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DEPARTMENT OF
PLANT PATHOLOGY

By F. C. BAWDEN
STAF}. CHANGES

Dr. J- Henderson Smith retired ftom the post of Head of the
Department on September 30th, 1940, and was succeeded by
Mr. F. C. Bawden. The post oI Virus Physiologist wa-s then merged
into that oI Biochemist to the Station and filled by Mr. N. W.
Pirie. In October, l94O Dr. P. H. Gregory and Mr. J. P. Doncaster
were appointed as Research Officers of the Agricultural Research
Council and attached to the Department to study the factors
affecting the spread of potato virus diseases in field crops. Mr. B.
Kassanis, who entered the Department in October, 1938 with a
research scholarship, rvas taken on the staff in March, 1941.
Dr. A. Kleczkowski has worked in the Department since Februaqr,
f94{), Iirst with a grant Irom the Rockeleller Foundation and since
1942 as a Beit trfemorial Research Fellow. From 1940 to 1943
Dr. F. M. Roberts worked o Vetticill,iurt wilt oI tomatoes with
a specia.l grant from the Empire Cotton Growing Co4roration and
in 1943 was appointed to the staff for work on potato yirus diseases-
Dr. E. M. Crook came to the Station with a research grant from
the Agricultural Research Council in 1942, and in 1944 was
appointed to the staff of the Department to work on the electron
microscope. Miss W. M. Ritchie (Mrs. Dion), who came in October,
l04O to replace Miss B. I. M. Mitchell for work on the insect trans-
mission of virus diseases, later obtained a research fellowship to
work orr Cercosforella herfolrichnidz.s from lgrtl to 1943. Miss J.
Smith was appointed in l04l to arsist with the work on the insect
transmission of virus diseases. In 1942 Miss J. Moore was given a
research grant b}' the Agricultural Research Council to study tle
factors responsible for wastage in stored potatoes and in October,
1944 was appointed to the Staff to work with Miss M. D. Glynne.

Others who have worked in the Department for periods of three
months or longer are :-

In 1939 Miss F. M. L. Shefreld was awarded the D.Sc. degree
o{ I-ondon University and Miss M. D. Glynne the D.Sc. degree of
the University of Wales in f94I|. Ph.D. degrees of l-ondon
University were obtained by Mr- I. D. Blair, Mr. S. P. Capoor,
Mr. J. J. Eshuis, Mr. B. Kassanis, Dr. A. Kleczkowski, Miss B. I.
M. Mitchell, Miss J. Moore, Miss W. M. Ritchie, Mr. T. S.
Sadasivan, Mr. C. I. Shen, Miss E. M. Turner and Mr. A. G. Walker.

In addition to carrying out the research work summarised
below, individual members oI the staff have served on committe€s
of the Agricultural Research Ccuncil, the Ministry of Agricultue,
the Colonial Office and the Mefical Research Council, as well as of
various scientific societies. The1, have uDdertaken special pieces
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of research for the Agricultural Research Council, the Ministrv of
Agriculture and the Ministry of Supply, and have prepared reports
or papers for the Agricultural Researcb Council, the Agriculiuaf
Improvement Council, the Ministry of Information and tle British
Council. In February, 1945 at the invitation of tbe Portuguese
l[iniqfry 6f Agricqltde Mr. F. C. Bawden visited Portugal rinder
th-e- ausp,ices of the British Council, where he gave leitures at
Lisbon, Oporto and Coimbra.

- A large amorrnt of diagnostic work has been done at the request
oI Provincial Advisory Ofrcers and others.

Vrnusrs er,ro vrRUS DrsEAsBs
Before the war the work of the Department on viruses dealt

exclusively with such problems as their relationshilx wittr their
insect vectors, the cytology of inlected plants, the purification of
the viruses and the study of their chemical, physical and serological
properties. AII these Iines oI work have been iontinued since lg3g
asfar as possible, but in addition much attention has been paid to
ficld work, especially with potatoes and sugar beet, in atterirpts to
elucidate the factors affecting the rate of ipread of virus dGeases
in these crops and, iI possible, to design control measures. In
conjunction with this field work, much bf our glasshouse accom-
modation was also given over to experiments on the virus diseases
of these crops.

Llnoneronv wonr
During the period under reyiew considerable attention has been

paid to studying the factors affecting the liberation of viruses
from infected plant tissues. In the past all work has been done on
the virus conta.ined in the sap, and the fibrous residues have been
assumed to be virus-free, as no firrther virus is obtained bv
extracting them with water or buJfer. These residues, howevei,
may contain more virus than the sap, but it is held in an insoluble
form. It can be released by fine grinding or, better, bv incubation
with certain proteolytic enzymes (34, 35, 36). Work-on different
kinds ol extract fiom plants suffering from tobacco mosaic has
provided firrther evidence showing how readily tobacco-mosaic
virus aggregates. By differential ultra-centrifugation the virus
can be separated into fiactions differing widely from one another
in infectivity and in their physical and serological properties-
Preparations of tobacco-mosaic virus have been made that show
litfle or no anisotropy of flow and sediment slowlv in the centrifuge ;

these are unstable and pass into forms that are anisotropic and
sediment rapidly. Electron micrographs show that this cliange is
accompanicd by a great increase in the average length of the virus
particles.

Electron micrographs have been made oI a number of different
plant viruses: these have confirmed many earlier deductions about
the sizes and shapes of virus particles. Much research, however,
has been needed on the machine itself. Because of their small
size and power of stopping electrons, plant yiruses are dificult
subjects for study with the electron microscope and considerabte
attention ha-s therefore been given to devising hethods which give
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better resolution (38). In addition to viruses, electron micro-
graphs have been made of clay minerals, lung residues, bacteria
and specially prepared sections of biological materials.

Tobacco necrosis has been found to be a disease that is caused
by a-number of serologically unrelated viruses, Several of these
have been isolated in the form o{ cr5rstalline nucleoproteins.
Most crystallise rvhen precipitated slowly with ammonium sulphate
in the cold, but one fails to cr,'stallise with this treatment. This
virus, horvever, readily crlstallises when ultratentrifuged or
when kept in concentrated salt-free solutions. It has smaller
particles than any virus previously studied, and is also unusual
in that man.v treatments destroy infecti\ity without affecting its
serological activit] (17. 31, 35).

The inactivating effects of a u ide range of different treatments
have been studied (99, 30, 33, 59. 58). Some treatments readily
destroy the infectivity of all the viruses used while leaving their
general physical and serological properties unaffected. Other
ireatments do this with tomato bushv-stunt and tobacco-necrosis
viruses, but not with tobacco-mosaic or potato-virus X, although
with all treatments inJectivity is tbe first property to be affected.
Inactivation of tobacco-mosaic virus and potato.virus X is usually
accompanied by the separation of nucleic acid from the Protein,
but inactiyation of bushy-stunt virus is not.

The serological reactions oI anisotropic viruses such as tobacco-
mosaic virus iesemble in every way those of bacterial flagellar-
t]?e antigens, whereas those of vimses with spherical partides
ri:iemble ihose of somatic antigens. New interPretations of the
different behaviour of these two types of antigen have been
advanced as a result o{ the serological studies made on the virus
preparations. \-iruses and antibodies have been shown to form
complexes \r'ith other proteins, and it has been possible to change
normal precipitating antigens into non-preciPitatirg torms (23, 24,
25,26,85, fi,57,55,60, 61). Vyith one and the same antiserum,
preparations of tobacco-mosaic vinrs have been shown to behave
iike flageltar or somatic antiSens, depending on rrhether or not
thev show anisotropv of florv and contain elongated Particles,
Cleirly the dilferent behaviours depend on the antigens and not'
as previously thought, on properties of the antibodies (36).

Antisera were prepared that reacted specifically with. the sap
of plants suffering-from sugar-beet yellorvs. This is the first time
that serological methoG hate been applied to a 't'irus not trans-
mitted meahanically, and it allorved the properties oI the virus
to be studied (631. -{ttempts to apph the method to stra\a'berry
viruses failed, possibll' bccause of difficulties of extracting the
viruses from infected plants (27).

Cytological studies rvere made of the inclusion bodies formed
bv siverai different viruses. Previously undescribed forms of
cltoptasmic inclusions were found in plants infected with various
sirails of tobacco-mosaic virus (53). Tobacco'etch viruses were
found to produce crlstalline inclusions in the nuclei of infected
cells, the tirst time this phenomenon has been found in I'irus diseases
of plants though in animals it is common, and the propertics of
theie inclusioni were studied (47, 20, 671- Inclusions were found
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Ior the first time in plants inlected with potato-rirus \, and t!re-form
of those produced by virus X rvas found to t'ary wii! different
strains and dilferent Losts (3?). In addition to the study of inclu-
sions, cytological investigatiorts rvere made of the characteristic
blotches formed b1' -\rran-Pilot potatoes (69) and oI the ptrloem
necrosis found in leaf-roll potatoes (70).

Gressuousn wonx

The relationships between the {ollorring rimses and their
vectors \yere studied :-potato-virus Y, cucumber-virus l, hyo-
scyamus-r'iru" 3, roba,,o.etch \-inlses. leltu,e mosaic virus, sugar-
b&t-mosaic virus, dandelion-mosaic virus and sugar-beet-yellows
virus lts, j1), 5I, ri+, 71, ?J, 73, 7{. 7i). E\cept for the last two,
all behaved similarlv: the efficiencv of ati vectors o{ the first six
was much increa.ed by a preliminary period without feeding,
Iollowed by a Ieeding period on the inlected plant of only a lew
minutes. These viruses do not Persist long in the lectors, though
aphides prevented from feeding sometimes remain infective for
12 hours. Dandelion-yellow-mosaic virus also does not persist in
the aphis, but the eficiency of its vectors ;" ,ro1 l16rcised by
preliminary fastirg, as the!-need to Iced on the infected plants for
iome houri before thel-become infectile. Sugar-beet-yellows virus
behaves quite differentl-v... The efficiency of its vectors increases
with incraasins time spent on the infected plant. There is no
response to a ireliminaiy period uithout feedilng, and the aphides
remain infective longer when feedhg cootinuously than when
deprived of food : veciors can remain infective for as long as three
davs after feedins on a diseased plant.

"Experiments -were also made on the insect transmission oI
potat;leaf roll, pea mosaic, pea-enation mosaic, soya-bean mosaic
ind of strains of viruses found attacking brassicae. A new aphis,
provisionally named, Mgzus ascfuiti+us (the Shallot Aphis), was
-described and its ability to transmit a number oI different viruses
compared with that of Myzus persicae, which the new aphid super-
fi cially resembles (ito).

Work on the viruses causing necrotic diseases of the potato
showed that potato-virus B is a strain of virus X and that virus C

is a strain of virus Y (3?). \:irus C, however, was not tralsmitted
by any of the aphides that transmit virus Y. The variation in
symptoms shown by plants in the field.infected with virus Y was
firund to be a resuli of the occurrence of this \irus in a number of
strains: in Illajestic potatoes the sS,rnptoms caused by these vary
from a barely perceptible mosaic with no necroses in the first year
of infection to a severe lorm of leaf-drop streak. Different potato
varieties were shown to vary in their susceptibility to potato-virus Y,
and a glasshouse test using aphides was designed for comparing
varietal susceptibilitl' (23) : this gave reproducible results, com-
parable tith those obtained in field trials, and ma1'prove useful
in breeding fol resistance-

A ne\[ type of interaction between viruses was described in
plants infected simultaneoush' with tobacco-etch \,-iruses and potato-
virus Y. Severe-etch virus protects plants against virus Y, but
plants infected $ith virus Y are susceptible to severe-etch virus.
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Severe-etch virus apparently suppresses virus Y and replaces it
even in tissues where it was well established (20,21). Further evi-
dence was obta.ined that the degree of protection afforded to a plant
by one strain of a virus against infection with another is propor-
tional to the concentration o{ the first strain in the inoculated
tissues (65).

.{ number of viruses rvhich are transmitted bv insects are not
transmitted mechanically, or are transmitted orily when special
methods of inoculation are employed. Studies of the factors
affecting infection by mechanical inoculation suggest three different
explanations oI this phenomenon ; the extracts of some host plants
are such that !'iruses are inactivated (27) : the virus conteDt oI
extracts of plants infected with some viruses is below the dilution
end point (48, 5l) : some viruses may need to enter deepseated
tissues before thev cause infection (51, 64). The susceptibi.lity oI
pLants to infection can be varied by altering the physiology of the
host (45), and the effects of nutrition of the host on susceptibility
are now being studied.

