemical Microbiology,
Istituto Superiore di Sanitt, Rome, where he worked for six weeks.

The Department has investigated various aspects of the ecologv
oI the soil micropopulation.

The general purpose of studying the ecology of micro-organisms
in soil is to gain knolvledge that can be applied to discourage harmful
organisms, such as those produciag root disease, and to encourage
those that are useful, whether as antagonists to plant pathogens or
in producing available plant nutrients.

There are several ways in which the composition of the soil micro-
population can be modified. One is by the addition of materials
ihit .n.ou.rg" the activity of certain groups of organisms. Thus
certain t!.pes of green manuring are known to control some kinds of
root disease. But this method is crude arld uncertain in practice,
while the lactors involved are too complex for precise study. We
need at this stage to Iollow the efiects on the micropopulation of
adding a definite compound to the soil and preferably one that is not
naturally present and that is hence likely to be attacked by only
a limited number of organisrns. The ctrlorophenoxyacetic acids
satisfy these requirements, ard their persistence in soil is also of
some practical interest.

DEcoMposrrroN oF CHLoRopHENoxyACETIC ACIDS r\ SoIL

\Vhen a first dose of 2 : 4-dichlorophenoxyacetic (2: 4-D) or
2-methyl-r1-chlorophenoxyacetic acid (MCPA) is added to fresh soil
it disafpears in a period of some weeks. Successive doses increase
this rale of disappearance until 50 p.p.m- will disappear in 4 to 6
days.- 

Adaptation of the soilmicroflora to decompose the compourd can
be induced by as small an initial dose as I p.p.m. A considerable
degree o{ crois adaptation cal be produced; thus a soil adapted to
dCompose MCPA is thereby adapted to decompose 2:4-D and
paractrJorophenoxyacetic at enhanced rates.
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This adaptation is no doubt due to the increase in the soil of
organisms that car attack the compound; indeed, bacteria that can
attack 2 : 4D, MCPA, and parachlorophenoxyacetic acid have now
been isolated arld studied in pure culture. In the cases investigated
it has been found that adaptive enz),Tnes are concemed in decom-
position oI the compounds, so that when these are added to soil,
enzJ,'rne adaptation must precede the difierential increase of the
specific organisms. Cross adaptation has also been demonstrated
in pure-culture studies as well as in the natural soil.

Experiments, both in the laboratory and in the field, have shown
that when a soil has become adapted to decompose 2 : 4D or MCPA,
it takes at least six months to lose this adaptation in the absence o{
any further additiou of the compound. Thus the induced change
in the micropopulation is remarkably persistent. This change no
doubt involves the multiplication of organisms that attack the
compound added arrd also of those that can attack the products of
its decomposition. There is evidence that the two organisrns princi-
pally studied by Warburg manometry do not break down 2 : 4-D or
MCPA to completion, but leave end-products whose nature and
efiects on the soil population are as yet unknowa. This work has
been carried out by N. Walker and T. Steenson.

THE ADDrrroN oF TRTCHLoRoACETTC AcrD To SorL

Parts of some of the plots on Barnfield were treated in the spring
with the herbicide trichioracetic acid at a r.te ot io tU.7ai.e.' ilil
Jane Meitlejoha arrd J. W- Millbank took soil samples from the
treated and untreated areas of Plots lN, l0 arrd 80 and examined
these to see whether treatment with the compound had produced
any persistent difierences in the micropopulation. They found no
difierences in total microscope or plate counts of bacteria, in the
numbers of Azotobacter or ol Closlridiun Pasleurianur4 or in the
rates at which ammonia or nitrite were oxidized. This was about
8 weeks after the weed-killer was applied.

CLol,TR NoDULE Bacmnu
A second method by which the soil population can be modified is

by the introduction of an organism into the soil. This has been
successfully practised in the case of legume iaoculation, ald a study
of the factors here involved is important, not only to this practicL
but also to the problem of introducing other organisms into soil.
Previous work has shown the importaace of selecting a suitable
strain that can infect the host plant in competition with other strains
of lorver efficiency in fixing nitrogen. Dr. J anina Kleczkowska has
studied the effect of varying ratios oI ineffective and effective strains
on the grouth of clover grown in a sand/vermicu-Lite mixture and
supplied with a nitrogen-deficient food solution. Two effective
strains were used. One of these, ClF, known to be competitive with
other strains, improved clover growth in a ratio of I to 1,000 in-
effective bacteria and gave an increased effect with higher ratios.
The second effective strain 2057 tave irregular results and little
improvement in growth.

Experiments were also continued to test growth and survival of
clover Rhizobium in soil and media of various pH. The strains
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tested grew and survived for 6 weeks in liquid and agar medium,
containing yeast extract at a pH range of 4'5-6'0, but in sterilized
soil with or without yeast, strains grew and survived 6 weeks only at
a pH of 5.7 or higher. At a lower pH none grew and all died within
2 weeks.

Rnrzospnrnr FuxcI
The roots of plants provide a micro environment, the rhizo-

sphere, that is of obvious importance, and we have some knowledge
oI the bacterial flora of this region. Comparatively little is known of
rhizosphere fungi other than pathogenic forms. E. A. Peterson
has commenced a study particularly of the fungi of the rhizospheres
of clover from clover-sick and healthy soil from Woburn- This rvork
is in its early stages, but preliminary results suggest that tbere are
differences in fungal population of the clover rhizosphere from
healthy and from clover-sick soil.

AzoTOEACTER AND CLOSTRIDIUM

The orgaaisms responsible Ior non-s]..rnbiotic nitrogen fixation in
soil have always been a problem. The present practice of fallowing
successive stages of Broadbalk each year and the observation that
this fallorving particularly benefits the plots not receiving nitrogen
dressings suggests the use of this field to obtain data on the relation
of fallowing, lertilizer treatment and crop yield to the number o[
nitrogen-fixing orgauisms. Jane Meiklejohn has commenced a
survev oI the content of Azotobacter andol Clostridium bastzurianutn
from "various Broadbalk plots. Data so far obtaindd show that
numbers of Azotobacter are higher in the fallow than in the cropped
sections so far examined, but counts made by an improved method
specific for Azotobacter gave very low numbers ranging up to onlv
2,000 per gram. These were much exceeded by the estimated
numbers of Clostridium, whose importance in nitrogen fixation may
be greater than has usually been supposed.

Some soils from the Bukoba district o{ Tanganyika were also
examined for nitrogen-fixing organisms and yielded the tropical
form Beijerinckia. Two of these samples appeared to fix nitrogen
poorly owing to molybdenum deficiency.- 

Tane Meikteiohn and Dr. K. M. Pandalai made experiments on
the-associated growth of Azotobacter and Nitrosomonas in sl, rthetic
Iiquid media. -ln media with a low sugar content the Azotobacter
grbw for a short while only, and then appeared to secrete ammonia
that was oxidized bv the Nitrosomonas. If this secretion occurs in
field soil it could res"ult in the loss of fixed nitrogen by leaching.

BACTERIOPEAGE

The study of the interaction of bacteriophage and Rhizobium
has been conlirued by Janina and A. Kleczkowski. Following on
their study oI the efiects oI ribonuclease and ch1'rnotr5rysin on the
interaction, they have investigated that of clupein.

When present at concentrations oI 0'02-O'05 per cent in the liquid
nutrient medium used to cultivate nodule bacteria, clupein rapidly
killed the bacteria, slowly inactivated phage, and prevented phage
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and bacteria from combining, or, if added when phage-host combina-
tion had already taken place, interrupted firrther stages of phage-
host interaction. At a concrntration of 0.0016 per cent clupein
acted bacteriostatically, and slowed down phage multiplication but
did not stop it.

Trypsin arrd chymotrpsin hydrolyse clupein, trypsin breaking
about t*.ice as many p€ptide bonds as chy'rnotrypsin. At a con-
centration corresponding to 0.02-{.05 per cent clupein, the peptides
produced by chy.rnotrypsin acted bacteriostatically in the liquid
nutrient medium; the peptide inactivated phage much more slowly
than did htact clupein, and they tuhibited phage multiplication by
interlering with the combination between phage and host. When
added alter phage and bacteria had combined, the peptides did not
interfere with further stages of phage-host interaction. The smaller
peptides produced by trypsin had no efiect on host bacteria, phage,
or phage-host interaction, neither did any of the constituelt amino
acids of clupein when used singly at a concentration of 0'05 per cent.

EURoPEAN Four Bnooo oF TrrE HovEyBEE

F. A. Skirmer has made a further study of the varied bacterial
flora which develops in the gut of the bee larve sufiering {rom
European Foul Brood.

" DocxrNc Drsonnrn " oF SUcAR BEET

In the Docking district ol Norfolk poor Brovr'th of sugar beet is
associated with deformation of leaves, together with abnormal root
growth in the adult plant, and with less clearly specified seedling
damage. The cause of this disorder is not known, but it was
suggested that the general soil microflora might be concemed,
perhaps il conrection rvith the production oI some toxic substance,
F. A. Skimer, after discussion vrith the National Agricuitural
Advisory Service, examined seedlings in the field and others growa
in pots of Docking soil at Rothamsted, but was unable to attribute
any particular seedling slrnptom to growth in disease-producing
soil. He also examined the possibility that some toxic substance
caused the damage. Soil samples from a badly afiected area at
Docking were collected and extracts made from these by various
methods. The efiects of these extracts on the respiration oI sugar-
beet root tips and on the rate of root extension were tested, but no
evidence oI any toxic efiect was found.
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BOTANY DEPARTMENT
D. J. WersoN

G. H. Khg was awarded the National Diploma in Horticulture;
he is the first member of the assistant stafi to obtaia this qualifica-
tion by part-time study. K. J. Witts joined the Department in
trIay.

PLA\T NUTRITIos

Interactiqfu belu'een iron ard, micronutrient elemenls (K. Warington)
Chlorosis induced by excess vanadium in peas and soybeans gror,r,n

in solution culture has been shom to be of{set by high iron supply
more readily iI both elements are supplied in the same solution than
if supplied separately in successirrc time intervals (Ref. Rolhamst.
exp. Sla. fot 1954, p.65\. Similar results have now been obtained
u.ith molybdenum. They indicate that the interaction between iron
and molJrbdenum or vanadium takes place, partly at least, outside
the plant in the nutrient solution.

In these experiments the precipitation of iron that usualJy occurs
in culture solutions was delayed for at least one day, and often longer.
b]' addition of high concentrations of molybdenum when the initial
pH \xas 4.6. but not rvhen it was 6.6, whether or not plants were
gro* ing in the solution. To test whether the availabi[ty of iron in
a complete culture solution is affected by molybdenum or vanadium,
plants showing chlorosis induced by iron deficiency rvere translerred
to solutions containing high iron concentrations \Iith or uithout
molybdenum or lanadium in high concentrations at varying times
a{ter the solutions were prepared. In the vanadium experiments on
peas, the rate of recovery Irom chlorosis and the iron content of the
shoots of the control plants were not afiected by allowing the solu-
tions to stard for I to 4 days before use, but the iron content of the
roots was reduced after 2 days'standing. Vanadium had no effect
on recovery from chlorosis nor on the iron content of shoots or roots.
However, the vanadium contents of both shoots and roots decreased
with increase in the interval between making up the solution and
transferring the plants to it, and this suggests that vaoadium
interacts with some constituent of the solution, although it does not
appear to affect the availability of iron.

In the molybdenum experiments on peas and soybeans, the solu-
tions were allowed to stand up to I days before use, and molybdenum
was supplied as sodium or ammonium molybdate. With increase
in the standing time, the chlorotic test plants developed a green
colour more slowly, and the iron content of the shoots of peas, but
not soybeans, and of the roots of both species, was decreased.
Precipitation of iron was delayed lrom I to 4 days whenever molyb-
denum was given, and the drift towards a higher pH was retarded.
The rate of recovery of a green colour was unaf{ected by molybdenum
iI the solutions were used within 7 days of preparation, but with
longer standing times recovery was more rapid rrhen molybdenum
$as supplied, especially as the ammonium salt. Addition ol
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molvbdenum did not atter the iron content of the shoots, but
increased that of the roots of both peas and soybeans.

These results suggest that molybdenum increases iron uptake by
delalng precipitation of iron in the culture solution. Experiment!
have been done to investigate whether the delayed precipitation is a
direct effect of molybdenum or an indirect result of slower change in
pH, but the results are not yet complete.

Nut/ied u|tahe bt excised, rools (E. C. Humphries)
Many attempts have been made to use leaf analysis as a measure

of the supply of mineral nutrients from the soil, and as a guide to the
fertilizer requirements of crops, but the method has not been
generally successful. It is probable that the rcot reflects more
precisely the mineral status of the soil in which it is growing than any
other organ of the plant, Previous work on root systems excised
from plants grown in solution culture has shown that the rate of
uptake of a nutrient element depends on the concentration of that
element in the roots and on the reducing sugar content of the
roots, but is independent of the concentrations of other nutrient
elements. Although the mineral composition of the root may itself
be useful for diagnosis of the nutrient status of the soil, it is possible
that the rates of absorption of nutrients in standard conditlons by
root systems removed from the soil may provide more sensitive tests
of deficiencies in the soil nutrient supply.

Preliminary experiments were done to ensure that root s]'stems
recovered from the soil with as little damage as possible were capable
oI absorbing nutrients in laboratory conditions, Samples of wheat
roots were then taken from a number of plots of Broadbalk field to
test whether roots grown in the field with a wide range of nutrient
supply show corresponding variation in ability to absorb nutrients.
The roots were washed, centrifuged to remove surface moisture, and
put in an aerated complete nutrient solution at 25'C. for 4 hours.
Samples were taken before and after the absorption period for
chemical analysis to determine the amounts of nutrients absorbed.

\Yith the same purpose and also to investigate whether varietal
difierences in yield of barley (see p. 76) depend on the capacity for
nutrient absorption of the roots, nutrient uptakes by ex-ised root
svstems of Plumage-Archer, Kenia, Proctor and Herta barlevs ryere
cbmpared in standard laboratory conditions. Roots were taken
either from plants grown in pots of a nutrient-deficient soil, with or
without addition of a complete fertilizer, at four stages of gro\,!th, or
{rom plants grown in solution cultures with varied concentrations of
N, P and K. Chemical analyses of the I,200 samples collected in
these experiments are still in progress-

Nulrienl uPtahe Jron l,eaf s!ruys (G. N. Thome)
Studies of the factors afiecting the rate of absorption of sP

tfuougtr leaves and its rate of translocation to other parts of the
plant (Rep. Rolhartsl. exp. Sta. for 1954, p. 67) were continud.
When small swede plants were sprayed on one leaf with a 32P-

labetled phosphate solution, more phosphorus was absorbed in
3 days by plants placed under transparent or opaque covers thar by
uncoverd plants. Most of the additional phosphorus remained iir
the sprayed leaf of the darkened plants, but in the illuminated ones
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it rras translocated to the rest of the leaves and roots, In another
experiment, plants under a transparent cover absorbed more 31P

in 6 days than shaded plalrts, and uptake irr the dark was increased
by sprayiag the 8,P treated leaf with l0 per cent sucrose solution I
this additional eP moved to other leaves but not to the root. These
results suggest that translocation of P from the sprayed leaves is
dependent on simultaneous movement of carbohydrate.

Covering plants may increase phosphorus uptake by raishg the
humidity of the air. Uptake by plants placed under a cover with a
drying agent was less than by plants uader a cover where the air
was kept moist, but even where a drying agent was used more 32P

was absorbed than by uncovered plants. Absorption of PP by
French bean leaves from a coocentrated spray applied to one
primary leaf, or one leaflet of the third leaf, was greater thar that
Irorn twice the volume of a spray o{ half the concentration applied to
both the primary leaves or to 2 leaflets o{ the third leaf. Absorption
from the concentrated spray appeared to be faster than from the
dilute spray; the difierence in amount absorbed rvas greater alter
3 days than after 6 days. llore 32P was absorbed from spray and
translocated by the third leal than by the primary leaves.

The field experiment on the effect of combining a nitrogenous
spring topdressing lor wheat rvith a weed-killer spray (R?r.
Rotharnst. exp. Sta. for 1954, p. 67\, was repeated. Spray applica-
tion of N increased the yield of grain, straw, chafi and weetls slightly
less than application as fertilier to the soil. The amourts of
trIay,r'eed (Matricaria inodorul and Knotgrass (Polygonum aoicuJare\
rvere reduced by 2 : 4-D, but the yietd of u'heat was uraffected. The
effect of 2 : 4-D on weeds was independent of the method of nitrogen
application, but in this and the previous experiment the recovery of
nitrogen in the crop from spray application \r'as about half that
from fertilizer applied to the soil. The reason for the low recovery
of N from sprays is not kno$al, but it makes the combination of a
spring top-tlressing with a u-eed-killer spray undesirable.

In a previous experiment to test whether sprays of organo-
phosphorus insecticides affect ptart grou th independently of control
of insect damage (Rep- Rothamsl. exp. Sta. fot 7953, p. 70), some
statistically significant increases in yield by spraying with insecticide
or solutions supplying equivalent amounts of inorgaric phosphorus
were found h plants that already had a high phosphorus supply
from the soil. As these efiects have no obvious rational explanation,
it seems probable that they were due to chance, so the experiment
has been repeated, Brussels-sprouts plants grown in pots were
sprayed with " Systox ", " Pestox Ill " or equivalent sodium
phosphate solutions. The plants uere larger than in lg53 and
retained more spray. The total phosphorus content of plants
growa in soil deficient in phosphorus was increased by the " Pestox
III " spray and by the equivalent sodium phosphate solution, which
had more thatr frve times the phosphorus content of the " Systox "
spray. None of the sprays iacreased dry weight; " Pestox III "
slightly reduced the total dry weight of plants grown with a high
phosphorus supply to the roots. The results give no evidence that
phosphorus-containing insecticides are beneficia.l to plants, either by
virtue of the small amount of phosphorus that they supply or by
any specific efiect on grolvth,
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Wrro Sruorrs

Wild. Oats (J. M. Thurston)
In the fifth year of the field experiment on survival of wild oats

sown at two depths in October 1950, on plots that subsequently
received difierent cultivations (ReP. Rothamst. eg. Sta. Joi 1954,
p. 67), all the plots were treateii atike; they were'dug bi hand at
the eud of March and in October to encourage germination oI sur-
viving viable wild oat seeds, and to control othei weeds. No more
Aoena ludoviciatta seeds germinated, but a few A. Jal*a sedlings
appeard on plots of all treatments. \Vhere the ieed was sown
6 inches deep on plots that had onlv surface cultivations Ior 4 years,
there were more A. falua seedlings than elsewhere, indicating that
prolonged undisturbed burial induced dormancy in some seeds.
The number of seeds germinating in 1955 was a viry small fraction
of those sown in 1950, the great majority of which have still not
produced seedlings.

In the experiment in Hoosfield comparing the efiect of winter and
spring cereals on the establishment and grovth of A. Jatua (Refi.
Rolhamst. et!. Sta. Jor 1954. p. 68) barley was sown in sfring cin all
plots, to compare the numbers of riable seeds remaining after the
difierent crops in 1953 and 1964. The mean numbers of wild oat
seedlings per square yard in 1955 rvere 4'9 after winter rye,2.9 alter
winter wheat, 2.2 after winter barley, 1.5 after spring barley and
0'6 after fallow. The total was only about one-quarter of the
number that appeared in 1953, and the treatment difierences in 1953
and 1954 tended to be reversed in 1955. Thus, fewer wild oat plants
appeared in winter wheat and rye in 1953 and 1954 than in barlev or
fallow, but in 1955 there were many more in barlev after winter"rve
than elsewhere. This suggests that cropping with winter rye miy
have prolonged the dormancy of some of the wild oat seedi. Th'e
barley crop after fallow was much heavier than on other plots, and
the growth of the wild oat plants rvas correspondiagly reduced by
more iatense competition.

Soil samples taken in May from the plots of the experiment in
Northamptonshire on sun'ival of rvild oat seeds undei temporary
ley (Rep. Rothamst. exl. Sla. for 1951, p. 69) showed that after one-
year 1ey the number of potentially r-iable seeds was nearly halved,
but there were still about 6 million per acre. The species oi rnany o{
the seeds could not be idmtified, because of rotting of the husks,but
there is no doubt that the number of viable seedi of both A- fatua
and, A- lnd,ooiciana was greatly decreased since the previous yiar.
- In ttte experirnent at-Boxworth Experimental Hisbandry Farm,

plots ploughed irl autumn Ig54 after 4 years under ley produced an
average of 2 plants per square yard in May 1955, cbmpared with
7'5 on plots ploughed ard couated one year earlier. Unf-ortunately,
the numbers and species of seeds in ihe initial infestation of this
experiment arrd the numbers capable of germination in the earter
years are not known. A similar experiment was started at Rotham-
sted in spring 1955 on a field that had an average oi I plants of
A- fatua per square yard at the time of sowing of the ley. Plots
will be ploughed up annually and cultivated toincourage germina-
tion of wild oat seeds so that the jnfestation surviving afteivarying
periods ulder ley can be measured.
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An experiment on competition between Atena htdoticiana ar.d.
rvheat, bJrtey or rye sown together in pots in autumn gave similar
results to th:at done in 195:t on A. fatua competing with barley or
wheat sown in spring (Rep- Rolhamsl. exp. Sta. Iot 1954, p.69)-
As before, barlei was a more effective comPetitor than wheat;
rve wrs intermediate. When the wild oats wete sown two weeks
aiter the cereal, they produced only 60 per cent of the number of
seeds oroduced bv piants sown at the san.re time as the cereals. -\o
inhibiiorv effect 6f iye on the growth of wild oat seedlings was found.

Fresh-lv-han esteh seeds of I0 selections of A. ludotticiata and.
6 of A- fitua, of distinctive tvpes not found at Rothamsted (Rap.
Rothams-!. cxb. Sta. Ju 19,52, ii.69 and 7t), were sown in soil in a
cool gtasshouse in September. In 7 selections of ,4 .ludoaiciana most
of thi firct seeds in the spikelets germinated within one month, and
all vithin two months,-and many of the second seeds also ger-
minated. This lack of dormancy supports the theory that these types
are hybrids between A. l udot iciana and non-dormant cultivated oats.
The other 3 selections shewed much longer periods of dormancy
in the same period, 0-7 per cent of the A. fatua seeds germinaled,
and a ferv more seedlings appeared in the third month. Thus these
types resemble the Rothamsled -4. /alza in showing high dorma19y.
- ^ Germination tests were made on seeds Irom two trials in which

rvild oats were sprayed s'ith maleic hydrazide after the panicles
emerged to orevent ihe formation of viable seeds. In a field trial
dot e"bv th'e Nationat Asricultural Advisorv Service in Dorset,
l+ tb. iraleic hvdrazide D-er acre decreased ihe number of viable
seeds by 45 per cent, but germination of barley grain from the crop
in whicL the wild oats grew was decreased by 28 per cent and many
of the seedlings were deformed. Application at t lb./acre lag no
efiect on the Larley, but decreased the number of viable wild oat
seeds by only l7 ier cent. Pot-gown plants of A, fatua atd A.
ludot iciana were 6prat'ed with maleic liydrazide by the Unit of
Experimental Aerolnoftv, Oxford, at thrie stages of development
ranging from iust before the panicles emerged until thel rvere fully
exoinded. The later sDravinss decreased the number of viable
s",idr to lor than one-third of ihose produced by unsprayed plants,
and a smaller proportion of the sun'iviag seeds were dormant.

Other species (J. lL Thurston)
In the wet summers of 1953 and l9-o4, Polygonum Persicaria

became abundant in one field of Rothamsted, and some work has
been done on dormancv of its seeds. High temperatures favoured
eerminatioo: more se6ds selminated at 27'C. than at laboratory
Iemoeratures. or at 7'C., -or with alternations between 27" C- and
lower temperatures. Germination percentage and rate ofgermination
rvere incr&sed by chipping or removing the seed coats, or by soaking
in tapwater or 2- per i6nt KNO, solution before sowing. Dormancy
decr6ased alter 3br 4 months'storage in the laboratory.

Broadbalh feld (K. \Yarington and J. M. Thurston)

Soit samples taken from all sections of five plots of Broadbalk field
rvere reducdl in butk bv washine through sieves, and the residues put
in oans in the elasshouse, to ditermine the numbers of viable rveed

see'ds present 5y counting and identifying the seedlings as they
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germinate. The results will show rvhat changes have occurred in
the weed-seed population since the last sampting in 19t15, and will
also provide a base Iine to measure changes in the weed flora that
follow reversion in 1956 to continuous wheat growing on part of
Section I after 25 years of the fallowing cycle.

Pnvsrorocrcer EFFEcrs oF Vrnus INrrcrror
Efecl of infection on the respiration rate of tobacco leates (P. C. Owen)

The efiect of infection with tobacco mosaic virus (TMV) on the
respiration rate of tobacco leaves has been shown to vary with
environmental conditions, rdth the time elapsed since inoculation,
and with the state of development of the leaves used (Ra1. Rolharnst.
ex?. Std. lff 1954, p- 70). In a new series of experiments leaves of
tobacco plarts inoculated with TtrlV were divided into three groups :
(a) the inoculated leaves; (D) younger leaves present at the time
oI inoculation but not themselves inoculated; (c) leaves formed since
inoculation, and the respiration rate of each group was compared
with that oI similar leaves from healthy ptants during the period
between inoculatio[ and development of systemic infection. The
respiration rate of inoculated leaves was increased above that of the
controls within one hour of inoculation, long before virus multiplica-
tion can be detected. The proportional increase in respiration rate
remained approximately constant for three weeks until the plant
shorved systemic s5mptoms, at rvhich time inoculated leaves con-
tained their maximum amount of virus, aJld the respiration rate
then fell below that of healthy controls. This implies that the
increase of resptation rate is not related to the quantity of virus in
the lea{; it may reflect changes in infected cells prepamtory to
virus slnthesis, The decreased respiration rate per t. dry t'eight
after three weeks is possibly due to accumulation of materia-l inactive
in respiration.

There was never any detectable efiect of infection on the respira-
tion rates of non-inoculated leavesin group (D). Although slmptoms
appeared or these leaves, they probably did not conta.in appreciable
amounts of virus. Their metabolism was evidently not affected in
the same way as that of the inoculated leaves duriirg the establish-
ment of systemic infection in the plant. The respiration rate of
leaves formed on infected plants after inoculation (group (r)) was
l0 per cent below that of comparable healthy leaves. Presumably
all the cells of these leaves were fullv inlected before thet resoiri-
tion was measured, and had completid the initial metabolic chlnge
that causes the increased respiration oI inoculated mature leavei.
The total virus content of systematically infected leaves accounts
for about 10 per cent oI the dry weight, aad if it makes no contribu-
tion to respiration, it could account for the l0 per cent reduction in
respiration rate per g. dry weight.

Severe etch virus in tobacco leaves attains onlv about one-
thousandth of the concentration reached by TMV, birt it produces
very severe s),"rnptoms. The effect of this virus on the respiration of
tobacco leaves is therefore being compared uith that ot TtlV.
Preliminary experiments showed that the immediate efiect ol in-
fection is sma.ller than that of inlection with TMV, and measure-
ments are being made at later stages of infection.
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GRorvrH A)iAtYSrs

Effecl of time oJ applicalion oJ nitrogenous fe ilizer and of mildew
-irl"riion on jieli'oJ uheat @. N. "Thorne- and F. T. La;t, Plant
Pathology Department)
The data from the pot experiment done in 1954 (ReP. Rolhanst.

ex!>. Sta. Jor 1954, p. illl have now been examined, but the exPeri-
mint was unsuccessful because the efiects it was designed to analyse
did not occur. The mildew infection was not severe enough to
afiect the final yield significantly, and had only small and temPorary
efiects on growth early in the season, Contrary to previous ex-
perience with field crops and pot cultures, nitrogenous fertilizer
ioolied at the time of ear emergence had a much smaller efiect on
giiin yi"ld th"r, *hen applied aisowing or in April. The reason for
ihis ii not clear. The lite N applicaiion increased leaf area after
ear emergence more than the earliir applications, but the extra leaf
area was apparently ineffective in adding to grain yield, polsibly
because it ivis produced mainly by increasing the length of life of
leaves on sterile tillers. The plants that had no nitrogenous
fertilizer were very N-deficient, arid this may account for the Iack of
response in grain- yield to the tate N apilication, because other
experimeuts iuggesl that late N applications are less efiective on
plants that prei,iously have had a ver5r lorv N 5uprlr.

l'aielal differcnccs in yield of barlcy (G. N. Thome, S. A. \Y. French,
K. J. Witts and F. V. \\'iildowson, Chemistry DePartment)

Proctor barley, bred bv Dr. G. D. H. Bell at Carnbridge, is the
successful outcome of an attempt to combine the good malting
qualities of the old varieties Plumage-Archer and Spratt-Archer
iith hieh vield. In field trids it has vielded on the average some
15 per &ni more grain than the old vaiieties, and has proved to be
comoarable in vield with the best Scandinavian varieties, such as
Heria. The eitra grain yield of Proctor compared with Plumage-
Archer must be thie result of physiologicat changes induced by
breedins and selection, the nature of which is not yet kno$'n.
Experi-rients were therefore started to investigate by growth
anilvsis the pbvsiological basis o[ the difierences in grain Sietd
between Procioi, Her{a and Plumage Archer. The three varieties
lt'ere srown in a field exDeriment, with and without nitro-
senous" fertilizer, and samples u-ere taken at fortnightly inten'als
i.o- roon after germinatioir until harvest to determine dry weight,
leaf area, plant and shoot number, and other appropriate measures
of erouth.

"At the end of the exDeriment part of each plot was han ested by
combine, giving the IoUbwing exieptionally high mearr lelds :

Grabt, aut.f aoe
PluEage-Archd Proctor

No N .. .. 43'9 5r'0
0,5 cwt.N/a6e.. a0'o 62'7

Mean . . .. 12'l 5l'8

Herta S.E.
48.6 1.00
55'6
62.0 0.71

The results show the expected superiority of Proctor and Herta over
Plumaee-Archer: at tfie higher-N levei it was partly attributable
to loddng of Plumage-Archir. The same l'arieties were gror, rt in
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a pqt-culture experiment with two rates of nitrogen supply. The
variety Kenia was also included because Proctor originated from a
Kenia x Plumage-Archer cross. In the pots, Proctor was superior
in grain yield to Herta and Plumage-Archer at the low N level, but
t'ith high N supply Herta gave the highest yietd. The chief object
o{ this experiment u,as to frnd out whether the varieties differ in
respect of the contributions made by photos]'nthesis in different
parts of the plant to the total dry matter entering the grain. The
ears of some plants were covered with opaque shades, other plants
had the awas removed or the lower leaves and stems shaded, and
the efiect of preventing photosl'nthesis in these parts $'as measured
by the loss of drJr matter in comparison rvith untreated plants.
I\[easurements of growth before ear emergence were also made as in
the field experiment. Samples were kept from both experiments for
chemical analysis to determine whether there were varietal
difierences in nutrient uptake and distribution. Statistical analysis
of the grorvth data and chemical analyses are not yet completed.

Efect of urying soil moisture d.efcit on plant gowlh (P. C. Owen)

A series of experiments was done in the glasshouse to determine
s'hether variations of soil moisture content within the range from
6eld capacity to near wilting point, but avoiding rvilting, afiect plant
grorvth and dry-matter yield. Three water regimes rvere compared
in rvhich the soil moisture content was allowed to fall repeatedly from
field capacity to tbree difierent levels before the soil was saturated
aga.in. Broad beans, sugar beet and lettuce were growl. There
\r'ere no significant efiects on dry weight in any o{ the crops. The
$'ater content oI the lettuce, but not of the othercrops, $'as decreased
by the driest conditions. In the sugar-beet crops there were no
detectable effects on net assimilation rate or leaf area.

Some prelimina4z work was done on effects of irrigation on plant
growth with material from the sugar beet crop of the Woburn
Irrigation Experiment. The unirrigated plots and the plots that
rrere irrigated throughout the growtl period, with and without
additional nitrogenous fertilizer, were used, and only three samplings
at fortnightly htervals rvere possible because most of the crop had
to be kept for estimating yield at the final harvest. No rain had
fallen for 3 weeks before the first sampling on 27 July, and the
estimated water deficit on the unirrigated plots was 4 inches; on
the other plots it was kept below t inch by appropriate irrigation.
The dry weight and leaf area index (L ; ratio oI leaf area to land area)
of the irrigated crop were already much above those oI the unirri-
gated crop. There was no rain in the following fortnight, and the
effects of irrigation were greatly increased, In the interval between
the lst and 2nd samplings relative leaf growth rate was lower on the
unirrigated plots than on the irrigated ones, so that at the 2nd
sampling, L was more than doubled by irrigation. Net assimilation
rate (E) was also lower on the unirrigated plots, and this, combined
rith the lower L, gave a much smaller dry-weight increment than
on the irrigated plots. These results confirm pot'culture exp€ri-
ments by other workers in showing that severe and prolonged water
stress decreases yield by decreasing both net assimilation rate and
leaf area.

In the next fortnight before the 3rd sampling, 0.6 inches of rain
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fell, but the estimated water deficit on the unirrigated Plots increased
to nearly 6 inches. Nevertheless, the unirrigated ptants had a higher
relative-leaf-growth rate than the irrigated-plaati in this period=, so
that at the 3rd sampling the efiect oI irrigation on L was proportion-
ally much less than at the 2nd sampling, causing an increase of only
60-per cent instead of 120 per cent. An even more surPrising result
waa that E for the unirrigated plants was nearly three times that of
the irrigated plants, so that in sPite of their smaller L they produced
a largei dry-matter increment. The mean values of E in g./sq. m.
per rveek for the two periods were :

.. 
27 JuryJo Aug. 10-24 Au8.

.. 8:i 34

.. +8-3 +14.6

Similar results were found at both levels of N supply. The reason
for the decrease in E between the first and second periods on the
irrigated plots is not known. Presumably, it was due to change in
sorie extirnal factor other than water sdpply; it cannot be altri-
buted to the higher L oI the irrigated plots, because the greatest value
of L on the irrigated plots with high N supply at samplilrg 3 was only
3, and variation oI L over the even s'ider ralge between I and 5
had much smaller eflects on E of sugar beet than those shotvn above
(R?b. Rothantsl. exp. Sta. Jor 1954,p.72).' The results suggest that rairrfall after prolonged drought in
amounts small in comparison with the soil moisture defrcit may,
temporarily at least, have very large effects on IeaI growth and
pholostnthetic eliciency, perhaps through direct uptake of water by
ihe leai'es. The uork needs to be repeated, and the duration of the
ef{ect of small amounts of rain determined. If the results are con-
firmed they may have an important bearing in the economic use of
irrigation water.

A atterflbt lo increase yield by conlrolling leal arca index (D. J.
\\'atson, S. A. \\'. French and C. H. King)
Previous work has shotn that the net assimilation rate (E) of a

kale crop decreases as leaf area index (L ; leal area per unit land area)
increasei (Re2. Rotharnst. erp. Sla. Jor 1951. p.72). Consequently
the rate of <iry matter proiiuction per unit area of land increases
with increase ii L, reaching a maximum rvhen L lies between 3 and
4, and falting again at higler values of L. The total dry matter
Droduction pir unit area oI land over the whole groMh period, i.e.,
ihe drv matier vield, should therefore be increased if L were held near
the oitimum and not dlowed to rise above it, and this could be
acconiplished by repeatedly removing arr appropriate fraction of the
olant oopulation.' This irocedure was applied to akale crop grown on a Iertile soil
with a liberal fertilizer &essing to produce as large leaf area as
possible. Successive samplings showed that by the middle of July L
had risen to approximately 4, and on half the plots a quarter of the
Dlants u'ere riiroved to ieduce L to about 3. On the remaining
irtots the crop was lelt unthinned. There was little growth in leaf
Lea durine the following 3 weeks because of lack of rain, and at the
beginning "of August and again iu September the crop *'as irrigated
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with an overhead spray. By the end of August L Ior the unthinned
crop had increased nearly to 6. On the thinned plots the thinning
rvas repeated three times in Autust and early September, L being
reduced from near 4 to about 3 on each occasion. Nearly two-
thtds of the plants initially present were removed in the four
thimings. The unthinned plots, and the remaining crop on the
thinred plots, were harvested at the end of September. Measure-
ments of E based on samples taken fortnightly, usually at the same
time as the thhning, showed in accordance with the previous results
that E was consistently higher for the thinned crop, where L fluctu-
ated between 3 and 4, than for the unthinned crop, where L rose to
between 5 and 6 in August alrd September. However, the total
yield of dry matter on the thinned plots, including the plants
removed at the successive thinnings, was only about 6 per cent
greater than on the unthinned plots, and the difierence was not
significant. The reason may be that the thinning was sometimes too
severe, because the preliminary samplings to estimate L, from which
the proportion of plants to be removed was determined, gave
erroueously high values, and in some plots L was reduced to about
2.5. The drought in July and August may also have affected the
result. Less drastic thinning and more accurate control of L might
give larger increases in dry matter production, but even it the
procedure is successful there are many obvious dificulties in the
rvay of its practical application.



BIOCHEMISTRY DEPARTMENT
N. W. PInrc

Marjorie Byers and A. J. Clarke joined the dePartment, and M. V.
Tracey has been given leave of absence to accept a Royal Society and
Nuffield Foundation Commonwealth Bursary. He wi[[ be workiag
in the \\'ool Textile Laboratory oI the Commonwealth Industrial
and Scientific Research Organization at Melbourne. Five members
of the department attended the Third Ilternational Congress o{
Biochemislry in Brussels, and N. W- Pirie attended the World
Symposium on -{pplied Solar Energy in -{rizona.

Pr-e:t ExzYues

Ribonuclease (W. S. Pierpoint)
\tr'ork on the characterization of leaf ribonuclease has been con-

tinued. It has proved possible to obtain. by a process of gradient
elution chromatigraphy on a cation-exchange resin, a dilute but
purified preparati6n if the enzl'rne free from phosphatase activity
ieainst ATP, metaphosphate and p-glycerophosphate. This con-
firms the previous suggestion that the enz!'rne, like the Pancreatic
ribonuclease, is a specific phosphodiesterase.

A number of properties of t}te enz1rme have been described and a
number of compounds tested against it as possible inhibitors. A
speci6c inhibitoi of ribonuclease could possibly be of great help in the
iiolation of unaltered nucleoproteins from plant leaves and in
elucidating the physiological role of the enzyme. The compouads
tested inctuded some antiviral compounds which are structural
analogues of the naturauy occurring purines and pyrimidines, and a
numbir of antibiotics which inhibit Protein s5,'r:thesis. However,
no specific inhibition was observed.

MetaPhosphatase (\Y. S. Pierpoint)
One of the enzyme activities present in the pealeaf extracts ,,r'hich

is difficult to remove from the ribonuclease is metaphosphatase.
MetaDhosphate itself has not been detected in the higher plants,
dtholgh'it seems to form a very large Frcentage of the toial
phosohr-oms of some moulds and fungi, and to be very active meta-
botcillv. A number of observations have therefore been made on
the meiaphosphatase activity of the pea extracts.

Some'evidlnce ha-s been obtained which suggests that the meta-
phosphatase activity is associated with an unspecific acid phos-
bhorionoesterase. Thus the ratio of activity towards meta-
ohosphate and B-glycerophosphate was lound to be constant in a
*ide'ranse of pea-teaf exiracts, ald is not significartly altered by
various iroteiir fractionation treatments, including precipitation,
heat denaturation and adsorption' AttemPts \ ere made to Pre-
oare a purified sa.mple of this enzlrme by gradient elution chromato-
lraohrr on an ion-excba-nqe resil. The enz}'rne is eluted, however,
In t*,j distinct p€aks, both with the same ratio of metaphosphatase
to gtycerophosphatase activity. \'hether these Peaks rePresent

80
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difierent euzymes or are different forms of the same enzyme has not
been determined.

Amine oxidase anl arxin Jormation (P. J. G. Mam)
There is much evidence that 3-indolylacetic acid (IAA) is formed

in tbe plant lrom trS4rtophan, but the metabolic pathway is not yet
estabtished. It has been suggested that the route is by way of
try?tamine and 3-indolylacetaldehyde (IAc) or 3-indolylpyruvic acid
and IAc. We have already reported preliminary evidence suggest-
ing that the oxidation of tryptamine to IAc is catalysed by plant
amine oxidase, This work has been contiaued, and it has now been
established (by A. J. Clarke) that the primary oxidation product is
IAc. It has also been shown that the eDzlme catalyses the oxida-
tion of 5-hydroxytry?tamine. There is evidence that this com-
pound, as well as tryptamine itself, occurs in plants. A method has
been worked out for the estimation oI IAc. This depends on the
oxidation of IAc to IAA rvith silver oxide. The IAA formed is then
estimated. Using this method, the conditions favouring the
accumulation of IAc in the eaz1,,rne-catalysed oxidation of
try?tamine have been investigated. At pH 7 the IAc found is
about 80 per cent of theory, provided the reactior time is short and
the tryptamhe concentration is low, Under alkaline conditions the
yield is lower, possibly owing to pollnnerization of the aldehyde.
At high trptamine concentrations the low yield appears to be due
to the combination of the aldehyde with unchanged tryptamine.

Having thus established that the first stage in the postulated
pathway from tqaptamine to IAA is catalysed by plant amhe
oxidase, we have begun a study of the second stage-the oxidation
of IAc to IAA. Much o{ the previous work on this reaction has been
doue with a heterogeneous material coutaining only 2 per cent IAc
made by treatiag tryptophan with ninhydrin or isatia or by the use oI
plart extracts containing IAc. While a chemical method of
slmthesis is now available by which pure IAc can be obtained, the
procedure is difficult, and for this reason, and also because of the
instability of the compound, the enz]'rnic method of preparation has
obr.ious adva-ntages. \\'ork in this department has already shown
that the oxidation of phenylacetaldehyde is catalysed by plant saps.
The system in pea-seedling sap catalysing this reaction was found to
consist of a peroxidase together with a thermostable factor which
can be partially replaced by manganous ions. It has now been
shown that the oxidation of IAc is catalysed by plant saps and by
peroxidase, particularly in presence of Mns+. By analogy with the
phenylacetaldehyde reaction 3-indolylaldehyde would be expected
as the product of such oxidation. However, small amouats of IAA
accumulate during the oxidation, despite the fact that the plant saps
catalyse the oxidation of IA*{. It is possible therefore that a
significaat part oI the I-\c is oxidized to IAA either by the Froxidase
system or by another system as yet unidentified.

Amine oxidase and. alhaloid formalion (A. J. Clarke and P. J. G.
IIann)
We have reported that the oxidation o{ putrescine and cadaverine,

catalysed by plant-amine oxidase, results in the formation of A'-
pyrroline and A'-piperideine compounds. It was suggested that

F
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these ring compounds are formed by spontaneous cyclization of the
aldehydes (7-aminobutyraldehyde and E-aminovaleraldehyde), or of
the aldimires, rvhich are the probable products of the enz,'rne-
catalysed reactions. The suggestion has been made lhat, in virc,
the only enzyrnatic reactions directly concemed in the formation of
certain pyrrolidine and piperidine alkaloids are those producing
y-aminobutgaldehyde and D-aminovaleraldehyde and that the
alkaloids result from the spontaneous condensation of these
aldehydes with plant metabolites. II alkaloids are waste products
of metabolism it seems likely that they might be formed by such a
non-specific mechanism. We have therefore begun a series of experi-
ments to test rvhether alkaloids are Iormed u'hen the amine oxidase-
catalysed oxidation oI putrescine or cadaverine is carried out in the
presence oI the appropriate reactive methylene compounds.

The enz1'rne-catalysed oxidation of putrescine and cadaverine
takes place without CO. formation; however, with acetoacetate or
acetonedicarboxylate present in the reaction mixture the O. uptake
is accompanied by a CO, output. The CO, arises from the reactire
meth)lene compound, the concentration of u'hich decreases during
the reaction. This is not a simple decarboxylation of these com-
pounds, Thus acetoacetate gives acetone olr decarboxylation, but
only traces oI acetone are found in the reaction mixture, and there is
little or no CO, output if the amine is omitted from the reaction
mixtures or if boiled enzl.,me is used in the complete reaction
mixtures. These results suggest that the CO, arises {rom a reaction
betPeen the reactive methylene compounds ard the products oI the
amine oxidase reaction. In reaction mixtures containing both
amines and reactive methylene compounds the A'-pproline and
A'-piperideine compounds. which are the products of the oxidation
of the amines, do not accumulate. Nerv compounds are present
which resemble pyrrolidine and piperidine. The results therefore
suggest that condensation has taken place between the oxidation
products of the amines and the reactive methylene compounds.
Such condensations should result in the formation oi norhygrine
and norcuscohygrine from putrescine and ,'sopeUetierine from
cadaverine, Further chemical evidence is required to establish
conclusively the nature of the products,

Manganese oxidation in lhe fea llant (Pisum Sativum, L.) (R. H.
Kenten and P- J. G. Mann)
It has been suggested that the physiological effects of manganese

may, in part, be due to its capacity for valency change. We have
previously shown that trIn2- is oxidized by peroxidase systems and
by illuminated chloroplasts and have reported the results of pre-
Iiminary experiments demonstrating the accumulation of higher
oxides of malganese in the stems of pea plants grown in water culture
at high Mn,- concentrations. This t'ork ot in oivo mangatrese
oxidation has been continued. A method of extracting the higher
oxides of manganese from the plant stems has been worked out.
The tissue was washed first with orthophosphate to remove inter-
fering substances. then the manganese higher oxides were dissolved
in pyrophosphate and estimated spectrophotometrically. It rvas
only possible to demonstrate accumulation oI higher oxides of
manganese in the plant stems under conditions oI manganese
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toxiciti,. Ihus the lowest concentration of manganese in the culture
solutio"n with which such accumulation could- be clearly demon-
strated was 22 p.p.m. L'nder conditions of severe mirn€Janese
toxicity (110 p.p.m. Mn2- in the culture solution) relatively large
amourts of higher manganese oxides accumulated in the tissue
equivalent to l0G-20O pg. Ifnr+/9. fresh weight. \Ye have shown
that with peroxidase systems the oxidatior. in oitro takes place with
physiological concentrations of Mns+. It is probable therefore, that
ia tluo, under normal conditions of manganese suppty, the oxidized
mangiurese is reduced by plant metabolites as Jast as it is formed.
This would involve the manganese in an oxidation-reduction cycle.
Under conditions of mangarese toxicity, part of the oxidized
manganese escapes reduction and accumulates in the plant tissues.

Enzymes oJ brachen (R. H. Kenten)
Nork has continued on the enz,,rnes of bracken, and attention has

been largely confined to the eozl,.me thiaminase. This enzyme is
present in bracken, but has been reported absent from a large
number of species of higher plants. A study of the inhibitors and
substrate specificity of this enzlrne may lead to the development of
specific bracken-killing agents. For this work thia.minase prepara-
tions have to be made, and a simpler method for estimating
thiaminase activity thar that used hitherto would be valuable.
Some progress along these l.ines has been made. The estimation of
thiaminase activity involves the determination of small quantities of
thiamine. As the known methods are subiect to interference from
a variety ol substances, it is usual to separate the thiamine from other
materials by absorption and elution from a column of suitable
absorbent. Attempts to modify an existirg method to avoid this
time-consuming step have been partially successful, and we can now
obtain reasonable results with some partially purified thia.minase
oreoarations, It is of interest that this modified method was satis-
iaciory with crude thiaminase preparations obtaiaed from young
bracken fronds, but failed with similar preparations from older
fronds. \rltrile it is knourr that methods Iound to be satislactory
with one species oI plant may not be suitable with another, it is not
generally recognized that a similar situation may exist with tissues
from the same species o[ plant in different physiological states.

The oxidation of indolepropionic arl id.olebutyric acids by peroxidase
syslern s (R. H. Kenten)

A knowledge ofthe systems which are responsible for the metabolism
of substances with growth-hormone properties may throw light on
their mechanism of action in the plant. Work on the oxidation of
indoleacetic acid (IAA) by plart extracts and peroxidase systems
has already been reported. Two homologues of IAA, namely
indolepropionic acid (IPA) and indolebutyric acid (IBA), are also
oxidized by peroxidase systems. Both IPA and IBA have growth-
homone prop€rties, and a study oI their oxidation has been made,
partly on account of interest in systems which may be responsible
for tbeir metabolism, and partly because the results might help to
elucidate the mechaaism of oxidation of IAA.

In contrast to the results obtuined with the peroxidase-catalysed
oxidation of IAA by Or, where the presence oI monophenols, maleic
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hydrazide or Mnz+ increased the rate of oxidation, it was found that
peroxidase catalysed the direct oxidation of IPA or IBA only when
Mn3+ was present. The oxidation of IPA or IBA by peroxidase
plus Mn2+ was usually preceded by a lag period which could be over-
come by the addition of small amouats of HrOr. The addition of
catalase stopped the reaction, suggesting that it was accompalied
by, and depended on, the formation of Hpr.

The oxidation of IPA takes place without the Iormation of COr,
and proceeds at concentrations of peroxidase and M#+ commor y
eucountered in plant extracts- These facts, together with other
evidence, suggest that the oxidation of IPA by plant extracts
observed by other workers was due to the presence of peroxidase and
Mnr+ in the extracts.

.A.lthough the oxidation products of IAA, IPA and IBA were not
characterized, Irom the results obtained in these and other investiga-
tions it is likely that the indole nucleus is the site of peroxidase
attack.

Sruorrs oN soME LEAF CoMPo\ENTS

The suscebtibilibt of French beans to infections uitlt lnbrcco necrosis
drus (G. H. Wiltshire)
The studies of the change in concentration oI organic acids in

leaves, ircluded ir the Reports for 1953 and 1954, were extended and
completed. In addition to citric, malic and ascorbic acid, French
bean leaves contain isocitric, glycolic, malonic, fumaric, succinic
and one as yet uridentified acid. The content of each of these acids
can be altered by darkening the whole plant or leaves detached from
it, by infiltration with the potassium salts of these and other acids
or by ptacing the plant in an atmosphere containing little carbon
dioxide. Changes in composition bave been compared $ith changes
in susceptibility to infection. The largest chaages in acid composi-
tion were produced by darkening (increase in citric and decrease of
malic and other acids) , whereas the largest alteration in susceptibility
(a decrease) was produced by detaching the leaf. There was no
correlation between concentration of any one acid artd susceptibility
to tobacco necrosis virus, and none of the acids infiltrated into
detached leaves altered susceptibility as much as did chaages in the
environment. It rvas conirmed that plants darkened or placed in
an atmosphere containing little carbon dioxide {or 2 days before
inoculation ate sometimes more susceptible than control plants, but
at other times they are not. Some progress was made towards
defining conditions under which the response is reproducible.

Prcperties oJ fraclions from leaues infected uith labacco mnsaic t:irus
(N. \Y. Pirie)
From tobacco plants infected with tobacco mosaic virrs many

preparations have now been made of a non-infective antigen related
to the virus but with a much smaller particle size. This resembles
tle virus ilr many ways; thus it contains firmly bound ribonucleic
acid, it is not digested by the common proteolytic enzymes and it
aggregates readily ia uillo to glve rods very similar to those of the
virus. It contains only a tlird to a tenth as much nucleic acid a-s the
rirus, and much efiort has gone irrto verifying that some nucleic
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acid is invariably present regardless of the strain of vims used or the
conditions under which the host plaats axe grown. During the past
few years we have found much less slowly sedimentable material in
extracts from infected leaves than we found ten years ago, and have
no explanation of this. We confirm our old observation that the
lraction of virus that is only liberated from the leaf fibre by fine
grindirrg is less infective than the fraction that comes away more
easily, but in other respects the trro fractions are similar. (With
F. C. Bawden.)

\\'ork on the non-infective aatigen produced an abundant supply
of fresh centrifugally isolated rirus, and the opportuaity was there-
Iore taken to co-ordinate the scattered observations made during the
last ten J,-ears. All preparations, made from fresh sap, that have
not been incubated contain labile nitrogen and phosphorus. This is
mainly split ofi by incubation with citrate or phosphate, especially
in the presence of trypsin or nuclease, but its removal is accompanied
by changes in the virus. particularly in its behaviour on precipitation
rvith antiserum or ammonium acetate. This behaviour is probably
due to the presence of normal leaf nucleoprotein in virus prepara-
tions made by gentle methods. These preparations also contain
ribonuclease, and the experience gained nith this enz5rme (described
in earlier Annual Reports) has been of great value in controlling
its assay and removal.

Larye-scale lroduction ol leal ?rotein (l[. Byers, D. Fairclough and
N. \V. Pirie)
The dry summer did not seriously affect work on protein extrac-

tion. Even during the drought period, rvhen the dry-matter content
of some of the harvested crops rose to 36 per cent, protein precipitates
contained 60 per cent protein rvith an extraction of 30-40 1ler cent
of the original crop nitrogen. This was obtained by adding water or
dilute alkali to the leases during pulping and adjusting the degree of
pulping by varying the speed and pitch of the pulper hammers.
The results have emphasized the findings oI earlier work in that the
degree of pulping, controtled by mears of variable speed and pitch
of the pulper ha"mmers, affects the quartity and quality of the
extracted protein from suitable raw materials. A typical example
is given in the table on page 86.

Here samples of the same batch of kale were pulped at four different
speeds, and at each speed the same two settings of the hammers
were used. The coarse setting gives rapid movement through the
pulper, and the firte setting slo\r'er movement, so that putping is
more complete. Obviously this increases the extraction without
necessarily increasing the power consumption. Other experiments
have shorm that the precise distribution of the two tJapes of hammer
in the pulper afiects the power consumption when other factors are
kept the same. The ultimate economics of the process depend on
our being able to find a set of optimum speeds and settings for each
tlpe oI crop.

The new conveyor press installed in 1954 works well, both for
protein extraction ard for dewatering steamed crops. The water
ratio of grass and other crops can be reduced from 6: I to J: I
quite easily after steamiag, Ior the expenditure of I h.p. on the press
motor, at a throughput of I0 cwt.,hour.
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A continuous process of protein precipitation has been developed
to replace the batch method used hitherto. Live steam is injected
along the bottom oI a vertical U-tube through which juice flows.
The steam mixes with the cold juices, giving an almost instantaneous
rise in juice temperature. A thermostat bulb near the discharge
point of the hot juice at the top of the " up " leg controls a flow
valve for the cold juices entering the " down " leg of the U, and so
keeps the temperature of the discharge at 80" C. This steaming unit
simplifies the whole operation, and the coagulum filters much rnore
easily than that produced by slorver batch heating.

The efecl of t)arling the s|eed and. pilch of lhe Puryel
hammets

Pulper
speed
r.P.m.

653

Through-
put per

Ilammer hour,
settitrSs cwt./hr.
Coa.se 17.5
Fine 17.5

Coars€ 20
Fhe 17.5

ExtractioE
otNiD
Juices.
lst Ex-
tract.

Powe, r€- Total N
quired per as a per-

totr pulp centage of
kw.hr./totr crop N

4.6 4.t2
7.O 4.69

Protein
N libei-

ated from
fbre ex-

pressed as Protein
g.Nlrom N liber-
I ton pulp ated per
(4.075 kw-hr. used
kC.N) otr pulFr
8ms. gms.

128 21.a
138.5 r9.8

760 Coarse 21.8
Fine 15.6

Coars€ 14.5
Fine l2.o

8.O 10.2 325 40
5.8 l0.B 541 93

s.l 17.8 505 63
7.8 21-3 829 106

r4.8 ls.2 5ll 34.5
16.0 2t-5 505 35.4

Rou mat.rial ,scil-Kale. l5.4Ixr cent D.lI.
5 October 1955. 2.91 per cent N otr D.\I.

After steaming, the juices are poured into vertical calico or nylon
tubes 5 feet long and 5 inches in diameter. Quick-fitting clamps
seal one end, and snap holders secure the other end to a filter funnel.
lS-20 gal. are handled in a Iew minutes. More juice is pressed out
of the protein paste by twisting the tubes in an automatic unit that
keeps the torque on them constant as the juice comes away. Finalty,
the tubes are put under a beam press which gets the water content
dorm to 50 per cent. ID order to purify the protein still Iurther,
the coagulum cake is shredded, rrashed in vr'ater and filtered once
more.

A wide variety of raw materials have been used to produce
protein from a range of crops on the ore hand, and to study the
performance of the machinery on materials of different texture and
iomposition. These crops include grass from leys and permanent
pasture, lucerne, cereals, beans, kale, mustard, potato tops, sugar-
beet tops, artichoke tops, nettles. " fat hen ", etc. The final
product, alter partial removal of the fat, is pale green or fawn in
colour, tasteless and contains lG-I3 per cent N (ffio per cent
proteh).

The protein is got into a state in which it can be stored without
disinfectants by extracting the water ard part oI the l.ipid from it
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with methanol or acetone. We are not yet satisfied ll'ith our
arrangements Ior extracting the lipids and recovering the solvents,
but progress is being made. Difierent batches vary somewhat in
their digestibility by enzymes in citro. This is being investigated
thoroughly because it may give a partial explanation of the low
feeding value of some samples of leaf protein made in other
laboratories.

Zinc dislribution in leat:es (\t. S. Pierpoint)
\l'ork on the decomposition of normal leaf nucleoprotein by leaf

or pancreatic ribonuclease had suggested that some component of
the nucleoprotein was inhibiting the action of the leaf enz],'rne more
than that of the pancreatic one. This substance appeared to be
zinc, and consequently a number of estimations have been per-
formed to see if the nucleoprotein, or any other of the fractions of
tobacco leaves obtained during its preparation, is particularly rich
in this metal. There did not appear to be a concentration in any of
the fractions. This may represent the even distribution of the metal
in these fractions in uioo, or the di.ruption of some zinc-containing
organelles during the fractionation procedure. It was noticed,
incidentally, that old yellow tobacco leaves have a much higher zinc
content than younger green ones when expressed on a dry-weight
basis, but very little more on a u'et-rveight basis. This probably
mea.ns that tobacco leaves accumulate zinc during their gowth, but
do not lose it as rapidJl'as other materials during their decay. In
this respect they behale in a similar manner to certain cereals
(\Yood and Sibly (1949), Aust. J. Scl. Res.,3, l4).

Sorr

The properlies of rcsislanl parts o/ fungol mlcelium uhich , i1ht
accutnulale ir soi/s (M. \'. Tracey)
The mature puff-balJ mycelium has so far resisted all attempts to

induce its breakdown with-enztmes. It was reDorted last ve; that
a number of bacteria were being i.olated 1in collaboration ulitfr F. a.
Skinner of the Soil Microbiology Department) from a suspension of
mature pufi-bal1 mycelium in water that, after standing some
months, appeared to be undergoing fermentation. Trvo species oI
clostridia were isolated, one of u-hich produced eas withjn a iew davs
in anaerobic culture, with the myce[rim as sole"carbon and nitrog6n
source. At the same time the mtcelium lost some of its dark-brown
colour. 

- 
But neither species, alone or in the presence of any of three

aerobes isolated from the material, $as able to effect arly measuable
chemical chalge in the mycelium.

Further rvork on the chemical fractionat ion of the mature pull ball
mycelium shows that dichloroacetic acid may be of promise as a
solvent. It " dissolves " chitin, but it is possible to dialyse it arvay
Irom extracts using cellulose membranes. Dispersed riraterials of
high molecular weight can be recovered from thl solution, and the
dichloroacetic acid in the dialvsate may be removed by ether
extraction. Some degradation of .hitin io soluble non-diilysable
forms appears to occur under the conditions so far used, and the
conditions of use of dichloroacetic acid need further definition.

A number of papers have been prepared that relate to topics
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discussed in earlier reports, and these are now either Published or in
the press. The editing of Modern Methods oJ Pl,ant Analysis has
been completed, and the last volume should appear early in 1956.

The ?ototp-root eeluorm halching factor (G. H. WittshAe)
Some preliminar5r experiments have been done, ia collatroration

rvith the Nematology Department, on the isolation of the hatching
factor from potato--ioot diffusate. They con-6rm that the factor is
probably an'acid which can be adsorbdd on charcoal or on anion-
exchange resins.
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PLANT PATHOLOGY
DEPARTMENT

F. C. BawpBN
The mycologists moved to the new buildiag during the year, and

some of the old laboratories tvere modified to make them more
suitable Ior work on viruses. T. W. Tinsley returned from his period
oI secondment to the West African Cocoa Research Institute.
D. H. Lapwood was appoirted to replace F. T. Last, who trarsferred
to the Department of Insecticides and Fuagicides.

B. D. Harrison and J. M. Hirst gained the Ph.D. degree, and
G. D. Heathcote the M.Sc. degree, of London University. F. C.
Bawden was awarded the Research Medal of the Royal Agriculturat
Society of England.

L. Broadbent was awarded a Kellog Fellowship and spent three
months visiting universities aad research stations in the United
States ard CaDada. F. C. Bawden visited West Africa iu Februarv
to advise the Government of the Western Region of rr*igeria on thi
control measures aga.inst, and research into, swollen-shoot disease of
cocoa. In December he attended a meeting of a study group in
Paris called " to consider how U.N.E.S.C.O. might help to promote
knowledge on cell growth with a view to assisting research on
cancer." R. Hull attended the Congress of the Intemational
Institute of Sugar Beet Research held in Westem Germany.

Vrnusrs exo VrRUS DTSEASES

Slrains of lobacco mosaic oirus
A virus that causes a mosaic disease of legumes in Nigeria was

Iound to be serologically related to tobacco mosaic virus: so, too,
was southern sann-hemp mosaic virus from India. Although mary
previously described stra.ins cause necrotic local lesions in some
varieties of French bean (Phaseolus rulgaris), r.ote has iafected
leguminous plants systemically. The viruses from Nigeria and
lndia are not identical, but both undergo similar changes when they
are transferred from legumilous to tobacco plants. When obtained
from systemically infected tobacco plants, both are very similar to
our t]?e strain oI tobacco mosaic vims, but when obtahed from
systemically infected French beans they difier strikingly from it.
Not only do they cause difierent sy'rnptoms in many plants, bui they
are only remotely related serologically to the type strain, have
difierent electrophoretic mobility and difierent resistaace to in-
activation by ultra-violet radiation. One passage tfuough bean or
tobacco is enough to produce these changes, and inoculum derived
from single local lesions undergoes the same charges as the original
bulk inoculum. When virus from bean is inoculated to tobacco
plants kept in usual glasshouse conditions rMith a mean temperature
of 20' C., the inoculated leaves develop necrotic local lesions; for
about 5 days after infection only the bean form of the virus is
recovered from such leaves, but later the tobacco form begins to
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appear in many. When inoculated plants are kept at 37'C., they
produce no s5,'rnptoms; the bean form of the virus reaches much
higher quantities than at 2O', arld the tobacco form is not produced.
Thus, the chaage Irom one form to another depends not only on the
species of plaat infected but also on the e[vironment in &'hich the
plant is growing. \\'hether the change from one form to another
(epresents a reversible mutation or a phenotvpic variation is un-
certain. The changes in serological and physical properties induced
by passage through diflerent hosts may all arise from changes in the
protein moiety oI the virus while the nucleic acid remains constant.

Plarts infected with all strains of tobacco mosaic contain protein
that is serologically related to the virus but is not infective. Bean
plants infected with the strains from Nigeria or India seem to con-
tain unusually large quantities of such non-infective protein, for
purified preparations of the specifrc protein from beans are, weight
for weight, less than one.hundredth as infective as comparable
preparatious from tobacco when tested in Nicotiana glutinosa.
(Bawden.)

The specific protein in plants in{ected with other strains of
tobacco mosaic virus was fractionated and the part that is not sedi-
mented at 40,000 r.p.m. found to contain from 0.1 to 0.2 per cent
phosphoms instead of the 0.5 per cent present in infectivc virus
preparations. This phosphorus, like that in preparations of the
larger particles, seemed to be present as a nucleic acid. (Bawden
and Pirie.)

All the components specific to infected plants have previously
been thought to be serologically related to one another. Studying
the serological behaviour by the gel-diffusion test, both in plates and
in test-tubes with a btad< layer of agar inten'ening between layers
containing antiserum and virus preparations, suggests that this
assumption is unjustified. Preparations are serologically hetero-
geneous, artd serologically distinct components, all specific to
infected plants, have been detected. The protein that usually
accompanies tobacco mosaic virus when it is precipitated from sap by
acid or salts, or $'hen it is sedimented by high-speed centrifugation,
seems not to be one oI these antigens; after this contaminant is
removed by incubation with citrate or try?sin, virus preparations
still give more than one line of precipitation when tested against
antisera by tle gel-diffusiou method.

A crystallized preparation of tomato bushv stunt virus a,lso con-
tained two serologicallyrnrelated antigens that were not detected in
healthy plaats, but only one of these was sedimented by high-speed
centrifugation. (Kteczkowski.)

The relation belueen carnation lalent oirus, lolato drus S and fotato
paracrinhle virus

Last year we reported that camation latent virus was serologic-
ally related to potato virus S, which occurs in stocks of many potato
viruses without causing aly sFnptoms. The strains of virus S in
the varieties Arran Victory and King Edward have been studied in
some detail and found to difier in several respects. Although
serologically related, the two can be readily distinguished by pre-
cipitation tests with their heterologous and homologous anti-
sera, ald the one from King Edward inlects tomato plants, whereas
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the one in Arran Iictory does not. It has long been knowa that all
stocks of King Edward contain paracrinkle virus, and our results
are compatible with the idea that the aberrant strain of virus S
universally present in King Edward plants is paracrinkle virus.
Many experiments were made to gain evidence that King Edward
plants contain two viruses, without success. Sap from King Edward
plants was treated ilr various ways, such as heated to difierent
temperatures and diluted to difierent extents, and inoculated to
tomato plants, which were then tested after three weeks for virus
S and paracrinkle virus. All plants whose sap precipitated specific-
ally with antiserum to virus S also caused paracrinkle when scions
from them were 6rafted on to Arran Victory potato plants, aIId no
plant behaved in only one oI these two ways.

Plalts already infected with one strain of a virus usually resist
invasion by a second. The fact that Arran Victory plants, which
contain virus S, develop severe slrnptoms rvhen grafted with scions
Irom King Edward plants seems, therefore, to conflict with the idea
that paracrinkle virus is a strain of vims S. However, there are
examples in other riruses of strains that are only remotely related
serologically failing to protect plants against each other, and this
may be another. Eridence in favour of this idea was provided by
experiments which showed that virrs S from Arran Victory and the
serologically related virus from King Edward multiplied in originally
virus-free plants of the potato variety Profijt without seeming to
interfere with one another.

Paracrinkle virus has been much cited in discussions on the
origins of viruses and used as an example of a virus that has arisen
endogenously as a component of a higher plant, Our results make
the idea that it arose in King Edward quite unnecessar5r. They
suggest that it is simply a specialized strair of a widely occurring
virus, other strains of which are aphid-transmitted. None of the
strains now found infectirg potatoes seems to be aphid-transmitted,
but they may have derived lrom ones that were, such as camation
latent vims now is, ard lost this property, toSether with the ability
to infect such plants as camation, during their protracted existence
in ptants propagated by tubers. Evidence that another virus can
gain and lose the ability to be transmitted by aphids is given below.

1\'e have now produced plants of the King Edward potato variety
that seem to be free from paracrinkle virus and from anything that
precipitates specifically with antiserum to potato virus S. These
seemingly virus-free lines were produced by excising the apical
meristems from the shoots of potato tubers, and growing them on
nutrient agar. After they had developed enough, they were 6rst
trafted to tomato plants to produce sizeable shoots, when these were
struck as cuttings. Repeated tests with various antisera and by
grafting to Arran Victory potato plants failed to reveal the presence
of any virus. (Kassanis.)

