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roots. There is no doubt that roots exert a stimulating effect on
bacterial 6rowth. Thus when nodule bacteria were placed in sand
without any plants, their numbers after a fortnight rose from I to 3
millions per gram of sand, but in sand in which peas were growing,
the numbers of bacteria rose in the same time from I tb 6.1 millions.
It is also known that the number of other soil bacteria is much
increased by the near presence of plant roots. This la.rge population
oI micro-organisms amongst the roots must be of great impor-
tance in affecting crop grollth, and yet it alfords an almost untouched
f ield of investigation.

The development in this department of a method for estimating
the total numbers of bacteria in soilnow makes it possible to investi-
gate the interaction oI plart roots with soil bacteria, arrd it is pro-
posed to mdertake this when better laboratory accommodation is
available.

There is some evidence that the important problem of clover
sickness is related to this growth of micro-organisms upon or near
the plant's roots. The fact that clover so often fails when grown
too often on the same ground is sometimes attributed to definite
fulgal or eelworm infections, but there are instances which cannot
be attributed to these causes and in which the commencement of
the slmptoms occurs so early as to exclude the factor of nodule
{ormation by " parasitic " strains. A case at Woburn has been under
investigation in collaboration with Dr. Mann, A sterile extract of
clover-sick soil from this source has been {ound so toxic that, in
its presence, clover seed is prevented from germinating or killed
immediately after germination. It would seem that bacteria growilg
upon the roots oI the preceding clover crop have produced some
persistent toxic substance. The nature of this substance and the
conditions which make for its forrnation offer a promising line oI
investigation which it is proposed to Iollow up.

But bacteria growing in the proximity of roots also produce
effects beneficial to the plant. Thus it has been shown in our earlier
work that the growth of root hairs is stimulated by the secretions
of nodule bacteria living outside legume roots. This production
of groMh-promoting substances by soil bacteria may well be of great
agricultural importance.

THE WORK OF THE PLANT PATHOLOGY DEPARTMENT
AT ROT}L4.MSTED, I9I8-I937

BY J. IIENDERSON SMITH

The Mycology Department was instituted in 1918, arrd Dr.
W. B. Brierley put in charge, with Miss Jewson as Assistant. At
first it was housed in a single room of the old buitding, but in lg24
moved to the less cramped quarters in the new laboratory which
it now occupies. The change gave scope Ior an increase in the staff,
and in 1929 three additional members were added on the formation
of the Yirus Section. In 1932 Dr. Brierley left to take up the Chair
o{ Agricultural Botany at Reading University; and a few months
later Dr. R. H. Stoughton who had joined the staff as bacteriologist
was appointed Pro{essor of Horticulture, also at Reading. On
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Dr. Brierley's leaving, the Department was reconstituted as a
Depanment of Plant Palhology with Dr. Henderson Smith as Head.
Stoughton who had laken over the duties of mvcolosist was srrc_
ceeded by Mr. G. Samuel, who le{t in I93Z on beiie 

"ofoi"t"a 
Cn"i

M-ycologist lo the trlinistry of Agriculture ; and he" wii reolaced bv
Mr. S. D. carre . In the Virus Section Dr. Caldwell lefi in lgg"5
to -assume the post of Lecturer in Botany in ihe South_Weslern
Uollege, _Lxeter, and his place was {illed by'Mr. F. C. BawdCn.

The Deparrment has always limiled itiactivities almost enrirelv
to the infectious plant diseases and concerned ilselflittle with othei
{orms, e.g. deficiency diseases. The in{ectious aiseases iati unaei
three -main headingi. bacterial, fungal and ;*;, ;; th"* 

-;;;
consldered separatell..

A. IUYCoLocy
During his {ourteen years'service at Rothamsted Dr. Brierlev

devoted much altention to the genetical analvsis oI the lunelr',Botrytis, and isolated a large nimber ot.acds. fte f";d ifi;i
new strains might arise, but they could not be produced at will
Dy varyrng the condltlons. A strain could be lemDorarilv altered
b1' changed conditions, but it retu-rned ro its ofd cfraritteiiJic.
on reversion to the old conditions. -\pparently Du-re natu-ral
infectjons often consist oI a mixed popuiario'n ot 

"#i,i"i i."". Euiartifieial inoculations give rise- 6nlv to the orieinal in_ie.ting race. Dr. Brierley's influence "on mvcolosv i! not tobe mFrsured_ solell by his original pubtished" work: his
knowledge and enthusiasm and widi acqrlintance with leadins
mycologists throughout ihe world conrributid. Iarselv to estahlishi#
the Department in the position which ir norv fr"tir. p".f,urr-f,i?
most rmporlant single contribution was his paoer ,,On a {o'rm of
Bollylis cinerca with colourless sclerotia,," (1SZO) ln which iiincl,jed a scholarll discussion on the significan*'"t *ririlr. i"lun$.

