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lll.l:.-T::9.."1T_ r=_* ,.."U, *rt"Eust also be few so abnormat as 1924. rt besanwlln yet another rn a sequence of mild winters rhat allowed good planting, then folloieda dry spell that ended just before crops suffered ineparabl; d#;. The weather then
became progressively wetter as summei passed to autimn aoa ffit ?. pot to .xperiments
f_1liry r-rg:r..9 most,.not on.ty because tifting was so Oetayea-6.237), but b€cause

:11o,*_1, y::,9o oy19 epgulge bacterial.spread gave ptace to delugei in which theyspreao so ubrqurtously that the directions, distances and quantities ofmovement were
T-l:",C_"j 

di:f*iUte^(g.. Z]-a). Neverthelesi, tn. 
""o."qu"n'"., "-oig 

stored *op, .uy
PJlll-,.r.,f^tLi!-1s, O ?at). Yaryesr of field be-a-n experiments was also much detuy"a 

"oirne resulr were tess accurate than.usual (p.235). However, during the .Subject bay on
.T::11,B":y{ g ?-l 

ruy, th1ergwine crofs hetped demo*tirc trZii"*"ti"iao.iy tuserur tor decreasrng spread of weevil-transmitted viruses (p. 23D and confrmed'the
value of sowing only healthy seed; a comrnodity we hope can i*-tualty Ue -aae commou
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enough to permit an ofrcial health certification scheme. Success probably depends much

."-"ia"*,I"Oirg E" biolory of the main v*tor Apion vorax of which we leatnt much

(I). ,rO; fi"d;c tn" tugg;.tioo that their apparent distaste for peas may protect this

crop from these viruses (P. 236)." ilth;"gh ;i;;;-ps'looked sad before harvesting, most escaped the worst of

tne net rieatner,'tndee4 one exPeriment failed early because dry weather and growth

IqlJ,i"a inJ 
" 

rcoioio aire"i"o i" Rhytchosporiun infection on barley dr-illed after

"iounnine 
or oirectlv ioto unburnt stubble (P. 23t). Even so, else\ here we often meas-

il;';ori th.;l0t-i.iecafts spores/30 cm oI barlei row (p' 222)'.Bv contrast' the weather

fu"..J-UJ"v .1O"* and ine well-timed tridemorph- spray_ increased yield 
-by 

26%'

l":*.""., tlit i^ -uch less than the'l0l inctease acUievee Uy uneconomic fungicide

applicatioDs in the same experiment (p. 220).--ti" 
i"iri"U distribution 

-also prov& inteiesting in a tak+all experiment at Woburn,

*n"." ai* -uAe less differend to soil moisture lrofiles during thl earlier, drier months

d;;;ilrtly ;i;t" harvest (p. 218). The possibility of defining periods when root damage

.-utt"o -&t uoa even of dtimating toot acti"ity and seasonal transpiration by silicol

-^fv.ir fp ifS) .fl*s hope that mo-re accurate wiys of assessing diseases may eventually

u"iJ,lr,i*fp. zi'ol rGwhire in the report (p. 228) we emphasisi gfforts ts comPare fung

i"p"-""J [ *rJlti tut"-ult io ditrercnt iuntries, the viruses they contained and the

ir'ra *itl which t[ey are associated. Data from several Rothamsted experiments now

;p;;'G;;.6'thaithe rate of take-all increase is slowest following grass' where it
*i'*""Ui "**i"t O witb' morc Phialophora radicicoh.var' goninicoh Gl 224'

fn" *"it 
"" 

g"* viruses began to piovide information (r' 231) on the occurrence of
rveemss mosaic-virus. the mitsthat transmit it and how both may be affected by sward

;;';";;. Th" acaricide endosulfan proved more effective tan we exp€cted so 
-$'e

rn"ff 6Jfo.tn"t whethet fewer, well-timed sprays could be both profitably anf safdy

"*O-. 
i.at t"t"fy f*grf diseases were less conspicuous on swards ttran viruses' because

tl" .-"U 
"fott 

i" can-so far contribu& to studying these remains unsatisfactoty (p' 231)'
-aiGr u""lrg wdtteu last year that 'scourges sich q suc-ur qe* yellows 'ni -aphid'
t ans;Gd pi'tato viruses ar:e no longer causes of serious loss',.it is disappoinling t9

u*G-"Jrit that h 1974 both *"r"- d"."giog and exceptionally prevalent (p' 241)'

fn" .ifa-*i.rc. tn t favorttd, Myzus persicae-also favoured the Ma uosiphwn euphorbiae

tfr":t -""*"awiO*pi*d toproll on potatoes (p. 241) and-thrc-cereal aphids tlaq Padg
b-i"y y"il;;*"tvirus iore than usualy abundana O' 220)'.{t was purcly-coincidental

tr"i i"'il" y.t when sugar bcat suffered'so much from aphid transmitted viruses' wc

u"e;.o"ii.irirg these'viruses (p. 213) and also learnt fow to im?rove. the ability of
upiiO" to ttuo.r"it-tobacco nosaic virus in artificial systems (p' 213)' Su+ a year mrst

;ftt". ;fiI"*r"y among plant parhologists and wL hope-stimulate efforts to under'

,t-a-*U*-6"* dcontrol-alhi<t tiansnisiion of viruscs @, 220) or virus multiplication

with potential inhibitors (p. 213).

Pmperd€s of vhus rnd viros tliic's's

Multiplicadon of TMV in toba$o Fotoplrsts When dcscrib^ing simpler mc-thods for

ii.rp"if.g da infecthg protoplasts' (Roihomsted RePo Iot 197i, Part l, 116) we said
'C"ti, *"", o."otiuf. 1!Gr wj* has shown that yirus irultiplication was inhibited by

"J;;"ti; 
,..d ; stop uacterlat and fungal growth and thai Cacl, and salts of other

divalent metals, esPecially MnClz, preveal 16i5 inhi[ition.
- s"u.-J-ti6i.tio o"ieasea livtv multiplication at any time during the_fint 24 h

aftcr infection but trooe so completely as lentamicin, which had a large efect when

p*;;t f;;;tiot z n i.-.ai"irty after inlection or 2 h lat€r. Gentamicin is produced

2t2
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by thc aainomycetc Micrononoslmra p.qrwea. Unlike some other virus inhibitors
produced by microorganisms or extracted ftom plant sap, gentamicin did not inhibit the
infection of tobacco plaots. By contrast s:p from Sweet William plaats (Dianthus barbatw)
wtrich _does inhibit whole plant iDfection, alss inhigiffi virus multiplication in protoi
plasts but MnClg did not prevent this inhibition- It therefore seems likely that the i-nhib!
tory mechanism itr protoplasts may difler from that in whole plants. Chetating agents, such
as I mM EDTA or 5 mM potassium citrat , also proved strong inhibitors of virus multi-
plication in protoplasts but their inhibition was prevented by MnCl2. possibly therefore
a,ntibiotics like gentamicin may chelate metals from the protoplast membrane, thus
disorganizing it and afiecting virus multiplication. (Kassanis, White and Woods)

A lnnmlssion comlnnent for potlto vir[s Y (PyY). Attempts to characterise the com-
nent in sap that aphids need before they can acquire PW from pure solutions, were
hindercd by the lability of the component in plant extrasts. However, the component can
be precipitated from plant extracts with 6 I polyethyleneglycol (mol. wt. 60001 and resus-
pended ia bufer solutions containing magnesium ions. Such preparations lost litfle
activity when kept for two days at 4'C, or long€r when frozen. The component was
q)ncentrated l0G,fold by two successive precipitations ]s|lrh 6% polyethylenegylcol.
Further fractionation was achieved by 'Sephadex' gel filtration and reconcentraton of
ttre active fraction by precipitation. Physicochemical and serological studies of these
purifid preparations should show whether the component is free virus protein or a
distinct virus-induced substance. (Govier and Kassanis)

Aphid trnmision of I'DIV. The efrciency with which aphids can transmit TMV
mircd with poly-r-ornithine by fceding through membraaes @irone & Shaw yirology
(1973) 53, Zl4-27A has been inoeased by using methods found satisfactory for pyy
(Rotlamsted Report for 1972, Paft 1, 123). When fed on TMY mixed with poly-r-
ornithine, 100 aphids (Myzus persicae) consistently produced lG-25 lesions on tobicco
(cv. Xanthi-nc). This transmission was not through abrasions from claws, because aphids
from which these were removd transmitted almost equally. Among six polycations tested,
only poly-l-ornithine and poly- ysine made TMV aphid-transmissible. Efrciency varied
with. molecular weigh! poly-r-omithine (mol. wt. 120 000) was better than poly-r,Jysine
(mol. wt. 85 000) and poly-r,-lysine of mol. wt, 30 000 or 15 000 were ineffective.

Aphids fed first on poly-l-ornithine and then on TMV transmitied infrequently and
only when a high concentration of poly-r-ornithine was used. This suggests tlat the
mechanism may difler from that between PYY and its helpcr component. (Pirone and
Kassanis)

Beet yellows virus (BYY). Virus from sugar beet was transmitted by Myzus persicae to
Claytonia perfoliaa, a host in which it causes stunting, some yellowing, systemic necrosis,
s{lting and in which the virus occurs in unusually high 6olcentration. Two weeks after
infection sap from C. perfoliata lava was ertracted by glinding in a mortar with 0.1 M
ammonium acetate pH 70, sontaining 0.f2Ir EDTA and 0{2 u DIECA (3 nl/g. baf.
The sap was clarified by entrifugin& stirred for 30 min with 2.5/. Titon, X-100 and
twice centrifuged for 2 h at 20 000 g, Each time the pellets were suspended in 0.001 u
borate buffer pH 7.8 and clarified. The final preparations gave one peak in the analytical
ultra-centrifuge (142 S) and contained particles averaging 1250 nm long. The 6rst super-
natant was r+centrifuged for 90 min at 110 000 g and yielded as much virus as the first
pelet, but the particles were more frapented and gave two peaks in ftg analytical ultra-
centrifuge Q 19 S and 142 S). The virus scdimentod at 20 000 g was more infective and

2r3
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when inoculatcd mechanically causcd necrotic local lesions on C. perfoliata. A total of
l!20 mg of virus was obtained from 100 g of leaf.

Thc eitinction coefrcieot of BYv was 2'8 and its u.v. absorbance ratio, A260/A280
was 1.4!-1'6. It contained 6f ribonucleic acid with a molar base comPosition 19% U,
U% C, N% A arLd 27 % G. This suggests the virus protein contains unusually little,
if iiy, aronitic amino aiids. The nolecular weight of the protein, estimated on 5 and

lO %SDS acrylamide gels, was 22 000 in contrast to 30 000-34 000 usual for other flexuous

roa-sUpea viruses. (Kassanis, Carpenter, White and Woods)

Feslmr nottle yilus (FIvfD. The virus (Rorht nsted RePott for 1973, Part I' 137) was

extractcd from pot-growtr oat plants otre month after inoculation I-eaves were macerated

io water, 0'1 M anmonium acetate buffer pH 5'2 or 0'l Irr sodium borate PH 8'0, filterd'
clarified by emulsifying with chloroform atrd the Yirus concentrated from the aqueous
phase with several iycles of differential centrifugation. Yirus solutions containing buffer
and 0'021sodium azide stored for at least 6 months at 5"C.

The pirticles (isometric 26-28 " ) mostly seemed tmpty'wten fixed in potassium

phosphbtungstatc but all appeared full when initially fixed with formaldehyde. However'
ine aiatyti"at uttra"entrifuge usually showed only one component 118 S, occasionally with
small amoults of dimer 147 S. Aaalysis on 5 and l0l SDSiacrylamide gels revealed only
one type of protein and gave closely similar estimates of mol wL; respectively 29 8fl)
and 27oOO. rhe u.v. absorption spoctrum is typical of a virus containing 201 RNA.

An antiserum prqtared to FMv had a titre of 1/'1096 in precipitation t€sts aod gave a
siryle sharp Intin double difiusion tests at dilutions as great as l/1024. However, it
did not reait in double diffusion tests with brome mosaic or with a group including cocks-
foot mottle, tobacco necrosis, cucunber mosaic, turnip rosette ol sowbane mosaic

viruses, which show only one component in the analytical ultractntrifuge and have pro-
teins similar in molecular weight Brome nosaic virus antiserun did not react with FMY
but antiserum to cocksfoot mild mosaic (CMMY) gave a single line down to l/64 @omo'
logous titre U1024), CMMY is reported only in Germany but is serologically related 19
phleum mottle virus (PMV) which occurs in Britain. Unlike FMV, CMMY ad PMV
do not hfect oats which should be a useful diagnostic host. (Carpenter and Gibson)

Oat sterile rlwarf virus (OSDY). Thin sections of oats and rye$ass with OSD show€d

virus particles about 70 nm in diameter, with a light staining wall surrounding a densc

core (50 nm diameter). Such particles, not previously recorded in Britain, support the
virus etiology of the disease and confirm the 73 nm spheres found in OSD leaf enations
by Brcak and Kmlik in Czechoslovakia. We found particles in phloem, sieve cells and
perivascular pa.renchyma, usually individnrtly but sometimes in paracrystalline arrays.
(Dabek and Plumb)

Yins dis€ssB of tropic.l ctoPs

Ybuses itfecting rara (Colocada escule r). In addition to dasheen mosaic (DMY)'
alomae and bobone, two other virus-induced syndromes are recognised on taro in the
British Solomon Islands Proteclorate (BSIP). One comprises plants that are t€mporarily
stunted and shory a mosaic on leaves that become convex and wrinkled. These contain the
small bacilliform particle component of alomae (Kenten & Woods, PllY,S (1973) 19, 38).