Potalo oirus C and Y
Ten years ago we reported that potato virus C was serologicallt'

related to potato virus Y and suggested that the two were related
strains, despite the different diseases they cause and the fact that
virus C could not be transmitted by aphids. The stock oI virus C
we then used has since been maintained continuously by inoculation
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in series to Nicotiant sp. in the glasshouses. This year we have
trammitted this viras by Myzus perslcae, using the same techdques
that failed previousty. That the charge in transmissibility repre-
sents a change in the virus during its existence it Nicotiana sp. is
strongly suggested bv the fact that new cultures of virus C in
tobacco. obtained tike the original one from potato plants of the
variety Edgecote Purple kindly supplied by the Scottish Society for
Plant Breeding, \ ere not transmitted by M. persicae. No other
change has been noted in the behaviour of virus C, and both the new
and old cultures produce only necrotic local lesions when inoculated
to Majestic potato plants- Transmission of the aphid-transmitted
culture to Majestic and back to tobacco usually resulted in the loss of
the ability to be transmitted by M.?rlsr'cac, but a few tobacco plants
infected from It{ajestic still contained aphid-transmitted vims.

The difierent abilities of virus Y and individual isolates of virus C
to be transmitted by aphids seem not to be correlated uith any
difierence in their distributions in the tissues of infected leaves.
\\rhen leaves in{ected with any were exposed to ultra-violet radiation,
the proportional drop in infectivity of the expressed sap was the
same, suggesting that they were all at a higher concentratiou in the
epidermis than in deeper tissues. The ability of M. persicae, when
Iasted and then allowed to feed for 2 minutes on infected leaves, to
transmit potato virus Y from tobacco, declined in the ratio of
85:60: l0 when the infected leaves were irradiated Ior 0, 4{) and
80 seconds: the corresponding decrease in infectivity of expressed
sap was about l0:5:2. (\\'atson.)

Barley yellow dwarJ
Although virus diseases of cereals have received little attention

in Britain, they may be prevalent and causing unsuspected losses.
Certainly many plants in crops at Rothamsted and elsewhere show
leaf slrnptoms in the spring suggesting that they are infected with
barley yellow dwarf virus. From such plants on the Rothamsted
Iarm, a vims was obtained that was transmitted by three species of
aphids, of which Rhopalosilhum padi trarsmitted the most readillr.
The traDsmissions were made by fust Ieeding aphids for 3 days on
infected plants and then lor 3 days on healthy ones. Tests were
complicated by the fact that virus-free aphids cause yellow, partly
necrotic lesions, but these appear only at the feeding sites, whereas
slmptoms of yellow dwarf occur later on the young leaves. In-
,ected oats become characteristically red, which makes it a better
experimental host than wheat or barley. In a field experiment t'ith
small plots of Plumage Archer barley, plants infected on 25 April
yietded only 66 per cent as much grain as uninfected ones, and
plants infected on 3 May yielded 8a per cent- After the initial
reaction to infection the plants tillered well, and at harvest had the
same weight oI straw as uninfected ones, despite their lorrer grain
yietds. (Watson and Mulligan.)

Viruses oJ leguminou,s croPs

\Vork was started on virus diseases of legurninous crops, and these
also seem more prevalent thal previously thought. Most lucerne
plants taken from the Rothamsted farm were inlected with a virus
whose host rarge agrees with American descriptions for lucerne
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(alfalfa) mosaic virus. Its properties in oitro also suggest that it is
a strain of this virus, and electron microscopy showed it to have
spherical particles of approximately 14 mp diameter. What appears
to be a strain of yellow bean mosaic virus was isolated from nursery
stocks of Gladiolus, and a similar vims is very prevalent in red clover,
A severe disease found afiectiug a crop of French beans seems to be
caused by a virus not previously recorded. (Tinsley.)

Electron microscopy

The electron microscope contioued to be used for routine observa-
tions of virus prepa.rations, but many weeks'rlork was lost when the
microscope was refitted and housed in new quarters.

After a visit to the Research Laboratories oI Associated Electrical
Industries Ltd., at Aldermaston, techniques for preparing specimens
were changed. The evaporating plant was modified to make it
suitable for carbon evaporation, artd most specimens are now
mounted on carbon films. After comparative tests, platinum
replaced palladium as the shadowing metal. Although diflicult to
evaporate, it gives far superior results, as might be expected from its
higher meltiag point and atomic weight. In collaboration with
Mr. D. E. Bradley of A.E.I., attempts were made to demonstrate
structure on the surlace of tobacco mosaic virus rods, using an
experimental high-resolution microscope at Aldermaston. It is
clear that for success in work of this kind we must use either staiaed
or shadowed virus mounted on carbon films, and not carbon replicas,
which are too thick and give too little contrast.

The new microtome has reduced section cutting to a routine littte
more difficult than that involved in ordinary light microscopy.
Considerable trouble has been experienced from the tissue dis-
integrating rvhen the embedding methacrylate poll,merises,
apparently because the volume changes during polltnerisation. It
is most troublesome with large cells having rigid cell walls, artd no
doubt happened previously, but with the old microtome was not
distinguishable Irom trouble in the cutting. Possible interaction
betx'een this trouble and reagents used for fixation are being studied.

Experiments *'ere made to see if tobacco mosaic virus in tissue
could be impregaated rvith solutions containing heary atoms, so that
its density might be raised enough to observe virus particles easily in
sections still containing the embedding plastic. Both silver nitrate
and phosphotungstic acid, at pH 2, stain purified virus, but exposure
to pH 2 destroyed leaf tissue, even when it was already fixed.

From our and American work, it seems that the low iaternal
hydration of the virus makes it unlikely to be stained to high
densities without using treatments that do serious damage. Tomato
bushy stunt virus particles ofier more promise because they are con-
siderably hydrated and have more space into which heavy atoms
might be introduced.

Sections of a tobacco hair cell contairing tobacco mosaic vjrus
particles permitted a direct estimate of the number of virus particles
in the cell. A typical hair cell, with a volume oI about 2.5 x 10,6 p3,
was showa to contain about 6 x 107 virus particles, ot 24O pet p3.
This compares with a figure of 50 padicles per ps calculated from
infectivity tests on expressed sap.

When the microscope was out of action, much time was der-oted
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to a statistical study of the results of a series of test particle counts.
This shorved that contaminations were occurrirg ir the Cascade
Impactor, which collects the sprayed droplets ou filmed grids.
Co;taminatfutg drops are deposited in stage 3 of the impactor, and
probably arise as " satellite " droplets formed on the impact of
very much bigger ilroplets in stage l. They are thus contaminated
with rnaterial derived from a surlace within the impactor, and the
nature of this contamination depends upon what has recently been
put through it. Once recognized, the difficulty is readily overcome
by coating the inside surlaces oI the impactor with a strong solution
of calcium chloride; all droplets which have been in contact with
the u'alls of the apparatus are then contaninated with crystals of
calcium chloride and so recognized and omitted when counting.
Nevertheless, the precision of counts is still less thair that predicted
theoretically. Our method will uork at virus concentrations down
to about 0.1 rng./I. {or purified tobacco mosaic vims, and could be
pushed further if the magnification of our electron microscope could
be rapidly varied over a r,r'ide rarge, so that larger droplets might be
used for dilute solutions. The method is now beiag used to study
the rvay virus increases in recently infected leaves. (Nixon and
Fisher.)

The control o-f fotato oirus diseases

Experiments were continued to test the efiects o, spraying
potato crops with insecticides on the spread oJ leaf roll and rugose
mosaic, caused by virus Y. At Rothamsted DDT emulsion was
used on 0, 2, 4, 6 and.8 occasions. Aphids were few in spring, but
multiplied rapidly during July, and the spray this year did not
check infestations as thoroughly as previousll-, perbaps because the
summer u'as unusually hot, A count during the second week of
August showed 6,000 aphids per 150 leaves on uDsprayed plots,
compared with 2,500 on plots sprayed on 13 June and 14 July,
I,20O on plots sprayed on l3 June and 5 and 27 July, ard 550 on
plots sprayed on 13 and 23 June and 5,14 arLd 27 July. The fields
oI tubers were unusually small and were unafiected by spraying,

Trventy-three other trials were made in different parts of Britain
to find out for how long potato stocks can be mainta.ined healthy
enough to use as seed, when the crops are sprayed and diseased
olants are removed.' To gain further i-nformation about the best time to apply sprays,
plots containing 16 potato plants (12 healthy, 2 with leaf roll and
2 with rugose mosaic) were kept caged except for a single period ol
3-4 weeks, and different plots were exposed at different times. The
plots were sprayed rrith an insecticide at the end of their periods of
exposure.

An attempt r*'as made at Efiord Horticultural Station to see
rvhether the incidence of leaf roll and rugose mosaic in crops could
be assessed by lifting tubers in mid-August, breaking their dormancy
and immediately planting them again. It fa.iled, for frost kilted
the haulms of pLants growing in the open before s)'mptoms appeared,
and although rugose mosaic was usua.lly identifiable in plants grown
under glass, leaf roll was not.

Observations on plants grown from tubers saved from experi-
ments made in 1954 showed that all four insecticides (" Systox,"
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parathign, endrin and DDT emulsion) used at Rothamsted stopped
leaf roll lrom spreading, but they only decreased the proportiriri of
plants that coniracted rugose mosaic 6y about one-quirtei.

At Clavering, jn Essex, where " Hanane " or "Svstox " were
either sprayed on the foliage or drjbbled on to the ridgis 3 times, or
parathion was sprayed on the foliage 6 times, Ieaf ro[.] did not spread,
whereas its incidence increased 5 times (to 26 Der cent) in untieated
plots, Rugose mosaic increased in all'plots,'by 7 times to 35 per
cent in unsprayed plots and by 6 times to 28 per ient in spra.t.ed ones,
and the trial with this stock has therefore been stbpied after
continuing for 4 years.

At Harlow, Essex, in the third year of a trial, unsprayed plots
had 27 per cent oI their plants with leaf rolJ, plots spraved riitir DOt
or endrin 5.5 per cent, and plots sprayed and rogued 1.5 per cent.
Lea[ roll increased 7 times in plots not sprayed in lg54 ana by less
than one-third in sprayed plots. In all plots the incidence o[ rugose
mosaic was less than 0.5 per cent.

A similar trial at EHord, H ampshire, gave less satisfactory conlrol
of leaf roll, perhaps because the spraying was not thorough enough.
Leaf roll incidence increased from I to 2.5 per cent in sprayed plots
and to 5.3 per cent in unsprayed ones.

Another stock at Efiord and two in possible seed-growing parts
of Gloucestershire, rvhich were sprayed in 1954, as a preliminary to
starting combined roguing arrd spraying tests in 1955, alt had less
than.O'5 per cent of their plants afiected with leaf roll or rugose
mosarc.

The samples from the trial at Sutton Bonington, where tubers
were planted at various dates and part harvested 12 weeks later and
part after the haulm had died, showed that viruses spread much less
in 1954 than ilr 1953. The table shows the percentages of plants
with leaf roll and rugose mosaic obtained from tubers obtained from
the various plots in 1954.

Time oI Harvest

Leaf Roll
Af,er 12 ueehs
Alter ha .lrn died ...

PlaDting date in 1954
12 Apr. 7 May I June 26 June 2l July 2l Aug.

0
18.7

3,7 4.1 8.7
10,2 7.0 7.3

5.5 0.4
6-7 7-3

Rugose mosaic
After 12 ueehs ... 0.4
AIler ha*lrrl d.ied ... 3.o

r.3 5-4 0.7 2.5 07.0 7-A 3.0 3.8 0

As before, virus diseases were least prevalent in plots planted very
early or late and lifted l2 weeks later. Again, seed tubers harvested
after the haulm died gave plants that yielded l0 per cent more tubers
than did seed harvested after 12 rveeks' growth. Seed from the
Iast tivo plantings yielded less than that from the others. (Broad-
bent and Heathcote.)

Vintses oJ uuciJerou,s crols
The value of sowing strips of barley and oats around cauliflower

seed-beds to decrease the incidence of mosaic was again tested at
Luddinglon Experimental Station. Although the cereals grew
poorly and were damaged by birds, and aphids u ere more numelous
than in previous trials, there t'ere only 2 per cent infected plants in
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protected beds 6 rous wide and 2'7 per cent in beds 12 rorts rvide,
iomoared with 5 Der cent in unprotected beds.

ive again co-oierated with tie Plaat Pathologists of the National
Asricult;ral Advjiory Service in their annual suwey of the incidence
oicauli8ower mosaic, by operating 14 aphid traps in different Parts
of Eneland. M. bersicae were few until August, when they became
num"ious, especi;llv ir ihe Midlands, and they remained so dur-
ing Septembdr. B. brassicae were very numeious during August
in- Becifordshire arrd during September and October ir Cheshire,
Yorkshire and Northumberland.

lVork rvas continued on the host range artd properties of the
turnip viruses. The Edinburgh and Northumberland strains of
velloiv mosaic virus were ilactivated by heating sap for l0 minutes
-at 

temperatures between 75" and 80'C., and turnip crinkle virus
bet$'een 80' and 85'C. Both viruses were traasmitted from in-
fected to healthv plants rvhen the leaves were in contact in a wind-
tuffrel, through"which air was Bowing at 5 miles per hour.

Turnip cri-nkle virus has still been fouud onJy on one farm in
Kincardineshire. Its host range extenG beyona lhe Cruciferue',
it causes necrotic local lesions in, Chenobodium amaranlicolor and
Gombhrcna slobosa, arnd becomes svstemic in Datuva slramonium'
Rese'da odotita (Migronette) atd Cieome spinosa. (Broadbent and
Heathcote.)

Dr. Ch.'Martini, Institut fiir Pflanzenkraakheiten, Bonn, spent
7 months here, and studied the transmission of the turnip viruses by
flea-beetles- Both viruses could be transmitted immediately by
beetles that had fed for only a few minutes on infected leaves,
contrary to other workers'results with tum.ip yellow mosaic virus.
In simiiar conditions, beetles transmitted yellow mosaic rirus more
olten than the crinkle virus. Beetles that fed for longer than a day
on infected plants transmitted less often than those rvhich fed for
12 or {ewer hours.

S u g ar-be et oirus di seases

A virus obtained from wild beet, irr which it seems to be common,
causes discrete yellow or light-green riags in sugar beet; in old
leaves the rings coalesce to give a pattem of green rings on a yellow
background that is characteristic and from which the virus has
provisiondly been called " water mottle ". It does not protect
plants against infection with sugar-beet mosaic virus, but the trto
i,re trans-mitted by aphids in the same manner and in some conditions
produce very similar s].rnptoms. A difierence is that the rvater-
mottle virus makes the under surface of the main veins necrotic, so
that the leaves bend backwards, and the necrotic lesion may spread
to the petioles and eventually kitl the leaves; it also gives more and
better-defined local lesions in tobacco than does mosaic virus, and
twice during the winter has become systemic in inoculated tobacco
nlants. Whether it is a distinct virus or an aberrant strain oI beet
hrosaic virus is undetermined. (Watson,)

When transmitted to inbred lines oI sugar beet, various isolates
oI beet yellows virus consistently produced sl,Tnptoms of difierent
severity. Iv\rhen titrated agahst virus antisenrm, the sap from
plants with the most severe sl,,mptoms also gave the highest pre-
iipitation end-point. Isolates that were most virulent towards
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sugar beet either failed to inf.el Capsdla bursa-lastaris or caused
only a mild disease, whereas isolates least virulent towards sugar
beet severely stunted it and turned its older leaves purple. Sap
from irfected C. bursa-fastoris d.id not precipitate specifically with
antiserum to yellows virus. The diseases caused by the various
isolates in Cheaopodium oirgatum and Nicotiana cletelandii in
general paralleled in severity those caused ir sugar beet, but isolates
that caused vein etch and yellowing ir beet sometimes produccd only
one or other of these s],rnptoms in.l{. cleulandii. The precipitation
end-points obtained when sap from diseased N. cl,anl,aadii was
titrated against antiserum were highest from plants that showed the
most severe slmptoms.

Beet plants inlected with any of eight isolates that cause various
degrees of yellowing and etching were protected against subsequent
infection by the most virulent isolates. Not only did the character-
istic slrnptoms caused by the vimlent strains alone fail to develop,
but the plants infected with the less virulent strains and then
colonized 14 days later with aphids carrying virulent ones gave roots
the same weight as those infected only with the less virulent strains
and heavier than those from plants infected only with the virulent
strains. Plants infected sirnultaneously by aphids carrying strains
of difierent virulence developed sJrmptoms intermediate in severity
betweea those caused by plants inlected vith either strain alone.
Yield of roots was again correlated with severity of leaf s1'rnptoms ;
uninfected pla-nts in pots yielded roots averaging l9'2 9., to be
compared lvith 4.8 g. for those infected with the most virulent strain,
12.8 g. \irith the less virulent strain and 8'8 g. {or plants infected with
bothatrains. In field plants oI commercial beet varieties, however,
there was no sign of such interference between strains, and plants
infected with a virulent and avirulent strain simultaneously yielded
no better than plarts infected only with the virulent one. h a.

replicated field trial with virus strains that produce diseases of
difierent grades of severity in glasshouse Plants, Ioss of yield in
roots was correlated with severity of leaf slmptoms shourt ulder
glass. (Blencowe and Hull.)- Small field tests with 272 progenies, obtained by self-polLiaating
plants selected because they produced large roots although they had
yellows, showed large differences ilt leaf tSrpe and in reaction to
infection, loss oi yield from infection in seedlings ranging from 35 to
66 per cent. Most of the progenies yielded less than commercial
varilties, but a few yielded more, both when uninfected or infected
with vellows virus, aird some did so only when infected.

Lirger experiments *'ere possible with inbred progenies selected
il f953, but urfortunately the plants suffered severely Irom drought.
However, some oI the lines lelded as nuch sugar per acre as a
commercial variety when uninfected and yielded more, and looked
greener, when infected with yellou s virus.- A chlorosis that developed in some seedlings raised Irom the
inbred line H2S seems to resemble the " 41 yellows " found some
yea$ ago in breeding lines in Eire. Seed Irom one Plant produced
I per cent and from another 20 per cent of yellowed seedlings, and
seed from one cluster sometimes produced both healthy and yellow
seedlings. The cause, presumably a seed-transmitted virus, was
transmitted Irom affected to hea.lthy seedlings by aphids. Infection

G
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with it did not protect plants against subsequent infection with
yellous vinrs. The two inbred plants that gave this seed were
infected with the yellows virus as seedlings and later selected in the
field for propagation because they showed unusually brilliant
yellowing. No seed from any other intected plants has given
iiseased-seedlings. (Hull.)

Experiments to test how spraying rvith insecticides afiects the
incidence of yellows in the root crop were made at Cambridge,
Bury St. Edmuncls, Norwich and Boston. Although much of the
summer seemed favourable Ior aphid flight and multiplication,
only lew Myzus persicae were found on the experiments, and large
populations of,,lrirs/a6ae developed on only one.

The materials used did not kill all the aphids on the plants,
possibly because of the hot weather when they were applied. A da1-
a{ter the third spraying at Cambridge there was a geometric mean of
90 A. fabae per plart on unsprayed plots, compared with 22 on those
sprayed rvith " Systox ", and 4 on those sprayed rvith " Metasystox ".
Plots sprayed with a commercial formulation of DDT in oit (a
satisfactory aphicide for potato crops) had as many aphids as did
the unsprayed plots. Three weeks a{ter being sprayed with
" Systox " or " Metasystox ", plants had the same aphid population
as unsprayed ones, and those sprayed with the DDT [ad higher
populations.

At Bury St. Edmunds there was a geometric mean oI lO A.labae
per plant on the control plots in late July. Plots sprayed two u.eeks
previously with " Systox " or " Metasystox " had 5, and plots
sprayed with DDT had 70. The plots sprayed with the ihree
materials on earlier occasions in June had the same number of
aphids as the controls.

Spraying with " Systox " or " Il[etasystox " at the rniddle or
end of June decreased the incidence of yellov/s to one-fifth, and
spraying on both occasions was no more effective than spraying on
either one. A spray in mid-July was effective only a[ Nbnfrch.
A mid-Juae spray of DDT emulsion decreased the incidence of
yellos's by two-thirds, but later sprays had no efiect. At the end oI
August fewer than l5 per cent of the plants were infected: expected
yield increase from sprafng was under 4 per cent and was not
detected by lifting samples from the plots.

The effects o[ two sprayings with " Metasystox " on yellows
incidence were determined in 16 experiments arranged in co-oDera-
tion with the sugar-factory agricuttural stafis. Fewer than 5 per
cent of plants had yellows at the end of August on the unsprayed
plots of 8 exp€rimeDts, and only 4 experiments had mori than
l0 per cent of plants with yello$/s. Spraying decreased the incidence
of yellorvs ; it prevented large aphid infestations from developing on
most experiments aDd kept the plants reasonably free from aphids
for 7 to 14 days.

-tt Dunholme, where plots were surrounded bv plants artificiallv
infested with virutiferous Mlzus lercicae, " Sysio^x " and 'MetJ-
systox " decreased the incideace of yellows by one-third at the
beginning of September, and by one-eighth in mid-October; endrin
and DDT emulsion had no efiect either alone or when applied with
svstemic insecticides.' An erperiment to find the interactions bet&.een cultural factors
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and spraying with a systemic insecticide was repeated. Two dates
of sov/int, two levels of fertilizer dressings and two levels of plant
populatiols \yere compared. No cultural treatment produced
large difierences in the incidence of yellows; the largest response to
sprayiag three times with " Systox " (about I ton/acre of beet)
was from plots with full fertilizer and high plant population, the
treatments that yielded best. (Blencowe, Firth, Gates and Hull.)

Beta utl,garis spp. uaritirua grows abundantly on the eastern
coast of England from the estuary of the Thames to south o{
Lowestoft, near Blakeney in N. Norfolk, and around the Ouse
estuary near Kiag's L1mn. A survey was started to estimate its
importance as a perennial host plant of yellows vims and other pests
and diseases ol the commercial sugar-beet root crop. Most plants
examined were infected with either vellows or beet mosaic, or both,
irJses. Percnos?ora schachtii was-locally abundant on wild beet,
and in some areas the plants were heavily infested with lan'ae of
the mangold fly. In two places yellows and mosaic had spread from
wild beet to adjacent fields of commercial beet, but whether wild
beet is generally an importart virus source for beet crops in the
coastal districts is still unknown. The wild beet rvere not colonized
by aphids in the summer.

On lowJying coasts, ,B. marilima is mainly confined to the
region of the equinoctial high-tide-mark, but sea flooding in Jaauary
1953 extended its distribution. Apparendy seed floated inland with
the flood waters, and wild beet is now established as a weed oI
hedgerows and waste ground. \\'hether it u'ill continue in this
unaccustomed habitat remains to be seen. (Blencowe.)

" Conserbeta ", a proprietaqz powder designed to check the
sprouting of clamped mangolds and fodder beets and to kill aphids,
hllved the growth of shoots from roots whose leaves and main
gro\,litrg point had been removed, but irhibited growth from un-
topped mangolds by only 11 per cent. Topping alone reduced
spiout length; shoots from the shoulder buds on topped roots
averaged 1.3 inches when the apical shoots from untopped roots rvere
5.0 inches. (Cornford.)

The samples of commercial sugar-beet stecklings planted at
Dunholme averaged 2.4 per cent of plants with yellows; those from
eastem England that were sprayed during the autumn with in-
secticides htd 3.4 per cent, those grovr'n under cover crops had l 4 per
cent and those from the north of England 2'l per cent infected Plants.
Ilfany of the samples grew poorly, only one-quarter oI the plants
surviving in some plots. Some of the loss could be attributed to
doway mildew (Peronospora schachlii\, which was commonest on
stecklings from open beds in East Anglia, and to the stecklings beiag
very small, but many large stecklings that seemed healthy when
planted also failed to grow. despite favourable weather soon alter
planting.

In the autumn of 1955, 127 sugar-beet steckling beds had on
average 0.38 per cent of plarts with yellows when inspected by
-r-ational Agricultural Advisory Service and British Sugar Corpora-
tion omcers. Discarding 5 beds u'ith over 2 per cent of infected
plants decreased the average to 0 21 per cent. Mangold and fodder-
beet steckling beds had up to 8 7 per cent of infected plants and the
average for 180 beds was 0'63 per cent. (Firth ard Hull.)
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Plots of stecklings at Dunholme sprayed 5 or 3 times in the
autumn of 1954 gave seed crolx containing 6 and I0 pr cent in-
fected plants when the spray was " Metasystox ", 8 ard 29 per cent
when 'Systox",9 and 20 when parathioo,4 and l3 when endrin
and 8 ard 15 when DDT.

Seedlings can be made aphicidal when seed is soaked in solutions
of Hanane or N.C.? before it is sown, but the treatment decreases
germination. Watering the rows at the time oI drilling afiects
germination less and made seedlings aphicidal for 3 r,r'eeks. (Gates.)

Mvcorocv
Potato blight

Experiments started in 1954 to find the importance oI seed
tubers irrfected ,.J"./rth Phy@hthola infestans it initiating outbreaks
of potato blight were continued in 1955, when more than 40O
naturally or artificially infected tubers were planted, either in an
unheated glasshouse or in the open. Although Il per cent of those
raised uader glass produced stem lesions, showiag the spread of the
{ungus from the tubers, none planted in the open produced any.
The need for a suitable environmeut before such lesions are produced
was further emphasized by their occurence, despite the dqr weather,
in July on potato plants found growing from discarded tubers in tall
eTass." $here blight occurred in the unusualty warm and dry summer,
it did so late and spread only slowly until late in September, when
crops that had not already matured became heavily attacked. In
such conditions protective sprays were not expected to increase
yetd; they had no efiect on the yield of Majestic at Rothamsted
and decreased the yield of King Edward by about I ton/acre, which
was not statistically signi0cant.

For five years observations on the occurrence ol weather fulfilling
Beaumont's criteria for forecastiag outbreaks oI potato blight have
been made in usual Stevenson's screens ard in potato crops. In
\ et summers there is little advantage in making measurements in
the crops, but in average or dry years forecasts based on such
measurements are more reliable than those made 4 feet above ground.
Unforturately there seems little hope oI improving the criteria to be
applied il screens 4 feet above ground, because the difierences
betweeD screen and crop measurements result chiefly frorn such
factors as soil moisture and density of crop that vary with each crop.

Aplle scab

Our v/ork with the National Agricultural Advisory Service in
the \\'isbech area again demonstrated the importance of ascospores
as the cause of early infections of apple scab (Vmluia inaequalis).
In the course of this work it has become obvious that the extensive
use of organic mercury compounds as curative sprays has created a
need for accurate methods of detecting the kind of weather that
permits iafection. Workers in t}te United States consider that in-
fection occurs whm leaf surlaces rema"in wet for longer than a
minimum time, which varies with the temperature. In 1955 we
confirmed that the dew balance could be used to measure the time
that apple leaves were wet, and it seems that the design of a simpler
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balance might allow weather favouring infection to be detected at
maly places and lead to greater accuracy in the timhg of curatiye
sprays.

In addition to the Wisbech area, where Bramley's Seedling is
the predominant variety, a trap was operated at Sudbury, Sufiolk,
irt an orchard of Worcester Pearmain and Laxton's Superb. Asco-
spores occurred three weeks earlier and were over six times as
numerous at Wisbech as at Sudbury.

To estimate the number oI ascospores produced in difierent
locatities by difierent varieties, and to test the eftcacy of methods
of preventing their liberation, two small wind tunnels were made to
study spore liberation, These allow the total number of ascospores
liberated from unit area of different samples of dead leaf to be com-
pared. Preliminary trials x'ith this apparatus in lg55 showed
diflerences between the spore content of leaves Irom Wisbech and
Sudbury orchards similar to those indicated by operating spore
traps in the orchards; they also showed that, alter spralng with
DNOC, dead leaves liberated only I per cent of the ascospores
liberated from unsprayed leaves. (Himt and Stedman.)

Pea uilt ar.d fool-rot
Serious outbreaks oI pea wilt, caused by Fusatium oryslontm

f. 2isi, and of foot-rot, caused by Fusarivm solani f. Pisi, were seen
in-S.E. Engtand; wilt was particularly prevalent in Essex. From
N. Suffolk, a bacterium u'as consistently isolated from diseased
peas occasionally together with F. oxysforum. When inoculated to
the varieties Onward and Charles I in the glasshouse, either organism
alone caused only a mild disease, whereas both together caused the
lower leaves to wilt and collapse. The bacterium has not yet be€n
identified.

A field experiment at Rothamsted, in which soil was artificially
inoculated, showed lhat F. solani spread along pea rows more rapidly
than did F. oxysporum, and that simultaneous inoculations with
both fungi decreased the rate at which both spread. .{n experiment
to test the effects of soil inoculum introduced with peas sown in
March and late April on yields oI fresh weights gave inconclusive
results, although fewer seedlings emerged alrd the plarts were
shorter in the inoculated plots. These experiments are being
reDeated, together with similar ones on an infested field in Essex.- 

Further work on the variability in F . otls|ontt t l. Pisi indicated
that the formation of heterocaryons (hyphae containing nuclei from
senetically different cells) may be a method whereby Pathogenicity
is altered-. Heterocaryons formed between two mutant strains,
produced from a virulent wild-type culture by exposure to ultra-
violet radiation and each u'eakly pathogenic, were as pathogenic as
the original witd tlpe.

Cultures were derived Irom sirgle spores formed by heterocaryons
between physiologic races I and 2 ol F. oxysporum f. lisi and 3 out
of lOs of ttiese combined properties from both races. These new
combinations of properties rvere detected by studying the nutritional
requirements of the cultures and their ability to tolerate growth
nrtiducts of an Actir,omvcete. Two cultures that combined
iroperties from races I and 2 infected a variety of pea that is not
itticked by either of these races and that previously has beeu found
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susceptible only to race 3. It seems that F. oxysporumhas a system
resembling the " parasexual " cycle that has been described for
some other Fungi Imperfecti, and this system, which allows difierent
nuclei occasionally to exchange genetic materia-l, may be one factor
responsible for originathg races able to infect previously resistant
plarts.

An attempt to gain information on the mechanism whereby
diflerent pea varieties resist infection by some races oI F. oxtslorurre
was made by studying the efiects o{ root exudates from difierent
varieties on the growth in culture of the three races- Sterile water
was continuously circulated over the roots of plants growing uader
sterile conditions, and the final solution was concenlrated, in oacuo
at 40o C. Exudates from roots of varieties that resist infection by
a given physiologic race inhibited the germination of spores oI
this race. Exudates Irom young roots inhibited more strongly
than exudates from old ones. Concentrated exudates contained irl
porcelain cylinders on agar media also inhibited the mycelial groryth
of races which the variety of pea resists but not the gro{th of those
rvhich infect it. Sections through inoculated pea roots shoq'ed that
races incapable o{ uilting a variety were checked in the outer layers
of the cortex and never reached the stele. This also was most
obvious at the early stages of the plant's gro\rth.

Extracts from lesions caused byF. solazi in stem bases suppressed
the germination of spores of F. oxysporuu., whereas extracts from
normal stem bases did [ot. This toxic efiect on F. oryslorum of,
stems infected with.F. solazi mav explain the phenomenonbbserved
in ear[er experiments, that infitio; with boih fungi causes a less
severe disease than the wilt caused by F. oxltsporum alor.e.
(Buxton.)

Efects ol ultra-aiolel radialion on Olant Pethogens
-\s \rith other cells, the damaging effects of ultra-violet radiation

on spores of plant pathogenic fungi can partly be offset by visible
light. Irradiated suspensions of spores of Bolrgtis fabae, the cause
of chocolate spot oI broad beaa, or of Uroml'ces fabae, the cause of
broad bean rust, produced many more infections when the spores
were exposed to light before being inoculated to plants, or when the
inoculated plants \r'ere exposed to light, than when thev were kept
in the dark. Exposing the inoculated plants to Iiglit increasid
infections by B. labae more than did exposing the irradiated spore
suspensions. When spores were irradiated similarly at diffeient
times after suspensions s'ere rubbed on leaves, the proportion that
infected increased with increasing time between iiroculation and
irradiation; with a dose so that spores irradiated immediatelv
after inoculation gave 3 per cent of the infections produced by un--
irradiated suspensions, those irradiated after 4 hours produced
13 per cent and those irradiated alter 8 hours produced g3 per cent.
These results suggest that germination increases resistanie to in-
activation by ultra-liolet radiation and that, once t-he fungus has
penetrated the epidermis, it is protected from the radiation. -

Irradiating bean leaves increased their susceptibility to infection
by Botrylis fabae, so that the same inoculum produced more lesions
and larger o_njs. ]t had no efiect on infection by Uromyces fabae.
(Buxton and Last.)
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_ -\Yhen resting spores of Plasmodiofhora brassicqe, the cause o[
clubroot of crucifers, were exposed to various anrounts of ultra-
violet radiation and then inoculated to cabbase seedlines erowine
in water culture, two effects were observed; 7I) loss of"ab"ilitv tX
produce zoosporangia in infected root hairs, anci (2) loss ot abilit"v to
infect root hairs. Doses of radiation too small io afiect abiliti to
inlect root hairs left only 5 per cent of the spores able to develoo to
the stage of forming zoosporangia. Wbetlier these effects can be
reversed by visible Iight is being studied, but the study is complicated
by the fact that visible light itielf seems to inactivate restird soores.
Exposure to direct sunliiht for only short periods prevente"d ioores
from inlecting, and results were inconsistent r.r'hen iess intense'lieht
was used. The component of sunlight that inactivates is unlkilv
to be in the ultra-violet region, becauie it passes throueh slass.

Spores irradiated to the extent that zoirsporargia #e i'ot formed,
though infections occur, are also less efiective thair normal spores irr
c,ausing " clubs " to form. Such exposures to ultra-violet r;diation
decreased the weight of clubs to the same extent as did dilutine the
inoculum fifty-fold. Diluting to this extent decreases the numb-er of
root hairs that become infected to about the number that develoo
zoospores when infected with undiluted suspensions irradiated foi
the correct time. This suggests that infections which fail to form
zoosporangia in root hairs do not develop {urther and confirms
observations made on roots inlected bv irradiated snores

Results of experiments showing thit the antibiotic sriseofulvin.
either sprayed on the leaves ol cabbages or applied to'the soil in
which the plaats were growing, checkedlhe development of club root
are described in the report ot the Insecticidei and Fungicides
Department. (Macfarlane.)

Cereal diseases

The weather greatly favoured fhe development of evesoot.
C ercosporella herpolrichoides, in wheat sown irt bctober, bui cioos
souar late were checked by cold in -lanuary, and less severelv in-
fected. Take-all. Olhiobolus graniiis, *-a!'more pr"u.t"nt itrn
usual at Rothamsted, both on autumn- and spring-sown wheat,
growing where rvheat or barley had been taken recintly. Ergot,
Clariceps furpurea, which very rarely occurred on wheat al Rothl--
sted 20 years ago, usually occurs now every year. The harvested
grain from $'heat on Long Hoos averaged I sclerotium in 400 e.
Black stem rtsl, Puccinia gramizrs, wasiairly severe on spring- bu't
not on autumn-sown wheat.

Broadbalk uas drilled ulusuallv late and was less afiected bv
eyespot than usual; the average iniidence in 8 plots after crop wa"s
48 per cent infected straws,32 per cent severely i after falJow i8 per
cent were hfected, 8 per cent severely. Tai<e-all was commoirer
than usual in sections following wheat. lt was asain negligible
after fallow and most serjous on the three plots that reieive no nitro-
genous fertilizer: it rvas less severe than in some nearby fields
rvhere wheat followed uheat, suggesting that some condiiion in
Broadba.lk is inimical to take-all. The incidence of eyespot or take-
all varied from plot to plot in Section V, which was'linied in 1954,
but an average of all plots was the same in the lightly and heavily
limed parts.
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The wheat in the four- and six-course rotation experiments was
sown in October, and the eyespot incidence was above average. In
the four-course, 60 per cent straws were infected, 43 per cent severely,
and in the six-course, 44 per cent straws were infected, 21 per cent
severely.

Thd cnrious white-straw disease, caused by Gibellina cerealis,
rvhich is not known to occur anywhere else in Britain, was again
recorded iu wheat on the alternate wheat and fallow.

In the ley-arable experiment the percentage straws with eyespot
lesions after arable, cut grass, grazed ley and luceme \+'ere 43, 5, I
and 7 respectively on Highfield, and 72,7,6 and l6 respectively on
Fosters. About hali of the infected plants had severe lesions, but
the crops <lid not lodge, and yield rvas afiected only on Fosters.
Take-all was recorded for the first time in these experiments on 5 o{
the 8 plots after arable on Highfield, but on average only 4 per cent
of the plants x'ere affected. (G\'nne, Satt and Slope.)

The efiect on lodging in Proctor barley ol sowing seed at l, 2 and
3 bushels/acre was tested at different levels of nitrogen (0, f!, 3 and
4] crvt. sulphate of ammonia/acre). There was much less lodging
than last year, but there was the same tendency for it to increase
with increasing seed rate and nitrogen. Plots that received nitrogen
averaged 3, 22 and 32 per cent of their areas lodged at harvest when
sown respectively at I . 2 and 3 bushels ; plots receiving 0, l, 2 and 3
doses o[ nitrogen had an average of 0, 2, l3 and 42 per cent o[ their
areas lodged. Total grain yields, like last year's, averaged 42'9
crvt,/acre {or plots receiviag nitrogen. Yield was not afiected by
seed rate; plots receiving one dose of nitrogen yielded 1.8 cwt./acre
more than those with no nitrogen, 2 doses gave a slight decrease and
3 doses yielded 2.2 crvt. /acre less than I dose. The amount of tail
corn again increased rvith increase in seed rate and nitrogen, so that
the 5 ield o[ dressed grain was depressed by each additional bushel of
seed: plots receiring nitrogen aad sown at 3 bushels, yielded
4.8 cwt./acre less dressed grain than those sorn at I bushel. Yield
of &essed grain was again depressed by each dose oI nitrogen,
3 doses yieldhg 7.0 cwt./acre less than I dose, 7.7 cwt. /acre less than
no nitrogen. (Glynne and Slope.)

In an experiment to measure the efiects ol previous crops on two
varieties of wheat Brown under good conditions, Cappelle sowl on
15 October, after a crop of potatoes that received farmyard manure,
gave 65] cwt./acre on some plots, the highest yield yet recorded at
Rothamsted. Plots receiving 3 and 6 cwt. " Nitro-Chalk ", applied
half in March, half in May, averaged respectively 5I{ and 60
cwt./acre. Holdfast, with the same treatments, gave 4l| and
44 cwt./acre. The large response to nitrogen oI Cappelle suggests
that its limit of yield maynot yet have been reached. When following
wheat instead of potatoes, but otherwise treated similarly, Cappelle
gave a mean yield for all treatments of 20+, Holdfast of 14 cwt./acre;
the proportion of tail corn was greater than where they followed
potatoes. The very large difierences in yield artd quality of grain
when wheat follov'ed different crops was associated with a much
higher incidence of eyespot, tale-all and weeds in the crop following
wheat, The weather u'as exceptionally Iavourable for eyespot and
weeds in 1954 and 1955, altd both were more prevalent thart is usual
at Rothamsted in the second successive wheat crop. Cappelle after



105

wheat had 76 per cent straws infected by eyespot, 50 per cent
severely, Holdfast had 88 per cent straws infected, 74 per cent
severely, supporting evidence from earlier pot experiments that
Cappelle has some resistaace to this disease. Take-all was more
prevalent on the roots of Cappelle tharr of Holdfast. (Glynne and
Slope.)

On Iight land at Woburn, winter wheat growrt for a second l ear
on the same land yielded only 14.6 cwt./acre of grain compared with
27.4 cwt. in the first year, the highest yielding plot of CappeUe giving
only 28.8 cwt. compared with 50.2 cwt. in l9#. The lower yields
in the second year r'esulted partly from a higher incidence of eyespot
and take-all and partly lrom much increased weed iafesiation,
A gr o sti s gigantea predominating.

Nitrogen gave large responses in both years; 6 cwt. of " Nitro-
Chalk "/acre applied in trIarch, April and May increased yietd by
15.4,22.4 alld 13.9 cwt./acre respectively in 1954 and by 13.2, I3.8
and 3'3 cwt. respectively in 1955-

Eyespot affected Holdfast more than Cappelle. Its incidence
was greatly increased by nitrogen, especially where applied in March;
thus Holdfast given no nitrogen, and dressed in March, April and
May had respectively 7, 42, 23 arrd 12 per cert straws infected at
harr,'est in 1955. The crop on nitrogen-deficient plots was too sparse
to favour inlection by the eyespot {rmgus, but conditions became
favourable when the luxuriance of the crop was increased by
nitrogen,

Take-all was a little more prevalent than last year, I5 per cent of
the straws having infected roots. There was more take-all on
CappelJe (18 per cent) than on Holdfast (12 per cent), as at Rotham-
sted. " Nitro-Chalk " applied in -\pril decreased thc percentage
inlection more than where applied in March or May. (Salt.)

Potato skin stot
Attempts to produce skin spot on potato tubers u'ith cultures of

Oospora lwslulans isolated from underground pafts of growing potato
plants failed, but the failure i6 not evidence that the isolates difier
from those afiecthg tubers, for these also failed to cause skin spot
under the conditions used.

Seecllings of both potato and tomato became in{ected when
grown lor a month in soil inoculated with al isolate from a tuber
ra-ith skin spot, and such seedlings were used in preference to tubers
for studying the persistence of the fungus in naturally and artificially
infested soils, Soil in which potatoes had not grown for over
100 years gave no irfections, but soil Jrom al adjacent field, on which
potatoes grew the previous year, gave 8 per cent infected seedlings in
February and 2 per cent in March.

The underground parts of potato shoots o{ several varieties I'ere
examiaed il August at seven places rvhere the National Institute of
Agricultural Botany conducts trials of main crop potato varieties.
The samples were classified in four categories accordiag to the extent
and severity oI the attack by O. lustul,ans (Clean, 0; SLight, f;
Moderate, 2 ; Severe, 3) and the total score expressed as a percentage
o{ the possible. The Iungus was present at aI1 places, but u'as
commoner on some varieties and soil types than on others, although
the same stocks of seed lvere plantpd at all centres. The seed tubers
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used lor the varieties Maiestic, Orion and Dr. Mclntosh had skin-
spot lesions and, averaging all centres, plants of these varieties had
disease ratings of 60, 56 ard 48 per cent respectively, whereas
Ulster Supreme, the seed tubers of which were free from skil spot,
averaged only l0 per cent. The average rating oI these varieties
at difierent centres ranged from 23 per cent on black fen soil to 68
per cent on clay with flints. (Hirst aud Salt.)

Sugar-beet diseases

At 11 out of 12 experimental sites, seed soal<ed in ethyl mercury
phosphate and dusted with BHC gave an average of l0 per cent more
seedlings than seed dressed v-ith " Mergamma " (organo-mercury
BHC seed dressing dust). In small-scale trials, " Captan " was
almost as effective as ethyl mercury phosphate. Pouring solution or
suspnsion oI fungicide along rows drilled with seed &essed with
ethyl mercury phosphate gave on average 6 per cent more seedlings.

In an experiment on the " Docking disorder ", nitrate oI soda
almost halved the proportior of fangy roots, but the yield of roots
was not increased above that gir.en by other sources of nitrogen that
scarcely affected fanginess. Drenching the rows with fmgicide at
time of drilling also halved the proportion of fangy roots. Mag-
nesium nitrate prevented the yellouing of the interveinal areas o{
the leaves. (Gates.)

\\rhen conidia of. Peronospora sch,achtii were placed at intervals
of a few days on the leaves of sugar-beet seedlings, all plants of
inbred line N4S5 remained healthy, whereas between 88 and 98 per
cent seedlings of 5 other inbred lines were killed. (Corniord.)
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NEMATOLOGY DEPARTMENT
D. W. FrNwrcx

B. G. Peters resigned from the headship of the Nematologv
Department at the end of September to take up a new chair i-f
Parasitology at Imperial College, London. D. \\r. Fenwick served
as acting head for the rest of the year. F. G. \Y. Jones was appointed
to succeed B. G. Peters on I Jariuarv.l956.

IIary T. Franklin spent four months from July to October in the
United States and Canada. During the first three, spent at the
Connecticut Agricultural Experiment Station, New Havin, help was
given with problems connected with the tobacco cyst nematode, and
with ectoparasites of the roots of fruit trees. The fourth month rvas
spent ir visiting nematologists in other parts of the States and in
Calada. Short visits rvere made to thirteen laboratories where
nematological research is carried out, and a great variety of problems
was seen under investigation,

B. G. Peters, D. W. Fenwick, C. C. Doncaster and T. I. Hesling
attended the Intemational Sl.rnposium on Plant N;m;tod; ;i
\\'ageningen from 29 J une to 5 Jull' ; papers were read by C. C.
Doncaster on the application of electron-flash microscopy to
nematology and by J. J. Hesling on his work with H etetodera itjor.

B. G. Peters attended the Easter School on " Soil Zoology " at the
L'niversity of Nottintham, Iecturing on soil-iniabiting nimatodes
and demonstrating simple techniques for handling them. D. W.
Fenu'ick gar.e a course of twelve lectures on nematology for the
parasitology course at Imperial College, London, on a locum tenens
basis. J. J. Hesling and C. C. Doncaster attended a course in
microscopy at the Imperial College, London.

The follorring visitors worked in the department during the l.ear :
1Ir. J. \\I. Ileagher from the Plant Research Laboratories, Vicioria,
-{ustralia (10 October onwards), \{r. G. Macdougal Mackintosh,
Ilarischal College, Aberdeen (8-19 August), Mr. P. Holliday, from the
Commonwealth Mycological Institute (19-24 September), Mr. .J. \y.
Coles, Irom the Natural History lluseum, London (l$-24 September),
Yiss E. C. llason and Miss A. Lyell from the National Agricultural
-\dvisory Service Laboratories. Kirton (5-lO December). Ilr.
-4. G. \\hitehead is at present holding a Colonial Agricultural
Studentship in the department.

J. B. Goodey and Mary T. Frantlin have completed the revision
oI T. Goodey's Nematode Parasites of Plants Catalogucd utrder their
flosls (1940). The rerised publication is no*'in the hands of the
printers.

The technical bulletin Laboralory Method.s for lltorh uith Plant
and Soil Nemalodes (T. Goodey, l95l) is being rewritten bv .T. B.
Goodey, and much niw materi;l is being incoriorated

A stream of specimens have been received for identification, a-nd
many enquiries from all parts o{ the world have been answered,
Time has been devoted to the teaching of basic concepts of
nematology to the several visitors. This is necessitated by t[e fact
that this id the only department oI Nematology in the couritry.
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TYLE:{CHrDAE, APHELE)iCHIDAE A\D orHER Sor Nelatoors

J. B. Goodey has continued investigations into the relationship
betieen Ditylcnthus difsaci, at various levels of inJestation, and
susceptible and resistant varieties of oats. Other cereals have also
been tested. The host ranges oI several other biologic races of this
eelworm have been further explored.

The relationship of mushroom to the attacks by various eel-
votms ; Digtlenchus ilestructor, Aphelenchoides sp., Panagrolaimus
sp- and Hexatyl*s sp. has received further attention. Afiheleflchoides
sp. proved to be a very active parasite. Pots of mushroom compost
inoc-ulated with 15 specimens soon stopped cropping. The mycelium
sas largely destroyed and, the A]helenchordes population had risen
to about 3,000,000 within 6 weeks. -{ letter to Natulr, jointly rvith
members of the National Agricultural .A.dvisory Service, has been
written. The Afhelenchoides appears to be an undescribed species.

Single seedlin-gs of Sitka spruce have been grown in glass tubes
and inoculated with varying numbers of Hoplolaimus uniformis irt
atr attempt to obtain direct evidence of the effects of this eehvorm
on Sitka. This work is part of the investigations being done by the
Chemistry Department on nutritional problems in forest nurseries.

A paper, resulting from a critical study of specimens of some new
sper.i* ol lotanchiurz, has been prepared and will app€ar in the first
vblume of a new periodical Nematologica (Ladet\.

Mary T. Franklin, having established the speci6c characters of
Aphelenchoides farietin*s, has collected other species of doubtfut
standing in this genus in order to study them.

In coniunction with A. R. Eorster she has carried out work on
several splcies of Meloidogtne in the greenhouse and in the labora-
tory. This work has had two aims :

(l) In the heated greenhouse beds five knowr species and
varieties of root-knot have been cultured. Additional in{orma-
tion on their host ranges has been collected and fresh material
obtained Irom which microscope slides have been made for
morphological studies.

(2) A number of unidentified populations of root-knot
nematodes has been studied in pot tests by means of prolonged
host-range trials. The results of these have lent support to
identifications based on microscopic observations of the
nematodes concerned. In some cases it has become evident
that more than one species is preent. Several new populations
have been received for identification and, when the material
has beerr suitable, cultures have been started for host-range
trials to help with the identification.

Nrueronrs PARASITIC rN INsEcrs

H. E. Welch carried out studies on the parasitism by nematodes
ot l}:,e Drosophila (Diptera) population in the woods near Rotham-
sted Manor. Two new species of nematodes, both members of the
Allantonematidae, were found to be parasitic in six of the twelve
Dtosophila species found in the woods. The taxonomy and life
historv of these worrns has been worked out and observations made
on th6ir host-parasite relations. A collection and review of the
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literature oi the Mermithidae, an important group of insect nema-
todes, has been commenced and is now well advanced. In addition,
a number of small investigations have been made oI material sent
to this department {or identification.

Cysr-Fonurrc SpECrEs oF Eetelod.el&

H etetoder a r o stochien si s

B. G. Peters has concluded his analvsis of the results of the 1953
pot experiment on the pathogenicity oi H. rostochiensis to poratoes.
This experiment, in wNch potatoes were exposed to a gtometric
series of inoculum-densities of. Hckroderu rosichietsis, reriealed, on
further analysis, a number of relationships between original and firral
densities. Thus, with increasing inoculum the density o[ new cysts
rose to a maximum and then declined, as also did the numbei of
larvae hatching per cyst at the end of the experiment. However,
the hatching curve expressed as a proportion of aU larvae /ose with
increasing inoculum density.

Pot tests carried out with two halogenated-hydrocarbon fumi-
gants have given interesting results in tests in glazed pots each hold-
ing 20 lb. of soil infested with Eelerodera rcstttciiazsis. Soil samples
taken 4 $'eeks after injection showed that both Iumigants have poor
kills in comparison with " DD mixture " or allyl bromide. While
one was ph),.totoxic, reducing plant height and yield of tubers
significantly, the other stimulated yield. But the end-of-season
soil samples showed that both fumigants had greatly reduced hatch-
able larvae per cyst and per g. of soil, the improvement over " DD
mixture " and allyt bromide at this stage being highly signifrcant.

Following B. G. Peters' departuref C. C. "Doicaiter-and 
.J. .J.

Hesling took soil samples and assisted with the final injections in the
6-year experiment at Wisbech, conducted in co-operation with the
\\'est Norfolk Farmer's Manure and Chemical Co-operative and Shell
Chernicals Ltd. C. C. Doncaster has undertaken the processinR of
these and future samples. Next year's test crop of potatoes, albng
u'ith soil samples, should show the effects (if any) of year/time of
injection on populations of Hetetod.era roslochietsis.

D. \\r. Fenwick has now succeeded in obtaining sterile viable
lan'ae of Hetercdela rcstochiensis. Treatment of larvae with
commercial HrO, for 8 hours rendered them sterile but destroyed
their viability. Similar treatment of the eggs resulted in steriliza-
tion, and subsequent treatment of these with sterile potato-root
diflusate resulted in the production of sterile larvae. Infestation
exp€riments have shown that there is little, if any, loss of viability
from this treatment. It is now hop€d that it will be possible to
infest tomato roots trown in sterile media with these larvae and
also investigate the production of root diflusate under plant-tissue
culture conditions.

Work on the respiration ol Heterod.eru rcstachiensis has com-
menced. Preliminary iuvestigatioas indicated that the respiration
rate oI cysts was proportional to their egg content, the oxygen con-
sumption being about 0.05 pt./hour per 1,000 conta.ined eggs.

Liberation of the eggs from the cl,lsts increased the oxygen con-
sumption by a factor of X4, while the larvae themselves used about
8 times as much oxygen as did eggs within the cyst.
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Experiments conducted in col.laboration with E. Widdowson on
the hatching of eggs of Helerodera roslochiensis have continued.
Efiicient sampling techniques have been evolved, and comparison
of the hatching of larvae from eggs and from cysts has been made.
In general, the same relationships have been found to be valid for
hatching both from cysts and from eggs, but the latter was capable of
greater precision for a given outlay of work and material.

The ioint Agricultural Research Council project, .r,ith Prolessor
R. H. Stoughton (Readirg) and Professor Sir A. R. Todd (Cambridge),
to investigate the chemistry of the hatching factor in potato-root
difiusate has entered its last year; it is hoped that an analysis of
the data from the assay tests will leld valuable information Ior the
guidance of future workers.

E. Widdowson has continued her work on the production and
storage of potato-root difiusate and has found the vadety Arran
Banner to be very suitable for this purpose. II growrl in soil or in
sand vith or without Dutrients in 6-inch pots, this variety proved
capable of producing daily up to 200 ml. of diffusate of L.A. - 3'5
approximately for a period of up to 6 weeks. Storage of this at
3-4" C. resulted in an initial fall in activity of 0.1H'5 L.A. units over
the first 3 months; therea{ter the activity remained constant Ior up
to I vear.

A. R. Forster has continued her investigations on the possible
effects on resistance of a graft on its root-stock: plants of Tomato
(host) and Solanum nigrum (non-host) were cross-grafted, grown in
uninfested soil and inoculated with larvae ol Eetelodera loslochiensis
after the gra{ts had become established. Cyst production on these
plants was estimated. Side-shoots growing below the established
grafts were removed, rooted in uninfested soil and I1. rostochiensis
larvae added. These plants were lifted at the end of the growing
season and the cysts counted.

A similar experiment has been conducted using Meloidogyne
incognila: plants of Tomato (host) ar.d Llcolelsicon lenruianunt
(non-host) were cross-grafted and inoculated with larvae of M.
incognita. The plants were later lifted and the egg-masses and
female nematodes coulted. The analyses of these three experi-
ments are not yet completed.

H elerodela cruciJerue

C. C. Doncaster has completed a preliminary investigation into
the life history and pathogenicity of Ifehroderq uuc'iferaa Cabbage
seedlings growr in heavily infested soil for 2 days were transplanted
to clean sand, 2 or 4 plants being removed daily for 6xing and stain-
ing. The development of all stages of the parasite from invasion
of the root by the second-stage larvae through the second, thfud and
fourth ecdyses to sexual maturity was followed,

Sections of root containing adult worms showed considerable
giant-celt formation. Heavily iafested roots were badly stuated,
the development of lateral roots having been arrested at an early
stage; some swelling was apparent about the points o{ infesta-
tion. Leaves of heavily infested plants showed intervenal chlorotic
marbling similar to that produced on plants grown in nutrient-
dehcient soil.

Observations have been made on the hatching responses of
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Helerod,era cruciJerae in root diffusates from sprouts, swedes, rape
and mustard. Leachings from all four species stimulated larval
emergence to a comparable degree; rr,ixing mustard diffusate with
that lrom sprouts, swedes and rape had no apparent effect on larval
emergence. A study of the hatching curve showed that it was a
si6moid. Dilution curves for mustard and sprouts diffusate were
linear and parallel, and it $'as therefore considered reasonable to
suppose that these difiusates could be assayed by the methods
applicable to potato-root diffusate. An account of this work has
been prepared and accepted for publicatiorl in ttre Ann. affl. Biol,

The use o{ low-power electronic-flash apparatus for photomicro-
gaphy of nematodes has been investigated. The results obtained
indicated that it could usefully be employed for recording rnany
interesting occunences observed uader the microscope and for
obtaining accurate records of the structure of living nematodes. A
record o{ this work has been accepted for publication in the first
volume of a new publication Nerual.ol,ogica.

Eeterodera major

J. J. Hesling carried out a survey of the classical experimental
fields of Broadbalk and Hoosfield for the presence of Helerodera
uajor; on Broadbalk few cysts were present, and on many plots
none were detected ; on Hoosfield all plots appeared to be infested :

on both fields few cysts had contents.
In the long-term experiment on build-up ol Heterodera tnajor

at Stoke-on-Tern (carried out in conjunction with Mr. H. C. F.
Newton) greatest increases occurred on the oat plots; the level of
infestation remained constant in barley and decreased on rye. The
experiment is just entering its third year, and further results are
desirable to clarify the true nature of the population changes.

Population studies on cereal-root eelworm on commercial fields
in Shropshire have shown that the eelworm populations have fallen
during 3 yea$ without host crops; when cereals were intro-
duced into the rotation the fall in population was less marked.
Similar observations on other fields indicated that eelworm popula-
tions were doubled with barley and halved with raPe and black
mustard,

A number of varieties of oats, barley and wheat have been
tested for resistance to cereal-root eelworm wjthout any marked
resistance being detected in aly.

Pot tests \rith oats, wheat ard barley showed that slight damage
occurred at such low levels oI infestation that they might have been
missed by routine soil sampting. Twenty-eight larvae per g. of soil
caused severe damage to oats, wheat and barley, and was most
marked in oats towards the end of the season. Population build-up
is under irvestigation, both in this experiment and in another
involvinR grasses.

Cyst;of different species of Heletodera have been studied with a
view to their identification, and a collectiou of slides has been
prepared.



INSECTICIDES AND FUNGICIDES
DEPARTMENT

C. Pompn
During the current year the following appointments have been

made: Helen Salkeld to work on the effect of insecticides on
pollinating insects. Janet Samuel to work on analytical merhods for
insecticides and R. Solly to work on biochemical effects o[ insecti-
cides. Mr. Das Irom India has arrived in the department and started
research for a higher degree. Mr. D. G. Gly"nrre-Jones and Miss E.
Hayton of the Kenya Plrethrum Board, Mr. Clinch of Boots Pure
Drug Co., Mr. J. P. P. Amaro from Portugal, Mr. D. Taylor {rom the
Gold Coast, Mr. M. A. Nour from the Suda-n, Mr. V. D. Krentos from
Cypms and Mr. Da Silva from Portugal have rvorked in the depart-
ment during the current year.

The department has moved into fresh accommodation during
the course of the year. The move has seriously interfered with
laboratory rvork, although the field work was continued uninter-
rupted. The facilities in the new accommodation are not l.et
cohplete, and the work witl be handicapped until they are. Thii is
particuJarly true of the constart-environment facilities.

PHysrcAL Cxrlgsrnn
Efect oJ- temlerulurc on rcJathte coriacl laricity ol d,,iferent sizes ol

!article
A. H. Mclntosh and Margaret Macfarlane have finished their

work on particle size and toxicity of contact insecticides. The
followirg is a summary of the most recent work.

Some assumptions have been made about penetration of insect
cuticle by solid contact poisons. The thee moat important assumD-
tions are: (a) that a contact poison begins to ienetrate insit
cuticle by dissolving in the epicuticle wax layer; (bl that the poison
must saturate the wax layer locally before any insects die; and
(c) that if counts of kill are made before the " end point ", the kitl
brought about by a fixed dose of one poison at one 

-after-treatment

temperature is decided by the length of time the wa-x has been
saturated. In such tests of contact action, small Darticles of Doison
are more toxic than large ones, weight for weighf; the afterltreat-
ment temperature of the insects may affect the absolute and the
relative toxicities of the two sizes of particle. The assumotions
lead to the conclusion that the effect of iemperature on the rtilative
toxicity depends on the temperature coeffiaient of internal action
of the poison on the insect. This car be measured by injection tests.
I1 the coefficient is negative or zero, the ratio of toxiciti& of the trvo
sizes-by contact action, measured at some time before the end point,
will increase if the after-treatment temperature is lowered; -but if
the coefficient is positive, the effect of temperature on relative toxicity
cannot be foretold.

These ideas have been tested by using aqueous suspensions oI
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DDT and two of its analogues (" Perthane " and " BNP " or
" Prolan "), rotenone, 2-bromomercuritbiophen, dieldrin and endria.
Suspensions oI colloidal poison were used for " small particles ",
and suspensions of uniform crystals Ior " large particles". Their
toxicities were measured on as manv as possible of three species.
The temperature coemcients of inter;al action were found briiniec-
tion tests (Tribolium castarvurn Herbst and Teubio molihr L.\;
tests of contact action were by the dipping melbd, (O4tzaephilus
surinamensis L. arrd I. castaneum), or the measured drop method
(7. molitor). All counts of kili were made 24 hours after tieatment.
The results seem to confrm the assumptions.

This work is now being published.

Tirr&, lem?eratute and taxicily of insecticid.es

trIr. M. Das has started work on the efiects of after-treatment
temperature and time on the toxicity oI insecticides. If a poison
has, for example, a " positi!'e temperature coefficient of kill", the
kill is higher as the temperature alter treatmetrt is raised. This
difierence in kill will be permanent if the speed of action is unaffected
by temperature. But if the speed of action is afiected by tempera-
ture, any difference in kill may jusi be transient.

With DDT on ?. castaneum at 28" C. atrd l0' C., the temperatue
Coefrcient of kill is negative; but it is the same I2 days alter treat-
fnent as it is I day af{er treatment. The kills increasle at the same
tate at each temperature; each of the rates of increase in kill
becomes less ard less as time goes on, and about l2 days after treat-
ment there are no further incriases in kill at either teniperature,

\fith " Valone " ot T. caslanetam at 28"C. and 10"C. the
temperature coefficient is positive if counts of kill are made less than
20 hours after treatment. But if counts are made 20 hours after
treatment the temperature coeficient is zero; and if counts are
made more than 20 hours after treatment the temperature coefficient
is negative. There are no further increases in kill a{ter about
l6 holrs after treatment (28'C.) or48hours after treatment (10' C.).

This rvork is being continued.

BIocHEMISTRY

Isolation and fuoPerties oJ insect esbruses

K. A. Lord and R. Solly have conthued work on the separation
of esterases from Elattella germanicaL. adult male, and considerable
progress has been made in the separation of esterase activities. The
acetyl cboliae hydrolysing activity has been largely separated from
enz),'mes which hydrolyse phenyl acetate but not acetyl choline.
Paper electrophoresis indicates that at least two enz,'rnes have
been separated from choline-esterase activity during the course of
ammonium sulphate fractionation.

A satisfactory method of detecting small quantities o{ choline-
esterase on paper has been evolved. The method is based on the
hydrolysis of acetyl thiocholine by the enzl'rne ard the detection o[
the thiocholine liberated bv its ability to decolorize phenol-indo-
2 : 6-dichlorophenol. L'sing this meth"od and also a test method.
involving weakly buffered solutions of acetyl choline with a suitable

1I
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indicatcr, it has been possible to locate choline-esterase activity on
paper electrophoretograrns of extracts of B. germ.anica. Undet
conditions which do not inactivate the enzyme, the bulk of the pro-
teins and the activity do not move appreciably from the point of
application. It seems likely from other experience with the enzyme
that it is strongly adsorbed to the paper. So far it has not been
established whether the hydrolysis of acetyl choline in extracts of
B. germaaica is due to one or more enzyrnes.

A number of choline esters and analogues have been collected.
and preliminary investigations indicate that the properties of the
choline esterase activity from B. germanica are similar to those of
the mammalian enzymes classified as true or erythrocyte choline-
esterase. These do, however, appear to be difierent, and the insect
enzyme appea"rs to have a higher affinity for acetyl choline than is
rrsual with marnmalian enzvrnes.

Action oJ organo-lhosfhoru"s comlounds on insects

C. Potter, K. A. Lord, Daphne Holbrook and Helen Salkeld have
continued their examination of the esterases of insect eggs in rela-
tion to embryonic development and the ovicidal action of organo-
phosphorus compounds. The possibility that films of pure TEPP
inhibit embryonic development at an early stage by a sufiocation
mechanism has been ruled out by measurements of oxygen uptake.
It has been established that the embryonic development of Prrl,s
brassicae L,, which have a chorion more permeable to water than
Diataraxia oleracea L., can be stopped at an early stage of develop-
ment by aqueous solutions of TEPP. When this is correlated with
earlier uork which indicated that choline-esterase activity only
occurred with the later stages of development this provides some
evidence that the poison may be obtaining its effect by a mechanism
other than that of inhibition of choline-esterase.

It has been decided to include eggs ol Gryllus domeslicus L. ia
further tests of this nature, since they are highty water p€rmeable,
and problems of penetration will be somewhat difierent. A method
of collecting large quantities oI eggs by inducing the females to lay
their eggs on damp filter-paper has been elaborated. A start has
been made in studying their embryology. Tests have showa that
these eggs will develop normally when exposed to solutions as acid
as pH 3.0 or even lower, so that toxicity of unbuffered solutions of
TEPP as strong as 0.1 per cent w/v must be due to effects other than
the acidity of the hydrolysis products of TEPP. Preliminary tests
with these eggs show the presence of at least three esterases which
hydrolyse acetyl choline, triacetin and phenyl acetate respctively.

An attempt has been made to localize the esterase enzymes
inhibited by TEPP in zruo by use of indoxyl acetate, which is
hydrolysed by a wide range of enzl'rnes and then gives indigo. in the
presence of molecular oxygen, Three species were tsed,7 . molilor,
B- germanica all,d Dysderc*s fasciatus Sign. The insects were dis-
sected and then bathed in an aqueous solution of indoxyl acetate
until suffcient colour had been produced in the various tissues.
Both normal insects and insects poisoned by topical application oI
TEPP were examined. In poisoned insects colour had not developed
in a number of tissues, notably thoracic muscles. Colour was
visible in the nervous system of insects treated with I pt. of low
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concentrations of TEPP and only ceased to app€ar with high
concentrations (l-5 per cent).

When tissues from normal insects were bathed in 2 x tG M
(approx.) TEPP before the application of indoxyl acetate solution
the colour development was inhibited in the nervous, muscular and
parts of the reproductive system.

Once:lrc Csrursrny
M. Elliott has continued his study of compounds related to the

p).rethins.
The most highly active s].nthetic compound related to the

pyrethrins that has been made so far is altethrin (I), the ester of
(!\-cis-trans<trysanl!9mlc acid with (+\-2-allyl-3-methylc!clo-
pent-9-en-4-ol-l-one (allethrolone).

MeMe. ,/c=c.cHrcH:cH, Me
)c:cu.cH-cH.co.o.cfr | - 

c-_:c.cH"CooR,Me/ { cHr.t:o R.c'H | '
-1 '- tcH..c:o ut)Me Me (t)

Since allethrolone is comparatively exDensive to manufacture.
an investigation bas been carried out-bv li{. Elliott to exolore the
feasibility of using derivatives of 3-hethvlcyclooent-2ienone-2-
acetic acid as the a.liohotic component irr esteis ietatied to allethrin.
Insecticidal data on such compounds would suoolement information
already obtained on the part piayed by the side c'hain of the alcohol in
the insecticidal activity of compounds related to allethrin.

3-MethylcycJopent-2-enone-2-acetic acid (Il: R : R, : H) is
obtained from the readily accessible furfurvlidene acetone.* ind
its preparation has been simplited. Reaction ot the esters (II:
R 

= 
f.I:. F' : ethyt, atlyl or phenyl, respecrively) with N-broinoj

succrnurude gave compounds whose structure was (II: R _ Br:
R' - ethyl, allyl or phenyl, respectively) by analoev ri,ith resulti
of previous investigations. Without isolatibn the -bromides were
treated with the silver salt of ( +)-cis-rlazs-chrysanthemic acid togive the corresponding esters (ll; R : (-+)-crs-rrazs-chrvs-
anthemyl). The ethyl ester was ri. + and the allvl ester ral I
as toxic as aletbrin (I) to Phaedon coc:lieatiae faU. jdults, Uut thE
phenyl ester was much less active. The importance of ethvlenic
unsaturation in the alcoholic side chaia of esters related to (Ii was
thus again demonstrated. These compounds are the first exlmples
of esters with alcoholic side chains c6ntaining a functional grbup
of this type.