fn the early years oI the Department, \,ith its initiallv small
stall, mu,ch I ime and energy was expended on the attemDt t6 assess
the numbers, as well as the kinds, of fu-ngi in soils 6{ dif{erenr
treatment, for which the classical Iields oi Rothamsted ;ii;;d;a
unique material. No very salisfactory conclusions emersed from
this work, largely because of the want of adeouate me"th.,,l" .,{
assessirg numbers. The presence of long threads bf mvcelium. anv
lragrnent of which may give rise to a ne; colonv and t"he 

"no.rnootnumbers o[ spores which a single head mav Droduce presented
drihculties which were not solved, and have i-nclied not 6een fullv
so-lved even yet. It was taken up again at a later a"t" Uu l.-irn"ii.
who.used the methods developed in the precedins *ort. iti
obtatned n-o support for the view that partiaujar minurial treat_
ments produce.specific fungus flora. Theie was a direct correlation
mrween soll lertlllty as measured by crop Rrowt h (e.s. maneol s-
wheat) and the number oI fungi and actinomycetis "in the"soil ;

_ B ethy, W,-8. (t9?0) .,Oo a Foro of Aor^tis C,E4 wirb Colourless S.I.rotia..,pbil.lra6. Ro}.. Sm. Iiod. B, 210pp, &-1r4.
sitrsb. Jasjr@ (te37). ..soit FtEi ed Acv@! aDd ( r op." ADnals of Apptied Biotos!. xtiomve4ts 

iD RdalioD to llatrurial rrearmeDt,
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but he could obtain no conclusive evidence that the numbers in the
soil showed a de{inite periodicitv. That there is a correlation
Ltween manurial treatmint and &sease was shom for the potato
bv Kramer (1930) who found that pbosphates reduced and nitrogen
iricreased tlie liabilitv to attack by Corliciurn so/ati. Excessive
DhosDhate on the other hand increased the liability to Pink rot,
i*hll6 tb"r. was no correlation betn'een manurial treatment and
btieht."Dr. Henderson Smith joined the statf in I9I9, and began a series

of studies on the killing Af Botrl'tis spores by chemicals and heat,
which are an important contribution to the general theory of
disinfection. The [1'pes of the killing are different in the two cases.

Wlereas in heatdiith the curve of the rate of destruction is the
same at all temperatures,adjustment of the time scalegivingidentical
curves. killing-bv phenol elded a curve varying in shape from
loeariti'mic t-o iieinoid aicording to the concentration of the
ph"enol, the numGr of the spores-and the age. This Yariation in
io.o" *". satisfactorily explained on the assumptions that in any
a'siemblaee of spores ihe iesistance of the individual varied, and
the distri6ution 6l the grades oI resistance was aPproximatelynonlll;
and a formula was arrived at, which expressed the relationship
between time of exposure, number of spores, and t",u o1 death'
The effect of tempeiature on the velocity of the reaclion by heat
was unusually gtiat but conformed to Arrhenius's larv. It was
Dointed out tLaiin all u'ork of this ty'pe, e.g. in comParing grovr'th

iates. comDarison of the times taken to reach a constant result gives
more'accuiate and consistent results thar the usual but misJeading
method of comDaring the results reached in constant time.

Miss Murie[ Brisiol (now Mrs. Bristol Roacb) was added to the
staff to investigate the possibility that algae, esFcially green

alsae. play a significant part in soit fertility, and, using rhe then
n&el lechnioue of oure algal cultures, she added much to our
knowledse. fhe mode of li{i of these organisms dilfers according
as thev ire on the surface exposed to tiSht or below the surface in
darloiss. WIen they occur on the surface, they function like other
sreen Dlants, transfbrming by photos]'nthesis inorganic material
irto orianic material rich in potantial energy which is added to the
soil whin they die. Below the surface they do not necessarily die,
but carr chanie their mode of life, becoming saprophytic on some

of the orsaric-matter already existing in the soil, as well as assimila-
ting nit;te and phosphate, which they convert into insoluble but

SEitn, J. Il.od.Mn. lerl. " The KiUillA ol Botrvti. SFe3 bv Ph.Eol-" AnnaG ol APpli'd

''"'HiJ-'llf$iJ.:*. r02s. .. rre KiuiDs or ao,rri ci64 bv H.ar, Birh a Norc o! rD.
r-;'",;;" "l T"dFraiu. ce6cieEti." trid, X, 336'347.**3;fi;i:f;.ac-.fi. 

i-0r1. i'or iiJipicet'cr6*rh or Fuoau HvPh..." Auzls or Botav,
XXX\/ll. oD.34l-!{1.""'a;lU:J: -H';"ita;-. Ior.. " on th. Eerlv GrNrh Rar. oI tlc lndividod FUDgE ltvPr' "
Nd PhstoLlgilt. XXIII. PD.0!_7&k..'n.r -I rqxo Ln;irhli.h.d Ph.D- ThGb.

n'.i.T. ii li*i.t it'i"i6t-;;or tle R.Ltior ol c.tt.i! soil Als& to S@. solubL C{b@
c.--oris." Aeals ol aotev, l926,cLVII, pP. la9_201 iith I plal..*-R?i"i-n. 