FrBrn Wonr
This has been the main new line o{ work on virus diseases and

has been intensively pursued since 1940, Annual surveys of insects
and virus diseases of commercial crops of potatoes and sugar beet
have been made, together nith many different types of experiment
to determine the lactors influencing the rate oI spread of viruses,

In collaboration with Provincial Advisory Mycologists and
others, experiments on the same general plan have been conducted
in different parts of the country. Plots of healthy potatoes con-
taining a standard amount of infected plants were laid out, and
samples were lifted at fortnightly interv"als. In this way much
inlormation has been gained on the normal growth of the potato
plant (4f, 4la) as well as on the extent of spread oI potato leaf rol
and potato-virus Y in different districts and on the date at which
spread occurs. Spread is mainly over small distances, so that a
Iew infected plarts within a crop are much more important than
badly affected stocks at a distartce. This suggested the importance
oI self-sets as sources of virus diseases: in many districts these
have been found to survive in large numbers for some yea.rs. The
health oI such self-sets seems to depend on the health of the crop
from which they came, for rvhen growing in crops such as cereals,
isolated potato plants do not seem to contract virus diseases at
all rapidly.

After the severe winters oI 1939-{0 and 194041, there was
little spread oI potato-r'irus diseases, but after the mild lyinters of
1941-42 and 194243, wher. Myzus ?ersicae oler'w.r:rtered on brassica
and other crops, there was a much greater spread. No close correla-
tion was fouad between the total aphis in{estation and t}re amouot of
spread of virus diseases. The wori has shown tle great importance
ol M. persicae as a vector and the results so far suggest that most of
the spread may be caused by the winged nigrants rather than by
the wingless individuals that make up most of the infestation.
Much of the spread in the south and east of England occurs early
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in the season, which no doubt explains the relative failure in experi-
ments to control the diseases by such measures as roguing, early
tifting and fumigation with nicotine.

Much of the field work on sugar beet has been carried out in
collaboration with Dr. R. Hull of the Midland Agricultural College.
The results of field observations have closely paralleled those witl
potato crops and again suggest the importance ol M. lersicae x
a vector. In f940, '4f, '42, there was very littte virus yellows in
the root crop until late in the season, and there were virtually no
M. Ptrsicae folurrd, This aphis, howeyer, overwintered on stecklings
in 1942 and in 1943 was observed in large numbers on the root crops.
In this year there ]I,as a severe outbreak of Yirus yellows in the
districts y,here seed crops were gro\yn, but it was slight elsewhere.
There was some correlation betrMeen the health of root crops and
the infestation ol M. persicae, but much closer correlation between
health and the number of winged M. persicae caug}:t on the sticky
aphis traps.

In 1944 there was an early and widespread epidemic of yellows,
extending to districts remote from those growing seed. Although
there was a severe infestation of Aphis Jabo+, wbich may have
helped to spread the disease, this was not of primary importance,
Ior extent of the disease was correlated with the incidence of M.
fersicae, t}rotgh the infestation oI this wa.s much smaller than that
of. A. fabae. In 1945 there was again an infestation of M. persicac
and where this was heary, especially in the vicinity of seed crops,
there was again a severe attack of yellots (43, 44).

Field trials have showa the importance oI early sowing to oflset
the loss by yellows (72), and methods have been devised to dis-
tinguish yellows caused by virus infection Irom chlorosis produced
by other causes (42, 63).

MYCoLocY

During the period under review, most attention was given to
plant diseases caused by soil-borne fungi. The majority oI root-
infecting fungi are highly specialised parasites, ard their lile history
is divided into two sharply contrasting pha-ses (i) an active parasitic
phase on the underground parts of the host plant, during the
growing season oI a susceptible crop (ii) a non-parasitic phase, as
saprophytic mycelium in infected plant residues, or as resting
spores or sclerotia, during which the numbers of the plant parasite
are progressively reduced. Although most time was given to the
study oI such specialised root-infecting fungi, as responsible for the
most important soil-borne diseases of field crops, work was also done
with certain less specialised saprophytic fungi, in which parasitism of
crop plants was furcidental to their lile as regular soil saprophytes.

In continuation of work on the parasitic activity of Ophiobolus
graninis, the loss in yield of wheat due to the take-all disease was
shown to be aggravated by deficiencies of N, P or K in a sand-
culture experiment (85). The surviva.l oI this fungus in inlected
wheat stubble buried in the soil was tormd to depend chiefly upon
supply of nitrogen from the surrounding soil adequate to maiotain
continued mycelial development in the inlected tissues. This supply
of nitrogen was reduced, and the Iife ot O. gramhtis curtailed, by
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incorporation of nitrog€n-poor but easily decomlrcsable organic
materials with the soil----or by the growing of non-susceptible plants
(84, 87). These conclusions are being tested in a field experiment
in progress at the Woburn Experimental Station, on light land
favourable for the de!'elopment ol take-alI. During the war interest
in take-all centred upon ttre likelihood of its development itr v/heat
and barley crops taken after ploughed-up grassland. A test was
therefore made of the longevitv of O. graminis on the roots of a
number oI common pasture ard weed grasses ; timotly (Pitratz
prolcnse) t,ias the onlv species v-hich coutd be considered a non-
carrier, though the rye grasses (Lol,fum spp.) <Iid far less damage as
take-all carriers than did the common bent grasses (,4gzos&i spp.)
(86). During the war, losses from take-all in wheat and barley crop
were greatest in lg43: a survey of this disease in the Southern
Advisory Province emphasised the danger of weed-grass hosts
nr:llilying the effect of crop rotations otherwise adequate for control
of this disease (81). Although in England oats are immune to ta.ke-
all, and can be used in the rotation lor reducing carr5r-over of
O. grawinis, it Wales this crop is susceptible. This was showa to be
due to the common occurrence in Wa-les oi a distinct variety oI the
take-all fungus, Olhiobolus graminis Stcc. var. Atetae, E. M.
Turner, r*'hich has been described ard named (104). The oat-
attacking variety was also fouad to be widely distributed in Scot-
land, rvhere the second consecutive crop of oats after grass may
suffer severely from take-all (88).

Arother fungus causing root and foot rot oI cereals is F*mhtm
cdmontm. This disease is sometimes seed-borne, and the seedling
blight is likely to be serious only when seed is sown without any
fungicidal treatment: it was found to be most severe under soil
conditions unlavourable to the cereal seedling, such as low soil
moisture, acidity, or shortage of plant nutrients, especially nitrogen
(f€). Similarly, foot rot of older plants is uncommon except in
tmduly rvet or dry soils, or in acid soils. In co\lrast lo O. grarxir,is,
F. culflnrarn was shown to be a common soil saproph5rte, and al
important coloniser of healthy wheat stubble rvhen ploughed urrder
the soil (l0l). Pericilliam spp. were found to be of equal importance
with F. cttlrfiarurrl as colonisers of the wheat stubble : their relative
preponderarce on the isolation plates depended upon ttre method
of surlace sterilisation employed (105).

Another common soil fungus, Rkizoctonia solari, was also shown
to exist as a free-living saprophyte in the soil (80). Its growth on
Rossi-Cholodny slides was most rapid at a relatively low soil-
moisture content, and was fa.voured by good soil aeration. Although
the fungus was found capable of growing indefinitely through
untreated fallow soil as a free-Living saprophyte, its activity Eas
reduced by addition oI certair organic materials to the soil, appar-
ently through the competition of other organisms better fitted to
decompose such material.

In contrast to these saprophltic root-infecting fungi is the
Myxomycete Pl.asmodioph,ora brassicae, wbich seems unable to live
as a saprophyte, and survives in the soil in between susceptible
cmciferous crops in the form of resting spores. The effect oI soil
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conditions upon inlection oI cabbage seedlings was studied bl' the
infected-root-hair count method: soil conditions, such as high
alkalinity and low moisture, which were well known to be unfavour-
able to the development of clubroot in pots and in the field, also
gave low infected-root-hair counts (102). This technique is now
being used in a study o{ the survival of the resting spores oI P.
brassicae. 'fhe survival of another tlpe of organ, the multicellular
sderotium, is being studied in the fungus Helicobosidium p*r-
f*r*m, rcspr,nsible for violet root rot of sugar beet and other crops.

In 1939 we were asked by the Empire Cotton Growing Corpora-
tion to undertake a general inquiry into \yilt disease caused by
Ye icillhtm spp,, because of the increase oI this trouble in cotton
fields in Uganda and elsewhere. The investigation was carried
out with tomato plants grown under glass. Development of wilt was
lavoured by soil o{ high available -nitrogen content, and by high
light intensity and other conditions making for rapid carbon
assimilation by the host plant. Evidence was obtained in Iavour oI
the hypothesis that an infected plant does not become infectious to
its neighbours until it becomes moribund, and the wilt fungus
emerges tom the vascular cylinder into the cortex of the host (99,
r00).

In addition to the investigations on root-infecting Iungi, work
was carried out on several other fungi which, though not root-
infecting, are at least partially soil-borne. In lgl3, we co-operated
in the survey of rvastage in potato clamps carried out bv Drs. -\. R.
Wilson and A. E. W. Boyd, of the Midland Agricultura.l College. This
co-operation \Mas at Iirst confined to the making of fungus isolations
from various ty-pes oI potato-tuber rots, but \vhen a rot caused
by Fusariun @)?rucdtm was found to be quite prevalent, though
hitherto unreported lrom this country, comparative experiments
on rotting by this Iungus and by the dry-rot organism, Fusarium
c4eful,eam, were started. \\rhereas optimum temperature for rotting
by F. caer*leum was Iound to be 15"C., that lor F. aae*aceum was
2Or25'C. The fact that F. a',,eraceum is lzss common as a cause of
potato wastage than is F. caerule*m rvas attributed not only to its
relat,ve inactivity at temperatures below lS'C., but also to its
requirement of a high atmospheric humiditr.' for development of
rotting (98).

The fungus Cercoslorella herpolrichoid.es, causing the eyespot
disease of cereals, is partially soil-borne, inasmuch as the fungus is
spread by spores formed in damp weather on infected stubble, half-
buried or left lying on tle surface of the soil by faulty ploughing. The
disease does not affect the roots, but only the stem, eyespot lesions
being formed most commonly just above soil level- As the fungus is
dispersed by spores, its spread from a lew initial foci of infection in a
young crop is more rapid than the subterranean mycelial spread of
the take-all fuig'ts, Ophiobclats qramin:,s, w}rich pesses orly slowly
tom root to root. A crop rotation long enough to control take-all is
therefore quite inadequate to control the more rapidly spreading
eyespot disease. Evidence on the distribution of eyespot suggests,
however, that the spores of the fungus are spread by rain splash
rather than by air currents, as dispersal from initial foci of inlection
seems to occur onlv within the crop, and does noi usuallv involve
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other crops on adjacent fieltls. In agreement with this is the decline
in prevalence of the disease with less frequent occurrence of sus-
ceptible cerea.l crops in the rotation, as shown in extensive surveys of
this disease made ir l94l ard 1944 (90, 94). Certain varieties of
wheat with a shorter straw, such as Wilma and Vilmorin 27, are
somewhat resistant to the eyespot disease: outstandhg in this
respect is the very short-strawed variety Desprez 80. The apparent
resistance of these varieties may be due in part to the lower relative
humidity of the air near soil level under such short-strawed varieties,
Much evidence has been accumulated that any measure rvhich
reduces relative humidity of the air around the tiller bases tends to
decrease infection by the eyespot fungus. Such measures are late
sowing of winter wheat, reduced rate of drilling, wide spacing of
rows, sha.llow drilling, and attention where necessary to soil drainage.
The checking oI forward growth in the spring by feeding-off with
sheep, mowing, or spraying with sulphuric acid, is also sometimes
beneficial in checking inlection (91-93). Application of nitrogenous
fertilisers increases tillering, and so tends to increase the incidence
of eyespot : the increased incidence of disease is more than offset,
however, by the increase in yield oI grain from infected as rvell as
from healthy plants (96). A new disease resembling eyespot has been
described, and the causal {ungus identified as Corlicium (Rhiz-
octo*ia\ solari. This disease, which has been named " sharp eye-
spot," is not oI great economic importance, as it seldom aflects
more than I per cent. of the straw in any crop, and does not seem
to increase with the frequency of susceptible crops in the r.otation,
as does tme eyespot (75).

