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PLANT PATHOLOGY DEPARTMENT J. M. HIRST

Smmery

Record-or near-rccord yields, coupled with h.igh prices, brought satisfaction to many
arable farmers. To plant pathologists 1973 was much less a,yiatage' year for their
diseases. The wet spells that studded a prcdominantly dry summei were insufrcient
to etrcourage the most moisture-dependent pathogens, but the early lodging of many
crops encouraged the production of some mycotoxins (p. 121) as well as limiting some
yields.

Within the laboratories we appreciated the convenient and emcient new quarters for
the electron microscopes and related equipment, and the better facilities foi examining
samples from potato experiments. However, it will obviously be some time before the
associated potato storcs, the new wind tunnel and the vacated rooms are completed or
effective.

Vlruses and vlrus diseases. Mycologists would not find it easy to match the success
achieved in controlling several of the major virus diseases of fiable crops during the
last 30 years- Thus, wartime scourges such as sugar-beet yellows and the aphid-transmitt€d
potato viruses (p. 148) are no longer causes of serious loss. Epidemiologists may claim
that this is because lack of direct means of controlling viruses enforced reliance on sound,
and successful, programmes for eliminating or avoiding either the infection reservoirs
or the vectors that make them active. As a result we are able to turn increasing attention
to virus diseases of other crops or countries (p. 118). Two seed- and weevil-transmitted
viruses of field beans (Yicia fabaL.) xe important recent examples (p. 139). The distribu-
tion and efrcacy of their vectors is being revealed, as is the importance of infection at
or before flowering both to seed infection and decrcased yields. Even when weevils were
ascommon as during 1973, the amount ofseed infection determined the amount of crop
infection, suggesting that the vectors were either too sedentary or still too few (p. 139)
to spread much virus far. Because heat therapy, roguing and insecticide treatment seem
impractical or difficult, this may be another crop for which we may need to seek areas
without vectors where seed crops can be grown. Such attractiyely simple solutions may
not be feasible for other crops and diseases. For example, cereal crops probably receive
barley yellow dwarf virus (p. 124) not only from infected volunteer cereals or earlier
sowings but also from a reservoir of infected grass€s. Fortunately, unless sown impru-
dently early in autumn (p. 125) cereals are at serious risk only from spring infection, so
insecticide treatment against vectors is often valuable. A ditrerent strategy may be
required to control virus diseases of grasses and herbage legumes which are ubiquitous
and mostly perennial; so methods used to avoid infection sources and spread of viruses
of arable crops are unlikely to be effective.

Furthermore, pastures are so frequently gazed by dairy herds that it will be difficult
to use sufrciently persistent chemicals to control vectors without endangering milk
supplies with potentially toxic residues (p. 138). Methods better suited to suc-h sitriations
will o-nly be developed by learning about the viruses G). l3O, their characteristics, vectors
(p. 13O and effects @. 13Q. In a plastic film house ventilated with filtered air, we
succeeded in excluding the mite vectors of ryegrass mosaic virus and so holr to measure
tt4
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diferences in the yield of healthy and diseased Plots over several years, and the extent
to which grass-cutting machines transmit the virus mechanically (p. 136).

Damaging pathogens do not always spread among crops; we need to know why, lest
changes in agriculture remove the present limitations. In the glasshouse the se€d-trans-

mitted bean viruses are very damaging to peas but have not yet been recorded among pea

crops. Perhaps, the feeding preferences or scarcity ofvectors may explain this and perhaps

the scarcity of two other diseases of uncertain qluse, oat sterile dwarf (p. 137) aod
European wheat striate mosaic, or a Yirus recently recognised in meadow fescue that
seriously damages oats (p. 137). Quite opposite difficulties confront the work on viruses
of fungi (p. 118), many of which, although prevalent, have not been transmitted other
than bt hyphal anastomosis and which usually seem harmless to their hosts. Indeed the
difficulty oi recognising, isolating and culturing any letlal virus from an organ so in-
conspicuous as a moribund fungal hypha must make their detection improbable with
current methods,

Successful control of virus diseases by limiting their spread and sources of infection
does not remove the need to find ways to counteract viruses directly. Any properties that
might be employed must therefore be investigated carefully; two remote Possibilities were

suggested by features of viruses studied during 1973. The first is the possibility of arti-
ficiilly simulating the resistance mechanism whereby one virus may protect a host plant
against infection by a second (p. ll7). The second arises from the discovery that aphid
transmission of potato virus Y group viruses depends on a virus-coded component of
plant sap (p. ll7). Should either promise development of a prophylactic treatment we

may be abli to test it rrore quickly and quantitatively by our developing skill in infecting
naked plant protoplasts with viruses (p. llQ.

ftmgos rnd other diseases. Mycological plant pathologists have a superfluity of prob'
lemi, much more complicated by difrculties of the soil, plant nutrition, changing weather

or competing micro-organisms than those the virologists are currently studying. Further-
more, fungal diseases especially ttrose of foliage have progressed much further among
the doubtful blessings of technolo$/, into problems of specialised races and fungicide
tolerance. Dificulties of eradicating these Pathogens imply the need to show how to live
with them by adapting farming systems.

Although we began studying the pathological consequences ofdirect drilling more than
ten years ago, difrculties with machinery and herbicides then limited the success of the
experiments and the interest of farmers. However, the area of crops so'$/n rf,ithout
ploughing has increased greatly in recent years and research institutes are combining their
ipeciit skills on a new series of experiments (p. 13, that become ever more topical as

the possible consequences of energy shortages ere more widely recognised. L.ess cultiva-
tion implies less soil mixing and changed distributions of plant nutrients with depth in
the soil. Shortage or excess of nutrients influences root diseases and our ability to diagEose

their symptoms (p. l3l, and 134) so we have begun to study how much inoculum is
formed at different depths and redistributed by various cultivations. However, we expect

trash-bome diseases to be affected more quickly by reduced cultivations than either root
diseases or, if herbicides arc effective, obligate pathogens of foliage (p. 135). Diferent
crop sequences (p. 131) and cultivations will add still other factors to the complexities of
take-all and other root diseases (p. 135).

Two kinds of partial inhibition of take-all have been transferred, one with large

fragments of plant debris (p. 129) and another temporary inhibition (p. 130) associated

-o.e oritt mitetial thut passes a 150 pm sieve. Diffi.culties have arisen in interPreting

experiments aimed to accelerate the develoPment oftake-all decline by growing sequences

of cereal crops @. 129).
115
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Few tasks in plant pathology are more necessary or more dimcult than attempting
to measure the eflects of pathogens. The search for better understanding aDd methods
is ooe which will occupy an increasing anount of our effort in almost all phas€s of our
field work (p. 122). The special methods being tested with ryegrass mosaic virus (p. l3Q
will bc €xtended to other virus and fungal disease pathogens. Studies of efects of root
pathogens on nutrient uptake and translocation continue in collaboration with L.etcombe
Iaboratory (p. 123) and will be marched by work just begun on foliage and root diseases
of cereals. Tests of the gains from fungicide applications continue to be important in
potatoes (p. 143), grasses (p. 138) and cereals. Powdery rrildew of barley serves as an
example of an air-dispersed organism causing interactions between plots in field experi-
ments and its dispersal gradients (p. 12, are being studied in the hope ofsuggesting better
experimental designs @. 127). In cornmon with most plant protective chemicals (p. l4l),
fungicides used on cereals seldom have effects restricted to one dis€ase. Thus on cereals
they may affect not only foliage pathogens (p. l2O but also populations of moulds that
may cause problems in storage (p. 120). Although methods are still imperfect it is plain
that the widespread lodging of crops encouraged colonisation of grain by organisms that
produced the mycotoxin zearelenone (p. l2l) and could have contributed to the develop-
ment of organisms previously not implicated in the im:nunological reactions of sera
from the drivers of combine harvesters (p. 121).

Experiments on many potato diseases continue to be hamp€red by the lack of summers
wet enough to allow adequate testiDg of the spread of bacterial and other tuber rots
(p. 142). However, we continue to improve the health of the potato seed tubers that are
used on experiments at Rothamsted. For some years the Plant Pathology Department has
been able to grow tbe healthiest seed crops at Rothamsted for its own experiments; in l9Z3
the roles were reversed and for 1974 experiments the Farm will provide the best, while
the pathologists have had to grow small quantities of commercial stocks to ensure
diseases. Comparisons show that the healthiest again out-yielded the average of com-
mercial stocks by more than l0% G,. 145), even more with irrjgation (p. lz16), and that
incidence of several diseases was approximately halved (p. lzl4). However, there is still
no effective bactericide (p. 143) and although fungicides are essential to maintain healthy
stocks (p. 145) available materials are inadequate for coDtrolling established inoculurn
(p. 147) or symptomless infection which remains a troublesome problem in controlling
gangrene (p. l,l4).

koperties of viruses anrl virus diseases

Simdiffcd preparation of tobacco protopl$ts for virus infection. The usefulness of
naked protoplasts, for studying virus iDfection and multiplication, depends much on
simple and reliable methods of preparing protoplasts that are easily infected. Initially it
seemed that close standardisation of the conditions of leaf growth might be necessary.
However, we now find the methods of separation and the constitution of the medium
during virus multiplication are more crucial. The lower epiderrnis of tobacco leaves is
peeled away and small (2-3 cmz) pieces of them are placed, peeled side down, in petri
dishes containing 0.31Macerozyme,0.6l celtulase and 13.21D-maDnitol. The proto-
plasts are rcleased during overnight incubation at 25"C and then handled and infected
as described by Takebe and Otsuki (Proceedings of the National Academy of Science,
(196r, A,843-848). Using mixed enzymes in this way it is not necessary to'shake the
pr€paration and this results io consistently large yields of protoplasts of which many caa
be infected by tobacco mosaic virus (IMY). From leaves produced in various conditions
we obtained lelds of yirus (2 x 108 TMV particles/protoplast) equal to those from the
'two-step' method. We found it uanecessary to add the polyanionic substance, potassium
l16
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dextran sulphate, but caclz (10 milf) must be present in the medium for multiplication
ofthe virus. Thji is true even when potassium citrate, which chelates calcium, is omitted

from the infection medium. (Kassanis and White)

R6istrnce of tobacco ptitrts to Yins iduced by potyacry[c acirl' Tobacco leaves (cv'

i"otti; Uoo-" 
"o.pietely 

resistant to infection by TMY about two days aftel injegtilq
their intercellular spi""s *itn pory"oytic acid preparations varytng in mol. wt. from 3500

; 320 OO0. fven iijection just before virus inoculation slighlly decreased lesion number

and made then m;ch smiller than lesions on control half-leaves injected urith watef,

Resistance was not induced by injecting polyacrylarride of similar molecular weighl so

it seems that the distributior of ihe polyanionic charges within the pollmcr molecule

ii tn" i-port"ot feature. After leavei become resistant, three extra proteils 
- 
occur in

hatf-leav; injected with polyacrylic acid but are lacking in half-leaves injected with.water.

when injected plants are kept for two days at 32"C bot\th,e€xtra proteins and rcsistance

disappeJr. The'induced resiitance is complete against TMV and tobacco necrosis virus

U"tti'of ,"ni.n caus€ hyp€rsensitive reactions but only partial against potato virus X
which infects tobacco (cv. Xanthi) systemically. (Gianinazzi and Kassanis)

Like polyacrylic acid, the RNAs of viruses have polyanionic charges' Therefore,- a

similar resistance might be exp€cted in leaves systemically infected by viruses and the

effect should not be slpecific. Tibacco plants (cv. Xanthi) were systemically infected with
potato virus Y, potato virus X, potato aucuba mosaic virus, cucumber mosaic virus and

itfUfa .os.i" 
"iru.. 

When leaves, inoculated or infected systemically, were reinoculated

with TMV they developed only O-{/J.f of the number of lesions on comparable plants

not systemicalli infected. Furthermore they contained-the same three extra proteins as

found in leaves injected with polyacrylic acid and both the proteins and the resistance

decreased in plants kept at 32'C.
Thus, planis seem to have a resistance mechanism comparable to that in animals where

the protein interferon is produced &r a rEsponse to vitus- infection or the injection of
polyanionic substances. (Kassanis, Giar.jnazzt and White)

A trrnsmission comPon€nt for Potato Yilus Y (PYD. Last year (Rothnnsted Report fot
igzZ,purt 1, 123) we describei a method of preparing PYY extracts that enabled aphids

to transmit virus'acquired by probing through artificial membranes. Transmission efr-
cieocy was increased when virus preparations were con@ntrated by precipitation with
,--onium sulphate or polyethylene glycol. In further experiments, virus purified by two

cyctes of aiferentiat oni.ifog.tion *ij not transmitted. However, the ability to transmit
was restored by mixing the purified virus with supernatant obtained by ultracentrifugrng

a fresh extract. The supernitants alone were practically non-infective and aphids never

transmitted virus from them. When aphids probed into supernatant and then into
purified PYY, they transmitted almost aswell as if the two were mixed but aphids did not

transmit if they probed virus before supernatant.
iransmission Ly aphids that probed iupernatant before pudfied virus was only slightly

dec-reased w1en uotii".o- to PYY was added to supematant but completely prevented

wten it was added to the virus.
ApUaaalsoacquiredpotatoaucubamosaic,severeetchandhenbanemosaicviruses

thro'ugh membranes if tte virus was fust mixed with supematant from a PVY extract"

U,,ip!t"to ri-. X and tobacco mosaic virus were not transmitted. These results suggest

tu"t""p or pr*ta infected with pw contains some component, other than the virus or

it" ;trf"1o."i ;.;t"in, that is rccessary for the transmission of PVY and enables aphids

to tran -lt oine. 
"iruses 

of the PW group. (Govier and Kassanis)
t17
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Yirus itseases of eopical orpe
Ihe puifudon and poticbs of naiu stea* and rclaed iruset ln collaboration

v.ith the E:st Africaa Agriculturar and Forestry Research organisation maize streak
vi1u1 

^was 
purificd by homogenising infected ljaf tissue in 0I0lM phosphate buffer,

pH 3'9, and clarifying the extract rvith butan-l-ol (7 ml/100 mt extracty. furinea preprai
tions contained particles 20 nm in diameter, some single, but most pairea curacteiisti[tiy
to form structur€s 30 nm long and 20 nm across. Tie sidimentation coeftcients of sinlil
a.nd-p11r9d particles were respectively 54 and 745. preparations made at pH 3.9 gavi a
single_ light scattering zone when centrifuged in sucrose density gradients and thii con_
taingd pairgd particles. One or two additional zones were foriea fron pr"puiatio^
made at pH 5.9 or 7.9 and contained single particles or fragmented material.

serologically related viruses with similar particles ani sedimentation coefrciedts
were isolated from streak-diseased sugar cane and guinea grass. (Woods, v.ith Dr. K. R.
Bock and Dr. E. J. Guthrie, EAAFRO, Kenya) -

Yirases i$nting ,a?a (Colocasir escnl€dr). Three possible vectors of the yiruses
causing Alomae and Bobone diseases (Kenten & Woods, illvs (1973), f9, 33_41) are now
established at Rothamsted; rhe planthopper Tarophagw proinpii, the apt;d Aphis
gossrpii 