M;;-d6;i:ib"'riiicerui,i'rlutritiou'or soE; Atga! I'or.t d trom soil."
AMals ol Bol.rv, lgr7, CLXIll, pp. 60e'rt?.'"- ;"."i.-B-. ,i,i:iiB;Li"!-i oi,'ri,. rt- ot s"* xo'-.t Elrulh soilt " Jo!r. ol As c. s.i.,

"'kTx'irl'*l?'nit';otor-' on tr. ID{EE or Ij tt .!rr or crlea oD th. Gro'tt or r
S" ,nri.;' e"o.t. ot a"t-y, 1128, cLXvI. PP. u?_llt.
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readily d€composible forms. They may therefore be regarded asatents which on the one hand incri"." in" 
"to.t 

oi 
"n".g1:;iiii.ria the soil and on the orher immobili." ,oioUI" 

"rtri"ri.'iia "?#i.compounds which are available for later use

-At this time Sydney Dickinson was invesrisatins the nhvsintn,and senetics ,f r1; ;il"t'i;;i il;;#;ii,;;:'S [T#ifii.J"fl" isolator " for the isotation o"r strgte ceds j if,i."r, alp"ia#'I.'"rcw principle 1nd proved very satiifactoSt. He sruO,lea in-deiaitthe c)'tology of the covered smuts of both'oati;;; ;;;i;';r;'i;"fusion, both within and across the ;f;i;;;;;;;-d, ;;i*il; ii,"
1''';::!,-1 d .d{{".ent. 

., 
sender', diriveJ ii.'ii'rr,i*["'ii.ijil

LTllt,ont. ,.lncidenrally he showed that no infecri; oi;;i-;.
:1],,.] r,*dr.,,lgr by pure cultures of smur fungi results if onlv onegenoer (sex) ls present, bur iI two genders aripresent g0 per"cent.rnlection is obtained.

. With.the appointment of ]Ir. Samuel a new orientation wasgrven to,the mycological work. Hirherto, it n.A *e"_ipari'fr"_r-re worK on wart dlsea^je of potato_somewhat abstiact. and
9l9l!.d. fro--p.3ctical asricurtrle. rd;;;;;;d i ii"ir"o_"
ry,.-rj:::d at,.Rothamsted of soil conditions, however, .u"r""afo
::1T-ln excellent opppllun1ty for the study of crop d.iseases causedDy sort organrsms, and Mr. Sa.muel began wjth the club_root dbeas"
.oj-crucifers. A new mycologicat g1".."-h;;;;;;-b*li ili;;il;d
Tne system ol leatrng this and the existing virus houses was recons ruted, a thermostaticallvrontrolled oil_buming ptani Ueing
,introduced to serye all the 

-houses. 
samuel worked first on the

l-i,f-e--lri tory oI the organism -p.oa""i"g .i"L-oi,';; ;; Ji"'l;crear up _rna,ny pornts which had hitherto been obscure in i*s
TL.,l r,tyd"9 parasit€. In the course ,f thi; 

-;;rk 
;;-.ie;ired-.method lor determining the amount of infection of the rooi hairsylhll 1 y.9k ol planting the seed. He .r,"*"a-iriit'ir*'"*ilijl"r

rIuS root-na[ rnlectton was a lair index of the amount of diseas.cwhich.would subsequently qppear in iUt -rp, l"a in"": il"if,ii
g,ave,$m a means of testhg the effect of soil tre;tment in controUi""tne dtsease. He confirmed the belief in the value oi Li_"_a.""r_g]brrt showed that the elfect.was due not to the calcium 

"";;;; &thedressrng but to the alkaliniry p.oaucea, ana tnliiihd;i ;such as potassium or sodium hydroxide, were no less ;";]idl:Thiswork, which is not yet pubtisied, w;;f-t;;t;ffir;i#;i:;
by hrs,departure to the Mi;istry of A$iculrue ; brti;i;eiJ;;;
a numDer ot problems which should be attacked in any subsequeniwork on club-root.