Both types of taro (known in BSIP as 'males' and 'females', althouqh these names have no
sexual significance) were affected. The second syndrome occurred only on'male' cultivars,
was transient and associated with only the large bacilliform particle which is associated

with both alomae and bobone. Affected leaves were scarred, vrinkled and sometimes had
enations on the Ftiole.
214
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Elscwherc, the emall bacilliform particle oocurred in diseased taro from papua-New
Guinea but three cultivars from Kenya and one from Ghana were symptomless. At least
one Kenyan cultivar was not resistant, b€cause it became infected with DMV atrd the
IarE bacilliform particle when infested with aphids and planthoppers from a diseased
BSIP plant @abek and Plumb)

Irrsec, ttorsmission of taro 'drucs. Tests in BSIP suggest that the taro planthoppcr
Tyrophagus proserpma can transmit both the large and small bacilliform pirticles fr-om
plants showing alomae symptoms. By contrast, in Rothamsted glasshouses, T. proserpina
seems only to transmit the largcr particle, because when fed fist on plants with alomae
and then on 'female' plants they transmitted only bobone and sometimes large particles
to 'males'. We have also failed to transmit small bacilliform panicls w].rth plon;co;as citri
aJx:d Aphis gossfpii. At Rotha'nsted f. p roserpina wmed. slower ttran in BSIP to acquire
the _large 

particle, respoctively 5 and 2 days, and to lransmit it,22 and,lg days. iaro
seedlings,arr now- being growtr to confrm our apparent succ€ss in transmitting ahe hrge
particle, because it is conceivable that the 'female' test plants could have retained large
bacilliform particles after recovering from previous bobone synptoms. Although l. g;
ypr'i transmitted DMV in the Don-persistent manner after a five minute f*d, Myzus
persicae and Mopalosiphum padi did, not.

Ultrathin sections were cut of salivary glan ds of T. prosperpinafed on plants with alomae
in thc_ hope of locating bacilliform particles. None were found but there were spherical
particles (60 nm diametcr) with a core (30 nrn) that stained much more densely rhrn 16s
surrounding wall. These may be an unrecorded insect virus. @abek)

Mol&of carerrs 
Biodeterioretion

DadnS $owth. _ 
Bacteria, yeasts (including Sporobolomyces) trnd Cladosporiunt spp.

again (Rothamsted Report for 1973, Part l, 120) dominated the microflora oi developing
barley grain. AJthovgh Penicillit n spp. often b€come very numerous during storage, the!
comprised mercly 2ft of the microbial population before harvest. Nevertheless several
of the species important under various conditions of storage were pr€sent, for example,
P. brevicompacttmt, P. chrysogenun, P. cyclop mr, P. iligitatmt, p. fimiculoston, p. hordei,

!. ficeut P,-.pulvillonon, P. rcqueforti and Talaromyces thermophitw (p. duponti)-
Repeated lpplications of broad-spectrum fungicides (benomyl and captafol) decreased
the microflora by a third and delayed serescen@ by up to l0 days but only slightly
increased yield and did not repay their cost. (Hill atrd Lacey)

The development of potentially iortgenlc Fusarium spp. was followed on wheat, oats
and barley. Their incidence was doubled by lodging, increased less by much nitrogen
fertiliser and not at all (in this wet season) by irrigating. Four wheat varieties were sampied
frgq v ,riery trials repeated on land with and without foot and root diseases. On Uotn,
Maris Huntsman and Maris Fundin had slightly more FLranl'az than Cappelle-Desprez,
while Maris Freeman varied inconsistently. Heavy nitrogen fertiliser incrAslod, Fusdium
but the_growth retardant-chlormequat chloride (CCC) and the fungicides tridemorph and
carbendazim had litde effect. The commonest species was F. culmorum, wjth F.-averm-
ce z common aod F. poae nd F. tricinctun o@sional (l,acey)

Duiry noruSe. Grain harvested in 1973 only heatcd spontaneously if it coatained
more thln 20% water or was drier but contained many immatur€ grains resulting from
early lodging. The Aspergillus glauctu group predominated in grain with 15 to 25%
ryat€r but was maximal 

^t 
2.%. Perricillitott spp. were few below l\%,water and maxi-
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mum at 21 % water . At frist P. funtcLlosun was dominant but was replad by P , picanr
in heatcd grain, both were acconpanied by several other Penicilliwt spp. Few samples
were t€sted for toxicity using fertile eggs but several, including one dominatcd by
P. roqucforti, dwrastrd the hatrh from 70 f to 10 ot m%.

When qrontaneous heating of small samples was prevented in controlled environ-
ments, P. cyclopium dominated at 20% watrl, and 1-5"C bnt P, ltitidicatum at 25-301
water and l0'C. Increasing the temperatures in grain at m% walrr encouraged first
A. glaucus arr.d lhen A. candidus lo replace P. viridicatum. (Hill and Lacey)

In fua fum Camdiut gain cbwtots. Respiratory disease was found in 751 of
workers in grain elevators (fse e, aI, I rchives of Enirorunmtal Health (1973) n,7+77).
Dust samples impacled on malt extract agar plates in an Andenen Sampler showed that
almost all the 60 sources contained Penicillfutn spp. and surprisingly abundant yeasb,
while over three-qusrters oontained Aspergillus, Absidia, Rhbopus ar.d Cladospoium,
Where many thermophilic frrngi occuc€d the dusts were also examined for actinomycet€s.
Most samples contaird Thermoactircmyces wlgoris, grey Streptomyces sPP. and, Actino'
modtra spp. but the only species Dumerous were .S. al6av and S. grisarz,s. Although these

samples came from Canada, a similar microflora might be expected in silos elsewhere.
(,acey, with Dr. K. S. Tse, University of Manitoba, Canada)

hcscrtdion d pessed potcro pulp. Propionic asid can be used to prcvent moulding
of mechanically dewater€d potato pulp, see p, 89. (Lacey, with Pirie, Chemistry Depart-
mea!

Moulil degadaion of propiofi: acid Small applications of propionic acid to preserve

hay and other substrates arc known to favour the developmett of Paecilomyces rarioti,
a mould, shown on p. 159 to degrade propionic acid. (Lacey, with Lord, Chemical
Liaison Unit)

Mersnhg the eft€cts of phnt tlkeeses

Few aspecb of ptant pathology arc more n€cessary or morc difficult than measuring
disease losses. Studi€s recently begun ar€ concentrdted first on the direct effects of patho-'
gens on ttreir hosts, althou& we are awaxe how the economics of agriculture can alter,
or by changing glut to shortage even occasionally invert, the cost of diseases. Our work
aims both partially to automate mcasurements and to divert attention from ttre traditional
measurement of pathogen prevalence, which is often very indirectly related to loss, to-
wards measuring the residual activity of the diseased host, because it is the host that
determines yield.

 pelhnm of Imrge Aulysis The 'Quantimet 720D lmago Analysing Computer'
(Metals Research Ltd., Melbourn, Herts.), delivered la& in 193, is capablc of rapid
m€asurcment of geometric features of differetrt optical dcnsities and classifying them in
inages derived from film, photographs or light and electron microscopes. With biological
material the difficulties lie in modi&ing existing techniques to give images with much
contrast. During 1974, much eflort was given to developing Photographic techniques to
enable the great potential of the instrument to be applied to measurements that were
previously difficult or impossible to make. The problems being studied include some

that present little difrculty, such as measuring leaf areas, the lengths of root fragments,
counting and sizing particles or spraydroplets and others that present special problems

such as large porcs when analysing the poresize distribution from soil sections.
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To apply image analysis to plant pathological problems, methods are being develo@
to eas€ and speed growth analysis of various crops and to measure more accuraGly
areas occupied by fungal pustules or lesions. High-speed black and white infra-red
film_s€cms to produce the bcst co rast between plant and soil in overhead photographs
used to estimate ground cover during the early stages of crop growth. SiOe-view photo-
graphs of single crop rows have been used latcr in the season to measurc grorvth and to
estimate the filteritrg emciency of crops to spore clouds passing through them. It is
hoped also to use the Quantimet to estimate the pustule area per plant and to relate
this to counJs of spores produced. Ttis should provide not only a means of comparing
the susceptibility of diferent cereal varieties, but also data that might, for the fint time
permit a reasonably accurate estimate of the strength of spore sources from unit areas of
crop.

- Considerable time has been spent attempting to measure disease incidencr and severity
from infra-red Ektachrome ('false colour'), aerial photographs of Rothamsled sxperi-
ments. It usually seems neoessary to separate bands of different spectral sensitivity by
preparing black and whirc photographs of the 'false+olour' positive tfuo"eh red" gr€€n
or blue filten before Quantimet enalysis. Unfortunately it is difrcult to eliminate varia-
tions in density due to difierences in suo anglg shade from trees and other topographical
features and to relate the measurements to disease severity or loss, let aloni to use the
measurements for prcdiction. At present it seems unlikely therefore that we can use aerial
photogpphy for quantitative disease surveys. (Finney, Jones, Turner and Evans, with
numerous collaborators)

It is diftcult to assess disease severity from the spectrum reflected by a crop to an
aircraft but it may be easier to relate diseases to the spectruD from individual plots and
leaves. A portable instrument is being constructed to measure the proportion of partic-
ular wavelengtbs incident on a crop which are reflected, without being influenced by
changes in incident light itrteosity, It should be in use during 1975. (Finney, Jones and
B. Minter, Electronic Workshop)

Effects of foltage @L Barley mlldew (Eryslphe grazizr.r) was chosen for study because
it is.damagrng frequent, rcsponsive to host nutrition and alters the plant's metabolic
and development procgsses. Mildew induces premature senesc€nce of barley leaves and
consequently reduces the photosynthetic area of the crop. The rate of senescence induced
in several barley varieties by diferent intensities of mildew was studied in the hope that
it might partially explain the relation between mildew and yield decrease. There ii some
evidence that 5 % of a leaf must be inf€cted before it quickly senesces but little evidenc€
of differences between varieties.

To simulate the effects of senescence of infected leaves on plant growth, the lower
leaves were removed from mildew-free plants in a glasshouse experiment. Most defolia-
tion exp€riments with cereals have concerned the physiology of grain filling or effects
ofdiseases that quickly kill localised areas of leaves. Mildew infection probably has more
insiduous effects by slowly rendering leayes inactiye photosynthetically, the rate depend-
ing on the intensity of infection.

Plants were maintained with one, two, or three young fully expanded leaves by necessary
weekly defoliations. Additional plants were introduced to each defoliation regime on
each of the nine cuttings dates. Seventeen weeks after sowing, the dry weights of shoots
and roots were measured, and records made of tiller number, spikelet number and their
developmental stage. Defoliatitrg to thrce fully expanded leaves at any time did not harm
the plants. kaving only two or one exlmnded leaf increasingly limited growth of roots
even at a late growth stage. Shoot dry weight was rcduced most by early defoliation.
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The more seyeFe or prolonged the defoliation, the grcat€r sas th€ reduction in the
number and speed of development of tillers and spikelet prinordia, (Finney)

Nuhient rnd rdcl qltrl(e by hedthy and disersed wheat roob. This work partly con-
tinues and develops useful collaboration begun three years ago with the ARC Irtcombe
I-aboratory, to test the value of labelled isotope methods in both laboratory and field
eryreriments.

Iubrurory exp.Jirrett&. Studies of the translocation of ions through roots with
take-all lesions (lztcombe Laboratory, Reports: lor 1972, 16-191,for 1973,28-29) showed
decreased uptake and translocation of P, K and Ca. The uptake by whole root systems
seems to depend on the severity of disease and little di.fference had been found between
healthy roots and those with about 18f of root axes with lesions (Hornby & Goring,
Aruals of Applied Biology (1972) 70, 225-231) or, recentln in hydroponic culture with
74 % of roots with lesions. However, when 93 % of root axes were infected in sand culture
there were decreases both in the percentagE of P and K in the shoots and the amount
of P and K translocated from the roots to the shoots in a triple label (328 42K, {5Ca)

experiment. Within the roots, diseas€d plants had more P and N, but less Ka nd Mg than
healthy plants. It is possible that ion uptake would be affected, in plants growing in soil,
if 74\ of their roots were infected, because they would usually be exposed to changes in
available water aDd nutrients that do not occur in hydroponic culture. It may not be
possible to reconcile the results of diferent workers until ion uptake has b€en comparcd
in individual roots and complete root systems in a wide range of conditions and disease

severities. (Fitt and Homby)

Field obsenatiom, Plots of Cappelle-Desprez winter wheat rvith and without take-all
have been examined on sandy loam at Woburn for three years (Experiment WCS/98).
This summary is based on average differenccs between healthy and various diseased
plots; for previous results see Part 1 of Rothamsted Reports for 1972, p. 127 andfor 1973,
p. 123. Growth measurements such as stra\r, length, ear number, total dry weight and
P cotrtent were abott 20% gjeata,t in healthy plots tban in diseased (Table l), but grain
yield was 65y. greator. The difference developed between gowth sampling (2 July) and
harvest and reflects the inability of infected plants to take up suftcient water during grain
formation, despite moist soil.

TABI,E I
Incidence of take-all, growth and yield of Capelk-Desprez wheat.