^ad' 
th9 mealy bug Planococcus crrri. Transmission exp€riments in 

-the nritst
Solomon Islands, confirmed by electron microscopy at nothamsted, have suggested that
T. prosperina transmits both Alomae and Bobone-.'Tests at Rothamsted hav;:onfrmed
Be planthopper transmits Bobone but, so far, not Alomae. @lumb, with Mr. D.
Gollifer, British Solomon Islands protectorate)

Plants with symptoms similar to Bobone, collected in papua New Guinea, contained
particles similar to those from Bobone plants from tle Solomon Islands- Thus this
virus seems more widespread in the S.W. pacific than previously recorded. No Alomae
has.been recorded in Papua New Guinea. @umb, with Or. Dorothy Shaw, Department
of Agr.iculture, Fisheries and Stock, papua, New Guinea)

Yirus-like particles (Ym) h fugi
hridcnce ol YLP in Gaeumannonyces graminis. A culture of the vari ety G. grurrinis

graminis (catrse of brown sheath rot of rice) from Dr. J. Walker, Oepartment 
-of egri-

culture, Nev South Wales contained no yl,p.
Isolates of G. gramhis tritici ftom Little Knott field grew faster and produced more

perithecia wien they came from a twelfth consecutive sriceptibre cereal &op than when
they came from the third but the difference was unrelatcd ro the occurrence of yLp.
(Rawlinson and Muthyalu)

. Puifuation d YLPlozr G. grrntuir. It is morc difficult to use d.iferential centrifuga_
tion to purify fungal viruses than those from flowering plants, because some com-
ponents of fungi centrifuge similarly to virus particles, andare not'denatured and coagu-
lated by repeated centrifuging. Analytical electrophoresis suggests that electrophor€si;in
sucrose density gradiens. might be useful for separating VI-f from fungai material.
usrtrg borate or tris-chloride buffers at pH g.g, wp moved towards the andde wh e the
unwanted material remained close to the origin. During 24 hours some VLp migrated
6 cm, enabling clean preparations to be recovJrcd. Howe-ver, the yield was small bicause
other particles remained closer to the origin, probably compteiJ *itU fungal malerial.
To improve the separation it will be necessary to find how^to Aisrupt thesi compleres.(Carpenter)

lt8
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Properties of wleic ac l fun WP h G. gramids Nucleic acid extracted from
p*lnia pr.p"iutiors of YLf by a single phase phenol method gave a positive orcinol

[J fo. i.Ni and weak Dische reaction for DNA. The u.v. spectrum showed that the

iit 
""i 

Ar. contained some protei4 but this was not important in the experirnents

a'...rt"6. 1.n. nucleic acid eitr""t gA"" positive double-strandd RNA reactions with

".ridio" 
oruogu and reacted in gel-diftusion plates with antisera prepared, agallst a

""-pf", .f iethylated bovine 
-serum xllrrmia aa( double stranded polyinosinio-

""t"l"tia"U" 
acid: which is said to be specifc for ds RNA (Mofrtt & Lisler, Yirology

llilii, ii, nl-lu). These reactions were also obtained with nucleic acid extracted

directly from cultues of G' grazmir with YLP.--Oniolyacrylamide 
gels tde nucleic acid showed two main bands which migrated close

toge-tt'".-'The 
"t""troploretic 

mobility of this doublet depended much less on gel con-

""it "tio, 
than did ihe mobility of ribosomal RNA. It moved faster than rRNA on

*r" t iin uUo"" 4% acrvlamide, but slower on weaker gels; behaviour characteristic of
touble-st.anded m6lecuies. Identical results in gels were obtained when nucleic acid was

t"i.*"a tV io"uU"ting YLP for !-10 minutes with l% SDS at 55'C; thus the protracted

phenol exiraction prdcedure did not change the nucleic acid detectably' Release was. not

ilr;;rJ bv lonser incubation or adding urea up to 8M' Nucleic acid from purified

prJparutioor was-not broken down by pincreatic ribonuclease and deoxyribonuclease;

ihis is consisteot with the nucleic acid being double stranded. Attempts to separate

the strands have not yielded intact single.stranded molecules so we arc unable to estimate

their size. However, 
-when 

the nucleiC acid was spread on protein monolayers, electron

microscopy showed many threads about I pm long and from this we esiimate the duplex

moleculei'to be about 1 x 10s daltons. The genome probably consists of two such

segments of doubled-stranded RNA, but we do not know w-hether.the two piec€s of RNA
ai within the same or different particles. (Carpenter and Rawlinson)

Attenl,rs b r.lattsmit fit gat ZIP. Studying the efects.of VL-P is hampered by the

tact of i;mpte ways of iraismitting them without possibilities_of genetic change in the

nost. We founrl nb difficulty in producing protoplasts ftom G. gratninis ,rirrci isolates

containing VLp (using .HPi special' enzyme preparation from Micro-Bio Laboratories

Ltd.). HJwever, 
'uninfected 

iiolates produced few protoplasts from which we were

unable to make any regenerate mycelium.- 
trty"opt agoo. nema-todes (Aphelenchoides blastoPhlhorus., Aphelenchus avenae and

pitui*ih^-d"rt*cror) were ied for up to one month on isolates of G. g. tritici th't
-ituio.O VLp and titen transferred, quickly and aseptically, to uninfected isolates.
grtr""tr f.oln these cultures did not contain detectable particles during any of the first

six weeks of growth with potentially infective nematodes.

Prcpenics of lurWi with ZIP. Yirus-like particles occur commonly in fungi, but
*"faoi t 

"t 
thiii prisence been associated with evident damage' Among other possible

"f*s, 
*" investigated whether fungicide tolerance miglt- be related to the altered

metabolism of isoiites containing YLP. No such relationship was established between

toi"rao"" to benomyl and the presence of VLP in species of AsPeryillus,. Bottytis'

Colletotrichum, Gaeumoummycei and Penicillium. (Rawlinson and Muthyalu)

Biodeteriorrtion

Sooilace of plant produce by fungi and actinonycetes is important both because feeding

"if"#l.rtlr"a 
.outds can produce toxic metabolites in the substrate while their spores

may cause allergy or infection when inhaled.
l19
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Incidence of moulls rnd toxins

-Ia baqley _groin. The surface microfl.ora of maturing barley grain comprised only
about 5 % of the number of micro-organisms found on Jnescin! tJaves. ouring the foui
weeks before harvest, &e grain microflora increased by aboui 60%, -..At";;; th;grain was mature. At harvest tle 

-microflora 
was dominated Uy tu"t#a, v"astsiipeciuUi

Sporobolomyces), Aureobasidiwtt, Hyalodendron, Cladosporiuri, Alternaria and, ipiiocati.
lryi=:l Fusaliun,. Asryr.Sjttus and penicilliunt *"ri ulro iresent in ."ri."-pi"..
tsuDgrcrdes used against foliage pathogens of barley modified the surface microilora
oI the grarD. lewer micro-organisms occurred and gra.in germinated slightly better after
:lturyC_ yit! captafol than without fungrcide 6r t ilh t id"-orpi, benomyl and
'BAS3170F (for which the common name &nodanil is being adopted) (fatfe fy.'lfany
crqal-crops_ were lodged early by storms and three to five tiies as muih wheat o'r Uaifei
grain from lodged plants yielded .Fasarianr colonies as that from plants stand.ing ""-ty.

lhe efect of fmgicr" ,r"or^"n, or r"iffir'* microflora of barley grain at harvest
TreatEent

GraiD germidated ("
oreadsms/g dry fi: '( 

x 103)

Initial watcr cotrteDt (id)
UDs€aled contaiEris

Sealed containers

Control trideEorph betrooyl .BAS3I70F

93.2
606

92.8
82

captafol
.5

76
93.6 92.6

Barley grain was stored in sealed or unsealed containers with initial water contents
ranging from_ 15 to,lOl. During storage, the water content, heating and aeration ofthegrarn controled the amount and type of moulding.'fable 2 shows the ofganisms that
became dominant and the maximum temperatureJattained. Grain in seared containers
did not heat,.but unsealed grain with mtre than 251of water heated to 5g.C. Alth;ugh
rewetted grain (30-4ol wat* content) eventually reached the same temperature and
grew the same micro-organisms as grain ofthe same water content straight f;om the field,
it took two or three times as long to do so and produced fewer spores. 1n. A. Hi[ and
I-acey)

TABLE 2
Domino otganisms and nmximum temperanres in bartey grain stored with diferent vtarer

conlents in sealed and wsealed containers
1522304{

Uttle growth Paicillium Th(rmophilicglancus pi@um fullgi 'aod

(22"c) (a.c) (55.c) 8tr'.'d**
Pentc lium penicillium pcrncillnoi

hotd.i ruquelodi root0fonlQ5.q Ql"c) ix"q
Ia feeding srqrf. Toxins in feeding stuffs tav€ usually been attributed to fungi

g,911nS in them during storage, but occasionally they occur in apparcnfly clean graii'.
,l T r9y"" of these toxins may often be Fusarium spp., which are usually co--oier in
trerds than grarn stores. Experiments were therefore started to detect how often toxins
are produced in feeding stuffs before harvest.

The moisture content of freshly- mown,-hay was modified by watering or covering
swaths with po-lyethylene tents and sampling periodically to d;termine tte microflo;
and presence of substances toxic to chick embrlos. uost ptots tnaitaa been watered or
covercd^erentually developed populati ons of iusa un.pp. *.t extracts decreased thehatch of fertile eggs from 70ol to betweetr 22 and 4gl.
tn
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Plots of barley, $,heat and oats were also covered during parts of the ripening period.
Hot westher prevented humid conditions or detectable changes of microflora. However,
grain sanples taken from lodged but untxeated barley contained 10-15 ppm ofthe oestro-
genic toxin zearalenone. Exiracts from samples of oats that contained lodged grain
decreased the hatch offertile eggs from 70% to betweetr 0 and 16f. The toxic factor and
its distribution between treatments has not yet been defined. (Lacey with Mr. A.
Hacking, Agricultural Development and Advisory Service, Shardlow)

Aclirrorrgeles lrom sared pmfuu. Previous work on the microflora of heated
sugar cane bagasse (Rothamsted Report for 1969, Part l, 172) revealed actinomycetes
that rcsembled Nocardia spp. These have been compared with species of Nocardia,
Actinomadura and, Micropolyspora by numerical taxonomy based on physiological and
morphological characters. The isolates from bagasse formed a distinct and homogeneous
group with spore chains that are bead-like, of indeterminate length, with hairy sheaths
and with vegetative mycelium that frapents. They were not acid-fast, had type fV cefl
walls, but lacked nocardomycolic acids; they utilised most of the carbon sources teste4
hydrolysed most of tle test substrates including elastin, a character associated with
pathogenicity to mammals, and are resistant to many antibiotics. They most resemble
Aclinomadura dassonvillei but difer from it in spore characters and type of cell wall, the
last a character so important that they may need to be placed in a new genus. (Lacey,
v/ith Dr. M. Goodfellow, Newcastle University)

Consequenccs of moukl growtt

feed g nouldy i4y. Sheep fed mouldy hay develop precipitins to the thermoph.ilic
actinomycetes that cause farmer's lung. Experiments were continued to test the effect of
intermittent heavy exposure to airborne spores on clinical, immunological and patho-
Iogical changes. Sheep fed hay tlat had been baled damp to encourage the growth of
thermophilic actiDomycetes were exposed, usually for three days, in pairs in polyethylene
tents to dense concentrations of airbome hay dust released by shaking. Others were
exposd by feeding alone. Before and after exposure, blood samples were taken for
precipitin tests and skin tests were made for allergic responses. Sheep were killed im-
mediately after exposure and at intervals up to three we€ks later for microscopical
examinatiou of the lungs and cultue of their contents. After exposure to dense con-
cetrtrations of ahborne dust, the lungs contained 2.5 x 104 propagules/g of Thermo-
actinomrces wlgaris alad 4'7 x 104 propagules/g of Mioopolyspora faeni. Fun$ were
much less numerous. After 13 days feeding on unheated hay these organisms were still
present, although numbers had decreased to one-tenth or less, and organisms character-
istic of the new hay were found. Clinical changes were few, although lungs contained
some lesions that still have to be investigated. Skin test reactions were inflammatory with
many neutrophils but few eosinophils. (Lacey, with Mr. G. A. Embleton, ARC
Institute of Animal Physiology, Babraham, and Miss J. Mitchell, Cardiothoracic
Institute, Brompton, London)

Dast haz@k duiry Extrasts of 20 fungi and actinomycetes representing
the most common genera present in combine harvester dust, the actinomycetes causing
farmer's lung and Aspergillus fumigalus werc tested in gel difusion plates against sera
from 26 farm workers exposed to this dust. Most exrads gave no reaction but precipitins
were detected in l3 sera, 12 to Aph,orocladium album, 11 lo Paecilomyces farinosus and
l0 to Yefiicillium lecaaii. N7 had spores previously classified as 'Cephalosporium type'
(Rothomsted Repott fot 1972, Part I, 128). Partial immunological cross reactions were

l2l
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found between,{. ahun and, Y. lecoii, but the precipitins werc not identical and there
was no cross-reaction with P. fariaosus. Positive skin test reactions wer€ obtained using
extracts of these three organisms and of other common species. The significance of thcse
prccipitins and positive skin tests in rcspiratory complaints by combine harvester drivers
will be examined. fl-acey, with Dr. C. S. Darke and Dr. M, Ward, Shcffield Royal
Infirmary)

Stbcrosis. Following the discovery of precipitins t o extrtcts of Pencilliwr frequentans
in sera from workers in a cork factory who suffer from suberosis (Rotharnsted Report
for 1972, Part l, t29), it has been showr tlat sensitised people who inhale aerosols of
extracts of P. frequen @lJ develop respiratory symptoms typical of the disease. However,
granulomata in the lung characteristically contain mrk particles, so the role of cork dust
in the suberosis syndrome rcmains uncertain. (Lacey, with Dr. R. Avila, Faculdade
de Medecina de Lisboa)

hevention of noul@ in dit'I, hry. On analysis, samples from a 1972 exprirent
showed that hay baled, zt 4l%water content lost more than half its soluble carbohydrate,
presumably through moulding. Losses were decreased as initial water content was
decreased (to 28 and 26)p or as more propionic acid was applied (up to 3ZJ. Losses of
dry matter, indicated by increasing ash content of samples, were much greater from
untreated hay than was indicated by weighing whole bales and determining the dry
weight before and after storage, but the response to appllng propionic acid was similar
by both methods. (kcey, with Festenstein, Biochemistry Department)

The difficulty of applying propionic acid uniformly during hay-baling is a major
factor limiting commercial application. Testing experimental distributions has been
difficult, but should be simplified by a new technique based on gas chromatography,
using a'poropak Q'column and flame ionisation detector. Hay baled at 28% water
content, with 3l propionic acid applied during baling, contained on ayerage 1.5%
propionic acid after storage. However, the distribution of the material was eratic
within bales and even along individual grass stems. Mould-free stems contained slightly
more propionic acid than others but individual 1 cm segpents often contained less than
10 f of the average for a whole stem. Fungal gowth was usually greatest on segments of
stem containing little propionic acid, but occured on adjacent sepents containing
more; perhaps because the fungi colonised untreated parts and later grew beyond them.
This emphasises both the slow redistribution of the propionic acid vapour and the need
to improve the distribution of acid during baling. (Lacey, with King Pedology Depart-
ment, K. A. Irrd, Insecticides and Fungicides Department and Mr. R. Charlick,
National Institute of Agricultural Engineering, Silsoe).