. Ur. Garrett, who had ioined the staff in 1g36, was aDDointedi,n.Io3z to succeed Samuei as mycologist, ;.i;; ;;;ffi"1r;';dilfeTnl fie}g the study or tne eirect ii ilii...Jii"'#,]i ai."*.lrne lake-all drsease of wheat, or whiteheads as it is also called

"*"._F,.[.i::]ie*'lf"iH, ttr:;ff#:3: 1"'i ill'i,'::syu"a 
c'n-'lri& ot tte sou! Furi Hr?hal

s.-Ji1!:r!it,,-"ii:L;!#:iT:i:".j,18,:p:,$r,,"-$4,.f ,*o(ib.s@u,Fu8i:
-..,1,,"I'}P", sy.io.y_-- E'F,ib.trrs * rr. pryn.i"#'j,J 'G""tiG or th. sbur FuEj:h:i**:ilff':!;,,]!:.i[!TH:,t":l# *.-!r cohdi.oos ". rr.,' s"g;;.ii.;:'f,;;-
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Droduced by O bhiobolus patdnis had' long been known as a serious
iisease in 6the'r parts oi the world, but although present has not
been o{ much sig;ni{icance here until the last few years. It is now
becomine of coniiderable importance, and the reason for the change
is not ve"t clear. It has coin;ided with the development of mechan-
ised fa-rming, but the conneclion, if any, has not been established.
Garrett is ;tudving the effect of various soil conditions such as

moistu.re, templraiure, organic matter content, on the survival
period o{ the iuneus, which he has already shown to depend verv
iarselv on the eni,ironmental conditions. Itliss Glynne is studving
thJfringus Cereosforel'la hislohichoidcs, whrich is in part responsible
for " lofuing " iriwheat, a;d has during the l+st e_i8h1 years main-
tained Jsuivey of the diseases present in the Rothamsted and
Woburn plots.

Wenr Drsr.lsn oF PorAroES

The introduction by Miss Gly'nne (f925) of the " treen-wart "
method of inlection wis an important contribution to the study of
this disease. since bv it suscepiibility or immunity could be deter-
mined within as mahy weeks-as had hitherto required years. It is
now in ofrcial use as i routine method and continues to give satis-
Iactorv results. It is, however, so sensitive a test that many varieties
which"rvere acceDled as immune in the field were shown by it to be

temDorarilv susieotible. and the question has arisen whether
the iaboraiory or ihe fi"ld test should be accepted as the criterion
ol immunitv,'on which offcial recognition should be based. On the
one hand the Ministry of Agriculture are reluctant to accept- as

immune varieties whlch are in the laboratory demonstrably
susceptible for a time, lest this susceptibility should lose its
temporary character under some conditions o{ $owth or environ-
ment; aird on tbe other it seems uffeasonable to reiect many
promisilg new varieties on account of susceptibility to an exPosure
huch mdre severe than could reasonably be expected under fietd
conditions. A finat decision has not vet been reached on this matter.

By grafting immune and susceptible Plants together W. A.
Roach (102?) ihowed that the immunity is not due to a chemical
cornporrt d wi\ich could traverse the ptant and be conveyed from
the immune into the susceplible grafts. (Scc Annual Report 1936,
p. 85.) Miss Martin (1929)'using Ihe ''grein-wart " method demon-
itrated the susceplibility to wart disease of numerous spe-cres ol
Solanaceae other 

-than tie potato plant, thouth infection did not

Gllm.. Uarv D.- ltr.id.oe of Trr.-all oD wLat ed Berlcv oa ErFri@ot l Plot"r
Woblrh." Alna]s ol ADpLjed Biolosv, 193r, XXII. DD.225',36-"-ei;;. ti;;b.--att*- niJE.iri.t i*.ai it rulai o! what " rre' Drir' rlv@los'
S&- 19!6. XX. DD. lr0.U2.-* c,i."ii" -ri',ii-o 

-;lnierion Ererincuts 'ith 
w.rt Di*a or PotatG. srrtvrn.'

.adk;it; tscbilbl P.r.." A!trale ol ApDU.d Biolosv, 1016, xII PP. 3{_60
Grlme- ilre D.-'Tte Viabilitv ol tt Wialer Spotu,Ai@ ot SrBtttnrt arodoad'

lschilb,l P.ic." inDals of Appued Biolosv, 1916. XIII' pp. 19_55.- r:rr;n. rl.rv D I Tha D.wloD@nt ol St t Ll'tttar ,,ldrorst (r. lD., r'erc', d
l@ui; viii.ries:" Amals of Applied_ Biolo€y, 1916, XIII, Pp. 36E_369 F b I pht.. 

-RM.h W- A - Imunirv of Potato Vari.li6 frco Atlaf, bv tre w{r ui.& ru!g!3'
St*hlrdir .d<lintka th. Fulsu! q6iog Wrrt Di*4 of Pot.tc." Am.l! ot Applied

"t'€g:"'";r llfJ.l',i'l:] uarv o.-- rm roncitv or c.rrai. surphu co.pouds ro
S;ib;-.d&i"rn -,trle FuDsG eBios wdt Di9a of Pot.rc." Anaal3 or ApPu.d

'"'ff*':::k*Yi'L.lX%111".", r*,. 
"r 

r"-r*,.n.^.tobet. i tsrnibl p.r.. ' Ar'rs
ol Arrplt.d bioloSy. lOl9, XVI, pP, 4r3.129, eilb 2 Pl.tes.
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9!9q from contaminated soil. In spite of much inyestigation nofield method was discovered for treitiag th. 
".ll 

