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Rothamsted Experimental Station
LIST OF STAFF

DECEMBER, ISfi

Director: Srn Wrrrreu G. Occ, M.A., Pn.D.

Deputy Directors :

E. M. CRowrEER, D.Sc., F.R.I.C. (Soils Division)

F. C. BAwDEN, I[.A., F.R.S. (Plant Pathology Division)

Secretary: J. B. Brxrrrr, A.C.A.

Physica Department
Head of Department .. R. K. Scnorrrro, M.A., pE.D.,

F.INsr.P.

Scientific StaII . . . . G. H. C,rsmx, M.Sc.
W. W. EERsoN, B.A.
W. C. A. HurcHrNsoN, B.Sc.,

PE.D.
I. LoNG
H. L. PBxuax, B.Sc., pE.D.,

F.INsr.P.
A. W. TAl-LoR, B.Sc., M.Sc.

Temporary Workers . . E. M. CLEGG, B.Sc.
J. P. Qurnx, B.Sc.

Assistant Staff . . . . W. C. GAuE, JosEprrrNE NooND,
D. PEARcE, Jrssrr A. J.
WAL(ER, MARGARET WILLETT

Chemtstry Department
Head of Department . - E. IU. Cnowrnrn, D.Sc., F.R.I.C.
Scientific StaII . . . . BLANCHE Be xzrex, B.Sc., F.G.S.

J. M. Bnrxmn, B.Sc., ps.D.
ELIZABETH II. CooxE, B.Sc.

(IIonr.)
G. W. CooxE, B.Sc., px.D.,

A.R.I.C.
A.JI.CGREEN, B.Sc. (AcRrc. ),

Srcxe G. I{ErNrzE, M.PErL.
J. E. A. OcnonN, A.R.I.C.
B. RrcxsoN, B.Sc., A.R.I.C.
H- A. Surru
A. C. E- Sruenr
R. G. WamtN, B.Sc.
F. V. Wrooowsox, B.Sc. (AcRrc. )
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Temporary Workers M. 1'. JAcKsoN, B.Sc. (Agrir:.)
A. C. VENN, B.Sc.

Assistant Staff . . . . E. Brm, F. CoWLAND, NELLTE
CRrssEY, A. T. DAY, S. C. R.
IiRIEMAN, G. E. Hoorrn, G.
INGRAM, MARJoRIE MANLE1-,
NoRM-{ PA|TEN, BETTY M.
PoND, M. Rosanrs, P. D.
Seuxonns, F. J. SEABRooK,
ENro J. Surrx, Z. Uprrrs, R.
WTLKNSoN, K. Wr r rrs

Soll MicrobioloEy Department
Head of Department

Scientific Staff .. ..

Temporary Worker
Assistant Sta{f ..

Pedolo{ly DepartDent
Head of Department

Scientific Staff ..

Temporary Workers

Assistant Staff ..

Adyi8er on 'froplcal and

If. G. TsoRNroN, B.A., D.Sc.,
F.R.S.

Jexrt E. Bnrxo, B.Sc., Er.D.
LErrrcE M. CRUUP, M.Sc., F.Z.S.
JAMna KLEczrorPsKA, B.Sc.,

PE.D.
JANE l[ErK EJoEN, B.Sc., PH.D.
P. S. Nuruex, B.Sc., Pn.D.,

A.R.C.Sc.
B. N. STNGE, B Sc., M.Sc,, Px.D.,

D.Sc.
F. A. Sxrxxrn, B.A.
N. WALXER, B.Sc., h{.D.

. . S. U. Bnoxrrrto, M.AcB.Sc.

.. ANN BowDEN, Joex Cnewr,rv,
IIABE L DUNK LEY, Mencensr
IfucEs, DLIZABETE l[ctALL,
Jenm Rorre, M. SnAw

.. A. MurR, B.Sc., PE.D.

. . C. BloouFrErr, B.Sc., ftr.D.
G. Bnowx, B.Sc.
J. R. Burr.ER, B.Sc.
R. GREENE-KELLY, B.Sc.
D. l[. C, lfecEwerr, M.A., B.Sc.,

PE.D.
I. Srrprex, B.Sc.
O. Teuouoorrn, B.Sc., PE.D.

.. K. NoRRrsE, tr[.Sc.
J. L. GARcra Vtxcrxte

.. YvoNrE ANDERSoN, G. Drnrrv,
Drxrsr A. GRAY, D. N. GnBBr,
Auonsv Moncex

Sub -Tlipical Soils
H. GREENE, D.Sc.
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Botany Department
Head of Department . .

Scientific Staff ..

Temporaqr Worker . ,

Assistant Staff ..

Statbtical Department
Head of Department . .

Scientific Staff .l

Colonial Office Statistician

Tempora4r Workers

Assistant Staff ..

8

D. J. W^rsox, M.A., PE.D.
-E. 

C. Hrrr"o.., B.Sc., PE.D-,
D.Sc.

P. C. Owex, B.Sc.
Jovcr l[. PATTERSoN
GTLLTAN N. Txonra, B.A.
JoAN M. TEURsroN, B.Sc.
KerurRrxr WARTNGToN, D.Sc.
J. H. WILsox, B.Acn.Sc.

BARBAI-A BrsEoP, S. A. W.
Fnaxcs, Bnrxpe MsssER,
Ifr,\Tsrn PELLANT, ANNEITE
Rrvrrr

F. Yems, Sc.D., F.R.S.

P. R. D. Avrs, B.Sc. (Econ. )
D. A. BoYD, Pn.D.
B. l[. Cxuncs, B.Sc.
A. T. DuxN, B.Sc. (Ecox.)
J- H. A. DuNwooDy, B.A.
G. V. DY(r, M.A.
P. M. Gnuxoy, Ps.D.
M. J. R. Ifrerv, B.A.
G. M. Jorrv, B.Sc.
W. J. LrssE r rs, B.Sc. (EcoN.)
RowENA I,RD, B.Sc.
AvERr L MUNNS, B.Sc.
H. D. Plrrrnsox, M.Sc.
ErIILY P. PouLroN, B.A.
D. H. REES, B.Sc.

G. E. HoDNETT, B.Sc.

IIIURTEL E. Devrrs, B.Sc.
K. Srernn, B.Sc-
J. K. R. Wooo, B.Sc.

Pernrcre U. BAxRETT, DoRorEy
Bnowrrxc, DoRrs CouRT,
MRs. W. DAwsoN, MAx.roRrE
FuLFonD, Gwrxpouxt Hel-
sEY, CoNSTANCE lfurr, Rurn
IfuNr (Secretary), MRs. F.
JoRDAN, Mns. G. Luces,
B.tnnere Nnroxen, Susel
Orrrulxt, AuDREy hNcoxBE,
MRS. V. RoBERrs (part-time),
Fnroe A. SurTH, SyLvrA
Snrrx, DonEx TucKER, W. J-
WALTERS, Joex WrrxtNsox
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I

Plalt Pathology Department
Head of Department . . f. C. Ba\'oe x, M.A., F.R.S.
Scientific Staff . . . . J. \\'-. BlExcor!'r, B.Sc.

L. Bnoeorexr, Pr.D.
IIIARGARET M. BRowNE
C. E. Conxrono Pn.D.
LrNa Cuxow
L. F. GArEs, B.A.
M,rnv D. G rvxxr, M.Sc,, D.Sc.
P. H. Grsconv, Ps.D., D.Sc.
BRENDA M. G. HAULYN, B.Sc.

(Honr.)
J. M. HrRSr, B.Sc.
R. Ilurr, Px.D.
B. KASSAIiIS, PH.D., D.Sc.
A. KLEczKowsKr, M.D., Ps.D.

. F. T. Lesr, PH.D., A.R.C.S.
I. MACFARLANE, B.Sc.
H. L. NIxoN, lu.A.
Frone wcr M. RoBERrs, M.Sc.,

Ptr.D.
G. A. S,rrr, M.A.

il 
^H;I' 

x:?l.tf.i,".,
Assistant Staff . . - . JEAN Btoourrrtn, A. W.

IIALSEY, D. P. IfucKLEsBY,
W. N. MooRE, Joex Seursol,
MRS. B- Soxuenrox, O. J.
STEDXAN, Conat Wrcr

Assistant Staff .. .. M. L. Banxrs, B. BRADY, ANN
P. Frslo, MoNrcA A. MARD LE,
R- S. Muxoev, PAULTNE
PLATTS, Iancrrv L, I,
Sourov

Nematology Department
Head of Department . . T. Gooorv, O.B.E., D.Sc., F-R.S.
Scientific Staff .. . - C. C. Doxcesrnn, B.Sc.

D. W. FENWICK, M.Sc.
MARY T. FRA.-xLrx, B.Sc., Ps.D.
J. B. GooDEY, B.Sc.
B. G. PErERs, M.Sc., Ptr.D.
E. Rr:tP

Biochemistry Department
Head of Department . . N. W. Ptnrt, M.A., F.R-S.
Scientific Staff .. .. E. MARGARET Hororw, B.Sc.
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Entomology Department
Head of Department . .

Scientific Staff ..

Temporary Workers

Assist?nt StafI ..

Bee Department
Head oI Department
Scientilic Stalf ..

Assistant Stalf ..

Temporary Worker

Special part-time worker

Ins€cticides and Fungicides
Ifead oI Department
Scieqtific Staff ..

Assistant Staff ..
l0

Syrvre Elsr, M,rny lfirrrR,
Be.nsARe O'Drrr,, Moxrce
WALr-ER

C. B. Wrr,rrays, M.A., Sc.D.
C. J. Bexrs, B.Sc.
If. F. BARNES, M.A., PE.D.
R. A. Fnrucr, B.Sc.
C. G. Jonxson, D.Sc., PE.D,
D. B. I,NG, B.A.
G. Owzx Evexs, M.Sc., Pr.D.
F. Rew, B.Sc., Ps.D.
J. W. SrEpEENsoN, B.Sc.
BensAx.a M. Sroxss, B.Sc.
L. R. TAyLoR
B. R. LAURENCE, B.Sc.
J. E. SarcEELL, B.Sc.
B. P. Srrcx, M.Sc.
B. BucKrNGEAx, Juov Honn,

tr[Rs. E. KoLLER, J. R. Iorrv,
R. MARSH, Mns. J. Mr,sur,
BrDDy NASE, M. O CoNNoR

C. G. Burrrn, M.A, PE.D.
ELtzABETH Ce.nrrsrr
C. R. Rrsnaxos, M.A.
MARGARET RYLE, B.A.
.f. Srursox, B.A.
AGNES W. SpErRs, C.D.II.Euzenrrn Tyxoele-Brscor

B.Sc.
Grvyxrrn R. WyrEs, II.SC.
J. C. Aoens, A. J. Bnrrcr, J. B.

CLrF'FoRD, N. ELLETGNT, p.
Howr.Ro, MAxroN Nuxx,
Joar,r Seurouns, JoycE WHrE,
J AceuE LrNE Wt LSoN

Department
C. Porrrn, D.Sc., PE.D., D.I.C.
P. BuRr, B.A.
M. Eruorr, B.Sc.
Cnnrsrrxr Il[. Hu1:r, B.A.
K.A. IrR.D, 8.A., PE.D., A.R.I.C.
A. H. Mclxrosn, B.Sc., Pn.D.,

A.R,I.C.
P. H. NEEDEAu, B.Sc.
!e_rg1r xt {. _Sulru, B.Sc.(Honr.)
J. Weno, B.Sc.
M. J. Wev, B.A.
E. HELEN SALKELD, B.S.A.,

M.S.A.
F. TATTERSFTELD, D.Sc., F.R.I.C.,

o.B.E.
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I

Assistant Staff ..

Fleld Experiments
Head of Section
Staff

1t

-. A. J. .A.RNoLD, PArRrcrA BaLL, R.
Hrxroli, JEAN Hotraro,
Bensane Horxrss, tr/axne
HowARD, JILL R. KERRIDGE,
Jaes Tavron, K. J. TowNsrxo

H. V. GARNER, M.A., B.Sc.
M. J. ALLEN
Mynrre Hucnrs (Clerical assist. )
KATHLEEN J. Sxlouonr, N.D.D.
J. \4 . Wur, M.A.
B.Wrsrou (Field Superintendent )

J. R. Morrem, B.Sc., N.D-A.,
A.I.B.A.E.

G. F. Cor.E, C. R. L. Scowrx
PeurtNr Copg
Aur S. Fexrs
II. P. Cunnexr
T. E. ABLEWHTTE, A. ATKrNsoN,

J. Bmn, P. BrRD, F. BuRroN,
!V. CerN, H. S. Cuepxax, P.
CrRR^Nr, B. Dav, K. V.
EwrNc, A. Mlrrs, Dernorc A.
Rawns, K. Snrns, E. SrEt'ENs,
F. SToKES, J. UNoenrrrrr,
H. A. Werrono, F- WESr, L.
Wmcnr

D. H. BoALcx, M.A.
K. ToNr SuuNER, Snrrre Wrss

Statr

Co-.'.st.a.\cs K. CarroN

MRs. H. ASEBY SMITE
MRS. S. CoLEx.{N
Mrronro E. Asunonn
JoAN GARDNER, Ray Pspprn,

Axx Pomrn, STELLA SurrH,
Brnyr Tuonxp

BARBARA J, Bussr[

V. SreNsrmrn, F.R.P.S.
Bennene J. Busnrrr

Section

Farm Staff
Farm llla.ua6er -. ..

Assistants to Farm Manager
Secretary .. ..
Typist
Foreman .. ..
Farm Workers

Library
Librarian.. ..
Librarian's Assistants - -

Administrative and Clerical
Assistant to Secretary

Director's Persona.l Assist-
ant

Senior Assistants..

Clerks

Part-time Assistant . .

Photography
Photographer
Part-time Draughtswoman
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Cortc€n
Ilousekeeper
Assistants

Maintetrsoce Stsff

Caretakers, Cleaners,
Gardeners, etc. . ,

12

MARJoRTE Brooxrtrrn
Mns. K. lI. KrRKwooD, MRs. C-- Urr""Ju, u... e. 5""".*

Wr urrnEn E. Bn-rxcnrpv, O.B.E.,
D.Sc., F.L.S. (retired)

ELTZABETH RrcxsoN, B,Sc.
Eowa Rocxrrrrc

ETLEEN M. Grrrxeu, B.Sc.
IsoBEL M. WAY, M.A.

P. C. T. Joxrs, B.Sc., A.R.C.S.

W. M. BAKER, B.A.

P. G. OwsroN

Storekeepers .. .. A. Occrrsnv, A. H. Bownen
Engineer, Joiner, Plumber,

Painter, etc. .. .. A. E. HALL, A. W. PnIuurrr,
L. R. SMITH, W. G. Assorr,
B. S. EDwARDS, A. A.
MoRRrsoN

L. ALLEN, B. G. BuRGEss, W. S.
Frsnen, J. H. Iferr, Mns.
HAMILToN, F. HAMILToN, F.
K. Ifewxrxs, G. E. Hooprn.
T. JAcKsoN, E. NEEDSAX,
R. C. Pannorr, Mns. Pennotr,
W. J. Surru, MRS. SMrrH,
A. P. SNowLrNG, F. J. Srocx,
H. A. WESToN

Members of the Scientific Staff who left between January
and Decemb€r, 1950
Botany Department

Chemistry Delnrtment . .

Insecticides and Fungi-
cides Department

Librarian .. ..
Soil Microbiology Depart-

metrt
Soil Survey of Eagland

and'Wales
(Working at Royal Insti

tution) ..
The lollowing sp€nt varying periods as temporary workers

at Rothamsted durin$ 1950
Assbalia: R. S. Beckwith (Chemistry), R. J. Best (Plant

Pathology), S. M. Bromfield (Soil Microbiology), T' J.
Marshall (Physics), K. Norrish (Pedology), J. P. Q"drk
(Physics), E. J. Wiliams (Statistics), Gwyneth R' Wytes
(Bee Research)

Bdgitm : R. H. kiFS (Nematology), J. Voets (Soil Micro'
biology)

British illlr'ust lttili,s : E. M. Chenery (Pedology) (now East
Africa)

Carada: R. H. E. Bradley (Plant Pathology), E. Helen
Salkeld (Insecticides and Fungicides), R. S. Willison
(Platrt Pathology)

Dermtrh : H. C. Aslyng, M.Sc., Ph.D.
East AJrica: H. C. Pereira (Physics)
Eglt': M. H. Hassanein (Bee Research)

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 14

l3

Eire : l,D, Golden (Physics)
Fro*et : l. Ritt€r (Nematology)
Hdhtd : J. W. Seinhorst (Nematology)
Idia : T. D. tr[ukerjea (hsecticides and Fungicides), T. S.

Sadivasan fPlant Pathology)
N ero Zcatard.' I. D. Blair (Soil Microbiology), W. B. Taylor

(Statistics)
Sonth AJrica: J. R. A. Coutts (Physics), A. C. Venn (Chem-

istrv)
Slain :' j. L. Garcia Vincente (Pedology), F. Martinez (Plant- 

Pathology), M. Rubio (Plant Pathology), E. V. Vieitez
(Field Experiments)

9urdbt : H. G. Leyon (Plant Pathology), K. Nilsson (SoiI
Microbiology), B. Noren (Soil Microbiology), S. F. N. Oden
(Pbysics)

Sioitze and : L. Cavazza (Physics)
Tavpnia: J. H. Wilson (Botany)
U.S./. .' M. B. Russell (Physics)
West Altica : Gold Coasl-1. Quartey (Statistics), P. H. Nye

(PedotogY)
Nigcria-R. MiUer (Statistics), P. Mttlholland

(Statistics)
British Isks: J. Chambers (Nematology), E. M. Clegg

(Physics), Muriel E. Davies (Statistics), F. G. Gamble
(Plant Patholosy), Argela Gore-Brown (Soil Micre'
biology), M. V. Jackson (Chemrstry), N. B. Joy (Plant
Pathology), B. R. Laurence (Entomology), B. McKrnley
(Insectiiides and Fungicides), J. C. Murdoch (Statistics),
J. S. Murray (Plant Pathology), J. A. r-elder (Statistics),
G. Newton (Statistics), S. C, Pearce (Statistics), J. A-
Pope (Statistics), D. H. Rees (Statistics), Pamela Saich
Ptant Pathology), J. E. Satchell (Entomology), K. Slater
(Statistics), G. W. Smith (Physics), P. T. Walker (Insecti-
cides and Fungicides), R. Wickens (Statistics), Hilary
Wilton (Statistics), J. K. R. Wood (Statistics).
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The Bureau is one of ten Commonwealth A6ricultural Bureaux,
and was established at Rothamsted in f929. Administratively and
financially the Bureau is distinct &om the Station, but the closest
collaboration exisfs in the work of the two. Ttre Director of the
Station is Consultant Diector of the Soi.l Bureau.

The fiuction of the Burcau 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 irl this country. A bi-monthly
abstract journal Soik ard Fedilizers, covering the literature of
soil science, fertilizers and the culture of field crop6 throughout the
world is published, together with occasional monographs-Technical
Cotnmtdcaliotts----on subjects oI general interest. To facilitate its
work, the Bureau seeks to be well informed as to the personnel
enga5led in soil work in the Commonwealth and the problems on
which they are engaged. Each Government has been requested to
nominate one of its staff as OfEcial Correspondent to the Bureau,
who acts as liaison ofrcer in Bureau matters and assistants in the
collection and distribution oI information. The issue of technical
inlormation is usually free to all workers in soil science who ask the
assistance of the Bureau.

l;5
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PREFACE
The Rotharasted Experimental Station was founded in 1843 by

the late Sir J. B. Lawes, with whom was associated Sir J. H. Gilbert
for a period of nearh' 60 years. Lawes died in 1900 and Gilbert
in l90l ; they were succeeded by Sir A. D. Hall from 1902 to 1912,
and by Sir E. J. Russell Irom l9l2 to 1943 when the pres€nt Diector
Sir William G. Ogg, was appointed.

For many years the work was maintained entirely at the expense
oI Sir J. B. I-awes, at firct by direct palnnent, and from 1889
onwards out of the income derived from the endowment fund of
{100,000 given by him to the Lawes Agricultural Trust. In 1904
the Society Ior Extending the Rothamsted Experiments was
instituted for the puryose oI providing funds for expansion. In
1906 Mr. J. F. Mason built the Bacteriologicd I-aboratory; in
1907 the Goldsmiths' Company generously provided a further
endowment of {f0,000, the income of which-since augmented by
the Company-is devoted to the investigation of the soil. In l9ll
the Development Commissioners made their first gart to the
Station. Since then, Govemment gratrts have been made annually,
and 3t the present time over 90 per cent. of the necessary funds is
provided from Government sources- ma.inly by the Ministry of
Agriculture and the Agricrdtural Research Couacil.

The main block of laboratories wa-s opened in l9l9; another
block was erected in 19 for plant pathology by a grant proritled
by the Ministry of Agriculture out of the Development Fund ; and
Red Gables, the house adjoining the laboratories on the north side,
was coDverted into an Administration Building to hold the
Commonwealth Soil Bureau, Staff Common Room, and Conlerence
Room.

Since 1945 Rivers Lodge, a house belonging 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 of the Estate, was
purchased and occupied by the Entomology and Bee Research and
Advisory Departments.

In 1947, the plant nematology work under Dr. T. Goodey, of the
Institute of Parasitology 'ryas transferred to Rothamsted and a new
laboratorv was erected to house this department.

I-arge glasshouses, including special insect-proof houses for
virus studies, were added in 1926, 1928 and l93l by aid of generous
grants from the Rockefeller Foundation, the Empire Marketing
Board and the Ministry of Agriculture. A new large range of
houses, some of which are insect-proof, nas erected in 1935 for
plant-pathology invesf igatioDs.

A large new South Wing was completed in 1 0, and the old
cbemical laboratories were reconstructed. These extensions and
reconstructions have provided excellent accommodation for the
Chemistry, Biochemistry, Physics and Microbiology Departments ;
in addition a fine range of pot-culture houses was built. A new
laboratory has also been built and equipped for workers from the
Imperial College of Science and Techaology.

The Rothamsted Home Fa.rm of 25O acres came under the
management oI Sir John I-awes in 1834, the experimental lields
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being worked from the larm buildings at the trf,anor lfouse. In
l9l3 the first range of f:rrm buildings and cottages was erected
on the site of the present buildings. These were considerably
enlarged in 193&32 and eguipped for electric light and power.
Further additions were made in f939-t0, and the electricity supply
has now been extended to these newer buildings.

A further range of six farm cottages was erected in Ninnings
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 rmrganized in 1928
to meet the prevailing economic conditions, much of the land being
laid down to permanent grass, and cattle and sheep were introduced.
In 1939 this policy was reversed, ley farming was introduced, and
the arable acreage was increased to meet wartime conditions.

The extension of the experiments to variotrs outside cetrtres in
Great Britain, begun in 1921, has proved so advartageous that it
has been developed. Not only is usefi.rl information spread among
Iarmers, but the Station gains considerably by this closer
association with the Universities and Advisory Services. As part
of this extension, the Station took over in 1926 the Woburn
Experimental Farm. We were thus able to make exPeriments
simultanmusly on the light land at Woburn and the beavy land
at Rothamsted.

In May 1934, the negotiations for the purcha-se oI the farm and
some adjoining parts oI the Rothamsted Estate were completed.
The Rothamsted Truste€s now own the site of the laboratories,
the experimental and ordinary farm fields, Knott Wood, the tr[anor
House and grounds, the Iarm manager's house, and eiSht cottages.
The total area is 527 acres. The purchase price was {35,00O, all
of which was raised by public subscription. Generous contributions
were received from Sii hobert McDoirea[ and ot]ers, and a bighly
encouraging feature of the appeal was the number of subscriptions
received ftom farmers, village school teachers, and from oversea
sources.

The activities of Rothamsted, however, are not confined to the
British Isles, but are gradually spreading out to the Commonwealth
and other countries. The Station regularly participates in work for
the solution of agricultural problems oI great importance to the
Commonwealth.

The Statiou offers research lacilities for post-graduate studetrts,
but unfortunately 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 terr
Commonwealth Agricultural Bureaux set up to act as clearing
centres of inlormation on agricultural science, has been located
at Rothamsted since its establishmenl in 1929.

THE LIBRAiY
The Library may be said to have come into being in 1913, when

the Sir Henry Gilbert Collection, presented by I-ady Gilbert, was
added to the small body of reference works used in the laboratory
at that time-most of them the gift of Sir John Lawes himself.

B
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Its exlnnsion, aided by gifts and grants from a number of
individuals and Societies, was rapid, until it now contains :

(Approximately)
.. 2,ffiPeriodicals

(Current, 1,100)
Books, l84l-
Books, l-t?l-1840

(including 14 incunabula)
Bound volumes of pamphlets
MSS. ..
Maps ..
Prints

r0,000
3,500

3S
55

300
100

-in all about 16,000 items, comprising some 38,00O volumes.

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

The chief periodicals on agriculture and related subrects pub-
lished 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-n6t
only agriculture but also, e.9., chemistry, physics, biology, botany,
geology, zoology, meteorology and statistics. The books are arranged
according to the Universal Decimal Classification slrstem. The
collection of early printed books (147f-f840), which is kept separate
from the rest, includes 14 incunabula, amongst which is a copyol the
first dated edition of Pier de'Crescenzi's Rurali*m cotntioilor*tt
libri drodecittt-the earliest printed book on agriculture-produced
at Augsburg by Johann Schilssler in l47l (Hain 5828). The collec-
tion of MSS. includes a copy of tbe Treatise of Husbandry by Walter
of Henley (I1. 1250), written in England on vellum about the
middle of the l4th century.

The prints, which are mainly of the lSth and early lgth centuries,
include portraits oI eminent agriculturists, bucolic scenes, and
representatioas of livestock.

A most valuable addition to the collection was made ir 1948
when Lord Northbrook presented his Father's coUection of prints
to the Station.

Tbe Library is designed to rneet the requirements of the staff of
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
(Rothamsted, 1926 ; second edition, lg4o) ol which a third edition,
completely revised and expanded, is being prepared. Work is about
to begin on a printed catalogue of periodicals.
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INTRODUCTION
BY TEE DIRECToR

Srerr'
Dr. E. M. Crowther and Mr. F. C. Bawden, F.R.S., have been

appointed Deputy Directors of the Station responsible for the Soil
and Plant Pathology Divisions respectively. There have been no
major changes amongst the senior scientific staff, but a few of the
junior members have lef+ to take up posts elsewhere and several
new appointments bave been made. Mrs. M. J. Way resigned her
position as Librarian and was succeeded by Mr. D. II. Boalcb,
M.A.(Cantab.), F.L.A. Dr. T. Goodey, F.R.S., was arvarded the
O.B.E. in the l95O New Year's Ifonours.

The Director was elected a Foreign Member of the Royal
Academy of Agricultu:e of Sweden.

Dr. A. E. Mclntosh, of the Insecticides and Fungicides Depart-
ment, has speDt the year at the Connecticut Agricultural Experi-
ment Station on an exchange basis witb Mr. Neely Turner, the
senior entomologist of that Station. Mr. M. J. Way has been
seconded to T,anzibar tor entomological work on Sudden Death of
Cloves, and the secondment of Dr. F. M. Roberts on the same
scheme has been extended. Mr. W. W. Emersol spent three montbs
at the University of Madrid, assisting in the preparation of tbe
English translation of Professor W. Kubiena's new book on the
Systematics of European Sofu and studying bis micro-pedological
technique.

Rotbamsted \ras representd at the following conferences: the
4th International Congress of Soil Science, Amsterdam, the ?th
International Botanical Congress, Stockholm, and the 5th Inter-
national Congress of Microbiology, Rio de Janeiro. Dr. E. M.
Crowther was Chairman of the Soil Fertilitlr Section of ttre Soil
Science Congress and Mr. F. C. Bawden was Vice-President of the
Phltopathology Section of the Botanical Congress. He was also
President (in absedia) oI Section VII (Plant Pathogenic Micro-
organisms) of the Congress o{ Microbiology. The Brazilian Govern-
ment generously provided the travelling exlrnses for a delegate
from Rotharnsted and Dr. P. H. Gregory was chosen to represent
the Station.

Mr. F. C. Bawden gave a course of lectures on Plant Viruses
and Virus Diseases for six weeks at Yale University: he also
attended a conference on viruses at the California Institute of
Technology, Pasadena, and visited otler Universities and Research
Stations in the United States and Canada. Dr. F. Yates attended
the Fourth Session of the United Nations Sub-Commission on
Statistical Sampling at l-ake Success. Whilst in the Urfted States
he represented Rotlamsted at the 75th Anniversa4r of the Con-
necticut Agricultural Experiment Station, the oldest agricultural
experiment station in the United States, and one rrith wbich
Rothamsted has for many years bad close linls.

The Director spent two months in Canads, as leader of a United
Kingdom Agricultura.l Mission. The Mission were guests of the
Canadian Govemment and visited all the leading agricultural
teaching and research centres throughout Canada.
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Vrsrrons
Several thousand visitors from 30 countrie came to the Station

in 1950. These included many foreign or Dominion scientists who
spent some time at Rothamsted in the course of their ioumey to or
from the Internatjonal Congresses held at Amsterdam and Stock-
holm. The visiting parties included the Parliameatary and Scien-
tific Committee, and a Parliamentary dele{Jation from Iceland.
There were parties of farmers from Nomray and tle United States,
a.nd a6ricultural students from Norway, Denmark, Belgium, Eire
and the United Slates. In July a visit was paid to Rothamsted by
delegates of the Commonwealth Agricultural Bureaux Revier'
C,onference-

BurLDrNGs
A new field laboratory was completed for the Bee Department,

whicb relieved the congeition in tha't deparrment. Durin! the year
a start was made with the conversion of the lllanor House as a HaU
of Residence, and the old Sample House near the main laboratory
buildings is being fitted up as a library annexe and institutional
store- Plans have been prepared and estimates obtained for a new
building which will house part of the plant pathology' $oup oI
d€partments. It is also hoped to provide a new building to house
the Statistics department which [.as expanded considerlbly with
the creation of the Statistical Research Strvice.

THE WoRK or rur StettoN
A considerable amount of work has been done in the Pedology

deparhrent during tbe year on the clay mineralogy of soils from a
wide range of conditions. The interdependence of soil clays and
soil parent material has been clearly brought out in the study of
the Il{alvern Hill soils and also in a series of soils from Syria. An
examination of the clays from soils of the groundnut areas in Tan-
ganyika gave no clue as to the curious physical behaviour of the
soils. In the study of waterlogged soils ia ha-s been shown that the
reduction of iron oxides can be effected by sterile lermented grass
extracts so that the process is not entirely microbiological.

Increases in the prices oI fertilizers nake their eficient and
economical use more important than ever, ald in particular
restrictions in the supply of sulphur render it necessa4r to economize
in the use of superphosphate, and to test other phosphatic fer-
tilizers. For many years much of the work of the Chemistry depart-
ment has been directed to these ends. In a series oI experiments
mostly on very acid soils, silico-phosphate proved to be just as
effective as superphosphate for swedes and reseeded grass, but not
so good for potatoes and cereals. In the fertilizer placement experi-
ments it has been confirmed that placement is advantageous in the
case of quickly Browing crops with shallow roots, e.g., peas, beans
and spinach, but not lor deeply rooting crops with long growing
se.asons, e,9., su6ar beet and carrots. The search for a slow-acting
nitrogenous {ertilizer has been continued and so far the most
promising results have been obtained with formalized casein, a
plastic waste product. Progress has been made with nutrition
problems in forest nurseries, and the value of fertilizers, properly
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used, has been established. Steam and formalin treatments tave
striking results in certain cases and these are being investigated.
Part of the effect is probably due to control of soil fungi and other
organisms but there are indications that most of the beoefit may
arise from the maintenance of high ammonium concentration in the
soil. The sfudy oI soil organic matter has been continued and in a
range of contrasled soils it has been found that the protein materials
were very similar in composition. The long-term residual benefit
of farmyard marure on Hoosfield appears to be largely due to its
inorganic constituents, since superphosphate had similar effects.
The radio-active tracer technique has been used to study the be-
haviour oI added phosphate in soil and it has been shown that in a
Broadbalk plot which has received superphosphate anaually for
over a century about ors.fifth of the total phosphorus was in a read-
ily exchangeable form whilst it wa-s negligible in a plot without
superphosphate. Work on mang:rnese deficiency bas been con-
tinued. The state of oxidation of manganese in the plant dePends
on the production of hydrogen peroxide and in the Biochemistry
department two enzJ,mes, an amine oddase and an aldehyde oxidase
have been studied il tbis connection.

Tbere can now be littlc doubt that the weather is the dominant
factor determining the water requirements of all kintls of vegetation.
Using the method worked out in the Physics department, the Agri
cultural Meteorological Branch of the Meteorological Ofrce issued
fortnightly estimates of the inches of water evaporated from green
vegetation at stations throughout England and Wales dudng the
summer of 1950. These estimates serve as a guide to irrigation,
since iI the hches of evaporation excee<I lhe ilches of rain the
difference is the inches of irrigation that must be applied to replace
the moisture dlawn from the soil. As a furttrer check, calculations
have been made of the mean annual evaporation at one hundred
stations in the British Isles, and the results have been compared
with the excess of rainlall over river discbarge in forty catchment
arees. The agreement is very satisfactory, The results may also
be used to estimate the surplus of rainfall over evaporation available
for meeting tbe water needs of the country. A theoretical study of
the processes oI diffusion of water vapour fhrough the stomata of
the leaves of plarts has further substantiated the validity of the
principles underlying the calculations. The physicethemical
approach to tle study of soil fertitity is giving interesting results.
It has been found that on shaking up a soil sample with \ ater
containing about as much calcium salt as is normally present in soil
water, a very small but quite definite concentration of phosphate is
established ilr a few minutes. This test applied to soil known to be
deficient in phosphate gives concentratioru so low that they can
only be measured with the aid of special equipment, and for this
reason solvents giving higher concentrations for anallnis have been
preferred in advisory work. The use of acid solveDts appeared to
be justified by the older view that acids are secreted from plant
roots; but as there is no real {oundatiou for this view the results
obtained by the use of acid solvents rnay be misleading. Other
substances beside phosphate--some desirable aud others undesirable
---are also present at very low concentrations in the soil solution,
and techniques for studying them are being developed. II it can
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be shown that tbe soil solution remairs in physico-chemical equili-
brium with the solid substances this will facfitate the interpretation
of the results of laboratory tests.

One of the aims of soil microbiology is to learn how to ctrange
the microscopic population of soil in a useful direction. In the Soil
Microbiology department in co-operation \dth the Chemistry
department, the effects of treating soil, in the field, with steam and
formalin have been studied. Striking cbanges in compositiou of the
soil micro-population resulted from these treatments and have
lasted in some cases for over a year Irom the time of soil treatment.
An abundant group of soil microbes, the actinomycetes, include
many species that secrete artibiotic substances of which streptomy-
cin is an example. This suggests that such organisms might be used
to control those that produce root diseases. For this to be possible
it is clearly necessary that the actinomycetes to be used should
grow acdvely in the soil and shor:Id produce an antibiotic that is
active and lasting in it, Actinomycetes that produce secretions
active in Iaboratory culture against a roof disease fungus have been
found and the conditions under which they will grow and produce
active antibiotic secretions have been investigated- Since it is
important to Imow how far the actinomyce.es exisf in the soil in an
active state or as spores, a method for finding this out has b€en
developed and is under test. Many plants have specific fungi
associated with their roots (mycorrhiza) and in some cases there
is evidence that the fungus benefits the plant. Such associatrons
are found in crop plants such as clover and wheat but there has
been no evidence as to whether the crop benefits from them.
Experiments have been made in which clover was grown rn sterilized
sand supplied with a series of diluted suspensions of fresh soil. In
some pots mycorrhizal associations were found to have developed
and in others there were none, but no corresponding difference in
grorf,th of the clover was observed. The factors in the clover that
influence the appearance of nodules on its roots have been further
studied and there is evidence that nodr.rle production and numbers
are controlled by some substance secreted from the roots.

Work done in the Botany department during the year followed
the same lines as described in 1949. The micro-nutrient iavesti-
tations were on the interaction of molyMenum and manganes€
and no evidence has yet been Iound to support the claim made
elserf,here that increased EolyMenum supply mitigates the toxic
ef{ect of excess manganese. Further progress has been made in the
studies of nutrient uptake by excised roots and by leaves. In the
case of excised roots it has been shown that the rates of uptake of
nitrate, phosphate and potassium all depend on the total soluble
carbohvdrate content of the roots but not specifically on sucrose or
reducing-sugar content. The rate of uptake of each of these nutrients
decreases with increase in ttre concentration of the same nutrient in
the root. The uptake o{ appreciable amounts of nitrogen, phosphorus
ard potassium {rom nutrient solutions sprayed on leaves has been
confirmed for cabbage, sugar beet, french beans and barley.
Similar arnounts of nitrogen were taken up from solutions contah-
ing ammonium or nitate ions rn equal concentrations. The gro*tb
and yield of sugar beet plants was increased by spraying the leaves
with nutrient solutions. In a study of the manner in lvhicb germina-
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tion o( seeds depends on water supply, it has been foutrd tbaf in the
first pha-se of water uptake the seed behaves as a physical system,
the course of water uptake being similar in living 

-and 
dead'seeds.

Iu living seeds tbere is a second phase associated with gourth of the
embryo. Fahly simple mathematica.l formulae haye bien fouad to
express the variation of water content with time. In the investiga-
tions on wild oats it has been showa in laboratory tests that
farmyard manure hilstens the germination of dormanl seeds, and
this is being tested on a field scale. Further work has been done to
find out how infection \yith lea{-roll vinrs alfects the growth oI the
potato plaDt. Reduction in yield would appear to be due mainly
to decreased assimilation by the leaves thal. are rolled, but leaf area
is also smaller in intected plants.

In the PlaDt Pathology department studies ou tbe nature of
viruses were continued, Further work has been done on the
proteins specific to virus-infected plaDts, and it has been shor,rr
that qnly part of tbem can bring about iofectiou. Investitations
have been made on a number oi crops including potatoes, sugar
beet, lettuce, cauliflower, cabbage, groundnuts a-nd cacao. Teih-
oiques were devisrd for using radio-active phosphorus to study the
feediag and movements of 

-the 
aphiCs concerned in virus trans-

mission. As a result of six years' experimetrts it was concluded that
roguing potato crops in south-east England did not reduce virus
diseases suftciently for the practice to be worth while, but pre-
liminary experirnents in co-operation with the Insecticides depart-
ment indicate, that spraying with " systemic " insecticides
reduces the spread of leaf-roll. There has beeu a great iucrease in
sugar beet yellows since the production of sugar beet seed was
started in this country during the vrar. Control measures on
steckling beds have been developed and a health certilication
scheme iutroduced in lg50 when more thar half the stecklings for
the seed crop oI the country were raised in isolation, under iover
crops or sprayed. The mycological work was mainly on cereal
diseases and a new disease of oats was discovered, cairsed by the
same fungl (Corticiutx solani) as that causing sharp eyespot of
wheat. Work on clubroot las continued and experiments on
potato blight atrd cereal mildews started. A study has been made
of the new disease attacking sycamore trees in the East of Irndon
and the fungus which appears to be responsible has now been
identified as Cotriosfori*n co icale, hitherto known only on maple
in Canada and the United States.

In the Biochemistry department work has been continued on
normal and virus-inlected leaves. Normal tobacco leaves contain
an unstable nucleoprotein which is sedimentable oD the ultra-
centrifuge ; the .unount separated can be as much as l0 per cent of
the protein of the leaf, and probably more remails attaihed to the
fibre. This is a regular contaminani of all plant virus preparations
made by methods-designed to keep the viir:s in its oigi;il state.
Using the experience gained with this material, progresi has been
made in understanding the changes that a tobaico -necrosis virus
undergoes in the process of isolation, and it has been suggested that
much of the infectivity oI a preparation is acquired aft;i the yinrs
has been liberated from the cell, as preparations made from sap tbat
has stood Ior some time are more infective tban those newly
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extracted. This possibility becomes important when one is thinking
about tlre mecbanism of virus infection aud the possibilities of
control. Work on the large-scale separation oI leaf protein continues.
A mill and press have been desigrled which deal satisfactorily with
grass and other lealy material ou a pilot ptant scde. Heat coagula-
iion and separation of the protein present no particular problem.

In the Nematolqjy department work has continued on tlre host
ranges o{ several species and biological races of plalt eelworms,
especially the oat and narcissus races of the stem and bulb eelworm
(Ditykrclws tlipsaci), the potato tuber elworm (D. dtstrwlor'1, and.
the strawberry eelworm (Aflulerclnides fragariae\. Results of
cross-infestation tests with the chr!"santhemum and blackcurrant
eelworms support the probable identity of these two species,
Aphektchoides ilznu-bosi and. Alh. zrDcs. Pot tests show that
the population of potato root eehrorms (Heterodera rostachiensisl
carl increase 36-fold in one season, invasion of potato roots being
heaviest in the fist felr dals aJter planting. Sub-lethal doses of
soil fumigants can also lead to population increases. A study of
the conditions under which eelworm larvae are stimulated to
hatch, by substaDces diffusing from the roots o{ growing potatoes,
bas led to an abbreviated batching test and also to a method for
tbe bio-assay of such diffusates. In soil, the latter are very localized
in action and are rapidly broken dovr. The beet eelworm on
Barnfield has not appreciably increased in numbers; it is most
numerous on the plots giving the highest yields.

The work of the Entomology department consists of funda-
mental studies into the causes of insect outbreaks, and investigations
oI special relating to particular pests. Continuation of
the work previously reported on measurement oI insect populations
has shown thet most oI the fluctuations in numbers can be accounted
for by the rainfall and temperature of the previous three months.
In the study of insect migratiou new evidence of autumn move-
ments to the south has been obtained ; there was very little influx
of pests into Britain in 195O. New suction traps which separate
out tie catch for each hour of the day and night are throwing new
light on insect activity and the drift of insects in the upper air
from one district to another. One result is the demonstration of
two peaks in activity, moming and afternoon, in many species of
aphids. The forest soi.l studies have shom uaexpectedly great
numbers of " mites " (Acari) , whlch outnumber the insects in many
places. The earthworm investigations include tests of a new
electrical techaique for bringing the worms to the surface, so that
the species and numbers can be determined. In co-operation with
the Insecticides and Fungicides department work on the eI{ect of
various insecticides on the rrireworm populations has been con-
tinued and a study is also being made oI the increase of wireworm
numbers in leys. Work on the swede midge has shown that it has a
much greater range of food plants thao was known and can attack
many different parts o{ the plant. A further volume of Dr. Barnes'
Gall mid.ges of economic irn?ortance has been published.

In the B€e department work has been continued on the behaviour
of the honeybee in the field. A study has been made of the effective
flight range and the influence of distance on honey yield. The
results bring out the disadv:rntage of placing a large number of
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colonies of bees ir a single apiary. It would appear that foraging
b€es are uDable to communicate to other bees the colour or shap of
plants on which they are feeding. A survey has been made of the
sugars in nectar of various plants, and it has been found that bees
prafer nectars containilg equal proportions of glucose, fructose and
iucrose. The investigations on bee breeding have been extended
and a new type oI syringe tip for instrumental insemination has
been devised which promises to simplify the operation and to
reduce ttre risk of damage to queens, Work is in progress on the
feeding o{ colonies in spring and autumn and it has been lound
that iII autumn it is more economical to feed the sugar as a con-
centrated syrup. Work has also been done on the leeding ol pollen
supplement in spring, and it has been lound that the addition of a
small trace of yeast to soya bean flour makes this a more effective
food tban the rrell-known soya bean flour and pollen mixtures.

The Insecticides and Fungicides department has continued
work on various aspects of insecticidal action and the factors
affecting the resistance of insects to insecticides. Differences in
particle size of D.D,T. and rotenone had previously been shown
io give differences in toxicity and injection exPeriments hat'e now
provided evidence that this is linked with the capacity to penetrate
ihe insect cuticle. A study has been made of the mechanism of the
toxic action of the new group of organophosphorus irsecticides. In
addition to their anti{holine esterase activity already recognized
other esterases may be important. One aim in this work is to obtain
compounds more toxic to insects and less poisonous to human
beings. The slmthesis of compounds allied to P,'rethrins has been
further studied, and insecticidal tests have given some information
on the structural characteristics oI molecules oI this tyPe which are
associated with toxicity. In connection with the biological testing
of insecticides, methods have been improved both Ior injection into
insects ald for contact applications. Preliminary work on insecti-
cidal deposits on plants has shown that temperatues of leaves
exposed to the surr may be considerably above air temperature and
tbat D.D.T. deposits can volatilize comparatively quickly under
these conditions. Field experiments on the control oI wireworms
have been previously reported and inereased crop yields have been
observed three years after soil treatments rvith B.H.C., D.D.T.,
ethylene dibromide and D.D. In the exlxriments on the control
of black aphis on field beans parathion, H.E.T.P. and nicotine
gave good results. D.D.T. not only gave a low kill but the treated
plots ultimately had a much larger infestation than the control,
probably due to the destruction oI beneficial insects. Preliminarir
tests indicated that alethrin, the pyrethrins and dieldrin were
effective insecticides against this pest.

In the Statistics department, an increasing arnount oI work has
been undertaken for the National Agricultural Advisory Seruice,
in addition to the usual assistance given to workers at Rotha.orted
and other stations at home and abroad. A start has been made on
the investigatiou of experiments on animals. The Survey of Marginal
Laad was completed early in the year, aod the third and last year's
field work on the Survey of Maincrop Potatoes has also been carried
out. Aoallnis of the 1949 results of this latter survey again gave an
overall feld estimate in excess of the ofrcial estimate. The Suwey
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of Fertilizer Practice covered nine districts during the year, with a
view to investigating changes following the reduition 6f subsidies,
and a survey of restored open-cast coal sites is in its prelimirnry
stages. The HoUerith punched-card computing equipment has
been _modified to permit- $eater flexibility'of ort..iioi,, 

"nd 
ha"

been in continuous use in a number of iuvasligations.
Investigations on the growing of hybrid maize, soya beans and

other exotic crops have been continued at Woburn ind t-he work
on clover sickness has followed the same lines as last year. The
number of plots laid down in lg50 on the Rothamsted a;d Woburn
f11m-s w_rs_ 2,056, the largest number ever attempted. Over two-
thirds of these rvere accounted for by the Classicai experiments and
the long-period rolation exfreriments on present{iv husbandrv
prollems: The most recent is the experiment testing different lei
and arable rotations which completed its second pre-liminary yeal
in 1950. This pre-paratory peri& is being used td develop grjing
and samplrng tecbruques. The experiment will atta.in full cycle
with some 45O plots in the spring oiIgSl. Two long-period exderi-
ments have been terminated and firlly reported: i test of- the
continued use of salt on sugar beet, and a polato experiment *.hose
ma.ln purpose was the study of the spread of viius disea_se but
which also tested the influence of time of ptaniing on fertilizer
action. New amual experiments were started io exam-ine the effects
of very late applications of nitrogenous fertilizer on the yield and
quality of cereals. Promising incieases in the production of crude
protein, amounting to about I cwt. per acre, weie recorded irr lg50,
which was probably a very favourable year for late top dressines.
Wet weather in the autumn made barvestine ooeitio* ,r.i.t,
dificult. At Woburn the farm has been proyideA'wiih modern anh
much needed additions to the farm buildings. Shortage of houses
for fa.rm workers, however, is giving rise to serious difrcdties.

As in the past, the staffs of the various departments are greatlv
indebted to the farm manager and his assiitants for their very
willing and efrcient co-operation.
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DEPARTMENT OF PHYSICS
By R. K. Scxorrno

No cha.nge has occurred in the permanent stafl during the year.
Mr. I. F. Long was awarded a National Certificate in Applied
Physics by the Institute of Phlsics. Dr. H. C. Aslyng was granted
an exteasion of his scholarship by the British Council and was
subsequently appointed Reader in SoiI Science at the Royal
Yeterinary an<I Agricultural Collqie at Copenhagen. He obtained
the Ph.D. degree of London University.

In October Mr. J. P. Quirk, of the Soils Divisiotr of the Australian
Commonwealth Scientific and Industrial Reaserach Organization,
joined the dq)ratment for a two-yeax period, and Mr. E. M. Clegg
started a year of training for the C,olonial Agricultural Research.
Dr. L. Cavazza, of the University of Bari, Italy, spent two months
of his suromer vacation working in the dqlartment.

Dr. Schofield has continued to serve on the Joint Committee on
Soils ap,pointed jointly by the Department of Scientific a.nd
Industrial Reserch and the Ministry oI Supply. The Technical
Panel of the Land Drainage Legislation Sub-.Committee of the
Ministry of Agriculture's Central Advisory Water Committee, on
which bottr Dr- Schofield and Dr. Penman served, pres€nted its
report in October.

Three members of the department attentled the Fourth Inter-
national Congress of Soi.l Science at Amsterdarn, Dr. Schofield
giving the special discourse to tle section of Soil Physics. Useful
coDtacts were made, and valuable personal reactions obtained to
previous work of the department on soil moisture equilibria,
evaporation studies and gaseous diffr.rsion in soils- The de?artment
also zupplied an exhibit as part of the section " Meteorology and
furiculture " of a Science Museum special exhibition to celebrate
the centenary of the Royal Meteorological Society. Mr. W. W.
Emerson was seconded for three months to the Uniyersity of
Madrid to assist in the preparation of the English translation of
Professor Kubiena's new book on the Slntematics of European
Soils and to study his micro-pedological technique.

Sorr Cultrverrox
D*f flotqhiry

The six{ourse deep cultivation experiment has now run seven
years. Each oI the six blocks of the experiment has carried a
rotation of potatoes, spring oats, sugar beet, barley, ley aud wheat,
a di{ferent crop starting the rotation iu eacb. case. Half of the plots
on each block have been deepploughed (f2 in--fa in.) for potaioes,
suEar beet and wheat. At these times the remaining plots were
sballow-ploughed (6 in.-{ in.), otherwise all plots in the same block
have received the same cultivation treatments.

- Depth of ploughing has bad no consistent effect on the yields
of potatoes grown wiihout potash or with I cwt. K"O pei acre
ploughed in; but on all seven occasions (i.e. on every block in turn
and on one block twice) the deepploughed plots which received
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this amount of potash applied in the bouts yielded. more than the
mrresponding shallow-ploughed plots. The difference was 3 tons
per acre in 1948 and 1.8 tons per acre in 1945, but was less than I
ton per acre in the other five years. Although a statistically
significant benefit from deep ploughing under tiese conditions
cannot ),et be clafuned, it is possible that it may emerge before
the experiment is fiaished.

In 1947 the sugar beet crop yielded 47 cwt. of sugar per acre on
the degploughed plots and only 35 cwt- on the shillow-ploughed.
In 1948 and 1950 the yields oI swar were some 5 cwt. lower on the
deep-ploughed than on the shallow-ploughed plots, although the
tops w€re sLightly larger. In tlre remaining years the deepploughed
plots into which 0.6 cwt. P"O, per acre as superphosphate was
incorporated by ploughing yielded consistently four to five cwt.
more sugar per acre ttran the corresponding shallow-ploughed plots.
Where superphosphate was applied in the seedbid ii gavt no
consistent increase in yield, and there was no consistent difference
between deep and shallow ploughing. It bas nearly always proved
more advantageous to plough-in superphosphate for sugar beet
than to harrow the same amount into the seedbed.

There is, as yet, no sign that deep ploughiug-which has now
been carried out lour times on some ploG and three times on
others-is producing any cumuLative benefit. Interpretation oI
the data is complicated by seasonal effects. Thus in 1950 115.3 cwt.
o{ hay was obtained from the ley plots deepploughed in lgal8 for
sugar beet, whereas 54.5 cwt. were obtained from the corresponding
shallow-ploughed plots; but in other,'ears the dif{erences have not
been significant. In ttre drJr summer of 1947 the barley on the deep
Ploughed plots yielded 32.4 crd. prer acre compared with 3O.0 for
the shallow-ploughed plots, whereas in other years the difference
has been less than I cwt. per acre and insignificant. The yield o{
wheat was depressed 2.8 cwt. per acre in lg47 and 3.5 c\t. per
acre in 1948 by deep ploughing, but in other years the effects have
been smeller and insignifcant. No significant effects are to be
seen in the lelds of spring oats.

It has frequently been observed that lewer weeds germinate in
the seedbeds on the deepploughed than on the shallow-plougbed
plots. The contrast was particularly marked on the sugar beet
plots oI 1947, and severe weed competition before hoeing could be
carried out may have been the main cause of the striking difference
in leld already referred to. It is to be expected that this contrast
will disappear in time, and in lact it was not observed in 1950.

Acuculruner METEoRoLocy
Irrigatiol

Two centres were used in 195O, one for sugar beet, the other a
forest nursery. At Kesgrave, Ipswich, the sugar beet experiment
followed the pattern described in previous reports, Dr. Penman,
assisted by Mr. Long, being responsible for installation of meteoro-
logical equipment on the site and interpretation of the weekly
records received. Although the summer was wetter than that of
1949 there was a positive gain from irigation :
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YielL oJ sugar (ctut.)

Total irrigation up to lst July O 2
Total irrigation up to lst Sept. O 2
Total irrigation up to 25th Sept. O 2

" Nitrcchalk " (cwl/acre)

Raitr ({rom
lst May)r+ 2 2.8

2 3 7.5
2 4 10.7

52'4 63.9 58.8 60.9
5t.s 67.2 59.9 65.9
54.8 63.9 58.8 &.0
52.t 62.7 58.9 63.4

The insensitivity of yield to nitrogen &essings was as in former
years, but a new leature of the results was a significant difference
ir yield for two irrigation treatments giving the sarne total water.
Future exlxriments at Woburn (see below) will be designed to
check the implications of this result.

At Kennington Nursery, Oxford, the Research Branch of the
Forestry Commission has started an eq)eriment otr controlled
r atering as a variable in seedbed exp€riments, and here, too,
weekly weather records Irom the site have been the basis of con-
trolled irrigation. Because oI the shallow root layer of the seedlings,
necessitating frequent small waterings, control from a distanc€ has
been difrcult and the most that can be said of the experiment is
that ir spite of the wet summer, the watered beds have been better
than those left to natual rain.

Droh ga*ges
The attempted repair of the 40-inch gauge aplrars to haye been

unsuccessftrl. Drainage totals for the year are: 20, 14.81 in ; tt0,
15.29 in.; @, 14.32 in. Rainlall: 32.13 in.

Eoaporatioa ofld, tlanspiratior
The agricultural application of the work is primarily i" i.riga-

tion (as at Kesgrave). During the year the Ministry has made a
trant for installation of equipment at Woburn, and from l95l
onrf,ards this witl be the main centre lor field experiments on a
variety of farm crops, and the exlxrimeDtal plots will provide
useful opportunities for the study of phlsical and biological effects
of irrigation. As forecast in the 1949 report, the Agricultural
Meteorology branch of the Meteorological Office is now issuing
fortnightly etimates (about oue week in arrears) of potential trans-
piration for one or two places in each of ti,e provinces of the National
Agriculturd Advisory Service, so that farmers-if they wish --caa
eliEinate much of the guesswork from irrigation operations.
Interest in this physical study of evaporation has been shown at
many places abroad, to the great encouragement oI the &partment ;
within one week there were requests for advice from ti,e equator
and from within the Arctic circle !

The work bas been extended backward and fornard. With Dr.
Schofield, Dr. Penman has shown that an empirical factor con-
necting evaporation from vegetation with that from open water can
be deduced theoretically from considerations oI stomatal geometry
and length of daylight, a.nd extension of the ideas has shown that a
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theoretical ratio of trarspiration to assimilation can only be
brought into line with obseryed values if coucentration of cirbon
diodde in the air cavities of leaves is always very close to the
atgospheric _value. This is a conclusion of some botanical sig-
nificamce and needs further testing.

In the first of two forward extensions, Dr. Penmau has publisheil
an account of the w?ter balance of the Stour catchment area
showing that some of our water supply problems are amenable to a
physic4 treatment that is more precise both in detail and in long-
term behaviour than prevailing statistical corretrations. A;
eyaporation map of the British Isles b,as also been published,
showing the estimated mean anaual evaporation at t huntlred
places ani checked very satisfactorily by figures of taitfiall mit*s
run-off for forty catchment arcas. The evaporation ranges from 14
inches per annum in north Scotland to 2l inches pei annum in
south England, and it is clear from the known seasonal distribution
that in most years much of England south-east of the line Severn-
Humber has not suftcient summer rain to produce rnaximum crop
lel<ts.
- Two general reviews of this work have appeared in 1950. The
fist is a suwey of the physical a-spects up to 6ut not including t}.e
gytpolatlon qap, by Dr. Penman ; the second is a survey ot the
brglggrcal and lgronomic aspcts by Dr. Schofield, being an account
of the special discourse he was invited to give at the Intemational
Soil Congress in Amsterdam.

Mictotteteorohgy
Dr. Broadbent (Plant Pathology) has now published an account

of his physical measurements among potato cro1x, based e$entialy
on the thermistor bridge made in t[e Physics Department. His
observations, necessarily discontinuous, bave given quantitative
meilures oJ diurnal changes in environment that were predictable
qualitatively. To fill in some of the gaps in the records, Mr. Long
has successfully adapted the thermistors to be used with a con--
tinuous recording galvanometer, and an extended trial over a
period of three months among brassica plants has been successful.
From a Iirst analysis of records Mr. I-ong has fould interesting
inversions of the vapour pressure gradient during some nights, bui
as it rained either before or during these period; the direcl (quali-
tative) check of dew Iormation was not possible.

_ 
l&. Ifng'! first model of the thermistor bridge has been

redesigned and hes been on loan to the Grassland Research Station,
Drayton, where it has provided some interesting and useful data. on
thernicroneteorolggy of varied kinds of herbage.

The _dew problem, of minor hterest in British agriculture-
except during,hay-making-is supposed to be of major importance
elsewhere, and the physical process is important even heie in fog
problems. Mr. Irng is, therefore, attempting to construct-from
thermistors-a small wet and dry brnb thermometer sy'stem that
can be fitted in a probe for use in confined spaces. If ii works we
hope t9-g9t some me;lsures of rrapour pressur-e tradients in the soil
to see if there is any appreciable upward movemint of water vapour
in the soil during the night.
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Heal balaice of tlu soil
Whatever the resulrs of this experiment, the exPerieuce gained

will be usefuJ Ior a desirable extension of Dr. Hutchinson's work on
heat flow ia the soil. As noted in 1949, a set of thermomefers has
been installed down to 6 feet and connected to a l2-point recording
galvanometer. Because the thermometers atrd recorder are
necessarily some distance apart it is not possible to keep all the
s).stem at the same temperature, aod to obtain reliable records it
has been necessarJr to use good quality auxiliary components and
to adjust them carefully- In spite oI delayed delivery of components
the job h"< been completed, and reliable records are now being
obtained. In the meantime Dr. Hutchinson has worked out a neat
method of analysis that will be of great value later. The aext stage
is to obtain corresponding records for heat flow in the air, for
vapour transport in the air, and for radiant energy exchanges. For
the first two the continuous recorder described above will be useful,
and for the last, Dr. Hutchinson, assisted by Mr. Irng, h,as started
the coDstruction of a portable radiation meter.

In all of this work close contact is being maintained with the
radiation laboratory of the Ifeteorological Off.ce at Kew
Observatory.

LABORAToRY WoRK
Soil str*ct*re

The general problem of eva.luating quantitatively t}re difference
between soils with good and bad structure has been investigated by
Mr. W. W. Emerson with particuld relerence to two clay soils from
the Grassland Research Station at Drayton. These have approxi-
mately the same mechanical analysis, but one had been under
arable cultivation for {our years and had so bad a structure that it
was considered necessary to put it down to ley, while the other had
just been ploughed-out after four years in ley. These will be relerred
to as " arable " and " ley " soils.

There are two interpretations of bad structure, possibly inter-
related. Firstly, a low water stability producing a breakdown and
silting-up of the soil when wet with consequent loss in aeration and
permeability. Secondly, a comparatively low moisture range oyer
which the soil can be worked, i.e. a rapid transition from the hard
cloddy to the adhesive state.

For measuring water stability the normal Yoder method of wet
sieving vras considered inadequate, as it really ordy measures
" slaking," i.e., the break{ovvn of dry aggr%ates on immersion
in water- To simulate field conditions more closely, a modification
of the Vilensky-McCalla falling &op method was used. A given
size of natural air{ried aggregate rras placed on a variable width
slit and the number of drops of water required to break it up to
pqas the slit was measured. The aggregate itsell is not immersed
in nrater but is merely exposed to the effect of the falling tlrops.
Based on fifty aggregates, both soils have a high-water stability,
but for aggregates oI 45 mm. and l-2 mm. the a.rable soil was
slightly superior. Ttie method is appareotly very seasitive, as pre-
liminary tests on Barnfield plots gave three-fold di{ferences between
4A and l0 in the amount of water required. The only disadvantage
is that it is very tedious.
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As the above method did not yield any large difference betwe€n
the two fieltls, the stability of l-2 mm. uatual aggrqiates to wetting
and drying was measured by using Childs' method of determinirg
the suction-water content relationship of the inter-aggregate spaces.
The hterpretation of the resultant graphs was i&proved by deter-
miniog the slope of the curves at 16.8 cm. suction, corresponding to
Haines' determination oI the maximum entry value for 1nres, tbus
eliminating the effect oI the actual arrangement ol the aggr%ates
in the Biichner. On this basis the ley was superior to the arable.
At the same time, two other samples from the Drayton farm were
compared: one from each half of a field which had been half in
ley and half in arable for three years. These showed up approxi-
mately the same difiereuce between ley and arable, although their
stabilities were lower tbar the previous ones. The method is
accurate and could be easily developed into a routine test.

Finaly, at the suggestion of M. B. Russell, the Yoder technique
was used, but the wet sieving was continued {or varying times and
the weight retained on the sieve plotted agatst time. Russell
fouad a linear relationship between log t and the weight retained,
but this did not seem to apply to these soils. Since the break-up
of aggregates on immersioD in water takes place,-due to compression
of the air inside and to differential swelling-presumably after the
time requied to saturate the aggretate any further breakdown is
due to mechanical erosion.

For the second line of approach, the limited working range of
the soil, the upper limit wa-c determined by mechanicaliy mixing
powdered soil at increasing moisture contents and plotting the
degree of aggregation. It was shown that €gregation suddeoly
commenced at 18 per cent moisture content and increased rapidly
until the two soils attained a monolithic state at per cent moistu.re
content, the latter point being extraordinarily critical and much
lower than the sticky point values of the two soils (about 35 per
cent moistu.re content).

It was hoped to measure the lower working limit by determining
the moisture contetrt at which the cohesion oI €gregates was
suftciently reduced to be broken up by a disc type harrow. A
simple apparatus was made in which aggregates were crushed
b€tw€en two parallel plates. In the first experiment a highly
significant difference in the load required to rupture 34 mm. air-
dried aggregates was found, based on an average of twenty aggre-
gates. This is the principal difference found between the two soils
so far, but whether this will elucidate the very marked difference
in structure visible in the field remains to be seen. Water stabilitv
does not seem to be an important factor, although up to the present
only air-dry aggregates have been used, and it is possible that the
variation of water stability with moistue content might vield
interesting results.