Mersing effects of pathogctrs

Diseases affect agriculture both directly, through the quality and quantity of crop yield
and indirectly tlrough crop rotation or the cost and reliability ofcrops influencing farming
systems. Measuring the consequences of diseases is one of the most necessary but most
difficult tasks in plant pathology, and one where success has been limited. To decide
research priorities within plant pathology and of the subject relative to others, sound
estimates are necessary. Diseases are much affected by weather, so measurements must
be continued over several years ; disappointingly often they are then invalidated by changes
in cultural practice or of crop varieties, now perhaps the major variable in the incidence
of many diseases.

Methods ditrer greatly betw€en countries, but in Britain most effort has been given

t22
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to using surveys of incidence to extend the application of results from experiments
iovolving chenical control. Often scant understanding enforces reliance on empirical
relationshipa. l-li!a- in 1973 we began investigating how foliage and root pathogens of
cereals afrect plant activity and if possible to find improved methods for measuring this.
These studies will be linked with our collaborative work on root diseases v/ith the
Irtcombe Laboratory (see below) and others described elsewhere in this Report.

Nutricnt antl rater upt te by herlthy snd tliseasd wheat. During 1972 we inoculated
microplots on a sandy loam at Woburn, using wheat seedlings fufected by Gaeunono-
myces graninis bu.t not enough takB.all developed in spring wheat to produce detectable
differences from healthy crops in the extraction of soil moisture or of injected 3zP

(Rothamsted Report lot 1972,Part l, 127).In autumn, the same plots with others tlat
had been fallow, were sown with Cappelle-Desprez wheat to giye plots growing healthy
wheat and others v/ith two diflerent severities of disease (Iable 3).

TABLE 3
Incidence of take-all and yield of Cappelle wheat: lYobum 1973

Spring wheat, Spriag wheat,
lnocilated Dot iooculated Fallow

Goppiag
iE 1972

% plauts iDf€c{ed
20 February
9 May

16 JuIy
Yicld

Gtai4 t/ha
Su?w, t/ha

r.64
2.90

-8.65 -2.U
-1.t| -0.26-6.9 +1.38
-5.62 +0.92
-3.01 -o.44
-3.07 -0.49
-1.14 -0.34
-t-76 -0.78

-55.18 -5.43

2.95
4.23

-7.49 -2.82
-7.69 -r.00
-1.41 +0'59
-7.27 +0.35
-5.19 +0.08
-4.11 -1.21
-1.63 - r.80
-t-74 -0.63

-57.75 -ll.60

4u
84

l5
45
72

0
0

m

4.U
5.96

Soil moisture content w:ls estimated weekly with a neutron probe, at intervals
between l0 and 100 cm deep. Table 4 shows large diflerences in the amount and depth
distribution of water extracted by the different crops. Unfortunately, not all the difer-
ences can be attributed to the difering incidence of take-all. For example, wheat after
fallow was the strongest growing, even before roots on any plot were infected with take-
all, and despite the addition of extra N fertiliser to wheat after wheat to compensate
for N released into fallow soil. Wheat aftcr fallow also suffered least winter killing and

TABLE 4

Water extracted Irom soil by Cappelle wheat: llobum 1973

cropping itr 1972 sp wheat ittoculat€d Sp wheat not ino@lated Fallow
Datcs: From 3l May 25 JuDe 31 May 25 June 3l May 25 Juo€

To 25 June 30 July 25 JuDe 30 luly 25 Juoe 30 July
ChaDge itr soil moisturE--.rbitrary units

Dcpth (cm)
10
m
304
50
60
m

100

Total: 0-100 c0

-..10.65 -2.15
-9.69 -3'70
-9.D - r.84

-10.28 -0.51
-9.46 -0.94
-7.97 -2.12
-4.85 -3.53
-2-26 -3.m

-84.25 -21.69
RaiDfatl-3l May-25 June: 35 mE otr 3 days

25 Juni3o July: ?3 EE oE 15 &!rs
t23
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grazing had larger wheat populations and consequently less competition from mayw€cd
and annual grasses. These diferences may account for much of the difference in total
water extracted between 3l May and 25 June. However, the effects of take-all seem morr
likely to explain why diseased crops extracted so much less between 25 June and 30 July
and always took a greater proportion from the top half of the soil profile. The uptake of
82P into leaves was measured seven weeks after it was injected early in May at depths of
20, 30 and 40 cm. Diflerences in uptake resembled those for water extraction but were
Iess sp€ctacular, presumably because no 32P was injected below rl0 cm and uptake was
measured over the period 8 May-26 June, before take-all had much effect on water
extraction. Of the total 32P extracted from the three depths respectively, infected wheat
took 38, 32 and 401and healthy wheat 28, 25 and 47%. (Salt, with Dr. F. Ellis and
Mr. K. R. Howse, Letcombe liboratory, Wantage)

Danage by znosporic fugi
Olpidim fection aad irun defuiency in cobbage. When Olpidium brassicae infects

cabbage roots, it disturbs some transport processes, especially the movement of iron.
Chemical analyses showed that infection did not afect uptake of iron but considerably
diminished translocation to the shoot. Thus, in plants grown in solutions containing 2,
0'4, 0'08 or 0.016 ppm iron the proportions of total hon in the shoots were respectively
19, 48, 52 dnd e% in uninfected plants and 11, 24, 38 and 4O/" in infected planrs.
Infection scarcely changed uptake and distribution of potassium, magnesium and
phosphorus but increased amounts of calcium in shoots and roots and the proportion
of the total in shoots. (Macfarlane)

Tests, using uninfected and infected plants grown in solutions containing 0.5 or
0'05 ppm iron and then transferred to solutions containing 0 5 ppm iron labelled with
50Fe, showed greater uptake and proportion translocated in plants initia[y gown with
less iron. Infecting with O. brassicae did not affect uptake but geatly diminished trans-
location to shoots, from 561 in uninfected pla-nts to only 16{ in infected plants. Micro-
autoradiographs (using 55Fe) confirmed that iron was retained in infected roots especially
in tleir outer layers although we do not yet know whether it was concrntrated on the
surface, in the fungus or the infected host cells. Infection had no eflect on uptake and
translocation of phosphorus (3rP) but, in contrast to the previous experiment, it
decreased uptake and translocation of 85Sr an isotope often used to simulate the move-
ment of calcium. (Macfarlane, with Dr. D. T. Clarkson and Mr. J. Sanderson,IJtcombe
Laboratory, Wantage)

Darnage to sagar bea 6y Polymyxr beta€. In Italy this fungus is associated with
'rbizomania', an excess production of fibrous root at the expense of the storage root.
The fungus occurs in England but has not been associated with root deformation or
other synptoms. Beet plants were therefore grown in sand culture and inoculated with
zoospores of an East Anglian isolate of P. betae. Infection decreased yield of storage
roots by 50% in one experiment and 20f in another but formation offine roots se€med
normal. The results need confrming with cultural methods better suited both to the
growth of b€€t and an essentially aquatic fungus. (Macfarlane)

Cereal diseases

Barley yellow rlrrrf yirus (BYDY)
Pherology of BYDV and i* aphid tectors. Slightly more Rhopalosiphwn lndi werc

caught in the Entomolory Department suction trap at Rothamsied than in 1972 but
Sitobion ayenae and Metopolophiwn ilirhodwt were much less numerous, and the total
124
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cstch was the smallest for flve years. Infective alate R. padi and S. avanae were frst
trap@ on 30 May and 2l June respectively, one and two weeks later than in 1972. No
infective alarc M. dirhotfutn werc fortnd. In autumn -R. padi wete a littlc commoner than
in 1972 atrd many more caried BYDV; of those trapped to the middle of Octoer, fi %
carried virus, often of severe isolates. Early sown winter crops may therefore have becn
st considerable risk.

Efc* of BYDY ud qptr&Ir. Recent conc€rn about oereal aphids has stressed direct
feeding damage, especially to ears by S. avenoe, it astern regions; whereas in the south
and west their role as vectors is thought more important. Consequently much of our work
is now based at Rosemaund Exlrrimental Husbandry Farm (Hereford) and, in conjunc-
tion with the National Institute of Agricultual Botany, at Seale Hayne Agricultural
College (Devon).

During 1973 there were few aphids and little virus on spring barley (Julia) in Devon,
Hereford or Herfordshire, so insecticides had little effect on yield. Experiments t€sting
the effect of insecticides and sowing date on BYDV infection and yield of winter oats
(Rothamsted Report for 1972,P*tl,13l) werc morc succ€ssful' At Rothamsted (Table 5)
plots v.ithout insecticide yielded most when not sown until Novemb€r. However, the
best yield was obtained by sowing in S€ptember, after applying phorate granules and
followed by a menazotr spray in May. Grain size was greatest from September sowings
but insecticides only increased it significantly where both phorate and menazon \4'ere

applied. During June 1973, untreated plots sown the previous September had ten times
as many plants with BYDV as plots sown in October or November' Phorate t€atment
of September plots decreased virus infection and aphid number by 75 f.

TABLE 5

Efects of insecricides and their tirnes of application on yield of winter oats (cv. Peniqth)
sottn on diferent dates (Rothonsted 1972-73)

Datc of sowitr8 (D) 25 S€ptember 23 Novernbe.

TEatmeot
Nil

phomte (P)
melazotr (M)
P+M

s.23
5.M
4.99
5.08

PM DPM

o.151 0.262

4.90

5-21
5-46

SED D

0.l3t

26 October
tlhs

4.57
5.03
5.01
5.18

DP DM

0'185

These results support our previous suggestion that very early sowing in autumn may
encourage much virus infection and suggest that it may be economic to use insecticides
to prevent this. However, the treatment would not always succeed because, in a com-
parable but simpler experiment at Rosemaund, there was no significant diference in
yield although plots sown in October developed less BYDY than those sown in September.
(Plumb)

Pordery lrildew (Erytfuit Crurdr,fui, of c€reab

Mildew on wider buley ottd its rule a a souce of hfection of spfig badey. There is
Iittle doubt that mildew developing early on winter barley often proYides the inoculum
that infects spring crops. There is therefore much interest in ttre infection of newly sown

crops in autumn, in the gadients of infection from them in spring and the exient to which
theii menae can be decreased by adjusting sowing date or chemical control.

t25

0.r07
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Winter badey (Maris Otter) was sown in Septemb€r, October, November and February
in one series of contiguous plots and in another where plots were isolated from earlier
sowings. The isolated Scptember plot was rejected because of severe grazing but its
equivalent in the contiguous series had more mildew in early February than the October
sowing (1.8 and 0.7[respectively, of the second youngest leaves). By mid-May all
contiguous plots had much more mildew than isolated plots but plots sown in October
and November had as much or more disease than those sown in September. Later com-
parisons became difrcult, because mildew seemed then to be affected more by di.fferences
in grovrth stage resulting from different dates of sowing. These and previous observations
show that sowing early in autumn increases the risk of severe infection soon after emer-
gence and that mildew can develop and spread considerably before spring. However,
it has not proved possible to predict infection in spring or the dsk to other crops from
the date of sowing or infection in autumn.

Two large plots of barley stubble were separated and flanked by equal areas of winter
barley (Maris Otter); the stubbles were ploughed and sown to spring barley (Zephyr).
One stubble plot was sprayed and cultivated to eliminate voluntecrs, which were per-
mitted on the other plot. In early February there was most mildew in the winter barley
to the east of the untreated stubble, but differences were much less by late March.
However, Table 6 shows there w€re ste€p gradients of infections in the spring barley on
16 May which had become more gradual by 6 June; presumably the earliest infections
had by then become active sources. By contrast, the gradient of leaf blotch remained
steep, prcsumably because it is caused by a fungus (Rhynchosporium sacalrs) which is
predominantly dispersed by rain splash rather than air dispersal. (Jenkyn)

TABLE 6

Average disease gradients in sping barle! to Eatt and llestt of winter ba ey
M€au distance from winter 1.0

barley (m)

Mildew, 16 May
Mildew, 6 June
L€af blotch, 6 ,une

t.4 2.3 4-3 8.3 16-9

(ol at(€, atrer,fd, oi 3rd youogEst l€ao
11.6 9.8 4.5 4.0 1.8 t.216.3 14.4 9.6 13.0 ll.5 t0.42.4 l.l 0.7 0.3 0'r 0'l

r Gradients to the wesl were slightly steeper thatr thos€ to the east

In another exlrriment, winter barley (Senta) was grown from seed drcssed with
ethirimol or untreated until it was sprayed with tridemorph on 19 March (Growth Stage
3), 18 May (Growth Stage 8) or 3l May (Growth Stage 10.r. Little mildew developed
ttrroughout the winter on untreated plots, oo 19 March <l\ of the third youngest leaf
was aflected, atd 0.11where seed was dressed with ethirimol. By ea y May, it had
increased to 10 and 4\ on these leaves and then spread quickly. Table 7 shows that,
within this latin square design exlrriment, neither seed dressing nor early spraying
prevented infection in early June, although both decreased it, ethtimol seed dressing
the more efectively. (Since then, the manufacturers ceased recommending the dressing
of winter barley seed with ethirimol in the hope of decreasing the establisbment of
ethirimol-tolerant strains of Erysiphe gram,t D. The greatest yield was given by the plots
sprayed on 18 May and this also may have been the treatment that would have decreased
infection ofspring barley most, because information given below suggests much infection
occurred between mid-May and early June when this heatment decreased mildew nore
thar any other. @ainbridge)

Plcrplogl of milden orul dndrs ol futgititlcs on tpbg fuby. At Rorhemsred the
carches of mildew spores on sticky vertical cylinders exposed above barley crops and on a
126
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TIT[.8 7

Control of mildew od yield of winter buley (Senta)
Scedr Spray,' Spray,r Spray,r

Nil drEssiog 19 MaEb lE May 3l May
(% arEa nildc$rcd)

Treatmc

2Dd younS6t haf
7 Jutr€

14 Jutre
22Iuoe

3rd youtrgBt lcaf
3l May
7 Jude

ls.t 7-933.6 22.333.2 24.5

t0.2
29.8
38.8

9.1 18.3
30.4 34.3

t'0 8-28.6 10.723-9 13.2

0.t m.13',1 32'3

2.0
2-6
5.5

25.0
46.7

5.55 5.84

2.3
3.7

0.15
Yield (t/hr)

5.65 6.065.94
r ethiriEol, 0.54 kg/ha

'rddeoorph, 0.7 litrr in 290 liftsAa

laboratory roof showed that, as in 192 mildew conidia became increasingly common in
late May and, especially above crops, increased greatly at the beginning of June to reach a
maximum by mid-June. Traps were also exposed above grass, wherc the pattern of
catches resembled that on the roof more thatr above barley because the increase in May
and June was slorv. Unlike other traps where the catches decreased greatly in July and
August, as cereals ripened and were harve.sted, those above grass caught most during
August. (Jenkyn and Geary)