;; ;; i; iJi ;U
sporangia oI the org-anism. Treatment wiih 

"utpt 
or p.ov.a ei..iivu

on some .occ$;ions but not always. It would s6em ti,.t it is noi in"supnur ltsett whlch is active, but some derivative {rom ir 2nd
experiments by Miss Glynne and W. A. Roach (1928) 

"resu.iJlfat f.lrio-sdpnudc acid has a slxcial toxic action' ov? an-d"Jo"I
r.n1j gue 

"t-o 
the hydrogen ion concentration, which in itself has adelmtte ellect in suppressing lhe disease when sufficientlv hieh

-t-or the last few years Illiss Gllmne has been actine.s." 8m"i"tconsultant examining alt doubtful cases of susieDtibilitv in
colraboratron rtr'rth the testing station at Ormskirk and-Edinbiugh.

B. BAcrERroLocy
In.I927 M1. R. -H. Stoughton began an extensive series oflnvesttgattons .rnto the ,.angular leaf spot type,, of the Black

Arm.drsease o, cotton, the funds for which wiie provided bv the
Empire Marketing Board. One of the obiects 

"f itis 
".""i# *."

to see how far the sturry-of a tropical diseaie ca, b" ";.i.ll-;;;Aon 
-rn 

a laDo_ratory tD -England; artd the findings were c-omnared
wrth lhose obtained in the Sudan. In the result it aooears ciearl,that certain tJ.pes of investigation can be 

"d"q;"i[l'y ;j ;;a
econorrucally- carried out in this country, and'theri are manv
rncrdental advantages in such co_oFrration between the tropicdl
and British workersl

Il our glasshouses cotton grew 
-well, developing ripe bolls withgood lint and healthy seed. T[e infection experimeltJ*..u -"i.,i.,carned out rn specially designed chambers,-in rvhich the air anh

sotl temperatures and the air moistu_re and lighl exposure could becontrolled and varied at will within cenain imits.' Ttre;;."1t. ;i
the six years' work on the influence of environ*""i"f 

"r"aiii""" #the disease rnay b€-_summarised as follo*". p.i-*vlriri-ti" oiti.cotyledons is_usually due to the bacteria (9. *rt;r;;;;;\;;i;i
on the outstde ol the seed and in the fuzz, thorouRh d.isinfectionof the exterior of the seed resutring in 6""lia;-;;-.di;;.. "$ii
temperature affects the amount of -primary iniection, i*cl is
reduc€d _wh_en the temperature is conitant above m. i.. b"t;;i
Intubrted wholly at alo., but is of importance onlv durins the first
two or threedays after sowing. A regular diumal v-ariatioiproduced
lne same ellect oD rDfection as a conslant temperature near to the
mean of the Iluctuations. Soil temperatue hasiitue efie;i;;;;";;-
darJr infection resulting from spray inoculation .-i th"-pild; ;;

or Badat .. ra&{.ear.." B- F. S.

ot Bad.ritn rCt@aar." E. F. S-

i! r CoDlroU.d E!vironD6t..,

HuDidiry oa Iat6.dd.t' A!Dr, of

i[o^tJiiE 
tlc ed vryils c6dr6@ o, rDr.cd6.,'
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tbe effect oI air temperature is marked, maximrrn 
- 
infectiou

occurring at a constant iemlxrature of 35138" C., with decreasing

incidencE at progressively 
- lower temPerature. High -humidity

favours infection,-but hu;idity is of importance only durirg the
first two davs a{ter inoculation-

Mr. Stoighton also comPleted an imPortant- 9!u{y o-n th9
morohologv ind cvtoloev o1-8. nahtaccarum in which he sbowed

thai this Sacteriu;r haJipparently a sexual stage, though such a
comDlexitv is not supposea-to occur in bacteria: and that it may
diss6ciate"suddenlv Gio new strains which may or may not Persist'

C. VrRUS DISEASE

The Imoerial Asricultural Conference of 1927 recommended
that " firndi should-be provided for the more extended study of
the fundamental nature 6f virus diseases ir plants," aud tbe Empire
Marketine Board provided means for a considerable develoPment
of the virirs investigations already being carried out at Rothamsted
bv Dr. Henderson 

"Smith. 
Thre6 scientific posts were created, Dr'

I;htr CaIdweU beins aDDointed in 1929 as Virus Physiotogist,
"Dr. Frances Shefreld-as Virus Cytologist and Miss Marion Hamilton
Inow Mrs. M. A. Watson) as Viius Entomologist. A glass-house for
ieneral ourooses had alreadv been built in 1927, and a second

insect-or:ootia set of chambeis was provided in 1929 for the vims
investi'sations. These were desi8ned to elucidate ii Possible the
ultimaie nature oI viruses in general and were Dot concerned wlth
rrarticular diseases of particular crops, for the study of which
iovision was made i; different st,tions scattered in suitable
iocalities throughout the country.