MeLe erflanl of tlu volumes of solid,s, uater atd air ir soils dods
The method introduced by Dr. E. W. Russell and modified bv

Dr. M. L. Puri has been firrtder tested bv Mr. W. W. Emerson. H"e
has found it better to measure the votume of the water firally
distilled hom the clod under toluene than to mn it off through a
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tap and weigh it. An interim report has been prepared and is avail-
able on_request. A paper describing the method is being prepared
lor publrcatron.

ElJect of temlercfuru ott soil rnist*re
During a two months' visit Dr. L. C.avazza made a preliminaryr

study in which a soil clod taken from the field in such a way as to
preserve its natural structure rras subjected to temperature changes
between 5" and l[()oC. The clod rested on a sintered glass membrane
through which water could be withdrawn from or given to the clod,
the suction (pressure deficiency) oI the water under the membrane
being measured by a manometer. In one series of measurements
tbe suction was adjusted as the temperature l.ias changed so as to
prevent the water content of the clod from altering- In a second
series oI measurements the suction ras maintained constant ard
the water content allowed to change with temperature.

Suprisingly large temperature effects were observed, the inter-
pretation of which is greatly complicated by the fact that the sarne
amount of water when held on the clod develolx a greater suction
at a given temperature when it has cooled to that temperature tban
when it has warmed to it.

FieA measuremeds of vctiotc
Mr. E. M. Clegg has been testing a. form of tensiometer designed

to give rapid indication of the low suction values developed in soil
above a water-table. This form of instrument may help to demon-
strate whether or not land drainage is desirable. The temperature
effects have proved to be very troublesome untess the sinteied glass
membrane is placed deep enough in the ground to be within the
" capillary fringe " above the water-table. This may extend less
than one foot above the water-table. In spite of this difrculty this
method oI investigation appears promising enough to be worth
pursuing further.

Vaoow Pressues of aqqeoLs solul;or,s

Accurate measurement or control of aqueous vapour pressure is
fundamental to much of the work on water in soils and plants and
in the atmcphere. Values of the vapour pressures of NaCl solutions
calculated from the E.M.F. values of concentration cells were
provisionally;adopted as the standard, in spite of small system-
atic differenc€s that ap'peared to exist between these values and
those obtained by direct measurement. In the course of a critical
study of these discrepancies Mr. G. H. Cashen obtained, through
the coudesy of John Hopkins Universit5r, microfilm copies of the
theses of W. R. Norris and S. S. Negus which describe their very
accurate direct measurements made under the direction of J. C, W.
Frazer of the differences of vapour pressure between NaCl solutions
of different concentrations- It emerged that through a defect
in the thermometer used to adjust the temperatures oI the thermo-
stats these measurements were made at 19.94"C- and, . "C-
and not at 20"C. and 25"C. as had appeared from the only published
account of the work, Vapour pressures are so sensitive io ternpera-
ture, that even .06'C. is of importance in accurate work, arrd it is
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very satisfactory to be able to report that there is, in reality, no
serious discrepanry between these direct measurements and the
E.M.F. measurements oI Ilarned and Nims.

If we .ssume, as it seems we must, thet the sinilar measlue.
ments of Lovelace, Frazer and Serase on KCI solutions were rnade
at 19.94'C., and oot at 20'C., tlreir results are found to support the
condusion that satisfactory values for the vapour pressues of
KCI solutions are obtained by combining the values provisionally
adopted for NaCl with the concentrations of NaCl and KCI solu-
tiols of equal vapour pressure (isopiestic concentrations) which
have been accurately determined by several workers. Distinctly
diflerent values are obtained by calculation from the available
data for the E.M.F. values of KCI coacentration cells, and these
must be rejected.

I\Ir. Cashen has obtained further evidence pointing in the same
direction by calculating Irom the heats of solution of several solutes
in their saturated solutions and their temperature coeficients of
solubility the rate of change of vapour pressure with concentration
at saturation. Measurements of isopiestic concentrations enabled
him to obtain the corresponding change with concentration of the
vapour pressure of NaCl and KCI solutiors. Again there is very
satislactory agreement with the NaCl stand:.rd but not with the
KCI E.M.F. data.

We now feel tlrat the values adopted tor the vapour pressure of
NaCl soluiions must be very close to the tmth, and we believe them
to te a distinct improvement on tabulated values in current use.
A detailed account of this r,cork is in preparation, and we hope ttrat
the resu.lts uill be useftrl in other laboratories-

Al*ninium ions in acid, soils

Mr. Taylor has been extending the work already done on the
simpler ions -Ca++, Mg++, K+ and H+ to aluminium ions which are
known to be present in acid soils. As a first step a study was made
of the products of the reaction between AlCl, and Ca(OH), at high
dilution. He has shown that aluminium can exist in true solution ht
a conc€ntration oI 2 x lO-t molar when the pH is as high as 5.3,
the solution then containing both Al+++ and AIOII++ ions, in pro-
portions governed by an equilibrium constaut $,hich he has
determined at three temp€ratues. The minimum solubilit"v occurs
at about pH 6, above which aluminium occurs in solution almost
entirely as aluminate ions -AI(OII).-.

When samples of an acid soil are shaken with solutions of
CaCl, of concentrations ranging &om M/100 to M/1,000, the con-
centratiors of aluminium found in the filtrates do not fall ofi so much
with decrea,se in the concentration of CaCl" as would be the case if
all the aluminium in solution existed as triply charged ions. The
proportion of AIOII+ ca.n be calculated from the pH, and is quite
insufrcient to account for the observed behaviour. It appears that
much of the aluminium dissolved in the soil solution is not present
as simple Al+++ or AIOH++ iors, but as complex ions carqring one
or two unit charges or even as uncharged molecules. Furtber tests
are being made io verify ti,is deduction and get further information
about these complexes.
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Eq*ilibi*m cor&entrqliott oJ phosphate iors
Dr. H. C. Astyng has shown that when a soil sample is shaken

up with a dilute CaCl" solution, a small but definite concentration
oi.phosphate ions is found in the solution after separation from the
soil by filtration. The more dilute the CaCl" solution the sreater
is the plosphate concentration, and it has proved conveni'ent to
standar-dize the CaCl, concentration at M7100, which is about the
upp€r limit of the salt concentration of ntrtural soil solutions in
normal soils and is strong enoqh to ensure flocculation of cl,av
soils so that a clear filtrate is easily obtained for colorimetric
estimation.

- If soil samplq are dried belore they are brought in contact with
the CaCl. solution higher phosphate concentrafions are generally
found than when t-he soil is examined freh. Some soils i.re more
sensitive in this req)ect than otbers, and the hisher the temDerature
of.drying the greater the disturbance. The rat--io of soil toiolution
has ody a small inlluence on the result : 25 gm. of soil in E0 ml. of
solution are generally convenient.

- Proof f,h^t we are dealing with a reversible equilibrium between
the phosphate ions in solution and those " so;bed " on the soil
particles has been obtained from physico-chemical studies in which
it has been possible, on the one hand, to exchange the soil cations
without altering the yalue of pH { pHrPOl and, on the other
hand, by adding lime to increa-se the pH without materiallv alterins
pHrPO. in [,10 CaClr. The equilibrium concentrations forind in thi
calcareous soils of Broadbalk and Iloosfield, which receive super-
phosphate, correspond with the solubility obtained by Bierrum- for
the metastable calcium phosphate G.H(PO.)r.2HrCt.
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CHEMISTRY DEPARTMENT
By E. M. CRowTHER

FERTTLTZER Ixl,rsrrcauoxs
Phosphale folilizerc

For several years supplies of phosphate fertilizers in the United
Kingfom have suftced to meet a steadiJy increasing demand.
Fertilizer prices were kept constant by subsidies as thi prices of
farm products and the cost of labour increased, and it was profit-
able to manure crops heavily. The prospects for continued exgnnsion
aDd. rntenslhcatron ryere, however, severely checked durint 1950.
The general Iertilizer subsidies were reduced in lgEO and ari to be
removed in 1951, a subsidy on fertilizers for grassland taking their
place. Severe cuts in the imports of sulphur and the likelihodd of a
continued uorld shortage of sutphur wilJ require a critical re-exa.m-
ination of fertilizer policy, both nationally and on individual farms.

Restricted suppiies of the standard iertilizers will have to be
used more economically and efrciently by giving smalt quantities
lrequrntlv in place of large ones occa-sionally.- Ways 

-must 
be

found for making active phosphate fertilizeri without using so
much sulphuric acid-. \\'artime studies of the results of field exfsri-
ments showed how individual crops and fields could be ration6il to
obtain the best returns. Under manv common conditions rates of
phosphate application on otd arable iand in fair condition, can be
cut down \trithout serious loss oI crop. Several kinds of phosphate
fertilizer u.ithout water-soluble phosphate can give results approach-
ing- thoje from supcrphosphate. at least on acid soil. On i'iry acid
soils in u'et areas ground mineral phosphate often gives r.ery eood
results. especially for swedes and grasiland.

E. II. Crowther and G. W. Coolie have summarized, in a repcrt
to te published- by the Ministry of Supply. the results of a series of
field trials on silicophosphate, 

'carriea-<jui 
in coltaboration with the

Advisory Chemists of the Ministry of Agriculture. The silico-
phosphate was prepared bi.the Building Research Station by
heating phosphate rock with soda-ash, sand and steam in a rotary
kiln furnace. Typical results are given below for the average of
experiments in 1943 to 1946, mostly on acid soils chosen as likelv
to be deficient in readilv available phosphate.

Swedes
tons/acre

Number of experiments 29
No phosphate 0.I
Superphosphate

O.33 cwt. Pp5 per acre l3,a
0.66 c\trt- P"O" per acre 14.8

Silicophosphate
O.5 cr t. P,OB per acre 13.8 7.6 ltz

^ The.tso rates of application of superphosphate (a little less than
2.an!.4 cut- per acre) were deliberiteiy k;pt lo; in the hope of
obtarnrng crops in the steep and sensitive portion of the response

Grosth of
Potatoes reseededgrass
tons/acre (r'isualscores)

25 t35.0 5l

7.5 104
8.3 Il7
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curves. Where, as in so many earlier experiments, different kinds of
fertilizers have been compared at the healy rates commonly
recommended in demonstralions, similar yields do not necessarily
mean that the lertilizers were equally effective but merely that
each was being used extravagently. In the exPeriments sum-
marized above,-quite modest dressings sufrced to give good crops.

On the average oI 29 experiments on swedes and also of -expen-
ments on potitoes, 2 cwi. superphosphate per acre increased yields
by one haif, and 4 cwt. superphospbate gave only small, additional
increases. Results of the same general Pattern were obtarned on
reseeded grass. Even for sensitive crop.; there is little need for
heaw dressings of phosphate ferti-lizer.

Ii halvine"the qiantitv of supemhosphate makes only a small
difference in"the r&ponse of the crip, the retative values of two
alternative forms of phosphate can be determined with confidence
onlv from a la,rge number of fairly precise exPeriments. The results
of i few isolated exDeriments mav be quite misleading.

In the above sefies of comparisons siticophosphate proved to be

irst as effective as superDhosphate, on the basis of equal phosphorus,
ior swedes and .eseided gt i= but less efhcient {or Potatoes-' In. a
small number of ex'periri'ents the sificophosphate aPPeared to be

much less effective on cereals. Silicophosphate suitably used thus
offers one possible way for economizing in sulphuric acid'.-.

The reiults of fieid exPeriments on phosphate fertilizers are
heine summarized for publication, and new series of exPeriments

"r" 
B"ing planned in cb-operation with the Nationat Agricultural

Advisory Service.

Fertilizer acerwtt
Wartime experiments showed that su?erPhosphate an9 com-

rrllnrl fertilizeri are used more efficiently by cereals when they are

a;ttua *itt the seeds. The high initial concentration, of plant
nutrients near the roots favours-early establishment and growth'
i;"b ;; been macle with speciai experimental- drills to see

whether safe methods can be found for obtaining similar advantages
foi other crops. especiaUv those in which the young seedlings are

likely to be d2rmag6d by ariling the fertilizers in immediate contact
with the seeds.''--Wiif, 

-t"to"t planted in the furrowi of ridged land side-band
aoolicatio'ns two inches rrom the sets had no advantage over the

,!i"f-."tf,J .t .preading fertilizer over the ridges before.Planthg'
Both of these ,rr"ihodt *:"t" much superior to dressings -broadcast
before ridging. The rapidly increasing use of mechanical planters'
working on the flat or planting into ridges, raises new. questrons,

since tfiese madhines do not repioduce the relative positions of sets

and fertilizers obtained by broadcasting fertilizer- over ndged land'

Discussions with the National Institute of Agricultural tsngineenng

led to their developing a new experimental- Pgtat-o Planter lrtted
with a fertilizer atfacf,ment, capable of apPlying known amounts

of fertilizer in prescribed positions'
in continuins their investigations on fertilizer placement'

G. W. Cooke anla f . V. Widdornson obtained advantages from-

pi".i"g t"*iir.t in bands about two inches to the side of seeds of
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severz.l. quickly growing and shallow-rooting cro1x, but there were
no similar advantages for deeply-rooting crops ilin long growing
seisons,

Ten experiments on sugar beet were carried out in lg4g- a
drought year. Granular PK fertilizer containine 16 Der cent p-O_
and l3 per cent KrO was applied by several -mettiods. nitroiei
Iertjlizer being broadcast uailformly over all plots. Germir:aiion
and plant establishment was not damaged bv pK fertilizer otaced
tv/o iDches to the side of the seed. Broad-cast irK f".ti_tir.. lrr.i.^a
yields of su_$r significantly at three centres. There were no
s€mhcant drtlerences between the yields given by placed and
broadcast fertil.izer.

. The results of the lg49 experiments on sugar beet confirm those
ot earlrer years ; there is no advanta,ge from placins a full dressins
of fertilizer beside the seed in distric-ts wheri the &o" i. "o.-.ffigrown, except that labour is saved in applying the te'rtitizer. fde
results of experiments oyer three yearj,-oi wirlch trvo were very
dry, are summarized below :

No. of experiments

Fcrtil;zel ,cslzd,

t947 1948 1049
8I3 lO

Per cent N
Per cent PrO"
Per cent KrO

Amount, c,rt./acre . .

Mcar utmttated, y,idds
Sugar cwt-/acre
Top tons/acre.. ..

&.3 39.6 37.O7.7 9.9 12.6

9.0
7.5
4-5
6.8

9.0 0.o
7.5 16.0
4.5 13.4
7.5 5.2

Mcatt incrctses itt yi<ln lrom broadt*st fert izcr
Sugar cwt./acre .. Z,O 4.g l.l
Iops tons,/acre.. .. l.l 2.9 O.g

Mcan hrrease in yidd, fton ptuittg oocr bro&aslittg
Sugar. cwt.lacre .. -l.O 0.4 O.OToIx tons/acre .. 0.6 O.l _0.i

. Experimeut! were carried out itr l&50 on winter beans. srine
bea{,s, threshed pas and on peas picked *hr" ;*;.-C..fiI;rert lzer- c.ntarrung 14 per ctnt ppt and 14 pei cent K.O wasapPred by several methods. Broadcast fertilizir was "*li"d "tl]vo sJaST in_the preparation of the seedbed.. f"rfv a.E{"." J,tne proughed tand ryere worked in deeplv bv the culiirrations ii.,"r,
to pr-€pare thi seedbed, Late &essings',itr,i 

"ppliua 
to ifre 

-*&U"a
and trarrowed in shallowty. ptacea te?titizcr u6 t;liJ i";;;1;
Dqrd tw.o rnches to the side of the seed and three iriches below tiesoil surfac€. Tests were also made ,f h"ta th" i"rtilir;;;;;
beside the seed and half broadcast leither earlv oi IJ;i. - '**

For winter and spring Ueans ana fo, e."& D""r--Ja.rlv broad_
cashDg tave higher yields than late dressings. 'For a[ 

-of 
these
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crops placed fertilizer gave higher average yelds th"n broadcast
fertilizer. For both types of beans and for green peas approximately
2.5 cwt. per acre oI Iertilizer placed beside the seed gave maximum
yieltls which were higher than the yiekls given by double the
quantity of broa.dcast fertilizer. There was no advantage lor any
crop from broadcastirg h^lf the dressing arrd placing the remainder
beide tle seed. Results over several seasons will be summarized
when the l95l experiments are completed.

Experiments on carrots, kale and red beet compared broadcast
dressiags of a granular phosphate-potash lertilizer with the same
fertilizer placed two inches to the side oI the seed and three inches
below the soil surface. Nitrogen fertilizer was broadcast uniformly
over all tle plots.

Iq two experiments on carrots broadcast lertilizer increased
yields signilicantfy while placed fertilizer had ao effect. The
responses to fertilizer were small and irregular in two other experi-
ments on carrots.

In a single experiment on kale placing fertilizer gave higher
yields tban broadcasting. Both methods of applying fertilizrr for
red beet gave similar increases ir fleld.

Natiooal Compound Fertilizer No. 2 (9 per cent N, 7 Per cent
PrOo, 7 per cent KrO), was tested in one experiment on spinach.
Placing fertilizer two inches to the side of the seed iacreased yields
significandy; broadcast fertilizer gave only a small increase in
yield.

Robs of ac on of ,titrogen fefiilizer
Investigations briefly described in the 1949 Report were

extended itr 1950, R. G. Werren being responsible for prqnring
special materials and analysing the crops, E. H. C,ooke for carrying
out pot experiments on repeatedly cut perennial rye grass and
B. Benzian {or tbe trials in forest nurseries and forests. In the Pot
experiments factorial combi.nations of graded dressings of urea
applied at appropriate times throughout the season served as
standards, together with coarse (5-6 mm.) and fine (t-2 mm.)
fractions of crushed hoof, Formalized casein, a plastic r,naste, again
gave outstanding results, acting Iairly rapidly and maintaining
good growth throughout the season and well on into the winter,
when the effects o{ many other materials had been ex}rausted.
Some oI a series of urea-formddehyde condensatiou products pre.
pared in industrial research laborrtories a.cted much more rapidly,
giving results closely akin to those from fine hoof. Attempts to
slow down the action oI hoof by inactirrating it wittr formaldehyde,
copper salts or nitrous acid were so successful tbat the experiments
will have to be continued into l95l to decide whether the very slor
liberation of available nitrogen will continue long enough to allow
a high total recovery. Further work on these lines may make it
possible to develop, for experimental purposes at least, a set of
nitrogen fertilizers of known rates of action. A danger in relying on
'organic wastes for slowly available nitrogen was illustrated in this
.experiment by a commercial sample of meat meal which gave only
.a very small proportion of rapiilly available nitrogel with negligible
amounts of slowly awailable nitrogen.

Natiooal Compound Fertilizer No. 2 (9 per cent N, 7
)0, 7 per cent KrO), was tested in one experiment on
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The rates of action of tagments of organic materials were
appreciably reduced by coating them with aminoplastics but
similar trials with granular and other inorganic fertilizers were less
successfirl. It appeared that the salts diffused out rapidly or,
altematively, that the coated tranules soon absorbed u,ater and
bust.

NurRrrroN PRoBLEUS rN FoREsr Nunsenrns
Investigations in collaboration with the Forestry Commission,

reviewed over the period 1945 to 1949 in the Rothamsted Report
for 1949, were continued by E. M. Cror*ther, R. G. Warren and B.
Benzian. In the wet seagon of lg50 there were much more striking
con&asts and responses to treatments thau had been obtained in
the three preceding years.

Sitka spruce seedlings showed large responses to each of the
major nutrients in experiments on very acid soils, but in some oI
thes€ experiments composts well supplied with nitrogeu, phos-
phorus and potassium gave better results than inorganic fertiiizers-
It appeared that the {ertilizer nitrogen applied in the seedbeds in
spring and in an early summer to1>dressing had been leached out
of the surface soil during the very wet summer and autumn before
the period of most active gro\trth.

In the neutral or slightly acid soils oI old nurseries Sitka spruce
seedlings generally make very poor gror,lth, even when u'ell man-
ured with compost or fertilizers. In lgfl) at several nurseries there
were very striking resporses on such soils to acidilication in previous
years bv ammonium sulphate or sulphur. By contrast, the residual
effects of aluminum sulphate were small. In one experimeat with
repeated dressings of nitrogen fertilizers on the same plots for seeds
sown in 1949 and again in 1950, there were only moderate gains in
1950 from " Nitrochalk " but very good ones from equilralent
amounts of ammonium sulphate. In the drought of 1949, when
nitrogen fertilizers were generally ineffective, naither material did
any harm. The rqreated dressings of ammonium sulphate appear
to provide a safe method of supplying available nitrogen and ai the
same time acidifying the soil. If this kind of result can be repeated
under other conditions it may o{fer a simple practical remedy for
an acute example of "soil sickness."

Steam and formalin treatments of the soil some weeks before
sowing again gave dramatic improvements, the boundaries between
plots slowing very sharp contrasts. At four nurseries experiments
on different amounts of formalin gave response curyes closely akin
to those for plant nutrients on higtrly deficient soils. It is not yet
possible to offer an adequate interpretation of " partial sterilta-
tion " by steam and formalin. In addition to killing many classes
of microorganisms both treatments greatlv increase the supply of
available energy, as is shown by a rapid increase in the production
of carbon dioxide and ammonia in incubated soils. On the treated
plots the ammonia contents of the soils remained higher throughout
the season and nitrification in incubated soils u'as checked.

The hypothesis that partial sterilization depends on the elima-
tion of soil fungi harmful to or competing with the roots of the
conifer seedlings kas examined in several nurseries and in series of
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pot experiments by E. H. Cooke. A wide variety of fungicides an<I
two antibiotics were added to the soil or applied as seed-dressings.
Several of these materials reduced early deaths by " damping-off "
in tbe pot experiments, and others damaged the seedlings, especially
at high rates of application. None of them, however, approached
steam or formalin in their general eflects on growth. Such resutts
in a good growing season indicate that the control of soil fungi may
be a relatively unimportant factor in the effects of stearn, formalin
and acidification in improving the growth o{ Sitka spruce seedlings
on the so-called " Sitka-sick soils." Many of the observations
already made could be interpreted on the hypothesis that conifer
seedlings utilize ammonia in the soil more efrciently than nitrate,
but ihe results of further invetigations in the Microbiology and
Chemistry delnrtments must be awaited before this hypothesis can
be adequately tested.

In several experiments on neutral or slightly acid nurseries
Sitka spruce responded weU to superphospbate on plots which had
received formalin but not on plots without formalin. An indication
of the complexity of formalin ef{ects \tas given in two experiments
on very acid nurseries, one on heatbland and the other in a clearing
in a conifer Iorest. On plots without formalin inorganic fertilizers
gave better plants than compost. Previous treatment with formalin
greatly imprcved growth on the compost plots and had no elfect
ou the {ertilizer plots. Th€ appearance of the plants suggested that
those with lormelin and compost received large quantities of
aveilable nitrogen late in the season. Presumably the formalin
retarded the breakdown oI proteins from the compost in much the
same way as in the pot experiment on hoof described in the previous
section of this report.

SoIL INvESTIGATIoNS
Soil Oryatic matter

J. M. Bremner's earlier work on the amino-acid composition of
the protein material in soil was completed and prepared for publi-
cation. Ten soil samples, differing greatly in pH value, organic
matter content and cultural history, were examined, the anino-
acid composition of their acid hyrlrolysates being studied by paper
partition chromatotmphy. The following twenty amino-acids
were found in every hydrolysate : pbenylalanine, leucine, isoleucine,
valine, alanine, glycine, threonine, serine, aspartic acid, glutamic
acid, llsine, arginine, histidine, proline, hydroxyproline, oe-di-
aminopimelic acid, c-amino-n-buty,ric acid, p-alanine, y-amino-
butyric acid and tyrosine. Methionine sulphoxide and glucos-
amine were found in most of the hydrolysates, but cystine,
methionine and tqrytophan could not be detected. D-amino-acids
were detected in the hydrolysates but the small amounts found
could have arisen by racemization during hydrolysis. No free
amino-acids could be detected in any of the soils studied. The
detection of glucosamine, serine and threonine in the hydrolvsates
confirmed previous evirlence that 2-amino sugars and hydroxy-
amino-acids occur in soil.

Comparison of the strengths of the spots on the chromatograms
indicated that the protein materials in the ten soils examined were
similar in amino-acid composition.
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During the course of tle work described above it was noted
that alk.line hydrolysates of soil contained greater amounts of
glycine, alanine and q-amino.n-butyric acid thar did acid hydro-
lysates. This observation led to an investigation of the eflect of hot
alkeli (NaOH and Ba(OH)r) on various amino-acids. Results so
far obtained show that under the conditions commonly employed
for the hydrolysis of proteins with alkali cystine and cystein; ]ield
ala.nine ; serine yielG glycine and alanine ; threonine yields glycine
and c-amino-n-butyric acid. An attempt is now being made to
determine the extent of these dismutation reactions under various
conditions.

A review of recent work on the organic phosphorus and nitrogen
of soil and on the uronic &action of soil orga.nic rnatter was prepared
for publication.

Studies in conjunction with R. H. Kenten of the Biochemistry
department on the amino-acid metabolism of soil using the pei-
fusion technique were temporarily abandoned owing to thi pracfical
difrculties encountered. The experience gained, however,-made it
obvious that there was need of a rapid mathod of identifying small
arnounts of amines formed by decarboxyl,ation of amino-acids, and
some progress has been achieved in the application of paper par-
tition chromatography to tbis problem. The chromatographic
behaviour of a large number of biologically important arnires in
various solvents has been studied and meny useful separations
have been achieved.

Soil lhoslhorus
J. B. Rickson has used the radioactive tracer technique in

studying the behaviour of soil and other phosphates. When a
solution of a pho'phate labeUed with radioactive phosphorus is
added to soil the changes in the amoults of P81 and Pir can be us€d
to estirnate what fraction of the total phosphorus of the soil is
capable of undergoing exchange. Soils with contrasted manuriug
for over a century in Broadbalk field were compared- In one with
superphosphate annual.ly about one-fifth of the totd phosphorus
was exchangeable. In one without added phosphate fol thi same
period the amount of excbangeable phosphorus was uegligible.

In similar experiments on ground crystalline fluoripatite the
exchangeable phosphorus varied from 0.05 to 0.1 per cent of the
total phospborus according to the size of the partiCles. For labor-
atory prq)arations the following values were obtained : dicalcium
phosphate 1.7 per cent, aged hy&oxyapatite 1.5 per cent, freshly
prepared hy&oxyapatite 8.1 per cent. fhs 'i gxch.nApabts ;'
phosphorus determined in this way depends to some extenl on the
particle size but also, to a lesser degree, on the time allowed for tbe
exchange. There is evidence tbat the " exchangeable " phospborus
is not confined to the surface of the pa.rticles.

In a number of experiments covering a range of concentrations
of P{ ?ud Po, it was shown that all th.e phosp-hate adsorbed on a
synthetic anion exchange resia was readilyexcf,angeable.

Fborhte ir soils
Work briefly summarized in the Annual Report for lg48 bas

been continued by J. B. Rickson. OnIy about X)-{0 per cent of the
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fluorine added in superphosphate over a long period of years is
retained in the soil. The increase by manuring is small in com-
parison with tlre amounts naturally present in soils. For soils with
hom 14 to parts lluorine per million the increases by mauuring
for about 50 1.ears were from 3 to 8 parts fluorine per million.

Soil natganese
In contiruing her work on factors inlluencing the a ilability

of manganese in soils, S. G. Heintze tested in pot expcrimeuts the
erfects of a number oI different wa5n of adding manganese to a
skirtland fen soil before sowing oats. The soil was acutely deficient
in available manganese and no treatment prevented the appearance
of grey-speck synptoms. Coplxr deficiency was also visible in the
young leaves of tillers Ior most of the treatments.

AII additiors of manganese signilicantly increased yields of
grain. Although few of ttre differences between alternative forms
were significant the best grain yiekls from manganese compounds
were from perrnanganate solution, manganese dioxide and manganese
sulphate cryst4ls coated with an arninoplastic.

ANALYTICAL
E rhasstia* Latd, H oo s/ield

An accourt was given in the Rotha.rnsted Report for 1949 of the
history of plots which showed in the barley crop of that year most
striking reidual benefits from farmyard manure and superphospbate
applied before 1901. The site h"d been Lsed from 1856 to 1874 for a
manurial eqrriment on continuous wheat and from 1876 to lg0l
for one on continuous potatoes. Since then the land bas been
cropped mostly with cereals, without fertili?rrs until lg39 and
subsequeatly with cereals receiving a Iiberal dressing of arnmonium
sulphate on all plots. The 1949 yields o{ barley grain and straw are
given below together with analytical data by R. G. Warren {or the
crops and soils. Several plots bave been averaged to give groups
with no added phosphorus from 1856 to 1901, with superphosphate
,rom 1856 to 1901, and with farmyard ma.nure from 1876 to I90l
(superphosphate was given with the farmyard manure from 1876
to 1882).

I9ag Bolcy ool lctd.laoc)
llanuring to f90f Grain Straw PO. b

total crop
None .. 8.8 10.4 0.(x7
Nitrogen only - - 10.8 13.9 0.056
Superphosphate .. ., 2,1.A 0.155
Farmyard tnanure . . ,4 Zl.8 0.165

1049 soil atta$rsas
pH nitrogen Pp& n&t009

perc€Dt Readily
totel soluble

None .. ..7.2 0.110 I
Nitrogen only .. 6.8 0.112 I
Superphospbate . . 7.2 0.112 6
Farmyard manure. . 7.2 0.I:18 6

Plots

t,2
5,6
7, 8, 9, l0
3,4

t,2
6,6
7, 8, 0, to
3,4
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Plots which had received Phosphorus before l90l in farmyard
manure or in superphosphate gaYe neaxly three times as much
grain and twice as much straw as plots without any added phos-
phorus. The crops on plots with farmyard manure or superphos-
phate residues contained over three times as much phosphoric acid
as those without added phosphorus belore l90l'

The manurial residues were clearly shown by soil analyses. The
contrasts were relatively great for readily soluble phosphoric acid
(extracted by leaching with 0'5 M acetic acid). The residues of
farmyard manure increased the soil nitrogen and organic matter
by one quarter. The prolonged residual effact of heary dressings of
Iirmyaril manure is also illustrated in the continuous barley plots
in the same field.

\[anure
l-O Unmanured since 1852
1-l Farmyard manure 1852-1871, then

ured
7-2 Fzrrmvard manure aDnually since 1852

Nilrogen Per
cmt of soil

0. 100
unman-

0 147
0.266

Soil analyses on uueplicated plots are always subject to un-
certainties through the risk of inherent irregularities, but the
consistency o{ these two sets of plots gives support to the conclusion
drawn from other investigations that farmyard manure leaves some
very inert organic residues. The fact that superphosphate and
farmyard manure have similar residual effects on croPs and also on
readiiy soluble soil phosphorus suggests that much of the residual
benefit from farmyard manure is to be ascribed to its inor8anic
constituents. These results suggest that the conventional low
€stimates of the residual value of phosphate fertilizers and the
emphasis placed on phosphate fixation may derive in part Irom the
fail-ure of ordinary field experiments to measure small benefits
maintained over long periods.

S p ectrogre pltic anal! ses

In the Lundegardh flame method oI spectrographic analysis
using a medium quartz spectrograph, H. A. Smith is attemPting.to
replace the usual photographic record by direct photometry. .An
exit stit in the focal plane of the camera lens isolates the required
line, the intensity of which is measured by a photo-multiplier tube
with a suitable amplifier. This method may have advantages over
direct flame photometry in that it allows measurements to be made
in the ultraviolet, which is particularly convenient for manganese
and mag:nesium. The sensitivity so far attained promises to com-
pare favouably with the photographic method.

GrNeneI.
E. M. Crovther, S. G. Heintze, J. M. Bremner, and J. B. Rickson

attended the Fourth International Congress of Soil Science at
Amsterdam in Jrny, I95O. E. M. Crowther was Chairman of the
Soil Fertility Section.
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PEDOLOGY DEPARTMENT
By A, Mutn

During the year LIr. J. R. Butler was appointed to the spectro-
sraohic section. Mr. K. Norrish of the Waite Institute who has
iorie for two years'study and Mr. J. Garcia Vincente from Madrid,
are carqring out X-ray studies on soils -from their resPective
countries. -Dr. E. M. Chenery comPleted his period of research
under the Colonial Development and Welfare Research Scheme and
has now taken up a post in Uganda.

Two members ofthe department (Dr. D' M. C. MacEwan and
G. Brown) have between tlem taken a considerable share in ttre
compilation of the Clay Minerals Group monograph on " The X-ray
Identification and Structure of Clay Minerals," which is to appear
in 1951.

WEATHERING OF ROCKS AXD MINERALS

The study of the weathering of the cry-stalline -ro-cks 
o{ the

Malvern coriplex is now essentially complete and has shown
strikinslv the ;ffect oI parent bed-rock in determining the secondary
orod.ucis-. i.e. the mirieraloeical composition of the clap of the
ierived. soils. The results s[ow the dbminance of clay minerals of
the ctrlorite-vermiculite crystallization associated with the ultra-
basic rocks rich in hornblinde and biotite, and oI an illitic clay
mineral with the granitic rocks. In the " Ivy Scar Rock " (a grano-
ohvric ouartz di6rite) of intermediate composition both types of
ila"v mirierals are present in the soil clay. 

- The other crystalline
coristituents of the-soil clals are kaolin and quartz, wbich are Par-
ticularly associated with the more acid rocks. Iron and aluminium
oxides ire present in all the clays, but are mainly in the amorphous
state.

A similar comparative study oI the mineralogical characteristics
of soils from the Gold Coast derived lrom acid and basic rocks has

be€n started.

CLAY MINERAL STUDIES

Techriqtcs
There has been considerable call on ihe X-ray apparatus for use

as an auxiliarv to petrological and other studies. It has thus been
necessarv to cive much'attention to the question of reducing

""posuri 
timd for X-ray Photo$aPhs' The question has been

aobroached hom several different directions." lll The use of a larser tube current with the usual size of focus
is pi*luded bv the rati of heat dissipation at the anode, but with
th6 slit coltimition we employ it has been found that Perfectly
sham photoeraphs can be obtained from a much laryer focus than
*oal,'*hi"ipe-.-its passage of a larger current and hence shorter
exDosures.'(2) Substitutioo ot detachable windows sealed with rubber
O-rinis enables tbe filter material. which is in any case necessar-v,
to tp] used as a rrindow instead of aluminium and so eliminates
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abjorption from tlis source. The cannera windows have been
replaced by 0.3 mm. polythene, which, unlike cellopbame, seems to
be unaffected by X-rays.

(3) Exp€riments have been made with a qunera sl_it slrstem
made of metallized glaas plates. Such a system reflects X-ravs
which strike it at a narrow angle and so gives an enianced intensity,
The system we use gives a gain of about 2x, but appears to give
rather broader lines than the ordinary collimating sptem, wfuch
may be due to the poor optical quality of the gla.ss used, together
with inaccura.cies in assembly.

(4) The use of Zelger's copper intensifier on the tilrtr gives an
improvement in contrast as we[ as intensity. The complications of
the procedure, however, are sucb thar it will not be applied unless
a number of films are processed together, or it is esseltial to have
an exposure of miniuurn length.

Tbe total reduction of exposure time by a factor oI 6 may be
achieved by these methods, and it is now possible to obtain a well-
exposed photograph in l0 minutes.

Qtantitalitn delerurinolior oJ clay minerals
Prelimhary calculations have been made on a method based on

the use of oriented aggrqlates for the accurate determination of clay
minerals in mixtures by X-rays, and experiments are being carried
out. The problem is not a simple one, but this method seems to
hold out considerable bope of an eventua.l solution. It has been
dcscribed in a preliminary communication to the CIay Minerals
Group. Arising panly out of this, extensive calculations have been
made oD the effects of orientation and abeorption on the intensities
of X-ray reflections from oriented aggregates of clays.

Cloy niwralogf oJ rochs atd stils
(l) In collaboration with W. N. Croft of the Imperial Institute

an investigation has been made of the clay mineral content of
Devonian siltstones from North Wales. The problem was to find
iI the break between Upper and Lower Devofuan (several million
years) was reflected in the mineral composition. A break was
found, there being chloritic rnaterial present in the Lower Devonian
which was almost absent in the Upper Devonian. A series of
Brecon siltstones is now being examined to see if a similar break can
be tmced.

(2) A number of soils from the Kongwa grouadnut area have
been exarnined to see if some indication Coukl be got of the reason
for the strong comlnction occurring after rain. Thi general proper-
ties of the soils that show their iharacteristics, tfe red loam in
partictlar, correspond to those of comparable so s Aom other parts
oI Africa, i.e., low silt content, low base exchange capacity. The
clay minerals in the red loam and upland palfia soils proved to
consist mainly oI hallopite with a little mica, quartz and, iron
oxides. The dark valley soil clay consisted mainJy of mica with
some halloysite as accesiory. Th! sand fractions c6nsisted atmost
entirely of angular quartz fragments. There is nothing in the
results to suggest that there is anything inherenfly pec.uliar about
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tle Kongwa soils, but samples Irom other groundnut areas are now
available so that the investigation can be extended-

(3) A wide range of soil clays tom Syria have beeo studied with
interesting results. It was fouud that the mineral attapulgite was a
common and sometimes abundant constituent of the soils derived
,rom the sedimentary rocks o{ the deseft. T\ekro lossa soils of the
Mediterranean coastal area contained mainly a " mellorsitic " t14re
oI clay mineral. The clay minerals of the basalt soils are appareotly
connected with the degree of crystallinity of the rock; the highly
crlntalline rocks yield hallolsite on weattrering, whereas the glassy
types of basalt give beidellite.

(4) The department has now a considerable collection of ben-
tonites, and alleged bentonites, from various sources, as well as
other clay materials, and X-ray photographs have been taken with
a view to establishing a series oI standard patters likely to be of
use in dealing with soil clays.

The examination of a series of Punjab clays from Dr. J. N.
Mukherjee showed that some were kaolinites of quite exceptional
purity, the others containing a montmorillonite imPudty.

Among other materials exarnined by X-ray methods were soil
clays from Ugancla, Iraq, Persia and Irelald.

Loc irm of the .sorbed ions atd nolzcul* in mcdmril,lottoids
This invetigation has now beeo completed for both montmorill-

onite, the dioctahedral montmorillonoid, and hectorite, the triocta-
he&al member. The results for both of these support the Hofmann
structure {or the minerals artd show that the exchangeable c,rtions
take up a position midway between the inorganic layers of the
mineral in their glycerol complexes.

Ca@btcs of monttmillomid clalts uith proteitrs

Using oriented flakes of clay particles (< lp) a new phenomenon
has been observed: one-, two- and four-layer complexes have been
detected with geliatin, edestin and pepsin suspensions according to
the concentration and p! of the suspension: each layer h.as a
thickness of 4.3 to 4.6 A, which corresponds very closely to the
calculated and directly observed thickness of single polypeptide
ctrains in proteins. This implies a cornpetition between the surface
energy of tJre inter-lamellar spaces of nontmorillonite and the
Iattiie energy of the hydrated protein crystals. Furtbermore, the
most stable two- and four-layer complexes are formed at nearly
2 pH units below the pI of the protein, which strongly suggests the
mechanism of proton transfer being necessary for these comPlexes.

Comllzxx of rrcttmorillottcitls atil lyriilitu
A qrstematic investigation of the interaction of pyridine and

other polar molecules with montmorillonite is in progress. Three
main methods are being used. Fist the measurement o{ the sorption
isotherms in the wapour and the liquid phases. Secondly, the study of
the resultant complexes by X-ray diffraction and in certain lavour-
able cases the application of one dimensiond Fourier syltlesis.
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Thirdly, tbe use of the differential therma.l method to study the
evapoiation of the sorH material.

The results so far obtained indicate that the sorption isottrerm
of pyridine is dependent on the water content of the system, the
nature of the base exchange ion in montmorillonite, and the previous
heat treatment of the mineral.

Several other complexes likely to be of interest have been
examined by X-ray difftaction. The blue and green colours formed
by certain amines, notably dimethylaniline, with montmorillonite
are being investigated. Results suggest that tJre colour formation
in independent of the extent of interlaminar sorption,

Atdt flile
The mineral autunite, a calcium uranyl phosphate Ca(UOr),

(PO.)r.n Hp is a layer t)pe mineral which shows reversible
hydration properties between the states Ca(UOr)"(PO.)r.l0HrO
called autunife and Ca(UOJ"(PO.)r.8HrO called meta-autunite-1.
The spacing of autunite is 10.32 A and of meta-autunite-l 8.42 A.
The structure of the Iayers of oxygen atoms in autunite is similar
to the structure of montmorillonite suggested by Fdeknan. It was
thought that the autfllite might be made to expand with organic
liquids such as glycerol in the same rvay as montmorillonite.

The mineral was therelore slmthesized and various treatments
werc tried, either adding the organic liquid to the freshly prepared
autunite or precipitating the autunite in the presence of the organic
liquicls. No expansion was shor*.n in any case. In fact, mo6t of the
treatments merely dehydrated autunite (the loHzo state) to meta-
autunite-l (the 8H"O state). These changes were all Iollowed by
means of X-ray photographs.

Sprcrnocnapnrc Wonx
Work has been continued on the quaDtitative determination of

molybdenum in soils and methods have been studied for otlrer
elements. The Mannkopff spectrograph bas been found suitable
for the quantitative estimation of potassium in solid specimens.
Quantitative estimations have also been made oI tbe major elements
(i,e. AI, Ca, Fe, K, Mg, Mn, Na) in minerals, rocks and plant ashes.
In addition, seminuantitative methods are in use for about thirty
minor elements.

The geochemistry of clap and soils is being investigated by
these methods and it is hoped eventually to supplement the results
by micro-chemical determinations of, more especially, zinc.

In the determination of exchangeable cations in soils_ an alter-
native has been adopted by several workers to tlle standard method
of leaching the soil on a filter with successive portions of ammonium
acetate. This consists of allowing the solution to percolate throu6h
the soil in an automatic apparatus. The method is being investigate<I
and an apparatus has been devised which is considerably simpler
in design than some that have been described. The results obtained
are in good agreement with those obtained by the leaching method
and it is hoped to adopt the method for routine use.
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Grevllc rx Sorrs
As reported previously, it has been found possible to induce

gleying artificially in soi.l material by the action of anaerobically
fermenting plant material. Under these conditions ferric oxide
uldergoes extensive solution and reduction, leaving an essentially
iron-Iree residue. In this respect the laboratory experiments do not
suggest a close parallel with the natural process since such analytical
data as are arailable in the literature suggest that, in the field,
gleying does not result in a marked diminution of the total iror!
content. However, it has been found that lerric oxide, either alone
or as present in soil, ha.s the property of abstracting ferrous iron
from solution in an irreversible manner; if the ferric oxide with its
associated " fixed " ferrous iron is completely dissolved in acid
it is found that little or none of the " fixed " iron is present in the
ferrous state. It is suggested that tbe explanation of this is as
follows: an initial adsorption of ferrous iron as the ferric oxide
takes place, and in the adsorbed state the Fe2+ is sufrciently readily
oxidised for this to be effected rapidy by dissolved oxygen in the
system. It seems probable that this phenomenon is responsible {or
the differences betv/een the laboratory and natural processes men-
tioned above.

It has been demonstrated that gleying is not necessarily caused
by direct microbial action; by treating a clay suslxnsion with a-

femented grass extract under sterile, anaerobic conditions, a gleying
action is produced which, although less extensive than in the fer-
mentation experiments, is nevertheless appreciable.

Extracts of fermented grass have been shom to cause an almost
instantaneous reduction of dissolved ferric iron; determination
oI the ferric-reducing capacities of such extracts gives theoretical
values for the extent of glefng action which exceed the exp€rimental
results by a factor of 3 to 4. This, it is felt, indicates that the rate-
determining stage in the overall process of solution and reduction
is the initial solution of ferric oxide to give soluble ferric compounds,
reduction of which takes place almost immediately.

Fermentation of grass in the presence of ferric oxide gives
solutions in which the iron appears to be present entirely as complex
ferrous comlnunds. More than one type of complex combination
appears to be involved. Paxt of the iron is readily precipitated by
atmospheric oxida.tion of the solution, or by an increase in the pH ;

the iron remainbg in solutions is not precipitated even after pro-
longed exposure to the air at pH9, and under these conditions
oxidation of the Fe2+ is so slow that it is not possible at presert to
say witb certainty whether oxidation does indeed take place.
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SOIL MICROBIOLOGY DEPARTMENT
By H. G. Tsonxrox

EFFEGT oF PARTIAL STERILIZATIoN IN TIIE FIELD
Durirg this season co-operation was continued \f,ith the Chemis-

try department on the effects of partial sterijization of nurserv beds
at Ampthill. The treatments stuaied were steaming and appli-cation
of formalin. Some of the plots examined were treated in llie spring
of 1949 and others in the spring of lg5o. The micropopulations of
treated and control plots were surveyed at interval6. 

-Miss L, M.
Crump aad Mr. P. C. T. Jones dealing with bacteria, Dr. J. E, Brind
with types of tungi, while Dr. B. N. Singh rnade counts of the
numbers of amoebae. The survey has showo remarkable differences
related to treatment, in tbe numbers of the maia groulx of micro-
orgalisms. There have also been differences due to the appearance
on the treated plots of specific tlpes of organisms. Those diiferences
are unexpectedly persistent; some are still found 18 months after
the pgrtid sterilization. This survey srygests several promising
lines Ior further work in connection with partial sterilization.

Aclirernycdcs ar.l;biolic agir.sl luftgi
Fundamental knowledge of the conditions under which actinomy-

cetes will grow and produce antibiotic secretions, and under which
these secretions u,ill remain active, is essential before one can hope
to make practical use in the soil, of actinomycete species that show
antibiotic activity on plates. Mr. F. A. Skinner has continued to
ltudy the action of certain actinomycete species of the genus
Streptomyces in inhibiting the gror*th ol F*sarhtm admorum, all.d,
has extended this study to a number of other soil fun8i that are also
antagonized by actinomvcetes, He has developed a method of
standar&iag tie size of actinomycete colonies thus improving
the accuracy witlt which antagonistic effects on agar plates can be
measured. A description of this method has been published.
Antagonism can usually be observed in a variety of media having a
wide range of C[.{ ratio and differing geatly in sources of carbon
and nitrogeD. Actinomycetes will inhibit Fttsarium c*lmor*m ar,d.
other soil iungi on mediJwhose low level of nutrients approaches that
of soil. This suggests that they may also produce antibiotic sub-.
stances in soil. Antagonism on agar plates can, however, be pre-
vented by the inclusion of adsorbing material, such as bentonite,
in the media, so that it is possible that the antibiotic substances may
al'so be rendered ineflective by the clay colloids of soil. The effects
of other factors in the soil environment are being studied.

Strong inhibition ol F. cuhnorum by actinomycetes has been
found in sand culture, and tests have been made to find the best
way to sample these cultures and to estimate the amount of lungal
growth. The extension of this research into the soil itself requires a
method Ior ascertaining the condition (whether as spores or mycel-
ium) of actinomycetes in the soil studied. A method based on the
effect of mechanical shaking with sand has been devised which
shows considerable promise. An account has been published.
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N;,tilica&,n
The very special nutrient media alleged to be necessarJr for the

growth of Nr'lzosorzonas in aibo cotttast so evidently with the ease
and varied conditions under which nitrification occurs in nature, as
to suggest serious gaps in our knowledge of the microbiology of this
process- Dr- Jane Meiklejohn bas investigated Nilrosomot*s fuorn
two points of view, its tolerance for glucose and its need for traces
o{ metals. Glucose, when sterilized by autoclaving, produces a
substance very toxic to the organism, but when sterilized by
filtration glucose was not toxic up to a concentration of 0.02 M.
When glucose was added to a mixed cu.lture of Nit/osornonos con-
taminated with other bacteria, however, less nitrification }r,as
observed presumably owing to the competitive growth oI con-
taminarts.

Nibosorstas has been found to need traces of iron, 0.6 mg per
litre being an adequate dose. In an iron deficient mediurn, if pro-
vided with sufrcient copper and manganese, it will oxidise ammonia
after a considerable delay suggestive of adaptation.

Dr. ldeiklejohn has obtaiaed a pure isolate of the organisxr
Nitrobdct whme physiology is being studied-

Myobaclcria
Dr. B. N. Singh has isoLated from soil a species of the little known

gents Melidarghrn which is unusual in producing stalked sporangia;
this organism like Myxococcus feeds on Eubacteria by producing
lytic secretiom. Its lile cyde and food requirements are under
investigation.

Soil Atwcbu--alpir idcrditic4lion a cltssifiealiott
In studies concerning the ecology of soil amoebae and their

influence on bacteria, the correct identification of species is of
importance because of the different trelnviour of different species.

The most useful diagnostic character seems to be the type o,
nuclear division, but difficulty in obtaining all the normal stages
ol division has led to much confusion. Dr. B. N. Singh hec developetl
a simple method for culturing soil amoebae on microscop slides or
covers so as to obtain numerous dividing nuclei, which he has theo
treated with specific chromatin stains. He has applied this method
in a range oI species. From these ob6er tions he is proposing a
sfunptified classification of the arnoebse, based on the type oI
nudear division, wNch should aid identification of these organisrus.

Miss L. l[. Crump is investigating the cultural habits and be
haviour ol the dominant soil amoebae found in Rothamsted soils,
as these effect their ecological relationships and are in some cases
valuable aids to identification- The factors influencing exclrtment,
rvbich have consitlerable ecological importance, are induded in this
study,

qssociation in clovet

The very common occwrence of the endotrophic mycorrhizal
fungus, l%r'zopfAt s, in clover and iu wheat mak€s it important to
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obtain d3tinite evidence as to whether this association confers any
benefit at all on the host plant.

The most direct way to do tbis would be to isolate the fungus
and tben grow host plants, some supplied with the fungus and sohe
not. No one, however, has as yet succeeded in isolating the fungus
and causing it to grow appreciably itt vitro.

Dr. Jauet Brind has therefore attempted a different method Ior
obtainiug clover plrants some with and some utithott Mizolhagus
under otherwise similar conditions. A suspension of fresh soil Lnown
to contain this fungus rvas serially diluted and sets of replicate pots
containing sterilized sand sown with red clover were supplied with
different dilutions, in the hope that at a suitable dilution, some
replicate pots would receive the fungus and others would not.

In a preliminary experiment tbe fungus was found to be present
at dilutions of l/100 and lower, but absent at l/10O0, and within
one dilution pots could be found with and without infection by
Rhhophagts.

A thftd experiment using four dilutions between f/5 and f/50O
lvas successfid in giving infection of approximately half tle pots (10)
at the lowest dilution. Dry weights of the inlected plants showed
no sigrificant difference from those of uninfected plants on the
.comparatively small number of pots available for comparison.

Nodule bactsria (Rhizobitm) Jrow clover

Previous work has shon'n the importance in legume inoculation
of selecting strains of Rhizobium for use, that are able to glow well
in the root surroundings of the crop and to proriuce a satslactory
infection. This is especially important where it is hopedto replace
ineffective strains naturally present in the soil by more effective
stra"ins. Field experiments have shown that it is possible to inoculate
a clover crop with a suitably chosen strain and to obtain a high
percentage of nodules containing this inoculant strain, even in soil
containing numerous " *ild " strains of clover Bhizobium. So
Jhat where the soil contains numerous ineflective strains it should
be possible to replace these with an effective inoculant strain,
Success bere requires the selection of strains that are both high,in
their effectivity towards the host plant and also in their ability to
compete in the soil particularly against ineffective strains. .Dr.
Janina Kleczkowska has made pot experiments designed to select
strains of clover Rhizobium combining these characters. The work
is in progress.

R hi zobium bacleti o phages

The investigation o{ these bacteriophagEs has been continued,
Using one strain, Drs. J. and A. Kleczkowski have found that a
single pha6e particle can initiate a. plaque on solid mediqm or
multiply in a liquid bacterial culture, but that not all particles
normally succeed in doing either. The chance of success depends on
the conditioD of the liquid bacterial culture inoculated with phage
or used for plating. It is possible that in optimal conditions every
phage particle will multiply to produce a plaque but there is no
evidence for this.
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Rool secretiotts

Experimental work by Dr- P. S. Nutman during tbe year has
been directed mainly to a study of the mutual interference between
plants sharing the same root space, noted in a previous report. The
suppression oI nodul.e formation on one plant by the presence of
another growing with it in the same culture vessel occurs under very
diverse conditions and does not appear to be open to expla-uation
in terms of competition lor nutrients, light, or carbon{ioxide.
Thus a. completely resistent clover plant, or a Plant respooding
ineffectively to nitrogen fixation, limits the infection on a com-
panion plant to the same degree as a normally effectively respon-
ding plart making full demands on the nutrients and space
available.

Experiments on the influence of the volume of the root mediun
and on repl.anting suggested tbat plant interaction may be due to
the production of inhibitory substances from the root. Below a
volume oI about l0 cc. per plant a strict proportionality obtained
between the numbers of nodules formed per Plant and the volume
of the medium. Replanting experiments show that the number of
nodules developing 6n a tesi plairt is related to the nuriber of planl-
ings previously made in the same medium. If the roots of the first
crop arelelt in situ and only the tops removed, there is an augmenta-
tion of the inhibitory effect on the succeeding test pl,ant. Further
evidence for inhibition rather thar exhaustion of nutrients was
obtained in experiments in which reduction in nodule number was
obtained by watering test plants with staled medium obtained
from another culture vessel. Attempts to increase the inhibitory
activity of staled media by direct concentration were inconclusive'

Adaition of chemical adsorbents such as activated charcoal
markedty stimulated both nodule and root development' Below
about 5 per cent of charcoal in the medium, the stimulation was
proportional to the quantity present and independent of the-
iffectiveness of the striin of nodule bacteria used as inoculum. Of
the other adsorbents used, Bentonite, Fullers earth and to a lesser
degree, asbestos were stimulatory. kaolin, silica gel and ce[te had
no activity, and zeocarb, deacidite and magnesium carbonate were
harn ful to olant srowth. Increased nodulation with the active
adsorbents &.,r..eE from pH 4'0 -8'0 and in each case and in the
controls maximum nodulation occured at pH 5'5. Experiments
are being continued on these lines $'ith the obiect of obtaining
critical ;hemical evidence for the presence of an inhibitory sub-'
stance.

In the course of these experiments it was observed that with
bentonite in the medium an intense blue-green colour developed
in the immediate vicinity of the root. This colour was obtained with
red and white clover but no colour was observed with oats, ryegrass
or radish. Lucerne gives a faint brown colour, vetch an orange
brown and flax e citron yellow. The blue-green stained bentonite
removed lrom the clover iultures fades to a purple-brown on drying
untess it is first acidified with l0 per cent mineral acid. Addition of
alkali discharges the colour which may, however, be rqtgred -by
reacidifying. The colour is not removed by moderate leaching with
acid ssit s;lution or organic solvents but is destroyed by heating
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to 100'C. These colour reactions are being lurther investigated
although the root exudation responsible may not be concerned-with
nodule inhibition. Colour reactions are known between clay minerals
and certain organic compounds, notably Vitamin A and ciotenoids
and some aromatic arnino compounds.

Work b,as also been in progress during the year on the inheritance
of the effectivity response in red clover and further confirrnatory
experiments have been carried out on nodule excision.
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BOTAhIY DEPARTMENT
By D. J. WarsoN

Dr. E. C. Humphries, Miss J. M. Thurston, Dr. K. Warington
and Dr. D. J. Watson attended the VIIth International Botanical
Congress held at Stockholm in July. Dr. Humphries read a pa.per
dn nutrient uptake by excised roots, and Dr. Watson on some
effects of virus infection on the carbohydEtes oI sugar beet.

Dr. Humphries was awarded the dqree of D.Sc. of the University
of Urndon.

Work done dudng the year followed on the lines of that des-
cribed in the 1949 report, and no new investigations were started.
The development of grorth-analysis studies intended to throw
light on the physiology of variation in cropyield has been held up
by lack of facilities for gowing plants in controlled envfuonments.
Without them it is not possible to disentangle the effects of intemal
factors of the plant and exterual conditions, nor to obtain precise
information on the eflects of environmental factors and their
interactions. These matters, which are fundameotal to an under-
standinB oI the growth of crop plants, are still controversial, and
until thiy are cliared up, it is difrcult to interPret the results of
previous work at Rothamsted and other places. Much time has
been spent on the planning of suitable controlled-environment
rooms, and it is hoped that be{or9 long it may be possible to
proceed with their construction.

The results of wartime work on the storage of potatoes in
clamps, previously available only in part in a rePort to the Agri-
cultural Research Council, have now been published (35, 36).

Mictorut rie*ts (K. Warington)
Experinents have been carried out in solution culture to study

the inieraction between molybdenum and manganese in pl,ant
nutrition. Other workers have claimed that in some conditions the
addition of molyMenum may increase tbe sensitivity of plants to
manganes€ deficiency, and that molyMenum in high concentration
may-offset the toxic effect of excess manganese or other heavy

-"ialt. Th" two elements were supptied in varying combinations
of rates ranging from those knowtr to be adequate Ior normal
growth (0.f p.p-.m. Mo and I'0 p.p.m. Mn) to thos€ liable to be
loxic (20 p.p.m. Mo and 25 or more p.p.m. Mn). Oats, {lax and
soybeah rieie selected as test crops. Observations made during
growth showed that the tolerance of high Mn supply varied con-
iiderably between flax and soybean on [he one hand, and oats on
the other. Oats were unharmed bv concentrations of over 100
p.p.m. Mn, whereas growth of flax and soybean was seriously
afiected by IO or 20 p.p.m. All the cro,ps resPonded similarly to
Mo, and were unexpectidly tolerant to the high rates of supply;
increase in the concentration to 2O p.p.m. did not reduce the dry
weight yield- Chemical analyses of the plant material are still -in
progress. So far, no evidence bas been found to suPport the claim
ihai increas€d molybdenum supply mitigates the toxic effect of
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excess manganese, but this effect may occur only in restricted
conditions different from those of the present experiment, and
further work will be done to test this.

Nutrient Uftake by Ercised Root Systems (E. C. Humphrie).
Investigations of the e{fecf of the nutrient content of excised

roots on the rate of ion uptake from a nutrient solution was con-
tinued. An account of the methods used, and the results of some
preliminary experiments has been published (31). Statistical
exarnination of the considerable body of data collected has
occupied much time and is not yet complete. It bas been estab-.
lished that the rates of uptake of nitrate, phosphate and potassium
all depend on the total soluble caxbohydrate content of the root,
but apparently not specifically on sucrose or reducing-sugar
content. The rate of uptake of each of these nutrients decreases
with increases in the concentration of the same nutrient in the
root ; the question as to whether it is also affected by the concen-
tration of the other nutrients is being examined, but a definite
answer camot yet be given.

,Experiments have been made to study (a) the effect ol sucrose
added to the nutrient solution on the iate of ion uptake; (b)
the reliative rates of absorption and assimilation of nitrate and
ammonia by nitrogendeficient roots, and (c) tbe effect of molyb-
denum and manganese deficiencies on the rates of absorption ard
assimilation of nitrate and ammonia. Chemical analpis of the
materia.l from thqse experiments is still in progress.

In comection with these nutrition studies attention has been
given to the problem of rapid estimation of the chief cations
normally present in plant ash- For this puqrose a flame-photometer
has been constructed. A number of difrculties in its use have been
encountered, the principal one being the mutual excitation of
potassium by sodium atd, tice-oera, but satisfactory methods for
estimating polassium, sodium and calcium are now in sight. The
sensitivity and accuracy of the instrument have been incieased by
the use of interference- filters and photomultipliers.

Ufiahe of Mineral Nutrienk by Leaoes (G. N. Thorne).
Work on the uptake of mineral nutrients from solutions sprayed

on leaves, started late in 1949, has been continued. It is iot -yet

possible to report on the results fully, as many chemical anal5rseson
the plants grown in the 1950 experimenti remain to be done.
Uptake oI nitrogen, phosphorus and potassium through tle leaves
in aprp_reciable amounts compared wit-h normal uptaki through the
roots has been confirmed with cabbage, sugar beet, french 

-beans

and barley. No difference was detectld be.-tween the amounts of
nitrogen taken up, nhen it was supplied as arnmonium or nitrate
ions, in solutions of equal concentri{ion.

-The-effect _of spraying leaves with nutrient solutions on growth
and- yield has been studied in a pot experiment on sugar bdt with
v"aried nutrient supply to the soil. Plants sprayed with nutrient
solution showed a sigr ficant increase ir leai aiea after 4 weeks,
and in root weight after ? weeks, compa.red witl control plants
sprayed with vater. The final yield was aEo substantially increased ;
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in the extreme case, vdth low nutrietrt supply to the soil, the final
&y weight per plant was increased by 75 1rer ceDt by sprayirg with
the mori concentrated of the two nutrient solutions tested. The
elfect on yield increased with increase in the concentration of the
spray solution, and decreased with iocrease in nutrient supply 

-to
tLe ioil. Nutrient uptake from the qrray solution was greater at the
higher level of nutriint supply to the soil, presumably beca"T tlle
leaves were Larger and held a greater volume of spray. Daily
spraying produced greater increase oI yield than spraying once or
twice weekly.

The dry'weight of brussels sprouts Plants was also increased by
sprayrng, but other species showed no response. Tomato Plants
showing s1'rnptoms of nitrogen and potassium deficiency were
apparently unaffected by spraying, either in yield or in the severity
oi the deficiency s)'mptoms. It is not yet known whether they
absorbed any nutrienls from the spray 

-solution. 
Simitarly, the

grotth of Irench beans was not improved by the nutrient spray.

Waler Relations of Gnmination (P. C. Owen).

The study of the dependence of germination a.nd water up
take of wheat seeds on water potential, in collaboration with the
Physics department (1949 Report, p. 49) has be€n continued.
Data on thi progress of water uptake with time have been obtained
for both living and dead seeds over a rante of water Potential from
zero (saturatea atmosphere) to -250 metres of water. In the initial
phase, the curves of water uPtake by seetls, held in an atmosphere
with constant water potential, plotted against time have an
exponential form approaching an asymPtotic water content (y'),
and are well fitted by the equation :

v' -v: (r'- r')"-'
where yo is the initid water content, and y the water content at
time t. The water content of dead seeds comes to equilibrium at the
asymptote, but with the onset of germination in living seeds there
is i sicond phase of water uptake, also exponential in form, fitted
by the equation :

v-v'-(r'-r").o'
Work is being continued to confirm a.nd interpret these relation-

ships. Curves of water uptake by setds held in atmosPheres with
difierent water potentials give values of a in the first eqrEtion that
increase, apparCntly linearly, with decrease in Potential over the
range from zero to -250 metres. It has been shown that change in
the width of the air gap between the seed and the salt solution over
which it is held has no ef{ect on the rate of water uptake, indicating
that the resistance to water movement in the gas Phase is very
small comlxred with that within the seed.

