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PLANT PATHOLOGY
DEPARTMENT

P. H. Gneconv
F. C. Ba*'den was chosen as director when Sir WiUiam Ogg

retired in September 1958. The stafi of this department, which he
joined in 1936 ard of which he has been head since 1940, are de-
lighted that this leadenhip is now extended to the whole of Rotham-
sted. P. H. Gregory was appointed head of the department from
I October 1958. L. Broadbent left to take up a post at the Glass-
house Crops Research Institute, Littlehampton. G. Salt was
seconded Ior two years as plant pathologist to the Sudan Govem-
ment Service.

F. C. Bawden, L. Broadbent, E. W. Buxton and J. M, Hirst all
spoke by invitation at the Golden Jubilee Meeting of the American
Phytopathological Society at Bloomington, Indiana, in August, and
E. W. Buxton attended a Conference at Purdue Univercity on
Panama Wilt of Bananas. J. M. Hirst was awarded a Kellogg
Fellowship and spent three and a half months visiting research
stations and universities in Canada and the U.S.A. F. C. Bawden
also attended meetings oI the Advisory Committee on Agricultural
Research in the Sudan at Khartoum in January and of the TechnicaL
Co-ordinating Committee for Agricultual and Allied Research in
the West Indies in June.

A. Kleczkowski and B. D. Harrison attended the Irtemational
Congress for Microbiology at Stockholm in August 1958.

D. Perry was awarded the Ph.D. degree of London University
and Alison Fletcher the B.Sc. degree.

VTRUSES AND VrRUS DTSEASES

Little is Lnown about nhat takes place during the first few
minutes and hours after a plart is inoculated with a virus. In
studying the early events of inlection with tobacco mosaic virus in
tobacco and Nicotiana glutirosa plarrts, inocula of the whole virus
and of the inlectious ribonucleic acid obtained from the virus were
compared. By infectiyity tests new virus was detected about
2 hours earlier in plants inoculated with the nucleic acid thau in
plants inoculated with the whole virus. Six hours from inoculatiol
with nucleic acid was the sbortest p€riod when newly formed virus
could be detected. A similar time difference was found rvhen
N. gl,ulinosa plants inoculated with the two kinds of inocula were
dipped in hot water at 50" C- for 30 seconds. This treatment
reduced the number of local lesions lrom either kind of iaoculum
when it was applied immediately after inoculation, but when it was
delayed for 4 hours with the nucleic acid and 6 houn with the whole
virus it no longer had any efiect.

Nicotiana glutinosd plants inoculated vith the nucleic acid pro-
duced very few lesions when placed at 37" C. immediately alter
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iooculation but the usual numbers when the treatment was delayed
Ior about 2 hours. Exposure to 37" C. does not afiect the number
of lesioas produced by plants inoculated with whole virus, ancl
2 hours may be the minimal time for new vims to be syrrthesized
when nucleic acid is the inoculum. (B. Kassanis.)

Further studies of the decomposition products of tobacco mosaic
virus gave evidence that the nucleic acid does not contribute to the
surface potential of the virus particle. The fact that the electro-
phoretic mobility of tobacco mosaic virus is greater than that of the
non-aggregated virus protein (obtained by splitting the virus by
alkati) seems to result from the way the electric charges are distri-
buted on the surface o{ the non-aggregated protein particles and
Irom the way these particles are combined either in the native virus
or in artificial aggregates of the protein particles. The lack of
contribution of nucleic acid to the surface-charge density of the
virus particle agrees with the X-ray studies of radial density
distribution by Caspar (1956) and Franklin (1956), who showed
that the nucleic acid is positioned near the central axis oI the virus
particle.

Alkali-produced disaggregated protein o{ tobacco mosaic virus
is an antigenically heterogeneous mixture and lacks an antigenic
troup present in the original virus particle. Recombination oI the
proteins with nucleic acid seems to restore the lost antigerfc group,
although the nucleic acid by itself is not antigenic. The recombined
lucleoprotein behaves as an antigenically homogeneous material.
This islo probably because of aggregation of the protein recombined
with the nucleic acid. Aggregation caused by lowering the pH to
about 6.5 also leads to the loss of antigenic heterogeneity, although
it does not restore the lost antigenic group. (A. Kleczkowski.)

Elulron miooscoPy

Some success was obtained in finding methods for mounting
plant viruses for electron microscopy at high resolution. The
iechnique of heary metal staining was successfully applied to
particles of a strain oI tobacco rattle virus. In normal shadowcast
mounts the particles are rods about 2l mp wide, with a central hole
which can be seen when short particles appear " end on ". When
mounted on thin carbon fllms after staining with uranyl acetate,
lanthanum nitrate or thorium nitrate, the partides show a dense
central thread. about 4 mrr wide, surrounded bv an unstained andcentral thread, about 4 mp. wide, surroundeil by an unsta.ined and
apparently structureless region. After staining with phospho-
tunsstic acid the central dense reeion aDDears about 6 mrr wide,mp wide,tuigstic icid the central dense region appears
somitimes verv denselv stained but sometimesstained but sometimes aplxaring as a less-

eavily stained edges, as though the material

incubation wiih trypsin, a regular cross bauding with a r

about 2.5 mpr becomes visible in the outer region away
.pntrrl fhrpad This is the first time that a stmcture of

spacrng
, from Ithe

central thread. This is the first time that a structure of this order

sometimes very densely stained but sometimes aPlxaring as a less-
dense region with very heavily stained edges, as though the material
which 6lled it had been partly extracted. When the Particles are
trcated with phosphomolybdic acid, or vrith uranyl acetate after
incnhation wiih tnDsin. a regular cross baudins with a soacins of

of size has been seen in a plant virus with the electron microscoPe,
and it may well represent the pitch of a helical protein structure, iI,
as seems likely, tobacco rattle vinrs has ar internal structure broadly
similar to that of tobacco mosaic virus. Attempts are now being
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made to characterize the two parts of the particles as revealed by
these staining techniques.