Wobum, 1974

tSP' RatioW
53
42

No takcall
plot

0
0

7" plants infected 6 May
% straws with seve,rely infectcd roots

2 July
Dry weight G/ms) 2 July
Phosphorus io tops G/me)
IJngth of straw (cm)
Ears (No/m,)
Gmin (t/ha)

Soil moisture deficit profiles measured each week with a neutron probe show (Table 2)
that by 2 July the deficit had increased more under healthy than diseased wheat at all
depths, and bet\r,een 2 and 30 July it continued to decrease under healthy wheat but
decreased only in the top l0 cm under diseased wheat, and part of this was probably
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through evaporation, By contrast the uptake of 8cP injected at different depths on 5 May
and measured in plants sampled on 2 July was not significaatly decreased by disease at
agy depth down to 60 cm, although the total amount taken up by diseased plauts was
significantly less. Prrsumably much of the phosphate had been taken up before take-all
seriolsly affected root activity. Disease atrected leld rneialy by restricting water and
nutrient uptake during grain formation, by which time roots had becomC extensively
rotted. (Salt, with Dr. F. Ellis and Mr. K. R. Howse, Irtcombe Laboratory, Wantage)

TABLE 2

Soil moisture dertcits in Cappell*Desprez whedr. Wobmr, 1974

No tak+all Takodl

Dcpth (cm) 2 July 30 July 2Iuly 30 July
(arbitary udl!)

l0 6.@ 16.85 5,U 10.{42i 8.7t 14.12 6.06 6.b30 9.30 10.85 5.50 4.394 8.41 9.39 5.82 4.6250 7-57 8'85 4.94 4.12fi 7.X 8.54 4.32 4.4470 6-45 7.98 3.41 3.7280 5.72 7.41 2.50 2.990 4.76 6-51 2.19 2.69100 3.79 5.60 1.88 2.39
Total: 68.61 96.11 A.A6 46.@

RaiDlall 6 May-2 July: 1O4.6 rDm otr 20 days
3 July-3o Ju.ly: 32.9 mm oD 14 days

. Bas€d ou DeuEon protE measuremetrts.

Australian work (Hutton & Norrish, Australian Journal of Agricuhural Research
(1974) 25,203) showed that the silicon content of wheat glumes was related to the total
water the crop had transpired. If the same applied in Britain it might be a convenient
way of assessing differences in root activity consequent on diseases. Wheat glumes from
the erperiment at Woburn were finely ground and analysed by X-ray fluorescence spectro-
scopy for silicon and other elements (Table 3). Glumes from plots with severe take-all
contained a little more calcium and sulphur than those from healthy wheat and a little
less potassium and phosphorus. However, the ratio of silicon cont€nts (fable 3) in
glumes from healthy and diseased plants was much larger. In Australia water supply may
often be the chief determitrant of transpiration; in Britain its importance may be less
relative to other factors but the difference in silicon contents is large and merits further
investigation. (Salt, \vith G. Brovn, Pedology Department)

TABLE 3

Analyses of wheat glumes. Wobun, 1973

ElcocotKCaPSSi
Notirfected. 1.07

(Mean of4 plots)
Inf€cred by taka-all. 0.%

(MeaD of 8 plots)

(% ofdry tratter)
0.16 0.24 0.16 4.21

0'19 O.2l O.m 2.28

(Ratio)
Not infected
lnlEEf l.ll 0.86 l.l2 0.82 1.84
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Coeddkas
Barley ydlor dwerf vitrs @YDy). In a summsr when virus vectors were so prevalent
on other crops, such as potatoes and espocially sugar boet, it is interestilg ttrat fewer
cereal aphids were caught. Onty tbrec of thc 357 retrieved alive from suction traps infected
test plants. The autumn migation of Rhopalosiphum padi was also small and none (of
42 caught live) was infective. These factors, together with geatly decreased and delayed
autumn sowing, should minimise autumn infection ofcrops for hanest in 1975.

Despite the small number of spring migrant aphids caught or found infective, there
was more infection in spring barley crops, during 1974 than for several years. At Rotham-
sted (Experiment 74/R/B/10), applying phorate granules before sowing increased barley
yields by 0'28 tfta (P : 0'01). Spraying menazon in June gave no increase and in July
little (0.1 t/ha). A comparable exlrriment at S€ale Hayne, Devon showed no response

to any treatment, perhaps because it was sown late or because the numbers of aphid
vectors was too great for the insecticides to be effective.

Previous work has shown how early autumn sowing may decrease yields when BYDV
is prevalent (Rothansteil Report for 1973, Part l, 12$ Table 4 shows that, without tr€at-
mint, winter oats again yielded most when sowing was delayed until November. Unlike
the previous experiment ttris difference was not overcome by applying phorate granules'

or menazon at the four leaf stage or in spring. DesPite the limited response to insecticides
the crop yielded better than last year, @umb)

TABLE 'l
Efects of insecticides aad their times ol application on yielil of winter oats (Penia h)

sown on diferent dates: (Rothamsled Experinent 74lRl0lI)
Date ofsowine; 1973 (D) 27 Septcmber 26 &ob€r 22 Novlinber

yield (tln)
TIeatment
Nil
phoratp (P)
mcnazoD at
+l€af stag€ (M I )

toetrazo! in spring (M2)

SEDDPMI

7.4
7.30

6.95
7.0t

DP DMI DM2

6.73
6.94

5.U
6.E9

M2
0.09

1-A
7.43

7.54
7.39

0. 108

!------......Y........
o-B

Powdery nitrter (Ery.splc gczdtdl) on spring bartey

Efear on yiekl Mildew soon became prevalent and severe in 1974, evidence from
several eqrriments suggested that a warm spell, 15-20 May, much encouraged mildew
development.

On 20 May the percentage area infected on the third youngest leaves of UPhyr barley
was 1% but by 30 May was 121onleaves then the third youngest. Few -Erysipie spores
were caught until 2l-23 May, when the deposit on 5 mm cylinder traPs first exoeeded
l00/cms/day above untreated crops. (Jenkyn and Hambling)

Single sprays of tridemorph (526 ml a.i./ha) were applied to plots of Julia barley
@xperiment 74/R/B/1) on seven dates between 13 May and 12 June. The smallest yields
came from sprays on 7 and 12 June (4.82 tfta) and the largest from the spray on 23 May
(5.88 t/ha), the latter being little less than the yield (6'00 t/ha) from plots sprayed three
times on 13 May,28 May and 12 June. (Jenkyn and Bainbridge)

In another exlrriment Q4lR'lBlT), where untreated Zephyr yielded 4.61 t/ha, one
tridemorph spray (526 ml a.i./ha) on 20 May yielded 5'83 t/ha, an increase of 26f.
This treatment proved better than an ethirimol seed dressing (c. 0.7 kg a.i./ha), 5'26 tlht;
DO
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ethirimol sprays (350 g a.i.fu) on 20 May or 3 June, respectively 5.37 and 5.08 t/ha;
or single sprays on 3 June of aidemorph or cbloraniformethan (290 g a.i./ha) respec-
tively 5.38 and 4.94 t/ha.

Plots sprayed with tridemorph only on m May, produced more grain than plots planted
with ethirimol dressed se€d and then sprayed with tridemorph on 3 June (5.69 t/ha) or
12 June (5.57 t/ha). The very dry soil early in 1974 may have limited the uptake of ethiri-
mol from seed and so impaired its effectiveness.

No single treatment allowed barley to give its potential yield, because the best of them
(5.83 t/la) was out-yielded both by ploe sprayed twice with tridemorph, on 20 May and
12 June (6.29 tAa) and by an uneconomic treatment with both captafol and tridemorph
on 20 May, 3 June and 12 June (6.45 t[ra, rl0)( nort than untreated barler. (Jenkyn)

The design offuld erpefinents imolvitg oir-tfrspened patlogens. Mention has already
been made ofexperiments (74/R/B/1 and 74/R/B/7) wherc the timing ofsingle tridemorph
sprays considerably influenced the yield of spring barley but this was not always true
and some results suggest that experiment design may have been important. Yields were
taken from two similar latin squares (74/R/B/8), in one of which the plots were contig-
uous and in the other separated by 19 m wide stripe of sprayed badey. Zephyr barley
sprayed on 20 May and 3 June yielded similarly (respoctively 5.51 and 5.58 t/ha) where
plots were continguous, but where s€parated, the earlier spray w:rs better (5.66 t/ha)
than the later date (5'45 t/ta). We thint the di.fferences may r.esult from diferent rates
of reinfcction of the early sprayed plots in the two designs. (Jenkyn, Bainbridge and
Hambling).

There is no doubt that adjacent plots differing in prevalence of air-dispersed pathogens
interferc with one another but efects otr yield arc not predictable. Traditional desigus
neither minimise nof measure interference. Although eliminating interference will be
diffcult, our designs, both random and systematic, aim to minimise it. Related work with
the Field Experiments Section (see p. 133) is attempting to produce designs that will
measure and equalise interference. (Jenkyn and Bainbridge)

Dispenol gtafieats. Profiles of the concentration and deposition of Erysrpie spores
above and within mildew-free badey, were measurcd downwind from a strip of
infected barley (100 m long x 4 m wide). Spore traps were olrrated io a transect 4 m
high and extending 5 m downwind of the strip source. Iarge concentrations (6000/ms) of
Erysiphe anidia entered the canopy of the uninfected trap crop but spores were so
quickly removed by impaction or sedimentation that concentrations fell to .background'

amounts (300/m) wittrin the tust 5 m of travel. Being only 4 m wide the infected strip
had little efect on concentrations above the trap crop beyond 5 m dowD,vttlld. Lycopodimt
spores were also released level with the top ofthe crop, from six point sources I m apart
along the source strip. Most spores were deposited in the trap crop within 3-4 m; as
upward diffusion also diluted ttre cloud above the crop the concertration gradients were
very ste€p. @ainbridge, Stedman and Sexton)

IsolAes of F^ grar tu incasititc to cthirlnol. Work elsewhere has shown that barley
crops especially in S and E England may be attacked by E grarrinis partially insensitive
to ethirimol. We are attempting to define the competitive ability of such isolates, especi.
ally in the absence of ethirimol. However, it is proving difrcult to define a reliable method
of measuring what proportion of spores tolerate ethirimol, because the tests show great
variability even within isolates, especially when detached leaves are used. (Smith,
Bainbridge and Jenkyn)

22t
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Rchaw d F- gr.mfuis qrortt These spores are produced in basipetal chaias from
which the old"st ipoto are easily broken. The force necessary to detach them might
come fron air drag or acclerations caused by leaf movement The evidence available
suggests that none but ttre oldest spores are released by drag at air sp€eds less than I mis,
a vetocity seldom reached in crops. I{igh s@ cinematography of leaves flapping in-a
wind stream of 0'6 m/s showed that accelerations of l'0 m/s2 frequently occur and would
be sumcient to release mature spores when drag at that speed would not. (Bainbridge,
with B. Irgg, Physics DeeaxtmenQ

Efiects of brorn rud (Paccitdt bdei) ot yidrl of ryrhg b.rley. For details see Chemistry
D€partment Reporq p. 79. (Jenky& with Widdowson and Penny, Chemistry Depart-
mcnD

Whter bodey ts r sourcc of qrore ol Rhynclnqodun secalis. EYery week from April
to August, counts were made of R. secallJ spor€s washed from the plants cut froq fiv9
random 30 cm lengths of Maris Otter winter barley rows. Some samples were analysed

to assess the effect of differences in stem number which was small, and the contribution
of green, senile or dead leaves or stems. As the crop grew, spores were produced increas-
ingly further up the plant. Senile leaves produced more spores than leaves that were green

oi long dead; stemi produced an increasing proportion of the total sporcs, reaching
tfil by mid-July.

Tle'numbers of spores produced, by the not very scverely infwtcd crop, were prodi-
gious. Five of the weekly estimates exceeded 106 spores/30 cm of row while tle crop was
growing and numbers rarely fell below 5 x l0? spores/3O cm until the crop was approach-
ing harvest. After harvest spore production decreased from 107 spores/3o cm of row on
stubble (and an approximately equal number on the corresponding number (50) of
ttrreshed straws) to lS spores/3O cm early in November. At this time volunteer barley
plants seem a much mot€ prolific source because preliminary tests usually showed over
0'5 x 1S spores/plant between September and November.

The estimates made by washing samples taken during the growing season differed by
up to almost five-fold. This seemed mostly due to teal differences rather than sampling
errors, a conclusion supported by estimates of 2'6 x 106 spores/stem before 23 mm of
rain fell in 12 h and 0'6 x 108 spores/stem afterwards. Although it is surprising that so

many spores remained on the plants, the number removed was considerable and efforts
werE made to assess the wastage to soil, by collecting water dripping from plants through
4 cm diameter fumels at soil level. These suggested that for I mm of rain as few as 1l
of the spores produced on ttre crop reached the gound in this x,ay, and would account for
n%@.0.6 x 109 ofthe spores removed per stem during 23 mm ofrain. Although many
of the other spores removed may trayel down the stems in water films, the fate of the
majority remains unexplained.