Trials of the eflect of certain dyestuffs on spore gennination in
C. lurpotrichoides led to more comprehensive tests of these dye-
stuffs as inhibitors of spore germination in F*sarium cubtrctrutr,
which proved a more satisfactory test orgarism. This work was
carried out in collaboration with the Department of Insecticides
and Fuagicides (82).
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l?- B,twDBN, F. C. 194f. Thc serological 
"ao.tions 

of uifls.s cassing
tob@co i.dosis. Brit. J. Exp. Path., 22, 69-70.

A Eethod is desarib€d ,or the pur:ficatiotr ol tobacco ne6o6js viruses tbat
lcads to little or Eo loss ol in ectivjtl.. Evidence is pres€trted shov.:Bg that
tobocco trecrosis is a dis€ase that can b€ caused by a nuEber oI serolog:cally
olrelated vitus€s. AII ttre viruses used ta:led to cr,'stall se, aod it is shorlD
that the virus cBlture AoE vhich Pirie c, ar. in 1938 obtafued crystals was a
Bixed otre. It is 6utgest€d that tbe se.ologically disfinct tobacco necrosis
eirus€ have particles oI difleretrt sizes, and that they Eay dilfs i! stabJrty.
fhe bc.haviour of the tobacco tr€croois vjrus€s oq heatirlg, ageing or treat,ng
rith ditute altali difieE from that ol potato virus " X," for the tormer are
arddercd noa-idective without b€ing denatur€d, a[d they reDain Iully
ictive antit oically.

18. BA\0DBN, F. C. f94f. Problrfls in brccd.ing lor iliscasc rcsklarcc.
Chrotr. Bot., 6, 247-8.

A tlote or the value o, breeditrg lor hyperse[sitivity.

lg. BrtwDEN, F. C. 1943. Sortc plopcrlies of lh. Polzlo rE'n s.s. An!,
Appl. Biol., 30, t2-83.

An absb-adt oI a pap6 giv€n at a s].mpooiurtr on potato virus dis€as€s.

. 20. BA*'DEN, F. C. aad KAss^Nls, B. 1941. Son. pro?crri.s of bbac.o
.kh t irwses. Atrn. Appl. Biol., 28, 107-18.

Tbe syeptoar of s€vere atrd mild etch are d€s.!'ibed: platrts sulredtrg
tom either coltain both i[t aoudear and cytopl.ffiic itrclusiotrs. Fewer atrd
larger crystds are tormed io the truclei of plaab wit]l mild etch. Plaats
inf€cted as s€€dlinSs Eith S.E.V. develop Ealtcltled leav€, in vhich the
oytoplasloic itrchsiotrs cfFtauide to give rise to birelriDgent Deedles. M.E.V.
protccts plarts ataiDst i ectiotr \rith S.E.V.; th€ two are sdrologicslly
rolated, tor aEtis€ra prepercd ataitrst eittrer rcacted with S.E.V. PrcciprtatioD

- wa9 not obtarled *ith M.E.V,, presumably because the vims contelt ot 8ap
b too lddl

Althougb not senologicalty retated to pot to virus Y or Hjrcclra.Eo! viros 3,
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S.E.V. ha5 limilar prop€rties itr vito atrd is traosmitted in the same lmv
The itrtera.tiotrs of these three virus€s itr the Dlatrt sussests tlrat tley ai.rrdat€d. Platrts itrfected with eittrd oI the otter v;ru# are not oroiirt-,r
.gaiDst S-.E,v., ald thos€ in(ect€d with p.v.y. are susceptible t"'ftv.V.}.
Plaats infected sith S.E.V., however. are protected asai[st'the ottr€f, virus€s_
atrd thoce itr{,ected witi HY.V.3 are protited agailst p.V.y. S.E.V. is eb6
to suppress these two vinrses when healtly plants are infected lrittr a mixed
i trocoluE, atrd to su pplatrt them in tissuB in *ihict they are atrcadt/ 6tabush;.
Sranlarly, HY,V.3 can suppress and supplant p.V.y.'pociible int€tDretations
arc giveE for these results. S.E.V. has a-sym metrical particles, (or codc€ntrated
prq)Bratiots showed atrisotropy of flow.

21. B^WDEN, F. C. atrd K^ssAlils. B. lS4S. Th. ,brcssion ol on. blartt
nirus bt anolh?f. AaD. Appl. Biol., 32,52-57.

.. Severe etcb virus pr_eveDts the Eultjplicatiotr of potato virus y aEd
Hyo6c)'amus virus 3 and replaces them even in plantj in whjch thev are
establish€d- Mild etcb virus reduces tl)e cotrceDtrat'lion of potato viru6 * but
does not suppress ,t completely. Cucumber vinrs I muli;Dlies norm.allv in
Eixed i ections rvrth any of the tbree otler insect-t-a;smitted viflis€s.
Po6sible implications oI tbese resrlts oa the Dechatrism of \rirus oultiofication
are discussed; it is suggested tbat these viruses iEactii,ate in ceti sao at
approxrEately the same rate as they detrature 

'' 
,rto.

No d,fferences were foufld betw_eeo the stabiliw of antrbodiB to vim*s
with di(ferent properties.

22. BAWDEN, F. C. aDd KAssANrs, B. lg4o.. Vaietal diffcr.tues iri. sLsc.b.ti lity to lotato uiflts y. A.Dtr. Appl. Biol.,33,46-6dI
ID addition to givitrg difierent kirds oI svmptoms lfhen inlected r^.ith

potaio virus Y, itrdividual potato varieties also differ itr their susceptibility
to idectioll, itr the colcetrhation oI vinls attajDed itr the;r sap, and'in t]reii
e6cictrcy a.s sources of vjrus lur aphidcs. Therr relative susceitibrlit io tt"
opes wheq exposed to equal chatrces oI jtrfection is correl,ated with lhe ease*ifh *_hich they bccome inJected r.heD colonis€d with in{ective aDhides. an.t
catr be assessed fr',m tests made u[der Alass. trIethods for Eakini such'tesls
are descrrbed; thcse neflC fcrs tuhers and give reproduc,btc r;utts. It is
coDsrdered that they ci,uld b€ applied rn stuay,ng the i8heritance oI tbis
t]?e o{ res'stance and to test the ti?haviour of new"seedlings. The Americanrariety Katahditr rras the mo6t resistatrt ot those tested-, but there {.ere
siSailicant dillerences between commerical British varieties.

ID. the opcn, all varieties s.erc cquall\- colonised bv aDh:des a[d resistanc.
lo itrrectroE vrrth virus Y was Eot coftelaied wrth res'siani.. to tcA{ rnl

J3. BAwDEN. F. C. and KlEczKor^-sxr, .\. lgll. \on-br.tit ilztinp
prctein anti9ens. Nature, l4E, 503-94.

. W}leq tornato busby stunt virus or serum globuliu is heeted s.ith albumin
the products cease to preciprtate wrth aBtjsirum to the virus or slobuli[.
though they stdl (,x complemeot. Such products arc stilt atrtjgeEic aid wbetr
rnjected itrto rabbits produce aDtisera that precipitate the virus or globulin
respcctively.

2{. B^wDEN. 1.. {'. and KLEclKo\\srir, l. l9{1. Sotne brob.rtits ot
compk*es forned uhen antigcns a,c heat.d tn thc tr.s.i.. oj s.iotosbrA:y
!*s?r.ific prokins. Brit, J. E4). path.,22, 20&19,

When tomato bushy stuDt virus, huma[ seruE slobulitr ald albuEitr are.
heated at temp€ratures aroDtrd 80" C. itr the abseDce-oI serologicaUy utrspecific
proteiEs, they are stiu able to precipitate with their specilic ""Useia. ft
hcated in- ttre pres€Dce of serolo!;cafiy unspecrlic senrni albunitr, howev€r;
the.y producc complexes bebavttrg lile uoi.preciprtatiag bapteos. HErr,atr
tlobulin, atrd albumir behave l[ this way alier b;itr8 baatod ,or 5 mhutes
at l0O" C., but bushy stutrt virus do€s trot combitr; $.ith aDtibodv atter
heatiog tor lO minutes at g5o C.

The preselce oI albumin i[ solutions oI tobacco Eosaic virus heated atpII 7.O rEduc€s the rate oI itactivatioE, but this naAela. type antigetr still
nocrulates with its atrtiserum, This viius to€es its;b;tity id codbi;e wittr
atrtbody aftar IO miuut s at 0O" C.

Hcati[8 either rirus in the pres€nce ot albumin prevents the selEr4tioD of
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oreciDitat€6 oI deaatured pmtcin, and tha! combinatiotr bel'ween ttre vrluses
I"J"iUuail oc"oo i" sho;'n by the furt that tbe virus€s c5,tr tben be reEoved
by Fecipilatiotr with atrtiserum to the albuDir.

26. BAvDElr, F, C. end KLEczxo\f,sKr, .{. 1042. Th. a,tlige,.kity or 
'@t'il.ci?itolint corn?lcr.s. Brit. J. ExP. Path., zl, f6$:,8.

Bushv stunt vinls atrd humatr serum globulil reEaitr antiteDic whclr
chansedinto tron-oreciDrtatinq complexes bt heating wilh rabbit albumitr in
suitaBle coaditiod. Tie itrjdtion ;I such c.mPlexes into rabbits .ProdDccs
eatrscre aDDareDttv ideotial ia all their serological reactiois with tbos(
oroauced ie:ainst tie lormal virus or globulin. Solutions of the non-precipr_
Ltins atrtic-etrs flx comDieEeat with a!$ser. as stf,oDgly as solutioos oI tllc
normil prdiioitatins an:tige$, showing that complement Cxatioo does nol
deoend bn tie formation-of insoluble daterial. Sufrc;ent heat ng destroyg
trl-& J ift" o;gi""t .qtigetricity of bushy stutrt vjrus atrd globulin, but there
i9 [o evidetrce that heatiiS creates any trew sPecificitv

26. BAwDE:r, F. C. and KLEcszKowsEr, A- 1942. 1he clf.crs oJ h.al on lhe
scrdqica] r.a.t;ons oJ Lrtlisera. Brit. J. ErP. I'ath.23' f7&88'

The ellect o{ heat on seroloSical reactions of artisem to O-type antiSels
lbushv stutrt viius aad humaq- serum globulitr) and to atr H-t]'Pe atrtiSen
itoba&o mosaic virus) were studred.' T'he comptement-f.'xation 1rcwer of all aDtisera, aDd the specitic treutraliza_
tion of intec'tivity by virus aitisera, were equally effected by heat. Tobaclo
Eosaic v.ius aBtGer; lost all their serological react,ons almost simultaoeougly,
bnt with O-R?e artrgetrs less heating was needed to destroy preciP:tabilit)
tban to destf,ov otler serological react.otrs.

Theee resoG "o .xplainid uy the fomratiotr of comPleaes between anti-
bodies ard other seruni prote;trj doring heatiES. Irlixed complexes, forned
with albumin, clEbirc w.th antiSens but are uDable to {rx complemeEt,

"."u"afize,rt 
cti"itv or cause precipitatioa; they itrhibit the Precip;tatiotr o(

O-tvD€ atrtigeus bv"other anti'bodies, but do trot itrterfere witb comPlement
tiition. eiu*ra-partly deuatured by beat coDtaitr mixhrres ol aBtrMies rn

dit erent "tat". ; a'small proportion oI mixed comPlexes prevents the Pre'
cipitatiotr oI O-l)pe antrgelos,-but ha-s little e{fect otr complement {itation or
o; the prccipitat.on of H_tt?e antigeff.

2i. B^wDEr.., F- C. anrl KLFatKowsxI, A. lg45- Protein preci?ilLlion and
virt s itactiralion bt .rhacls of sltdubdr! plLn,s. J. Porn Hort' Sci"
21, 2-7.