Epoxy resins (" Araldite ") show promise as a medium for
embedding plant material before sectioning for electron microscopy.
The blocks are less easy to cut than the usual methacrylate mixture,
and unlike methacrylate it does not evaporate in the electron beam,
so that for a given image contrast the sections must be thinner.
These disadvantages are more than ofiset by the absence of char-
acteristic artefacts produced by methacrylate shrinking during
polymerization. \14ten centriluge pellets of tobacco mosaic virus
are embeddd and sectioned the virus rods are recognizable in sec-
tions thin enough for adequate electron microscopy without remov-
ing the embedding resin by solution and then shadowing, a tech-
nique liable to introduce gross artefacts. This difficulty coutd be
partly avoided ii it were possible to use readily stained virus particles,
and this is one reason why time has been spent in a study of possible
sta.ining methods rather than on sectioning.

The number of routine examinations made for other members
of the department continues to grow. In the past these have usually
been of virus particles in clarified sap, and the mounts har/e required
only the minimum of time for their preparation and examinatior.
There is now a tendency for workers to require more highly purified
material, and the electron microscopist necessarily has to report on
the state oI the specimen in at least the final stages of purification-
Among work done for other departments progress has been made in
finding the conditions which must be met for satis{actory high-
resolution electron microscopy of minerals of the montmorillonite
group, some of which have so Iar proved extremely difrcutt to study
in this way (see report ol Pedology Department). The problems
are somewhat similar to those found in making good preparations
of viruses. (Nixon.)

Soil-borne Viruses

Mechanism of so'il transmission Strong evidence was obtajned
that soil-inhabiting organisms are concerned in the soil transmission
of certain viruses oI the ringspot type. Detailed studies were there-
fore made on the Iauna oI soils taken from the parts of raspberry
plantations where raspberry ringspot virus occurred, and of soils
from adjacent virus-free areas. The arthropod populatiors were
amlysed by F. Raw, Entomology Department, and the nematode
populations by R. D. Winslow, Nematology Department. The
virus-contaioing soils possessed uore Collembola and certaiu t5rpes
of Acarina, and they sometimes contained more oI certain plant-
parasitic nematodes than did the virus-free soils. Evidently the
composition of the soil fauna in virus-containing and virus-free soils
difiers in many respcts, but the relevance of these difierences to the
occurrence of the virus is uncertain. (See also reports of Entom-
ology and Nematology Departments.)

Ptttifralion ond Prc'Pell;es of tabacco latl.le vitus. Purifed pre-
parations of a strain of tobacco rattle vi.rus, originally obta"ined lrom
Scotland, coutained rod-shaped particles of the same width but
whose lengths fell predominantly into two categories. The two
types of particles were separatd by high-speed centrifugation in a
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sucrose density-gradient. Both tyP€s seemed to be nucleoproteins
oI the same or similar constitution, but only the longer particles were
infective. (Harrison.)

ARTHRoPoD-TRANSMITTED VTRUSES

Stgar-beet lituses
The aphid-transmitted yellow-net virus oI sugar beet (Re!.

Rothamst. er|. Sta. for 1951, p, 164) has been studied in pot culture
(in collaboraiion with S. A. W. French of the Botany DePartment) to
determine the efiect of spraying with gibberellic acid on suscepti-
bility and symptom production, and the efiect of virus on yield and
sr.'rnptom production, the effect of virus on yield and on concen-
tiation of Lrbohydrite in the leaves. The l6ss in yield caused by
vellow-net virus in olants 2 months old was smaller than would he
ixpected for plants' similarly infected with necrotic beet yellows
vims. Plants treated with gibberellic acid lost about 30 Per cent
of their root yield as a result of infection, and the untreated ones
lost about 20 per cent. The effect of gibberellic acid (applied once
during the firsl month of growth) was a temporary iwreasa in yield
of tops. Later there was a decrease in yields of lamirae, while
netioles and roots were not affected.' Plants infected by yellow-net virus, especiatly middle-aged
leaves that show the main yellow-net slmptoms, had much less
sucrose and reducing sugars than normal plants. The yield of sugars
per 1,000 grn. fresh weight ol leal lamiaae averaged about 3 5 gm.
ior healthy plants, but only 0'4 gm. for midtlle-aged leaves of
infected planis and l'5 gm. for other leaves. Yellow-net virus thus
contrasts strongly with beet yellows virus which increases the carbo-
hvdrate concentration in infected leaves, sometimes to ten or more
tirnes normal. fiVatson and Chessin.)

Cereal lir*ses
The host range of cereal yellow dwarf among meadow and

hedgerow grasses was investigated by using large numbers of the
vecior , Rhofalosi phutfl ?adi , to ensrte that the virus was introduced
in suftcieni quantity. Fesluca pratensis, F. rubra, F. elatior, Poa
tritialis, P. fralensis, Dac\lis glouerala, A horanthum odorutam
arnd Agrosli{ rrrtlis became infected but behaved as sympton ess
carriei. Aoena falua, Bromrs stetilis, B. aruensis, ar.d also maize
and rice, showed symptoms of teaf discoloration and stunting.
Aglolyrotu re?ens a;ad Anhenathelurn elntioz appeared to be immune-
(Muttigan.)' 

Twb yellow dwarf viruses of cereals have now been compared in
both gtalshouse and in field exPeriments. They are coisidered
distinCt viruses rather than strains of one virus, because plants
infected with the avirulent virus become inlected with the yirulent
virus iust as severely as healthy plants, and the virus derived from
these'plants after a few weeks' gowth gives virulent sl,mPtoms
when Subinoculated to healthy plants. The avirulent strain does
not protect a plant from the virulent infection, and the only evidence
ol iriterferenie seems to be that the avirulent virus is eliniinated by
the virulent one. (Watson, Govier and Mulligan.)
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In 6eld plots inlected with the two viruses at fortnightly intervals
between Apri.l and June the earliest infection caused losi of 80 per
cent of the yield of Blenda oats and about 65 per cent of that of
Koga II rvheat and Proctor barley. The second and third infections
caused losses oI about 50 per cent and l5 per cent respectively.
With the avimlent virus the loss from the first two infections was
40-50 per cent and the last negtigible. Oats were again the most
severely afiected. (\l'atson and Mulligan.)