The amide, and various substituted amides derived from (II:
R: R': H), were prepared but failed to give +bromocy'clol
pentenones (II ; R - Br) with N-bromosuccinimide. Theamidewas
dehydrated, best with acetic anhvdride. to the corresDondins
nitrile, from which the crude chrysanihemvl derivative was ,ift^irr"i
in low yield by the N-bromoduccinimid-e-silver salt route. Un-
fortunately, it has so far proved impossible to purifv the comoound
sufficiently to give significant insecticidal resutfs. -

t Hunsdiecker, Bet., t942,75,455.
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Toxrcrry AND PEnsrsrENcE oF INsEcrrcrDAL Drposrrs
J. Ward and Eileen M. Gillham have continued their work on

DDT deposits. Comparisons between the toxicity of crystalline
deposits and o[ deposits of DDT with Arochlor resin (rvhich remain
liquid) have shown that, when tested for contact actirity to I.
castafleurfl, the ratio of the toxicity of the two ty'pes of deposit
depends on the time Ior which the test insects crawl on the deposit.
With a 4-hour exposure period, the liquid deposit is 3-4 times as
toxic as the crystalline, but with 24 hours, the ratio is only 1.6-
2.5. The explanation may be that crystals of DDT which have
been picked up by the insects are easily lost, while the viscous liquid
deposit is more adherent. During exposure, the crystah lost are
readily replaced by others. Once the insects have been removed
from the deposit, ho*'ever, and the adhering crystals have been lost,
onll' the insecticide rvhich has already penetrated into the cuticle
remains. \f ith a liquid deposit, a greater proportion of the adhering
deposit remains on the insects, and can penetrate before the time
for mortality counting.

A programme o{ work on films of insecticide from emulsions has
been begun. After spra,'ing a surface rvith an emulsion of DDT,
the acqueous phase evaporates learing droplets of DDT solution;
in the course of a few hours these begin to crystallize. The form
which the crystals take is in8uenced by the addition of non-volatile,
oil-soluble materials to the emulsion before spraying. The effect
of these additives can be very great if the emulsion is spray'ed on to a
glass surface, but is less iI the surface is first coated rvith wax;
it is less still if commercial DDT is substituted for pure rl'-DDT.
The nature of these differences is being recorded by photomicro-
grapbv, and their influence on the toxicity of the films uilt be studied.

It has been reported by Martin and B*t (Rer. agric. hort. Res.
Sta., Bristol, for 1953) that vrhen a deposit of DDT Irom an emulsion
or a rvettable powder is sprayed bn to a leal (potato or apple), a
proportion of the DDT enters the leaI, so that it cannot be removed
by rvashing with solvents, but can be recovered only by drying the
leaf, grinding and extracting exhaustivelS'. This rvas at variance
rvith our own earlier findings with cabbage leaf. On investigation
our method of analysis for DDT in extracts of tlried cabbage leaf
was lound to be unsatisfactory. Attempts to remove the inter-
fering substances by the metbod used bv Martin and Batt were un-
succe"ssful, perhaps'because of the verj, wa-\y nature of cabbage.
The interfering substances, horvever, could be removed by the
procedure commonly used for determining DDT in fats, which
involves passing a solution in carbon tetrachloride through a column
packed with kieselguhr wetted with concentrated sulphuric acid.
Using this analytical step, it was lound that deposits on cabbage
behaved in the same way, a proportion of the DDT being found to
be inside the leaI. The amount inside increased with time when the
deposit v'as allowed to remain on the leaf; when the deposit $'as
lost by evaporation, the DDT inside the leaf was lost more slotly.
Work has been begun on penetration of leaves from Graplopetaluw
lala*aayense, a succulent from which the leaf cuticle can readily be
stripped. With this plant, it is hoped to gain inlormation on the
depth to which the DDT penetrates the leaf. To simplify this work,
a further modification oI the analvtical method for DDT has been
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worked out, using glass cells rvhich give a l-cm. tight-path through
0.3 ml. of liquid; the SP500 spectrophotometer has been adapted to
take these cells. The efiect oI this modification is that the analv-tical
method is now ten times more sensitive, and quantities of bDT
down to I pg. can be estimated. This makes it possible to r,r.ork
with single leaves of C. Pa/aguotense.

\\'ork on the efiect of insecticides in the soil, both at Rothamsted
and elsewhere, have made it desirable to develop techniques to follow
the rate of loss of insecticide from the soil. Janet Samuel was
appointed in September to undertake this work. The first require-
ment is for a method capable of determining lindane (y-BHC)
dowlr to a lower limit of I part in 108 parts of soil.

The stability of deposits of pyrethrins has been studied by
means of a new bioassay technique, depending on knockdoun of
Drosophila ,nzla otosle/ Meig. The insecticide is sprayed on to
squares of cellophane in the Potter tower; these are rolled into
cylhders which are slipped into flat-bottomed glass tubes. After
putthg in the insects, the tubes are closed with glass caps, and are
illuminated {rom above. At inten'als the number oI insects resting
on the bottoms of the tubes is counted. It was found that in the
presence of hydroquinone or pyrogallol as an anti-oxidant there was
no measurable loss of insecticidal activity after 2 days'storage at
30' C. in the dark. \\'hen the deposits rvere artiEcially illuminated at
an intensity ol 600-foot candles about three-quarters of the activity
was lost in 2 days. About the same loss occurred when the light
was screened through a sheet of plate-glass to filter out any short
ultra-violet radiation. The efiect of adding various materials to
the p,'rethrins, aimed at absorbing the long-v'ave ultra-violet, was
studied. Benzene azo-p-naphthol rvas found to reduce the rate of
loss of activity, as has already been reported by Blackith, but
o-nitrophenol and 2:4,dinitro-r-naphthol had no effect, and y'-
nitroaniline increased the rate of loss. So Iar only purified and
decolourized p]'rethrum extracts have been used. Work has been
temporarily discontinued because of lack oI time.

Bro-ASs.{y TECH\rOUE

Margaret Macfarlane has rvorked out a method for injecting
small amoults of aqueous suspensions of insecticides into adult ?.
caslar,€urn. Each Cor-gassed insect receives 0.125 pl. of suspension
by way of a 3l-gauge needle inserted through the abdominal tergites.
Control kills, measured 24 hours after treatment, seldom exceed
l0 per ceqt.

Pynrrnnt'u -{\-D RELATED CoypouNDs

The constituents ol Pyrethrurn fouers
Work on the separation oI the lour knorvn insecticidal principles of

extract of pyrethrum flowers b1'means of displacemeni chromato-
graphy has been continued by J. \\'ard. "4.n improved columo,
consisti.ng of four sections of regularly decreasing diameter johed by
grouad-glass joints, has been made and has 6een shown to giva
rather better separations than the earlier continuouslv tapered
pattern. Dinitdphenythydrazones of the separated co'nstitLents
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har.e bcen prepared. As a chemist has now been appointed by
the Kenya Pyretbrum Board to work in London on this problem,
it is intended to bring the work here to a conclusion as soon as
possible.

The relalionshil belueen insecticidal acliaity and chemical slructure in
cot t\ounds rclaled lo lhe lyrethrins
Eslers of allethrol,onc anl chrysanlheruic arid. The department is

associated with the screening programme sponsored by the Chemical-
Biological Co-ordination Centre of the National Research Council,
Washington, U.S.A. Fourteen esters, derivatives of either ({)-cr's-
lzazs(?)-chrysanthemic acid or of (f)-2-allyl-3-methylcyc/opent-
2-en-4-ol-1-one (alletbrolone) were supplied by the Centre ard were
tested by M. Eltiott and P. H. Needham. The compounds (0.001
ml.) were apptied as 2 per cent rvTv solutions in acetone to the rrcntral
surface oI the thora-x of male and female Phaed,on cochleariae Fab.
adults (mustard beetles). None of the derivatives of allethrolone
shoued any insecticidal acti\ity, but the piperonyl, o-cNorobenzyl,
benzyl and 1-isopropylbenzyt esters of chrysanthemic acid gave
kills oi I00, 78, 63 and 6l per cent, respectively. Since the LD50
for allethrin to these insects under similar conditions is ca. 0.02 per
cent w'/v, the toxicity of the benzyl compounds is relatively low,
but the results are of interest, since they indicate that the nature of
the alcoholic component in ejters rehtdd to the pyrethrins is some-
what less critical for insecticidal activitv than is that of the acid.
The piperonyl ester has been patent6d as an insecticide and
synergist, and a further test has shown it to be one-tenth as toxic
as allethrin .

The a- and B-Jorms of ({)-trans-all.ethrin M. Elliott and
P. H. Needham have investigated the relative potency of the so-
called o and B isomers of ("=)-trazs-altethrin ithe esier of {+)-
lr an s -2 : 2-di:methyl-3-lsobutenylcr;clopropane-l -carboxylic acid with
({)-2-allyl-3-methylcyclopent-2-en4-ol-I-one) to adult male and
female P. cochleariae (mustard beetles). \!'hen (f )Jrazs-allethria
is cooled, about half of it separates as a crystalline solid,, and this
crystalline c-fraction consists of the racemic pair (f)-allethronyl
(-)-rlars-chrysanthemate and (-)-atlethronyl (l)-trans-chrys-
anthemate. The liquid remainder is (f)-allethronyl (]-')-trans-
chrysanthemate and (-)-allethronyl (-)Jzazs-chrysanthemate
(p-Iraction).8, . Gersdorff and Mitlin 5 Iound the liquid p-fraction
to be 4.83 times as toxic as the cn'stalline a-form to adult houseflies
by the Campbell turntable methoh.

The separation of the c- and p-forms has been repeated, and the
p-fraction (still containing some dissolved cl) is 9.14 times as toxic as
the c.-fraction to mustard beetles. This is a remarkably higher
difierence in toxicity, since all previous values for the relalive
potencies of esters related to the p)'rethrins determined in this
department on mustard beetles have sho*.n good agreement with
those oI the American workers with houseflies.

\\-hen these relative potencies of the "- and p-forms to oDe
anotber and to the mixed z- and p-forms in ({)-allethronyt (})-
lrazs-chrysanthemate are used to estimate biologicalty the relative
proportions of the (l- and B-Iorms present, it is found that the a-form
constitutes a little over half the mixture, in agreement r,l'ith what is
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found in the chemical separation. However, Gersdorfi and Mitlin 5

estimated similarly that the d-crystalline form constituted only
27 per cent of the mixture, although the necessarily somewhat
inefficient separation showed at least 50 per cent of the o. present.

Through the generosity oI Dr. LaForge, ({)-auethronyl (1)-
,/uzsrhrysanthemate and (-)-allethronyl (-)-lzans-chrysanthe-
mate have been available to us, and the pure p-form has been con-
stituted by mixing equal amounts of these two esters, It has been
found to be lI.9 times as toxic as the a-form. The possibility that
the (+)-(+) ester might slmergize the activity of the (-)-(-)
ester, and vice versa, has been eliminated by estimation of their
potencies separately against the z-form; it is calculated thus that
the g-form should be 12.9 times as toxic as the a-form, in good
atreement with the experimental result. It is stilJ possible, how-
ever, that the (+)-(- ) and (-)-(+) forms together in the a-fraction
depress each others activity towards mustard bettles.

The factor rendering this high relative actiyity of the B- over the
a-form remarkable is that from the relative toxicities of (a) the a-
to the g-isomer and of (6) ({)-allethronyl (1)-lzczs-chrysanthemate
to (-)-aletkonyl (-)J/arrs{hr}'santhemate, it should be possible
to calculate the efiect on potency o{ changing the optical form o{ the
acid and of the alcohol; the estimation would be invalid, however, iI
(a) sy.nergism or antagonism between the optical isomers of the
esters operated and (D) if the efiect on potency were dependent on
the acidic or alcoholic component rvith which the two forms being
considered are esterified. When the results of Gersdorf{ and Mitlin a

are analysed in this $'ay the values calculated agree well with those
found, viz., that charging the optical form of the alcohol increases or
decreases the toxicity of the ester by six times, and a similar change
in the acid alters the toxicity by twenty-five times. In our work it
has been found that the corresponding values aga.inst mustard
beetles are &4 times and 3G40 times. These figures predict that
the g-form should be 3.78 times as toxic as the a-form. Until
Iurther data are available, therefore, it is concluded that the most
probable explanation of the discrepancy between theory and
practice is that depression of insecticidal activity to mustard beetles
of the (+)-(- ) and (-)-(+) esters occurs when these are mixed.

RrErnsxcrs
I Sv\ERsoLM, U.S. Patetrt 2,458,656.
2 ScHEcnrER, LAFoRGE, ZTyMERLT & TEov^s ll95l). J. Arner. chem. Soc.78,

3541.: GERSDoRFF & ]IrrLrN (1953). J. ercn. Ent.l8, gg9.

' GERSDoiFF & MrrLrN (f952). /. Wash. Acad.. S.i. {2, 313.

Pyrethrum synergisls (C. Potter, K. A. Lord, Daphne Holbrook)
The work oI comparing the s5mergistic action of piperonyl

butoxide and sulphoxide using adult T. nolitor as test subject was
completed. In order to determine how much specificity of effect
occurred with the s5mergists, the work is being repeated using adult
houseflies (Musca domestica L.) as test subjects.

Curves on houseflies have now been obtained with piperonyl
butoxide. As with ?. nolitor, so wit}r M. domestics, the amount of
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p].rethrins required to give a selected percentage kiU is at first greatly
decreased by the addition of synergist, but the effect decreases with
increasing amounts of added synergist,

Apart, however, from this general similarity it has been found
that much larger proportions o{ sy,nergists are required to efiect a
given reduction in the amount of p,.rethrins with ?. rza&Iol than with
M. doucstica-

Ixsrcr RrslstercE To INSEcrrcrDES

F. Tattersfield and Jill Kerridge have continued their work on
this subject-

\\'ork carried out on the possibltities of selecting strains of D.
,ralanogaslel adlults resistant to DDT showed tiat such was possible,
if the selection were carried out for a sufficient period of time.
This was shown not to be due to conditioning by car4ring out a
series of trials upon the adults and their progeny by repeated
treatments with sublethal doses of DDT. The efiect showed, iI
anything, that this insect becomes more susceptible under these
conditions.

The results obtained, however, suggested that the effect of pre-
treatment of the adult insects upon their resistances to DDT was
worth quantitative study. The preliminary results showed that
irsects reared from eggs to adult in the usual rvay upon a maize-
meal porridge containing honey, dead yeast and live yeast, then
transferred as adults for a further 6 days to a honey solution alone.
absorbed on cotton-wool, were only about one-half as resistant as
adults fed for the same period on honey solution and baker's yeast
or on the original medium.

A repetition confirmed the greater resistance of the adults Ied on
honey plus baker's yeast when contrasted 'rvith the adults fed on
honey alone or left on the old maize-meal porridge medium upon
which they were reared. Malt extract added to the yeast and honey
had no efiect.

In view of these results a series of tests were carried out under
similar conditions with a 25 per cent glucose solution with and
without yeast (2.5 per cent) and with and without soluble casein
(6.25 per cent). Insects reared in the normal way until adult when
they were fed on glucose alone, absorbed on cotton-wool, had the
same resistance with both males and females as those which con-
tinued feeding on a medium of the ma.ize mea[, honey and yeast, but
the adult females fed on glucose solution and yeast ard glucose solu-
tion and casein were so resistant that an expression of the com-
parative result was not obtained. In the case of the male adults the
addition oI fresh baker's yeast increased the resistance over the
glucose medium alone by 2 times, and the addition of casein by
2' times. The most noticeable feature was, however, that whereas
with the addition of yeast, large, healthy larvae and adults were
produced Irom J and Q adults fed on this medium, where glucose
alone was used. and also with the addition of casein no adults were
produced and the larvae, if any, were so minute as to be observable
with some difficulty.

The reproductive effect was confirmed by experiments in which
glucose solution with addition of (l) live yea-st, (2) yeast heated



l2r

I hour in a water bath and (3) biotin, absorbed on cotton-wool were
compared. The live baker's yeast and the yeast heated to l0O'C.
produced many larvae, but with the glucose alone and the glucose
plus bioltin no larvae were observed. Many larvae were produced
when the adults were kept for a similar pdriod (5 days) upon the
usual medium composed of a maize-meal porridge, plus igar, llucose,
dead and Iive yeast, but the larvae seemad larger than in the case of
glucose plus live yeast and glucose plus yeast heated in water bath.
The differences in resistance to DDT under these circumstances
u'ere observable but not nearly so marked.

A series of expeliments in v'hich the adult insects (9 ii) kept six
days on media containing glucose alone, glucose plus live b-aker's
yeast and glucose plus heated yeast were compared. In one series
the media were absorbed on cotton-wool and in the other eelled bv
the addition of agar. It was clear that the nature of the mediurir
has a pronounced effect on the comparative resistances of the adult
insects. \Yith cotton-wool as base, although they run in the
same order, the differences were not so marked as when agar was used.
The differences when cotton-wooland agar were compared at the LC50
were scarcely noticeable for glucose alone andglucose and dead yeast,
but were marked when live yeast was added to the glucose, being
sigaificantly greater with the agar medium.

These experiments suggested that possibly other factors might
prove of some importance. Attempts rvere made to ascerta.in
whether the freshness of the medium had any pronounced efiect,
as we had noted in our experiments that ins€cts from old cultures
were o{ten less resistant to DDT, and it was by no means clear that
this was determined solety by the age of the insect, as adult insects
reared orr certain yeasts other than baker's yeast, showed a marked
decline in s*sceplibiliu to DDT if transferred every 2 or 3 davs to
{resh food, when compared with the parent culture on which the
insects had remaiaed for some time. The experiment was repeated
using baker's yeast on our ordinar5r medium in which the adult
Drosophila were transferred to fresh food 2, 4 and 6 days after
emergence. Tests were carried out 6 days after the first transference,
the males and females being separated on the day of spraying.
The results showed that there was a progressive increase in the LC50,
the later the transference or the fresher the Iood before actual
application of DDT. There appeared to be some indication with
the females that insects of higher resistance were relatively fewer in
number in the case of those insects fed on the older food. The
numbers of insects, however, varied ranging from 475 (252 females
223 males) in the first transference, 641 (329 females 312 males) in the
second, and 392 (212 Iemales I80 males) in the third. The log
LCSO for the females were first transference 2.38, second 2.49, third
2.58 (log mg. /1,000 ml.). The log LC50 for the males first transference
2.16, second 2 32, third 2.52 (log mg./1,0o0 ml.). Age may have
proved an important factor in this experiment and it was followed up
by one in which the original stock oI insects was transferred to fresh
food on three separate occasions, separated by 2 days, but at each
translerence the one previous was also transferred to a fresh food
medium. Thus on the day of spraying uhen the sexes were
separated, each batch of insects had had food of the same age. The
numbers transferred $'ere :
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(l) 677Q and 596d with three transfers, 6_7 days old when
sprayed;

(2) aEtQ and 420J with two traasfers,4-5 days old when
sPrayed ;

(3) 3tl0Q and 36Od yrith one transfer, 2-3 days old when
sprayed.

The log concentration-probit lines were determined.
In the case of the females the log LC50 was (l) 2.69 (2) 2.52.

No. 3, however, was so much less susceptible that the LC5O could
not be determined. In the case of the males the order for ttre log
LC50 were (1) 2.27 < (2\ 2.36< (31 2.43.

In the above cases the sexes vrere kept together until the day
when they were sprayed; in a further experiment they were
separated every 24 hours. This, however, did not prevent Iertiliza-
tion, and the numbers of ofispring and parents qrere of the order:

(a) Days l-2 combined parents 422Q 396J-Ofispring 1,f74;
(D) Days 3-4 combined parents 769t 724J-Ofispring 8,201 ;
(c) Days 6{ combined parents 57Lq 5l6J-Ofispring 4,f18;

showing an average per female of (a) 2.8, (b\ f0.7, (c) 7.2. The
female adults gave {or the log LCSO in log mg./1,00o c.c. :

(a) 2.57> (b) 2.37 : (c) 2.36 Mean ((A) and (c)) 2.36.

The male adults gave for the LC50 in log mg./I,000 c.c. :

(a) 2.32;, (bl 2.23 : (c\ 2.26 Mealr ((D) and (c)) 2.2a

The differences are not great, but the order has been reversed Irom
that given by tests where the males and Iemales were separated only
on the day spraying was carried out. It is clear in both cases that
the population density of the adults was a factor that might affect
the results. Difierent numbers per culture of adult insects were
therelore enclosed with their normal food.

800 (400? + 400d), viable eggs laid 730;
40O (4009 only), viable eggs laid 591 ;
at00 (400il only) ;
400 (2009 + 200d), viable eggs laid 1,242;
200 (2009 only), viable eg$ laid 1,233;
200 (200Q only) ;
200 (1009 f 10OJ), viable eggs laid 2,103;
l0O (1009 only), viable eggs laid I,818;
100 (100J only).

They were left on the same food Ior 4 dals and sprayed with
DDT. The relative sureptibilities as expressed by the log LC50
(mg./r,000 m[.) were :

Females (I) r'844 > (2) 2.251 > (4) 2.44: (5) 2.44:
(7) 2.42 : (8) 2.3s

Males (I) Atl killed (3) 2.331 (4) 2.t21 (6\ 2.u (7) 2.15 (9) 2.31

It would appear that the population effect was difierent in the case
of the females from that of the males. With the females it appears
to depend on the total population of the females and males, i{ it is

(r)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(e)
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very high, and at a certain level to become independent of the
presence of the male insects (No. 4) and to reach a relative constancy
(4), (5), (7) and (8). Whereas with the male insects there is a
measure of dependence upon the presence of female insects, thus in
above table (3) is less susceptible to DDT than (a) and (7) and of the
same order as (6) and (9).

There is, horvever, a change in the steepness of the regression
lines. In the case of the females the slopes (6) being (t) 2.1 < (2\
6.7 < (4\ 8.5 (5) 8.7 (7) 10.2 (8) 8.2', " b" in nos. (4), (5), (7), (8)
is not significantly different.

In the case of the males the slope (6) is as follows: (t) 0 < (4)
3.97 < (7) 4.63 much less than (3) 7.98 < (6) 10.29 > (Sl 7.22.
Nos (4) and (7) are scarcety significantly difierent, neither are (3),
(6) and (9).

The change in the slope o{ lines with a tendency to meet at a
point at or near the 100 per cent kill would indicate a relatively
rapid decrease in the more susceptible insects, with selection.
Under the conditions of our tests the population pressure, however,
appears with this insect to difier as between males and females;
with the former, it depends on the presence of females ard with the
latter more on the general population.

Some data recently obtained indicate that the presence of larvae
h the medium slightly increases the resistance of adults; possibly
it is due to an efiect they may have upon relative humidity or in
breaking up the surface of the medium.

A repetition of the work on the efiect of the addition o{ yeast and
of casein to a glucose agar medium, upon the resistance oI the adults
to DDT was carried out. The change in the resistance was studied
using a slightly larger deposit of insecticide and a slightly higher
content of acetone in the medium than in the former case, since
under the previous conditions the resistance of the females fed on
yeast or on casein was too great to be expressed numerically. In
this case the reverse result with the males was obtained, no ex-
pression for the LC50 for the insects fed on glucose alone was
obtainable owing to the almost complete kilt obta.ined at all con-
centrations tested- The results lvith the females confirmed those
obtained with the males in the earlier tests. The values for log
LC50 (log mg./I,00O ml.) and for b (slope of the lines) obtained were
as Iollows (two days after spraying) :

S sce|tibilities to DDT in descending order ryere :

Glucose > dead yeast > live yeast > casein (vitamin-free)
: casein (soluble)

A series of tests carried out before the above tests, in which
l0O males artd I00 females (per bottle) were used for each test showed
that only minute larvae, which died before producing pupae or
adults, were produced in the glucose agar medium and no pupae or
adults in glucose agar and casein medium, whereas with live yeast

(l) Glucose atar medium... ... Lo8 LC50 1.86 b 5.2 + !.5
(2) Glucose atar medium + dead yeast.., ,, 2-Ol ,, 7.4 + 1.4
(3) Glucose agar medium + Iive yeast ... .,. ,, ,, 2-11,,5.S40.8
(4) Glucose agar medium + casein (vitamin iree) ,, ,, 2.fO ,, 4.3 a 0.6
(5) Glucos€ agar medium + cas€in (soluble) -.. ,, ,, 2.15 ,, 1.2 X 1.0
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numbers of larvae, pupae and adults were produced after a period
of l0 days. A repetition of the experiment with the insects used for
testing resistance gave similar results, but there was in this case a
greater risk of contamination, and this was somewhat accentuated by
the procedure adopted of changing the adults to new food every
2 days, to prevent its exhaustion, and the additionai risk of inocu-
lating it by yeasts carried by the insects themselves. There u'ere
3 to 4 replicates for all samples of the medium given in the table
above; the results confirmed our previous tests. In one month
(25ll0 lo 25lll) no culture raised on glucose-agar medium produced
pupae or adults, although many minute larvae were seen. Only
one culture (obviously contaminated) reared on glucose-agar plus
casein produced a Iew adults. Glucose-a{ar Dlus baker's veasts yeastcasein produced a Iew adults. Glucose-agar plus
[(a) alive and (]) heated on water-bath for I hour] l[(a) alive and (]) heated on water-bath for I hour] produced many
lan'ae, DuDae and adults. It was noteworthv with the baker'slan'ae, pupae and adults. It was noteworthy with the baker's
yeasts that both larvae and pupae s'ere fewer but much bigger in
the case of the heated yeast. Weights were taken. The weights ofof
the adult insects were :

Heated yeast (r) I r.3 mg. al 0.83 Live yeast (l) I 0.49 mg. d 0.36
(2) ,, r.3 Eg. ,, 0.81 (2) ,, 0.9r mg. ,, 0.65
(3) ,, 1.3 mg. ,, 0.90 (3) ,, 1.1 Et. ,, 0.68
(4) ,, 1.3 m8. ,, 0.91

There were fewer adult insects in the live yeast No. 3, and the
pupae took apparently a longer time to emerge. The result is
unquestionably due to the Breat numbers of lanae noted in the
cultures containing live yeast.

These results have raised the question whether populatio[
pressure amongst the lawae may have a sigaificance for the resistance
oI resulting adults, and work is now under way to ascertain its
significance ard the biochemical Iactors involved.

I\SECT RIARING
General

Insect species reared during the year included the loltowiag
species which feed on growing plants: Acyrllosiphott listm Haris
(Pea aphid), Megouta viciae Buck. (Vetch aphid), Aphis fabor Scop.
(Black bean aphid), Myzus persicae Sdz. (Green peach aphid) and
Tuberolachnus saligna Gmel.; Lepidoptera-Pieris btassicae L.
(Large cabbage white butterfly), Diataraxia oleracea L. (Tomato
moth); Coleopteta-Phaed.on cochleariae F. (Mustard beetle);
Diptera-Leptohylemyia coarctata Fall. (Wheat bulb fly) and llyle-
myia antiqua Meig. (Onion fly).

Stored products and other species reared included : Hemiptera-
Dysdercus fasciatus Sigr:., (Cotton stainer) ; Ortt,optera-Blatalla
germanica L. (German cockroach), Blalta orienlalis L. (Oriental
cockroach), Pei\lawta americanq L. (American cockroach) and
Cryllus domzslicus L. (House cricket) ; Lepidoplera-Achroio
gzisella Fabr. and E pheslfu hiihniella Zell. ; Coleoptera- Oryzaephilus
surinametsis L-, O. ,tdcato/ Fauv., Tribolium caslincvm Hbst., f.
conJusum Duval., Tencbio molitor L., Cal.andru granaria L., Trcgo-
detma grattarium Everts.; Diptera-Ades aeg7,fli L., Dtosophila
mzlanogaster Meig. atd Musca domeslica L.

Main developments this year have been the addition of 11.
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antiqua arLd A, ae$Oti to lhe list of insects reared, and the rearing
of difierent strains of M. domestica in large numbers. In the New
Building two constant-temperature rooms for rearing insects at high
temperature- are in operation, but rooms for rearing plant-feeding
insects and Ior rearing insects at relatively low temperatures are no-t
yet ready.

Diapause ;n Leptohylemyia coarctata Fcll.
M. J. Way has continued work on dispause, which is being done

as part of the laboratory rearing programme. This year op[imum
temperatures for egg development have been fairly closelv deter-
mined, and it is now possible to store eggs in standard conditions and
to control the time o{ hatching.

Temperature optima vary with the stage of development of the
egg. Initially, and before the diapause, a relatively high temper-
ature (about 20'C.) is beneficial. Then a prolonged perio<I of
relatively low temperature (below 12" C.) is needed before diapause
ends._ Hatching will then occur over a wide temperature range (at
least between l" and 30'C.).

Eggs were also kept at constant temperatures Irom the time they
uere laid. None hatched at lo C, (too low for ore-diaoause develoo-
ment) or at 20" C. (too high Ior diapause dev-elopme'nt1, but mariy
of those kept at 7" and t2' C. hatched eventually.

This work is being continued.

FIELD EXPERIMENTs

Control of lean ape{d (Aphis labae Scop.\ on fid.d, beans (M. J. Way
and R. Van Baer)
Natule of the dbhid inJestation. Nork on A. fabae infestations on

spindlewood, and on time and density of migration to beans was
continued on the Rothamsted farm, This year Iew mitnnts
reached the bean crop and less than 5 per cent of stems was infested
in June- There was, however, a rapid build-up during the summer,
giving big populations on beans and other plants in August, nearly
one month later than in 1954-

Efect oJ planting dale. In a field experiment field beans were
planted at four different dates and, for each planting date, yields of
uasprayed plots were compared with those of ptots sprayed-once on
23 June with " Metasystox " (0.05 per cent active ingiedient and
100 gal./acre). Aphid couats were made at weekly intirvals on alt
plots from the beginnint of June to the end of -A,ugust, and detailed
work was done on_the accuracy of the method useil for determining
the aphid populations. The following table gives the main results
oi the experiment :

" Metasj.stox ,' treated
Aphids per crair yietd

stem at peak
Date of platrtio8 (3-rr.8-55) (crvt./acre)

l9 March l0O lg.2
6 Apr 150 18.3
25 April A2O r2'0
13 May. 25 10.5

Untleated
Aphids per crair yield

stem at p€ak
(3-1r.8.55) (c\rt./acre)

90 16.9
620 l3.r

4170 6-7
2190 2-4

. Sprayed twice-23.6.55 atrd 99.7.55.
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It can be seen that ttris year the single spraying did not give
perlect control, especially with late-sown beans. However, the
figures for peak aphid populations are somewhat misleading, because
t6ey do noi indicate the fr.rll effect of the control measure early in the
seaion when the plants were relatively very susceptible to darirage by
the aphid-

Rilalioe imbo ance oJ biological atud chemical control. By ,using
small plots anii a caging technique an estimate was obtained of tbe
imoortance of predators in controlling A. fabae, and hence increasing
thd crop yieki. Figures were obtafned on the extent to whicl
predatois reduce the aphid numbers, and many Predators were
collected and identified. It was concluded that certain Antho-
coridae were of particular importance, but nevertheless biological
control was economically inadequate and chemical control was
necessal/, at any rate on the later-sot'n crops. Evidence was
obtaineri ihat, this year, iosect parasites and pridators ol A- fabae
controlled the aphiil more efieCtively on its wiater host (spindle-
wood) than on its summer host (beans).

Control qnd laboratory rearing oJ Leptohylemyia coarclata Fall.,
lhe wheal bulb fy

Fiel.d erf*iment (R. Bardner and M. J. Way). On Pennells
Piece a field experiment has been started that is designed to last for
several vears. The experimental area is divided into a number of
blocks, half of which are bare fallow and half sown with winter
wheat (var. Cappelle). Wleat is rotated with fallow, andin this way
a permanent infesiation of bulb fly is maintained, the adults laying
th;ir eggs on the fallow blocks. The experiment will be used to test
promising methods of control originating from laboratory and micro-
ilot experiments. In the season 1954--55, 5 difierent treatments
i"ere tried in 4 randomized blocks of 6 plots each. These were:

(l) Untreated (2 plots per block).
(2) Seed dressed with technical dieldri-n at 2'25 Per cent w/w

of seed, using a cellulose ether sticker.
(3) 4 per cent dieldrin dust combine-drilled with seed at 120 lb'

dust/acre.
(4) Sprayed with parathion on ll February 1955 at 0'05 per

cent v/v active ingredient, I00 gal. /acre.
(5) Sprayed with paEthion on 7 April 1955 at 0'05 per cent

v/v active ingredient, l0O gal./acre.

As the inlestation was comparatively light (less than 5oo,00o
eggs/acre), damage was assessed mainly by sampling the Plants in
t[e early spring and counting the number of infected tillers'

Resdts of samPling on 5.4.55

seed combioe ,"'*'lL"
Utrtreated dressing drill sPraY

Total tillers 8!f0 5ll 843 863
Damaged titte!s... ... 586 199 255 4Og

AII trgures io thousands Pe! acre.

Variance analvsis showed that at the 5 per cent si8nificance level
there were significantly fewer damaged tillers in the dieldrin treat-
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ments than in the untreated plots. The low count of total tillers on
the seed dressing plots was probably due to some phytotoxic effect.
This is being investigated.

The results of the early parathion spray treatment need con-
firmation, as there was treat variation between replicates- The
treatment is being repeated this year. There was, however, a
significantly smaller percentage of damaged tillers than in the
untreated plots.

A further sample of plants was taken after the application of the
late parathion spray. At this time, about a month before pupation,
larvae leave the tillers originally attacked and cause further damage
by invading tillers as yet untouched. In 1955 this secondary attack
was very light, even on the untreated plots, and hence the late
parathion spray which was applied to cortrol this attack had little
eflect.

Grain yields were taken.

Uakeated
Seed dressing (dieldrin)
Combine-drilling (dieldrin) ...
Early spray (parathiotr) ...
I-ate spray (parathion)

Yield o, Srain itr
cwt. /acre (85%

dry metter)
... 4t.0
.-. 47-2
... 53.7
... 17.9
... 38.7

At the 5 per cent significance level all treatments except the late
spray treatment gave significantly higher yields than the untreated
plots. In addition, the yield from the combine-ddlled treatment was
significantly greater than that of any other treatment, and \i'as
3l per cent higher than that of the untreated.

In collaboration with the Entomology Department, a microplot
experiment was laid down on the Side land, lst year after fallov', on
Broadbdk. It was intended to compare the effect of damage on
yields of three wheat varieties. Strips of Holdfast, Squareheads
Master and CappelJe were sown, and divided into plots. half oI rvhich
were sprayed twice with parathion, and half of which rvere un-
sprayed. Unforturately the parathion sprayings did not give
complete control, but the experiment showed that the comparatile
immunity of Broadbalk from serious bulb fly damage is due largely
to the sowing of a variety (Squareheads Master) with vigorous early
tiltering, and that more modem varieties with delayed tillering,
such as Holdfast and Cappelle, sufier more seriously from wheat bulb
fly attack.

Box Erperime ts (R. Bardaer and M. J. Way). In these experi-
ments known numbers of wheat seeds and wheat bulb fly eggs were
planted in a standardized manner in boxes of soil treated with
insecticides-

In studies on mode of action, insecticides (dieldrin, aldrin,
demeton) were " placed " as bands in the soit in different positions
relative to the wheat plants. A band around the stem was most
effective, but some kill was caused by insecticides planted well below
the seed, which presumably acted by absorption through the roots
and translocation to the stem.

Other experiments in which plants gro*,n in insecticide-treated
soil were transferred to clean soil before infection suggested that
aldrin as well as 7-BHC and parathion acted systematically against
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\rheat bulb fly larvae. This was confirmed in water<ulture experi-
ments. A series of box experiments was done to compare difierent
insecticides for wheat bulb fly control and to study their persistence.
The results, which require conirmation because seed germination
\rils poor, suggest that endriu is no more efiective than dieldrin or
aldrin, and that DDT and parathion are efiective as seed dressings,
the latter at low dosage.

Laborutorl rearing oJ wheat bulb fy (R. Bardner). As in 1954,
large numbers of adults captured in the field were kept in lamp-glass
cultures in the laboratory to provide eggs {or experimental purposes.
Betw'een 15,000 and 16,000 eggs rvere obtained.

Although it has not been possible to shorten the diapause period
of the egg appreciably, the life cycle car be staggered. This was
done by freezing eggs in blocks of ice alter the completion of the
diapause period but before hatching would normally occur. The
eggs were stored at a temperature of -8'C. or below until required,
Hatching occurred several hours after transference to room temper-
ature. Adults were produced in September from eggs which hatched
in June, instead of late January. These flies laid some fertile eggs.
Lan ae also emerged in November from eggs laid the previous yeax.

By manipulation of the temperatures at which larvae and pupae
are kept, some idea of the optimum temperatures for development of
these stages has been obtairred. Larvae kept at 20' will develop
into adults laying fertile eggs provided the pupae are kept at lower
temperatures,

Attempts were made to rear larvae on seveml artificial diets,
These were unsuccessful with lst instar larvae, but 2nd and 3rd
instar larvae lived for I-2 months at l0o C. on a diet similar to that
used br Drosofhila. Though larvae eventually pupated, growth was
not obsen'ed, even when macerated wheat plants were added to the
diet. It seemed that feeding occurred, because dyes added to the
food could be seen later in the gut.

Potato airus diseases

ln association with L. Broadbent of the Plant Pathology depart-
ment, the experiments on the control of the spread of potato viruses
were continued by P. Burt.

Good results obtained in previous trials with several insecticides
suggested that it might be possible to reduce the number of sprays
while stil.l controlling virus spread. In an experiment with the same
lay-out as was used in 1954 the efiects on the natural aphid popula-
tion, and on virus spread, of spraying 2, 4, 6 and 8 times with DDT
was studied.

\Yhenever a spray application was due the toxicity to aphids of
the insecticide remaining from the previous application was tested,
the grou'th of the crop was followed by measuring the foliage area oI
selected plants at intervals through the season, and the time at
which the virus spread was estimated,

It is hoped that a study of the results from this and from later
experiments, particularly of the inter-relationship between rate of
growth of the plants, persistence of the insecticide and variation in
natural population, will make it possibte to rninimize the totat
number oJ sprays by timing them so as to obtain maximum
penistence of the insecticides throughout the season.
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Further information about this year's work and about the result
of last year's experiment is contaiaed in the report of the Plant
Pathology Department.

A small trial was carried out to compare the effectiveness of some
high- and low-volume spraying systems in covering potato foliage
with insecticide and to compare the persistence of the deposits so
produced-

One high-volume arld two low-volume systems applied DDT
emnlsion at a rate of 2 lb./acre oI active ingredient to potatoes at
3 stages of gro&th- just fulIy emergent (I3 June), twothirds growrr
(5 July) and mature (I5 August). Although at all stages oI growth
high-volume spraying covered the crop somewhat more completely
than spraying at low volume, the persistence of the deposits up to
43 days when tested by confning apterous advlt Myus lersicae on
shoots selected at random from tire crop was similar for all systems.

FUNGIcIDES

F. T. Last, assisted by Rosemary Hamley and Jare Jackmarr,
has worked on a technique assessing fungicidal action by variations
o{ infectivity rather than germination in lro, and. has studied the
behaviour of griseofulvin as a systemic fungicide using club-root of
brassicae.

Tecknique ta mtasure iuJectirity oJ fungus slorcs
A local-lesion technique to measure the iafectivity of Botrytis

Jabae Sardiia conidia has been developed. A drop of conidial sus-
pension is mbbed over the upper surface of half-leaflets of broad
bettas (Vicia faba L.) wil}:. the forefinger, and then the detached
plants standing in a test-tube of water are kept in a water-saturated
atmosphere at 20-25" C. {or 24 hours, when chocolate-coloured
lesions are countable.

The number of lesions developing is directly proportional to the
concentration of conidial suspension. Suspensions o[ equal con-
centration produce more lesions when prepared from youag than
from old cultures.

The number of lesions developing on different plants varies
significantly. Equal numbers of lesions develop on all the leaves of
young plants, but sigaificantly more develop on the old than on the
young leaves of old plants. The effects of plant variation can be
minimized using a suitable experimental design, i.e., Latin square or
balanced incomplete blocks.

This technique was used in collaboration with E. W. Buxton
(Plant Pathology Department) to determine the efiect of ultra-
violet irradiation on the infectivity of spores of B.Jabae and Uromyces
fabae (Pers.) de Bary ard on the susceptibility of broad bean leaves
(Vicia faba L.) to infection by them (see report o{ Plant Pathology
Department) .

Griseojuh;in and club-root of cabbages

The efiect of griseofulvin, a metabolite oI Penicillium sp., on the
development of club-root is being investigated with I. Macfarlane
(Plant Pathology Department). Its efiect is linled with the con-
centration of Pl,aslnodiofhora brassicae Worot. spores in the soil-

I
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\&'hen added to the soil at the time of inoculation and when a range
of inoculum concentratiotrs were rxed varying by a factor of 625
but all giving l0O per cent infection a.rrd clubs of equal size (dry
weightl in the controls, the highest concentration of griseofulvin
gave the greatest reduction in club size, and at all dosage levels
griseofulvin was most efiective against the lowest concentration oI
inoculum. The inhibitory effect of griseofulvin on the development
of club-root appeared to lessen after 6 weeks.

The rate of increase in size of already inlected roots was retarded
by the appiication of griseofulvin to the soil, and there is evidence to
suggest that the same effect could be obtained by spraying the
foliage. Application of griseofulvin to the soil 2 weeks alter inocula-
tion benefited the plarts more than applications made simultaneously
with or 4 ryeeks after inoculation.

The retardation in club-root development was associated with
increased dry weights oI foliage and healthy roots.

Poudery mildeu of ba ey

That powdery mildew can cause a reduction in yield was con-
firmed. As spraying with lime sulphur was shown not to afiect the
yield of mildew rcsistant cv. Haisa II in three seasons, only the
mildew susceptible cv. Plumage Archer was sown in the 1955
experiment. Barley was sown on 30 March and 28 April at 1! and
2{ bushels/acre. Each plot was split, one half being sprayed four
times betu'een 24 May and 27 June with I in 80 lime sulphur;
the other was not sprayed. Plants inf.ected. with Erysipke graminis
DC. were planted in the unsprayed sub-p1ots on 19 May.

The ulsprayed plants were severely infected and the sprayed
plants v'ere lightly infected. The uasprayed plots yielded sigrrifi-
cantly less grair than the sprayed, 20 per cent less Ior the early and
27 per cent for the late sowing. The losses are attributable to
reductions in: (c) yield of grain per l0O years, and (D) numbers of
ears per plant.

The yields rvere unaflected by seed rate.
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STAFF

C. B. Williams, who was head of the department from 1932,
retired on 30 June. K. Mellanby was appointed to succeed him.

P. F. Entwhistle (Colonial Ofice Scholar) and Mrs. Helen Ent-
wistle left the department and proceeded to the West African Cocoa
Research Institute in the Gold Coast. EIse Haine returned to
Germany to a post at the Institut ftir angewandte Zoologie at
Munich. T. R. E. Southwood (Agricultural Research Council
Scholar) left to take up an appointment at the Imperial College of
Science. Lois M. Cherry, A. J. Cockbain, D. L. Milne (supported by
a grant from the South African Government) and trt. A. Zaher
(Egyptian Government Scholar) joined the department.

R. M. Dobson, B. Johnson and T. R. E. Southwood obtained the
deeree oI Ph.D. of the Universitv o[ London.

"C. G. .;ohr,ron visited Germairy and the Netherlands in October
and read a paper at the Deutsche P8anzenschutz-Tagung in Kassel
on tbe distribution and dispersal of aphids in the air.

P. W. Murphy retumed from Austria, where he had been working
in Dr. Kiihnelt's laboratory in Vienna. F. Raw continued his period
of secondment to the West African Cocoa Research Institute in the
Gold Coast.

INSECT MIGRATION

(C. B. Williams and R. A. French)
Light traps were worked at Rothamsted until October, to com-

pare results with those obtaiaed by C. B. \Yilliams in Inverness-
shire- R. A. French has continued his work on the migration of
Sphingida in Western Europe.

GALL Mrocrs oF EcoNoMrc IMPORTANCE

(H. F. Barnes, Barbara M. Stokes and D. L. Milne)

It was a 'good emergence " year for the wheat blossom midges,
and nnder insectary conditions individuals of. S. uosellana emerged
from larvae oI the previous thirteen yeaxs, most coming Jrom the
larvae of 1952. Fortunately there was not complete coincidence of
midge-emergence and ear-burst on Broadbalk. However, the annual
sampling of the wheat confirmed the prediction made in 1952 that
the next outbreak of the vrheat blossom midges would occur in
1955 or 1956. The increase of larvae in the crop behg about five-
fold, there behg roughly 27,000 larvae per 500 ears compared with
about 5,000 in 1954; this resulted in a 16'7 per cent $ain infestation,
as against 4.7 irl 1954. The unusualJy long dry spell of weather
causid tbe lully-fed larvae to remain in the ears much longer than
usual, in lact until after the drought was broken on J3 August,
when the 1arvae descended suddenly to the soil. This enabled

l3l
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valuable data to be obtained on the accuracy of the " presampling "
technique in use during the last l5 yea$.

The sampling of Broadbalk has been completed for the 29th
successive year. The data for annual infestations lg27-55, as well
as tables showing the percentage ear inlestation in relation to the
percentage grain attack, the numbers of larvae present in relation
to the percentage grain attack and estimated loss in yield, have
been incorporated inlo Gall. M.idges of Economic Imfo ince, Vol 7:
Gall Midges of Cereal, Crops, which was published eaily in 1956.

Barbara Stokes has continued her biological stldy ol Mavetiola
spp. living on the stems oI cereals and grasses. It had previously
been established that one of the species collected at Rolhamsted,
M. deslruclor, the Hessian Fly, attacks wheat, barley, rye and couch
grass as well as some exotic 

-graminaceous 
plants aird ih"t th" horr

plants are interchangeable. Succeeding generations of the midges
have been maintained, changing the host plants with different
geDerauons.

More M. deslructor midges have invariably emerged from experi-
ments in which wheat has been used as hos[ olant than lrom tiose
in which couch grass has been used. although the origin of the parent
midges has frequently been couch grass. Similarly, more midges
have developed successfully on young plants than on mature eaied
ones. It has become obvious that more eggs have been laid on the
younger leaves than on the older in the four-leaf stage of each host
plant tested. Other experiments showed that, whereas the midges
oviposited freely on cultivated oats, wild oats (A. fataa and,-A.
ludooiciana\ and on wild wall barley and to a more limited extent on
other common grasses, no midges have ever succeeded in completing
development orithese plants. "Subsequent examination of thetiant!
has shown, that although the eggs developed and the larvae haiched,
no larva succeeded in establishing itself on any of these plants.

It has been Iound that there are three flights of Hessian fly a year
at Ha4renden, although it is possible for the midges that emeige-first
in each generation to accomplish a fourth generation in 12 months.
Little evidence has yet been obtained as to the comparative
numerical size oI the various flights, but it appears likety that as a
rule the first or spring flight (in May) is the lai[est. Thii is because
a proportion oI the larvae of each generation develops slower than
the rest and gives rise to adult midges slmchronously in the spring
with those of later generations. The second flight occurs in Ju1y,
while the third centres round September.

The percentage of headed straws and non-headed tillers infested
by Hessian fly on Broadbalk and Hoosfield wheat-alternate fallow
has now been studied for two years, and the results are being written
uP.

The testiug of the host-plant range ol Dasynettra affnis of
violets and D. oiolae of. pansies, that bave been suggested to'be onlv
one species, has been completed by Barbara""Stokes. It his
been shown that D. aff,nis breeds on Viola odorata but not on I/.
Iricolor and its variety hortensis or on V. aruensis, the host plants
of D. oiol.ae. Conversely, it has not been possible to bread D.
riolae ot V. od.orata, the lost platrt of D. afi.nis. Cross-mating
tests between the two midges gave negative results. It has been
concluded that D. afinis ar.d. D. oiolae are distinct species, iu
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spite of the {act that they cannot be separated on morPhological
characters.

D. L. Milne is continuing the investigation started last year on
the gall midges aflecting seed production in clover. The points of
irnmidiate inlerest are *hethei or not the Dastmauro species which
is common in white-clover flower-heads is the same species as the
well-known D. leguminicola, the red clover seed midge, and, if it is
not, whether it is identical with D. geztwri rccently described in the
United States from Ladino clover. Biological studies and surveys of
incidence are being made in order to assess the economic importance
oI this white clovdr midge and, if possible, to find suitable cultural
methods of avoiding attacks.

Mr. K. M. Harris, Dr. L \\'. B. Nye and Mr- J. A. Bullock each
spent a fortnight, preparatory to taking up appointments in West
aird East Afriia, sludying gall midges, with particular reference to
those of Sorghum inflorescences.

It is obvious from the number of enquiries concerning the wheat
blossom midses and the saddle glass midge that the dry summer
caused an ua-usually large numbei of the larvae of these pests to be
removed from the helds-during harvesting. Apart from these, the
most irteresting requests for information concerned the occurrence
oI Mayetiola ioinniii on Poa on the Rugby Football Union ground
at Tvickenharn and the presence of gall midge larvae in the stems of
noooies grown for oil in the Eastern Counties. The latter have been
iric'essfillv reared but not vet identified.

Numer6us consignmentiof gall midges have also been received
from overseas, botih for ident'ification- and incorporation in the
collection. Among the former may be mentioned large series reared
from Coccids in r-igeria and from Stachylatlhela cayenncnsis and
iamaicersis in Trinidad and. a Contarinia species damaging seed
broduction oI Phleum brale$? irl Finland. Among t-he latter are
iour recentlv described species from Cryitomerit japonica, Abics
sachalinensii (mayriana\ and Picea jezoensis in Japan, and three
species, two oi w-hich have been rec6ntly described, from cones of
Picca glauca in Canada.

Pnortrus oF Ixsecr DrsPenser
(C. G. Johnson, L. R. Taylor and A. J. Cockbain)

Suclion traPs

In 1954 accurate measurements of air-flow in all types of suction
traD- under all relevant running conditions, were obtained' In
lg55 experiments on the proportion of different classes of insects
caueht inder these varioui c6nditions were made. It is expected
itrf th"se measurements will allow a full assessment of errors in
aerial densitv estimation due to varying eficiency of traps. This,
it is hoped, witl be the final stage in the develoPment of the suction
trap.

H igh- altitude di slers al
The analvsis of past trapping at Cardintton has continued,

Darticularlv 6n the vertical densitv gradient of inse€ts in relation to
itmmpheric stability; on generil -relations of density to height



134

drring the day and season; and on the speed and frequency of the
clearance of insects from the air-

In addition, an exceptionalJy successful trapping season gave
almost continuous day and night records of the vertical gradien|and
the temperatue-lapse rate. For the first time since this work
began, attention was paid to all the other insects trapped, as \yell as
aphids, thus broadening the study.

PERIoDICITY AND TEMPERATURI IN THE EcoLoGY oF
APHrs FABAE Scop-

(C. G. Johnson, L. R. Taylor and A. J. Cockbain)

trIoulting rhythms and the period between moulting and flight
have been integrated into the general picture of diurnal aerial densltv
cbange. From these two variables alone in their relation to tempei-
ature it is now possible to reconstmct tlpical diurnal chaneei in
aerial density (iircluding the characterisiic double peak) wi"thout
reference to flight behaviour after take off, These- reconstructed
curyes can be matched rvith obsewed density changes as sho1vn by
suction traps.

The period between moulting and flight is very important in this
respect. Its length depends largely on iemperature, especially over
the critical range of 16-20" C. This range is uadoubtedly also
critical tlrroughout the u.hole ecology of the Aphid, and tuturi work
is being planned with this in mind.

Wrnrwonu Sruorrs
(F- Rarv, J. W- Stephenson and J. R. Lofty)

The studies of wireworm populations on the ley and arable
rotations in Highfield ard Fosters har.e been continuid and. after
next years' observations, will be concluded. This vear's samples
indicated a general reduction in the wireworm popu[ations of b'oth
fields.

\\'HEAT BULB FLY STUDIES

(F. Raw and J. R. Lofty)
The exprirnents started in lg54 on Pennell's Piece and Broadbalk

uere concluded after this year's harvest. In the pennell's piece
factorial experiment designed to investigate the efJect of various
soil conditions on the choice of oviposition site, plots which had had
the highest egg populations the previous Vear riow had the hiehest
proportions of infested plants and gave the lowest vields. "The
perce_ntages of plants infested varied from 26 for ploti with culti-
vated, rough tilth to 4l for those with uncultivat;d smooth tilth:
the proportionate yields of grain for these Dlots beins 0.86 to 1.0-

The areas of Broadbalk which had beeir covered"with mosouito
netting during the oviposition period of the previous vear whiie in
fallow bad a mean of 3 per cent of plants irifested c6mpared to a
mean of l2 per cent on the adlacenf uncovered areas. 'Th" .ri"ld.
of covered to uncovered areas were in the ratio I.Og to l. "It is
thought that had the intensity of infestations been as heaw as that
of the previous year the value of this technique as a mithod of
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directly a^ssessing the efiect of wheat bulb fly attack would have
been more convincingly demonstrated.

Srunres os MTLLIpEDES

(J. W. Stephenson)

Investigations oI the bionomics of millipedes have continued.
Data on their activity in the field and on their life histories and
feeding habits under laboratory conditions have been obtained, and
observations on the direct effects of millipede activity on soil
structure have commenced.

A new technique ofculturing miltipedes in sealed plaster-of-Paris
cells is being developed, and, it is hoped, will prove useful to Iuture
workers on this and other groups oI soii arthropods.

Experiments with " choice-chambers " have shown that some
millipedes have decided preferences for particular types of rotted
grasses as Iood, e.9., Blachyd,esrnus sulerus pref.e$ Dactylis glonerata
to Poa lriaialis.

Sruurs ox Brl"ttrs
(R. M. Dobson and Z. Teofilovic)

Observations on the bionomics of the cabbage stem flea beetle
(Psylliodes chrysocephala (L)) have been incorporated in a thesis by
R. M. Dobson and parts are now being prepared for publication.
Preliminary studies of the volume changes in developing eggs of
this species were made by Z. Teofilovic in preparation for possible
firture \Mork-

Analysis of field data showed that the species compositions of
populations of crucifer-iafesting flea beetles (Phytlotreta spp.)
varied not only according to time and place but also between
difierent coexisting adjacent crops. Routine identifications of
species of Carlofhilus (Nitidulidae) associated with stored products
have continued, and one new species has been described.

Eennrwonlr Srunrrs
(R. M. Dobson and J. R. Lofty in conjunction with E. Crompton

(lately of Soit Survey) and National Agricultural Advisory
Service)
The experiments in Lancashire to investigate the r6le earthworms

play during the rehabilitation o{ marginal grassland have continued.
In these experiments, after a general application of lime and phos-
phate to all plots, the effects of dung and balanced artificials at two
Ievels of earthworm population are being studied. At the site near
Lancaster, lime was applied dudng summer 1954, phosphate and
dung during summer 1955 and artificials will be apptied during
spring t956. Half of each plot was sprayed with lead arsenate to
kill worms during November f955. At Rivington the experiment
is one 1'ear behind, and so far only lime has been applied. Sun'ey
of both sites during spring 1955 showed the principal earthworm at
both localities to be Bimaslus eisenii and the population at Lancaster
to be about l5 times as great as that at Rivington (291,000 to
19,000 worms/acre).



t36

In addition to the field experiments, preliminary studies of the
life cycle of B. eisenii have beert carried out in the laboratory.

EFFEcrs oF INSECTICIDES oN SoIL FAUNA

(R. M. Dobson and J. R. LoIty)
By invitation o{ Messrs. Plant Protection Ltd., observations are

being made on the soi.l fauna of a 6eld experiment at Haslemere.
The experiment, designed to study the long-term efiects of BHC
applied every year and every 4th year to a lour-course rotation
(u'heat, swedes, barley and ley) has been running for 8 years, and
preliminary observations indicate large differences in the fauna of
plots under difierent treatments.

Hosr PLAiir SrrrcroN rN THE WEEAT BuLB FLy
(LEPT oty LE M Y r A cot ncrtr t E 1-I.t.\

(Barbara M. Stokes)
Experiments were started to test t}te possible prelerences betu'een

wheat and the other host plants of the wheat bulb fly.

WHEAT BULB FL:, (LEproHyr,EMw.e cotncrtr,t F?.tt.\
(D. B. Long)

Laroal studies

The suwey of larval iafestations of winter wheat begun in 1954
was continued on Rothamsted soils. The infestation generalJy was
substantially less thau that of the previous year, some of the Broad-
balk plots having one-tenth of thei {ormer level. The greatest
infestation was found, as in 1954, in the four-course experiment on
Hoosfield, where 69 per cent of the plants contained larvae,97 per
cent having been attacked at the time oI sampling involviag the
destruction of 42 per cent of the existing shoots. The wheat plots
of the six-course experiment on Long Hoos 4, and the Wheat and
Fallow experiment all carried a slightly lower level of infestation.

The lower larval infestation was partly attributable to the cold,
v-et autumn of 1954 and partly to the late sowing that the weather
enforced. At the time ol the hatching of the larvae the earnmexane
component of the seed dressing use-d aga.inst wireworin had not
completely dispersed as normally occurs with an earlier sowing.
This provided a residual measure of plant protection, the young
wheat bulb fly larvae frequently moving away from attacked ptants
before fulty penetrating a shoot. This, coupled with the small size
of the plants, which seldom had more than a single shoot, made
conditions unfavourable for the establishment oI the larvae. The
efiect oI the adverse circumstalces was well shown in the wheat
bulb fly experiment set up on Long Hoos 7, where the plants were irr
the single unopened-shoot stage when sampled in eaily April, and
only 3 per cent of the wheat plants following fallow had beea
attacked-

In experiments involving the study of movement throughout
larval life it was found that a larva rvhich at its largest is seldom
more than 0.25 inches may nevertheless traverse a minimum of
33 inches oI soil. It was also shown that larvae tended to move
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along ro\r's of plarts rather than across them. Pot experiments
carried out to study the efiect of difierent soil types on larval in-
festation using freshly hatched larvae showed that the infestation
of wheat on Rotha"msted clay-loam. a.lthough not quite so successhr.l
as that on the Woburn saDdy-loam, litr'as yet appreciably more
successful than that on the Fen p€aty-loam. These studies are
being continued.

Adult studies

Field observations on the adult fly were contiaued. The adult
population closely followed the lower level of larval infestation, the
numbers obtained by regular sweeping being about one-tenth of
those caught in 1954, but in contrast to the former year, in 1965
females predomiaated, The diumal movement oI flies to and Irom
the crop was agaia noted, the greatest number of flies always being
talen a1 6.0 a.m. B.S.T. In this respect the females were noted to
differ in behaviour from the males. Flies tended to return in the
evening to the lee side of the whole crop rather than to the emergence
plots. The lower level oI infestation prevented the successful
ionclusion of experiments on movements of the fly poPulation.

A study of oviposition sites planned in an experiment on Long
Hoos 7 failed owing to the generally low level of infestation, but it
was found that flies tended not to lay eggs near a vertical screen
such as that provided by an adjacent stand of crops or a hedge. The
efiect oI such a screen 3 feet high was {ound to extend uP to 6 feet
from its base. Experiments begun the previous year on the ovi-
position rhvthm weie continued in the laboratory with freshly caught
fiies which"showed the peak laying time to be in the 2 houis before
dusk.

Egg"
Studies begua ill 1954 on water relations between the egg and its

environment during development were continued, ald in this respect
the effects of certain ovicides are being investigated.

EFFEcrs or PopuLATIo:i DElisrrY oN INSEcrs

(D. B. Long)

The work on the efiects of population density oo larval forms has
been continued, and cultures o'f t'he sawflies of pine, larch and goose-
berrv have been established in order to extend the field of the work.
A sti:dy has been started (with M. A. Zaher) ou the eflects of the
oooulation densitv on adult lepidoptera.' ^Durine Aur.us[ R. Cawol fr6m ltlnstitut National de ta Recherche
Agronomique "of Versailies spent a month at the laboratory in con-
neition wiih his work on population fluctuations in Lepidoptera.

Photo-cohu rcsponse in lefid.opterous laruae

The studv of the colour changes in the spots of the older laryae
of the Empiror \lolh (Salurnia faoonia L.'1 when exposed to light
has been iontinued. It has been found that the response is de-
pendent on low energy wavelengths at the red end of the spectrum
Letween the limits oi-yetlow an? infra-red which in themsilves do
not produce a colour change.
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Fonnsr Sorr Ixvrsncetloss
(P. \I. MurPhY)

From .]une 1954 to September 1955 P. W. Murphy worked uith
Professor Kiihnelt at the-Zoological Institute of the University o{
Vienna; the visit was made possible by a grant from the Forestry
Commission.

Field work w.LS concemed mainlv with an investigation of the
fsuns 6q.urring in forest sites on rendzina soils in the V-ienna Woods
close to the city. The experimental sites have been used as sources
for material in a numbeiof investigations carried out at lhe Zoo-
logical lnstitute, and on thjs account there is a considerable amount
oiinformation available concerning faunal composition, etc. The
object of the study was to determine faunislic changes taking place
during the development o[ the rendzina profile. In addition, a
numb"er of undistuibed samples of characteiistic proftles have been
collected in various parts oI Austria for Dr. D, A. Osmond of the
Soil Suwey ot England and Wales.

During the winter months time lvas devoted to the development
of a culture method suitable for small soil-hhabiting animals such
as the Acarina, and a new technique has been devised vhich is
proving very successful for biological studies in the laboratory. Lp
iitl now theie has been no realJyluitable culture method to provide
the necessary environmental conditions required by these organisms,
and it is hopad that it will be of value for studies of food habits, etc.,
of oribatid and other soil-jnhabiting mites.

-A.n English translation of Professor Ki.ihnelt's book Boden'
biologie mil besonderet Ber chsichtigurlg der Tierwclt is almost
comflete: it incorporates Professoi Kiihnelt s revisions oI the
original text.



BEE DEPARTMENT
C. G. Burrrn

Gexpner
Throughout the year the research rvork of the department has

been continued along the lires mentioned in recent reports. In
addition, several members of the department have contiaued to
serve on a number of Committees and have also given lectures and
demonstrations at meetings of Scienti6c Societies, Beekeepers'
Associations and other organizations.

C. R. Ribbands has been awarded the Sc.D. degree of Cambridge
University, and Doreen Gibbons and Inge Riedel have joined the
scientific stafi. T- Palmer-Jones oI Nerv Zea.land has been a guest
in the department for about five months, during which he made a
detailed study of bee research methods and practical beekeeping in
this country.

BEE BEHAVIoUR

Foraging behaliour
C. R. Ribbands, in collaboration with Professor J. B. S. Haldane,

has been conducting an experiment designed to assess the accuracy
with which foragers communicate the whereabouts of food crops to
other members of their colonies. As this experiment progressed it
became clear that the use oI body odour was playing an unexpectedly
large part in attracting companions to the immediate vicinity of the
Ioragers. If conditions are propitious it is hoped to conrinue this
work during 1956.

Conclusions that have hitherto been reached on the practicability
and efficacy of attempts to cause honeybees to visit the flowers of
selected crops which require pollination have been conflicting.
J. B. Free has, therefore, been attempting to obtain answers to
some of the problems involved. Tu'o of the questions he has been
studying are: whether the nectar and pollen already stored in the
combs of a colony influence the choice of plants Irom which its
members will collect food, and whether symp feeding of colonies
results in any iacrease in the proportion of pollen to nectar
subsequently collected by their members.

Swatning
Investigation of the ,actors controlling the incidence of swarming

by honeybee colonies has been continued by J. Simpson by an
analysis of records made by beekeepers during their routine inspec-
tions of colonies during the swarming season. The following
tentative conclusions have been reached.

The proportion of colonies which produce queen cells in the
presence of a laying queen, and therefore are possibly prepariag to
swarm, varies from year to year. Smaller, but stitl significant,
variations occur between apiary sites. These variations appear to
be related to environmental differences, not to changes in methods of
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management or to the genetical characteristics ol the colonies of
bees concerned.

The onset oI queen cell production in individual colonies occurs,
as a mle, between the middte of May and the end oI July, and is
most frequent around midsummer.

The 6ees in over half of the colonies which begin to produce
queen cells eventually cease to do so, without swarming, with no
other treatment by the beekeeper than reguJar removal of the queen
cells produced. lt is uncertain whether any colonies in which queen
celts ire found witl in fact swarm even without such treatment, since
observations of experimental colonies in which queen cells have been
left have shown that in a number of cases transient queen cell
production takes place without swarming. Since amongst colonies
u'hich produce queen cells the proportion rvhich fail to swarm, tltough
thev receive no other treatment than regular queen cell removal, is
greiter after midsummer than before, it is probabte that observations
of queen cell incidence fail to give an entirely reliable index of the
relalive incidence of swarming at different times.

Colonies whose queens are replaced before the end of June, by
new ones reared in the current season, are much less likely to produce
queen cells during the rest of the season than colonies which are not
ri-queened in thii way. However, owing to the uncertain relation-
shii between swarming and queen cell production this does not
neiessarily mean that re-queening early in the season with a current
season's queen will reduce the tendency of a colony to swarm.

The organizalion of social life
The results of C. R. Ribbands's food-sharing experiment, which

rvas carried out in 1954 in order to determine the distribution
amongst the members of a colony of one honey-stomachful o[ radio-
actil'e uC sugar s),mp collected and carried into the colony by a
single bee, arC still being analysed. Most of the routine work has
now been completed, and it is hoped that the results will be published
during 1956.

C. R. Ribbands considers that Iood sharing provides the network
of communication which is the basis of social life in the honeybee
community (l&).

One of the functions of food sharing is, as he has shown, the
production of distinctive cornmunitv odours, another, as C. G.
ilutler has recently shown (179), is the widespread distribution of
queen substance a.mongst the worker bees of a colony.- 

Queen substance plays a rital part in the social organization of
rhe honeybee community, since. provided it is obtained from the
queen in sufficient quantity and shared out amongst the workers of
her colony as normally happens, it prevents development of the
worker's ovaries, as well as ifibiting the production of all kinds of
queen cells. Failure, or inadequacy, of the supply of queen sub-
stance in circulation amongst the members of a colony results in
oueen cell oroduction and worker ovaw develoDment.' Effective extracts oI queen substailce have now been obtained
{rom queen honeybees, even from long-dead ones, irt various organic
solvents (179), and C. G. Butler and Dr. D. B. Carlisle, of The
Laboratory, Plymouth, have demonstrated that extracts oI the sinus
glands of femalt prawrs (Leander serrarts) are efiective in iahibiting
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ovary developrnent in worker honeybees, and that honeybee queen
substance can also act as an inhibitor of ovarv deveiooment in
prau,ns (t80). C. G. Butler has also been able to demonstrate that
honeybee queen substance and ant queen substance (extracted from
queens of Formica fusca and F. ruJal are interchangeable. lt
appears possible, therefore, that a single ovary-iahibiting substance
is present in diflerent Arthropods, and that in some oi the social
insects this substance has acquired the additional function of
controlling queen production,

It is not yet clear whether queen substance reacts directly upon
the metabolism of a recipient bee or whether it merely acts as a
" trigger mechanism " and results in the release of a hormone which
inhibits ovary development. If queen substance orJy acts as a
trigger -mechanism it is quite likely that still other releasing
mechamsms exEt-

These investigations are being contiaued, and it is hoped to
publish further results shortly.

