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PLANT PATHOLOGY
DEPARTMENT

BY F. C. BAwDEN

Dr. F. M. L. Shefreld who has held the post of cytologist in the
department since 1929 left in October to join the stafi oI the East
African Agricultural and Forestry Orgznization. Dr. F. M. Roberts
was s€conded in November to work {or a year with the Clove
Researcb Scheme in Zanzibar.

During the spring, the field station for researcb on sugar beet
diseases was translerred from Hackthom to more conyenient and
larger prernises on an airfield at Duaholme Holt.

Dr. R. Hull attended two conferences, one ia Belgium in February
and the other in France in July, orgarLized by the Intemational
Institute for Sugar Beet Research; Mr. F. C. Bawden attended the
Filth Intemational Congress for Comparative Pathology, at
Istanbul in May; Mr. H. L. Nixon attended the meeting of the
Electron Microscope Society in Holland in July.

In March Mr. F. C. Bawden visited. Zanzlbar as a member of the
mission sent by the Colonial Ofrce to report on a proposed scheme
lor the control of sudden death disease of cloves.

Dr. P. H- Gregory was awarded the D.Sc. degree of London
University.

VIRUSES AxD VIRUS DISEASES

Laborubry and gl+sshouse work
The performance of the electron microscop was much improved

by fitting new lenses aod etiminati-ug faults i-n the electrical iystem
and its resolving power for favourable slxcimens is now about
2 mp. lt has been mainly used to study viruses but such varied
subjects as insect cuticle, fungus spores and clay minerals have also
been examhed. Using the shadow-cast technique, the sizes and
shapes of several viruses and virus stra-ins were determined, some by
the direct examination of clari.fied in fective sap and others in purified
preparations. Tobacco mosaic, potato X, potato Y, potato
paracrinkle, tobacco etch, henbaue mosaic, cucumber mosaic and
cabbage blackring viruses all have rod-shaped particles of constart
widths either about 10 mp or about 15 mp but variable lengths.
Tomato bushy stunt, tobacco ringspot, a newly discovered virus
hom broad bean and the various tobacco necrosis viruses studid
have spherical particles. Infectiwe preparations of the Rothamsted
culture of tobacco necrosis virus rave particles of two sizes, whereas
cqrstalting, largely non-infective preparations conta.ir only the
smaller particles; the retatiouship between these two lots of partides
is obscure. No specifed particles were ideatifed in the sap lrom
plants infected with potato leaf rotl, tomato spotted wilt, cauli8o\f,er
mosaic, b€et yellows atrd beet mosaic viruses, presumably because
these occur too diluted or are similar in size and shape to Dormal
host constituents. No virus partides muld be detected in the
contents of stomachs of inlective aphicls. The cha-uges in properties.
of potato virus X dudry purifrcation are mrrelated with the aggrega-
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tion oI sep-arate particles into extensive rop and net-like
structures (101).

A previously undescribed virus found causing much damaqe to a
crop of broad beans irr the midlands showed some unusual proierties.
Sap from infected plants contains large quantities of'a ipecific
antigen not present in healthy beans, givGg a precipitia tiire of
about_ l/500, approximately the same dilution e;d-point at which
sap also ceases to cause infections when inoculated to healthv
plants. Although higtrly resistant to heat, sap stil being infectivi
after l0 minutes at 90'C., inlectivity is lost irl a fortnighit at room
temperature. All ptant viruses previously studied are precipitated
by one-third saturated ammonium sulphate solution, bit tni bean
virus is not precipitated until the 

- salt concentration reaches
three-quarterc saturation- It has been isolated in the form oI a
ribose nucleo-protein, which has not so far been made to crystallise.

A virus that appears to be related to tobacco rings-pot, not
previously known ro occur in the British Istes, was obtaiu"eil from a
mottled syringa (PhiladeQhus sp.\.

The loss of precipitating power of antisera to viruses and other
antigens that occur during the early stages of heat denaturation is
partially reversible. When the heated sera are incubated with
trypsin the complexes, which were formed by antibodies unitins
with other serum proteins, are disrupted and tbe antibodies liberatd
in a lorm in which they again precipitate their antigens.

With the development of a suitable method for apolvins
statistical tests for significance to counts of local lesions, thi'eheci
of dilution on the numbers of lesions produced bv viruses could be
tested f or compatibility \yith contrastiirg hy,potheses. Experimental
results 6tted the h)'poihesis that variable ririmbers of vinis particles
are needed to produce a lesion at different sites and were itcom-
patible with the previously held idea that lesions are produced bv
chance .encounter between single virus particles anit unitormti,
susceptible sites (100).