SD€ci{ic a[tisera could trot lJ{ produced agamst extracts oI v;rus_iafected
stri;berrvDlatrts.Do6siblvbecauseofprop€rti€softhehostPlant:\osoluble
orotein couid be ciFacted froE ,ruit, leaves, ruuners and roots; and aqueous
ixtracts troo all orgals reduced the itrfectivity oI tobacco luosanc vlrus'
Erceot those Irom th; fruit, all cxtracts coutained Duch tatrnitr aod they Pre-
A"Gt"a se."^ Drote:ns. ihe possible eflect oI th,s otr tarlure to traDsmit
sdrawberry viruses by mecbadcal inoculatron is drs,cussed'

28. BAWDEN, F. C. atrd PTRIE, N. \\. 1939. Ttu Pu 4i'.,t;on oJ instct-
tlarrsmifirt plant t'in srs. Brit. J. Exp. Path., 20' 322-29'

I-iotrid cN.staU,tre DreDaratiotrs oI trucleoproteins have beeE made Irom the
*t .i tot"i"" Dlatris ; ectcd *rlh the tso rDs€ct tralsmrtted virus€s,
o.,'t"to "i-" " Y 'i and HvoscYamus viius 3. The yields are kom 0 5 to 3 0 m8'
ier titre ol infectrve sai. fhese proteins give specitic precipitates, oI tJle
il,agellar tvoe, wrtle antisera $beq-drluted to I'10'- They are i ective, but
the- methcii used in tie Purilicatioq p(ocesses seem to desEoy thr i ecttvttj'
ol rDuch ol the !'rrus without dcst(oymg its serolog.cal actlvrty l De caeMqu
and Dhvsical DroDerties oI preparatiotrs of thes€ vit'uses closely resemble those
oi pSt'to 

"itir" 
i x." So'me'properties of a liPoid-contaiftng cootaminanl

arc described.

29. BAWDEN, F. C. anal PTRIE, N. w. lg1o. Tha iractioalio't of so" ?lattt
oi/tscs bt vr.a. Biochem. J.,34' 1258_77.

The literatuie oo the effects o{ urea otr Proteiqs, tissues, bact€ria and l iruses

is rcvIev€d. The lour t'rruses, toba.., Eosaic, Potato " X," tomato bushy

"u.trt "od 
tob..co oorosis, are irreve6ibly detratued by urea The drD'atura_

tion is aacoElra,nied by loss ol infecti\ity and serological activity tor each
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virus there is a critical corceotratioq o, urea below which there is tro irreversible
effect o! iDfectivity. This concentratioB is sriall€st for potato vinrs " X,'
aDd Sreatest {or tomato bushy stutrt virus. The rate oI iaacfivatioE is greatll
increased by the preseuce ol'alkali. The rate oI itractivatio[ is minirium ai
about 20"C., atrd is much itrcreased by coolitrg to l0o. The itractiv"atio! of pori-
,red tobacco mGaic virlrs by urea proceeds otrlyslightl)i mole slowly thatr ttrat
of vinls itr crude iolective sap. The itractivation ot tobacco mosaic vitus alrd
potato virus " X " is accompatried by separation of the trucleic acid atld
proteia, but the inactlvatroq oI bushy stutrt atrd tobacco trecros:s virusB is trot.
Chatrges itr the absorption spectra tiat accompany Eactivatiotr are describ€d.

3i). BAWDEN, F. C. atd PrRrB, N. W. tgt0. Tie cllccts ol alhdi a;d soatc
sitn?tc orgartic sltbstanc.s on thrc? ptant uiru1'rs. diochem, 1., 34,
t278-92.

'fhe eflects of alkah atrd o( 15 simple organtc substaaces o[ tobacco mosaic
vrrus atrd tomato bushy stutrt virus are describ€d, Some experimetrts witb
potato virus " X " are also included. Bushy stutrt virus is thC most resistaDt
to deDatuation and potato virus " X " the least. The effects oI atkali otr
tob4cco mosaic virus are complex ; gentle treatment rnav iocrease idectivitv.
sliShtly more severe Eeatment causes loss of inlectiviti but not lo6s o{ ser;-
logical activity, altd more seve.e treatment caus€s lois oI all characteristic
propertie. With bushy stutrt virus inactivatio! without loss of serological
activity occurs over a wider pH ratrte, atrd cr,'stauine trotr-ir ective pre-
parat;ons ca! be made from alkali-heated Eater'al. -{ppareltly sid ar
crystall:ne and [on.infechve preparations can be isolated Iro_m exprlssed saD
allowed to age for some months. Io the presetrce o{ alkali, sodjirlr dodecil
sulphate readily destroys aII the viruses, sdparatitrg tbe trucleic acid lrom t[e
proteitrs. With the exceptiotr of nicotine atrd arginio;, *-hich foro w.ith tobacco
mosric reversible. Iibrous preripitates, all the substances we bave tested 4t
cotrcetrtrrtiotrs below 4U inactivate the viruses io ,leutral solutio& Dilute
solutioas ot these agetrts are oftetr precipitaDts whereas co!.ce4kated oles dis-
rolve the products ot deDaturation. Iaactivation of tobacco Eosaic vitus atrd
potato vrrus " X " rs usually accompaBid by the separation oI the nucle:c
acid froo the prote:n, but itractivation of bushy stuntvirus is trot.

31. BAWDEN, F. C. ard P!R!E, N. lV. 1942. A prcli inery d.escriptiot oJ
fTcparaliois of som. of thc irus.s catsing toba(ro n.dosii. Brit.l. Eif;.
Pzth.,23, 314-2A.

The purificatioo ol srx separate cultures oI viruscs causing tobacco
oecrosis is described; these culturcs have beeo labeled potato, priscetotr.
Tobacco VI, RothaEsted, Tobacco I atrd Tobacco II. The last twoare DrolEblv
idetrtical, but the rertraitrder dilfer iq their properties, althoueh thet'produc;
ideBtical symptoms itr tobacco atrd bean. Thc Iirst three sbard intke[s
but are serologically unrelated to the otbers, suggestiDg that the dis€ase-caA
be caused by different vrruses, each o, which may occur itr a nudber ol str"ains.
Oo precipitatioq v.ith ammoDium sulphate the products IroB lour cultures
bave behaved systematically : Rothamsted grves ao amorphous preciDitate :
Prrtrcetoa sho\fs aoisotrcpy oI Ilow but gives no recogaisabti: crvstals:
potato crystall;ses as thi!. lozenge-shaped plaaes ; aod tobacco VI as heragoaai
prisDs. Tobacco I and II, Ior utrktown rea-9ons, cr,.staujse i[ a v.arietv oI
differeat ror6s. The two commoEest are dodecahedr-a atrd bipyra.Eids, 

-but
thitr rould laBitrae atrd elaborately twiqtred structures also'occur. The
Eaterials isolated from all the cultur8 oI tobacco Decrosis seeE to be essen-
tially trucleo-proteins.

3!. B^WDEN, F. C. atrd PrRrE, N. W. 1913- M.,hods fo, ,i. .|,rifi.at r, ot
torr.alo btshy st{r., ard loba.co ,nosa;c urrzsas. Bi&hem. J. , iZ , AAZ6.

Methoal.i, requiritrt otrly low-speed ceDtrrfuges, are describ€d tor ttre
purilicatroa of tomato bushy stunt and tobacco mosaic vrruses.

These preparatioE appear to cotrtai[ virus that is weight for reight as
iofective a9 that i! clarified sap. There is evidence. howeverl that the to-bacco
Eoosaic virus particles h4ve utrdelgoDe some aggregation.

33. BAWDEN, F. C. atrd PrRrE, N. W. 1943. Thc iiaatiratioi ol btufo
b*thy stt,i,'t rrit',,s bt htarng dnd, ft..2i8. Biocbem. J,, 37, 7G.i0.

Tordato bushy stuDt virus loses its inlectivity whetr heated hsu6cietrtty to
ceuse delaturatiartr atrd loss of serological activity. The temp€iaturs co;m-
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ci€[t Ior the lo6s ol idectivity is seaU and ,or lo6s oI serological activity is
Lr8e. lAe aEou-nt ot heatiDg oeeded to, denaturauoo vaies riti thc pH.

No diferences ha.ve beetr loutral b€fireel ti€ chemical aEd physical pro-
pe!'ties ot 1otr-itr{ective, but serolo$cally active, material add tho6€ of louy
active prepamtiotrs.

Tbe rate ol itraciivatiotr by fteezitrg is increas€d by itrct€ases iE the coE-
cedtratiotr o, the viius, itr the duratiorl ot freezing and in the acidity ol thc
fluid. Th€ virus is ptotected froh idactivatio! by salts and some other sut>-
starces, The eficieDcy oI difiereot salts depends on the salt: ice: vrater
eutectic temp€rature.

In teaeral, lo6s o, inJectivity is accompanied by the
cipitate atrd loss ot s€rological activity, but in some
destrojrs irdectivity witiout altering serological activity.

34. B^WDEN, F. C. and PrRrE, N. w. 1044, Thc lib.ftlion oJ ltin s, lo-
g.rlrcr uli t malc";ds thot iihiUt irs p"Eipihrion uith dn iscr*n, Jrorrt
th. solid l.df t.std.{.s of to,nato ?ldnls stff.nng Jro bLsit sttnt. Brit.
J. Exp. Path., 25, 88-80.

Alter the sap has b€etr express€d lro![ minced tornato le4ves inlected with
toEato bushy stuot vims, the solid r€sidu€s cootajn approxiEately as much
virus as the sap. This virus is most effectively liberated by iocubatitrS the rcsi-
dues with a coEmercial trypsin preparatiotr and theo passilg them through
a loller mill; some vims i3 liberated by either tleatEeEt alone. Iacubatrotr
witl " tryFitr " Sreatly ilcrcases the amoutrt of virus lrberated by Ei[iDt,
$heras extend€d Eilliog reduces the amount liberated by " trnsiD."

Porilied preparatiotrs o{ vims ,roo rap and lrom the solid resjdues have
simil,ar properties. Extracts of rDilled ,ibre contail some virus combiEed with
chroooproteitr to lorm a trotr-precipitatiDg atrtjten; such ext _acts do aot
precipitata with virus antiserum utrtil the chromoproteitr has been r€Eoved.
Notr-precipitating coaplexes ot viros atrd cbromoprotejtr caD be lorEed by
milling Iible o, utritrtected plaats to which purilied viius is added.

Exh'acts o{ fibre f.om healtiy and infected leaves, which has beetr irlcu-
bated vith " kJ4,sin," contailr Eaterjal that itrhibib the precipitatioD o,
bushy stuat virus by its atrtiserum.

35. BAwDEli, F. C. aAd PrRrE, N. \1'. t946. Fwlher sr{di.s on th. lLil;-
.ation 6d iropcrliis of a ri?ws carlsing tobaao r..rosis. Brit. J. Erp.
Path'.,26, 277-285.

A trucleoproteiD that is ,lot presetrt io the leaves oI healthy plants has beeD
isol,ated IroIn bear 41d tobacco leaves ia{ected $rit-h the Rothamsted culture
of tobacco BecxGis viius. This ba-s rot crystallised whe! precipitated llrith
salt, but it crystallises slorly troE coacetrkated salt-fee solutioas o! dDritrg
scdimertation by ultt'a-centrifugation. It has a sediEeatatrotr constant of
40S, sEaller thatr that ol otier prepaBtiotrs ol plant viruses previously
studied. The Rothamsted culture ol tobacco trecroBis virus readily loses
itrI€ctivity and the relatiodship betweetr the cr,'stalisable prctei! and the
virus is uncertain. It rs most hkely that Euch of the proteltr rs a nol-itt €ctive
derirrative oI ttre virus lravitrg ,natry physical, chemical aqd serolo$cal pro-
perties in comEotr sitJl it,

seParatioo oI Pre-
conditiong lre€zing

B^\,I/DEN, F. C. atrd PrRrE, N. W. 1915. Thc scpatulion ard plopdhes
oJ tobacca mosaic uin s i4 dillctcn stt!.s of agg?gal;on. Brit. J. Exp.
Psth., 26, 294-315.

It is shown tlBt tobacco mosaic virus aggetates whelr exposed to coa-
stitlrerts of sap a,ld to mary other agetrts. A metbod is desaribed ,or ert act-
itrg virus Irom inlected leaves which Sreatly miDiEis€s ag8retation. The vims
oli'rch ertracts is itrhomogeneous and catr b€ sepatated by differeDtial ultra-
cetrtriftiging ioto h&tions with widely diifereDt properties. The most slowly
sediEe[ti[g ,ractrolrs cootaio much mat€rial other thatr vin s trucleoproteitr:
the vim3 ilr thed shows no anisotropy oI flow, ha-s serological bcbavioDr
reseEblitrg tlat of somatic atrtiSens and ody smaU inlectivity. Th€ mosl
rapidly sediEenting fractiotrs cotrtain little except virus nucleoprotein, show
atrisohopy of llow and have serological b€haviout characteristic oI flagellat
typ€ atrti8e$.