Dr. Henderson Smith had already published (1928) an account

of a mosaic disease of tomatoes, the so-called aucuba disease-,

caused bv a filterable virus closely allied to tobacco mosaic and'

characterised bv the brilliarce of its sYmptoms and the hiSh resis-

tance of the virus to heat, ageing and chemical reagents. He.lailed
to obtain any growth in cell-free media. He had also studied (1928)

the transmiision oI potato mosaic (not then sub-divided into
distinct d.iseases) to t6mato and other hosts; and had begun an
inveitieation (titer carried further by Dr. Shefield) into the
intrace"tlular iiclusions which are characteristic of many virus
ai"""""" mtn in man and animals, and are excE)tionally w-ell

exhibited in Solamtm mdiflorum when infected with aucuba
mosaic (1930). There is a persistent belie{ that vinrses are an

iavisible ltaee in the life-history of visible bacteria, and some suppo-rt

I t" U" fori"a irr the fact that in certain virus diseases specilic
Lacteria are regularly found to be Present. Henderson Smith,
t ow""e., sf,o*ud' (1933) that in tomatoes gro$'n fr-om sterilisedseed
under aseotic corid.itioirs and inoculated witb {iltered virus juice
free from'bacteria the disease developed normally without the

^DDearance 
of bacteria, which should have appeared if they were a

"t'Jn" 
irr' tt" virus muliiplication. Miss Jarrett (1930) inYestigated

irr.".t.eak which occurs'in commercial tbmato houses, and showed

it.f it ir not usually due to a mixture of ordinary mosaic with
potato mosaic, as had been supposed, but is aa iadependent virus
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disease resembling tobacco mosaic. She obtained no transmission
with Thrils tabad.

In collaboration with D. Mac Clement , Henderson Smith used the
gradocol collodion membraDes introduced bv Dr. Elford to measure
the size of certain of the plant viruses. ihey showed that they
differed in size, as do fhe arrimal viruses, and irrived at estimates
oJ^the actual size of tbe particles as they occur in inlective juice
0e32).

Caldwell, in his first papers (1930, 1931) proved that aucuba
mosaic does not travel through the plant in the water stream, as
was_generally assumed, and th;t it do-es not normally gain entrance
to the water stream, and, if artificially introduced'irito it, cannot
Ieave it. and produce inlection. Movement occu.rred only through
living tissue, and the virus cannot pass across a complitely deid
area. In certain hosts the vims produced only a locai reaciion at
ttre site of inoculation, in others i1 mieht travil throueh the Dlant
but prodtce s'-mptoms only sporar Llly. E";;;'i";;t;l;;
distribution was not uni{orm, the conceirhation beire hieher in
the cholorotic areas, The carbohvdrate and. drv matier iontert
o{.diseased_ plants is higher than i-i normal pilri, ;d ;*pi."ii;;
is increased, but the nitroger content was noi materially afficted.

Caldwell showed that the virus was particulate. and produced
some evidence that it was either itself Drbtein or bound td orotein.
but he was able to show that the claimitt"t U.a U.." *.a"'"i ilri
time to have obtained it in crystalline form were unwarranted. He
demonstrated the occurrence of more than one strain of aucuba
mosaic, and that the presence of the one produced immunitv to the
other. He showed that this immunity was in some degree specific
against allied strains, but inactive against virus not related io the
immunising strain. In a study of the local lesions technioue and
the effect o{ adding chemicil substances to infective iirice he
suggested a method by which it was lnssible to distinguish 

-between

the eflect on the virus itself and thai on the leaves us"ed to test tbe
rriltures.

Birkeland prepared sera against a number oI different viruses
grol{ln..T hosts serologically unrelated, and tested tbem by the
precipitin method. The reactions gave additiooal evidence that
virus is in_itself antigenic ; and showed also that cucumber mosaic,
tr)bacco ring-spot and tobacco mosair- are serologicallv distinct-
'*hile aucuba mosaic, tobacco mosaic and probablf torriato strea.k
are serologically indistinguisbable.

.F. C.-Bawden joined rhe stalf in 1936, replacing Caldwell,
and in collaboration wil h N. \v. Pirie of the Bioche'mical"I-aboratorv
Cambridge, began a series oI investigations, which has eiven and is
still giving imponant results. They (l9g?) isolated from-solanaceous
plants infected rdth three strains oi tobacco mosaic vlrus 

""cleo_proteins witb characteristic optical properties. These are inlective
at a dilution of l/l0ro and give spetifii precipitates with antisera
at a .dilution of 17107. Solutions-of the- puriiied proteins, iI the
protein content is greater than 2 per cent., ieoarate into two lavers
of which the lower is the more 