Attempts to perfect a trap for splash-dispersed spores, previously unsuccessful,
gained some encouragement when a rotorod trap was modified to carry two 12'5 mm
diameter discs at 2300 rpm. The largest catch, made 15 cm above $ound in winter
barley, was 5920 spores/disc (volume swept 7'9 malh). Like most large catches this was
made during a period of heavy rain (the last zlo min of a I \ 0'75 mm shower during
early July). On a day of intermittent showen the discs were changed so that catches could
be compared with rainfall; 1125, 82 and 950 spores wert caught during showers of
l'7, 0.3 and 2'6 mm respoctively. These catches support the indication from weekly plant
washings that periods of intense rain are particularly important to the dispersal of
splash{ispersed R. secalis spores. (Stedman)

zx2
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Fugicftles on rinier whert Table 5 records the effec{ of fungicides on diseases ofwinter
yqeat (cv. C"-a). Details of application are given m yields of the Field Experiments,
/974. Mildew was patchily distributed otr this wheat until late in the season when .BAS
3000F', tridemorph and ditalimfos ('Dowco 199' or 'Plondrel') limited it most. Septoria,
was .not severe and little affected by the fungicides. Eyespot was decreased by.Rrg92l'
and 'NC 5936', applied as a seed dressing, but the latter killed more than half ttre plants,
which may account for the decreased percentage incidence of eyespot. Sharp ey€sp;t was
increased by 'R 28921' but no fugicide affect€d take-all. (prew and Jenkyn) -

TABLE 5
Efecls on diseases of winter wheat of fimgicides, applied as seed dressings (SD) otd, on

15 May and 19 Jue, as sprays (S) or grotules (G)

% plarb iEfected
4 July

Take-all

n
8l
87
90
80
84
7!)
m
83
87
8l
88

Mildew S€ptoria

Notra 19.6 4.3Or8aooHg SD 22.2 3.9
'BAS 3000 P(BASD S 3.2 3.0tridemorph(BAsD S 4.1 3.8
'BAS 300F & rridcoromh S 6.5 2.5ditalirnfos SD+S 66 3.9
'Kita"in P'(Kumiai) SD+S 9.6 3.0
'NC 5936'(Fisons) SD 23.6 4.3
'NC 5936'(Fisons) c I9.5 3.2
'PP 395'(Plad hot€ctioo) SD+S 14.0 3.9
'R 28921' (Staufrer) SD+S 12.7 3.2
'Terazole'(AA products) SD 21.9 6.j

FuDgicide

El,lspot Sharp
eylspot

337
31 4
394yt2
37 l0
45 l0457
192
392
47 r0
t8 3l46 l8

TrLeall anrl otter mot mts. Unimpeded attacks of take-all so threaten the profitability
of wheat and tarley crops that farmers must plan to avoid them. An almost certain wa,
on fertile land is to alternate these crops with others not susceptible to the disease. How-
ever, soil and markets only permit alternation with other high value cash crops on a small
proportion of the land we crop with cereals. At prcsent, on the remainder it may be
more profitable to rely on low cost consecutive cropping with wheat or barley by utilising
the decline in damage from take-all that occurs after the first few consecutive susceptibli
crops. Our aim is to provide a third possibility of profitable rotations including winter
wheat crops in which the disease increases slowly. It is not difrcult to find organisms that
antagonise the growth of the take-all fungus in culture but so far none offers promise of
enhancing or accelerating the decline of take-all among qops. However, evidence is
accumulating that some futrgi that seem most prevalent after grass crolx may retard the
increase oftake-all in sequences ofsusceptible crops. We hope that a better understanding
of such relationships may improve our ability to predict the timing and severity of take-all
following various previous crops and in different soils and climates.

During 1974 our previous studies were continued but this report emphasises the com-
plex intcractions between host nutrition, cropping history and the fungi (and viruses)
associated with Gaeumon omyces graminis yat, tritici, the take-all fungus.

EAe* of plosphate fertiliser on takedl of vhcat. After six years of barley, the PK
and Take-all experinent (R/CS/24 and Rothonsted Report for 1973,Paft l, 132) plots on
West Barnfield werc given renewed six-year dressings of P and annual P and K and sown
to winter wheat with 126 kg N/ha. Increasing P decreased take-all (Table O. Despite
sprayiag the barley stubble with aminotriazole in 1973, the wheat was infested by lgrords
gigantea, sligltly where much P and K was applied and seriously where little was given.

'r7a
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TABLE 6

The etect of phosphate otd potash fertilisers on take'all otd ybld of winter
wheat. PK @rd ,ake-all experitnen , West BurdleW, 1974

P osrorine; GgPAs')
AnDualy ODcr, autuDn 1973

Nil 15 60 90 3@

% plants with trteal h Juty atrd (take-a[ ratiDg)t
30 7t (r0,) @ (79) 58 C,9) 61 04) 5l C/'
tN 75 (123) 78 (t09) 59 (84) 64 (eD 49 (64)

Graio yield, t/hE
30 4.90 5.96 6.34 6.24 6'47

tm 5.28 6.11 6.75 6.92 6.9
I ground covtr by ,lstost& gw4it a, Atd'gt]6l

30 80 /O 26 18 16
12!65399196

' All ftatocots receiwd 126 k8 N/h&
f S€e fage 225.

No grass weed occurred to complicate r€sults from the Residual Phosphate e.:rperiment
(R/RN/7) cropped with winter wheat in 1974 following a swedes, potatoes, barley rota'
tion since 1960 (Rothansted Report for 1973, PNrt l, 5Q. Table 7 shows take-all was
severe only where P was lacking. (Slope and Broom, with Mattingly, Chemistry
Department)

TABLE 7

The effect of phosphate fertiliser on take-all ad yield of winter N'heat.

Resi&ul phosphate experimatt, So\eyets, 1974

P maDuriog.
kcPAa

K manuriog
(kcKfta)

NoDc
Annually

% plaub with Graio
take.all Tatcdt yield
(July) ratiog (t/la)
90 184 4.80
14 19 7.48
15 22 7.Ol
19 n 6.91
14 26 7.12
39 70 6.17
m 39 7.11
6 6 7.41
9 t2 6'58
8 19 7.39

Trieonially
(Last, spring 1972)
Every 6 years
(last, 1912-13)

12
E
49
74
17
74

1,18
296
444

' All plots rcceii'rd 125 L8 N&a + 90 tg Iqha for whrs wb€at ill 1973-74.

Although cornmon on Broadbalk take-all seldom severely damaged any crop when
wheat was grown continuously or four of every five years. However, severe danage has
occurred during 1973 ard 1974 on one plot carrying a second wheat crop on a section
now fallowed every third year @ot lQ Table 8) and deficient in phosphate. Two explan-
ations seem feasible; either more frequent fallowing decreased the factors that make
take-all decline, more in soils deficient in P than in soils rich in P; or the decline faclors
were decreased in all soils, but take-all increased faster where P was deficient.

The second explanation was supported by results on the Residual Phosphate experi-
ment where take-all decline was not established. If this is true, a third crop after fallow
on Broadbalk now might be seriously attacked whatever the manuring, a possibility
that many mieht wish to avoid as much as pathologists niSht be delightcd to trst
(Slop, Broom and Gutteridge)
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TAEI,E t
The etect offallowhg adfertili*rs on the percentage of protts with toke-all od on toke-a

rating (in bruckers). Broadbak whear, lg71
Plot ll plot 13N2P N2PK

Ploi lO
N2

Filst wheat a.fter fallow I fl )
S€cond wb€at after fallow 78 fl,15)
CoDtinuous whcat since 1967 52 ifi\'
ContiDuous whcar siDce 1959 42 i49)
N4 96 ks N/h8; & 35 kg pAa; K 90 ks Iqha; applied aDnuely.

^T$dl go winter vheat afret lcy qrd &abb rutations. Between 196g and 1972 parts
ofthe two Rothamsted Ley-Arable experiments that completed their test crop cycles'were
'phased-ouf into consecutive vrinter wheat crops. rn Rotiumsted Report Toriei t, i,,,l,
141-143 we reported tak+all development on the wheat folowing^Series I and- tr, and
now rqr,ort similady for Series Itr and IV, where the following cro,-ppiog *qu.oor'**
represented.

Sequence TreatDentcropc T6t crops
lh E y, sugar beet, oats potato6, wb€at. borley
f! r ul€eyeals tuceme potatoes, wh€at, barley
_u r ffee years grius_ctover potatoes. wheat. ballevL.{r I uEe }aears 8r.ass with much N potaloes; wheat; barliu pennatreDt grass (Highfeld otrly_) . - -. notatoes, wheat, barti!R R€s€eded grass (sowD I 948, see'Tabh 9) potatoes, wtiiii, tarili

Thus, on every plot, the first wheat of the.phasing-out, sequencc was the third successive
crop susceptible-to take-all (ws) after at least four non-susceptible crops. A .take-all rat-
ing', the sum of respectively, one, two or lhree times the percentage'of plants slightli,
mode_rately or severely infected was calgulled (onty for plots receiving'126 kg }i/hai.
Usurlly ratings above 150 are associated with enough tak;a[ patches oi whiteleads to
attract farmers' attention. Table 9 shows that, as on Series I an tr, such ratings occurrJ

TABLE 9
The efect of difereA crop sequences on ,takeall rathg, on wintet wheat, Highfielil and

Fosters, l97l-74

lO) o
22 (38) l0 0l)
13 (r4) 36 (38)23(zD 4 (si

IIighfleld

1972 1973
Crop s€qucnce

S€ri6III

Series IV

lo 42l0 56214
126!1

w3
b1
b66
bl
bl
b19

/t8
38
70a

toz
82

w5

90
50
@

103
It2
ts2

w4 w5
l,l8 989999
158 t34
196 150M t94
t84 149
w3 w4
88 tA
154 172
28 N224 l2s
68 t87
A t24

Ah 167
Lu 189
Ir 35Ln ll2
R1 76
Gt i()

Ahb
I.rrb
Lcb
I-n b
Rtb
Grb

t97t
w3

1974

w6
t97t
w3

1972

w4
t973
w5

t974
w6
J8
94
78
80

124

154
177
108
E1

l8l

w4 wJ
v72u9 4335 3345 52lr0 q)

I' r. 3 Grass ploughed out iD 1967, 1962. 1958 rEpeclively.
Crop symbols: W, wiDler wb€at; b, spring barlery. Numbets aft€r qop symbols ildicate tromber of
coDsccntiw wh€at or barley crops,

Fostels
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earliest on what after the Lu sequence. Dcvelopmetrt on other sequences was too incon-

,lrLrlti. afr* p*ai"ti"n of thi onset and du-ration of severe attacks or their decline.

F;;;;;;il", ;iloi predict whether take-all will increase or decrease in 1975 after

the k and Ln sequences of Series IY on Fosters'
--r" ir"-n"p" .i ii"a"".t rding and hence predicting-better the^ development of taks.all

ln mnsecuti've susceptible 
"rop-r, 

w" estimaied the infectivity of soils at different phases

L] tu" o.i$our six yiar tey-ariute cropping cycle. Sgil c91es were taken from the con-

ir""ti"g ii""a Liiqo"".r, (in the.Museui' blocks of the experiment r€tained under

trItmint;d t*t cr,ipg oo irighfeta. Ten wheat seedlings/core (5 cm x lOcm deep)

*.i" g."r"oio, s *t ui is_to.ciauy_night) before examimtion for take-all. Just beforc

td i.rt ;;;*, in the spring ioliowiig the last barley test crop, 68 f of cores from

r-, eu:ri lJ;;oo. ana odi o/ from Ir; but at thr ell of thrc leys 2| years later oolv

OZ;icoro fro- tu and'5/"'irom Ir were infective. Thus the differences between ley

r"qlr**. fi.r i" tn" increase-of infectivity durilc slrypqlb^qlaops rather rhan in

.irh""r am"iiri o*irg the leys. In 1971 ;d 1974 Gabli t0, GGn we found the difer-
ence between sefuenceJdeveto@ rapidly during the wheat, first suscePtible' test crop'

TABLE 10

Infection of assay seedlitgs rrirr, Gaeumantromyc€s g'Iilis Dar' tritici (GGf)
azd Phiatophora radicicola uar' geminicola (PlG)

Hishfield

Sequence CGT1 PRGI PRG'
Lu
Le

68249
l0 72 20

t6 92 25
49045

GGTT PRGI PRC'

r Per ceot of cores with iolected seedling'

" i'ii ce"i oi i c- .oot pioces givug p{c on potalo dex&ose 88ar and
sEeDtoroycin after surface sterilsing m s iD I % silvq oltrate and precrpl-

tatiig in 5 % sodium chloride.

Because Deacon (Ptrzr Pathobsy Q973), n, SW94) rcported that Phiabphora radici'

*iii. iiiririt" was prevalint'on wheat following grass and inhibited take-all

iniection, ie estimat d P.r.-gratninicola @RG) on the roots of assay seedlings' Table l0
rno*" ii *u. morc prevaleni in sequence Ir than in sequence Lt- on Highfeld but un-

""purGfy 
tno*.d i""o -ou" on both sequences on Fosters, a field with a long history

"i'"."tf. 
L.ppir! prior to 1948. These dita support the hypothesis that P.r. graminicola

-"i a"fuv Oi" o"i"iopment of take-all but, unless th€ luceme on Fosters contained grass

*Ja, 
"oi 

present oi Highfiel<1, do not p€rmit all its effect to be attributed to grass.

(Slope, Prew and Gutteridge)

frllgi of tle G@unatuomws'Phit bphoru complcx on -vluat aad buby ltlhet

.*rrii"g tn" prevalence of iungi that pioduce runner hyphae on ccreal roots we dis-

coivenience, the two taxa Phialophora radicicola var. grwninicola @RG) and Pinzla'
phora radicicola var. radicicola @nn) loeacon, Ttawactions ol the British Mycological-
'society (L974), 63, 307-327).It'is possible that the last may be the imperfect stage of
Gaewnoaomyces gruminb YaJ. gaminis.

Isolations were iade from wheat and barley roots from experinents involving different
previous cropping and P manuring. Table 1l separates thc sources itrto two groups of
ineat, with ila without preceding leys, and one of barley from two extremely contrasted

experiments (Hoosfield, barley almost continuously since 1852 and Barnfield, the classi-
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cal site for continuous mangolds where during the last 100 years there have been only
three previous cereal crops, in 1968, l97O fid 1972).

Adjacelt I cm and 2 cm scgments from two seminal roots from each of50 plants werc
assessed for take-all lesions, The 1 cm segments were cleared in warm potassium hydrox-
ide,._stain:d in trypan blue and examined microscopicalty. The 2 cm segrnents were
sterilised (l % AgNO3, 20 s) and plated on potato dextrose agar containing sireptomycin.
Tables 1l relates take-all lesions, vascuLar discoloration and isolations of Cdf t6 tne
prevalence of PRG, PRR and the different tylrs of vesicles tie latter form in roots.
PRR was isolated only from roots of barley from Hoosfield, not from wheat. By con-
trast PRG was not isolated from either of these atypical barley sites, but always occurred
in wheat, except that from the Residual Phosphate experiment, and was most common
where grass preceded wheat. The ilverse correlation of pRG and GGT was most dramati-
cally illustrated by the difference between isolations from two replicate crops of the
second wheat after luceme in the Survival oftake-all experiment, only the meanj ofwhich
are shown in Table ll; one replicate had n% roots with GG't, ZO% with pRG, and
tle othel had_ 8 and 41/" resrylively. These diferences may have been caused by an
observed accidental contamination with some grass seed, known to have ocaurred on the
lattcr replicate when the luceme was sown in 1971. ff so, tle practical implications may
bc important.