AI the A'actioas are unstable and readily pess into lorm6 that ladimerlt
rapidly, sho\r intrnse a[isotropy of flow and trave a serological bchaviout
characteristic of flagellar antiSens. In most factions this cbaote i3 accom-

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-1-87 pp 16

t38

paded by the destructio! of matedal oth6 thaE virur lucleop@tai!. It is
augBested that the primary virus particle is sEall aad trot gi€atly 6lotr8ated,
and that it occurr itr the platrt coEbiled wittr extr'aoeous materials, the reEoval
oI which sets Iree gr,oups capable oI codbidB8 with oBe aqother. Reasou
for the v.anatiotr ir. itrfectivity oI tlifferent ftactions are discuss€d, but tro
definitc aotrclusions reached.

37. IJAWDBN, r. C. aod SSEFPIELD, F. II.L. 19.14. T^. rchtiot ship6 oJ
ro'n tintscs cauiwe$otic diseds.s oI lh. fotalo. Aaa. Appl. Biol..
31, 33-.10.

Potato viius Il, atrd some other vitus€s with reactions i! potato \Erieties
different frod any previously descriH, are strai[s oI virus X. A[ prodtrce
iolraceluLar inclusiotrs which \ar)' with differeat hosts atrd virus straitrs.
Except with virus B, the ruclusions are larSer aad Eore tequetrt in potato
thatr in tobac.co or tomato. All glve slstemic illectiotr whel inoculated to
tobacco, tooato atrd potato \'arieties in shich they are carried or caus€
mo6aic symptomg ; some gi\-c systemic itrIection rrbetr iloculated to \Brieties
in v.hich they cause top-necrosis, wherea-9 others give ody local lesiols.

Potato virus C is a straitr oI virus Y : itr tobacco atrd a Ievr potato varietiei
bot]l prodoce siEilar s]'mptoms, but ilr tho6e ]-arieties itr which Y caus€a
teafdrop streak, C causes top-lecro6is. C causes s).steEic iDfectiotr whetr
itroculated to tobacco atrd to potato \iarieties iB which it caus€s mosaic symp'
toms, but trot when iBoculated to potato varieties ir which it causes top
oecrosis. Virus C was trot traGmitted by M. ?arsicac. Viruser C atrd Y
produce a {ew small rtrtraceuDtar itrclusioas itr potato atrd tobacco.

vrnrs A is not related to Y or X: tro itrclusioDs were foutrd itr plaots
inlected with A alone.

38. CRoox, E. !I., SIiETFTELD, l'. M. L. aEd CnrLroN, L. V. 1945.
PhotograPhic Plaks Jot ,ts. itt tht R.C.A. clcclron icrosco?.. Photo-
gBphic J. B, E5, 6-12.

Cbaracteristic curves of a raDte oI Ilford pl,ates to electrons of eaergies
from l5 up to 60 k\: have beetr determiDed in tlte RC.A. Type-B elecbotr
rdcroscope by applying to the pLates arr itrteDsity scale of exposures based
Lrpoo chaurges io net beam curretrt, IE all cases the curveg show a rise ol
gamma with elechon energy. This effect, shich is linear over the lower
part of the kV radge, is attriboted to electron aboorptiotr by the erDulsioE
layer. It cotr(irms similar findings by voq Borries for At{a aod Perutz
plates. The dependance of iEate cotrtrast. otr electrotr ercf,gy b brierly
discussed in relrtion t,' image-formatiotr by (a) differeltial absorptiotr,
(b) difiereotial scatteritrg. With electro$ o{ 45kY etrer8y, ttre plat6 studied
exhibited a ratrge of speeds of otly 13 : I at a de6ity of 2 as c,ompared witn
a ra[ge of speeds to white li8bt of 100: l. Speed comparisotrs from oro
kilovoltage to aqother were made possible by adjusthg the magdficatiotr to
give a staldard brighhess on the lluorescelt screen of tbe itrstf,umcnt at
a staDdard beam ctrrre[t. Some ol the plates studied showed signs oI a
maximum sensitivity to eleckons at the higher cnd oI the kv-range, similar
to that foutrd by previous workets.

39- DoNc^stER, J. P. 1943. VI. Th. tiJc histott oJ Apbis (Doralisl
rhamni B.d.F. in castcrn Englznd. lDo. .{ppl. Biol., 30, lol-l(X.

-fhe successive stages itr the lile cycle of Aphis rhzmni are de€criM itr
detail. The climatic and othet facto$ which inllueDce mitratio& and ttre
gro\r.th atrd dcvelopoeot of itrIestatioos oo Fotato€s, are discussed. Tbough
lxrowD to be a vector o, Potato virus Y, A. *amai does oot epp€ar to b€
responsible for thc sprrad of this virtrs itr the field.

40. DoiicAsrER, J. P. and XassaNrs, B- 1940. I& Shallot Apbis,
Myzus ascaloBicus Doncastcr and its b.haviour as d wtlor of planl
uirr.srt. .\nn. Appl. Biol., 33, 6&69.

I treur specie oI aphis, Myzvs oscaloni s Doncaster, is brielly described.
and compared !fit\. Mytus Pcrsicac s.liz., \r'hich it r€seEbles supedicialy.
It has beetr {ourd ol1 shallots itr storage atrd on otxolrs ard other species oI
Dlasts both itr glrsshous€s atrd in the op€n betwe€! October and June. Ita
summet habits atrd hosts ate unknown. I,t comlratative virus tra8missio!
tests witl Mrfls P.rsica. it *'a! ,ound &Ll tIy.Ls asrarotids katrsmils
dandelto! yellow m6eic r.irus, which B oot tra-usmitted by M. f.rsica. ;

t
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and also cocumber virus l, hyo6cyamos vinrs III ald $gar beet yelloss
virua all o{ vhich a.re t'atrsmitted by M. pcrsica.. M. escalonicts dG not
tra.trsEit the yiruses oI potato Y, severc etch, lettuce Eo6aic atrd sugar beet
mosaic which are t ansmitted bv M. P.ri.ae.

41. GREGoRY, P. H, 1943. VII. Thc aptcatl oI ?olato r,.rxs il,seas.'s ir
tt lieU. Aa\. Appr. Biot,, 30, roa.

No cdrelatioE b fouaal betw€etr tot4l aphfu population atrd amourt ot
+l€ad ot virus diseas6. MEch oI the sprBd occuB early in the suEmer.
The chan@s of healthy platrts beconring inlected tall off rapidly with iEcreasing
distalce lrom diseased pl,aats.

4la. GrBGoRy, P. H, f941. Early a*lirrg Jor incrcased ?olalo yiews.
AgricEftore, 50r 65?-559.

A clo6e correlatiotr is shovtr betweea the date ot pta.!ti!8 ol Maiestic
potatoes and tle yield obtained at liftitr8. Te! deys delay itr platrting
decrea3€d yield by as moch as 3l totrs per acre,

,12. H^LE, J. B., WatsoN, M. A. and EULL. R. 1946- Sott c causes oJ
chlorcsis anA nccloeis oJ s%ar bc.t foliagc. Ann..{ppl. Biol.,33, 13-28.

Thc. symptoms atrd cha.acteristica o{ two virus atrd olre lutrtus dl.ease
atrd lour autritioaal disorders of suSai M which cause chlorosis ald necrGis
oI the lotieAe are describ€d. The caus€s of the diseases and methods o,
distirguishing between tbeE have been itrvestigated by atral).tical, patho-
logical ard tield exp€rimetrtal methods.

Exp€riE€nts in wbich diagncis waa cooliiEed by serological and spectro.
chemical methods show that the two often easily confus€d diseases, sugar
beet yellows virus a[d r"Bn€<ium deficiency, can b€ visuauy distinguished.

Sugar beet Yellows virus reduces the potassiuE but slightly itrcreas€s the
riatqesium coatetrt o, the leaves.

Magoesium deliciency symptoms are associated v.ith a low matoesium
4otrtetrt ot ttre foliate, but Eay be induced b)' salt applicatioDs without gread!'
affectint tie magoesiuE aaalysis.

" PotaS " def.ciency symptottrs ,!re oftea, but trot trec€ssarily, associatal
rith a loy potassium a,lalFis aad may actually be caused solely by a
delicieocy oI sodiDm. In tlle ,:eld sJrmptoms ate iEduced by sulpbate o,
amEoda ard phosphate applicauo[s aDd may b€ Prevented itr some cas€s
by the epplicatiod ol eithe. salt or muriate of potash, iE ottreB by salt otrly.

SoEe bterchaageability of the futrctions of potassium aod sodium iD the
plaDt is suggested.

rr.nSrn*e deficie[cy symptoEs are associated with a low EeDgarcs.
coltcrt ol the leaves, which can be readily ildeased by sprayil8 o,r itrjectiol
wift Eangaftse sulphate solutioo, but a high corcentratiotr ol Eeagatrcsc
irr the loliage, such as sometimes occurs natura,lly otr acid soilg, has a toxic
tffect.

43. HULL, R. ald WATsoN, M. A. 1946- Virus tcllous in stgdLct
rool arli s.cd cro?s. Kirton Agric. J. No. 10, 4 8.

SyEptoms oI sugar-beet yellows are descriH anal posible contiol
m€asores are discussed, such as isotating stecklinA Ms Iroft the ,oot ctop
a,!d aphis cotrtrol by use ol irsecticides.

1L ]ltt,-,-, R. aad w^TsoN, M. A, f 946. Vifls lcllous oJ stgd bc.l-
Agricutture, 52, 8G70.

Lo6s€s of up to 60 p€r ceDt. ca! occnr b€carse of yelloss, il iafcqtiotr occErs
ea,rly. The disease is usualy mone lPrioEs in distf,icts wbere !€ed croPs are
growo atrd the overwi.Dterhg steckli.trgs seem one of the mai[ sources ol virus
for the anaual loot crop. The mct importa[t vector b M?r*s p.rsi.a..

4.5. KALrus, II. aod KassANrs, B. IS4J.- Ran{di4n bf calbi t ior;dc ol
slsc.blihtitJ ol bcans ,o loba&o n.closis tir*tas. Natute t5.l' 041-42.

Expo$re to atr atmosphere cotrtainiug carbo! dioxide redoced thc nombet
oI locil lesiotrs produced by tobacao nacrcis virus6, whetber Platrts w€rc
i[ocula,ted immaiately be{ore oI immediately a]tter exposure. The effect i8
teEporaly; 4 hours atter erpoguie plants regaia their fuu sEsceptibility.
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46. KALM! s, II. and KassaNrs, B, lg4'. thc *\e of abrdsurrs .r, tfu
t a,tsrr.ission oJ pldn! uirrsrs. A-trtr. Appl. Biol., 32, 23G.3,t-

The elfect of diilereot abrasives otr t}le traNmissibility of several platt
viruses \r'as tested. Celite atrd adEal charcoal werc as efiective as carbor-
uodum itr itrcreasiag the rrumt er of lBions produced by a given iqoculum;
400-mesh ca.borutrdum {,a9 the Eost effective amotrg thC difierent siz6 n hich
vere tested: this gave a result equiraletrt to rtrc-reasing tbe vtrus coDt€at a
huDdred trEea. Some preparations ot carborutrdum aqd charcoal reduced
iElectivity.

UtriDjured plaots resisted itrfectiv'ty when virus solutiotrs were lDrayed
over them. Leaves previously nrbbed without. abrasives developed oily iew
l€srotrs \phereas leaves rubH wrth abrasives developed targe numbers. Thre€
hours atte. rubbilg rrith abrasives, leaves had regaioed their resistance to
sprayed v rus solutiotrs.

The eIIecLe of rubbinS leaves rith abrasives are described and their
gituficatrce discussed.

47. K^ssA!{rs, B. lggg. Irltrar.]ltlu incltsi(,r.s in oinls inlcdd ?ldr,l.
Antr. Appl. Biol., 26, 70600.

Two k lds ol iohacellular i-oclusiotrs itr solatraceous Dlants iElected with
severe etch virus are described. Otre occurs in the cltoplisrD aDd is sirDilar to
the X-bodres foutrd itr matry otler plaEt virus diseases. The ottrel occuEt otrly
in the luclei. These intraouclea! iaclus:otrs app€ar to be crystalliae, have ttrt
lorE o, th.tr rectatrgular plates, alld r6e@ble the ioclusiotrs des.fib€d itr ttre
polyhedr-.I disease of.silkwo.ms more thai atry other type ol previously
recognised virus-itrclusion.