Traps exposed above seven other barley crops (Lofa Abed) in Hertfordshire indicated
similar mildew development. In two of these crops (one adjacent to winter barley), spray
cxperiments measured the response to single fungicide applications on different dates,
both showed geatest benefit from the first spray applied, late May on the crop nert to
winter barley where the big increases in sporc catch came earlier, and, early June in the
other. Therc seems to be good evidencr that catches from a few spore traps sited in
susceptible crops can now be interpreted to indicate both disease development and the
optimum timing of a single mildew fungicide spray oyer wide areas. @ainbridge, with
Mr. D. Yarham, Agricultural Development and Advisory Service, Cambridge)

Fungicides also increased the yield of spring barley (Zepby) at Rothamsted from
4.34 t/ha (untreated) to 4.88 t/ha (ethirimol seed dressing). Sprays on 1, I I and 25 June
gave yields of 5.23, 4.83 and 4.50 t/ha respectively with tridemorph and 4'91, -, and 4'45
with ethirimol. Combinations of serd dressing and spray or two sprays did not give
grcater yield than the most eflective single spray of tridemorph. However, yield was
increased to 5.55 t/ha where tridemorph and captafol sprays werc applied ttrree times
suggesting that organisms besides.E grammis r,e1s limifing yield- (Jenkyn)

The desiga of fuld expefiwds imobiag air<tsperced pathogeN. Last year we
described experiments designed to measure the effect of distance from infected crops on
the mildew infection and yield of spring bzrley (Rolhonsted Report for 1972, Part I'
133). During 1973 we compared the effects of no spray and single tridemorph sprays
applied on l, ll or 25 June in two latin squares, identical in arrangement but differing
gxeatly in inter-plot separations. In a compact layout, plots (4'3 x 9'l m) ol susceptible
Zephyr barley were separated only by 4'3 m of unsprayed Zephyr whereas in an 'exploded'
layout plots rrere separated by 22'9 m of rrildew resistant Mazurka barley, seed-treated

with ethirimol as an additional precaution to prevent it becoming a source of mildew.
Sprays on I June increased yield most, spraying on 25 June had no effect on yietd. $ots
sprayed on I June had equal amounts of mildew in the two e4rriments until 22 June,

ln
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but on and after 29 June there was morc mildew on plants from the compact layout.
However, this diference was not reflected in yield. (Bainbridgo and Jenkyn)

The above differences were smaller than might have been expected from the rcsults of
last year's experiments and improved designs may require much more infornation otr
the contribution ofinfective spores from local and distant (background) sourcrs. Observa-
tions on spore dispersal and deposition gradientjust above and wirhin uninfected Mazurka
barley downwind of an untreated plot of Zephyr illustrat€ the diferencrs in June when
sporulation was profuse. Catches on sticky cylinders and rotorod traps centred 12.5 cm
above the crop at 0, 5 and 15 m from the infected crop were, respectively ten times, five
times and equal to the background for the field. Later when the infected plot was produc-
ing fewer spores, differences (two to four times) were discernible only at I and 2 m and
counts of spores deposited on flag leaves of Mazurka shoved similarly small differences.
@ainbridge and Cross)

Efects ol hosl ffiion on batby miklew. Zephyr spring barley was grown in pots
with different amounts of N and infected with mildew at gowth stage (G.S)7. Spore
gErmination was examined microscopically at intervals up to 1rg hours, by embedding
the spores in cellulose acetate films which were then removed from the leaf surfaces.
Nitrogen rate did not influence gemrination or appressorial formation but applications
of2m and 400 mg N/kg soil theoretically representing respectively 224 and tl48 kg N/ha
to a depth of 75 mm, increased the proportion of spores that produced colonies by three
and five times more than those given 100 or 50 mg N/kg soil (112 and 56 kg N/ha).
Plants given 50 mg N/kg showed nitrogen deficiency in the later gowth stages. H)?hal
gowth and spore production also increased with amount of nitrogen. @ainbridge)

On Hoosfield, spring barley (Julia) dressed with ethirimol developed more mildew on
plot 22, which receives only P fertiliser, than on other plots of the same series. In ttre
Arable Reference Plots, Deba Abed barley was sprayed v/ith tridemorph but mildew
\vas most severe on plots that receive no fertiliser, nitrogen only or nitrogen with phos-
phorus. Shortage of potassium has been claimed to increase susceptibility to mildew,
but there is a need to investigate whether it also decreases the effectiveness of fungicides.
(Jenkyn and Broom)

The means by which nitrogen can increase mildew attacks is not known, but as most of
it enters cereals through the roots as nitrate we tested a simple analytical method to
indicate the amount of nitrate in the stem base of glasshouse grown barley. (See Rothan-
sted Report for 1969, Paft l, 51-52, and Williams, Chemistry & Industry 0969) 173!
1730. Nitrate accumulated in the stem basss of plaDts with mildew but not in plants
where the disease had been controlled by ethirimol seed-dressings. Perhaps mildew
decreased the abitty of plants to use all the nitrogen their roots absorb. Before judging
the agricultural signiflcance it will be necessary to repeat the observations on a feld
crop where soluble nitrogen is less generously applied than in the glasshouse, and to study
changes in other components of plant nitrogen. (Jenkyn, with Williams, Chemistry
Department)

TaLeaIl and otter root rots
Pot e4terirrurts airrptl to acceLrde the d.eeloprr0rt of tukeqll declirrc. The extent

to which the pathogen, the host or their interaction (disease) account for the inhibition of
tak+all in long sequences of susceptible cereal crops is still unknown. Two attempts
were made to induce it quickly by frequent cropping in the presence ofadded or natural
inoculum.

A field soil, thought free from natural inoculum of G. gratn izfi was newly cropp€d with
susceptible wheat or non-susceptible oat seedlings dudag each offive consecutivi months.
128
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Every crop of each host was grown with the addition of G. gr@/nnis grosrirlg on kibbled
maize, with similar but killed inoculum or with uncolonised kibbled maize. After each
oat crof) a wheat seedling assay was made on a sub,sample ofeach soil using equal weights
of added inoculum, to measu.re inhibition of take.all. Increasing inhibition occurred
during the first four crops of oats in soils with only kibbled maize added but after the
fifth crop inhibition had decreascd and soils to which live or dead inoculum was added
never became incrcasingly inhibitory. Unfortunately natural inoculum in the field soil
invalidated the treatments to which living inoculum was not added but inhibitiotr
increased during the first three crops of inoculated wheat seedlings before reverting to
the original amount in the fourth and fifth.

Gerlagh (I-aboratorium voor Fytopathologie, Wageningen, Mededelhgen 241, l96E)
produced a persistent inhibition of takc-all in similar experimens in which he introduced
inoculum on wheat grains and chopped straw and also fertitised the soil from the second
crop onwards. The accumulation of kibbled maize or depletion of nutrients could have
explained our different results. We detected large changes in pH, total N in soil and forms
of N in seedling rhizospheres during the exp€riment. @ope, Hornby and Dr. V.
Pearson)

To overcome the problems of adding nutrients with inoculum and to counter the large
changes that occur without fertiliser, we tested the following procedure. Take-all infested
soil from plots on Little Knott I that had grown sequences of 2, 3, 6 and 13 susceptibte
cereals was cropped with wheat seedlings during each of 1l successive months in pots in
a 4asshouse and given 7-10 mg N/kg soil, as KNO3, for each crop. Initially the severity
of disease increased to maxima occurring in the four soils in, respectively, the fourth,
third, second and third seedling crops and thereafter decreased suggesting the establish-
ment of take-all decline. Disease was negatively correlated with rhizoplane and rhizo-
sphere bacterial populations confirming usual field experience. However, the soils that
had carried 6 and 13 susceptible crops already exhibited take-atl decline and were not
exp€cted to respond to frequent seedling crops with a further maximum and decline of
disease. Others who have used such experiments to examine the cause of take-all decline
have assumed that the inhibition established in pots is identical with that which occurs in
field crops. However, these results and the lack of a long period of survival on straw are
reasons to question the assumption. (Pope and Hornby, with M. E. Brown, SoiI
Microbiology Department)

Two kiwls ol tratsnissible irtibition of tcfte-alL Yojinovic (OEpplEppO Bull. (1973)
9, 9l-t0l) suggested that the intensified development and activity of antagonistic
organisms in plant residues, particularly those infested by G. graminis, were responsible
for take-all decline. If true this would imply that antagonism could be transferred
in extracted debris and perhaps intensified by frequent cropping in pots provided that
seedlings roots are equivalent to the residues of a mature crop. Debris (> 150 pm length)
extracted in April from I kg samples of Little Knott I soils that had carried l, 3, 6, 13
consecutive susceptible cereals was mixed, with 20 g'Mag Amp', slow-release fertiliser
containing granulated ammonium potassium sulphate, supplied by W. R. Grace and Co.,
Baltimore, Maryland, USA, into I kg samples of soil from Bamfeld, long free from
cereals. Initial wheat seedling infection assays showed that the relative infectivity of
the mixtures simulated the changes in disease severity in Little Knott. Monthly seedling
crops increased disease to maxima in the fifth and sixth months when, respectively,
the residues from first and third field crops were used; disease remained constant when
residues of the sixth crop were used but decreased to a minimum in the fifth month
with residues of the thirteenth crop. The results support ttre claim that factors inhibitory
to take-all are associated with infested plant debris. We found no evidence of soluble
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inhilif6ry substances but bactrria associated with debris (especially that collected later

from thiid cereal crops in May and sixth and thirteenth cereal plots in August) inhibjted
growth of C. gramiis. (Po:p" *d Homby, with M. E. Brown, Soil Microbiology
Dcpaltment)

Another, 
-more 

ephemeral, form of inhibition was established in soils where takeall
developed unimped-ed, by adding as little as 0'l I of unsieved soils where takcall was

impeded ltake-all decline soils). Mixtures were testcd from suitable cropping.scquences

within and bet*,een experim€nts on sandy loam and a clay loam with flints. The method
of adding the minor (impeded soil) component seemed importatrt ; toP dressing was better
than miiing and boih were better than placing it beneath the wheat gain. The most

successful idditioot decreased infection of test seedlings by as much as 501, whereas

adding equal amounts of Bamfield soil Qong free from cereals) had no efect' However,

in I # boxes in the open air the difference, in disease severity on seedlings in 'unimpeded'
soil with and withoufadded 'impeded' soil, decreased progressively until after 6 weeks it
became undetectable. Soil fractions rerqined by sieves >150 pm failed to transfer this

ephemeral inhibition. Othcr experiments implicated microorganisms capable of surviving
30 min at 60" but not at 70"C. (Pope and Homby)

Tfu .Aect of croppiry or tlu s1[.ital atd rc<stablkluunt of takcdl. Tak*all
developed difirently on winter wheat crops following various ley croPs of the IJy-
Arablj Experiment on Hig!field (Rothamsted Report for 1971, Pafi l, l4l-143)' To
eramine thi causes, an experiment was started late in 1970 in which for one, two or three

years, plots carried luceme (Lu), grass-+lover ley (r) or were fallowed (F) befgre a

sequence of winter wheat croPs. I;itiauy the area had little tak+all inoculum (21 of
soil cores infective) so sub.plo-ts werc infested with the stubble and roots from a similar

area of severely infected wheat crop. Under the treatment crops (leys and fallow) the

survival of G. grarzmis infectivity wis assayed by seedling infection tests on soil samples

taken in June,-before the leys wCre ploughed. Similar assays and crop samples werc used

to measure disease development in the succeeding wheat crops (Table 8). The infectivity
of added inoculum decreased faster under Lu and F than Lc but by the third year was

TABII 8

The survival o/ G. graminis under ley lreatmenls and subsequent developmmt on win'er
wheat (inoculated sub'plots only)

Saoples
Datc
Iofcctioa (l)

Trraunent

Soil Soil
JuDc Jure
Potsr Roots/

inf. pot

Crop Soil Soil
Julv October October

Planisr Poss Roos/
iDf. pot

Crop Soil Soil
July October October

Plaots2 Pots3 Rools/

2nd Wheatlst Wheat
.._-_--.-_.-----

CroDs- ttf v t.7 I (0) 4 6
orc Er ILU 42 I.5 2(t) 79 t4- LF 38 1.9 Tr (o) 82 19

flD 18 2.0 5 (0) 18 ll
Two v.ars { LU z l.o 2 (o) 67 18' LF 2 t.o r (o) 92 a

ttf 2 r.o
ThrE ylsrs { LU 2 I'o

LF 2 t.O
r Soil sampled bcforc leys ploueheq soil mixed aDd 5 wheat s€edlifl8s/pot Srown for six weel$
I Total %-platrts ilfccfitd, fgur€s in brackets 7" modeialely azd severely iofected
s Soil sa;pled alter ploulihiog stubbte, cach corc kept sepahte aod l0 wh€at secdlings/pot SrowD for

fivc weeks
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29 (8)
86 (46)
et (12)

=

iof. pot

75 l0nm97 t4

=:
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no different and no greater than on uninoculated sub,plots. In first wheat crops no differ-
ences were detrctable in July and take-all was slight. However, soil samples taken in
October were most infective afrcr F and least after Lc, diferences reflected in take-all
incidence on second wheat crops the following July but that did not p€rsist to the October
soil assays.

During 1973, assay seedlings were also examined for Phialophora radicicola, wbich
proved very prevalent after three years L (or first wheat after k), common after Lu
but scarce after F (fable 9). Perhaps is frequency after k may explain the smaller
incidence there of G. graminis, berarurc Balis (lzzals of Appliecl Biology (1970) 66,
59-73) showed that prior inoculation with P , radicicola d*reaItrd tak+all. Under second
winter wheat crops P. radicicola bccame less atd G. gronhis morc prcvalent, even
following Lc. This suggests that grass-dover leys may delay but not prevent the establish-
ment of epidemic take-all on this soil; a hypothesis the experiment will continue to test.
(Prew)

TABLE 9
The efect of differen, crop sequencet on the incidence of P. radicicola

an€r3yea6r .#alftfr "*il.'"Iffiutlratrllarrt I ,4ear tcst 2 Y€ars t€st
croppurg croppi[g cropprng

I,c l@ 100 ll
Lu55677
F813 10

r Fivc wieat sccdlings/pol, 8rown for six qrceks in soil mixed after takiag cores
2 Tcn wteat seedlings/pot, grown for 6vc weeks in a shSle soil corc

Efeas of P add K fenil*ers on root rotE ol batb!. Collaboration between chemists
and plant pathologists has revealed inrcractions between host nutrition and root diseases
in several experiments that will help explain the results and, we hope, improve the advic€
that we can give. On barley roots from well nourished soils there was usually little
difrculty in diagnosing take-all during May. However, summer samples (June-July),
especially from plots that received no P often showed symptoms of several diseases that
graded imperceptibly into one another. As previously in these circumstances (Rothansted
Report for 197 l, Part 1, l4!l4Q we have reported categories of 'all root rots' and discer-
nible 'take-all'.