Ryegrass masaic. Ryegrass mosaic virus was transmitted by
Abacarus hyslrir (Nal.\ to ten out of twenty S22 Italian ryegra-si
test plants when each was tested with ten mites immediatety tfter
feeding for 3 days on infected ryegrass leaves. Such mites lost half
their infectivity ir about 3 hours while feeding on Capelle wheat and
almost all infectivity after 12 hours. Healthy miterfed on inlected
leaves for 12 hours transmitted as readilv as those fed for 24 hours
or 48 hours, but those fed for only 6 hours-did not transmit. Freshly
extracted sap of infected S22 Itaiian ryegrass plants at pH 7 lost mos"t
of its infectivity in l0 minutes at 55'C. At room temperature half
the infectivity was lost in about 3 hours and most in 24 hours. In
addition to species mentioned in last year's report the following
developed streakhg when in{ected: Ahfecrrus agrestis, Aoera
fatua, Aoena satilo, Da.cAlis glomerata and.Oryza sativa. The streak-
ing in Blenda oats becomes rusty in the upper leaves, and a naturally
iufected plant has been identified from the field. The streaking in
cock's foot SI$, S37 and 526 resembles that caused by cock's-foot
streak virus, and the ability ol Myzus persicae to transmit ryegrass
mosaic is being tested. Cock's-foot streak virus transmitted by
M. Persicae to cock's foot has been transmitted by sap into S22
Italian ryegrass, in which it gives slmptoms like ryegrass mosa.ic.
Rod-shaped particles like those of ryegrass mosarc (Rotham. exf.
Sl+. Rep. fot 1957) were found in two out of five samples examined
by the electron microscope. (Mulligan.)

Whcat striate mosaic. The three races of hoppers isolated last
year v/ere used to find out the relation of virus inheritance to the
Yector-eficiency ol the parental strain of hopper and the time of
parental virus acquisition.

Eftcient races transmitted to a high proportion of the nymphs,
but inefficient races to very few. Nymphs from females ol efficient
races {requently transmitted on the day oI hatching, so if the virus
multiplies in the tissues of the inheriting uy,mphs it presumably does
so in the egg during the development of the embryb. This view is
strengthened because many infected embryos die before hatching.
For this reason the progeny of infective females from eficient racel
are fewer than those of non-infective mothers or mothers from
inefficient races (nymphs did not inherit virus unless their mothers
or grandmothers had Ied on intected plants). Because infective
races of hoppers reproduce more slowly than non-infective ones,
there is a population pressure to eliminate infective individual lines
from mixed cultues, with a result that most become healthv when
maintained in conditions where they cannot become infeciive br.
feeding on infected plants. (Watson and Sinha.)
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N otlersistafi l!;tuscs
It was reported last year that the non-aphid-transmissible

potato virus C (from Edgecote Purple potatoes) can readily be
transmitted by M . Persicae if. it is fiIst inoculated lo N. glutinosa in
combination with potato virus Y. Viruses transmitted by aphids
from such mixed infections in N. ghtinoso frequently give black,
necrotic local lesions, characteristic of potato virus C when inocu-
lated to Majestic potatoes, but potato virus Y alone has never given
such lesions, and neither have isolations {rom it. Combined viruses
that gave local lesions followed by necrotic systemic infection in
Majestic potatoes retained their character in Nicoliara Slulinosa.
Some have been maintained by sap inoculation through N. gldinosa
and single-lesion isolates from Majestic potatoes for 18 months.
Atthough such combined viruses may be changed by systemic
passage through Majestic potatoes (as was the original aphid-
transmitted potato \irus C), their behaviour suSEests that they may
be " hybriG ".

Attempts to transmit either potato virus C or tobacco mosaic
virus as conta.minants of henbane mosaic virus have failed. So also
have attempts to trarEmit the non-aphid traDsmissible strain of
cucumber virus I as a contaminant of yellow cucumber virus l.

A virus occurrirg naturally in Jersey and sent by Mr. D. E,
Richardson of the National Institute of Agricultural Botary was
very like the aphid-transmissible C virus mutant, except that its
aphid-transmisslbilit], did not disappear after passage through
Majestic potatoes; also an isolate from it caused necrotic systemic
lesibns in Majestic potatoes resembling those caused by isolations
from mixtures of potato viruses C and Y. (Watson.)

Tobacco mosaic. Attempts to transmit tobacco mosaic by using
M. fersicae whose stylets had been exposed and coated with tobacco
modaic nucleic acid before feeding on healthy seedlings were un-
successful. Ribo-nuclease was applied to the exposed stylets of
M. persicae betore feeding on plants infected with henbane mosaic,
and also alter feedinE. Both treatments reduced the Probability of
subsequent infection, but similar treatments with distilted water did
so also. (Watson and Delobbe.)

A drus disease of cazzols. An aphid-transmitted Persistent virus
was isolated from yellow, stunted carrot Plants at Kennett, Cambs.
The syrnptoms r&embled those described by L. Stubbs from
Victoria, hustralia, as " carrot mottley dwarf virus ". The vector
is the carrot aphld, (CavarielJa aegopodeael, and the I'irus is not sap-
transmissible. (Watson.)