Considerable work was done with potato leaf roll. Iufected
tubers were freed from the virus when malntained at S7.5"C. in a
humid atmosphere for periods of 20 days (ff)1. Datura stranatiurn
is more readily infected than potato bv aphids: sr.rnotoms devetoo
more rapidly and are more easitv ide-ntGea witf certaintv in tfil
current season. Using D. stramonium as a test plant a ieries of
experiments was started to gain information on ibe factors that
influence the transmission of leaf roll virus bv Myzrs be/sic@. Other
vinrses whose transmission by aphids was siudi6d w,jre pea mosa.ic,
pea enation mosaic (96), cauliflower mosaic. cabbase blackrins.
sugar beet yellows and sugar beet mosaic. With some o"f those, mo
infections were caused btinfective aphids if their feeding on healthv
plants was repeatedly internrpted than if tbev were allowed to feeil
undisturbed. In an at{emp[ to gain infor;ation on the feedins
habits and movement of aphids,-experiments have been startd
using plants contahing radio-active phosphorus.

Experi_ments on the efiects of host-plant nutrition on the
susceptibility to infection and on the multiplication of certain
viruses we_re concluded (88,89). Reducing tight intensity, increas-
rng humrdrty a-Dd the amount of water supplied to host plants
before inoculation increased their susceptibiiity to inJectio; with
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several difierent viluses. Whether these efiects reflect changes
increasing the likelihood of injuries occurring at the time of inocula-
tion, or changes in the constitution of cells that facilitate the
establishment of virus particles, is uacertain. Such treatments
aDDear to have little efiect on the concentration of virus reached in
irificted plants. No evidence was obtained to suPPort the claim of
French workers that spraying in{ected plants with Srowth hormones
greaily reduces virus multiplication. Sap from Dal&ra sltampnium
Dlants infected with potato virus X, and from tobacco Plants
infected with viruses X and Y, whicb were severely deformed as a
result ol spraying with 2:4-dichlorphenoxy acetic acid or with
2-methyl-4ihlorophenoxy acetic acid, gave the same precipitin
titres Gth vims antisera as sap from unsprayed Plants; saP lrom
spraved and unsprayed plants also seemed equally inlective and
produced similar symptoms wben inoculated to healthy Plants.' Further work was done in attempts to find the nature of the
cause of the yellowing disease that occurs in a Breeders' Iine of
sugar beet, Family 41 (103). Seed from each of 20 si.ngle plants
pr6duced yelloweri plants, but the extent and time oI aPpearance of
yellowing varied with difierent plants. Seed has been saved from
ihe crosses green x green, green x yellowed and yellowed x
vellowed, to see what in-fluence the appearance of parent Plants has
6n that of the offspring. Seed was also saved from Kleinwanzleben
E plants that ha been colonized with aphids Irom yellowed family
4l-plants, to s€e whether the condition is transmitted through the
seed of other lines of beet. Only 3 of 50 Klein E plants colonized
developed s,'nptoms, suggesting a much smaller rate of transmission
than is usual with beet yellows virus.

Beln balellaris. B. miritius, a cross between the two, and two
samples 6f polyploid beet, setected at Cambridge as possibly resistant
or tirlerant to yellows, were all susceptible and were infected by
aphids as readily as commercial beet. There was some evidence
tiat the type of symptoms, particularly whether or not there was
etching of the veins or leaf necrosis, depended on the variety.

Evidence was also found for the occurrence of beet mosaic
virus in strains of different virulence, one of which seems to cause
the "silver-lea.t" disease prevalent in some varieties of red beet. The
same isolates of mosaic virus, however, may cause difrerent symP
toms in difterent varieties of red beet.

Sap from beet leaves contains material that inhibits the
infectMtv of beet mosaic, tobacco mosaic and various other viruses.
It is destioved bv heatins to 8OoC.. is non-dialvsable and is absorbed
on to activ'ated iharcoa.t] Its nature has no[ been determined but
it ca.n be precipitated and concentrated by the treatments p:eviously
used to 

-isolate a virus-inhibiting glyloprotein from Phyloluca
decanlra.