-concentrated 
and is birefrinient-

while the upper shows anisotropy of flow. When centrifugef ai
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hieh sDeeds these solutions deposit the protein in the form of a
iii::dil; i;i'. -N" ;;;v-"' preparati6n has bee.n fo'".nd .which
ettacks"these prbteins at an appreciable rate, but the actlvrry can
t* affected bv a number o{ chemical agents, and the condrtrons

trna"r which tire nucleo-protein complex breaks down were stu(ueq'

ir is suesested that il purified proteins the constltuent panlcles

"." ioa-ifiaoed. and are built up by the tinear aggre,gatron or. smatter

r-it.. ff,"i" is evidence that in the Plant part at least ol tne vlms

is not so aggregated.-" --i;-it^i"nricleo-Droteins 
were isolated from cucumber 

- Plants
t"f;;;;th a;ri-u"i ,rit*"t 3 and 4' These viruses. have a

r,l'.i.J"l'otti".1-rt"m that of tobacco mosaic and dif{er more

#i"riIi"* tt 
" 

r.t1ei ihrtt do tecoet'ited strains o{ tobacco mosaic ;

;';;?ilil;;;;y pi'p-"',i"' i" 'i'^'"'n 
with the latter virus and

;;;;;;'ffi"; antiieirs. 'When 
PreciPitated with acid or ammonium

-dphate, the. protiins form needle-shaped paracrystats' as ooe's

tobacco-mosarc vrms.'"-D*;. Sil;ffi;ia ;;;il uP the investitation of the g:t'.'i:l b-t1
alreadv referred to. It had at one time been asserted that tnese- w€re

;I:'Jl't"';h;ffi;i ."ti i" t" amoeboid form ; but she showed that
;;:;-#;';;;;'11;i oi ceuular material, which, appearing. first

*-i""rr.t" i".Jtt masses circulating in the streaming-cytoPnsm'
;.i;S""d i; i;; e""niolrv the coirplete inclusions' The-process

ffiff;,; f;il;A ir,to"gh,i"t in the'livin-g hair-cells ot Sotawm

;iin;*, and a fitm Jas prepared which showed the successrve

ti.e'"r ii";.1h" first appeaianie o{ the moving particles shortly

"iiiiriJi"" i. the fiiril completed bodv, whiifmav -"YSItl'1Ilv
iiL"*'al"ii r",. r:ioter" ".ytt.i" 

(I93r). She attempted (19,341 !'
"^i. "i tt"t" conditions in healthy cells by treatment wrtn suD-

i,:,iil ffi;'";';";sJ"G .l't"pti'm' Moit of the reasents used

iif,"""a?ti-J.ii." oi ttre cyioptLmic stream similar to the.initial
:H;;-"i;;;;ilii"" *iit'"tlt real formation of tme inclusions

i"iii^ir"rl tirii t"rii Ji;;ivbd,t aci<t all the cvtological abnormalities

;i;d;H..i],Hffi' "ii* "*ta be imit;ted in the absence of

anv vlrus,''"ojt.i" studv of the dwelopment of the assimilatory tissue in
S.fi;;*; -.-ft" 

in""'t;gat"a by micropipeite iniection the suscep

,tiii, i,i.ili"pliiti .ii to "itut, 
a"d io'rnd tliLai individual cells

.-?"i r'..rttv in their reaction. She also demonstrated the r6le

Ifrii'it 
""riit 

i."d.t * pt"u in tt'u tpt"ta of virus by a,, examination

"i-itr" .io*.ttt zuard-cells. These cells never contam lnclusron-

;;di"r. 
-;"hi"h-;"?; in aII other cells, and this immunity was

iitiilrt"oio tt'.i. tack of plasmodesm connections''"'il';;i,,i" ;;; aii".!" t commonlv transmitted ftom Plant

- Jr.rifu**t".it, urt ttor" it is accompiished is dimcult to under-

i;.i:i. 'i;i.';;i;;. a rule, simple ex'ternal transference of infeciive

;;tJrii'; 
-ih; 

mouth parts- of the insect : there is- a specilic

i,iijirj".rrii' bei*een the'vector and its virus' Mrs Watson (rla

fifilii;il"tJ"li ,; rt. tt"au of this problem' Arter developing

Iil h;;i;;-li.ining insects apart fiom the IMFS ptant (r93o)'

.-t "-a"l"t-."a 
(1935) tie volume of liquid taken uP by-the l€edrng

^"ii*.-.nJin" ".it"-e 
returned in the siliva as well as the relations

;il;-#ilil;;; a.iificiat teeaing and under natural conditions'
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She. used- di{ferent methods of estimatio!, includiag imbibition ofradio-active solutions, of which very small ;.;G &"-;;;;;;'
and .by the various methods obtained results *hi.h ;";;;-n;ll;
consistent ; and she brought forward 