The identity and role of some of the pathogens present is still uncertain. In addition
to G. graninis, the following seemed common. h soils deficient in P, barley roots were
often attacked by Prthium spp. From these soils / ureobasidium bolleyi was isolated from
many surface sterilised roots, including some without obvious lesions. Although not
usually regarded as an important pathogen, this fungus caused brown lesions, similar
to some on barley roots from our expriments, when inoculated to serdlings grown in
sterile sand. The unique history of Hoosfield may account for the occurrence there, but
rarely elsewhere, of an unidentified fungus that locally stained roots of inoculated
seedlings a bright magpnta, and of Helminthosporium satiram which occurred most on
plots without K and causes brown lesions on the crown and roots of affected plants.

Of the three experiments from which results are mentioned below the Hoosfield
Permanent Barley Experiment offercd the greatest contrasts of plant nutrients in soil.
This experiment is unique in testing the efects of P and K fertilisers on spring barley
grown continually since 1852, erc€pt for four fallow years. So long without fertiliscr or
with much each year has created soils atypical of modem farming but valuable to plant

l3l

% pots iofestcd
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pathologists because they demonstrate effects of extreme deficiency and enrichment on
root diseases. Table l0 shows that root rots were much less prevalent on croPs with P
than without; K alone increased take-all, but K and P increased take-all only where N
was deficient. hesumably the fertilisen increase yield much more by nourishing the
barley than by suppressing its root diseases but it is noteworthy that even after 120 years

of almost continuous spring barley the fully fertilised plots suffered little damage and
yielded over 5'5 t/ha. (Slope and Broom)

TABLE 10

fie efect of P, K and N fertitisers on root 
i:,,:#! l;ii_{r"rtey: 

Hoosfietd experiment,

P and K maouringr
N manuriDS,

kg/ha NiIPKPK
% plants with 'all root rols', summert

65 QA 43 03) 13 (29',) 6s (2s)
92Ol\ 35 00) 92 (s2') 37 (8)
99 (94) 36 (r2) 96 (61) 28 (5)
9 (94) 42 (16) 98 (79) s2 08)

% plants with rakeall, surnmer2

s3 (m)
26 (6)
40)
3 (l)

32 (8) 14 (2)
1) (7) 6 (0)
4ri (17) 2 (o)
44 (t5) 2 (o)

0
,18

144

o
,t8

144

53 (20)
58 09)
65 (25)
13 (31")

crain yield, t/ha

0 1.59 1.89,18 2 03 2'93
96 2.21 3.m
t4 2.36 2.32

1.47 1.94
2.14 3.78
2.6t 5.62
3.04 5.79

I Fertilis€rs applied aoouallx ks/ba, { 
= 

liori% * ,u n.
*llMg

'Figur6 in brackets arc y. planlis $odQrl".tely ard severcly attacked

In the PK and Take-all Experiment on West Bamfield, where six successive crops of
spring barley followed one of winter wheat, there was little take-all until the fourth
and liter barleys. Barley given no P had most take-all in May and summer (Table ll)'
extra K increased take-all at most levels of P but N fertiliser had little effect. When the
experiment began itr 1968 the soil contained 6 ppm NaHCOT+otuble P and the area was
lightly infested by lgrosr is gigo ea, a grass vteed and host of the take'all fungus. Ground
cover by l. gigantea increaxd more where little P was applied (in autuml 1973 on P0
to P24 respectively, 16, 5,2,3 and I /) so its prevalence may partly account for the
relationship between P fertiliser and take-all. As expected, yields from crops without P
were small, and responses to 38 kg Pros/ha were large but we cannot say how much
these were affected by root rots. Unexpectedly, yields were not increased by more than
38 kg N/ha. (Slope and Broom, with Mattingly, Chemistry Department)

On the Long-term Liming experiment, b€ans were followed by spring bartey in 1965,

1966 and 1967. The average response in barley grain to P fertiliser increased each year,
not because yields increased but because they decreased more without P than with it;
unfortunately root diseases were Dot assessed (Roliazsted Report for 1970, Parf 2,
98-112). Four more barley crops have b€en grown (197G-73), fouowing potatoes (1968)

and fallow (1969). Table 12 shows that the yield response to P again increased each year
and that root diseases were commoner on crops without P. Take-all was never severe and
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TAALE 1T

The efect of P and Klertilisers on root rott ard yield of ba ey:r pK and Takc-all experi-
ment, West Bunfreld, j-year averages 1971-73

K manuriog
(ks xro/ha)

AD-uud

38 150 226PI P1 P6

% plaDts with taleall, May986

Itr autuen 1967

NiI
m

l3
l8

904
VU

4
I

l8
I50

38
150

38
150

t4813
I planrs with 'all root tot', suEEcr.

97 Q' 71 (30) 49 (r3\
97 (68) 76 (27') rl8 (13)

68 (24') 40 (e)
76 (27) 45 Ol)

% pladb ,rith take-all, summer2
68 (26)
80 (3E)

3e 0r) 27 (7)
55 (r8) 24 (s)

Graio yield, t,ha

5l (ro
28 (6)

3.87 4.69
4.25 4.m

16 (4)
26 (5)

38 3.09 4.4t 4.mr50 3.45 4.48 4.
I Data a't a\.6agEs for four lit oSco tleatmcoB 38, 75, I13, 150 kg NAar Figurrs io brackets 8r€ I plaas mdatk,ly oid s&crirtv anactca'

TABLE 12

Efects of limiry ord P feailiser on root rots of ba ey: Rothamsted Long-term LimW
experiment

pH (waler) h Gobcr

Rcsponse to P
(63 kg P:Or annually)

Without P

With P

% plants wirh 'all root rot', summerl

l0 20

6.1 7.2

Graio, Uha
0.54 0.32
0.90 0.76
t.27 t.332-U 2.02

6s (23) 5l (lO
85 (20) 79 08)
e5 (36) 97 (4r)

3l (r3) 18 (2) 2t (6)
57 (12) 58 ( ) 7l 0O
52 (13) 56 (6) 55 (6)

5

1973 5.2

t970 0.70t91t 1.34
t972 l.9l
t913 2.11

t97t 83 (31)
1912 92 (34)
1973 96 (51)

Without P

with P

26 O0)
15 (4)
46 (1)

l97t
1912
1913

t97t
1972
1913

lnl
t972
,973

% pla-Dls with tak6,all, sutrtmerr
t4 (4)
ll (0)
40 (2)

8 (2) 9Q)
l0 (l) 9 o)
34 (3) 23(3)

t2 Q)
5 (0)

l7 0)
I (0)
4Q)

r0 (l)

P manuring (kg P:Os/}a)

Annually, sioce 1968

Limestone, t/ha in 1962

r Figues in brackets are 'l plants rJi'odcralely @rd s€vecly attackcd
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the rclation between root diseases and leld response to P was not close enough to be
considered causal. (Slope and Broom, with Bolton, Chemistry Department)

These experiments with P and K fertilisers show that adequate P manuring is necessary
for growing barley with healthy roots. They do not suggest that barley grown con-
tinuously on our soils needs much more fertiliser than the Agricultural Development and
Advisory Service currently recommend. Furthermore, satisfactory yields of barley can
be obtained for many years on this soil, with little damage from root diseases provided
manuring is adequate and grass weeds are controlled. If farmen susp€ct their barley
crops are seriously damaged by root rots they should check their manuring, especially
that they are supplying enough P. (Slope and Broom)

Chytrids end other frmgi otr mots ofrht€r wheat. On Broadbalk and Pennels Piece roots
of Cappelle-Desprez winter wheat were again frequently infected with species of
Olpidium, Entlogone, Pythium and with brown runner hyphae but unlike previous years,
Polynyxa graminis rnd Lagenocystis spp. were rare, Table 13 shows that on Broadbalk
Olpidium infer,Ed 24\ of l*m root segments in Dectmber, very few by March (spring
was unusually dry) but more again later, Most other fungi became prevalcnt only in
spring. Previously Pyriiurn spp. have behaved in this way even in wet springs and have
becn found more on crown than seminal roots. Infestation of the cortex of wheat roots
by nematodes, probably Pratylenchrs spp., was much commoner in vinter than spring
and in wheat *trt yhert (25fi or field bcans (30 %) than after fallow (l0f).

TAELE 13

Seosonal occtrrence of fungi in segmentsr of whter wheat on BroadMkE

12235
Dec.mber January MarEh

t2 29
April May

26 l
Iunc Au8ust

BrowD ru'lner hyphar 0 I
Pythihmspp. | 4
Olpidium spp. 24 9
E fugoru spp. 8 9
Uaidcntificd myc€lium 4 14
Nematodes 22 19

(% s.eD€dts idocled)
54312
llzt2o
2182621
7293t24
10576
t2r2l

I b Rothornst.d ReNn lor 1970, Paft I, 135
2 A total of 360 root scgD€nts (l cm long) examio€d od each date Deccmber-March, and ,t8O April-

August

Prcvious cropping had little effert on Pythium or Olpidium (Table 14) btt Endogone
was again more numerous on unmanured plots. Brown runner hyphae were commonest
late in go\rth and where wheat followed wheat. Those on threequarters of the segments
were ascribed to G. gtoiinis, a proportion that agreed with lesion counts and isolations
on culture media. The remainder resembled Phialophora radicbola (Cain) in the positions
of septa and the presence of brown swollen hyphal cells each with a circular pore, but
did not occur on more than 4f of segrrents from wheat following wheat and lf after
beans. Although Aureobasidium bolleyi ocatned commonly in diseased or senescent
roots, its brown hyphae were recognised by their small delicate appearance, the position
oF their septa and the presence of dark sclerotial cells.

Not all fungi can easily be distinguished frorn G. graniars. One isolated from barley
was similar and produced lunate phialospores but had more aerial mycelium, grew
faster, produced dark brown or black sclerotial clumps but no perithecia. On wheat
roots this isolate caused a pale brown to grey discoloration of the root cortex which
tv

2i
23
22
34
l8
I

Datc sampled
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did not dccrease dry weight at ear emergenccl whereas in the same test pathoggnic
G. gt@rrllr,is isolatcs from wheat and rye both halved it.

TABI,E I,I
Efects of maturing otd previous crops on fwgi h segments of ta'inter wheat on Broadbalk

(means tor sarnples April-August)

Browu ruotrcr hyphae
Plrhium sw.
Olpidium spp.
Mogore spp.

BrowD ruEer hJDhae
Pythium sP!.
Olpidium spp,
Mogorv sDp.

FYM NiI
(Plot 22) (Plot 3)

I sern nts infcct€d
169
t5 152s 15
33 53

FYM+N
(Plot 2l)

NPK
(Plot E)

9
t9
22
20

5
16
24
l2

I! l97l
1972

WFWP
WWFEc

% scsm€o8 hfcc&d
19 lt 5 3t2 t7 2t 15l9 2t 25 2333 30 19 ,7

A correction. On page l,lo of Rothamsred Repo fot 1972, Part l, it was incorectly
stated that runner hyphae werc commoner on wheat after b€ans than wheat after wheat.
The reverse was true, wheat after wheat, 17 % aad wheat after beans, 3 %. (Salt)

Redoc*d cultivation systems rnd plrnt dis€ls€s. Drastic changes in crop husbandry
may alter disease incidence, but often not greatly for some years, until pathogen popula-
tions have changed. Cereal crop residues are often collected or burnt and volunte€rs
sprayed with herbicide, treatments that decrease the carry-over of many obligate para-
sites and viruses such as BYDV or, if the herbicides act fungicidally, should decrease
trash-borne pathogens that caD survive there saprophytically. Although root diseas€s
may be affected less quickly than those above ground they could be altered greatly by
decreased soil inversion and urixing, changed soil environmenls or distributions of
nutrients down the soil profile. Present concems over straly disposal and energy conserva-
tion promise to affect the incidence and control of diseases of cereals and other crops.

The Cultivations for Cereals Experiment begun at Rothamsted in 1971 in conjunction
with Mr. D. E. Patterson of the National Institute for Agricultural Engineering, Silsoe,
provided an opportunity to continue our studies of these problems. The treatments
compare various primary cultivations (ploue!, chisel plough, rotary digger) combined
with different secondary cultivations. The experiment could only be sited on a field
previously cropped several times with spring barley and known to be predisposed to
take-all (and yellow rust) that attacked the Joss Cambier winter wheat so severely during
1972 tha,t it yielded only 3.39 t/ha. Cappelle-Desprez winter wheat in 1973 again had
take-all but less severely, so that yields averaged 5.43 t/ha. Cultivation method did not
modify take-all in either year, but in both eyespot (Cercosporella herpotrichoides) was
less prevalent in wheat after ploughing to 20 cm (average three treatments 21 and 321
straws infected in 1972 and 1973 respectively) thao in wheat after chisel ploughing or
rotary digging (averages for six txeatments: 46, 52fi. Unexpectedln sharp eyespot

135
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(Rhinclonia solani) was more prevalent on wheat after ploughing to 20 cm (24 aad 38)(
straws infected in 1972 and 1973) lhrn on wheat after chiscl ploughing or rohry digging
(6, lEy). Also, during 1973 wheat had more sharp eyespot after deep (20 cm) thao
shallow (10 cm) chisel ploughing or rotary digging. (Slope and cutteridge)

Dlseas€s of grrss rd forrge cropc

Ryegrrss nosdc Yirus (RMV)
nE effcca ol RMY on gass yie U oad thc importorce of mcclunical totsmissiod. Wotk

at the Grassland Research Institute showed that it is difEcult to test the effect of rye$ass
mosaic on the yield of established ryegrass because plants in uninoculated plos quickly
become infected, presumably by infective wind-borne mites. Uncontrolled spread of
RMY by vectors also made it impossible to measure how rnuch the virus was spread
by grass-cutting machinery. Consequently plots (1.5 m2) were sown (16 May) to S22
Italian ryegrass within a house (35 m x 5 m and 2.5 m high) covered with clear poly-
ethylene film. Plots were irrigated from an overhead sprayline and mites were excluded
by filtering incoming air and by limiting access to a minimum of people, who always
changed to uncontaminated footwear. It was accepted that the small reciprocating knife
grass-cutter and the environment within the house were uDrcpresentative of conditions
outside.

Each month from July to October, 25 tillers were examined. No mites were found
within the house, although during August 396 mites were found on 12 tillers from a
similar plot outside. Crown rust (Puccinia coronata) \vas common on ryegrass outside
but was not found within the house, although it is not known whether it was excluded
by the filters or was unable to infect plants inside. During July, different proportions of
plants in plots within the house were mechanically inoculated with RMY, and by
September treatments averaged 0, 25, 33 and ,10 f of tillers showing symptoms. These
proportions had changed little by 23 October although plots had been rolled and cut in
sequences designed to g.ive maximum and minimum chances of mechanical transmission.
Among these newly-sown plots those with most RMV infection yielded 5f less dry
matter than uninfected plots but the difference was not significant. (Gibson and
Plumb)

The irnportattce aad ecology of tb mite yector (Abacarus hyshix). RMV symptoms
developed on about one-quarter of S22 Italian ryegrass plants to which groups of ten
adults of this eriophyid mite were transferred after being reared on plants infected with
RMV. Further confirmation that l. f/sr/,u is a vector came by blowing mites in an air-
stream from infected plants to healthy ones which later developed symptoms. Wind-borne
mites probably account for most distant spr€ad of RMV.