In previous reports the underground spread o1 potato virus X
from infected to healthy plants has been described and to gain
further inlormation on the maDner whereby this occurs experimeats
have been made on the infection of plants tbrough their roots.
Roots o{ tomato seedlings became infected when they were directly
inoculated with tomato bushy stunt, tobacco mosaic atrd potato X
viruses, or when these viruses were added to soil or culture solutions
in which plants were growing. Sometimes the virus€s remained
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localised and multiplied .r, j1*o 
their initiat entry points,

sometimes they invailed the whole root system but did. not'enier the
aerial parts, ard sometimes tley produced a full systemic
invasion of roots and shoots. When the roots of potato plants
lrere inoculated with virus X, tubers set were often inlected thoueh
tbe virus rarely spread into tbe haulm and caused symptoms.

Frrro Wonx
There was the earliest and most severe attack of sugar beet

yellows in 1949 we have yet experienced; on most ploti all the
plants were infected soon alter singling and this unusually early
and high incidence of the disease meant abandoning expeiiment!
designed to test tie efiect of yarying plant populatio;, and of
introducing scattered sources of infection, on the incidence and
spread of yellows. Beet mosaic was much less prevalent, and with
this, as with yellows in previous years, reducing the density oI the
stand increased the percentage of plants thai became infected.
Contrary to general belief, uneven spacing had no effect ou the
incidence; the same percentage of plants became infected in plots
carrying the same total of plants per unit area whether thev 

-were

unitormly distributed or spaced irregularly with variable gaps.
Despite the dr1' summer, the irrigation of sugar bee'[ had no

effect on the aphid infestation or on the incidenci of vellows and
mosaic. Overhead watering did not wash the aphids off the plants
and the peak aphid population was similar on irrigated and
unirrigated plots. Early in the season more virus-infecled plants
were counted on the irrigated ptots, but later there was no difie-rence,
and the effect.is p-robabty attributable to a delay in the development
of s,'mptoms in the unwatered plaDts,

The value of raising sugar beet stecklings in disiricts isolated
from sources of yellors virus was again demonstrated. Four lots of
stecklings from the north had less than I per cent. plants inJected;
four from Wales had 1, 1, 5 and 6 per cent. respectively, and one
from Gloucestershire had 6 per cent., whereas iour lot! from the
eastem counties aU had more thao 85 per cent. plants infected with
yellows; the last also had considerably more plants with mosaic
and downy mitdew. Sowing under a cover crop oI barley also
reduced the incidence of yelJows; seed sown undei barley in April
1948 gave stecklings 1l per cent. of which had Vellows compai-ed
with 87 per cent. and 100 per cent. for a July and September sowing
without cover-

Spraying with some of the new systemic insecticides gave useful
results in reducing the prevalence oI yellows in the- seed bed.
Stecklings were sprayed from one to three times in the autumn of
1948; in June 1949 85 per cent. of the unsprayed plants l'ere
infected whereas those sprayed three times with E 60thad l0 per
c€nt., with Pestox III2Spercent. and HETP4I percent.; octacblor
and nicotine were much less beneficial. With all the insecticides-
the first spraying was least benefisial aDd the last the most.
Experiments with insecticides on the root crop in 1949, like those
on pLant population, gave no usefirl results as yellows was too
prevalent on the plots before the treatments had time to operate.

I! an attempt to find lines of beet resistant or tolerant to
yellows, more than 700 difierent lots were grown on a plot sunounded
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by inlected seed plants. The lines which had tbe largest Proportion
oI healthy looking plants and showed least yetlowing have been
selected for firrther study.

In potatoes, as in sugar beet, there was a"n unusually early
and extensive spread of vimses. The populations of Myzus lercica
on the early spring hosts were higher than for many years and large
numbers migrated to potatoes in late May. There were also many
winged. Macrosifhum arfhorba, Aphis rhamni utd A. lqbe, bi tl.e
large numbers of predators and parasites that soon developed
prevented the production of a large infestation of apterous aphids.
Overhead irrigation greatly increased plant size and yield of tubers,
but did not afiect aphid populations, which were unilormly small.
The aphids preseDt were uniformly distributed per area of land and
not per plant, so that plants spaced three feet apart carried twice as
many as those spaced 18 in. a.nd four times as many on those spaced
9 in. DDT, E 605 and Pestox III sprayed at weekly intewals
controlled aphids but their efiects on the spread of viruses will not
be known until 1950.