Potalo tir*s diseases

Aphids were exceptionally numerous on potato crops in May and
Iune 1957, but numbers then declined rapidly, and there was no
iummer migration during July and early Au'gust. The efiect of
these infestations on spread of viruses in the field was revealed
during 1958 on plants grown lrom seed tubers saved from experi-
menttl plots of the previous year. An experiment on aphid control,
done wilh P. E. Burt of the Insecticides Department, showed that
spraying with DDT and " lletasystox " on 3 June 1957 reduced the
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spread of leaf roll to less than a quarter of the amount on unsprayed
plots, but that sprays applied on 19 June, 3 July or 30.]uly had no
signifrcant effect. Spread o( rugose mosaic was not reduced by any
of the lour applications. Thus, although the plants were iniesteil
with apfuds before any spray could be applied, the 6rst spray
applied when about 80 pr cent of the plants had emerged almost
stopped the spread of leaf-roll virus within the plots. The lack of
efiect from later sprays in 1957 supports previous evidence that the
early sprays are the most important, and that tbe spread of virus y
is attributable to the great activity of witged, Myis ielsicae while
the plants are emerging. (Broadbent and HeathcoteJ

Insecticide trials on potatoes ir co-operation wittr the National
Agdcultual Advisory Service were coatinued in 1958, when most
ended. Despite the spread of virus in 195? in many parts of
Brita.in, few of the sprayed stocks that had been kept ioi several
years deteriorated badly, and the recommendations to {armers to
keep their sprayed stocks for 3. 4 or 5 years have been iustified.
The high cost of certifed potato-seed tubers has stimulated' interest
in our work, and some growers are endeavouring to keep their stocks
longer. (BroadbentandHeathcote.)

To obtain further information on the relative ability of winged
and wingless aphids to transmit potato leaf roll and rugos" moiic
(virus Y) an experiment was done in f957 in collaboiation with
P. E. Burt of the Insecticides Department on smalt plots applvine
" Phosdrin ", a systemic insecticide that remains attiue firi i,ntV
2 days, at intervals to prevent wingless aphids becoming nrmerou!
but to leave the plants open to visits ot winged aphids during most
of the season. One set of plots contained no vinrs-infected ilants,
and the other had one plant with leaf roll and one with'rugose
mosaic in each half plot. Haulms were removed at difierent dates:
15 July. 19 -{ugust or when dead. 'Phosdrin " rvas firsr applied
on 6 June 1957, 2 weeks aJter the first plant emerged. TbL'oer-
centage of plants infected in the central rows of these plots were:

No infectors -.- ..-
Autumn harvested ...
Mid-season harvested
Early harvested

+ " Phosdrin "
LR RM

.-. 2.5 At2
-.. lo.o 87.5
... 8.t s4.7
... r0.0 71.5

- " Phosdrin "
LR R}I
t2.5 56.2
37.5 57.4
30 0 92.5
u.2 59.0

As in the other Rothamsted experirnents, most of the spread
occurred early. Aptera apparently played lit e or no part in
spreading virus Y (RM). If the incidence ot LR in the plots
treated with " Phosdrin " represenls that spread by alatae, ihere
must-have been considerable spread o[ LR virus by aptera'before
mid-July.

During the extremely wet season of Ig58 apfuds in general and
Myzus persicae in panicular were many fewer itra" in tdSZ.

Eteven sticky cylindrical aphid traps were operated in unspraved
potato crops near to sprayed ones in different parts oI Eigland.
M. persicae were few during May and June, but became num"erous
in the Wash area during July. Elsewhere thev remained few
throughout the summer. (Broadbent and Heathc6te.)
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Fu\cr AND FuNcus DtsnasBs
Potato blight

Phytofhthtra 'inJestans attacked. potato crops unusually early in
1958. It was first lound on commercial crops on f6 July, following
a l9day period when conditions within crops continuously satisfied
the Beaumont criteria. The {ungus spread rapidly in persistently
wet weather, and unsprayed Majestic crops were almost destroyed at
the end of August. Maiestic crops sprayed twice with copp€r oxy-
chloride yielded only 1 ton/acre more than unsprayed plots. The
first spray applied in mid-July delayed the epidemic considerably,
but later sprays did little good, presumably because the residues were
too rapidly removed by rain.

In continued observations on the early stages oI blight epidemics
700 King Edward and 140 Up to Date tubers naturally blighted in
1957 were planted among a similar number of healthy Majestic
tubers. The first above-ground sJrmptoms were discovered on
l8 June on one of seven King Edward plants whose stems were
invaded by the {ungus growing from the seed tubers. The first local
lesions on foliage were found on 27 June, and almost all the plants
in the plot had become infected by 29 July- This series oI experi-
ments, in which only diseased tubers with five sprouts have been
planted, cannot be used to assess the importarce of naturally
infected ground-keepers as sources of blight. To simulate these we
planted 300 naturally in{ected tubers at each of two depths in
November 1957. The winter was comparatively mild, and by July
1958, 37 per cent oI those placed 4 inches deep had produced plants
compared with 30 per cent of those at 8 inches, but on only one plant
(King Edward, at 4 inches) were stems above ground invaded by
the Iungus.

Last year we reported the occurrence, in an irrigated plot, of
foci of infected plants which we were unable to associate with any
nearby invaded stem. It seemed possible that the Iungus, intro-
duced in diseased tubers, might be able to start epidemics without
invading any shoots. To test this we planted a plot in which over
600 healthy Maiestic tubers, 24 inches apart, alternated with Pent-
land Ace tubers. The Pentland Ace tubers were artificially infected
ryith Race 3,4 of P. infestans, and all the eyes were removed to
prevent growth. As in 1957, the plot was irrigated to make good
inv deficit of rain below I inch week. Little irrigation was required
in 

-lune 
because 4l inches of rain Jetl, a third ot it during 2 days at

the" end of the m6nth caused water to stand in the furiows. 
- 

Six
davs later, on 4 .luly, blight lesions were found on 27 Majestic plants,
all'on the lorvest leaves which were hanging over the furrows.
Isolates from each of 25 lesions found on 4 July were tested on
Pentland Ace foliage (which is attacked by Race 3,4 but not by the
common Race 4) and 80 per cent caused infections. By contrast,
none of 30 isolates Irom King Edward foliage in the adjoining
experiment, mentioned above, infected Pentland Ace. At this early
stige of the epidemic, there wor.rld have been little spread o{ the
fungus between experiments, The high rate o[ recovery of Race 3,4
from the plot containing " b[nd " Pentland Ace tubers suggests
that, under \,i/et conditions, attacks oi blight can be started, without
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the invasion of stems, by P. irJestans imtrodtced into unsterile soil
on an appreciable food base. (Hirst and Stedman.)