48. KAssANrs, B. lg4l. Trdnsrlission of toba.co ctch oirasas by dphitks.
Antr. Appl. Biol., 2t, 23&411.

S€vere virus is tiralleoitted by Myns p.rsicLe, M. circt mlkrts, Aliis
ita,nn;, A. Iaba. zad M. grd. Although the coDtent oI Eild etch vfus ia sap
is much les than that oI S.E.V., both are tralsmitted to tbe same exteEt bir
M. ?crrkac. The percetrtage o{ dectiotr usiog sjngle apltides is greatest w.itf,
aphide.s that are s[arved for 4 hrs. or Eore atrd then led otr the source of
iolectiou lor 2 miDs. Contiluous feedrtrg oD healthy planB or diseased platrts
treatly reduce the emcietrcy of the vector. The laDgth of time for ivhich
aphid€ reEain i ective is also i[creas€d ftoio 15 milutes to a,ew hours il
the aph-de3 starve iastead oJ {eed; it is also greatly lD.c.eased i! starved
ia3ects J they are kept at a low temp€rature. Prov,ded the fe€diDa tiEe on
cach test platrt is smaI, otre aptris may iDfect up to lour plalts.

40. KAss^Nls, B. 1912. Trcnsmissiot oI ?otato rirus ,/ Aphis R.hamtri
(aor,rr). Atrtr. appl, Biol.,29, 95.

It is ghowa tlat 'tr glasshouse ex!,eri6eats A?his fiarl',lj is as eGcieot a
vetor * My.us prsiru, itr h_aEsrtrittitrg potato virus Y. The abilty of botb
aphides to tralsrDit is increas€d by preliminary starv'trt.

50. K^ssANas, IJ. 1911, N.utfaJisatiott oI sor e plont lirus.s bt dbil ssr4.
Brit. J. Exp. Path., 24, 152-59.

The utrsp€cilic neutralisatioa of pl,atrt viruses by troraal aDd heterolo(ous
ser. was so large that tle addrt:onal spec.I.c effect of hoEologous dnt:scra-r+s
sEall la compar:soo. This specific oeutral.satiou could be-used Ior deEoD-
str.tEg s€rologrcal relatioashrps otrly if sera oI the saEe age aEd stored
similarly were compared; the relatroEships indrcated were ttre same a3 ttrqa
iadicated by precipitiD te3lr.

Udess sela were kept frozetr tbeir uBspecilic treutralisiog power lell raDidlv
on stori[t. All hetercloSous antisera r€duced inlectivity;ore thaa ao:rmil
s€ra, stored coEparably.

Precip-tating atrtibodies did lot appear to be r€spotrsible lor ueutralisatioD.
No corelatiotr ry&s fould betweetr precip.titr tihe atrd treuirals:trg power, aud
removal of precip.t:ns did not affect treutralisatroE power. Ody qia[titative
differeoces rf,ero looad in behaviour betweeD hoEologous alld oti;r sera ; tie
iqtectivity ot all virus-seruE dixtures was r€ained by dilutioD.
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51. K^as^Nrs, B. f94(. I drlt dacchil t rtu . ar.l dad.lioi, Netn,a,
t5,1, 16.

A d€sciiDtion ot a tres vims, daaddion yellow mosaic' t atlsmitt d ItoD
dandelion t; btt[c€ by M/r.t ottan s but Dof b! M. ?ateiar. The relaJioo- -
rhip6 b€twe€! thc virus itrd its vector seeE dilleretrt ,toE aay PrEwioEsly
dsib€d.
52. KAssANrs, B. and KLEczKowsKr, A. 1944. Th..Ifect of forfidldchyd.

and nerct ric chlotidc on k)bacco rnosdic titus. Bioched. l.3a,20'21.
f ll Tobecco mosaic virus r,!?s hactrvated by 2 per cent. Iormaldehyde at

all dli values betweetr 3 aad ? 5 ; the rate of rEacti}?tiotr was mitr mal at PH
i.Sl Inactrv-ation coutd be stopped at atry state by dilution or d alysjs, but
there \tr'as Bo evideBce that itractivated virus reSaioed iDlectivity by tlese
keatmeDts.

izi r"ss ot inlectivity ca-used--by lorm?tdehyde do€s Eot.d€p€rdr2l Loss oI inJectiviw caused by forEaldehyde do€s trot dePetrd otr
chaisls io erouDs eivitrs ihe \.an Slyke test {or amioo_nitrogen, for PrePara-
tions"'nactiiated b:y Iormaldetyae treatment at PH 3'0 Stve the saEe valuciri,i.",i"Ji?.i.[ u9" t.t?t"ldehvde deatment at pH 3'o grvi the saie valuc
as cotrtrol virus. Fbrmaldehyda treatment at PH aear 7'0-leads to.a SrBte'
f"fii" tui f.ri" pn a'o cob;r value than-treaament at pH,3'o., Thete is tro
iof -*"Ut[" tt*een tbe decrease of:trIectrv,ty asd of the colour value'

l3t Itlercunc chloride itr suffic:eDt coocetrt_atiolrs acts as atr iBh bitor ot

-i.:ii".t. At pH values Sreater,thatr 6 u it causes loss oI rDject'v ty aEd

real correlation &tween the decrease oI

'n{eitiv,tv. At DH values greater thatr 6 u it causes loss of rnfect'v ty aEd
s*oioglc'jt acti"ity. Drlutioi, acidilicatron or addrtior of c€rta n salts PreYeBt
i;'ttilil;; inlerrupt its progress a.t any state, but there rs no er':dence
that atry o, these treatoeqts can reverse it.

53. KAssANrs, B- afld SHEFFTELD, F. M. L t94I. VLliatiots in lhe c!'o'
blasrnic ilclusions ittd.wed by lhr.c st/ai s oJ labao.A 

"osaic 
ui'as

haa. Appl. Biol., 28, 360-67.

AccorditrE to Drevious accounts tobacco mosaic v,rus regularly itrduced
.r" -ereiirl aid amoeba-Lke ioclusioff and occasioDally raphides itr thestdiie mate;ial aial amoeba-like itrclusioff ard occasioDally raphides itr qlr

ana+i^- hlgi. viht< qave striate daterial aDd amo€ba-Iike Xhoet cetts; eDatioE Do€aic vilus Save -striate. daterial
ffiiJ, *hlJl.i"l" oosaic vris induced either strrate Eater'al or a large
.--"r"Ii""" ioclusiotr whrch later gave r,se to striate materral A sPrke-like
Uoav".*ia"a i" otty description-s of aucuba mosaic disease bad trot beea
i# f"i ""." "eans. 

I'n tglo, i vat.ety ot new ,ofl[s wete rtrduced by atl three
.ii"r".. in"iJre* t rrtrs were mostly i,brous. The spike-Lke body reapPe:red,
sDindle-shaDed Mies, Easses of short Deedle_like libres and erEemely lotr-g

.6iiJ riuiolrt t"t " occurred liew amorPhous Iorms were also Ioutrq 4u
these aroae either directly or trom Pre'ex'stiDg 'trclusiotrs 

o' tbe prev'ously
recoraled tvDes. Variation io the roclus:ons produced is trot alue to qu-tatlgtr
oI the v.ru-s. The type oI itrclusion Is to some slgbt extetrt det€rrnroed Dy tae
host platrt but seema to be lar8ely cotrtrolled by the aEouot ot I Sht ald ueat
available to the host

54. KLEczKowsKr, A'. lg1l. Qtantitatioe shrdies on lhe's.rological reaclio"s
' ' ii ,o-" ot""t uirotes atd ofa pea nodvlc 6a.,etirn (Rhrzobiun leguoi-o-

<ftaromi. nrit. J. ExP. Path., 22 4+58.
( xraf,titative itrvestisations oI serological reactioDs oI tobacco Eosaic,

"ocrib. -o""r", aad busf,y stuDt vrruses and a sFarn oI P€a oodule tractena'
rith the.r homologous aatisera, atrd of cross-reactlotr betweea toDacco mosiuc

and aucutra mosaii vrruses, were made.*_,cn;;"dr-""tie"" 
rahos rtr tbe preciPitate formed at equivaleace Poilt

t v tlese Dl;trt vi;is€s with their homologous antiser4 occuPy atr intermedBte
;&tti;6;t*d ratios for bacterral agllut:Eatiotr aDd tor Prec'P'tatioB of
3maler aotigens Lke ovalbumio or blood s€rum ProteiDs --

An aucu"ba mosaic virus aDtiserum cotrtaioed a[tibodiB reacitrg wrttr
.r"oG -ooi" "i*. but Dot with totacco mosaic vrrus, in add'totr to aoti_
;aio roatioe wrth both, whereas all antiMies in a tobacco Boeaic virug
antiserum reacited with both vrrus€3*-'ilitl-tL *." atnount oI aBtrtody maximuE PreciPitate srith- the rod--

shaoed tobacco dosaic atrd aucuba mosarc vrus€s is Eucb Sreater u)aD wltD
t-he'spherical (or dmost sPhencal) bushy stutrt vrrus, ald ia lorEed ro Eucn
sreater aatise[ excess.
"- <j"ait"t!" diffeteoce betseea strolg ald weal tobecco oodaic vima
altis€ra were {outrd.
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55. KlEczxou'sxr. A- l94l- Tk lohtuttior of fuoteir. cotlll.rcs irt hcatc.I
sol lions oI rubbit s.run ?rotcirs. Brit. J. Exp. path.,'22, 188_02.

_ The e{fects o{ heating trormal rabbit s€f,um albumjn atrd euslobuh
tractiorls separatelv and together are described. Whetr a mixture ofihe tryo
rract-ons 

-rs 
heated a product is {ormed with properties diflereat from tho€€

or ertDer irarttotr heated separatcly. This product :s a complex formed bv retwo rra.trons Druhng a-s thcy uqdergo de[aturation.

50. KlEczkowsKr, -\. tg.4t. Effc(t of h.a oi lkxa ati,,l arltibodjics of
,abbit aitis.ta- Brit. J. Exp. parJl.22, tg?_fuA.

. Jxperiments on the effect o{ heat oD rabbit altisera to the lolowinS
erltigetrs have been made: humatr s€rum albumitr atrd efoUutil, i sh;ln_o'p91.trogqle taeteria (Rhirob;{m l.$.m;nosa'um); aaa piafiea ;.;.;aioo"ot tue Iottowing pta.nt viruses_tobacco mosaic, potato ..X,,, to'ma'to bushystutrt a,trd tobacco trecrGis.
. . Anusera to tbe rod-shaped viruses (tobacco Eo6aic atrd potato .. X,,)behave like those to flagellar type autigetrs, whereas aatiserj to the otle.ettigeos named b€bave like thcs€ to somatic iype antige8, mocb moreheatiag bei-ug.needed to destroy the floccutaUng fr'wer "f 

&.-i";; H;;_ever, euttoDulrn_rractroDs (coataitring aatibodies) of all the antisera behave
:,.1yr.lyl.a9-.!1"{ require Eore heat to desk6y ttreir iloccul,atitrg po;ertD4t do the ongr.llal atrhsera.
_ Flocculatiog altibodies utrderSo at least two chatrqes duritrs heatirp
Cooplexes compos€d of aitibody &rticles ana of partict& of otn;""".;?;
protehs prcsent itr the solutiotrs are first forxaed. -Antibodies 

chaoced ia tlis
lvay can still combiDe specificalty with atrt;getrs, but tbe resJi oTtUs mm_DEatron.depelds oq ttre quatrt'ty atrd qualty of u[specific proteils Drlseotrtr the solutJoo dunog beatiDg. Complexes formed whe-n antitirdies are'heated
rn tne prcsctrce of euglobulin lraction o{ tbc aDtiseruEl flocculate tbeirantieens.
Complexes formed wherr aqtiMies are heated ;a the presence oi;t#;;;
fractiotrs, notabty albumin, canqot floccutate the r iUe""s, Jtn.rsh th.y
combine v,ith theE; this combinatiotr itrterleres with th; flocculafii;;1i;i
of aatibodies that are uuchanged. The degree ol this int".f";;,i4fi;;;
ure ty?e ot aotig-en, beilg large *.itb antigetrs of type .. O,, and sfiau wif.hthose oJ type " H." This fact, and not a drfferencejn neat staUititv. exolains
the drttereDces itr tbe b€haviour of heated atrtisera to the turo tlDes Li an'tis.o.
. The-s€coad chaqge o, atrtibodres during h".ting --opoaJiGO "ir-rE ",stage ot deDaturatioE atrd is sbown by the loss of abili_ty to cotrlbitre withatrtigei.