The similarity of the first phases of water uptake in living and
dead seeds suggests that tbis phase is a physical rather than a
phlsiologicd pibcess. The second phase of uptake in living seeds
is presumably associated with growth and \rater absorption by
the embryo.
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Biohgy of Wild Oak (J. M. Thurston).
The reponses of Aletu falru, A, ltttlwiciata, winter oats and

wheat to added nitrogen were compared in a pot experiment, to
find out whether there are differences in the efrclency ol utilization
o(the available nitrogen supply that may account foi the ability of
yrlg *tt to comp€te successfully with cereal crops. No marked
differential lesponse in final dry weight was foundl ana.lysis of the
data for earlier growth stages is not yet completed. Seed; from this
experiment are being used to test whether tbe nitrogen nutrition of
the plant affects the dormancy and viability of the se;ds it produces-

- Field observations (1949 Report, p. 50) have suggesfed either
that viable wild-oats seed may survive in farmland manure, or that
faryyqd manure may break- the dormancy oi seed present in the
soil. Some samples oI dung have been tested for the presence of
viable wild-oats seed, but none have been found. Evidence in
support of the second possibility. that farmyard manure may
shorten the period of dormancy, has been obtained. In a glasshouse
experiment, 50 per cent more seeds of both species germinated in
the first season when sown in farmvard manuri than 

-when 
sown in

soil. To confirm this result for field conditions, the effect of farm-
yard manure applications on the number of seeds germinating is
being tested in a field known to be heavily infested lrith l. /tdo-
ttqtqrtg.

A field experiment has been started to give information on the
seasonal germination and on the period oI survival ol A. Jatua and,
A.ludwicicta sed,s in the soil and on the effect of depth of sowing
and of varying intensity of cultivation. A uniform infestarion has
been established by sowing equal numbers of seeds per plot on a
site fre€ from natural infestation. The time course oi germination
will be followed over a period of years

A start has been made in collecting information on the distribu-
tion of. A. fal*a and A. ludwicbtm in England. Of thiny-two
samples of seed, mostly from the eastern counties, all but one
contained A. falue, the grey-husked var. ?ilasa and the brown-
husked var. filosissima being commoner than the yellow-husked
var. gldb/ala. A sma.ll quantity oI A.ludwicianawrs preseDt in two
samples iu addition to A.latrt- OnJy one sample, from Oxfordshire,
consisted entirely oI A. Ludoticiana. Tbese results suggest that .d.
fatua is mll,ch commoner in eastern England than A-.-luilwiciano,
but it is possible that in some cases seed of the latter rnay have
been shed before the samples were collected. In co-operation with
the National Agriculhral Advisory Service it is hoped to arrange
for systematic collection of samples over a wide area in 195-I.

Physiclogical Elfects of Virus Infectiott (J. H. Wilson).
The pot-culture experiment carried out in 1949 (1949 Report,

p.5l) shov'ed that infection with leaf-roll virus greatly reduced the
dry matter increments of potato plants at all stag& of growth.
This was partly due to a reduction in leaf area, but the net assimila-
tion rate was also decreased, indicating that the rate of photo-
synthesis of infected leaves is less than that of healthy leavea. An
experiment was made to find out whether the effect of infection on
photosynthesis is due directly to the presence of the virus and
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occurs in all leaves of infected plants, or whether it is a secondary
elfect associated with the rolling of the leaves. Three groups of
infected plants were set up (a) witlr the unrolled upper leaves
removed ; (b) with the rolled lower leaves removed; (c) intact
plants, and there were three correslrcnding groups of healthy plants
with the same leaves removed or retained as ir the infected groups.
The net assimilation rate of inlected plants was reduced, compared
with the healthy controls, only in the two groupe which retained
the rolled leaves. The uet assimilation rate oI infected plants
carrying or y unrolled leaves diflered little from that of the corres-
ponding healthy plants. It follows that assimilation by infected
leaves is not reduced until the rolling of the leave develops.

In a further study of the influence oI nitrogen supply on the
expression of leaf-roll symptoms, Upto{ate, a variety tolerant to
leaf-roll, was compared with the intolerant variety, Craig's Defiance,
previously used. With low nitrogen supply, both varieties showed
very severe slmptoms. Addition of nitrogen appreciably reduced
the severity of symptoms in Craig's Defiance, but in Up-tcdate
symptoms were completely almost until the time of
flowering and were then of ooly mild intensity.

The l$49 experiments inficated that ttre transport of dry
matter from infected tubers to ttre developing shoots is slower
and less complete than from healthy tubers. To test this, setts of
three different sizes cut lrom healthy and infected tubers were
planted in gravel culture, and estimates of the loss of dry matter
tom the setts during the early stages of shoot growth were obtained
by harvesting replicates at intervals after shoot emergence. From
a preliminary examfuiation of the results it app€ars that leaf-roU
infection retarded transport &om the tubers of intolerant rarieties
such as Craig's Defiance, but had little effect in tolerant varieties
such as Up-todate,

Frero Ossenvr,rroNs
Records of the weeds preseDf on the Broadbalk and Hoosfield

plots., and of the flora of the Park Grass plots, were made as in
Preuous ye:Irs.
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STATISTICS DEPARTMENT
By F. Yerrs

During l95O the work of the depsrtment was continued along
the lines which have been outlined in previous reports. Work on
the desigu and interpretation oI experiments, particularly for the
National Agricultural Advisory Service, has continued to grow.

On the survey side, work on surve5a of the operational research
t)?e has again been at a tugh level. The Survey of Marginal Land
was completed, and the data provided proved of assistance to the
Committee set up by the Ministry of Agriculture to advise the
Government on future policy with regard to such land. It will be
recalled that the object of the suwey was to investigate how far
marginal land of the type not inctuded in the Hitl Farnring Act and
not producing cash crops such as dairy products was likely to repa.y
a scheme of rehabilitation. Goyernment assistance has since been
provided for such land on the lines recommended by the Com-
mittee. The third and final year's field work of the Survey of
Maincrop Potatoes has been completed, and the results are now
being analyzed. A further Survey of Fertilizer Practice was carried
out in nine districts scattered over the country. Two further
districts are at the moment awaiting survey. The object of this
survey, which will be repeated in lg5l and probably in 1952, is to
see what changes in fertilizer practice are taking place as a result of
the considerable alterations in price consequent on the changes in
subsidies. The preliminary work on the Survey of Opencast Coal
is completed and detailed work is about to commence. Local
surveys on garden chafer beetles and brassica crops were also
carried out in conjunction with the National Agricultural Advisory
Service.

The first full year's working of the Hollerith equipment has
proved its value. Modifications, basically designed by members of
the department, increasing the scope and versatility of the tabu-
lator, have now been installed.

During the last few years the need for additional accommodation
has become increasingly pressing- At the beginning of l95O it was
decided that the best course would be to construct a new building
to house the entire department, leaving Rivers Lodge free for other
purposes. Detailed plans for this building have now been completed.

Drsrcx .rxn Axerysrs oF EXPERTMENTS

The design and analysis oI field and laboratory experiments
for Rothamsted and other research stations has continued on the
usual lines. Coolxration with the National Agricultural Advisory
Service in the field of experimental design and analysis has again
made very good progress. We are continuing to be consulted by all
provinces, and Dr. Boyd or some other member of the department
usually attends meetings of the Provhcial Experiments Com-
mittees in most provinces.

The Crop Experiments Sub-Committee and the Animal Experi-
ments Subcommittee oI the Ministry of Agriculture's Experimental
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Husbandry Committee have been very active during the year
considering proposals and makirg plans for experiments at the
Experimental Husbandry Farms. Dr. Yates is a member of both
these Committees and recently Mr. Rees has been assigred the task
oI assisting in the statistical work on the animal side. He prepared
a note sumnarizing the results of experiments on the feeding oI
sugar beet and fodder beet to pigs (a9). It is intended that an
expanded version of this note shall be published. This head-
quarters organization is now playeng an increased part in the
plaruing of cGoperative er:periments carried out by the National
Agricultural Advisory Service. Dr. Yates has also assisted in some
of the preliminary work concerned with the planning of experiments
{or the Experimental Horticulture Farms. In this he \ryas assisted
by Mr. Netder, statistician to the Vegetable Research Station who,
as mentioned in tbe previous report, has been housed in the dePart-
ment during the past year pendiug the completion of buildings at
Wellesbourne.

A good deal of attention has been paid to the problem of estim-
ating the yields of the herbage plots on the Ley-Arable experiment
at Rothamsted by means of grazing sbeep, and by cutting samples
of grass. The actual field work in connection witb the cuttirg of
grass samples has been undertaken by members of the department.
The results as far as the sheep are concerned have been disappoint-
ing, but it is hoped that changes in technique may effect an
improvement.

Various problems in the theory of the design of experiments have
been investigated in the course of the year. Dr. Grundy has pre-
pared a paper on a general technique for the rnalysis of experiments
with incorrectly treated plots (39). Previous to this PaPr each
case in which plots were incorrectly I reated, e.8. by transposing
two treatments, had to be analyzed by least squares methods,
except for a limited range of problems in randomized blocks.
The present research provides a method which is widely applicable
and can be carried out \i/ithout any complicated algebra. Mr.
Healy wrote a paper on the design of probit assays (40). This dcalt
with the commor y used 2 x 3 point design and gave graphs from
which the number of test obiects needed to attain a desLed degree
of accuracy could be roughty a.ssessed in advance. IIe has also
described the methods used in a special case of analysis oI non-
orthogonal experimental data which should be of considerable
value as an illustration oI the way in which the best use may be
made of such clata (af). He collaborated with Mr. Leach oI the
Veterinar5r Laboratory, Weybridge, in clearing up some confusion
which had arisen in correpondence in Noh.le oD. the statistical
analysis of the results oI successive tests on the same organism
(45).

Mr. Patterson has continued his work on long-term and cyclical
experiments. He also collaborated with Mr. Dyke in the develop-
ment of a method of ana.lyzing non-orthogonal factorial arrange-
ments in which the data are in the form of proportions. In such
cases it is necessary to scale the data, since the postulate of additive
effects oI the various factors, which forms the basis of tie ordinary
analysis of variance procedure, cannot operate over the limited
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range, Irom 0 to l, of the proportions. The scaling translormation
proposed lor the proportion p( : f - q) is

z:*loC"p/q
A paper is in the course of prepa8tion.

Seuprrnc METHoDS

A considerable amount of adyice on the design of sample
surveys of various kinds has been given to people working in agri-
culture and other fields, both here and abroad. Dr. Yates attended
the 4th Session of the United Nations Sub-Commission on Statistical
SampUng where he contributed a pap€r to a discussion on opera-
tional research (50).

SURVEY oF FERTTLzER Pnecrrcp
In view oI changes which might be expected in fertilizer

practice arising from the reduction and modification of subsidies
this survey was carried out in nine districts scattered over tie
couotry 

-during 
the year. A further two districts are awaiting

survey. It is proposed that comparable districts should be srrveyed
during the next year or two so as to enable trends to be examined.

The primaq' objects of the survey are to determine the arnounts
of fertilizer used on the different crop in different districts of the
country. In addition, inlormation bas been obtained on methods of
fertilizer distribution and times of application, and wherever
possible soil analyses have been carried ou1 for a sub-sample of the
surveyed fields. Supplementary information bas been sought on
tbe availability of fertilizers and on the opinions of farmers regarding
the Lse of nitrogen for cereals and for grasslanil

The field work has been carried out, as in previous years, by
the National Agdcultural Advisory Service through the provinciil
Advisory Chemists. As a HoUerith installation is now available in
the depa.rtment "nrl as tbe number of districts surveyed during tbe
),ear rpas larger than usual, the returns have been bandleii on
punched cards. This b.as made it practicable to examine the alata
in numerous vrays and, in particular, variorrs systems oI $,eightint
are being examined for bias arld the sampling erors oI estinrates
are being investigated.

A brief summary of this year's results is given in a separate
article in this report.

During the year rq)orts have been prepard on earlier survErs
in two districts (48a, 48b).

Sunvry or MArNcRop Porerors
The Survey of Maincrop Potatoes which was @un in 1948, has

now completed its third and final year, and the results are at
present being analyzed. It will be recalled tbat the survey had been
carried out in co-operation with ofrcers of the National Agricultural
Advisory Service. The survey is intended to firrnish comprehensive
and precise information on the a€ricultural practices {ollowed in
growing maincrop potatoes. It is also desiped to test the poss!
bility of estimating the yield of the crop by digging and weighi:rg
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short lengths of row shoruy before harvest, and also to test the
possibility of forecasting the leld of the crop by digging up similar
leDgths of row at an earlier date. The interim report on the lirst two
years' results is beiq published iu the National furicultural
Advisory Service Quarterly Review (38). It is hoped tbat a firrther
relnrt on the whole survey will be issued during 1951.

AIthowL the average yielcls were decidedly lower in 1949 the
comlnrisou between the yields obtained from the survey with
those of t}re corresponding Ministry estimates Save very similar
results in 1949 to those obtained in l9tt8. These comparisons are
shown in ttre following table.

TABLE l. Comlarisott of twt samlle yidds uith estimatas of llrc
M inistry of A grittdl* e (tottsl acr e\

1948 1949

Midstry of furiculture estimates (excluding
first earlies---€ampled counties only) .. .. 8'l 7'2

Deduction for seed and
the survey results)

chats (estimated from

Net yield of ware (I| in.) from samples . .

Difference

0.3 0.4

7.8 6.8
9.5 8.5

1.7 1.7

The results {or 1948 difler from those already given for that year in
the l$49 Rotharnsted Report ma.inly because a deduction has now
been made from the Ministry's estimates for seed and chats. It has
now beeu verified that the Ministry's estimates are intended to
include seed aud chats. On the other hand, it shouJd be borne irr
mind that the Ministry's estimates include second earlies, t'hereas
the survey results refer to maincrop potatoes only. Also the sample
yields do not take into account losses in the clamp-nominally
this is also true of the Ministry estimates, but some unconscious
allowance may be made for such losses.

It will be seen that the discrepaocy between the sample yields
and the Ministry's estimates is identical in both years. The returns
for the separate-districts indicate clearly that thi discrePancy arises
mair y through under-estimation o( the yields of the high-felding
counties. This is shown in the attached figure.

In both years the estimates obtained from the samples were
compared with the farmers' weighed yielG in cases where these
were available, mainly cases in which the Potato€s were sold
directly off the field. This comparison is shown in the following
table ;hich also shows the allowance which had to be made for the
amount of ware left in the ground, and for over-statement of the
acreages actually grown. These allowances were determiued by
supplementary sampling. ln both years the agreement between the
correct sample yields and the farmers'weighed yields is very satis-
factory. The large quantity oI potatoes left in the ground, about
three.quarters of i ton of ware potatoes pr acre, is also noteworthy.
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TABLE 2.* Corporisott of fanners' ueighed /.d* atd softpla
yietds (tottslaue)

1948
136Number of fields

Mean yield (gross) of ware
samples (l| in. riddle) ..

Iass .' ware left in grould

yields

deduction for acreage cor-
rection

dcduction for change of
riddle to li in. .. ..

Total deduction
Mean leld (net) hom sampte
Mean of farmers' weighed lelds . .

Mean excess of sarnple over weighed

.. ll.3

.. 0.8 0.7

0.4 0.4

o.3

1.5
9.8
9.5

+0.3 0.0

from

I9its
72

8.9.

I'l
7'8
7.8

* Occasional small discrepatrcies betweea the present tables atrd those
issued m eariler-reporii are aue b rescrutiny of tie data or minor cbailteg
in Eethods of calcul,atiog.

Some preliminary comments on the aEricultural practices in the
growing of potatoes will be found in the report relerred to above.
Fuller comment must await the complete analysis of the three
years'results.

Orurn Sunvsys
As mentioned in the introductiou the Survey of Marginal Lantl

in Engtand and Wales was completed in the early part of f950.
Sanction has now been obtained tb prepa.re a report-foi publication.

A survey was undertaken iointly with the Nationat Agricultural
Advisory Service South-Western Province of a-n area of downland
in lorset which was heavily infested with the garden chafer,
Plryllopolha lp icola. The survey wiLS designed lb assess what
bearing, if any, the ma.nagement of the grasstand had on the
incidence of chafer attack. The survey showed that although
permanent grass fields in the area were frequently infested leys
grown on similar soils with similar management and manurial
treatment were free from infestation, It was also found that
permanent grass fields which were shut up for hay were more
susceptible to attack than those which were used solely for grazing.
A report has been sent to the provincial ofrcers.

Advice l"as given on the design of a sursey of brassica crolx
which are grown for stockfeeding in Wales. Information is being
collected on the methods of cultivation, the yields and the utilization
of the crops.

A surgey is being made in conjunction with the Ministry of
Agriculture of restored opencast coal sites; the two main objects of
the sureey are to compare the condition of the land after restoration
with the original condition before it was disturbed, and to make
recommendations for improving technique of restoration for the
future. Tbe first stage o{ the survey, that of the enumeration of the
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sites and the collection of preliminary material, has just been
completed. During f95I it is hoped to survey a sample of sites in
more detail.

CoLoNIAL WoRx
Mr. Hodlett was appointetl on Ist August, 1950, to the post of

Colonial Statistician. IIe is to work specifically on colonial prob-
lems. He has aheady dealt urith a number oI enquiries from colbnial
terdtories, including methods of calculating the samphng errors in
a suwey of population in Basutolaud. He is now engaged in sum-
marizing the resu.lts of previous colonial experimental nork on
sugar came.

Mr, Church has also assisted in colonial work, particularly
before the arrivsl of Mr, Hodnett. He gave advice on a census of
population carried out by the Department of Economics and
Trade, Sudan Government. He also paid a short visit to the West
African Cacao Research Institute and other €ricultural institutes
in West Africa.

OrHER WoRx
Mr. Dyke has continued to act as statistical adviser to the

Advisory Entomologists. He has also been selected as representa-
tive for the Ministry of A$iculture on a Joint Committee \ryith the
Association of British Insecticide Manufacturers.

Mr. Healy has continued his assistance in the analysis oI a. series
of arthropometric observations for the Department of Anatomy,
Birmingbam Uoiversity. Some interesting new methods have been
evolved in the course of this work and it is hoped that a paper on the
subject will be prepared in 1951. Dr. Yates contributed to a
symposium on the study oI groltrth and form held by the Royal
Society (42),

The department was requested by the Minisky of Agriculture
to give a short course of instruction on statistical methods to the
Advisory Bacteriologists oI the Nationd Agricultural Advisory
Service. This course was held in February, 1950, at Rothamsted,
and was attended by l0 ofrcers. Yarious members of the depart-
ment gave lectures and assisted in instruction, and Mr. C. P. Cox
of the National Institute for Research in Dairying also lectured and
gave other assistance. The course extended over a fortnight and
was adjudged by the participants to be a great success.

During his trip to the United States Dr. Yates took the oppor-
tunity of visiting Canadian and American research institutes. In
the course of tNs visit he had the honour of representing Rothamsted
at the 75th Anniversary of the Connecticut Agricultural Experiment
Station, the oldest agricultural experiment station in the United
States.

Dr. Yates prepared a chapter for a symposium on world pro-
duction of food ($), and a paper for the Joumal of the American
Statistical Society on ttre influence ol R. A. Fisher's SrarrsrrLa,
Malrcds lm Rescarch Worhers which was published twenty-five
years ago (aa). Two reviews were also prepared by Dr. Yates
(46,47). 

E
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HoLLERITE EQUIPUENa

The tabulator bas now been in use for a year and a balf and has
Iully proved its.mlue. As mentioned io ti.e introduction certain
modifications increasiag its scope and fledbility were installed in
October, 1950. The iclea of these modifications and the principles
of tleir design originated with members oI the department. Their
main Ieatures are as follows :

l. Control of the distribution between counters of numbers read
from the cards by means of inJormation punched in more than
one control column. Amongst other things this enables inter-
actions of replicated {actorial exlxriments to be calculated
directly from the codes for the selxrate factors.

2. Increased control of the distribution of nurnbers between
couriters from the codes punched on a single control colurm.
This makes lnssible the summation of products from single
figure multiplication without sorting, and consequentty replaies
progressive digiting, a great advantage when a s€ries of short
rurrs of multiplications are required. A particular application of
special value in survey analysis is in weighting byiingle figure
weights, percentages, etc.

3. The alterations required for I and 2 also enable digital couoting
to be carried out without sortirg.

The-speed of the machine has also been increased from 8O to IEO/100
cards per minute.

The classes of work that have beeu undertaken on the machine
so far have been :

(a) the analysis oI surveys;
(b) the analysis of replicated experiments;
(c) multivariate anallsis of yarious classes oI biological

material ;
(d) the solution oI mathematical distribution problems, etc.,

arising in biological research.

The installation of the modifications referred to above bas
greatly iucreased the scope and flexibility of the irstallation for the
types of work with which we are mainly concerned. This is shown
by tbe loading of the tabulator. Deta.iled records of the loading
haye been kept since tbe beginning of l95O and are as follows: -

Days of work
(average maximum days)

January
February
March
April . .
May ..
Jrme
JuIy ..
August
September ..
October
November - -

t2
t2
t3+
l5
14+
12
7+

l5
8+

2Il.

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 69

68

The tabulator is now fi:lly loaded, indeed Ior our class of work
during the last two months it has been somewhat overloaded. Full
loading is expected to continue.

From the experience of the last one and half years it is clear
that the installation of Ilollerith equipment under the direct control
of scientific workers has been of considerable value. It has resulted
ia a much more enterprising and flexible approach to punched-card-
work than was the case whelt all tabulations had to b: carried out at
a separate bureau. Moreover the modifications which have been
installed would certainly not have been thought out had we not
ourselves been in direct contact with the machine. Tbese modifi-
cations are likely to have wider applications outside our own
department ; an Australian worker who recently spent two months
in the departunent has already approached the British Tabulating
Machine Compary with a view to arranging a similar installation
in his department in Au-.tralia.

The installation of the equipment is also leading to the develop-
ment oI statistical metiodology in new fields which had previously
been neglected owing to lack of adequate computational facilities-
For example, for the first time we have been able to tackle seriously
multivariate analysis work. This type of problem is continually
recurrent in biological and other research, but owing to lack of
computational facilities in the hancls of statistical research workers
who are best acquainted with the problems involved and ihe theory
already developed, the subject has hitherto made very slow progress.
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PLANT PATHOLOGY DEPARTMENT
By F. C. Beworx

Two new appointments were made ir August, when Mr. J. M.
Hirst and Dr. F. T- Last began work on the epidemiology of potato
blight and cereal mildews.

Six members of the department attended the Seventh Inter-
national Botanical Contress at Stockholm in July, and papers were
read by Mr. F. C. Bawden, Dr. M. D. Glynne, Dr. P. H. Gregory,
Dr. R. Hull and Dr. M. A. Watson; Mr. Bawden was Vice-President
oI the Phytopathology Section.

Dr. Gregory attetrded the Fifth International Congress of
Microbiology at Rio de Janeiro in August and read a paper entitted
Tlr effcietqr oI s[ole lrcps ssed in the st*dy of aerobiologt; Mr.
Bawden was President (ir abse ial of Section VII (Plant Patho-
genic Micro-Organisms).

In March, and April Mr. Bawden gave a course of lectures on
Plant Viruses and Virus Diseas€s at Yale University; he also
attended a conlerence on viruses at the California Institute of
Technology, Pasadena, and visited other Univenities and Research
Stations in the Uoited States of America and in Canada.

Dr. B. Kassanis was awarded the degree of D.Sc., and Mr.
R. H. E. Bradley the degree of Ph.D. of London University.

VIRUSES AND VIRUS DISE.{SES

Laboratory atd, gl,a,sslnu se work
Itr preyious reports the anomalous behaviour of the Rothamsted

tobacco necrosis virus has been mentioned, particularly the varia-
tions iu infectivity of different preparations and tbe occurrence in
sap from infected plants of specilic nucleoproteins with two
different particle sizes. Further work on the purification and
properties of this virus has produced preparations with Breater
inlectivity than that of those obtained previously. The relationship
between the particles oI two different siz€s still remains ohcure,
bot evidence accumulates that not rll the specific nucleoprotein is
iufective. Some particles seem to become infective only after being
liberated into the sap, infectiyity apparently being conferred by
some mechanism which is activated when leaf cells are injured and
which is destroyed by {reezing undamaged leaves. Exposure to
citrate destroys the infectivity of this virus without denaturing the
nucleoprotein or affecting serological activity. The inactivation by
citrate depends greatly on other factors, which may partially
explain the variations in infectivity found with different prepara-
tions o{ this virus (76, 77).

Iuuch time was spent testing various spraying techniques in
attempts to produce uniform droplets suitable for counting virus
particles by electron microscopy, but so far great difrculty has
been encountered in getting consistent results. Isolated intracellular
inclusions from plants infected with several different viruses were
examined in the electron microscope- Those from plants infected
'with tobacco mosaic, tomato aucuba mosaic, cabbage blackring
and henbane mosaic viruses appeared to be composed largely of
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bundles of rod-shapeO pa.ti"fo s#U. to those earlier demonstrated,
rtr moutrts of clarified inlective sap (62). Rod-shaped oartictes were
also detected in inclusion Uodies tbrmeO Uv tobacio elch virus. bui
these were overJain by other material, suggesting that the bodies
may bave a membrane. Tbe irclusions -formel bv cauliflower
mosaic virus were so stable that they could not bd broken into
fratments small .enough for electron microscopy, and, as with
examtnatlons ot rntectrve sap, no particles coutd be identilied as
Iikely to be vinrs particles.

Previous attempts to identifu a.ny speci(ic particles irr saD from
sugar b€et with yellows have fa.ited, but eteitron microsra'olls of
the precipitate produced by mixing infective sap wiih'virus_
antrserum showed clusters of rods adherirrg to Iarler masses of
indeterminate shape. The rods appeared to 6e destr&ed *t 

"n 
tn"

sap.-lvas frozen, though the sap was still serologically active-
Slmltar ro{ts were also seen occasionally in sap from infected beet
without precipitation_ with antiserum. 

-Their 
ielationship with the

vrus rs uncertain and they would seem to be too few to ?orm more
than a minor component of the antigens specific to vellows-infecterl
plants: also, the somatic ty'pe of piecipitin reactio'n.suesesti ihai
most ol- the a[tigen particles are not roC-shaped

At the requesf of workers in the Gold Co;t and in East Africa.
attempts were made to identify the pa.rl icles of cacao swol.len shooi
and gToundnut rosette yinl.ses. -Electron micrograDhs were made of
extracts lrom various organs of ilfected planis Lut thee showJ
]rotlllnt t.hat wa_s- not _also present in comparable extracts from
healthy plants. Groundnut rosette virus, $.hich hitherto had been
t ransmi tted on ly bv graft ing and aphids , was transm it ted -;. h"n ;_
_ally, though only },ith diftculty; about lO per cent of healthv seed_
lin€s inoculated with sap from disea-sed plants became infected'if thev
were pla(ed in darkness for a few days immediatelv before inocula"-
tion. and -an abrasive was incorporaied in tbe in6cu1"-. 

-S;;lir
methods larted to transmit cacao swollen shoot virus ; the Rotham-
sted tobacco necrosis virus, however was ,*dily t;;;-lii;-;y
rnocu.lation to and from leaves of cacao.

Previous studies on the effect of dilution on the numbers of local
lesbns produced by plant viruses have shown thaa 

-;Jts- 
;

rncompatible- with the generaLly held idea that infection occurs
oecaus€ ol chance encounters between single virus particles and
uniformly susceptible sites. To gair furttier inf..dti;-;; ;hi;
pro-Dlem-, expenments were made with a virus that attacks clover_
nodule bacteria. These showed that single pa*ictes can 

-lniect
bacteria, tut that not every particle succee."ds ;, d;i* .;""J il
cnance of one doing so depends on the conditions in"the bacterialcultue- .tsy analogy, it seems that infection of crop plants mav also.
be ?roduced b!, the action of single virus particles. b'ut that sriscer>
trble sites in the inoculated leaves are not uniform. so tMt tlle
chances- of a virus particle becoming establish"d diff; at di?;r;;;
sites (73).

Work has started on the inactivation of plant viruses bv irradia_tion with ultra-violet light. Workers sfudyine;ili;;;;
vrruses have found that irradiated particles that;e non_infective
when acting singly may cause infection when two or moi" *iii in"
s€me bacterial cell. No evideoce has been obtained that plant
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viruses behave in this mantrer, but evidence is accumulating that
virus inactivated by irradiation specifically interferes with inlection
by active virus.

Host-fblt fltysiology
The Iact that carbohydrates accumulate in leaves of sugar beet

with yellows has long been known and generally attributed to failure
of normal translocation becaus€ of phloem necrosis. This is not the
correct interpretation, however, for during a period of darkness
yellowed and healtby leaves lost equal quantities of carbohydrate
(37). Spralng inlected sugar beet leaves daily with 2 per cent and
l0 per cent sucrose solutions increased the severity oI the syrnptoms
in conditiors oI low light htensity when they normally are masked.
Spraying produced tro slrnptoms in uninlected plants, though it
increased their carbohydrate coDtent, and it was concluded that
the external s)rmptoms of yellows require a high sugar content,
but they are not dfuectly caused by it.

Reducing the light intensity under which plants are raised has
previously been found to increase their susceptibility to inlection by
mechanically traDsnitted rriruses. Experiments with henbane
mosaic and sugar beet yellows suggest that there is no comparable
increase in susceptibility when viruses are introduced by aphid
vectors. Differences in susceptibility comparable wirh those pro-
duced by varying illumination r*ere also produced by varying the
amount of water supplied to plants be{ore they were inoculated,
those receiving abundant water giving many more local lesions than
those kept &ier. These differences are possibly correlated with the
thinner cuticle and disorganized palisade cells that characterize
plants gro$.n in a saturated soil. The differences between plant!
ieceiving different a.mounts of water were reduced, but not abolished,
by shading or by incorporating an abrasive ir the inoculum. Differ-
e+entia.l watering appeared to have no consistent effect on the extent
to which tobacco mosaic virus multiplied irr systemically infected
plants.

The freeing of Majesdc potato tubers trom leaf roll by heating
for 20 or more days at 37.5oC. was confirmed, aud the effect showr
to be permanent. Plants in the third generation as progeny from
heated tubers were still without symptoms, and there seems little
doubt that such treatment destrols the leaf roll virus in infected
tubers and does not merely produce a temPorary masking of
symptoms (71).

Trarsmissiqn by afhids
The readines with which aphids became infective with potato

leaf roll virus was found to depend greatly on the age of the plants
on which t}ley are fed. \\ften feeding on Potato plants, many more
aphids became infective after feeding on emerging sprouts, which
wtre syrnptomless, than affer feeding for similar lentths of time on
otder ilarits which showed pronouncld symptoms. Similarly, -with
Datuta htub, plaitts infected for only a fortnight and showing slight
symptoms were a better source of virus for aphids than were more
slveielv diseased plants that had been infected Ior longer periods.
It seems likely that the concentration of infective vims reaches its
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highest ievel early in the course of iafection and then declines as tbe
leaf symptoms develop. Ttris may help to explain the fact that, in
most years, the main spread of leaf roll in crops at Rothryn"ted
occurs early in the season.

Usiqg D. btula, which reacts more quickly than potato, shows
more definite sJmptoms, is more easily infected and is a better
source of the yirus for aphids than potato, some of the factors influ-
encing the trans:nission of the leaf roll vhus by Myzus lericae
were studied. The results confirmed that leaf ioll virus oersists
for many days in the aphids atrd that aphids cannot itrfect healthy
plants irnmediately they have acquired the virus. Aphids thai
had fed for two hours on infected ptants became infictive, but
tiey did no! transmit the virus to healthy plants within the next
day. The delay period could be passed whit feeding on diseased-
plants, and aphids which had fed on these for several davs could
infect healthy pla.nts within the first fifteen minutes of fiding on
them.

A virus isolated from a sugar beet found naturally infected at
Lincoln seems to be similar to one previously describedin the United
States of America with the name yellow iet. It is uot related to
beet yeUows or mosaic. It is aphid-transmitted and persists in the
vector for rym9 time; prelimirary results suggest that aphids do
not become iafective until about two days after they firsfstart to
feed on hfected plants.

Ottrer viruses whose insect transmission was studied were
henbane mosa.ic, cauliflower mosaic and cabbase black rinesoot.
None of these persists for more than a few hiurs in the "a;hid
vectors, and the whole process of acquiring the virus and infecting
a healthy plant can occur in less than two hinutes. Before settfinE
down to feed continuously, aphids were found to make severai

probes into leaves, and thee first punctures seem to
be the important part of the aphids' feeding habits in transmittins
these non-persistent viruses. It was shown tf,at aphids could becomE
infective by feeding on detached epidermal strippings of leaves.
and it seems that they normally acquire these vi-nrsis from, and.
transmit them to, the epidermi!. When infective aphjds were
disturbed at intervals and prevented from feeding continuouslv.
they caused more infections than when thev were lift undisturbeh.
The probability that a punctu-re of a |eaf bv in infective aphidwould
result in an infection reached a maximum in punctures ,ir.iotair,"d
for about half a minute. The mechanism responsible for such soeedv
transmission is unknown, but it wor d seem that onlv virus;hicil
is carried somewhere in the mouthparls of the aphids could be
concerned. The process does not seem to be whoilv mechanical.
for there is considerable specificity between non-persistent viruses
and the ins€cts that act as vectors ; also, when the stvlets of aohids
were smeaned with infective sap, the aphids did not infect heilthv
plants on which they subsequently fed-

ID artempts to gain further information on the feedine behaviour
of aphids, erperiments were made with M- lercicae coloizins turniD
and sugar beet plants raised in nutrient s6lution containinE radio-
active phosphorus (PEr). The results suggest that the metiod will
not help to elucidate the transmission of the non-persistent viruses.
but may help with the persistent vimses, the vect6rs of which need -
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to feed for long periods to become higtrly infective. When aphids
were fed on plants containing the optimum concentration of tbe
tracer, they showed their first detectable radio-activitv after 15
minutes. Autoradiographs ma.de of various orSans, di.rsAted from
aphids that had fed on such plants for differer.i periods, showed
slitht activity in the slomach after about l0 minutes' feedilg;
after I to 2 days, activity was detectable in all organs except the
nervous tissue, but was most concentrated iD the stomach of the
adull and in the developing ova and nymphs. The activity increased
duriry periods of 24 hours' feeding in a manner sugg€sting that
aphids feed at the sarne ra.te during the hours of iliyligtit and
darkness.

This suggestion was confimed by studies on excretion, for
aphids excrete honeydew only while feeding, and they excreted at
equal rates during periods of light and darlness. The effect of
evaporation on excretion was studied in the wind-tunnel and it was
Iound that the rate at which honeydew was deposited was not a
reliable indication of feeding rate when extemal conditions varied.
The method of excreting honeydew was studied in 22 aphid species,
and was found to be similar in all those that infect aeh rl parts of
plants. Methods were modifietl in gall-inhabitiag and root-feeding
species, and it seems tha.t the production of wax by many ga:
in}abiting species may be correlated with the need to cover-the
sticlry excretion.

Experiments were made on the effects of high temperatures on
the survival of aphids in different conditions. Wlen removed from
their host plants and kepl for en hour at relative humidity of 5O
per cent, the thermal death point of fivc species lay between 38"
and 4l'C. Many individual aphids alive et the end of the tests,
died within the next day. Increasing the relative humidity dudng the
period of heating increased the number of aphids killed. Ferver
were killed when the aphids were kept for the previous four hours
at high humidities than when they were kept at low humidilies.
Aphicls on plants withstood temperafures higher than those which
killed when they were not on plants, presumably because water
lost by evaporation could be replenished.

Frrro Wonx
Polato lirus diseascs

Experiments on the effect of roguing potato crops in south-east
England were ended and summarized; the results show€d that,
although the practice sometimes reduces the spread of virus diseases,
the effect is too small to be economica.lly vorth-while (65).

The experiment to test the effects of varving planting dates
and manuria-l tretments oD the spread of leaf roll and ruRose
moseic was done for the sixth and last time in 1950. Tuber samptes
from the 1949 experiment were planted in lgSO and show€d that
fertilizer differences did not affect spread significantly; leaf roll
spread more in the first-plaDted than in later-planted plors, but
rugose mosaic spread equally in all.

Varying the spacing between potato plants also had no effect
on the spread of rugose mosaic, although it bad with leaf roll;
18 p€r cent of the plants adjacent to infected plants became infected
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llt a spacing oI 9 in., 8 per cent at 18 in. and 2 per cent at 36 in.
Irrigating plots by over-head watering did not alfect aphid popula-
tions or virus-spread.

The progeny from a small+cale trial in lM9, when potato plants
were sprayed at weekly intervals \dth DDT, Parathion and Pestox
UI, showed that spread of leaf roll was reduced from 16 per cent in
unsprayed plots to I per c€nt, but rugose mosaic was unaffected,
lveE€rng 76 per cent in control plots and 77 per cent in the sprayed.
f urtler experiments to test the effects of five of the newer insecti-
cides on aphid populations and virus spread in potato crops were
made in 195O.

A technique for marking apbids with a radio-active tracer was
developed; it was hoped to use tbis to study tle distance to which
aphids move in potato crops, but there were too few aphids during
the summer for it to be applied. Many winged M- leisicae errtueiJ,
the crolx during May and June, but the acaivity of predators pre-
vented heary inlestations from developing.

Further evidence that most of the spread of potato viruses is
occasioned by winged aphids was obtained from experiments in
which some plants were surrounded by sticky board! to prevent
whgless aphids from colonizing them (66).

Sugar beel ahus disczses

As in previous years much work was done in attempts to devise
methods whereby beet yellows could be controlled in st-eckling beds.
The most beneficial measure again found was to raise stecklines in
districts remote from other cr6ps of beet and mangolds, but "con-
siderable benefit was also derived from other treatments such as
growing 

-steckli--ngs utder cover crolx or spraying with systemic
insecticides, These control measures were extensively pradised in
1950, when a certification scheme for stecklings wis lntroduced-
More than half the total stecklings needed for thi British seed crop
were grown in isol,ation and the remainder were raised under covei
crolx or sprayed. M-ethods were devised for making inspections of
cr_ops and courses of instruction arranged {or inspeitors-. Samples
of irupected beds and of all crops raised in isolited districts-are
being obtained for planting at Dirnholme, so that the state of the
crops in autumn can be compared with that in the next spring.

Producing-stecklings in isolation raises problems of storage and
transport, and-some unexplained anomalies have arisen. A c-rop of
virus-free stecklings grown in Perthshire, for example, gavd an
excellent stand when out-wintered in the field or li{ted'and ilamoed
there but plants sent to Suffolk and clamped there in the auturnn
failed completely, although the roots looked satisfactorv when taken
from the clamp. .Experiments to determine the best sowing date,
cultural practices and storage conditions, for stecklings oi sugar
beet, red beet, and mangolds, therefore, were started ii Scotlaid.

In attempts to find sugar beet that resist or tolerate vellows,
further s€lections were made from ptrants that showed relatively
little yellowi_ng in the field. There was no evidence from gLasshouse
tests that the progeny of these were more difrcult to-inJect bv
aphids than the progeny of other lines, but in the field some df
them remained greener when infected. The results of yield trials
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to see whether the extent rt ,"';"*ir* is correlated with loss oI
yield, are not yet complete.

In a field trial on the root crop, Iate singling was fourd to reduce
the incidence of yellows by enough to incieai vield bv about twt_r
tons of roots to the acre. Late sintting had little effect on late sown
cro1x, but on those sowIl in March it reduced vellows because at the
time of the first migration of apbids there were more aohids per
plant on 

-the 
unsingled than on the singled crops, and mairy of ihe

plants infected in the unsingled croDs were eliminated at iingline
To test the influence of ;angold ctampi i" i"iii"G" l"iU?-*t

of yetlows, a scheme was arrangid in conjunction with"a Farmer's
Committee at Bury St. Edmunds, for cliaring gll clamps bv the
end of March from an area of 70 sq. miles. The population of wineed
aphids in this area was compared with thal i-q a neighbourine
untreated area by trapping meihods, but the catcbes haie not ve?
been analyzed. Courts in 16O beet crops in and around the cleaied
area showed less yellows in the area than outside it, but it is not
yet imown wfrether the differences are significart.

The species and numbers of aphids in-festine clamDed mansolds.
and the fimes at which rhey migiated, *"." .t'rai"a'ir ln"-"p"rl"s i
species other |t\an Mlztts persicae ate being tested to see whethir
they axe vectors. The control of aphids in mangold clamps, bv
sprafng crops before lifting, and 6y treatmentJ applied io t(e
clamp, was tested by experiments made in the auti;am, but the
results will not be known until 1951.

A yetlowing disease of sugar beet which wa_s first found in an
Irish line (Variety al) and is seed-transmitted has been mentioned
in earlier reports, Further work has shown that the cause is not
related to beet yellows virus and that the condition carr be seed-
tmnsmitted in other lines oI beet such as Kleinwauzleben E. It
does not seem to be transmitted throush the Dollen. ard inlected
seedlings we-re obta.ined from crosses only whei the iemale parent
was infected.

Leturce msaic
Epidemiological studies on lettuce mosaic were continued. for

the ihird year in the Thames Valley. These studies have shown lhat.
in addition to disease outbreaks initiated by seed-borne infection,
many occur because crops are sown or transplanted near to those
already irrfected, Although aphid vectors were numerous durirg
the spring of 1950, serious outbreaks of mosaic were avoided bi
omitting a crop of winter lettuce, and separating earlv-tmnsolantel
and Iaterdrilled crops into large singte- blocks"at a-djstanie lrom
one another. Marrosilhtm euphorbiae Thomas, which occurs &e-
quently on lettuce, more particularly duriag winter, was sholtrTr to
be,a vector of the mosaic virus, but its importance in the field is
uaknown.

Diseasx of utciJercus crops
Virus diseases seemed urusually prevalent in brassicae durine

1950 and caused extensive losses, particularly in broccoli. Of ttrE
two viruses mainly concerned, cauliflower mosaic was much more
prevalent than cabbage black ringspot. Bot} viruses were trans-
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mitted by Ml,zxs persicae and. Bredcoryne brassicae; in glassbouse
experiments, both behaved as tlpical non-persistent viruses and
ca6bage black ringspot was the easier to transmit to broccoli, cauli-
flower or cabbage. Cabbage black ringspot was also found to have
a wider host range than cauliflower mosaic virus, so that more
sources oI infection in wild hosts might be expected. The greater
prevalence of cauliflower mosaic virus suggests that it has other
insect vectors which do not transmit cabbage black ringspot virus.
Surveys were made of the aphid infestation and occurrence of
in{ected plants in commercial crops, as a preliminary to starting
extensive field investigations on the spread and control of these
!1ruses,

MYcoLocY
Studies vrere made with the wind tunnel on the deposition of

spores on plane surfaces inclined at various angles to the wind, and
the results are being used to improve the design of spore traps and
help the interpretation of catches in the {ield. The total catches
and the catches on the dilferent surfaces of horizontal microscope
slides varied greatly with wind speed. At speeds around l0 metres
per second, catches were high and spor€s were deposited almost
equally on upper and lower surfaces. As the wind speed decreased
to 3 metres per second, catchqs also decreased; below 3 metrqs
per second, few or none were caught on the lower surface, but
catches increased on the upper surface because the effects of gravity
become pronounced (69). Spore trapping in the open showed that
the main deposition of Erysifltc grambris occurred between l5th
June and fsth July, and was later a.nd smaller than in 1948 and
1949. There was no heary deposition ol Alternoria spores iu 1950.
In a potato crop, spora.ngia ol Phll.oohthou irfestars were carglrt
in large numbers after blight had developed.

Observations in collaboration with Mr. S, Waller were continued
on the liJe history and distribution of the fungus associated witl
the lethal disease ol syciunore trees at Wanstead. The fungus,
which presents many novel features, has now been found to resemble
Cottiosforium corticale, previottsly reported as a saprophyte on
maple in Canada and the United States of America.

A rotation experiment to compare the effects oI diflerent crop
in freeing land from infeshtion by eyespot, caused by Cercosforella
hcrpotrichoides Fron., from tale-all, caused by Olhiobolus graminis
Sacc., and from weeds, was begun after hawesting the 1948 wheat
crop in which all tluee were abundant. Some effects of wheat, winter
beans, potatoes and fallow in 1949 on the following wheat crop were
recorded in May, l95O; 37 per cent of the wheat plants following
wheat were inlected by eyespot, 27 per cent by take-all; wheat
following beans, potatoes and fallow had respectively 2O,2O and.
6 per cent plants infected by eyespot, none by take-all. Wleat alter
fallow was heavily infested by wheat bulb tly Hylenya coffctota.,
85 per cent oI the plants being allected in March, about two-thfuds
of them dying later (only 4-8 per cent were affected in wheat after
crops). The resulting bare patches became colonized by weecls,
which at harvest were almost as abundant after fallow as after
rpheat; weeds were much less abundant aftcr beans and potatoes
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where a good plant was maintained. Barley had slightly less evespot
than wheat, and oats had very little. Take-all occurred on the barley
after wheat, but there was ncne in any other crops. The eelworm
causing tulip root, Ditylenchus difsaci, was Iound on oats and on
some weeds in this experiment, the only record of this pest at
Rothamsted since the severe attack on Pastures field in l9M.

A field experiment on the ellects oI spraying with HfOn,
varying se€d rates and dates of application oI nitrogenous fertilizer,
on wheat gave {ew siglilicant effects of treatments because the crop
was heavily and unevenly infested by wireworms which killed many
plants. There ryas also a heavy infestation by the root eel$orm
Heterodera major ar.d a moderate one by rvheat bulb fly. In this
poor crop, spra.ying with H,SO., though it reduced the proportion
of straws severely infected by eyespot at harvest, did not increase
yield oI grain.

The effect of applying nitrogenous fertilizer at diflerent dates
in a pot experiment showed that the per cent straws severely infected
at harvest w1s reduced (from 77 per cent) by applyiDg the fertilizer
in autumn or in early spring (to a mean of 15 per cent) but that
applicatior in May did not reduce the disease appreciably.

Eyespot is most severe in wet seasons and spores are probably
dispersed by rain, but little is known about the importance of rain
falling at different times. To gain inlormation on the point an
experiment was made in which rain was excluded and pots were
watered either overhead or from below. Overhead watering in
December and January had the greatest effect in increasing the
incidence of elrespot and the number of plants kilied by the disease-

The manner in which host-plant nutrition affects the suscepti-
bility oI different cererls to eyespot was examined ushg plants
grown in water cultures. Susceptibility was expressed as the propor-
tion of total leaf sheaths per plant tltat were penetrated by the
fungus before the plants tillered, a method that seems to be more
precise than any previously employed. When grown in water,
susceptibilities of wheat, barley, oats and rye were 96, 83, 75 and 60
pr cent respectively, rvhereas in nutrient solution the values fell
to 72, 25, l0 and 3 per cent.

Corticium (Rhizoctonia\ solani, the cause of sha4r eyespot in
wheat, was found for the first time causing a severe disease in oats.
Some evidence was obtained that the fungus occurs in strains that
affect different plants differentially (68).

Further work on the relation between the concentration of spores
oI Plasmadiophora brassicae, tlte cause oI club root, and the number
of root-hair infections, showed that logarithms of the two variables
are linearly related. Comparisons of results from experiments usint
new and mature spores suggested that differences were correlated
with different proportions of viable spores. Host-plant nutrition
was Iound to affect the proportion of plants that became clubbed
when exposed to given q)ore concentrations. Clubbing was increased
by high nutrient levels and early application of nutrients. The
proportion of clubbed plants can be used quantitatively for assessing
infestation of soil by P . brassicae , but only at lower levels of infesta-
tion than can counts of root-hair infections and only when the
nutrient status is known. New techniques were developed for study-
ing the factors involved in spore germination and the early stages oI

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 79

78

infection and it is expected that these will provide more precise
information than heq been possible previously-

The unusually wet summer led to the ea.rliest and most severe
outbreak of potato blight (Phytofthora infestars'1 experienced at
Rothamsted for mauy years. Observations on the time oI appear-
ance oI new lesions in the crops and the time at rrhich potted plants
became inlected suggested that night and humidities
were important factors in determining spread. Two applications of
copper-containing sprays increased the yield of tubers by 1.5 tons
per a.cre. Of five materia.ls compared for har:lm destruction, sul-
phuric acid was the most effective : P. i*festans was sometimes still
active on stems that appeared dead.

As a preliminar5r to starting experiments to determine the effects
of powdery mildew (E4tsilhe grambtis) on the yield oI cereals, the
protective actions of various fuagicides were studied, and lime sul-
phur was found to have a beneficial effect lasting for a fortnight.
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BIOCHEMISTRY DEPARTMENT
PIRIEBy N. w.

Nuclropnotrtxs FRou NoRMAL exo Vlnus INFECTED IJAVES

(E. M. HoLDEN, G. PARKER, N. W. PInrE)

We have for long been concemed with the purification o{ plant
virus€s, that is with ascertaining what is the ninimum chemical
compleity needed for a preparation to initiate infection in a
susceptible plant. Recently we have become more interested in
examining the state in which viruse normally exist in the leaf and
in the changes tiat they undergo during the process of purification.
This work has made it more urgent than hitherto to study the
unstable components of extracts oI the normal leaf, and the coDtroh
for much of the exprimentation with which we have been concerned
during the past 16 years are now, perhaps a little belatedly, being
done.

The sap from uninlected young tobacco leaves growing under
good nutritional conditions contains up to 3 g./1. of an unstable
nucleoprotein that can be sedimented readily on the ultracentrifuge
at 50,00O g. Making the usual assumptions therefore, it h2s a par-
ticle weight similar to that of tobacco mosaic virus, and more or
less spherical partides of the expected sizc appear on the electron
micrograms. This material disappears from, or at any rate is less
readily isolable from, old leaves, ill-nourished leaves, or hfected
leaves. It is destroyed by a few bours'exposure to leaf sap at room
temperature, or by a few days at 0', but is much more stable in the
absence of sap components and of salts,

The protein has an intrinsic biochemical interest because it
is a substantial component of the leaf, because it carries with it the
enzymes necessary for its own destruction, and because it is respon-
sive to the phlsiological state of the leaf. By using the known
prop€rties of the isolated protetr as a guide an attempt is being
made to see how much of the phosphorus of the Iibrous leaf residues
and of the " chloroplast " fraction centrifugeil from sap is made
up of this material. Similar materials have been prepared from
leaves oI other plants and when suitable opportunities occur, vre
hope to examine its composition and behaviour carefirlly. Because
of its instability it wil.l not be a sigaificant constituert of purified
preparations of the more stable viruses but, when our present
techniques are used, it will contaminate all preparations made by
methods designed to separate a virus in its original state.

Some order has norv been introduced into our studies of the
Rotharnsted strai[ of tobacco-necrosis virus. Extracts lrom infected
leaves contain, besides the normal nucleoprotein mentioned above, a
specific non-infective nucleoprotein and material which we look on
as virus, partty in an active and partly in an inhibited state. On
standing in sap there is at firt an increase in the infectivity of the
subsequently isolated virus and then a diminution in infectivity.
We have examined both phenomena and suggest that much of the
virus in the infected but undamaged cell may be non-infective. If
this can be substantiated we have in this plant virus a phenomenon
comparable to the " masking " that is lound with some animal
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viruses and with the lysogenic strains o[ bacteriophase infected
bacteria. The essential difference is that the leaf sap itsill contains
systems able to bring about the unmasking.

Exzyrrrs MecHeNrsus rNvoLl'ED rN MANGANEsE OxrDATroN

(R. II. Krrrrr, p. J. G. MANN)

It has previously been shown tbat Mn++ can be oxidized bv
peroxida.se systems. The oxidation of Mn r+ in plants iz utuo bv
such systems depends on the production of hvdr-osen oeroxide bv
!fu plant tissues. During thdyear an attemit h; b&n made t6
demotrstrate the presence of Hp, producin! enzyme slstems in
plant extracts and to bring about mansanesJoxidition bv linkins
ttese and other krown hydrogen pirodde prod.ucing" .nrrr-E
systlms u'ith peroxidase s]stems in presence of Mn-+. -
- Two of the hydrogen peroxide pr-oducing enzymes have so far
been ldentrtred. (Jne is an amine oxidase, the other is an aldehvde
oxidase which has not previously been decribed.

The crude extracts of pea seedlings and partiauy purified
enzl,Tne preparations obtained from suih extracis raoidlj attack
diamines such as putrescine and cadaverine anct'monoamines
such_ as p-phenylethylamine and indolethylamine. So far it has
not been possible to demostrate the presence of this enzvrne in
extracts of other plants. A quantitative studv has been made of
the total O, uptake during th6 oxidation of thi amines and of the
products of oxidation- In these experiments phenyl-ethylamine
and putrescine have generally been usea as repieseniatives of the
mono- and di-amines attacked. The results suggbt that the primary
attack on the amines is an oxidative deaminiiion accordin! to tlie
equation :

R.CHNH,+Hp+ O!_____?R.CHO+Hpr+NH3
The formation of hydrogen peroide during the oxidation of the
amines was shown by the effect of catalase on the total oxvsen
uptake and by the coupled oxidation both of the phenols hidio-
quinone and pcresol by peroxidase, and of ethanoi in Dres€;ce of
added catalase. The formation of aldehydes during the oxidation
was shorvn by bisulphite titration and,-in the casie of B-nhenvl-
ethylamine, 

- 
by thq isolation of phenylacetaldehyde as th"

2 : 4dnitrophenylhydrazone.
An enzyme which catal''ses the oxidation of ohenvlacetaldehvde

but not that of benzaldehyde, phenvl propionald;hvde or the n-;d
branched chain aliphatic' aldehvdei tias'been fouid in extracts of
m-any hig-h€r plants. Hydrogen peroxide is formed during the course
of the oxidation, but the natue of the other oidation p"roducts has
not yet been established. By analorv with the knoiar aldehvde
oxidas€s it appears probable that plienylacetaldehvde would" be
oxidiz-ed to phenylacetic acid. It is possible that thi natural suF
strate of this enztme is indoleacetaldehvde wh.ich is presumablv
formed by the action of amine oxidase oi indolethvlamine or frorir
indolepl'ruvic acid by decarboxylation. Pretiminaiw tests suEsest
that indoleacetic acid is formed by the combined action oi-the
amine and aldehyde oxidase on indAlethylamitre, but owing to the
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presence of indoleacetic acid oxidase in the enzyrne preparations
it has so far not been possible to demonstrate this with certainty.

Some progress has been made in reconstructing from partially
purified enzyne preparations the type of s5rstem causing manganese
oxitlation in plant extracts. Manganese oxidation has been demon-
strated in p],rophosphate buffers when H,O, producing enzyme
systems such as amine oxidase, aldehyde oxidase, xanthine oxidase,
and amino acid oxidase are linked with peroxidase systems in
presence of Mnr+.

THE CoMposrrroN or Fuxc,rr MycELrA

(W. R. Surrxms, M. V. TRACEY)

During the past year work has been started which is desigaed
to throw some light on the nature of soil organic matter- We are
approaching the problem by way of a study oI chemical nature of
the resistant residues of soil inhabiting bacteria and funguses. It
seems likely that if we know more about the material from which
soil organic matter is derived the investigation could proceed on
more rational grounds than it has in the past. To gain experience
with fungal material, work has been starled. on Penicillium griseoful-
uon mycelium which we can get in bulk from Imperial Chemical
Industries. At a later date, when we have studied a few easily pro-
cued funguses, and when we know what sort oI material to look
Ior, work will be done on deliberate\ grov,,n cultures of soil organ-
isms.

With this organism about half the mycelial N is protein and
lGl2 per cent is in the form of amino sugars behaving like glucosa-
mine. Amino sugars are a characteristic Ieature of other fungal
mycelia whereas they are relatively unimportant in plant residues.
The identification of amino-sugars, the determination of their mode
of linkage, and the study of the extraction and stability o{ the amino-
sugar compounds under conditions similar to those in soil, is there-
fore an important part of our present and projected work.

TEcHNoLocIcAL pRoDUCTToN oF LEAF PRorErN

(M. L. BARN'ES, D. S. Mrrrrn, N. W. PrRrE)

Work on the large scale production of leaf protein is mainly
done at the Grassland Research Station, but some ancillary small
scale work is done here. We have designed, and now have running
a mill tbat deals satisfactorily with every lush agricultural leaf we
have tried in it (about l0), and produces a pulp at the rate of about
I ton (wet weight) per hour, from which liquor carrying 3O{O per
cent of the leal protein can be expressed. We have designed several
continuously acting a.rrangements to press out the liquor from this
ground mass, and the latest one, made at the National Institute oI
Agricultural Engineering, is reasonably satisfactory, though we see
that more \rork is still necesar5r on this aspect of the problem- Heat
coa€ulation and separation of the protein present no particular
problems. The unit should be able to produce protein at a reason-
able rate during the spring of 1951. 

F
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NEMATOLOGY DEPARTMENT
By T. GooDEY

Grnrnel
Dr. T. Goodey attended the 7th International Botanical Con-

$ess, StockhoLn, f2-20 July, 195O, and delivered a paper in the
Agronomy/Phytopathology Section on " Oats and varietal suscepti-
bility to stem eel'.vorm infestation." In passing tluough Denmark
on the way to Sweden a visit was paid to the State Plant Patho-
logical Station at Lyngby to see the work in progress on plant-
infesting nematodes under the care of Dr. Prosper Bovien. During
the course of the Congress, contact was made with Dr. OlaI ANberg,
of the Statens Vdxtskyddanstalt, who has done much work on the
occurretrce and distribution of the potato root eelworm, Helcroderu
rosfuichiersis, in Sweden. On the occasion of the Congress Excursion
to Uppsala special attention was given to the work being done at
the Sveriges Utsidesfdrening on the selection and testing of races
of red clover for resistance to clover eelworm, Dilykrehts dipsaci.
These studies are largely carried out by Mr. Sven Binge{ors who
worked for two montLs in our department last year.

Memb€rs of the stafl oI the department are frequently consulted
by the National Agricultural Advisory Service and other workers
for advice on matters coDnected with nematode infestations and
much time has been given during the year to the identification of
eelworms, the diagnosis of eelworm infestations and to help in the
planning of field and plot experiments where nematodes are
involved.

Duriry the year three temporary workers from abroad each
spent periods of about one month in the dePartment leaming our
nematological methods. These were Dr. J. W. Seinhorst of the
Institute for Phytopathological Research, Wageningen, Holland;
Monsieur M. Ritter of the Station Centrale de Z,oologie Agricole,
Route de Saint{yr, Yersailles, France, and Ir. R. H. KiPS of the
Rijkslandbouwhogeschool, Ghent, Belgium.

An exhibit illustrating stem eelworm infestation of onion, known
as " bloat," was staged for the Chelsea Flower Show in May, 1950,
in the preparation of this much valuable work was done by Mr.
C. C. DoDcaster and Mr. J. B. Goodey.

These two have also collaborated in the ?roduction of a general-
purpose photographic apparatus which has been mainly constructed
from second-hand equipment already in the department. The aPPara.
tus is used for lower-power photomicrography where a wide evenly
illuminated field is required and it is also of use for obtaining Pictures
of known greater magnifications. An enlarger attaclment for use
with it is also ulder constructioD.

Research carried out by the members of the staff falls naturally,
as in previous years, into two main sections: (l) problems con-
nected with plant infestations by eelworms belooging to tJre families
Tylenchidae and Aphelenchidae and soil nematodes geaerally (Dr.
T. Goodey, Dr. Mary T. Franklin and Mr. J. B. Goodey), (2) prob-
lems connected witl root-infesting nematodes belonging to the
family Heteroderidae (Dr. B. G. Peters, Mr. D. W. Fenwick and
Mr. C- C. Doncaster).
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TYLENCEIDAE AND APHELENCHIDAE

Tvhrchidae- 
Dr. Goodey has continued his investigations on the stem eelworm,

Ditglerchus dilsaci, particularly on the races infesting teasel, oats
and red clover, Many inoculation exlrriments were carried out to
test tle range of hosts susceptible to attack from these and other
races of the Darasite. Particular attention was devoted to studies
on the oat rice of D. di psaci with a view to finding Spring oat
varieties resistant to attack, and some Progress was made though
difr.culty was experienced in the influence of soil t1p and temPera-
ture on inlestation and manifestation of qnnptoms.

In the course oI this work it was found that the oat race of the
parasite can attack and seriously injure rye. This {inding from
pot experiments confirms observations made by a Nationa! Agricul-
iural Advisory Service 06cer in North Wales where rye was badly
affected in a field krown to be infested with the oat race and indi-
cates that the oat and rye races of the stem eelworm are most
probably identical ; a fact which seems to be recognized in Germany
and Holiand. The oat race also infests vetches, and pot exPeriments
carried out dwing the year have proved its ability seriously to
injure ttre vetches I/rcia uiltoso and V. salhn- A paper embodying
these results is in course of publcation.

Mr. J. B. Goodey reports that work has continued on the plant
parasitic species ol Diltlercnus. The potatc.tuber eelr.rorm, D.
d.eslructor has been found in the field causing light brown lesions,
somewhat similar to those on Mint, on the rhizomes of a new host,
Slmhys falustris, which is a common weed of some Fenland potato
fields. The experimental infestation of this plant bas also been
successfr.rlly carried out. Observations h the field have shown that
the presence oI Mentha aq)ensis il particular, is probably to be
correlated with the continuing infestation of D. desl;uclot- Tlt€se
observations have been lurther supported by the failure to maintain
an infestation on a plot of bulbous Iris, whicb has no Mint growing
on it. The attempt is being made again with the addition of a cover
of. Mentha oruer.sis.

In 1895 and 1939, theHopplatt, H*mulvs hrfulvs, was recorded.
as a host of D. difsaci, a peculiarity oI both reports being that the
infestations were confined to the roots. Re-examination of the
1939 materiat which was in this department showed tbat the eel-
worms had all the characteristics of D. dasttuclor. An experimental
transfer was succesfully made from potato to pieces of hop roots
with the setting up of twical root lesions. Later, when diseased
hop sets from the site of the 1939 material, near Sittingbourne,
Kent, were obtaiued, transfers to mint, bulbous iris and potato
were successfu.l as well as further transfers ftom mint to hop.

Lllac, Syittgo odgaris, has also beea recorded as having its
roots atta.cked by D. dipsaci. Again, it has now been showr that
D. destrwTor is the eelworm responsible and transfer has been
effected Irom potato to lilac roots and back again to patato.