Evidence is accumulating that A. hystrix is commonest during late summer and
early autumn. Uninfested ryegrass plants were exposed 0.75 and 1.25 m above a ryegrass
sward for sequential l+day periods from February to November but were colonised
only between June and October. Plants, similarly exposed on a roof 8 m high, were also
colonised but only during August and September. No l. iyslrx were found before late
June 1973 on ryegrass sown in October 1972. Grass management, especially the frequency
of cutting, affects the increase of mite populations. However, by October there were
more than 100 mites/tiller on ryegrass cut two and ttrree times. (Gibson)

Other viruses of ryegrass

Ryegross bacilliform riflrs. This virus is proving dimcult to study, because it causes
no symptoms we can recognise, we have not found any vector and the concentration of
136
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virus particlesis usually small. However, thin sections showed there are large aggrega_
tions of particles in a few cells. Th9 virus previously found only in the hybid rfegr;ss(Lolium multiflorum znd, L. perenne) cv Grasslands Manawa from Kent ind wariict-
shire' has now been recorded in the perennial cultivar s23 from other sites in Kent,
Somerset, N. Wales and at Rothamsted. (plumb)

Ryegross sphericd yirus RSY. The fact that this virus is so commonly seed-borne
creates diftculties in experiments to measure its effects or to identify its vecto;s. we couldfind no evidence of transmission in-_tests -with txr;tles, Ouleia spp. (Coleoptera :
Chry.somelidae); planthoppers, Javesella pellucida (Homoptera : Delihacidae) and six
spec-ies of apbtd, Myzus persicae, Rhopalosiphuin patli, Metopoliphium 1irn"ar ,M.fesrucae, Sitobion avenae and. S. fragariae. Virus-free seedting. ofsi ftafiuo.y"grurs
grown in soil from areas where ryegrass carried RSV developei no symptoms alih6ugh
the soil contained several nemaioi"s, especially t"iiarri- r*rr"io^i, fro geo"1u
known to transmit other spherical viruses.

- _In 
pots,_ plants of s22 manually inocurated with RMv plus RSv showed much chlorosis

followed by death of leaves. when harvested 10 and 16 weeks after inoculation theyield of doubly infected plants was, respectively, 5O and 25\ that from uninoculated
plants. This d_ifference is thought to be griater than attriuutabii to Rtr,tv atone altnough
thls ls drticurt to measure because a proponion of seedrings often contain RSv. @uiuand Misari)

O!!. tjnll" dwarf (OSDI in ryegass._ planthoppers (lavesella pellucida) swept from
established grass swards at RothaFsted_were-placed singly on 52) ryegrajs. Symptoms
similar-to. those of OSD developed on_ 871 of plants whirl nympUs ied-an d 3ir";i;;;
adults fed. chlorotic flecks folowed by enations appeared on tie adaxiar lear Jurface,
the plants stopped growing then became dark greei and produc€d many stunted tillers.
Similar symptoms appeared on S22 plants to ihtch J. peilucida rearea in ttre gtastouse
were transferred after feeding on prants showing osD. No prants infected at tie 2-3 leaf
stage_produced fertile tirlers, several died and ihe remaindir were barery r0 cm tall six
-olth:--ult9r_lo*in-g. Previously the disease has only once been reported in Brirain
at the Welsh Plant Breeding Station. Whether the pathogen is a virus or a mycoplasma
remains uncertain. @umb, Misari and knnon) - -

A virus from meadow f€sqe ttrt infects oats. Mottling was noticed on leaves of about20f of tillers ina crop ot s2r5 Festuca pratensis dwin! lone 1973. Electron microscopy
revealed isometric particles 26-28 trm in diameter. ThJ virus was rcadily transmitted io
healthy S2l5_F. pralezsls by mechanical inoculation with sap and symptoms appeared
three week-s later. By contrast, 553 F. pratensis developed no sympoms atttrougA tne
presence of virus particles showed it had been fufecled. in particie ,i* 

"ra 
U"irilpnd

transmitted, this virus resembles cocksfoot m d mosaic whiih is widespread in Glrmany
but, because it has a different host range, the virus from fescue is 

-tentatively 
named

festuca mottle virus.
Oats (Blenda, Powys, Peniarth, Manod and Astor) were all infected by sap inoculation

or via the aphid ill'e tapolophium festucae. In oats necrotic streaks developed two to three
weeks later and increased in size and number until whole leaves withered and died. Four
or five months after infection oat plants were moribund or dead. We know of no record
of such symptoms amorg oat crops. Mechanical inoculation to other crop plants failed
to produce symptoms in maize, wheat (Cappelle), barley (Zephyr), S22 itilian or S24
perennial_ ryegrass, timothy or cocksfoot; altholgh back-inoculation experiments
suggested that timothy may be a symptomless host. Sinilarly, among dicotyledonous

t37
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test plants, lve could not infect Brdssica Pekinens,t, B. rapa, Phoseolus vulga s, Yicia

faba, Cuanis saliws, Nicoriau t&ac1mt cv Xanthi, iY. clevelondii, Lycopersicon escrt'
-lenttmt, 

Chenopodirttt quinoa, C. anorotticolot ot Datura st@rronium. (Gibson and
Boyes)

Inciiterce of fugrl prltog$ of rycgrrss folirge. Italian and perennial ryegrass varieties

in an observation trial were all infected with crown n)st (Pucchia cororata) by late-
August, the perennial variety Glasnevin Leafy most severely. Mildew (Etysiphe grominis)
was most severe on Asso, RvP and Grasslands Manawa but none was seen on S22 or on
the perennial varieties Glasnevin kafy, Reveille, Endura and 524. HelminthosPo?iam
spp., were most severe on Reveille. (Jenkyn and Plumb)

Chemicd contot of ryegress rtiseoses. In a previous experiment fungicides had not aP
preciably altered the yicld from old pasture. One possible explanation was that the
pathoge;s were too firmly established to be controlled by chemicals; certainly tlis wo ld
ie true of virus diseases where only the vectors can usually be controlled. Therefore
plots in a newly-som perennial ryegrass (Gremie) experiment were intensively and
iiferentiatly treiteA with aphicide, acaricide and fungicides to test whether they could
prevent the establishment oi BYDY, RMY, leaf and root disease fungi or increase yield.

Dazomet was applied to soil in autumn 19?2 but sprays of menazon, endosulfan,

benomyl and 'BAS 3l7OF (for which the common name benodanil is being adopted)

and drenches of captafol were applied to the seedlings and after each of two cuts. Dazo-
met inqeased the yield of both cuts and by more than was likely to be attributable to the
nitrogen it released or contributed. Few plants were infected with RMV but vector
numbers werc decreased by endosulfan. Crown rust was nowhere severe but in late-
August therc was most on plots that received little N fertiliser (37'5 kg/ha/cut); it was

doieased only by 'BAS 3170F . Mildew was worst with most N (150 kg/ha/cut) and
was decreased by benomyl. Samples showed that some roots were black and often
contained Fusarium spp,, and many were brom, but neither symptom seemed much
affected by treatments. (Broom, Jenkyn and Plumb)

As a simple test of the difrculties of measuring the effects of diseases in mixed plant
mmmunitiei, Italian ryegxass (RvP), broad red clover (Hungaropoly) and a mixture
ofthe two were sown. Ryegrass plots where aldicarb was applied before drilling did not
b€come infested by Abacarus hysir* and RMY did not spread from manually inoculated
plants. However, aldicarb increased mildew (Erysiphe polygon, on clover. Aldicarb
increased the yield of mixed swards at each of two cuts (10%, P:0'01), ryegrass
swards only ai the second ur QO\, P:0'002) but not the yield of clover alone.
(Plumb and Cockbain)

^ftl"rorii'ri, rot of cloyer. Red clover (5123) was sown in spring 1972 to test the efrect on
clover rot of benomyl sprays. Although there was little evidence of rotting, five sprays

one each month from Septrmber to January increased the first cut yield by 321 $able
1r. Of the dates tested the best months during which to apply two sPrays were October,
November and December, when the yields of both ttre first and second cuts were in-
creased. On untreated plots apothecia were conmon in lateoctober 1973 but estimates
made on two 0'5 x 4'3 m transects per plot showed there were many fewer after spraying
in November and December. The treatments were not intended to be economic but the
results do suggest that the use offungicides to decrase losses from clover rot might merit
furtherstudy. (Jenkyn)
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TABI.E 15

The efect of benomyl sprays on yield of red clover add apothccia o/S. fifoliorum

Virus diseases

25 JUD€ 3 S€pmb.r1971 1973
5.58 4.235.57 4.s66.59 4.826-23 4.857.37 4.53

BBSV/EAMV BLRV
4025
877
49m
855

bcnomyl sprays
1972-13

Notrc
S€ptember and fuober
October aod NoveEber
November and Deccmber
S€ptember to January

(5 sprays)

Apgoximate
number of

apothecia/m3
25 October

lyl3
13.9
4.0
8.3
0.4
0.2

Iryjdynce in 1973. ln July the weevil transmitted viruses, broad bean stain @BSV)
and Echt€s Ackerbohnemosaik (EAMV) (syn. broad bean true mosaic) infected less than
l_l 

-of 
plants in most crops grown from virus-free seed at Rothamsted, but l!901 in

the few crops grown from stocks that contained,0.024.7 I of infected seeds. Serological
tests showed that BBSV was commoner than EAMV in infected seedlings but vdtors
spread E-AMV much more, particularly during and after flowering. The most important
vector of both viruses (lplbz rorax) was less common during Miy than it was in 1970,
when there was much spread of BBSV. However, populationi increa* ro ,, >< 1Os/ha
in June compared to 19, 4 and 1.5 ( x l03iha) respectively, in June of 1970, lgTl and,l\i72.

The most prevalent aphid transmittrd viruses werc the complex of bean yellow mosaic
and pea mosaic (BYMV/PMY) but although up to 3O/. oi plants were infected, the
yiruses were spread late and caused little damage. Bean leaf roll virus @LRv) infected
\p to l5% of plants.

Table 16 shows tle yirus infection in July and yield of four varieties drilled in March.
of the Maris Bead seed 0.71were infected with BBsv/EAMv but seed of the other
varieties was uninfected. Before flowering in June, less than 3l of Maris BeaLd and ll
of other varieties showed symptoms of BBSV/EAMV, so subsequent spread was boii
rapid and extensive. Maris Bead and Miaor yielded, respectively;B and 13f less than
Minden (P: 0.01 and 0.05) and Maris B:'rLd 13% less than Herz Freya (p:0.05).
However, the Maris Bead in this variety trial yielded 33 f less than the same viriety in an
adjacent experiment.yhgrg only 0'02f of infected seeds resulted in only 20f ofphnts
infected $.ith BBSY/EAMY in mid-July.

Extreme variations between crops resulting from diferent seed infection and activity
of vectors seems to have been common duri-ng 1973. Thus BBSV/EAMV ranged froi
0-701 in three other Hertfordshire crops (exarnined for an Agricultural Devilopment
and Advisory Service survey) and, between varieties in Nationallnstitute of Agricultural
Botany trials, from 0.1-O.8f in Norfolk, 0.4-3.6% in Cambridge ana e_22"7" lwtn

Diseases of field bezre (Yicia faba L.)

TABLE 16

Yirus incidence and yields of diferent field bean caltivars
% platrts infectcd iE July

Valicty
Herz Frcya
Mads Bcad
Mind,!r
Miror

S.E. of difetloce

Yield
(1Aa)
3.5E
3.r0
405
3.51

t 0.205

Dry mattcr yield (t/ha)
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mtrch Apion damagg) in Hampshire. Over thc same sites BLRV ranged from l-19f,
and BYMV/PMV 0-23 f.

Catcbs of oirborru weevil t ctors. The catches (* l2'2 m a.g.l.) from suction traps
(see p. 193) were again examined for Apion atl,d Silona spp. Apion vorax was rarely
caught; one each in traps in Essex, Derbyshire and Berkshire and four between the three
traps at Rothamsted. As populations reached l8 000/ha in bean crops at Rothamsted
during June, this method plainly cannot be used to indicate hfestation of cro1x.

Tnwmissioa of BBSY snn EAMY by weevils. Glasshouse tests confirmed that
l. vorcr transmits EAMY more readily than BBSV. EAMV was transmitted by 10, 50,
7O and 601of weevils caged on infecrcd plants for, respectively, l, 8, 24 and 48 hours
and then on healthy seedlings for three days; corresponding rcsults for BBSV were 0,0,
l0 and 301.

&ed tratsm*sioa of BBSY a EAMY. In the glasshouse BBSV was transmitted
ttuorlEh 4-160/0, and EAMV thtough 2-5% of seeds from Frank's Ackerperle, Herz
Freya, Maris Bead, Minor and Tarvin plants that were infected before flowering. We
do not know if pollen transmission occurs among crops but 2 of 382 seeds were infected
when uninfected emasculated plants were pollinated from BBSV-infected plants. No
seeds were infected from plants comparably treated with pollen from EAMY-infected
plants.

Ileat trest rert of infected se.d stocks. Continued efforts to rid infected seeds of virus
or to prcvent emerge[c€ of infected seedlings were unsuccessful in field exp€riments that
followed promising laboratory tests. Only two-thirds of a Throws MS stock (treated
four days at 5ffi"C, initial water content l4ZJ produced seedlings. Although the
treatment decreased the proportion infected v/ith EAMV, the proportion with BBSY
was unchanged. In another experiment there was no germination from similarly treated
Maris Bead (l2l water content). Although it now seems very unlikely that heat tr€at-
ment can be practical, a further field test will be made of seed treated I hour at 80"C.

The valu of rogtittg lo decrease ned inlection Last year (Rothan*ed Reporl for
1972, Pan l, 143) we commented on the success of roguing in a year when A. vorax
was scarc€. During 1973 we confirmed our expectation that it would be difrcult when
vectors were common. Plots grouin fron a seed stock containing only 0'021 BBSY/
EAMv-infected seeds were rogued three times betwe€n early May and early June, but
roguing was abandoned in late June \vhen I 8 I of plants were infected and I I I in plots
rogued and sprayed with insecticide. Much of this infection may have sPread from adja-
cent unrogued plots, and from a badly infected crop grown about 100 m away.