TABLE 1T

Preoalence of Gaeumonomyces ad Phialophora on wheat ord barley
Saople for SamDle forisolatioos microscopii examiaation

P Tale-aI Taka-al Vascula. Vesicl6
manuriag lesions cGT PRG lBions discoloratioD pRG
(kS P/ba) (% root pieces) (% root pieces)Group I

Broadbalk
2od wh€at after falo* (?ND)

8th successirc wheat (D)

PK arld take-all expe.iEcDt
Wheat after 6 barleys (D)

Rcsidual Phosphate €xpcrimetrt
Whcat after I barky (ND)

0 51 59546 4t 335 13t38lo t2 t2o 2529tm 22 I353029218z.6
0 3643228 48 I@ 32 33 12z. 4l to

08278072770
502202130

I
4l
6l

2
l5
54

33
26

Group 2
Survival of take-al €spcriDent

I st wheat aner 3 yr lucr.De (ND) 16 0
2Dd wh€at after 2 yr lucerDe (ND) 16 43
3rd wheat 8fter I yr luceroe (?ND) 16 53
lst wheat aft.r 3 yI grass-clover (ND) 16 0
2Dd wh€at aftcr2 yt grass-clowr (ND) 16 16
3rd wheat after I y grass-clov€r (ND) 16 59

HiShfield Lry-arable experiDent
6th wh€at aft€r Ir scqu€oce (D) 32 23
6th wheat after L sequ€DcE (D) 32 25

Group 3

Bamfreld
tst barle,'aftcr potatoB (ND) 35 3

Hoosffeld
Coqtitruous barley (D) 0 22

35 I

o120
49 30 425l t5 47

0550
l4 3r 1365 8 it8

29 tt 2532 lt9

PRR
202

16 t3 23060

ll
38
l0
78
42
l1

ll
I

PRR180
n3
t72

@) : teke-all 'decline' established; (ND) : 'declina' trot 6tabltuhed.
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On all wheat 6ops the assessments of vascular discoloration agreed well with take-all
lesions and with isolations of GGT, but on barley there werc marked discrepancies,
particutarly on Hoosfield barley without phosphate. This suggests that a cause other
ttran CCt may account for some vascular discoloration in barley roots and p€rhaps

explain our difrculties in diagnosing take.all on barley deficient in phosphate (R othansled
Riport for 1971,Parl l, 14!14r. These results support the evidence that PRG is associ-

ated with slow increase of take-all after grass leys. They also suggest that neither PRG
or PRR contributes to 'take-all decline' or to the eff€ct ofphosphate on take-all. (Slope,
Salt, Broom, Ettreridge, Gutteridge, and Rushforth)

Toke-otlfugi aad associateil virases from other courrdes. Because of recent work on
viruses and taxonomy, it is necessary to examine take-all fungi from diflerctrt regions,
climates, soils and agricultural conditions. Our rtports (Rawlinson et al,, Amals of
Apptied Biology (1973) 74, 197-2091 of the incidence of viruses in the take-all fungus
differed from those ofworkers in France. However, when we made isolations fromtake-all
patches in a second wheat crop in Brittany they were morphologicaly indistinguhhable
irom British Gaeurnantomyces graminis var. tritici (GGT), caused moderately severe

tak+all on assay seedtings and perithecia (containing ascospores 80-90 pm long) devel-

oped from 1 1 of I 5 isolates when the roots of assay plants were rotted in moist conditions
under artificial light. Similar isolates (ascospores 77'9 x 3'9 pm) were obtained from
take-all infected durum wheat at Foggia in ltaly. (Hornby)

Of 22 GGT isolates from Brittany 2l contained virus particles 35 nm and zl0 nm in
diameter and seven also contained 27 nm particles. This is the first time the two larger
particles have been reported in French material. Particles ofthe largest size havgapryalgf
only twice, in English PRR isolates, the two smaller sizes are common in English GGT.
Mycelial extracts of virus infected French isolates reacted with an antiserum prepared

against a mixture of the two smaller particles from English isolates. Ten French isolates,

some with no particles, some with the two larger or all and varying in gxowth rate,
pigmentation and peritneciat production proved equally pathogenic to wheat seedlingR.- 

These observations show similarities between GGT isolates in France and England
and between ttre types and some serological properties ofthe virus Particles they cont'in.
It is likely that as more isolates are compared the diferences reported between r€gions
will further decrease. Because the isolates from Brittany came from the second wheat of
a sequence where take-all was severe, they provide no suPport for the hypothesis that
viruses cause take-all decline. @awlinson and Muthyalu)

Five cultures betieved to have caused take-all in the American Middle-West differed
morphologically from our GGT, did not contain virus particles and were not paihogenic
to wheat seedlings at Rothamsted. Four cultures remain sterile and unidentified, the
fifth has been identified as Woinowicia graminis; a fungus that attracted attention in
early studies of cereal root and foot rots and more recently may have caused a disease

resembling take-all in Bulgaria (fodorova, Y., Bulletin of Plant Prctection, Sofia (1957)'

6, 15-28) and was associated with G. granrtnlt in root rot complexes in European Russia.

Further comparisons seem necessary to ensure tbat diseases caused by pathogens other
th n G, graminis var. ,rl?rci are not bing called take-all or that associated fungi are not
being mistaken for the causal fungus. (Hornby)

Five pathogenic isolates of GGT from wheat in Kenya, that produced numerous peri-
thecia on agar contained 35 nm virus particles or 27 and 35 nm particles. The latter
reacted against the antiserum to mixed particles mentioned above. (Rawlinson and
Muthyalu)

Simils finses in Gxwonnonyces spp ard Phirlophon qpp. The possibility that our
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PRR.is the inpcrfect statE of G. gr@ninis v.r. gaminh G,. Z)6) led us to eramine isolates
for viruses typical of othcr varieties of G. gramin*.

when partially purified extracts of 30 isolates each of GGT and pRR from Hoosfield
were examined, 20 of the former and l3 ofthe latter contained either one or bo th27 and
35 nm diameter virus larticles-typical of GGT isolates from elsewhere <p. ZS). Vi*;
preparatrons trom PRR reacted serologically with antiserum prepared against a mixture
of th€ two particles common in GGT (p. 22f).

Yery few of the microconidia of pRR germinated in sterile distilled water, but one
culture was grown from microconidia from a virus infected parent; it contained no
particles.

The demonstration of affinities between the viruses of these fungi might help to explain
their-rehaonship or to claris the epidemiology of virus infection-in G]GT. inauiirsooand Muthyalu)

str ital of vitts-infect disoracs ofG.grrmfuisto.tuiriciinsoit. previous work (p.22g)
indicated that viruses were not a main cause of take-alr decline but did not exctiie the
possibility thal thgy might assist it by short€ning the survival of GGT in sor. wneai
straws were colonised with single ascospore isolatis free from virus or by isorates with or
Mthout vrruses rrom roots ofsecond, third and sixth consecutive wheat irops. The straws
were buried in April in adjacent prots on Littre Knott Fierd growing first or fourteenth
consecutlve wheat crops. Each month 100_ straws colonised by each isolate were removed,
split t9 hold germinated wheat seeds and placed in moist grit for 2l days at 19"C. Th;
gr_._y9_ 1f :{thgs.and the fr;ey9ow and severity of tafe.all lesions 

-they 
Ar;i"p"d

were used to assess the survival of inoculum.
No isolate was recovered from straws after September and survival depended more on

the initial pathogenicity of an isolat€ than on-the presence of viruses, which had no
consistent- efect. Nevertheless, it was interesting thai a[ isolates survived better in soir
carrying the first wheat crop tban the fourteenth. (Rawlinson and Muthyalu)

Py&nruum jnteaion of cerea! rcots. .Of sev-eral pythiwn spp. implicated in .browning

loot,::tl, P. arrhenomotes was previously found most aa'maeid (Rothamsted nejoi
ryt.1971, Part.l,_ 146). Barley seedlings were transplanted inio -a 

sandJoam mixture(ba[ autocraved, hau not) to which p. arrhenomaaas was introduced in com meal-sand
inocula (control inocula autoclaved). Aylrage disease ratint;/r;;taxis (Max. 3) were:control inoculum' sterile soi 0'3; contror, ;nsterire soil o.z] lnocutatea, sterile so 2r9
and rnocutated, unsterile soil 1.4. The shoot dry weights were, respectiveiy 934, 4g9, 102
all,d 372 mg. The effects of added nutrient and ioo"ilution to stelie solt werc dramatic
but perhaps less important than the modest effect of inoculatin! unsterile soil.

Table 12 shows results of another experiment involving t*o-amounts of p (supplied
in half-strength Hoaglands solution, fphosphate. rvtiiiun infJtion oecreased shoot

TABIJ 12

Efect on ba ey of inoc,ulation wrrf, pythium arrhenomanes
NPK

St dlisedsoil Cotrtol
Inoorlat€d

UNtcrilis€d Cootlolsoil l[oculEted

Tops Roots
(dry wt. (dry \It.mg) E8)

Dis.ase Tops Roots
rating on (dry wt. (dry \r{.

rooB (G5) ED E8)
o 16774.00 3(D

Dis€asc
ratiog o!

roots (O-,
0
4.38
I .50
3.50

23lO 9899@ lu
237479 122

750
65

tm
32

o 3D.1.62 89
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and root yield most where P was deficient. The disease ratings suggest that the differencc

resutted more protably from greaiei susceptibility of Pdeficient roots than inability of
a diseased root system io gain aufrcient nutrieDts in P-deficient soils'

Possites of Pyrhiwr. Roots of barley grown in -Kettering. 
loam inoculated with

p.- iirn"ri^irn'na later placed in watei iroduced hvphae- with unusual terminal or

intercalary swellings. ThesJproved not to 6i zoosporangla of ao adaenliYe Pythium sp'

iloi .Jfd..utioo.- caused by parasitic lower tungr' A iozella sp'-(Chytridiales' olPidi'

;;; i;;a no resting spoLs, .o identificatiJn was impossible' A member of the

it""^riuiiirt"t prodr&d'zoospo.angia like those of lloronina spp' of which W' pvrhii
'rxlr";iir; 

i;yth;tu^ but the cystoiori m"ost closely resembld sorosphaera' (Macfarlane

and Salt)

Dis€ase in reduced cdtivation systems. A direct drilling treatment was introduced to

tfr" 
- 

Cofti*tio"t for Cereals experiment (R/CS/mi conducted at Rothamsted

i. 
"*Jr"Jlr" 

rlth the National Insiitute of Agri ltura!-E1gl1::llog -d Pltt ryttf-
tion Ltd. The same collaborators planted an exieriment (R/CS/I35) where winter barley

** g."*t 
"ft 

. ptoughing (ZO on deep), tini cultivation.(I5 cm) and direct drilling

soecificallv to studv the development of iiynchosporium and other leaf diseases We also

i,T'al,?i'ii ;;t*:;J-Jilting ror ttri distribution of take-all inoculum (Hornbv

and Henden) and disease ,rr""yrio collaborative exp€riments with NIAE and ADAS

;t Silt* ";i Boxworth fxpeAmentat Husbandry Farm and with the ARC Letcombe

Iaboratory and the Weed Research Organisation'

TAELE 13

Etect of cukilations on diseases otd yields of winter cereals

winter barlev: RotbamstcdiffiJra- 3r (17).
ii ;ultivated ?! (IF)
oitot atuea 49 (21)

Winter wheat: Rothamstedi,touetred 1q (13)
rine-cuttivatea 61 (?5''
oir""t *itt"O 58 (22)

*l,Hm,S.*"*u"' 
fiiH tj

ol straws
%iIf,* ;*,,, '/"*I,lf,oo 

",.,0gGpot foot rot Takeall (t/ha)

5'05
5.35
4.33

5.51
5.41
5.13

7-44
6.@
6.92

Treatment

2
9
6

l0
26
t7

E5 (15)1
82 (25')
90 (48)

7l oo
62 (14)
58 (10)

2r (0)
30 (l)
l7 (l)

t( ) moderate and severE symptoms.

Table 13 records foot and root rot diseases on treatments common to three experi-

-Jt. Mija.* 
".a 

srprrrio at"uset at" not reported be1au-se th9 small amounts did

not difer with treatments. gy p;mber the winter barley,had-become difierentially

infected with Rhyrchosporium t""iiily. ur"u infected of 2nd leaf down) ploryhed 0'8,

iiri-"Jtir"i"a oi, ddct driued 714; iv mio-Feuruarv this had increased (% area 4tb:

i"ib il, *.p."ir*li, to, l'z' 18'6' however, gowth and dry weather later equalised

ir"ia";;;;h;i bi'June, third leaves of all'triatments had onlv 2-31ara ifiected'

;;;lr;;6ighit uffi"a oL a L€tcombe Laboratorv spring wheat exl'€riment'

i;;;;;;; s-.It"t o'f, ait 
"t 

drilled plots, 26% of ars' than on tine-cultiYated l2%'

orploughed l0l. (Prew)
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Diseases of grass and fonge crops

Ryegr$s nossic virus (RMY)

The uecar (Abcarls hysEix). To assess when mites were dispersed, plots were
sown with S 22 Italiatr ryegrass itr October 1973 and each month from April io October
1974. No A. hystrix was found until mid-June but by mid-November mitea had colonised
plants in all plots sowD before Scptember. The indication that mites disperse between
June and Sq)tember confirms the conclusion fron exposing potted plants during 1973
(Rothamsted Repott for 1973, Part l, 136).