Experimental infestation ol Bego a tubefiybr lo, Tigidia
?awr|,a and Gladiol.+s hybrid* by D. destructn and the Narcissus
race of D. dilsaci l]€ve shorrn that both eelworms can attack these
plants. Qt Bcgo a, D. dit'saci caused lesions and ultimately
shrivelling of the leaves whilst D. desrfldot had no appa.r'ent effec,
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on tb.e growing plant. SmaU brownish blotches were produced on
the leaves and leaf bases ol Tigridia by both parasites but those
caused by D. destructor were confined to the underground parts
of the plant. D. difsaci caused considerable maliormation of
Glndiol*s lezves and eelworms were plentiful in them ; eelworms
were also found in some oI tlle seed pods. D. destructarl, on thre
other hand, caused no apparent damage but could live and reproduce
in the leaf bases so tlat Gladiol$s might be termed a harbourer oI
D. destruclor. A paper on these investigations is being prepared.
During ttre work on D. destluctol it became apparent that the host
plant vrls influencing the size of eelworms comprising the parasitic
population. Numerous individuals from different popr:lations were
measured and it was found, for instance, that mean lengtbs of males
or females of different populations differed signilicantly fiom one
another. This work wi[ shortly b€ written up.

Observations on the athcf oI D. di$u;i on strawberry have
contirued and it has been shown experimentally that populations
from teasel, oats, onion, red clover, narcissus and rye will all infest
most oI the popular varieties of strawberry in cultivation today.
Investigations into tle ways in which infestation is maintained have
been carried out, and it is suggested that the discontinuity of infest-
ation seen in some plants can be related to the way in which infesta-
tion originates. A papr embodying these findings has been pre-
pared.

Further observations have been made oE a H5t)homycete re-
ferred to the getas Cepdosforiu# acting as a h,?er-parasite of
D- dipsaci iratestirrg Calceohria. A paper on these findings has been
accepted for publication.

A new species of Rolylanch*s attacking and aiding in the des-
truction of the roots of a species oI holhouse Hifpeaslrvm (Anaryl-
lis) has been discovered and will be describ€d shortly. The eelworm
appears to be a parthenogenetic species since only temales were found
and no evidence of the presence of males was apparent. An interest-
ing Ieature of the infestation was the occurrence of a secondary
piliferous layer on t}:^e Hi?ieastrurn roots, a condition not previously
reported, as far as can be ascertained. A specimen of this eelworm
was Iound attacked by a nematode-catching fungus of the genus
H arlosforium.

Investigations on the relationships of Holloladrn{s *niJotmis
and its effects on the young seedlings of Sitka spruce, Pr'cea sitclpnsis,
are still continuing. Seyeral eelworms attacked by fungi have been
found. In one case attack was by a species of Arlhrobotrys and, ir
other ca-ses by at least two dif{erent lungi which have not so far
been identified; attempts to culture them on artilicial media have
been ulsuccessful. Another nematode, aD as yet unidentified
species of Ttichodorus, has also been found associated with the
Sitka spruce seedling roots.

Aphelorchidae
Dr. Mary T. Franklin reports tiat work has been continued on

the three species oI ApMnclwides well known as parasites oI
cultivated plants, namely Aph. Jragoriae, Alh. ritznu-bosi and
Aph. ibes. A fourth species has been studied which, during the
past wet season, has apparently been responsible for damage to
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Caucasian scabious on at least tbree nurseries. This is provisionally
identitied as Afh. Iaietinas, but it differs morphologically ia some
respects from tiat ipecies as originally decribed by Bastian in 1865.

Two new host plants ol Alh. iragariac, namely mint (Me ln
sficaro\ and, scabious (Sca6rosa caucasical, have been added to the
c'oltectibn of host planis of this species ori th" *rt"om plot. Clean
bluTts of Lilium rigale and, L. herrrlt, ptanted amongst the infested
violets on tlis plot, became infested with the same nematode.

A number of infection tests with APh. ritzerna$osi aJ.d A?h.
ziles on various hosts has strengthened the evidence for the identity
of these two nematode species. A new method of inoculation, used
on chrysanthemums, has been developed and gives positive reirlts
in 7-14 days. Examinations are being made of weeds associated
with both chr5rsanthemums and black currants infested with
eelworms to find out to what extent the weeds can harbour the
parasite in the absence of the cultivated hosts.

Throughout the year infested blackcurrant bushes have been
examined and invasion of the next year's buds has been found to
take place at a very early stage. Adult A?h. riDes have been found
capable in the laboratory of travelling at least lI inches up a damp
cotton wick dourn which there is a slow trickle of water. I-arvae
will travel, or are carried, down a similar wick- Migration over
infested bushes in tlamp weather thus olfers no difrculties. The
warm-water treatments of unrooted blackcurr:ant cuttings started
last year had no apparent detrimental effects on the cuttings,
which produced satisfactory plants in the greenhouse. The buds,
however, were stimulated to develop early, which might prove
dangerous to cuttings grown out-oI-doors where they are not Pro-
tected from frost. Ilfore warm-water treatments were therefore
carried out this year in November and the cuttings have been
planted outside. Eight different va-ieties of blackcurrant have-been 

treated at 46'C. for 25 minutes, 48'C. for 15 minutes. and
50'C. Ior l0 minutes.

A visit was paid to one of the nurseries where Scabious has been
damaged by eelworm and material brought back for study of the
parasites. These did not entirely agree with the original description
of APh. forielin*s given by Bastian in 1865 of nematodes which he
Iound irrthe liclrcn PorneJia (tow Xanthoria) farietina growitg on
walls at Broadmoor, Berks. Afh. fuiehnns, also, has not generally
been considered to be parasitic. In order to get a clearer idea of this
species specimens of Xattthorio laietilta were brought from Broad-
moor and the nematodes in them are being examined.

HETENODERIDAE

Dr. Peters reports as follows :

Concerning population studies on Helerodera rosttchieftsis, a.

long-term experimint on the eflect oI edaphic factors on the growth
of etlworm populations (and the effect of the latter on the potato
plant) is ir its second year, in &litre, tlazed, cylindrical pots, in
which a heary clay is factorially rnodified by the addition oI sand,
peat, compost and artilicials (the last two renewed annually).
Starting wlth a light inlestation of the eelworm, the first season
showed a 2&fold increase in cysts per grn. of dry soil, and a 3lfold
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increase -in eggs pe.r_ tm., witl significant effects from sand (nega-
tive) and peat (positive). The potatoes, on the other hand, respbnded
significantly to compost and artificials. This exoerinient is
expected to thow light on soil conditions favourable an-d unfavour-
able_to the eelrrorm, and on the diversion of plant foods from tuber
production to eelworm production.

- . 
The movements o,f potato root eelworm larvae tlu.ough soil are

being investigeted, the vertical and horizontal comlnrr&ts separ_
ately. First results show that movements are probafly fimited io a
few inches in any direction, in one season, i"a thi't the larvae
move upwards (against top watering) more readilv than down_
wards (against bottom watering). Two factors limitinp movement.
pore space and water conten[ of soil are beins iniestieated in
greater detail before proceeding with further miiration piobl"-r.

Counts of potato root eelworm larvae hatilins fr6m cvsts-
recovered from soils used in the lg4g series of pot tdts of neriati-
cides, are of some interest. Two chlorophen6l compounds, D-D
mixture and ethylene dibromide had beei iniected into duolicate
8-litre pots of soilat 0, l, 4 and 16 ml. per pot. Larvae per damme
of soil were estimated 7 weeks after iniictidn (y samoldl an"d aeai"
after-trou'ing apotato in eachpot (Z sainptes). 

'The y'samile sho"wed
no effect fromlhe chotorophenols, ihe vafourpressure of which is pre-
sumably too -low for use as fumigants I L.D.* for D-D was a6out
0.4 ml. and for ethylene dibromide about 2-B--ml. oer oot. A com_
parison of Z $t|r.y samples showed a multiplication iactor of 5.4
for la.rvae in the 8 control pots. The factof was reduced for D-D
and ethylene dibromide at the 4 ml. dosage, neglisiblv small at
16ml., but itrctea"sed at the I rnl. dosa"se : 8.0-ior etf,vienddibromide
and 17.6 for D-D. This was correlafed with an inineased yield of
tubers at this dosage.

- Pot expe_riments have continued in lg50, using D-D mixture,
ethylene dibromide, methalJyl, ctrloride. dich.l6roethvl ether.
chlorophenols and cresols (Ste'riz,al). The D-D series c"overs the
comparison of the same dosage used neat and emulsified with
Triton. N.I00. Here also, effCts on subsequently grown potatoes
are being observed ; D-D at high rates and Lthvline" dibroriride are
especially ptrytocidal. . Tests of the recent bromochloropropylene
mixture wiU be carried out oext season.

Mr. Fenwick has aga.in cooperated in the ioint exmriment with
t_h9 West Farmers' Co-operative and Shell C[remicaG Ltd., on the
effects of annua.lly rqrated injections of D-D on potato ioot eel_
worm, at Moulton and Prickwillow. This experiment has now
terminated. Eelworm couats from the final sa?noles are not vet
gvaiflllg, bu^! + fi"gl yrelds show a significairt improvem6nt
from D-D at 800 lb. and 400 lb. per acre at M"oulton. At ftckwillow
the rmprovement was significant statistical.lv but not economicallv.

Work on the use of the vinegar eelwoim as a test animal in
screening tests of nematicides has continued- Analvsis of coults of
some 60,000 worms has showD t}tat too freouentlv the variance
between parallel counts is hieher than *ofua U6 exoectJ on
Poisson theory, and the rea-son-for this has been found-' Some X)
experiments on methods of cr:lturing arc being summarized for
publication, In connection with th; sorption "bv ihe worms of
nematicidal substances, a method has been iound f6r estimating the
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surface, vohme and mass of a single wonn, and (by correlatiry
tlese pararneters with wormJength) of a culture of worms.

Aralysis of Mr. Fenwick's larval counts of the 1948 soil samples
from Barnfield (Hetetodera srilrrr#) shows the following. The
general mean, at 4.88 Larvae per gnl. of soil, is lower (but not
sigrrificantly so) tban that of the 1946 samples; thus there is no
evidence that the population is increasing. The infestation has now
fairly well covered the field, but is far from random. Counts on
the " no manures " lots and " no Ditrogen " series are significant.ly
lower than all otbers. Counts on the " nitrate oI soda " series are
significantly higher than on the " sulphate of ammonia " series,
and those on tbe " suprphosphate only " plots lower tban on the
plots with complete minerals, P and K, and P with MgSO. and
NaCl. There is again a sigaificant correlation (r: .6155) between
larval count and the mean yield (l90+19a0). Using the yields to
forecast the counts, the heatment effects are similar to those just
mentioned; il addition, the counts from the dunged plots are
slightly below expectation.

Assistance has been given to Mr. Doncaster in carrying out
tests with Pestox III against Heterodera marimi alrd Heterodera
nstnchie*sis ; these are still in progress.

Mr. D. W. Fenwick reports th,at the use of hypochlorite as a
hatchhg atent for distinguishing between living and dead larvae
of. Heterodera rostocllezsrs has proved to be valueless. There appears
to be little hope at present of using it, or any other short method, in
place of the root diffusate technique, and firrther research into the
method has been abandoned.

A new technique has coDsequently been evolved for the conduct
of a shortened form of hatching test. Use is made of the fact that
that cumulative hatching curve plotted against log-time is a
sitmoid and is therefore s).'rnmetrical about its own point oI
inflection. The method has been written up and accepted lor
publication.

The effect of physical conditions on larval emergence has been
investigated iu detail and a record of this work has also been
accepted for publication. Presoaking of cSnts for about 12 days
prior to immersion in diffusate has the effect of speeding up hatching
very considerably but little, if any, effect is discernible on the total
number oI larvae which ultimately emerge. Temperatures over
30'C. inhibit hatching but belo$'this temperature variations
between l5 and 25'C. are without effect on total emergence,
although rise of temperature is accompanied by an increase in
hatching rate. Volume of diffusate per cyst is without aPParent
effect on either total hatch or rate of hatching. pH fluctuations
between pH 4-0 and pH 8.0 are also without effect. The effect of
dilution of diffr.rsate is interesting in that when hatcb, expressed as
total larvae emerging, is plotted against dilution,
logarithmicauy, a linear relationship is obtained and it is reasonable
to draw the tentative conclusion that the number of larvae emerging
from a given sample ol a single stock of cysts is directly proportional
to the lo$dthm of the concentratiou of the diffi:sate. Use is beirg
made of this linear reLationship, Ior the biossay of diffusate.

The promising results obtained by using purely biological
metlods of biossay are in marked contrast to the disappointing
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results obtained using anhydrotetronic acid. This chemical appears
to be markedly inconstant from sample to sample, moreovei the
activity of any given sample is variable and no further investigations
into its activity are contemplated.

Preliminary experiments have been conducted on the break-
down oI root diffusate in soil. It has been fourd that after four davs
following on the application of a single dose o( potato root diffusate,
9O per cent of it had undergone breakdown. Moreover, examination
of cysts recovered from the soil showed that larval emergence was
restricted to the four days prior to this breakdown, and imounted
to approximately 20 per cent. Further experiments are in Drosress
to investigate the factors influencing this breakdown.

The hatching effect of root diflusates Droduced W Sotantm
dgrum is under investigation. The diffusate has been sf,own to be
active- in ilducing la.rval emergence and it is hoped to investigate
the effect of gror,r'ing this plant as a trap crop.

- Pxperiments have been conducted on the effect of temperature on
the development of the potato root eelworm. It has beerifound that
a rise in temlxrature above 2l oC. is unfavourable to the continued
multiplication of the parasite. At 82"C. development is almost
inhibited, and p€netration of the larvae into the ro6ts is checked, as
is fi:rther development within the roots. The latter effeci is
apparently the more important. These experiments form the sub.
ject of a paper accepted for publication.

A series of experiments is in progress on fluctuations in eelworm
populations 4uring a growing -season. llris problem has been
approached from two points of view, (a) the estimation of sross
changes occurring in the whole population; (b) the rate of penEtra-
tion of the larvae into the root. Preliminary experiments conducted
on t}Ie gross changes in population indiAte ihat the number of
cysts in an infected soil remains constant for the first four or five
weeks of the plant's growth, then rises steadily as the new cvsts are
formed. The fluctuations in the larval poDu.tation seem to 

-deoend

on the size of pot used. In 6 in. pols thd n-umber of larvae oer'cvsi
fa s to approximately 20 per cant of theh original valu; in ihe
first few weeks, thereafter iising rapidly in resp6nse to the forma-
tion- of .new rysts. In larger po-ts fhis effect ii much less marked,
the initial fall being in the neiahbouhood of lO-20 Der cent and the
subseqlent rise in larval content lollowing on the firrmation of new
cysts is less marked. This effect seemi to indicate that root
diffu?te_ produced by the plant is only very loer.l in its effect, and.
that in the larger pots used the majority of the cysts present never
come into contact with the root iliffusate. If 

-this-indication 
is

correct, then_ it would appear unlikely that trap-croppiog vdth
potatoes would be _of very much use in rbducing th6 leve] if i"nfesta-
tion present in a plot of land.

The rate of penetration of the larvae iato roots has been studied
by growing potatoes in infested soil and t}en transplantins at fixed
times to clean soil: the uumber of cpts produced it the e;d of the
season in this soil should then be a measure of the number of larvae
which originally entered the root up to the time of transDlantins.
A surprising feature of these exlrriments is the large arirount 6f
pnetration which occurs in the few days between planting a chitted
tuber and its emergence through the s6il. Many piants wien trans-
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planted at the time oI breakthrough yielded over 3,000 cysts when
Iater examined. It is interesting to record also that the maximum
yield of uew qIsts occurred wheu potatoes were transplanted at
breakthrough; plants which were transplanted later and which
should presumably contain more larvae were found to leld fewer
cysts.

In conjunction with Miss E. Reid, a new technique for measuring
infestation on a growing plant by estimating the density of white
cysts produced has been evolved. The method is capable oI
estimating this density to a knowa degree of accuracy, and results
can be expressed as number of white c5rsts per gramme of root. The
method has been written up and submitted in the form of a letter
to Nalwe.

A new type of McMaster slide has been evolved which accommo-
dates a lcc. sample with greater security than does the original
type. It is possible to mount up to six couating chambers on a
single unit. The design of the slide ard its method of preparation
have been described aDd submitted Ior publication.

Co-operation with Dr. H. C. Gough, of the Cambridge National
Agricultural Advisory Service, on long-term changes in eelworm
population during different crop rotations on different soils is
contmrung.

Experiments in conjunction with Dr. B. G. Peters on the eflect
of repated annual injections with D-D have now been completed
and the final results are being andyzed. Thee expriments were
rendered possible by the co-operation of the West Norfolk Farmers'
Co-operative, and it is now intended to carry out a further series of
trials with the object of investigating tlre effect of introducing single
and repeated D-D injections into different phases of a four course
rotation.

Mr. C. C- Doncaster reports that investigations have been begun
on the morphology of tomato and potato roots which have been
parasitized by Heterideta rostochiettsis and by Hetetodera mariori.
Tomatoes aud potatoes were each infested v/ith the Root-knot
Nematode and with the Potato-root Nematode and sarnples of
infested plants were removed and fixed at frequent intervals until
advanced effects of parasitism has developed.

A detailed study of whole and sectioned material is being
carried out in order to observe the different histological and morpho-
logical reactions of the two plants to each parasite.

In collaboration with Dr. B. G. Peters investigations on the use
of systemic insecticides as nematicides have been started. Pestox
III (bis(bis dimethylamino phosphonous)anhydride) has been
tested on tomatoes, brassicas and nasturtiums to tind a sub-
phytotoxic dose which nay be employed in tests a$ainst H. rrs,lioxi
ar,d. H. rostnchimsis. These tests are now in operation. Preliminary
in dtro tests on the effect oI Pestox III on the batching of cysts of
H. rosl.ochdensis and of egg-masses oi I{. mtrioni indicate that the
substance merely retards hatching aDd that egCS and cysts are not
killed eyen by 24 hours immersion in a 2 1xr cent solution of
Pestox IIL
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ENTOMOLOGY DEPARTMENT
By C. B. \YrLLrAMs

- The red-uction of damage by insect pests can b€ either direct-
by insecticides and other chemical metbods. or indirect-bv
agricultural methods and biological control, just as in Medicin;
there are the curative, and preveDtatiye oi " Public Health "
services. As there is in Rothamsted a separate Insecticides Depart-
ment,,the work of the Entomology Department is definitely biased
towards indirect methods.

The staff cons:'sls of live Scientific Omcers, two scholarship
students of the Agricultural Research Council, four Experimentil
Officers and two overseas research students.

The work can be roughly divided into :
(a) Fundamental work on the causes of insect outbreaks.
(b) Special problems of particular pests or crolx.

FuxrAlmxrel- WoRK oN TIIE Ceusrs or INSEct OurBRrAxs

!!u 1flg9l ol ueAhu cond,ilions or. thc actittity arut ahotdatre oJ btsects
(C. B. Williams, R. A. French and B. P. Singh)

Measurements of the changes in insect numbers have been
collected for many years, chiefly by means of traps. Ught traps
have been the staDdard, but baii traps have been dea, aria
suction traps have recently been developed,

The fieures have been- analvzed sta'tisticallv and it has been
possible to calculate the effect of different weither conditions on
the immediate activigr of the insects, and also on the size of the
$ture popu.lations. Results so far show that it is possible to account
Ior 70 per cent of the variance of the total iniect population in
summer and autumn by the effect of the rainfall and timperature of
the three previous months. The work is throwing consid6rable light
on thc relative importance of weather, pa,rasites, and food supply in
determiaing outbreaks. It is proposed io carrv on with the aiilvsis
of special groups of insects-, and of certain species which 

-are

sufhciently abundant for statistical analpis. A mirch more eficient
form of light frap, using a mercury vapour lamp, has recently been
tested and with this it will be possible to get much larger numbers
ot certarn qxcles.

. Mr. Singh is using suction traps (designed by Dr. Johason) to
obtain samples for comparison with the light trap results. The
suction trap also makes possible the comparison of day and night
conditioDs-

Thc rclatioc ahtndatct of ditfetart s?ceics ol ins.cl,s (C. B. Williams
and R. A. French)

The relative abundance of different species of insects and other
atrimals in mixed wild populations, is ilso being studied, chiefly
from the trap samples, and it is found to be consistent with somi
relatively simple mathematical lavrs. For many years there has
been talk of the " Balance of Natue," now we seem-to be berinnins
to understaDd what it means. Two ?lternative mathematica'l serid
are at present being tested-the logarithmic series and the log-
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normal series. With small samples tbe theoretical differences are
very small, it is only with large samples that the difference will be
measurable. The Statistical Department are co-operating with some
fundamental work on sampliug from a log-normal distribution.

Arising out of this work has come the conception of the
'Diversity " of a population as an important ecological factor,
which is found to be the basis of many previously il.l-understood
properties of populations ; such as, for example, the distribution of
plant species in quadrats. Work is now directed to getting very
large samples oI animal populations lrom a limited area in a short
time. The new traps will help considerably in this. With such
samples it should be possible to distinguish between the validity oI
the two alternative formulae.

Migration and drill
The distances which insects can regularly move is of fundamental

importance in all questions oI insect control and of quarantine for
insect pests. Most recommendations about the rotation of crops
seem to be based, so far as insects are concemed, on a complete
misunderstanding of their capabilities of distribution. Our work is
divided into two sections-MigzaJiott (C- B. Williams) atd. Drift
(C. G. Johnson).

At Rothamsted ,rrigrulion \as been studied in all insects (except
locusts) from all parts of the rrorld, but the majority of records are in
the Irpidoptera. Itrsects ca.n migrate of their o$m accord, by their
own power, and irrespective of the direction of the wind, distances
frequently over l0O miles and occasionally over 1,00O miles. Our
Cabbage White Butterflies come over the North Sea from Central
Europe, and our Silver-Y Moth and many others come from the
Mediterranean area. Work consists at the moment chiefly of acting
as a ceutre for the collection and study oI records. A return flight
has been shown by our work to exist in many qrecies but the
problem of " orientation " has not yet been solved. A book on the
Migration of Insects is in prqnration Ior the " New Naturalist "
Series.

Related to migration is the problem of Pl*se Col*rilg in
CokQi&ars (D. B. Long).

About 30 years ago Uvarov discovered that grasshoppers and
locusts can exist in two " phases " or Iorrns which differ in colour,
relative dimensions, activity, behaviour and metabolic rate from
each other. The " Gregaria," dark-coloured phase is produced as a
result of crowding, and the pale " Solitaria " pbase by isolation of
the individuals in ttre early larval stages.

About six years ago phase differences were found in three South
African caterpillars by Faure.

We bave recently found definite evidence of phase differences
in the larvae of the Silver-Y Moth (Pl*sia gamma) an immigrant
noctuid moth which is at times a pest of field peas, beans and other
cro1x. Crowded larvae become dark-coloured and active, isolated
larvae become pale and inactive. There are also associated differ-
ences in rate of developrnent and colour and state of maturity of the
adult moths- It is curious that these phases have been found alnost
entirely in migratory insects.
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The work is continuing aud Long is trying to find similar pbase
differeuces in other caterpillars, includiog thme of non-migratory
sPecres.

Drifl of irsects (C. G. Johnson and L. R. Taylor). Dr. Joturson
has studied for some years the drift of small insects, especially
Aphididae, in air currents, and particularly their distribution in the
qpper air. Trap nets attached to the cables of barr-age balloons, at
Cardington, have resulted in the captue, on warm summer da)n, of
up to ten or twenty living Aphididae per hour in a net three feet
across. Thus the distances that thousands of these smaller insects
can travel must normally be measured in tens or hundreds of miles.

Owing to the unreliability of simple nets at lo\y wind speed,
suction traps have been developed in which air is sucked or blown
through a net by means of an electric Ian. Thus a fixed amount
of air is sampled each hour irrespective of wind velocity. These
traps are being specially used to find the population density in
the air at night when wind speeds are usually very low. Similar'
traps have also been used at ground level to study the activity of
Aphids. It seems that in many species there is i double peai< of
activity in the day, one in tbe morning and one in the early evening.
Special studies have been made on the Aphiditlae with the help of
Mr. Judenko and Mr. V. Eastop; on the lacewings (Chtysobidac\
with Mr. C. J. Banks; and the Heteroptera with Mr. L. R. South-
wood.

Suction tralx have also been made, loaned and maintained for
Dr. Broadbent's work on Aphididae, for Dr. Hull's work on sugar-
beet near Bury St. Edmunds; and for red spider work at East
Malling.

Consultation has been established $'ith the Blackburn and
General Aircraft Company for the problem of small inxcts sticking
to the surlace of high speed aircraft and causing surface drag.

Biological, control
The interrelation of host, parasite and predator relationships

was being studied by Mr. Banks, in the special case of Aphididai,
and their ladybird, hover-fly and lace-wing enemies.

Unfortunately Mr. Banks has been away ill for over a year, but
he returned in October and this work will be resuned and extended,

Popul,ation changes i,tt Gall Midges (H. F. Barnes)
For twenty-four years Dr. Barnes has measured the population

density of two gall midges yrhich attack the wheat on Broadbalk.
The results indicate a periodic abundance and scarcity. Years of
peak abuadance were 1931, 1936, l94l and 1946. The year lg5l is
forecast to be another year of abundance. Similar series of observa-
tion are very rare, but very necessary for the understanding of
population fl uctuations.

Dr. Barnes bas shown that the midges can remain underground
for as long as nine years and this long diapause may perhaps have
something to do with the periodic outbreaks.

Pofulatdo,tr sl*dies in Afhididae (C. G. Johrson)
The estimation of bean-apNs infestaticn by dilution and photo-

gaphic methods, and the pattern o{ aphis infestation of fields in
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relation to wind dtection have been unier investigation, together
with a general study oI population ecology.

Specrer- Pnonrrus
Soil iruerlebrales axl their relalion ta soil fertility (F. Raw, G. O.
Evans, J. E. Satchell and B. R. Lawrence).

(a) A grant fiom the Forestry Commission has enabled Evans
to study the relation of soil arthropods to soil fertility wittr special
reference to lorest soils and forest litter. With soils with such a
high percentap of vegetation the flotation method does not work
so well and Evans is now using Tullgren's modification of Berlese
funnels. In coniferous and deciduous stands at Ampthill and Woburn
he has found populations reaching 400 million insects (chiefly
Colknbolal and-7d0 million mites per acre. Identification of these
is a major problem. The soil mites-in fact mites in geDeral-have
been so litile studied in this countrv that Evans has had to do a
considerable amount of work on thii group. He is also making life
history studies of representative species. It is a long and difrcult
problem and only slow progress can be made.

(b) Irecls and d*rg. B. R. I-awrence is making a study of the
insect Iauna. of dung, and the rate of breakdowrr by different types
of coprophagous insects.

(i) Earthwotms. Considerable progress was made in the study of
earthworms and their relation to soil fertility by Dr. A. C- Evans a
few years ago. The different species were sorted out and methods
were found to identify most oI the immature forms. The species
were partly sorted according to their ecological requiremeDts, and
studies were made in the rate of turnover of soil by those q)ecies
which form norm-casts on the surface.

Since A. C. Er-ans left, the work bas been carried on by J. E.
S'atchell. His problem has been chiefly that of developing a new
technique for bringing earthworms to the surface. A. C, Evans used
the meihod of Eatering t'ith a dilute solution of Potassium lrrman-
ganate. The new method norv bein$ tested makes use of an electric
current. It brings up more worrns per square foot than the Potassium
permanganate method, and in particular is more eff.cient in bring-
ing up deep living species srtclt as Lumbricus terrestris. Worms
brought to the surface are uaharmed, whereas using potassium per-
manfanate the worms die rapidly after surfacing. A Sreat ad]lantag-e
is thit it is also aDplicable to areas---+uch as Park Grass-vhere it is
not desirable to rii: chemicals. It is hoped later to have a portable
generating set which cant be used for field sampling.- The gineral result of our work to the present is that certair
ryecies oI eartlworms are of considerable value in permanent
grasstana by turning over and aerating the soil, but that in arable
land tbeir value is negligible.

(d) Wireuotms. Di. Raw has collaborated rrith tbe Insecticide
department in the wireworm experiment in Hoosfield by sarnpling
the plots at intervals to test tlie effect of the treatments on the
wireworm population. The large soil washing machine desigaed at
Carnbridge and tested at Rothamsted bas been overhauled with the
help of fu-r. French, and now that this is in operatiou future soil
woik will be facititated. The sampling to date shovs that the wire-
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\yorm population on all plots has fallen considerably as a result of
cultivations and this fall has masked any treahent effects. It may
be, however, that the treatments, which had marked results as
measured by yields, acted as repellants, and a fall in population may
not follow or may only lollow after some tiue as a result of starva-
tion.

Though advances have been made in chemical control of wire-
worms, they remain a major problem- There is a great need for
more information about thei general ecology, in particutar the
factors affecting their distribution and dispersal and the build-up
of populations in leys. In this connection two lines of work a.re in
hand.

The changes in wireworm populations are being followed in the
ley-arable experiments on High(ield and Fosters, beginning on the
one hand with tie high population characteristic of permanent
grassla:td and on the other ha.nd with the low population character-
istic of old arable land. This is a long-tenn study and it is hoped to
be able to extend it to leys of longer duration and to other soil ty?es

Factors affecting the distribution and dispersal of wireworms
are being studied in Park Grass. A limiting factor in this work is
the small amount ol sampling permitted. The data collected so far
do not permit oI any conclusions being drawn beyond the tentative
suggestion that the percentage of weeds is important. In this work
use is being made of the vegetation ana\rses made by tbe Botany
Department; more data on the physical environment $ould be
useful.

The work on Park Grass is being extended to otler arthropod
groups. Sampling necessitates modification in techniques as the
present flotation method which is accurate for estimation of number
of arthropotls larger than 2 mm. is not accurate for smaller forms
such as mites and Collctttbob ;Be ee fwrnels are subject to empirical
errors especially when used for heavy cla5rs. The flotation technique
holds the greater prospect of final application, and modified
chemical and physical means of disFrsiDg the soil prior to flotation
are being investigated.

Gall, Midges of aoromic imlortunce (H. F. Barnes and B. M. Stokes)
Dr. Barnes has been for many years a rec(Bnized authority on

ttre group of Diptera known as the Cecidonid.at or Gall Midges, which
include a number of very serious pests of crop6. He is writing a
monograph oI the habits and control of these insects throughout
the world. Of this, five volumes out of a projected eight, have
already appeared. Enquiries come from all over the world and he
has a unique collection of nearly 7,000 microscope slides, which is
contiaually being increased.

Two special problems of gal midges are being particularly
investigated. First the fluctuations in population numbers already
referred to, and secondly tbe host plant range of several injurious
species, and particularly the Swede midge.

'It is of the utmost inportance for the agricultural entomologist
to know the range of food plants of any pest. Dr. Barnes has recently
shown tlat the Swede midge wiII bree<I on the wild yellow flowered-
\natercress and almost all the cultivated brassicas and raphanus-
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![he recent aoooiqtment of Miss Stokes has helped on with this work
and she has-siown tbat damate to Sisybriim, Woad', Lep*tfum
and Mustard, is probably produced by the Swede midge although pre-
viously attributed to other species of gall midges. The same midge
can also make a variety of galls on flowers, inflorescences, fruits
and leaves.

This work is being extended and similar work should be carried
out in the iropics where there are a number of gall midges wbich
eat scale insects, associated; Ior example, with die-back oI cocoa
and cloves. Their host range and distribution are very little known,
although they may be important factors in the coDtrol of scales.

Slngs (H- F. Barnes and B. M. Stokes)

For s,ome years Dr. Barnes had studied the slugs in his garden
at Harpenden, working out their life history and examin:ng methods
of conirol. Recently lwhen he moved to Bedford-he carried on
the work with particular reference to the Grey Field Slug which is
the most widespread and common pest among the slugs, and the
earthworm-eating slugs Testacellt.

1,00O Grey Field Slugs were introduced into a slug-free Earden
and ttrey have been uader regular observation for a year, and the
population rh^nges here are being compared with those in a garden
wb,ere tbe slugs a.re naturally established.

T"lrc Testacella slugs have a very tiny shell and this has made
possible marking experiments, Marked Testacella have been
iecovered up to 580 days after marking. Miss Stokes is breeding
the slugs in the laboraiory and has already succeeded in getting
eggs and young {rom two sPecies oI TestaceUa.

STAFF

The head of the Department, C. B. Williams, was invited by the
French Government to take part in a small International Colloquium
ou " Ecology," in Paris, in Febrary, 195O.
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BEE DEPARTMENT
By C. G. Butrn

Grlener
During 1950 the work of the deDartment has proceeded alone

the lines which have been outlined iri previous repo'rts. Members o"f
the department have continued to ierve on virious Committees
and have taken part in a number of Short Courses for beekeepers,
Two Extension Courses, arranged bv London Universitv and bv
Birm-ingham University, were conducied by Dr. C. G. But"ler.

Mr. M, Ha.ssanein, a temporary worker. returned to Ec!,Dt after
obtaining his Ph.D. degree ahd Miss G. R. Wvkes. after c6"moletins
her lhesis for this degrei, h,. obtained a grant from the Asrici tural
Research Courcil to enable her to continue her work on r&ta, fo. 

"further year before she returns to Australia.
. MiT M. Ryle and Miss E. Tyndale-Biscoe have joined the

scientific staff and are extending the work on the ril,ationshio
between nectar secretion and bee aitivity which was commenced by
Miss Wyke,s.

. . The new building at Rothamsted Lodge, consisting o{ four small
laboratories, workshop, honey-house and storage slied, was com-
pleted during th_e,year. Besides relieving the cong&tion in th€ depart-
ment considerably, it is providing greafly impioved facilities'both
for research work and foi the maira:gemeirt ofthe bees. The home
apirry and the old field laboratoiv and workshoo have been
vacated. As weU as providing better ficilities for our wtrk this move
has had the desirable result of bringing the apiary staff and the
research staff together at Rothamsted Lodge. -

BEHAvrouR oF THs HoxBvsre rN THE FrELD

_- 9. R. Ribbancls has now completed his reearch on the effective
tbght range of the honeybee. This work was done bv comoaring
the ga.ins or Iosses in weight of stocks of bees sited riiht or,'c.oo!
with those of groulx of stotks sited three-eishths and tfee<ua.t"io
of a mile away from the sa.me crops. The irincipal crons oir wNch
this work was done were apple, lime and heather, arid on these
crops expenments were carried out dudng lg49 and were reoeated
exactly during 1950. These, toRether wiih two additiond 6xoeri-
ments, produced data which showed that the effect of increaline
the distance between the stocks of bees and the crom on whicfr tfr"i
worked was considerable and consistentlv detriilrental to hon"i
production, but that the mag-nitude of thii effect variea consiiei
ably.

. .Colony net 
-ga.ins 

are the surplus left over after the requirements
of the colony for immediate sustenance bave been met.' As these
requirements are considerable and similar. inespective of di.t""""
from the crop, the effect of distance upon coloni net saius i; m;"h
greater than its effect upgn the quantity of forale bro"ught into theIuve. Similarly, the effect of distanci upon honey field to the
DeekeeFr ls even greater than its effect uDon colonv net gains-
begause- a large and similar quantity of hone-y must be teft to-each
colony for its use during the wiuter.
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Some of the effects of the distance between tbe stocks and the
crop that were observed could be a.ttributed to increases in the
length of time that it took the bees to fly between their hives and
tht! crops, but most of them were mainly due to unlavourable
yreather conditions for b€e activity in the field.

The results illustrate a disadvantage of the practice of placing
a large number of colonies of bees in a single apiary. The results
also suggest that when stocks of bees are placed in orchards Ior
lnllination purposes it may prove to be more satisfactory, under
some conditions, to scatter them to the maximum extent that is
convenient, rather than to place them in compact groups,

Ribbands has also demonstrated the fact that foraging honey-
bees are unable to communicate to other bees the colour or colours
associated with a source of food that they have discovered. Butler
has sirnilarly shown that bees cannot inform otlrer bees of p3ttems
associated with sources of food. These results are iD contradiction
to the conclusions reached by J. Francon (" The Mind of the
Bees," 1939, tm$lated by H. Eltringham : Methuen, London),
which were clearly based on unsatisfactory data.

Following on her exploratory field experiments carried out
during 1949, Miss Wykes designed a series of laboratory experiments
to determine whether honeybees exhibit any selective behaviour
when olfered equal volumes of solutions of the same concentration
in any one experiment, but containing different constituent sugars.
The results of these experiments show that the dilferent sugars that
were used are not all equally attractive to honeybees, as consistent
preferences were exhibited for solutions of certain single or mixed
sugars. These results are in complete agreement \Yith those obtained
in the field experiments of 1949.

It was Iound that the relative preference oI the b€es for certain
sugars varies with different concentrations of the solutions, The pre-
ference exhibited by the bees in all experiments Ior solutions contain-
ing equal proportions of sucrose, glucose, and fructose, is unexpec-tedly
high when considered in relation to the retrative preferences shown
by bees for other solutions of sugars. This result is probably of
biological sigrrificance since nectar, the natural source of carbo-
hydrate for the bee. usually consists of a mixture of sucrose, glucose,
and fructose.

An investigation was carried out on the behaviour of honeybees,
bumblebees and hover-flies when they were seeking food from
sunflowers (Butler, Carlisle, Simlxon and T1'ndale-Biscoe), but the
data obtained have not yet been fully analyzed.

BEE BREEDING AND STRAIN TRIALS
A further development in the technique of instrumental

insemiration of queen honeybees was made during 1950, and
Butler (120) has described a new t1'pe of syringe tip which enables
the syringe itself to be used as a probe. This new tJPe oI tip does
away vrith the necessity of usiag a seParate Probe and when used in
conjunction with a new tlpe of diaphragm syringe that has begn
designed by Mr. R. Jan'is, oI Rowlands Castle, Hants, obviates the
need for a syringe holder. This new type of s1,'ringe can be held in
the hand throughout the operation and is much easier to insert into
the queen than previous tlpes of syringe, thus reducing both the

o
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length of time required for this oPeration and also the likdihood of
damage being done to the queen. It is confidently anticipated that
the use of this syringe will result in a higher percentage of successfitl
results. being obtained. Preliminary resr.r.lts have been very
prom$rng,- One of the problems connected with instrumental insemination
is that in order to obtain results sfunilar to those produced by
natural mating it has been found to be necessary to inject into the
paired or'iducts o{ the queen six times as much semen as she receives
in a natural mating. Attempts have been made by Sinpson to
study the fate of the excess q)ermatozoa but tbe work has been
hampered by lack of sufficient queens. It is hoped to coutinue to
study this problem during f95f,

An attempt was made by Simpson during l95O to inseminate
queen honeybees with semen taken from their own drone offspring,
Since the drone honeybee is a haploid organism, deriving his genetic
characters only from his mother, this procedure would be equivalent
to self-fertilization in plants and therefore very useful when attempt-
ing to breed pure strains of bees and also in genetical studies. The
process is, however, somewhat tedious and involves stimulating
the virgin queen to produce eggs by means of the catbon dioxide
treatment (introduced by Mackensen (f940)), rearing the drones
that are produced from these eggs and linally inseminating the
queen with semen taken from them. This last stage in the process
has so far not been completed on account of the dificulty of intro-
ducing semen into the paired oyiduct because of the accumulation
of eggs in the latter in a lafng queen. It is possible, however, that
this difrculty mry be overcome by caging the queens for some
time before attempting to inseminate them, or in some other way
getting rid of any eggs that are occupyiDg the lower parts of the
oviducts.

During 1950 a number of queens were, as in previous seasons,
successfully inseminated instrumentally by Simpson, Carlisle and
Butler, and our breeding stock was maintained in a pure state in
this way.

Attempts were also made during the summer oI 1950 to obtain
pure matings of three different strains of bees in mating apiaries in
r*hich only &ones of the same strains as the queens being mated
were maintained. Work is now in progress (Carlisle and Butler) in
an attempt to distinguish those queens which have mated with the
desired drones by studying the biometrics oI their offspring and
comparing these with ttre biometrical measuremeots of offsprilg of
queens of these strains which have been instrumeutally im€minated
with semen taken from drones of the same strains.

NECTAR SECRETIoN
As mentioned earlier in this report experimental data have been

obtained which suggest that honeybees have decided preferences
for solutions of certain sugars in certain proportions. When these
results were considered in relation to the occurrence of sugars in
nectars and selection by bees of nectars in the field, it was found
tlat few anal)6es of the constituent sugars in differeut nectar had
been made, chiefly, no doubt, on account of the dificulty of obtain-
ing large enough samples, and no useful conclusions could be reached.
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Miss Wykes, therefore, decided to make a survey of the sugars
which occur in samples of nectar from the flowers of a large number
of species of plants, using the technique of paper partition chroma-
tography lor the analyses. Sucrose, glucose and fructose are the
only major constituents of the nectars investigated, but ma.ltose artd
tv/o sugars oI low RF values which appear to correspond to meli-
biose and rafrnose respectivelv, occur in small proportions in certain
nectars.

Preliminary work has also beea done in connection r ith the
quantitative determination of the individual nectar sugars
separated on the chromatqirams.

FEEDTNG oF HoNEvsrr CoroNrrs

J. Simpson has during 1949 and l95O been investiSating the
composition of the stores of " honey " resulting from the autumn
feeding oI sugar symp to colonies of bees. Analyses of the pro-
portions of water and of sucrose have been made on samples of
stores resulting from the feeding of stlong (66 per cent sucrose)
and weak (38 per cent sucrose) synrp. From the results so lar
available it appears that t}le water content of these samples are
about normal but that the sucrose contents are, as indicated by
other workers, much higtrer than in natural honeys.

C. G. Butler and Miss E. Carlisle continued the exp€riments
carried out in previous years on the effectiveness of tbe feeding of
various pollen sup'plements on the rate of build up oI colony strength
in the spring. It has been shown that the addition of a small quantity
of yeast to soya-bean flour makes the latter much more efrcient in
this respect tban soya-bean flour alone or soya-bean flour pollen
mixtures. It appears that the yeast enables the bees to make better
use of the soya-bean flour. It is hoped to continue this work during
1951.

C. R. Ribbancls published during the year a PaPer on the auhmn
feeding of honeybee colonies (l2l) which indicates ttrat it is more
economical to feed concentrated sugar s5mrp (66 per cent sutar)
than more dilute (38 per cent sugar) symp.

ADULT BEE DISEASES

M. Ilassanein, who has now returned to Egypt, continued his
work on the influence of Nosema and Amoeba disease upon the
behaviour oI infected queen and worker honeybees.

It is hoped that it will soon be possible to aPPoint sorneone to
work on bee paralSais and other adult bee diseases. .

BRooD DTSEASES

Mrs, Scbreiner has now completed two years work on European
Foul Brood. She has shown that Professor Burri's hypothesis that
Baci ,ts fl*tott is a pathogenic form of B. curltdiu is tnlenable.

During the course of this work she ha-s develoPed a tech.nique
for testing the patho6enicity of various organisms concerned with
European Foul Brood on the honeybee larvae and obtaining a
definite result within forty-eight hours. She has at the same time
attempted to culture Bacilltts lldo* in the laboratory, haviag pre-
vious$ shown that the media suggested by various workers lor this
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purpose are useless, and ha-s obtained some important data which
may result in the elaboration of a suitable medium for this purpose
in the near futre.

Although it is virtually certain that Bacilhts llvtott is lhe
organism that is responsible for the disease known as European Foul
Brood this cannot definitely be proven until the organism has been
cultured in the laboratory and innoculation tests have been made
with pure cultures. It is also necessary to discover the life history of
the causative organism before it will be possible to suggest rational
methods of combating this disease.

Mrs. Schreiner is shortly leaving Britain to return home to
South Africa. It is hoped that it \ritl soon be possible to find a
suitably qualified person to continue her work on this important
subject.
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INSECTICIDES AND FTINGICIDES
DEPARTMENT

By C. PorrER

The secondment of Mr. M. J. Way to Zanzibar to work on
sudden death of cloves and the ibsenc6 of Dr. A. H. Mclntosh in
the United States oI America, and of Dr. K. A. Lord at Cambridge,
has considerably up6et the general programme of work of the
department, although it is hoped that the department will ulti-
mately benelit when they return.

During the year Mrs. Gitlham resigrred from the department and
Miss C. M. Hutt was appointed in her place. Mr. J. Ward has been
appointed as chemist io work on deposits of insecticides oD Plant
suifaces. I\f,iss Helen Salkeld of the Ontario fficultural College
has arrived to work in the department for t\f,o years, and Mr. R. W.
Kerr, of the Commonwealtli Council of Scie;tific and Industrid
Research, Canberra, has arrived lor a stay of one year.

During the course of the year Itlr. T. D. Mukerjea was awarded
the Ph.D. degree of London University and has now returned to
India.

The work of the depariment during the year is set out below.

CHEMICAL

Physical cfumistry
(a\ Ttu elJeet ol ?oltidp size of s*sfettsiotts of codact i'nsecticidcs

ott lluir toxiciN as conl4cl b(isons-
Before his- vist to Codnecticut, Dr. Mclntosh had shown thzt

the contact todcity ol both rotenone and D.D'T. to adults of
Oryzacbhihts sviimetsis, the saw-toothed grain beetle, and of
D.D.T:to adult l/ibolh.m castane$rn, the flour beetle, was dePendent
on the size oI the crystals oI the poison in suspension. The lelatl-e
toxicitv of diflerent lizes of D.D.T. crvstal wa-s shown to be depend-
ent onihe temperature of after-treatment. To explain these effects,
Dr. Mclntosh 

- put forward a hypothesis based on the relative
solubilitv of different ooisons and of crvstals of different sizes in the
cuticulai lipoids. He'has continued tb work at Connecticut using
an iniectiori technique to determine the differences in toxicity that
oc.ui when the ins;ecticide do€s not have to penetrate the lipoid
Laver of the cuticle. Tbe milkweed b4 (Oreofclt*s lasci4r.s) was
used as test subject. When the insects were kept at fi"C. after
treatment, crystits of both rotenone and D.D.T. were- eq-uitoxic
with their co6idal material after two days, and afterwards the kills
from the two ty?es of suspension increased slowly and at the same
rate.

If the iruects were kept at l0'C. after treatment, couoidal
rotenone was about lOO times as toxic as the crystals at the end oI
two davs. but the ratio decreased witb time and at the end of three
weeks ihe total kill from the two types was about equal. When this
comDarison was made using D.D.T', which is more fat-soluble than
rotenone, similar results wire obtained ; but the difference at the
ond of two days was approximately fifteen times instead of a
hundred and tlie two tfres became equitoxic after about eight
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days. Wher the experiment was carried out using the fluorine
analogue of D.D.T. (D.F.D.T.), which is about live times more
soluble in olive oil than D.D.T., there was no difference in toxicity
at the end of two days or subsequently.

It appears that when suspensions of poisons of different crystal
size are applied extemally to the cuticle, differences both in sp.'t d of
action and ultimate toxicity may occur. When these same ioisons
are injected, differences in speed of action can occur but the ulti-
mate toxicity is the same. Dr. Mclntosh considers these experiments
provide further evidence of the importa.nce of fat solubilitv and
has prepared a paper in which the facts and their possible explana-
tion are discussed in detail.

(b\ Eff*t of surface aclh)e ageftls on acli+tt oJ contact boisots.
Very little work on this subject has been done in the current year
since it was discovered that with the technique in use, residual
effects might obscure direct contact effects. Before continuing
further therefore, an investigation of the technique was started and
has not yet been completed.

Biochemical
Since Dr. Lord h.as been working at Cambridge during the

current year, his study of the effect of insecticides on the oiygen
uptake of ins€cts has been left in abeyance, but it will be resuried
on his return.

The study of irsect esterase has been contirued and the inhibitine
action of the organo-phosphorus compounds on them has beeil
studied, both Dr. Potter and Miss Hutt have taken part in this
work. Various samples of T.E.P.P.-containing materiaG have been
examined and a correlation betweeu content of tetraetivl Dvro-
phosphate, as determined chemicdly, and esterase inhibiiioi "has
been established. This was also related, though less closelv. to ttre
insecticidal potency to adult Ttibol;grn coslttstm Hbst. of the
various materials. A limited survey of ttre occurreace of insect
tissues has been carried out and it ha-s been shown, ido alio, ttt t
egs o1. Diabraria oleracca ln an early stage of development (within
24 hours of oviposition) give this reaction and that it;s inhibired bv
tetraethyl pyrophospbatecontainiog materials. This work afford!
some evidence that esterases other than choline esterase, mav be
important when considering the mechanisms of insecticidal aition
of the organo-phosphorus compounds. Since -Ianuary, Dr, Lord
has been working in the Sir Williarn Dunn Institute of Biochemistrv
mainly oD the purification and properties of the esterase obtaind
from the larvae of Tenebtio t tolitor. At the same time he has been
studying techniques for the investigation of other enzyme svstems-
so that the scope of our investigations on the interaclion Setqeen
insecticides and insect enzymes may be widened.

Rdalionship behoeen chcftical. cinstitt tion ard ifisecticitful activity
tr[r. Eliott has continued his work on the smthesis of com-

pcunds reLated to the pyrethrins.
Previous work provides evidence that pyrethrolone, cinerolone

and the chrysaathemurn mono- and dicarboxylic acids have verv
limited insecticidal action on their own. Further, esterification df

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 104

r03

either keto-alcohol with other acids, or of chrysaDthemum monG'
carboxvlic acid with other alcohols not closely related to plretbro-
lone oicinerolone, leads to compounds which do not have the rapid
action and high toxicity o{ the pyrethrins themselYes' Thee facts,
amongst others, indicate that tbe high biological activity of these
comoounds is a function of the molecule as a whole; moreover,
sinc6 tetrahydropyrethrin I and dihydro-cinerin I, whilst retaining
some of the rapid paralytic action characteristic of these esters, are
relatively non-loxic, the double bond(s) in the side chain are very
important.'Two lines of work based on thee considerations bave been
ourcued.' (a) The svnthesis of ketones related to the naturally occurring
keto-alcohols-in which a 3-methyl-rydopent-2-en-l-one derivative
havifls an usaturated side chain in the 2-position contains a grouP
in th;4-position enabling it to be linked to (+ )-rl4ls-chrysanthe-
mum monocarboxylic acid or to a compound derived from it. luch
compounds would differ from s1'nthetic compounds produced
hith;rto in their physical and chemical properties, whilst retaining a
sirnilarity to them in the relative positions in space of the chrysan-
sumum acid residue and the unsaturated side chain.

rry-disubstituted-y-lactones can by cyclized to crcloPentenones
in low yield by dehydrating agents. It has been shown in this work
tbat p-carrle' jthoxy-YYdisubstituted ethylenic acids and the
correspondiDg Iactones can be prepared in yields above 90 Per cent
bv thi modified Stobbe condensation of methyl z-alkyl and z-
aikenvl ketones with diethyl succirate in the presence of potassium
tertiah, butoxide or of sodium hydride. The resulting half-esters
can be cvclized bv distillation from a slight excess of phosphorus
oentoxide to 4t-c;bethoxl and rlcarboxy+yclopent-2tn-l-ones,
irhi"h .r" characterized by their analysis, by their absorption in the
ultra-violet region (), max. 235OA), by their red 2: 4-dinitroPhenyl--
hvdrazones. ana Ui ttreir salts with ani-tine- A full description of
tfiis synthetic work and the reactions of these compounds will be
oublished.' Investigations are in progress into possible methods of condensing
these acidsl or compounds derived from them, with chrysanthemum
monocarboxylic a6id, thus producing compounds-,in -which- the
stereochemi-cal configuration would closely resemble that of the
naturallv occuring keto-esters, whir-hcould be examined for biological
activity. Howdver, the cr.ropentenone ring in-these compounds
undere-o€s fission on treaiment with ditute alkali or aqueous
ammo"ni" even in the cold, rendering the synthesis of such com-
oounds difrcult. Further study is being carried out on thes€ com-
ipurrds ald on methods of esterifying t}:le 4'<atboxy-c?clo
pentenones with dcohols closely related to chrysanthemum monc-
carboxvlic acid.

tbt 
-The 

investisation of the insecticidal activity of a range of
.rrit i,tic esters reEted to the ptrethrins, very kindly donated at
olur reouest bv Drs. LaForge aird Schechter of the United States
DeDar&rent ,it egriculture, Division of Entomology and Plant
Oui.rantine. and bi Dr. S. H. Harper of the Chernistry Department,
ftinp's Coliese. Londou, in whiah the side chaitr of the keto
alco[o[c com],onent and the oPtical and geometrical isomeric forms
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oI the chrysanthemum rnonocarboxylic acid are varied. The work
is being carried out by Mr. Elliott, Mr. Needham and Dr. Potter.

Preliminary results were described in the 1949 report, when the
natur€l prethrins were compared with the ( + )-alll keto.alcohol
esteritied with the naturally occurring (+)+ars and synthetic ( +)-
crs-rlans chrysirnthemum monocarborylic acids. This work has
now been completed and published. The evidence obtained indi-
cated that the ester with the ( +l-cis-ttarrs acid was generally
approxirnately one half as toxic as that witi the natural acid.

Fu.rther lests by contact spraying using the last stage irstar
lrarvae of Plublla maadipcttzrs, using the ester of the allyl keto.
alcohol with the natural acid and the ester wit}I the (-)Jzazs acid
have now shown that the latter has about l/410 the tdxicity of the
former.

Results of contact spraying tests on adult Phaedan cocUaarisc
and fully grown larvae of Pl,atzlln macrlifcwtis comparing esters
from mixtures of the geometrical and oftical isom6ric f6rms of
chr5rsanthemum monoiirboxylic acid fith keto-alcoholi with
allyl and methauyl side chains indicate tbat there are not great
differences in the insecticidal activity of ttre esters from the 

-(+)-
as-Iznas form of the acid, and that the compounds with a methirllj,l
side chain are only slightly less toxic than the corresponding esteis
with an allyl grouping. Of considerable importance G the fa:ct that
a compound with a but-3,-enyl side cMin in which the double
bond is shifted by one carbou atom further from the cycbpentenone
ring to the terminal lnsition, has apparentlv an ord-er of toxicitv
com_parable to that of the ester with in allyi side chain.

In order to take into account specific differences in effect
between- the various compounds, work is in progress to extend the
range of species used for the tests. Furtherfuori, to determhe iI
atrJ, effe9ts- are due to differences in cuticular penetration, aD
attg-mpJ F being- made to provide comparisons using an injection
method, in addition to the usual contaci techniques. - -

Broroclcer
Bioassqt

(al Ta'witt ertract lrom Qucbacln lzec. euebracho timber is
reported to be almost 

-immurie 
fiom insect aitack. The Forestal

Research 
- 
Laboratories, Harpenden, kindly supplied us with a

commericial extract used in the tanning industry which was tested
for insecticidal properties.

The extract proved to be almost ineffective both as a stomach
and as a contact poision to three species of lepidopterous larvae and
three species of adult coleoptera. The test soecied were: [Ealtruxit
oleracea, PfuUlla tmcrl,ipetnis, Pieris bissicac, phacdott coclt-
l,eariae, Oryzaephilus surinamensis, atd Tribolirm castona.rt.

When injected into the haemocoel oI final instar larvae of
Dialararic, olaaua a dcse of 0.2 mg. per individual of a 2 per ceat
aqueous solution of the extrac[ 90 pei cent
moltaliJf, but-in view of the stomach aid contact poisirn results
no further work was done on the material.

(b) Isolhiocyanaks. These substances were thought to have
some possibilities as insecticides and a quantity df a phenyl

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 106

105

isothiocyanate derivative was obtained froin Roche Products
Ltd., and tested.

Roche Products Ltd., has already found that the material was
an elfective anthelmintic.

The material was found to have some activity, but when tested
as a contact poison was considerably less toxic than D.D.T., ranging
from l/64 as toxib with O/yz4 elhilas s*riramettsr's L. adults as test
subjects, to l/8 as toxic wilh Pluedott achlzariae Fab., adults-

Following these tests it has been decided to examine the insecti-
cidal activity of a series oI related isothiocyanates which show
considerable va.riation in their activity with nematodes as test
subject, in an attempt to determine if similar changes occur with
ins€cts.

It is hoped that this ra/ork may give some information on the
relationship between chemical constitutiou and insecticidal activity.

Bioassay tachniqus
A considerable amount of work has been carried out in the Last

year on techniques lor the bioassay of insecticides.
(al Injectiott kahniques. Mr. PauI Needham has continued his

studies on injection apparatus and technique.
A reservoir and tap have been fitted to t}e delivery arm of the

micropipette iDjection apparatus described in last year's rePort,
this makes refilling a more convenient operation.

Early tests using an extract of natural p),rethrins a-rJd, Locusta
migrotoria L. and Perillatctt americantt L., as test subiects, while
giving probit regression lines that were not significantly heterc-
geneous, were not considered satisfactory since the setter of the
points was greater than was expected of this technique.

One reason for the .t ide scatter may have been the small number
of iasects that cou.ld be injected in onl experiment when using the
mechanical manipulator described in the 1949 report. This was due
to the time taken to anaesthetise and secure the irsect and position
it accuately. Under these conditious only five insects would be
injected at each concentration where a comparison oI two poisons
was required.

In later experirnents the manipulator was disperued with and
the test insects held by hand- By this means the number of insects
for any one test could be more than doubled and there was a marked
improvemeDt in the accuracy of comparison.

It is proposed to attempt to develop a better design of mechan-
ical manipulator and to resume tests on the effect oI precise
manipulation of the test subject.

Some tests have been made on the suitability for injection
experiments of the following insects-Adults : Perifila*ela americare
L (American coclcoach) ; Locust4 migroloria migraloriodes L-
(Afican migratory locttst). ; Tenebio molitor (Meal worml ;

Dysdacus fasciatus (Cotton stainer); I-aryae: Ltialtraxia okracca
L. (Tomato moth) ; Pr'ezrs brassicae L. (I-arge cabbage white
butterfly).

L. migralotia atd, P. americatta proved very suitable but require
extra facilities in order to be reared in sufrcient numbers to have
enough individuaLls of a given age at any one time to obtain a.

comparison of two or more treatments.
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D. losciatrs and D. olcraccq appear, from the results so far
obtained, to be most suitable test subjects. They have given the
best probit regression lines and have tbe added advantage that they
are easily reared in large numbers.

Some experiments have been carried oul on the effect of the
volume of liquid injected on the toxicity of the accompanying
po.son. Using Dialarax'it oleracea L.larvae as test subject, an ex-
tract of the pyrethr ins and allethrin as poisons, and a medium of
l0 per cent v/v acetone, 0.1 per cent {v sulphonated lorol in dis-
ti.lled water, it nas found that the toxicity of the poison was affected
by the amount of medium iajected and that this elfect varied with
the mortality level. Thus lor the p!'rethrins, at L.D.75 the poison
was t$ice as toxic when the sane dose u'a.s injected in 0.02 c.c.
of medium than in 0.01 c.c. while at L.D.25 the reverse held true.
At L.D.50 there vas no difference.

A similar result was obtained with allethrin but the ratios were
obtained at differetrt mortality levels. These experiments are to be
continued.

(bl Conlact techniq.es. Dr. Potter has continued to work on
apparatus and technique for the examination of the effect of contact
iosecticides. There has been a continued interest in the laboratory
apparatus for applyiug contact insecticides first described by
Potter (194I) and it has now been installed in a number of labor-
atories both here and abroad. Requests have also been received for
a description of the improved desig and a considerable amount of
time has been spent il the current year obtaining data on its
performance.

The latest design has been sbown to give a satisfactory distri-
bution and replication oI deposit with distilled \i/ater, a heavy
petroleum oil and a light petroleum oil, this indicating that it is
suitable {or use wit}r a wide variety of media. Electrostatic effects
are now t eiog studied.

Some further work on the relative importance oI the direct
contact elfect and the reidual ilm effect of poisons has been carried
out and this is bein6 continued.

(c\ St(rrruch poisott tzchnirye. Owing to Mr. Way's secondment
to T.anzibar no further experimental work has been done on this
subject, but a paper is in preparation for publication by l[r. Way
on the relationship betweea insect body vreight and resistance to
insecticides, which includes &!a on the effect of stomach poisons.

Tfu elfuct oJ stage of datelor errt ofl itsect rcsislance

Mr. Mukerjea completed his study of the variation of resistance
with the stage of development of the insect, using Diobraxia
olerccea (Tomato molh), Tcttcbrio molito (Meal worm) and Paz:
Planela sr at;cana (American coclroach) as test sublects and D.D.T.
and Pyrethrum as insecticides. He bas been awarded a Ph.D. oI
London University for this work which is uow in preparation lor
publication.

The large differences in resistance tbat have been show:r to occur
tiroughout an insect's life history, clearly demonstrate the need
botl for accurate timins in the application of an ins€cticide aod a
detailed biological background.
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Work on this subject is being continued by Miss Helen- Salkeld
rvho is studying the i'ariation ofiesista.nce of insect e88s with their
stage of development.

Factors alfectittg ttu toxicity ard perma*eace of insecticidal deposits
ott llanls

Work on this subject has been continued by Mr. Burt, and'
towards the end of thd year, by Mr. Ward. Experiments in 1949 on
the toxicity of D.D.T-. deposits on cabbage and turniP f+age
showed, rz,/e7 olia, that theie was a fall in iontact toxicity of the
deoosit over a period of two davs immediately after spraying and
thit this was aicompanied bt'ari increase in stomach poison effect,
ihus indicating thad the D.D.T. had not been removed from the
leaI. The fall i-n toxicity could not be accounted for by dilution due
to leaf srowth and it wis thought that it migbt be due to solution of
the D.d.T. in leaf surface wax--es. A study has therefore been made
of the behaviour of D.D.T. on films of Plant wax dePosited on a
glass surface.

Carnauba wax v/as first tried but no technique for preparation
of an even filn could be found and Sisal wax was then adopted,
although it $,as not entirely suitable owing to its high melting
poi.t.

Some exoeriments showed that the thickness of the wax fllm on
leaves variei with age. The maximum value found, 0'5p for old
cabbarqe leaves, was idopted as the standard.

A considerable amount of time was q)ent in develoPing a tech-
nioue for the DreDaration of films of irax of known thickness;
ultimatelv it urL iound that this could be achieved by dissolving
the wax i-n warm toluene and spraying it tbrough the Potter tower,
and this procedure was adopted'

Wax films prepared in this way on plain glass-plates were
spraved to give-a known weight per unit area of D.D.T. crystals of
n'eedle forni, average length-50p. Some of the plates were subse-
quentlv kept at 65"F, and others at ll0'F.

The ternp€rature of ll0"F. was included sincg prelininarY
exDeriments with thermocouples had shown that leaf temperatures
of'18'F. higher than the aii temperature could be 

-reached- 
in a

glasshouse. -The glasshouse temlrriture w:-s 92"F. and thus I l0"F'
i ient be atta.inei under field ionditions. Experiments outdoors
ali showed that in;olated leaf surfaces were above air temPeralure'
With an a.ir temperature of 75oF. the leaf temperature was 88oF.

It was found that the contact toxicity to adult Tribolium
casl4ncsm Hbst. of the D.D.T. deposits on wax was some\*hat
sreater than on the pla"in glass surface, but this effect was over-
ihadowed bv the relitiveli rapid loss of toxicity of the D.D'T'
both on the"wax and glassiurfice when kept at I l0'F At 65-"F.

there was oDIy a small ioss of toxicity from bbth wax and plain glass

surfaces oveia period of three weet<s; however, at l10"F.-lojs-of
toxicitv was aopirent after two davs and after 14 davs the L.D.5O'
deterrriined frbi,', " tang. of conientratiors, had approximately
doubled, indicating a considerable loss of insecticide.