67. KlEczKowsxr. A_ |rl.. Thc rllrct of satts on th? folmation of bto,ainconpter.s during kat dcnoh.ralion. Bioche@. J., 3i,80"J6. ' '
, The tormatiotr of coEplexes betweeE differetrt proteirrs, u[dergohq heatoeDaturat on totether, is greafly itrf,uetrced by the pres,ence of salL. in theaDsence oI safts olly mixtures coEtaiDjtrg water_soluble serum qlobulitr
IormJd iury detectable amount ol complexes.

The eficietrcy o, djfJerent salts in'promoting the comDlex lormatior
expressed as the reciprocal of ttre tow;st effective concer'traGor- t fi"H
.trardy s law. lo[s oI higher vale[cy are much more eflective thatr those oflower_valerrcy. On tbe alkaliqe side ol the isoelectic DoiDt of the orote;rrs-
tbe,eficte-ncy oI salts is determhed by the waleacy oI tbe cations, a a on tl6:rcro slde Dy ttre valencv of anions_

58. KLEczKovrsKr, 
^. 

1911. Corrbitation oJ pototo t i?us X and tddcr!|, osaic oirus roilh pepsin and trypcin. Bi6ciem. J., 39. I6()-6i. 
-----'

_ (l) Pepsi! combines with potato virus X and ca-s€io, wbicb are subskateslor rts Ptoreol).tic activity. but aot with tobacco mocaic virus, which is not asubstrate.
(2) Tobacco Eosarc \.;rus denatured by beat is readrlv hvdrotvzed bepepsin and combines wrth pepsrD almost to tt. same 

"rtent 
js Jt to'ur"-s x-

. (J) ravertase does not combitre wrth potato viius X. with iobacco mosaicvirus, whether h€atdetratured or [ot, oi with caseitr.
, (1) ]to_re trypsia combines wrth tobacco Eosaic virus, shich is not asuDstrate tor its proteolltic actility. than with pobto virus X, which is asuD6trate, I he coPbination of try?sttr w,th tobacco mosaic virus corr.ld account,or the reversible intribrtion oI ltrjectivrty of the virus by ti-WsiD.
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I5l c-mbiD.ation tretween trlT6in and tob6'co dGaic virus protecta

trr;;ii Irom sDottaneous ilactiYaiion at DH 7'o'-'fiii;;#-";a t";ot * 
"a.uru"a "i "t"t"o"t 

catr b€ set ftee by casein ;

i""JL"l'i{.'-"ril-#-"'*rr..*"a oy toua<."o -ooi" sirus' brt not by sucrose'

59. KL8czxowsKr, A. 1945. Ttrd r'adion oI ?tottucts ol iniddl sl4cs oJ-'' iiti" brotcotv;is of hLtr,alr ad httrsc sit'n olb"nin uilh a*tiscro lo

'i[i4[i1--"ii-;i'. Brit J Exp Path ' 26 24'33'

Peotic dicestioB o, humatr or horse albumin rll suitable cotrditiotrs

"##"il i.."ii"ii-r"i! "i-o-"it 
abilitv to react iD atrv detectablc -sav witl

ili#il& t" illi.iiii".r albuoins.- Be{ore this s'age is reached some

H't"s,:m"r*Fm:"tt*""1"-;#J;,'*l'"xo*"i'!?.ft''i!
iiffiliEi" iiii tt'"i' l ifit r'iritv uv ttl a'tisera to the orixinal albumirs
f,-#["-."ao".a. Tdev do rot difiei {r"m the oriSinal albumim itr their
;tft;?;i;-iLipl#u ritv "t tl' ptoaucts ht the anrisrra catr be restoted

by heatiag solutions of the products in the presence or salI'

60. KLEczKowsxI, i. 1915. Cont.lsion oJ non-?ndPitatiry and inhibit;ne*' 
;;i;;-;.;,'i,';;i;;?s ilto Jolns agait preci.piiabtc .b't th' a^ti.aro to th?

[iiiit i,ia*. Brit.-J. ExP Path', 26' 33-41'

\Vhetr tornato bushv stutrt virus is heated togetber \rith a serum albumin
.n" 'J".ll lil-"i"-'t]"J ,i;-6- *," "rur-l" to foin a complex that do€s rot

ffi"Ftf h.IF$"H:fx'frikr,*#{*ri*w;ffi
fl[.l:i-;f;:'.xrtii*'ii*.'gi",*oo,lf ']'yi5ffi l$rl';]I#]ffi
teolysis.

6t KlEczxowsxr, A. 1915. Spccilic ?t?ci Pitahon. -ol one ptolcitt by
"' ;;i;;;; ;-,;"*',. a;t. 1. Ex'i Ptth ' 26' {r'40'

Prfflucts o{ itrteraction betweetr human and horse albumiD forEed-duriD8

"*i';:;;;'d;';? -1it"."" ot the t{o' could be Prec;pitat€d bv the

ffiH?iritf"ruu " il" proiluct lormed itr mlxtures' where'humatr

I#;Lli il';;;;, combined'with atrtiMies to borse albumir' but did

ri"rTll'5yi$s:'.*t*.'l'n:*x;t-""*x'ff :?.'*rs3*H-;
zlbumin in heated mixtures'-"iffi"i* .f-i"t".-tior ,ormed betrYeen antibodi€s to bushy stutrt virus

.^ii;#;; iiE-""ii--"ruu*ln formed $hen mixtures were beated'

ilr"ra'Iffiu-rrii iii aof f..cipitat"' *iirr *e "iru"' 
althoush thev coutd be

ilIirrJiil' plil"ipit t"a i';* ''"ti*r"- to the albumitr'

82- KlEczKowsxt, A. aqd TtloRI{'^{ r{ G l94'l' '7 setoloqi'al shtdy of
"' iiit iiiir, t""tiia Jtot peaai iaw ittocttl'ion YouPs' J Bact ' 18'

68t-12.
Tweow- !e streirs oI trodute bqcteria d€rived ftom Plaqts of th.e P€a

^*irlii,ii 
-*ii"p,-."a t6t seaus a";*a m- clover rodules' were tested

#-"-""i"t"iti.li'*ith atrtisera egaitrst six strai$ oI oodole bacteria lour

drrivEd from clover ard two Irom Pea-*'1iI;;;;;';; ;; aotigeus oi eitircr o or H t'?e was foutrd to b€ com.6or

to the wbole grouP. so-" ttttlat- t"t"it'a * ith noil oI the altisera' some with

iri'-.-"]""i "tl'*. *ith s€verel atrtisera' but trotre with all oI them'*'siilii*n;tgft 
to both ino'cul^tioo srouDs were found to give aggru-

iination with five o{ the "ot'*o ; "_oi-*8*tlim 
r€acted only with a sEall

ouElr€r oI strahs all trom clover' ."--Nliirei au ity to cros-inocuratc bctwff: 

".:"JT,#l "f"I*rt""*E;aor erlectiveress rtr lixht qitrotetr r

to a bacteriophage t?s l"""o"t'ry **JtiJ with th; pres€qce or ab6€dcr- o{

Iiff *ffi*"wat#*l"f;'fl0,,',#i"13o"*i#si;"'.H"Li'"'
Taere *as, however, . p"*'"' t"tl"rJ""Ltwe€ efiiGveness and the H

.a.Etigenic cor$titotiotr'
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&3. KLEczRowsxr, A. ald WArsoN, M. A. 1944. Scroto4rl.at sh.dics o,
st ga, bce, ycttous l.r;rus. ln!- Appl. BioL,3t. ll&20. 

''"
Sp€cific altisera bave b€elr DrcDared against the sap exFess€d AoE b€etplaqts i.ofected \rittr beet vello*i virus.

_-Jhc, a,atitetr is utrstab[e. In,tie sap it is deskoyed by keepitrq for 2 t 3oaF at room temPerature or bv heatitrg for l0'ojouies .d fZ-. C. fii"unaffected by pH -chaages 
betw;etr 5 an--d O. Io detd; U""s ;i ;_temperature it remails unchaqged for at teast O tlays, *1er-eas-tiriJiti'ti-of

aphides to hansmit froo these ieaves feu coasia"-ti, io'ial?"-*'- '""'"' '

-The antiSetr car be revelsibty precipitated by;.;;;,i; sutphate or\€dimetrted by high-speed cen*itulatioh. H"*"'r*, Ji i;"-.4";;; ;Eolatr rt from- othei sa-p constituentior to conceut*t,i iii""l-ali}*"" '
r De precrprtrn reactio[ is of ].a.lue for diaglosis, ard works successfully withcrude sap.

6.1. RoBERrs, F. M. 1940. Srudi.s a' thc lccdi*g , cthods and Ucrr.t zlior.rdes of Myzas pesicae Sr.rr., Uyzus clrcomfi.*us'-;;;;: il;1;#*siphum gei.Kocr. Aan. Appt. Biirl.,22. 343_;4.
(f) Th-e- Ieediog habits and peaetration rates of tbree aphides ,,lryzrsp.tsicae, M. circanfl.zus, ao.d tiartosiph*m g;;r-i"G;,Tn"d-;; ili;"p.rst.a. on suga! b€et were ilvestisatea iD re-latioE to tl"ii t aa"-i"iili-ltyJ,ijfffff"r*' rrr, potato ,i-i v. ","u-*i.ii.';i:';:*.fr;"t;'., (2) Neither if4. pgrsica. or M. .irc4t Lfl.zt., were fould to reach the Dhlo€Erafter 5 minutes feedirs otr tobac.o. Very t"* i.-i;"4;';"Hfi'Ti"pht-oem io t5 mirutes 6n tobacco or suga; beet- E";; Ji; ii-r,-iiJi r]*aPhides do trot peoe-trate tle phloem butieed on 

^o"-.,.*it"iti"""J-- 
- '*'

lr) -w r2Ls Pcrsr.a. err,d Macrosthitm gei *.ere Iound to penetrate bv thei[bacellutar method itr Eore thau 30 per-ceut. .f th" "ild;;_;d:;;Myrus _circ{mflczts itr less than SO per c;nt. M*rosrrrr,_ g;s;;;A;;i#;percrtrtage of phlo€m petretrationsitr t_21 tu. ;h;-;(e ;68;;;1;;' -"-
[*, r nerE were lro r,lsibte toxic effects oq the part of tlld host Dta[ts tothe itrsects' sali!'a with either tobacco or sroer r,""i

-_ (5) A pocsible corretation Uet*eer tne &-Litif,r or Myas lcrsicac ar\dM. cirdmften s with cucumb€r \rirus I atrd t.""ri*ti." 
"ir 

i[i" ii.iJ;T: i;iis discussed-

- {6) Ilctees€d i ectiotrs with inqeased feeditrg tiEes o[ both infected atrdhgalthy platrts, ia the transuission of sugar_beet"yellows vii.i" Ui..GT*1?,i,lr. prlri.a, is disrcused irl relatiotr to pb]"o€- i;.dilg. -

65. SaDAsrvaN, T. S. lgrfo. /
ot r,s.s i,t ptanrs. Aa!. Appr. 

"{tr:;F;E6 
Aft of ,h. htcracr.o,' oI

When tbe saps of healtby plants are mixed with potato virus .. X. ,, oraucuta mosaic virus ;, ,irro ihire is aa ;nt iUition oi-tfie-tEii;;;;""t;" ;\..labaa.tn and .V. sr,rursrljs leaves. Saps coqtarDjne uoretateil_.,ri-nl-;"--^fireduce the inlectivitv to tle same exteint .s h."td.y ;;:'i{-.;;;;: ;1;coDtaioius- straias oI related winrs, have a greater and specific itrhibito;actiotr. .Experiments were perrormed t 
"uJ* 

tilt il,i. -i#ili" .#;:i#
Foduced by retated straitr oi viruses is due to th" ;*;i#;;i;;;#;:lother metabolic. pr-oducts presetrt in tbe saps.
. l.urther study by itroculating related stiaios oI viruses i, ,rro has showntlat the local lesiotrs oI ore st;in are inhibited by';;d;;i;.T"U"i;s,stemica:tly infects hosts, atrd that the .mc;ency' a$-eiai' ori til;ft;tration of the systeEicaly iofectins viruses in sircrr irosG. ifr!'i"?J"lirinhibitiotr of aucuba mostaic virus is- airecuy p.opoJiJn"ilo A;;H# ;iacrive ututs of tobacco moseic vinrs pres€at-in th; r.-r tG,iL .i til-tiili iireiooculatiotr.