The frequency, method and extent of grass removal influence lhe mite populations of
swards. Plots of spring-sown S 22 Italian ryegrass were cut on 27 Augusfai 3 or 13 cm
above grorrnd and the crop removed at once or after three days, to simulate respectively,
silage or hay making. The extreme contrast by 24 October was btween +O niitesTtiltii
on plots from which grass cut at 3 cm was removed at once, and 693 mites tilbr ;here
grass cut at 13 cm lay for three days. The Iatter plots also had nearly tv.ice as many
tillers showing ryegrass mosaic.

G_ lasshouse experiments have shown that infection with RMy greatly decreases the
multiplication of mites on S 22. Three weeks after infesting each plant'with 20 mites,
plants mechanically inoculated with RMY averaged five mites each, compared with ll4
mites on healthy plants. Similar limited multiplication on infected plants has been noted
in caged cultures and may be an important factor in the epidemiology ofRMv. (Gibson)

. _M:"tu*!_t ^4"-l of RMY atd its effect oa yiekl tn Experiment R/CS/122
(Rothottsted Report for 197j, Part l, 136) where ryegrais is grown uilder a polyethylene
film-house to exclude mite vectors, 0, 25, 35 and +31 of i 1erc naO been i*ectea Uy
manual inoculation in September 1973. Despite cutting plots four or eight times and also
rolling some, the average infection in August 1974 was only 2, 39, i and,35 )(. plots
were cut aod rolled in sequences designed to minimize or maximize transmission. yirus
was. transferred only_ to healthy plots which were both cut and rolled immediately afGr
loling _an infect€d plot. Rolling seemed not only to transfer virus from plot to plot but
from- plant to plant within a plot. Infection increased from 20 to 2g,l oi tilersin plots
cut four times bul surprisingly, decreased to 16\ in plots cut eiglti times. No iites
were found within the film-house so transmissions canooi be attributed to vectors and the
transmission of IMV by cutting and rolling was less than often observed in fields,
suggesting that mites are the most important means of spreading RMy.

Although ,h.g plots with most RMY yielded l0{ less ihan uninfected plots, the differ-
ence was not-significant and unexp€ctedly small. The small diflerence is u-nexplained, but
could result from using a mild isolate of RMV or, from the warmer, humid condiiions
in the_ film-house ameliorating the efects of the virus or from increased compensatory
growth of healthy plants. (Gibnon and plumb)

Incidcocl on ryegrass varieties Three varieties of Italian and six of perennial ryegrass
ygle Crgwn to compare the incidence of pathogens @xperiment R/CS/107). Arnong
foliage fungi only Helminthospor m spp. \yere frequent. ful variefiei shbwed ryegrasi
mosaic, the average,infection was greater on ltzliat (47 \) than perennial varieties (2i /").
The leasl infected ltalian variety was 522 (29/,) and among perennials Endura (6 /")
1"d S 24 (18 %). Mite vectors averaged lO/tiller on all varieties from June to Septembii
but in October therc were most on Reveille (a feeding preferenoe apparently snatea Uy
hares during the winter).

In the glasshouse it proved easier to inoculate the same Italian vari*ies (8G-901
plants infected) than perennials (5V7On and varieties had the same susccptibility
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rankings as in the field. This sug€psts that suscePtibility to RMY dcpends on host meta-

bolism more than mode of infecdon, b€€ause most natural spread is thought to be by
mite vectors (see p. 231) (Ptumb, Jenkyn and Bowen).

A postilfu rclaion betvcea RMY fid&ncc utd qc of ryegnss snuds. Swards of S 23

perennial ryegrass at the Grassland Research Institute, Hurley, ranging from l-20 years

irom sowing, were examined to see if there was any relationship between age of sward
and RMV prevalence. Most RMV ( % ifier,led tillers) occurred in a sward five years

old and average infection was no greater in three old swards (15-20 yean, 6l RMV)
than in three ttrat were only two years old. From this limited survey RMV incidenoe
appears to rise to a maximum within a few years and then decrease' We confumed the
fiild assessments of symptoms by inoculating S 22 Italian ryegrass plants with sap from
field plants and examining it for RMV particles in the electron microscope. Evidence

suggests that many plants from old ryegrass swards may be difrcult to infect, because

only a third of healthy plants taken from swards became infected after having been

inoiulated manually thee times with infective sap and abrasive. (Gibson and A. J.

Heard, Grassland Research Institute, Hurle,

Effects of BYDY on ryegrtls. Anothcr film-housc was used to exclude aphid vectors

and maintain controls free from BYDY. Because BYDY can be transmitted only by
aphids, plos had to be infected by caged aphids which were latcr kifled. Plots of S 22

Italian'ryegrass and S 24 perennial ryegrass were each infested with Mopalosiphum padi
or Macioiiphum (Sitobion) awrue each carrying a different isolate of BYDY. After
tv/o cuts iniestation with rR. padi has had no effect (perhaps because the aphids did not
survive long enough to transmit virus), nor has the yield of S 24 been affected. However,
yields of S12 inf;ted with M. (5.) avenae were demeased by 15 and 5% when cut in
August and September. (Plumb)

Ctemical control of ryegrrss prthoger

Efea of ald wb ot a mired swud. During the second year of Exper,'ment R/CS/123,

applying aldicarU (10 kg a.i./ha) to RvP Italiatr ryegrass after each of thrce cuts con-

tinued io decrease the prevalince ofl . hystrix and RMV (from 54% untreated to 12%)'

Untreated mixed swards of ryegrass and broad red clover (Hungaropoly) had less RMV,
25\, trhtch aldicarb decreased to 3%. Plots that had been inoculated with RMY in
sprilg 1973 were still morc infected than uninoculated plots but the difference was

insufficietrt to affect yield.
Aldicarb increased total yield (three cuts) of RvP by 23% (P:0'01), and of pure

clover by 16% (P : 0'01) but did not afect mixed swards. As this chemical afects many

organisms it'iould be unwise to attribute all the incrased yield of ryegrass to decreased

RMV. However, ryegrass contributed more to the yield of mixed swards that were treated

with aldicarb than to swards that wer€ untreated but inoculated with RMV. (Plumb,

Cockbain and Bowen)

Efear olot ocaicidc antt or aphia lc on RMY,nd*s a yieW. Exp'eriment R/CS/-106

was-begun in 1972 to test whether pathogens of perennial ryegrass could be controlled
with chemicals (Rothamsted Repori /or 1973, Pan l, ll4, 138). Repeated endoErrlfll
spraying decreased the prevalence of RMV and of ,,{. iystnr; it also gave the best lelds
ai two cuts although the increase was only significant (lO%, P : 0'01) at the first cut
(Iable 14). Menazon alone did not inoease yield. Plots given least nitrogpn had by far
the most mites (28 October) and slightly less RMV when unsprayed, but when sprayed
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with endosulfan they shoved the gr€at€st proportional yield response. @umb and
Bowen)

TABI,E 14

Efects ofanaca cide, an aphicide a nitrogenfertiliser on RMV, its oector
and ryegrass yield

Treatmant Yield (Total of 2 cut!)
DM (t/ha)

7.68 |.32 12.9t

EN 8.97 t2-48 14.05 
sED0'51

Mit€s/5 tilleB (28 Gober)
226 19 r

EN2360
*ru %'iltf;oldr'* ,*n

eN fll ';'i *g ';'2ME ,().0 34.7 56.0 43.sEN+ME 16.0 28.0 32.0 25.0
M€ao 29.9 35.7 45.7

-:No treahnent.
EN: Spray.d with acarcide (eodo6ulfan).
ME : Sprayrd with aphicide (ErcnszoD).

Rcsidus ol enbsu{ott. Chemicals were used liberally in Experiment R/CS/106
rather ttran to obtain an economic return. However, the sucress of endosulfan was sufr-
cient to encourage further work to test whether it could be safely and profitably used.
Four weeks after the final spraying in August, total residues of endosuifan and its sul-
phate metabolite of 0.01-1.35 ppm fresh wt. were measured in grass leaves by gas chro-
matography. Ten weeks after spraying, root samples still contained large endosulfan
relidues (0'9!1.45 ppm fresh wt) but soil contained much less (0.04-0.08 ppm dry wt.)
The results suggest that in roots there is a direct relationship between endosulfan residues
and nitrogen applied but an invene relationship in leafand soil. (Austin and Rolfe)

Ihe incidcrce oflugal diseases ia ryegrots. Although Helminthosporium spp. caused
widespread leaf spotting in Experiment R/CS/106, there was no evidence bi serious
damage by foliage or soil-bome fungi and none of tle fungicides affected yield. Never-
theless, in August, patches of grass appeared dead or slow to recover after the s€cond cut
9n plots given most N (where the gaps were estimated to occupy over a tenth of the area).
No fungus could be associated with the patches and no symptom was seen in wheat
and ryegrass seedlings grown in soil samples from bare patches and beneath healthy
ryegrass. However, the seedlings grown in soil from patches where ryegrass gew poorly
weighed 25)( more than the ottrers, possibly because applied N had not been used in thi
palches. Agropyron relans was common throughout the experiment and its growth was
not inhibited in the poor patches. It was most prevalent where most N was given even
before patches appeared. (Broom and Jenkyn)

Fusaritmt sp. have sometines been associated with dead grass from areas given much
oitrogen. On several occasions ,F'. aimorum was isolated from many dead roots but from
few, if any, that were liule discolourrd. One isolate was t€sted for pathogenicity to wheat
and rygrass seedlings by inoculating sterilised or unstcrilised loam. All wheat seedlings
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werc killed in inoculated sterile soil and evetr in unsterile soil inoculation produced much
browning of their roots and coleoptiles. Inoculation reduced the emergence of ryegrass
seedlings only in st€rile soil but caused no symptom in unsterile soil. Under the test
conditions this isolate of F. calmorum seems not to have been an agpressive primary
pathogenofryegrass. (Broom)

Efrec't of benomyl on clover rot (Sclerodrta fifoliorurr). Last year, the first when clover
was treated with benomyl itr autumn and rvinter (Rolhamsred Report for 1973, Patt l,
138-139), yields were increased 32% ytlfh monthly sprays from September to January.
As Table 15 shows, repeating the treatments on the same plots in 1973-74 gave very
different results. Yield was increased (l5fl) only on plots sprayed five times with benomyl
all other treatments yielded less than untrcated. The results might be explained if a few
benomyl sprays removed an antagodst, whereas only repeated sprays killed S. lrifoliorum
So far, there is no evidence to confirm this. (Jenkyn)

TABI,E 15

The efect of fimgicide sprays on yield of red clooer

"?fril,i.rflruFuneicidc (iAa)
None 3'47
b€nomyl September & October l'92
beDomyl ftober & November 2'08
beDomyl November & December 2'89
beoomyl Septernber-January 3'99

SED for comparisons between fungicide treatments alld untreated:0 267.

Soil samples taken from plots that received 0, 2 or 5 sprays each autumn contained,
on average, respectively none, 0'08 and 0'33 ppm of carbendazim, the fungitoxic degrada-

tion product of benomyl. HoweYer, the recovery from individual treated plots again varied

with soil pH (Rotharnsted Report for 1973, Part l, 147). (Austin)

Crown wrrt of luccme (Utopllytcis slfaYae) at Sa:mudham. During June this unusual
fungus was noticed in the Rotation Experiment at Saxmundham and se€med to have

caus€d a few patches of thin crop. Early in July crown wart was present in every plot
and in sorne plots 75f of plants had obvious galls. By September the galls were marbled
brown inside, as resting spores formed and some were distintegating.

The life cycle of U. alfalfae is nampletely knowtr but Probably involves two zoosporic
stages requiring water around the crowns. The size of galls suggestd winter infection
and there was 88 mm of rain in January-February, but only 48 mm during the rcxt
three months, The source of infection is untnown because neither the field nor its
neighbours had previously grown lucerne for many years. (Macfarlane)

Dise$es of field *are (Ybiafaba L.\
Incidence of virus diseases dEitrg 194. Unlike sugar beet and potatoes, where aphids
caused exceptional spread of viruses, fewer than 101 of bean plants in most crops at
Rothamsted were infected with any one of the aphid transmitted viruses. The main
w€evil vector (Apion vorax\ of broad bean stain virus (BBSV) and Echtes Ackerboh-
nenmosaik-Yirus (EAMV, syn. broad bean true mosaic virus) was also less prevalent
than in 1973. Nevertheless it was sufficiently numerous to infect up to 70'l of plants in
plots with 3% seed-borne infection. By mntrast both viruses remained very rare in crops
grown from virus-free seed. The importance ol healthy seed even showed through the
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interference b€tweetr plots in an experiment (74/R/BE/3) where stocks with widely
different amounts of seed infection were sown adjacent to one another (Table 16). Few
plants developed slmptoms (BBSV/EAMD until flowering was almost over and then
serological tests showed that EAMY was the more common. The variety Mioden out-
yielded its nearest comlrtitor Minor by 261, ar.d Herz Freya by 53f. However, the
two stocks of Maris Bead apparently yielded similarly despite their very diflerent appear-
anc€ and virus infection. Perhaps significantly, plants of Maris Bead Stock II that showed
symptoms of BBSV/EAMY at the end of flowering did not yield signifcantly less than
plants without symptoms (Stock I was not similarly tested), whereas in Minor, Herz
Freya and Minden, respectively, plants with BBSY/EAMY in mid-Iuly yielded 28, 29
and 42% less than symptoE ess plants.