Weighing expe-riments using a micro-balance showed that the
toss of t6xiciiywis due to loss oI D.D.T. from the surface and not to
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solution in the wax. Between 60-100 per cent of the D.D.T. was
lost in 2l days when the surface was kept at ff0"F.

This loss was confirmed by analysis-using the Schechter-Haller
technique.

These experiments indicate that a comparativelv rapid loss of
toxicity of residual deposits of D.D.T. on f6liage may oc'cur due to
volatility: at temperatures that can occur ai leaf-surfaces, par-
ticularly in warm climates.

None oI the experiments however, showed the initial fall in
contact toxicity found in the earlier experiments on cabbase leaves.
It was thought that this might be due io differences in the'constitu-
tion of sisal and cabbage leaf waxes and work is in progress to obtain
some cabbage leaf wax and experiment with this malerial.

Mechottism of selaliott of slrahx oJ ;nsecl resistanl to ir$ecticidas
Dr. Tattersfield carried out a series of experiments orr selected

strains of Drosofhila telanogasto (the fruit hy). The progeny of
survlvors from lnsects treated vith D.D,T. showed some eyidence
of increase in resistance over the untreated stock, but large varia-
tions in the resistance level of both treated and untreate-d stocks
occurred throughout the series of tests and complicated the experi-
ment. Examination of factors in the spravine and rearins technioue
that may be responsible for this v;riaiio; is in profress in'an
attempt to determine nhether the variation is inher6nt-or not, and
alternative methoG of selection are under consideration-

Insect reorirrg

Eighteen species of plant feeding insects and nine species of
stored products insects were reared during the current year.
., , Prcdenia lil*ra F. (the cotton worm), Thrarcha k*bticosa F.
(bloody nosed beetle), and Dlsdacts fa,scizlus (cotton stainer) all
plant feeding species have been added to the stocks during'the
current year. Dltsdercus fasciotus and P,oderia ldtnra have so far
presented few difficulties for Iarge scale rearing and the D. fesciotrs
is proving very useful for injection experimints. In view of the
necqsity for,increasing the 

-number 
6f species of plant feeding

beetles availrble as test subjects Miss P. Smith is working on thi
biology of Timarcht tzwbricosa and has so far found ihat the
diapause- of _the developed embryo in the eggs, can be broken by a
period oI refrigeration.

In view of their usefulness as test subiects further investisations
have been made on the eDvironmental factors affectine the Eioloev
oJ Phaedoy cochl.cariae (mustard beetle), by Miss P. S"mitn ana 6ir
I)ialaraxia olaacea (tomato moth) by Miss B. Hopfins.

-A -pubtication by Mr. Way, Miss Smith ana Miss Hopkins
embodyin-g the- w-ork on rearing techniques up to date has 

-been

accepted lor pubhcatlon.

Irrsecl .liapause
Owing to the ab6ence of Mr. Way only a little work has beeu

done on this subject, but prelirninary testi on Pieris bassicae lthe
Iarge cabbage wbite butterfly) indicate that it reacts in a similar
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manner to Dithraxia oleracea (lonato moth) since larvae rearedat 65'F- with-a l&hour tight 
"*porrr" "u"ry 

rZ f,ori.. pi"Jtriilfil
per cent non-drapause pupae while those reared with a 

-g-hour 
liehteq)osure gave l(XJ per cent diapause pupae.

Toxicity of fiart frotect*te cfumicals b bees
Dr. Potter has continued to retain a supervisory interet in thework on tbe toxicity of pLant protective 

"t "-i*t"' t" 
-U"* 

"i*i"O!y lll.,9tvry$.1.i at BanarirsteJi" ir4i;lc .##;i LHeon oy nnn ar the 5eate Hayne Agricultural Collece_
Suitable. testing equipment has been installed"in the laboratorv

anO tne actron ol the orpanGnhosphorus compounds, parathiori
T.E.P.P. and Pestox IIII havl, bei:n "*ir,"i-*U* ;;ilfi ;stomach-poisons, contact poisons and as residual fil-r. --* 

*
the M.L.D'S of these substances ap,plied as stomach poisons

were : Parathion. 0'0O004 me.ibee ; _f.b.p.p. O:Od--g:-6;;T.E:f P.) /bee; Pestox III, O.bi mg.7oee.

. 
The .concentrations required to i'6tain an M,L.D. as a contact

Polson rn aqueous medium were Parathon O-fi)Ii6 tu" ---;:;;,:
(deposit 0.00038 mg. Parathion/sq. cm.f : f.e.p.i- o.i;**j _l;{v (deposit 0..00o12 mg. T.E.p.p./sq. i-.1 ; pato* lii.'J'ilri
per cenr v/v (deposrt 0.OJ mg. pestox III sq. cm.).

Parathion and T.E.p.p. proved bigtrly toxic to liees when testedas resroual porsons soon alter aDplication, but the toxicity fe[ offrapidly.
A 0. l^per cent v/v dilution in aqueous medium of both parathion

and T.E.P.P applied to cabbage leaves gave IOO;;i --";;T;;r.wo nou-rs alter appltcation following a minute exposure to tbe drifilrn. After hours T.E.P.p. showed no toxicity ind ,ft". d f,"i*Parathion showed no toxicity. parathio. .*'r;41;1; ;;d;;hours.

. A 0-.5 per cent v/v solution of pestox III ap,plied to cabbaee
leaves showed no todc effects when testea z nour.'Jtiei;il;";..:

The work on factors affeciing the toxicitt ot- B:;i'il;;;il
cresol, on the effect of inert dus6 *"a ", ".iri*" 

"oi il;;il;
atrd on terhniques for the evaluation of repelletrt A;;i""I# #i;continued.

For a number oI reasons very tittle work was done on thenalual fluctuation in the resistince of inseit ;il;ii";. iil;effect of host plant on resistance ard the "*;J;i;i;;il;, ;;the toxicity of insecticides, but it is proposed t,; ;;rtt,;;;ffi'#il
as soon as possible.

FrELD WoRK

. The -experiment on the control of wireworms has been continuedin collaboration with the Enromot.gy ,rd 5irii"iiil;"#ffi;t
and the _experiments on the conrrol o, tnsect vectors of r|.,+.f^viruses have been continued in .oU"Uor"iio, 

- 
*ii.r' til tffi;Pathology department. An experiment has been ";A ;i ";';il;control of A phis labae Scop. (bean aphis) on fi.ta t"".i. "-' "" '"'

Control of utireuorms

. The experiment started in lg47 has been continued to determinethe long-term residual effects of the "."b;i;;;;"-r;.*d;;H;-
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showed on insDection during the gro$ing season, and were ob(ained

in the vield of rvheat, although the iifferences were small' lne-

ijuli;i#-"lal G*"i *"." of,tained in terms oI bushels/acre of
;h".fi;""; ii,;;i"ls treated in 1947 and cropped with wheat since'

Untreated 15'5; B.H.C. (combinedrilled at 2'9 lb' crude

e.rii."ill)ls.o; e.fr.c. lutoia.r.t at 7'9 1b. crude B'H C'/acle)
id:i.";i:H.-i. ;;; L;i's. it 'z; o.o.t. (7'2 lb. technical D'D'r'/
;ili i-8:0;;;hti"* aiu'ii"ia" (as's tu.7icre1 18'8; D'D' mixture
ll20 lb./acre) 16'9.t--Wiliiiu7 

"*""ptio" 
of the B.H.C seed dressing, 

. 
treated. plots

th;';ii;;; a Jight improvement over tlle control' though the
;iii;r;;';;;;;-.ig"iA.r"t in the case of ethvlene dibromide'

.. ,rjnt. that ha<i bdn sown with seed dressed witb B'H'C' gave

;';"fi ;ts"fi;ny iow". tt." tbat of the controls ltr the second

;*';;;H;-i; whiih B.H.C. was combiredritled with tbe-seed.in

idi irr"'i"ia"t ; ile ptot. given the highest dosage (3'92 lb'

"rude 
B.H.C./acre) was significantiy higher then tJre control plots'

S.rme firr[her exoeriments were also carried out on the nsK or

t"i";;;"*i*lh il; ;"io* s.H.c. tt""t*ents' The evidence obtained

i"-adiBa irr"i t"der the conditions of tle experim,ent there was

iiiG;.k of taint of crops grown in the third year.after treatment'
Dr. F. Raw of the Entomology DePartment camed-out a.flrrvey or
the wirewom DoDulation folJowing the harvestrng ol the plot-s' rne

fisues for tle Pireworm population of the plots showed good corre-

l;tion with the figures for the yield.'.."e'otai-in.ti 
experimetrt on the effectiveness of aldrir and

.f,foia.In"-f- ti,i .onirol of wireworms has been started'

Elfecf of hsecticides on the ?oluilatiott o/ Aphis fabae Scor' (bean

aphisl on Jield bears' 
.qOh;r- foboe Srop. is frequently a serious pest of field beans and

snme'exiriments were started to study the etlect or vanous

insecticicies applied to control this pest' An attemPt was made. to
determine boiti the immediate and subsequ€nt etlects ot apPircauon

Iiii."iiilri"i li-ril" population of Afhi; laboa, on its parasites and

#d;;;; ;;v'oiier insects p''isent: Yields were taken in the

ixoerimen tal Plots.*5#il;:H..i.T.P., 
oi"otin" and D.D.T. were used on replicated

h";;;^;;iG-t*" pLtt tes ft. bv 16 ft'-or aulumn s.own FT,s
anx two olots 85 ft. bf fO ft. of spring-sown beaEs lor eacn malerlar'

e ."i of rit"li-i"tw Gals were also made with a number ot matenas

;;;;A';il; (4, it. uv z tt.l of spring-sowa beans with no-replica-

il;:"il5#;tt [-ioi tt is .'".io ieti chlordane (technical) at 0' I

rrer cent Wv, allethrin (technical commercial sample) at.u'uo Per
'cent Wv. iwethrins at 0'05 Per cent qv total.Pyret-tnJ.ts' :o--
ii:;"'ii"c'ilil) "t o'os p"i."nt w/v,'aldrin (iechnical) at.0'I
i ."rit */". di;ldrin (technicd) at o'l per cent qv' .brs tDrs-

ff;"H;i-#, t;.) 
"-pr,*pio"* 

-'i''hutlti." 
-(commercial technical

."*"i.i "t O'I25 per cent Wv, D.D't' and Viakefield half-wlite oit

#6fiG; .""f ri" uu.r. i"a o'os per cent {v oil' The formu-

lation was varied.
a ainsle atolication was made of each material' The dates of

""fi;ii8; ;;'uJ t o* rotn-trtn fune, 1960' The table given

;5ffiffiilGT,; "ri""t 
oi ir'" tout" insecticides used in the main
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experiment on the aphid infestation on the sPring-sown Plots.
There was a mucb lighter overall infestation on the autumn-sow[
plots.

Elfat of ittscclicitks on ihz Pol"lalion o/ Aphis fabae Scop, (bean

afhis\ or lield bears.

Single application l2th-l5th June, 1950

No. oJ dphit coloni.s on Potathiott HE-72. Nicotin D.D.T. Controt
Sbri''e-sot rr. bcon blols

10-16 dais aft, r heahetrt 34 106 106 27Al 648
2 monthl after treatmeDt l9 163 213 1024() 1965

It appears that Parathion was the most effective material, and
insoectioir showed tiat althoueb apbid predators were also killed,
thJ aphid population aia noi uuiid uf subsequently. H.E.T'P.
and nicotiue ivere also reasonably effective and they bad a lower
toxicitv to the predators than Paiathion. D.D.T. only killed in the
order of 50 oer-cent of lhe aphids present, but was highly toxic to
the predatois and this is probably-the reason why the final aphjd
pop;btion was markedly'higher 

-than 
on the control -plots. The

infbtation was not heavy ani there were very small differences in
yield of seed from the trelted and the control plots, except that the
b-D.T. treated olots eive appreciablv lower vields.

OI the cheniicals "used iri the piaiminaty tests allettrin, the
pyrethrins, and dieldrin gave marked reduction of aphid ifestation,
ilie D.D.T. formulation again produced a higher population than
the control.

It is proposed to continue these exPeriments,

Cotrlrol ol aphids carying dras irt lotataes
The experiments started in 1949 in collaboration with Dr.

Broadbent 
-of 

the Plant Pathology dePartment, were contirued in
1950. The 1949 results indicated that D.D.T., Parathion and Pestox
III were preventing the spread of leaf roll but not virus Y. In f950
the same'insecticides weri used again in an attemPt to confirm this
result and diel&in and toxaphene were included to investigate
their oerformance. It appeareii ttrat good control of the aphids was
asain'obtaitred with D.D.T., Parathion and Pestox III. Deldrin
aid toxaphene being less effective. The inforsration on virus spread
will not be available until l95l'

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 113

rl2

FIELD EXPERIMENTS SECTION
The following members of the staff, .l ho constitute the Field

Plots Committee, ar: responsible for planning and carrlring out the
programme of field experiments : E. M. Crowther 

'(Chairman),

H. \'. Garner (Secretaryi, H. H. Mann, J. R. Moffatt, O. -;. Watso'n
and F. Yates.

-The number of plots handled by the Field Staff at Rothamsted
and Woburn were :

Cbssical
Rothamsted - -
Woburn

Grain Roots Hay Grazing Total

.. ll5 72 50 237

.. 12 t2
M o&n Lottg-T erm E * | erime nf s

Rothamsted .. .. 279
Woburn 149

Attnual Erperimeats
Rothamsted. - .. 277
Woburn

Grand total .. 832

767
434

563
40

2,O53

160 tu
3l t2

2&
2

40
850

3+

255 76
.iVole. Grain includes cereals, beans, peas, linseed. Roots includes

potatoes, sutar beet, mangolds, cabbage, kale, leeks. Hay
includes meadow and seeds hay, lucerne, cut grass.

The programme laid down for lg50 was successfullv carried
through with the exception of the classical barlev plots ai Woburn
which had to be ploughed up owing to an exteptionally severe
rntestation of spurrey (S pergula *tensis). There was a serious
attack of wheat br:.lb fly on the section of Broadbalk immediately
fotlowing the fallow of 1949. This thinned the plant badlv and 

-a

heavy i n f estation of corn buttercup (Ratuttc*lus' ant etsis) occurred
particularly on plots g, l0 and piots that carried a pooi plant of
wheat. The \lAeat after Fallow plots on Hoos field wire also
attacked by wheat bulb fly and were resown with spring wheat.

The characteristics of ihe season have been deitt fittr in the
farm report. From the experimental point of view Ig50 was a vear
of abundant growth of gra,ss and fodder crops, heaw potato crops.
and lodged cereals. Weeds grew fast and were difficuli to controi in
crop_s_ such as beans and kale that could not be sprayed.

The c,lassical and long-period experirnents on both farms were
continued $ith the eriception of the 2-Course Rotation testing
repeated dressings of agricuJtural salt which was terminated afte;
the barley crop of 1950. Several of these experiments have been
summarized in recent reports*. A few notes on the new ley arable
rotalion experiments at Rothamsted follow:

+ 4-Course Rotatiou- Residual effect of various straw Eanures. Summarv
of 14 seasons. Statiolr Report 1946. D. 81.

Scours€ RotatioD. Eifect of ra; straw and shaw composts. SuFmaryof 14 seasods. StatioD Report 1917. D. ?9.
. Mourse Rotations, Roiharnsted ;id Wobum. Effect of levels o{ nihogeD.

phosphate and !,otash. Summary of l9 seasons. Statiotr Report 1948, p.-m:
Iry Arable experiment, Wobum. Rotations with aia wittouf te"s

aDd legrmes. Sumrnary oI 8 seasons. StatioE Report lg{8. p. 94.
2-Course RotatioD. Cumulative effect of salt;n suear tirt and barlev-

Summary oI 8 seasons. Station Report 1940, p. lol.
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Lev An-Asr-B RoteTtox
The second preliminary year of this experiment was very

different from th; firct in.ig"td to the producL of the plots under
grass and forage croDs. There was a very marked contrast in
iummer rainJal. Ii f949 dudng the period April-September
inclusive, there was only 8'O inches, in 196O over the same period
17.9 inches. The result! for the two experimental fields were:

Production of dry matter, ctrt. per acre, 1949' I95O

HieMield Fosters
1940 1950 tMg 1950

ld !.at blochs :
Permanent Grass
Reseeded Grass and I*Y
Cut Grass .. ..

16.6 4I.8
23.3 35.6 14.7
7.8 64.6 3.4

18.6 51.3 12.7

49.4
5r.9
12.4
M.2

Lucerne

35'3
4.2
46.2

2td year blochs :
Permanent Grass. ,

Reseeded Grass and Ley ..
Cut Grass .. ..
Lucerne ..

36.5
47.4
83.0

The level of production was much higber in I95O than in l9{9'
cut grass in its fiist year, for examPle, gave about ten times-as m-uch

in tf,e wet sr toet ihtn in the drl' oni. Lucerne was on the whole
the bisgest producer of dry matter, and the second year lucerne was

much",iore irroductive th; the first. In Highfield after old turf none
of the grazine plots responded to extra nitrogen, but on Fosters on
a poor"arablJ foil theri was evidence of nitrogen responses in first
v&r erazing. In the wet season cut grass was very res'ponsive to
Leaw nitrogenous treatment in both fields. One-year leys 

-were
poorin botlilietds and showed a response to extra nitrogen only on
Fosters.

Test{rop wheat yielded 30 cwt. Per acre in Highfield, and gave

no resoonsd when the too dressins was increased from 2 to 4 cwt.
" Nitrichalk " per acre. 

'The yield was only 16 ctt. in Fosters, for
there the plant'wintered very-badly. There was, however, a small
nitrogen risponse on this field. Potatoes, the second-year test{roP,
was &ceUe.,t on both fields. The vield was 14 tons per acre for the
b.a-sal dressine with no appreciable .esponse on either field to dung
or extra nitr6gen. A fui{her year's eiperience with sheep grazing
on the grass ilots showed thai there a.re sti]l improvements.to be

rnade in"technique before the herbage is fullv utilized 
-by 

the animals'
The wheeled h^urdles used for th; first time in 1950 were quite
satisfuctory.

THE ANNUAL EXPERIXENTS
Several of the annual exPeriments were carried out on behall of

various departments who wiil themselves rePort results. They were:

Eyespot experiment on wheat-Little Knott and Little Hoos :

Dr. M. D. Glynne.
Wireworm exDeriment on wheat-Little Hoos : Dr. C. Potter.
Fertilizer Ptaiement exp€riments : wiuter and sprilg Eans ..

West Barnfield ; lucer-ne-I-ong Hoos ; kale-Stackyard : old
grass-Highfield : Dr. G' W. Cooke.

B
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The remaining annual experiments were concerned with general
Iertilizer problems and were mostly the continuation of schemes
begun in previous years.

Resiil*ds ir ukat of fu.ng af ied to lotalaes
The main potato experiment testing various dung applications

is usually followed up in a cereal crop to measure dung residues.
The wheat of 1950, which received a top dressing of 2 cwt. sulphate
of ammonia per acre promised well early in the season, but lodged
in the wet summer; it yielded 27 cwt. grain per acre. Tbe extent of
the lodging followed the quantity of dung applied to potatoes the
year t etore, the plots having f5 tons per acre were 6adly lodged
and those receiving only 5 tons were standing. The differences in
yield of grain due to residual dung were negligible, but there was
more straw with the highest level of dung.

Dttng Qflications ta potataes

This was a repetition oI the 1949 experimeDt testing levels of
dung and mettrods of applying it to potatoes and also the effect of
the tbree standard nutrients, There was a heavy crop averagilg
nea-rly 14 tous per acre, with a big response to dung, The light
dressing of only 5 tons per acre tave an ircrease of 2! tors of
potatoes, the second 5 tons gave a further increase of l| tons, but
the heaviest application of l5 tons of dung gave no firrther improve-
ment in 1950- The response to sulphate of ammonia was larfe and
practically independent of the amount of dung applied. The potash
respons€ was over 4 tons in tie absence of dung, 2 tons with light
durging, but negtigible witb the higher rates of application of dung.
In 1950 the response to superphosphate increased with the amount
of dung ap,plied, thus in the absence of dung superphosphate gave a
depresion on yield, but in the presence of l51ons of dung super-
phosphate gave a considerable increase in yield. Of tfrese inter-
actions with dung those involving nitrogen and potash have fre-
quently been recorded before and are regarded as the normal
behaviour. The positive dung-phosphate interaction, although
statistically significant in this particular experiment, should be
accepted with reserve, for usually dung slightly reduces the
phosphate effect.

Metlods oJ ltarrting ?otolacs
An experiment which was begun ir 1949 at Rothamsted to test

methods of applying fertilizer when potatoes were planted by
dropper, was rqreated in 1950 at Rothamsted and Woburn. The
following methods were compared with the ordinary method of
hand planting in ridges:

(l) Broadcast fertilizer on the flat, ridge up, and plant in ridges
with dropper.

(2) Broadca-st lertilizer on the flat and plant on the flat with
dropp"r.

(3) Ridge, apply fertilizer in ridges, split back ridges and plant
in ridge,s with clropper.
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A potato fertilizer was used at 8 and 16 cwt. per acre.
The first season, 1949, was exce€dingly dry and the average

yield was only 5.3 tons per acre. Even the single dressing of fertilizer
had a barely significant elfect and there was no further gain from
the double dressing. The standard method of planting gave
signilicantly less yield than the others, but this could not be attri-
buted entirely to the effect of fertilizer location since it happened
even in the absence of fertilizer.

In l95O the Rothamsted experiment which received a basal
dressing of 12 tons of dung per acre yielded no less than l5'l tons
without fertilizer. There was no improvement from a light dressing
of fertilizer applied in the standard method, and the double dose of
fertilizer was harmhrl no matter what system of planting and
application was adopted. At both levels of fertilizer t}te standard
method was inferior to all the dropper plantings. In both years at
Rothamsted the dropper put in about 6 per cent more seed tubers
than were planted by hand. This did not entirely account for the
superiority of machine planting, but this point will be remedied in
future expriments.

At Wobum where no dung was given fertilizer respoDses were
extraordinary. The yield without fertilizer was 7.8 tons per acre.
The first 8 cwt. of fertilizer raised the yield by 6' I tons per acre and
the additional 8 cwt. gave a further significant increa-se of I .8 tons.
At the lourer level of fertilization the stantlard method gave much
the same result as the others, but at the 16 cwt. level the standard
metlrod gave the smallest feld.

These experiments open up an irnportant question and sut8est
that under certain conditions potato€s planted by dropper can make
good use of broadcast fertilizer, and tlat the normal method of
planting and manuring potatoes is not necessarily the most efrcient
under all circumstances. Further trials on these points are in
Pro8ress.

Late ,ribogcrous to! dressings for cercals

A start was made in 1950 to investigate tie effect of very late
nitrogenous top &essings on corn crolx, applied when tbe plants
were beginning to come into ear. It wa-s claimed that in certain
circumstances these dressings might increase both yield and
nitrogen content of the grain. Three small preliminary trials were
put down to test these points. The crops chosen had already
received top dressings of sulphate of ammonia in spring: wheat,
Squareheads Master, had lt cwt. per acre; barley, Plumage
Archer, l| cwt. per acre; oats, Sun II,2 cwt. Irer acre. The late
top dressings of " Nitrochalk " were applied on June 27th and 28th.
In the wet summer all the rheat was lodged and there was no
obvious difference in the degree of lodging due to the late dressing-
AII the oats were lodged, and plots receiving extra nitrogen late in
the season were flatter than the rest. All the barley plots ti/ere
standing but tho6€ receiving the heavier drcssings of " Nitrochalk,"
in June, were leaning but not lodged.

The yields are given below together with nitrogen determinations
made by R. G. Warren :
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" Nitrochalk " Wheat Barley Oats
cwt. per acre Grain Straw Grain Straw Grain Sbaw

Yield, cwt. per acre
o 24.5 {9.0 22.7 28.2 31.4 53.9
1.5 25.9 51.3 22.1 29.6 30.0 *.1
3 25.5 50'6 23.r 29.5 28.8 53'0
s.E. + 1.30 4.t2 0.76 r.08 1.08 l'03

Mean dr5r matter per cent
86-2 86.4 84.6 79.7 85.8 8r.3

Nitrogen per cent of dry matter
2.38 0.54 1.65 0.84 2.37 0.49
2.44 0.68 l.8r 0.96 2.fi O.72
2.* 0.70 2.03 l-ll 2. 0.87

Increase in crude proteiD, cwt. per acre
0'30 0.17 0.3r 0.r9 0.06 0.66
0.4 0.1a 0.61 0.39 0.ll l-01

0
1.5
3

t.5
3

1.5 n
314

In spite of a very favourable season for the action of late
nitrogen there were no aplxciable e{tects of late nitrogen on the
yields of grain and straw.

There were, however, large effects on the nitrogen percent€e
or crude protein content for each crop. The crolx responded in
different ways. Wheat and barley both took up about onethird of
the nitrogen added late whilst oats took up about one hall For
each of the crops the heavy &essing of late nitrogen gave about
one cwt. additional crude protein per acre. The additional nitrogen
in the wheat and barley was distributed between the grain and the
straw, the increase in the nitrogen percentage of the barley grain
being relatively large since the barley without late nitrogen had a
low percentaBe of nitrogen. In the oats nearly all the extra nitrogen
was contained in the straw.

Where leeding barley or oat straw are fed on the farm, the use
of very late top &essings of soluble nitrogen fertilizer rnay provide
a useful method for obtainitrg additional crude proteins very
cheaply. If further work confirms these resr.rlts it will be necessary
to devise machinery to apply these late dressings to corn crops with
the minimum of damage.

True ot Purrtxc PoTAToES
In 1945 the Plaut Pathology department began a field study of

the influence of certain cultivation and manurial treatments on the
spread of virus disease in potatoes, and ttre series of experiments
devised for this puqrose lasted for six seasons occupying a fresh site
every year. The experiments have now termiaated and the virus
aspects will be reported by the Plant Pathology department. The
agricultural treatments chosen, however, have considerable practical
interest and are summarized here.

Percentage uptake of added nitrogen
t2 22 l3 445
18 21 13 436
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The standard form of the experiment consisted of four dates of

planting spaced at intervals of about three weeks, each of these
iesting dung, nitrogeD, phosphate, and potash in all combiaatiors.
There were consequently 64 treatments which were couJounded
into blocks of 16 ' thoit rqrlication. This plan was followed in
four years. In 1945 and 194? certain of the factors were omitted so
the iaain agricultural results of these two experiments will be
recorded seDaratelv.

The so,ning datis, which varied somewhat year by year accord-
ing to the seas-on may be classified as follows :-Eerly : end of March
to-early April ; Noniral : third or last week April; Late : second or
third ri,eeli May; Very late: late May to early June. The actual
dates in the four groupings do not overlap. The rates of fgrt+zer
application per acre wire: dung l5 tons at each date of Plantilg,
sil]:hate of ammonia 0.6 cwt. N, superphosphate 0'6 cwt. PrOo,
muriate of potash 1.0 cwt. KrO. Fertilizers were always put in the
ridges shorily before planting, but dung was applied in t],ns lvay
only in lg+Oind 1948, in thelast two years the dung 1a-s ploughed
in on all its appropriate plots before the first PlantinS. The {oUowing
table gives ttie planting dates and mean yields lor each y'ear, and
the mian of theie valu* over the four seasons. The main effects of
dung and each of the fertilizrrs are recorded for each Planthg date,
also- the first order interactions of dung and fertilizers. Actual
yiekls are given for the lour combinations of dung and potash.

Time ol pl.anting fotatoes, Rolhantsted 194G1950

Doks ol Pldnliry M.a,'
1046 .. .. April I0 April 30 May 20 Jutre ? -lS48 .. .. April l0 April 24 M^y a Mzy 22
t949 .. .. Mar. 29 April 20 May l0 May 30
1950 . . . . Mar. 3l April2l May ll May 3l -

1946
1948
1949
1950

April 4 April 24 May 12 May 30

Maar yi.Us : ,ols ?cr acr.
+

11.56 10.6,1 10'36 0.43 0.27 10'40
12.15 e.22 5.12 6.91 0.50 s'12
5.38 5.O2 6.0? 4.48 0.14 4'09

12.11 ll.oo 10.55 9.r8 0.36 l0'?2

Mean

Mcai cff.ars :
Dutr8
Nitrogen ..
Phospbate .- ..
Potash

Ir,kro.rions :
Nitrogen x Dutrg. .

Phosphate x Duot
Potash x DuaS ..

10.31 8.97

3.35 2. tl
1.50 0.70
o.80 0.78
2.25 0.8:l

o.oo 0.10
-o'38 0-27

-o.70 - !.28

8.t6 7-il

2.q 1.02
t.t7 0.95
0.44 0.12
1.08 0.49

-0.0a -0.o9
-0.16 -0.64
- 1.68 -O.&1

8. SO

'2.62

t.u
0'61
l.l7

0.00
-o.24
-1.02

Mcaa ickk uith :
No Du-nx, No Potash 7'I
Dutrg, No Potash .. lt.2
No Dung. Potash .. l0.l
DuDg, Potash .. l2'8

6.5 0'3
10.6 t0.3
8.6 0'0

r0.2 0.8

6.0
8.5
7.0
8.4

6'5
l0 l
8.7

l0'3
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Yields were good except in tie very dry deason of 1949. The
yields, especially in well manured crops, fall oIf with delayed
planri'!8. Averaging over all manuring, lntatoes planted near the
beginning of April leldel over one ton pr acre more th,n tho6e
planted towards the end of April or in the first half of May, but there
was a large drop in the yield of potatoes planted at the end of May.
The benefits from dung, nitrogen and potash were much greatir
for the earliest planting tban for all later ones. The average gain
from superphosphate was much smaller than from l-he- other
fertilizers and also varied considerably from year to year.

As in many other experiments the use of dung had no effect on
the gain fiom nitrogen fertilizer, but the returns ior phosphate and
potash were much reduced on plots which had receiv:ed du-ng. The
interaction of pota-sh with dung varied with the date ol
platrting. This is illustrated by the mean yields at the foot of
the table.

The 6ain from dung used without potash was about 4.0 tons
per acre at each of the lirst three planting dates, but it feU to 2.6
tons _at the fourth planting date. Dung and potash fertilizer
together gave a marked improvement over dung alone at the
first planting date but there was no gain from rising potash as
well as dung on any other planting date. The earliest planting
allowed the crop to respond well to heaqr manuring but potatoes
planted later could make no use of additional pnteq<ium beyond
that supplied in dung. On land receiving botl-r-dung and pt;tash
the earliest planting gave 4.4 tons of potatoes per ade mo6 than
the Iatest planting.

The 1945 experiment which fell out of line with the main series
brought out an interesting point. Chitted and unchitted seed was
planted at each of the four dates, Tbe figures were:

Ordinary seed

Chitted seed

Potttoes, tots per atre

March 30 April20 May ll June I Mean

10'02 10.85 8.96 6.63 9.12

t0.27 lo.m to.ll 7.99 9.82

Effect of chitting 0.25 0.05 l.l5 l.A6 O.ZO

There was the usual reduction in yield with delayed sowing, but
the -gain from using chitted seed was much greater on th;later
sowings than on the earlier ones. Chitting therefore slightly reduced
the adverse effect of late planting. In this experiment i.he effect
of dung and of nitrogen fi-I off iapidlv with fate pLantirs. these
effects being similar - to those surima:rized above'for tbi main
series, but in a more pronounced degree.

In 1947, owiag to the very late sorins. onlv two plarrtines were
possible, one on 5th May and ihe nexi onl+th ilav. itere rias onlv
a small crop due to the-very d5r summer and all iffects ,r"r" 

"-"1i,but the results were in the genriral direction shown brl the complete
set ot expenments.
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Inrucerrox oF SUcAR BEET

The irrigation experiment of 1950 was carried out on the farm of
Messrs. W. O. & P. O. Jolly, at Kesgrave, near Ipwich. It was a
cootinuation of the experiment oI the previous year oa a somefhat
larger scale, testing forrr levels of watering in combination with
four levels o{ nitrqgenous manuring :

Or ,nadr plats :
O : No irrigation

1950
1949

On $b-phts :
0 : Ba-sd manuring only (P,

A: Irrigation on farmer's system K, Salt)
B : Severely restricted irriga- I : Basal + 0'4 cwt. N

tion 2 : Basd + 0'8 cwt. N
C : Restricted irrigation 3 : Basal + l'2 cwt. N

The season will long be remembered for its showery summer
which provided three inches more rain in the Iour summer montbs
than the previous year. The figures recorded on the Plots were:

Inches per month
May June J"ly August Total

.. 1.35 r.47 2.37 2.32 7.51

.. 1.99 o.42 O''t2 l'54 4'67

The soil rvas a sandy gravel, the basal dressing 6 crrt. granular
mixture providing 13.8 per cent Pp6, f3.8 per cent K2O, and
4 cwt. agiicultural salt per acre. Nitrogen treatments were applied
as " Nitrochalk " before drilling. The seed was drilled on March
28th.

Watering began in mid-June and continued on certain plots
until mid-September. The details were:

June ..
Julv .-
Julv .

August
September ..

Irrigation, inches

2A 28 4C

13-16 r+ 2

t-22-
12*r
t5+
l3-r4 z

Total

Since watering and nitrogen acted alrost independently in
l95O the results are adequately brought out in the table below
which gives the effect o{ water and o{ nitrogen separately for all
attributes oI the crop.

Mear yidds utith ineretsing leoels of itxigatior ad vith itoeating
qttttttiti e s ol dtr og e*

Roots and tops tons per acre, sugar cwt. Per acre, plant number
thousands peiacre, sugar per cent, noxious N mg per cent.
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Nikochalk,

2*
16.60
6.41

18.41
6l.l
2!1.1

Roots, totrs
Tops, t4Ds
Sugar, %
Sugar, c1rt.
Plant No.
Noxious N., Eg.%

02A
14.64 17.7r
6.42 A.92

18.0? 18.20
52.8 64.1
32.6 32.6
32.8 30.0

0
15.?6
6.11

18.72
69.0
32.6
20.2

,B 1{:
l6-m 17.58
6.88 7.t3

18.14 18;07
6S. t 63.6
32.1 33.1
31.6 23.8

" cwt. per acre

6 7'
16.73 17. 13
7.35 7.81

18.04 17.31
60.4 69.3
33.0 32.3
32.1 40.1

Roots, tons
Tops, tons
Sugar, %
Sugar, cl*t.
PlaEt No.
Noxious N

Irrigatiotr, i{ches
S.E.
+

0.30
0.20
0. 11
l, t3
0.14
s.94

S.E.

0.2r
0.15
0. 12
o.88
0.37
1.84

There was an excellent crop with an aver€e yield of 3 tons of
sugaf, per acre. Every irrigation treatment produced a significant
improvement over the d5r plots. A single watering of 2 inches in
early July (treatment A) gave an increase of no less thar lI.6 cw .

of sugar per acre. Two inches applied, l{ inches in mid-June and
the remaining { inch in mid-July (treatment B). gave 6.3 cwr.
sugar. While 4 inches oI water, of which 2 inches were applied in
mid-June and the remainder distributed from mid-July onwards
(treatment C), gave 10.7 cwt. of sugar. The first method was
significantly better than the second (+5.3r1.8 cwt. sugar).
Whereas the effect of water has frequently been proved in these
experimeots tbis is the first occasion in this series where a sub-
stantial diflerencc has been revealed betvr'een the irrigation treat-
ments themselves. Since treatments A and C produced practically
the same yields, and treatment B was intermediate, 1t appears
probably that in this showery season where there was well distri-
buted rainfall during July, August and September the outcome of
irrigation treatments rvas largely decided by the arnount of water
applied on or b€fore the {irst days of July.

The net effects of nitrogen on sugar production were small in
I950, the gains in root weights being large)y offset by the reduction
in sugar percentage. The tops and noxious nitrogen showed the
usual increases.
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THE FARMS
By J. R. MoFrATr

The year under review brought no major change either in
policy or direction of work, but will long be remembered because the
execution of the work was made very difrcult by the very wet
summer and the atrocious weather during the corn harvest, which
ruined what had promised to be a burnper one. The gradual relax-
ation of restrictions and controls. and the more plentifirl suoolies
of farm necessities considerably eased the work of iranagemeni]but
the labour position gave cause for anxiety at certain times.

FIELD EXPERIENTs

The number of experimental field plots in lg50 again showed
an increase over tbe previous year, but despite the very unfavourable
weather conditions during the summer and autumn, the ful! pro-
grannme was carried tbrough. The staff was just able to keep
abreast of the ever-increasin-g number aod complixity of plots with
the aid of increased mechanisation and by working lond hours of
overtime.

The scarcity of seasonal workers will in the very near future
limit the amount of exlrrimental work which can be undertaken,
as they are needed for the singling of the root crops, potato picking,
and to help with the rush of work at harvest time.

Details of the field experiments are given in the report o{ the
F'ield Plots Commitfee

CRoPPTNG

The area {armed remained at 476 acres, with about 65 acres of
woodland in addition. The main crops grown were wheat 104 acres,
barley 36 acres, oats l0 acres, potato€s 35 acres, other root crops 20
acres, with smaller acreages of rye, linseed, beans, lucerne and
vqletables, and bare fallow. The acreage under the various crolx
was very sirnilar to previous years except that ti.e area under wheat
was increased at thc expense of the barley. About 106 :icres were
under leys and 96 acres remained under permanent grass. This
latter figure is gradually being reduced each year a-s it is ploughed up
for exprimental field plots.

WEATER exo Cnors
The increased wheat acreage was sowr by mid-November, Ig49

under fairly good conditions. Two new French wheats, Nord Desprez
and Petit Qui" Quin, were tried and proved very successfid in the
very wet season.

The weather durins December lS49 and earlv Ianuarv l95O was
much warmer and dri"er than usual and land wbik was'carried on
without interruption- Ploughing, including a second ploughing of
many of the fields, was completed by the middle of the month.
Advantage was taken of a fros\r spell later in January to apply
and_plough in farmyard manure f6r potatoes. -

During February the rainfall wad very heary and land work was
impossible. The land dried out in early March and good spring
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seedbeds were obtained. Conditions remained good during April
and May, and all crolx were sown in Sood time in good tilt}ts'

Haymaking started in early June in excellent weather, but the
crops were rather light and cutting was delayed for a short while to
enible more grow0i to take place. The crop from the earlytut
fields was made in good condition, but with the deterioration in
weather conditions the later cut cr ops lvere only made witlt difficulty,
and the quality was poorer. A pick-up baler wai used in l95O for
the first iime. This reduced considerably the labour required to
handle the crop, and freed labour for root singling. The whole hay
crop was carted to the farmstead and stored under Dutch barns.

The wet weather in the latter hall of June enabled all crops to
make excellent gro*th, and at the end of the month harvest pros-
pects were good.- July, however, had a rainfall of more than twice the
lverage anii ttrere wbre several very heavy storms. This, althguglt
encouiaging the growth of root crops, also encouraged weeds, wbich
became dificult to control, even in the root croPs, under the con-
tinuous wet conditions. The com crolx suffered batlly, many of
them being severely laid and battered, from which they never re-
covered- The Nord Desprez and Petit Quin Quin remained standing
and lelded exceptionally well.

Gnditiors lor the coh harvest in August and September could
hardly have been worse. Both months had rainfalls well above
the average, spread over most days of the months. The laid crops
and the bad \veather made harvesting an extremely long and
tedious operation which was not finished until early in October.
The expehmental corn crops were harvested early 

-and in fairly
good condition, but the prtferential treatment afforded to these
irops delayed the harvesting of the non-exPerimental croPs. Further
delay was caused by the fact that, having no means of drying corn,
the ;mall combine 

-harveter 
could only-be used to a very timited

extent. Only about 30 actes were combined, but it is hoped by
next harvest to have a sack drier. However losses were not as
heavy as was at one time feared, despite the fact that one field had
to bi cut by mowers and carted tooie. Losses from sprouted and
shed grain were reduced by carting the corn as soon as it was fit,
even though other corn sti.[.[ awaited cutting. By this system, during
long spells of bad weather the crops were either under cover or still
standing in the field. All the barley sold fetched the maximum price
and the oats and much of the wheat was sold for seed. A small lot of
wheat was found to be unfit for milling and will be used for stock feed.

The harvesting of the potato crop followed immediately aftcr
the corn harest. The crop had made excellent growth duriug the
wet season, although the plant was rather gappy as a result of the
Scotch seed tubers being affected by Dry Rot. Weather conditions
improved for lifting and as the Sround dried out the speed of lifting
increased but the work remained slow becau .e of the heavy yield.
The exoerimeutal olots were lifted bv schoolchildren, and after con-
sidera6ie dificultt'Iabour for the noi-exDerimental areas was found
at Bed{ord, and vras transported each diy to and from work. The
lifting was completed just as the weather broke. On all areas yields
were high, and the tubers were of good size and sbape, with_very
little disease. The crop was stored under Dutch barns to a dePth
of 14 ft. to provide welday work for the stalI during winter.
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November again was a very wet month, with a rainlall oI over
t\yice the normat, spread over 24 days. The lifting of the mangold
and sugar beet croips was serious\r delayed, but fortunately the
weathei remained reasonably mild, and the mangolds suflered no
harm. The yield of this crop, however, was disappointiitS. Con-
ditions improved slightly in- December, although a spell oI hard
frost prevented sugar beit lifting for about a week. However, this
crop was all lifted Ly the end of the year. Yields and sugar content
were satisfactory.

PEsrs AND DISEASES

The pest causing most dam€e in l95O was undoubtedly Wheat
Bulb Flv, a not unexpected occlurence in view of the hot, d.ry
.r--e.b{ 1949. The wheat on the settion of Broadbalk field after
fallow in 1949, and on the classical lfalf Acre strip after lallow v'as
seriously damaged. On the forrner area weeds grew free[ wi-!h
little cohpetition from the wheat, while the latter area was so badly
<tamased 

-that it was redritled late in spring with Fylgia wheat.
Parts-of some of the non+xperimental fields where late-planted
potatoes were grown in l9{9 were also so severelv damaged that they
had to be ploughed up.

Late B-light-attackld the potato crop earlier than ever before,
but this wa-s controUed until early September by spraying. The
first spraying was done before the end oI July, all areas being sprayed
twice, and some three times. A low-volume sprayer fitted with
large iets was used to apply the proprietary materials used, at about
60 

-gallons per acre urdir fairly high pressure. This worked very
sucdessfully-. The haulm was burnt off about mid-S€Ptemter with
sulphuric icid. These measures resulted in a crop almo"t free fr-om

bliihted tub€rs. Several other materials were tested as possible
suSstitutes for sulphuric acid, usirg both high and low volume
machines, but acid proved by far t}te superior.

Fleabeetles caused very little trouble to the kale croP but
soravine with a 15 per cent emulsion oI D.D.T. was done as a
piecl"t"io""ry measure. No clamage was done to sugar beet or
mangolds.

.A=pbids were far less prevalent than usual, caused little damage
to th; bean crop, and resutted in less virus yellows disease in sugar
beet tban usual.

GRAssLAND lxo Ltwsrocx
The wet season made the grassland very productive and found

us rather understocked with cattle to cope with the rapidly growing
srass. Twentv-seven cattle were sold off lat from the grass and
i.nother four riere sold at the local Christmas Fat Stock Show.

For the past few years Irish cattle bave been purchased as stores'
yarded in the winter to make farmyard rnanure, and fattened
during the foltowing summer. In futue the policy will remain the
same, except that Hereford-cross cattle will be used instead of the
Irish Shorihom tvDe of cattle. The colour-marked cattle will
present rather a lesi motley aPP€arance than has been tbe case in
ihe past. This autumn twenty-four Hereford-cross calves and
thirtijour older cattle of the sarle cross were Purchased.
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The mixtures of grasses and clovers sown on the various ex-
perimental areas all took very well. The seeds sown in l{149, which
were rather thin, tbickened out well during the summer and gave
excellent yields of hay, greencut grass, and pasture gra-ss.

Snerp
The breeding flock o{ l5I ewes consisted in t}re main of sheep

bred on the farri by mating an Oxford and Suffolk ram witb Scotcir
Half-bred ewes. There are now very few of the original flock of
Scotch Half-breds left. AU the ewes were mated to-Oxford rams
for the production of fat lambs, but the lambing average of iust
over l| lambs per ewe was lower than usual. The lambs did well
in the early part oI the season, but later a large proportion of them
suffered from a severe attack by the sheep lung worm and several
deaths occurred.

Each year now about half the lamb crop of the previous year is
retained to provide animals for grazing experimental plots at
Rothamsted and Woburn.

Lesoun

_, The labour position in lg6o was less satisfactory than Last year.
The number of permanent workers engaged was greater than iD
1949, but the increa.se in the number of experimental plots, and the
increasing complexity of the work upon them, many requiring opera-
tions throughout the summer, made extra demands upon the libour
force. Exba work was also needed to keep weeds under control in
the wet season. The labour available was about sufrcient to meet
normal demands, but was not suficienl to deal satisfactorilv with
root singling and potato lifting. Seasonal labour is needed fo; both
these operations but is almost impossibte to s€cure. There appears
tobe no alternative but to reduce the area of these crops. - -

MecxrNrnv
The implements and machinery on the farm have been kept

up-todate by replacing obsolete or badly worn items. A new tractor
was purchased during the year, but the old one it replaced is being
kept ma"inly for belt-pulley work. The only fresh equipment pur--
chased was an enginedriven pick-up baler, which was used succqss-
fully for hay a:rd combined straw, and a saw bench for cutting up
home-growa timber.

Burtorxcs
Early in the year a new open-fronted implement shed and farm

workshop was completed, though this latter still has to be equipped.
Plans are in hand Ior a general purpose building which rryill iirve
partly as 

-a 
fgrtilizer and grain store, and partly as further storage

accommodation for implements,

ESTATE WoRK
During the winter months mahtenance work on the {arm and

estate was carried out, and part of the re-affor€sted area of Krott
Wood rras cleared oI weeds and hazel coppice.

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 126

l2n

LocAL SEo.w SuccEssEs.

At the local ploughing match the two horsemen secured two lst
aud two 2nd p.ir"s,'andt*o tractor drivers received 2nd and 4th
Dnzes.' At the local Christmas Fat Stock Show lst and 3rd prizes were
secured for fat cattle.

Woburn
The work at the Wobum Farm vras directed and managed by

the stafl of the Rothamsted Farm, and though the larms are about
25 miles apart the system worked satisfactorily.

The nrimber of iield experiments carried out rras agai-n res-
tricted bv the shortage of pirmanent staff. A total of 498 experi-
mental plots vere lid oul and dri.lled, but an extremely heavy
infestatiirn of spurrev necessitated the 12 plots ol the PermaDent
Barley area beiig pl<iughed in during the summer. Of this total aU

except,() plots were either classical experiments or modern lon8-
term exDeriments.

The'area tarmed remained at 127 acres, of which 60 acres vere
under cereal crops,33 acres under sugar beet or potatoes,24 acres

under grass and the remainder under experimental crops and
fallow. 

-The 
Woburn soil is rvell suited to the Srowth of potatoes

and sugar beet, and the acreage devoted to these croPs is as large as

can be"handled in a district where labour conditions are difrcult.
The mechanization of field and farmstead operations and the

re-eouipping of the farm with modern implements, was carried a
staei fi;tU& auring the year. New implements included a tractor-
mo"unted hoe. a sudr beel topper and a iractor-mounted beet diSger'
After some initial Aifrculties'tiee machines worked reasonably well
until very bad weather conditions made it impossible to use them'
The narr6w row sDacins (18 in.) increased the difficulties with the
tractor-mounted riachiied, and a wider spacing oI rows will be used

in future. A reversible mounted plough was used during the year,
making possible the cross-ploughing bf the steePty sloping 

- 
fields

and eiiminating the rifu* and furrows on exPerimental 
- 
and

ootential experilmental arias. The mechanization of most oI the
6perations dn the farm enabled a. very small prmanent staff to
cirrv tlrough a somewhat larger programme of experimental work
thai in 1940, as well as a large area of labour-consuming croPs, wtth
less reliance on Dart-time workers. lt is hoped to complete the
mechanization ir; l95f by the introduction of a smaL[ combine-
harvester for non-experimental crops, and lrter to us€ a sPecially
desigrred machine for harvesting experimental corn crops.

i much-needed new Dutch Uarn was erected at the farmstead
during the year and this greatly increased the area- oI covered
storafe and 

-working 
space.- A iange of operr-fr-onted implement

sheds- and tractor gaiages was also erected which enables the
implements to receiie proper attention during storage' The one

cottage let with the farm was modernized.
Tie facilities for the preparation and mixing oI rations Ior

livestock bave been greatly improved by the provision of al alto-
matic grinding mill, i tood'mixing machine and an electric pig food
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boile_r, This machinery will, it is ho1xd, reduce the time spent on
the livestock, and enable better use to be made of home-grown
feeding stuffs and unsaleable vegetables.

The weather during the rvinter of 1949-50 was generally mild.
and rainfall rvas below normal in December and january'. This
enabled dung carting and ploughing to be carried out, and land
work rvas \ell up to schedule by the time the weather broke towards
the end of January. Conditions during March and early.A.pril were
excellent {or the preparation of spring seed beds, and spring corn
crops were sourr reasonably early. The planting of the sugar beet
and potato crops followed immediately and altiough germination
was rapid, subsequcnt growth was delayed bv cold weather during
May. This month sarv ihe beginning oi a vefu, wet summer with i
rainfall in the 6 months April-September of over 7 inches above the
average. The farm was within the healT storm area of 2lst May
when l| inches of rain fell in under 3 hours. This caused quite
severe erosion in fields not under grass or com crops, and in some
places-gulleys were made over 3 fiet wide and 4 inches deep. In
some fields seed potato tubers were exposed bv the washinfaway
of the ridges, whiie on lowJying patchei of sugir beet the pirnts <if
beet completely disappeared under silt and debris.

_These conditions leC to rapid growth of all crops but caused
serious interference to all inter-row culti tions. Com crops made
too much straw, but looked verv well until earlv Iulv, Verv heaw
rains then caused much of the ;heat and barle! io t;Oge, a;a the;'
never recovered, but fortunately very little lodging took place in the
experimental corn crops. The lodged crops and the wet weather
made conditions very dificult for the corn harvest but all the crope
were eventually harvested in reasonable condition.

Potatoes made very rapid gronth, especially during July and
Autust, but the wet weather caused a very early and severe attack
of Late Blight, which necessitated spraying. This was effective in
retarding the spread of the disease but ihe har:Im appeared to
mature and turn yellow unexpectedly early in September, The
top6 were burnt off witi. sulphuric acid as soon as tlie ground could
carry the equipment. Unfavourable weather delayed the start of
lifting, but a &y spell in October enabled the cropto be lifted and
carted under good conditions. The crop was stoied to a depth of
12-14 feet in buildings at the farmstead to provide productive wet-
day work. The estirnated yield *zs approxiinately 12 tons per acre,
wiah a high pJoport ion of-ware. Thd iubeo *".i less darnlaged bi
cut-worm and less affected bv scab than usual-

The wet season also favoured the sugar beet crop, which made
rapid grotth. There was far less virus yeltows diseai ttran in 1049,
and bolters were negligible. Weeds grew rapidly and some difrculty
was experienced in keeping them under control, especially as the
ground had set so hard following the very heavy storir in May. The
heary crop (approx. 12 tons per-acre1 ani bad fiawesting con:ditions
during the earlv winter considerably delayed the completion of
lifting, but the work was accomplished by tire regular farrn staIf.

The sma.ll areas of experimental market garden crops did well,
though the red beet had far more bolters [han usual, while the
weather conditiqns made it impossible to keep oD top of the weeds
in the green pea crop. One area of January King cabbage suffered
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severelv from an attack bv Club Root (Plasmodiofnora bassicae\
the turieus Dresumablv beine favoued by the wet soil conditions'

The"aooiarance ofthe m;in experimental field (Stackltard) uas
greatlv iririrovetl durins the vear bv the felling of many dying trees
i.a u'" tn6 cuttins and-laveing of the overgrown hedges.

Ttoushout tie vear 
-the iork of the Woburn Farm suffered

owine to t:he shortasd of farm workers. This is a result of the lack of
cott&es on the farri and the proximity of a large industrial concern'
This ihortage of permanent staff limits the amount of exPenmental
work which"can 6e undertaken ard it is difrcult to see how the Posi-
tion can improve unless houses become available to enable a suit-
abie oermanint statr to be enRaged. Most oI the seasonal work such
as ndeins, sineling and weediig]much of the haymaking and nearly
all the p-iantins out of experimental market garden croPs rras done
in the e'veninss"and at weik-ends by casual workers. These are very
unsatisfactori methods of working experimental plots.

The smali herd of Large White pigs was maintained, and some

fresh breedins stock was purchased during the year. The progeny
were al.t carri--ed on to baion weight and were fed mainly on pur-
chased feedine stuffs and brock potatoes' The new food-preparing
machinerv reientlv irstalled \riL[ it is hoped, enable the pigs to be

fattened verv larpelv on home-produced toods. The very satis-
factory matirity-indices of th; fat Pigs were eridence of the
satislactory growth rate.

A smail 
"bunch of cattte were out-wintered, liviug mainly on

susar beet tops and straw. They were fattened on the grass in the
eailv pa* ofihe summer. A larger bunch of Irish cattle was Pq-
cnaie,i i" the late summer to consume beet tops and straw, and to
make farmyard manure in the Yards.
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The season of 1950 will be long remembered for its wetness, its
high atmospheric humidity, and its apparant coldness. The rain-
fall was lhe highest on iecord, witf one exception (l9BT) since
1925, and the humidity was substantially above the avera,qe for
every month except March and October. There was a vlolent
tornado on May 2lst, when with a rainfall of nearlv two inches
within two hours, crolx were drowned and silted up and soil was
wasied from one experimental plot to another. 'Most of these
difrcu_lties_ have been successfully-met. The meteorological records
from October 1949 to the end of lg50 are shown below. -
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WOBURN EXPERIMENTAL STATION
By H. H. MANN

Saesox

Mrrronorocrc-qr RECoRDS FoR lg4g-Eo.
RaiDIell

Tot l No- of
talt rainy Bright

days sunshine !dax.

TeaFratuie
I ft. itr

Min. grouEd
Grass
Min.

r949
Gober
NoveEber
DeceotEr
r95o
January
February
March
April
M"v
Jutre
Julv
August
SepteEber
Octob€r
November
DeceEber
Total or
Eeatr for

ls60

ins.
b.02 16
2.68 18t,20 r0

0.85 l0
3.08 l8
0.69 12
1.96 r 8
4.61 l3
1.68 6
5.34 t7
2-6e 18
3.10 22
0.60 I
1.27 22
l.{o 16

30.37 178

hours F.
r2g-2 @.3
71.5 48.7
57.8 17. t
34.6 ta.s
50.1 48.0

1r5.6 53.2
166.6 53.3
155.2 59.2
269.7 71.5
193.8 68.7
183.1 68.8
122-3 62.1
105.0 65.5
@.2 17.4
38.5 37.0

1511.6 55.7

F. F. F.
45.4 63.5 &.2
36.0 42.1 32.6
s7.2 40.9 A2.4

33.8 39.9 30.3
35.0 40.3 31.3
36.7 43.9 31. r
37.9 1A.1 33.813.2 62-A 39.6
6r-6 61.5 18.7
52-1 63.5 49,6
62.0 62.2 48.6
48.9 66.2 46.6
12-g 40.0 38.6
36-6 12.A 33.?
24.6 36.8 27.1

41.7 40.9 38.1

Frcro Exptarcxrs
The field exgreriments at Woburn are now conducted under the

direction of the Field Plots Committee at Rotlamsted, and that
Committee-wi.ll report s€parately on them. There are, however, a
few-p9in-ts in_connection with them that may be mentioned here.

lveed Studies .. In 1947 it was necessan tb fauow the Derrnanent
barley plots on account of a very severe infestation of'wild oats,
Ve-ry 

- 
thoro'lgh {allowing has been continued ever since, and it is

only in the fourth year that the land mav be resarded as beins free
of wild oats, for during the growing season of"lg50 oracticaliv no
living plants could be found. lt w.as-observed tbat dGng the dhole
period the growing plants almost always orieinated in tihe too two
or three inches of soil and rarely from deeply b-uried seeds. periadical
corrnts. of. seedlings during the- course of-tf,e fallows were published
in the last report.
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This same area, and particularly the plots which had received
many annual dresings of sulphate of a.utmonia, were also badly
inlesied with spurtey (Spnyla uwsisl, aud observations were
made to see how far the fallowing bad got rid of this weed' In l95O
however, it was found that spurrey ap,peared in most as Sreat
quantitv as at the b€ginning. Barley wi.ll again be so$n on this area
i; l95I; and we sball be able to see how {ar the buried spurrey seeds
have been able to survive over four years of careful fallowiog.

Work has been carried out at Woburn on the relative effect of
various weeds as competitors with barley. Three such annual weeds
have now been studied, namely spurrey, mayweed (Malicarit itto'
doza), and chickwee d (Skllaria mdial , all of which are very common
on the Woburn soil. Of these, it is found that a thick crop of barley
can almost smottrer spurrey however thick the latter may be; the
smothering is not nearly so complete with mapveed though tbe weed
is very largely reduced; with chickweed, increasing tbe thickness of
plantine of the barley has very little effect on the vigour of the
weeO, wUctr wa-s able very largely to smother the barley. These
weed studies have norp been extended to the more Seneral question
of the influence of one plant on a.nother. An account is being pre-
pared for publication dizling with the mutual eflect of barley antl
ilover when sown together, under conditions made as favourable as
possible for the barley.

Tlle bohing ol Becl Crops : ln 1950 bolting oI beet cro1x, which
has been under observation at Woburn for a number of years,
was very marked, particularly among red beet. As is shown in a
publication now in the press any manure which causes more vigorous
growth of sugar beet or red beet Ieads to an increase in bolting.
Dung applied in the previous autumn slightly increased the number
of sugar beet plants which went to seed, and when applied just
belore sowing it had a more marked effect. In all cases, sulphate
of ammonia, and each of the organic malures, hcreased the amount
of bolting of red beet, and a doubling of the amount of manure or
the addition of sr:Iphate oI ammonia caused a further increase.
Sewage sludge gave an abnormally large amount of bolting.

Eroth Ctors: The possibilities of exotic crops on the well
drained semiacid soil at Woburn have been examined for many
years. Among the crops tested are hybrid maize grom for grair,
and soya beans of Swedish origin ; work was also done on serradella,
birdsfoot trefoil grorlrt for fodder, and sweet lupins for fodder or
seed. The very wet season of 1950 had been a real test of the
economic cultivation of several o{ t}ese crops, particularly early
hvbrid maize and Swedish soya beans.- In spite of the very unsuitable seasoo for maize, we harvested
excellent crops of grain with several of the Wisconsin hybritls. The
strain W. 0 has now yielded well in all three years during which
it has been grown, giving 27.5 cwt. per acre in 1948, 33.8 cwt. in
1949, and 36.6 c\trt. in 195O, or a mean Ior the three years of 32.6
cr t. per acre. This seems the most promising type and it is now
evident that it can flourish even in a most unfavourable year, The
length of time between sowing and ripening which in lg50 amounted
to 177 da]rs is far longer than in the U.S.-{.. .A.nother test will be
made in 1951, and if this gives results as good as those hitherto

I
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obtained, it would seem that suitable hybrid maize varieties can be
conlidently recommended, at least as 

'smallholders' 
crops.

The story is very different with the varieties of sova beans wbich
bave been developed in Sweden and gave results of sreat promise
in the dry warm summer of 1949. Soia beans are vei, sensiitive to
excess of water in the soil and when this occurs it is dificult to eet
properly nodulated roots even with inoculation. There has neier
before been any diftculty at Woburn in getting nodules on the roots
of soya beans, even wilhout inoculatioin, bui in 1950, there was
little or no nodule development, in spite of inoculatins material
supplied from Sweden. The result was that the Dlants iew badlv
and had an unhealtly appea,rance, and the exdessive 

-rain madl
tbe plots very patchy. The best of the varieties save l0 cwt. beans
per acre for a full plant, as compared with 14| cui. per acre in 194g.
Further tests wiu be made in [951.

--Sueet LuPins_: 
-1950 proved an excellent year for growth aud the

yellow variety (Weiko) yielded 16'5 tons pei acre oigreen stuff on
August l6th, equal to 2.57 tons of cued hiy per acre.'When spread
for grazing animals in a field, the material wis not at once reGhed,
but all, except fo_r a.Iew stalks, had disappeared by the Iollowing
morning. Sweet lupins, however, appear-tb be a rither uncertai;
crop, for after an excellent yield of foilder in lg48 (a wet year), the
leld was only small io 1940 (a dry year). The prbductidn ot' seed
was good in 1950.

Sellqd€Jla: The leld of fodder was good arnounting to ll.6
tons of green fodder on August l6th equatlo 2. 14 tons oihav. and
was greedily consumed by-grazing anjmah. This apain is i'croo
which is much affected by the character of the seasoi, for while iir
1949 there was a good yield of seed and little fodder, in lgEO the
production of good seed was very small while there was a fair amount
of fodder. There is still much to learn, however, about how to deal
with this crop during gowth and harvest.

- B_irdsjool Trefoil : ^flrc narrow leafed t,'pe, sown at the end of
April, gave 3 tons of green fodder per acre oi July Zth and, without
any resowing, gave 18.4 tons of green foddei pLr acr: on August
l6th. This was readily taken bi stock, and iontained l6.8"per
cent of dry matter, making the yield of hay equivalent as 8.64 tons
in 1950. The wet season 6f lg5b seemed io sirit the crop well, and
the semi-acid soil at Woburn seemed to bave no adverse effect.

Itligation Ex?e/irft ts.. During the year it bas been decided
to begin {rigation experiments it Wo6um, under the general
control of Dr. Penman of the Physics department at Rothamsted.
Before selectlng the site, the sui6b ity 6f the soil and th: water
conditions oI the land had to be tested and this involved a close
investigation of the soil and subsoil of the area proposed lor the
experiment. A close txamination of the subsoil iond-itions in this
typical greensand are:t, w.rs made to a depth of six feet, in a field
rvhich has been under arable cultivation as far back as records so.
It is hoped that the experiments on the use of irrigation water w"ith
grass and other field crops will be started dwins tf,e comine sorinp-
The Station is indebted-to the Woburn estate"for the use"of'th#
private water supply for these irrigation experiments.
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Por EXPERTTGNTS

Clolct shhsess.' The study of the failure of dover when it is
frequentlv prown on the same land has been one of the investigations
of ihe po"t "culture station for the last fourteen years. The"failure
bere st'udied has not been connected with any farasite, though it
often causes very great reduction of the leld of clover, particu-
larlv on soils more or less deficient iu lime. As stated in last ytar's
rep6rt we have discovered interesting facts about the sickness but
have not yet found the actual cause.