""ia"n." ttai Ge 
-;;;it,;;i

or !'rrus. traDslerred correspond to the amounts of liquid. fhis workwas lo.uowed !p by an extensive quantitative stuay. statisticallv
conrroUed, ol the Iactors affecting the amouat of infeition obtainei
9), aptus tran_smrssion. Tfuoughout the work she used a vinu
Hrosc))arftus III, which she hrd isolated from an outbreak o{
disease in ,a crop ol Hyoscyamus grown to. .o*-"rai"f ourioJ.- a-
ntrmber ol striking results appeared from this investjsaiion. e.e-that a ma;omum percentage inlection was obtained turins thtwttrter months and a minimum during summer, and that tbe" per_

'$ouig"ffo* " 
t"o.*o .ul ro@to." Ar.r3 or

ritt . Ucaic Di*ale o, Tob.ro.', A!.als oI Appli.at
oI Potato Mosic to To@to.'. Aqnab of Appti.d

in Mwic ot Sdanth NdiJldyn', Ann Ls

GroE." A!!a& or ApDlicd Biorogy,
Soii!, J. Hetr&reo-., Filrtarim oI plalt ViM.,, Nature, July 2s,

a Viru. Di*rs of To@to.s.'. AlEls ol Appti.d Aiob8y,

Tm@issioa of ViHE

Itoeic ot ToEato_,,

f irus ol Y.ltor U6aic ot T@ato. "

" AaDals of Appli.d Biotogy

'iq.:r';itrtrLtr*.Ti+T":LUYiiXtfl 
r.e

*.i"l"if,er*ffi tme.fl iiSrHi*?L1pt

the Tr.nslftarioo ot \riG.,, ADals 6t

Work," Anlal3 or Appli.d
te.&3 ol Hto*r.r$ NiEr.', rinlEl, ot

oo tI._ A iti.ial FediDg ot Mrre, pari...
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centase infeclion (which increases with increased {eeding time on

tn" hitftfry plant) 'decreases rapidly with bcreasing limes on the
hfected pl'ant from two minutes to one hour.- ln tSlZ-tSSf ms. Watson investigated an outbreak of disease in
commercial grown Hgoscyamus. from which she isolated three

lri*"r, t*o if tt"- i"*l In a crop o{ this ki'nd, which is limited
and vaiuable enough to warrant the exPense, it-seemed that controt
hv snravine miehibe Dracticable: and it was fould that the aPhls

frfes'tation"and conseiluent infection were reduced tlerebya The

ereatest e{fect was obtlined with weekly sprayings. The influence
in vield was less evident. but as a result of weekly sPraying irt tbe
firsi year a 30 per cent. increase was obtained in the third croP

taken in May of the second Year.

As the work of the other DeParlmeots has been recently
described in full it is not necessary to do more than mention some

of the chief lines of work being done in each.

SOIL CULTIVATION AND MANAGEIMNT
These investigations are in charge o{ tbe Soil Physics Dep^art-

-"r,t, ttt exlenied account was given itr the Report for- 1936'

Evidence has been accumulated that the PurPose oI cultrvatlon
is to keep down weeds, and operations additional to what rs requred
ioi it ir i,'',"u prot 

" 
inef{ectivi or even detrimenta! The importance

oioi"-o"ti"* i eooa seed bed is recognized though some of the rather

sttikili g di f"fe.inces in appearance of crop resu ll ing.from. dl I lerent

methods of preparation do not lead to corresponding dlllerences

in final vield." 'i";i 
i*i"t"r".--tfhe water relationships of soils have been much

slrrrlied as beirq among the mosl important {actors in soil'lertl[ty'
wrter easilv m6ves downwards in the soil under the {orce ol tra\1ty
uri'i"-"irrdr ait".tions its movement is both slow and smaU i.n

amount. Evaporar ion seems 10 occur ?" wlz; plant roots Srof r

to the water. tLe water does not move to the roots' 'l he rnvestlSatlon

"i 
inlr "rtiLi 

*",rtd be Sreatly facitirated if a trustwortlry mel hod

*"i" t ro*it tot tt 
" 

direct"meas-urement oI water in the soil and some

orogress has been rnade in this direction.* -Tw"rit"*ri ii toils.-Soil surveyors regard the colour of the soil
as one oI the propenies helplul in classi{ication An rmproved

;thod ;f i".otifi"L colour ddvised by Dr. scho{ield was lound to
be so valuable thai an important {irm of instntment makers has

icquirea tft" patent and t'aken over his assistant Ior the purpose

of further developing it."- -;;l;i;;;;.-li.ihod. 
"." 

being devised for studving i,, detail
the structure oI the soil.

STATISTICAL DEPARTMENT
Durine the t..ii"* v"ttt the scope and work o{ the Statistical

Deoartm&rt have chan{ed considerably' The staff h-ad at trst to
detielop methods: now lhese methods axe used lor the solullon o,

i.,ifi"ilt ,i".""i"a bv other departments. At the present time there

lre three 
-main 

lines of work :-'- (l) Th;6d;vement of designs for {ield experiments whereby

thes'e'may become more useful than at present'
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