TABLE T6

Yirus incidence and yields (85% DM) of diferent field beat crltiuars
BBSV/EAMV BYMV/PMV

BLRV aDd PEMY(%d (%pla\ts
infected) i ected Jutyx% Plants iDfected July) (tAa)

3.03
3-32
3.14
4.4
3.68

+0.n4,
+0.316.'r

Cultiva.
Heru Freya
Maris Bead I
Maris Bead II
Miadctr
Mioor

0.02 29 l7 63-2687s0.04 27 5 4o13t6401528
SE of difrqrenc€s

. Maris Bead I v. aDy of rpmainder.tt Bett+retr aay of r€mainder.

Large differences in BBSV/EAMV incidence (0'l-66f) also occurred in July between
eight crops in Hertfordshire, Middlesex and Essex surveyed in collaboration with the
Agdcultural Development and Advisory Service. Some crolx showed much more of the
aphid transmitted bean yellow mosaic/pea mosaic virus (5-80 %) than crops at Rotham-
sted but bean leaf roll virus (2-13\) ar,d pea enation mosaic virus (0'G4 f) were not
dissimilar.

Attempts to control the spread of BBSV/EAMV
Umccasfully, by teothg sceds. Prcvious tests had suggested it worthwhile to tcst

heat treatment at 80'C for I h. Ia one stock this decreased infection from 7.3 to 0.8%
but itr another did not decrease infection and decreased emergence in the field by 45 f.

Seeds were allowed to inbibe (24 h) solutions of several substances that have shown
inhibition of viruses. Polyacrylic acid solutions (mol. lrt. 1700 and 3500) or 0.0118-azzgu-
anine did not decrease seed infection, 0'01 f 2-thiouracil damaged or killed the seeds.
(Cockbain and Bowen)

By insectic les, against weevil wctors. Phoate granules (applied thr€e times at
1'0 kg a.i./ha) seemed less eflective than sprays of fenitrothion (3 x 0.75 kg), malathion
and methomyl (both 3 x l'0 kg) in checking the spread of BBSY/EAMY in plots of
Maris Bead containing 3 f seed-borne infection (Experiment 74lRlBEl6). Early in July
an average of 14ft of plants were infected with BBSV/EAMV in sprayed plots, f9)(
in plots with granules and 35 )( in untreated plots; corresponding data at the end of
flowering (mid-July) were 35, 4l nd 6l\ (all plots were sprayed twie with demeton-S-
methyl ('Metasystox') to prevent aphids damaging 'untreat€d' plots). This experiment,
like many other bean eryrriments in 1974, was damaged by wind and rain, aod much
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seed was lost from some treated plots. Only malathion (4.41 t/Ia) and phorate @.42qha)
significantly increascd yield above untreatd (3.55 t/ha) (P:0.0O. (Cockbain and
Bowen, wittr Etheridge, Insecticides and Fungicides Department)

Freedom ofpea crops from BBSV r l EAMV. Peas (cv Dark Skin Perfection and Maro)
were grown adjacent to field beans (Maris Br,ad,3% seed infected) to test whether they
became infected. By mid-July 52'% of the beans, but none of the peas, showed BBSY/
EAMV symptoms. Serological tests on 160 platrts of each pea cultivar revealed only one
infected plant (D.S. Perfection with EAMV). Pea growers should be much relieved by
this result, because glasshouse tests show that peas are very susceptible to both viruses
when inoculated mechanically. Their freedom in the field probably reflects the poor
efficiency, as a vector, of Sirona lineatus, which was collmon on both 1ra and bean
seedlings, and the unattractiveness of peas to,{pion spp. In June only orle A. wrax Lnld
one A, apric@$ were found on 200 m of pea rows, comlmred to 72 A. vorax on l0O m of
field bean rows.

Attempts to trensmit BBSY rd EAMV by rphirls. Early tests indicated that aphids
could not transmit tiese viruses but a Polish claim that EAMV is transmitted by lplu
fabae (Blaszczak & Kurhanska, Zeszyty Problemowe Postepow Nauk Rolniczych (1971)
115, 145-148) made re-€xamination necessary. Nymph and addr A. tabae (400 tested)
or Acyrrhosiphon piisarn (300) failed to transmit after feeding on infected plants for 0'2!-
2 min or for four days. Comparable tests with BBSV also failed. (Cockbain aad Bowen)

Biology and €cology of /. vorar. Until it was recognised as the rn.in vector of BBSV
and EAMY, ,{. vorax was not regard€d as an agricultural pest. Knowledge of its biology
and ecology came mostly from naturalists who knew it chiefly as a woodland species,

widespread except in extreme western areas and Scotland north of the Lothians.
Rerent observations confrrm that adult weevils commonly overwinter in woods. In

April and May 1974 we found them ot Crataegus monogt'tw (hawthorn), Mercariolis
perennis (dog's mercury), Prunus avium (wild cherry), RaDus spp. (bramblQ all.d Urtica
dioica (aetie). MigmtioD to b€ans commenced early in May so that in June and July
there were up to 12/10 m of field bean row and only a few males remained in woodland.
Early in July larvae and pupae were found in field bean flowers (83 in 3800 flowers) and
began emerging as adults late in the month. By laie August most l. varcx had migrated
back to hedgerows and woods where they aggregated particala y on Acer pseudoplatanus
(sycamorQ, Corylus atelhna (hazel), P. avium, Rubus spp. and Jarnlrcrer nigra (elder).
The ecology and geographical distribution of A. vorax merit further study because it
may be rare in some localities or vhere there are few hedges or woods. Such areas may
be suitable for producing virus-free bean seed. (Cockbain, Bowen and Bardett)

Oth€r Fsts and rliselse. Residual effects of chemicals applied cumulatively for cropa
on Barnfeld during 1971, 1972 all.d 1973 were measured in the eighth consecutive ctop
of spring beans cv. Maris Bead. Table 17 shows that the rcsidual effects of aldicarb,
fenaminosulf ('Dexon'), and a mixture containing these, noticeably increased growth and

leld in 1974; aldicarb also delayed senescrnce. The effects are not understood, althouglt
root systems were uniforrnly blackened by the end of July they \yere trot extensively
rotted, sirnilarly wilting appeared late in June but never became serious. Plots that
received aldicarb alone, or with fenaminosulf and formaldehyde had rcsplively 62%
and 671stems infested with stem eelworm, Ditylenchus dipsaci. This was much more
than the 3 and 4l recorded after treatment in 1973, but probably still less than other
treatments that had over 90f infested in 1973 but which were too discoloured for a
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rcliable count in S€pt€nber 1974. (Salt and Homby, with D. Hooper, Nematolosr
DepartmenD

TABLE 17

Resiifual efect of chemicals on growth, yield ad wilt of field bens. Banfield 1974

Yield Heisht
TEatrDeote (t/ba) cm

Nil 2.54 104
feaamioculf (D lX 1ll
aldicarb(N) 3',() ll3
BHC([) 2.92 lll
formaldelyde(B) 2'54 108
F+N+B 3.59 119

SED (n:4) +0 348

Plants \Pilted
17 July
(7)
8.2
7.3
6.4
9.4

t2.5
3.8

Discrses of brossics crops

Oikeed repe (&assicc nopas aut. oleifen). T\e area of this crop has increased greatly
in recent years; such expansion often outpaces the full establishment of pests and dis-
eases. The interval provides an opportunity for research on potential problems. Crops
were suweyed in Hertfordshire, Bedfordshire and Northamptonshire.

At Rothamsted, Perenospora Tnrasrlrt4 caused local lesions only on the lower leaves
of many plants sown in autumn 1973 and 1974. Powdery mildew (.6r7slpfre uuc{eranmt\
b€came abundant in late summer on a spring-sown crop. Elsewherc, Botrylis ciwea
lesions girdled and withered the centre branches of infloresences on isolated plants.
(Macfarlane)

Many plants on the edges of two crops (cv. Yictor) in Hertfordshire were infestcd with
the cabbage tphtd (Brevicoryte brosticae) and became stunted, apparently as a result of
infection with turnip mosaic virus. Both were near kale crops afected by the same virus.
Glasshouse inoculation of six varieties of winter oilse€d rape showed that all were
stunted with reduced leaf area. Plants of the spring variety Erglu f,,ere inoculated at
stages from the first true leaf to the formation of flower buds. Plants with up to nine
leaves when inoculated never became so tall and developed fewer, smaller pods sontaining
fewer seeds. (Rawlinson and Muthyalu)

Efrect of tungicirles on the yield of swedes. Plots without fungicide yielded 210.3 t/ha
of trimmed swedes, whereas those sprayed three times with benomyl lelded 67.0 t/ha.
Diseases other thatr powdery mildew may be concerned because tridemorph produced a
smaller leld (55'0 t/ha) although it controlled mildew as well as benomyl. Applications
aad other treatments are detailed n Yields of the Field Experiments, 1974 @xpiment
7alR/SWl). (Jenkyn)

Potrto dis€ases

Our experiments met many difrculties during 1974. Excessive sprouting o€curred because
the new store was insufficiently insulated and the winter exceptionally mild. Wet soil
in winter delayed planting and emergen@ but then drier cool weather retarded growth.
Fortunately rain in June came just in time to rescue the crop but after August continued
increasingly, so that lifting did not begin until mid-October and discard rows remained
in the ground at Christmas. Nevertheless some potato yields were exceptionally large.
The delay in estimating yields and analysing disease incidene on the produce prevents
inclusion of many results in this report, therefore aspects of our work on storage and
the survival of pathogpns arc emphasis€d.
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Acdvity of soft{otting Erwiaia qry. in soil. Warm dry soils limit ard cool wet soils
favour both increase and survival of Erplni,'rz carotoyora yar atroseptica atrd ,Ec. var.
carotovora. Open-ended tubes 15 cn long, filled with soil infested with either variety
were sunk vertically to soil level on 16 January,4 June, 4 July and 12 September. After
6 wk burial, populations had decreased from an initial l0t0 cells/g soil to, respectively,
about 104, 102, 102 and 104 cels/g soil. Soil buried in January and July still contained live
bacteria 20 and l0 weeks later and survival of the two varieties was similar.

Irrigated and unirrigated areas, both planted with King Edward and Pentland Crown
were used to study how bacterial spread was afected by soil moisture. Seed tuber sources
inoculated with an.Ec. ya;r. atrcseptica strain identifiable by particular bacteriophage
specificity or ,.c. var. carotovora were planted among uninoculated 'detector' plants.
In June, before progeny tubers were largg roots and rhLosphere soil were sampled;
.Errrzra spp. were found on 'source' platrts on 5 June, on adjacent plants within the same
row on 18 June and two plants along by 2l June. Spread was more often detected along
rows on the irrigated than the unirrigated areas but never to adjacent healthy rows in
July, August or September, when tuber lenticels were sampled.

By early November tub€r samples dug by hand showed that the idenffiable strain of
E,c. vaJ. atrcseplica had reached tbe E.c. yar. carotoiora area and vice versa. At lifting
(7 November) many tubers in the irigated area showed soft rot, evidence that the bacter-
ium had spread extensively during the very rvet autumn.

Work elsewhere suggests that spread occurs mostly in July and August as s€€d tubers
rot. Seed tubers were lifted from growing Maris Piper plants in mid-July, inoculated with
either variety of E. carotovora and replanted close to the seed tuber of a King Fd.ward
'receptor' plant. Soil and lenticel samples indicated that in late-July Ec. yar. atrcseptica
had spread but uot E,c. yar. carotoyora; populations then decreased until October when
Erwinia spp. could not be found in progeny tubers even of original receptor plants.

In previous years we have rqrorted failure to prove the Dutch theory that machinery
is important in transmitting E.c. ya'r. atroseptica. We thought the weather and soil was
often too dry to express infections, so in 1974, we again planted samples of tubers lifted
in 1973 from a healthy plot with a digger contaminated by passing tbrough a plot in-
fest€d v.ith a strain identiEable by bacteriophage specificity. Some of tlese tubers were
planted in soil-filled polyethylene bags so that the young plants could be waterlogged to
exaggerate the expression of even minute bacterial contamination as blackleg symptoms
or seed tuber rot. Some plants in bags and one in the field developed blackleg, but the
test remained inconclusive because the identifiable strain was only recovered from the
progeny tubers of the infested plot. Bacterial rots were induced in some tubers dug in
mid-October but the labelled strain was only identifiable from plots where it had been
iatroduced.