We have lound no other method of inducing the symptoms,
except by repeatedly $owing dover, but there is a definite correla-
tion 

-betiveen the proportion of growing clover to soil, and the
development of siCkness. This has suggested the idea that the
sicknels is caused by a toxin which might be separated by washing
the soil or sand in which the clover was grouing and in 1950 we
have given much time and work in attemPting to do this, but
without success. The washings from tle soil on which a heavy crop
of clover was growing had no injurious effect on clover plants. - A
similar negative resu[ with the washings from sand cultures makes
it unlikely that soil colloids retained the suplnsed toxin.

Another line followed up in l95O was to see whether the burial
of large amounts of clover roots or tops would bave any effect in
reducing the vigour of a crop grown after their burial. With roots
no sucli effect occurs: witL iops, using a very large amount ol
material, there did seem to be some reduction in growth of dover'
These results though inconclusive, suSgest that the clover tops
when buried carry with them some toxin. This zuggestion will be
Iollowed up. AI intiseptics tried, including formalin, have failed to
improve the capacity of a sick soil to grow clover.

TIE nulitiot ol cto|s urd.er lay ackl conditions.' The work on
this question, which has been one of the mair enquiries at the
Wobum station for a number of years, has continued in 195O, but
tbe results obtained are still under consideration. The priacipal
point dealt with has been whetler the actual amount of calcium
present has any effect on tle growth of barley, either in the presence
of large amounts of soluble phosphates or otherwise. It is hoPed to
publiah the results oI tbis enquiry in tl,e very near future.

LABoRAToRY WoRK
Tk lormatiott of nitlalas ir soil lollaubtg ttariotts clop rctnliorts :

It is generally recognised that land which has been under a ley
crop for several years teods to be more fertile than the same soil
witl similar manuring under a continuous arable rotation. The
reasons for this are not fully understood and in an attemPt to ascer-
tain the cause Mr. Bames has been studying tie rapidity of the
formation of nitrates in soils after each of the several treatments of
the ley arable experiment, continued since 1938 in Stackyard field'
On tlie whole, as a result of eight years of soil examination, he has
found very little difference in the amount of nitrate formation
taking plaie and so it would app€ar that the cause must be sought
elsewheie. The results have just been published in the Joumal of
Agricultural Science.
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Charg* itt tlu sulplur cor.tant of soils under loag heqlme wirh
fertilisers atd turuu* .' At Woburn we have had land under barley
for nearly eighty years, which has been treated with various man-
ures every year for at least fifty years. Samples of tbe soils from each
treatment have been taken IroE time to time, and these have
alforded the opportunity to see how far the changes in fertility have
corresponded with variations in sulphur in the soils. The work is
now complete and is awaiting publication. It may be stated here,
however,-that there is litttelkn of anv correlation between anv
form of sulphur in the soil and t[e yield 6f barley that was obtained.ley that
The-accumulation of sulphur in ttre form of sulihate has been very
small, aad any increase 

-which 
has takenlmqll, qad any increase which has taken place has occurred chiefly

in the form of organic sulphur compounds
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SOIL STIRVEY OF ENGLAND AND
WALES

By A. MrrrR

The systematic surveys in Yorkshire, Lancashire and Somerset
continued during tle year and that in Somerset (Sheet 2m, Ghston-
bury) is now completed- As a result of a reques[ for a survey of the
Fenland, a party has been established at Cambridge and ha; begun
work on Sheet 188.

LANcASEIRE

Sheet 75 (haslon\

The detailed field survey of the Preston district was continued
1nd about 20,00O acres were mapFd on the 6 in. to I mile scale.
SurveyiDg was largely concentrated in two areas, the first to the
west of Chorley induding parts of ti.e parishes of Euxton, Illnes
Walton, Croston, Bretherton, Charnoc[ Richard, Eccleton and
Mawdesley, and the second to the oorth-€ast of Chorlev. includins
parts of -the 

parishes of Heapey, Withaell, Wheelto';, Brhdle:
Whittle'le-Woods, ClaytonJe-\[oods and Leyland.

The first area consists of a eentlv undulatine olain fallinp
gradually to the alluvial Ilats of tEe D6ughs in thi riest. In thE
east the soils are formed largely on till of inixed Carboniferous and
Triassic origin and the dominant series are the Adlinston and
Gi.tlibrand, while the Coppull series is of much srnaller extent. These
series have been described in the 1949 report. Furt"her west, till of
Tria.ssic origin becomes the dominant -parent material and the
Cottam, Salop and Salwick series, descriH in the lg48 report, are
the comEoDest. Itr the south-east of tbe parish of Chamock iRichard,
the till is locally of Carboniferous origin and the soils derived from
it-belong mainly to the Rothwell and Chamock series. Small patches
of sand in the east give rise to soils of the Newport and Weri series
whilst outcrops of CarboDiferous sandstotres and shales in the
south-east and of Bunter sandstone in the souttr have led to the
formation of soils of the Rivington and Bridgnorth series.

The second area consists of more strongly roUing country
gradually falling away westwards from the mooilands boundine ii
oD the east. It is largely covered by glacial deposits, but outcrofr of
Carboniferous sandstones and shales are incieasingly common to-
wartls the east. Soils of the Rivington and Anglezarki: series formed
on the sotd outcrolx occur only very locallS and most of the soils
are developed on morainic material and till. The very mixed, but
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mafu y light-textured, morainic deoosits give rise to a haphazard
distribution of Wem, New?ort, Ellerbeck, Crannymoor and Chorley
series, approimately in that order of extent. Till ol Carboniferous
origin to the east and of mixed Carboniferous-Triassic origin to
the west, gives rise to a number of series, the domitrant ones being
the Rothwell and Charnock on the Carboniferous till and the
Gillibrand a.nd Adlington on the mixed till. A very approximate
line of demarcation btween these two groups is recognisable
runniug north-east to south-west across the area,

SoUERsET

Slvrt 2% (Glashrb.ry)

The survey of this sheet is now complete, and a soil map and
report are in course of preparatiou, The work incorPorates the
results of an extensive revision of the older field rnaps, on which
work was begun about 1934, carried out iu the field during the
earlier part of the year. The Iegend irccludes thirty soil series, and
five complexes each composed of two or more series in close toln-
graphic association.

At the request of the National Agricultural Advisory Service,
the Wiltshirc County Council Farm Institute estate at I-ackham,
near Chippenham, was surveyed and a soil map prepa.red on the
6 in. to I mile scale. Eleven soil series were distinguished, including
the previously described Sherborne, Badsey, Denchworth, antl
Bromham series. Five of ttre series are derived entirely from
alluvium or terraces associated with the river Avon, and the re.
rnain<Ier from solid formations or thin superficial deposits. The
Kellaways Beds are well developed in this area, giving rise to deep.
brown loamy soils with a bigh base-status.

A survey of the Hamph.ire County Council Farm lnstitute at
Sparsholt, near Winchester, was carried out on the 6 in. to I mile
scale. The soil pattem app€ared typical of the gently rolling chalk
country of mid-Hampshire, wbere Clay-with-Flints is present, but
rarely extensive or thick. The majority of the soils were grouped
with the Andover, Wallop, Winchester, or Charity series which
have alreadv been retorde-d-

YoRKSBTRE

Sheds 70 (Leedsl adTl (Sdb1)

During the summer, mapping was continued on these two she€ts
and about 5,500 acres were mapped on the 6 in. to I mile scale
covering their junction. The soil series found were the same as those
mapped on these sheets during the previous season's work. This
area irduded Stockbridge House Farm near Cawood in the East
Riding which was suweyed at the request of the National Agri-
cultural Advisory Service. It is situated on mixed drift deposits-
associated with the Escrick terminal moraine.
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A further area of 5,100 acres was surveved in the Wetherbv
district on the keds sheet on the 2{ in. t,i I mile scale, and'a
detailed survey of Headley Hall Farm, Bramham, was made on the
25 in. to I mile scale, at the request of Professor Comber of the
Department of Agrifllture, l-eeds Universitv, Both survevs
include soils developed on Permian limestone i"A -"rt as we[ L
on till and morainic material which occupv discontinous oatches
i-o the area. No new soil series were recoided and the soG could
be grouped with those previously mapped on this sheet.

CeMsRrocBsrrRx

Sheet l8a (C arbrid.ge)

Detailed surveying on the 6 in. to I mile scale was commenced on
this- sheet during the year. Three surveyors were engaged on the
work and a total of 36,000 acres was mapped. Survlying wa_s
concentrated in the south-east around Newmarket, but- all area
uear Wicken and Soham was also mapped.

lh" :oqth**!"* part is undulating and the underlying rocks
are the beds of the Upper, Middle and l-ower Chalk. 

- 
Ho-wever,

they are extensively covered by boulder clay, old river gravels and
their associated washes so that it is rare to fiird soils dtiily derived
from the chalk.

Six series have been distinguished in this area, and of these
tle Wantage, occurring as a south-wqst to north-east strip at the
4S" 9t q" Fenland, and the Hanslope, developed on the- boulder
clay in the sourth-east, have been described before. Of the new
series two are tentatively considered to be red and brown calcareous
soils, The Newmarket series occurs where thin wa-shes from the
river gravels overlie the chalk and the Swaflham Prior is developed
from tlle chalk where it is mixcd with some sandv drift. i'he
Moulton series occupies a large part of ttre Middle'Chatk and is
found on the river gravel deposits and the associated \,vashes. It is
a freely drained soil which in some places may be non-calcareous
but is elsewhere calcareous and may therefore be classified either
as a brown forest soit or a red and brown calcareous soil. The
BurweU series, Iike the Wartage, is a sedentary soi.l on t"be Grev
Chalk and Chalk Marl, but as it occurs in low-tying areas, it ii
imperfecUy drained.

The strip surveyed near Soham lies in the Fenlaatls and the
parent materials of the soils consist of peats and alluvium with
occasional river sands or gravels. Through this mande the under-
lying Gault and Chdk Marl rise to form low ridges which are oftea
overlaid rith thin washes of sandier materia.l. -

In this area a further eight series have been distineuished. aI
of which are new. Seven of tLese are mineral soils and foirr of them,
th9 Bl99k, Newbarn, Peacock, and Bracks, are grey calcareous
soils. The Soha.m series is a red and brown calcareoui soil develooed
on mixed drifts overlying cbalk while both tle Wicken and ihe
St. Lawrence- are o{ r-end?_i]rq type, the latter having a sandier
parent material than the Wicken.
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Where the peats and alluvium intermingle a very complex
pattern of soils is forrned and ao series have been differentiated on
them as yet, except Ior the Adventurers' series. This is au organic
soil consisting of thrc€ leet of black amorphous peat.

Ornrn Sunvevs
The mapping of exltrimental farms Ior the National Agri-

cultural Advisory Service and University departments has continued
and the Survey is collaborating with the Veterinary Laboratory at
Weybrifue in trying to correlate the incidence of Johnes disease with
soil conditions.
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SOME RESTILTS OF THE SURI|rEY OF
FERTILIZER PRACTTCE, 19sO

By B. M. Cuuncx
INrnooucrror

Attention was focused on {ertilizer policy in l94O when it
became clear then that not only would agricultural pmduction in
Great Britain bave to be exPanded as mucb as possible, but that
every effort would have to be made to economize in the shipping
spaci required for the import of fertilizers and feeding stuffs. In
o?der to [ake decisions, Ioi example, on the optimum proportion oI
shipping space to be allocated to fertilizers and to feeding stutfs it
wirs necessary to know :

(a) the average responses of the different crolx to different' amouats of fertiliz,ers, together with regional and other
relevant differences in their responses,

(b) how farmers actually used the feriilizers available to them-

The amount of information readily available on these Points at
the time was slight. However the summarization of the results ol
fertilizer trials, undertaken by Crowther aud Yates (1), provided
valuable in{ormation on the resPonses of crops to fertilizers and
enabled the prioritv of the needs of different crops to be laid down.
At ttre sami timi more detailed and accurate information was
required on how fertilizers were actually used, both for supply
puiposes and to see whether fertilizers were being used eficiently.
it rias with these objects that a Survey of Fertilizer Praclice was
carried out in lS42l2). The survey was a success from the start,
and has been contimied in varioui forms up to the present time.
It provided valuable evidence in favour o{ continuation ald in-
c.eise in the supplies of fertilizers, made clear certain defects in- the
orieinal over-simplified rationing scheme, and showed where
fa.rirers were failiirg to use their fertilizer supplies to best advan-
tage. Bv 1946 information on fertilizer practice for the principal
farming iypes th-roughout Great Britain was reasonably complete.
Howevir in 1948 a rapid survey was carried out in five districts to
gauge the extent of the fertilizer shortage, which had becn aggra-
iatdd by the exceptionally early season, and to examine the effect
of the shortage on fertilizer practice(3).

TIIE 1950 SURYEY
Dudng l95O the survey was carried out in nine districts and it

is planned to resurvey the same or similar areas in l95l and possibly
in-I952 so that chaiges in the use of fertilizers which may result
from the reduction of subsidies and other Iactors may be examined.
As in previous years the survey was carried out on behalf of the
Provinaial Adviaory Chemists of the N.A.A.S. by members of their
staffs in co-operati"on with the Statistical Department at Rotham-
sted.

In each of the districts chosen Ior survey the farms 'rvere
grouped according to size (10-49, 5O-149, 150-299 and 300 or more
acres crops and grass). The farms to be surveyed wtre selected-at
random irom within th"se groups, the sampling fractions being
chosen so that the sample {or a district included about ten or more
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farms from each size group. This procedure was desirable to ensure
that land on large larms was adequately represented and it in-
creased the precision of sampling since fertilizer practice is known
to be rather differen.t on large and on small farms.-

On every farm chosen for suwey, details of fertilizer oractice
for the year 1949-50 were recorded for a random sa.mple of the fields
under each crop. When there were two or more 

-fields under a
crop two were examined, and records for a third field were taken
when there were more than six fielils, Acreages of all fields on the
sampled farms were recorded and totals of these acreages were
checked against 4tb June returns. lt was thus ensured 

-that the
results were not biased by the exclusion of outlying fields from the
sample. Wlerever the additional work of soii an'alvses could be
undertaken soil samples were obtained for one tiuagi field, one of
temporary grass and one of permanent grass selecied at random
from the surveyed fields on each farm. -

Areas reaso,nably homogeneous for soil type and type of farming
were. surveyed a-nd the districts were choJen so tirit the majoi
farming types of the country were represented. Arable farming
areils were represented by the districts of F_ast Sfuopshire, South
East Wiltshire and the eastern part of the West Riding;f yorkshire.
Of the tlairy farming a.reas Soith West Cheshire andNorth Dorset
were suwey-ed, and inlormation on other predominantly grassland
areas was obtained from Northumberland ,North Buckiirgf,amshire
and Caardiganshire. It was proposed to su-rvey the Isle of Ely and
East Suffolk but unfortunaGly; due to acute;hortage of stafi, this
was not possible and East Anglia is not representea, The suwey
rtas also carried out in Northamptonshire but results for this
district are not a.vailable at the time of writine. A brief descriotion
of t}re surveyed districts is giveD in the app;ndix.
- In, this srx'nmary of tle findings of ilie survey, comparison
is made between fertilizer consumption in lg50 and in earliei vears.
The supply of farmyard manure and its distribution between lrops,
the use of ferti-lizers on grassland, and the use of nitrogen on cereaG
and root crops are also briefly discussed,

FERTILIZER CoNSUMPTIoN

- Befo_re-discussing the use of fertilizers for individual crolx and
in the different districts of tbe lg50 survev it is of interesi to see
horv tbe consumption for the whole country has increased in recent
years. The figures in Table I show that the considerable increases
in !\e- gge- of alt thr.ee components which took place between lgrt4
ard 1948 haYe continued.

aetr,B l. Cotsumptiofi of fertilhers in the Unitd Kittgilom+
(thousand tons per anmrm for years ending Juae BOth)

N
1939 60
1944 r82
t94:7 tM
1948 185
1949 184
1950 213

POo Kro
u0 7534 ll3
355 r08
396 177
418 196
4t6l 2W

* Obtained froE Moutbly Digest of Statistics (4I
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Between 1948 and l95O nitrogen consumption increased by
fifteen per cent, phorybate consumption by sfightly more than this,
while potash corxumption increased by thirty per cent. Since there
was a shortage of fertilizers in 1048 the rate of increase during tle
last hro years rnay have been slightlv less than is indicated by the
table.

Fertilizer consumption is of course far from uniform throughout
the coutrtry, varyin8 Eith the soil type of the district and with lhe
cropping. There are also considerable differences between districts
of similar soil types in the manuring of individual crops. In Table 2
tbe fertilizer consumption per arable acre on arable land is shown
for each of the districts surveyed. The use of fertilizers on the
permanent grassland, which is excluded Irom this table, is briefly
discussed in a later section of the report.

TABT.E 2. Use of fumyud. tnnwc atd Jertilizers on ar&k latd
(Overall rates F.Y.M. tons, N, Ppo and KrO cwt. per arable acre)

POo Total
FYM N Sol.Insol. P!O6 KrODistrict

Mahly at& distrids
W. Riding
Strorpshire
Wiltshire

M ahly ilairyirg tlistrids
Cheshire
Dorset

Other grasslaxl di strit*
Northumberland
Buckingham.. ..
Cardigan

.. 2.7 .29 .30 .08 .38 -32

.. 2.4 .38 .36 .13 .49 .3?

.. 0.6 .20 .31 .05 .36 .26

.. 4.6 .15 .r8 .14 .32 .16

.. 2.1 .t5 '20 .13 .33 .18

.. 2.0 .08 .14 .30 .44 .09

.. 0.8 .09 .t3 .16 '29 -07

.. l'5 .04 .08 .29 .37 .0S

Nitrogen and potash are used more liberally in the arable
farming districts, and tbe overall rates of application of potash are
similar to those of nitrogen in most areas. Phosphate consumption
varies much less from district to district and the variation is not so
dependent upon farming t,?e, thus the N : Pp6 : Kp ratio in
arable districts is about I : 1.4 : I but in the poorer grassland dis-
tricts it is approximately I : 4 : l. As would be expected, the
proportion of phosphate supplied as slag or in other less soluble
forms, is treatest in the 6tassland areas. Of the arable districts in
the sample Wiltshire naturally uses rather less fertilizers than the
higNy farmed areas oI East Shropshire and the Vale of York where
potatoes, sugar beet aDd other root crops are more important-

There has been no marked reduction in the regional differences
in fertilizer practice in recent years since the increases in fertilizer
consumption have been as great in the progressive arable areas
which were already using more in 1945. The poorer grassland
districts are using more fertilizers on their arable land than they
were Iive years ago, and the proportionate increrse in use of nitrogen
and potash bas been great since virtually none wzrs used in 19,15,
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however the present rates of application in tlese districts are still
very low. Comparative figures are given for Cardisanshire and for
the Morpeth{orbridge district of trt6rthumberland j

ApplicatioD of fertilizers
(cwt. per arable acre)

N P"O" K,O.. 1945 .01 .35 .01
1950 .04 .37 .09

Nortbumberland 1945 .O2 .20 .Ol
1950 .08 .4 .@

Changes in uitrogen and potash consumDtion in the dairv
farming areas seem to have b*n rather greatir and consumptio"n
of th€se nutrients was already appreciably higher in these ar&s in
1945. The figures for North Dorset may be iompared with those
from an earlier survey in the Honiton dfttrict of Ea-st Devon :

Application of Iertilizers
(crt. per arable acre)
N P!O5 KrO.06 .87 .04
.15 .33 .t8

Evidently phosphate consumption oo arable land has hardlv
c.hanged in the last five years in some of the gra-ssland and dairyin!
districts.

In the higNy farmed arable districts, such as the West Ridins
and East Shropshire, fertil.izers have been used generouslv for mani
years. ln tbe West Riding increased consumption of nitiogen sin&
1948 has been largely on the temporary grassiand while mich more
potash has been used on all the arable laad :

Application of fertilizers
(cwt. per arable acre)
N PrOs K,O. '29 .20
.2t .30 .19
.29 .38 .32

The present level of consumption in the West Riding, particularlv
on the grassland, is below that of East Shropshiie 

- 
where thi

increase appears to have taken place earlier and thi amounts oI ferti-
lizers used on the arable land changed little between lg48 and lg5o :

Application of fertilizErs
(cwt. per arable acre)
N PsO6 KrO.29 .41 .2t
.38 .45 .m.38 .49 .37

,- In addition to the large variation in fertilizer practice between
Cistricts, farmers in the same district differ greatly in their use of

Cardigan

East Devon 1915
N. Dorset 1950

West Riding 1044
t948
1950

East Shropshire 1944
1948
1950
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fertilizers, and one aspect ol this variation is shown in Table 3. Thc
differences between tfu rates of fertilizers 1xr arable acre on large
larms aod on larms oI less than 150 acres croPs and grass are given.

TABI.E 3. DilJaences behtecn tfu srrto$nls oJ F.Y'M. aul of fcdi-
lizcrs tseil on-irabk lattit ot farms of t*re tlutt lfi aqes aad ut

nuller fatms.
(tons F.Y.M. and cwt. N, Ppu, Kp per arable acre)

F.Y.U. N PO, Kp
.. -l-l .12 .13 .14
.. -0.8 .10 '00 .10
.. -0.3 .10 .08 .13

.00 .18 .04

.0, -.0r -19

. . -r.3 -.fi| '17 - .04

. . -o.2 .06 .ll .06

. . -0.8 - .03 .12 - .07

W. Riding ..
Shropshire ..
Wiltsbire

Cheshire
Dorset

Northumberland
Buckingham
Cardinganshire

.. 0.6

. . -2.1

Iq all districts except the dairying area oI Cheshire where farm-
yard manure was freely available, more farmyard manure was used

ber arable acre on the smaLl farms. These farms generally have a
imaller proportion of tillage acreage and have more of their resources
in tlairyiag. The larger farms used more fertilizers pr arablc acre
in all surveyed diskicts exc€pt Cardiganshire.

Such differences adse in Part because in many diskicts heavily
manured cash crops tend to be Srown on the Iarger farms, however
there is also a griater awareness of the value of fertilizers ou the
larger farms and tlrey can more readily a{ford the necessary outlay.

A more detailed examination of the Ea-st Shropshire figures
aDDears to indicate ttrat since l$48 the difference between use of
f6riifizrrs on large and on small Iarms bas decreased. Fe ilizer
consumption has been maintained on the larger farms while that
on the smaller farms has increased. However,lt should perhaps be
pointed out that with samples of the size taken in the 1950 survey
iabout 4O farms in a districl) atrDarent changes of this kind can only
6e regarded as suggestive as they may result from the inclusion of a
few atypical farms.

FERTILTZER Supprres
Supplies of fertilizers in 1950 were generally satisfactory with

the exception of basic slag which r,ras in short supply in most Srass-
land districts. In Northumberland sufrcient slag was available,
but 25 Der cent of the farm€rs stated that thev had to take a lower
grade ihan they ordered. In Cheshire, Buckinghamshire and
eardiga.nshire about a quarter of the farmers had diffculty in
obtaining slag, one or two stating that tbey received as little as a
third of their requirements. Others had to take lower Srades or,
as some preferred to do, go without supplies. There seems to have
been a local shortage of potash in Cheshire where 15 per cent of the
farmers might have used more had it been available. In most
districts one or two farmels in the sample had dificulty in obtaining

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


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

https://doi.org/10.23637/ERADOC-1-72 pp 143

112

nitrochalk, and this was particularly the case in East ShroDshire-
but supplies of nitrogenous fertilizers in general were suficiint to
meet requrrements.

SuPpty exo DrsrRrBUTtoN oF FARMYAnD M-{NURE
The supply of farmyard manure in a district depends on the

proportion of tbe land which is under grass, the lev6l of stockins
and the extent of the winter feeding oidairy cattle ancl bullocksl
Thus in general supplies are more abundant in the north and. west
9t !!e gun!5y !u! are somewbat restricted in the south-west owing
to tbe Iength of the grazing season.

The table below shows ttre wav in which furmlzrd manure is
distributed between crops in the ilifferent districts, and the pro-
portions of the crops which are dressed.

F.YJf,.
ar.allable

Dbtrict totri/a.re

Percent4ge of clop
acr€age dunSed
Roots.
ottr€tr

Cere.ls tilage I-el'3 P.G.

W. Riditrs 2.2
Shropshire 1.9
Wiltshire 0 . 7

Ch€shirc 2.1
Dorset l.l

16431
66043
43lrt3
67A50t2
641 2l I
33?54
62862
35462

25621
l0 81 51
1739638
52736A2
b252060
1b2 18 23

23 38 22 16
462237

NorthuEberlaEd
Buckitrgham

1,2
0.6
1.0

It is lmo\4,n froln prgvious surveys that in highly farmed arable
districts such as East Shropshire, and in the greater part of the
Eastern Counties, virtually aU the farmyard manure is used on the
arable land, most of it being apptied to cash crops, potato€s and suga.r
beet, except in East Anglia where a large proportion of the cereal
acreage is also dressed. Wiltshire is exceptional amongst the arable
districts in that nearly half of the limited supply of farmyard
manure goes on grassland and only about a third of t}e potatoes
and other roots are dunged.

In the dairying and grarsland districts holvever the use of much
of the larmyard manure on grass is the general practice. An ex-
treme example is North Dorset wbere almost threequarters of tbe
dung is used on grassland. Yet the survey has sbown that in tbis
district as in many other parts oI south-west England the arable
land gets relatively little farm\,'ard manure. Thus in Dorset a
quarter of the potatoes and half of the kale receive no fa.rmyard
manure, while the average rate of application to tillage ura-s bnly
2 tons per acre in 1951. By aontrast in Cheshire where supplies ari
plentiful, heary &essings of farmyard manure are applied to most
of the root crops and the kale.

'IABLE 4. Supply and distrihttion ol farmycrd, tumtre

PerceDtage total supplies
used on

Roots,
other

Cereab tilage Leys P.G.
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Tm UsB or FERTTLTzERs oN GRASSLAND

The foregoing discussion on the use of {ertilizers has been
mainly undertaken in terms o{ the acreage of arable land. Uatil
very recerrtly the total fertilizer consumptior of the country
was largely determined by the amounts applied to tillage cropa.
Since the end of the war, however, and especially in the last two or
three years ttre amount of fertilizer applied to giassland has shown
a rapid increase. Whilst conqrarisoa with preyious years is possible
for only a few areas it is clear that the increases bave not been by any
means uniform over the conntry. The proportions of the grasslanil
acreage which received fertilizers in 1950 are showl in Table 5
for some of the surveyed districts. Figures from earlier surveys
are included for comparison.

Tenrs 5. Perce*tage of grasd.anil r*efuing fe*ilizers

Temporar5z grass Permanent grass
N P2O5 N PrOs KzO

W. Riding

Shropshire

E. Devon
Dorset

Devon

Cardigan

rM4
1948
1950

1944
I948
1950

1945
1950

tM5
1949

r945
1950

9130
t4 t7 I
3t4218
4,235
6t 49 26
746441
7242

58 54 25

860
733 1

3252
ll 3rI

330
ll162
12255
9120

38 4l 14
57 45 27

I tl 2
t8 165
260
33r2
3172
422

It appears that in the main dairying districts (e.g. Cheshire and N.
Dorset) and in the predominantly arable districts (E. Shropshire
and the Vale of York) there have been considerable increases in the
consumption of all tfuee fertilizer components, on both levs and
permanent grass. Thus in East Shropshire half the permanent
gra-ss received nitrogen and phosphate and one quartei received
potash in 1950 against oDly a very small part of the acreage in 1944.
Whilst similar comparisons cannot be mtde directlv for tlie dairvinp
counties, it is possible to usc data for adjoining co-unties (N. Shiod
shire with S. W. Cheshire, E. Devon wilh N. Dorset) to ihow thit
tlcreases of much the same general amount as in E, Sfuopshire
have occurred for temporary aird permanent grass in these dGtricts
also.

In the poorer grassland districts, as represented bv Gntral Devon
and the Morpeth{orbridge district of Nortbumbeiland, tbere has
been a very large increase iu the use of phosphate (mainly as basic
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slag) on $assland of all b?€s, but amounts of nihogen and potash
applied, even on mowing fields, are still extremely sma[. MuLh the
same features are shown by the data for an upland county like
Cardiganshire, except that ihosphate consumpti'on bas shovfo Iess
tendency to increase, due in part perhaps to a shortage oI basic
slag in this prt of Wales.

It will be realizrd that the figures quoted ia Table 5 are averages
over all fields of leys or permanent grass. In many districts, however,
there are considerable differences between the manuring oI grazed
fields and of fiekls to be mown for hay. The proportions of layed
and grazed gra.ssland receiving nutrients in lg50 are shown for two
of the surveyed districts in Ttble 6.

Terre 6. Use offertilizers rm hayeil atd grazed gtassl,and,

Percentage of acreage receiving

East Shropshire For hay
Grazed.

N P,O; KlO
Temporary Grass
885645
687542

N PrOs KsO
Permanlerlt Grass
1990
59 47 3l

Cheshire Forhay 59 65 38
Grazed 33 78 39

{t 46 l9
44 58 33

These figures are not particularly well determined but it would
appear tlat rather more nitrogen and rather less phosphate is used
on leys for hay in these districts, the general levels of manuring on
hayed and grazad leys being similar. It is remarkable that in ilast
Shropshire the permanent grass for hay received much less fertilizers
than -the grazrd fields. However oI the permanent grass fieltls in
this district nearly all those which were hayed were on the smaller
fa-rms which use fertilizers sparingly, while three-quarters of the
graz,ed fields were on large farms. To a lesser extant this factor
influences the other comparisons in the table.

Trr UsB oF NrrRocEN oN CEREALS AND oN Roor CRops
Previous suwe5rs have shown that in districts where the level

oI fertilizer consumption is low very little nitrogen in particular
has been used, and the more general use of nitrogetr ferti_liz,ers in
these districts wonld certainly lead to a valuable ircrease in agri-
cultural production. As there has recently been some oficia-l concern
that the use oi nitrogea, particularly on cereals, might be no longer
increasing, it is of special interest to examine the present use of this
nutrient on cereals.

Trends in the last two or three vears cannot be determined with
any accuracy because of the districts surveyed in 1948 only two
were surveyed in 1950. These two districts do not show a con-
sistent trend. In the Vale oI York the proportion of cereals receivirg
nitrogen appears to have increased by about t0 per cent, while
the average rates of application have increased from '23 to .32
cst. N. per acre. In East ShropshAe it would appear that nitrogen
was used on about l0 per cent lqs,s of the cereal acreage, and that
the actual mtes of application were also lower in l95O than in 1948.
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TABLE 7. Perceitagc oJ aoeagc rc*itl.ltg otd q)e/ag. actual
lqlcs oI 4i icalion of nitrcget lo ccreals

District

West Riding
Shropshte
Wiltshire .. ..
C. Devon .. ..
Cardigan ..

Percentage ol Avef,age actual rate
acreage rcceiving cwt, Per acre
t944 1948 1960 lw ls48 1950
4 41 60 -21 .29 .?2

36 56 # .30 .?7 .26
75 78 .22 .25
19* 45t .26. .221

r t2 (.r21. (.32)

' Fi8ures lor 1045.
i I'iSures for t949.

As mav be seen from Table 7 a considerable proportion of
the cereal acreage of the West Riding and East Shropshir-e does

not receive nitro"gen. This is partty, but by no means entirely, due
to the fact that i; these distriits c6reals ari often grown following a
heavilv manured root crop. Outside the arable districts nitrogen is
still r:ied on less than hati the cereal acreage in most areas and t-he

rates at \rhich it is apPlied are low.
In eeneral a rather sreater Droportion of the cereal acreage

receiveE nitrogen in 1950-than at'thi end of the war but except in
the poorer srAdand areas where consumption is stitl very low the
incr&se dGng this Period aPpears to have been fairly small.

The propoiions 6f tne acleages of the various root crops aad ol
kale which'received nitrogen in 1950 and the aYerage rates- of
application are given in T;ble 8. Except in one or two districts
wiiere arable fariir:g is of relatively minor importance, for example-
Dorset and Cardiganshire, nearly all the Potato acreage recerved

nitrosen atrd the a-verage actual rites of application were reasonably
hish;t about 0'8-l'0iwt. N' per acre. However the rates at which
.,iton"r, *.. aoolied varied sieatlv within districts, and some of
the frrtato fieldi received "eiy tigLt dressings. I"- Car- diSansbire
less'than half the potatoes ieceived nitrogen and the rates o'
aoolication were low." In the only two districts where an appreciable acreage of sugar
beet was grown the croP wiLS heated very similarly to the potatoes.

Taal.r 8- Tfu use of nilrogn or root ctops atd htlt
(Percentage of acreage receivinB and average actual rates

of applicat ion, cwt. N/acre)
Ss€d€s

ard
Potatoes SEgarb€et TutuiF Ma4ol& Kafe

cwt/ - cwti csrl cwt/ cwt/
o/" 3.lc,re Y" ue lo acre !. *re lo aE.re

-- m .8s so '93 13 .70 02 '07 68 '46
-. loo .eo 00 '90 02 .tt 09 '?l 100 '06
.- s7 t. - - 67 .17 7t .19 17 .17

w'RidiDg..
Shropshite ..
Wiltshirc

Cheshire
Dors€t

Nortlrumb.lrLtrd
BucLiDgh.E . .
Cardigan

.. 87 .78 
- 

* 17 .54 66 '61
.. 66 .70 

- 60 55

.. a2 .52 
- - 35 .31 70 '29

.. lU, .97

.. 18.27- -- -40'28

& .40
a7 .29

:?
r
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The manuring oI tJre other root crops was less generally satis-
factory, and only in East Shrolxhire did virlually all the root
acreage receive nitrogen. Irss than twenty 1xr cent of tl,e swedes
and tumips in Cheshire and olly 35 per cent of those in North-
umberland received nitrogen, though the average rate at which it
vras applied was adequate. In most districts 30 per cent or more of
the mangolds received no nitrogen fertilizer, aud in the predom-
inantly grarsland areas the average dressin8s were no more than
O.3 cwt. N. per acre.

The manuring of kale is far from adequate in most courrties. In
most of the surveyed districts only half to hyo-thtds of the kale
received any nitrogen fertilizer. Although it is krown from expri-
ments that kale will respond to very heavy dressings of nitrogen
the amounts applied on tlose fields receiving nitrogen were often
small. Except in East Shropshire the average drbssings in the
surveyed districts were only 0.3-O.5 cwt. N. per acre.
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APPENDIX
Districts coueled b! lhe Sun)ey oJ Fertilizer Practice lgic/Ctcruary District 

*rtH.
l. Northumberland A! area oI mixed faremg b"t*".o"*;3y"t1

Morpeth aEtl Corbr,.idge.

2. W€6t Riding

3. Cheshire

4. F-ast ShropshiB

5. Norttr BuckinghaBshire

0. South Easl Wiltshirc

7. North Dorset

& Cardiganshire

9. Northamp:oDshire

Cash crop and dairyhg district oI the
part oI tle I,IIest Riding lying to tJle
east oI the line Ripoo-I-eeds-Shefteld
(Vale ol York).

The dairy farming area oI south and
$est Cheshire, exclualiog the Peck-
{ortoD aad Bickertotr Hills,

The district of maioly apble farEiqg
with some dairyitrg around Newport,
Wellitrgtoa, Shilnal and Bridgnorth.
That part of the dairyiag and mixed
farm.hg area of the county wherc the
dominalt soil tx)e is Oxlord Clay.

Arable and dairyiag district based otr
tle chalklaDd area o{ south aDd east
Wiltshire.

Dairyhg dishict bas€d Eaitrly otr
heav-v soils aod consisting of the whole
ol Dorset [orth alrd west of the Chatk
escarpEe[t.

The whole oI the coulty. Pridarily
an uplaEd larning area.

The 'whole of the coutrty.
(This district is trot dealt with itr the
report).
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REVIEW OF WORK ON POTATO
ROOT EELWORM

By B. G. Prrons

Before summarizing the work of the Nematology department on
this subject, a brief aCcount of tbe nematode itsell may -be useful-
The ooiato root eelworm. Heletoderq. rostochiensis Wotlenweber,
1923,'was first found causing damage to polatoes in 1913. simul-
taneously in Scotland (by Ma-see) and Germany (by Zimmer-
mann), tiough there had been a doubtfirl report o{ it in Gerrnany as
earlv as t88i (bv Kiihn). Its oriein is quite unknown and there is
no i'.id"n"" td iuggest ih"t it oinu, \r,iih the potato, from South
America, Today it is known as a serious parasite of only Potato_es
and tomatoes, fud a-s mildly attachng a few solanaceous weeds.
It was found'in Yorkshire 5y 1917, aid in Lincohshire by 1924-

Since lhen it has spread to most o[ the potato areas of Britain and
Iretand. On the eontinent it was early recorded from Denmark
and Sweden, as nell as Germany, and since IMO has been found in
Holland, Fintand, France and Belgium. Outside EuroPe it is knon'n
onlv {rom Long lsland. It thus appears to be Iimited to temPerate
regions, untikithe root-knot eelworm, H. flsrioni, wt,ich exlends
from the temperate zones throughout the tropics-

Like the other cyst-forming species of Hderodera, the Potato
root eelworm enters the finer roots of the growing plant in spring,
as a slender larva about O'5 mm. long. Entrance is assisted by the
protrusible mouth-spear (present in all plant eelworms) and it is
irobable that histohtic eorv*o ate also involved. The larvae lie
ivithin the root cortdx, some cells of wbich are destroyed' The head
is closely applied to cells itr the developing stele which- become
cha.need into sia.ni cells. Tbese in turn serve as sources 01 lood, and
the feneral tLult i" to impede the free circutation of sap. The
female worms swell consid&ably and, the head remaining within
the root cortex, the sac-like body bursts out to the exterior some
five to eisht weeks after larval penetration. At this stage the
worm-like-males leave the root, fe;titize the females, and are fould
no more. Most female nematodes lay their eggs as they are pro-
duced. but the potato root eelworm retains hers within the My'
which swells ,-iil it ir almost spherical. alnrt from tbe projecting
neck and head. At firt white; the colour oI the female changes
througb yellow to browrr, this being the outward sign of a chemical
cbangi i-n the nature of the cuticle. which becomes t"aned to.a
tous[ leatherv coatins, At some indeterminate time the lemale
rele"ases her hi,ld on tlie root cortex, falls off into the soil and dies.
This stage, a tough, brown, inanimate, spherical sac containing
living eg$, and measuring about 0'5 mm. in diameter, is the
" cvs1."--Each egg is an oval, thin, chitinous membrane, about
l0orr bv 47rr, havine a larva coiled within it rthen mature.

'Cvsts varv coniide.ablv in size, The largest, nearly I mm. in
diamtter, may contain upivards of 600 eggs. 

-lt is a feature of this
and the 6ther cyst-Iormiig Heteroderas that eggs may-remain diYe
within the cyst'for many years-about l0 years but depend,ing on
conditions, F-ach year a few Iarvae hatch from their eggs and leave
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the cyst, so that an old cyst may be abnost or quite empty. The
batching and emergence of larvae is greatly stimulated by a
chemical substance diffusing from the roots of growing potatoes or
tomatoes. If a root is in the vicinity of a cyst, a large proportion of
the contained larvae emerge fron the cyst and enter the root, thus
completing the life cy'cle.

A healthy potato may support many thousands of eelworms on
its roots without obvious signs of distress. Usually, however, a
heavily attacked plant is very stunted in gro*th. The foliage
readily withers and turns brown and the tubers produced are both
scanty and small, though {rot otherwise abnormal. In the field, an
infestation first shows itself as one or more small patches of unthrifty
plants, the patches extending with each potato crop. Eelworm
disease makes itself Ielt, therefore, as a reduction in yield, especially
of ware tubers. The position has been exacerbated in Britair by
two world wars involving a great extension of areas under potatoes,
with potatoes too frequently in the rotation. The annual economic
loss in Britain has recently been oficialty estimated at d2 million,
which makes this one of the wost of our potato pests. It is also a
source of serious loss in tomato glasshouses.

The Nematolog'y department came under Rothamsted's admini-
stratiou in 1947 and has been located at Rothamsted only since
the summer of 1948. Before that it formed part of the now dis-
ba"nded Institute of Agricultural Parasitology at St. AlbarE. In
order to see the work on potato root eelworn in its correct
perspectiye it wiU be essential to bring under brief review the earlier
work at the Institute-work carried out successively by some who
have never been on the Rothamsted staff : D. O. Morgan, Mariorie
J. Triffitt, R. H. Hurst, Enid M. Smedley, and C. T. Cilam.

The Institute's work started when Morgan investigated the
Lincolnshire outbreak in l9 and was joined a yeai laler by
Peters. After 1926 the biologicel problems wera takeq ovei
successively by Trifilt, Franklin and Fenwick, Peters retuming to
them in 1945. Chemical aspects were nealt with by Hurst, Smedley
and Calam.

MoRPHoLocy AND SysrEMATrcs
Al first all the cyst-forming speci5 of Eetalodela, r{ere r(ryarded

as biological strains of the one species H. schachtdi, riow the sugar
beet eelworm. Misled partly by a. German report that the pot,to
root eelworm could slowly become adapted to living on beet,
Triffitt (1928) concluded ihat Wotlenwe6er's species, h. ,osh"i
iensrs, could not be detended. She also {ound that the Lincolnshire
strain produced smaller cysts when transferred to I{ertfordshire
clay. She noted that these cysts, and others from Ormskirk
(1929b), were always of the round type, unJike the lemon-shaped
cysts from most other hosts. Franklin (1939b) found that the
Iatter bore milute superficial punctations, randomly scattered,
whereas the potato strain resembled another round-cvsted
species (described from wheat in the United States of Amirica)
in having these punctatiors arranged in rows. Iater (19!t0a)
Franklin showed that at least some strains could be distinguished
by measuring the lengtbs of larvae newly hatched or dissected
from c5ats. In the same year (l940b), on the basis of cyst char-
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acters, lengths of males, length and digitation of spicu.les, and
length of larvae, she split up the species 11. sciacfuii, reinstating
H.- rostachiatsis as the name of the Potato root eelworm, and
establishing two others. In addition, Fenwick and Franklin (1942)
specified standard conditions for the measurement oI larval leagths.- In f935 Trifitt called attention to " microc5rsts," spherical
bodies with a neck, found in soil, and closely resembling small c]'sts
of the potato root eelworm. While the largest of these is larger than
a smal.l eelworm cyst, the smallest is actually smaller than an
eelworm egg. If not empty, they contain an undifferentiated
cytoplasm, and the wall is rigid and laminated. They are not of
nimatode origin, but no mycologist or zoologist will yet claim
tbem.

LIFE-HI sroRY ar{D BIoLocY
Trifrtt (I930b) showed that the Potato root eelworm tends to

pass through only one generation in a year, although thcre would
ieem ample time for at least two during the potato s SrowinB
season. She found that cysts attached to potato roots did not turn
brown until more than nine weeks after infestation in the spring.
Later in the season some started browning before seven weeks, and
by August all white cysts visible to the naked eye tumed brown
within 24 hours on exposure to the air. Eggs from white cysts were
found to be immature.

Franklin (f938) showed ttrat one-year-old cysts contained more
eggs, and ttxi latiUing larvae invad6d potato roots more BP!q-y.,
t[in was the case wit[ older c1nts. She had earlier shown (193?b)
that hatched larv-ae survive in soil outdoors for 9 months, and in
the laboratory for at least 16 months. Both tlese lnints have a
bearing on tbi formerly frequent practice of growing Potatoes y€ai
after y-ear on the same laod. The delayed hatching from older clsts
mighi enable potatoes, iD a rotation, to establish themselves before
the invasion of tbeA roots became heary. In such a case the crop
would be less likely to Iail, though it might carry a large population
of cvsts later in the season.

in a pot experiment in 1925, Morgan had lound potato eelworm
clsts onlomafo and' Solamrm dukamara but none on sugar beet or
mustard, or any other crop commonly grown in South Li-ncolnshire.
Triffitt (1929c) could find none on ten solanaceous sPecies-tested.
Frankliri (l940a) carried out numerous infestation tests but, of
cultivated crope, only tomato and potato were susceptible, and of
other solanaceous species only S. th*amaru, S. utile aDd Atrola
bdltdorna.

Trifrtt showed (1930a) that oxygen was essential to the hatching
oI larv:ae in ttre laboratory. She and Hurst (f935) studied the
thermal deati point and iound that the following exPosures of
crsts to hot watir were lethal : 45 minutes at ll6'F, 30 minut€s at
tiO'f and f minutes at l3O'F, shorter exposutes at these tempera-
tures retarded subsequent hatching. Exposures uP to I hour-at
ll0oF were v/ithout- effect. Cysa contents are less susceptible
to dry heat, judging from resulrc found elsewhere.

Ii f929b Triftta reported feeding cysts to Piss. After Passage
through their alimentary canal the c',sts were no longer viable,
though it is unlikely that temPerature is the lethal factor.
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Roor DTFFUSATES
Early German work with the beet eelworm had shown tlat

larvae were stimulated to hatch by a substance d.iffusine from iL
roots of the host plant. Morgan (1926) had failed to" stimulate
potato eelworms with diffusate frorir muitard (a host of the beet
eelworm,.then ttrought co-specific with the poiato root eelworm)
and had found tbat, when mustard was grown in the same Dot as a
potato, even the latter was only ligbtli infested. Trimtt ilg3oa)went thorougbly into this question, wf,ich ha_s two main aspects;
(1) tlre nature of the stimulatbg substance, and (b) the reason for
the inhibitory effect of mustard. She found tbai ihe diffusate is
produced only during the grov/ing season but is not confiaed. to tle
T,ot tip: Thgu-gh rapi{fV destroyed under non-sterile conditions,
the substance is heat resistant, leaahings retainine full activitv after
being_reduced to half their volume byboilng. Ii remains aciive at
Iigh dilution (3 drops of leachings to 25 c.c: distiled water). The
drtiusate from mustard is present in shoots as weU as roots, is less
readily inactivated under non+terile conditions, and bas thl eI{ect
9f ar^rtasgnizi!-C- Ile potato diffusate. This links up witb,l"t". ;;;k
py Smedley (1939) who found that sub.lethal dilirtions of certain
rsotllocya.nates delayed the onset of hatching. Trimtt also found
that. there is a dormancy period in winter-during whicb larvae
$!ch very sparsely. In tg3l she showed that exois of dilfusates
dld not check potato growth.

- fn 1932 Triffitt showed tbat root diffusates from certain grasses
;limulted the hatching of potato root eelworm faryae. t'ho;si
these did not infest the grass roots. This was confirmed in a teja
expenment. ln a Later report (1984) she had good results from the
meadow grasses (Poa triuialis and p. fuotcisis\, moderate from
ry.e 8ra-a: lLotrurn pcrenncl and slight from cocksfoot (Dadv&s
glorrslot4). Seven other gra_ss species had no effect. This iork ias
lolowed up by Franklin (I93?al who showed tbat white and vellou,
maize stimulated hatching ; the effect was less than tbat of tie poa
specres, t ut malze rs a more practicable field crop. She also found a
sLrght response fiom Alofccur*s ?rafafisis.
- The- chemical nature of potaio root diffusate is not onlv of

theoretrcal rnterest: if known, it might point the wav to effedtive
control measures. Thus, if it could be chiaplv svnthes-ized. it misht
be applied to infested soil in t"he absence bi a'ootat" ..lo "",i'*,ca'se the Larvae to hatch and then die of starvajtion : alteriaiivelvl
the batjled- larvae might be more vutneratte d;tdJ &-;;;;i:craes. lhe hrst step, concentration of the diffusate, was undertakenat the Institute by Hurst (f935, I9BZ) who produced an active
Powder by evaporation and etlanol precipiiation of leachines
trom potted potatoes. In lg39 Calam, -from professor RaistrickYs
department, used leachings from potted tomatoes, adsorbed theactrve substance on charcoal, and then eluted it with aoueous
acetone. lhe h.ter, pu.rely cbemical work was done bv Calam and
ot-bers under Professor Todd, at Manchester, and" latterly ai
Cambridge.

Persocrrrcrry
Fro4 the start there has beeu doubt as to how far the potato

root eelworm was really implicated in the causation of " fu6i;
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sickness." I[organ (1926) was struck by the contrast between
healthy-looking potatoes on the Kirton Institue farm, producing a
reasonable crop, yet with their roots smothered in eelworm qIsts
and, on the other hand, poor diseased Plants on neigbbouring
farms with relatively few cysts on the roots or even in the sur-
rounding soil. The fungus Rlizoctoria solani wasife on these farms
and he thought this might be a contributing factor. Trifrtt (1929b)
also fonnd Rhizoctoda on potato-sick plots at Ormskirk, whereas
both fungus and sickness were absent from another plot yhere
eelworm was present. Neverthelqs, Rhizoclottia was not alwa1,s
present on potato-sick land and, down to l93l (Triffitt) and later,
there is tdli of some " unknown factor."

In 1929 lUorgan and Peters found a positive correlation between
cyst content oI soil and pathological appquance 9{ PolatgF,
cia-rsified as poor, fair and good, on a number of Lincolnshire
farms. Serieiof soil samples were taken across typical Potatcsick
patches and in general thd cyst count was highest near the centre of
iach patch. Atiention was drawn to the fact that Morgan's.(1926)
healtiy-but-infested potatoes Erew on a farm where scientific
maDuring and crop rotation werC practised. There now seems little
doubt t}"al potat6 sickness is priinarily d:ue to Hetoodaa rostoclt
iazsr's. Wheie potatoes are pooily fed, ielatively few cysts can lead
to a crop failurb ; where they are well cared for they may suPpoil a'

large eelworm Dopt ation without obvious signs of disease.
'Trimtt (l95rf showed that, after an early set-back due, to the

eelworm, a healthy plant resPonds by formiry new lateral roots.
She found that suah a plant maintains a normal transpiration rate.
From a study of transverse and longitudinal root sections shJ
showed that eiant cells are formed and extend inwards towards the
crntre of the itele. In anv one transverse section the area of vascular
tissue migbt be reduceh by one half, but loDgitudinal sectioDs
revealed ihat most vessels were plugged by the intrusion of Siant
cells, thus destroying the efficiency of the water-carrying system.

Sorr CoNornoxs
Morean (1925) emohasized the importance of plant nutrients

in soit in 
"oirlbating 

pbtato sickness. From a detailed study of a
lareer Dotato field ait'the Kirton Institute, Peters (1926) found a
ndative correlation between soil pH and clst content, later (1929)

sbiwn to be higttly significant. T6ere was no such correLation, borr-
ever- in soi.l simirtes" from several scattered fields in ihe locality
(Moiean and Petirs. 1929). Trifitt (I930a) drew attention to the
iff""t" of *il type, the heivier Hertftirdshire ctays giving not only
fewer cvsts. brit also considerably szralaz cysts ; she associated this
with o6or aeration in connection with hatching of the larvae.
Expefiments on the effects of soil type on an eelworm PoPulation
are irr progress at Present.

DISINFESTATIoN OF TUBERS
One oI the obvious ways in which cysts of the potato root

eelworm can be spread is in the soil adhering to seed- Potato€s.
Trifrtt a.nd Hurst' (f 935) sought to use hot water for disinfestin^g
tubers, but the tempera[ures lethal to the eelworm (ll8'F for 30
oinutes) were considered too high for the health oI the tubers.
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This was confirmed o, 
"-rJ1'rrr*) 

who tried also 6 Der cent
phenol,0.2 per cent mercuric chldride, i;dine (6 per cent oi a N/10
solution in potassium iodide), and formalin. Phinol was lethal to
t-he potatoes and mercuric cl oride and iodine failed to kill the
eelworms. Various lormalin treatments, between I Der cent and 5
per cent of commercial formaldehyde, were reasoriablv effective.Ir l940b Franklin showed that tie yiel<l trom UaitiUc iu'Ue.s
treated withS_per cerrt formaldehyde in February was'not affected,
but tubers of Arran Prlot and AIly treated in Diember showed a g
per cent loss. Fenwick (1942a) ahowed that sulphur d.ioxide was
lethal 

,to. moist eelworm cysts and, while it kilied chits already
Iormed, treated tubers readily grew new chits; he sussested ihat
tumi,gation should be done prioi to chittiug. The rateiias I and 2
sulphur candl€s per 8@ cubic feet for 24 hours, in a thoroughly
moist atmosphere.

DrsrNFEsrATtoN oF SorL
- The work of members oI the department in this field. is reDorted
in 16 pub[shed papers. Since none of the chemical t;;t";[J h;
P,ryn_ 

whgllV satisJactory, it wiu be suficient to suinmarize 
"erybrigly, Mgrgan (1925) tested a number of compouads and claimei

a sllgnt r€ductron rn cysts on the roots from calcium clanide and
carbon disulphide, in pot tests. Hurst (with others) iarried. out
numerous pot and field experiments mainlv with calciuin cvanamide
and metallic oxides. Huit and Trifrtt itS3s"l f"*rd ,"i".ti.id-J
effecq and increased potato yields trom'potassium etfrti;til;
and chrno_sol (both at economically probibitive rates), and Irom
terrous sulphate, ferric cNoride and ferric oxide; the lltter, which
g*ve tlr.e bes.t 

^Ir9!d, 
was aimed at artagonizing in. ,ooi aiif,r""t..tlgy J!"1 (I935b) tested sulphur, naphthaleie, and a series ofartlhqal iertiliz€rs at high rates, calcium cyanamide beine the onlv

one with promise on a field scale. It was-better than its" probabl"e
bleaka3yn products (urea, ammoniurir r.tt., *t "Gi,-tiriiiGaDove. cu ctit. pgl agry \[rere necessary to prevent eelworm multi_pbcation. ln 1937 Hust and Trifrtl relirted on further smaU_
s-c4e tests with ferric oxide and calciuni crranamide: b.th;;;yield increases, but e€lworm controt was inlerior io ih.i t";;H;;p9t !"sls. In Jidd trials, Hurst and Fraoklin (193?) soi iil"i;;ylelds trom calcium c5ranamide at g0 cwt. per aire. suficient to oavtor the treatment and a reduced increase in eelworm populati'ori-
br.rt the ferric oxide results were negati"". ffr"v ,r."J if,"'"".1"J"iltithe followirg year, leaving the itanamide 'ptrG-r-i.*tli'""i
r?tlnC q,9 ferric oxide plots with cyanamide ; thev found (Ilursi
and tsranldrn, f938a) a leld resporse in ttre latter Lut no r;iduat
ertect m the former. Field trials with various forms of ferric oxide.iron 1rc-wder and zinc oxide gave disappoirting ;ulG 

-di;-i.-ai;
Franklin,. I938b), while a further cyinamidE trial shbwed'thai
cJranamrde glye betle-r yields ttran an equivalent of ammonium
su.tphate and lime, \ ithout killing all eelworms even at 40 cwt_ rri
acre. 

-Hurst,(1938a) discussed the depth distribution in soil of c*G
iurd ol add€d-cyiutamide, showing that only in the toD 4l inches "was
tnere any k-u o-f eelworm. He also showed (lg3gb) tf,at-acetic acid.rn rne ro[n ot pyrolig[eous acid, increased the killins po*". oi
q.anamide, and the Latter wasi more effective in powder"e<i than in
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sra.uular form. Throughout all these experiments Hurst was
impressed with the didculty ot Setting t sufrciently intimate
mixture wben solids are aprplied to soil.

Smedlev (1936) showid that sodium hypochlorite solutions of
I per cent-availabie chlorine would dissolve eelworm cysts in hal{
an'hour ; they also dissolved larvae within the egg shell,but uot ttre
shell itseU wlich, however, was rapidly dissolved by calcium hypo-
chlorite. The latter at I in 7,500 of available chlorine greatly
increased the hatching oI larvae. In 1938 Smedley showed that
lzrious cbloro-acetates, and particularly the ammonium salt, were
toxic to e€lworms in soil, no l^arvae hatihing from cysts heated at a
rate corresponding to I5 cwt. per acre. In 1939 sbe reported on the
sood nemiticidai- effects of phenyl, ethyl, and n-butyl isothio-
ivauates. P-hvdroxwhenvl isothiocyanate had no effect, and
o- and o- totvi isotii'ocvairates 0ike'high dilutions of the first
three) mirely delayed hat;hing. Th; best was the phenyl compound,
whicli wa-s filly lethal to cyst contents as a vapolr,in % !ou5 anp
also as a solution at l0 parts per million. Adsorbed ou talc dust, it
was used in a field trial at rates up to 2 cwt. per acre, giving in-
creased vieltls and reduced eelworm multiplication. As before, the
dificulti \dth field trials was the thorough incorporation of
chemicals with soil.

During the last war, preliminary work was carried _out on the
dichloropioovlene-dichlorbpropane mixture known as D-D. The
resutts funiriblis]red) were'suhciently promising to justiJy a full-
scale field tdal under the auspices of the Agricultural Research
Council. Seven 2-acre sites wer6 used and man-y co-operated in the
exDeriment. which was reported on by Peters and Fenwick (1949).
R&ults were disappointing. At somi sites (but not on fen soils)
the highest .ate of D-D used, 80O lb. per acre, gave a 50 per cent
increasl in vield and a 50 per cent kill of eelworm as measured four
weeks after'injection. After a following Potato croP, however, the
eelworm population w.Ls as high (or higher) on these plots as on
unkeated control plots. Peters (19'18 a and b) has shol.n that-
D-D leads to an inirease in leld bf tubers even in the absence of
eelworm, but tbat (1949) this effect is not carried over into a
second year. The same pot experiment gave evidence that part of
the lood value of artificitl fertilizers is diverted from production of
tubers to production of eelworm cysts. Work on D-D and other
nematicides continues.

Trcxxtguns
The establishing of various technical procedures should not go

unnoticed. Irloreai (t925) devised the m-ethod of recovering c5rs1s

fiom soil bv flotatioi in water, Morgan and Peters (1929) showing
that cvst counts from airdried soil measured by weight were the
least i,ariable. Fenwick (1940) extended the mettrod with an
aDDaratus to take 200 gm. soil samples and another to take uP to
l-6wt. : these are now in routine use. Trifrtt (1929a) used a method
for counting white c,sts exPosed on the roots of a Potted plant
when carefi. ly turned out of its pot.

Fenwick (f943a) also devised a plate for isolating the prog-e-ny
when

Fenwick (f943a) also devised a plate for isolating the progeny
of 50 single belworm cysts: individual recePtacles were moulded
from rouid coverslips.' He bas described methods for counting
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eelworm larvae artificially " hatched " from cvsts bv the use of
Salcium hy,pochlorite solution (I942b), and stjmulaied to batch
by dilute picric acid (l9a3b). Litterl5,, Fenwick h". dealt witb the
wbole.process_ of hatching in root difiusate. He ha_s shown (1g49)
that the numbers of larvae hatchiDg from individuat cvsts are sr!
variable that it is desirable to use a-batch of l0O clsts in anv one
test ; transformation of larval counts to a form suitable for stati:ticat
analysis is discussed here and in Peters (l94ga). Later. FenwicL.
(1950a) has investigated the numbers'of larvae haichins in
successive time intervals: he has shown that a Dlot of the oiobit
(corresponding to the 1rrcentage hatched ) aqai'nst los timi is a
straight [ine, both for single cysB and for batihes of li0. I_a_stlv.
he has shown that, when"potito oittusate ii tea;h;a ;;;;iJ.i
plants into pots of infested soil, botb tle varietv of Dotato aid thetpe of infested soil (or of the contained cvstsi hayi a sienilicant
effect on the proportion of larvae hatcNns.'On the averae"e g4 p"r
cent of Iaryae hatched in t}re one season"of the exDerim;t. SL-
prisingly, about 5O per cent of larv-ae hatched in control pots
receiving tbe leachings of pots in which no potato was growing,
l.e. wrthout the stimulus of root diffusate.

Tnr PnrsrNr Posrrrox
This review has necessarily dealt with published work, but it

may be of interest to end witL a briet accoirnt of current iesearch
on this pest. Inevitably, much of the pa-st work bas proceeded on
an empirical basis which is effective only up to a certain ooint.
Beyond this, fundamental work is requt& tifor" oros.o" ao b"
made. The field trials with D-D mixture sponsor,h 5y the Aen-
cultural Research Council are a case in poiirt. The ciiteria wire
eelworm kill and crop yield at seven sites; even where kill and
yield were highest the subsequeDt increase in the eelworm oooula-
tion more than comperxated for the initial kill. The disirtiDant
results of these trials have largely inlluenced liater work in'the
department.

Both kill and yietd were very different at different sites, reflect-
ing variations in soil ty?e. ltrere is here not or v the Dersistent
physico-mechanical problem of intimatelv incomoiatins ihemicals
in soils of differing structure, but atso tfre mani phrsilo<hemicat
problems of the diffusion of a fumiAaDt thr6,.rih 

- 
soils and its

sorption by clay particles or by organic-matter. lie department is
uot working on these but it is understood that the diifusion and
sorption problems are receiving attention elsewhere.

Further, the ratio of eelworm kill to yield increase varied widelv
between sites. Taking yield as a rougL measure of plant healtli.
this situation involves t-he complex relationship betnieen oarasite
and plant, and the factors makiig for disease, irnder the irifluence
of a soil fumigant. It seems likeli that the use of such a fumieant
may lead to improved yields bi directly killing eelworms. oi bv
delayhg the hatching of larvae io that tie planigets a good star[,
or by a partial sterilization of the soil independenl of thi preence
of eelworm, or by some combination of thesa factors. Dada which
might throw light on ti,is complex problem are scanty, and current
pot tests with various fumigants always include a measure oI tie
immediate kill, the response of subsequently grown potato ptants,
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and the final eelworm population. A co-operative &year field trial,
with DD iniectioDs followed by potatoes each ye?r, seems to shov
that this fumigant may improve the yield of the next crop without
appreciably changing the final eelworm population. Laboratory
tests, suggested by the Soil Microbiology Department, show that
the nematicida.l eflects of frequently reFated soil injections with
DD are cumulatively reduced, possibly due to the building up of a
soil flora capable of splitting the molecules of the active ingredients
The disease problem is also being explored by a histological study
of plant roots under eelworm attack.

The mere assessment of kill in the D-D trials proyed dif[cult.
There is no direct way of finding wbat proportion oI eelworm larvae
within the clsts has been killed by a fumigant ; batches of 100 cysts
are incubated in potato root diffusate until hatching ceases-a
period varying up to 16 weeks. In a series of eq)€riments since the
trials Fenwick h,( iavestigated the conditions under which root
dillusates act. As a result, not only can the hatching technique now
be applied under optimal conditions but also a reasonable estimate
of kill can be got in a matter of days rather than weeks, by following
the early course of the hatch/time curve. Other results of this work
include a met}od for the bio-assay of diffusates and evidence on
their Iimited efficacy in soil: they are probably eflective only in a
narrow zone close to tbe root and (if production ceases) only Ior a
few da5n, owing to tbeir rapid breakdown in soil.