Experiments had shown unexpectedly little difierence in the
dates at which the varieties Up to Date, King Edward, Majestic
and Arran Viking became defoliated by blight. Experiments were
conttrued in 1958 using a 4 x 4 Lalir: square in which the plots
were surrounded by a non-susceptible guard. As non-susceptible
guards to reduce possible spread from plot to plot, which was
suspected in previous years, kale was plalted between the columns
of the potato plots and mangolds between the plots within columns.
On 18 July blight was fouad irr one King Edward plot, and all plots
were then infected artificially so that the difierence in the time of
arrival of natural blight in plots found in 1957 could be avoided.
The epidemic was particularly rapid and severe. Once again only
small difierences in the rate of destruction ol varieties were recorded.
In Arran Viking 50 per cent defoliation was reached 4 days later
thar Up to Date and King Edward and 2 days later than Majestic.
Other varieties showing more resistance are to be included in future
trids.

\!'hen leaves were marked to assess the progress of blight, de-
foliation resulted mainly Irom the direct infection of lea-flets and
not from their indirect destmction through stem or petiole lesions.
Indirect destruction was more Irequent in 1957, and the efiect in
1958 can probably be explained by the prolonged periods of weather
favourable for spread of the fungus. Lesions appeared every day
and many marked lea-flets became " peppered " with lesions and
were destroyed before infection o{ stem and petiole could have an
efiect,

When leaf axils of glasshouse plants were inoculated with a
droplet of spore suspension, the varietal differences in susceptibility
of stem and petiole observed in 1957 were confirmed. In the field,
stem lesions were abundant in King Edward and Up to Date, {airly
frequent in Majestic and few in Arran Viking, and as a result of the
agreement between field and laboratory observations the test was
extended to thirty-three varieties of all maturity groups. Varieties
differed in susceptibility but {urther experiment is required to assess
the reliability of such a test.

There is evidence that some varieties produce more spores than
others. In Arran Viking in the field the rvidth of the zone producing
spores changes as the lesion grows. In the susceptible Up to Date
the average width oI the sporing zone was similar (3.2-3.9 mm.)
irrespective of the size oI the lesion. In Arran Viking the sporing
zone of lesions 5 mm. diarneter was only I mm. wide, but in large
lesions it was almost as wide as in Up to Date, As a result, Arran
Vikiag produced relatively few spores on the smaller lesions, a.

Ieature seen also in the laboratory in the resistant varieries Acker-
segen and As. Although, with suitable temperature and humidity,
the sporing zones of Arran !'iking can be the sarne as a more sus-
ceptible variety, in a field crop these conditions may be reached
only at the lowest level in the canopy,

Of thirty-two commercial varieties grown for observation in
small 6eld plots, Ackersegen, As and Ontario remained green
longest, and gave reduced sporulation, In another experiment with
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plots of the hypersensitive varieties Orion, Ulster Torch and Pent-
land Ace, only Orion showed some foliage and tuber resistance when
inoculated y/ith its specialized race. Ulster Torch gave the impres-
sion of beirg very susceptible because leaves of the middle and upper
canopy absCissed readily when only partia.lly infected, leaving stems
green and bare. The fallen leaves rema.ined green and spored
profusely in the furrows. and at lifting l9 per cent of the tubers were
blighted.

To investigate the efiect of age on the suscePtibility of potato
foliage to btight, the variety llajestic was planted at fortnightly
intervals from 30 April to 16 June. The last Plot to be Planted was
50 per cent defoliated only I days later than the first, and defoliation
in plantings on other dates was intermediate bet\,veen these two
extremes.

In a feld trial of chemicals for the destruction of potato haulm,
plots l0 rows by 30 feet of Ulster Supreme in a 2 x 5 randomized
block were sprayed when 75 per cent defoliated by blight. The rate
o{ application was equivalent to 40 gal.,/acre o{ sulphuric acid 50 per
cenf B.O.V., sodium arsenite I gallon, sodium chlorate lb. and
FB2 2lb./acre (FB2 is I : l'-ethylene-2 : 2ldip1T idylium dibromide,
supplied by Plant Protection Ltd.). Sulphuric acid killed both
fot'iige and stems most rapidly. FB2 was a little faster than
arsenite in the initial killing of leaves, but slower in killing the
stems. Chlorate was slow kitling both leaves and stems. All
chemicals gave good control of weeds compared with the unsprayed
plots. (Lapwood.)

Alple Scab

Tests of surface-wetness recorders designed to assist the accurate
timing oi curative sprays were continued in conjunction with the
Meteoiological Office and the llinistry of Agriculture'

Trapping of ascospores was continued in orchards at \\'isbech
arld in kent and Sufiolk, but the results have not yet been analysed.
We contilued a series of measurements designed to test whether it
is possible to forecast the number o[ ascospores to be expected during
sphng. The two methods beirg tested both rely on estimating the
rieielit of dead leaf remaining in orchards shortly before bud-burst.
In Ihe first method the extent of this source uould be related to
tests of the ascospore productivity of leaf samples, ol known area,
in which the maturation oi perithecia has been hastened artificially'
Trials in 1958 suggest that this is feasible but that the number of
.rscosDores liberatid would be considerably less than from replicate
sampies left to mature naturally. The second method wou.ld also
relafe the amount of dead leaf in spring to ascospore productivity
but indirectly through the regression of percentage of leaves infected
in autumn on the subsequent ascospore productivity of samples of
the same leaves the next sPring.