An investigation of the stimuli leading to food exchange between
the worker bees of a colony has been made by J. B. Free. As was
anticipated, he has found that bees who are offering food to other
bees, or beggiag for food from them, usually direct their offering
or solicitiag movements towards the heads of other bees; indeed,
excised heads alone are suficient to elicit either of these reactions-
He has also shown that although the colour and shape of a bee's head
play little or no paxt in eticiting either of these responses, the scent
of a bee's head is an important stimulus in doing so. Furthermore,
it has been found that the excised heads of bees taken from the same
colony as the experimental bees, whose reactions are being studied,
are more efiective in releasing both these responses than are the heads
of bees from other colonies, It therefore appears that colony odour
may be important in this respect.

Free has also shown that the antennae provide a contact stimulus
to both reactions and that their effect can be simulated by means of
artificial antennae.

Whereas movement appears to play no part in releasing the
begging response of a bee, it plays a significant rOle in releasing ofier-
ing behaviour. Both begging and ofiering are innate reactions, the
precision o{ which shows improvement with age, independently of
conditioning.

GsxBner RESEARcH

Behaviour of d.rones within the hive
As a part of the bee breeding research programme J. B. Free

has begun to study the behaviour of drones inside the hive, using
marked individuals of known ages. He has found that worker bees
feed drones of 2 and 3 days old the most frequently, and also that
drones of this age are fed for longer on each occasion and therefore
presumably receive more food than drones of other ages. The
number of times a drone is fed decreases rapidly as hq becomes
older. The ages of those worker bees who were seen to feed drones
varied between 2 and 26 days, but workers of 4-S days old were
especially concerned, Drones of 4 days old and more will take honey
for themselves lrom storage cells, but younger ones do not appear
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to do so. Drones seem to spend about three-quarters oI the time
that they are in the hive more or less stationary on the combs, but
the periods of inactivity are frequently intemrpted by short periods
of movement over the combs. The age of a drone appears to be
important in determining the behaviour of the workers towards him.
For instance, even when in late summer the older drones of a colony
are being driven from their hive by the workers, the younger drones
present may not be treated in this way at all, but, on the contrary,
may still continue to be fed by the workers.

Queen introduction
The studies on the problems involved in queen introduction

mentioned in previous reports have been extended, partly with the
help of members of the Bee Research Association and other bee-
keepers. An a-nalysis by C. G. Butter and J. Simpson of the results
obtained to date (full details of which it is hoped to publish shortly)
suggest :

(a) That when young, or old, virgin queens were introduced
directty (without cagiag) to colonies Irom which young
(1 5 days) or old (12-28 days) virgin queens had just been
removed, comparison oI the results showed that it was much
easier to introduce a queen into a colony from which a similar
queen had been removed than into a colony from which a
dissimilar queen had been taken-

Between old, laying, queens and old, virgin, queens a
similar but less extreme pattern of behaviour was observed,
rvhilst with other combinations of queens of difierent cate-
gories (which included newly mated queens who had just
begun to lay eggs) the difference in the proportion of
successes between iatroductions of like and unlike queens
'vere mostly non-significant. It is suggested that from the
point of vierv of introduction to colonies, young and old
virgin queens are sharply differentiated, while the other
categories ol queens studied possess intermediate character-
istics in this respect.

(6) \lhen mated, laying, queens rvere interchanged directly and
the treatment given to them by bees of the recipient colonies
rvas noted, it was found that the queens were more fre-
quently molested by bees belonging to bad-tempered
colonies than by those of good-tempered colonies.

(c) An analysis of the results of queen introductions made in the
course of normal beekeeping practice, using a special cage
in which the queen was confined without either food or
attendants, showed that mated, tested, queens could be
introduced to colonies from which laying queens had iust
been removed with a probable average success of at least
90 per cent. Virgin queens could similarly be replaced bV
mated, tested, queens with a probable success of at leasi
80 per cent.

The size ol colony to which a queen was introduced
appeared to have little, iI any, efiect on the likelihood of her
accepta-nce.

Introduction of virgin queens by means of the cage
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method to colonies from which laying queens had been
removed was less successful and requires further study.

(d) The proportion of successful introductions varied siglifi-
cantly in the different summer months, and was actuallv
lowesi in June. Difficutty was also found in introducin!
mated, tested, gueens to colonies which were or had recently
been rearing queen cells. Since June is the month u'hen
queen cells are most frequently present in colonies (see
section on swarming), these two observations may be
related to one another.

One of the results of food sharing amongst the adult members
of a colony is the production of distinctive colony odours, and
experiments by C. R. Ribbands involving the transference of queens
between colonies which have been foraging on heather and colonies
r.r-hich have not, show that these distinctive colonv odours play
a part in the difficulties oI queen introduction.

11:ax-moth

It has been observed by L. Bailey that infestation by the Lesser
\\'ax-Moth (Achroia grisellal was eliminated in combs uhich were
fumigated with acetic acid vapour for the control of Nosema and
Amoeba diseases. Adult and lan al wax-moths rvere killed rvithin
24 hours. Some fumigation expriments with the eggs of the
Greater Wa-x-Moth (Galleria mellonella) and of the Lesser Wax-Moth
showed that they were killed after exposure to acetic acid fumes for
12-24 hours at 59o F. Over 2 days' exposure at this temperature
rvere required to kill their eggs with y'-dichlorobenzene.

BEE DISEASES

Noseua disease

Attempts to eradicate Nosema from most of the Department's
colonies were begun by L. Bailey in 1954. The bees of each
colony were transferred on to combs sterilized with acetic acid
or formaldehyde as described in the last Annual Report. ln April
1955 only 7 per cent of the colonies showed any infection. This
6gure includes colonies which had not been treated for various
reasons, and compares weU with the 6gure of m per cent of colonies
infected in 1952, the year before research work on the control of this
disease was begun.

The remaining infected colonies have now been treated, and all
combs that are not in use eue now sterilized with the fumes from
80 Der cent acetic acid as a routine measure before thev are re-used,
It is hoped that the disease will be eliminated by'these simple
precautions.

Acarine disease

L. Bailey and Elizabeth Carlisle have demonstrated by means of
field tests ihat the mite Acarupis wood.i can be elimiriated Irom
infected colonies by two applications of any of the following acari-
cides: di-fii-chloropbenyt)-methyl carbinol (" Dimite ", " P.K."),
ethyl di-(r-chlorophenyl)-glycollate (" Chlorobenzilate ", " Folbex ")
and p-clrlorophenyl, y'{hlorobenzene sulphonate (PCPCBS, the
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active ingredient of " Ovotran "). These acaricides were applied
as smokes. The weather was warm (55-70" F.) at the times of
application, and the disturbance caused in two out of eight colonies
which were treated in the evening following a healy nectar flow
caused the deaths of several thousand bees. The queens were not
aflected.

It seems likely tiat treatment with these acaricides can best be
carried out during warm weather, in early summer, before the main
nectar flow begins, as treatment is distiacfly less efficient when
applied during cool (40-60' F.) weather.

\\rhereas PCPCBS was still tbe only acaricide treatment which
produced rapid ovicidal efiects in lurther laboratory tests, it proved
no more eficient than the other acaricides irr field trials during 1955.
The ovicidal efiect, although significant, is probably too slight.

It is probable that much more efrcient acaricides o{ these types
for use against Acarapis woodi are to be {ound. Even phenyl
salicylate has recently been found to be highly effective, but it may
be too toxic to bees. Methyl salicylate also has significant effects,
but again it appears that its toxicity to the bee reduces its practical
value, Nitrobenzene, probably the active constituent of Frorv's
mixture, was found to be toxic to bees but not to mites when
applied as a smoke. Tests with Frow's mixture applied in the
usual {ashion during the winter of 1954-55 showed it to be very
effective against the mites. But controlled experiments demon-
strated that all the infected bees also died in treated colonies in the
latter part of the rvinter. This proved to be disastrous to the
heavily inlected colonies which were treated, but such an efiect
*'ould be acceptable in the cases of colonies which were oniy lightly
infected.

Eurolean Foul, Brood.

L. Bailey has contiaued to study the natural cycle of infection.
All the bees from iafected colonies were transferred to uDcontami-
nated combs in the late summer of 1954, when the disease had
practically disappeared for the season. During lg55 these experi-
mental colonies became very strong, but a few larvae that had died
from the disease were firct found in mid-June, and infection rapidly
increased and reached a peak at the end of the month. As there is
no evidence that any stage in the life history of the orgarism
responsible for this disease occurs in the adult honeybee, it is con-
sidered likely that in these cases contamination was carried mech-
anically by the bees on to the clean combs to which they were
transferred in 1954. In the control colonies dead larvae rvere lound
in mid-April and the intection iacreased less abruptly, but it also
reached its peak at tbe end ol June. The control colonies were by
this time markedly rveaker than the experimental colonies. Despite
the different rate of development of infection and the different efiect
it had on the strengths of the control and experimental colonies, the
signs of infection began to disappear from all colonies simultaneously
and at the same rate, and by mid-August were scarcely detectable.
The ability of this disease to develop in very strong colonies (each
of which eventually gave yields of surplus honey of 5O-l0O lb.)
suggests that the statements of some workers that the maintenance
of strong colonies obviates this disease are incorrect and that,
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although the effect of the disease may be masked and easily pass
unnoticed, it does not suppress its development.

Work Las been contiriried on the isola:tion ol " Bacillus " llulott
and on the eftects of antibiotics and sterilizing agents upon the
course of European Fou[ Brood disease.

K
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STATISTICS DEPARTMENT
F. Yarps

Tu'o members of the scientific staff left during 1955. G. E.
Hodnett, the Colonial Office Statistician attached to the Depart-
ment, has been appointed to the post of Statistician to the Regional
Research Scheme based on the Imperial College of Tropical Agri-
culture, Trinidad, and I\Iuriel E. Davis lelt to take up a post as
Secretary to the Experimental Husbandry Farms of Reading
tlniversity.

New appointments were : H. R. Simpson from Cambridge
University, J. C. Gower from Cambridge and Manchester L'ni-
versities, Mary G. Hills from the Central Research Establishment of
the National Coal Board and Marjory G. Morris, who has in the past
rvorked in the Department of Tsetse Control, Gold Coast-

Thirteen temporary workers were accommodated in the Depart-
ment during the year, tu'elr.e of them from various countries of the
Commont'ealth.

THE ELECTRo\rc Cotrpuren

Arrangements have been concluded with the liational Research
Development Corporation ior the Elliott 401 to remain at Rotham-
sted for a further period of 5 years, half the time of the machine
being, as before, at the disposal of the National Research Develop-
ment Corporation. Apart from a period in the early part of the
year, when a faulty batch of valves gave rise to considerable trouble,
and some trouble with the disc during the very hot rveather, the
machine itself has for the most part behaved well. The same cannot
be said of the ancillary equipment, especially the tape reader and the
typewriter.

During the year a good deal of work has been put into the
reorganization of the input and output, and considerable progress
has been made. The computer now uses a common input and output
code in place of the two separate codes used previously. This has
required a major electronic modification, The new code has the
special feature that characters can be checked against errors in
either reading or punching. \{}ren an error has been made during
the input of information, the machine rill stop. Errors in the out-
put will lead either to a hold up on the typerwiter or to the printing
of a non-numerical character on the teleprinter. The programmer
has the option to use either checked or unchecked input and out-
put.

Plans to build a further tape reader have been abandoned in
favour of replacement by a Ferranti high-speed reader, and steps are
now being taken to secure one of these. A new Creed high-speed
punclr has been obtained to replace the present makeshift puach as
the main output oI the machine. This should be in operation very
shortly and will nearly double the output speed of the machine.
Tape lrom it uill normally be fed directly to a telepriDter, thus
obviating much of the presenl need for the type*riter-
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A new and much improved keyboard punch and teleprinter unit
has also been obtained. This provides a printed record of all tapes
as they are punched or reproduced, a feature which greatly facilitates
the checking and editing of tapes prepared for the machine. Pre-
viously, input tapes could only be checked by reading the tape
visually, by duplicate punching and visual or machine comparison,
or by printing out via the machine. All these methods were crude
and grossly ineficient, and led to much waste ol operator and
machine time. The old tape equipment is now being modified and
reorganized so as to provide further punching and printing facilities
to deal with the increasing load of productive work- The whole of
our tape equipment can be utilized much more efficiently and
rationally nor / we have a common iaput and output code.

The other main line of development with which we are most
anxious to press ahead, namely input of data from punched cards
and output oI intermediate results back to cards for Iurther pro-
cessing by Hollerith equipment, has made slower progress than was
hoped owing to numerous difficulties in obta.ining the required
equipment. The dificulties with regard to input from cards are
nou', however, well on the rvay to solution, though output to cards
is not so well advanced.

Apart from the improvement o[ input and output facilities, the
main task of the year has been the writing of pro8rammes for various
tlpes of statistical analysis. Yates, Healy, Lipton, Rees, and since
their arrival, Gower and H, R. Simpson have been mainly concemed
sith this. Experience has shown that to be of real use in routine
statistical analyses, the machine should carry out the whole of the
ana\rsis, being presented rvith the raw data and producing tlped
copies of the results in the required Iorm. Thus in the analysis of
replicated experiments the preliminary conversion of yields and
calculation of such quantities as yields of sugar from lelds of dirty
roots, dirt tares and sugar p€rcentages is perlormed on the machine,
which then carries out the analysis of variance and prints out the
analysis of variance table, together with the necessary tables of mean
r-ields and their standard errors. An added feature, which is not
irracticable with desk computers, is the calculation of the residuals,
i.e., what is lelt after allowing for efiects o{ treatments and blocks
(or rows and columns of a Latin square). These residuals are very
useful in spotlighting the sources of excessive error. Residual sums
of products (Ior covariance analyses) can also be obtained when
reqirired, ard missing data (" missing plots ") can be dealt with by
means of small supplementary programmes (201).

Programmes of this type are necessarily ,airly elaborate, and are
practicable only for desigrrs which are in common use. Those at
present available are Ior randomized blocks (up to 64 blocks or 64
treatments, with a maximum of f28 plots), Latin squares (up to
l0 \ l0), the 3 x 3 x 3 factorial design in btocks of 9 with a single
replicate, and one form of randomized blocks with split plots (tbis
last being for an extensive series of variety trials containing N
as an additional factor, carried out by the National Institute of
Agricultural Botany in 1955).

The fotlowing analyses of experiments were carried out on the
computer during 1955 (each variate analysed being reckoned as one
unit) :
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Randomized

Rothamsted, etc. ... ... 187
National,{griculturalAdvisoryService... 24A
National Institute oI Agricultural Botany 250

685

L.titr
sqsares 3x8x3

t2lt2r
133 16

Another standard tpe of statistical analysis {or which a pro-
gramme giving a complete solution has been nritten is the fitting of
probit lines. This provides the equation to a fitted probit Iine
together with the LDSO and its fiducial limits. A f value measuring
the goodness of fit of the line is printed, and allowance can be madi
for heterogeneity and non-zero response in the controls. A similar
programme for fitting a probit plane has also been prepared. These
programmes have proved of considerable value to tlie Insecticides
Department, partiqlarly on account of the speed with which the
work can be completed.

For the less standardized types of statistical analysis the parts
which are of standard form and which require hea{ computition
can be carried out on the machine. Much multivariate work is oi
this t,'pe, and the following general programmes for such work have
been written :

Sums of squares and products
Multiple regression
Matrix inversion

These programmes have already been used on multiva.riate work of
vanous krnals-

_ Other miscellaneous plgrammes rritten for special purposes
during the year are :

Calculation of a discriminant function (for tuberculin testing of
cattle).

Asynptotic regression (used for fitting growth curves of children
and the study of response curves foi fertilizers).

Solution of the differential eouation vld:2al (reouired bv
the Physics Department in'the stuly' of the proirrties <if
colloids).

The programming of various t5pes o{ Fourier analysis required by
the Pedology Department for their crystalographic Studies is now iir
ProSress.

A programme for t}re solution of coupled non-linear differential
equations was written for an important piece of work on non-linear
regenerative extraction of stmchrocvclotron beams. reDorted bv
Di. K. J. Le Couteur a.nd Lipton [ZOs). tnis work was besui
while Lipton was at Liverpool University. Att the necess-ary
computational work has been iarried out on ihe Eliott computer. "

The study of sampling errors, which is required in the evolution
oI satisfactory sampliag techniques, will be greatly aided by
electronic computation. A progra"mme has already 6een rritteir
for the determination of sa.mpling errors in samoles of various tvDes
from serial data. This was riquiied for the study of samphng e#ors
in nutritional surveys (I93).

While the l*riting of programmes does not occupy machine time,
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the associated testing necessary to locate and elimhate all errors
can consume very substantial amounts of both machine and pro-
grammers'time. We have given a good deal of thought during the
past year to devising ways for Iightening the programmers' task,
both by reducing the actual work of coding, improving the accuracy
of the initial programme and speeding up the location of errors.
One obvious way is to use the machire to carqr out the simpler parts
of its own programming. In the order code for the Elliott, as in
most computing machine codes, there are a number of minor
arithmetical conditions between the different parts of the order
which have to be satisfied. The code is also of the type in which
each order specifies the address of the next order, so that the orders
can be dotted about the store in any manner that appeals to the
programmer. This enables speed of operation to be increased
(so-called " optimum " programming), but obviously leads to more
complex programming than do codes in which all the orders are
located serially in the store in the order they are to be obeyed.
These details can now be relegated to the machine by means of an
automatic programming routine- This enables the programme to
be written in a simplified code, wittrout specification of store posi-
tions. The routine then assigns timing numbers and store positions
so that all the required arithmetical conditions are satisfied and the
timing is reasonably optimal, draws attention to any blunders on
the part of the pro8rammer that can be detected from internal
evidence, prints a diagram of occupied store positions and punches
out a final order tape. This automatic pro8ramming routine has
already proved its value, both in saving programmers' labour and in
producing programmes which contain far fewer errors. In response
to developing needs it has recently been modified in order to deal
with larger programmes, and programrnes written on more than
one " Track 7 ". (See Lipton (208) Ior a description of this
feature.)

Two further routines of considerable use in checking and correct-
ing prognmmes have been *ritten. The first is a fault-finding
routine which enables a computation to be interrupted at any point
in the programme and the contents oI the registers and any chosen
store positions printed out with subsequent retum to the programme
at the correct point, The second is a routine for printing out a
programme in logical order, This enables a programme which has
been considerably corrected or modified to be reprinted in logical
order, and also reveals ary errors in addresses which lead to errors
in the logical order. (These errors are in fact usually the most
troublesome to locate, since the machine " runs out oI programme "
and may irdeed mutilate its programme in the process.)

DESIG\ A\D A\ALYSIS oF EXPERIMENTS

The paper on the amount of experimentation (Grundy, Healy and
Rees (197)) has been completed and presented at a meeting of the
Research Section of the Royal Statistical Society. This deals with
the case in which it is necessary to decide, after a preliminary set of
experiments, whether to recommend one of two alternative processes
or to carry out a lurther set of experiments, and iI so what the size
of this further set shall be, assuming that on its completion a decision
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must be taken. The work has aroused considerable interest amongst
statisticians concerned with empirical experiments to test out n;\i'
Processes,

Work has continued on the reorganization of the long-term and
classical Rothamsted and \Yoburn experiments. Patterson has
been particularly concerned with this work and with the desiga and
analysis of long-term experiments at Rothamsted and elsewhere,
Boyd has co-operated with \Y. B. Haines in summarizing the factory
series of sugar-beet fertilizer trials, and a report on this work is now
almost complete,

There has been a growing volume of routine work on the design
and analysis of field and laboratory experiments for Rothamsted and
other research stations and for the National Agricultural Advisory
Service, Reorganization of the computing side has been efiective
in considerably speeding up the production of the annual report of
the results oI the Rothamsted and Woburn field exoeriments. The
electronic computer has played an increasing part iir the analysis of
standard tLpes of design.

]Iiscellaneous u'ork includes a paper by Hodnett on the analysis
oI an unusual experimental design (20a) and one by Healy on the
analysis of a factorial experiment $ith additional treatments (199).
Hodnett has also discussed the numberof levels that are best included
in fertilizer trials designed to establish the response curve (203).
Patterson has investigated the fitting of response curves of the
exponential type (209). After some delay the report by Yates and
Finney to the Government of India on statistics in agricultural
research has now been published by the Food & AgricuJture Organi-
zation of the United Nations (215).

The Department is represented not only on the Crop Experiments
Sub-Committee of the Experimental Husbandry Cotmittee of the
Agricultural Improvement Council but also on the Animal and
Poultry Sub-Committees, and has recently established closer links
\i.ith the Agricuttural Research Council Statistics Group at Cam-
bridge, which is mainly concemed with animal problems. \l-ork
on the collation of the results of experiments on antibiotics for pigs is
substantially complete, and a paper on the results of 3 years of a
pou1try experiment at Gleadthorpe Experimental Husbandry Farm
is in course of preparation in co-operation with members of the
National Agricultural Advisory Service. A report on the results of
five experiments at three different laboratories on the assessment of
bacterial populations in soil is being prepared with the Provincial
Advisory Bacteriologist, Bristol, and a paper has been completed on
the feeding of fodder beet to pigs (212). Westmacott has continued
in charge of this work.

\Ve co-operated with the National Institute Ior Research in
Dairying, Shinfield, and the Advisory Bacteriologists of the National
Agricultural Advisory Service in a series of trials to compare the
standard h5,pochlorite disinfectant with some new detergent
sterilizers that had been submitted to the Ministry of Agriculture,
Fisheries and Food for appror-al (Leech). Leech also completed the
analysis oI a large experimental assay of new tuberculins on cattle
and tests of their power to discriminate between tuberculous and
tubercle-free cattle.

A fortnight's course for members of the National Agricultural
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Advisory Service, mainly on experimental desigtr and analysis, rr as
given in the spring. Sixteen N..{.A.S. officers attended.

SunvEvs

Survevs of fertilizer practice were carried out by the Provincial
Soil Chemists o[ the National Agricultural Advisorv Service in four
districts of South-West Englan-d aad in South-\Vest Lancashire,
and analysis is in progress. A report on the lg54 surveys has been
prepared and will appear shortly. Eight of the districts surveyed
during 1954 were previously surveyed in lg51; the results show
average increases of 0.04 cwt. N and 0.05 cwt, KrO/acre crops and
grass in these districts. Phosphate consumption had changed very
little except in two districts. The proportionate increases in use o[
fertilizers were greatest on grassland.

Church has summarized information from fertilizer surveys
(1950-54) on the manuring of cereal crops (I92). More than a third
of the cereal acreage in England and \\rales receives no nitrogen
{ertilizers, and the average dressings given are 0'25 and 0.35 crvt.
N/acre, compared with a calculated optimum dressing of 0.6 cwt,
N/acre. Profitable increases in the use of nitrogen on cereals might
increase total cereal yields in England and Wales by about 6 per
cent. .\verage potash dressings are about optimal, on the avaijable
experimental evidence. but phosphate fertilizers are used on much
oI the cereal acreage at rates which cannot be profitable. At
variance with current advice, as much as a third of the nitrogen used
on winter cereals is applied in the seedbed in autumn, and use of
complete fertilizers results in the wasteful application of phosphate
and potash to winter cereals in spring top dressings.

On the animal side, collaboration between F. B. Leech and Dr,
F. \V. \Iithers has continued in the survey of diseases of dairy cattle.
Samples of farms {rom Devon, Salop, Yorkshire (W. Riding), and
a region in Ayrshire and Lararkshire have been supplied to the field
workers. Results obtained in the 1953-& season have been
analysed. A combined report on the two years'work is planned.
The results of a second survey of losses in pregnant ewes in Yorkshire,
carried out on the same farms as the first survey, are being analysed
by Leech and will be written up with Dr. K. C. Sellers, who carried
out the survey. Leech has also advised on the analysis by puached-
card methods of the results of a sun'ey of animal husbandry and
diseases now being carried out in Northern Ireland. The analysis
will be done in Belfast.

Emily P. Simpson and Lessells have examined data on the errors
associated with soil sampling {or chemical analysis at the request of
a committee of the Conference of Soil Chemists of the National
Agricultural Advisory Service.

Other publications include a report on the results of a survey
(described last year) of progress under the Hill Farm and Livestock
Rearing Acts, undertaken by ofEcers of the Agricultural Land
Service and the National Agricultural Advisory Service (195), a
paper by Church on the use of w.eed-killers arrd insecticides (191),
and a report by Church and Westmacott in collaboration with Dr.
F. H. Jacob on the results of the 1954 survey of rabbit damage to
winter cereals (194).
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CoLONTAL WoRK

Twelve Commonwealth workers have stayed in the Department
for periods up to three months, and others have paid brief visits.
Advice and assistance on the desigl and analysis of experiments and
sample surveys has been continued. As already mentioned, Hodnett
has norv been appohted to the post ol Statistician on a Regional
Research Scheme based at the Imperial College of Tropical Agri-
culture, Trinidad and the future of this section is now under dis-
cussion vith the Colonial Offce. Hodnett completed his study of the
responses oI sugar-cane to fertilizers, artd a general report is in the
Press (202).

Orurn \Yom
An investigation by Yates into the methods of analysis appro-

priate to a set of quaatal experiments involving two treatments,
which was substantially completed in 1954, was written up (213).
A further note on a secondary point arising in the course of this
investigation has also been prepared (2I4). The work on the
electronic computer on the efficiency of the combination of prob-
abilities test mentioned in the 1954 report originally arose out of this
investigation. A report on this latter work is substantially com-
ptete, but pressure of other electronic work has delayed publication.

Healy has prepared notes on the test of significance for the
difierence irr eficiency behreen two predictors (198), on weighted
probits allowing for a non-zero response in the controls (200), on
the prediction of adult body measurements {rom measurements
taken in each year from birth to 5 years (in collaboration with others
concerned in the Aberdeen Growth Study (2lI)) and on the chemical
control of wireworms, with Potter and Raw (137).

Gower has prepared a note on a periodogram of the Beveridge
\lrheat Price Index arisirg from work carried out on the Manchester
electronic computer (196).

Boyd and Lessells have prepared a note on the value of setting
potato seed arising from their earlier rvork in this field (190).

Leech has contributed two papers on the subject of vital statistics
in the study oI cattle diseases (206, 207). He has also assisted in the
elucidation of the sampling errors in obsen-ations on the behaviour
of grazing cattle (2I0).
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FIELD EXPERIMENTS SECTION
The following members of the stafi, who constitute the Field

Plots Cornmittee, are responsible for planning and carr1ring out the
programme of field experiments : F. Yates (Chairman,) H. V. Garner
(Secretary), F. C. Bawden, H. H. Mann, J. R. Mofiatt, R. K.
Schofield, R. G. Warren and D. J. Watson.

Four Working Parties were constituted to prepare material for
the Plot Committee: Classical and Long-Period Experiments
(Chairman F. Yates), Pathology Experiments (Chairman F. C.
Bawden), Agronomy Experiments (Cha.irman D. J. Watson) and
Field Methods (Chairman R. G. Warren).

The number of plots comprised in the field experiments at
Rothamsted and \\'oburn in 1955 were :

Classi.al ezqetimeflts
Rothamsted ...
l]\/ot urn

Long-?e|ioa c, Pcr;ment s
Rothamsted ...
w'obum

Annual ezPer;rnents
Rothamsted ...
lJl/oburn

Grain

162
l5

532
133

563
148

Roots

73

Hay

17

Grazing Total

281
t5

1,221
518

Total 1,553 952 363 I08 2,976

384 205 96
314 59 t2

l8r 48 192
148

Some of these plots were put down to provide material for observa-
tion only, but 2,781 were harvested and weighed. In addition, some
47O microplots were carried out at Rothamsted by members of the
Chemistry Department, mainly on phosphatic fertilizers and
fertilizer placement: and the Carden Plots Committee were respon-
sible lor about 360 microplots, mostly conducted by the Plant
Pathology and Botany Departments. At lVoburn H. H. Mann
had tu'enty-five microplots for studies on exotic crops.

The weather as it affected agricultural op€rations is described in
detail in the farm report; the following brief notes put on record
the main features of 1955 to provide a general background for an
account of the year's experimental work.

The general picture of the season lg55 was a very wet autumn, a
severe and prolonged cold spell early in the ne* year, followed by
one of the best summers for many years. In the period May to
September inclusive there v'as a quite unusual succession of perfect
summer days.

October opened dry and warm, ploughing was well Iorward, and
on l5 October the first experimental wheat was drilted. Rain set in
towards the end of the month and persisted all through November
and most oI December. The land soon became unworkable : Broad-
balk rvas put in under very sticky conditions on 6 December, and a
very small area of commercial wheat was so*ar on 28 December,
leaving the bulk of the wheat and all the beans for sprhg sowing.

The last week of the lcar turned out dry with unusually high
temperatures, but on 4 January a wintry spell set in which lasted for
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all practical purposes till the middle of March. Yery little pro-
ductive field work cguld be done during this tong period. Ploughing
started again on 12 March, and sowing a rveek later in excellent frost
tilths. April, with only I inch of rain, was a month of almost
unintem:pted field work, but May turned out wet and cold, sith an
exceptional blbzard on the night of 17 May. At this stage crops
were backward owing to cold nights. June was a very dull month,
with 50 hours less suashine than average. The low evaporation
kept the soil surface moist, and it was impossible to control the
weeds in the root crops, particularty on Bamfield, while the early
cut hay made only very slowly,

The warm, dry weather started towards the end of June and
lasted with only slight interruptions for over 2 months. July had
only I inch of rain, and verJ, efiect ve horse-hoeing was carried
out in the root crops. In the dry weather birds made an early start
on the filling grain, but the new programme of crop protection
reduced the damage to small proportions.

The dry weather continued in August, rvhich only gave 0.85
inch of rain, There s'ere no thunderstorms and practically no
lodging. In spite of the good summer, ripening rvas not par-
ticularly rapid, and harvestiug actually started on 4 August, and
was nearly finished by the end of the month. By this time roots
and potatoes were seriously affected by drought. It was not till
5 September that the long, fine spell was broken, but the rain was
badly needed to soften the stubbles for ploughing, although it came
too late Ior the potato crop. Further hear'y rain fell on
22 September, but only stopped the ploughs for I day. With warm,
bright days and ! inch of rain less than the alerate the month wa-s a
favourable one for larm operations, All cereal plots were in by
2 September, and the late-sou'n bean plots vere combined by
12 September. Grass grew well after the long summer drought,
and the sheep were put back on the grazing plots for the second half
of the month. The first 18 days of October sarv almost all the
potatoes lilted in excellent condition, but there u'as then a week's
rain that stopped alt field work. The weather then improved with
falling temperatures, and mangold lifting started on Barnfreld at the
end of the month. There was little rain in November, ploughing
was well forward and by 24 November Bamfreld was completed
with the land in much better condition than usual at this time of
year. The drlr weather continued for the first hali of December, all
ploughing being completed by this time.

Tsr Ctassrcer Exprnnmxrs
Broad.balk

The main point of interest on Broadbalk is the re-establishment of
a small section o{ the field in continuous wheat commencing with
the crop of 1955-56. A full account of the bare-fallowing operations
which broke the long series of wheat crops grown by Lawes ald
Gilbert is given in another contribution to this report. The land
intended for continuous wheat lies at the West end of the ield
adjoining the Wilderness; it is part of Section I, which has carried
104 wheat crops since the beginning of the experiment, and has been
fallowed 8 times since 1914. The last bare fallow on Section I was
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in 1951, and it was therefore due to be fallowed once more in lg56;
instead only the East half of Section I rvill continue in the fallowing
cycle, leaving the West half to be drilled every year with wheat.
At first it is proposed that the continuous section shall have the same
cultivations as the rest of the field, but special cultivations or the
use of herbicides may be considered if weeds become serious.

The wheat crop of 1955 was so\r'n with diffculty on 6 December
1954. and the young plants had a long wintry spell from .January till
March. Nevertheless, all plots carried a good plant, and in thehot,
dry summer which {ollowed the field lbokeil exceptionally well.
There rvas practically no lodging and comparatively little irouble
{rom eyespot (Cercosporella herpotrichoides); even Plot 8 with 6 c1vt.
of sulphate o[ ammonia per acre was harvesl.ed without difficulty

-a most unusual occurrence. \4 ild oats were hand-pulled as usual
but, thanks to systematic pulling in the past, this weed is now well
under control. Bird damage, which in some years has been quite
serious on Broadbalk, was unusually light this summer, partly owing
to the stringing o{ the danger spots. The damage on the worsl
areas near the $ilderness and cottages was estimated at only
2 per cent.

Hoosf.eld.

The first chalking under the new system was completed in hard
weather in mid-March, and the barley was drilled in a very good
frost tilth on 7 April. Hear.y rains in May damaged the surlace
tilth, especially on Strip 3, which, being slightly hollow in the
centre, held much water and was very badJy capped. On 24 May
the routine spraying with DNOC was carried out. It was only
possible to hand-pull wild oats for 4 days at the end of July, and this
was insulicient to clear the whole area completely, consequently a
reduced area was picked clean lor harvest on certain plots, the
remainder of the produce being cut and carted green. The liming
of the acid areas of this field, although only carried out a month
before drilling, certainly improved the crop; Plot 5A in particular,
which has growrt practically no barley for several years, produced
almost a normal crop after liming, In the summer drought the
straw was very short except on the dung plot, where a little lodging
occurred. Some of the poorer plots in the no-phosphate series were
too short for the binder and were cut by mower.

Barnf.eld
Mangolds and sugar beet were sown on 23 April in a fairly good

seedbed. Growth was slow in the cold weather which followed, and
singling did not start till23 June. By that time thele was an extra-
ordinary growth oI annual weed, and wet weather very seriously
hindered inter-row cultivations, so much so that the plants on the
worst-afiected plot (4AC) vr'ere cultivated out, leaviag only 4 rows
to stand for yield. Gron th on all plots was poor during the summer
drought, though the usual treatment difierences appeared on a
reduced sca.le, and when the d4r weather broke in September it was
clearly too late and yields turned out very light.

Owing to the afa.rming spread of " twitch " (Agrofyrun refens\
along the dung plots and across the no-nitrogen series, it was
decided to make a test of TCA (sodium trichloracetate) against this



156

weed. Consequently one-half of each plot that was badly afiected
was sprayed on 9 April at 20Ib./acre in 80 gal., leaving the other half
onspriy6d. Although the roots were driUid only a fartnight after-
wards, no harm resulted, but the twitch was reduced to a very satis-
factory degree on the treated areas, though it showed some signs of
recovery a"t lifting iime. This procedure 

-will be trcsted again.
Ploi 8N, sodium nitrate only, started with a good plant, but this

gradualiy failed during the growing season. At li{ting time many of
ihe plarts were small and carried a tuft of dead leaves, some plants
bein! completely dead. Magnesium deficiency was suspected, and
crop samples are beiag examined in the laboratory.

Parh Grass
The showery weather in May fo)lowed by the cool weather in

June was on thi whole favourabti for hay production. Some oI the
acid plots which normally show bare patches in a droughty spring
were colonized by seedling Yorkshire Fog, which contributed
appreciably to the yield, and the crop tumed out well above average.
Cutting began on 29 June under ideal conditions, aud the hay was
baled and weighed within a week. The second cut, ta.ken on
16 September fbllowing the long, dry summer, was very light in-
deed-

Agddl
This field was drilled with spring wheat with a basal dressing of

nitrogen. The crop was rather more uniform than the previous two
barley crops, but still showed marked variations within the old
treatments, partly but not entirely due to irregular distribution oI
take-all disease. The wheat was not weighed by plots, but just
before harvest soil and crop sarnples $'ere taken from good and bad
areas for chemical examination and assessment of take-all.

Ethauslion Lqn
The first dressing oI ground chalk was given in December 1954

and the remainder in March 1955. On Plot 2 (unmanured), which
was originally very acid, the chalk produced a marked improve-
ment. There was a good plant everywhere, and the residual effect
of the early dung applications was unusually striking all through
the growing season. Weeds are now giving some trouble locally on
this experiment: part of Plot 2 was infested with twitch (,4gzos&i
alba\ tnd. had to be rejected at harvest, and ma,'weed (Matricaria
innd.ora) was very plentiful in Plot 6 (nitrogen only) .

LoNG-PERIoD EXPERIMENTS

The four-course rotation has now been recast to measure the
effect of small annual dressings of superphosphate as afiected by the
residuals of the original organic treatments. This is done at two
levels oI nitrogenous manuring on each crop of the ne!r, rotation :

potatoes, barley, beans, wheat, in which beans take the place of
ryegrass. During the growing season there were visible residual
effects of bulky organic manures ir the cereal crops, thouBh the most
striking effect was that due to the direct application oI nitrogenous
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fertilizers. Potatoes cropped badly owing to the drought and turned
yellow very early in the season. Beans started well, but they were
attacked by aphis late in the season and gave a poor and rather
variable crop.

The six-course rotation testing deep cultivation has comoleted
two whole rotations on the earliesl bloci<s, and these have now been
discontinued: the remaining blocks will also terminate as thev
complete tbeir cycles. The cereals and hav were verv sood this veai.
and showed visible improvement from the farmvardm-anure applied
to roots earlier in the iotation. Potato€s and iuear beet weri toth
rather light crops, showing considerable benefit'from dung, which
kept the potato€s in active growth when those without dins were
dead; potash had a similar effect. Deep ploughing 

"pp."i"d 
to

D€nent tne sugax t€et.
The ley-arable rotation, now in its seventh vear, has been stightlv

modified in the light of further experience. it *i. Iound thai th"e
barley test crop invariably Iodged on High6eld, where fertility is still
high after the old grass ; consequently Plumage Archer has now been
replaced by Proctor and the levels of nitro[en on test hal.e been
reduced by 0.2 cwt. N. As mentioned in the last report, evespot
disease (Cercosforella herfotichoides\ was increasins io danirerirus
levels in the wheat and barlev of the entirelv arible rotitions-
especialJy on Fosters. To reduce this troubli the barley in the
treatment phase has been replaced by oats. In view of the wjdelv
different amounts of potash withdralvn by the various treatment
crops, cut grass, for example, removing much more than grazed
ley, it was decided to introduce a test bf potash in the following
potato crop to measure differential effects due to previous cropping.
To complete the information a similar test of ph6sphate u.as i;tr;
duced also. A system of compensating dressings to take account of
the differential withdrawals of potash is beiag worked out and put
into operation. The first year's results of these additional treat-
ments are given in Table l, which also conta.ins the effects oI the
leys on the three test crops.

Highfield, still showing a{ter 7 years the benefit of the old turf,
was more prodxctive in all crops than Fosters, and at this stage
rotations based on leys had no particular advantage over purely
arable cropping. Dung showed up well on potatoes-on both-freldi,
but was less necessary after grazed ley. Increasing the potash from
0..9 to 1.8 cwt. KrO gave better results atter cut lucerne and cut grass
than after grazed ley or arable croppilrg.

The grasses ard leys of 1955 started the season well. Grazing
began on 27 April and continued for 3 months, holding out weii
against the increasing drought. On 27 July, however, the sheep
had to be removed for nearly 2 months, when rain then brought on
a second flush and grazing was resumed till the middle of October.
The frst-year ley was fairly good on Highield but very poor and
weedy on Fosters; altermath grass on the haved Dlots'was rather
small. The output of dry matter from the pe-rmanent srasses and
the rotation le]'s is given in Table 2.

In this droughty summer the permanent reseeded grasses on
Fosters were more productive than the grazing leys. The outstanding
success \{as lucerne, for although the first year's crops uere beloi
expectation, established lucern-e in its seiond and'third season
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TAILE I
Yidd of test ctofs,1955

After 3 years' croppitrS wittr :

G.azed Cut Arable
Luceme ley grass croPs

Firs, tcs, crop :
wheat, grai.!, cEt./acre

Hishfeld... 480 48'0 38'S 17'S
Efiect 010.3 cwt. N ... 6.8 0.0 l'6 0'9
Fosters ..- 38.2 34'8 34'6 32'9
Effect oI0.3 cwt. N ... 3.E 3'5 -0'6 4'A

Second t.st crol :
Potato€s, tons,/acre

tlightreld... 10.06 lo'48 9'78 10'53
Efiect oI 12 tons dunS ... 2'5E 0'77 l 8l l'6t
Efiect oI o.5 crt. N ... l.to 0.59 0.0O 0.5{)
Etr€ct of 0'0 crt. PtO5.., 0'56 -0'lr 0'r3 0'2lt
Efiect ol O.0 cwt. K-O ... l'34 l'07 l'67 0'82
Fost€f,s ,.. t.62 a'25 ?'35 7'A6
Efect oI 12 tois dung -.- l'01 0'03 2'24 0'77
Effect of 0.6 cwt. N .,. -0.2A 0.3r -0.5S 0.13
Efiect of 0.0 cwt. P'OB... 0'46 0.49 0.t{ 0'12
Effect of 0.0 cwt. KrO ... 0.65 0'34 0'95 0'25

TLiril ksl crob :
Barley, grih, cwt./acre

Hishfeld ... 60.6 48'6 48'0 49'0
Effect oI o.2 crt. N. ... 1.8 0.2 -4.0 1,4
Fost€trs ... 48.4 40.5 45.1 46.5
Efiect of 0.2 cvt. N ... 2.2 4.0 3.1 1.7

Yield of dry matter, cirt-/acre
Reseeded 3-year

OId giass gr&ss l.y Cut Cut
Hay Grazing Hay Grazing Grazing grass luceme

IIean

45.9
2.O

35.1
2.8

10.21
1.68
0.54
0.20
L-22
7-97
r.3l

-0.090.39
0.55

49.2
0.6

16-1
2.8

Nor,. The fertilizer efiects are the incrcases oI the double dose ol trutrients
above the siDgle dose; i.e., the effect oI 0.5 otrt. N to potatoes is 1.0 cwt. N-
0.5 cwt. N.

r No single dose of nitrogen: n this case.

T,rsrr 2
Rothamsled ley-arable experimerl, Highfield. arul Fosters, 1955

l-r-ear
ley
hay

BlocLs :
First ye3t 34.3
S€cood year ... - 40.9
Third year-

BlocksoaDdz 55.9 25.21 65.0
Blocks6aDd8 - 35.3

Highfeld

33.3 27.1 34.1 21.5 19.7
6r.9 57.0 53.7 109.8

30.r ' 61.2 30.0 70.6
12.1

10.4 t0.5 2S-A -2
37.6 40.2 lll.9

Blocks :
First year
SecoEd year ...
Third year-

Blocks 8 aDd I
Blocks 5 and 7

33.5
39'5

6?.6 19.6.
2a-4

+ Aftermath 8razitrg.
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averaged well over 5 tons of dr]u matter p€r zrcre. The season was
unfavourable for cut grass, although extra nitrogen greatly improved
the level of yield. The undersown l-year ley yielded less than usual,
but nevertheless produced far more than any spring-sown ley in the
6rst year.

ANNUAL AliD SHoRT-pERroD ExprnrurNrs

These experirnents fall into two classes, depending on whether
the main interest is in plant nutrition or plant disease. Many of
them are carried out by or on behalf of the scientific departments
who undertake the necessary sampling and observations.

F ertilizer exleriments

(r )

(2)

(3)

(4) Barley, Great Field I. Seed rates and levels of nitrogen
applied in the seedbed. With a very heary crop the leld

Spring wheat, Sawyers l. Residues of dung and fertilizers
applied to the potato crop of 1954. This experiment agaia
showed higher wheat yields on the plots that received
sulphate of ammonia for the potato crop.
Spring wheat, Great Field I. Seedbed applications com-
pared wirh early and late top dressings of " Nitro-Chalk "
at thiee rates and in all combinations. The field was in
such high fertility that all nitrogen efiects were small.
There was no lodging.
Spring wheat, Great Field I. Yarieties and two levels of
nitrogen. The exp€riment showed clear differences between
r,'arieties but no advantage this season for high levels of
dhogen.

appli6d in the seedbed. With a very healy crop the
efiects were small and non-siRaificant. Heaw seedeftects were small and non-significant. Healy seed rates
combined with high levels of nitrogenous manuring pro-combined with high levels of nitrogenous manuring pro-
duced lodging. RecorG of hcidence of eyespot and take-

(5) Barley, Great
all were made by the Plant Pathology
Barlev. Great Field I. Seedbed ar

'lant Pathology Department.
I. Seedbed applications compared
dressinss of " Nitro-Chalk ". at threewith early and late

rates and in all con
ate top dressings of "
combinations -

(6) Barley, Great Field I. Varieties and nitrogen. The newer
varieties, Herta and Proctor, were compared with Plumage
Archer, with and without nitrogen. Intensive plant
observations were made during the growing period by the
Botanical Department.

(7) Barley, Great Field I. Varieties and nitrogen. Plumage
Archer was out-fielded by each of the seven modem
varieties with which it was compared. High nitogen
dressings were harmlul this season.

(8) Barley, Highfield V. Residual efiects of phosphate and
potash apptied to lucerne in 1952. A heavy crop of barley
which showed a small residual effect of potash.

(9) Spring beans, Fosters Field- Control of weeds by spraying
with DNBP arrd by cultivations.

(10) Lucerne, Great Harpenden II, first year. Levels of potash
given either all in the first year or dbtributed equally over
3 years.
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Placempnt experiments (G. W. Cooke, Chemistry Department)
(l) Potatoes, Little Hoos. Three levels of nitrogen and

of potash, broadcast or placed in a side band, in all
combinations,

(2) Kale, Great Harpenden II. Combinations of nitrogen,
phosphate and potash, broadcast or placed near the seed.

Etperimenls or ail strrclure (W. W. Emerson, Physics Department)
(l) Fosters Field. Efiect of 5 years under various leys

measured in spring beans followed by wheat-
(2) Long Hoos I. First preparatory year of new experiment.

Ryegrass ley, cocksfoot ley and bare fallow have been
established.

Experimenl on will oats (J, M. Thurston, Botany Department)
(l) Survival of wild oats under ley, Great Knott I, first year.

Ley established in sprint 1955 ir oat-infested lard and some
plots ploughed up in autumn 1955 to test efiect of one
summer under grass. Further plots wilt be ploughed up
yearly.

P lanl p athohgr e xlerimcnts
(l) Eyespot rotation, Long Hoos II and III, second preliminar5r

year (M. D. Gtynne, Plant Pathology Department). Winter
wheat, two varieties, two seed rates, two levels of nitro-
genous top dressing. Grown after wheat or after potatoes,

(2) Winter wheat, Long Hoos VIl, second preliminary year
(D. B. Long, Entomology Department). Efiect of plant
density on incidence o{ wheat bulb fly. Four difierent
degrees of ground cover were obtained in 1951 and again
factorially with the first year, in 1955.

(3) Winter wheat, Pennell's Piece, first year (M. J. \!hy,
Insecticides Department). Test of four insecticidal treat-
ments on wheat bulb fly.

(a) Spring beans; Fosters Fietd (M. J. \4'ay, Insecticides
Department). Test oI spralng against aphids in relation
to four times oI sowing the seed,

(5) Potatoes, Little Hoos (L. Broadbent, Plant Pathology
Department). Efiect of spraying against aphids on spread
of leaf roll and virus Y. Plots sprayed with DDT emulsion
0, 2, 4, 6, 8 times during the summer.

(6) Potatoes, Stackyard Field (J. M. Hirst, Plant Pathology
Department). Etrect of copper fuagicide on late blight
(Phltofhthoru hJestans).

(7) Potatoes, Little Knott (J. M. Hirst, Plant Pathology
Department). Efiect of copper fungicide and oI burning
ofi haulm with sulphuric acid on late blight-

(8) Broccoli, Great Knott I (L. Broadbent, Plant Pathology
Department). Efiect of dung and levels oI nitrogen on
spread of cauliEower mosaic virus.

The results of the experiments carried out for workers in the
scientific departments are usually reported by the departments
concerned,
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Bnoeoserx FALtow

Under the original scheme of continuous winter v/heat B'eeds
were always a serious problem. In Lawes's and Gilbert's time much
band labour was expended on keeping the plots clean, but in wet
years this was quite ineffective. Various methods of reducing the
weeds were tried. In 1889 half the field was dritled in l6-inchiows
to allorv thorough inter-row cultivation; in the following year the
other half was similarly treated. In lg04 each strip r.as divided
lengthways into halves-so that one-half of each plot could be bare
fallowed, the remainder was fallowed in I905. Foi the next 20 vears
the wheat was grown on l2-inch rows to facilitate hoeing. ln-lgl4
the whole of the western halI, i.e., nearest the farm buildings, was
bare fallowed, and in I9l5 the whole of the eastern half. The
field was then cropped in the normal way till the harvest oi 1g25,
when it was divided trarsversely into five equal sections in prepara-
tion for a regular cycle of crops and bare fallows. In 1926 and-I927
the three westem Sections, l, 2, 3, were Iallowed, and in lg28 and
1929 the thee eastem Sections,3,4,5. Section 3 tberefore received
lour consecutive bare fallows. In 1930 the whole field was drilled
with wheat, and in the following years a sequence of 4 years wheat
and I year bare fallow was built up on each section in tirrn, so that
by 1935 the exlxriment was in full cycle, each section carrying one
phase of the sequence: bare fallow, first, second, third and fourth
wheat crops after fallow. The actual operations of bare fallowing
vary from year to year according to the weather, but they usuatli
conform fairly closely to the following scheme: The 6rst o-perations
on the plots due to be fallowed are the same as on olots beine ore-
pared f6r wheat, i.e., a single ptoughing in Septem6er fotlowid by
lrom one to three strokes with the spring-tine cultivator about a
month later. A second ploughing follows on a favourable occasion
between December and March, and frequently a third between .lune
and August. Each ploughing is lollowed by one or more strokes
with the spring-tine cultivator to disturb successive crops of seed-
lings, and from May to Juty the thistle bar is used as n&essary to
cut strong perennial weeds. The fallow section is once more
ploughed with the rest oI the field for the next wheat crop.

Four complete 5-year cycles are now ava.ilable coveringlhe period
1935-54, and in Table 3 the average lelds of grain and straw are
given for each treatment, as well as the long-term average over the
period 1852-1925, when the 6eld was in cbntinuous wheat. The
figures for the 6rral l0-year period under continuous wheat are also
included.

The broad result of the fallowing of Broadbalk has been ereatlv
to raise the productivity of all plots. particularly in the year immedi-
ately after the fallow. This may be seen in the last line of the table.
The mean yield of all the plots has been increased by 3.1 cwt. grain
and 9.3 cut. straw above the long-term yield when undercon-
tinuous wheat. The effect is no less than 6.7 cwt. of grain and
14.5 cwt. of straw when compared with the average production of the
last l0 years before fallowing started. FallowinA has a big effect on
the first year's crop and an appreciable one on the second year's crop,
but the residual efiects in the last two crops are suiall. Thus,
taking the yield in the fourth year after fallow as the point of

L
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Plot uumber N lb./acre
5, l7-t8c 0

0,s 43
7,13 86
8 129

First-year fallow efiect (cvt.)
Grai[ Straw

These facts suggest that the eflect of fallowing is, at any rate in
part, an additioo to the available nitrogen in the soil.- 

The treatments may be divided into lour groups difiering slightly
in their responses to the fallow.

TABLE 4
Mean yield, ari.lacre, and (in brackets'1 as fer ced oJ mean yield

TMtoot Plot EuD.G ,., y* ,oa y.Pbs.a Ft 4th red
Famvrrd 6&@ --- ... 24. ,B ti,'{ Or0) ,r_3 {rr0) 20_, (96) ,8 0 (86)
c@Diel! ,ertttia 86 lb. N ?, 13. 15, 16, t3 9 (lra) 18,I (06) 17, (E0) 17 ,l (9r)_ u7 l8)N.
No Diltwc.... ... ... 3,5,(I7-rErC 18008r) 95 (86) 86(7?) 88(78)
:{o poDib, sod. d ma€cia 10, lt u_, (10?) 177(lll) 150(9.t) l.l1(E0)
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reference, there is a mean efiect oI 6'6 ort. grain per acre in the 6rst
year, a residual eflect of 1.7 c$t. in the second year but of only 0'2
crt. in the third.

The results Ior the individual manudal treatments show differ-
ences. The three treatments with the lowest mean yields 3, 5, 17-
l8C, all no-nitrogen plots, give the geatest frst-year resPonse to
bare fallowing: an increase o{ 9'1 cwt. grain aad l5'5 cwt. straw
per acre, the crop being practically doubled. Fallowirg, however, is
6eneficial even to the best treatments: thus the three plots in highest
fertilitv, 28, 8, 16 are improved in the first year by 5'7 c!t/t. Srain
and 10.3 cwt. straw. A series of plots all having PK but rvith
increasing levels of nitrogen show that the immediate efiect of fallow
declines as the direct addition of nitrogen increases.

The two high-yielding series given by dung and complete fertilizer
respectively differ in the last year of the fallow cycle, for the yields
rvith fertiliier practically reach their lowest levei in the third-year,
whereas the dunged plots shorv a further marked decline in the fourth
vear. The poorest irops are those without nitrogen: in this series
ihe fdlow effect of {9 2 cwt. or 83 per cent of the mean leld in the
lirst vear is outstanding, both actually and relatively. The two
treatments without potash are unusual in that the yield in the first
season is no better than that in the second.

Efect of fallou on ueed ?o?ulaliort
The effect of the Broadbalk fallowing op€rations on the weed

population has been studied in the Botany DePartment jn tu-o lr'ays :

Il )- by identifying and counting the number of seedlings oI annuals
produced in surface soil samples when kePt for 3 years in good
ionditions for germination; (2) by estimates made in the field.
Much of the data have already been published, and the work still
continues. The following notes do no more than illustrate a few of
the results obtained.

Of the annual weetL, poppy (Papatter rhoeas\ ard slender foxtail
(Alofecurus aRl?slis) were the most conspicuous under continuous
\rhe,.t. Fallo]iring affected them quite difierently. Poppy uas only

17.0
t4.2
13.9
6.9

r0.0
8.0
7.4
4.8

2t.2

11.,
16.2
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slowly reduced, but failed to re-establish itself; slender {oxtail was
greatly reduced in the year of fallow, but quickly built up again.
The enormous population of weed seeds and the effect of the fallowing
system at each stage in the cycle is seen in Table 5.

TABLE 5
Reduction ht weeil seen Pofulalicm by leriodic bare fallauing,

Broadbal*, l9l0-45
Mean oI ptots 2, 7, 18

Relative Dumbers, year belore lallow : 100

Year belore lauow
Actual Year Yearot
per sq. Pff of Years after lallos dext
Ioot cetrt lallorr lst 2trd 3rd 4th Iallow

40 69 77 85 81 35
t9 89 125 tSz r3r l9
67 50 49 49 66 33

All aonuals ... 206O l0O
Alob.cuttts ... 615 100
Pajauu ... 8OO IOO

Comparing the populations in 1925, the last year of continuous
u'heat, with those found 20 years later, the species may be classified
as Iollows :

Changes in weed population ilae to fallouing,l92S-15
Soil sample data

Spci6 .howiog r.ductio! of:
85-e0o/o Ovq 769/0 OvE 60%

PoPag.ro4 /!dlt"-,t*l* s@rdi,!.*t
Atriltd )4tal4 G.lis tpcitn wis
C.uzlis .!i,*is irr6oa& -r.[i,Polts^s ook a.. Yoorilz.to,Bir

SFci6 showils Specie. show-
little cbals. iogtlctta

,llorm .c..ak . Mdiag
B,,rlizda.tit. hbali*
C.gdla bss+..cfiil Stdl4,i. n di4
Y66i<4 rdqa.loli4

. But very bi8 rcductio! i! tust yer.

The field observations were in general agreement with the above.
In addition, they revealed an increase oI Vicia salioa, Matricaria
inodora and Ranuneulus araensis sirLce fallowing was introduced.
The field observations covered the perennials also, chiefly Cor-
voh:ulus artensis, Cirrium arumse, Tussilago Jarfara and Sonchus
aruetsis. ^fhe intensive Iallowing of the period 1926-29 materially
reduced these species, Sozcirs being practically eliminated. Corr-
oohtulus and Cirsirm are probably increasing again under the
rotational f allow system.

With 1 year's fallow in 5 Broadbalk is much cleaner than it used
to be, the heavier and denser crops of wheat that are now grown
probably helping to reduce weeds.

Wild oats, Avena lud,oriciana, were frequent on Broadbalk by
1931, and became serious during the Second World War. Bare
fallowing every 5 years has very little eflect on this weed, but
systematic hand-putlhg, begun in 19tL5, has almost eliminated it.
Efect oJ bate fallo'a on eyespot and lake-alJ

Every year the incidence of eyespot, C ercosPorclla herfobichoid.es,
is lower in the section foltowing bare fallow than in the sections after
crop. Observations made on eight piots over the l8-year period,
193&55, show that the deep lesions on the straw which cause serious
loss of yield are reduced from 45 per cent on wheat after wheat to
2l per cent on wheat after fallow.
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Take-al, O phiobolus grarzurs. is common on plots which received
no nitrogenous fertilizer. The disease is severe enough to cause loss
in feld in some years in sections alter crop, but is generally absent or
relatively slitht after fallow. One of the ways in which the fallow
has increased the yield of the less-fertile plots is by control of take-all.

Wheat bulb fly
The sequence of wheat crops and bare fallows on Broadbalk

provides suitable conditions for the establishrnent oI a permanent
infestation of wheat bulb fly (Lefkhylemla coarctata Fal7.\. Ftom
1930 onwards damage from this pest was noted, maidy on the crop
immediately after bare fallow. In most years the plant, although
thinned in the winter and early spring, filled up again and the efiect
on yield was judged to be slight. In a few seasons the loss of plant
was so great that there could be no doubt that yields were affected.
Thus in 1936 the mean yield of the whole section after bare fallow was
less than that of the neighbouring section carrying the second crop
after Iallow, and less than that of another adjoining section carrying
the fourth crop after bare fallow. Other bad yflrrs nere 1950 and
1953. When the plant is seriously thinned by wheat bulb fly, weeds
quickly come in, and the crops after fallow may be much more
weedy than the rest.

Counts of larvae on the wheats after fallow show that the popula-
tion varies widely from year to year. There is not yet sufficient
evidence to judge how far the difierent manurial treatments efiect
egg laying and the subsequent larval infestation.

STAFF

C. R. L. Scowen transferred from the Farm Staff to replace
Kathleen Ogborn who lelt the Section to go to the Aden Protectorate.
Mr. J. L. Hammerton, Department of Agiculture, Reading Uni-
versity, spent the long vacation on the farm assisting in the work of
the Section. H. Y. Gamer spent three weeks in Holland, West
Germany and Denmark studying field experimental methods, and
also attended the meeting of the Intemational Institute of Sugar
Beet Research at Brussels.



THE FARMS
J. R. Morrerr

Rothamsted

The year 1955 started badly because the extremely wet autumn
and carly u,inter of t954 seriously delayed all 6eld operations, in-
cluding ihe drilling of winter iorn 

"ird 
b""n.. Ail land work

was therefore seriously behind schedule at the beginning of the year.
Spring,operations staited later than usual, but i dry ipe in April
enabled the full programme of work to be carried'ou[. The liot,
dry summer was very lavourable to corn crops, but root crops
suffered severely from the lack of rain. The- autumn was very
flvourable to laid work, and the hawesting oI the root crops and th"e
drilling of winter corn was completed without difficulty. -

Tnr Ernrcr oF WEATHER oN CRops

Owing to the extremelv wet weather conditions iu the late
autumn and early winter of 1954. verv little winter olouehine had
been done by thd end of the year. Mirst of the smali exp"erim"ental
areas of u,inter corn were drilled in October 1954, but the 6ulk of the
com drilling could not be done until December. The acreage sown
to wiater com was lou'er than had been planned, and it was not
possible to sow any winter beans.

The early months of 1955 did not bring any marked improvement
in conditions, and only very iittle land woik was possible during
January, February or early March. By this time woik was seriousti,
behind schedule, but a f,ne spelJ in the tatter half of March enableil
spring land work to start in eamest. After a changeable start,
April produced a long spell of fine, dry weather, and excellent
progress-rtras made with seedbed preparations and the sowing of
crops. However, frequent night lrosts and cold winds retar:ded
germination and growth oI all crops.

Weather during May and -lune was generallv cold, wet and
changeable, which seriously hampered farm work,-further retarded
growth and made weed control dimcult. Conditions improved in the
latter halI of June, and throughout July, August and Siptember we
had hot and dry weather. All com crops made good growth during
this period, and conditions were good for both hay andiom han ests-.
However, the $o$th of all rootlrops was seriously afiected.

The fine spall continued into October. and, rvhile the tifting of the
potato crops was facilitated, the autumn ploughing was delayed
somewhat by the hard state of the ground. Rain latei in the mo;rth
enabled nice seedbeds Ior winter com to be obtained, and drilling
lr'as completed in good time.

.{fter a changeable start in November, more settled, dry condi-
tions prevailed in the latter half of the month, and the liftins of
mangolds and sugar beet was completed under good conditi6ns.
llild, open rveather continued until the end oI the year,

r06



167

FIELD EXPERIMENTs

A very full programme of field experiments was carried out
during the year. Except for delaying the stalt of spring work,
weather conditions were very favourable to field work, and no
insuperable difficulties lvere met. Yields of cereals were generally
very satisfactory, but there was a disappointingly small response to
nitrogen, and rootrrop yields were low. Operations on experi-
mental plots were mechanized as far as possible, and this year some
of the long-term rotation experiments were combine-harvested for
the first time. It is hoped that within a year or two even the
Classical corn fields will be harvested in this manner. The experi-
ments embraced most of the common farm crops, and an account of
them is given in the report of the Field Plots Committee.

Cnopprxc AND RorATro\s
Of the 442 acres farmed, 368 were under arable crops, of which

237 were under tillage. The main tillage crops were wheat 70 acres,
barley 82 acres, oats 9 acres, beans 15 acres, potatoes 27 acres, and
kale, mangolds and sugar beet 19 acres.

The reservation of about eleven fields as sites deficient in phos-
phate or potash, the limitation of the potato acreage which can be
grown as a cleaning crop and the necessity to provide sites lor cereal
experiments on land not having grown cereals for a number oI years
have resulted in a revision of the cropping programme. The
acreage of wheat and barley was reduced by 20 acres, and the area
under beans was slightly increased. A further increase in the bean
acreage is planned for 1956, and the acreage under oats will be
increased. On the reserved sites which are low in phosphate or
potash, where it is useless to sow the normal cleaning crop of
potatoes, bare fallowing may be used, though this is a retrograde
step, and the use of short-term leys will be extended. Both these
methods of cleaning reserved sites have already been put into ef{ect.

Usr or Spnevs

A very full programme of spraying was carried out during the
year, with very satisfactory results. Most of the cereal crops v/ere
sprayed with MCPA or DNOC, the latter spray being used mainly
against cleavers (Calium aparinel.

Several areas of land infested with couch gra.ss (Ago?yrum
rcpers) were sprayed u ith TCA, and this resulted in a satisfactory
reduction in the amount of couch grass present. HalI oI several
plots in Barnfield, where mangolds axe trown continuously, were
iprayed as late as 9 April, and while the effect on the couch was
satisfactory, there was no effect on the germination or Browth of
mangolds and sugar beet planted 2 weeks later.

The mangolds and sugar beet were severely attacked by the man-
gold fly (Pegomyia belael when in a young stage, and all crops were
sprayed with miscible DDT. This was efiective in preventing
further damage,

No spraying was needed this year against the flea beetle, nor t'ere
the beans sprayed, as the early infestation by bean aphis did not
aPPear severe.



168

Cnops
Wheat

Very little winter-sown wheat nas grov,,n because of adverse
conditions in the autumn. A few acres of Heine's VII, though
sown in late December at a low seed rate, produced an extremely
good level piece oI wheat which yielded 40 cvt./acre. The Square-
heads Master l3/4 grown on Broadbalk looked well throughout the
year, ald no lodging occurred. Small areas of Cappelle, Yeoman and
Holdfast were also grown.

Koga II spring wheat v/as trown for the second year, and again
gave an excellent yield on experimental plots and non-experimental
areas. Yields of over 4O cwt./acre were obtained. Atle wheat was
also grorr, but was outyielded by the Koga II, which variety has
now been accepted as the standard variety of spring wheat, All
wheat crops stood perfectly.

Despite the double pulling oI wild oats on Broadbalk field for
several years, the field is still not clear of this weed. This hand-
pulling must remain a stardard practice, otherwise a rapid build-up
is likely to occur.

Barlcy
Both Herta and Proctor were trown, and both varieties gave good

crops, both as regards yield and quality of grain. No lodging took
place, and the crops were easily dealt u.ith at harvest-time.

Plumage Archer is still retained on experimental areas where
continuity is required. On the Hoosfield Classical barley plots wild
oats were again very numerous, As much hand-pulling as was
possible was done, but the infestation was so heavy that large areas
of many of the plots had to be cut green and carted ofi before the
oat seed shed. Yield figures for these plots \ ere taken from small
areas from which the weeds had been pulled.

Oats

The variety Sun II was grortr'n, arld a good crop oI approximately
27 cu*.lacre was obtained. This was the only non-eiperimentat
crop to be cut by binder.

Beans

No winter beans were sown, but an increased acreage of spring
beans were drilled by Smythe dri[. Early growth was slow, but
later the crop grew rapidly and promised a heary yield. The cold
weather in May and early June delayed flowering, while the very hot,
dry weather in July brought flowering to a premature end. In
addition, a late inlestation oI black fly (Aphis JaDca) occurred when
the crop was too far forward to p€rmit spraying, and severe though
localized damage occurred.

It was decided to try to harvest the crop by combine-harvester,
and the most satisfactory method for a fairly ripe crop was to cut
when the crop was damp and with the reel removed. Using this
method losses app€ared to be smaller than if a binder had been used.

Pololoes

The acreage of this crop was kept fairly low because difrculty was
expected in obtaining suitable labour for lifting. The cold weather
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in early summer retarded growtb, and later in the season the very
hot, dry \veather had the same effect. The crop rema.ined backsard
throughout the growing period, and this poor growth is reflected in
the felds, which were about half the normal. No spraying against
late btight (Phgtofhlioru infesrarrs) was done except for experimental
purposes, and no appreciable amount of disease developed. A small
area of King Edward VII were Brown, and these appeared less
seriously afiected by tlrought than the Majestics, and had con-
siderably less scab. Local labour was available this year for picking,
and this olrration finished earlier than usual.

Sugar beet ard mangol.d.s

The area devoted to these crops was kept to a minimum owing to
their heavy labour demands. After a slow start both crops were
damaged by the mangold fly (Pegomyia belae) al an early stage, and
they then sufiered severely from the drought. Individual plants
and totd feld were sma.ll, and the sugar content of the beet lvas
disappointingly low.

Kale
Three small separate areas were devoted to this crop, and on all

three the plants lacked vigour and looked very parched and back-
ward during the whole season. No trouble fiom flea beetle was
encounterd as the seed was treated with BHC.

Grassland
Grow.th of grass in the early part of the season was very slow,

even where a nitrogenous top dressing was applied. It \vas Dot until
vell into May that real growth started. However, the catue and
sheep had iust sumcient keep without having to open up any of
the fiekls reserved for hay. Keep was adequate during the early
summer months, but tended to IaII off owing to the drought in August
and September. Late autumn grass made some growth, and most
of the stock remained out until well into December,

Haymaking was delayed until late June and early July because
of slow growth and unsettled $-eather. but the crop was eventually
secured in excellent condition.