The recovery within a season of the eelworm populations on
treated plots in the D-D trials hec locussed attention on tle rates
of rise and fall of such populations. The annual rise is being lollowed
in a pot test involving several edaphic fa.ctors, and the annual fall
in croprotation field trials in co-operation with the National
Agricultural Advisory Service at Cambridge. A highly dynamic
concept of population is probably required to fit the facts. It is
likely that most of the larvae hatch during one season from c]'sts
lying close to a potato root, wbereas some of those in more isolated
cysts may remain quiescent for years. Even where annual determina-
tions of larval density in soil show a fafuly constant value, in the
presence of potatoes each year, this situation probably conceals
wide fluctuations within a season. The migration oI lanae through
soil, once tbey have hatched, is probably slight both verticaly and
horizontally; the limiting effects of soil moisture and particle size
on such migration are being examined in co-operation with the
Physics Department.

Indirectly concemed with potato root eelworm, a rapid method
for the preliminary screeniug of nematicides is being developed,
using the free-living vinegar eelworm as a test organism. The ways
in which nematicides act are largely unkrown ; firther work awaits
fundamental studies in biochemistry and eelworm phlniology.

Further progress in controlling potato root eelworm probably
depends not so much on the efforts of isolated nematologists as of
co-operative exploration of the frontiers with ph]'sics, chemis y.
biochemistry and microbiology.
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PUBLICATIONS
Physics Department

l. SctroFtELD (R. K.). 1950. Soi, ,noisltrc \nd cuapor^tion'
(Traas. Fourah Iot. Cotrg. Soil Sci , 2' 2G28 )

'fhe evaDot-ation {traasDiration) {tom en area of laod covered with active
c..eo veredtion caaiot exieed a welt de{ined firaxiEuE value whicb defends
i-*t e-ntiretv on Eeteoroloqical conditioos' but may fall below this value
if the water siroplv is iaadeqi.rate. 'wtren th€ water supply is iDadequate to

-aintain evao6ia[ion at th.!i maximum rate, it is certaiDly ioadequate to
maintain ma:iimum qrowth rate if other lactors are favourable. Wbethet a
*-rt i stroolv t-hat is idequate ,or rnaximum evaporatioo ffill always Sive the
createst 'siro'*4h Dermitdd bY other lirdtiDg lactors is trot certaio, but itr
i"."t 

"*ierime"is 
on the application of sp6y irriSation to sugar beet, sub_

stantial i;crea-s€s in vield wi'ie obtained by applfiry water calculated to be

iust sufrcietrt to Eaiitain Eaximum evaporatrotr' but oo lurtber b€ne[it was
6btained ftoa applyiEg greater amouDts o( $'ater.

2- kNuAN ([I. L.) and SCHoFIELD (R. K.). 1050 So'n' ?hrsical
etpcc,s of'assim;lalion ,nd llLns?iration (Proc. ConI. Soc. Exp'
Biol. Un ttre press.l

Assirnilatioi and t i""pirition tan b€ treated as lormally idetrlical- aPart
fmm i chaoge in sien of 'tle concentxatioo EradieDt. The dillusive flow of
carbon dioxi-<le a[d-water vapour is hindercd by resisteace arising P-art]y

""Eii" tni IE"* 
""d 

partlv i; tle epidermis, C;Ebuatiotr of the results of
i*".i n"tn"-"t"a woil on tle p6{;cs o, evaPoration wrth a suggestioE of
Maskrll's aDd some o. the results ot Bmu'n and Escombe leads to a-quantita-
tive estirtrate of ssimilation rates for iodoor coDditions which is of the right
oia*.'foi ""tao"t 

cotrditioos tbe length of daylight must be ta-ketr iDto
iii"ont, ^naliii "1"*" 

thit the theorct-ical ratio'o( trenspi ration. from turf
to evaDoratiotr fioE open u'ater agrees quite well with the velue fou[d
exoerioieotallv. Extedion to a-ssimilation is attemPted thrcuth evaluation
of'a 'traoso-iration ratio "-trormally a useless concqrt-for tbe tlmltlDg
case wheo a8sorptioo is complete at the surface of tbe m€soPhyll tissue' It
i" stor"" tn"t tli 

"e.y 
variaile observed value of this ratio are 6aDy timeg

Oili*iti"i tt"-.tici! retio, i.e. that assimilation rates are Deve! Eore thatr

" ""."in "it t acti"" oI yrhai thev could be. The discrePaocy is attxibuted. to
the b:uildiag up oI relatively hiSh carbon dioxide gas concentratroDs rDsr-de

the leat-irtr&t reaching'the- oordal atEospbenc value-beceus€ -the
traEsfer oI Eaterial in solution is much too slow to remove the absorbed carbotr
dioxide as fast as galeous di{fusion could sutr Ply it.

3. PENIIAN (H. L.). 1950. Recent Rotha,,tst d sttadies i" 
'tdhtraletaootalioi. (I-andbouwkuEdig Tiidschrilt, 62' 168-f 78.)

A survlv o{ the etrerqv balance Dxetbod 
'o( €stimatiDg evaPoratioE {roo

*".tf'.ia"t1 *itt applicilions to irrigation, Iield draioage' ard river flow'

4. PENuaN (H, L.). f960. Thc diflusio't oJ 
"toislhlt 

throagh Jlar
s.rd. (Bri'tish J. App. Fhys., f ' 2f3.)

A theoretical (abiatio;_conf i;min8 exlnrirDental valoe obtained else-

5. PENuAN (H. L.). 1950. The wa,el bala*c ol the SlaLr cakh-
cnl arcd. (l, Inst. Water Ery-, 4' 467-409.,

Tbe cbatrse io jiorage in a catchmeDt area is the differetr(e b€tweetr
rati.U Ja fir"-"U, ;ri;irs the evaporatioo locs. Froe me4sured value of
*i"t"u 

"oa -o-ofi, ard aoa estioated value oI e poratiod. based oa
wea-ther aata ana alassuEed natute of the vegetatioo in the arca, it has bee-tr

o&iUt" to €stimete Eotrth-by-Eotrth chaDges itr storage froE 1033 to-l0rE-
ittese chances shov al a[oEal cycle iEpo6ed otr loDg-t€rE tretrds aod con-
f;;-";;_--.[ t" the sim'il,ar cvcle ant trcaos oI obc€rved doveoent of
*"u-f"".f: te t 

"atoeot 
teveais tbat the month ol IuiniDu4 rua'off 

- 
is

i o.fii-- tt"-t rt "o.-er EotrtI io rhich evaporatio! exce€ds raiofall;
that tb; stor.se is. oo average, a lEiDiloum iD S€ptembet atrd e Eanimum rtr
Marth- the lcv:el of a dee9 f,eU lagging about two motrths behio'l; tbet the
ar.erag€ evaporatiotr is vdry oearty constant at 20 iD. Fr year; aDrl ttret tbe
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estiaate of this annual total is Dot treatt, dependetrt upon the assumptioEs
made- about- the dishibution of vegetatioD in- the catchEeDt, althouih the
moDthly estiEates w.ill be so depeEdent

6. pxy,ry Gl. L.). f960. Eva?oration ot)er the Bitish Isles_
_. (Q. J..Roy. Met. Soc., 76, Z7Z:S$.)
Theoretical value oI average annual evap6ration from the British tsls

are calculated from long-term averages oI aii te@perature. duratioD of sutr_
strrne, !'apour pressure atrd \r.ind q)eed fo! about thundred statrcN. Di&ct
estrmates.ol 

-the same quatrtity are obtained from lotrg-ternr averages of
aDnual rainJall aad annual rua-olt lro4 about {orty catcllnrent areas.- Tle
two kinds of estiEata agree aDd are plotted ou a majto show thc eeoaraolic"f
\rariaUon evaporation. This sbo*,s-ao increase frofo l{ inches #r jnniim iq
ScotlaDd to 20 iDches along tle souttr coa-st of EEglard.

Chemistry Deprltuent.
7. ARNoLD (P. W.). 1960. Thc nalurc of bftcibitatad calcham-phosphaks- (Trans. Faraday Soc., 46. l0?f:f0?i.)
Tbe absolute coDaeDtrations as q'ell as the ietative arnou'nts of calcium

and phoqrhorus deterrnine the directioa in which equilibrium c""Oiti.ri ar"
approThgd in the CaO-P-Ppj-HrO systerls examined. A solid of atotrli(}
ratlo (:/P 

- I .33 (octocalcium phosphata) r^,-as found to be the teagt basicot the apatite.liLe precipitates. lt is probably a hvdrated inlinite tc,o_
dimensioDal complex with sheeLs beld toeeGer 6v water moleculesca.H(Po-.)r.gnd. solids wirh;i;mf ;u* &ip-"""ii,q'ilil r :6"ii-i:Ei
consrst of at Ieast tEo pha-ses: dicalcium phospiate aia i soha at kast a-s
basic as ctocalciom phoq)hate.

Oo structural grouds it appears possible that a contitruous series ofapatite-like solid solutioDs can exist betweea octocalciuE phosphate andhyqrgry: (or fluor-) apatite. IE pra.tice, no t*o preoarati-oos ilth ;----
poortloE Iying betweea o(tocalciuE phosphat! aqd htdroxyapatite are li-kelyto be identrcal-

The existmce of precipit ted calcium phosDhates Eore b6sic than hv{troxv_
apatite, the high lo6.s oI iSrritioD of hy&oxjapatites aad the high huoriic
lo"Egb .o{-.l!-y. natural sedimeotarSr phbq;bat€ are e4rlaia"ed ot tie
hypotbesis tlat thio sbeets oI alEtite strrcltur.sorb bydroxyl'or other anioDs
w-Dere t-he calcrums ot the apatlte lattice are exposia. Slome evideDce is
oDtantred .o, complex ioo (orEation iD calciEa pbdqrhate solutioB in which
thc atooic ratio Ce/P erceeds 0.6.

307 . t
PreliEdDary results of an exaoitration of the aEino.aaid coaDositiotr of

soil hydrolysat€s by tbe paper chroD,atogiaphy techtrique.

9. BREUNER fJ. M.). f96O. Ttp amirc-aci.d, corr,bositiot of th.
,rotein makrial ir. so,l. (BiocheE. I.. 47. 6g&8t2.'l

. the amiDo-acid corDpo€itioD oi acid hydr;lysatB of tetr dilieretrt soils bae
been studied by paper partitiotr chromat6craDiv.
. Ihe &UocJrlg lpeoty aoino-arids were-fo,iod i.o *".y bydrotysate exaa-ued; pheoylalaaine, leucine. isoleucioe, valine, alanine, giycind. tnreoniae,
s€r'iDe, aspartic aaid, glut mic acid, lvsioe. aryhi;. bistidi;e: ;rot e- hv;;,;:
proliDe. a€-diaminopirEelic actd, q-imrno-o--.butync acra. B-jr""ine. y'-arr,in:>
butyric acid atrd -t)'rciae. Mett ioDine sulphoxide and glucosa,mine werc
fouDd ia most of tbe hydrolvsatas.

Cystiue, aethiooine-aod 
-bylrtophaD 

could trot be detected.
D-Artrioo-aaids were detected itr acid bydrollrsatB of soil, br.t the srnall

amoutrts ,ouDd could ha!'e arisetr by racedisau6n durinE hvdrolvsis-
No ftee amiDo-acids could be ddtected in any of the-soiis stu'dred,

. The r€sults itrdicate that the protein Erat€ria6 h drfferent sorls are similar
rn their andDo-acid coEposition.

lO. BREUNER (J. M.). 1951. A revicu of reccnl uo"h on soil olsartic
.,nddc/. Po t, (J. Soil Sci.,2,67-82.)
A re\.iew of receDt iovtst gatioDs on tbe urboic ftaatio! of soil oruanic

matter and the orgaoic phos?horus atrd oitrogeo of soils.
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ll. CooKE (G. W.). 1050. M.thods oI d??ling Jcrlilizcr ta powacs
?lanred by machii.s. lJ, Min. furic., 56, 671-3.)

The results oI experi6eDts cooparing difleEtrt Bethods oI aPPlyitrg
fertilizer lor Doteto€s olantad bv baDd itr ttre furrores of ridged Lald are stated.
Tbe implicat'ions of tiese exptiioeats ro! potatoes PlaDtA by aachitres are
discuss;d. WheE aacbiDe,s ale us€d to Platrt froE flat l,a!d broadcast fertilizer
must be applied before plaDtiDg, a roethod which Eay rnake iaefrcietrt use
of the leriiiizer. Heav-i dre€si-!8s pla4ed itr the Ptaiting Bhoe may iDjure
arrouthq otr ligbt soils, on poor secdtids and in dry sea-soD!. Tbe nrost emcieDt
u's€ of fertilirrr slould be 

-obtai[ed ftom machiles plaDtint oo the flat if aD

attaahsett ptraces the fertitirer b€side and a litde b€lo* tbe s€€d.

12. CooKB (G. W.). f950. Fcrtilizet accrncnl and ik L|Plication
to horlicttltural cro?s. (Worcs. Agric. Chroo., 18, 103-117.)

A Eeoeral review of the adt'atrtage of place@eDt aad the results oI experi-
meats-on arable crops. The epplicauons of q)ecial methods of aPPlying Ierti-
lizcr to horticultoral crops are discussdd.

13. DEB (8. C.). 1960. The .stirnariort oJ frce irot otdes it soils ottd
clays ind thcir remwa,l. (J. Soil Sc., 1,212'220.\

The results or tb6 preseDt study ctearly demoBtrate that tro Eethod is
quite satislactory Ior r6moving free iron oxides without alfectiot the crystal
6i"ucture, but tI; hydrosulphit Eethod has Prov€d suPerior to other metlods.
Its merits may be sum,maris€d as lollows :

l. E6cient reooval of lree oxides.
2. L€ss destructive ellect ou clay Eitrer.b.
3. Easy and quick oaqipul,etiotrs.
The atudy of the basc.excbatrSe capaaity a-s affected by difterent Etthods

of extractioJ of iron oxides has thiorn-som6light on the differelce ia stability
oI va,rious clay ditrerals towards r€duciDg agents. Tttus:

L Kaolidtic @ioerals are quite stable torards reduciEg agetrts.
2. Hydmus aica or illite is also lairly stable.
3. M6trtoorillouite coataining iron is trot stable toxrards the rcduciDg

agetrts.

14. CRowrriER (E. M.). 1949. Soil fe iliry prcblams ia lr-opioal
ayictitroe. icoEmonwedth Bureau of Soil Sci., Tech. Comm.
No. 46, 13+142.)

A geaer.l review oI curreDt problerrts u ler the headi!8s:
Soil fertility aod crop productioE.
Doo.inarlt soil proceese and nutrreit cjrcles.
Soil orgadc matter and clop rotatrotr.
Liv€tock atrd soil lertility.
ChatrBilr8 agticultural systems.
Fertil izers.

16. CRowrtrER (E. M.). 1960. Chcmicols a6d c/o? groulh.
(Advancemeot of Science, 7, 37-38.)

10. CRoWTEER (E. M.). t949. Soils aril fetlilizerc. (J. Roy Agric.
Soc. llO, 135-148.)

17. CRowrrrER (E. M.). 1949. Raoieu ol uo?h on nalitional
lroblerns in forest ',irlsrirs. 

(Rotlamsted RePort, 122-120.)

18. CRoWTFDR (E. M.). 1950. Thc atalysis oJ phosihalz lcrlilize/s.
(Chemistry aDd Industry, No. 48, 763-?68) ; SuEmary lg49
(r&id, No. 27, 808-0).

The currert RegulatioB uDde! the Fertilizer and Feeding Stuffs A(t, 1926,
ars ouite iDadoouate for charactenzilg some o( the oewer kinds ol (ertilizar,
mani, of whicb'contain little or no iater-soluble phosphorus but are good
souries of available phosphorus jo the soil. Some altemative methods oI
analysis are considerdd in-rel,ation to tle coEplex equitibria iDvolved iD the
deco:oposition of tho calcium phospbates aoii to the agricuttur.l value of
verioui kitrds of phophate fertilizeE.
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ll9. CRowflrER (E. M.) aDd G^RNBR (H. \-1. 106O. Nitroscrt
-flllilzcts lol s.t gN b.ct. (British Sugar Se; ne.riew, fA, l"Of-
r05.)

The reliative values of amEolium sulnhate aDd sodium nihate lor susar
!=t, welg- ggmprrrq in 2,1 experineDts in commercial f".ns i" tfr" v*ii
l9rr5 to 1948. Each nitrogen ,ertilizer s?s tested at tEo rates ana on'oioGwrtn salt aad on oth€r plots without salt. NorEal dE€sings ol Ohosob'orusand potassium fertilizers were tiveE on all plots.

.Tbe average taiDs itr crt. sigar per acri froe aErEoDiuE sulphate aEd
sodrDm Dikate lrlgre 6.2 and t0.2 on plots without salt atrd 2.0 ;d 7.9 otrpbfs vith salt. Whqe suficient sdiuEr is sq4rtied ftorl ;tbe;;;;
sodiu-m Eitrate hes oDly a sEall advantage ovef iamonium sulphate. bui
elsewhere sodium nitrate is tar superror to aDllllolxum sulphate'because rt
suppues. two import4nt plant trutrie[ts, nitrogen and sodium'. Where sodium
Drtrate rs-useal it is unnecessary to apply additiotral salt, but where ordioorv
coopouEd lertrlrzeB are to be used it is alwars desifable to aoolv atrorri
3 crt. of agricuttural salt per acre at a{y coou"id*t ti-" auri"g'Inl*;-;ior early spring.
20. Rrcxsox (J. B.). 1960. An ifiDrot)ed ,.ic/o_n cthod for ,hc

dthrrrrination ol fluori* bascd on ai exarrrination of ,h. i/1rtitt2_
flu osilicak eqtilibriurr. (Analyst, 75, 8C9I.)

A study of t-he fluoride-fluosilicate i{uilibrium sysiem indicrtes that to*
r€sults iD tbe micro-deterD.ioatioD of huorioe by_ titratinE with thoriuE
Drkate, after separation of fluorine from interferin; ions tv iistiUiiion. -""D€ carseat..by soEe of the fluoriDe being present as t5e fluo;ilicate ion Sii".-:-rDe uosrlrcate ron does oot form an un-ioDised compound with thoriui as
does lluoride.

CoDditiotrs for titratiDg fluoriDe with tiorium nitrate so as to avoid thiserlo. are described, aDd tbe ellects oI chloride ions aaa varying pH on tbemettrod are discussed.

Pedology Dep.rh€ft
21. MACEWAN (D. M. C.). 1960. Soluatioi of cldy rrrit rals i,

lclalion to crttslal sll&tlure : irtkflamellar -adsot'Oliott 
Uv ,t""

minztals. l^frans. Fourth Int. Coos. Soil Sci.. l. fb?_tog.i
A summa. red bistory of tie subiect. -

22. STBPHEN (I.) and MACEWAN fD. M. C.). 1960. SlDo ino
Chlorite. (ceote.hnique, 2, 82-88.)

A note oo the material meDtioled in last year,s relrcrt.
23. TALTBuDEEN (O.). 1950. Illctlamzllu adsorbtion of brol?il

_ ,rronolatcls oa ,nontnofillonoid .Jars. (Nature, iOO. ZiA.i
- -E vrdeqce rs presented to shon, the adsorptiotr of Doh.oeotide chaiDs from

t"bree proteins in the ioterlamellar space of orientea fata o't noDtmorillotroiilcra).s. (-ltre-, two-, and four-layer complexes can thus be lormed. The h*ro_raFr co&prex rs riert to wa(er atrd gllrcerol, aEd highly r€sistaDt to stroDgacid aod alkali.
24. TALIBUDEEN (O.). t950. Itttctlamallu odsolbtion in artiticiat

_ lalcl stnt tur.s. (CIay Mherals Bulletio, No. i. fft_ttS-t -
Londrtrons for the preparatioo of a zinc hydroxide with a laver stnrcturearr- surrlmaflzed ; it is sho*n ttrat under coDtrolled conditioDs, 'this adsorbsdiffirent anounts oI anionic dyestulft. et a c.iticat ionieiLit-io-n?-it-iratter, thes€ adsorptiou coEplexes adsorb Don_ioDized polar orsadc molF

cul€s ilr the Eranner of the moatEorilloooid rlavs. Adi:rbed diastuffs aic
sh- owtr to be displaced by ot_her dyestulfs quaatitiUvelv. A"-;;i;;; f";
t+ese properties is adv"aoc€d otr the basia of tle prelerential a?sorption otziac ions.

Soil MicroHologr Dcp.rhent
25. METRLEJoHN (Jane). 1060. Thz ptttc ctdl*te isolaliott of

Iiqg-_qg! eu.opa€a. (Trans. Forirttr Int. Cong. Soif Sci.1I, t0Fl97.)
- Xilrosofiouos clropara (Witrogradsky) hes beeo obtaioed itr Durc culhre,rog| xothamstd soil, by modifi( atio! of Wioograds.ky,s roethod, &s lollows :
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(l) An etrrichment culture was made and the poPulation iD it built uP;
(2) traDslers were rDade oo a new liquid Eediu.o; (3) the ba.teria were
;emoved froo the carbonate pa.rtrcles with carboD dio).ide; (4) coloDies were
picked lrom poured plates oE sllica gel.

26. MEr(LEtoEN (Jane). 1951. Tho elJects of gllrcose on in ?ure
cqltures oJ ,titilying bacteria. (Plaat and Soil. ) [In t]rc Press.l

I. 0.02 M glucose sleritized by filtratioa delays DitriticaLioo.
2. Filtered-glucose is oot toiic to aitrifyiog bacteria, so the delay is

ptesurnably caused by the Iapid growth oI the ootr-nit fying ba.teria.
3.0.02 M gluco€e autoclaved in tbe medium stoPs Ditrificatioa, and is

toxic to the nitrifying bacteria.

27. NUTMAN (P. S.). 1s5o. InJluence of slrain Lnd' has, I^ct/ts o,
lhe eficieac! ol ,tirrogen fization in nd. cloucr. lPtoc. Brit. Comm.
Specialist CorJerence in Agriculture, H.M.S.O., Loodon.)

ahis paper suEDa.rises what is at present knowo of the faators concemed
in syobiotic Ditxogeo fixatioD which are subject to ButatioE. On the ba-srs
o{ getretic atratFis of host alld strain Iactors a theoretical D,odel is ProPosed
tor the esseotial intracellular rea.tions irvolved in dete.mimtrg v.hetjler a
partrcular sFEbiosis is ellective or ioel{ective itr dtrogetr {ixation. It is
auggested that t]1e3e processes are trot special reactiotrs concemed only with
nitrbgen lixatiotr but are also a.ssociated with the norEal and €sseotial
Il1etabolisE o{ hosts atrd bacteria, aDd that itr an iner{ectrve s}'mbiosis tbese
reactrons mutually itrterfere and lead to the complete bleakdowd o{ the
oetabolisro oI urc bacteria and oI the inlected plant cell.

28. SrNGE (8. N.). 1950, A callare ,rrelhod fot g/oloing small free'
lit iig arnoeb@ Jol lhe stud,y of theit tuclea, diuision. (Nat])re,
165,65.)

A culture method oI gro\ritrg small Iree-livif,g amoebae on thin 1i14s of
oon-nukient agar made on slides as described. .{Iter fixatioB tbe filE is
removed, leaving tbe majority of tbe amoebae stucL oE the slxas. As the
amoebae are conlined to a so,all area on the slide, it is easy to look {or the
stages of tru(lear divGioB alter staining.

20. SKTNNER (F. A.). !950. Preperation of stand.a ised, acti'
norrucek coloties. (Nature, 166' 3t4.)

Descripiion of a method whereby actiooro).cete colotries oI sta[dard size
and shape may b€ obtaitred on agar media by the us€ of sEall open_ended
porcelaio cylindeG to cotrJitre the inoculum.

30. SKTNNER (F. A.). 1950. A ,nethod. for distingttishibg betuecn
oidle s?oles a4d ,t ycelial ftagments oJ actinorr.)/cetes i4 soils,
J. cen. Microbiol. ) En the p.ess,l

When a suspetrsion oI vegetative actitro@ycete E]rceliuE is sbaken
violently \rith satrd, the Eycelium breaks up itrto a large [umber of viable
{rag@eats. These lragtllents are kiled if the shakjDs is proloaged. Spores do
no, break into soaller viable particles aod are kitled ody with difficulry
rrbelt sbakea uDder t]e sa6e cooditioDs. It is, t]erelore, possible to dis.,
titrguish suspeDsioas of vegetative mycelium from tbose of E)ores by observiDg
thtoanrerlrl which the viable count varies ve'ith the tima of shaking. It is
not possible to estimate the Dumber oI spores and vegetatrvc partiales in
mixed suq)ensioa but the predorEinat ng form may be identilied. Large
DuEbers of actinomycetes are pres€nt in soil samplB taketr {rom Broadba.lk
Iield, but the evidenco obtaioed ftom shaking experiments suggested strotrgly
that they were present as free spores.

31. TEoRNToN (H. G.) and KLEczKowsxA (JaDina). 1960. Us,
of ontiselo to idedif! nodales ?roduced, lry lhe ir&cttlAtio* of
legvrtes in rha fiew. (Nature, l16' llI8.,

The Dethod is described ir1 wbich the effect oI incoulum ol Rhizobhtm
,/i/olid otr Motrtgomery red clover i[ Iield conditions was estimated by
applicatioa test. '

Two ellective bacterial strains " Cl.F." aad " 205 " belongiog to tbe
serological groups seldoE present arEolgst the Rhizobit n tlifolii werc lnsed
Ior inoculum, When lodules were produced tle plaots were harvested at
raodo4 from iloculated aud udnoculated plots. Bacte r were isolateo at

IJ
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random fiom te,l trodules aad applicatiotr tests eere 4ade. Fiom iooculated
ptots strain " Cq.F." gave positive rcspoDse with spe.i{ic a.rtis€ra itr about
55 per cent, strain 205 in about l5 per cent, aod co[trol plots Bave about
I per ceot, with antiserum aSainst " Cl.F." aDd 2 per cent with aatiserum
agaiDst 205 strain.

Botrny Departmen t
32. Huupnnrss (E. C.). f950. Tha dsolpriot oI ions by eacised.

too, systems. I. A??a/ar s ond fu.lirTtinar! er?elhnarls. ll.
Exp. Bot., 1, 282-300.)

An appaBtus is described by ae3.ns oI s'hich the absorPtion of ioDs from
a compleG nutrient solutioD oI coDstant compositioa by excised root systeEs
of ptairts, grourn utrder k-oo\po nukient deiicieDcies, may be loeasured iE
staidard conditions of aeratioa altd teoperature. Results of so@e prelieinary
exDeriments are descriM.'lt was found that tie roots readily ab€orM the elemetrt in wbicb they
w€re deficieot, brt tended to lose those elements which v/ere alr€ady present
in norEal amouots.

There was almost itrvariably a loss itr ftesh \r'eight ol the roots afte! the
absorptiotr period atrd also a loss iD dry weiSht. This loss aPpears to te
complex and is partly attributable to loss of resPiratory material.

fbe additiot oI 2 per cetrt suclose to the solutioD fro@ whieh the root
systeEs of phosDhorusdeficieDt barley plaDts were absorbirg increased the
n-itrogen and ph6sphorus coEtetrts of the roots a[d maiDtalDed the Pota-ssiuE
conte"ot, *t itdin tie 

"bse[ce 
of sucrose ody the phosphorus coutent ircreased,

but tlis ilcre3-se was signilicaqtly less than itr the piesence of suclose.
It rras deEotrstrated that roots excis€d frorE plants growing in soil were

capable oI absorbing phoehorus or tritrogen----elements itr $rhich ttrey wEre
armarentlv delicieat."Ihe i;terDrel.atioD oI dala obtailed {roo excised roots is discussed, and
it is conclud;C that excised roots lrom plants growtr ia complete truHeDt
are oot tikely to betrave itr tie saEe *'ay as re8ards absorptioo as corresponilio€
roots oI iotact plaats, but that roots 8ro*' under conditiotrs oI deficiency wili
b€ba ve rather similarly wbether excised or intact. This fact provides a Potential
Eethod lor diagtrosiog atrd evaluatiog outrieDt deficiencies.

The low-salt coDdil.ioo of roots pootulated by HoaglaDd and Broyer is trot
necessarily the ptimary requisite for rapid absorPtion of a Particular iotr. It
is rat}er i.bat tf,e roots shoutd be deticietrt iD that ioo. The roots could be
Lith i[ otber salts.

33. THURSToN (Joan M.). 1960. A com,arison oJ ,he glourhs oJ
oilil atd oJ ctt|ioekd oats in tnatganesc-d.cJicient sdk. (A\1.
App. Biol., 88' 989-302.)

Two q)eci€s of wild oats, A|)ena faha and A. l*doticiarra alld two varieties
of cultiv{ted oats vrere grorrD to maturity io pots oI manganese_deficient
soil with and witlout added Drarlganes€.

A. fudoviciona shovr'ed differetr1 leaf symptom-s of eangaaese deficiency
frotu A. {ah.a a d the culti}'ated varieties. ln olher respects {'ild aDd cult,_
!.ated oa'ts were siEilar in tleir respons€s to tbe level oI manganese supPly,
t"housh dil{ereDces were observed io tbe se!€rity of the effects. The relati\e

""*irtitritrw to mansaDese deliciency of the wild and cultivated oats dilfered
acco'itins t6 tle e{f;t considered. 

-The total dry weight at harvest is an
intecrati;tr of all the precedinB eflects on growth aod is thererore Pr€sumably
the Ee.st sinele crrterio-tr for deterEiring susceptibility to maogalrese deliciefty.
On the ba-sis oI per cetrt loss ot total dry weiSht at harvest, due to lack of
maDsanese, A- Taau is iudged less susceptible a.Dd A. luilolnciana frcrc
suscJprible tlan'the two aultivated varieties aDd tro di.stiDctioD catr be m..de
betweetr the latter.

The most interestitrg differences between srild and cultivated oats in
resDoDse to the le!'el of maogatrese supply occufied In s€ed productron.
Mi;sanese{te{rcieot wild oats showed a smaller reductioD itr the Dumber of
seeds- IorEed but a greater reduclioD in the size aDd maDgaEese cotrtent oI
itrdividual seeds t}lai the cultivated a'arieties.

Mansanese deficieEcv lowerEd tbe DerceDtage oI viable se€ds arrd th€
p.r""otig" oI dormatrt dleds produced 6y both A. larua a!.d A. tudwiciana.
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3,1. TEURSToN (Joao M.). lS60 Th' aild oal froblc'a' (Farming'

1,332-1.\
fl" ii"tiocti"hi"g .n $a.Es of A ' lar:/,a ard A htdooicia$a arc d*itf,i.

""a'*litiiil"tlia8 of contf,olling #ld oats are discussed iE the light of

pi*.'"iL."ug" ol the bioloS) of the two sP€ci6'

36 'WARINGToN (Katherine). 1950' Thr ellecl oJ a-analigns.

it calcitm s]4iblv. ,H uahc a*l nilrogen conkn' ol- ng'nen'
iolntiion" on ti isOda"c oj Ltt{ce and /cd cloocr lo motybd'nwi'
lAnn. ADD. Biol., 37' 617-23.)

fl'j ..""rit '.f cabium suDDUed did trot aflect the respoEse of the-Pl'aDts

t -J"tsai""i. thoosh the i;tcium reqrlireoeDt JH,ffif*,*#ll"1ilat D}I 4.4 tlatr at 6'3. Growth was b
irLii'tir- itt l:i i. 8'2, io sPite oI a rarid levellinS uP to a P}I bertreea 6

:;r-r- ffi';tt; *'. o*"iut" &ception oi the soluti-on 
-at 8 3; the- oeed Jor

H"i"ilHi;';**;"'.Gfi ;t''tb" reartion of the. mcdium' m,:." 1I:
"Jiiurl 

*pplv and/or the initial pll talue oI the solutrotr was a'aneo' rl)e

elIe(t of rEolYbdefluE was Dlost Proooutrced io tbe La'rgest PB"t" ' 'Ai&iiui" ii'ii," iiir"e"n supplv deihved the rcsPons€ of lettuce to roorvb-

ilr-""J, 6.i-*,tl uitu io*,rLiioi o. 'oio*ulated 
;lover the revene $as true'

iij"--aifG"*1" behaviour is explaircd oD tbe assumpuoD that lettuce has

i Tiiri..*'r"-0"*"-.-*i {or molybdenum tban clover' Five or l0 P p'ro. M9

L?;i;'il; -b.;;iit tl.n d'r p.p.m. at anv level of nitrogetr supplied'

L?uA T"-ilbtit.v ; ;.--"g; 6drn toxicitv *"ae Possiblv greeter wheD

Ditroleo was Plentiful.

3G. CRooK (E. M.) and WArsoN (D' J ) l95l Sttdi's on tlc* 
;;;; ;r b;bi"";: it. ru r.i2"'"iu/c to'ktitions insi'L botato

ctamis. 
- (j. Agric. Sci., 40' 199-226 )

C,ontinuous Jords oI the tedPerature oI potatoes stored in clamPs werc

."d;iliil;:i[-;ilp)';d iD'.re434 {3 iramps).. 11 !h_" 
t:* 

I^"1r^:-,i}"
Gmoeratures at iarious_Pooitioos io the clamp coveriEgs rf,ere also recorooo'*"TtJi"-*-*t"* 

at ihe Eiddle o{ tne po'tato heap showed a.drift with
tr-ji-iirii. tn"i.t meal air teoperature: Deviatio$of meatr air tempera-

iiff ?;;*;#;";;d, h"tiotrti about a week, had Do elrect-on the

;;-;;iil;i A; poutoes; Iinter-perjod deyiatiotrs were r€{lected itr the

iHffiili; ;i 6; ';;i;;tu;"a lig of about a w€ek rhe dnjTog,-ll
i"i[r-.--."" r"-o.i"ture b€tweea podto€s and extcmal air ave-ra^8ed about

I-T'?--iilsf,]'"iliirlz'iii i*'e*'t"r' increasiog to over 2oo itr APril'

iJ.i".-tiii-'i.l rotting of the potitoes lollou'ing blitht infection iacreas€d

fi:;;;?ffi;'p;id*:ioo ana^causea the clami toiolrapse at the end or

ADriI-^P'iI t ro of tn" lg43-4 clamps (variety Maiestn ) the potato€s werg elPoced

t" t"L"urat"[ 
"om"iently 

l6w to cause swe€tening for several weeks durrng
;:il*'"t'1ia*fi;;. - I; dr" thitd clamp (varietv Arran Banner). the

i#irl-*i"tl, ir 6! p"t t*" never teu belod 66' ThG differeoce Eav. have

i;,i;;;;; -;;;i 
heat Productioo bv A'ratr Banod than bv Majestic'

a.ssociated witi earlier sprouti,S.*;;. ;;;;tu* in ihe potitoes teBded to latl {rom the cenhe oI the

";T;H?'6;;Lia",-u'ri 
ttt" temprature Sradietrts across the clemP

"".i.a *itt time aod betvreeu clamPs''-il" aiu-rf teroperatute *ave it the outer surlace of th€ earth cover'
.""#-u*t 

"jr."-iioti 
of heat lrom soiar radiation during the day aDd loos o{

ilil;'d-th;Ii;;;i;;G;' Penetratld throush the €artb cover but
i^ff;';:* 'ti;l;";tioo uet',"en ''".tt and strew No diumal wa*e was

detrctabl; in the siraw cover or in the potatoes'
Three elfects oI wind were distiDFuisbed
i-wl'ii-a""t *.a the teEperahire of the pobtoes at the surface of the
'' ililti#.'Eitiii itEi ut"*i"g, atrd'raised th. tenperature at the

ii'i.it" .orfare. This occured itr tbe late stages of storage aDd \+as

;ffi;d-i;T; "-JL 
i",". too'i"g sumcieitlv dry to Permit tl'e

;;;;;; ;4"-J eir tlrougb it So'rtherlv wiads- -had a greater
Iilfir'ii i-otii,eav *i"as 

"t""qual 
velocity' iresumablv because ttre

:#b' ;;; d;A rJore rapidlv al the south face of the clamp. than at
the notth face. T6Eperatute' vrithio the straw cover \ras auected rn

tlre saoe way a.e thet oI th6 Potato6"
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2. The daily tmpeqtu,rc range tlroutDout the ertb cover aod iD tbe airwas reduced by wiDd blowiEg Iroo aEy dir€ctioD.
3. After,tbc earth cover was lemoved from a ctaEp, ia April, 1044, windgleatly itrcreased tbe diumal tenperature fl..t 'jtloa Jiit" 

"r-ja"e 
oithe potatoes on the side of the'claop to*-ai iltO tte G"i"iii

, blowing, aod suppressed it oD tbe opp;ite sid;.It is conc,luded tlat tte chief barri; to tbe penekation oI extemaltemperature Iluctuation lies at the iunction of tt" i.rtl *Ait 
"rr'"oi.]iaDd_ttrat the thickness ot tle coveri"'gs is ttereioie-o,:l"i.iiiiiir] '"'--

l"-. Senerat, clamp storage ia east€rn England provides temDeratureconorrrons reasonably (lose to the optiEum only duriDg the rnonfis lrom-\over0Der to Aprit in q.inters free from prolonged frcsts.-

37. CRooK (P. M.) ana WArsoN (D. J.). 196I. Stt d,ies o, th.
stotage of ?ota!o.s, III. The aipoitiott oJ nc anosincr);tt-'i
?ototo clorn?- (J. Agric. Sci., &,-ZZ7_92.)

. The CO, coDcentration in the atEospbere of a potato clamp variedbetweeD 0.06 ald 0.86 per cent. The sum bt CO. aoa o1*vc* coiilit .ti-;;rcnarned apprcxrmately coDstalt at Zl p€r ceat. Tte eO. concentr-ation
rncrea-sed wrti trme from December to Apiil. This w-as attrib;ted to inffeasern the rate of re+iration of t] e potato€s iaused by ris€ of temDeratu;e_ iV_;;Dlowug rn the directiotr normal to the faae of tbe clamp riducea t}Ie CO-coDcearatior, presumabty by causiog external air to O"w'tt oush-th;_"laiacovenngs. A Eultiple regression oI COr coDcentr.tiotr otr tem{,e;ture oI th'epotatoes at tbe time o{ sampling, aad on tbe mean co;d;;t; -;;
)/,erocrty norrnat to the calEp lace estiDated over a period oi B hours beloreure utrle ol saEphDt, aacouoted for 64 p€r ceDt oi the variaDce betweensaDpliog oc(asions.

. Unsaturated compounds were detected in the clamD atEoslbere bvaosorptrcn rn bromine; the coDcetrhatiotr of tbese, exDicssed as'ethvbnlvaned Dctwe€D o.{XN atrd 0.02i per cetrt.
Tbe_ matDitudc oI COr accumulatiotr atd oxyReD deDletion ia ttre clarnr}

atmosphere was too small to ploduce effe(ts of_p-racticil imoortance on thi
storage ot the potato€s. If the uNaturated codpounds wrie ethvlene. tleconcentration preseat w"as suEcient to cause ippreciable .";A;ti;;';i
sproutiDg.

38. Wersor- (M. A.) and WArsoN (D. l.). lgdr. Tht cfictt ot
i.nlcction uith bcct ycllcus a bc;t ,rr;sioa riruscs oa tt i'rorbi_
i.rclrale :onl?n-l oJ sugar b..t hdo.s anil or. translocatiofi. (A\n-
App. Biol., 38, 2?6-288.)

, The.loss of total carbohydrate (sugars aDd starch) per ceEt of residualdry matter (d.ry mattrr less, totat carbohydrate) during ; period of darko€sstrom l€aves ot sugar b€et platrts infected lvith vello},s-viris was as sreat asthat llom leaves o{ hlal$f pt""ta. Tbe conclusi'on of previor.rs workeri, trased
on the results oI the Sachs iodioe test lor starch and the occurreEce oI Dbloemgxmmosis in inlected plants, that starch.""u^uLG i, irf*t"a'i"i.iii
oecause iratrslocation is pre\ented by blockage of the sieve_tubes, is therefore

Older lcaves of iofected Fl,ants had a hiEber conteDt of reducins susars
and sucrose, and usually but trot invariably 6f stalcb. both at the b&in-iinsald etrd of t}le dark period, tbaD (omparabie leaves of bealthy pl,allts. "By fa;tlre Sreater part oI t-he increase xasjn reducing susars. In'tiaves tatJn in
late. Septemb_er lrom infected plaDLs growing in ite f"ieta, 20 fer cent or more,
9l :b9.toja.l.d-ry matter, was present is reduting sugars. The reduciDg sugaErn both }le'althy and yelowiinJected leaves we-re sf,own by paper ctiomito-grephy to be glucoG€ aDd fructose iD approxiEately equal ainriunts.

. Tbe carbohydrate coEtetrt of sutar beet leaves was little afiected by
l olectioE with b€et-Dnosaic vitus.

YeIows-iDIectad leav€s had a lower water conteEt Der cetrt oI fresh weisht
thaD healthy leaves. This was accoutrt€d for bv tie nicler .artxrhr.t;ari
coDtetrt oI iafected leaves, Ior the ratio oI watur , i"Saua alv -.ttci "L" 

rloi
atlecded by iEfectig! oI wa-s slighu, r€duced. This iEpli; that hydretioEwal iode?etrdetrt oI cerbohydrate co8tetrt.
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Statistics Departm€ni
39. Bovo [D. A.) and DYKE (G. V.). 1960. Main rop lotato

groruiw ii Etglaad and H/alrs. (N.A.A.S. Quarterly Review,
No. I0, 47-57.)

The Survey of Maiocrop Potato€s, iDitiated io 1048 by tbe Agricultural
IoprcverEetrt Council, protides detailed data on coEmercial potato growiog
meihods in EaBlaod aid wales, toSetber rith estimat€s oI -yield based otr
sarople liftings. It is showD tlat oficial estimat€s o( ).tel4 !1 1948 arld 1949
were ooe aod threeguarter tons per acre b€low tbe samPle li8ure.

ExaEinatron of the survey data together with sumsari€s oI results oI
expedmetrts shows that gtowers' practice is maiDly satisractory but iEProve_
EaEts itr total ptoductiotr miSht be acbieved by earlier plantiog atrd better
use o, faflojaald oanure.

Tbe rced is skessed Ior furtber experiments comPatitrg lirst, earb aod
late plaoiiog aDd secoEd, certilied aDd once.growa seed.

40. GRUNDY (P. M.). 1961. A genaral lechniqlc lor the analysis oI
crleinentr uilh ir1.orlcttljt t,.akd llols. (J. R. Statist. Soc.)
[Io tie press.]

Occasionalt in field experimenb tbe wrong treatment rs accidentally
applied to ooe;r more plots, and as a result dificulties occur iD the statistical
an-ah'sis- The soecial methods hitherto devised for such cas€s are of reskicted
scopi. This parjer glves a flexible technique lor dealiDg witb such disturbanc€s
in t vadety of diferetrt experimeDtal designs. The ,lew Dethod is based otr the
forEulation oI a plobteo rhich aay be regarded as a Senerali"stioa oI botJ1
the distulM arrd uodisturH d6igns. The atralFis Ialls iato t\ro stag€s, ol
wbich the first (t.be solutio! of the generalized Problea) is forEally siBilar to
a Eissiag-plot analysis. In tbe second stzBe, the trecessary coEstr-ahts are
aDDIied to the estiEates obtained lrom the first stage. Tbe priociflB uDder-
liiirc this Inelhod are discussed, and dil(ereEt a.spects of the techlique illus-
6atJd by examptes;one of these is the 1047 Rotba6sted exPerimeot oo tbe
elfects of organic manures on potatoes.

41. HEALY (M. J. R.). 1960. The flLhnir.g of ptobil assays.

@iomekics, 6, 424-43I-)
Gr.phs are presetted lrom which the Du6ber of t€t subiect! Eec€ssarjr

to aclri;ve a desired degree of precision in a 2 x $Point Probit assty
loay be deterBined.

12. FIx^Ly (M. J. R.). 1961. Stalistical a?lenlti, to Pa?el bt.
F. M. P- Eihskin, P. Krohn and S. Z*ch.lrnon, rh. Poknc, of
diflerent ocslrogcts ia mothels. (J. Endocrinol.) [In the press.]

The 6aio paper d&riH a targe e4)erimeat in the induction of artificral
oestrus in moinfeys by means of ;,'nthetic o€shogens, the lesults of which
sbowed a high de6Tee;f noD-orthog'ooality aDd oth:er irretxl,ar features. The
appendix d&ribes the methods of analysis adopted, and discuss€s somo
p6ints tt'at adse in tle handling oI this kitrd of data.

43. YATES (F.). 1050. The ?lace oI stalisli.s in lhe slud! oI gtoulh
and. Jorm. LA discussion os the measuremeut of Srowth atrd
forB. Uader the leadership of S. ZuckerDao, F.R.S.] (Proc
Roy. Soc., Series B, 137' 479-488.)

This piper discusses the ,unctions oI statistics itr tbe study oI 8ro$.tb ard
form. Muah of the statistical work involved in such study coDsists oI the
fittiDg oI soEe matheEatical relatioD to tle observed data. Tbe various
obiectives of such fitti[g aDd the limitatiotrs to which deductions bas€d otr
the littitrt are subject ar; diFcussed. The statistical processes that are aPPro_
priate to the hatrdlitrg oI siinultatreous measuremcnts oo a Dumber oI char-
acteristics are also brieflv discussed.

44. YArEs (F.). I9;1. Mdnuling for higher lields. Contlibalions
to slrnPosiafi i Four thousard millioD Eoutts: scientific
huEaDism and t]rc shadow of world huoger, edited by F. le Gros
Clark aud N. Pirie. (Oxford University Press.) [In the Press.]

Tbis paper discusses tbe pert played by scietrtifi( ,DaouriDt itr the increese
oI cro,p yierB a.d tht probbis tf,at arise itr the PlaElling ot the agriculture ol
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I r€gion so as to trrad to the maximtrE ptoductioD oI hEDaE lood' I'hc
expeDetrce oI Great Britaitr i[ tbe use of fertilizeB aod ia agicultural plallitrS
is takea as ar1 illEsirative exaEptre.

45. YArEs (F.). 1961. Thz ittJlwwe o/ Statistical Methods for
Researci Workers on rhe d4t)etoprnent oJ thc scietae of slatistbs.
(J. Amer. Stat. Assoc.) En ttre press.l

R- A. Fisher's Srolisrtcal Mcrhoak Io, R.s.trcL W'orhcts e-a-. firstpublished
26 lrcals ago, Tho booL is of particElat itrter€t to Rothamsted since it s4s
rriiterr b; Fisher altel five iea.rs' rork at the Statiotr atrd eEMies the
re$lts of hisheds rB.arth€s d;ritrg his early yeaE thare. The paPcr cootains
a aritical Ieviee ol tle i luetrce oI the boot oa the develoPmetrt oI tle scie ce
ot statistics a,!d exp€trimeotal desitE.

CORRESPONDENCE AND REVIEWS
40. IIEALY (M. J. R.) aud Lrrcs (F. B.). f960. Sfitisrico'l analtsis

oJ resulk fol s.uaaessioe lesrs on rhe sdrn orgonisa. (Letter to Natue,
166,3r9.)

47. YArEs (F.). 1060. Rcvieu of The ttreory of iabreeding, by
R. A. Fisher. (Eugedcs Review, t12, 168.)

48. YArEs (F.). 1961. RcL,ieo of Ex[Eriaental designs, by William
G. C,ochr-an and Gertrude M. Cox. (Science Progress.) [In the
press.]
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48b. Pour-ron (Emily P.). 1960- S1r/oc! oJ Fcrrilize/ Praclica Rcpolt :
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19. REES (D. H.). 1960. Er?e/irn nls oa the Jeediq of $gar b.et
ottd fo a bccl ,o ?ags. (MeDoratrdum prcpared for tlre Anioal
Exp€i'iBents SuMommittee oI the Agricultural ImproveEent
Council.)

50. YArEs (F.), 1960. O?c/ationd ,cscarch. (Prepated for the 4ttr
Sessioo of the United Nations Sub-Commissiou on Statistical
Samplilg.)

Plmt Prtholory Deprrtuent
GENERAL PAPERS

61. BArVDEN (F, C.). 1950. Ir,lc*lcnc, lhenornend @ilh an and
belzrial dluscs. (f, Virus€s1950, edited by M. Delbruck, Calif.
Itrst. Technolo8:y, pp. 3G3a.)

62. BAI*'DEN (F. C.). 1950. Sorrre !rciedics of thc toba.co necrosis
rrrrrsrs. (Seventtr Iat. Bot. Cong.)

53- BAWDEN (F. C.). 1951. The mLllillicotion oJ oin scs. (Sci.
Progr. 39, f-fz.)

54. BAWDEN (F. C.) aud PIRIE (N. W.). f960. Th. o@ie,ics oJ
n aalornokaalcs in crrracts Jrorb oinrs-infeakd fhnk. (In l/itr.rs6
1950, edit€d by M. Delbruck, Calif. Inst. Techaology, pp. 3630.)

65. GLYNNE (Mary D.). lgSo- Faators alfea,ing ,h.e incid.n. of
etcsfot, Cc"f;f"lAporclla. hertr,otichoides Froa- ot ccreals. (Sevettb
Int. Bot. :ong.)

50. GLYNNE (\[ary D.). lg80. Closc cereal c/o?!itg. EfJee, ol
caltural lrcJr .n s of uh.at on eyes?ot, lottgiag, tahe-all atd we&.
(Agriculture, 56, 61G514.)

67, GRrcoRy (P. H.). lgSO- Feto6 ottltollhq ?l4nl dis.osc
, gradi.nls. (Seventtr Int. Bot. Cotrg.)
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68. HULL (R.). f960. Sont Jactors 'ff'ding 
the itttitkttcc ol ycltous* ',iii" ii'Jliiiii in-cn,oi a,iu;i' (Seienth lnt Bot cons 

'59. HULL (R.t. 1950. Viras leltous in s ga-r bee'' (Farming' 4'
72-77.)

60 IIULL (R,). t960. Vittts Tcllows : ttccd Jor heallh! sttchlings'-- 
ie.iti"Ii S,i8"r Beet Review, 18' 107-rll )

8l- WATsoN (Marion A.). lgs} Behatiottr oJ P'rsistenl and wn'
"' ;;;;";'ifrinil!iiu'a ptot,,t oi',ases' 

- (seventh Int Bot'
C-one.)

RESEARCH PAPERS

62. BAWDEN (F C) and NtxoN (H L)' l95l' The aiflicat;on
--' 

"i-it "t ot'micto;cobv to thc stidy ol ita*t viruses it u'tOuifitd
it^-t.,t acts- (I. G;n. Miqobiol, 5' 104-109')

Ri#;'.;;;i;;rpb'-*;rred iD sap from Plaats i'alected Eitb tobacco

-*};""i,coiil-;.*itc, Potato x, po'tato vl nenuane Etodarc' tobacco

iiif;i-Juule" ur""ri"!=pot vrus&; ttre firt tso were about 16 oll

i*i''*";ffi "ffi 'H''Ht*m#i.l"i,'f*T,1".T*-'x'*:ffi 
{

l'ila #J t"-uL"" oiit*i" virus€s coataitred spherical Partictes about-2'6 mu io

i"rJ-"Jiit'iffi-p*t]iii, o,re about 18 BI'1' a'd the other about 3? mp rn

ii"-"i"i.'o"""t1"a in sap ftom platrts iDfected wit} a third tobacco neclcrs

ffi Tkffi I#F;*;ffi $irlil:#d't'Fili-ffi
aiagpioti" n tu" because so also r*ere some u[relateo vrroses'

63. BHARGAVA (K. S.). lg5l Sontc .pto?aties ol 10L/ st'ains oJ
"'' - i*, ioi";" uils5. t?,:r,r.. App Biol" 38')

ori[ii-Jt#-" Ji cucumber oosaia'virus differ in their.host. raDge'

"*'.i.-"-i.t..4. viruleoce towards dillereot platrts'. transmbsibility by

l"frltai? rii.i-"ira-p"i"t and therEat itra'tivatioo Point'-""i{;**;;;".;;.i variatiou in the suscePtibility o' somc bost sl'€cres ;

*.-ii'ii-L-" ;" 
""o.teDtlv 

imoune during srimmet but during \f,inter pro-

a;;ruru?Y*u"ijrsT,'?:l*'l'",i:' H"$lff 'jniTf,,"o-u"'.'*"i"
,r'"14-Ei"ilitt"ir' to and trom theo ; svstemic infectioo in- beet rarety

occurr€d unl€.s the virus \ras 
'ot'ooo""d' 

iito young tissues .IDhibitors-of

x*irni',ru;x:tr*Yif 1'J#,1'1ffi ffi "ff;"trIHILTffiffi'#i*e;;.lT;;in ,,ti't thev occur tun with idectiotr of tobacco'*"ci"ii 
t- rn-osai" virus b,a_s i' Iow temperature coemcient oI thcroal

io*ii#*i# "'ii-frirll 
inlectivitv is destoy-ed bv beating at temperrtures

tElow ttre therrDal inactivatiotr point'**;[";*;r;i"* 
(Sutz.) is i more e6cient vector tban lnvry:. *d!t

,. ^::*i-'i;;-1;- ;.'" Jm"ieot then Mo.losifhgn c*Photbiot (Tbomas);

r.tr*f**l"ll$*a***"*t.ftr-TJ:s?""'Hi1'Elo*m*tceasc

6,1- BRoADBENT (L.). lgSo The miuoclimale ol lhc po'alo cro?'
--- 

rO- f. Rov. Met. Soc., 76' 43$454 )
.",X' i.-'ililt".*' i-J-L'-iaiti'" in 'a stardard screen atrd at ao

*f#" riii'J1?-"^ io p"t"to crqps were contuuously recorded duri.t
trrree zuhmers, 1047-49.

Itr dry sunny p€riods: ., +^ rroE. ri-fi.ri. tr6 -^-r;iro t4operature 1".*.f 
"tT""*#*['S 

l;-f.]:,[It]f;.thr,n in tbe scr€€n, atrd over a Perrod

l$,flfu *,*"Y*"ffii,:*llilT"*s.'t"ff ffi;-n-"**
itr the app sas 2'2'F higLer tb^n itr tbe screetr' atro

l. ii"*.-rffi" daily teo$rature rasge was 8"F Sreatet thatr i! t'he

scteea.
w;i'i]i* roil atrd cloEdy weatie! greatly 

- 
r€duced tb€se c!-atrasb;

*ca-si;;"I; tht;*,P miniaud was higher thatr the screen lrl,mud'
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By day, hutrfdity *?-s bigher in the crop tlalt in the scr€en, tb€ average
differerce at the EiniEa being 6 per ceDt in relative humidity, and Z"F in
dea poitrt. By Digbt, the dew point in the crop was, on average, i "F lower thatr
id the screeD, cofiespolding to the obs€rved difference ia dLan lDiEi@uD air
temperatu1e3.

DuiinS 1948 aad 1949, more p.ecise discoatituous records were takeD oI
terop€rature, lu[Ilidity a.trd lfiad speed in atrd above potato crops srith
difieretrt densities of loliage ia a variety of weather cotrditions. Temlerature
aEd huEiditl. vere Eeasured at 10, 20 o! 30, atrd 60 cE ; wiDd at 20: 30 and
200 cE above grouDd level- In the clop there wa-s oDly a slight t mperature
Sradietrt in the e,rly moming aad tlroughout clouaty da)'s, but durirg sumy
da,'s gadients q,er€ prcduced, dE)ending on crop detrsity; it was hottest
et l0 cm in aE open crop, at 30 cEr in a dense crop; in both it was usually
coolest at 00 cm when the soil was dry, but over wet soil the lowest temperatur;
was ,outrd at l0 cm. Except oD cloudy days, teEperature itveGioD took place
belore suoset wbatever tbe loliate density or ooistDess of the soil. -

Eumidity (dew poiDt) was usually Sreat€st at l0 cm, but in a deDse crop
over dry soil water valrcur traDq)ired Ircm the leaves olten caused the air ai
30 cm to tre more huEutl tban that at l0 cm.

w,iEd afi€cted both te4peraturc and bumidity bl]' iDcreasing lapse rates
and causint rapid fluctuahons witlin tbe crop, pirticularly oI bumidily.
Chatrge ol wiDd speed rritlin the crop took pla; €very few secoDds, tde
arDplitude oI tie fluctuatioDs dep€Dding on the speed of tle wind abov€ tbe
crcP.

65. BRoADBENT (L.), Cuauouunr (R. P.) and KAprcA (L.). tgS0.
The s!/ead of oilus diseases to single potato elanrs by winged
a?hids. (Ant. App. Biol., 37,355-362-)

_ Youug potato plarts itr pots erpos€d iD rhe opetr trear plota of potatoes lor
timited p€riods at intervals durint the suEroer, b€came iDl€sted with large
oumbers of winged aphids only duriDg r*'arD, calE. aad dr:], weather. Althouih
visitcd by apuds duriDg May and June, $.heo much ol the sEead oI vinrses
occErred iD nearby potato crops, few of the potted plants &came i ected.
Mo6t potted plaDts becane iDJected in July wheD alate aphids Eere lca\riDg
Deithbouriog potato crops. Widcly diflerent proportio;s of the exposei
plants becaDe iDfected itr diflerent years; iD two of the three years, inany
mor6 plants were iolected with virus Y thaD wit.h leaf roll virus.'
66. BRoADBENT (L.), cRrcoRr. (P. H.) and TrNsLEy (T. W.).

1950. Rog{ing botala caoos Jor vints diseases. (Ann. App. Biol., 37,
64e,650.)

ReDoving vinrs-infeckd plants froE plots of Maiestic potato€s at
RothaEsted oD znd July did not !€duce the spread oI ldal rcll -but reduc€d
rugose moGaic (potato virus Y) to about oDe-Jifth of that itr plots rogued ollllst July or left uDrogxed. RoBuiDg AEaD Pilot potatoes on t6th lune, or
2nd July r€duced leaf rou to live-sixtbs of that io unrogued plots ; roiiriDs on
l6th June reduced rugose mosaic to about haff that in plots rogted on 2nd
Ju\-, aod about a quarter oi that in uDrogued plots. lilting Arar pilot
potato€s in mid-August rcduced virus diseas€s to about bro-thiras.

RoguiDg flatteDed the gradient (decrea-s€ in percentege plants dis&sed
witb increasing distaDce tom thc source oI iDJection) with ruEose mosaic.
but bad little effect witb leaf ro[. ErideEtIv aDr Dlaots Dreventea bv rosuinp
from coDtractint virus Y Ee:e near the initialy infectea phDts. - _ "

In 1948 Majestic aDd KiDg Edu?rd potatoes at threc places were rogued
duriDg 22od-2{th JuDe aDd tubers were dug during 28tb-3{hh July aad aga.iD
at the eDd of the seasoE. L€ar roll spread rEore itr Maiestic tha,l iD {iDq
Edward, and rugose mosaic spread moie itr King Edward. Roguiog reduceJ
the spread of both by about one-IiIth at Rot-haEsted, but haa no eife(t at
Suttoo BoDington. At BrettoD, itr tbe Derbysblre hills, roguiEg had no effect
otr leal roll, but preveDted tbe spread oI rlgose Eo6aic. -

The small benerit occasioDally achieved by rogoirg io the ware-grow{ne
districts o( EDglatrd do€s not make the practice ecoaoEically worth while. -

67. BRoADBENT (L.) atrd TrNsLEy (T. W.). 1961. Erperirncnts
on lhe colonisolion oI oolalo plants b! aple/ols atd alaU aphids
ir. relalion 14 th. sfead, of oirus diseases- (ADD. App. Biol., 38,)

BatchB oI poteto platrts ilr pots were placed in tbe field Ior liEited
periods among plaats rnlected lrith potato virus Y aud leaf roll virus. Some
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oI the Dotted Dlatrts f,ete surouDded by sticky boards \rhicb prei€Dted
aoterou3 aohidi lrom reaching them. AlEost as Eatry Plants witbin the
b6*ds ""'"ithout 

becaEe iEiected, indicatbg tbat Bost oI the spread of
rrirus was bv vinsed aDhids,

ADtere€ ;ere Drobabli resgoDsible lor sprcadiog tbe \rirus€s tlroughout a
hill aiter ole or'more si.ms_ were iuJect€d. The, Eay carry iDlectioE to
treigbbouring plaats, but mo6t of these will have beeo i ected dftady by
alate.

The numbet ol plaDts cootracting in{ection was uDalfected by watering-

68. GLYNNE (M-ary D.). 1960. Shar? eyespot as a seuere discase of
o4Js. lNature, f66, 232.)

s'haro eveitDot caDlsfd bv Cotricavm lRhizodonial Sokri i3 ktrowa as a

"o-orof 
bui nlot se"e"e disiase of wheat. lt is bere recorded as carl.si.Eg a

sevrre disease ia a crpp oI oats. Isolat€s fiod \Pleat' incul,ated iDto wheat,
barlev. oats and rve ti sand culture, produced l€iotrs oE all four ceteals' but
oats ind rve Fere' Dluch more severely affected tbaa wheat aDd barley, tbe
Ioagus pen'eiratilg Eore deeply into their tisues aid kiui!8 about half the
inoculated s€edlings.

69. GREGoRY (P. Il'.). f960. Detosi ion oJ ait-borne larticles on
tlab saTfdces. (Nature, 166' 487-488.)

Exrmoles ai'e siven from exDerimetrts bot]l iD a wird tuDDel and iII the
ooen air'ol the ehciencv with_which sticky t'aps i! the lorm oI vertical
ci,IiodeE aad otetls remove sDores oI LTcorodisn end' Lycop.rdon IroB wrtrd
sieeoins theif surfaae. E6ci;ncy is below I p€r cetrt for the soall sPores of
L|co'oatirotr u[der the cooditiona tested. ?ests vith horizotrtal traps of t]re
toe'emotroved io Doletr studi€s have sho'wD that depcitiotr at higher wiod

"irLa" tiest&t rnusi result oaitrly from turbuleace and oot as Previously
&umed from sedimentation utrdar gravif,y. For exaEPle' wittr LrcoPodi{,,.
i,1 a \f,itrd oI aoDmxirEately 0 m.lsec. the same number of spores Eay be
deposited on thiiower mrlale as on the upper surfare of a horizontal slide

70. GREGoRY (P. H.) and NtxoN (H L.). 1950. Ehdron m,cro-
grapk of igucs ol somc British Goskrornlcerrs. (Tr-ans. Brit.
MYcol. Soc., 33, 369-36f.)

SDor€i of some British Gasteroml'cetes have been examiaed with the
election microscope. Ilrc increased resolying power aDd $eat dePth ol locus
.nAhle details oI ihe mrlace omamentatioo to b€ studied, but the low petre_

tratinE Dosfi of the 60 kV. electroDs used do€s not Permit aDy intemal
stnrctiris to b€ seeo. Tbe spores of some sP€cies which eere previously
descriH a-s smooth are sbot{i to b€ wart€d, and the warts oo all s?ecies
€xamioed aDDear to cooform to the same basic pattem. This consists of a los
uuncated cbie haviog an angle o( 45-70" caPPed blt a much flatter coDe. tbe
shaDe of which !'arietanong the diflereDt s?ecies' To accoDnt for the (or6a_
tioi and sbaDe oI the warls; and also fm the pres€nce of circular discs about
0.2 p diameier, sometimes observed in Eounts from iBmature specimens' it
is suesGted that, durits the disiDtegration oI the tleba, the spores are coated
with; gebtitrous {ilm ;hicb shriDks aad cr&k whrle drying.