Glasshouse tests on samples of 800 seeds/treatment suggest that insecticide Plus roguing
was useful in limiting seed infection. However, much larger samples would be required
to test accurately for amounts of infeaion like that in the parent stock. (Cockbain,
Davies and Vorra-urai)

Efects of petticides ot viruses and rcctors, Aldicarb (5 kg a.i./ha) applied to soil
before drilling decreased the incidence of BBSY/EAMY in plots sown with infected seed
(0.14.3%), but not in adjac€nt plots sown with healthy seed. It decreased adult popula-
tions of .S. lineatus b]ut not of l. vorax (se p. 2,16). Elsewhere at Rothamsted aldicarb
failed to check the spread of BBSY/EAMY in plots sown with o.1%infected seed.
(Cockbain)

l,t0
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Applyrng insecticides to foliage had more effect on wecvils. Two days after spralng
in late May, populations of A. vorax were decreased by 89-97 \ and S, lineatus by 94-
95% by fenitrothion (0.85 kg a.i./ha), malathion and methomyl (both 1'0 kg a.i./ha).
Spraying with gamma-BHC (0.5 kg a.i./ha) decreased A. vorax by 941but S. lineatus
by otly 651. However, reinfestation of the plots was rapid, so that afler eight days
sprayed plots had as many l. rora: as unsprayed plots. Reinfestation by,S. ,rnedaa was
slower, especially after treatment with methomyl. S€cond sprays in late June had similar
effects on weevils and all, but especially fenitrothion, decre^sed Aphisfabae znd Acyrtho-
siphon pisum.

Phorate (1.0 kg a.i./ha as granules) was less efective than sprays agaitst A, vorax
but among the most efective against S. &reatas and aphids. A.ll insecticides significantly
inoeased yield, malathion least (24'l) and fenitrothion most (38 %). Little BBSV/EAMV
spread because the s€ed was healthy, and BYMV/PMV spread too late to be damaging.
(Cockbain, with Etheridge, Insecticide and Fungicide Department)

Other pests ard diserses Wilt was not serious in the seventh consecutive crop of spring
beans on pan of Barnfield. Table l7 shows that formaldehyde, aldicarb and 'Dexon'
applied before sowing again increased crop height and yield. Formaldehyde decreased
wilting but failed to control stem eelworm (Ditylmchus dipsaci), Rhizoctonia, Pythium
or root rotting. Aldicarb and 'Dexon' decreased Pythhn, wilt and root rot equally but
only aldicarb decreased stem e€lworm. Aldicarb had decreased Pythium in 1970 b\t
,1166"9h it usually decreases wilting we have not shown that it made Phytophthora
megaspermaless common. The greatest yield and healthiest roots occurred where all three
chemicals were applied; formaldehyde gave most benefit alone and aldicarb and'Dexon'
were equal; while BHC had least eflect. Unlike 1972 when formaldehyde and 'Dexon'
decreased the prevalence of mycorrhizal inf*tionby Endogona spp., none of the chemicals
affected it in 1973 a 62l of segments were infected in July.

TABLE 17

Efect of chemicak on yield, pests atd diseoses of field beans, Bamfield 1973
Root segments
(l cm) with:Plsnts

wiltd
Yeld Hcishq 30 July,
tAa cB %
2-71 r05 12.O
3.80 ll0 8.4
3.83 lt5 8.7
1-22 l0B 8.8
4.00 116 8.7
4.16 l3r 2.9

+0.347

Pla s Root,
inf€cted diseese
with raring

D. dipmcl, in ldt,o/ o/

94 56
96 32
327

88 4l
93 41
418

Pyrhiam Mizocronia,
TrcatmeDtl

Nil
'Dexon' (F)
aldicarb (19
BHC (I)
formaldehyde (B)
F+N+B
SED

t Rates (active ing€dieot/ba):
'Dexoo'. 78.5 kg
aldicarb Granules), ll'2 kg
BHC (emulsion), 4'48 kg
formaldehydc 3000 liE€s of 38% solutioo

I wcighted ass€ssmentr '0' h€althy to '10' completely diseaseq for details w Ptoc..dws of 6rh Bririrt
Ins.cticidc @1d Furaici.lc Confercrrc. I 97 I' l' 251-257

On Barnfield we have encouraged root diseases by growing beans amually. Only therc
had we found P. rzegasperma czrusir.g wilt until it occurred in 1973 on beans in rotation
on the heavier parts of Warrenield and Broad Mead at Woburn, where waterlogging
had ocrurred in May. Bean crops in rotation at Rothamsted showed considerable infec-
tiotby hdogone,fittleby Pylhfiin ot Rhizocronio atl.d ooae by Phytophthora megospetnu.
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Neither aldicarb nor 'Dexon' increased yield sigaificandy (see p. 207). (Salt and
Homby)

Pototo disers€s

During the ncxt few years more and more ware crops will be planted with seed produced
from rooted stem cuttings (Journal of the Royal Agricuhural Society of Englond (1970)
131, 87-106) through the YTSC (virus tested stem cutting) Grade. This procedure aims to
incr€ase yield and to improve the health of secd tubers and ware crops. Prcsent problems
include maintaining the health of these stocks and testing their benefits to agriculture
(Rothomsted Report for 1972, Part l, 147). 'Healthier' s€ed in later paragraphs signifies
that tubers originated from the produce of rooted stem cuttings (but often before official
VTSC crrtification began) and implies the best health that we have so far achieved in
Scotland or at Rothamsted, rather than complete freedom from diseases.

Since 1969 we have had an exceptional sequence of dry summers. Potato growers have
welcomed the relief from severe attacks of potato blight (Phytophthora infestans) and
bacterial disases. Fortunately little research on blight has been attempted but 1973 was
the fifth successive scason when our weather iDiibited spread of Erwlzra spp. and another
season when pink rot (Phytophthora erythroseptica) failed to develop where we intended,
although it considerably modified the yield of harvestable tubers on some plots on the
wetter parts of Bamfield. This unusual weather has led to some experiments being pro-
longed in the hope of testing wetter conditions and continues to restrict the conclusions
that we can draw about the average development and effect of most tuber pathogens.

Brct€rid soft mts
Actitity in nil. Dry soils and temp€ratures at tuber depth often exceeding l6'C,

probably cxplain why slmptoms of blackleg (Erwinia carotovora var. atroseptica) were
seldom seen except following artificial inoculation and why we leamt so little of what
we hoped from most of our exp€riments designed to measure bacterial spread and
infection. Evidence of these efects came from vertical tubes filled with soil infested with
Erwinia spp, buried in soil to a depth of 15 cm. After six weeks burial from 12 June,
24 luly, 4 September and 23 October initial populations had decreased from 108 cells/g
soil, respectively, to approximately 102, 102, 105 and 106 cells/g soil. Survival obviously
increased as moisture increased and temp€rature decreased and rather more survived in
sterile than unsterile soil but-E c.vat. atroseptica differed little from -E c.var. catotovora.

Nevertheless we hope that the dry seasons have allowed us to improve methods of
ensuring meaningful results should unlavourable conditions recur. In some tests ofspread
by machinery this will involve irrigation or waterlogging plants grown in a following
season from sample tubers. During 1973 we also seemed to have been more successful
in labelling sources by inoculation with, and later recovering, a strain of E. c. yar.
atroseptica (stspplied by Mr. Elis Jones, Agricultural Development and Advisory Service,
Cambridge), which is identifiable by an unusual pattern of bacteriophage sp€cificity.

Asscsldr,g baclerial contaninaion of tubrs. We have been developing a method (the
'bucket test') itr which 40 tubers are held for seven days at 15 or 20'C in damp air-tight
polyethylene buckets from which all but 241of the oxygen has bcen replaced by carbon
dioxide or nitrog€n. Tuber respiration exlausts most of the remaining oxygetr giving
anaerobic conditions that encourage growth of several tuber-rotting genera of bacteria.
At prcsent, therefore, the test reliably reflects how well potato tuber stocks will tolerate
anaerobic conditions but is not selective enough to discriminate the potential rotting by
Erwinia sW, from that caused in the test by bacteria such as Pseudomonas marginalis
and Bacillus polymyxa, species that are less pathogenic in aerobic stores. Table 18

l0
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shows rotting potential estimatcd by several methods on King Edward stocks shown to
have large and small bacterial populstions and risks of rotting in store. The bucket test

seems co-mparable to the polythene bag test sug;gested by P6rombelon (lnrulr of Applied
Biotogy (1i72') 11, I I l-l 17) but alows more tubers to be tcsted for the same effort and
less mess.

TABLE II
The contrusting baclerial conlamination of tu)o pot^to stocks assessed by difiereat melhods

Stock Large risk Small risk
No. of Erx,irrra spp./lentic.l lZn 7

% tubrs rotting
Test (No. of tubcrs Bred)
Buckct (60)

l5'c
20.c

Cll.
Ns
COt
Nr

0
l3
22

0
30

)2
75
82
75

15
80

Polythetrc b68 (m)
l5"C Air
m"C Air

Where potato crops have to be harvested, washed and packed before maturity,
bacterial soft rots are often serious. Using King Edward tubers lifted prematurely from
stocks diferently contaminated with E c' atrosePtica, we tried to decrease rotting, as

measured by thi bucket test, by dipping for 5 minutes in diferent chemicals or curing
for seven diys at 20"C. 'Bronopol' (Boots Ltd., Nottingham) was the most eflective

chemical espocially at 2% a.i. but was also Phytotoxic at more than I l. Curing was

usually as good as any of the chemical treatments. (-apwood and Irgg)

lte infection of bber lenticels The actinomycete Streptomyces scaDies that causes

common scab does not infect tuber lenticels in wet soil although it infects young lenticels

when the soil is dry (Rotharnsted Report lor 1972, Part 1, l4O' Some evidence suggssts

that fluctuations in bacterial populations may be partly rcsponsible. Drops of S. scaDl'es

spore suspension were dried on clean glass slides and used for germination tests. No
germination occurred in saturated air at 25'C unless the surfac! was wetted with water,
or better, with dilute solutions of sugars or potato extract. Wetting with a dense suspen-

sion of Bacillus JU,rrTd prevented gernination or mycelial growth from germinated

spores. Bacterial suspensions and their culture filtrates (supernatants) decreased germina-

tion of S. scaDr'es proportionally to their concentration. Cultures of other bacteria

isolated from tuber iurfaces also decreased germination' thus supporting the hyPothesis

that it is an increase in the bacterial populations of tuber lenticels, or antibiotics they
produce, that inhibits infection by S. scabl'er more than the soil moistue itself. (Adams)

Ga4gew (Plnna crigu Yt, fowato)
Etect of stmagc terre.ralue beforc voudiry- There is much evidenc€ from experi-

."o-t aod f"rms tnat riddling or wounding after cold storage increases gangrene. Tubers

stored at 2" and 5"C before wounding develo@ (at 5"C) more gangrene than tubrs
previously stored at 15'or 20'C but the lesions were not so large. Another experiment

ihowed that size of lesions increased with between 0 and I 8 days pre-wounding storage at

20'C but no more when stored for 18-28 days. Largsr lesions developed on tubers

siored (four weeks) at lO"C or wanner than at 5"C before wounding, inoculating with
P. eigya v*. foveata and then storing for six we€ks at 5"C'

r43

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


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

https://doi.org/10.23637/ERADOC-1-130 pp 32

ROTIIAMSTED REPORT FOR 1973, PART I

Efect of tuler matuity on incidencc of gatqrene. Tubers lifted early, wounded and
stored at 5oC usually develop fewer lesions than tubers lifted later. However, these tests
do not differentiate changes in susceptibility to the establishment and sprcad of P. exigua
in tissues from changes in density of inoculum. The inlectivity of soil to slices of old
Arran Banner tubers did increase similarly, indicating increased infectivity. The number
oflesions that developed on King Edward and Majestic tubers, wounded and inoculated
uniformly, decreased with later lifting b€tween August and October but tubers sampled
from store between October and February developed increasing numbers of lesions.

Tuber-borne ucahm. During 1972, soil and tubers were periodically sampled from
plots planted with Pentland Crown tubers from the same stock but with or without
gangrene lesions. On six dates progeny tubers were lifted, wounded and stored at 5oC
and adherent soil was inoculated to test slices of Arran Banner tubers- On samples taken
in September, plots planted with seed bearing lesions produccd tubers with most lesions
and most infective soil but the produce of seed without lesions produced more gangrene
from October samples and in storage.

In September the side of some ridges was carefully removed to allow soil sampling
adjacent to seed tubers and at 5 cm intervals between them. Tests on Arran Banner
tuber slices showed soil adjacent to seed tubers with lesions was less infective than that
around seed tubers without lesions. Infective soil samples were erratically scattered
between lesion-bearing seed tubers whereas they were much more densely clustered
around lesion-free secd from this heavily infected s€ed stock. (Grifrth)

Relatiomhip between diseases of se€d, plstrts end stor€d tubers. This investigation, in
collaboration with the Potato Marketing Board Experimental Station at Sutton Bridge,
Lincolnshire, aims to test lvhether the crops that are likely to be roublesome because
of diseases in storage can be identified from their seed or growing plants. Such tests can
never hope to do more than measurepotential diseasebecause the expression of symptoms
from tuber-borne inoculum depends so much on conditions at lifting and in store.

As in l97l-72 onc€-grown seed had much less gangrene than imported certified seed
(respectively 0 and 6 I of unwounded tubers; 2 and 33 % of tubers wounded to express
potential gangrene)- However, this may merely indicate that recent growing seasons have
been drier in East Anglia than in Scotland. The two King Edward stocks with most
gangrene in store both had much infectivity when sampled in August. Similarly the worst
crops for skin spot were predictable from August infection but as in 1972 this date was
too early to detect silver scurf (Ilelmln thosporium solani) accurately. Bacterial rotting of
seed varied widely in the bucket test but was seldom related to the results in August when
many more tubers rotted than in samples lifted in October. Increased rottirg of August
samples has been a consistent feature of these obs€rvations and is probably attributable
to rots caused by soil-inhabiting Pseudomonas spp. (see p. 142 and Rothamsted Report
for 1972, P^rl 1,147). The increase was lessened but not eliminated by curing August
samples for seven days at 20"C before submitting them to the bucket test. Most samples
that tests indicated to have very little potential for particular pathogens developed little
disease in store. Thus there seems hope ofidentifying the best and worst stocks but there
arc at present too many unprcdictable intermediates to recommend the methods to major
purchasers for storage, such as processing or crisping firms.

If the increasing flow to farms of seed stocks derived from rooted stem cuttings
succeeds in its objective of decreasing disease incidenc€ it should improve the situatio;
by providing more stocks that we know will store well. In 1972 we took an opportunity
to plant 'healthier' tubers alongside commercial crops to be sampled. On- averagi,
healthier Pentland Crown seed produced ware with lesi gangrene poiential (l1l) th-an
t4
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commercial swd e3n but both categories of King Edward seed had 5f. Skin spot
incidence also differed, King Edward having respectively 14 and 231 of eyes infected on
ware tubers from healthier and commercial seed and Pentland Crown 7 and 16l, There
was less silver scurf from commercial than healthier seed of Pentland Crown. (Hide'
I:pwood, Irgg, Grifrth and BeU)

Agmnomic effects of healthier seed

Efects offattgfuide on diseases and yield. There is now much evidenc€ to support our
conclusion (Rothamsled RePott fot 1972,Part l, 147) that fungicides are required to
prevent pathogens recolonising healthy tubor stocks as they are multiplied to commercial
imounts. The fungicides most used are benzimidazoles or 2-aminobutane but their
effects on produce ifter crop growth has been compa.red less than their effect on seed.