Lrvrsrocr
Callk

In view oI the high beef prices during the winter of 19955, the
bigger cattle were pushed on as rapidly as possible in the yards, and
13 were sold during first 4 months of 1955.

The youager North Devon cattle purchased in the late autumn of
1954 were yarded durilrg the winter and were fattened on the Srass
during the summer of 1955. In view of the shortage of grass we
were fortunate not to have too many to fatten ofi.

Dwhg the year 44 cattle were sold fat, and gB store cattle,
mainly crossbred Herefords, were purchased. The smaller cattle
were yarded early in the winter of 1955, but some of the larger ones
were still grazing out at the end of the year. 52 of the cattle are in
a temporary open yard adjoining some large stacks of old straw
which they will tread into fa.rmyard manure. They are being fed
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fairly liberally with a ration oI home-grown feeding-stuffs with a view
to having them fit for slaughter early in the summer. Hay, and
oat straw ad lib. are being fed. It is hoped in this way to utilize
profitably our rather large stocks of hay, straw and grain seconds.

SheeP

The small flock of Scotch Half-bred ewes was retained and was
mated to Suffolk rams to produce tegs for grazing the experimental
field plots.

From the 76 ewes put to the rams in 1954, I02 lambs were tailed.
Some of these have been sold Iat, the remainder are being retained,

IMPLEUENTS

Following upon the very successful experience in 1954 with a
l0-foot sellpropelled combine, both on experimental field plots and
non-experimental areas, a second such machine was purchased in
1955. This enabled us to hanrcst in this way a far bigger proportion
of plots than ever before, and again the technique used proved very
satisfactory. The second machine, besides enabling one machine
to be used for full-time work on experimental plots, speeded up work
on non-experimental areas, and was alwayf in resin'e in iase of
mechanical breakdown of the machine on plot work.

Further progress was made towards standardization of equip-
ment by the replacement of an old wheeled tractor of American
manufacture by the type chosen as the standard healy tractor for
the farm-

A new mounted sprayer capable of being used for both high- and
low-volume work was bought, and it worked very satisfactorily.

Several other new items of equipment were bought to replace
outworn equipment.

BUILDINGS

The buildings planned for 1955 and the grain-drying and storage
bins did not materialize. However, plans are well forw'ard, and it is
hoped to put them into effect early in 1956.

ESTATE WORK

The hedge-cutting machine purchased in 1954 enabled all the
hedges to be cut in a few weeks in early winter. Some new fences
have been erected, and other general work has been done,

About 60 trees were felled in the winter of 1955-56, o{ which
about half were dead or dying, white the remainder formed obstacles
or were shading important areas of arable land. A small programme
for replanting odd pieces of land is being drawn up.

The well at the farm which suppties the farmstead and cottages,
and most of the fields, showed signs of drying up; the existing water
supply system has therefore been joined up to the mains water.
The well water will be used when available; the mains water will
only be used when the well is unable to meet our requifements.

Puncrlst oF LAND

Two orchards totalling about 26 acres adjoining the farm
boundary came into our possession in October l9&5, The orchards
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have been badly neglected, and are in a derelict state. A small part
will be retained under fruit for observation by the scientific stafi,
but a start will be made with the gmbbing up of the remaining area
early in 1956.

STATF

Stephen Meyler, Deputy Farm Manager, resigned in January
1955 and rvas succeeded by M. J. Hill.

C. R. L, Scowen transferred from the Iarm stafi to a post at the
laboratories in April 1955.

H. P. Curraat, a member of the farm staff shce lgll, and farm
{oreman for mimy years, resigned in April 1955. W. A. H. Burton
was appointed farm foreman in July 1955.

Woburn

The work oi the Woburn Farm is directed and managed by the
staff of the Rothamsted Farm. The field experiments are controlled
by the Field Plots Committee, and the day-to-day plarning is done
by the bailifi at Woburn-

1955 was not a diflicult year, but was disappointing in that all
crops, except cereals, were adversely affected by the late, cold spring
and subsequently by the severe summer drought. Crop yields are
therefore well below average, and potato yields especially so.

THE EFFECT oF WEATHER oN CRoPS

The l'ery wet conditions in the early winter of lg54 resulted in all
field work being far behind schedule by the beginning of 1955. In
January and Febmary only a verv limited amount of field work was
possible. However, by the end of March the ploughing wzls com-
pleted, and all the spring corn had been drilled by the end o{ the
first week of April. The dry spell in April enabled good progress to
be made, and by the end of the month all root crops were sown except
for a few acres of potatoes, and other work was up to date.

The cold. wet weather in May delayed the germination of late
spring seeds and retarded the growth of cereals and potatoes. The
continuation of the wet spell into June made it dimcult to keep clean
the areas of sugar beet, kale and red beet, as the weeds took root
again almost as soon as they were hoed up. The cereal crops
improved wonderfully in late May and June, and looked very
promising by the end of the month.

The hot, dry weather during July, August and part of September
far-oured the growth, ripening and harvesting of the cereal crops, but
root crops sufiered severely lrom the long-continued drought. This
also delayed the transplanting of leeks, and made the ground so hard
that the ploughing oI stubbles was somewhat delayed.

October was much drier than usual, and the potato and sugar-
beet crops were harvested under excellent conditions. During
November and December the weather conditions favoured land work,
and all ploughing was completed by the middle of December. By
t}te end of the year land work was right up to schedule, a very
difierent state of afiairs lrom the previous vear.
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CRoPPING

Of the 127 acres farmed 17 acres were under wheat, 38 under
barley and 2l under potatoes. Smaller areas of sugar beet, kale and
luceme were grown. This cropping scheme was very similar to that
of previous years; two small areas of old grassland were ploughed up,
one being put to spring wheat and the other being directly reseeded.

Ground chalk was applied to a further I I acres in 1955 as part of
the poticy of bringiag the pH of the non-experimental land up to a
figure of about 6.5.

Frrro ExprnrurNrs
The classical wheat plots were fallow during 1955, and wilt be

fallowed again in 1956 in order to reduce the heary in{estation of
twitch l okus ,nollis). The barley plots were cropped as usual, and
the infestation of spurrey nas less severe this year, probably as a
result of spraying earlier with MCPA. However, parts of these
plots are foul with Agloslis giga eq, another tlpe of twitch, and the
area is to be fallowed in 1956- In order to elimilate the difierences
between the plots caused by acidity, all plots were given a difierential
dressing of carbonate ol lime to bring the pH status to about 6.
The future of these two pieces of land is now under consideration
bv the Field Plots Committee.- 

The long-term rotation exp€riments were continued with onty
minor modifications. An expansion of the short-term experiments
on cereals was made possible, as one of the self-propelled combine-
han'esters at Rothamsted was available for the harvesting. Details
oI these experiments are given in the report of the Field Plots
Committee.

Grxrn-er Notes ox Cnors
Wheat and. barley

Only a very small area of winter com was sown. The spring
corn made a slow start because of the cold weatler, but subsequently
grew away well and looked promising thror.rghout the summer, The
two new varieties of spring uheat, Koga II and Peko, looked par-
ticularly well, and good yields are anticipated, with Peko probabll'
yielding the better of the two. No lodging occurred this year, but
severe damage was done by small birds on one experiment rather
early in the season; rooks and pigeons also caused some damage to
parts of plots on another experiment. Proctor and Herta u'ere the
two main barley varieties Brovn.

Harvest was completed in good time, and sufiered very little
intemrption from the weather. One of the combine-hawesters
from Rothamsted was used for the 6rst time this year, which made
han'esting much easier and quicker, Three large cereal experi-
ments were dealt with in this way, also some non-experimental aieas.
Other corn was cut by binder and stacked in the Dutch barns, where
it still awaits threshing. All combhed straw was baled and was
sold from the field. The early completion of harvest enabled the
threshing of the experimental plots to be started earlier than usual,
and the work was completed before the end of September.
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Most of the cereal crops were sprayed with hormone weed-kjllers,
some at a rather earlier stage of gro*th than recommended. f'he
results were very satisfactory, a very high kill of weeds being
obtained-

Potaloes

Both experimental and non-experimental crops were very dis-
appointing, the only exception being the irrigation experiment.
Here the crop looked vigorous tbroughout the season, even on the
non-irrigated plots, and this is reflected in a yield of about I I tons/
acre on the control plots, increasing to over 20 tons/acre with lull
irrigation. On the six-course rotation experiment the crop looked
starved, and some plots on the ley--arable experiment were seriously
afiected by potato-root eelworm. The non-experimental crop of
King Edwards lacked vigour throughout the season, despite a useful
&essing of dung and fertilizers. One precautionaqr spraying against
late blight (Phytofhthora infxlatts) was done, but the dry weather
prevented the occurrence of the disease. There was a fair amount of
cutworm damage to the King Edwards, while common scab was
prevalent on the Majestics. The total yield of King Edwards was
low, and the tubers were very small in size.

Kale and sugar beet

The very small acreage of kale grown on a rich piece of soil after
fallow grew well despite the drought.

The germination of the sugar beet was very slow and uneven, and
the plants were not fit for singling until mid-June. There was a
seveie attack by the mangold fly lPegomyia belae'1 when the plants
uere in a very young stage, and this caused a severe setback. This
pest was effectively controlled by spraying with parathion. The
irop suffered from drought in the dry summer months, and severe
rvilting took place during the hot spells. Yields were below normal
on most areas, and the roots were small and of poor shape. The
sugar content was disappointingly low.

It[arket-garden crops

The cutting of spring cabbage started about 2 weeks later than
usual, but yields were about average and quality was good. The
red beet germinated unevenly, and weeds were only kept down with
difficrrltv- \'ields here were a little lower than usual. The leeks
harvest6d early in 1955 made disappointing $oMh, and yields were
much belorv average. Quite a number of plants went to seed during
the winter. The planting out of the leeks for harvesting in 1956
u'as delayed until early August by the hard and dry state of the
ground, and the plants had to be hand-watered twice to give them a
itart. The spri-ng cabbage was planted out in September, but
despite a dressing of aldrin, some cutworm and leather-jacket
damage occurred,

Gtassland,
The cold weather in the late spring and the drought during the

summer prevented rapid growth, and at no time did the grass give
any indication of getting out of haad. In lact, keep was only just
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sumcient, and the position was eased by having available late in the
summer an area of grassland reseeded direct in the spring.

The hay crop was cut early in June, and unfortunately a spell of
rather unsettled rveather followed. The hay was therefore rather
spoilt, but it was eventually baled and carted in reasonable condition.
The yield was rather light ovr'ing to the slou/ spring growth.

Lrlzsrocx
C atlle

The policy of buying in young store cattle and fattening them off
the Brass after overwintering in yards was continued. By the end of
1954 most of the cattle had been sold and a smaller number than
usual were ovenvintered. A small bunch of Irish cattle were
purchased in the spring. but there was insufficient keep to fatten
them by the autumn. They were therefore brought into the yards
to finish ofi-

Pigs
TheThe Large White pig herd rvas maintained, and most of the

rogeny was run on to bacon weights. Home-produced food wasprogeny was run on to bacon weights. Home-produced food was
used as far as possible. The results were disappointing, in that
litter sizes and trights were rather low and final grading results
were lower than in the last few years. In an attempt to remedy
these matters the very unsatisfaitory housing will be improved i-n
1956.
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The year 1955 was in great contrast to 1954 in regard to the
weather, After a very wet winter and spring (except for the
month oI Aprit) the summer months of June, Juty, August and
September were dry, leading to excellent corn crops but relatively
small yields of roots and potatoes. The soils at Woburn are light,
sandy loams, but they have, in nearly all cases, a fairly moist sub-
soi1, which even in the driest summer allows deeprooted crops like
sugar-beet or luceme to maintain fairly good growth. The onty
crops which really suffered from the drought were potatoes, where
irrigation almost doubled the yield of the main crop, and grass,
where, after good growth up to June, there was hardly anything
to cut from July to October. The meteorological records from
October 1954 to the end of 1955 are shown below.

M eteorolngical reeords lor 195445
Rain{all BriSht Temperature

Total No. of suD- I It. in GBss
falt raitry shhe Mar. MiD. groutrd Eia.

Month (hches) daya (hours) (" F.) f F.) f F.) f F.)
1954

October ... 2'2A
liovembe! ... 4'17
Decemb€r ... 2.24

1955

January ... 2'14
Februar] .-. 1 03
March ... l.t3
April -.- O 47
M"y... ... 1'51
JuDe .-. 215
luly... ... 010
August ... 0 70
September ... 1.65
Octobff .-- 1.79
Noveober ... 1.26
December ... 2'28

99.6 50.3 47-B
55.3 50.3 37.6
6t.r 48.1 12.1

s2 8 43.6
41.6 t2-5
4t.l 33.5

2l
93
l5

17 37.9
17 81.0
t2 142,2
l0 t55.1
t7 105.8
12 150,6
2 242.2
7 t70.0

l0 158.2
t3 115.1
l4 52.1
20 0l.l

40.8 30.9 36.9 2S-6
38.8 2A.5 36.7 20.8
41'5 28.9 3?.1 21,4
57.2 40.0 48.4 35.3
57.3 41.5 51.2 37.5
65.3 48.1 59.1 17.7
74.O 51.6 65.7 47.8
74.0 54.4 66.0 47.8
65.S 4a.7 68.3 11.2
65.5 40.4 49.1 36.0
40.0 37.5 43.9 32.8
48.0 36.4 41.0 31.9

Total or mean
Ior 1955 ... 20'!6 l5l t,561.9 55.9 40.5 49.5 36.8

FIELD EXPERIMENTS

The field experiments at Wobum are now conducted under the
direction of the Field Plots Committee at Rothamsted, and that
committee will report on them separately so far as the yields are
concerned. There are, however, a Iew points in connection with
them which may be recorded here.

ti6
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C ontinuous barley

In this experiment (in which barley has been grown since 1877)
it has been shown that the falling ofi in the yield of barley in recent
years was, at least in part, due to the development of soil acidity.
It is well known that the lime content of the \\'oburn soil is very lorv,
and pH determinations plot by plot in 1953 and l9i!5 showed that iD
many cases the pH value had gone doun below 5.0; it was therefore
decided to treat the whole area with chalk in the spring of 1955 so
as to bring the pH value to the original figure of about 6'0. This
was done in three instalments, with cultivation between the applica-
tions, between 14 February and 6 April, barley being sowrr on
7 April. It would not be expected that the benefit of the chalk
dressings *'ould be immediate, but all ttre plots where the acidity
had been at all marked did show considerable improvement, and in
those which had been the least acid the crop was higher than {or
many years. It is not clear whether, when the chalk applications
have been fully efiective, the yields recorded irr the early years of
these trials will again be obtained, for the plots have become
extremely weedy, especially with twitch (Agrostis\, which is very
common in this field. This point will be tested in the future years
after a fallow in 1956 to get rid, as far as possible, oI the twitch and
other 1leeds.

Ley-anble expeimeflt
This experiment, which has been going on since 1938, and is norv

yielding very valuable results as to the relative value of grazed leys
or hayed luceme leys and an entirely arable rotation, was continuad
in 1955. The results show re$larly that the following crops of
potatoes and barley are substantially better after each of the ley
treatments. The results seemed now to be so clear that thev could
be published with confidence; but the discovery this yeai of an
accumulation of potato-root eelworm in certain of the potato crops
leads to some hesitation in the matter, and the result of a careful
examination of the eelworm status oI every plot in this experiment
is now awaited.

Inigation ex?erirflent

1955 was a year when the efiect of irrigation would probably be
felt to the greatest extent in increasing crop yield, The numerical
results are discussed by the Ph1'sics department, but there are
two or tfuee points which may be mentioned here. The most out-
standing increase in yield took place with the main crop potatoes
(Majestic), when the plots which were watered throughbut the
season gave nearly double the leld obtained from the unwatered
crop. The watered potatoes remained in flower for l0 days to a
fortnight a{ter the flowers had alJ disappeared from the othei plots.
This would probably account in part for the increased yield, ahd it
uas noticed on every one of the completely watered plots.

In the case of the grass plots which were so&rt with pure cocks-
Ioot in 1954, it is interesting to note that practically all the weeds
and weed grasses had disappeared by the summer of 1955. The
Poa annua, wbich was quite abundant a year ago, has not been able
to stard frequent cutting either on the v/atered or on the unwatered
plots, and so has leJt an alnost pure stand of cocksfoot.
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Nitrogen Jertilizers on slring wheat and barley
Experiments were conducted on the efiect oI increasing the

application of nirrogenous fertilizer in the form of " Nitro-Chalk "
from 2 to 4 and 6 cwt./acre, and on its application at difierent
times during the growth of the crops. The results will be discussed
elsewhere, but it is clear that eyen at 6 cwt. " Nitro-Chalk "/acre,
the grain yield is still going up with both wheat and barley. The
main point of interest in the experiment has been the mechanism of
the increase; namely whether nitrogen increases the straw more than
the corn, and whether the increase in corn is obtained by the presence
of a larger number of ears, by an increase in the size o[ the ears or
by a greater weight of the individual grains. Samples were, there-
fore, taken just before harvest and threshed by hand. Data were
obtained on the number of ears per unit of row tength, the weight of
corn and the weight of straw for a similar length oI row- The
results are similar in the cases of spring wheat (Koga II) and spring
bariey (Hena), and indicate that when the nitrogenous manuring
is increased beyond a very small dose, both grain and straw give a
greater yield, but the straw responds lar more than the grain. As an
illustration of this the figures are given for spring barley (Herta) in
1955.

Percentage increase
Graitr Straw, etc.

51.6 77.1
93.6 161.8

119.0 247-X

Manuring per acre
No " Nitro-Chalk "
2 cl .t. " Nitro-Chalk " .-.
4 c\rt. " Nitro-Chalk " ...
6 c\rt. " Nitro-Chalk " .,.

Yield per acre
Graio Staw, etc.
(c*t.) (c*t.)
21.1 12.8
32-4 22.7
4t.1 33.6
46.9 11.5

Thus it appears that, with a large dressing of " Nitro-Chalk ", while
the grain 1,ield goes up by Il9 per cent, the straw increases by double
this amount,

It \yas found that the number of ears per unit length ol row
increased by 26 per cent in Herta barley with the first 2 cwt. of
" Nitro-Chalk ", by 12 per cent with the second 2 cwt. and by only
2 per cent rn'ith the third 2 cwt. /acre. On the other hand, the length
of the ears increased very closely in proportion to the amount of
nitrogenous fertilizer added. These result, which are only pro-
r.isional, throw some light on the cause of the increase of yield by
nitrogenous f ertilizers.

Efect of ruanuring on u'eed herbage

The results of long-continued observations on the weed herbage
of land farmed with large amouDts of bulky organic manures have
been compiled during the year, and witl shortly be published. The
manures were farmyard manure, sewaSe sludge and composts made
with stra\i/ activated rvith dung or with sewage sludge. The
obsen ations have shown very little difierence in the efiect of the
various manures on the character of the weeds, but in all cases the
use oI the organic manures has led to an increase in the weeds of
about 30 per cent. Doubling the amount of the bulky manure has
not further increased the weediness, except in the case of the annual
nettle, u'hich flourished most where the organic additions were
greatest. Perhaps the most striking efiect was produced by even a
slight change in the acidity of the soil. It was remarkable how

It
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spurrey (S|ergula) and even mayrreed (Malricaria\ disappeared
when acidity was reduced by the treatment, and how they immedi-
ately came in again when the land became more acid. The results
of this work will be shortly published in the Jounal of Ecology.

N eu, crols
The work of testing the suitability of new crops, chiefly semi-

tropical ones, Ior this country has been continued, The summer was
warm but not hot, and the drought which prevailed for most of July
and August had a large efiect on the grorth and success of this
year's crops. The investigations have chiefly been concemed with
types of hybrid maize, of soya beans as developed in Sweden, of a
type of Jerusalem artichoke developed as a fodder crop and of fodder
crops suitable for semiacid soils such as at Noburn.

Maize

Some of the early hybrid ty'pes of maize of either American or
Dutch breeding can now be confidently recommended for growing
under suitable circumstances in this countrv. In 1955 between 25
and 30 cwt. dry grain/acre has again been o6tained from two Dutch
types known as C.I.V.2 and C.B.30, in a year when the crop had a
bad start in the cold May, and then had drought conditions from the
beginning o{ July. The crop, however, ripened perfectly and, con-
trary to what we have found in our usual rvet autumns, could be
harvested without any serious danger of the cobs going mouldy in
storage. \Ve have been trying to grow maize for grain since 1934,
At 6rst $e used old Canadian types and failed completely to get
varieties which were much use in England. Eitber they ripened well
but yietded badly or they were not able to ripen in our damp, cool
summers. With the introduction of early hybrids, originally
obtained from Wisconsin (U.S.A.), but now developed and improved
in Hotland, the position changed. Since 1948, we have been able to
get lelds every year (except l95l), which make the growing of
these hybrids practical in this country. The yietds are as follows:

1948 (.wiscorcin 24O)
1949 ( ,, )
1950 ( ,, )
r95' ( ,, )
r053 (Dutch)
195{ (Dutch C.I.V.2)
1955 ( ,, )

27.6 c\+,lacre
33.8
36.6
38.0
31.0
4t-7
28.0

The mean yield of all the crops quoted is 34.7 cwt./acre, and has
been obtained on ordinary farm land rvith never more than a
manurial dressing of 3 cwt. of sulphate of ammonia or " Nitro-
Chalk " per acre. In order to obtain these yields it is necessary to
get fresh seed each year, as lre have shown ihat the use of our ourr
seed Ior a season gives considerably lower yields, The period of
golr'th of all the hybrids is very much longer than in the countries
where they have been developed, probably owing to the cooler
summers that we have in England. The falling ofi in yield in 1955
is probably due to the maize ears being smaller than in previous years
owing to the long drought in July, August and September.
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Soya beans

We have also been experimenting with soya beans since 1934,
at fust with varieties brought from Canada coupled with others
which had been developed by pioneers in this country and the United
States. But all the varieties either never ripened or gave such small
yields that it was clearly not worth while growing them. The best
yield of dry beans was t 4.5 cwt./acre from an American variety until,
5 years ago, seed was obtained from Sweden, where types had been
produced rvhich seemed to have more promise than-any available
elsewhere. The results found lrom 1949 to 1953 seemed very
promising, and though the best yields were from 10 to I I cM./acr6,
it seemed possible that by closer planting of these dwarf varieties
the yield could be pushed up to a profitable point. The cold, wet
season of 1954 was, however. very unfavourable for soya beans,
hardly any seed ripened, and what did ripen was very inferior.
The same seems to have happened in Sweden, where the breeders
reported that they also had great difficulty in getting good seed.
They, however, sent a sma.ll amount of seed of several strains which
$'e tried to grow in 1955. With the inferior seed and a cold May
after the seeds were planted, they never came to anything, and we
are losing confidence in the possibility of growing any of the types
norv available for the commercial production of soya-bean seed in
England. It is only the dwarf types which will ripen in this country,
and the production of seed of these varieties is so uncertain at present
that there does not seem to be a t,?e that can be recommended.

Erotic Jodder crols
The other side oI the work on exotics is concerned with fodder

crops suited to semiacid soils, which will grow quickly to give a
heavy crop oI attractive fodder in September or October, when the
grass crop is dectining in quantity. In last year's rcport birdsfool
trcloil was mentioned as one of the best crops of this class. It has
the additional advantage of being a perennial, lasting two or three
l ears for one seeding, and will grow in less fertile soils than ordinary
red or crimson clover. Two other crops have given so much promise
that the time seems ripe for their use on a larger scale than hitherto.
These are S',aeet Lu?ins and. Serradella. We have sufficient ex-
perience with each oI these crops to expect them to trow in any
summer that is likely to occur. In this sense, the last tvro years
have been a great test. 1954 was cold and wet; 1955 started rvith
a wet and cold May, but had a drought from July to September.
The effect oI the drought in lg55 was shown in very much reduced
crops, especially with s{'eet lupins, but in both seasons the crops
grew healthily and yielded good Iodder. The actual weights of
fodder are shown belorv.

Wt. greeo stufi Dry matter Dry matter
per acre (tons) (%) (tons)

S@c.l Lulins lveriety tYtiho) :
106,( ..-
1055 ...

Scrldd.ll@ :
1054 ,..
1055 ...

9.6 r.55
14.9 0.45

l6.t
3.03

t4.7 11.5 t.69
4.96 21-1 t.2r
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It will be seen that in the case of both these fodder crops the tlrought
of July and following months in 1955 has very much reduced the
yield per acre. This was to be expected, as the crops were not
sown till6 June to see how quickly a crop of fodder could be obtained.
The fodder was far drier than in 1954, as would naturally be expected.

Arlichahes
Another new crop of considerable interest is the so-called

" Topine " , a strain of Jerusalem artichoke which is reputed to be
specially luxuriant and consequently of special importance for
fodder. The results of our first year's experience with this crop in
1954 appeared to be promising, for we had nearly l8 tons oI green
stuff in October Irom tubers planted at the end of April. The
tubers Jrom that crop were dug in February and March 1955 and
gave a yield of 8 tons/arre or 0.73 lb. per plant. The present year
was a good test of the capabilities of the crop on account oI the
&ought. Tubers were planted on 26 April and grew well, giving
plants which were more bushy and rather shorter than in 1954.
They showed little or no sign of suffering from the drought till near
the end of October, when the tops seemed slightly drooping, while
the leaves were somewhat damaged by a severe frost on 16-18
October. The crop was cut on 3l October, when 9.4 tons of green
tops per acre were obtained containing 30.1 per cent dry natter.
This means a dry matter yield of 2.82 tons/acre, as against 3.34
tons/acre in 1954. Thus the reduction due to the drought rvas only
moderate as compared with that given by the other fodder crops
tested. The yield of tubers has not yet been determined, as they
will be left in the ground till February, for the]'cannot be clamped
like potatoes. On present information artichokes still appear to be
promising. It has been proved in many tests in the United States
that the tubers compare very well with potatoes as a food for
pr8s'

Legoneronv Wonx
Among the more interesting pieces oI work that have been

completed in 1955 has been a study of the permanence of organic
matter in the soil when applied from various sources. This work
has been based on experience with a field experiment in *'hich large
quantities of bulky organic manures, including farmyard manure,
sewage sludge and composts, had been added to market-garden
crops for a series of years. Material for 8 years was ava.ilable, and
the conclusions reached were that: (l) The materials dir'-ide them-
selves into two classes. On the one side is farmyard manure, in
which the organic matter appears to be considerably more active
than in any of the other materials used and so disappears more
quickly. The least active is that contained in sewage sludge. In
composts made with farmyard manure the addition oi more strarv
slowed down the rate at which the organic matter disappears.
(2) Except with farrnyard manure the addition of sulphate of
ammonia slghtly retarded the disappearance of organic matter.
Doubling the amount of organic manure applied led to its more rapid
disappearance, except again with larmyard manure.

Work on the pot{ulture station and in the laboratory has been
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aEain restricted in 1955 by the demands of the irrigation experi-
ments, and has hence been almost entirely concemed iith contr;t of
ttre field exlrriments. Most of this workfalls on Mr. Bames and his
staff, and they have been fullv employed in these directions during
the year,



TROPICAL SOILS
H. GnTBNB

H. Greene visited the Gold Coast and the Gambia in l[arch 1955.
In the Gold Coast, members of the Department of Soil and Land-
Use Survey, directed by Mr. C. F. Charter, have observed a pro-
nounced lack of magaesium in strongly acid soils which have failed
to support cacao. On the other hand, cacao has survived on less
acid soils having a higher content of magaesium. That young
cacao plants grown in containers need magnesium had been demon-
strated in the Belgian Congo by Professor M. V. Homds. These
observations throw a welcome light on the nutritional needs of this
important crop. Greene also r-isited the Kpong Irrigation Research
Station, which is within the extensive black clay region oI the Accra
plains. Successive showers t-ere preventing tillage of the sticky
soil : tests will show what crops can be growrr in spite of the difficult
physical conditions. Detailed and reconnaissance soil sun'eys have
been carried out here. Under the direction of Professor -J. F. V.
Phillips, u'ork has begun at the Nungwa Agricultural Research
Station which includes red sandy loams and grey sands, as well as
the dark clays of the Accra plains. Large responses to N and P
fertilizers have been obtained on the grey sands.

In the Gambia, Dr. R. A. \Yebb of Long Ashton has been able to
demonstrate by means of pot experiments severe nutrient deficiencies
in the reddish acid sands l'hich have received no fertilizer in spite
oI repeated cropping with groundnuts. To make the new informa-
tion of use to the cultivator, field experiments are needed, but lack of
stafi for this purpose created difficulties which were discussed in the
Gambia and in London.

Greene attended the 9th and lOth sessions of the UNESCO
Advisory Committee on Arid Zone Research which rvere held in
Arizona and Nerv }lexico (April, May f955) and in Paris (November
1955). This committee recommends to the Director General ol
UNESCO the allocation of grants for studies in the plant ecology,
animal physiology and climatology of arid regions. Grants are also
made for training. for the publicarion of reviervs and for the holding
of symposia. .A, sy.rnposium on Arid Zone Climatology with special
reference to microclimatologf is to be held in Australia in October
1956. For the next few years the plan is to concentrate attention
on problems of arid areas in the Near East and South -{sia. The
9th session of the Advisory Committee was held in conjunction $'ith
an International Arid Lands Conference organized by the American
Association for the Advancement of Science. Local interest was
increased by the fact that the discussions were preceded by a
punishing succession of dry years. After the meetings, Greene
visited irrigation and drainage projects in California and Utah-
Post-graduate training in irrigation and drainage is ofiered by the
U.S. Bureau of Reclamation; help with salinity problems is ofi-ered
b1' the U.S. Salinity Laboratory at Riverside, California.

-\ sub{ommittee u'hich advises the Colonial Office on soil
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problems recommended soil survey in Swaziland where irrigation is
being developed. G. Murdoch, a member of the recently constituted
pool of soil surveyors, has accordingly been seconded to Swaziland,
and Greene went with him in October 1955 to help in getting the
soil survey started. Greene was also able to discuss with Col.
C. J- van Heerden and with Mr. A. C. Venn the extension to Swazi-
land of field experiments with fertilizers that have been so fruitfully
initiated in Basutoland by Mr. Venn. Greene also visited Basuto-
land, During the past 15 years, soil conservation has made good
progress in Basutoland, but there are still maay gullies and in these
there are striking exposures oI solodized solonetz, a kind of soil first
described in south Russia. In IIr. Yenn's experiments with maize,
this soil responds to lime as well as to phosphate and dung. Mr.
Venn till now begin rotation experiments, probably including
legume and cereal crops. This work will effectively support and
supplement pro$ess in soil conservation.

In early November Greene revisited the Sudan after art interval
of l0 years and found that field experiments with irrigated cotton
at the Gezira Research Farm were being carricd out with faultless
precision. The late Dr. E. trI. Croryther helped to introduce into
the Sudan the new techniques of field experimentation soon after
they were used at Rothamsted and, over a period of years. this
influence uas maintaincd by his brother, the late Dr. Frank
Crorvther. As a result of this, the Sudan has about thirty years'
start on territories like Swaziland or the Gambia in this essential
and remunerative work. It seems, howeverJ that in the Sudan
there is need {or further research in plant pathology, plant physiology
and soil microbiologl', and at present difficulties of recruitment,
though not peculiar to the Sudan. have been a.ccntuated bl
Sudanization of various Government services. This is a particular
case of a general and urgent problem : much thought is being given
to ways of maintaining the flow of technical aid to underdeveloped
countries. If help in scientific research cal be given and accepted
without provoking antagonism it may go far towards easing social
tension as rrell as achieving practical results.

Recruitment of scientists for soil work in British colonial
territories has lagged only a little behind current needs. The
creation of " pools " based in this country has helped to secure some
young graduates, who, after Iurther training, are available Ior short-
term jobs overseas, and who may accept long-term appointment
rvhere that proves convenient.

$hen at work overseas, soil scientists are liable to lack easv
contact E-ith professional colleagues. In order to alteviate this
isolation the Adviser on Tropical Soils sends out occasional circrrlars
containin{l notes on books, equipment and items of soil nervs. Thus
it rvas reported that a substitute Ior the expensive porcelain vessels
used in pot experiments is provided by polythene tubing within a
strong brown-paper bag. These Kraft-polythene containers, which
can be sent by post, are supplied in two sizes by Messrs Bennett
Bros., Counterslip \\:orks, Bristol. They may permit tests for
nutrient deficiencies in places where it is difficult to get porcelain
pots. The value of such tests has recently been demonstrated by
Dr. R. .{. \\:ebb in the Gambia and bv Dr. E. M. Chenery in Uganda.
Among the nervs items circulated rvere notes on soil surveys carried
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out near Ilesha (Nigeria), Mbosi (Tanganyika), Lower Rufiji
(Tanganyika), the Trans Perak Swamp (Malaya) and on the Land-
Use Suwey in British Honduras. A note on the preparation of
fresh water from salt reached Dr. H. C. Pereira just after he had
received an enquiry about the possibility of processing the brackish
water of Lake Rudolph. Other correspondents may have had no
interest in that subject, but on the whole they seem to like the
snippets of news that are sent round to them in this informal way.
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SOIL SURVEY OF ENGLAND
AND WALES

D. A. OslroNo

The Soil Sun ey has sustained the loss of two members of the
stafi. Early in the year C. J. Tapp died, who, although one of the less
experienced members, had shown considerable promise, being a
conscientious worker and a cheerful companion. Somewhat later,
E. Crompton resigned to take up a post in the University of Durham
at King's College, Newcastle-upon-T1me. He was one of the most
experienced surveyors and had contributed much to the develop-
ment of the Survey and its application to practical problems. A
new centre has been started at Newcastle, and four new survevors
have been recruited and posted to various stations

A. Muir represented the Agricultural Research Council on a
British Delegation to Russia, and L. F. Curtis has returned from
Iraq to be stationed in Derbyshire. A. Thomasson has been granted
leave to assist in the completion of the Iraq survey started by
L. F. Curtis. J. Harrop has also been granted leave to take part
in a scientific and mountaineering expedition in the Himalayas.
The Colonial Pool of Soil Surveyors has been increased to six
members, two of whom are training with the SoiI Survey oI England
and Wales. A. O. Ballantyne is making good progress in the area
he is sun'eying in Northern Rhodesia, and G. F. M. Murdoch has
started surveying in Swaziland. C. A. H. Hodge completed the
work started last year in Aden and has now gone to Somaliland for a
short period. Several members of the National Agricultural
Advisory Service spent considerable periods with members of the
Soil Survey in the field. During the year C. D. Ollier (Colonial
Office Student) and G. Higgins (N. Nigeria) received training in
survey techniques. Professor B. \rovk (Yugoslavia) and Professor
W. Kubiena as well as other visitors spent varying periods with the
survel ors seeing the work being done.

In spite of the long, dry summer and the necessity for checking
and revising parts of completed sheets, the survey's progress has
been maintained and an additional 270 sq. miles have been surveyed.
Mapping has been completed on Sheets 75 (Preston), 188 (Cam-
bridge) and 238 (Aylesbury). Surveys have been started on Sheets
94 (Llandudno), 106 (Bangor) and 176 (Ely), while work has con-
thued on Sheets 280 (Wells), 166 (Church Stretton) and 305
(Folkestone).

Mr. E. Roberts, of the National Agricultural Advisory Service,
who, with the tate D. O. Hughes, surveyed a large part of Anglesey,
has written a memoir on the county's soils and agriculture to
accompany the soil map which will be published on Sheet 106 oI
the New Popular Edition. He has also undertaken to write a-

similar memoir of the Lley,n peninsula which will be published on
Sheet 115 (Pwllheli) o{ the same edition. Another memoir " The
Soils oi the Glastonbury District oi Somerset (Sheet 296) " was
published during the year.
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LANCASHIRE

Sheet 75 (P/eslon)

The small areas of high moorland have been surveyed and some
revision has been carried out elsewhere. The mapping of the
alluvial deposits in the Ribble and Douglas estuaries revealed a
complicated soil pattem ol differences in drainage and texture as
well as content of calcium carbonate, the latter being probably
related to both the depositional patterns and changes in relative
levels of land and sea. The detaited mapping of this sheet bas
revealed a complex soil pattern which is almost impossible to
reproduce on a l-inch map and some of the most complicated area
will be published at the 2finch scale. (A. Crompton, G. D.
Ashley, B. R. Hall.)

SoMsnsrr
Sheet 280 (ll ells)

The illness and subsequent death oI one oI the surveyors con-
siderably reduced the speed of progress, and field work was primarily
dtected to completing the mapping on the Old Red Sandstone
aad Carboniferous Limestone on Mendip, where Black Down is oI
particular interest in having some of the only remaining natural
vegetation in the district. In addition, about 20 sq. miles were
surveyed in the coastal area around Highbridge of the adjoining
Sheet 279 (Weston-super-Mare), where the Wentlloog series is very
extensive. A 2{-inch map of the sheet has been compiled and found
of use in demonstrating soil pattems not readily seen on the 6-inch
field slips. (C. J. Tapp, D. C. Findlay.)

Snnopsnrnr
Sheet 166 (Chutch Stretton\

Mapping has been confined mainly to the Brown Clee Hills arrd
the Longmynd. On the lower slopes of the former (the Dittonian
platform) the most extensive and most important agricultural soils
are those of the Bromyard and Eardiston series. The Clee beds give
rise to a dull brown sandy loam beneath bracken and poor grasses
that provide poor spring grazirg for sheep. Above 1,50O feet gley
and peaty gley soils appear on Coal Measures shales and sandstones
and under sphagnum, rushes and mosses are fouad completely
waterlogged and markedly gleyed soils without any development of
peat. The summit is capped with olivinqdolerite, which gives rise
to I -2 inches of a tight bilberry and trass mat overlying &4 inches
of grey silt loam followed by bright orange-brown silt loam.

The plateau of highly dissected Pre-Cambrian rocks {orming
the Longm},nd is covered with heather with subordinate bilberr5.',
while the valley sides are often bracken- and grass-covered, with
grasses becoming dominant as the slope increases and the soils
become shallower. The soils are peaty-podzols, associated with
heather and bilberry, brown earths, some of which show very slight
podzolization, which are associated with bracken and subordinate
heather and bilberry, and gley soils with mosses, sphagnum and
rushes. Shallow soils resembling those of the three groups are also
found on the valley slopes.
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The use of aerial photographs has enabled the distribution of
vegetation and hence the soils to be more easily mapped on a recon-
naissance basis, and has aided in the identification of sites of gley
soils, They have also been used to delimit areas of steep slopei.
(D. Mackaey, G. F. M. Murdoch.)

CAMBRTDGESHIRE

Sheet 188 (C ambrid.ge\

Owing to the uausually dry weather, the absence of otre of the
team in Aden and the subsequent time needed for reporting on
that work, the rate of progress has been reduced. In adLiition; the
annual Fietd Meeti-ng was held at this centre, and the work
involved ia preparing for it left the only surveyor little time for
routine surveying. However, some of the earlier work on the sheet
was checked and, where necessary, revised in the light of later
findings. Thus the sheet has been completed and the w ting of the
memoir and compilation of the map has been started. A be$nning
has also been made on the mapping of the adjoining Sheet 176
(Ely). (R. S. Seale, C. A. H. Hodge.)

HERTFoRDSHIRE AND BUcKINGHAMSHIRE

Sheet 238 (Aylesbury)
With the mapping of about 80 sq. miles the survey of the sheet

has been completed. On the Chilterns especially, mapping beca.me
extremely difficult on account of the dry summer, and attention
was giveu to digging profile pits, forty-four oI which were described
and sampled for analysis. Several new series have been identified,
associated, on the Chiltems, with the so-called " glacial sands and
gravels " near \Vatford, and, in the Vale of Aylesbury, with the
clays, glauconite sands and limestones of the Upper Jurassic
(Kimmeridgian and Portlandian) formation. (B. W. Avery, D. W.
King, A. J. Thomasson.)

YORKSHIRE

Sheet 70 (Leeds)

Some revision of earlier work has been undertaken, and alto-
gether about 30 sq. miles have been mapped. The remaining area
needed for completion of the map consists mainly of two blocks, one
east of Leeds along the southem edge of the sheet to Garforth, and
the other along the easern edge, south of the Wharfe. No new series
have been encountered either on the Magnesian Limestone, the
Millstone Grit or Ca.rboniferous sandstones and shales and related
tills.

The dqr summer emphasized difierences between soils, par-
ticularly those on the drilts associated with the York and Esciick
moraines. As rnight be anticipated, the sandy soils did not crack
noticeably, but loams had cracks up to an inch wide and clay loa.ms
up to about l! inches, so that this featurc became, tempbrarily,
almost diagnostic o[ the soil series. In an area of silty clays,
alluvial in origin, and poorly or very poorly dra.ined, ciacks-of
2-3 inches wide vrere seen, particularly in the bottoms oI the
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furrows where the land had been ridged. In some places the surface
was iregular in a manner suggestive of " self-swallowing " or grlgai
phenomena.

In the Eccup and Harewood district some 5 sq. miles were
mapped on the 2!-inch scale Ior comparison with a 6-inch map
previously made by another surveyor. The smaller scale allowed
over twice the rate of mapping, but accuracy was sacrificed, especi-
ally of those boundaries not easily deduced by indirect means, such
as a consideration of landform. (A. Crompton, L. F. Curtis.)

Cepnxenvolsnrrc
Sheel 94 (Llandudno) and 106 (Bangorl

Parts of these sheets had been mapped before and during the
war by workers from Bangor, and about 46 sq. miles have been
surveyed and checked. In the Creuddyn peninsula, intermingl.ing
of material from small outcrops of volcanic rocks.rnd larger areas of
Carboniferous Limestone over which is spread a dri(t of Silurian
shale from the landward and of Triassic material from the seaward
side, makes the soil pattern very complicated. Two new series
have been recognized, but the other soils present have been described
on the Rhyt and Denbigh sheets.

In the Conway valley, series previously described on the Silurian
shales and a-ssociated drifts have been mapped on the extensive
alluvium borderhg the river. On the wesf side of the valley the
soils are derived irom Ordovician rocks, and drift from the acid
igaeous rocks of Snowdon also begins to afiect the soils.

Some time was also spnt checking boundaries and sampling
profrles described on Sheets 95 (Rhyl) and f07 (Denbigh) the mapping
of which was completed tast year. (D. F. Ball, J. Harrop.)

DERBYsHIR.E

Sheet 125 (Defiyl
Owing to previous commitments in other areas, work on the

survey of this sheet has been restricted, and mapping has been
completed on the 6-inch scale of about 8 sq. miles in the Sandiacre
and Little Eaton districts. A preliminary classification has been
prepared of the soils developed ou the Triassic, Lower Coal Measures
and Millstone Grit formations and the associated drifts, but no
attempt has been made to name series, except where correlation
with previously described series is certain. (J. H. James.)

KENT
Sheet 305 (Folkestone)

Approximately 37 sq. miles have been surveyed, mostly at some-
thing less than the normal intensity for 6-inch mapping. In view
of the complex and contrasting soil distribution found earlier, the
policy has been to obtain a general picture of the extert of the
various deposits, to determine the soil units and to map the natural
soil patterns.

The surface deposits range in age from 3,000 to 400 years or less,
and it has been shown that these exist in at least iour distinct
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landscape units, each associated with a particular soil pattern.
Some units apparently merge imperceptib[y, while others'can be
sharply delineated. I_n each unit tlere are distinct profiles ranging
from sandy loams to clay, with important differencei between therir
in carbonate content, structure, salinity and depth to peat or shingle-

Water-table levels for a number oisoits ard now 6eing m".r,ri"d
monthly, but a complete season's records have not yet been obtained-
It is expected that the results will throw light on the use that can be
made of the difierent gley-phenomena as indicators of <irainage
conditions, and they should also give an indication of the right ordir
of water-table levels for optimal performance of pasture on some
soils. The only useful statement that can be made at present is
that the fluctuation of the water-table this year within sbme soils
has been of the order of 3-4 feet. (R. D. Green.)

OrHER WoRK

FolJowing the severe flooding in 1954, when l8 sq. miles of moss-
land in South-west Lancashire were affected, a request vi,as made lor
a survey of the area, In all, about 3I sq. miles have been surveved
on a giid-system. with borings made ei,ery 4O0 yards on p..jt"l
traverse lines + mile apart. The peat deposits stretch from tha River
Alt in the south to Blowick and Scarisbrick Moss and then reach
northwards and eastwards to the viciaitv of Tarleton. The main
fndings can be summarized as follows: -

(l) The thickness of the peat varies considerably, rangins from
a few inches to 20 feet. The peats have bein groirpet into
four main classes.

(2) The mineral soil beneath the peat has been described,
information which will be most useful in future drainage
operations.

(3) The mapping and classification of the surface soils will
assist in the interpretation of the results obtained from
experimental plots which witl be laid down to study
problems of management, manurial requirements, pesi
susceptibility, etc.

(4) Areas of mossland reverting to an unproductive state and
those which have not been reclaimed will be delimited-
(8. R. Hall.)

The problem oI restoration of sea-flooded soils on the Lindsev
coast has been examined in detail. The presence of three maiir
textural groups has been established, silty fine sands, silt loams and
clays, and in each group there has been a marked movement of the
clay fraction down, and sometimes out of, the profile. This has
resulted in a complete change in the profile, with loss of structure
and the development of impermeabilily. Since the present treat-
ment of the soils with glpsum is inadequate in rep.lacing sodium
with calcium in the clay, further experiments are belng carried out
to find a more effective means of stabilizing and ristoring soil
structure. (E. Crompton, G. D. Ashley.)

A furthgr survey was made of the natural drainage classes and
the variability of the parent materials on a 3,00o-acre farm at
Apesthorpe for the National Agricultural Advisory Service. Advice
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was also given to the same body on the possibility of drillin-g for
water fo!'irrigation in the Metbourne district in Derbyshire. Some
mineralogical- work was carried out Ior the Air Miristry at the
reouest dI the East Midland Provincial Director of the National
Aehculturat Advisory Service." A number of visits have been paid to tonstone workings to
examine the rate of weatherjng in limestones and, in particular,
three sites have been investigated. Detailed studies are being made
of the rate and type oI weaihering in relation to the lithology and
size of the limestone blocks. (J. H. James.)

At the request of the Welsh Land Sub-Commission, a survey was
made of the iarishes of Llangurig, Llanbister and Llanddewi-Brefi,
covering about 100 sq. miles in central Wales. The rocks are of
Silurian- aee, dominantty shales and mudstones wiih locally im-
portant grils and sandst6nes, and previously established series onJy
ivere required to map the soils developed. Peaty gley and Peaty
podzolic-soils were exiensive in Llanguiig and Llanddewi-Brefi, but
in Ltanbister uncultivated land at I,300-1,4O0 feet O.D' and more
showed no evidence of peat formation or development oI potlzolized
soits- (D. F. Batl. I. F. Harroo.)

The farm at Ailiham gryari of the Yorkshire Institute of Agri-
culture was surveved at the-6-inch scale. Some oI it is situatedon
a morainic ridge ivith heaqr but gravelly soils and sandy, gravelly
soils above spriads of fluvio-glacial sand on the gentle slopes below
them. The'lo\ter parts of the farm consist of the Wighill and
Deiehton series, thi poor drainage of which has been improved'
At ihe request of the-Ministry of Agriculture, Levens Hall Farm,
near Harr6gate, *as surveyed at th; 25-inch scale. The soils are
developed on Carboniferous till, and are mainly sandy cla-y loams and
clay lo'ams. On the higher ground the soils are freely drained, but
in ieneral they are poorly drained. (A. Crompton')

"\'arious m"embeis of-the survey have coliected properly char-
acterized soil samples for use in antibiotic studies by Imperial
Chemical Industries.

At the request of the Road Research Laboratories surveys were
made along the proposed routes of the new roads, by-passes and
wideninss Io be rind6rtaken in various parts ot the country. Eight
reoorts -(one bv Oxford Universitv) were submitted and were
fohtarded to th; yinistry of Transport and Civit Aviation.
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ECOLOGICAL ASPECTS OF
APHID FLIGHT AND DISPERSAL

By

C. G. JouNsoN
GENERAL APPRoACH

There are two main aspects in the dispersal of insect populations .

the process itself, and thi: significance 6f di+^Ji;1i"';;i;11;;
and abundance of a species and in its status as a p€st, We recognize,
however, that both these aspects are part o{ the sa.me ecol6gical
system and interdependent; and that the mechanics of dispersal
can be futly appreciated only if placed in an ecological context.

This brief review considers the dispersal process itselt in this way,
as it concerns aphids: and deals particflarly with some receit
contributions, some of them unpublished, from Rothamsted.

In the past, especially in Britain, dispersal, and many other
aspects of -ecology, have ofte-n been studied by trapping flying
ir sects and correlating numbers caught with weat}er laciors.
Usually this was done with a single trap a few feet above the ground,
emptied once in 24 hours or even less frequently. This is very
valuable for some predictions; but it is inadequatl lor an analysis
of the biological and distributive processes in dispersal.

Trap data alone neglect the events in terrestrial ecology on which
aerial abundance and so dispersal primarily depends. -'In fact, a
trap abstracts the aerial situation from its ecological context, while
a single trap at one level, enptied once a day, is an exceedingly blunt
instrument {or dissecting a process whiih extends hundieds or
thousands of feet into the air and operates on an hourlv rather than
a daity time sca.le. This approach with aphids has (ept alive for
20 years an erroneous hypothesis of dispersal which will 6e discussed
later.

Nevertheless, trapping is necessary for measuring aerial density,
if not always for analysing it; and a most necessiry task was io
improve the technique so ai to relate numbers caught to the volume
of air sampled and to record changes in density at hourly, or even
shorter, intervals. Segregating suition traps liave been developed
to do this (C. G. Johnson & Taylor, 1955 a and 6). Aphid disperial,
then, to be seen slmoptically, must be studied both in relation to
the insecls on the crop and in the air as high as techniques will
allow. This we have done, for the 6rst time;- and this article tries
to put the whole study into focus.

It is helpful to consider the problems in three stages : the varia-
tions in numbers fust liberated into the air from a -Drimarv 

source
of supply and by subsequent flights; the dispersaf of thd insects
through the atmosphere, and events leading to the retum of
populations to the earth and to alighting. Each stage has its
collective, and also its individual, phyiiolodcal aspects,-which will
be considered in the appropriate o;dei.
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APHID LIFE HISToRY

Readers unfamiliar with aphids may be helped by a general
account of the life history: though the number of exceptions is
bewilderingly great.

Dispersal is mainly by winged aphids (alatae) which often
fill the air in millions. There are in general three main waves
of dispersal during the year: in spring, summer and autumn;
each builds up to a maximum and declines, and lasts from about
I to 6 weeks. Though sexual forms occur (either male or lemale, or
both, may be winged), most dispersal is by females, which reproduce
without being fertilized and lay not eggs but small fully formed,
immature aphids. These aphids cast their skins four times before
becoming lilie the parent, parthenogenetic, viviparous adult females,
which may be winged or not. Several generations a year may be
produced. The proportion of winged (alate) to non-winged adults
usually increaseiin dry weather and as plants get older. Sexual
forms'are often produced in the autumn, and the winter is often
spent as eggs.- Some species attack a large variety of plant species, others are
confiaed to one. Some species alternate regularly between difierent
plant species in summer and autumn, the sexual generation being
iommonly found only in certain plants in the autumn.

VARIATIONS IN NUMBERS MIGRATI)iG

A slight wind delays an aphid from taking off; and highest
densities are commonly seen in calm weather. This has lead to the
hvoothesis that there is little dispersal above certain " optimum "
w'either conditions and that the amount of dispersal is iontrotled
orincioallv bv weather actins on flieht behaviour. Our results
i,nere it Jariince with this irinearly -all respects (C. G. Johnson,
r9#).

There are usually two elements in any change in numbers of
insects flying; a chaaging Popuiation level and changes in the
proportioh of a population flying due to behaviour. In a human
population the number oI people on the streets from hour to hour is
ilui to yariation in behaviour not to population change; some
insects are similar. But with aphids the PoPulation level of alatae
changes so rapidly that it swamps behaviour in causing changes in
num6ers flying even from hour to hour. It is as if we produced a
new family of immoderate proportions every time we went out lor a
bicycle riiie and took them with us on subsequent occasions; and
to irnderstand what was happening we should have to investigate
€vents at the source rather than by counting the people ir the street.
Similartv, if an insect trap is set up without care that it is near a
Drimary source of alate production it catches many species of all
iorts of ages indiscriminately, and the picture is blurred. But if
we start rt the beginning with a traP over a well-infested crop,
producing large numbers of winged aphids, a clearer picture emerges
(C. G. Johnson, 1952).' 

One of the characteristic features in the change of aerid numbers
above such a place in the summer are the two-peaks of relatively
high density, one usually in the morning, another in the afternoon;
an-d the riitual cessation of flight at night- It is not possible to
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explain this in terms of flight behaviour alone; two other factors
operate. These are the changing rate of production of nerv alatae
throughout the day and night and the permanent departure of these
insects after the first take-off. This is the real cause of the
periodicity.

The penultimate stage in alate production is the nymph: these
moult with a marked periodicity into winged, parthenogenetic
females which pass through an obligatory maturation period (from
about 6 hours to 2 days) before flying away. For an analysis of
density 

- 
change above the crop these three stages, moulting

periodicity, length oI maturation period and the flight behaviour,
had to be measured as thev occurred consecutivelv in a natural
population. This was done i-n 'l gS2with A phisJabar iir collaboration
rvith L. R. Taylor and Dr. Else Haine.

Starting very early in ihe morning, the hourly rate of moulting
was recorded on selected plants. On others all newlv moulted
alatae were marked, but wiih a difierent colour, every trvo hours:
their departure time was noted and their maturation period found
(the maturation period occupied almost the whole time between
moulting and flight). The total number marked was about 3,000
during the 2| weeks work. A suction trap gave the aerial picture;
u,ind-speed and temperature were recorded every half-hour.

The maturation period is govemed mainly by temperature, to
which it is related in a t]?ical sigmoid fashion. By using hour-
degree developmental units it is now possible to estimate the length
of the maturation period when the temperature is varying as in ihe
field. Variation in this, together with the time oi stinrise and
sunset and the temperature threshold for take-off, can be used to
reconstruct model curves of densitSr change for any day which match
with a satisflng accuracy those observed for the same dav with a
suction trap, whether they have one or more peaks. A fuliaccouat
of this process will be published shortly.

The basic pattern of flight rhythms is thus not caused bv previous
moulting rhythms as once suggested (C. G. Johnson, t g54). -Eut 

there
is a pronounced peak of moulting in the early morning, and there is
no doubt that variable moulting rates modify the shape of the flieht
curve, and we are now able to assess this. The fligbi periodiciti is
therefore largely a populatiou-developmental effeit, teatlier-
controlled flight behaviour playing a minor r6le except at the
beginning and end of the day The causes of rhythms in moultine
ot-nympls into alatae are 

-not fully understo6d: Uut thei: io8
may be due to a " piling up " of fully developed instars owi-ne to
variable rates of development. Haine (1956) has found that these
rhythms persist even at constant temperatures; it is probable too
that simitar rhythms exist in other phases of aphid iile-e.g., in
parturition.

Summing up thjs asp€ct of the work, we caJr say that the basic
causes of aerial density chaage from hour to hour'and dav to dav
(seasonal fluctuations are outside the scope of this review) over i
source of alate production are now, in the main, uaderstood for one
species, Afhis fabar; ard that, given only the hourly temperatures
and trmes ol sunrise and sunset, we can reconstruct the aerial densitw
curves theoretically. Variations on the general pattern may bL
importart, and other species need investigation to see if they igree

li
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with A. Jabae. The first pbase in the dispersal story is, to this
extent, resolved.

But the analysis I have just described deals only with aphids
flying away for the first time. It may be asked, do not all the sub-
s6quint tike-offs of the $aduatly accumulating numbers of differ-
enilv aeed aphids swamp the limited number of first fliers ? And
doed noi the bld hypothe'sis of weather-induced variation in take-off
come back into its own ?

There are several reasons why the old hypothesis cannot be re-
established: with many species flight is limited to about 2-5 days
by muscle autolysis (8. Johnson, 1953) ; the double peak often
oicurs rvell away from the source and suggests a limited degree of
6ight. Recent work by Haine (1955) has shown that while wind
deiays flight it does not prevent it, and several species of aphids can
take otr in considerable breezes (e.g., uP to 7 m.P.h. lor A. fabac);
thus, in view oI lulls and shelter in the field, wind is probably not a
verv important deterent to flight excePt momentarily.

trtoreover, because alatae production and flight is a continuous
process during the day, and ihere are more windy occasions than
ialm ones, most dispersal actually occurs in rvinds from 5 to 20
m.p.h. (C. G. -fohnson, l9 ) not in the calm as once believed.'Miiller & Unger (1954) interpret the double-peak periodicity of
catches in yeltow tray traps to variation in " alighting flight "
lBefallsfluel. This. we Ieel, is more likely to be reflection ol the
geiera[ density pattern rather than a variation in behaviour.

THr DrsPrnser oF ApHIDs rHRot'cH THE ATMoSPHERE

It is vell known that aphids reach great heiShts in the air; and
we have shown that the majority flving are usually above about
100 feet. The aerial populations are frequently of astronomical
proportions.- 

i{owever, there seems to be a general idea that the aphids in
the upper air are of no great sigaificance in the general ecology of
these'ihsects. This is &cause lt is assumed that either they die
when carried aloft or come to nought elsewhere : it is thought that
the important aphids are those few which manage to avoid these
rmf ortunate excursions.

\\-e do not take this view. Aphids do not die merely by being
carried into the upper air: these ierial poPulations are alive. And
though many of the individuals may never find irost Plants and
sun'ive to c-ontinue the race, nevertheless this kind o{ dispersal,
and the behaviour which accompanies it (upward flight at take-ofi
and subsequent flight in relation to host accePtability (see p. I98)),
is of a kind to which the whole lile and evolution of the species is
attuned. There is no evidence rvhich justifies the belief that it is a
few u'hich behave in some other way lshich are the only ones which
need be considered.

We see the whole migrating population being physicalty mixedty
turbulent difiusion high into the air and descending with variable
frequencv: and those finding the right place as belonging to this
multitudi. This section describes the events in the upper air from
this Doint of view.

.iphids are weak fliers: they become dispersed vertically and
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l-q!9ra1_1y by very slight breezes. \\here aphids are ubiquitous it is
dimcult, if not impossible at present, to foliow their lateral displace-
ment except over the sea or desert (Elton, 1925; Hardy & Ililae,
1937 ; N adley, 1931) or to obtain the decrease of densitv 6n distance
from the source. However, many problems of aerial-drift can be
studied through the vertical dispers:al. Other workers had shown
that there is, in general, a decrease of density with height (Hardy &
Milne, 1938; Glick, 1939 ; Freeman, 1945). But theii attempti to
correlate the numberat any height with weather made little proftess,
ior they did not distinguish the tbree elements determining it,
namely population, activity and the distributive process caused bv
atmospheric circulation. Some features of the frrst two har.e beeir
described in the previous section, We will now consider the
distributive process irespective ol total numbers involved.

In order to measure the vertical gradient oI aDhid densitv and its
changes it was necessary to trap ai several heiihts simultineously
up to at least 1,000 feet. The trapping periods had to be shori
(about an hour at the most), consecutive and continuous during day
and night tfuough tbe whole season. Weather records at diffireni
heights were also necessary. This has been achieved with traps and
meteorologi.al instruments on a barrage-balloon cable at Cardiirgton.

A convenient, though approximate, procedure with the dala is
to plot log aphid density (D) on log height (H). This gives a graph
rvhich can be regarded as linear for the present analvsis. - The
gradient-that iithe generat distribution 'right up thiough the
atm-osphere-is_then expressed as a single parameter, the regiession
coemcient D of log D on log fL

\\hen the graph is steep and D is large, relativelv more insects
are in the lower atmosphere: this suggests less mixirig than when 6
is small and there are relatively moie aloft, though;ther factors,
such as rates of supply and deposition, enter the picture.

By integrating this curve the total number of insects in anv zone
of the atmosphere or in the whole atmosphere can be estimated.

The change in gradient during the day
Flight starts early in the moming, and within the hour insects

often.reach treat heights, where aerial populations usually continue
to exist all day. By night-fall, however, as we have sh6wn, there
is a general decrease in total number of insects in the air (i.e., the
integrated $adient) and the a.ir is usualJy clear o[ aphids by dav-
break. This has sometimes been taken io mean thit the insecis
are precipitated at night, the same individuals having flown about
all day ; this, however, is not so. It is more rational and in accord-
ance rvith obsen'ations to thiok of a continual replenishment from
plants, a continual mixing up to hundreds or thousands o{ feet and
a continual return of insects to the earth after a relativelv short
period alolt during the day ; so that when mixing and replenilhment
die out to$-ards evening the downward componenl dominites and the
air clears-

If the atmosphere becomes stable, extremelv raDid clearances
o[ aphids from the upper air have been observed erien d'urins the dav :
so that within an hour or trvo higher altitude densities ar:e too l6w
to be measured. At the same time the fall of temperature with
height (the lapse rate) becomes less. It is not knowir yet how far
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this is a general occurrence nor how the decrease of laPse rates are
related quantitatively to the concentration of aphids at leastinto the
lower aii layers iI noi to earth. But it does suggest one explanation
for the sudden, but quite common, appearance oI swarms of aphids.

The double peak of density at crop level is often reflected in a
double peak ol total aerial numbers (the integrated gradient).
This suggests that flight is then rather limited ir duration to some-
thins le;a than the duration of a density peak-i.e., about 4 hours-
and ihat on those occasions the first flight makes a maior contribu-
tion to the daily numbers flying. But again the frequency of.this
Dattern has vet-to be measuiedLefore rve can sav horv general it is.
' Hoo"r'.rl though the aerial population in g6neral descends by
nieht-fall, it is common to observe extremely low densities high in
thi skr'. and these mav persist through the night and add up to a
vast number of insects-; 

-and 
though the majority of the day fliers

mav sometimes travel no farther than a wind of 2 or 3 hours' duration
*ili."-' them. the low residual densities appear to indicate that a
few persistent fliers mav travel much farther.' 

- 
This also is now being

put bn a quantitatise Sasis and in terms of frequency of occurrence.' \\'e think thus of a continuous upward and downward as$ell as

lateral movement, caused by mixing air masses varying in.speed
and intensitv, and causing iontinual ele\-ation and descent (some-
times to the ;arth) oI variable numbers of aphids during the daytime ;

and that it is on s6me of these aphids, not on a few whicb escape this
Drocess, that the future of the iace depends. Low-altitude concen-
irations or the chances of repeated ascents depend not onll'on the
flight behariour of the aphidi but on atmosPheric stability.

Variatiott in the gradient during the season

1948 uas an exceptionally good season; the gradient sas
measured in 2-hourlv intervals during the day and sho$ ed a strong
seasonal trend. Low values occurred in spring and summer, sug-
sestins m&dmal upward transport, with about 80 per cent of the
iohids" commonlv'above I00 ieet; very high values oi 6 rvith
,riassir-e lorvJevel concentrations occuhed in September and
October- with about 80 Per cent usually below 100 feet. Summer
aooeared to l)e a time 6I high-attitude dispersal, autumn of low
jtitude and perhaps more local spread. How is this associated rrith
meteorology ?

In eeniid. temDerature decreases *ith height, and the treater
the diff"erence the leis stable is the air- In 1948 the summer, which
was characterized bvweak aphid gradients (much upward transPort),
also had hieh laose rate (atmospheric instability) and the autumn,
with its str6ne iphid eradients, by low lapse rates. Thus correla-
iion of sradie"nts with air stability during the day (see above) is
parallele"d bv a similar situation during the season though horv
general this is has yet to be discovered.

Expression of the gradient

It is Dossible to exDress the vertical gradient for aphids (and ior
manr-other insects tob) very precisely raith an empirical equation.
Further, collaboration with-Mi. J. G. Sketlam of the Nature Con-
servancv. has Dut this on a rational basis conforming to a mathe-
matical" model' of difiusion. This work is being related to that
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published previously (C. G. Johnson & Penman, l95l) and will, it is
expected, enable gradient problems to be handled with treater ease
and precision. It is hoped, too, that tbe parameters can eventually
be resolved into meteorological and biological components.

Soue Aspecrs oF I\DrvIDUAr FLTGHT BEHAvrouR

The work on the vertical distribution of aphids has been de-
scribed in general terms: a consideration of individual species o1
aphids is in progress. Moreover, it has been considered {rom the
collective aspect, and this has its limitations---e.g., rn aeial fot'ul,a-
,ioz can persist during the day, though the individuals which com-
pose it ma5'be constantly changing. A persistent aerial population
does not imply persistent flight; for it it may be composed of
difierent individuals, some taking ofi as others alight. It is
necessary therefore to consider the flight of individual aphids, and
especially the factors influencing its character and duration, and the
ability of aphids to take-ofi repeatedly after the first alighting.

During the last three years much work has been done, especially
by Bruce Johnson, on the relation between flight activity and host
selection; and on the behaviour oI aphicls after flight. New and
interesting lines of work har.e been opened, and it is impossible to
do them justice in this space.

A phis fabae taking off for the first time frequently flies more or
less upwards, usually until out of sight; this behaviour is probably
common with many species, though little appears to have been
published on it. So strong an upward flight does not appear to be
the rule after some subsequent take-ofis, though this needs investi-
gation. Although usually attributed to phototaxis, convection
currents (which need be very gentle), the flight attitude and wing-
beat character may at times influence upward flight, apart Irom the
effects of light. Aphids thus, at least on the first flight and probabty
on subsequent ones too, usually reach regions where they are carried
by the wind.

The mean and maximum duration of flight, and hence the
frequency of different distances traversed, are unknown for any
species. As suggested on p. 196, the majority of aphids in the air on
manv occasions are probably Iimited by air conditions or their onn
capacity to a flight of something much less than 4 houE, though a
small proportion may exceed this. Duration and proportion wilt
no doubt vaqz greatly, and will no doubt be afiected by temperature,
humidity and light intensity.

Tethered flight oI new aphids on pins, of up to 8-12 hours uith
some species (C. G. Johrson, 1954),cannot safelybe taken asindicating
the duration of first flights in nature. For apart from the possibility
of abnormal stimulation (8. Johnson, 1955) preliminary experiments
with flying aphids on a counterpoise indicate that, though the wings
may continue to vibrate, the amount of lift necessary to support the
weight of the aphid in free flight diminishes, often within the hour.
The problem of flight duration and distance in nature is extremely
difrcult to analyse; Ior individuals cannot be followed and the
duration oI populations in the air is not a guide to the dumtion of
individual flight (p. r95).

Nevertheless, prolonged journeys of hundreds of miles out to sea

I
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have been recorded (p. 196), which indicate that some individuals
remain, if not in lull and continuous flight, airborne for many
hours. The 800 miles recorded by Elton (1927) Ior spruce aphids
could, according to the numbers he saw, have been made by poputa-
tions in very low densities comparable to those " residual densities "
often seen at high altitude overnight at Cardington, a persistent
whisp, so to speak, of the main migration.

Eventually the aphids return to the lower air (Befallsf.ug ol
Itloericke (1955a) and Miiller & Unger, 1952). It is possible, though
not proved to be usual, that the aphids often seen flying about more
or less horizontally, at crop level or slightly higher, in calm weather
have recently experienced a fairly prolonged flight (pp. f95-6).

Eventually they settle on plants staying for periods from a few
seconds to an hour or more or even permanently: during this time,
even if it is short, they may probe, Ieed or even deposit young. Or
they may do none of these things, but fly ofi again. This variation
in behaviour in relation to flight is a mal'or problem today.