Tests of ascosDore Droductivitv were made on uniform area
samples of leaves'formid on the extension gro*'ths of unsprayed
Laxion's Superb in May, June, July or August 1967. The later
lormed leavis were most heavilv infected and produced most
ilscosDores, and the frrst leaves to fall in autumn produced fewer
ascospores than those which lell late. (Hirst and Stedman.)
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Fungi on hay

Work on the mycofloral succession on hay was started because
mouldy hay is thought to have a role in the etiology of some human
and animal diseases (e.g., " farmer's lung ", bovine mycotic abor-
tion, aspergillosis in poultry), and also for its importatrce as an
agricultwal problem.- Pretirninary studies on the difficult problems arising in sa.mpting
hay to assess mould content have involved: (l) shaking a weighed
specimen of hay in air in a small wind tunnel to find .r /hat respirable
spore and dust load was set Iree into the air; and (2) subsequently
washing the samptes to estimate the spore load entering tbe digestive
tract of farm animals. The respirable ard ingested fractions have
been estimated by use oI the Cascade impactor, haemocytometer
counts and by dilution cultures.

The samples of normal hay examined contained little dust and
relatively few fungus spores. The spores put into the air were
trpical of the dry air spora o{ this country (e.9., Cladosporium,
H elmiathospor iam, A llenaria, B otrjtis, Polythrincium, U stilago\ and
support tha view that the outdoor air spora is derived from above-
ground vegetation rather than from the soil. Specimens of mouldy
hay put very many spores into the air, classifiable by direct visual
examiration and ia culture as predominantly species of Asfergilhs,
Peni.cillium and related motids, MorotosPora larugirosa, Absidia
and, Actinornycetes. Many isolates were thermophilic, 8rowing well
at !1{)'C. The total numbers oI spores removed from Iour samples
va4ring from normal to increasingly mouldy hay were as follows in
millioosigm. dry rveight: in air-3, 5, 67 , ?A2: in washing---48, 89,
306, 526.

The rate oI spore removal from samples of mouldy hay shaken
in the wind tunnel {or an hour decreased rapidly. Cumulative
percentage output was approximately linear when ptotted aga.inst
time on [og. probability paper, and in a wird of I m./second (2'9
m.p.h.) 50 per cent of the spores rvere removed during the first
9 minutes.

In the samples examined there was no evidence that plant
material had been broken down hto dust by moultls. Almost all
the dust in the size range l-15 p consisted of fungus and actino-
mycetespores. (Gregory.)

Airborne s?ore lrupiirtg
Since 1956 we have been co-operating with the Meteorological

Office in studyhg variations in spore concentration with height.
Suitable apparatus has now been developed for colJecting and
examining catches. While it is too early {or definite conclusions, it
seems probable that the distribution of air bome spores with height
is much affected by lapse-rate. A wide range of fungus spores and
pollen grains have be€n caught, and at times in high concentration,
for example, 53,00O Clndosloriuzt conidia,/cu. m. of air at 2,000 feet
on the afternoon of f8 July f957.

Part of the work, done in collaboration with workers at Bristot
and Cardiff, has been to test whether attacks of Puccinia grambtis
can be attributed to uredospores dispersed over long distances.
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Results from several years will be necessary in view of the Iew occa-
sions and spores involved, but it is encouraging to have found siagle
uredospores, indistinguishable ftom P. graminis, in four catches
between 4,000 and 9,00O feet over the English Channel (30 miles
south of Portland Bill) on 4 July 1957. These catches indicate a
concentration of the order of 30 uredospores/cu. m. of an. (Hirst
and Stedman.)

Eyespot lcercos/orella herfotrichoidas), lodging and take-all,
(Ophiobolus graminr's), Iavoured by wet summer weather, were un-
usually severe in 1958. On Broadbalk the lst, 2nd, 3rd, 4th and
7th consecutive wheat crops after I year fallow on plots 28, 3 and 7
averaged: 23,68, 79, 77 and 60 per cent straws infected by eyespot;
9, 40, 49, 43. and 30 per cent with severe eyespot lesions; '26, 

3S,
41, 36 and l8 per cent of their areas were lodged; 0.1 8.6, 5.5, 7.1
and 2.4 per cent straws had take-all on the roots. The lower
incidence of eyespot and take-all on the 7th as compared with the
2nd, 3rd and 4th consecutive crops may iadicate a deiline in disease
under continuous cropping, but was also associated with control of
weeds by spray, which was applied only to this section. Take-all
caused greying of straws and ears within the small areas on which
the more severe " patch " form of the disease had been recorded
for the first time on Broadbalk plots in 1957. The patch form did
not recur on Broadbalk plots in 1958, but was found olr a non-
experimental part of the field in the second wheat crop after 2 years
fallow. Loss in grain of about 40 per cent was associated with the
greying, and of about 80 per cent with the severe patch form of the
disease. (Glynne and Cox.)

Recent changes in the alternate wheat and {allow experiment
showed the dramatic efiects of: (l) substituting a wheat-crop for
fallow; and (2) thin se€ding. So$-n at 3 bushels/acre, the-first
wheat crop after fallow had onJy a trace of take-all, the second was
very severely stunted by the disease; but when sowl at { bushel/acre
the second wheat crop was lightly, and the third severely infected.
Eyespot was severe after a l-year fallow when sown at 3 bushets/acre,
but only moderate when sown at { bushel/acre. A rvheat crop sow.n
at I bushel/acre in 1957 was as effective as one sown at 3 bushels in
carrying both diseases to the subsequent wheat crop. On the
Rothamsted six-course rotation experiment, wheat was more
severely infected by eyespot than ever belore recorded, having
99 per cent straws infected, 8I per cent with seyere lesions; this
caused early lodging, and loss in grain, the yield being only I8.7
cM./acre, as compaxed with the previous 20-year average of 3O.4
cwt./aoe. Spring-sowa barley and autumo-sown rye in this
experiment had respectively 22 ar:ld l5 per cent of their straws
infected, These cereals grora in alternate years with non-suscept-
ible crops carr5r enough infection to cause serious loss to winter wheat
in the wetter years.