Records on the health of plants grown from tubers saved from
experim€nts in 1948 showed that leaf roll spread as readily to
potatoes surrounded by sticky barriers, which prevented the passage
of wingless aphids, as to those not so protected, suggesting that
spread is Lrrgely occasioned by winged forms. Virus Y also infected
niarly as mary protected as unprotected plants. Experiments on
the efiects of roguing again showed that the removal of diseased
plants in mid-June was too late to prevent most of the spread of
viruses, except Ior potato virus Y in Derbyshire- The experiment
on effects of planting date and manurial treatment showed that
viruses spread equally in plots planted at difieretrt dates, though the
later ones had Iewer aphids. Plots with phosphate had siSnificantly
more aphids, but the only effect of manuri.ng on spread of virus
diseases was, as previously found, that most PLaDts became inlected
on plots that received dung.

An analysis of the results of experiments made in difierent parts o{
Engiand aod Wales between 1941 ard 1947 showed that the spread
of leaf roll is correlated with the number of winged Myzus ptsica
caught on sticky traps throughout the season. Spread of virus Y
is also correlated with these trap catches, but to a lesser extent (93).

Mvcorocv
A wind tunuel designed for use ia studying various problems in

plant pathology such as the dispenal and deposition of fungus
ipores and protectant dusts, and aphid flight, was completed and put
into opration. It is designed to work at wind speeds from 10 to 0'1
metres l)er second, So far tests have been made mainly on the
deposition of Lycopodium spores on sticky cylinders of various
diameters from 0.2 to 2'0 cm. At wind sxeds from 1 to 10 M/s, the
efrciency of the traps increases as the ryIinder diameter is reduced
and the wind speed is increased. This had been predicted by
workers on aerodynamics, but has not previously been studied
quantitatively. The large increase in efrcienry at low speeds Ior
very niurow cylinders that has been found, however, seems to be
unpredicted.
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T€sts on the efficiency of slnre traps in the open give similar
results to those in the wind tunnel; they also show that there is a
greater deposit of spores per unit area on vertical than on horizoutal
surfaces and that the traps are more efrcient with the large q)ores
of Lycopodium (3Op diam.) than with the small spores of
Lycoperdon (4p diam.).

A routine spore trap oprated continuously in the open showed
that there were not the heavy showers of either powdery mildew or
Altenwria sp. that occurred in 1948.

Studies were continued on the efiects of cultural treatments on
wheat with and without eyespot (Cercoslorclla htrfolichoidxl.
With plants grown in pots out of doors, eyespot reduced yield by
23 per cent. when ammonium sulphate was given and by 4l per cent.
when it was not. Under glass, it reduced yield by 26 per cent.
when nitrate was applied and by 90 per cent. wheo it was not.
Applyr"g nitrogen in March and April increased yields of both
infected and uninfected wheat more than applications in May. In
the field, spring spraying with suJphuric acid increased yields by
4.4 cwt. ot grain per acre wben applied to plots receiving ammonium
sulphate compared with 1.9 cwt. with those that did not.

Depth to whicb the fungus peoetrates leaf sheaths was used to
measure the relative susceptibilities of 12 cereals to eyespot. There
were slight difierences between the seven wheat varieties tested,- but
all were more susceptible than oats, and rye was less than oats.
Titicale, a wheat rye cross, $'as intermediate between the two
parents. Whereas infection caused an average loss of 5O per cent.
of grain yield in the wbeat varieties, rye and oats suffered no loss.

A culture ol C. hupotrichoid* isolated from a crop of oats in
Bedlordshire ttrat was severely attacked, was as pathogenic for
wheat as cultures derived from wheat, but it was more pathogenic
for oats. Lolium italicum and. L. laerw atd Daclilis glomeruta
were infected wirJo Cercospordla hapobichaidzs isolated from
wheat; the fungus was re-isolated from each of the grasses and found
to be still pathogenic for wheat.

The surrrival oI resting spores ot Plasmoiliophora brossica rr,der
various crops was again tested, but the previously reported effects
of brassica in reducing survival were not again obtained. Studies
on the relation between spore concentration in the soil, the number
of root-hair infections per plant, and the proportion oI plants that
develop clubs, shows that clubbing can result Irom a {ew inlected
root hairs, and it seems that a club may develop {rom a single
infection.

Some preliminary experiments oD factors afiecting the production
of rhizomorpbs by Armillaria mtllzz confrrmed. tle part played by
genetical factors but also indicated that tie carbon/nitrql'en ratio
in the medium is important. Rhizomorphs were formed most
abundanfly with a Eoderate carbo.hydrate mpply aad litfle
nitrogen.
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