71. KAssANIs (B.). 1960. Hcal inaclit)dlion of lcat'roll oitus itr
bolato rubcrs'- (AnD. App. Biol., 37' 339-3'tl.)

Wt'en ootato tuberi were stbied at 37 5'C. itr a huoid atmosphere, soEe
lost their AermiDatitrE Doser atter 20 days but otheE survived uP to 40 days.
A[ tub€rs-infected vitl haf-roll vrrus that surived 25 days at this teroPera-
ture produced healthy plant!. Similar ke3trBents uP to 1l{) days did trot frec
tub€rs from poteto vi s€s X atrd Y.

72. KlEczKowsar (A.). 1950. R.stotarion oJ,he &ilitt of sorn
hcorrd dnlise'z n porrlau spccificdly lh.b adig.ns . lBrit. I .

Exo. Path.. 31. r45-164.)
ttre a6 iw ol some aqtisera ao floccutate, i.e. p&cipitate or agglutinate'

their atrtigeDi, which is lost by heatiog, catr be r€stored by iocubatiotr with
trvositr, 'The r€storatioD occirrs b€cause complexes, Ioroed betreetr aDti-
bo<iies and otber serum proteins during the iDitial stag6 oI h€at deDe_turation'
are disascregated. TrvDsh also caus€s some chatrSes in the Eolecules of
heatdenl-tuid antibodi&, probably reduciog their size. The chatr8ed arti-
bodies still combine specinca y with tberr antiteDs, but Ebetle! or not tlc
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coDbitration leads to flocculatioo dep€Dds on the charaater of the atrtisea.
Tobacco mosaic vims, tomato bushy stunt virus and a strain oI clover aoiule
tracteria were flocculated by tr,?sin-treated, heatdenatured antiMies, bot
horse s€nrE albumin was trot.

73. KLEczKowsKr (A.) and KlEczxowsxr ( JaEira). lg6t. AAililll
of siagle phage ia|li.tcs lo Jortt pla$rs a;A b mA y i4 lil;d
ci.ltules. ll. Geo. Microbiol, 5, 346-856.)

The results of resting a bact€riophage to a strai; of clover trodule bacteria
using young (l day) atrd old (5 days) bacterial cuttures botb Iit to the hvoo-
thesis that phage multiplication can be initiated by siDgle phage partrctes: As
the same phage preparahoDs gave more plaques;n sotia m&ii aod hisher
praportions oI tiquid cultures i-n which phage hultiplication could be det;ted
with )oung thar witl otd bacteriat cultures, tbe fit to the bvDoth€sis is not
eyidence tlat every siDgle phage particle will muttipty. tt ririv be so wben
youDg baaterial cultures are used, although tlere rs-n6 posrtive evidetrce iorit. With older bacterid cultures defioitely oDly a DroDohion oI viable Dhase
particles succeed itr startiDg pha.qe multi;lication._th; Drooortioa decr6asiig
\rith the iDcreasint age of bacteriil culturis used Ior tesiiog.
74. RoBERrs (Florenc€ M. L.). 1960. The inf.ction of blo s tw' uil(scs throagh roots. (Ann. App, Biol., 32, ig6-ggO,i '

Koots oI youDg tomato platrts becaoe iDfected wbetr iDoculated with
tomato bushy stunt, tobacco Ecaic, atrd potato X viluses. Root iofectioDg
atso occurred when these viruses wele adaed to soil or culture solutioos ia
wbich plaDts were ero\riDg.

The viruses were sometioes localized aroutrd their iEitial entrv Doints i,
roots ; solI|etimes they iDvaded the root system but trot the slroots,'aid some..
tiEes they produced full s]rstemrc inlectioo of roots alrd shoots. Itr sotr,e
exFriments, but not all, s,stamic idectioos were Etor,e Irequeot *b€n tbe
upper tap root or superficial roots Eere itroculated tban whdu fibrous roots
were itroculated.

ID both tonrato aDd poteto, virus X spread ftom diseased to healthv
plaDts sbaritrS the same culture solution, il-their roots.were iD conta.t. bui
Dot otherwise. Infectiotr oI tbe loots of Dotato DlaDts by inoculatioD. Dr.F
gu-ced gnly oDe platrt ritb virus-infectad hauims, alfliough sever.ai i"a
ialected tubets .

Bioc}€misty Dep0hcnt
75. BA\VDEN (F. C.) aod hRrE (N. W.). tgSO. So c factars

allecling fhe acfiuolbt of t irtas pl.paralions ,ndc ftorn iobacco
kzoes inJc.kd toi h d lab@co nccrosis vints. (J. Getr. Microbiol., 4.
464-48r.)

PrE)aratioDs of the Rothamsted tobarco Decrosis vtrus wele made bv fl e
ult a,centrifugatioo oI sap from hfected tobacco leaves after a orehminarv
co[cenhtion by freezhg. Not aI t]e aDooalous nucleoprotein in thes6
preparatioDs u'as iDfective, aod the Droducts r*,ere fractionated bv differential
ultraceDtrilugatioD at lower speeda and bv DreciDitatioD at;II 4 in the
preseEce ot sedimeDtable proteio lrom unin-fectea t'eaves. lhehore readilv
sediEeDtable and precipitable material carries with it most infectivitJ.
where+s the other has the gr€ater serological activity.

Preparations made quiauy from fr,;hly e*p.esi.a sap are less inlective
thatr those rnade froo sap that has been frozen or allowed to ase for a few
da)€. The extent of the activation produced by tiese heatmenddeDends on
the pbysiological coodition of the in-fected leava.

As much virus can be extracted from the leaf resiCues as occurs in the saD.
The iofectivitv o{ t}is residual virus depeDds oD the medium used for its
extractiotr.

It is suggested tlat Buch of the in{ectivitv of this virus in saD is acouired
duritrg or alter extractioD from the leaf. brit the retatioDsh iD 'betweeh the
particles with differeDt si"rs and properties remain< uncertain.'
76. BA1VDEN (!. Q-) ana hRrE (N. \V.). 1950. Some ellects oI

flcezing in thc leaf, abd of citrat? iD. viho, on thc inlcdiiity oJ Z
loba.@ keclosis uirrs. (1. Gen. Microbiol., 1, 482-49r.1

heparations ol the RotbaEsted tobacco necroGis virus made froE
tobacco leaves that have been {rozefl while intact arc less inlective thaD
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prqraratioDs raade flotrr unlrozeo leaves. Freering ldtrced leaves or expresFd
sap do€s trot destroy i[iectivity. The suggertion is made that mlrch virus itr
the intact leaf becomes infective only by Eealrs of a Decbanisa tllat is set
in action by mi[cing and is disordered by freezing.

Tbe iifectivity, bBt not tIe seiological a.tivity, of the vinrs b lost on
exposute to 0.0H).01 M Ireukal citrate; the extetrt of ttris iraotivatioo is
itrfluenced by tie tcDperature, pII, duratioD ol exlrosuae, cotrceltratiotr of
lirus ant[ pres€trce oJ salts atrd other substances. Simila! proc€sses could
influence the inlectivity oI tbe lirus itr sap and may do so i,1 the leaf,

??. Gricorne (J.). f960. Action d2 ta so d, NISO su te o,/us dz l@

mosaiqtc iht dac el s*/ I'acidz fiichique du oirtls *i,a.si libki.
l. Mise en &.)idcnce .l'tn Jdclos a.dtl/ant la ?crL d,e Prlci,itabiliu
do fdcid. nurleiqtc et la Jormalion do ?rod.tits difJttsiblcs.
(Bull. Soc. ChiE. Biol., 32, 369.)

Nucleic aaid catr be made iloro tobacco Eosaic vins it the linkage bet*eeD
Nucleic a,cid aad proteiE i3 brokea by exposurc,or: a lew Einutes at room
temperature to N/30 NaOE followed by re@oval of the deoatured proteia at
pH 6.2 atrd precipitation of the trucleic acid by stroEt acid. The Ducleic
acid, wheu isolated, is stable for oaay hours in N/30 NaOH, but il it is
left in this eDviroEment itr the preseDce of tbe protein split products it loses
its acid precipitabil.ity. Evidence is prcseated that tiis is due to a dq)olyEer-
isation oI the trucleic aaid catalysed by protein derivatives of hith Eolecular
weight.
?8. HoLDEN (Margaret). 1950. A stltd! of enzlrnes ,hal can bre@h

ttott. ,obar,ra leal @rnPon nts. 3. Frorgal ?ollgaldcharonase on
leal Jibe. (Biocb.ea. J., 47, 416420.)

Tobacco leaf fibre incubated at pII 4.6 several titnes witi Iresh lots ot
purilied polygala(tutoDase 106€3 about halt oI tie polyuroDide. Millin8 ttre
fibre itrcreas€s the rate of release of carbohvdrate from libre witll PG aad also
hcreases slightly the total amouDt libe;ted. Decalcification of fibre by
cationic exchaDge eith coDcetrtrated salt solutions, and by acid extractiotr.
increas€s the ra6 oI liberation of carbohydrate by PG, andup to 05 Fr cetrt
oI the polyuroDide presetrt is relea-s€d, NaCl iD coocetrtrdtions >0.06 !l
inlibits PG a4tiotr oo fibre, but lqwer coDceDtratioos >0.01-M aativate.
Caclr is iDhibitory except in concentBtions below about 0.001-M wbea
usiry decalcilied fib.e.
79. HoLDEN (Margaret). l95O- A sttdl of enlrnes lhal can breoh

danlt tobaico leaf aorn,onank. 5. Unhartionated, fitngdJ enzwcs.
(Biochem. J., 47, 126-13r.\

Tl'e effects otr tobacco leaf fibre of some en yme prq)aratioDs ot ftrngal
oridD hare beeD iovestigated atrd cornpared \r.iti thoBe of sDail digestivejuice. The etrzymic activities of the prqlarations otr a nrmber of poly-
saccharides ; cellulose, p€ctic acid, starch and inuliD, aad on haemoglobiE and
gelatin were deterEined.
80. HoLDEN (Mar8aret), PrRlE (N. W.) aDd TRAcEy (M. V.).

lg50. A sludy of cnzyr es lhal oa* breah dou laba.co teal corrz-

Porcnls. l. Digeslive iuire of heli* ott leaf fibtc. (Biocb,eD.. J.,
17 , 395-407 .\

The edect oI Eelix digestive juice pol,'saccharidases on tobacco leal fibre
has beeD iDvestigated. Various pretreatmetrts of tbe ribre modify the action
of these enzlrmes. 90 per ceDt of the carboh]drate o{ the Iibre can be brought
into solutioa. The nature oI the iDsoluble residue is discussed. Cellulase and
polygalacturoDase are principally concemed in this digestioD. The action of
the latter rs ,avoured by preliminary deca.lcilication ot ttre libre. Snail
digestive juice has little actiofl on tbe greetr " chloroplast " fraction oI sap
sedimenl The Eerits oI disintegrating leaves eozl4nically are cotrsidered, but
the fact that release by a sF,ecific etrz)'rne does oot give unequivocal evidence
about the original linkage of a substance is recognisd.

8t. HoLDEN (Margaret) and TRAcEy 0{. Y.). 1950. A stud! of
etuzymcs thol can breah ilou'rt tobd.cco leaf cot t?onenls. 2. Digcsrioe
i iee of Heli.z on d4irlcd sr4bstrutes. (Biochem. J.,47,407-4t4.)

Tbe action of snail digestive juice on cellulose (cellophane) and pectic
acid has been investigated. ..1. number of poh-sac,charides and polysaccharide
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dericative have been tested as subtrates Io! snail digestive juice. Ilyalurooic
acid, alginic a(id, a dextratr fuofri B.tt oc.ts arabitrcareous, 'galactogen "
flo6 H. ospcroa aDd Ditrocellulose \r.ere not af{ected, while irisitr, }"e.-9t
glucan, a levan lrcm grass, a bacterial levan, aethylcelluloEe, Eethylethyl-
cellulooa, and carbox,'rlethylcellulose sere.

A seDsitive Eethod lor the detection oI ceuulase hes boen developed. The
leductiotr io viscosity of a water-soluble ceUulose derivative is used as ao
iodex oI cellulase activity.

SodiuE carboxyioethylcellulo€e is +ht enzr.roicaly to a[ extetrt corres-
potrditrg with the b.ea,king of glyclcide litrks betweetr unsubstitutrd residues.
Mettrylethylcelulose is qrlit to atr exteot correspoadiDg r dth the breakitrg of
glycoside lbks betweetr residues otre of wbich is uasubstituted.

82. HoLDEN (Margaret) and TRAcEv (M. V.). 1950. A shtdy of
enzyrncs ,hal can brcah .laun lobdcao lraf cortPoncnls. 1. Man-
,nalia* Pancreatia atd Salioary enzymcs. (Biochen. J., 47,
aL425.\

AI starch Ioay be rcmoved ftom tobacco leal Iibre by itrcubatioE *itb
salirary aEylase. All starch and about 80 per cent of the total aitrogeu ca,l
be removed froE tobaoco leaf fibre by iDcubation \rrith coEEercial klpsi!.
Incubatioo *ith coDEelcial trr?sin leads to a lo6s of Cllcl, sotuble material
paralel wittr tie loss of dr, Eatter. Figures are giveD Io! the compositio! ot
the particulate Datter itr crude saps.

83. PrRrE (N. W.). 1950. A bioch.rnical o?lrod.h to t irus.s.
(Nature, 166, 49&496.)

84. PrRrE (N. W.). f950. The isolation f/ont ,,orrtol tobocco lea.,es
nuchoptokia uilh somc similair! ta dB, airuscs. (Biochem.
J., 47,6r+625.)

A nucleoproteil has beeo plepared trorq the sap of youtrg uahlected
tobacco leav€s by ultra.etrtrifugatiotr. The yield varies fto@ 3 g./1. with the
sap of irEmatur€ leaves to 0. I g./1. or less with ler8e dature leaves, or with
sap that bas been alowed to age before processing. The nucleoproteio is
utrstable i, uirlo and autol].ses in a lew hours at 37o yielditrS detratured lxoteitr
aDd either trucleotides or Ducleosides dqreDding oo the du6tioD oI hydrol,'sis.
The detratured plotein still retaitrs some ol the etrr,'mes that occur in leal sap
and diflereot prepar.tioas have beeu coEpared usiDg Eetaphospbat€.
gt,.cerophosphate, adenosine triphoq)hate aDd yeast nucleic acid as substrates.
Reasons are givea Ior tbinking that, although it bears soEe res€obliaace to
theE, the nucleoprotei! cantrot usefi ly be regarded as e precursor of the
platrt viruses.

86. TRACEY (M. V,). 1950. Proteits. (Allrual Reports of the
Chemical Societ-v for 1949, 46,211-228.)

A review coDcemed with ad Dces in prot€iD chemistry Ilom 1937 to
1049. to the space available oDly te,o topics are discussed itr detail-tie
preseot state of our loorrledge oI the organic cherDistry of E-lactoglobulitr
aud the orga c che4isky of s,'nthetic polyPeptides.

86. TRACEY (M. V.). 1950. Cellulase from leaoes atd, roots oJ

loDacco- (Biochem. J., 47, 43f-433.)
Atr eDzyme that can dqrolfmerise sodium carboxfBethylcellulo6e, atrd

split reprecipitated cellulose has beetr foutrd in tobacco platrts. The etrtyEe,
wbich is simil,ar in properties to aDimal aDd fungal cetlutases, is prcsetrt itr
very low conceotratioDs. It is su8gested that this fray b€ explaiDed by its
locdisatioD in cells io wbich reco rtruction oI the thitr primary c.ell wall is
occurriag as a coacoE@itaot of celt gforrth.

87. TRAcEy (M. V.). 1950. A colorimal/ic ,nclhod lo/ ,ht d.kmin4-
lion of ?antoscs in th. prcsenna oJ hcroscs atd, tttotic aoids
(Biochem. 1., 47 , 133.4;A.\

A method Io! the coloriEekic estimatioD oI peotoses itr the presence oI
large allouBts of other suSars is des(ritled. It is suitable Ior the deterEitra-
tion of 10-100 pg, of xylo6e. Gluce iDterferetrce E-as foutrd to b€ about 2
per ceot asd galactose ad galacturodc acid ioterfetence about 5 per cetrt.
Interferetrce by other sugars tested *as legs thaa I per ceot. The effect of
varyirg cotrditioEs otr tbe qrecificity eEd seositivity o{ the reactiotr was
deterBined aad c,pti-@al cooditioDs are dBcribed. hcreas€d temperature,
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time o{ develodoeot and cooceotratioa of aniliDe all allect colour d€veloP'

-iri Uv tl"-#g"t" 
"xaoined, 

but Dot eqoally. Thc addition of oxalic acid
increas€s the speoficity oI the test.

aa KENiEN lR. H.) atrd MANN (P. I. G.). IgSl Thc oridttiott oJ
arnirzs bi ertrcits of bca s.edliwgi. (Biochem. J , 46' 67-73')

-{ colorimetlic test, base; 6tr the oxid,tiotr oI added Mtr+ + to Mr t + + is
a.sciii* tor ue aetection oI hydrogen Peroxide itr PlaDt extracts'- By mearB

of this test e\rideDce bas b€en obtahed tlat bydrotetr p€ro'dde rs Prodsced
bv enzvme sl'stems Dresetrt iD extracts of maoy higher plants'
' ln'enzrnie. olait amine oxidase, catalysing the oidatiotr ol amm€s rs

oresent iD'extra;ts of pea seedlings. With the Srowth conditioo used. Prant
lmine oxrrta-se aDo@rs- itr pea s€€dlilgs, rnaiDly in the cotyledoDs' J-4 da,'s
arter sermimtioi] atrd is maxiEral over the P€riod 7_18 

'la)'s' 
oDr-y sugDt

""tini& 
i" foutrd iE the adult ptaEt. Ot the otler platrts tested-onry luPtn

se€dlinLs have so lar beetr shol*'n to have codPar.ble activrty Eoth Bono-
atrd di-;mines are attaEked by the extracts. It i8 Dot Ft kDowD wiretuer tDls
is.lue to the DreseDce oI speiilic oono- and di-amiDe oxidascs' lJramrDes' rll
;;t;;;6,*"i; and 'cadaverine, are more readity attacked thatr^ mono-

i-i""s. Ot the Eotro-aEines tested 8-Phenyteth!'larEile aad dr-PpDeDy-
lethvlamine are mo€t readily attacked.

fhe DlaDt amioe oxidase;atallrcs the oxidative d€amiaatiotr or FFphe[y_
lethvh;ile aDd DutresciDe accordiDg 1o the equation :

' R.CHjtII. + O. + I{rO-R.CHO + Itiot + r\H.
As with addal d-iamiri oxidase only oDe oI the termioal -:\4r group3 r+

atra;ted. The DheDvlacetaldehvde lormed by the action oI flaDt arun6
iili; ;" g-"r,5""iJtl"r.-i". i*as oxicrised bv ao aldehvde o)ddase Presert
if i-ff";I"iffi'; l 

-li 
i" .uigot"a tbat'3-itrdolvlicetic acid 

"'av 
be '

i;;;'#'G"-;;;i* Jiio" olit""t amine oxidas; a,d oI t'he aldebvde

oridase o; tryptaoiEe.
89. hRE N. W.). 1951, Thc oirc*tfivcnlion oJ uask (lt:- Four

thotsatk mitlioa mouths. 6xlot6, Uniu"r.ll Pres$,) Uo !4r--
press.l

Nemrtolosl Departmelt
90. FLNv/rcK (D. W.). f95f. Intesligaliotts on thc erndgen@ oJ

Woaa frori clsk of ,ho lolal2 /ool eetuorrn Hete.odeia rostochie!-
sb. IV. Physical conditions and lh.ir inJluerrce orr laflal ernz/gencc
it the labor@lory. (J. Ilelmintl., 25.) Utr the press.l

Tbe itrfluerce oI frecorditiotring, teBperatule, volume oI diffusate p€(
c!'st, pII, degee ol dilution and pres€nce o. abseBce o{ litht on the hatching
ol tfre potato root e€hPorEr io root diffusate, is inv€stigated. The effect of
these Iactors on hetcbability, trreaa hatclinS tiee and on the slope oI tie
probit lhe are described in detail and suitable cotrditioDs for the condEct of
hatchilg tests are suggested.

91. FENri/lcK (D. W.). f951. Inoestigalions oa lhe crnelgencc of
lamae ftom ctsts of lh. ?oralo rool cclaohn Heterodera rostochieo-
sjs. Y. A sholtenod ,nerhod, fot ,he conduc, of hakhing ,estt- (1.
Helminth., 25.) [Iu the press.]

.-{ rnethod of estimating the tbree parameters oI the hatchilg curve
'without carryinS on a hatching test to completioD is descdbed. Use is Eade
o{ th€ Iact tlat the hatcbing curve plotted against lo8-ti[re is a symEetrical
sigmoid and a teometrrcal conskuction is Siven lor estifiating ttre point ol
inflectiotr. The lruEber oI larvae eEerging at this point is aD €stimate ol
50 per ceDt oI ttre filet total hatch- The plottiug of a coEplete prcbit line is
thus Iro6sible vith a 3avin8 o( 70 per c€trt iD tiEe.
92. FENwrct< (D. ,w-). f961. Tho ellccl of tern?cralurc on lh.

datelo?fiant of the ?oraro lool aelo)olrn lretercdera rostochiensis.
(ADn. App. Biol.) [Itr the press.]

Experimeats are described on tle effect oI tempe-ratore otr the develoP
menl, ol H. rostochi.nsis. Soil teEperetures above 20"C. al4)eat to be utr favour_
able, idluencilg ttre peletration oI larvae into tbe potato rcot as wcll a.s
develolrEeot pithin the root. The temperature raDge of the parasite i8
compared with tbat of rf. ,tarioai and. the possible relatioDshiP to the geo.
graphical distributioD pecDliar to each parasite is discuss€d.
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93. FENwrcK (D. W.). I ncu ,loil:iJicdtion of thz MacMastcr slidc
for $e in loralo loot eeluon inoestigdtions. (J. Hefmiath.) [In
tbe press.l

A aew modification of t}le McMaster slide is described. This versiou is
Dore stable than ally previous type atrd up to six counting cells can be
accoEmodated itr one unit ; instructioDs are given for EakiEg such e slide
out ol sheet peG?ex,

04. FENwrcl. (D. W.) and REID (Elizabeth). A lo?id ,nerhoit Jor
esl.imotittg tha de sit! oJ ahile clsts o/ Heterodera rostochierisis
dn ?otala look. (Nature.) [In tie p.ess.]

A Dew roetSod of estiEating tbe deNity oI white c],.st goDulatioDs on
potato roots to a loowD degree of accuracy is descriM.'
96. GooDEY (J. Basil). lg50. Potato-r6e/ eelu<,/rn did. itis bulbs.

(Nature, 165, 496.)
A letter to the effect that Ditll,n.h s dzstl{cto, is responsible lor tbe

eelworE disea-se of bulbous iris.
96. GooDEy (J. Beil). Obseftations on the ottoch b1/ srern ccl@orrn

on slra@bcny. [In the press.]
The history of disease io strawtirry caused bv D;hlhnch]/,s dibsui is

summarised and obs€nratioos made otr iecent cases'in Bfitain ale r;orded.
ExperiEental work has showD that popul,atioDs ol D. dipsut from tea3el,
oats, ooion, red clover, narcissus asd rye witl all iDfest Ect of the yarieti€s
cultivated tc.day. The sy@ptoEs Eaoifested by the plaDt and the oethods
of attack by the para-site are described.

07. GooDEy (T.). 1049. Plant ?olositia ncmotod?s : a brieJ slamct,
and sotto ?reseflt d.ay tftnd,s. (l3th Congres International d'e
Zoologie Paris, 2l-27 Jnly, 1949, 48t485.)

ID ttris paper delivered before the 8th sectioD oI the Conpress coveriEq
applied zoology aad parasitology, tbe writer gave e short accosat of tbi
history oI oua knorledge of plarrt parasitic Dematodes atrd dealt witl such
rtratters as tbeir meaDa of dispenal in and upoq the seeds oI plaDts, tbe
significaDce oI weeds as reservoir ho6ts io a;iutaioiDg iDl€statioDs itr the
field and with the EanDer in rrhich ttre root-kDot n--eEatode, Hetirodara
,crrori, {eeds oE the giatrt ce s which are forEed withia parasitired roots in
r€potrse to its pres€Dce. He also iadicated some of the p:robleEs a-ssociated
with platrt iEfestatioEs due to species of I phcknctoides. -

98. GooDay (T.). 1960. Storn eeluom and, clouat (Ptcrc.. Ass. App.
Biol. itr Ann- Appl. Biol., 37 | 32+327.1

the history of stem eelworE itrfBtations oI clover in Europe siace the
early lotb century were dealt ritl aud the chie{ biolo#cal differetrces behreel
thr ra.es aflectia8 rye atrd oats and tbat attackinC clover \f,ere discuss€d.
SyEptoEs rDatrifested by clover plaats ialest€d v,ith the true clover straitr
of the parasite were described. It \f,a! also showo that flower tissues Eav
become attacked atrd that the par.rite catr be s€ed tome io which case
cotrirol is possible by s€ed fumigation. The sigBiticance of we€ds as reservoir
hcts aod the questioa of r€gistant varigties of r€d clover Eere brielly touched
otr.

99. GooDEY (1.). 1960. The clouer eekoot n obsr,.red- (The Farmers
We€kty, 32, 63 aud 65.)

A more popular ptesetrtation oI No. 10.

100. GooDEy (T.). 1960.
Encyclopacdia.)

l0l. PETERS (B. c.). 1960.
Crops, 2, ll-15.)

102. PETERS (8. G.). 1950. Conlrolling ?otato rool .eluof s.
(British FarEer, Slst October, 1960.)

103. PErERs (B. G.). 1050. Polato /oo, eehoomt. (Faning, 1,
33&341.)

104. krERs (8. G.). lgfi- Ar,idcs: Ccstoib, Ncmoroila, atd
Tr.n atoda, (lo, Clambas's Encydo?ud,ia.l

Article or Ecluotm. (ln Charrrbrs's

Ncrnalodas d, crol botasilrs- (Wotld.
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Etrtomology Deporhert
BOOK

105. BARNES ttl. F.). 1951. CaJl midges oJ econornic irt ?orlatce
Vol. 5. Gint rtidges oJ lrees. (Crosby Lockwood atrd SoD, Ltd.
270 DD. and 8 Dlates.)

The fiftL'volume oi th" s6tio deals with the gau Eidges oI kees in t*o
sections: those of cotriferous kees aDd those of broad-leaved trees. About
30o qall nidqes receive attetrtiotr. This volume coDtaiEs, just as the previoos
onesl much inlormation o( an ecoDo@.ic bota.nical nature.

PUBLICATIONS

106. BARNES (II. F.). 1960. The ,Leed lor biologicd inuestigalions itt
ltu specific determiru iofi of gall mid.ges. (Proc. Eightn Itrt. Codg.
Etrtomolosy, StockholE, 106-110.)

A Dlea {or bidlosical iavestisations as a aecessarl/ aid to the correct
id.entrficat-ion of gal"Eidges, giviig, as eramples, certai! gall roidge Pests-ol
ce.els, cabbage, -ftuit and grasses as wetl as those leediag otr aphids, coccids
ald rusts.

107. BARNES (H. F-). 1950. The ider.lily oJ the sued" , idge' uilh
notzs otr iis biologl. (Au1. App. Biol., 37 , 241-248.)

An account of biololical irperim6s:ts wh,ich show tiat f.he swede midge
will attack tte flow€f, bids of s;eat xlatercless (Ror,PPa an?hibia\ *s'well I
ttre flou,er buds atrd Ieaves of tumiP, swede, cabbage atrd radish. The correct
naoe Ior ttris nidge is Co ainid ,,,!stt rrii, Kielter' 1888 (syo. C?!!*i"i"
wq"a* ae Meijere; 1906 ; ContariniL geisenhryrtsti, RiibsaaEen, l9l7). It
brd?ds by means of uBisexual families.

108. BARNES (H. F.). 1950. Wolm cating sl gs in Bz4ortl gLldans'
IBedfordshire Nahralist. 4, 2l-25.\

A bliel iuustrated accor.lot of observation, weights' feeding and 4arhitrg
experiments otr Testacella h!.liotadea e,.d T. scltt{lM.

109. BARNES (I{. F.). 1950. Obitaary Nolice-Dl- A- D. L"'t$'
(AnD. ADD. Biol., 37. 563-5#.)

Thd late Dr: imEs was the fiBt head oI tie eotomology dePartmetrt'

ll0. EAsrop (V. F.). 195f. Diurtal tatiatiot in the aaial deasitl oJ

AbhididA. (Proc. Roy. Ent. Soc. Lond. (In tJre Press.)
Th; ,iiurnal flisbi activiw- (with the double peak of a€dal detrsity) ad

the nocturnat qui;cence lound to occur ia A. fdae is described lor Eany
other E)eci€s oI aPhids.

lll. JoHNsoN (C. G.t- The dis?ersal ol ir.sec,s bJ/ roizd' (New
Biorogy, 9' 76-89.)

ll2. IoHNsoN (C. G.). 1960 Thc stud'y oJ tttittd.-borttc i,,se" Po?t'
iotior,, i, )clatioi to taflcsrli^l ccology, llichl pcriodiciry ond the

cslir atiot of urid bobulations. (Sci. Prog., 39' 4l-62 )
tnis is a criU6al review 6f tbe pres"rit state of insect " aerobiology'"

Ittherto chaDges in insect PoPulatioos io t]te upper air have oftetr beeo

"6aiJ 
tv i"it"q""te me[h6ds-, and attempts have beetr Eade to interPret

the cbalsa in aerial deasiby solely with meteorologcal condrtroffi Pre!'aulDg
at ttre ti;e oI captr[e, without doe re{eretrce to the corelated caatr8€s -Ini.-&i"f 

"c"t"sv^""d 
ilight periodicity at croP level' which are the basis for

subG€oue[t aer6i chaoges. This paper describes how the t]?e ot wollr l.u

"roii&-"i n tntost"a"""d Cardiigton follors hourly a,rd daity flu( tuatiotrs
in d"ensitv at croD level, atrd aims to correlate these chaDEes wit-b the buitd uP

"f 
,ou"i a.*ifi, "p io 2,0(}0 ft. duritrg the day ad its decline at niSht'

II3. SosrrwooD (T. R. E,). 1950. Deracocoris s ta ais F'
- -- 

iHe*iOtcn, Uiria*l tolr" in the tiEhl tlLls at Rotha"Lsted,
itertfio)d.shi*. (Ent. Mon. Mag. 86' 78.)
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ll4. TAyLoR (L._T- : !95f: An;ri?aooeit sltction t/a? fot inseck.
_ (Atr3, App. Biol.) (Ia tie press.)

. 
"h!.o-ngi4 

pgqel of the disc-dr€,ppiirg suction trap (described itr A.trtr.
App. Biol., 37, 80) bas certaitr wealo;ises of cotrstouctioa'and desieD. Tbis
paper des[rib€s an improved desig[ itr which t]ese wealoesses are iectified.
ll5. WrLLr^Ms (C. B.). 1960. The biology oJ,hc seosor.s. (New

Naturdist J., 2, l-r4.)
.A serEi -pop-u lar a.count of tI e ellect of seasonal changes oD I i viDg creaturG,

atrd particularly a disEussior on sode problems oI phe;obrv. or tf,e dat". of
occurreDce of biological evelts. l.bis ia ba-sed ou a iong seriC of obeeryations
nade by successive generatioDs of the Marsham, Family, ilr Norfolk, starting
itr l74O and lasting with only otre break to the presentiay.
116- WILLTA s (C. B.). 1951. A no,e o the tlatiu. sizes of senzta

in lhc cla"tsi.tratior, oI animals and. plorrts. (koc. LiDne;n" Soc.,
IrndoD, 162 (2), l7l-176.)

, A discussion of the applicatioo of statisticat methods to certain problems
of taxonomy aad particutarly the relative sizes of geoera. It is founa tlat io
aay group ol aolEals or plaDts the EuEber oI generi wrth ooe, two, three. etc.
species con{orEs closely to a " togarit}mic series. ' TUis mathematicaj testgy oe used to see rt a systeEatist is ..coDsistent,, but oot i{ he is correct.
Tbe " luEpets " vrho alow few geDera a:nd -the 

.. splitteB,, who allow oatry
geDera for tbe saEe nuEber of q)ecies, Eay both b; coNistent iD the aDDlici-
hoD of tb eir pri Dc iptes, and both may be interpreting correctly the retatib'nsfrip
of species at sligh y dilJerent levels.

ll7. WTLLTAMS (C. B.). t96t. Changes it insed bobLt4rion in thc
fuld in_tchlion p fueqa;"g uudtur aondilions.-(Eoc. Roy. Soc.
S€ries B, 138, I3GIS6.)

An examinatiotr o{ tbe re$lts of trapping of iDsects iDlight t-aps duriDg
two periods of four years sqrarated bv -the iar. It ha-s bee; found'oossibleto estirnate the populatiotr changes from light tiap catches bv usline fhe
geometric Eeall catch (i.e. rDean loe) tor each month. and tbei comoirinc
the saee moqth in successiv"e years. :itis gives a measr_rre oI dep;rt";;?ih:
populatioD froo Dormality tor the time oi tfre ".-.Using tlese values as depeodent variables, jnd tbe raialall aad temDera.ture departures Irom normal in each of tle tbree previous mootri as
iDdeFrde_Dt.variables, it is possible to calcutate for eacf of tte Iour seasons.a senes o, srx regressioDs. With a howledge of these it is then Dossible to
estimale or Iorccast the probable population" departure io ."v oo6 m"otl iftberainfall a.trd temperature of tbe thre€ previous Eonths is lrrown.
- This has tleen dotre for the two periodi of 48 months each, aDd the tit oftie calculated to the observed charge is extre4ely good. In the sumoer alld

auturnn months 70 p€r c€Dt of the variance of t}e polulation can be erDlaioed-
l-n the winter 60 per cent aod iD the spriDg only 2F per cent. Tbe chinees itr
the regr:ession during tie four seasons slo* ttit rainlall has " his, ;;iti;
etfef,t on the population in summer and autumn, but litde effec; itr';iDi;
ald. "pltg'. TeEperature, on ttre contraiy, shows a high positive relation in
witrter, little relation iD spring aDd aututrxD, aod a stie:htli, nesative relatioE
iD summer. In otber words insects itr geoeral 

".e ii S.e. Enrlhna more
abuodant io warro winters atrd \yet suomars, and less abu odant i oi"n * i"-t"i"
and dry sumqers.

ll8. WTLIIAMS (C. B.) and LoNG (D. B.). tgd0. ph^se colo.tration
in ldrua.e oJ L?Pid,ollrl4. (Nature. lt6. 1.035.)

_A- Ietter caling atteqtiotr to tie discovery "f diff.rioce" in colouratiotr
and behaviour ol Lawae o, Plus;a Eanrrna, th; SiJver-y moth- accorrlins io
whether they are crorided or kept isolated

Bee DelErtu€nt
lI9. BUTLER (C. G.), 1960. A ncu disipn of nictoslrirrpc tib fol

irtstlrt flznlal iascminatiott ol q*eet hotcyiees. lWatirre,'f66,
957-968.)

. A descriptioo of a syringe tip which etrables the st rilge to be held in tbe
hand throughout lhe operatioD oI int-oducing s€men iito tle ou€en honNtre
ald allows o{ easy rtrtxoductioD of the syriry; Eithout the use oI a pro#.
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120. RrsgeNos (C R.). f950. At la,,tn fccding of howybcc coloiizs'
(Bee World, 3l,7*70.1

C.oicentrated (66 Der cent) sugar slnp, Ied to colooies oI honeybe6 i[
autumo. results ii tt'e production of about one'third more rrp€ s@res ulaa
a"€s tl1 sa"re *eicbt oisugar fed as dilute (38 P€r cent) s)'ruP'

the eliEinalioi bv the bees of each I lb. ot surPlus water troD ure EmrP
inwolved the utilisatiira oI +5 oz. ol the slruP. Thrs *astage ot, syrup.*ag
oot ar" to brood rearing, vhich *ias less when dilute syrup tras ted' . 

ADout

lO oer cetrt rtrorc ripe stires resulted ,ro4 the {eeding of conceotraed syruP

i" iia-S.ei"--t . tfl* from the fe€ding o{ the sade aEouot ia August'

l2l. RTBBANoS (C. R.\. Cha4es it rhc behaoiuu of hotclbces lollolt'-'-'' ;; ti;;;";;cm 'hom atdsrtusia. (J. Exp Biol , 27' 302-310 )
Aoa€s"thesia vith ch;l6roform had Do effect upotr tle Eemory' sutlsequent

{ora-sins behaviour. or lonqevity of worker hotrevbe€s Ana€sur€sra trrn
iii,F.illi,iil-,iJ'a'..i i*Gi' tft m€mory but ind'uced a permane.t chatrse

itr the beb.aviour oI workei hooeybees, thus the potletr cotlectrng tetrdeocres

;i ;;; tr;ii *.rc either elimlinat* or markeilv reduced The treatmeot
o{ neslv emerued worker be€s with catbon dioxide resulted iD a reductron rn

ti"i' i-.."a-i&iLe atrd wax s€crethg activities, atrd q""d +. "T 
t" qpl

4eoce to lorage at aD eally a8e. The tleatmeot had no direct etlect uPotr urc
lonsevitv ot the be€s cotrcerDed.**rt,itnit"? 

"it-si" aoaestl,esi" *ere sioilar to tho6e of carboo dioxide'
Tbe-iactor commoa to-both thes€ treatments is lack ot oxygeo

hsecticides anlt Fmgicllt€s Depsrtmeot

122- ELLrorr M.). NBBoseu (P. H.) and PorrER (C ) 1950-

The iascaicial adioil! oJ substanczs /elat'd la the pfrc'hl'ft'
Par, I. The toriciti.s ;f tio sy,tthetic Pylcthri" lih' eskrs rctattue

la thal of ,h. ,tdtulal ltlcthins Lnd' lhe sig ificatuc of lh'e /cst ls-tn
,;-b;r;;*y i1 cto'eii ,cta*a compouadi ('lor' epp Biol ' 37'
490-607.1

Th;;;i# a-s contact ios€tticid* of the esters oI (i)' 3-methyl-2-
allvl-+vctooent 12-n 4 ol-l-oDe lvith tbe tratural (+ )-'"4's and wrtn
*',.itfrtic 't I )-<is-rans chrysanttremum moDocartroxytic acrds lras DeeD

Ii*j"ii"a .i'itri iLi 
"J 

itu *tu".t pvrethriDs The comParison $?s carried
out bn Iive sD€cies of test_ins€cts.*'li"*1"'fii""d-tl.t -iL iis.t" Ior both the absolute aod the relative
t "r"-rti...iil*. *.r"roa" -"'.AA Tith the s?ecies us€d a-s test-subiects*^ii",i'i"ii.,i'ii"atidlo-tni" 

u-"'i"ti"" are hiscussed' The exhemes of
*ari^ti"" .i*f"ti"" toxicity ior ttre compoutrds with the natual a'id lere
;;;;;;;;;Lhti as tirxic as tle ppetbrum statrdard when the sphid

Mutosibh0,n soh;forii was used as t€st subiect to Dearly {our tlmes as toxrc as

il= [ffi'#i;-ffi-r.-.u oi in" rnoLh'Ptbte a mu.t'ti?6nnis'. .Thie-tuuv
svnthetic rEateria.l varied Irom atout l/16 as toxic a_s the slandeto to Mt'(/o'
i t't a solalii tolii lo aearlv t\r ice as to Eic to lle lervae ot Pt{t'lla m4't"t P' ,'',rs '
i#;;;;fffi; ti;,i"6J 

""ia 
*"" 

"pproximatelv 
t*ice as toxic as tbe

;iit:;G;;;;.t.1 to three of the ios#t species' 6ut the fullv svnthetic

-"igri'at ",as 
.onsiderably more thatr half as toxic 19 qht p1rt.'+ly "yottr:t'i-lifrffi;fi Gt-**iesl It is pointed out tlat wbile it is widety reco€nised

H"i"#;;ff'.i1E'i,i liriti'"" i.*i.itv mav occut whe, the effect of
i'iiifirfr 

"i*ra'"i" 
a'rtereJstnrcture anrl'mech;nism of art-ion are compared

oi a oumber ol diiferent t€st-species, the lact that these dilferences may,ars"

occot with lelated cherEicals, rith presuEably a siEilar Eechatr$m ol acEon'
has not beeo clearlY stated."-f,J,i'",iiri,i tii ttir;-;-(es itr Elatit'e toxicitv are taketr into arcourt' the
tFo svnthetic D!'rethritr-lile esters still show high insectlcldal actltlry'

It'seems riisonable to srrppc€ frodr the results that ecotromlc com_

-*i'id*frL*i" "t 
py."Orin-fiGe isecticides is trot impocsible'

123. W^Y (M, I ) and HoPxINs (Barbaral' 1960' Thz i'4tu'ne of
bholodcioi, ond k r.p.rdulc on tht induclion oJ chauausc tn
5;i;;;;;"i;;; iinn, r,?irtaPkrd' (J ExP Biol ' 

36&370 )
m"-iia*tl"t oi ii"piuse ia tie pirpa i'r ,-o 

iataiiria okr-oaa .is influeoced
by temperature aad pt6toPeriod duriDt't]'e Larval stage l-ow temperaEres
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3trd shgrt photoperiods tetrd t! itrdu(e diapause while high temperatures atrdlon8 photoperiods teDd to prevent diapause.
Diapaus€ is not influenied by tigit iDteEsity duriDg the larval stagepro\.idi-Dg the iDteDsity is above a cerrarn mrnrmum-
I-rrapause is prevetrted at bigh tempratures (JG346C.) if tho larvae alerear€d ia da.rLtress.

-_ - P:.!!."]!pgIF ts operitive as a fa(tor i!fluercitrg diapause onty betweeDu)e DegutDrog ot tie Eouttrlg sleep prior to ecaysis to tne bst instir ana tfre3rd-cti dav oI the last iDstar.-A si;cicdiapar*;;;Gp;.-t"p*;;T;rf,g
ttreEoultiDg sleep is probably suE-cieot to Drevent draDause_

- urapause in D- oleracea is Dot itrIlueDced by photoieriodicaly controledsubstaaces ir the laival food platrt.

124. W^r._ (M: J.). 1950. Thc str*ch.7e aid daoelolriarrt ol the lamat
ctr-ticle oJ Diatzraxia oleracea (Lepido?t.lal. 'tC. l.'1i".-S#,,91, t45.l82.)

, Th,e .r.nail lay.eG coroprisiDg the solt cuticle o! the D;atola*ia lafi.? ilave
Deen oerrDeo an(l a studv made of ttreir IorEatioD duritrg developaent o,the 6ti itrstar larv.al cutilh-
- In soft cuticle- the q)icu-ticle is tbrcvn ioto nrinute tubercles atrd cotrsistsof three,liayers--thecuticulitr tayer, th€ war layer, aoa the cim-en;L-.y;;.ni^;

cemeDr rayer ltes o-utsrde or parUy eEMded itr the wax layer, but if is eitheraDa€Dt or extremely thrn overlhe tips of the tubercles. A polypbeDol laverrs aDsenr aDd lt.rs suggested that t}|is layer is only presetrt' iE'iard cuti;l;.
IeneerT. r-De eprcutrcte rs a thrD, lightly tatrned exocudcle approxima{ely0.5F thic}. Tbe 7-l0p tbick outer ena<iuticte ;s pertorai"a Ui.*"fi_a"ii"kpore (aDab aDd consists of lamellae coDtairitrg clitin fibres varyl"s froElO0-20O0i iD diaoeter, pore canats are abse."nt in tle iarer en-a-d,rrtlJiEhich rvheD futly developed may be b0l, iD ttrickaecs,

A -decriptioE is given of how the cuticle is laid doEE at the moultinr'period witb atr ac(ount of the functioD oI the pore catrats.
.. A study of V-erson,s glaods suggested thaft-te targe lland cell secretes alrpoprotertr wbrch is dischar- ged oo the surface of thd epiicuticle to Iorm thicemenr hycr, ltre rutercata.I.Ji cell secretes a phenol wbi(h is respoDsible lortbe 

-taDDiDg oI a plug that btocks tre openi;t ;i tn" er";i- efi;Ui;ftJ.
discharge.

125. LoRD (K. A.) anil PorrER (C.). Lg6O. The mcchankm of
acti.on -oI organo-phosphorus coi?oands as irsccticidcs. (Niiri,
r66,893-894.)

This is a prelimioary _publication, full debils of which are Dow in thepress, descrltDg stualies \rhicb bave beeD made orr the atrti_€steras€ acti\ritr/of Paratbion, HETP atrd TEpp usitrg an iDsect tissue ;6t.-ih"';;i-
estera-se activity has been compared -with insecticidal activity aDd hEiicootenr aEd some ccrrelattotr betw€eD these tb-ree ,actors established. someevidence is giveE to shos that esterases other tt., il6ir" 

"sieEi'."?iiirEporraot wietr corEtderiDg the Bechatriso of action of organo_phospt'orus
compounds.

126. I,RD ({._ A.). !SS0. A cotaar react on apllicabtc ro thc pltc_lrlirs. (Nature, 165.567.)
| ryacJio_n- bet*een carborylic'acid deri\ratives aDd hydroxvlamine- theproqucr ot wErcD glves a coloured complex rrittr ferric chloriae in ;:id soluiio"was tound to a-ppty to the pyretiriDs atrd thei! syDthetic atralosues. Detaiiiot experr m€atal procedures are given. 1Le absorptiotr srectra of ibe comolexesoDra,lDed troD a mrxturr of the Datural p].rethrins purified bv the.nitrom-€thatre-tlch_Dique and the syDthetic pyni,irin anabhre. the a'.f.*A,JrI"'.cDrysiiurrheEum oonocarboxylic ester oI g_Eethyl_2-aIvl-+tiierten_l_

ol-l-oDe were measured aad fouDd to be clo8ely ai@ilar io tioe6 oI otnercarboxylic acid derivative. The po€sibte $se 
"t 

uii" ,oJilo foi-iiJaiiji-iJ
ano estllratloD oI tne p,'r€thrins atrd its aDalogles is discuss€d.
127. LoRD- (K.__A.\. lSffi. Th, elfccr of insecticid.s on /csbitation.tt. Ih. eJlects ol a,trmber of insecticidcs on lhe ons.^;btah2 "fadr.J, Tribolium castaDeuE Hbst, ar 260PC. t.luir] epfi. giofi

37 , tO6-122.1

+" "Pp"l.t_.r 
Io-J applyitrg iosecticidat dusts io a Eodified BarcroftFesproEeter rs d€scrrbed. Usrtrg thjs techniquc the itritial effecb of a nuaber
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ol iBecticid es ituludilg sdcalleal iDert du3ts, atrd oth€ finely divided 4a&rials
soEe oI Fbich are usca as diluents, oB the rcsPirlt:on ot Triboli{'n cdttatt'fi'
IIb6t. s.as studied.-- fle eftect ot [uoiOity od tho actioo of iaert dusb, itr particElar, aldicide
{'as also iav€stigrtedijiih;;;#;;id; tested, 3 : Hiqitro--o-cresol (DNC)' PuitroPhervl

rl,!n }}!i^-.h}',aEn1l.+. lP^athidnl Y is.rmen of berzene hexacbloridediethvt tbioDoDhosDbate (Paratlion), Y isomer o{ b€lzetre hexacbloride
lv BiIC). DDf. oviethrini, toxaphetre, chlordatre, hexaethyl tetraPhosPhate,
iil orodu'ied ao i oii.ase in oxvgen uptake belore kiIiDS, bDt lauryl thiocyaT ateih 

"."a,i.ea 
ao I qti.ase in oxvsen uptake belore kiliog, bDt lauryl thiocyaT ate

didnot. The effecls oI differ;;t coicentratioDs of ins€cticide in the dusts was
elso studied Ior some oI the iasectlcidB'

128. LoRD (K. A.). 1960. Thc elfect oJ coicenharion oJ loison and
th. aianf ;p,plhd ott ,h. toricit t oI inseatic l4l .lt srs lo dult
Tribolium castaneum HDsr. (Atr!. App. Biol.' 37,123-126.1

Usiog iosecticidal dusts o, DDT, BeDzeDe Eexa(hloride, aDd DNC und€r
the exD;imetrtal coEditions, comparatively l,arge changes in tle aEoutrt oI
materiit oI a given coocetrtr.tioD_are trecessary in order to give aplreciable
differerc€s in;,ortality, but small chant8 io the coDceDbatiotr oI the-poisoD
rill Droduce lalee diffi'rentes in toxiciw with a givea aqount applied. This
relationstip woid appear to hold witt' a DuDber of ins€cticides

129. I,RD (K. A.), Dart author. 1960. Consr.llaliu corn r.i lzc on
i*colicidt mdirials oJ oegetdte o?igin. Relort oJ lhe sl4niling
stb-commirke of analysis ol uegctable irLsccricides on the uodd-tt id,,
colhboroait. arralrsis of Urcth^art flouels- (Loodon.1

Woburn ExPerimental Station

130. Mexr (II. H.). 1961. The elfect oJ mamttes ott,h. bolting ol the
bcc, florrl. (Antr. App. Biol.) [In ttre press.]

l3l. MANN (H. H.). - 1960 World ceredls ta4ay : thc milleLe. lworld'
Crops,2,07.)

132. MAiIN (II. H.). 1950. Maize grouiag for grait it Eaglatd'
(The CountrymaD. )

Genenl Publications

r33. OLDERssAw (A. W.) and GARNER (H. y.\. lS4S- Lirning
.*De'irncnl.s oi Ugn sinds at Tutstall. Pd 2. Thc agionllrttol
dsb.cts. (1. Rov. AEric. Soc., ll0, 89-98.)

13,1. G^RNBR iil v.1. t-eSo. Stgar bcct inigotion. (British Sugar
Beet Review, 18' l4Ff 60.)

136. GARNBR (H. v.). 1960: A Jcrtiliza ProgrL,n,'a for uinlcr
uhcal. lBiitish FarDer, September 30th.)

130. GARNER (H. v,). 1960. Liqid mawt" ,ossrs. (Farmer and
stockbreeder Year Book, 73-76. r

l3?. Occ (Sir W. G.). 196O. Wealhir atd Jood. (CeDtetrary hoc R'
Met. Soc., ?39-243.,

138. occ (Sir w. G.).' lg4g- Tha Qa/t Pldy.d bf phos|hor&s in
4riatitnrc- (Jou;Daes dtr Phosphore, Paris, January 1949 )
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Publications of the
Rothamsted Experimental Station

(obtairubk ltom u Scoetury)

RorgaxsrEo Exrrnncxrel Srerrox R.rronr
1908-1914 (annual; 1908 out of print)
l9l+17, l9l&20 (triendal)
l92t-22, lS23-24, lS2li-26, lg27 -28 (biennial)
1929-1937 (anrtual; 1933 out of print)
I938
193945 (one issue covering fhe war years)
r 9.16, r 947
1948, 1949
1950

ol Acnrcurruner- ScrENcE

out of print.
3216 each.
3376 each.
351-
367- each.

24,25 (154043\ 60/- each.
(Volumes l-7 are in demy octavo, 8-25 in royal octavo.)

RoTHAMSTED Meuorns (Quarto Series)

1-3 (1893) out of print.
4 (rel4-34) 201-

Rorneusrro Corrrnrxcr REIoRTS: being papers by practical
farmers and scientific experts.

i . . Ttu manurirg of potatoes. (1925; l/6.)* (ll The growittg ol lucerne. (tg2&.\. (2\ The crlttre and, ttaturing ol Joddo crofs. (1926 : li6. )a (3\ Green mautrirg.. . . (1927.)
(4\ The cdlure atd manwing oJ sugtr becl. (1927 i 216.1
(51 Tlu a and science oJ ctitioarion. (t927 i 2t-.\
(6) Pouer for cullival;on and ttauld1e ot the 1aru. (1828 : 216-l
\71 Malting ba .cy. (1928 :216.\r8l R.ece chtnges in systerns of hrsbardry h Eqlad. (1029 ;

216.\
(9\ Tlu^Hed-fotdshne agricukural sitlotior. i can it be imfrutcd ?

(r92s ; 2l-.)
(lO) The growtn of cheaper uinter Jood, lor lfue srock. {LS?o ; 216.1

t Unuumbered.
. Out of print.

r/- each

2/6 each

6l-
5l-
3/- each
5/- each
?16

RorEAusrED Mruorns
r-a (r89Gr9r2)
9-rr (190+22)
12, 13 (1s22-27)
14 (1928-m)
t5-23 (1522-10)
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(ll )

02)

181

Tlc tt*bing of nao gasslaxl : erfcrieltcs of fiacticatr Jormcrs
(103I ; 2/6.)
Fi ir.;; 'arfi mat*gette of stucp il tmilcn Jarmiry'
(r0:ll; l/6.)
it 

" 
it i;ti* of fi*l erbaima s. (1931 ; f/6.)

Mccl',ltt,sitilm iid British agic*l$re. (1932 ; 216.)

Recettt itatclafune s it orarlut ga ,e ng. 0932 ; 2/-')
Ptob&:tts of iotato trooinP. llg84',21'.1
Modcn ciaigcs in-thc bAhint ol ligV soil. ll0?4 | 2l-')
Brooil il*casas of bces. (19?1.\
Tlu brotttclion 

-of 
biss for bocott. (1935; l/6.)

Tlu'ca*sc and a;nhol il stooffiing beas. (19.36.\

Tb *sc of eharitily ii qticttlaue. (1936 ; 2/-')
Discases of bczs. (1936 ; l/6.)

(13)
(t4)
(r5)
(r6)
(r7)

.(r8)
(re)

*(20)
(2r)
(22\

Numbers l-I) vere also published in four bound volumes :

Volume I (CnJacrccs l-51 out of Print'
Volume 2 icoifclerucs &l0l l0/-.
Volume 3 lconfdciecs ll-l5l l0/-.
Volume ,l icoiJowra l mi out of print.

Guron ro rre Epemrerrrer. F^nxs. (f950 ; V-)
INvEsrrcATroNs rN THE LABoRAToEES (f950;6d.)

.Rorg,tusreo, 1843-1943: the work and history of the depart-
meots. (l9G].)

RorsAusrED EXPERTuENTAL STATToN LrBnArY: Catalogue oI
the Drinted books on aFiculture published between l47l and
1840, by Uary S. Aslin. (Ro+h^rnded, 1926.)'

- Srcoxo rolrrox. (Rotharnsted, l9tt0.
rqpe\ l2l-.)

Cloth, r5/-;

- Suppr.rrmnt . . . LIst oF A.DDrrroNs sINcE 19d0. (Rotham-
sted, 1949 ; paPer, 2/6.)

PRINTS AND DRAWINGS

Mezzotint ensravfuiss by -Julia Clutterbuck, A'R'{', after
oortraits of the f6undei! of 

-Ro-thansted Station, Sir John Lawes
'py n. ff*to-"r1 and Sir J. H. Gilbert Oy F. O. Salisbury) :

Signeil engraver's prools on India paper, 4 gns' each'

Ordinary lettered proo6 oa hand-made paper, 2 gns' eacb'

Plans and drawings oI the old Rothamsted Isboratory, 1852 :

Four tithoeraihs after drawings by Sir Charles I-awes-
r,Vittewronie, -son 

of Sir John Liwes, in a volume 2l| io' by
r4l in., {r.

Built i! t 851, ttris w'as the ftst imPortart laboratory
aevoted to asricuftuBl science, and the otre io which Euch
oI the clsssial trork of Lawes aud Gilbert lvas done lt
survived uatil 1014.

. Out oI priat-
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I riJ

Publications by Present and Past
Members of the Rothamsted Stafi
.1913 RussELL iSt_E. J,). fhe Jertility of the soil. (Cambridge

University Press. ).1917 RussELL (Sir E.JSSELL (Sir E. J.). Mantittg for higlut clof lto-
ducliott. (Cambidge University Prri:s.1 'ductioi. (Cambridge University Press.)

.1920 BRTNCHLEY (Winifred E,-). Weeds of farmla*d. (l_nr.idon,
I-ongmans Green & Co.)

*1922 GR-EY (Eayrn). {gzmscet*cs, talx atd anecdatus of t}u
Woratari*, sbff a cxf*imc al rteWs, 1872-igZZ.
(Rothamsted Experimental Station.)
Iss,ELL (Sir E. J.), and others. Ifu ,r.icroargoxisrts oJ
sorl, by E. -I. Russelt and the staff oI the Rotha-urstei

*1923 RussELL (Sir E. J.), micro-orgattisms of
sorl, by E. J. and the staff oI the Rotha-ursted

*1932 CUTLER (D. Ward). Doolstiott,

laboratati*, staff aful cx

Experimental Station. ([,ondon, Longmans, Green & Co.)
11924 BRENcHLEv (Winifred E.). Matwittg of passla l lorluy. (London, Longmans, Green & Co.)
+1924 RussELL (Sir E. J.). Plant a*tritiot axl nol )rod,uetiott,

being the Hitchcock Irctures, 1924. (University oi
Califomia Press and Cambridge University Press.)

*1926 DA!,rDsoN (J.). .l lht ol Britkh oph l.e,s. . . . (London,
Longmans, Green & Co.)

*1926 RussELL (Sir E. J.). Lessotts ott sorJ. (Caurbridge Uni-
versity Press. ).1927 BRENCHLEv (Winifred E.). Irctgaric phnf fuisorts orrd
stit ttl4Ns. 2nd edition, revised and enlarged. (Cambridge

University Press. ).1931 KEEN (8. L.). The plrysical fiofedics ol the sorJ. (Londou,
Iongmans, Green & Co.)

*1932 Curnn (D. Ward). Doolstion, lcrcdity ctril loriation.
(London, Christophers.)

.1933 RussELL (Sir E. J.). The form anl the taliol. (I,ollLdot,
George Allen and Unwin Ltd.)

*1936 CUTLER (D. Ward) and CRUlrp (l-ettice M.\- Ptoblcms
itr soil miaobiolngr. (London, Longmans, Green & Co.)

.1935 GREv (Edwin). Co 4e liJe itt a Hertlotilshire oilltgi.
(St. Atbans, Fisher Knight & Co.)

f 1936 Rus$LL (Sn E. J.) and VoELcKER (J. A.). Fifty yearc oJ
fiew erferittt*s at the 14 oburtt El,efin eniA -Stutioi.

With a statistical report by W. G. eochran. (London,
Longmans, Green & Co.)

*1939 NIcoL (Htg\\, Mioobes by thc milliott. (Harmondsworth,
Penguin Books Ltd.)

*1939 Russrrr (St E. J.). Anili.isl Jeiilhers i* modent
agricult*re. Ministry of Agriculture and Fisheries Bulletin
No. 28. 3rd edition. (H.M. Stationery Ofrce, f939,)

f1939 RussELL (Sir E. J.). RePort on the uo* of tbe Imperial
Co*rcil, of Agricdlural Research in applyfug science tn uol
produclion in India. Reprinted. (Simla, Govemment
of India Press.)

l94O NIcoL (H,tgh). Pla*t gtoulh s*bstawes. 2nd edition.
(I-ondon, Lmnard Hill, 3/6.)

* Out of print.
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l94l RussELL (Sir E. J.). Ettgl*h farmiry. (London, William
Collins Sons & Co., 5/-.)

.194? Nrcor (Hlgh). B;olig;cal conhol of r'rsecls. (Ilarmonds.
worth, Penguin Books Ltd.)

1944 GAxRxrr (S. D.). Rool disease fuagi. (Waltham, Masq.,
Chronica Botanica Co,, 14.50.)

1944 HALL (Sir A. D.). Tl* feeding oJ crols cnil sloci. Parts I
and 2 revised by Sn W. G. Ogg. 3rd edition. (London,
John Murray, f2/-. )

1946 Rus$LL (Sir E. J.). British agricttltural rxearch :
Rothanslctl. Revised edition. (London, published for the
Britistr Council by Longmans, Green & Co., U6. )-A
Spanish translation (new impression, 1947, l/-) aid a
Portuguese trauslation (1U2, U-) are availabld from the
same publishers.

1048 Bewotx (F. C,)- Plnttl diseasx. (London, Thomas
Nelson & Sons Ltd., fl6.)

1948 BUTLER (C. G.). Tk impotturce of bex it orchtrds.
Ministry of Agriculture Bulletin No. 328. (London, H.M.
Stationery Omce, 0d.)

1948 FISHIR (R. A.). Stdisficol mctlnds for resetrcl uothcrs.
l0th edition. (Edinburgh, Oliver & Boyd, f6/-.)

le48 FTSHER (R. A.) and Y^rEs (F.). Stdistical hibhs lor
biohghal, tedicd atd agricult*ral rcseardt. }rd, edition.
@dinburgh, Oliver & Boyd, reprinted 1949, 16/-.)

1948 Rus$LL (Sir E. J.). A sttdent's bnh ott sqits and, mantrcs.
4th edition. (Cambridge University Press, 8/6.)

1948 TRAcEY {M. Y.). Protcitts attil liJc. (Lotdot, Pr.lot Press;
reprinted by Chepman & Hall Ltd., 10/6.)

194&1951 Benxrs (H. F.). Gall milg* oJ ?oidtc imlotancc.
Volmes l-6. (London, Crosby lrck$ood & Son, Ltd.yol. I, 1216 i Vols. 2$, l5/-. Two more volumes will
complete the work.)

1949 BUTLER (C, G.). Bedbes. Ministry of Agriculture Bulletin
No. Ll4. (Iondon, H.M. Stationery Ofrce, 9d.)

1949 BUTLER (C. G.). Tlre lnnqbcz : at futtodnctiol to hcr
sorce, fltStsiology atd behadour. (London, Oxford Uni-
versity Press, 10/6.)

1949 GooDEy (1.1. Labolatory melhods for uolh uith llaN ard
soil ttitqtodas. Ministry of Agiculture Technical Bulletin
No. 2. (London, H.M. Stationery Ofrce, 9d.)

1949 IrNG (H. C.) and Brcxcsrry (Winifred E.). Tlre
supftessiott ol uceds by fen;lizers anil clumicals. 9rd, and,
enlarged edition. (Iondoo, Crosby Lockwood & Co., !6.)

1949 YArEs @.\, Samfiittg mellnds for censtses c*d srrvqlc.
(London, Grifrn & Co., 241-.'1

1950 BAwDEN (F. C.l. Pla* tiruses and rirls diseases. }rd.
edition. (Waltham, Mass., Chronica Botanica Co., t4.75.)

1050 RussELL (Sir E. J.). Soil cottditiols and llaftt grouth. 8tlr.
edition, reca-st and rewdlten by E. Walter Russell.
(London, Longrnans, Green & Co., 35/-.)

l95l GooDEy (T.)- So and. freshuater remdodes. (London,
Methuen & Co., Ltd., 45/-.)

' Out of print.
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