Spring-sown barley growa continuo[sly on Hoos Field, usually
only lightly infected, this year had eyespot causing lodging in sma.ll
areas and take-all causing greyng in larger areas. Spring-sown
wheat, the fourth wheat crop in 5 years, was seriousty afiected by
take-all in an experiment (Great Knott Field III) on levels and
dates of application of nitrogen. On plots receiving 0, 2, 4, 6
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cwt./acre " Nitro-chalk " 86, 29, 22, 14 per cent respectively of their
axels were grey with take-all, and the very low yields of 8'5, 16'2,
20.2, 21.3 cwt./acre showed the depressing efiects oI this disease,
which causes most loss irt poorly nourished crops, and so increases
the apparent response to nitrogen.

The severity of po\trdery mildew (Ezys{ he graminis),onwheatwas
measured on randomly selected plants on Broadbalk plots by es-
timating the p€rcentage area of the top two leaves covered by mildew
pustules. The dise:lse w.LS most severe in the first crop alter fallow
of plots rvhich had received nitrogen and phosphate; it was rather
less severe where only nitrogen had been applied, and relatively
slight on plots which had received potash as rvell as nitrogen and
phosphate. (Gl1.nne.)

\\'heat grovr'n in small pots contahing Broadbalk soil, either un-
treated or with the pH altered by adding lime or sulphuric acid, had
large root sptems with negl.igible take-all in soil taken from Sec-
tion II after a year under fallow. In soil which had carried four
wheat crops (section VA and VB) there was much take-all with
smaller root systems, except in acidified sofu with pHs of about
r1-5 in which take-all was negligible and root systems as large as
those after fallow. At lower pHs the roots rvere damaged by
acidity.

Cercospotdla furpoltichoides isolated from wheat, barley, oats,
rye and bent grass (,43zosris slalo feral showed wide differences
between isolates from either the same or different hosts in: (l) the
numbers oI spores produced oD disks cut from pure cultures on
potato dextrose €ar; (2) in the time taken to produce eyespot
lesions on wheat seedlings; and (3) in their effects on leld of grain.
(G\'nne and Cox.)

Sunival of Crcoslordla herpolrichoides, estimated by counting
the number of straws on the soil surface which produced spores oI
the fungus incubated in the laboratory, was measured on two
Broadbalk plots. In February to March on Section IV, where
wheat had been grou'n in 1957, there were an average of 4 4 poten-
tially infective pieces of straw per sq. yd. and ll per cent of the
plants in the 1958 wheat crop were infected in March, 17 per cent
in April. On Section II, which had been lallow in 1957, there were
only 0.2 pieces of infected straw per sq. yd.; no plants were Iound
infected in I\Iarch, and I per cent in April. (Cox.)

In the third and last year of a small-plot experiment measuring
effects of sowing date, seed rate and nitrogen, Cappelle wheat was
gro$n on rich iand free from appreciable eyespot and take-all.
The relative yield of each row was determined by sampling and the
plot lelcls corrected to allow for the much bigger yield of the two
outside rows. As in previous years, the corrected yields decreased
with each detay in sowing and were tu.E, 47.7, 37.0, 35.6 cwt./acre
for plots sown 26 September, ll October, 8 November and 6 Decem-
ber respectively. The highest seed rate and higher levels of oitrogen
increased lodging and therefore depressed flelcls. Mean yields oI
plots sown at II, 3, 4| bushels/acre were 42.6, 44 1 and 33.6 cwt./acre.
The effect of nitrogenous manuring is shown by plots sown at
4| bushels/acre, where plots receiving sulphate of ammonia at 0, 3,
6 and 0 cwt./acre yielded respectively 42 4,39.6,32.0, 20.8 cwt.,/acre
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with 0, 5, 20, 62 per cent of their areas lodged. Nitrogen had little
efiect on yields of plots sown at l+ and 3 bushels/acre. As in
previous years, tbere was a small progressive decrease in yield from
ttre second to the central rows in each plot, and this effect \4 as most
marked in the early so\ring, so the ef{ect of sowing dates on yields
of the middle rows was small; sowings in successive months gave
yielrls in the central rows (5 and 6) of. 42.9, 43.2,39.2 and 39.6
cwt./acre respectively. The wheat was attacked in spring by the
lawae of dipterous insects, mainly Opomyza florum, and as in pre-
vious years the attack was heayiest on the early so{-n wheat.
\lrheat sown in September, October, November, December had
respectively 58, 13, 4, 3 per cent plants and 18, 3, l, I per ceut shoots
infested on 5 May, but as the larvae mostly attacked late-{ormed
tillers, the effect on yield was not serious.

Results oI this small-plot experiment were used to plan a larger
replicated field experiment in which Cappelle wheat was sown at
three dates, three seed rates with three levels of nitrogen on land
virtually free from eyespot and take-alt. The land was richer than
that of the small-plot experiment, and in early June the crop looked
better thaD any others at Rothamsted, but the rapid growth in
spring and the continuous wet weather produced such lush growth
that lodging began early, was very extensive, all plots were flat by
harvest, and yield averaged only 30.7 ott.lacre. Here lodging
limited yield, although Cappelle normally resists lodging. But the
six discard rows separated from the harvested area of each plot by
a blank row stood up well tilt just before harvest, suggesting that
this device might enable us to obtain high lelds on very fertile
plots with less risk of lodging. (G\,nne and Slope.)

The first series oI the rotation experiment started last year pro-
vided a comparisou oI the incidence oI eyespot and take-all in winter
wheat (variety Heine 7) grown after winter wheat (W), barley (B),
spring wheat (sW) and spring oats (O). The results are summarized
in the table:

o/o plants in{ected

Previous crops,.. W
December 1957 0 3
Maich 1958 ... ?.4
May 1958 ... 4.9

Eyespot
BSWOW
0 0.7 0 23.6

t2.4 0.6 0.5 26.E
14.8 0.8 0.5 52.8

Tak€-au
BsWO

t7.l 44.9 0
25.7 51.8 0.6
41.4 74.0 0.9

The high percentage infection by take-all in December emphasizes
the unusually favourable conditions lor autumn survival and in-
fection, The disease increased throughout the year, and at harvest
the wheat after wheat, barley and spring v/heat was very severely
damaged, In contrast, the wheat after oats was a good crop.
Reliable yiekls nere not obtained because of a severe attack by
birds; this attack was wolst on the wheat after oats, which ripened
several days later than the other crops. The percentage tailcom
(i.e., the grain that passed through a sieve with mesh size 20 x 2.2
mm.) was 14.7, 11.2, ll'l and 5'7 for wheat after wheat, barley,
spring wheat and oats resp€ctively.