The fust two of a series of experiments involved five varieties on two farms with seed

treated in October with 2-aminobutane fumigation (0'28 litre/t of tubers at the Depart-
ment of Agiculture for Scotland) or in January with thiabendazole and benomyl (both
5-minute dips, A'1\ a.i. at pH 3). There was little differenct in yield but benomyl and
thiabendazole decreas€d Oosporu pustulots znd Helminthospor an solani more than
2-aminobutane.

Comparison of yields from commercial attd healhier seed stocks. Continuing the
experiment begun in 1972 to estimate the benefits of healthier seed we grew our healthier
seid in comparison with ten certified and ten once-grown stocks of King Edward collected
from farms in East Anglia. Table 19 shows that healthier seed yielded lOf (total) and
12\ (wzre) more than the averages of both certified and once-grown seed. (Hide and
Bell)

TABLE 19

Comparison of yields from healthier, certifed and once grown seed

Yietd (t/ta) Hedthier Crrtifcd ODcc growtr

Total

War€ (>4 4 cm)

ilE.9

38.0

Mealt 44'l
Range rl0.7-47.2
Mean 34'l
Range 29'3-38'3

M€an ,l4 5
Rarye 4l'247'7
Me3tr 33.7
Range 29'7-35 9

Efrects of spscing rnd fertitiser on King Edwerd g l Pentlrrd Ctown. Earlier experiments
(Rothamsted Report for 1972, Part l, t49) showed that the proportion of ware-sized
tubers yietded by healthier King Edward crops was increased by decreasing the plant
population. Realising that the habit of gxowth and tub€r formation of Pentland Crown,
the commonest maincrop variety, is very different we included it in our 1973 experiment.

Table 20 shows that the yield of Kihg Edward ware potatoes (>4'4 cm, l] in) was
8l larger from 7l cm (28 in) rows than from 9l cm (36 in) rows. Doubling the usual
fertiliser dressing increased yield by I I f in the narrow and 7l in wider rows. Decreasing
the number of King Edward tubers planted from 37 1 to 22'2 thousand/ha increased ware
yield a little in both wide and narrow rows but giving double fertiliser to the smaller
population increased yields little further.

Pentland Crown gave larger yields of ware potatoes than King Edward (means respec'
tively 57.3 tlha,22'8 tons/acre ard 38'2 tlha, l5'2 tons/acre). Unlike King Edward the
yield of Pentland Crown was decreased by planting fewer seed tub€rs, es?ecially in rows
!l cm wide. On average doubling the fertiliser increased ware yield by 9 f and increased

the yield of oversize tubers (>8'3 cm, 3| in) from 0'4 to l'2 t/ha.
TLe I 973 experiment showed that with King Edward it was best to Plant 22 000 tubers/

145
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TAELE M
Efect of plant populatioa ad fertiliser on yields (tlha,

Peatlatd Crown
Roc6 at 7l cm

>4,4 cm) of Kiag Edword od

Roms st 9l c-m

Kg fcrtilissrAar

PlartsAs
com)
37.1
29-1
2..2

1510

(a) Kitrg Edw.rd
t/hs

36.6 ,O.8
37.0 4.3
39.6 42.0

O) Pantlaod CrowD

lha

35.1 34.4
34.9 {O.3
36.2 39.0

Spaciog
(10 cm)
(38 cm)
(,18 cm)

60. I
57-O
J5.5

56.t 61.4
56. I 51.8
55.5 61.8

37.1
29.7
22.2

Spacing
(38 cm)
(48 cm)
(61 ctn)

(38 cm)
(,18 cm)
(61 cm)

(30 cm)
(38 cm)
(48 cm)

56.5
5t.6
53.8

sE + r.464
I Cotrtainiry 13% N, t3% P&$2O%KrO

ha in 7l cm rows because more fertiliser was needed to obtain the same yield in wider
rows. Planting Pentland Crown in narrow rows also almost always gave the greater yield.
(Hide with Widdowson, Chemistry Department and Moflatt, Farm)

Efects ol irrigation on X q Edwanl crapr. Healthier King Edward tubers usually
produce plants with more and smaller tubers than those from diseased commercial
stocks. It has also been said that irrigating early, as we recomrnend to control common
scab, may do the same. Plots planted with seed averaging 25 g or 126 g (spaced 38 cm
apart in 7l cm rows) from healthier and commercial stocks were unirrigated, irigated
early (from 751ercrgence,22 May, at l5 mm soil moisture deficit (s.m.d.) until .marble

stage', 30 June, then at 38 mm s.m.d.) or irrigated normally (from marble stage at 38 mm
s.m-d.). On 19 September normal-irrigation plots planted with commercial and healthier
seed yielded respectively 13 ar,d 261more than unirrigated. Normal irrigation tended to
increase the size of the larger tubeN but early irrigation encouraged the formation of
more tub€rs especially those of 3-5 cm. There was more Oospora and Rhizoctonit
following irrigation of farm seed but less I/e/rn inthosporiunt.Irrigating did not affect the
diseases of healthier seed. (Hide and Bell)

Tests measuring the eflect of irrigation on gangrene in this experiment are not yet
complete but results from the 1972 experiment (Rothamsted Report for 1972, Pan l,
149) show that'eady' or 'normal' inigation increased only gangrene cxnsed. by Phoma
exigua yLt. foveata whereas irigating only in August (latQ increased only rots caused by
P. exigua YaL exigw.

Of 2m isolates from pycnidia on stem lesions all but one were P. exigua yar. exigua
so the importance of stem infection needs further investigation. (Grifrth)

The rctiyity of fmgicides .gpi"st tuber prttogfis
The obwrption ord Dgrcrrutd of bcaidnidazole fuqicidct ia tubn aad ;oil The

rapid uptake of thiabendazole by potato tuber skin at pH 3, and the difrculty of rF
extracting it were confirmed. It was found that methyl benzimidazole-2-carbamate
(MBg, the major active principle of many related fungicides, was absorbed most at pH 3
but that tuber skin did not remove so much of it from aqueous solution as of thiabenda-
zole. The amounts of thiabendazole and MBC (derived from applied benomyl) that can
t6

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


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

https://doi.org/10.23637/ERADOC-1-130 pp 35

PLANT PATHOLOGY DEPARTMENT

be ertracted from trEated tubcrs deDends much on conditions' so differential extraction

;,h#r-;;;';;;"ide the best way io relate rungicide cootent and biological activitv'
'""#;tl-";;;;;ds have been dtt-p"t"J t" hel-p demonstrate fungicide movement and

,"f,il;;tf Th;sotuute nvaroctrio;ie sals of thiabendazole aod MBC were made

ffi';;i ffi;illo " 
ro1 aito"n "*G.ent 

to test activitv against tuber diseases' In

#i;;ili;;'.il;..ro (''io G' G:'ilss) [2'rac]MBC and [2-raClbenomvl showed

no simificant down*ura ,oor"a.ot J*iogTi* .oott i 
"*poturein 

the field. Twenty-nine

;;fiI"il'siit ;", t.*t a *itn un *"-'aiv lutgt orno'nt of benomvl (17'8 kg a'i'lha)
-, i""ri"riril 

-adi 
n, tg70' Pai-1, l$; *itt -u'a potato haulms were assaved' No

Hffii;; M;c;;* found in hautm 6ut 30-80 /' of the amount applied -w-as:e-
#;;#;;#;h" .ui-*rt u".tont t M ammoni'm ihtoride. (l : I v/v) at pH 7' The

ffiil;;ffii f;.. 
"."r, "r 

n"" plots was invers€ly relared to soil pH but was not

;?;:.11} ;i;;s;. i, G pH or tt"iitiu"unt' rhe implication is.that processes related

to soil oH bad altered the quantrry of MBC recoverabli The efficiency o[ the a::ay Yls
xi,liffi;?j;etiarib. iu*r'riz-of the tabeled chemical was lost on soil within

ffiilffi i-o .oL *i*,i, nue aais 
"l further 5 % was lost during re'extraction of the-

iii[. ri"-i* ,Jment of the ,oii lrG o. r rv nv,ir-ochloric. acid extracted only I 8 % of

;?;.;;iil;ilBc ilir,i. r'"a 
" 

r""Li tp""ifii radioactivitv than expected' (Austin)

&rvbat of Ftlogens in teated n,Jrs' ln a complementary field experiment seed

*t" *i,nit, .p& and silver *o'r *tt teated wiih benomyl- and thiabendazole' At

ff;;i;;il.;;;iol *oo tne ."-nio, of seed tubers were lifted and incubated in

;;;;-";ilil;" 6ilrpiro uoa nit*ntt'otpo'iu^ sporulated on the skin of untreated

i#; ;;i;:ii;;;""i,'*r'"" the internal tisiues were cut awav or had rotted to reveal

ir," 
""a...ia.t "f.kin 

spots or the siin of treated tub€rs' both fungi sporulated profusely'

iil;i;;;; ii;ai.if,ut o' rungitttic concentrations do not penetrate tuber skin in

;#;;;;,i;. irriu..-or", rirngicide-treateo seed tubers may_conceivably produce

ill"rtiliiili;y il.iiu "ooui6ui" 
iio"urum residues to the soil when the crop is lifted'

(Hide)

Potslo aDhids otrd toFrou' The symptoms of toproll' olten confused with those of

ilffiIt"fiffi il"l.'p ., pr""s o'nlli"n the apfiid Macroiphum euPhorbiae-has -fed'

ffi;;r,;*;i; ii"! no*"ta "ta 
Majesiic p111!s affected bv toproll in.le72

oroduced plants normal in upp""iuo"" 
"no 

yilta in-tlz:' Therc.were fewer aphids on

::;"#;i i";;;ffi i, ls73 th"" i, l97i' Mvzus persicae and Maoosiphum euphor-

#:;#iil;;l*ii ip."itt'""a ti'"v t""il"o 
'maximum-numbers earlv (end of

ii,?1, 
-." ,ie;l 

"re"ted 
riu"t 

"oJlourrgtr 
plants than in 1972' Aphid populations

;;iifi#;;J ft tut., gro*tt' * potio tt"tt *ut normal even on plants that still

Jt-orr.t ioetofr symPtoms on lower leaves' (Gibson and D' Boyes)

ADhfttstchitrg glanltuflr hsirs trinsferrelt lo Solaw" .tfierusum hybridr* Foliage

ii-,n" ii'fr"T. s, !^.n b"nnoiitii bears glandular hairs lhat' on contact' release a

ll;ff ;il 'gr-u"s- upr,ia. to ttre piani' This-character which could provide a useful

;U;;; ii rpfii t stt o"" fas ueen founa in hlbrids of -s' 
ber'houltii vith s'

;tr;;;;'6.iirir""J 6t"*"1 "* oi*i"n is a feriile tetraploid and will be tested

further. (Gibson)

The irftt€nce of tuber ltis€.s€s 1972-?3

Natioaal sutey of fiagal di*lases oJ seed tl6ars' There were fewer tubers afected

*ilffi;h,,;G"oi'u"d.tio tpl-t ttu'o io 
"oy 

otntt ytot since tbe survev began in 1963'

t47

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


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

https://doi.org/10.23637/ERADOC-1-130 pp 36

ROTI{AMSTED REPORT FOR 1973, PART I

Among the 2500 tubers each of King Edward and pentland Crown only, respectiveln
2 an9 3 had-b-light (Iable 2l). Gangrine_ afected 3 and,6l of chitted tubers a;pilti;;
or 13 and 18 Z" of sub-samplcs wo'r-nded uniformly and stired cool. fn"." *us'"ve.agE
incidence 

--on 
King Edward of black scurf, powdiry scab, cornmon scab and Oospira

pustulots (bfi fewer showed skin spots). lffiae, C;mtn ana nely

TABIJ 2I
Suney offungal diseases of seed tubers (fl tubers infecredl)1 stocks with infected tubers)

Exaohed Disease #ffu ,3*,#o
R Skin sDot loo.sporu pustulans) 26tgg 24figI p-ery_i ptu;na e'*;l-' -it44 

6t62y Dry rot (Futarium toladil t730 7j5,R Bhglt(phytophthora infestar.s) .iii- .t?4R Btack scurf thhizooonio atatiil )lipe 26;l%
* lowdery scab. (Spongospora sabrc.rdn a) tg/g0 2146K (-lodlmor scab (Strcptomyces scabics) 291% lilm

Number of stock cxami&d 50 50

R : at receipt; p : at platrling

Potato viruses diseases at Rothamsted. Most experiments planted with seed grown
in 1972 at Rothamsted contained few plants infected with potato virus y or leif_roll
\O.?%_P_V an! p.l'l LR in King Edwird; none in pentlani Crown). One experiment
included King Edward witb 2 f PVy and in these plots ao early apbid invasion sircad the
virus considerably so that by mid-season t3f of planS sbowed the leaf drop strcak
primary symptom. Neither leaf-roll nor potato virus y was detected in isoUtJa crops
grown to provide seed for 1974. (Govier)

Staff anrl visifing worlers
Those appointed to the research staff were: M. J. Adams, D. J. Austin, A. J. Dabek
(ODA Research Fellow to study virus diseases of tropical crops), M. E. Finney, p. Jones.
Those who left were: Sara M. Davis (zde Cook), and Vivienne peanon. ii. Sa.tl"tt,
D. Boyes, Pauline Cross, J. E. Geary and Hazel E. Jentins worked as sandwich course
students from April to September.

Visiting workers included Dr. T. G. Atkinson, Lethbridge (Canada), Dr. S. U.
_Despand€ 

(India), Dr. S. ciarin2??i (Dijon, France), S. Misiri lNigeriaj-and l,Ir. S.
Yorra-urai (fhailand). Mr. R. A. Hill a;d Mr. B. D. L. Firr w;kei on Agriculturat
Besearch Council Scholarships. Dr. A. M. S. pope completed the work on a Hoie-Grown
cereals Authority Grant on take-all. Dr. p. H. 

-Gregory 
continued working at the invita-

tion of the Lawes Agricultural Trust.
On behalf of the Overseas Development Administration, R. H. Kenten returned to

Ghana on secondment to the cocoa Res€arch Institute. s. J.'Eden-Greene was appointed
to the department and then seconded to work on lethal yellowing of coconut in Jamaica.
I. M: HAst, D. Hornby, J. I'acr.y, D. H. l:pwood and C. J. i.awlinson attended the
2nd International Congrcss of Plant pathology in Minneapolis in S€ptember. R. T.
Plumb visited the solomon Islands during March to advise on virus disease s of colocasia
and to collect potential vectors. J. Lacey lectured at The prince lropold Institute of
Tropical Medicine, Antwerp, itr April.
_ We- gratefully acknowledge much financial assistanc€ from the potato Marketing
Board a continued grant from the Forestry Commission and one from the Home_Growi
Cereals Authority that has been completed.
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