Yellow tray traps 2 or 3 feet above ground level and away from
a primary source of alate supply often show the double peak of
numbers caught during the day. This has been interpreted by
Moericke (1955a) and Miiller & Unger (1952) as variation on
" alighting flight " induced by weather Iactors. There is no doubt
that aphids flying in the lowest air layers are afiected by weather :

and that different species shor,r' a vertical stratification at times
(Broadbent, 1948; Iliitler & Unger, 1952). But the assessment of
individual behaviourwith instruments which also measure population
changes is a risky procedure (p. 194), especially when the instrument
itsell exerts such an effect on flight (Moericke, 19550; Eastop,
1955).

Flight itself appears to be more than a mere method of transport :

Bruce Johnson (1954) has shown that flight, under experimentat
conditions and possibly also in nature, is a necessary precursor to a
change in behaviour leading to acceptance of a plant. Thus the
plant on which the aphid is bred is unacceptable to a new alate
aphid (Moericke, I955a, B. Johnson, 1954), and aphids in general
preler young and senescent leaves to mature ones; indeed, host
choice may be more a matter of leal age than of difierence in plant
species (Kennedy, Ibbotson & Booth, 1950; Kennedy & Booth.
l95l). For example, if a r:.ew A. fabae is allowed a very short 6rst
flight of about 20 seconds duration it will accept a plant which
before the flight it v-ould reject. The more prolonged the flight,
the wider the range of maturity in leaves will the aphid accept, and
the longer it will stay on a leaf (B. Johnson, lg55).

It is possible therefore that the acceptability in this respect may
be changed by the duration of flight in nature and that aphids
descending, e.g., at the end of the day, or at night after a flight,
especially iI in lor*'light intensity, may accept a wider range of hosts,
and even refuel on non-host plants, than they would during the day-
time or after short flights. This may have important efiects.
For the acceptance of a host long enough for young to be deposited
marks a turning point in the life of many aphid species. After
parturition, in some species the flight muscles are autolysed, the
capacity to fly disappearing after a few days: in others autolysis
begins before parturition (8. Johnson, f954). In still other species
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the flight muscles do not autolyse and the insects are able to fly
during several weeks (Haine, 1955).

Thus the acceptability of a host and the flying li{e of an aphid is
intimately associated with the act of flight. There is evidence,
however, that the stimulation of handling in the laboratory also
affects the relation of flight to host choice and that in nature the
effects of flight may be somewhat different from the description
given above. Nevertheless. it is ciear that host sele€tion and activity,
whether by flight or other forms of stimulation, are closely linked.

The acceptability of a host and the state of the aphid and the
conditions of light and weather decide if the aphid will make repeated
flights from plant to plant once in their vicinity; but little is
known of this in the field. How long this kind of flight can continue
is conjectural: B. Johnson (1955) produced evidence that the total
flight capacity may be lengthened by repeated feeding between
flights, and bean aphids are known to visit dif{erent plants repeatedly
in nature (Miitler, f9$). Myzus persicae is notoriously restless in
this uay, and other species deposit young and fly away. Aphids
pass out of the accepting state and then require more flight before
regaining it (B. Johnson, 1955). Neither is it known if the quality
of flight is changed in the early stages of muscle autolysis. These
aspects of flight, especially the mechanism of repeated host visita-
tion, are of direct signiicance to understanding how aphids spread
viruses and perhaps why some are more important pests than others.
Most work has , however, been done with A . fabae , and other species
need study along similar lines.

Thus such questions as " How long does an aphid fly ? " or " Hor'
far does it travel ? " cannot be answered simply. Neither can such
questions be answered comprehensively unless in collective terms as
well as in those of individual behaviour. For to variation on the
part of an individual at different times is added the variation be-
tween different individuals: and for ecological and epidemiological
purposes the questions should be reframed thus: " lVhat is the
r-ariation in flight duration between difierent individuals and what
proportion of these fly for the difierent times ? " " What proportion
of aphids reach varying distances from a source ? " So, in questions
of aerial distributions we must ask " What proportion of an aerial
population returns to earth (or near it), once, twice, three times, etc.
in a given period during the day ? " These questions cannot yet be
ansrrered precisely; but we are proceeding in the direction, in
terms of the individual and of the crowd, which I think will enable
ans\1'ers to be given.

DTSPERSAL A\D THE Co\TRor or Bres Aplrrs

A very moderate in{estation of A. fabae has a serious efiect on
the yield oI field beans: by the time colonies are obvious without
close inspection, much damage may be done (Judenko, C. G. John-
son & Taylor, 1952), Moreover, the treatest rate of population
increase occurs in the early stages of in{estation before colonies are
very large (unpublished data).

It is therefore rational to begin control measures before the
infestation becomes obvious to a superficial inspection: that is, as
soon as the migration has ended (C. G. johnson (part author), 1952),
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or y,ith a p€rsistent insecticide before this. Spectacular contro
has been carried out along these lines by Way, Smith & Potter (1954).

The duration of migration is itself very variable, and may occupy
I week or 4 or 5 weeks in diflerent years : and with the known efiect
of wind on dispersal and the commonly observed " edge infesta-
tions " on beans it was worthwhile to attempt to correlate wiDd
direction with infestation pattern (C. G. Johrson, 1950; Taylor &
C. G. Johnson, 1954). We found that often the windward edges
bore a heavier deposition of migrants; and often also a heavier
colony growth which it is plausible to suppose was due to the
delivery of more migrants on the windward side. But there are
sometimes more colonies near trees and hedges irrespective of wind
direction and number oI migrants deposited. We have found
recently that very small temperature rises above the developmental
threshold, especiaUy between 16o and 21" C., increase the rate oI
development by more than twice compared with a similar temper-
ature rise above 2l' C. : it now appears to be worth while to study
the rate of colony $owth in relation to microclimates in sheltered
compared with exposed places in the crop as well as to deposition oI
migrants.
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THE HATCHING OF
CYST-FORMING NEMATODES

By

D. \\'. FrNrvIcx

The genus Helerodera contains a number of species of c1'st-
lorming plant-parasitic nematodes. They are highty specialized
morpholcrl,ically and biologically, and one of their adaptations to
parasitism is their selective response to substances which are pro-
duced by the roots of host plants and which are generalJy referred
to as root diffusates. Before considering the work of the
Nematology Department on this subject it is opportune to sum-
marize the life history of a typical member of this genus. Soil
in{ested u'ith flerercdera spp. contains round or lemon-shaped bodies
known as cysts about ! mm. in diameter and brown in colour;
these c]rsts may contain up to 700 eggs, each of which may contain
a lan'a. In the absence of host plants lari'ae emerge onl]' sloral)'-
in the case oI the potato-root eeha'orm Hetcrodera rcslochiezsls \Yoll.
about 40-50 per cent in one year; the cysts can therefore remain
infestive lor several years. Nhen a host plant is present diflusates
produced by the growing roots stimulate the larvae to emerge
iapidly'-u'ith the potato-root eelv'orm up to 80 per cent of the
contained lan ae emerge from c)'sts in the vicinity of plant roots in
the first few weeks of the plant's life. FolJorving Penetration of the
roots, development of the lan'ae results in the production oI a new
generation of flask-shaped lemales which protrude from the roots
as $hite, rounded bodies containing large numbers of eggs. They
lose their rvhite colour and become brown, the body hardens and
dies, the dead body acts as a protective envelope for the riable eggs
and later becomes detached from the roots to lie freely in the soil.
This is the cyst stage referred to above.

Hatching from beet-eelworm cysts (Helerodera schachtil Schmidt)
rvas shown 6y early German rvorkers to be stimulated by diffusates
produced by the roots oI host plants. Trifitt (1930) investigated
this in detail. \\'orking \trith H. rostochiensis, she concluded that
potato roots would produce a diffusate capable of stimulating lan'al
imergence only as long as root growth was actively occurring;
the stimulatory factor \i as heat resistant and active in high dilu-
tions; its breakdown was rapid under non-sterile conditions.
Triffitt also confirmed the findings of Morgan (1925) that the
diffusate from mustard roots Nas antagonistic to potato-root
diffusate and did not stimulate potato-root eelworm; the substance
sas present in shoots and, unlike potato diflusate, \\'as comPara-
tively stable undcr non-sterile conditions. She also rePorted a
dormancy period during the winter when lan'al emergence was
extremell'slow. ln later papers (t932, 1934) Trilfitt presented data
shor.r'ing that certain grasses produced diffusates rvhich stimulated
the haiching of potato root eelu'orm. Franklin (1937) detected
the same effects u ith diffusates of \r hite mustard and 1'ellorv maize.
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Our present urderstanding of the problem throws considerable
doubt on the reliability of a great deal of this work, which was based
on the assumption, now krown to be erroneousj that all cvst-forming
species of Hitercdira were biological strains oi ueteriiii ";i;;ii;1tire very high levet of variabitii'y exhibited by eelworm.vrti, 

"ndthe absence of sound statistical design, make ia difficult to assess the
validity of the fndings. The main conclusions to be drawn appear
to be that root difiusates can induce the emergence of larvae fiom
cystsj their action is specific, i.e,, a given species of eelworms can
only be stimulated by difiusates from certain plants.

\'ork carried oul in the Nematology Dipartment on larval
emerg-ence ot.Heteroderq roslochiensis can conviniently be divided
into three ma.in sections :

(a) The development oI satisfactory techniques Ior the conduct
of hatching tests.

(6) An examination of the factors influencing hatching in the
laboratory and in the 6eld.

(c) An attempt to etucidate the chemical nature of the active
principle in potato-root difiusate.

Techniques

When hatching tests were commenced it was found that a number
of factors rendered their conduct very difficult : the number of eggs
per cyst within any population was very variable, which resulted-i"n
tests being subject to large and unpredictable errors: cysts from
different populations difieied considirably, both in egg coirtent and
also in their response to hatching stimuli, so that it w-as difficult to
obtain results capable of generalized application. Nothing was
kno\rar about the " quality " of the diffusate used. since the mithod
for its collection was not amenable to rigid control, and the chemical
constitution of the active factor was unknown.

Preliminary investigations inr-olved isolating the larvae hatched
from single cysts, for this a new slide uas desigred (Fenwick, I94i|)
as a refinement of the single-cyst technioues of Gemmelt gtl{)i
and Ellenby (1943). Using-thii slide, 50 cysts could be accoinmol
dated individually in glassiups on a 6 v glqrn. glass plate. Usine
cysts from a number o1 populitions and exposing" them individualli
to difiusate drawn from a single bulk stock, lt was possible t-o
investigate the variability exhibited within and between different
populations. The results of these inr.estigations (Fenwick. lg49)
showed that iI batcbes of t00 cvsts tere used as uirits in hatchine
tests a basic minimum erlor of +10 per cent was to be expected. "

The use of units of this magnituile introduced new or'oblems of
technique, the most important of rvhich was the coun'ting of the
thousands of larvae produced. Tu o modifications (Fenwick", lg5lc :
Peters, 1952) of the McMaster slide (Gordon & \\rhitlock. l9B9)
enabled this to be done by dilution. To overcome the tedium andl
labour in setting up replcate batches of cysts, a weighins technioue
(Fenwick & Reid, 1952) and later a suiking tech"niqui (Hesliire.
1952) were developed. The use of either of ihese -"ihodi ir, .ofi-
junction with the mechanical purification methods develooed bv
Hesling (as yet unpublished) have made it possible to conduci
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hatching tests on a larger scale than could previously have been
contemplated.

The investigations of Elizabeth Reid (afterwards \Yiddowson)
into problems of production and stora6e of root difiusates have led
to a more standard and reliable product which can be preserved for
several months with little loss of activity.

A difficulty associated with hatching tests has been the fact that
larval emergence in the laboratory is a protracted business occupying
up to 3 or 4 months. Preliminarv investigations into the form of
the hatching curve (Fenwick, 1950a) showed it to be sigmoidal in
character when hatch was plotted against log time. Use was made
of this relationship to forecast, at the end oI 10-12 days, what the
final hatch would be (Fenwick, 19516). Although this shortened
the total duration of a test, the need for daily counts during this
period increased rather than decreased the total labour required on
a test. Later work has shown this labour to be unnecessary, and it
is now standard practice to run a test for 21 days, the hatched lan ae
being counted at 7 and 2l davs. By this method 85 per cent of the
hatchable larvae are recor.ered.

In any hatching tests, t\lo classes of larvae are recogaizable-
those t'hich hatch and those rvhich do not. The former are couated
rvhen they emerge, but the latter are frequently of equal importance,
and it is olten necessary to estimate them quantitatilely. Two
techniques Ior estimating the unhatched lan'al content o{ cysts have
been developed (Reid, 1952 and 1955) and are o{ great importance in
potato-root eelworm research; the]' form the ba.sis of the egg-
hatching experiments referred to later, and are in general use for
infestivity investigations outside Rothamsted.

As a result of the development of the above techniques it has
been possible to Iay down standard hatching procedures giving
results of predictable accuracy: even so, a very high degree of
replication is necessary iI a reasonable degree of precision is to
be obtained. In hatching tests conducted by the writer over
several years, using weighed batches of 150-200 cysts in five-fold
replication, the overall errors har-e been of the order of +20 per cent-
This has been shor-n to be due, primarily, to the variability in the
egg content oI individual cysts. A new technique has been de-
veloped in which eggs, after removal from the cysts, are exposed to
the action of diffusates. There is every reason to believe that the
errors resulting from cyst variability can be sigaificantly reduced by
this method, with a substantial saving in material and efiort.

The " dormancy period " experienced b], Triffitt, when hatching
was very slow, has been investigated, and techniques halr been
described (Fenwick & Reid, 1953) for the storage of cysts, which
have enabled hatching tests to be conducted throughout the ]'ear,
with no apparent diminution of hatching in winter.

The techniques so far described have all been concemed with
measuring and reducing the errors resulting from the variability in
egg content ol Helerodera cysts. Variations in potency of natural
diflusates are of equal importance, and a technique has been
developed for standardizing a given sample (Fenwick, 19526). Ii a
sample ol diffusate be diluted in a logarithmic series, larval
emeigence in each successive sample decreases in a linear manner.
It was found possible, bl plotting a cun'e, to calculate a
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" threshold " value of concentration beyond which a sample o{
diffusate was inactive. A stren8th oI I arbitrary unit o{ concentra-
tion was ascribed to this " threshold ", and original concentration
was expressed in terms oI it-i.e., if the " theshold " for a sample
corresponded to a l/1,000 dilution, then the strentth of the original
sample was I,0O0 arbitrary units. In practice a ne$' term was
used-the L.A. value (the logarithm of the concentration oI the
halching factor)-which was proportional to the hatching abilitv of
a given sample of diffusate. L sing this techn ique. it has been possible
to secure bv dilution di llusates of known L.A, values and to measure
ouantitativelv root-diffusate Droduction and breakdown.' All the eiperiments so fai described have been carried out on
apparently " normal " cysts as recovered from naturally in{ested
soil, i.e., they have not been treated with nematicidal {umigants.
As far as the writer is arvare, the relatonships so far mentioned in
this revierv have never been tested on cysts exposed to nematicides.
This point is worthy of emphasis, since many workers have sought
to utilize hatching responses as a melhod ol estimating kill following
nematicidal treatment. In the absence of data sho$ing the effect
o{ chemical pretreatment on the parameters of the hatching dilution
curves, interpretation o{ these workers' data is at most conjectural.
Even if the same or nerv relationships for hatching can be applied to
cvsts treated rvith nematicides, the " hatchability " of larvae may
not be synonl.'rnous uith their " viability ". To regard the results
of hatching tests as more than a mere indication of liability is an
uniustified-assumption. A thorough investigation into the relation-
ship of hatchability to riability is an essential preliminary to the
use of hatching tests in nematicidal work.

Laraal emetgence in lhe laboratory and in the feld,
Diffusate for hatching tests on Il. /osrocllezsrs is usually obtained

Jrom potatoes grown in 6-inch pots of 3: I loam and sand, and
knowledge is now available of some of the factors influencing its
production. Elizabeth Reid has carried out experiments on the
ielationship of the age and variety of potato and tomato plants on
root-diffusate production, and has investigated the efiect of infesta-
tion lr.ith potato-root eelworm on root-difiusate production. Her
s'ork indicates that root-diffusate production is closely correlated
\yith rate of increase of root Browth measured by weight : total root
rveight plals a subsidiary but significant part. ln the case o[
Dotttoes, djHusate production is at a ma-rimum 5-6 weeks after
planting, and this id the period of maximum rate of Srouth under
experimenlal conditions. A large number of potato t'arieties has
been tested, but there is little evidence of marked difierences in
the potency of the difiusates produced. Comparisons between
potatoes and tomatoes showed that in the early stages of Browth,
aiffusates from the latter were less active, but in older plants
difiusate production in both was comparable; as potatoes require
less attention than tomatoes, they are more suitable plants for root-
difiusate production. Increased root-difiusate production resulted
\shen potatoes were exposed to a low to medium rate o[ infestation
uith eilworm, which stimulated root proLiferation. Hearl'attacks
stunted root growth and reduced the production of diftusate. Root-
diffusate production appeared to be a function of growth. Etizabeth
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Reid has shown that root diflusate is produced equally well in soil,
in sand with the addition of a plant nutrient or in sand watered onJy
with distilled water: in the Iast case, however, production was no1
maintained for so long.

Root-difiusate production by plants other thar potatoes and
tomatoes has received attention. J. J. Hesling has repeated the
work of Triffitt and of Franklin on the effects on 11. rostochiensis oI
root difiusates of Gramineae. Fourteen species of grasses and five
varieties of cereals were tested. Diffusates collected after three
weeks growth did not stimulate the hatching ol E. rostockiensis.
He also compared difiusates produced by Sol,anum and.igenam. ftz,
and Buk., Solanutn denisstutr, Lindl. and potato. All three species
produced active diffusates, but as no account was taken of root size
or growth rates comparisons among them were difficu1t.

Investigations by C. C. Doncaster showed that the nightshade
Solanwn nigrum L., which is not a host of potato-root eelworm,
although it can be invaded, produced a very active diffusate. In
the presen.e oI even Iight inlestations, diffusate production in young
plants was reduced, but this efiect \r'as not so marked wjth oldei
plants. Experiments on trap-cropping with this plant gave dis-
appointing results.

Doncaster (1955) has also worked on the hatching responses
of Heteroderc cruciferae Franklin by diffusates producCd by
sprouts, s\r'edes, rape kale and mustard. They are all active,
although mustard is less so than the other three. There is no
evidence that the addition of mustard diffusate to the others has anv
inhibitory effect. He finds that the hatching curves for these
diffusates are sigmoidal and that their dilution curves are similar to
those for potato-root diffusate.

Attempts by J. J. Hesling to obtain a difiusate which stimulates
the hatching oI Heteroderq major (O. Schmidt) have been un-
successful.

Experiments on the factors influencing the hatching of II.
rosloehiensis in the laboratory have been carried out (Fenwick,
l95la). Presoaking of dry cysts lor 7-12 days in tap water before
exposure to root diffusate increases the rate oI hatching, but has no
effect on the total number of larvae emerging from reptiiate batches
of cysts. A constalt temperature of 25'C. appears to be the
optimum, but 30'C. inhibits hatching. \\'ithin wide limits larval
emergence is not influenced by the volume of diffusate used nor by
the number of cysts in that volume. Direct sun Iight inhibits hatc h'-
ing, and this efiect is permanent: cysts havinR been exposed to it,
still do not hatch when transferred to the dark: diffused tisht is
without effect. Hatehing is uraflected by pH between 3.2 an-d 8.1.
Hesling has found that if cysts of different sizes are exposed to
potato-root difiusate there is a tendency Ior larvae to emeige from
smaller cysts more readily than from the larger.

The hatch in water varies between the different species of
Helercdera. ln H. rostochiensis emergence is very low, but con-
siderable spontaneous hatching can occur in the case ol H . crwciferac,
H. lrilolii and H- schachlii : H. gbtlitgiana and H. naior d.o not
normally hatch in ra'ater. The hatctLing ol H. majoi has been
investigated by Hesling, who found that it occurred in spring and
summer as a result o{ a rise in temperature, the effect of which lasted
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6-10 days. Hatching {rom the cysts of. H. major wu inhibited by
drying. \Yhen cysts were exposed to different relative humidities
he found that those exposed to R.H. 98-l0O per cent " hatched "
equallv u-ell as cysts whic h had not been dried. Exposure to R.H.87
per cent and lower iniibited hatching for a considerable time.

Larval emergence in soil and sand has not been investigated in
such detail as it has in fluid media. J. J. Hesling found that hatch-
itg of. H. tostochiensrs in sand saturated with root difiusate was very
similar to that obsen'ed in watch-glasses-the hatching curve was
sigmoidal and its parameters did not difter substantially from those
in fluid media. Other work on this subject has been done by
Elizabeth Reid. She used shallow seed pans 12 inches in diameter
filled with damp sand rvhich had been uniformly infested with
potato-root eelworm cysts. Known volumes of root diffusate were
added to the centre oI each pan twice daily for 8 rveeks. After
this time the larval content of cysts near the application point had
fallen by 80 per cent, compared with a fall of 40 per cent near the
perimeter.

Fenu'ick (19506) investigated the effect of root difiusates Irom
different varieties of potatoes in natural infestations of cysts on
three difierent soils. In the absence of difiusate larval emergence
over a season was about 50 per cent: in the presence of diffusate,
8i per cent of the larvae emerged. There was evidence of differences
in response to diffusates from different varieties of potato and in the
response of cysts from different localities to a single diflusate.

Hatching of. H. major in soil under natural conditions has been
shown by Hesling to occur at a steady rate lrom March to July during
rvhich time about 50 per cent of the cyst contents emerge. After
July, hatching is considerably reduced.

Interesting results have been obtained by comparing hatching
from free eggs of 11. roslochiensis with eggs within their cysts. The
general relationships rvere similar in both cases: the hatching curve
rvas sigmoidal and the dilution curve was linear, although in general
the rate was slightly laster in the case of Iree egg hatching. An
interesting efiect has been observed as a result of presoaking experi
ments. Eggs from clsts presoaked in water for 7 days hatched
faster in root diffusate than those from dry cysts. If eggs from dry
cysts were soaked, soaking appeared to inhibit subsequent hatching.
This u'as the case whether particles of cyst wall \,!'ere present during
soaking or not merely squashing c1'sts before soaking \r'as sumcient
to inhibit hatching of eggs. Soaking ol whole cysts for as little as
I hour counteracted this efiect. No convincing hypothesis has been
advanced to explain this curious result.

A {actor which must influence larval emergence in soil is the
degree of persistence of diffusate- The stability of potato-root
difiusate under storage conditions has been investigated bv Elizabeth
Reid : she has confirmed Triffitt's findhgs that at room temperature
it breaks down fairly rapidty; at 0 5'C. no appreciable loss in
activity occurs over 12 montbs.

Fenwick has investigated its breakdown in soil. In a naturally
infested heary loa.m, breakdown was very rapid-90 per cent of the
active principle was lost in 4-6 days, and the efiect of a single
application on the egg content of cysts was very small. \\rhen
root difiusate was applied to horticultural peat, clay, sand and
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gravel its breakdop'n in peat was less rapid than in the other three
media. \Vhen repeated applications of root difiusate were made to
soil the breakdown of later applications was more rapid than of the
earlier. Breakdown in partially sterlized soil was less rapid than in
unsterilized soil. The author believes that in soil, breakdown is due
to the action of micro-organisms which utilise root difiusate as a
substrate. The results of these experiments cast considerable doubt
on the practicability of using root diffusate as a method of eelworm
control; it would appear unlikely that root difiusate can persist in
soil long enough to have any appreciable effect in causing larvae to
hatch in the absence of a host plant.

C h emi c a I i nt: e sti gali ons

In l95l a project for research into the chemical nature of the
potato-root eeh,r'orm hatching factor was financed by the Agri-
cultural Research Council to be carried out jointly at Reading,
Cambridge and Rothamsted. At Reading, Professor R. H.
Stoughton Brew potatoes in order to produce the active difiusate ;
at Cambridge, Professor Sir A. R. Todd and his collaborators
worked on the analysis of the active principle; at Rothamsted, the
Nematology Department undertook the assay of " fractions "
produced at Cambridge.

Preliminary isolation oI the factor (Johnson, lg52) was accom-
plished by adsorption of the active principle lrom crude Ieachates on
animal charcoal which was subsequently eluted with aqueous
acetone. The hatching factor was fourd to be relatively stable
behveen pH 2 and 7, but was rapidly deactivated at pH 8 and over.
It v'as acidic, of low molecular weight and probably contained a
lactone group. Treatment of the active brucine salt with acid
followed by exaustive extraction with ether gave an acidic resil,
active at concentrations of I x l0-? to 1 X l0-8 and the name
" eclepic acid " was proposed, Because of the heavy losses of
active principle involved in this process. physical methods of puri-
fication were examined. Extraction ol the crude concentrate $'ith
ether proved uselul, as also did partition chromatography in silica
gel buf{ered at pH 6. Titration of the product indicateil an equiva-
lent of 250-290; there was evidence of at least one double bond in
the compound, and an approximate formula of CrrHr"O, rvas
proposed.

Armitage (1955) attempted concentration by vacuum distilla-
tion. Phenol extraction of the product resulted in negligible
recovery of the active principle. He then resorted to ion-exchange
techniques. AIter prelimina4r passage through a cation-exchange
resin (Zeokarb 225) the activity was retained on an anion-exchange
column (Deacidite FF) and recovered (rom this by elution wi[h
3.rV-HCl: the product had considerable activity, but phenol
extraction of it resulted in considerable losses, Papei-strip
chromatography of the organic acid fraction using a z-butanol-
water-formic acid developer disclosed six acicls. All attempts to
obtain a solid derivative failed, as also did attempts to separate the
water-soluble organic acids, whether by counter-current distribu-
tion, ion-exchange chromatography or partition chromatography.

After Armitage's departure from Cambridge in August 1955 the
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joint work with Cambridge and Reading ceased, but a series ofjoint small-scale experiments was commenced bv D. W. Fenwick
and G. N. Wiltshire at Rothamsted. As a resdt 6f cation exchange
by charcoal adsorption and acetone elution, these workers reducid
the dry weight of substances to 0.5 per cent of the original, with
only a small loss of the active factor ; this corresponded tda purifica-
tion factor of X 184. Further work on this is in progress, birt is not
as yet far enough advanced for comment.

This review is a summary of the work carried out in the
Nematology Department, Rotlia.msted. Valuable research is being
carried on-it seieral other centres, but there is noi ip... io a"..iiUE
them in this review.
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7. ENERso:{, lV. W. (1956). S}'nthetic soil conditioners. Jf- dglir.
Sci., 47, ll7.

The ability of !'a ous high polymeG to stabilize soil crumbs has beea
investigated using the sodium saturatioa technique. The soil used came {rom
two plots on the Rothamsted classical 6elds, Barnield aad Hoosield, u'hich
havt received no I€rtilizer, either organic o! inorganic, lor 80 years, but
'whereas the former contairs free C-aCOr, the latter is ecid. The pol).mers
tested were polyviryt alcohol, sodium algitrate, a \'inyl acetate-maleic acid
co.polymer, polyacrylic acid and a dextraD. It was necessary to add 0 2-
0.5 per cent weight of the polymers iD solution to tbe calcareous soil to produce
crumbs of maxiEum stability, i.e., trot dispersing i-n distilled water. The
alginate, however, was eflective ooly if the crumbs were first sodium saturated.
With the acid soil, the amoutrt oI pol,'vinyt alcohol necessary for maximum
stability ll'as slightly reduced coEespoodint to the lower clay conteDt oI the
soil, whercas onlv oDe-tetrth the concentratioo of the maleic acid co-Polymer
was iequired. Sodium alginate had no ellect on the acid soil.

From the swelling pattem oI the Na-satulated crurEbs in dilute salt solu-
tiotrs it \r?s inlerred that the tron-ioDic Irclymers, polyvinyl alcohol and the
dextran form int€r-lame[ar complexes, whereas the carboxylated polymers
are ioined to the edge laces of the crystals. The presence of divalent catiofls
is unnecessary for this edSe liokage, as the polymers are equally efective
when sodium ions ooly are presert. It is sugtested that the polymers lolm a
series oI hydroten bonds with the exposed oxygen and hydroxyl atoms of the
octahedral layer- Since th€se atoms have a greater tetrdency to co-ordinate
a hydrogm ion as the pH is lowered, the calbox!'lated pol,'mers would be
expected to be more efiicient on acid soils.

A simpli6catioD oI the sodium saturation technique Ior the evaluation oI
potential soil conditiotrerc is 8ivetr.

8. EMERSoN, \v. W. (f956). A comparison between tbe mode of
action oI organic matter and synthetic soil conditioners in stabilizing
soil crumbs. J. agric. Sci. (In the press.)

S)'nthetic soil crumbs stabilized by the additioD of small quaatities of a
poly;er, at1d natuBl soil crumbs from'old grassland, have been ;xtracted with
neutral sodium pFopho+hate and alkali and the strentths oI the crumbs
compared belore and after €xtraction, usinB the sodium saturation techBique.
Thrce polymers {ere used: pol}.vinyl alcohol (a non-ioaic polymer), sodium
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alginate and a vinyl acetate-maleic aDhydride co-polymer (Vama), the latter
both carboxylated polyEcers. P,,rophosphate was able to displace the car-
boxylated polt.rnerc from the synlhetic crumbs, but not the stabilizins kactiotr
of the organic matter ftom thi grassland cruDbs. O.5N-NaOH Dr-oduced a
Euch greater reduction in the sti,engtb of the alginated keated cr_umbs com-
pared with Vama cnrmbs, E_hich is attributed to the weaker hydropetr bonds
formed by the former. Prolonged leaching with alkali removed'a coisiderable
part ot the stabilizing orgaDi-c matter i-n the grassland crumbs. Neither
method of extraction afiected the stability of the-polyvinyl alcobol crumbs.

It is concluded that the grasslatrd crumbs are stabiiized by the {ormatio[ oJ
interlamellar complexes with the clay in the crumbs, aDd irobably that the
substance Iorming the complexes is a polymer and containslmino-|roups.

EvideDce is also given that phosphate iotrs and the carboxylated-polj,mers
are attached io the same maDner to the edges oI the clay crysials. -

9. LoNG, I. F. (1956). The dilect evaluation of psychrometric data
from dry- aDd vet-bulb recorders. "/. Sri. hsr. -8ii. 

(ID the press.)

10. MoNrErrH, J. L. (1956). Evaporation at \ight. \'erh. .1. ag/ic.
5.r. (In the press.)

Djrect measurements oJ evafroratioD {roE a short grass surface are com-
pared \iith humidity gradierts in thc grass. At nighi whea the air in the
cover is unsaturated, evaporatiotr takes place by tbe aidusion of water !.apour
from the soil surface throu8h a thin air layer iD which the transfer coeftaieot
is seldom greater thao twici the ooleculaf value.

ll. PENMAN, H. r., (1S55). \\'eather and laflning, 19b1. Zualt.
J. R. mct. So.. 81, 50t.

1054 weather was most marked in its grievous intederence with soit
maDagement aDd crop husbandry. Farmiog-skill and energy succeeded iD
doroS much to couDteract this, so much so that final lelds were generally
above average. Tbe weatber geDerally retarded growth and eniouraqel
funtus diseases, so reduciDg quality. Some of the e8acts of lgE4 weather riay
appear in 1055 crops.

12. PENMAN, H. L. (1955). Evaporation from Lake Eyre. In:
Lahe Etre, Soulh Australia. The Grcal Flooding 0I'1949-50,
(RoJt. Geog. Soc- A stralasio, Adclade), pp. 57-61- -

Computed values of evaporatiotr, based oD weather data fo! October lg5o
to December l95l Rive a totat oI 105 inches Ior 14 months, raagiDg Irom
1.5 inches in June to l3 inches iD JaEuary 1951. Direct measure lba-sed on
some eye observatioDs) torals 190 inches Ior tbe same penod.

13. PENMAN, H. L. (1956). Estimating evaporation. Tlans. Amer.
geoph. U|t., 87, 43,

The physicr.l basis lor computing Frotential traDspiretion Iate from weather
data is outlined. Such computatio[s have {ormed the basis of successlul
experimetrts iD irritation coDtrol, aod with suitable modifrcatiotrs, have beeE
applied with some success in studies of the water balaDce of catchment areas.
Applied to two classical American watershed studies, the treatment suggests
that some of the Coweeta results may treed recoasideBtioD.

14. ScHoFrErD, R. K- & TA].LoR, A. W. (fgES). The measurement
of soil pH. Soil Sci. Soc. Arncl. P/oc- l:g, 164.

A number oI experimental resulls arc presented yrhich show the variation
ol_the pH valles olseveral soils when sariptes oI each are shaketr with CaCl!
solutions of difierent concentratiotrs.

These results are the! interpreted on the basis of the Btio 1an - derived
from the Gouy theory of the electrical double layer-aDd it is shown that thepl{ y4!.s- and electrolrte coDcentratioos sho; the expected relationship,
provided the latter is trot too large.

The importance oI the connection between pH aod electrollte concedtra-
tion itr theioutiae measurement oI s,oil pH is em'phasized, and idis poitrted out
that such measuieEeots must be carried out, uainq atr el€ctIollte'solution of
knowo composition iD order to obrain comparable r:esults from ilifieretrt soils.
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It has be€n found that 0 olM-CaCIr is the most satislactory for use itr
normal DoD-saliDe soils where lhe surface density of electrical cbarge otr the
colloidal material is high aDd indep€Ddent oI lhe solutiotr comPosihoo: this
electrolyte coDcentrati6n is such ihat measuremeDts made with tle usual
glass electrode/saturated calomel cell give accurate aad rePmducible values
;hich are largely iDdependetrt of the soii/solution ratio, aDd are y€t su6cieDtly
dilule to alloi isatisfictory calculation of the " lime potential " characteristic
oI the soil sample.

Chemistry Department
15. CooKE, G. W, (f964). Recent developments in the use of

fertilizers. Agric. Progr. N, lLO.
The changes h fertitizer consumption in the Utrited KinSdom {rom l9l3

to the presenl tide are described. Fertilizer efficietrcy Eay be itrcreased by
using tEe results otsoil analysis aDd by applyiog placemeDt methods. Curretrt
tertilizer practice is discuased in relatioD to the improvements which are
possible in maDuring utrder various systems oI far ing.

16. CooKE, G. \\'., & \\'rDDowsoN, F. \'. (1955). Fertilizer placeEent
for arable and herbage crops- Hetb. Abslr. E, 233.

A general account of the benefts ol fertilizer placement Ior cereals, row
crops,-horticultural crops aDd herbage crops. An account is also given oI
Iert-ilizer piacemetrt research io other European coutrtries.

1?. CooKE, G. w. (1955). Field experiments on phosphate fertilizers.
N.A.A -5, quart, Rc1,. 27, 95.

A summary is given of the results of Nar-time and post-war 6eld exPeri_
Eents, testing altematives to superPhosPhate.

\l'heo us€a for direct applicalioi, solt North Africatr rock Phospbatesald
phosphate frcm Curacao io- ihe West IDdies behaved similarly, Florida P€bble
lhosfihate rvas itrferior to other rock phosphates. For swedes 8ro$.tr on acid
aoils North Alrican rock phosphates were from 60 to 90 p€r cent as eficient, as
superphosphate. For potato;s otr acid soils atrd Ior establishing reseeded
grisslind iock phosphates were as efiective as only one-third as much Pbos-
phorus supplied as superphosphate; on aeutral soils they werc useless for aDy
of the crops tested.

Silicopiosphate behaved Uke a very biSh-grade, higb-soluble basic sla8.
It was roughly equal to suPerPhosPhate fo! swedes aDd Poteto€s Srown on ve_ry
acid soils. Otr neutal soils silicophosphate was inferior to suPerphosPhate lor
all crops.

Drialcium phosphate was equivalent to suPerPhosPhate lor swedes grown
on all kinds oI soil ; for potatoea it was sliShtly suPerior to superPhosphate oa
werv acid soils and stishtlv inlerior oa Deutral soils-

three kindsof nitriph6sphate, made by treating rock Phospbate with Ditric
acid lollowed by amm--oniaiion, were coirpared with superPhosPhate. The
phospborus ia all three products was equivalent to PhosPhorus i! suPer_
iboibate lor sBedes. The Ditrophosphat€s were irferior to equivaleDt_mixtirres of superphosphate plus aittogen Iertilizers fo! potato€s and
lor grass; they-teided to be Drore efiective ol1 acid soils thatr or! neutral
soilsl In the aifierent years of the exlrriEents the same kiEds oI Ditro-
Dhospbates gave variable results. It appeared that the manufacturlDg
'proc&ses neided lurtber investigatioD so- that stabitized products with
aoosisteDt p€rformances could be marketed-

18. CoorE, G. W. (f056). Make good \-hat the rain $ashed out.
FrnT & Sth-Br.cd. l5 February, p. 55.

Ao article for farmers. The factors which must be taken ioto account in
plaDning maBuring xrith Ditrogea aad potassiuE are discussed.

19. CooI<E, G. W. (f955). Making the best use of ler1'i\lize's. Tirnas
Agric. R.o. Spring f956, 20.

Ar accouot oI the purposes for which {ertilize$ are applied itr the United
Kingdom. Methods oi improviDg tbe e6ciency oI rDanurins are described.
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20. CooRE, G. W. (1955). Alternatives to superphosphate. lgri-
ct llure, Lond., @, 27.

Tests with various phosphates have b€en carried out both during and since
the war in a.o attempt to trDd a subsriture tor superphosphate Ehich will Dot
make such hea!ry de;traDds on sDlphuric acid in iti m'aauficture. The results
of the Itork are described.

21. CooKE, G. W. (1955). A summary of the results of Iertilizer
placement research in Gleat Britain. Bull. Docurt- Assoc- int.
Fabr. Superfh.1,,S, 16.

A summary itr Fretrch aEd English oI recetrt work.

22. !\'IDDowsoN, F. V. (1955). PrecisioD is the aim and placement is
tbe method. Agric. Rtt. Lond.1, no. 5, 40.

. The advaDtaSes and disadvaDtates of various methods of applyiDg fertilizer
IO! COmmOD larm clops are descnoeo.

IlEsEARcn PApERs
23, BENZTAN, B. (I955)- Nutrition problems in lorest nurseries.

llmmary report for 1953. J?ep. For. R.s. Fo/. Comm. lor 1953-
54,38.

24. BREITNER, J. M. (1955). Studies on soil humic acids. I. The
chemical nature oI humic nitrogen. J- agtic- 

'ci.8,247.Tbe chemical nature of the Ditrogen in humic acid preparations isolated
,rom o.sM-sodium hydroxide ard U.l.U-sodium plroph6sphate (pH 7.0)
extracts oI Ditre difiere-nt soils has beeo studied bv dei6rm'inioi ttre as:r'ounts oi
acid-soluble-\, ammoDia-N, amioo-sugar-.\- atrd-a-amitro-N l"iberated bv acid
hydrolysis of the preparatioDs and by paper chromatographic analysis oi their
acid hydrolysates. Humic acid prepararions isolated frbm alkali aDd pyro-
phosphate extracts of the same soil difler markedly in total DitrogeD conteDt
and in nit.ogell distribution afte! acid hydroltsis. The alkali-extracted
prgparations have a hiSher Ditroten content aDd a bigher ploportion of acid-
soluble-N and @-ami!o-N. A c6nsiderable Iraction (-20-6'0 p?r cent) oI the
nitrogen in the preparattons examined was Dot dissolved by-acid hydrolysis.
The major rraction of the nitrogen dissolved .szs in the loim of amino-aiids
At least 3l-.18 per ceDt of the DitrogeD itr the alkali-extracted pleparations aad
2G-35 per cent of the oitrogen in the pyrophosphate-extraciedpreparations
was l-tr the forrD of proteiD. From 3 to lO per ceDt oI the dtiogan in the
prcparations ll?s iD the form of ami.oo-sugars.- The results obtained by paper
chromato8rapbic aoal,.sis of acid hydroltsates of the preparations indicaied
that the protein materials in humic acidsisolated from aifareDt soils bv alkali
or p,'rophosphate are similar io their amho-acid compositioa. The foilowing
nin?teei am'ino-acids were detected in everv lvaroiv'saie .*"-i""i ,- "1"""r:alaDine, leucine, isoleucine, vatiDe, ataDiD€, Aly;i-ne, ibreoniae, serine, ispariic
acid, glutamic acid, lysine, argiEiDe, hiatidine, protiae, hydroxnioline,
a-amino-n-but]l1 ic acid, p-alaaira y-amiDobut,'ric icid and tjryositre: Two
unideDtified Dtohydrin-reactiDg substances, oxidation productsbf cvstire aDd
methioDine, and aEioo-sugars were also detected 

_iD 
every hidrolysate

examined. A third utridentified ainhydrin-reactiDg substalce a;d a subsiance
prolisionally identifed as o, .-diamiabpirnelic acid-were fouad in sotoe oI the
hydrolysates.

25. BRETTNER, J. M. (1955). Nitrogen distribution atrd a!trino-acid
composition of fractions oI a humic acid frod a chemozem soil
(HildesheiEer Schwarzerde)- Z. PfErndfu. Diang.7L, O!.

- The nitrogen distribution and amioo-acid composition oI the B. and 6.
ftactioDs obtaioed by {ractionation of a humic acid irom a chemozem soil witl
dkali have been investigated. The fractions were fouDd to di6er markedly iD
niirogen distributiotr, the 8. fi.action having a much bigher proportiotr oi its
Ditroten iD the lorm of acid-soluble- and a-amiDo-oitrogen. 

_ 
No marked

difiermce iD the amiDo-acid comDosition oI the t{Io lractioDs w-as rcvealed bv
paIE chromatotraphic exaEi.naiioa oI tleir acid hydrolysates
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26. BREMNER, J. M., (FL^rc, W. & KOsrER, E.) (f955). Zur Kenntnis
der HuminsS.uren. IX. Ilitteilung. Der Gehalt an Aminoseuren
in Streptomyceter-Huminsauren. Z. Pf Ernahr. Diing. 7L, 5a.

The amino-acid compositio[ oI a humic acidlike substance produced by a
streptomycete was lound to differ ,rom that of soil huEic acids, particularly in
tlrosine content. The amho-acid composition of streptomycete mycelium
app€:rs to be fairly cotrstaot qualitatively and little afiected by the t}?e of
nitrogen supplied for grollth.

27. BREMNER, J. trI. & SH^w, K. (1955). Determinatio[ oI ammonia
and nitrate in soi[. J. agtic. Sci. $,320.

llethods Io. the determination oI ammonia and nitrate iD soil are described.
The ammoda and nitrate are extracted at pH 1.0-1.5 \rith a mi-..ture of
potassium sulphate and sulphuric acid, and the ammonia is determined by
distillation with magnesium oxide at 25'C. iD a modifed Crnliay micro-
diffusiotr unit. Ammonia plus nitrate is determined on a separate sample oI
the same extract by reduction oI the nitrate to ammonia with titanous
hydroxide and subsequent distillation with magnesium oxide, both the rcduc-
tioo and distillatiotr beiDg carried out in a modiied microdifiusiotr unit at
25'C. The methods are applicable to coloured extracts atrd are not afiected
by substances found to ilterfere with other methods oI determioint ammonia
and tritrate.

28. BRE!rNER, J. 1I. & Srrair', K, (1955). Reduction of tritrate by
ferous hydloxide under various conditions ol alkaliity. Ahalysl,
80,626.

Ao iovestigation oI the reduction oI nitrate to ammonia by ferous
hydroxide Lrnder various conditions of alkalinity showed that quantitative
reductioD oI nitrate could be obtained by boitiDg with lerrous sulphate and
Etaglresium oxide. The sitnidcance oI this fndint in relatioD to the deter-
mitration oI ammoaia in soil by Olser's method is discussed.

29. CooKE, G. 
.w. (f955). The performances of Iertitizer distributors

used in field experimelts- ErnP. J- er?. Agric.8,241-
The performances of two commercial {ertilizer distributors in spreading

powdered and granular fertilizers were compared with special relereDce to the
use of such machines iD experimental feld \^,ork.

A combine-&ill fitt€d $.ith a star-vheel mechanism consistentlv delivered
fertilizers more regularty thaD a ' plate-and-flicker " mechanism'fitted to a
broadcast distributor. Granular {ertilizers were delivered more regularly thatr
por.'ders. Both distributors were useless Ior dispensing a very frne and liSht
powdered lertilizer (dicalciuE phosphate) u'hich did not flov. by Sravity.
Whetr such commercial machines are used the iDitial delivery should be
rejected and the hopper should be reGlled when three.quarters oI the fenilizer
has be€o dispensed.

The star-wh€€l machioe delivered fou r graDular fertilizers at rates \rbich did
not vary by more thaD - l0 per cent of the average rate; the revoh ing-plate
distributor was equally success{ul wit} three of the Iour Bratrular materials.
Both distributors dispensed three powdered lertilizers within these limits oI

Likely variations iD delivery rate may be estimated by testing the per-
formaDce of distributors in lhe field. The eflect of such variatioDs on crop
yields, alrd therefore on the accurac]- o{ the experiments, may be estimated by
studyint the responses oI the crops to the lertilizers under test. By settiag
limits ol toleraDae in {ertilizer delivery rates the suitability oI machines for
particular purposes may be estimated.'

30. CooKE, G. w. & WrDDowsoN, F. v. (1056). The value of nitro-
phosphate for spring-sown cereals. J. ogtic. Sci. $, ll2.

Thirteen e4)eriments otr spring cereals were carned out from 1952 to 1954
to compare broadcasting \f,ith combine{rilling for nitrophosphate aod for
mixtures of superpbosphate plus equivaletrt nitrogen. Broadcast tritro-
phosphate was of little value. drilled drcssings were much more eflective.
Superphosphate drilled with tle seed produced consistently higher yields thatr
broadcast suFrphosphate. Superpbbsphate plus equivaleot tritrogen Save
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hiSher average yields than nitrophosphate, bcth whetr brcadcast aDd whe!.
drilled. $llen the dressinSs were broadcast, superphosphate was markedly
superior to nitrophosphate, but when the lertilizers were drilled with the seed,
average yields with suprphosphate viere only a little higher than $ith
Ditrophosphate.

Nitrophosphat€s may b€ substituted Ior flixtures containing nrater-soluble
phosphorus for cereals, providinS that they are drilled veith the seed. SiDce
tritrophosphates do Dot make cereals grow as rapidly as does superphosphate.
even when drilled with the seed, such materials may glve poor crops in coDdi-
tions Ehere the plants need a rapid start- The nitrophosphate tested cotr-
tained rather more than one-quarter of its phosphorus in water-soluble form;
the improved early gr:owth observed v.here nitrophosphate vras combide-drilled
mal- ha\ie been largely due to this ftaction of the Iertilizer.

31. CooIrE, G. \v. (f956). The efiect of some silicate slags on the
utilization of soil and fertil;er phosphorus. J-Sci.FdAgrio.2,56.

When c€rtain silicates are applied to phosphorus-deficient soils they im-
prose crop growth. The eflects of waste slags, coDtaiDing calcium silicate,
from iron and steel manufacture oD crop yields and on phosphorus uptakes
'wcre invesli8ated.

In a pot experinrent on barley growD on acid soil, ordinary blast-furDace
slags gave smaller increases itr yields thatr equal weights of calcium catbotrate
or '' falliog " haematite blast-fumace slags. Slags made by special steel-
producing processes were more active than erlcium carbonate aDd gave bigher
yields both with aDd without added phosphate.

In 6eld experiments " falling " haematite blast-fumace slags behaved in
the same }r.ay as ground limestone, and did not promote extra uptake of
phosphorus by the crops. \\hen Do fertilizer phosphorus was applied, steel-
{urnace slags were more active than SrouDd liEestone, aod gave bigher yields
oI sredes containing more phosphorus. $1ler sup€rphosphate was appli€d,
steel-fumace slags were still somewhat superior to limestone.

Both " fallin8 " blast-turnace slags and the steel-fumace slags rr/ere active
liming materials. Steel-{umace slags had the additional property of increasing
the amounts of phosphorus taken up by tl)e crops.

The reactions betweefl silicates and soil phosphorus compounds require
Iurth€r study. Methods of characterizirg products which promote the
uptake of sorl phosphorus by crops are Deeded.

32. CooRE, G. W., JACKSoN, M. V., \\'rDDowsoN, F. V., Wrlcox, J. C.,
& (GooDwAy, .\-. D.) (1S56). Fertilizer placement Ior horti-
cultural crops. J. agric. Sci. (In the press.)

In field experiments on vegetable crops drcssings o{ appropriate lertilizers
were placed 2 iDches to the side o{ the seed and 2 3 inches below the soil
surface and compared with the same amouEts oI Jertilizer broadcast and
worked into the sudace soil. The work was carried out on ordinary arable
laod carryiog rotations which iDcluded r'€6etables.

Placing fertilizer gawe hi8her yields of cabbage, lettuce, beetroot, onions,
broad beans, runner b€aDs and maize, than broadcasting. Fertilizer, horvever
applied, had tro regular efiect on the yield o{ Irench beans-

Both placed and broadcast Iertilizer was tested at firro ates of dressing.
On average o{ all experimeots on each crop, placing Iertilizer at the lovg rate
gate higher yields thatr broadcastitrg at the high rate. Broadcast Iertilizer
had little efiect oD yields of runner beatrs atrd broad beans, \r.hile placed
dressings Save marLed increases.

In two-thirds of all individual experiments placing gave higher yields than
broadcasting, and in one-third oI the expe meDts placing was significantly
better thaD broadcasting. There were no instatrces of signifrcantly biSher
yields from broadcastitrg as compared with placiog.

Placing fertilizer made most of the crops Srow more rapidly iD the early
stages thaD broadcasttrt; this improveme[t nas olteo reflected io earlier
maturitv. For cabbaSe, lettuce and runner beans the relative geiDs lrom
placing as compared with broadcastint lertilizer werc higher at thc 6rst thafi
at the second harvest.

By drillint ,ertilizer beside the seed of vegetable crops growo on ordinary
soils, it is possible to ecoDomize in the dressings needed. In additiotr, sorne
crops having placed fertilizers Eay be ready for market earlier. These
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advantages oay be very profitable where high-value crops are growir, and will
justily the purchase of special placemmt drills.

A small series of 6eld experimmts on established Brussels sprouts atrd
autumD-planted cabbages compared mid-seasotr top-dressitrgs of nitlogetr
fertilizer broadcast by hard ove! the vhole soil surface rith dressings placed
at one poiat beneath the su ace and nea! to the plants. The dressings used
had practically llo etrect on yields o{ Bruss€ls sprouts. Top-dressings broad-
cast in spring iocreased yields appreciably in two experiEeDts on cabbage,
atrd at both centres placint gave lo$'er yields thatr broadcastitrg.

33. CooKE, G. \\-. & GAssER, J. Ii. R. (1955). Residual effects of
phospbate Iertilizers on a \,\'ealden soil. /. Soil Sci. 0, 2a8.

A ield exFriment was continued Ior 6 years, using a 2-yea! rotation oI
beettoot or swedes follov.ed by potatoes. Normal dressings of superphoE)hate
add also poultry maDure were applied to the first-year crops. Otr other plots
a small dressing oI superphosphate (supplyirg 0.2 c*t. Pro.i/acre) rvas applied
to each crop.

For second-year clops oI potatoes a Iresh dressirg ol superphosphate
supptyitrg 0.9 cwt. Pro!/acre gate ].ields rouShly equal to those givetr by
1.0 cl*t. Proi/acre applied as superphosphate the year before.

Poultry maaure used to supply phosphate hed slightly t.eate! efiects oa
both frst- aDd secotrd-,vear crops thao suprphosphate supplying the saoe
amount ol PrO!. Eigher yields IroE poultry manure than lrom super-
phosphate may have been due in part to extra litroge! supptied by the
poultry Eanure, for which no alloEatrce was Dade.

Otrly l0 per cent of the phosphate applied had been removed by the crops
grown. Soil samples Irom individual plots were examioed vhen the experi-
Eetrt was coocluded. Total soil phospbate aDd dilute-acid-soluble so phos-
phate had not been iocreased by experimental dressings o{ phosphate fertitizer.
It is suggested that much oI the fertilizer phosphate applied had mor.ed dowtr
the soil proile below the cultivated layer.

34. HETNTZE, S. G. (f956). The efiects of various soil treatmeDts oo
the occuEence of marsh spot in peas and otr manganese uptake
and leld of oats atrd timothy. Plant 6 Soil, 8, no. 5.

]Iarsh spot incidences of peas were increased itr some cases concomitantly
with decreases in total maDtaDese cootent where sodium molybdate or zioc
sulphate had beeo added to mangatrese-deficietrt soils. The amino-acid
contert was hiSher in affected than in healthy pe.-s. Otr a maDgetrese-
deficient soil, steam treatment proved superior to applicatioo of various
mangaoese meterials in ircreasing the yield of oat graio. TreatmeDts
fucreasilt the rnaogaoes€ coDtent of the soil induced copper deieiency itr
younger l@ves. Tidothy 8rowtr otr a maogatrese-deficient loam failed to
respoad irr yield to addition of l'arious maogatrese higher oxides to the soil, but
mang:urese uptake l,as related to reducibility as lrell as to ultimate particle
size of the oxides.

Pedology Department
35. (BELLrs, E.), STEPHEN, I. & Mure, A. (1956). Gilgai phenomena

ir tropicat black clays ir Kenya. t. Soil Sci. ?. (ln the press.)

36. BLoovFrELD, C. (1965). A study of podzolization. VI. The
immobilization of iroo and aluminium. Jf. Soi/ Sct. 6, 28a.

The soluble lerrous aad alumitrium compoutrds that arc lormed by the
action of aqueous leaf extrects otr ferric and aluminiud oxides are sorbed to
varying degrees o! soil colloids. The sorption efiect is particularly Earked oo
feric oride, atrd i-Ir this case the sorbed later has the e6ect of itrbibiti-tr8 Iurther
solutiotr of the uDreacted oxide.

Direct comparison of the exteot of sorptioo oI the reectiotr products oI
difierent speciB iodicates that the extent oI sorptioa l'aries iaveBely as the
emciency oI the species as a podzol former.
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37. BLooyFrE-L-D, C. (1955). The experimental productio! of podzoliz-
ation. Chcm. {, Ind. 1598.

A preliminary accouut of the efiect of leal extBcts otr columDs of
{efiugitrous sand.

38. BLooMFrsro, C. (1955), IJaf leachates as a factor in Fdogenesis,
J. Sci. Fd Aglic. 6, 6al.

, A review o[ work oD_sesquioxide and clay movemetrt delivered at a meetiDg
of the Food and Agriculture Group of the Society of Chemical Industry.

39. BRowN, G. (1955). The effect of isomorphous sutstitutioos on
th€ (001) reflections of mica- and chlorite-tipe structures. Mir?/.
Mag. N, 657 .

The efiect of isoEorphous substitutioEs on the structure Iactors of the OOI
leflectiotrs has beeE calculated fo! mica-type and chlorite-tvDe structures. Itr
the micas (i-ocludint illitest variations io ilifiracted X-ray iiiensities occur due
to variations in the composition of the octahedral catio'n sheet aDd the inter-
layer catioo sheet. The calculatiotrs for dioctahedral micas deal with com-
positiotrs xrhich lie within the freld whose comer members are

x,(Al,s0.Alro,o(oH)l
K!(Al,Si)sFe.O!o(OH )l
(H,o)r(Al,sir!ALotu(OH).
(H,ol,(Al,Si).Fe.O,o(OH).

and similar calculatioos have been made for trioctahedral micas. In the
chlorite structure there aie tvro bnds oI sites tor octahedrallv co-ordiiated
catioos. and both the kind of octahedral cations and their distriSutiotr b€tweetr
the two types of site afiects the 001 iltensities. The structure factoB Ior
O0l redections oI chlorite-t)rpe structures *ith compositions betweetr

(Ms,At),r(Si,Al)so,o(OH) r and
(Ms,Al).Fes(Si,Al),Oro(oH) r.

have beetr calculated for both symmetrical and as).mmetricat distributions ol
the octahedrally co-orditrated cations b€twe€n the two types oI octahedral
sites. The efiect of variations in inteDsities due to isomorphous substitutiou
on the standard mi-Deral method oI quaDtitative mioeralogical analysis is
pointed out aDd an altemative method is suggested.

40. GAssER. J. K. R. & BLooMFTELD, C. (f955). The mobitization of
phosphate itr \r'aterlo8ged soils. ./. Sorl Sci. 0, 219.

Anaerobically lermentiDg plant material has virtually oo efiect on
alumilium phosphat€; calcium pho+bates were readily attacked with con-
sequeot mobilizatiotr of both calcium and phosphate. Both phosphorus aDd
iron were mobilized Irom ferric phosphates; atmospheric oxidaiiotr of the
IermentatioD solutioDs caused precipitatioa of basic Ierric phosphate tog€ther
with orgatric matter, but sitDiicaDt amoutrts oI both irdo and phosphorus
reEaired in solution after proloDged aeratioD. Phospbate v,?! released lrom
phosphated kaolilite aod moDtmorilloDite.

41. GRETNE-KELLY, R. (f965)- The absorption of lithium by kaolin
minerals. J. r,r/s. Cherrr. 59, 116l.

Keenatr, MooDey aod Wood (1951) r have show! that kaolinites saturated
sith dideretrt exch?uge catioos adsorb difierent aDoutrts oI water at a givetr
relative humidity, tbe aroount taletr up geoerally itrcrs-sitrg with the hydratioD
energy oI the erchatrge catiotr. Th€ important excq)tio[ vas lithium
kaolinite, which showed the least water adsorptiotr of tny of the samples.
Keenen et aL. sugSested that the lithiuo ioos were Dot io the water flm;but
were accommodated amoDt the surlace layer of atoms ot the mheal. The
work described in this paper show€d that lithium iotrs were 6:red by kaolinite
after dryitrg at 20O'C. aDd that after Exatiotr the mitreral still maDaged to
adsorb more cations. The occurretrce of fixation was thought to indicate that
the cations had migrated i-trto the crystal rather thao beiot located itr the
surface layer oI atoms and the p€rsistetrce of cation adsorption after lithiuE
fixatiotr that some gtructural catiotr exchaDte was also occurriDg.

. K@u, A. G., U@r.y, R. \tr & Wood, L. A. (1951)- l.rtrt-Cb .8,,4A2.
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42, GREENE-KELLY, R. (f955). An unusual mootmorillodte comPlex.
Clay Mia. 8 1.2,226.

Sodium moDtmorilloDite atrd p,'ridine lorm a regula! complex oI sPaci!8
23.3 KX itr the presence o{ tracea of moisture. The minimum interlaEella!
composition necissary {or the lormatioD of the complex is approximately
NA(C.H,N).(HrO)i. 'The intensities of the 001 re8ections are considered
bcom-patibft witli ihe complex havilg a fve-layer structure, aDd atr altemative
arrangemetrt is proposed.

43. MurR, A., ANDERSoN, 8., & STEPBEN, I. (1956). Characteristics
of some Tangaflyika soils. J. Sorl Sri. (Itr the press.)

44, MurR, A. & SaEPIIEN, I. (f956). The superflcial deposits of
the lower Shire valley. Colon. Geol. mir. ftzs. (In the press.)

45. STNGH, S. (f956). Formation oI dark-coloured clay-organic
complexes in Black Soils. J. Soil Sci. ?. (Ir the pre-ss-)

Study oI the reaction oI difierent clays with anaerobically JelEleDted
grass extracts has showD tbat moDtmorillonoids and other hrth bas€-€xchange
clays lavour the Iormation of dark clay orgaoic complexes. Sodrum clays
sorb highest amounts o{ orgaoic matter aod Sive darkest products. Acidity
(pH 3-5) fuvours the sorption and complex ,ormatioD, an obs€rvatioD whtch
suggests that the lormatioD of the black colour iD black cottotr soils otrly takes
plice uDder at least periodic anaerobic conditions, as only then caD these soils
with ar overall pH of 8 develop slight local acidity. It is probable tbat certain
iDorganic cotrstituents o, the ortanic extracts also cotrtribute to darL colour
,ormatiotr.

Soil Microblology Department
46. KLEczKowsKA, J. & KLEczKowsKr, A. (1956). Efiects ol clupein

and its degradation products on a Rhizobium bacteriopbage, on
its host bacterium and on the interaction bet\reen the two. Jf.
gen. Microbiol.l,l. (In the press.)

Clupeitr at 0'02-{.05 per cent in the liquid nutrient medium used to culti-
vate nodule bacteria, rapidly killed the bacteria and stowly inactivated the
bacteriophage that attacked them. \\Ihetr added into the bacterial culhrre itr
liquid medium before adding phage, clupeiD preteDtd phage and bacteria flom
combioitrg; when added alter the two have combined, clup€in int€rrupted
further stages oI phage host iDteraction. Clupein at 0.0010 Fr cetrt acted
bacteriostatically and slowed phage multiplicatiotr but did not stop it.

Tr)?sin and chymotrypsin hydrolyse clup€in, trlpsin breaking about twice
as many p€ptide bonds as chymotr,?sin. At a conceltration corresponding to
0.02.-0.05 per cent clupein, the peptide produced by chymotr,?sin acted
bacteriostatically in the liquid nutrient medium; the peptides inactivated
phage much more slowly than did intact clulxiE, and they inhibited phage
multiplication by ioterfe.iag with the combination between phage aDd host.
When added alter phage and bacteria had combhed, the peptides did not
ioterferc with turther stages of phage- host interaction. The smaller peptides
produced by trypsiD had no effect on host bacterira, phate or phage-host
interactiotr .

Phage preparations partially inactivated by clupein had their activity
partially restored by incubation *ith trnsio or ch,.Do1r,?sin.

Clupein, but trooe of its hydrolic products, made phate with much Do!-
phage Daterial sedimetrtable by slo\r-speed centrif utatioD.

47, METxLEJoHN, J. (1966). Soil microbiology. Some micro-
scopical Eethods and results. J. Quchclt ,nic/. Cl. ser. 4, 4, l7l.

48. MITKLEJoHN, J. (1955). The local \rind at Milfreld, Northumb€r-
land. Quall. J. R. ,n t. Sor. 81, 468.

49. METKLEToHN, J. (1955). Nitrogen problems in tropical soils.
Ssik 6 Fcrt. 18, 459.
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50. S(rNNEe, F. A. (1956). Inhibition of the growth ol Iungi by
tlll?toriyces spp. in relatio[ to Dutrient conditions. Jf. gar.
Microbiol.14. (Io the press.)

Several sp€cies of soil actinomycetes arested the growth of fungi by anti-
biotic secretions on agar media containing l0 g. Slucose/1. On media oi lower
glucose concentration, the fun8i coDtmued to grow in the preseoce oI the
actiDomycetes, but there was evidence that traces of antibiotic aubstances were
still beinS rormed by them. In sand cultures, moisteDed with liquid medium
coDtaitrins glucos€, SkeplomJes olbidolauns limited early growlh of the fungus
Fusaritm culmotum by antibiotic action and also attacked preformed fungus
mycelium directly. The efiectiveness of these aBtagodstic mechanisms sas
lesseDed when the glucose concentratioD was decr€ased, The Iungus and the
actinomyccte grew together on a variety ol natural organic materials, but onl)
whcD dried grass lr.as used did the actinom)'cete aEest growth of the IuDtus a1
a distance.

51. SXINNER, F. A. (1956). The eftect of adding clays to Eixed
cultures of St/e?lornjces albidofiauus and Fusarium culrnorurn.
l. get. lIicrobol.14. (In the press-)

An antibiotic present iD culture iltrates oI S. clbidofaaus was ttactivated
by clays atrd by suspetrsiotrs and €xtracts oI soils. \Vhen the actinomycete
niui g.or,vn witlr. F. eulmorum in a mixture of sand aod b€trtonite moistened
with a nutrient solution containing glucose, it did not antagonize the ruDgus by
antibiotic secretions. Hovrever, some supprcssion oI {ungus growth was
observed even ill the preseDce of beDtoDite, particularly when the glucose
coocentration was high ; this effect was attributed to competitiotr betweetr the
organisms for limitiDg nutrients. The actinomycete also lysed the contents of
fungus mycelium in sand culture but did trot doso when bentotrite was added-
The tytic agert appeared to difier from the atrtibiotic. Neither aEtibiotic
action Dor dilect (lltic) attack on the ,ungus was demonstrated iD sterilized
soiI.

52. SrEENsoN, T. I. & WAT,KER, N. (1956). Observations on the
decomposition of chlorophenoxyacetic acids by soil bacteria.
Pl@nt 6, Soil,7. (In the press.)

Three strarns o[ bacteria which can decompose 2:4-D, ]ICPA or
P-chlorophe[ox]'acetic acid have been isolated from soil. One, that attacks

Spicher, the second is an Achromobacler strain, which catr decompose both
2 : 4-.D atrd MCPA, alld the third is all .4.rzomoba.cler strein lhel decomposes
f -chlorcphenoxyacetic acid oDly.

The bacterial decomposition oI 2 : +D in soil requires aerobic conditions.
The oxidation of 2 : 4-D or MCPA by bacteria involves adaptive eDzyme

folmatiotr. When tro*'n oD MCP A, t}re Achlornobacler straitr becomes adapted
to oxidize both MCPA aDd 2:4-D, but 8town otr 2: +D it oxidizes 2:4-D
oaly. If either of the 2:4-D decomposin8 orSatrisms are grow! in a mediuE
coBtaining p-chlorophenoxyacetic acid, they produce a yellow, ether-soluble
acidic substance, $rhich is colourless in acid but yello* io treutral or alkaline
solution. The oxidation oI MCPA oi 2:4-D by adapted bacterial cells is
incomplete, only ll-12 atoms oI oxygetr I)er molecule of herbicide being
coDsumed. When 2:4-D is decomposed in pure cultures of bacteria, about
75 per cetrt of the chlorine in the molecule is liberated irl iotric form.

There is Do evidetrce that either 2 : 4-dichlorophenol or 6-hydroxy-2:4-
dichlorophenoxyacetic acid are intermediates in the breakdown of 2 : 4-D.

53. SrEvENsoN, I. L. (1S56). Antibiotic activity oI actinomycetes
in soil and their controlling effects on root-rot of vheat. J.
gcn. Miclobiol.14. (In the press.)

A study has been made of conditions afiecting the productioo of aDti-
biotics itr three soils by a trumber oI unidentiled Srr.olomyc.s spp. capable of
iohibiting a variety oI test organisms i, ,irio. In actilomycete-inoculated
soils, atrtibiotic production was debonstrated only in sterile soils suppleEeated
with a suitable orSanic source. The greatest accumulations of antibiotics vere
tound in a Deutral soil with added tlucose (2.5 per ceDt), $hile uDder similar



220

cotrditioos, lro antibiotics, or oDly traces were recovered ftom acid aod rlt"line
soils. Atrtibiotics, however, could tre recovered lrom inoculated acid soil,
,ollowing neutralizatioo atrd the addition of glucose. Fresh Saass (3 per cent),
clover (5 per cetrt) alrd soy-bear meal {2 per ceat) we.e also suitable supple-
ments Ior altibiotic production by the majority of the actinomycetes, though
the adounts of antiblotics were considerably less thaD in glucose-tleated soils.

ID greenhouse erperimetrts the ass€ssmmt of root-damaSe to wheat
seedunds itr sterile soil demoostrated tbat all the actinomycetes tested si8Di6-
catrtly rcduced the degree of root-rot cat *d by Helminrhos?ori{rr sarioum-
Itr the neutdl and alkaline soils a relationship was evideDt betweeo dis€ase
iucidence and degree oI aotaSodsm exhibited by actinomycetes iz ,irto,
suggesting that atrtibiotics were responsible. No such lelatioDshiP was
observed betweetr disease contml and tbe antibiotic-producbg abilities of the
actitroolrcetes ill soil as determined by standard assay procedures.