Ass€ssing the bacterial contrmination of tubeE. ![e have now standardised the bucket
test (Rothamsted Report for 1973, Part l, 142) and estimated how gas conc€ntrations are
associated with the development of rots and changes in numbers of bacteria in lenticels.
Quickly flushing the lGlitre buckets with approximately 2zlitres of dtrogeo decreased
oxygen to abotJt l%, but within 3d at 20"C it had increased to 7 yo despite the tight-
fitting lids. Oxygen concentration then decreased again to c.4y,at7d$obably as a result
of respiration by rapidly increasing bacterial populations that caused the frst visible
rotting on ttre third day. (Lapwoo4 Legg and Austin)

Potrto and r€d b€et conmon wb (Stepamyces spp.). The way in which irrigation
hinders the development of common scab was studied by relating the microflora io the
development of lenticels on tubers in wet or dry soils where the organism was prevalent
238
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or scar@. The susceptible variety Maris Piper and the more resistaat Pentland Crox'n
diflered in rate of lenticel development on progressively older tuber internodes and this

ditrered also between years and soils but apparently not with soil moisture' Usually

lenticels seemed not to become susceptible until the stomatal guard cells were losl on
about the third internode back frorn- ttre apex. Isolating from lenticel areas produced

more actinomycetes on distilled water agar irom Maris Piper than Pentland Crown and

more from tu6ers grown at Rothamsted than woburn. Neither intemode position nor

soil moisture r."ried to affect actinomycetes but tubers from wet soils yielded rather

more bacteria. (-apwood and Adams)
-.C. .i-itr. (or iaenticat) aainomycerc causes scabs on red bee! that are especially

troublesome i th" 
"top 

is to be used for canning. We were disappointed that we could

not control this, like clmmon scab of potatoes, by irigatiry and have b€en seeking an

explanation. Wi know neither where ttrc path98e.n pen:traqs-(although near the bottom

of'the root, infection is often associated with tle insertion of fine lateral roots) nor when,

except thai transplanting experiments suggest that it may be at the sixJeaf stage or
later. The variety Boltardy was more susceptible than Avon Early, Bikor or the long-

rooted varieties 
'Cheltenham 

Green Top and Red Perfection. (.apwood and Adams,

with Agrictltural Development and Advisory Service, Cambridgp)

C,omgr* (Phonu e x igu fotcata)

Detectirg the port ogen ia plots oul soil. Inability to detect latent infections and slow

developmit of lesions from wounds seriously hinder diagnosis _and 
rcsearch- Our tests

sue;i it woda be difficult to develop fluorescent antibody techniques into a practical

ieslfor locating the fungus in stemi or tubers without lesioos. Although the fungus

gfows distinctively on media containing various fungicides, none was suitable for enum-
"er*ing thoma piopagules in furfested soil. we have previously accelerated the develop
ment 6f bsionj bysuppressing wound healing and now find that ttrey also erow fa{9r
if oxygen is aecrlaseA- *tow 5% and temperature kept at l0-15'C instead of 5'C'
(Adams)

Iacrease atd swfival of the Pal@.n i" soil. Pentland Crown tubers with or without
gangrene lesions *"re sele"ed from a single stock, planted and their produce sampled

iiniti-"r between July and September 1973' Tubers sampled were wounded, stored at

5'C antl later examined for lesions; soil adheriag to them was collected and inoculated

to slices of Arran Banner test tubers. As previously, infectivity increased erratically bet-

ween July and September and both tests indicated more Pfrorna from lesion-bearing seed'

About 13% of iesion-free' seed tubers develoPed gangrene lesions after planting; by

September, Fogeny tubers from seed planted with or without lesions developed gangrene

equally after wounding.'survival 
in sterile a.rd non-sterile soil was tested by infesting each with spore susPen-

sions, retaining at various moisture contents and, after l0 weeks, testing infectivity-on
Arran Banner-tuber slices. Non-sterile soils at field capacity retained least infectivity,

Much infectivity survived in soils that were kept dry or sterilised. Therefore soil dust in
potato stores sh'ould be regatded as potentially infective if introduced into tuber wounds.

(Grimth)

Cotltol o! hfeaion on pogeny tcberr. la commercial production, raisers of VTSC

potuto sto"tis ftn" not evialed early recolonisation of seed by Phoma and other pathogens'

Their misfortune was not unexpected and fungicides to pfevent rtinfection hsve be€tr

toi.a i- ,i""i"r years. Unfortirnately, neither-homyl or thiabendazole dust on soed
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tubers, nor fumigating with 2-aminobutane prevented infectivity increasing in and around
the resulting plants.

Even stem-cuttings raised in the glasshouse from healthy looking tubers and grovn
out ofdoors in sterile soil, developed Piozra lesions on stems and some tubers. Therefore,
either the pathogen is dispersed more readily tbal previously appreciated or it is much
more difrcult to propagate stem cuttitgs free from Phoma exigua val. foteata than from
Oospora pustulans for which the technique was developed. (Griffith and Adams)

The edsorption rnd moycme of befzimirlazole fungicirtes h tubeIs !d soil. Assays of
thiabendazole (IBZ) adsorbed on King Edward and Pentland Crown tubers from solu-
tions of various concentration (pH 3) showed from 30 to ?01 less uptake than reported
previously (Tisdale & Lord, Pesticide Science (1973), 4, 121). Over the rangc ofcoDcentra-
tions, tubers only adsorbed abo]u;t?ft of the amount (ppm) present iD the solution. No
thiabeodazole was detected in soils where dipped tubers were planted but seed tubers
ofPentland Crown took up 371 more and retained after growth 67 % morc thiabendazole
than those of King Edward. Pentland Crown tubers also seemed to acquire increased
concentrations ofthiabendazole the more maturc they were when tested. Several solvents
were tested for extracting thiabendazole from treated tubers but, as for benomyl residues
(carbendazim (ls.{Bq (Rothomsted Report lor 1973, Part I, 147), the best was acetone:
M ammonium chloride (l : 1, v/v, pH A.

The movement and persistence of carbendazim (from several precursors) was studied
in soil. Neither l2l14c]2-(3-methorycarbonyl-thioueido)p.aniline CNF 48) nor thio-
phanate methyl) showed significant downward leaching during seven montls field expos-
ure altho"eh both were quickly converted to carbendazim. The acetone: M ammonium
chloride extractant was used to estimate carbendazim residues on Broadrread Field
at Woburn. Twenty-eight and 38 montls after 17.8 kg a.i.fta of benomyl was applied,
rtplicate plots retained respoctively, Dag% and 8-291of the amounts applied. The
plots were limed one month after the first sampling and results show the amount of
carbendazim recoverable is inversely related to the soil pH as is the halflile of the residues,
approximately l1 months in soil at pH 6.8 and 26 months at pH 5.4. In more alkaline
soils at Rothamsted, benomyl residues were much less persistent and, at pH 7.2, half of
thc initial dose was lost in less than three months. Results from several separate field
experiments with benomyl show ttrat both soil pH (HzO) and soil organic matter lrrcent-
age (o.m.) affect p€rsistence and can be related to DTso, the time required for loss of
half the initial dose, by the equation:

log DT5o : 2'94 - 0'36 pH * 0'09 o'm.

(Austin and Briggs, Chemical Liaison Unit)

Tube maturity, womd healing rnd ssceptibility to prthogens. These factors, so impor-
tant during storage, were investigated with the Potato Marketing Board Experinental
Station at Sutton Bridge, Lincs. King Edward tubers lifted at twG.week intervals bctwe€n
mid-September and mid-November 1973 were uniformly wounded and stored at l5'C.
After 0, 7, 14 znd 2l days samples were examined microscopically and inoculated with
standard suspensions of E c. yar. attoseptica ot Phoma exigua va'- foveata and stored at
20 and 5"C resp€ctively. Date of lifting did not seem to infuence the histological features
ofwound healing or bacterial infection but fewer wounds became infected the longer the
curing period. Inoculation with Pioma exigua var. foyeara never caus€d gangrene lesions
on wounds on tubers that had been cured but fewer uncured tubers became infected the
latcr they were lifted although their lesions were progressively larger. (Grifrth, Lcgg
and Arlams)

2N
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RehtioNhtp bctw€€tr dlseses of seed, plrrts rd stored potrto tubers. Observations were
continued to test whether it is possible to identify cropi potentially troublesome in stor€
from examinations of seed tubers, growing plants or tubers at lifting. Crops that developed
most gangrene and skin spot in store usually had above average poGntial Oiseasj in
fueusl byt a large disease potential in growth did not necessarilt imply much disease.
It might be more reliable to att€mpt predicting which crops wU stbie well because,
where pathogens are scaxce, serious disease is improbable whereas serious disease ii
not ensured_.wherever the pathog€n is common, Even acrurate assessment in August
cannot predict the consequences of changed weather that may greatly alter disiase
potential, notably with bacterial diseases. For example, in July 1t74 only four of 20
crops showed-blackleg symptoms, compared to 15 in August. Smlarty, an average of
one_colony of Erwinia spp. per lenticel was isolated from stocks on il Septembei on
loading into store but later in one stock there was a hundred times more in^ lenticels of
apparenfly healthy tubers close to a developing spot of rot.

In 1973 the summer was dry and few tubers derelo@ soft rot in store. Gangrene in
slore w1! more closely correlated with estimatc of phoma in soil in August (r : 0.70)
than at lifting (r : 0.4r, but almost the reverse wai true of predicting silver sturf from
the incidence of Ilelminthosporiun solani, (August, r : 0.,10; it lifting i: 0.73). Correla_
tions were always closer when samples of the same seed stocks were grown together at
Rothamsted and the range of variation was usually smaller. To measure diherences
betw-een soils,-the same stock originally raised from item cuttings was grorrn on differ-
ent farms. Infection varied considerably but usualry if the proginy of commercial seed
was relatively severely infected, so was the progeny of healthier seed. e{ide, Adams,
Bell, Lapwood and kgg)

Potrto vims dixrses at Rothrustert. Experiments planted with seed grown in 1973 at
lgt]rlnstea cgnlained more potato virus y (l % in King Edward) than-in any year since
1968, but no leaf roll. Neitler virus was found ln the resistant variety pentland crown.
During 1973 Myzus persicae ws not common and the amount of virus y contracted by
our 1973 seed was probably erplained by unusually prevalent infection in sunoundini
crops, and an early aphid invasion, both associated critl a succession of mild winters]
These circumstances recurred in 197!J4 and potato virus y spread rapidly in the erfiri-
mglts so that a large proportion of plants was infected by the end ofthe-season. '

The isolated crops €ro-wn to_ provide seed for 1975 did contain a few plants with leaf
roll and severc mosaic. Spread of leaf roll was probably limited by sysiemic aphicides
more than_was spr€ad of the non-persistent virus y which caused'leaf arof streal
symlPms- ts !.1! of plants by 23 July. ff aphids are again common much i'nfection
could result in 1975. (Govier)

Top-m[ of potrto phltr. This disorder,- characterised by loose rolling of the upper
leaflets, resul.ts from_ feeding by the.aphtd Maoosiptnm euphorbiae. it" *iaop'"ila
occurrence of toproll in England during 1974 followed unusuilly large catche s of i4. eu-
phorbiae ea y in wmmer (Rothansted Report for 1974, part 2, p.20i). The efectiveness
of. phorate granules in preventing the &sorder was demonsirated'dramati""lit ir;
field where two rows of Desirce potatoes accidentally escaped application. In these rows
many upper leaflets were rolled and phoratE was not detectable iir-soil, whereas there was
no toproll in treated rows and air-dried soil contained 6 ppm phorate in August-

The 
-carbol 

dioxide absorption of top.rolled leaves wai only half that Jf an equal
area of unafected leaves and leaf cover in the untreated, rolied rows was 20f iess.E. in the treated rows; it secms therefore both desreased light interception ana aeci.iasea
photosynthesis contribute to the decre€sed yields where toproll o(,|.vs, (Rothamsted
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Report for 1972, Part l, 218). (Gibson, Simkins and Austin, with D. Whitehsd'
Physics Department)

Swvey ofrtisease ofs€€d tuben. As in 1972-73 few tubers had blight. Gangrene affected

3 l oi King Edward and 5 % of Pentland Crown tubers, but of sub samples wounded and

stoied at 5'C, 2.0 arrd l7(developed the disease. Black scurf and powdery scab were

of average incidence and common scab and skin spot below average. Helminthosporiutn
(cause ofsilver scurf) was also below average and more infections were found on Pentland
Crown than King Edward tubers. (Hide and Bell)

TABLE lE

&ney offimgal diseases of seed tubers (\ nbers infecteilll stocks with b{ected
tubers)

Exaoincd Discasc

R
P
P
R
R
R
R

Skin spol (Oospotu pustulans)
Gaigrenc (P l@ rr- e xE uo')
Dry rot (Fusafiurn solani)
Bligit (P hy t o p h t ho ra inle s tans)
Bl^ck *!fi ( Rh i zoc I o n io so lani )
Powdery scab (Srorao sporu sublertaneal
Cornmon scab (Srr€pro myces scabies\

Number of st@ks examined

R :€ramin€d at rEceipt.
P: chittcd tubers examiDed at planting.

King
Edward

261e2
3/48
t 128<tl6

nl98
t8fi4
t9196

50

PcndaDd
Crown
2t 178

sl46
3ls4

< l/8
34/1m

2136
el9o
50

Staff and visiting workers

Those appointed to the research staff \'ere Mrs' Roberta Bowen and Janet E' Smith'

Brenda 
'ILmbling, Diane Moore, Jane Simkins, Noreen Sexton and Marilyn Kemp

worketl in the department as sandwich course students. R. L. Griffith resigaed'

Yisiting worken included Dr. T. G. Atkinson (lrthbridge, Canada), P' W' Bartl€tt'
Professor- T. Pirone (kxington, USA), F. A. Powell (Melbourne, Australia) and S'

vorra-urai who was a'waraed tne ph.o- Degree by London University and returned to the

University of Cheingmai (Ihailand). B. D. L. Fitt and R. A.- Hill worked with Agricul-
tural Research council scholarships and P. T. Gans joined the department }Yith a post-

graduate studentship provided bt the Potato Mqrkgtin-e Board' Dr' P. H' Gregory

iontinued working it ihe invitation of the Lawes Agricultural Trust Committee'
Three memberJof staff supported by the Ministry of Overseas Development worked

abroad, R. H. Kenten at the Cocoa Research Institute, Ghana, S. J' Eden-Green on

lethal yellowing of coconut in Jamaica and A. J. Dabek visited the British Solomon

fstanas norcciorate to continue the work on virus diseases of taro. The Agricultural
Research Council supported visits by R. W. Gibson to laboratories in Canada and

USA where mite tro-nimission of plant viruses is studied, by D' Hornby and C' J'

Rawlinson to France for discussions about diseases of wheat and maize and viruses

infecting the take-all fungus and attcndance by D. Hornby at a European Plant Pathology

Discussi-on Group on 'Foot rots of cereals' at Kiel, Germany. In May, J. M. Hirst visitcd

Stockholm and Uppsala at the itrvitation of ttre Swedish Aerobiology Group and J'
Lacey later attend;a the lst International Conference on the biology of Nocardiae at

Merida, Venezuela.
We gratefully acknowledge financial assistance from the Potato Marketing Board and

the Forestry Commission.
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