The site of the discontinued Deep Cultivation Rotation experi-
ment on Long Hoos Field was used to obta.in further evidence on the
efiect of previous crops oD eyespot and take-all of winter wheat.
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Yeoman wheat rf,as sown in October on six areas that had the follow-
ing crops in the years l93t-57:

(l) oats, sugar be€t, barley, hay;
(2) wheat, potatoes, oats, barley;
(3) potatoes, oats, barley, barley;
(4) hay, wheat, barley, barley;
(5) bdey, hay, wheat, barley;
(6) sugar beet, barley, hay, wheat.

In July the percentage oI the straws with take-all was 2,3,2, 14,
21, 20, and \ffith eyespot A,, 14, I, 14, 39, l0 respctively. Thus
take-all was slight oniy when there had been 2 consecutive years
frde from susceptible crops (wheat and barley) in the previous
4 years. In this experiment the incidence of eyespot was not
related to the frequency of susceptible crops in the rotation.
(Slope.)

Fusari*m diseases of leas
Extensive field tests were made at Yaxley, near Peterborough,

and at Ral,'ne, Essex, to 6-nd sources of rvilt-resistance among the
pea varieties grown on a commercial scale in Britain. At both sites,
where the soil was naturally infested with tbe wilt fungus, Frzsazinrz
orysporun f.lisi, ninety pea varieties were sown in replicated plots.
Records taken throughout the season showed that 50 per cent oI
the varieties were highly susceptible to wilt, among them most of
the varieties that are popular and widely grown in this country.
Some of the varieties susceptible in our tests had previously been
found resistant in Holland and in New Zealand, piobably because
of difierences in the geographical distribution of physiolirgic races
of the fungus. Including evidence Irom previous obiervations and
isolations from diseased plants, the reaction to wilt oI l4i| different
pea varieties in Britain is now known. Ot these, sixty-six varieties
are susceptible. There was no correlation between wilt-resistance
and any particular morphological feature of any group of varieties.
Some susceptible seed stocks produced a few resistant plants, and
these could be tested for suitability as breeding material. Tests of
resistance in the glasshouse revealid that most-methods of inocula-
tion were unreliable guides to what may happen in the field, so it is
unlikely that selection of resistant stocks can be speeded up in this
way. The problem of control of pea wilt by using sources of resist-
ance can now be handed over to plant breeders.

In further work on the interactions in the rhizosphere between
root exudates from growing pea roots, soil micro-organisms and
Ftsarium oxysbotum f. ,isi, ninety-one di-fferent species of fi[rgi
and bacteria were isolated Irom the rhizosphere of peas and test&
for their ability to inlibit the pea wilt Fusirium in 6llture. Of the
sixteen that strongly inhibited t}re Fusaium, three had increased
ability to inhibit when root exudate was added to the agar medium.
Thee three organisms mav exert an imDortant effect on F. orv-
slorum in natvre, in addition to the direct'efiects that root exudaG
have already been shown to exert on this pathogen. (Buxton.)

Further work on the mechanisms underlying the decreade in
pea wilt that results Irom the presence oI F. solazi in plants inlected
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wilh F. oxyslorum showed that water extracts Irom stems with foot-
rot lesions contained two fractions, one stimulatory, the other
iahibitory to F. oxysfoturtu. Wtren the concentration of the extract
was reduced to rr+rr, the stimulatory efiect was nullified, and spore
germination oI the Iungus wa-s inhibited. F. solani colonized. ttre
epidermis and outer cortex more rapidly and more extensively than
did. F. orysporum. It discoloured the cortex after 4 days, the in-
vaded cells became packed with hyphae, and the cytoplasm later
became granular and stained deeply with cotton blue. On the other
hand, the hJphae oI F. orlsbo/$t t passed both inter- and intra-
cellularly through the epidermis and cortex; the root surface was
not discoloured, the cortical cells remained intact and there was no
obvious reaction in the cortex to invasion. The respiration rate of
plants inoculated with F. solani was 25 per cent higher than that oI
uninoqiated controls. From this and previous work it is concluded
that the interaction between the two fungi occurs during grovth in
the cortex, where F. oxys?orurr. may be delayed in its progress to
the vascular track, resultitg both in delay and ultimate decrease of
v/ilt. (Buxton and Perry.)

Clubtoot of a*cifers
Studies of resting spore germination were resumed; all stages of

germhation and the free, presumptive, primary zoospores have been
seen, and earlier dbservations confirmed. The readier tendency of
spores Irom old galls to germiaate spontaneously, comparetl ;dth
those from young galls, was again noted, but the level of germination
was low. It has now been repeatedly confirmed that di{usate from
the roots of cabbage seedlings, grown aseptically either in dilute
Hoagland's solution or in dilute calcium chloride solution, stimulates
spore germination. In one experiment, with a spore suspension
containing initially, f'5 per cent empty spores, 60 per cent were
empty after 2 days incubation in solution containing root difiusate
as against 15 per cent in solution alone. Difierences in ionic com-
position of the medium also appear to influence germination, and
this factor will require further examination.

Several small crucifers were tested for susceptibility to clubbi.ng
by three isolates of P. brassicae, but no difierential efiects were
observed. Arubido|sis thaliana (L) Hynh. was the most susceptible
of the plants tested, 100 per cent having sJ[nptoms oI clubroot,
followed by ,4zabrs alpina (L\ with 30 per cent, I l,ltssum maritimam
Lam. rdth 22 per cerlt and Cheiranthus allionii Hort. with lO
per cent. Aubrietia Purbrrea (?) remained free from clubbing.
(Macfarlane. )
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