54. TURNER, E. R. (fS55). The reaction betveen bentonite and
certain naturally-occurring compounds. "/. Soil sci.6, 310.

The reactiotr leading to the Jormatiotr oI colourcd complexes between
beatoDite and root secretioos from clover plaDts aBd also betweel bentolite
and certain chemical compouDds has b€€n investigated. The results i-odicate
that ton present either in the lattice or as impurity in the betrtonite is aD
iEportant ,actor in tbe developmeDt of the coloured complexes.

The twe of crystal lattice and of the pre-treatment oI the bentoDite oD the
complex {ormatiotr with the rcot sedetions ,rom clover platrts has also been
studied.

Root secretions from several qrecies of plants have been shown to Iorm
characteristic coloured complexes with added bentonite.

Attempts have beetr made to elute the complexes Irom the beatotrite.

55. WALKER, N. & WrLrsHrRE, G. H. (1955). The decomposition
of t-chloro- and l-blomo-naphthalene by soil bacteria. Jf. g4.
Microbiol. 72, 478.

Two species of naphthaleDe-utiliziDg bacteria rrom soil were able to
metabolize l-cblolo- and l-bromo-Daphthalene. From cultures in shich
l{hlolo-naphthalene sas the sole source o, organic carbon, D-8{hloro-l :2-
dihydro-l : 2-dihydloxynaphthaletre aad 3-chtorosa-licylic acid were isolated.
3-bromosalicylic acid was isolated frcm cultures with l-broooDaphthaleDe
and evidence oI the formation of a " diol " compoutrd obtained. The cou$e of
the Betabolic pathways is discussed.

Botrny Department

GENERAL PAPERS

TEoRNE, G. N. (1955). Nutrietrt uptake from leaf sprays by crops.
Field Cto? Absrr . 8, U7 .

THURsroN, J. M. (f955). CoDtroUing wild oats. Frnr & Sth-BrccA,
@, tro. 3,128, p. 75.

RESEARCH P^PERS

58. HuMptrRrEs, E. C. (1056). The relation bet$.een the rate of
nutrient uptake by excised barley roots atrd their content of
sucrose aDd reducing sugars. Anr. Bor- (Itr the press.)

A re-cxamination oI the lesults ol previous experiments sbowed that the
positive regression oI the rate of nutxieDt uptake by excised barley roots oE
sugar coDteDt is attributable to the rcducing sugar lraction. Partial regressioa
coemcieDts oI the rates oI uptake oI potassium, Bitrogen alrd phosphorus otr
reducing sugar cotrteat $ere aU positive ; those on sucrose conteDt were either
not signifcaDt or negative.

These results were confrmed for potassium by experiments in which the
sugar coDtent of the roots was t?ried by varying the tritrogen supply to the
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plants lrom which the roots were takea, by shadiDs them or by supPlying
aucrose to the solutioDs i-tr which the excis€d roots ftere beld.

59. HuMpHRrEs, E. C. & Kass^Nrs, B. (f056). Efiect of datkness oo
the constitution of tobacco leaves aod susceptibility to virus
infection. Ann. appl. Biol. *8,686,

ChaoSes ia iosoluble-\, amino-:[, amide-N, amooDra-N, nitrate-N, dry
matter coDtetrt atrd water content were det€rmiDed in tobacco PlaBts Placed
{or varying periods in darkness b€fore rDoculatiou with tobacco aucuba mosaic
vinrs- Niirate-N corteat {,as highly correlated with susceptibility to ir-
IectioD, estimated by couDts oI Decrotic local lesioDs, but the correlation waa
probably i-Ddrect and not causal. Changes in dry Eatter coDtent, expressed
aither as dry ftatter per cent oI Iresh weight or separately on atr absolute
basis, also were coffelated Nith susceptibility to hfection.

60. OwElc, P. C. (1956). The effect of infection Nith tobacco mosaic
virus on the respiration of tobacco leave-s of varying ages in the
period between inoculation and systemic infection. Ann. a?pl.
Bior. ,14. (In the press.)

Leaves o{ tobacco plants iDocula.ted with tobacco mosaic viirs were
divided iDto three groups: (a) inoculated l€ves; (6) younget uotr-inocu-
lated leaves preseDt at the tirne of inoculatioo ; (r) leaves Jormed since itrocula-
tion, and tharespiration rate on a dry weiSht basis ofeach Sroup was comPared
with that of similar leaves from healthy plaDts. The resprration rate oI
inoculated leaves vra-s increased by a constant amount Jor three $'eeks altel
iooculation, atrd then it ivas decieased. The respiration Iat€ of Sroup (D)

leaves was not affect€d at any time, and that oI Sroup (.) l€aves was decreased
by l0 per cent when they showed symptoms. The ilcreased respiration of the
i;oculeted leaves occurred too soon to be lelated to virus lorrDation, and may
reflect ao iDitial cbanSe in infected ceus preparatory to viius sy'Dthesis. The
subsequent decrease in respiratioD rate may be due to accumulation of \'irus
material which is inactive iD respiration.

61. THoRNE, G. N. & WArsoN, D. J. (f955). The efiect on yield aDd
leaf aiea oI wheat ol applying nitrogen as a top-dressing in April
or in sprays at ear emergence. J. agric. 

'ci.48,449.The yield and nitrogeo content of 8raitr of wiDter sheat were increased
equally 6y 0'i cwt. N /aire appUed as an April topdressine or " \itro-Chalk "
o; by 8 sprayines of 2 per ca;t NH.NOT solution applied to leaves or soil at
the perioa oi staximum lea{ area, belore and during eer emergence. Apdl
,dtrogetr gave a greater yield oI straw thatr the Late dressitrSs.

The leaf area index of plots that received dtrogen in APril *'as much
larger than that oI the othar plots during May, but by 4 weeks alter ear
emirgence it was less thatr that oI plots receiving late Ditrogen. Leaf aree
duraiion after ear emergence wuur the sarDe lor all nitrogen-treated plots, atrd
the yield o{ gain divided by L.A.D. was nearly cotrstant Ior all tleatments.

62. THoRNE, G. N. & WAasoN, D. J. (1956). Field experiments oD
uptake oI Ditrogetr from leaf sprays by sugar beet. J. agric. Sci.
n, 12.

whetr the leaves of sugar beet crops werc sprayed on six occasions in late
Septemb€r and ea.rly October *-ith r0O gar./acre oI a 3 Ixr cent solution of
ammoEium tritate or equivalent urea, io tso exp€rimeDts about 70 per cent
oI the tritrcgen w.ul recovered i-n the plants in mid-October. compared with
40 per cent ricovered froB equivalent soil applicatiotrs. Io a thid experimeDt
the recovery from sprays was less than r() Per cent, but very little nitrcSeD was
absorbed tom soil dressings, so that the difference b€tween the recoveries
from spray and soil applications was nearly the same as in the other exp€ri-
ments.- More than htli the nitrogen absorbed lrom the spnys was itr the leal
laminae, and about hall oI this was protein-

Sprayiog sliahtly inqeased the dry *eight oI tops, but Dot oI roots. It
caus€d loss€s io yield of sugar oI0, 2 atrd 5 cvt./acre req)ectively itr the three
experimeEts.
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63. WARTNGToN, K. (1955). The ilfluence of high concentrations of
ammonium and sodium molyMates on flax, soyb€aDs and peas
Er:own ill nutrient solutions containing defrcieot or excess iron.
An t. appl. Biol, B, 709.

Ammonium molyMate supplying 20 o! 40 p.p.o. molybdetrum prevetrted
chlorosis caused by low iroo supply in )roung flax pla.nts, but sodium molyMate
was efiective only at the higher coDcenlration. Temporary darkening oI the
greetr colour oI the shoots lrIas also prcduced by 40 p.p.m. molybdetrum ir
irotr-deicient soybean atrd pe4 plants, but was soon lollbwed by morc severe
chlorosis. Sj.mptolns of molyMenum toxicity always developed when
40 p.p.m. molybdeEurD rrere givetr and were reduced by an incrcase itr iron
supply. In flax t-he higber level of iron eveDtually proved toxic unlessit was combioed with {O p.p.D. molybdeoum. High EolyHetrum thus
counteracted both iroo defciency and excess io dax.

High iron reduced the molybdeDum conteot (p.p.m./d.m.) of both shoot
aDd root in soybeatr, peas and, pro\rided tbe iroD *:as not excessive, ir dax.
High Boiybdenum usua[y-reduc€d the jron coltetrt of t]e shoot, but greatly
increased it in the root. Molybdenum-itrduced chlorosis could thus b€ partly
attributed to itrhibition io iro'tr tra[slocarion, but the bene6cial effect oi hiEh
Eolybdenum or high iron on colour was not obviously correlated with tf,e
atral).tical data.

Biochemistry Department
BooKs

64. PrRrE, N. W. (1955). The numbers of mat and anirnals. Edited
by J. B. Cragg & N. W. Pirie. Edinburgh: Oliver & Boyd.

65. TRACEY, M. V. (1955). Modern rnethods oJ fla. analysis. Ed,ited,
by K. Paech & M. V. Tracey. Vols. 3 and 4. Berlia: Sprioger-
ljerlag.

Gerrner P^pERs
66, KENTEN, R. H. (f955). Latent polyphenol oxidase in extracts

of broad trean lVicia faba, L.) leaves. 3/d iwt. Conel. Biochcrn.
B7,$sels, Reslrnis d?s Cofirnuiicalions, p. 102.

67. PrRrE, N. \V. (1954). Fact and fancy in discussions about the
origin of life. Scietcc (y Ct.ltu/e , Calciit4 W, 261.

68. PrRrE, N. W. (105r). kaf proteins. Viinaa-Karmcc lI. Assoc.
Sci- llorhets oJ Ind.id,\, i'eu Delht, 6, 11.

69. PrRrE, N. W. (1955). " Summing up " of Symposium on .,The
principles of microbial cla-ssificatkit'\ !. gci. Iuliclobiol. !2,2A2-

70. PrRrE, N. W. (f055). New ways $ith trees. Trces, Le, 74.

7I. PrRrE, N. W. (1956). Biochemical engineerins. Iubilee Souucnit
of lhe Soc. oJ Biological Chemisls, India, p. l22i -

72. PrRrE, N \v. (f956). The anatomy of tobacco mosaic virus.
Aduate. Vitus Res. 1.

?3. WrLrsHrRE, G. H- (t955). Changes in the organic acids o{ leaves
associated lvith iDfectioD by pEnt viruses. - Commun. Jrd, ittl.
Congr. BiocherL. p. 1O2.

RESEARCE PapERs
74. KENTEN, R. H. & MANN, P. I. c. (1985). The oddation of

manganese by illumiaated chloro--plasts. Bi6chem. J- 61, 279.
Chlotoplast preparatiors oxidized Mn'+ in lisht but not. or to e much

smaller extent, io darkness. Io pyrophospha-te the oxidatioD Droduct
accumulated as a soluble matrgaDipFo-phdspbite. ln phosphate an iisoluble



oxidatiotr product was Iormed which, like MnOr, otr treatmeEt arith pFo-
phosphate contaitriDg Mtrtr gave a soluble manganipyrophosphate. The
oxidation products oxidize hydrazine atrd were estimatd manometrically by
this reactiotr or spechophotometrically as ,BaDtaaip)'rophosphate. A seo-
sitive spectrophotometric method of estimating EaogatripFophosphate has
been described. The efiect of variation of liSht inteDsity, period of illuDina-
tion, coDceDtration of chloroplast material aod of Mnr- was studied. Catalas€
partially inhibits the oxidatron. Peroxidase increases the mte of oxidation.
It is suggested that the orridatiotr is due, at least itr part, to peroddase systeds
and that a man8aD€se oxidatiotr-reduction cycle may play a part in tbe
rcactioas oI photosytrthesis.

75. KENTEN, R. H. (f955). The oxidation of p-(3-indolyl) propiotric
arid a'rd y-(3-indolyl)-n-but]'ric acid by peroxidase and ynt-.
Biochem. J. 61, 353.

The oxidation oI indolepropioDic acid (IPA) aDd indolebut,'ric acid (IBA)
by oxygen is catalys€d by highly purited horseradish p€roxidase preparatioDs
in the presence of MDt-. The mechaDism of tbe reaction has not been eluci-
dated, but the formation of hydrogen peroxide as an obli8atory intermediate
is suggested by the inhititiog effect ot catalase. It is sugtested that the
previously reported oxidatiotr ot IPA and IBA by plant extracts may have
beeo due to the presence of peroxidase and MDt- in the extracts.

76. IIANN, P. J. G. & SMIaHtEs, W. R. (1955). Plant enz,'me reactions
leading to the formation ol heterocyclic compounds. The forma-
tion of unsaturated p,'rotidine and pip€ridine compounds.
Biochert. J. 6,., a9.

In reactioas catalys€d by plant amine oxidase, evidence was obtained of
the {ormation o1 6'-py'rrotine compounds IroE I :4iiamhobutane, of
2 : 3 : 4 : 6-tetrahydropyridine compouflds from I : s-diaminopentane and
2:3:4: s-tetrahydropicolinic acid lrom D- aud Llysine. It is suttested
that these ring compounds are lormed by the spontaBeous cyclization of the
aldehydes or oI the aldimines which are the probable products of the enzyme-
catalysed reactions.

AIter hydrogetration of the products in presence oI platinum black a-s

catalyst, derivatives of p),rrolidiEe and piperidiDe were isolated with 1 :4-
diaminobutane and I : 5-diamhopentaEe respectively as substrates. A
derivatiwe oI Dl--pipecolinic acid was isolated ,rom hJ:drogetrated reactiotr
mixtures with Dl--lysine as substrate.

It is suggested that the amine oxidase-catalysed oxidation of I : 4{iamino-
butane, I : tdiamiDolretrtane and L-lysitre may rcpresent the fust stage in a
bios).othesis of pyrolidine and piperidile rint compounds.

77. MANN, P. J. G. & SvrrHrEs, W. R. {1955). Plant enz}me re-
actions leading to the Iormation oI heterocyclic cornpounds.
The lormation of indole. Bio.hen. l. A\ lO7.

The oxidation oI 2-{2-aminopheoyl) ethylamitre is catalysed by plant amine
oxidase. The oxidatioD product accumulates iE the reaction ml\ture as
indole.

The oxidatiotr oI indole by hydrogen peroxide is catalysed by peroxidase.

78. hERporNa, W. S. (f956). The chromatography of leal ribo-
nltclcase, Biochim. biophys. Acta.

The purricatro! of lea{ bonuclease by catiotr exchaage chromatography is
described. The product is substaotially Iree oI other phosphatase activities,
and is trot inhibited by a number of atrti-viral compoutrds ard antibiotics.

79. hERporNT, W. S., (HucHEs, D. E., BADDTLEY, J. & ltATHIAs,
A. P.) (1955). The efiect of some pantothenate derivatives on
grorA.th and Co-enzyme A s)'nthesis in bacteria. Biochem. J- OL,
190-197.

80. PrERporNa, W. S., (HuGrrEs, D. E., BADDTLEY, J. & MAaErAs,
A. P.) (t955), The phosphor,'lation ol pantotheuic acid by
Lactobacillus arabinosus l7-5. Biochcrn. J. 61, 368-374.
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81. PrRrE, N. W. (1956). Some compodents of tobacco mosaic virus
preparations made in difieretrt wa)rs. Biochem. J. (IIr the press.)

Part of the phosphorus itr malry Tl,fV preparatiotrs b€comes soluble in
tricbloroacetic acid whetr the preparatioDs are incubated. There is evidetrce
that this is caused by the fissioD oI rormal leal trucleoprotein by ribotrucleas€.

Som€ steps in the purificatiotr remove the trormal Bucleoproteifl, but other
prop€rties o( the vkus, Dotably its precipitability by amEotriud acetete, are
altered at the saEe time.

Ribonuclease is more difficult to redrolr, and it is detectable i[ alt prepara-
tions. The smallest amount is round in those that have b€etr ultracetrtriluSed
floE salt solutions in the presence oI nucleic acid. TMV that has been de-
datured by TCA is a particularly seasititr system for detecting this residual
truclease.

82. PTRIE, N. W. (1956). A disintegrator lor use with small quantities
of fresh leaves. J. af{ic. Engng Res- 1,81.

A unit for presshg batches oI leaves up to 50 g. in {,eight through a slot oI
adjustable width is d€scribed. By this meaos the leaves are ground to a
coDtrolled 6neness. For work otr a sEall scale this method of grhding is
pre{erable to others because it is repeatable, there is no De€d to add any duid to
tbe leaves aDd the Siouad material ca! be recovered quaDtitatively.

PrRrE, N. W. & BAU,DEN, F. C. (1956). Observations on the
anomalous proteins occurring iu extracts from plants infected
\ith strains of tobacco mosaic \irus. J. ge*. Microbiol. L4-
(In the press.)

For summary see ,1o. 102.

83. TRAcEy, M. V. (f955). Cellulase atrd chitinase in soil amoebae.
Xalwe. Lottd. L76, 815.

The methods used i[ demoostratiDg tbe productiotr of cellulase aDd
c hitinase by three species of soil amoebae are descriH atrd atr atte@pt is
made to relate the amount formed with that Iound io the snail.

84. TRAcEy, M. V. (f955). A rapid coloriDretric distinction bet$'een
glucosamine and galactosaEiEe. B;ochiwt- biophys. Acta, 17,
159.

The difiereotial colour depressioD produced by tbe preseoce o( borate in
the Elsotr & Morgao reactioa is the basis oI ttre method aescribed.

85. TRAcEy, ]I.-V. (1955). Chitinase in soEe basidiomycetes.
Bio.herr. J. A,., 579.

It is sbowtr that fuDgi of the LycoP.ldot group are a use{ul soulce of active
chitinase. Chitinase was found to respoid to the additioD of Drotein in a
manler similar to that fouDd by Whitaker with cellutase. Methods ror the
viscometric and hydrolltic assay of chiti-oase are described.

86. (Cr.rnxr, P. H. &) Tnacry, M. V. (1956). The occurreuce of
chitinase in some bacteia, J. gcn. Micaobiol.14, l.

A survey of chitiaase productioD by lepresetrtative sp€cies of the maitr
groups oI bacteria. Chitirase is produced by some but noi all of the soil and
water bacteria; it appears to be a constitutive eazyme in Eaay species, aDd its
occurence may prove oI diatnostic value.

WALKER, N. & WrLrsHrRE, c. H. (f955). The decompositioa oI
l-ctrloro-_ and l-bromonaphthale[e by soil bacteria: Jf- grr.
Miclobiol. 72, 478.

For suatrary s€e tro. 65.
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87. WILrsrirRE, G. H. (1966). The efiect o{ darke[iDg o[ the sus-
ceptibility ol plaDts to infectioE with wirus€s. l: Relation to
*pr-rg""_lo soDe orga!.ic acids in the Frencb bean. Atn. apfl.
Bior. (In the press.)

Tbe orgaaic acid coEpositioa of extrects Ircm leaves lrom plants utrder
diflerent eEvirotrmeatel conditioDs was compared with the suscepdbiuty oI the
same leaves to tobacco necrosis virus.

88. WILTSHTRE, G. H. (1956). The effect of darkedng otr tbe sus-
ceptibility of plauts to iqlectioa witb viruses. 2. Relation to
changes in ascorbic acid content of Freuch bean aud tobacco.
Anr. afpl. Bior. (Itr the press.)

The susceptibility oI Fretrch bea! leaves to tobacco Eecrosis virus aEd oi
tobacco leaves to tomato aucuba, mosaic virus was compared Fith the ascorbic
acid contents oI tbe saEe lea\,'es alter darkeniDg the plant {or ditrerent periods.

Plant Pathology Department
Grlmel Peprns

89. BAWDEN, F. C. (1955). Virus diseases of plaDts (The Fertrhurst
Lecture). Jf. R. Soc. Arts,L08,438,

90. BATVDEN, -F. C.-(1955). The classifcatioE of viruses. J. grn.
Microbiol.12, 362.

91. BRoADBENT, L. & Bunr, P. (1955), The control oI potato viius
diseases by irsecticides. Agric. Reu. Lond..l, 60.

92. BuxroN, E.W. (1955). Fusarium Yellows ol clalioli. Glodiot*s
Anntal, 1955,27-

93. HuE, R. (1956). ,Mangold cl,amps and sugar beet growers.
Brir, Sug. Beel Re .8, 123.

94. HULL, R. (t955). Sugar Beet Yellows in Great Britain, 1g64.
Plant Path. 4, 134.

95. HULL, R. (1955). Virus problems in sugar beet. Ploc. nat.
Cro? Prot. Conf. 1956.

96. HULL, R. (1966). Slgar B€et Yellows. Ministry of Agriculture,
Releases to the proviDcial press :

(a) February: The importatrce of clearhg up infecuon sources in
sPrrng.

(r) October: Measures ta.ken Dow will heh to etrsure a healthy
crop next year.

07. HULL, R. (1965). Beet Yellows Virus. The importatrce of garden
crops as infecti6tr sources. J. R. horl. Soc. {,6A.

98. SAssANl:, B._(19q5). Carnation lateot virus. Proo. 2nd Cottf.
Pot@ro Vilus Dis. Lisse-Wogeningen-

90. KLEczKowsKI, A. (1954). fntermediate stages oI some viruses and
enzlames in the course ol their inactivatiou by ultr-aviolet radiatioD.
Proc. lst lnl. Pholobiol- Congr.,59.

R€sEA&cE PAPERs

100. BAWDEN, F. C. & HARRrsoN, B. D, (1965). Studies on the multi-
plication of a tobacco necrosis viius in inoculated leaves of
Fredch bean plaDts . J . gcn. Miclouol - L8, 494-

By treating leaves of Frcnch beaa (Prasrora t,r.Igaris L.) itr various wavs at
iotervals altet they were hocutated with the Rothadsted tobacco ne;osis
virus, a series of eveDts in itrfected cells was detected aDd approximately

P
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timed. Treating leaves with ribonucleas€, or floating them itr water, in the
fust hour arter iDoculatioa decreas€s the Dumber of inlectiotrs; these treat-
Deots {ail to do so later, pelhaps because the vi.us has become trmly attached
to some host componetrt, or because cells iDjured at irocDlatioD have healed
aDd no longer allow virus particles to difluse dut or ribonuclease iD.

After 2 hours at 25o the virus is less readily inactivated by ultra-violet
radiation thal1 previously, sutgesting that infected cells now cootain more of
substances that absorb iadialion of-953? A. After 4 hou6 the tuactivation
curve with ulta-violet radiation deviates Irom the course of a irct-order
reaction, probably because some inlected cells nova contain more thao one
potentiaUy inlective particle. After 6 houls the ,ormatioo oI some lesions
catrnot be prevented by irradiation, suggesting that Dewly formed virus has
spread from initially idected ceus to deeper tissues, where it is protected Irom
ioactiwation. At 16' the meafl time for virus to spread from the initially
ioJected cells is 12.5 hours, alld it probably spreads Irom some cells by 8 hours
alld from most by 15 hours.

Nev/ly Iormed virus is not det€ctable in extracts oI hoculated leaves until
alter it has spread tom the epidermis to deeper tissues. Up to 90 hours alter
inoculation most of the extractable virus seems to come lrom the epiderEis,
but later it comes predominaDtly from other tissues.

l0l. BAWDEN, F. C. & KlEczKows(r, A. (1955). Studies oo the
ability of light to counteract the inactivating actioD of ultra-
violet radiation on plant viruses. J. gen. Microbiol. 18,370.

Of seven plant viuses tested, all except tobacco mosaic showed the
phenomenon of photo-reactivation, i.e., plaflts e4rcsed to visible light after
iooculation with preparations partially inactivated by ultra-violet radiation
produced morc local lesions thatr plants kept in darktress. Five straiDs of
tobacco mosaic virus, which difiered {,idely ilr their pathogenicity and other
properties, $ere tested, but notre showed the phenomenon. Of the six viruses
ahai did, potato X showed it much the most strongly, tomato bushy stunt and
a tobacco necrosis viros the least; cabbage black ritrgspot, cucumber mosaic
and tobacco ringspot were htermediate.

Photo-reactivatioD does not occur immediately after plants are inoculated.
With irfadiated preparations ol potato virus X, most particles Deed about
30 minutes to reach tbe state in wbich their ability to inlect is aflected by light i

once in this state, exposure to daylight fo! 15 minutes gives almost complete
photo-reactivation. Some irradiated particles respord to light of 80 I.c.,
but others need brigbter ligbt; tro additiotral respons€ occurs ll,hen light
intensitv is iDcreased abose 600 Lc. The sensitive state of potato rirus X
persists'for about I hour ill plaDts kept in darktress, aJter whi;h the particles
seem to be permanently inactivated.

\\'ith antibodies aDd enzlmes, a constatrt amoutrt of absorbed energy
decreases the activity oI a unit weiSht by a given fraction. This mle does not
apply to platrt yiruses, which lose infectii.ity $'ith less absorM energy than
the rule predicts. tf virus€s are more sensitive because they cotrtain nucleic
acid, their sensitivity is trot a direct iunction oI their conteDt oI nucleic acid.
Potato virus X has the safle trucleic acid conteDt as stBins of tobacco mosaic
virus, but is iDactivated by less absort,ed e,lerg)., and irdividual strains of
tobacco mosaic virus also differ by lactorc oI two in the amouDt oI mdiation
needcd to decrease thei! iDfectivity by a giver {raction.

102. BAWDEN, F. C. & PrRrE, fi. $'. (1S56). Observatiors on tbe
adomalous proteins occurring iE extracts lrom plalts infected
with strains of tobacco mosaic virus. J. gen, Microbiol. 14.
(In the press.)

When extracts from plants inlected ,with various strains of tobacco mosaic
virus were ultracentrifuSed, the Dotr-itrIective supertratant fluids still con-
tained 0.5 5 per ceot of the prctein serologicely related to the viruses. The
small, monly spherical, particles aggregated to form short rods as the antigen
was protressively purited by preciprtation with acid or salts. It formed long
rods when heated in pH 5.5 bufier or when incubated with trnsin. -\s the
particl€s increased in letrgth, their setological behaviour iD precipitatiotr tests
changed lrom " somatic " to " flagellar " t}?e.

Purited preparatioos oI the utrsedimeated aatigetr from plants itrfected
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sith either oI two virus stmitrs coDtained 0.1-0.2 per ceDt phoq)horus, seeD-
iDgly in tfle Iorm o, a ribose nucleic acid. No evidetrce was obtained tlat th€
preparatiotrs weie mixtures contaiaing some particles with the O.5 per cetrt
phosphorus chancteristic oI inlective virus and some particles of proteitr free
from nucleic acid.

One virus shain produc€d a bigher ratio than the others of uos€diEeDted
to sedimeBted antigetr. The amouEt of uosedimented antigen was correlated
with the-total cotrtent oI anomalous prctertr u/heD the protein s'as hqeasing
rapidly, but later it fluctuated udpredictably. No conditions were Iound thai
coDsistently lavourcd its accumulation, but vrheB plaEts systemically in-
{ected *ith the type straiD were kept at 36o, the total amduDt o[ aDijgetr
decreased, while the amouDt uDsediEented sometimes increased.

The proportion of the total antig€D Dow obtaiDed as poorly infective
oucleoprotern is much less than l0 years ago, wben a third of it sedimmted iq
the ultracentrifuge but failed to compact into a pellet. Now the uncompacted
sedimeDt, with all the host plants and virus strains used, contaiDs only airivial
part oI the total antigen.

The virus released into sap \Ihetr leaves are mi[ced is, weight Ior weight,
more infective thaD the virus tha! remains in the leal rcsidues until it is
released by fiBe grinding.

103. BRoADBENT, L. (1955). The efiects of dates of plarting aud
harvesting potato crops oq virEs-disease incidence and yield.
An t. appl. Biol. 8, 149.

An experimeDt was dotre duriDg 1953 to 6nd out the efiect oI difrereat
plaDtiot atrd harvestiag dates on the incideDce of virus disease itr the lollowiDt
year. Tbe experimmt will be repeated lor 3 years. The rcsults o[ the experi-
ment might be expected to show iI the widely held beli€i that early-lifted
" immature " seed is superior to mature seed is (a) true, atrd (r) due to virus
inlectiotr or physiological differeDces, or both.

Tub€rs were platrted at monthly intervals ftom April to Auglst. ODe
tuber iDfected with leaf-roll vius was plaDted per plot, and the triil was Dear
sources of leal roll and Y viruses.

HaU the plots o, each pla$tin8 were lilted 12 weeks after plartinS, the
remairder alter the haulE died.

The yield oI tubers in 1953 varied between I toDs/acrc (May plaDtiDg) and
4 (April, July aDd Au8lst plaatiDgs) wheD harvested alter 12 weeks, bufwbeo
left to maturity it Iell Irom 28 tons/acre (April plantiDg) to 4 (August platrting).

Du ng 1954 the proSeny of tubers lifted aJter the haulm died in 1953
signifcantly outyielded those lifted after 12 weeks' growth (both healthy aad
leal-roll viius-in{ected tubers). Leaf-roll virus caus€d a loss in yield oI about
70 per cent.

The iDcidence of viius disease sas small itr the April, May aod August
pla[titrgs liJted alter 12 seeks, and in the Augxst plaDting lifted atter the
haulm died. The healttriest crop in 1954 was obtained Ircm the April plaDtitrg
lilted alter 12 weeks because aphids rpere Jere durirg the early toonths oI 1953.

104. BRoADBENT, L. & HEATHCoTE, G. D- (1955). Sources oI over-
v/interiog Myzus Uclsicae (Sulzer) in England.. Plant Path. 4,
t35.

'\\inged Myz s percica, (Sulzer) tlat develop on Pzzz,s spp. from coloDies
developing from etgs cao be distiDtuished morpholo8icelly lrom those that
develop otr herbaceous hosts from colodes that overwintercd viviparously.
Ol 238 M. Uersiea.e t^pped durinp recetrt springs in potato, brassica aid
narcissus crops in difiereDt parts of EntlaEd, two only had come frofr. Pr*nss
sPi.. Most M. ?ersicae overwinter as eggs on the Cotrtinelt oI Eulope, but in
England most overwhter as tivint aphids.

105. Buxton, E. .w. (1955). Fusarium diseases oI peas. Tr@4s.
Brit. mycol. Soc. 88. (ID the press.)

C[lt[res ol Fltsdfi*rn orysporurn and F. oxysaorlt n var. Tedolerrs, isol^teil
Irom dis€ased pea plaDts Fowing ir East EESlaDd, difiered in their patlo-
Senicity. Most cultures of F. oxysporsrn behaved liLe the Americaa physio-
logic race I ol F. oxyspornm L 2isi, but some werc only weak pathogms, alrd
one iDfected pea varieties rcsistaDt to races I aDd 2. This is provisioaaly
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named race 3A. A culture o1 F. orls?orbn \^r. t.ilobns caused a liilt in-
distiDguishable from that caused by Iace I ol F. ortsPor rb I. 2i5i. Pea wilt
was the main cause o{ crop Iailures due to Fusa a up to mid-June.

Pathogenic atrd non-pathogenic forms of F. sororri were also isolated tlom
diseased peas, but usually oDly after mid-JuDe. From plaDts showi-Dt char-
acteristic footrot, only F. solani yras isolated, but towards the eDd of JuDe
many drseased pla.nts bad s,'drptoms cbaracteristic of both silt atrd lootrot.
Tbese s,\rmptoms are thought to resemble thos€ p.eviously called " St. Johrl's
Disease ", atrd from such plaots both F. orys?otum 

^nd. 
F. solari were always

isolated.
'&'};€n F- olyslot m 1. ?isi tace I was iooculated to peas togetier *ith

either pathogeDic or non-pathogenic cultures ol F. sol..ni, the pea plants were
less severely afected tha[ whetr iDoculated $'ith Iace I alone-

106. BuxroN. E. W. & RrcHARDs, MARILYN G. (f955). Pathogenic
strains of Fusarium orls?orurn Fr. distinguished by their differ-
ential tolerance to inhibiaion by various actinomycetes. !f. grz.
Microbiol. 18, 99.

Cultrres oJ sixteen diffeleot soil actinomycetes q'ere tested tor their
abiliry to inhibit the growth of eigbt pathogenic strains of Fnsatit m ozysportl,
Fr. oi agar media. Tbree o{ thi aathomycetes did not inhibit grovth, and
nine inhibited growth o[ all straiDs equally, but the other four actioomycetes
consisteDtly inhibited the groEth of iodividual straiDs to diflereDt extents.
The differences provide aD an o;rro tesl. which distinSuishes tretrte€n certain
pathogenic straios of FLsariurn t\eL ne otherwise indistiDsuishable in culture.

I07, CoRNFoRD, C. E. (1955). Maleic hydrazide as a shoot depressant
for clamped maDgolds aDd fodder beets. Plant Pa|h.4,89.

A solutiotr oI0.25 per cent of tDaleic hydrazide sprayed on Srowing mangold
plaDts in mid-October, and on todder beet itr early Novefilber, strongly
inhibited the gtoE-th of sprouts otr the roots storcd ia cJamps or itr a walm
cellar, and probably reduced sproutils to well b€lo'w the amount necessary to
support an aphid populatiotr over the winter. Tbe time oI sPrayiog bad an
imporiaDt eflect on the exte!t to wbich sproutiDg was supPress€d.

108. HARRISoN, B. D. (1955). Studies on the efiect of temPerature
on virus multiplication in inoculated leaves. Anr. dtpl. Biol.
44. (In the Press.)

The rate at which the Rothadsted tobacco recrosis virus accumulates io
iDoculated French bean leaves increases with risiog temperature to 22'C.
atrd then decleas€s. Tbree days alter inoculatioD, leaves at 22'C. cotrtain
4,000 times as much virus as at l0'C. aDd 1,000 times as much as at 30o C.
At all temperatures the rate oI accumulation may depetrd oE the balatrce
b€tweeD syithesis aDd inactivation, but inactivation becornes increasitrSly
importart with rrse of temperature above 22" C., aod as the vilus coBtent oI
thC leates itrcreases. Above 22" C., the rate ot Eultiplication may itrcrease
but less rapidly thatr the rate of inactivatioD, and exposhg itroculated leaves to
ultra-violet radiatioo at various intervals after inoculatiotr suSSests tbat at
30'C. RTNV multiplies in aDd moves from ttle initially iolected epidermal
cells in slightty less than the 6 hours needed at 22o C. Thirty hours ate needed
at l0o C. Newly-{ormed virus is rapidly inacti!.ated at 30'C. Raising the
ambient temperature also decreases the DuEbers of local lesions, possibly by
iocreasing tbe chances that the iotroduced virus particles will become inacti-
vated. Increasin8 the viaus conteDt oI the inoculum above the level giving
otre lesion l)er sq. cm. does llot increase the subs€queDt virus content of
inoculated leaves.

At temperatures of 30" C. aad belov, tomato aucuba mosaic virus ploduces
necr:otic lesiotrs in leaves of tobacco a'rd Ni.ol;dna Bld;nosa, whereas above
30'C. the lesions are chlorotic. In both hosts this viius multiplies more
rapidly when the inlected cells are killed.

109. HrRsr, J. M., SroREy, I. F.. WARD, W. C. & WILcox, H. J.
(1955). The origin oI apple scab epidemics ir the Wisbech area
in 1953 and lgil. Plant Parh, 4, 91.

In Etrglatrd tbree causes oI early spring infections of apple *ab (VentLr;a
dra.quaris (C.ooke) WiDt. ) have b€en proposed ; conidia from inlected twiSs or
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infected bud scales, or ascospores from fallen leaves. Powe!-opeEted suctioD
spore traps allowed the trequeocy o{ both types of spore in orchard air to be
estimated rllore accurately thatr did the t)?es of spore trap pre\riously used in
Eogland. ln a Bramtey'i Seedting orctaidat Wis'bech, i-o'b6th 1953 iod 1954,
conidia were rare but arscoslrcres very common, reaching over 2,000 per cu. m.
of air during a 2-hour period on I May 1954 sootr after the etrd oI a dry spell.
Raitr tegularly caus€d ascospore libeation, froE before bud-burst at the eod oI
March utrtil petal-fall iD late May. All the evidmce suggests that ascospores
caused the early i[Iections; thes€ 6rst occurred in 1953 at bud-burst, but in
1954 not until tleen-cluster.

ll0. HuMpHRrEs, E. C. & KAssANrs, B. (1955). Efiects of darkness
on the constitution of tobacco leaves and susceptibility to virus
inlectio\, An t. appl. Biol. B, 686.

Fot surtrEary see oo. 59.

lll. KLEczr<owsKI, A- (1955). The statistical analysis ol plant wirus
assays: a traDsformation to include lesion numbers with small
means. J. g?2. Mictobiol.18,91.

The Dumbers o{ local lesiotrs (r) produced by difierellt leaves when inocu-
lated with the same virus preparation deviate Breatly Irom a normal distribu-
tioE, atrd the standard erlorc of ,'s deFnd oo their magnitude. B€Iore
customary statistical analyses are applicable to results of inlectivity assays,
,'s must be suitably transformed. Wben mean values of, are greater than
about 10, the traosformation z - log.re lr + c) (whele , is a cotrstaDt) is
satisfactory, but happlicable \rith smaller trumbers- Itr some work the use oI
poorly infective hocula is utravoidable, and to auo statistical analysis oI
results in such work a ne\r tratrsformatioD z: loSroi[, -L. + { \r, + z.rJ)
is derived. This operates satisfactorily whetr mean numbers oL are Sreater
than about 1.5. The results of the two traDsforEatioDs converge as , in-
creases. Values oL are tabulated to Eake the use of the new traDsfofiiatioas
as quick as that oI the other translotudation.

KLEczKo\irs(A, J. & KlEcz(ows(r, A. (1955). Effects of clupein and
of its degradatioD products on a Rhizo urn bacteriophage, oo
its host bacterium and on the ioteraction betureen the hvo.
J. gen. Microbiol.14. (In the press.)

For summary see no. 46-

ll2. LASr, F. T. (1955). The spore content oI air withill atrd above
mildew-i[fected cereal crops. Tlons. Bril, rnycol, Soc.8,453.

Itr additioD to E4,siphc, the most abutrdant spores ill the air i.E mildew-
ilfected cereal crops were CladosPoritm, Alt?rnaria, S?orobolorny^es 

^ndTilletioqsis. On dry days Sfotobolony.?s eIId Till?liofsis were most numerous
at 04.00 G.II.T. and E ysifh., Clados,orium end Alt?rnalia at 16.00 G.M.T.
Sqorobolomyces predominated throughout wet days when Altcrnarid did 

^ot
Between 12.00 and 16.00 G.M.T. on dry days, Cladosloriun spores ri'ere

the most abutrdant; their conceDtration itrcreased progressively {rom April
to J\ly. Etysi?he coDidra were few during April and May, and iacreased
rapidly to a maxidrud |n Inne I Alternario sas very rare uatil July. I!
smutted crops, Ustildgo spores were also very rare in Aprit aod May but
equaly plmtilul in lun€ atrd July.- The apore concenrratroD was alwa,'s Sreater within than above tbe crop,
wheo the spores were formed on the crop. More Erlsiihe aod Cladosporium
spores occurred near the grouDd tban at the top of the crop; there Eas fittle
dj-fieretrce betweeo the coDcentrations of Usrirago.

The date of sowiog afiected tbe spore coDcentratio0s: CladosPoritm end
Storobotomrcas were more numerous itr ao early- than itr a late-sown wheat
crop; the difieretrces werc least near harvest. E4,srpr, conidia were more
numerous in the late-sowtr croP.

Higher concertratiols ol Clados?oriurn, Alrz/nalia, Erysiphe, Sporo-
bolomlces end. Tilbtio?sis Eere {outrd in a wheat crop givetr {ertilize! (N, P and
K) than in a c.op tiven lro fertilizer.
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ll3. LAsr, F. T. & BuxroN, E. W. (f955). Photo-reactivatiou of
Botrytis Jabae Sardfia measured by a local-lesion technique.
Narule, Lond. l7O. 655.

IEadiatirg cooidia ot Botryris labde Sardiia and oI Urorkyces Jabac (Pers.)
de Bary with ultra-violet liSht reduced their iofectiYity, as measured by the
Dumbers of lesions produced otr half-leaflets oI broad beaD plants lVicia fabaL.). A satis{actory method o, inoculation ,or local lesioDs r*?s to rub the
leaves with spole susp€nsiotrs oE the fore-6nger. The damage to spores by the
radiatioD $as counteracted by erposiDg them to daylight immediately after
the i.rr'adiation. The proportioD of irradiated spores tbat infected uras
iacEased by exteDding the time the spores 'were exposed to daylight before
inoculation to leaves or by exposing leaves to daylight after they were
inoculated.

ll4. MACFARLANE, I. (1955). Variation in Plasfiad,io?hota brassieae
Woron. ArLn. apfl. Biol. tL8, 291.

Three races ol Plasmod;olhora brass;.a? wete distinguished by thei!
difierent capacities to Iorm clubs on differeot hosts I otre Iailed to club tumip
and swede, aDd the others were idetrtitred by theii efiects oD difiereDt turDip
and swede varieties.

In contrast to their effects on clubbiag, these taces caused equal numbers of
root-hair infectiotrs with zoosporaDgia, on all cruciJers tested. lt is evidently
the later srages i[ the lile cycle of the pathogen that caDDot develop in club-.
root-resistant hosts.

Some partially resistadt va eties became clubbed when spore concetrtra-
tiotrs were iocreased above the level secessary to cause complete i[IectioE of
susceptible Yarieties.

Varieties susceptible to a particular Iace oI P. Drassira, do Dot seem to Iall
ilto any taxonomic goup withiD the Cruciferae. Susceptible and resistatrt
varieties may beloDg to tba same species or may occur thrdughout a trumber oI
species atrd Senera.

115. SALr, G- A. (1955). Efiects oI nitrogen applied at difieretrt dates,
and of other cultural treatments on eyespot, lodging and vield
o[ l\inter sheat. Field exp€riment 1952. J. agtii. Sci.4O,'a07.

I-odging aDd yield of wiDter wheat were studied iD a factorial exDerirDeDt
oa land infested with the ,uDgus Ccttosborclla h.rbotri.hoides Fron. causinp
e)espot. Two varieties, Squaiebeads llister I3/4 witb long, aDd Bersde witx
short straw, weFe compared at t1llo seed rates; sulphate-o, ammoDia was
applied at 0, 2 atrd 4 c\rt. /acre at four diflerent dates: Iour o, tbe eight blocks
oI ten plots were sprayed in March with sulphuric acid to control ev;sDot.

Irweriog the seed rate from 3 to ll bushels/acre decreas€d evesirotlDd tbe
area lodged, aDd iocreased the meatr yield of tle two varieties bi, 4:9 cvrt./acre
in uEsprayed aDd 2.1 c\rt./acre in sprayed plots. Spraying tle varierv Square-
heads Master decreased the straws with severe lesioDs froh 66 to l7'Der'ceDt.
the area lodged frcm 95 to 36Ixr cent, aDd iDcreased Rrain {rom 2Z.1to 12.1
c*t./'acre; spraying Bersde decreased severc lesioDs fiom 58 to t5 Der ceDt.
lodging from & to I per ceot aDd iDcreas€d yield from 32.6 to 43.b cwt./
acre.

The rneaD perceotate infection at harvest was little aflected by DikoseD
applied in Marcb, April or May, but was decreas,ed by Ditrosetr 'aoolied 

io
October. lo cootrast, the timeo{ applyiDg nitrogen greatly afiCted Ui6 weicht
oI straw and the exteDt of lod8itrg, both oI which were increesed more bv iop
dressin8s iD March and April tbaa by tlose in May- ptots that reci.iveil
tritro8etr in March and Octobe! had similar weights 6f straw. but the tatter.
witb less eyespot, lodSed less- Where lodging was slight, qraifl vields weni
iDcreased equally by niboten applied at eacb date; iherdlodsi-ne was ex-
teasive, yields were depressed by dressiDgs iD March aod ADril. a;d-iDcreased
by those ilr October atrd May. Sulphate oI ammoDia. aDblied at O. 2 an.t
4 cM./acre to sprayed (upright) plots o{ Bers6e yielded iespectiveiv 36.8.
42.9 aDd 47.3 c$,t. of grain, *'herea-s applied to unsprayed (combletelv lodredj
plots of Squareheds Master yielded oily 22.4, 22.0 ald i2.9 iEt-/;cr;
respectively.
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116. WArsoN, M. A, (1955). The efiect oI sucrose spraying on
sym-pt9mg caus€d by beet yellows virus in sugar 6eei. Ant,
ap?l. Biol. 8, 688.

When lesves of suqar-beet Dlaots irlected with beet !.eltows yirus wele
sprayq4 daity with l0 per cenf sucrose solution, yellowi;g symptoms were
iotensiied. Wbeu the light irtensity was reducea to less-thaD -ball of fult
d.aylisht, yeuowiDg symptoms were suppressed more completely otr unsprayed
thatr oE sprayed plaDts.

Spra.ying with 2.5 p€r cent sucrose solutio! itrcreased the carbohydrate
content of the leeves, and rhe efiect oo syoptom i[teDsity and carbohidrate
cootent were closelv corretated in both sheded aEd uDshaded plants. As the
severity of sympt6ms was increased by supplyir8 carbohidrate without
cbalte in the light conditiotrs, it is conclud;a'thtt light iitetrsity afiects
symptom expressioD by varying rbe carbohydrare coitetrt of tbe leeves
throu8b its itrfuence oq photos)'nthesis.

Sucrose spraying increased the yield of roots of healthy and iDfected
plants by about the same amount. Most of the increase was sucrose, showitrg
that sprayed sucrose was tratrslocated to the roots ,rom the leaves oI botf,
healthy atrd i ected plants.

Measuremetrts of diumal changes in carbohydrate coDcentlation support
the view that movemeDt of carboh-ydrate out ofiDfected leavcs is Dot st6i,ped
by iDfection.

Nematology Departme[t

GENER.AL PAPERS

l17. (BASDEN, E. B.) & CooDEy, J. B. (1955)- A nematode parasite
ol Drosofhila. Nalure, Lond.176, 431.

Il8. (MoREroN, D. B., JoHN, M. E.) & GooDEy, I.B. Aphcleflchoides
sp. destroying mushroom mycelium. Nalule, Lond. (ln tlr!-
press.)

ll9, PETERS, B. G. (1955). Control of plant Dematodes. f.r.
P/og/. appl. Ch.ri. gg lig:a4l,72t.

I20. PErERs, B. G. (1955). Soil-inhabiting nematodes (p. a4); A
note on simple methods of recovering nematodes from soil
(p. 373): A Dote oD handli-og and processing nematodes (p. 417);
irl:. Sttil Zoology, Edited by D. K. McE. Kevan. Loodon :

Butter$rorth.

RESEARCU PAPERS

l2l. DoNcAsrER, C- C. (1956). Electronic flash in photomicrogiaphy.
N crrrdtolagica, L, 61.

Atr apparatus lor takint photoEicrog6phs oI livioS aematodes aDd other
microscopic orSaDisEs by means of high-speed dash is describ€d itr detail.
Photographs taken with this equipment are used Ior cornparison *ith " dead "
mounts, and accurate me{lsuremelts oI whole or parts of [ving Eicloscopic
organisms can be obtained.

122. FRANELTN, M. T. (1955). A redescription oI A?helenchoides
Palietinus (Bastian, 1865) Steiner, 1932. J. Hcl ifith. tg (ll2l,
65.

After pointiDs out that A?hel.nchoid.s ?alirrirrs as norF koown is prcbably
ao aggregate o{ several species, the author Sives a detailed description oI the
females oI a IrcpulatioD collected {rom the same locality and habitat as that
from which Bastian made the collectiotr otr which he based his description.
The populatiotr contaiDed no males.
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123. (BRowN, E. B.) & GooDEy, J. B. (f056). Observations oa a race
of stem eelworm attacking lucerne. Planl Pa|h.6,28.

A field triel sho\red that the luceme race oI the stem e€lq/orm attacLed
luceme yar, " Grimm " and alsike clover. " Du Puits " was slightly attacked
though little damaged. Oats, other legumes aDd the AmericaD varieties of
lucerne, " S]'Ethetic A " aDd " Nemastan " were lesistant. The Amerjcan
varieties are not suitable fo! British conditions.

124. GooDEy, J. B. & (BRowN, E. B.) (1056). Stem eelworm attackiog
carrots. rf. H.lrninth. I, 187.

The host laage of a Irpulatiotr o, stem eel$ord, fouod attacLitrg carrots
near Chatteris, was investi&ted, ia the field and ilr pots. Vicia faba,iats and
celery were attacked in tbe 6eld, the saEe platrts, gerdetr peas atrd potatoes itr
Pots. The population was Dot olre of the t,'pica[ oat race.

125. GooDEy, J. B. & FRANXLTN, M. T. (1966). The nematode parasites
of plaDts catalogued uader their bosts. [2nd editioD oI T. Goodey,
1940.1 FarDbam Royal: Commonwealth Agricultural Bureau.
(In the pres,s.)

I! this second editioD the cottetrts have beeB coEpletely revised, re-
arranted aod brought up to date. Names of Dematodes Dow fouow the latest
aDd generally accepted systematics. Nen, records have been added so that the
catalogue is complete, as fa! as possible, Dp to the end of l9rl. There are
about 6,000 eDtries and a bibtiography yrith trearly 80O releleflces.

196. HESLTNG, J. J. (1956). Some observations oD Hetcloil.rd najor.
Ncmalologica, l, 56-

The hatching of cysts of Heleroil?ra r ajol is impaired by drying; dried
cysts iDmersed iD water do not appear to recover hatchability. Tbe iecovery
of H. major clrsts for populatioD estimation purpos€s oay 

_preseat 
dificulti

because Dew aDd lull cysts may Dot f,oat. A teahnique foi the recoverv oi
viable cysts of H. mojo; is descnd. Cysts obtaiDed'by this method sh6uld
be stored,moist at about 2oC. to preveot hatchiDg, which appears to be
strmulated Oy rDcrease iD temperature,

127. (LowNsBERy, B. F.) & PETERS, B. c. (1985), The relation oI
the tobacco cyst nematode to tobacco Ero\\-tb. Phytopalhology,
,15, 163.

- -A.n outdoor pot experimeDt showed that heitht aad 6nal weight oI tobacco
plaDts were iEversely prcportional to the logarithm o( the initial deDsity oI
viable eocysted larvae ol H.lercileta tabaG4, in the soil. This was true 6ver
the raoge 60-3,200 larvae/g. of soil. A tetrIold increase i[ detrsiw led to a
loss i! plalt weight of t3$ t. Ior norEat ferti[zed plaots and 2E q. ior smaller
uDfertilized platrts. The highest density which ;aintained itself was I,00O
larvae/8. soil, resultiDg in a rcductiotr of 25 per cent in weight oI [ormally
,ertilized plaats. It G Eot yet ktrowtr whethei freld populati6os follow thes6
pot fuctuatiotrs; the 1953 6eld increas€ u,?s of the sa-m; order a-s the iacrease
in the pot experimetrt.

In the 6eld, tobacco pl,ants growtr irl dichloropropetre-dichloloDropane-
treated soil were 15-22 per ceat ta er tlatr plants g;oE; iD unEeated'soii, but
nematode reductiotr w.as coafounded with other fumigetrt effects.

128. PErERs, B. G. (1955). The combined use of uematicidal soil
funigants and solubilized chemicals. J. Helmiath. L al.

FuEigation with " DD mixture " rcsults in a considerable loss of vapour
from the surface laye! of the soil, atrd this loss is oaly moderately rcducea by
usiDg a water s€el;r noD-gas-tigbt seal of foil. A r;sidue of po[ato-root eef-
worm survivors are lelt in tlis top 2 inches oI soil. These can 5e dealt with br.
treatitrg tbe soil surface witb a siEilar solutioD of ,-fi {resol solubilized by th;
method ol Stanilatrd and Stone. The hro treatE-eDts act itrdepetrdeatly it aU
levf,ls. Tbe practical ituplications may be of importatrce in treiting glaishouse
sorls.
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129. REID, E. (1955). A rolling method lor opening cysts of potato-
root eel'worm. Plant Parhology, 4,28.

Soaked cysts are placed aloDg a channel in a metal slide and opeaed by
rclling a tlass rod over theE. The clearance prevents aay loss oI eggs or
larvae. The opctred cysts are th€tr agitated sith an electric Dixer to free the
conteDts. Aliquot samples are thetr taken for counting.

IBsectlcid6 Department
GENERAL

BRoADBENT, L. & BuRr, P. (1955). The control of potato
virus dis€ases by ilsecticides. Agric. Reu,l,60,

130. PoTTER, C. Work irt England on the efiect of ins€cticides and
other chemicals used in plant protection on beoeficial insects
and insect populations. Int. Union lol the P/ot. oI Natule.

l3l. W^r., tr(. J. (1955). Beans and Blackfly. Agic. Reo. Lold.L,l.
RESEARCH PAIERS

132. BuRr, P. E. & WaRD, J. (1955). The persistelce and fate oI
DDT on foliage. I. The influence of plaut wax ou the toxicity
and tr eGistence of deposits of DDT crystals. Bull. ettt. Res.
110, 39.

The persistence and toxicity o{ DDT crystals on thin layers of platrt wax
srerc studied. Deposits oI crystalline DDT at mtes of 2-8 pg./sq. cm. wele
applied to glass ptates, plaio o! coated witi a 0.5-r.layer oI $,ax obtaioed from
teaves of sisal or cabbage. The plates \}'ere stoled fo! vatious periods at
18' and 43'C. (representing temperate and trcpica.l leI-tempeEtures).
DDT remaining alter storage was estimated biologicauy by mears ot its con-
tact action on adult Triboliunt castan.urn (Hbst.), alrd chemically by a modi-
ication of the Schechter-Haller method. At 18'C. thele *'as Do signifcant
chaBge ir alry of the deposits wheE estimated chemically. But biological
estimation showed that, althouSh the toxicity of the deposits otr sraxed plates
was utrchaDged, that on glass plates was doubled arter storage Ior 8 days.
Tbe reason for this change was not discovered. At 43'C. the amount oI
DDT, estimated botl chemically and biolo8icaly, diminished r"apidly and lFas
negligible after 26 days. The loss of toxicity at 43o C. 'u.as shova to be
accoEpanied by loss of v.eight oI the deposits. Irss at 43'C. Ilom plain
Slass plates could be much reduced by storing them ir aD atmospbere saturated
with DDT vapour. lt appeared, tberefore, that loss o{ toxicity at the bi8her
temperaturc wa-s due to volatilization oI DDT aDd l:ot to decompositioD.

Plates coated *ith cabbage wax, stored at 43o C. in an atmosphere
satutated with DDT vapour, absorbed the vapour lapidly up to a maxirEum of
1.7 per cent of the u,eight oI the wax. The plates were then toxic to 7.
cdslaneun c,:awling otr t-hem. DDT dissolved itr the wax layer was louad to
be about as toxic as the same weight oI DDT per sq. cm. ia crystalliDe form
on a glass surface. DDT dissolved in wax was tound to be decomposed by
short-wave ullra-violet Iadiatioo Eore Gpidly thaD were DDT crystals. By
irradiatiDt delrcsits and theB analysitrg them, it was shown that DDT crystals
oD wax surfaces, shetr stored for up to 14 days at 43' or l8' C., do not become
dissolved in the 'wax to atr appreciable extent, provided that the plates are
stored in a ventilated mtrtaine!.

It is cotrcluded that, although DDT caE be takeo up by a tFical plant
wax, this efect is uDlikely to in-flueDce the toxicity oI the deposit uDless the
DDT is able to lreDetrate farther than the v'ax trayer.

133. (TnoMAS, W. D. E. &) GLYNNE Jorrs, G. D. (1955). The
systemic prolrrties of diethyl-S-2-(ethyltlioethyl) phosphoro-
thiolate (Demeton-S) witb refereDce to the contamination of Dectar.
A n. ap?l. Biol.48, laz.

The fate oI diethyl S-2-(ethylthioethyl) phosphorothiolate (demetotr-S) in
$hite dustard (B|@ssica alba) , t/Jnage (Borago ofrcirralis) ?-nd, freld bPa7rs (Vi.ia
/ard) ha-s b€etr {ollowed over several $eeLs usirS ure radioactive tracer tech-
lique. Radio-assay of trectar samples lrom fowers shich opered a Ie\ r dayg
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alter sprayiDg showed that no unchanged demetoD-S, but small amounts of
degradatioD products, were present. The highest value for total radioactivity
found in the nectar corresponded to 2.7 p.p.m. expressed as demetoo-S-

Radioassay of treated leavesaod new tros"th after spraying coDfrmed that
demeton.S is rapidly cooverted in the platrt into two primary degradation
prcducts extractable by chloroform. Further breakdowa is more rapid itr
trew growth, and apprcciable quantities of the two primary products believed
to be biologically active are retained by the treated leaves.

l3l. KENTEN, J. (19i5). The efiect oJ photopenod and temperature
on reproduction in AcyrlhosiPhon pisrrr, (Harris) and oD the forms
produced. Bull. erlt. Res. 8, 599.

The efiect o{ photoperiod and temperature otr the production of the !.adous
forrfrs ot A.ytthosiPhon P;sun (Harrisl has be€n studied. lD this study
apterous virgiooparous Iemales \\ere exposed throughout their lifetime ro two
photoperiods (8 hours/24 hours and l6 hours/24 hours) and six difiereot temper-
atures. At each of the temperatures the apterae (pareot aphids) received otre
of four treatments of pbotoperiod, i.e. (l)8-houri 24-hour photop€riod througb-
out their whole life; (2) 8-hour/24-hour photoperiod duriDg the period frcm
birth until the last (imaginal) moult (nymphal pe od), ,olloved by a 16-
hour/24-hour photoperiod lrom the last (imagioal) moult until death (the adult
p€riod); (3) 16 hours/24 houG throughout lile; (4) 16 hours/24 hours duritrg
the nymphal period lollowed by 8 hours/!{ hours duriDg the adult period. The
oflspring produced by the various parents were collected at successive intervals,
and their form determined.

Four mair Iorms of offspring sere produced : apterous and alate virgho-
parae, males aod oviparae. ID addition, a subsidrary lorm ol tbe apterous
virgrnoparae was obtained. which had seDsoria on the hild tibiae.

Sexual Iorms were pmduced at all the temperatures betow 20"C., but
only by those parents vhich .eceived a photoperiod o{ 8 hours/24 hours dudng
their Dymphal period.

PareDt apterae kept at tempentures of 25-26" C- and 29 30'C. that
received a photoperiod oI 16 hours/24 hours during their tr]'mphal period
produced no sexual lorms-

The photoperiod received by pare t Aphids during their adult period had no
efiect oD the proportion oI sexual ofispriDg they produced.

llales were otrly produced at l9-20o C. and at 1l-13'C.; the largest
proponion was produced at 19-10" C., where trtweeo 20 and 30 p€r cent of
the total oflspring were males.

Females werc produced at all oI the temFeratures t€lox/ 20" C. The
highest proportion were produced at ll-13'C., where betweetr 56 and 80 per
ceDt of the total r^|ere o!'iparae.

-{latae verc rarely produced in lalge numbers. The largest proportiotrs
were produced at the lower temlEratu.es by those parents which leceived a
photoperiod of l6 hours/24 hours throughout thei! nymphal and adult periods.

-{pterous viginopalae bearing sensoria oD the hitrd tibiae $ere pioduced
at all ternpratures, the largest proportiotr being pmduced by pareots which
rcceived a photoperiod oI 8 hours/2.lhours during their adult period.

llaximum reproduction occurred at l9-20'C., dedeasitrg at higher atrd
lorirer temp€ratures,

At hiSh temperatures {!9-30'C.) few ofispriDg were produced. They
frequeotly took an abDormall)'Iotrg time to develop, aDd when mature were
small in size-

LeDgth oI life of the parcnts increased with a decrease in temperature.

LAsr, F. T. & BuxroN, E. \Y. (f955). Photo-reactivation of
Borrytis fabae Sardi a measured by a local-lesion tech que.
liature, Lond.. 176, 655.

Fol summary see no. 113.

135. LoRD, K. A. (f955). Esterase inhibition by organo-phosphorus
residues, rvith some observations on possible efiects on plant
metabolism. Ann. ap?l. Biol. B, 192.

Orteno-phosphorus residues ill tissues of sprayed plaats were detected by
estinratiDg the esterase-inhibiting activit) of their leaf aod root extracts.
This method sas us€d to examine the anti-€sterase e6ects o{ matrBold platrts
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that bad been sprayed with " Systox ", parathion aDd HanaDe ". Extracts
oI leaves of tlese treated plants were shoFn to inhibit added cholioe esterase
Ior some weeks after treatment. The etrzvmic hvdrolvsis of Dhenvtacetate tw
extracts of leaves and roots of maD8old pi""ts tieatei withihesi rasecticidei
was leduced lor varyiDg periods oI up to 8 weeLs.

Assays of parts of bean plants that had beetr sprayed with demetoD-S
showed tlat aDti{sterase activity was limited to those parts that had beeE
lprayed: rissues developed sub+queDt to spraying sho.ived no such effects.
Leaves sprayed about 2 months prcviously inhibitad added cholhe esterase
and showed reduced activity rn hldrolysing phenyl acetate. Tber€ is some
ev,idence tlat substaoces, possible substrates io the plaDt eDzyDe systeEs
afiected, accumulate in treated leaves.

136. ]IcIxrosH, A. H. (1955). Particle size of ins€cticidal suspeDsions
and tbeir contact toxiiity. \'. Eflect oI physical prop;rties on
toxicity of compounds in the DDT gtotrp. Ann- awl. Biol.
/*1. I6l -

With each oJ nine DDT analogues, t$.o types o{ simple aqueous suq)ension
r ere made, one containing clystals of uniJom size ana the other coniaining
colloidal particles. The toxicittes oI eacb pair of suspensioDs were compareii
by a dippinS method on ednlt Or)zacrhtlus swinomlnsts L., keDt at [1.C.
for 24 hours after treatment. The colloid sas alwavs as toxic as ahe crvstals_
or more toxic. Thisdifierence in toxicity varied lroitone analogue to an;ther:
It was related to the physical properries of tbe analogue itr tbe lollowing way.

Drpping applies poison to the rnsects i the amounts retaiDed could usuaily
be fouDd by extraction and micro-aral):sis. RetentioD of poison lroil
colloidal suspetrsion \[as about the same for each analogue; but irystals were
retained either more or less eftcienrlv thaD colloid. depeDding otr ther size
and shape. Poorest retention was lound with plate-like arystalJof about 25 r.

The true mtio of toxicities {or each analogue {colloid : crysrals) was fou;Ld
by correctiDg tbe observed ntio for diflereDces in retentiori; but even then
theie \r'erc still big differences amongst the mtios givefl by the difierelt
analogues.

The true ratio was taken as a measure oI the diflerence jo speed oI action
betwe€n the h[o tolms of poison. If the compound could,kill O. surinancasis
by fumigant actiotr aloDe, the true ratio was very small. Otherv.ise, it seemed
to depeDd on two physical properties related to the process of solutioo of
poisotr in the wax of the iDsect cuticle. They were both measwed iit i, t)itto
tests. The 6lm made by evaporating a drop o{ colloidal suspetrsioD olr gtass
is at 6rst Blobular, but it may sooDer or later cry.stallize. The film mad; by
evaporating a drop of a suspensioD o{ crystals;an be dissolved itr olive oii.
If the film o, crystals brought about saturation of olive oil slowly ald il, in
additioD, the deposit from colloid crystallized slowl\', the true rati6 was large.
Unless the analoSue had both of these properties the true ratio was smtll.
If the analogue had one or other of the properties the true ratio could be
iDcreased either by increasing the crystal size or by decreasiDg the Iate of
crystallizatioD.

Phlisical properties of this sort may often affect the results o{ tests of
insecticides, aDd should be taken into account when the toxicities oI difierent
comPounds are comParcd.

There seems to be Do relation betweetr lipoid-solubility atrd toxicity of
compouDds ilr tbe DDT troup. Rate o[ solutioE is probably more important.

137. PorrER. C., HEALY, M. J. R. & RA\\, F. (1956). Studies on the
chemical coDtrol of wire$orms lAgriol.s spp.\. I. The direct
and residual efi-ects oJ BHC, DDT, D-D and elhytetre dibromide.
Bull. ent. Res. N, gl3.

FoLgyrtg clop failures due to wireworm lAgtioles sP[..) attack on Little
Hoos Field, Rothamsted, two experiments vere made bn the use oLour
chemicals to prevent wircworm attack on wheat. The chemicals used u,ere
BHC, tecbnical DDT, ethylene dibromide and D-D.

Benzene hexachloride in the Iorm o[ a dust contaitrinc 3.5 Der cent crude
BHC was broadcast at the rate of 7.9 lb /acre cnrde BitC J ts.Z-te.o ",z-isomer per acre aDd was combine-drilled u.iih the seed at rates rangine from
0.08-3.92 lb./acre crude BHC = 1.9-8.0 oz. fisomer p€r acre. It was also
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applied as a seed dressiogat tberateof 2oz./bushelof a dressingcoataining 20 per
ceDt techDical y-isomer of BHC. DDT was drilled with the seed at 7 2 Ib./acre
tech cat DDT, aDd ethyletre dibromide aDd D-D were iniected into the soil
as soil fumigaots by nreatrs of a special machine at 45.5 lb. /acre and 210 lb. /acre
respectively.

All these treatmetrts gave a marked increase in yield over the cootrol plots
in the seasotr iollowht treatment (fga7-48). The hi8hest yields wele Siven
by the plots treated with ethyletre dibromide (32'l cwt./acre) atrd BHC
broadcast (30.6 cwt. /acre) and the lolvest by the DDT treatmeDt (20'7 cEt./
acrc), the correspoDdiDg ultreated plots producitrg only 8.9 qrt./acre.

In the lollowing year the plots were sown without lurther treatmeot, wrth
the exception of some plots ilr the secotrd erperiBent, which were sowtr with
seed dressed with high 7-isomer BHC and oEe block oI Bine plots which E'as
set aside for testing lor possibte taint with BHC keatmetrts.

w'hetr iudged on their residual efiects as indicated by crop yields, plant
coutrts and wireworm populations, BHC broadcast and combine-drilled and
the Dlots combine-drilled Fith DDT gave the best results. The two soil
,umii,atrts were not so efiective, and there was Do evideDce that the BHC seed
dressing had aoy b€nefcial rcsidual efiect.

Taste tests lor possible tainting effects itr the I 94Hg season, using
lettuces, carrots, beetroot and potatoes, indicated that BHC applied to the
soil at rates oI l.96lb./acre and up'\rards may tAint root crops, at least io the
second year after treatmeDt. The results are discussed in the hght of olher
work on this subject.

138. TATTERSFTELD, F. & KERRTDGE, J. R. (f955). The efiect of
repeated spra].ing of insects oo their resistance to insecticides.
III. Conditioning by the administration of sublethal concen-
trations. Ann. a?91. Biol. L O3O.

The addinistratioo oI calbon dioxide ia sublethal concentratioBs or {or
subl--thal p€riods oI tiEe gave lise to aD itrcreas€d resistaoce to its efiect itr a
snajla of. Droso?hilo,n tanogaster susceptible to the toxic efiects oI this gas.
The egect did not appear to be lrrmanent.

Tbe successive admitristration by spraying of sublethal coDcetrtratioDs
of DDT and BHC did Dot inqease the resistance of a strai! of D. ,n.lMoqaster
to their efiects, either itr the insects sprayed or their progeny. Only when the
dosages were such es to give a bigh death-rate did a si8ui6cant itrcrease ol
rsisraDceofthe proSeny of the treated insects take place; the tendeDcy *?s, iI
anlthitrg, to hcrease susceptibilit], altbouth the iodicatioas were Dot io
,avour of DDT actiog as a cumulative poisoD.

Itr a preliminary aeries of tests the iopical applicatiotr of DDT itr sublethal
doses to the adult itrsects rcsulted in a reductiod itr the amount or iIl the rate oI
egg laying.

139. WARD, J. & BuRr, P. E. (1056). The persistence and fate of
DDT on foliage. II. Comparative rates o{ loss oI DDT deposits
lrom glass plates and grorving leaves. Bull.e , Res,40,849,

A method is described oI applying even deposits oI iDsecticide to leayes
$ithout detaching the leaves from the plants. The insecticide is sprayed by
hand frcm atr air-operated paint-spray gun uoder cotrtrolled collditiolrs.
Using this method for applying the insecticide, the persisteoce oI DDT otr
living leaves and on dass plates *'as in\_estigated.

The DDT content of the deposits was estimated chemically by ttre
Schechter-Haller method oI analysis, and the toxicity oI the deposits was
measured by allowiDg adult T/iboliurt coslaie*m (Hbst.), cotrfiaed within
glass collars, to clawl on the surfaces to be tested. The deposits were lound
to be more toxic on leaves than on Dlates. This diffelerce was shown to be
due in part to the 8reater humidity 01 the eDviroEment duriDS exposure of the
test iEsects to deposits oo leaves, as a similar enbancement of toxicity occurred
wbetr, during exposure of insects to deposits on glass or C€llophane, the humidity
was kept at a high€r level tbao usual.

The rate oI loss oI toxicity and oI DDT when deposits were exposd to
sudight itr a greeahous€ Ior varying periods uiithin tlro difiereDt ratrges of ai.
teoperature was studied. The deposits werc derived either ,rom emulsiors
or crystalline auspeosiotrs. At the lo*er latrge oJ air temperatures (10'-
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2l'C.) there was a loss, after 37 days, oI about one-third oI the DDT Irom
suspension-deposits applied at the rate o[ 2 IE./sq. cE. to either leaves or
plates. For deposits oo leaves, the losses of DDT iDdicated by bioassay were
about equal to tbose ,ound by aDalysis, but {or deposits otr plates tbe toxicity
after exposure was sarkedly geater than was to be exPected from the amouol.
of DDT remainiDg. ln another e4)erimeDt $,ithia tbe s:rme temP€rature
raoge, but with lower rates of dePosit, loss oI DDT occurred more faPidly, the
lower lhe rate of deposit, the Steater beiDt the p€rceota8e of DDT lost.
Deposits lrom DDT emulsions included in this expe ment behaved similarly
to susDetrsion-deoosit6.

Suipensions iere used only vith the hither raDge of air temperatures
(15-30dC.), at deposrt rates of 2-8 pg./sq. cm. Deposits 1,ere lost more
rapidly lrom ptaaes laid orl a grc'€Dhous€ bench than from livinS lea]'es,
p6ba6ly b€ca,rs€ the plates, as a result oI insolation, vete at a hiSher average
lemperature. Agaio, the lower the rate of dePosit the Sreater was tbe per-
cetrAge lost, and the biological activity oI the expos€d plates, but not the
leaves-, was greater thatr \ as to be expected from tie amount of DDT
remainhg.

It is concluded that thc main caus€ of loss of, : ,'-DDT from crystalline
deposits ol the pure material exposed to suDlight i-tr a greeDhouse is the
voiatility oI the DDT. Since the lower the rate at which the DDT is aPPlied,
the greater is the p€rcetrtage lost i-n a givetr time, it is suggested that where
maximum persisteDce of aD insecticide is required, atrd coaditioos Iavour loss
by evaporatioE, the insecticide should be aPPlied at the maximum rate
practicable._ 

Irss of toxicity resulting from penetration of DDT idto the leal was too
small to be oI Practical importaEce.

Entomology Department
140. BA:iKs, C. J. (f955). Alt ecological study oI Coccinellidae

(Col.) associated \ritb A?his Jabac Scop. oD Vicio fdba. Bdl.
cnt. Res. 8, 561.

l4l. BANrs, C. J. (1956). The use of radioactive tantalum in studies
of the beh-aviour of small crawling insects on platts. Blit.
J- aairrr. Behau.8, 158.

142. BARNES, H. F- (1955). Gall midges reaied from acoms and
acom-cups. Ent. ,rron. Mag.9,., 88.

A Contarinia sp., a Daslnevra sp., an inquilioe Ctinodi?losis sp. a,Id a
ptedatory Lestod.illosis sP.

I43. (AITKENHEAD, P.), BARNES, H. F. & HEATII, G. W. (I955).
Soil sampling for wheat blossoo midges- Pla Palh. L 143.

The dimculty oI identifying gall midge larvae makes tle r€aring of midges
,rom the larvaebbtained iD soil samPles hishly desirable.

144. BARNES, H. F. (1955). Avoiding wheat blossom didge attacks.
Plant Pdth. 4, 147 .

Shelter lrom suD aDd wind afiorded by trees aDd hedgerovrs atrd the use oJ
impure seed inclease the chatrces of hea!'ll inrBtatioEs.

145. HATNE, F. (f955). Beobachtungen iiber das Flugstartverhaltetr
und die Dauer der FluStahigheit der Minnche! \,/oD Pei?hlll*s
a.ceis oc.icola \lek- Anz- Schiidlingsh, 8, 67.

Males were prevented from fying by whds of 3-5 m.p.h- P. aceris dcericorL
maiDtains capacity to fly Ior at Ieast 22 days

146. HAINE, E. (1054), Studien urd Expeimeate zur Frage- des
PoDulations-uDd Massenwechsels uDd des Flugverhalteas
virirsiibertragender Btattliuse. Aw. Scludtllingsh. g1, 65.
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147. HATNE, E. {1,95-q). Aphid take-off in coDtrolled windspeeds.
Nal*/e, Lond. L76, 474.

A. Jabac ^nd 
B. brassicaz can take ofi itr v,ilrds up to 0-Z Dr.p.h. Ittany

tree aphids take off otrly itr lo\rer wind speeds of 3-5 m-.p.h., aDd so;me of tbese
qrcies, unlike those whose flitht muscles autolyse, maintain ability to fly
Ior 2-6 weeks.

148. HATNE, E. (1955). The activity oI the sycamote apbid, Dlepano-
sifhon -Plalarroides Schr. (Hemiptera, Aphididal). J. anim.
Ecol. U.388.

_ __Take-off a-nd aligbtint b€haviour are descri}lf,d. D - ?lalanotdes maintaias
ability to fy for some weeks.

I,{9. HATNE, E- (1955). Biologisch-,itkologische Studien an Rho?ato-
siphoninlls lalysiihoz D. B6no : BundaministeriuE f. Erndhiung,
Landwirtschalt & Forsten. llandu.-a geu. Wiss.)

150. JoHNsoN, C. G. & T.r.vron, L. R. (1965). The measuremeDt of
insect deDsity in the ai'r. Lab- Ploct.4, 187,23i.

, AD account ol the maitr problems ot aeriat density Eeasuremeut atrd the
design aDd routi-ne operatioa oI suctiotr t aps. '

l5l. JoHNsoN, C. G., SourHwooD, T. R. E. & ENTwrsrLE, H. 0985).
A metbod for sampling artbropods and molluscs from hirbaie
by suction. Nalute, Load.l78, 5i9.

I52. LoNG, D. B. (1955). Obs€rvations on sub-social behaviour in
t\!o species of lepidopterous Laryae, Pieris brassicae L, artd, plusia
gorn a L. Tfons. R, ent- Soc- Load. Lod, 421.

Aggregatiotrs oI the laryae of. P. brassica. are assisted in their foloatiotr and
mainteoaoce by the grridi-Et effect o{ silk trails spun by the larvae. With
P. ganna attregation delrnded oo chaDce larvAl cotriacts resultiEs from
similar larval preferences of situatioD. A sense of lar\al coDtact was lo:utrd ro
be of prime importatrce itr both species. In P. brassi.ae it was resDonsible ror
the establishmeDt oI ma-ss IeediDg rhJrthms, whtlst in p. part rra it ;ot onlv led
to aggregetion but was also respoosible for the producaion of darker lair.ae.
De€dmg only two or three larvad i! associatioE td produce this efiect.

153. MuRpHy, P. N. (1955). Ecology oI the IauDa of forest soils.
Soil Zoology. Proc. IJrLit. ];o : znd. Easlct School in Aglic.
Sci., 1955, 99.

l54. IIuRpHy, P. W. (1955). Note oE processes used in sampling,
extraction aDd ass€ssmeDt of tJle mCiofauna of heathtand. 

- S,l
1g9agy, pro". Unio. Nott. znd Easter School it Agric- Sci.,
1955, 33E.

I55. MuRpHy, P. W. (1955). Soil launal investisations. For.
Cornn. Rcp. on Fot. Rcs., 1953-51,60.
PorrER, C., HEALY, M. J. R. & RAw, F. (t986). Studies on the
chemical coD(rol oI wireworms \Agriotcs spp.). I. The direct
and residual efiects oI BHC, DDT, and iinylene dibromide.
Bull. .ftt. Res. 8, gl3.

Fo! summary see no. 137.

156. RA$, F- (1955). The efiect oI soil conditions oD \!'heat Butb
Fly oviposition. Plan Parh- 4,114.

In a facto al expe ment designed to investigate the efiects of soil coDdi_
tions on oviposition, more eggs were laid on plotthaving a rough tilth than on
those havinS a smootb tilth. More eggs wi,re also laia oD olots which were
cultivated retularly duriDg the ovipositioD period. ,Vanuiirg oI t_he plors
had no efiect oD ovipositioD.
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157. RAlv, F. (f955). A !'lotation Extraction Process for Soit Micro-
Arthropods. Soil Zoology, Proc. Unio, Nolt. 2nd Eastet School
ir. Agtic. Sci.,34l.

Earlier set sieving and flotation Detbods of extracting arthropods froE
the sorl are reviewed, and a modifed techDique suitable Jor micro-artlropods
is described. This itrvolves chemical dispersion of the soil, wet sievinS,
dotation itr conceotrated magnesium sulphate solutior and separatiotr oI
arthropods from plant material ia a plug oI ftozea beazene.

158. SourHwooD, T. R. E. (1955). The egg and 6rst instar larva of
Ernpicoris ragabond.us (L.) (Hem., Reduviidae). Ent, ?tolt-
Mag.9l, 56.

A desc ptioD oI the preyiously unhol*I egg aDd 6.rst lart'al stage of this
Assassin Bug.

159. SourHwooD, T. R. E. The nomenclature and life-cycle of the
Ituropean TarDished Plant Bug, Lltgus rugulipe*nis Poppius
lHei., Miridac). Bull. enl. Res. N,845.

Recent taxonomic studies have recognized that LyEt s pfitensis \L-)
consists oI s€veral q)ecies, and other workers have showtr that the Tamished
Plant Bug of Sorth Arneic is L.lineoldris (P. de B.), a q)ecies confned tothat
continent. Although it is impossible to be certain what species is re{erred to
in all oI the earlier *'orks otr biology and pest i'lcide'Jce oI L. prak sis in the
Palaearctic region, evideDce is 8iven wbich shows that L- rt guh,.nnis Popp.
is the more important pest in this region, atrd it is to this species that the name
Europcan Tamished Plan! Bug should be applied. ObservatioDs on the life-
cycle ol L. ruguli?ennis in Etrgland have beeo carried out, and they show that
there are normally two generatioDs per year; the secotrd genemtion becomes
adult in the autumD alld overwiDters ir this stage, egg-laying occurriDg the
fouowing spring. This agre€s in geDeral with that previously describ€d lor
L. ?ra!.nsis, s.ns. lat.

160. (CARvALso, J. C. M.) & SourqwooD, T. R. E. (1955). Reviseo
do complexo Cyllorhin{s Fielr-r-Mecornma Fieber (Hemiptela-
Heteroptera, Miridae), Bor. Mus. Goewi, 11, 72 + 25 pages of
plates.

Th€ Uirid bugs of this complex are oI both ecoDomic aod taxonomic
interest; for Dot only are they iDportaat io the biological coDtrol of leaf
hoppers, especially itr the Pacific Islands, but taxoEomicatly they are in a
conlused state. I(eys are 8ivetr to 8etrera atrd sPecies, whicb are mostly
redescribed aDd fgured. Two new species of frrrrtrs and three oI Me(omma
are described.

161. Sro(Es, B. M. (1955). Host plaots of u'heat bulb fly, Plant
Path. 4, lO2.

For the 6.rst liE,e Agroslis tcnuis, Fesluca ?rdlelsis, Horiletttu ,rrwinurn,
Poa blat.nsts, A.gilofs otala, Ttiticun dicoccoiiks, T . ilicoccbn aad T . ,ulgidurn
are ihown exlrnmentally to be host Plants of the wbeat bulb fly.

162. SroxES, B. M. (1955). Behaviour as a means of identilying
t\ro closely-altied species oI gall-Eidges. Btit. J. Arlim. Behal.
g, r54.

Two gall midge sgeries, Dasyn Lra tiola. aDd D. alittis, Ehich are iDdis-
titrguishable morphologicaly, ale lound to be quite distitrct ilr their host-plant
ratrges (see p. 132).

163. TAyLoR, L. R. (f955). A tilting micromaoometer l,ith con-
tinuous seDsitivity control. /. Soi. Ittslr, @, 173.

A null-readiDg liquid manometer rcads air-speeds oI 7 5 {eet/second xdth a
Pitot static tube. Seositivity is hiSbestat zero readhg. The highest Iimitsof
accuracy ass€ssed were + 0 2 d]'n/sq. cm., i.e., 8'5 feet/secoDd + 0 5 per ceDt.
The upper reading limit is about 0'7 ioches W.G. (50 feet /second).
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Bee Departmeat
Grrrner Peppns

164. BITLER, C. G. (1955). The r6le oI " queen substance " in tbe
social organizatiotr of a honeybee coEmuEify. Arner. Bcc J-
95.275.

165. Burj-ER, C. G. (f955). Pest coDtrol-$ithout killing the be€s.
Agric. Rco., Lond. L, 64-

166. RrBBAxDs, C. R. (1955). The scent language of hoDeybees.
Discouclt, 10, 22; (to be reprinted in Smithsonian Inst. ADn.
Rep. for 1955.)

167. RTBBANDS, C. R. (f955). The honeybee. Sci- ArneLlN,52.
l6E. RTBBANDS, C. R. (1955). B€e scents. Brit. Bee J.8,96.
169- RTBBANDS, C. R. (f955). The oriBin of bee scelts. Brir. Be,

J.88,328.
170. RTBBANDS, C. R. (f066). Community delence against lobber

bees. Bzi!. Ear.f. 88, 380.

l7l. RTBBANDS, C. R. (1955). Autuon feeding. Blit.Bee J.8,432.
l?2. RIBBaNDS, C. R. (1956). What caD a honeybee srEell ? B/ir.

Bce ./. 88, 600.
(The last five articles rfere also printed in other trational bee jourDals.)

RTSEARCH PApERs
173. BAILEY, L. (1955). Trials uith Acaiicides at Rothamsted.

Bee World,W, 14.
This short trote gives some lesults oI initial experimelts rDith acaricides

applied as sEokes. The results oI coDtitr€Dtal wortsers are confrmed, aDd the
apparent supe ority oI 2rhtorophetryl, p-cblorobeDzeDe sulphoaate as aD
ovicide is noted.

174. BAILEY, L. (I955). Control of Amoeba Disease by the fumigatiotr
of combs and by fumagili!. Bce Wo d,8, 16i.

The sterilization of combs cootamhated with c1.sLs ot Malbi an@hd
,nellifica wes shown to be possible l,hen acetic acid was used in'the wav
previously descriH for combs coEtaEi.Eated with NoseEa spores.

Fomagillia did not appear to have the strikiDg efiect uB;tr an estabtished
ADoeba ilfectiotr as it has ulrca atr iEfection with Nosema.-

175. BAILEY, L. (1965). The irfectiotr of the ventriculus oi the adult
hoDeybee by Nosema apis (Za6der). Palasitology, $,86.

Spores of Nos.rna aprs trea-rly all gerEiEate rittritr 30 miautes of e[terils
t-be vmtriculus, the antirior end of wfuch receives the heaviest i.Ditial ialection]
It is suggested that the parasite is iniected into the veDtricular celb ftom the
slrcre via the hollou, polar flaEeDt.

Tbe central regiotr of the ventriculus rcceives the lowest i[itial inlectior
and it seems likely that suppressioD oI iDfection is liaked with the biqber
coD-ceatration oI intlacellular graDules oI calciud phospbate fouDd iD -this
reSron.

176. BArLEy, L. (1955). R€sults of 6eld trials at Rothamsted of
coDtrol methods for Nosema disease. Bee Wo d,8, l2l.

Erratic results were obtained with lumagilin whea led io s\,.ruD in the
autumD, aad iE one trial doses up to 600 Egm. per colony bad n6 siiuifcant
efiect upon the developmmt 

"? Oe aiseiie.ir.i"s thl I"Uo*ioI-Jri";
Strikin8 success was achie!'ed after coloDiB tad been traasrerred Io domSs
which had beeE sterilized with the vapour oI acetic acid ot oI formaldehyde.
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177. B-,rILEy, I-. (f955). The epidemiology and control ol Nosema
disease of tie honeybee- An r. appl- Biol. 8, 379.

The work done at Rothamsted sitrce lg52 upotr this diseas€ is summarized
and the_ experimenls leadirg to the pactical methods oI coDtrol previously
reported are described.

178. BUTLER, C. G. (1955). Some rece[t advances in apicultural
taearch. Anru. Reo. Er.t. L,281.

A critical review of r€ceDt research wotk oD certain aspects oI bee behaviou!
and physiology, including: efiects of aDaesthetics oo adult bees; colonv
odour; clusteriEs; laying workers; .control of queeo production; casti
determination; division oI latrour. 108 refere[ces a:re citea.

179. BurrER, C. G. (1956). Some further observations on the nature
oI " queeE substaEce " atrd of its r6le in the orgatrization of a
honeyb€e (lris ,belliferal cottttLtnity. Proc. R. ent. Soc. Lond.
(A) 81. (In the press.)

Further evjdeDce is giveo in supporl of the vie$, t-bat both queen produc-
tion and the Dormal inh-ibiLion oI divelopmeDt of a *-orker's o*.iri"s jre con-
trolled by queen substance; effective extracts oI which ha\/e novr beetr
obtaioed in a number of organic solveDts. It is demotrstrated that otre way in
which tbis substance is widely distributed amongst the adult members 6f a
colony, after beiEg licked Iiom the queea's d6ay Uy a {e1r, b€€s, is ia
regurgitaled food. It is also poitrted out that queen substance may act
iDdtectly, rather than directly, upon a recipient b,ee causiog the releasa oI a
hormode which affects this bee's metabotsm.

180. (CARLTSLE, D. B.) and BuaLER, C. c. (f955). The " queen
subsrance " o( honeybees aDd the ovary-inhibiting hormone of
crnstaceans. Natwe, Lond. 776, 276,

It has beetr show! that extracts oI honeybee " queetr substance " can
iohibit ovary developmmt i! prawns (Lcandet s?rlal*st whose eyestalks have
beeo remoa-ed, aDd that similar extlacts fiom the sinus glaDds of fimale prawns
can iDhibit or'a5r development in worker honeybees. It is suggested that a
commotr ovary-inhibiting substance occuis i-u Arthropoda.

l8l. FREE, J, B. (1955). Queelr production in colonies of bumblebees.
Proc. R. ent, Soc. Lold.. (A),40, 19.

QueeD bumblebe€s Eere irduced to fouDd coloDies i! captivity by con6ning
them with varying nuEb€rs o{ workers atrd abundant food. \\-hen sumcient
\rorkers werc present to help the queeo some of tbe 6rst eggs she laid gave
ris€ to queens. The factors leading to the productiotr of queens irl wild
colonies are discussed.

182. FREE, J. B. (1955). The adaptability of bumblebees to a cha.ge
in the locatior of thei nest. Brit. J. Anim. Bchd!.8,61-

I\lost oI the Ioragers oI a bumblebee coloDy letumed successlDlly to their
nest wheD it was moved to a new positioD outside their loraging raDge. How-
ever, if the Dev, site was withitr their loraging range a bith proportioo of
foragers returDed to it. but most oI them, at the end of t}iir first Ioragi.ng
trips {rom lhe Dew site, rerumed to the old site before proceeding to the neu,
oDe. Tbei! subs€quetrt behaviour varied accordiog to tbe distatrce b€tweeD
the old and ,ew sites. Itrdi\iduals differed greatly ia their learEitrg abilities.

183. FREE, J. B. (f955). The divisiotr of labour witbin bumblebee
coloDies. ltsacks sor.2, 193-

The maiority oI the workers of a bumblebee colotry were Iound to be either
consisteDt ,oraters or house-bees, but maDy FrforEed €itIer task itr accord-
aDce with tbe curretrt requiremeDts of their coloDy. Tbe longer a worker had
undertaken bous€hold or loragitrg duties, tle E|ore " furcd " she tecame to the
duty concened.

Foragels showed Sreat constancy to the collectioD oI either pollen loads
or nectar loads during cotrsecutive trips, but sho{'ed little cotrstaacy lor

I
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periods of a day or more. The type oI Iood collected was determiaed to soDe
ixtent by colony requiremeDts, which depend otr the Dature and aEouot o{
the food stores possessed by a colooy aDd oD the age oI its brood.

184. FREE, J. B. (1955). The behaviour ot egglaying \-orkersi of
br-rmblelxe colonies. B/ir. J. Anirrr. Bchao. g, 111.

A social order, bas€d on dohinance, was Iound to exist iD bumblebee
colonies. In bumblebee colonies deprived of their queens, and in coloDies
started bv workers alone. animositv occurred between the workers. .[n each
colony onl of the workers became tfie domitraDt and attacked any oI tie other
workers, although as many as thre€ workers in one colony were seeo to attack
otler b€es. The number o{ attacks was gleatest at the time that tbe social
ord€I v.as established, and thercafter declined. Io the majo.ity oI colonies
the domioatrt bce had the most develop€d ovaries, and the bee she attacked
most tended to have the next most developed ovaries. The results are dis-
cussed in relation to the evolutioDary developmetrt oI bee colonies.

185. FREE, J. B. & BurLER, C. G. (1955). An analysis of the factors
involved in the formation of a cluster oI honeybees (APis ,nclli-
Jera). Behauiour, 2 , 3O1.

Individual bees ale attracted to a cluster oI bees by the stimuli of scent,
heat atrd vibration, which the bees of the cluster produce. Each of these
stimuli, provided it is of sufricieDt maFitude, is by itself sufrcient to attract
individuil b€es to join the cluster. Bees are also attracted by the sight aloDe
of actively moving b€es. HuD8ry bees rlormally preler to joiD a cluster ol
bees ftom whom they can obtain Iood, but 8.oups oI well-fed bees are more
attractive to individual tees than are Sroups of starvinS b€es, probably because
ol their grcater actiwity, even when the indilidual bees are unable to obtaiE
Iood frcm them.

186. RTBBANDS, C. R. (1954). Communication behleen boneybees.
I. The response of crop-attached bees to lhe scent of their crop.
Proc. R. ?tl. Soc. Lond. (A),20, l4l.

Bees from one colony were traiDed to forage, in equal numbers, Irom two
Petri disbes 50 ]'ards apait. Otre dish was supplied with suSer s]-rup scent€d
with benzyl acetate, the other E_itb suSar slrup scented with meth)'l benzoate-

Trainrn8 took place alter 14.00 hours G.II.T. onty, but when the bees had
beeD sufficiently time.conditioned the dishes uere put do*,n in the DominS.
One o! other of the two scents was then pipetted into the hive; the addition
oI the scent to which it had been trahed doDbled the chaDce that the bee
would visit the Ieeding-place outside the usual trainiag time. Thus the mere
presence oI the trainiDg sce[t in the hive, in the absetrce oI either food sharin8
or dancing, caD encourage bees to go to a crop to which they are accustomed.

187. RTBBANDS, C. R. (1955). Communication bet\^'een honeybees.
II. The recruitment oI taiDed bees, and their response to im-
provement oI the crop. Proc. R. ent. Soc. Lond. (A), 84, 26.

Equal numbers oI individually marked bees lrom otre colony v{ere trained
to Iorage Irom each of three Petd dishes placed in difiereDt directions from the
colony. Dilute sugar syrup r?s supplied at first, and then replaced by
coDcetrtrated sFup. The disb at which the supply improved then attacted
twice as many recruits as did the dish at which concentrated syrup u,as ahreys
available.

Although the three dishes were oDly 50 72 yards lrom the hi!.e, the trained
bees 1llere separately recruited to them. Prcviously trained bees rccruited on
their frst return to the hive, atrd exposed their scent organs duriDg their
s€cond visit to the lood soDrce. Individual difierences in the behaviour were
iEpressiwe. The implications oI these rcsults are discussed.

188. RTBBANDS, C. R. (1955). The scent perception of the honeybee.
Proc. Roy. Soc. B, I'lil, 36?.

By a trew technique it has beea shown that horeybees can p€rceive pute
chemical scents in great dilutiotr, and that they caD distiDguish betweet
lnirtures which contaitr only slightly difiereDt proportions of the same two
sceDts,
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A honeybee was attracted to the body sce[t which it left b€hitrd some time
previously on a glass tube on which it had laoded momentarily a,rrrrorrl exposing
its scent orgaD;-tbis bodv scetrt may ofteo aid b€es iD tbeir f;ragiDg activities:

Amputation of seveo termiral s€gDeots of botb antetrDae greatly impaired
the thrashold oI scent perceptioD. -

The sceDt perception of the honeybee is compared with that of otber
itrsects, and the pmblems which have oot yet teen -lved are emphasized.

189. SIMpsoN, J. (1955). The sig frcance of the presence of polleo
in the food of $orker lawae oI the honeybee. Quart. J. micr.
Sri. 96, ll7.

It i9 sho\ro that wolker lan'ae receive a variable quantity of pollen itr
their food itr summer and sometimes none at all ilr winter. This potlen
probably supplies less than one-tenth oI the [itrogen requirements of the
growing lan.ae.

Statistlcs Department
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lm. BoyD, D. A. & LEssELLs, \Y. J. (1955). Seed-setting for higher
ptofrts. Aglic. Ret. Lottd,l, 53.

The efiect of seed-rate oD the yield of potatoes is discussed.

I9l. CHURCH, B. M. (1955). $'eedkillers and insecticides applied to
cereals and peas, s\rdes and Vale. Planl Palh- 4, l3l.

Data {rom Iertilizer survevs carried out in lg54 sbow that in arable
farming dist cts oI Eastern ED"Bland betBeen a quarter and a half of the cereal
acreaSe was treated with \r'eed-killers. Ia surveyed districts having less than
a third oI their acreage in tillage crops, oDly ,0 per ceDt of the cereals were
treated. Formulations oI MCPA were used on about 80 per ceDt o[ treated
6elds, the remainder receivils 2,4-D or D^\C weed-killers.

The extetrt to which various lormulatioos ot D-\BP were used as weed-
killers oD p€as varied Sreatly betweetr districts. DDT ins€cticides were
applied to 10-20 l)er cent of the pea acreage i-o most areas. lD only oDe
district amongst those surveyed was a large part of the kale acreage sprayed
or dusted rvith DDT or BHC insecticides agaiDst flea beetle.

192. CHURCH, B. M. (1956). Cereal manuring in England and Wales.
.1. Sci, Fd Agric, (In the press.)

Id{ormation on the maDurint of cereals obtaiDed Irom ,ertilizer practice
surveys (1950-54) is presented, aod estimates oI optimum Iertilizer dressiDgs
are gisen for comparison with presetrt practice. Retronal difierences io
Eanuriog, and the influence of previous cropping, the varieties gown, aDd
methods oI fertilize, application are considered.

More than a third oI the cereal acreaSe ia Englaod and Wales ieceived tro
nitrogen fertilizers, and the averate dressings given were 0.2i{.35 csrt. N/acre
compared with a calculated optimum dressiog of 0.6 cv/t. N/acre. On the
available erperimental evideDce, average potash dressings were about optimal
but phosphate Iertilizers were used on Eruch of the cereal acreage at rates above
the optihum. A thnd ot the nitlogetr used oD Finter cereals v.as applied in
the seedbed in autumn. Due to use of complete fertilizers as top dressings, a
sixth of the phosphate and a quarter o[ the pote-sh used oD winter cereals were
applied in sprin8 top dressings. About half the phosphate and potash
fertilizels used in the seedbed s,ere combine drilled. Pmftable increases in
the use ol trotetr on that part oI the cereal acreage *,hich receives little or no
DitroSen would i[crease the total cereal yields o, England atrd Wales by about
0 per cent-

193. CHURCH, B. M. & Lrprot, S. (1956). Use of an electronic com-
puter in the estimation of sampling errors in a nutritional survey.
B/it. J. Nt r. lO, 27.

The empirical evaluation of sampllng erlors of all kiDds has in the past beeD
Feauy Deglected due to the laborious calculations required oo desk uachines.
With the developmeEt of electronic Eethods these computations can ,row be
readily undertaken. The paper describes a method of evaluatint the sampliig
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errors of a numerical sequence using the electronic computer itrstalled at
Rothamsted. The method \ra-s developed to deal wittr the data oI a Dutritiotral
survey, but tbe progiamme has beetr writte! i-n Seneral form aDd can take
account of dissiDs !.alues.

I94- CHURCH, B. M., lvEsrMAcorr, M. H. & (JAcoB, F. H.) (1955).
A survey of rabbit damage to winter cereals, 105&-9. Prar,
Pari. (Iu the press.)

A country-wide suavey of rabbit damage to vitrter wheat was 6.rst caEied
out in l95l-52. This paper describes a further survey of winter cereals in
EDgland atrd $ales uEdertaken i.o 1953-& to obtain estimates oI damage ror
atrother year aod to exteod the rcsults of the previous work. Althou8h
myxomatosis was spreadiDg through the country at the tiEe of the su ey, it
clearly had a legligible efiect otr the results.

The estimated loss in 1953-5,{ due to rabbit damaSe otr winter-sowD cereals
in Englatrd aod Wales was 1.4 cr,t. graio/acrc, compared with 1.6 cwt. /acre
for winter wheat iE South aDd Central EnglaDd in lg5l 52. About a third of
t}le winter-cereal acrerge was moderately or severely grazed by rabbits, and
the surveyors judged that on over half ol this acreage the larmers had Do
organized policy lor rabbit cotrt ol.

195. (ELLrsoN, $r.), BoyD, D. A. & CIIURCH, B. M. (1955). The
progress of improvement olr upland and hill farms in England
and \!'ales: some results of a recent sun'ey. !f. R. agric, Soc.
110, 34.

The results are descrited oI a survey oI upland and hill falms undertaken
at the request oI the ASricultural Research Council and the Ministry oJ
Agriculture in 1S53 54. The 6eld work wa-s carried out in \\'ales alrd in
Northem aEd South-lvest EDglaod by Dembers o, the National Agricultunl
Advisory Seruice and the Agricultural Laod Service in the provinces coDcemed.
The main objects oI the survey were to prodde estimates of : (i) the retums
frcm public and private expeDditurc incurred under the Hill FarEing aEd Live-
stock Rearing Acts, aDd (ii) the scope lor further improvemetrts on farms
eligible for assistance under the Acts.

Farms ou about !() pe! ceBt of an estimated total of 4* milliotr acres otr
eligrble farms in EnglaEd and Wales had uod€rtaken improvements uDder the
Actsby 19i3. The estimated total cost of \,vork approved was I I I mil-tion ; of
this sum about two-thirds was Io1 improvements to Iarmhouses, cottages,
buildings, roads and services, the rcmainder being for land improvemeDts.
Srnce less thaD half tbe approved work had been done, and much had only been
recently completed, the full efiects on the rarm ecotromy could not bemeasured.
but the survey prolides a base-line lor a more complete assessment at a later
date. The surveyors recommended additional improremeDts at a total cost o{
15.6 million on farms wlth schemes, and improvements on other eligible
farms costiog l;25 million. Factors restrictiDg the improvements likely to b€
underteker are discDssed.

Owing to lack of accurate iElormation on output ii years preceding the
survey, prcvisional estimates of changes in output were derived from assess-
ments oI fleld stock carryin8 capacity aod the numbers oI stock on faros.
It was estimated tbat Iull implemeDtatioD of all work approved under the Acts
miSht iDcreas€ annual output by 26,000 two-year-old store cattle or equivaleEt.
and work recommeDded by the sureyors might give a {urther increase of
60,000 stores. The estirnated retum oa the total capital investmeat in
improvemeDts was 3--4 per ceDt per a.IrEum, Iro deductioo beiDg made ,or
iaterest oB capital. II Srants totauitrg 50 per cent oI the cost were paid in
respect ot all improvements, the correspoDdiDg returo to t}le larmer would be
l0-12 per cent of his smaller capital itrvestment.

196. GowER, J. C. (1956). A Dote on the p€riodogram of the Beveridge
Wlreat Price Index. J. R. statist. Soc. 8.17, 228.

The complete p€dodograa ol the Beveddge \lheat Price Iodex lias
calculated on the Uanchester Utriversity computer. The results were thea
used to test the goodEess oI ft oI the second-older autorcgressive scheme
propos€d by Salgan.
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197. GRUNDY, P. M., HE^LY, M. J- R. & REES, D. H. (1956). Eco-
nomic choice oI amount of experirDentation . J. R. slalist-
So.. B. (In the press.)

This is the detailed version of an earlier paper " D€cisiotr betweetr two
alteDatives-how aany experiEeats ? " oI which atr abstoct appeared in the
195,1rcport (paper ao- r80).

I98. HEALY, M. J. R. (1956). A signiicance test for the difiereDce in
emcieocy betweel t$'o predictors. J- R- statisl. Soc.8.,.:l,266-

If a delrndaDt variate y can be predicted by liDea! regression on either of
t\ro altemative predictors rr atrd ,r, it is natural to Eeasure the e6cieDcy ol
predictiotr by the srnalhess of the rcsidual variance oI r. Giveo a sample oJ
values oI r, rr atrd rr, Hotelling bas derived a method of testitrg whethei one
predictor sigtri6caotly exceds the other in efnciency. This test is derived
itr a simpler manner ald put itrto a ,orm suitable tor coEputatioE.

199. HE^LY, M. J. R. (f956). The analysis of a Iactorial experiment
rvith additional treatments, J. agric. Sci. (In the press.)

It is olten desirable in a {actorial experimeot to include certaitr lreatmetrts
outside the maiE {actorial scheme. The detailed aDalysis oI atr experimetrt of
this t .pe is discussed.

200. HEALY, M. J. R. (1956). Weighted probits allowing for a uon-
zero response in the controls. Biomelriha. (ln tbe press.)

Black has showll that standard probit calculations calr be facilitated by the
use of tables of weiShted probits. It is showa that the efiects oI a ,lorr-zero
response rate io urtreated material can be lully allowed {or by a slight modi-
fcation o{ these tables, and it is poiDted our that their use is coDvetrient otr
automatic hiSh-speed computeff .

201. HEA.Y, I\{. J. R. & \UEsrMAcorr, M. H. (f956). The problem
of missitrg values in experiments analysed on automatic com-
pnte$. Appl. Srarisr. (In the press.)

This article describes a method of handlitrg experimeatal data with missiDg
values that is suficiently getreral to be used i[ cotrjutrction with aoy pro-
gramme Ior analysing experimental data, and is at the same time simple
and satisfactorily iest. The method carries out the calculation oI tbe fictitious
values needed to eDabl€ the exFriment to be aDalys€d in the ordiaary reay.
The calculation is iterative and starts Irom guessed values for the missiflg
data; at each stage the residual of each missing unit (calculated by the main
pro8ramme) is subtracted ,rom the value ascribed to that u t at the be8itrning
of the cycle. The process is shown to converte to the requted values.

202. HoDNETT, G.E. (1956). The responses oI sugarcane to Iertilizers.
ErnP. I. erp,lglir. (In the press,)

-{verage standardized lespoDses of plaDt-ca8es atrd ratools to nitroSen,
phosphate and potash l,e!e estimated {rcm the results of ove! 1,000 experi-
meEts cotrducted in British Colonial and CommoDwealth TeEitories since about
1930. The responses (in terms oI sugar) were examhed ir rclation to ecological
regions within each terdtory. Responses to orgaDic manure, by-products and
lime were also sumEarized,

Nitroten rcsponses wele observed evel,'where. Under irrigetion they Nere
usually larger, while the ratoons getrerally respotrded morc than the plant-
canes. No residual rcsponse was obs€rved. The sugar percentage rras
coDsistently reduced. Sulphate of ammonia appears to be the most edective
form oI nitrogen.

With phospbate, tbe respoDses teDded to b€ associated with soil t,?es.
They were geDerally nther small and similar with successive crops. The
efiect on the sugar pencentage was small and irlegular.

Respooses to potash were also associated with soil t}'I)e.s and to some
extent nith ainfall. The ratoons tended to give somewhat higher respoDses
tban the plaat-canes.

Small, positive ilteractions were found between Ditrogea atrd phosphate
add between nitrogeo and potash. PeIr manurc tetrded to reduce the rcsponses
to the mair itrortadc {ertilizers. There *'as Do evidetrce for itrteractioos
between fertilizeG aad varieties.
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203. HoDNETT, G. E. (f956). The use of respons,e curves in the
analysis and planling of series of experiments with fertilizers.
Ernp. l. erp,,4g7ic. (In the press.)

The estimatioa of the parameter & Ior average response curves of ex-
pooeotial form is bdefly discussed. Various methods of estimating staodard
respotrses are examined. The effcieDcies oI experimetrts of 6xed size usitrg
difieretrt trumbers of levels are compared, and coDsiderations afiecting the
choice oI levels are discussed. The importance oI the zero level is
demonstrated.

204. HoDNErr, G. E. (f956)- The analysis of a 3 x 6 experimeot
arranged in a quasi-Latin sqrrare. Biornetrics. (ID the press.)

The analysis oI a 3 x 6 ractoriial experiment arranged in a 6 X 6 quasi-
Iitin squate is described, aod details are giveD of a general method Io!
computing the standard errors oI comparisons betweeD treatmeDt meals
adjusted ,or confouodiDs. The application oI this metbod to the computation
of staodard errors of treatmetrt comparisons iD split-plot designs is indicated,

205. (LE CourEUR, K. J.) & LtproN, S. (1955). Non-lirear regenera-
tive extraction of synchrocyclotron beafis. Phil. Mag.tS,1265.

To extract a beaE of maximum energy froD a syochrocyclotron the
denecto! must be placed at the edge of the maSnet, where the magoetic field
Ialls ofi rapidly aDd DoE-linearly with radius. This presents atr analltical
problem of coupled non-lioear difieretrtial equations *ith Friodic coemcients.
The computer at Rothamsted was used to provide solutions, atrd it \ras cotr-
cluded that a Doa-lioeat deflector catr extract the beam with highs etrergy
than the linear one at Liverpool. These proposals were primarily itrtended for
the Liverpool atrd C.E.R.N. s)'nchrocyclotrons, but are beingappiied to several
others. The expected results har.e already been obtaired itr Chicago.

206. LEEc.i, F. B. (1955). Vital statistics iD the study of cattle
disease, Agric. P/ogr. (In the press.)

Vital statistics may be collected on the lartrr Ior the Iollowing reasons :
(l) Economic studies in which attetrtion Day be locused either on cattle

as a source of income or on the losses that result from animal disease.
{2) For studies of the ecolog}'of diseas€.
(3) To estimate the e6cacy oI methods oI preventhg or controlling

diseas€.
trIethods appropriate to the particular ty-pe oI study are discussed in Seneralterms. Various tlps oI survey can provide data suitable ,or the fi.lst two

types of study. The third requires fleld experiments, ofteD oa a large scale;
problems itr the planning aad interpretatiotr of thes€ ere meDtioned-

207. LEDCH, F. B. (f955). Contribution to discussion of papers on
vital statistics. Ver. Rec. \ln the press.)

A correct estimate of the incidence of certain dis€as€s is virtually un-
obtaineble, atrd some of the reasons Ior this were discussed- It wai also
pointed out that diseas€ incidence should genelally be leported under two
headiogs-p€rcetrtage of larms afiected and the percetrtage oI affected cows on
afiected farms.

208. LrproN, S. (1955). A note on the electrotric cotnpute. at
Rothamsted. Math. Tab., ltash.9, 89.

A short descriptioD oI the computer is tiveD, togethe, r ith a lew exaEples
of problems that have beea solved.

209. PArrERsoN, H. D. (1956). A simple method fo! fltting an
as,'mptotic regressio\ cnr\re, Biomehics. (Irl the ptess.)

Simple Eethods for ittin8 the regression equatiotr
t:4 - Pt, wheleo<p< I

are suggested tor cases in which the ordiDates , are equaly spaced and take
4. 5. 6 o! 7 values.

The estimates oI p are given by the latios of two contrasts betweeo the
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values oI y. Thes€ co[trasts are choseD so that the eftcieDcies oI the DroDosed
estimates are hith over the ratrge of us€fDl values of p.

Once p has been estihated d aod 6 catr be determined by a straightlors-ard
linear regression.

PorrER, C., Herlv. M. J. R. & R^\tr, F. (1056). Studies on the
cbemical control of wire\rorms \Agtiotes spp.l. I. Tlre direct
and residual efiects of BHC, DDT, D-D, ardethylene dibromide.
Bull. en . Res. tUt, 913.

For summary see no. 137.

210. (RoLLrNsoN, D. H. L., HARKER, K. \\'-, TAyroR, I. L.) & Lercx,
F. B. (,966). Studies in the habits of Zebu cattle. II[. Errors
associated with recording technique. J. ayic. Sci. 4il, t.

To obtaiD records oI fudividual animals' habits u,heD a small herd is
observed Ior long periods of time, several observers are essential. The errors
bet\f,eeD observers were so much less than those between animals and betwee!.
pe ods of obs€rvation that {or most purpos€s records Dade by a succession of
different observeG will be adeqDate.

The errors oI obs€rvations at l-minute and 4-mitrute intervals, usiDg the
Srazing records oI teD eniDals, were 3.20 and 7.36 p€I cetrt of the ieatr
rcspectively. The latter 6gure being o{ suflicient aicuracy lor practical
applicatioD, itis coocluded that the 4-miaute interval is suitabl6 for recirds of a
Eajor habit.

The errors Ior the minor habits were lalge relative to the mean time
occupied on tbem, but still reasonable iD relation to rbe purDoses for which
worL of this sort would usually be requifed

2l l. (T^N:-ER, J. M.), HEALY, trl. J. R., (LocKHARr, R. D., tr/LacKENzrE,
J. & \\'HrrEHousE, R. H.) (1955). Aberdeen Crowtb Study:
[. The prediction of adult body measurements Irom measuie-
ments taken each year from birth to 6ve years. Arch. Dis. Childh.
(ID the press-)

A number oI children in Aberdeen were melsured at each birthdav from
0 to 5 )ears. Eithty of the same hdi\'iduals have beetr re-measured as idults,
aDd the paper discusses the prediction of the adult values from those taken in
childhood. AmonS other results, it is sho{'n that the correlation o{ birth
meBurements with adult measurements are unilormlv small: also that the
bcst age over the ratrge studied ,or predrcting adult values is usually 3 years
old, earlrer or later information adding very little to the goodneis oi the
prediction.

212. WEsrMAcorr, M. H. & nEEs, D- R. (1955). The feeding of fodder
beet to pigs. J. agric. Sci. (lD the press.)

Data from thirty-eight experiments in DeDmark aad Britain comparhg an
all-meal diet for lattening pigs with one containitrg fodder beet are summarized
and the lesults discussed. The daily intake of starch equivalent, and hence the
rate of gro{th, oI pigs Siven Iodder beet is showtr to be less thaD that oI pigs
Siven aD all-meal ration. Apart from this reduction in rate of growth, it is
shown tbat the value o, Iodder beet as a ,ood Ior pigs may be satisractorily
assessed usitr8 the starch equivalent system.

213. YATES, F. (f955). The use of translormations aDd maximum
likelihood iD the analysis of a set of quaDtal experiments in-
volviDg two treatments. Biornetriha, 42, 382-

The analysis oI sets of quantal experiments witb te/o t eatmmts by tbe
use of transrormations and maximum likelihood is discussed. end iuustrated
by examples, one oI which is also treated by large-saEple methods. Methods
are dven Iot (a) obtaioiDg an estiEate of the treatmetrt difierence in terms ol
the translormed variate, together with its statrdard error, (D) testing for di6e.-
ences ln sensitivity between the differeDt experimeDts, atrd (.) testiDg lor
variatiotr in tbe treatment difieretrce ,rom exp€liment to experimeot. The
appropriateness of various traDsformatiotrs uDder difereDt circuBstaDces is
also cotrsidered.
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214. YATES, F. (1955). A note on the application of the combinatiotr
of probabilities test to a set o[ 2 x 2 tables. Bionelriha,4z, 404.

It is showr that f without correction for contiDuity vrill Sive one-tail
probabilities lor 2 x 2 tables which may be safely combined in most cases
Iikely to be met rith in practice. The sum$atioD of tbe correspondinS si8ned
r.alu-s oI X gives a rapid method oI combinatioo. Reasoas ale given Ior
believidg thal combhatiotr oI probabilities tests ale not [kely to be very
efficieflt, and this conclusiotr G demonstrated by a small sampliog exPeri-
meat.

215. )*-{rEs, F. & (FrNNEy,D.J.) (1955). Report to the Govertrment ol
India on statistics in agricultural research. F.A.O. re?o ,
no. 358.

This Gport has its origin in a visit paid by the authors to India in 1052/3
at the request of the C,ovdrtrment of Inilia utrder the auspices of the Food atrd
Agriculture OrgaEization of the United Natiotrs. The maitr object of the visit
sas to advis€ atrd assist the Itrdian Council oI Ag cultural Research in the
teaching and rcs€arch protramme of its Statistical BraDch.

The rcport discusses tlie organization oI statistrcal assistarce that can best
serve the needs of the research admidstrative advisory services arld the way
in which this orgatrizatioo calr be developed. Observatioos on certain aslrcts
of feld exp€rime tal xiork in Itrdia are also iocluded, siEce staristics bawe much
to contribute to the improvemetrt of techniques and the utilization oI the results.
It is thought that many of the Datters discussed itr the rcIrcrt wiU be of interest
llot only to the various aSricultural research organizations in India but also to
similar organizations itr maoy other countries.

RDvIEw

216. LEECtr, F. B. (1955). " British Poisonous PlaDts ", by A. A.
Forsytb. 8zl/. Minisl. Agric. Lond, 161,

Woburn Experimental Station

217. MA\N, H. H. (1956). weed herbage oI slightly acid atable soils
as afected by manuring. J. Ecol. (In the press.)

The weed herbage growing about the beginning oI June u,as investiSated
on a Sreetrsand soil treated Jor a series o{ eitht years with large amou[ts of
bulky organic matrures, itrcludiDt Iarmyard maDUre, sewage sludge aDd several
t]?es of compost. The laod was utrder re8ular cropping \rith t*o market-
garden crops per year. The pH value oI the soil vaoed ,rom atout 5.0 to
about 6.5. The domiaatrt weeds otr the whole 1rlere Urlica urcr.s, Latniurrt
an?l.ricoLle and, Cd?sella bssa-Pastoris, but iD the more acid plots S?e/6rra
an.nsis 

^nd 
Mabicalia sp- If,ere the Eost Irequent. The tl*o last were,

however, very rapidly reduced as the acidity decreased, Slerguld belng tbe
most numerous at pH 5.0 or below, aad Marrr.aria at just over 0 0.

The effect oI the various orgaoic manures oD th€ weed berbaSe $'as Dot
widely di-fiereDt, and all increas€d tbe rDeediness by about 30 per cent, Iarm-
yard matrures less than the otler bulky matrures. Cert-ai[ of the weeds, such
as Poa atnua, Mattkztia sp., V.ronicd sp. znd. Ch.nafodiLm olbt n, seefi
iodiffeleBt to the presetrce or absence o{ orgaoic maEures, while others, like
Urlica uens, are very Duch etrcouraBed by tarmlard matrure, aDd Cars?r/4
bssa-la-sto/is and Scn cio i,ulgaris by *r.tage sludge or courposts contaitring it.
Doubling the dressing of DaDure made little difierence to the aEount of we€ds,
except iD the case of the anDual trettle, where the larger amount of the orgaoic
manures produc_ed over 77 per ceDt more nettle platrts pe! uDit area. The
additioa of sulphate oI aEEotria to the variously manured plots Eade very
little difierence to the weeditress oI the Dlots.

In an area where the land is ploughid at least twice a year aod regularly
cultivated, it seems clear that coostatrt hoeing does not easily rid the land of
veeds, and some weeds, like the afltrual nettles, seem to enjoy it.
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213. MANN, H. H. & BARNES, T. W. (1980). Tbe permatrence of
organic matter in so,,.. J. ag|ic. Sri. (Io the press.)

Atr erperimeDt at lvobum ilr which severel bdky organic tDanutes were
applied ia large aEouats every year IroE 1942 to 1950; couipled with two inter-
tilled crops a year, gave the opportunity to measure th; proportiotr o, the
added organic Eatter that remaiDed itr the soil at the eniC 6I this Deriod
Four bulky orgaDic ma[ures were used, Damely {arEvard malure. s_ewace
sludte atrd two ty?€s of compost made with straiy ard dctivated with duDs;r
with sewate sludge respsctively. They were applied each year in Februiry
at two rates, Damely 15 and 30 tons of malure per ac!e.

ExamiDatiotr of'the soils at the end of the'8-vear D€riod seems to iustifv
the Iollowing conctusioos. (l) The diflereDt mat6rials'divide themselv6s intir
two classes: {armyard ma[ure in which the organic matter appears to be
considerably more dcuve thao iE any of the other inaterials used, ;id the other
three manures, wbich are Dot wrdely difieretrt, though the least active is the
compost made with sewage sludge.' (2) Additiol ol-sulphate oI amEoEia to
the bulk] maoure slightly reduced the rapidity of d-isappearance oI the
orgatric matterexceptwith the Iarmyard maDure.'{3) Doub[ig the amouot o{
maaure added ha-s led to disappealance of a largq proportio; oI tbe added
organic matter afLer 8 years, except, again, with the iarmyatd manure.

After 8 years only 50 pe! cent oI the or8anic matter added is lelt itr the soil
when givel as farmyard maDure: with the other materials t]e aEouDr
remaitring i[ the soil is much greater, going up to nearly 75 per cent with a
straw coEpost made with sewaSe sludge.

219. DI.XE, G. V. (f956). The effect of date oI plaDting otr the fietd
of potatoes. J. agtic. Sci. (In the press.) - -

Evidetrce obtaiaed in the A.I.C. Survev oI Maincroo Potatoes l94a-50
aEd in experiments shows rhat )ields in En;htrd aDd Wjles are decreased by
detay in planting after about I I April, at rhe rate of about 0,4 toDs/acre pe;
week, T-he -e8ecL is ratber greater in years with 6ne springs, ard oD hieh-
yielding 6elds.

ID Rothamsted erperimetrts the respoDses to duog aDd lertilizer !r'ere all
greatly reduced whetr plantilg was delayed ; betweeo early April atrd late I\Iay
the efiects oI dung, rlitrogen and phosphate were halved, \Dhiie that of potash
was reduced by about 80 per cent. The eyidetrce on the responses of diaerent
varieties to early plaDtiDg i.D EDglish experimeDts is coDtradictory, except for
ao iDdication that higher-yielditrg varieties respotrd better. ' Data - from
CraibstoDe suggests that, if bulk yield is the oDly ciiterioD, " early " varieties
which Eake rapid gyowth early itr the seasoE bave a later optiEirm plaDting
qate than marncroP varrctles.

The e6ect oI chittin8 seed at CraibstoDe is to iDcrease yields by 1.7 tons/acre
for March pla[tiDgs, but the efiect iDcreases {or plaDtiDgs i, Apiil aDd laler to
2.5 tons/acle. There is ne8ligible loss of yield flom sprouted seed at Craib-
stotre lor plantiDgs delayed up to Eid-April, but lor unsprouted se€d there is
€vidence of a gaiD ,rom plaDtirgs a Eotrth earlier. Sprouted seed planted
eveD as late as May I yielded as well as utrsprouted planled 2 motrths earlier.

About hall the main crop potato acreage of EDgla[d aDd Wales in each of
the years 1948-50 was plaoted so late as to sufier appreciable loss of yield. At
least one-6fth seems hkely to have lost I ton/acre or more lrom delay. The
potential increase ir Dational production if all 6elds were plaDted by I I April
is equivaletrt to about 0.5 tons/acre, or 5 p€r ceEt ol the total production.

Field Experiments Sectlon
220. Dr.(E, G. V. & MEYLER, S. (1956). Indoor experiments with a

combine harvester. Er!. H sb. (In the press.)

221. GARNER, H. V. (1955). Nlanuring of cereal crops. J. lrsr.
Corn Merch. 5, 12.

Soll Survey of Etrgland and Wales
222. The soils oI the Glastonbury district of SoEerset (Sbeet 296).

(1955). I-ondoD : H.M. Stationery Ofrce.
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General Publlcatlone
BoALcn, D. H. (1955). The Commonwealth Agricultural Bureaux
aEd tbeir cofltribution to world agricultural bibliography.
lr: Cotttur.3 inl. Cottgr. Libr-, Btussels 1955,vol.24.

Oc{i, SrR W. G. (f955). The chemist and the farmer. Presi-
dential address delivered at the 74th ADnual Ceneral MeetiDg
of the Society of Chemical Iodust y, Birmingham, f2 July 1956.
Chem, & Ild. 928.

Occ, SIR W. G. (1955). Chemistry and crop nutrition. Nirth
DaltoD IJcture. Lect. Insr. Cherr,. no. 5.
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Reront, Rorxeustro ExprnrMsNtAL SterroN
I908-1914 (annual
r9r5-17, l9l8-
l92l-22, 192:0-",
1929-1937 (annual
1938
1939-45 (one issue
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I /- each

2lS each

5l-
5l-
3/- each
6/- each
7 16 earh
8/6 each

1946, 1947
1948, 1919
1950-1954
1955

Rorneusrrn MEMoTRS oll Acnrcurtunet Screxcr
1 (1847-{3)-3 (1896-1912), 1863-1914 ... Out of print
9 (lm9-16)-11 (rs2v22), tst9-24 ... 32/6tach

72 (ts22-2:ol, tB (ts25-27), 1926-28 ... 3il/6 each
14 (1928-30), 1930 ... 351-
15 (1922-31)-28 (1939-40), 1932-40 ... 36/- each
2{ (I94HI)-81 (1952--53), 1947+6 ... 60/- each
(1-7 are in demy octavo, &$1 in royal octavo.)

Rorseusmo Mguorns, rnou rxr " PHrlosopErclr rRANSAcrroNS "
1(r861-a9), 1893 'l

2 (1880-1900), 1893 i Out of print
3 (1859-83), i893 |
4 0914-34), 1934 ' ... 201-

(These are published in quarto.)

RorxeusEn CoxmnrNcn REpoRrs : being papers by practical
farrners and scientific experts.

I The manuring oJ potatoes. (1925; f/6.)* (ll The growing of lucerne. (1926.\* (2) The cultu/e and. manuti*g oJ Jodder crofs. (1V26.)* (3) Crea manuring. . . . (1927.)
(41 The cullwe ard manuritg oJ sugal beel. (1927 i 216,)
(51 The art atd science oJ cullivatior. (1527: 2l-.1
(6\ Powet for cttltiralion afll. haulage on the Jarrn. (1528; 216.')
(7\ Makittg barlcy. (t928; 216.). (8) R*mt changes in systems of husbadry in Etghril. (1929.)
(S) The Hclrfolilshire agricullural siluation: Catt it bc i Proved ?

(192s;21-.\
t Ullumbeted. . Out of Print.
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(l0l Thc elouah oJ chcnpcr wi * looil for lioe sloch. (1930; 2/6.)
(lll Tfu nahhtg ol tteu grassland : eQerierces of pructical farmcrs,

(1931 ; 2/6.)
(12\ ihc fhcc aul managemcnl of shcz! htmoilen Jarmhg. (1931 ;

r/6.)
(13)
(14)
(15)
(16)
(17)

'(r8)(le)
'(20)

(21\
(22\

The tachaiqw of field exlcrima s. (1931; l/6.)
)I echanizalior and British apticulture. (1932 :-11

'ahd 
Bridish agticulture. (1932; 216.)

Recenl d@da?rncnts in markh gardming.' (1532 i 2l-.\
Prcblems of fotal.o growing. 11934; 2l-.\Ptoblams oJ ?otata gloutng. \t\t:A: zl--)
Modcrn charges in lhe trealrtant oJ lighl soil. (L$a; 2l-.)
Brood diseasis of bees. 11934,\
The froduction oJ pigs for bacon. (1935; I/6.)
The cause aad control oJ warming bees. (1935.)
The use of electricity ir agricullurc. (1936; 2/-.)
Diseases oJ bees. (1936; l/6.)

Numbers I-20 were also published in four bound volumes:
Volume I (Confereuces I4l out oI print.
Volume 2 (ConJerewes (6-10l l0/-.
Volume 3 (Conferences (ll-15\ f0/-.
Volume 4 (ConJerences 16-20) out of print,

GurDE To rHE EXPERTMENTAL FARMS. (1954; 6d.)
INlESTrcATroNs rN THE LABoRAToRTES. (1955; 6d.)

.RorHA.IdsrED, 1843-1943: the work and history of the depart-
ments. (1043.)

RoTHAMSTED EXPERTMENTAL Sterrox Lrgnq,nv
Catalogue of the printed books on agriculture published between

l4?l and 1840, by Mary S. Aslin. (Rothamsted, 1926.) +

-Second 
Ed.ition. (Rothansted, 1940. Cloth, l5/-; paper

121-.1

-St Pplefltent . . . List of additions since 1940. (Rothamsted,
1949; paper,2/6.)

Catalogue of serial publications in the Library, 1953. Edited by
D. H. Boalch. (Rothamsted, 1954; 1716.)

Catalogue of serial publications in the West Building Library at
Rothamsted (Entomology, Insecticides, Mycology), March, 1956.
Edited by D. H. Boalch. (Rothamsted, 1956; mimeographed;
2l-.)

The Manor oi Rothamsted : [a history and guide], by D. H.
Boalch. (Rothamsted, 1953; 7/6.)

PRINTS AND DRAWINGS
Mezzotint engravings by Julia Clutterbuck, A.R.A., after

portraits of the founders of Rothamsted Station, Sir Joh Lawes
(by H. Herkomer) and Sir J. H. Gilbert (by F. O. Salisbury) :

Signed eograver's proofs on India paper, 4 g!s. each.
Ordinary lettered proofs on hand-made paper, 2 gtrs. each.

Plans and drawings of the old Rothamsted Laboratory, [?1855] ;
Four lithographs after drairings by Sir Charles l-awes-Witte-
eronge, son of Sir John Iawes, il1 a volume 2l| in. by f4* itr., lf.

. Out of Print.



byPublications Present and
Past Members of the

Rothamsted Staff
tl9l3 RussELL, Sir E. J. Thc fenilily of the soil. Cambridge

University Press.il9l7 RussELL, Sir E. J. Mautring tor higher reP produclion.
Cambridge University Press.

t1920 BRENcHLEv, Winifred E. Weeds of larmlatd. Lond.on:.
Longmans, Green & Co.

*1922 GREv, Edwin, Rezrizricences, tales and atecdoles of lhc
laboral.oies, stof aul erieirnenlal fdts, 1872-1922.
Rothamsted Experimental Station.

*1923 Russrrr, Sir E. J. et al, The micro-orga*isms oJ soil, by
E. J. Russell and the stafi of the Rothamsted Experi-
mental Statioa. London: Longmans, Green & Co.

*1921 BRENcHLEY, Winifred E, Manuring of grassland Jor hay.
London: Lougmans, Green & Co.

*1921 RussELL, Sir E. J. Plant nutrdtion and crop Ptoduction,
being the Hitchcock Lectures, 1924. University of
Califomia Press and Cambridge University Press.

'1925 DAvDsoN, l. A list of British aphid.es. .. . London:
Longmans, Green & Co.

+1927 BRENcHLEv, Winifred E. Inorganic llant poisons and
stirnulanJs. 2nd edition, revised and enlarged. Cambridge
University Press.

+t931 KEE\, Sir B. A. The physical properties oJ the soil. Lol;.don:
Longmans, Green & Co,

*1932 CurLER, D. Ward. Erolution, heredity and oarialion,
London: Christophers.

*1933 RussELL, Sir E. J. The farm ard the nation. Londot:
George Allen and Unwin Ltd.

.1936 RussELL, Sir E. J. & Vofrcxrn, J. A. Fifiy years oJ f,eld
ea?elirfte s at the ll'obun E*perimcnlal Statiott. Wilh a
statistical report by W. G. Cochran. London : Longmans,
Green & Co.

*1939 Nrcol, IJlgh. Microbes by the mi ion. Harmondsworth:
Penguin Books Ltd.

*1939 RussELL, Si E. J. Anifoia.l Jedil,izerc in nnilern agricult*rc.
Midstry of Agriculture and Fisheries Bulletin no. 28,
[3rd edition]. London: H.M. Stationery Office.

*1939 RussELL, Sir E. J. Relort on lhe wo* of the Imlerial
Councdl of Agricultural Research in applying scie?tce to ctol
ftoiluctiotr ht Ind.ia. Repriated. Sirnla: Government of
India Press.

. Out of Print.

*1935 Curren, D. Ward & CRUup, Lettice
microbiologjr. London : Longmans,

*1935 GREY, Edwin. Co age life in a
St. Albans: Fisher Knight & Co.

M. Problems in soil
Green & Co.
Hertfod.shire dllage.
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1940 Nrcol, Hugh. Plant guoth subslances, 2nd edition.
London : Leonard Hill, 3/6.

l94l RussELL, Sir E. J. Engl*h farmtug. London : William
Collins, Sons & Co., 5/-.

iI943 Nrcol, H,tgh. Biological conlrol of rasecls. Harmonds-
rvorth : Penguin Books Ltd.

I9i14 GARRETT, S. D. Rool disease Jungi, Waltham, Mass. :

Chronica Botanica Co., $4.50.
l9it4 HArL, Sir A. D. The Jeeding of uot's anl sJoct. Parts I

and 2 revised by Sir W. G. Ogg. 3rd edition. London:
John Murray, l2/-.

1945 BL'rLER, C. G. Bee-hecpittg. Min. Agdc. Bulletin no. 9,
[7th editionl. London: H.M. Stationery Office,9d.

lg{i RussELL, Sir E. J. Brilish agricullural rcsearch: Rolham-
steil. Revised edition. London: published for the
British Council by Longmans, Green & Co., I /6.-Available
from the Librarian, Rothamsted Experimental Station, as
also are a Spanish translation (new impression, lS47 , ll-l
and a Portuguese translation $9A, I l-\.

1948 Burrrn, C. G, The imt'o ance of bees ir orchards.
Ministry of Agriculture Bulletin no. 328. London: H.M.
Stationery Office, 9d.

1948 FrsHER, Sir R. A. Stalislical methods for research workerc.
I0th edition- Edinburgh: Oliver & Boyd, 16/-.

1948 RussELL, Sir E. J. / studenl's book on soils ad manures.
4th edition. Cambridge University Press,8i6.

1948 TRAcEy, M. Y. Proteins ard lik. Lond<m: Pilot Press;
reprinted by Chapman & Hall Ltd., f0i6.

1948-56 BARTiES, H. F. Gall midges of ecotomic imporlance.
Volumes l-7. London: Crosby Lockwood & Son, Ltd.
!'ol. l, I2i6; Yols. 2-S, r5/-; Vol. 7, 2ll-. One more
volume will complete the work.

1949 BurLER, C. G. Beehi,tes. Ministry of Agriculture Bulletin
no. lttrl. London : H.M. Stationery Office, 9d.

1949 BurLER, C. G. The honeybee: an inlrcd.urlion tn he/ sense-
physiohgy and bchariour, London: Oxford University
Press, 10/6-

1949 GooDEY, T. Laborulory methods Jor wo* tttith plant and
soil ncmatoiles. Ministry of Agriculture Technical Bulletin
no.2. London: H-M. Stationery Ofrce, 9d.

1949 LoNG, H. C. & BRENCHLEv, Winifred E. The suppression
oJ weeds by fenilizer anl chemicals. 3rd and enlarged
edition. London: Crosby Lockwood & Co.,7/6.

1950 Bewotx, F. C. Plant diseasas. Revised edition. London :

Thomas Nelson & Sons Ltd., 8/6.
1950 BAwDEN, R. C. Plart viruses and. rirus diseases. }rd..

edition. Waltham, Mass.: Chronica Botanica Co., f4.75.
1950 RussELL, Sir E. J. Lessors on soil. 2rd, ed. Cambridge

University Press, 7/6.
1950 Russr[, Sir E. J. Soil cordilions and llanl groulh. gth

edition, recast and re$ritten by E. Walter Russell,
London: Longmans, Green & Co.,35/-.

' Out of Print.



27

1951 GooDEy, T. Soil and freshwater nemalodes, London:
Methuen & Co., Ltd.,45l-.

l95l FRANKLTN, Mary ^1. The cysl-Jorming sfc.cics of Helerodcra.
Farnham Royal : Commonwealth Agricultural Bureaux,
r8/6.

1953 BoArcH, D. H. The maaor of Rolhamsteil. Harpenden :
Rothamsted Exp€rimental Station, 7/6.

1953 Frsurn, Sir R. A. & YATES, F. Statistical lables for biological,
agricultural and med.ical research. 4th edition. Edin-
burgh : Ol.iver & Boyd,2l l-.

1953 GARNER, H. V. (part author). fre use oJ lime in Brilish
agicttlturc, London: E. & F. N. Spon Lld.,26l-.

1953 RIBBANDS, C. R. The behattiour and social liJe oJ honeybces.
London: Bee Research Association Ltd.,2l/-.

1953 YATES, F. Sampling mzlhods for cets*scs and suneys. 2nd.
edition. London: Gritr-n,38/-.

l9 BoArcH, D. H., ed. Cata.hgue oJ seial publications in lhe
libary of Rothansted Experimental Station, 1953. Hatpen-
den: Rothamsted Experimental Station, 17/6.

1954 BurLER, C. G- The worll of lhe howybee. (New Naturalist
series.) London: Collins,2l/-.

1954 GoLDscHEDr, V. M. Geochemistry. Edited by A. Muir.
Oxlord : Clarendon Press, 63/-.

1954 RussELL, Sir E. J. Wotld population and world. Jood suPflies.
London: Allen & Unwin Ltd.,50/-.

1954 TR cEr,, M. Y. Prixciples of biochemistry: A biohgical
a|proach. London: Sir Isaac Pitman & Sons, Ltd.,20/-.

1955 PENMAN, H. L. Humidily. London : Institute of Physics,
5l-.

1955 PIRIE, N. W. The nunbcrs oJ man attd arima,ls. Edited by
J. B. Cragg & N. W. Pirie. Edinburgh : Oliver & Boyd,
t5l-.

1955-56 TRACEv, M .Y . Mod.en mdhoils ol ?lant anallsis. Ddtted
by K. Paech and M. V. Tracey. Berlin: Springer-Verlag,
4 Volumes, 143 l6s. 6d.
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