66. SHEFF-rELD,.F. M. L. IgJg. Som. elf?cts ol ptart urus discascs o, t.cclk oJ rhcir hosk. J. Roy. Microsc. Sii., SSI rig_6r. 
- --

,"ff t1ffi :.1ffi 
"?:tr1&,T"Hff""33:i'm*:;f, S#11iS*"."Hamorphous, in othes crystaline. The differett types ot i""l;;ir"-;-i;;;i;,and compared. The Dature of hriaceltutar ;aaojins is d;sc-r-iit E"-.ifiiriiililerp Iisht throwtr by the recent work otr tle isola;i;-;i;;;;;;d:., '- .,,"

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-1-87 pp 23

-1

145

67. SEEaFTBLD, F. M. L. f041. Thc c!to?l.a"r ic a*il nt clca, inctusior.s
4s.socialal oith sa:crc ekh virus. J. Roy- Microsc. Soc., 61,30-45,

S€v6e etch virus induces tlro q.pes of itrtiacellular inclusiotr.
The cytoplaeEic itrchsiotrs are amorphous. Chemicauy they coEsist of

mixtures of proteils witll lats aad lipoids. They are forEied by tie aggregatiot
ot partides which appear itr the streamiag cytoplasm.. They may contaia soEe
birefriDgetrt pa.rticlB and may give rise to small tre€dle-like bodies. They can
be pricLed or divided itrto portiols wit]r a dicroaeedle. They contain tbe
viius, but t-his is also present in other parts of the cell. They are numerous arrd
occui i{, mo6t tissues oI the plaat.

The infi'anuclear iDclusiotrs give protei[ reactiols atrd are more stable tlran
the cytopl,asmic iEclusiotrs. They take ttre Jorm of thin rectaDgular pLates,
and as many as 30 may be Ioud itr a silgle lucl€us- They caa b€ isolated but
can be broker or dissolved odly with difrculty. Almost every nucleus co[taiDs
ttr€E atrd they have beea louDd itr almost all tissues. They occur in ttre s€ed
but have trot beeB loulld ir the young emb$'o. The Iirus is not transmitted
tirough the s€€d.

The two types oI iDclusioB aie briefly discussed atrd compared with other
inclusiotrs occurrilg ia diseas€d a[d healthy tissues.

08. SBEFFIELD, F. M. L. 1542. Pres.nce oftirusin th. ptirnordial ,ncistra.
Atrn. .A.ppl. Biol., 29, 16-17.

It was tloutht that the abse[ce of int.acellular inclusiotrs ,rom the
apical eeristeE oI ialected ptatrts miSht be due to failure ot the virus to
p€[etrate there. However, i, this tissue is dissected out IroB shoots or rools oI
plants with tobacco or aucuba mo6aic, infections can be obtained from it.

60. SEEFTIELD, F. M. L. 1942. Thc " blokhes " ofi leaws af -7rnn Pilot
?oarocs. An:o.. Appl. Biol., 29, f,11-45.

About floweritrg time a greyjsh greeE blotch appeaE on some oI tle leaves
oI ArraD Pilot potato platrts. It is due to Decrosis o{ tbe ep;dermis, follos€d by
ceu divisiotr in tie palisade tissue resulti4g jn tle formatio[ oI several laye$
of sEaU, thi[-walled colourless cells. This prolileratioD Eay occul oo the top
ooly or otr both sides of tle leaf. The new tissue partially masks the green
colour of the plastids itr the cells nearer tle c€Dtra oI the IeaI. After 4 les_
weeks the ceotral tissue dies. The blotchiDg, which is almoet certainly oI
tenetic oriSin, is discussed itr comparison with otber ptatrt effects wh.h
resemblc it ia otre or other o{ its characters.

70. STEFFIBLD, F. M. L. 1943. Vdkae of phlo. t nccrosis in the diagnosis
oJ pot4ro t.df-ro . Atr1. Appl. Biol., 30, 13l-36.

In plalts idected q,ith leaf-roll viius a tlrf,e o, phlo€m obliteration aod
tr€.rosis occurs whicb is distitrct lrom any abnorDality produced by otier
IEthogeE or arisitrt trom physiological c.ruses. The Decrosis occurs i! the
primary pNoem ody of tie bicollatelal butrdles. The afl€lcted tissre reacts
with pbloroglucitrol itr IICI. It was present in all ol 179 plalts oI 33 varieties
ihowiag secotrdarlr leaf-rotl which were examiod and was trot {ound ia atry
oI 83 healthy plaits of 20 v"a.rieties. The amoutrt oI trecrosis vari€s in differetrt
plaqts. If the discas€ is s€vere, necroois may exteDd to almost all parts o,
tie plant €xcept the stolon, tubers and roots. If the inJection is mild it may
be codined to a very Iew straads in two or three trodes 4eai the base oI the
Inairr stem. Phloem aecrosis can always be fourd berore lea, rolling is

In priloary le3f-roll, slight Decrosis caq be {ound in the stem [ear the bases
oI ttre lowest toll€d leaves and sometim€s ;o the petioles.

-{ tecblique is suggested tor the us€ oJ t]lis symptom in diagnos:s.

71. WAtsoN, M. A, 1940. Sh.ilics on rh. uonsrnissian of $agar bect tclktus
drus b! lh, a?his, Myz'us peEicae (Sdr). Proc. Roy. Soc., R, l2a,
535-52.

The emciefty oI the vector l,lvas ?.tsi.ac i! transmittiDg snt.rr tFct
ygllo$'s virus in;r€ased greatly wit[ iacreasing Ieeditrg tiEe oo"tb""iar"ct.d
planb. I ectio[ was produced otr a successio[ oI healthy plants for l, 2, or g
days deFtrditr8 otr the lelgth o{ the iD{ectiotr feediog time. The iElectivrty
oI the vectors incrEased witl itrcreshg Ieeditrg time on the bealthy plants
Dndergoitrg intectioa, and decr€ascd B,iih increasilt feedint time otr healthy
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plads prior to ttrose oa which tle i ectio!, trial was Bade. There x.as tro
clearly de{iu.ed " incubatioE period " of the virus in the vector, below which
tro itrs€ct could cause itrI@tiotr. but there was variatiotr in the time b€tweetr
cessatiotr ol inlectiotr Ie€ditrg ol the apbis and the hitiatiotr of idectiotr iD the
healtly planls.

The reliations oI this vinrs nrith its vector difler from tiose oI the virug€s
akeady d€scribed as ,on-f.rsislcnt [V,]at![.\ aqd Roberts, 1939]. For tle latt€r
viruses i ectivit-v is lost by .Ir. pcrsicae son after cessatio! oI inlectio!
feedirg; alter rastitrt ttre vectors become optimaly itrfective almost immedi-
ately on peDetrati.trg iDifected tissues of the teaf. Then inlectivity d€creas€s
\rith iocreasing feeditrg time on ttre infected plaats, aDd ilcres€ otrly slightly
lyith jacreasing feedirg time otr the healthy pl,aDts.

The behaviour of sugar bret yellows virus is compared with that of curly-
top virus o, sugar beet, itr which inlectiviq aho p€rsists lor an indefidte
period itr the vector and jacleases B'ith increasirg feeditrg time oq irxlected ald
healthy plaqts.

72. W^tsoN, trl. -1. 1912. Sugar b.?l jellaas drus. A pr.lit ti*4ry acrar,nt
of cxpcrim.nls and obs.natols oi ik .ff.cl in ,h. JicA. Ann- Appt.
Biol., 29, 358-65.

'fhe symptoms of sugar be€t yello\rs virus ir1 tle field varj. E'ith differe[r.
deteorological aod cultural conalitioas. Illustratiotrs oI tJDicaI s,.Eptoms are
EiveB, alld some account oI th€ir appearalce aqd distributiotr in the field.
llllecLiotr Brcatl] reduces th( ).elds of roots aod sugar. la experiments early
infeatiotr on late sown beet caused a loss o{ 67 per cent. oI the root, and ?l
per ceDt. of the suSar yield. The Ioss decreased \yitll later idection atrd ea.lier
sovritrg date. The ma.itr source of infectiotr aqd means by *hich tie vir.u8 is
€rriea over from year to year appears to bc tho sugar b;et seed Gtop. Prox.
imity oI tfle seed crop to the root crop determines tie number of viiuliferous
migraot aphides $hich eater the root crop at ttre idtial i!.festatiotr. Subce-
que[t spread of virus ia the rcot crop is determiled by the rate of reproductiotr
aqd oI movemelt of the apterous aphides. Reproductioa is mo; rapid on
late thall on early so\rr beet, and seems to be increased b], poor nutritiotr o,
the plants.

;:l WArsor-, lL .\. 1916. Th. hans rssto[ oJ beel tr,osaic and b.i y.Uous
orl sca bv aphides: a .or paratiu. study of d no*-persist nt and a
Persislttl tirus hal,ing hosl planls and uttirs in .ohtnton. P!oc. Roy.
Soc., B, 133, 2txL9l9.

The behaviour of bcet mosaic atrd beet yello*.s viruses ia relatioL to their
ins€ct vectoG rras compard, usisg Myzt s p.rsicae (Sulz.) as ttre vector aqd
sugar beet as the commol host plant. Beet mosaic virus proved to be ooe oI
the " non-peEistent " 8roup, resembling Hyocyam*s virus 3, and potato
vinrs Y, etc. Its vectoG were optimally iDfective wheD allowed to leed for
oDly 2 or 3 minutes oo the source of itrfectioo after a Friod of fasting. FeedioA
time oE th€ healthy plant had only a small and limited ellect on itrfectivity, itr
some conditiorui o{ idectivity of the aphid6. The vectors lost inlectivity
rapidly whetr feediog aad slowly whetr festitrt. Whetr optimally idective
lhey could itrIect several healthy pLtrts itr successiotr but ooly duriag the
Iitst halJ-bour after cessation oI iurection ,eediDg. Whetr fastitg about 26
per cetrt. of the vectors retained iotectivity for 20 houls.

VectoE of beet yellows virus v.ere optimally inlective after about 6 houE
irlection feediD8 and 3 hours feeditrg otr the healthy platrts. They could iDJect
itr much shorter time, but their itrI€ctivity itrcreased up to about th€se liEits.
The emcieocy oI the vectors was Dot allected by a p€riod oI fasting givetr
before itrIection feediry. The p€riod of delay itr productiotr of optiEuE
iafectivity duriqa Ie€drnt otr the healftry plants w"as itrdepeodent oI the
idectiod feedin8 time. \,e'ctoE of beet yeUoe,ls virus lost inlecti'rrty Eore
rapidly when lastitrg than whea le€ding otr healthy plaDts. Th€re was tro
iDcreas€ ol inlectivity during the lilst few hours of fastiag as there r*.as duriog
Ie€ditrg. aqd the curve Elatiag lo€s of ialectivity to hstitrg time $?s simil,ar
to that obtained with b.Gt mosaic virus.

A?his faba. (Scop.) behaved similarty to M. pcrsirac with both virus€s.
Differetrtial Iattiug atrd leedint featments B,ere used to separete the viruses
whea they idected the saEe platrt, aod the oethod could be used lor sq)ara-
tiDg complexca shich occur in Dature atrd qhich itrclode aotr-sap triGmissiblc
\.irus€s such as beet yellorls vinrs.
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74. \I/AtsoN, M. A. and RoBEErs, F. M. l93g. A eorrrpatdliue sl*dy oJ lhc

lransntission of HycF..yamus ,rfl6 3, pott o t i s y dnil .uconbca dnts
I by th, l,?clors Myzos persicae (Sl,rz.), M. circumflexus (Blt hro',l, and
Macrosiphu& gei lKoct). Proc. Roy. Soc., B, 127, 513-76.

Tlrr€e straiDs of llros.r,aras virus 3, two oJ cucuEb€r virus l, atrd potato
virus Y, were tested ior then trarsmissibility by tbe aphideF, Mlzt s p;rsirae,
M. cilcLrnflehls, and Ma.rosiplram gei. The eficietrcy ol the vectoE ilr trarle
Dittint all the v;rus€s itrqeas€d with itrcleasilrg tiEe of Ia-sting before feeditrg
otr the jdected pladts. Their eftciercy decreased as the tiEe oI leedirrg on the
iDJected plants increesed. The Eost probable explaDatioD o, these €rfects is
that the viruscs are ioactivated by some substaDce produced by the aphjdes
shea teediig.

The Eost successf,ul vector oD the whole 'was MTrss l.rsic4c, and $eLeast
succ€ssful t a-9 Ma.losiPium grr, but the relative efliciency of the vectors
v'a.ried c/ith the difierent vituses, itrdicating that their degree oI success
dep€Eded uporr several i[teracting lactols. The most important of these
qctota apl,€ared to be :

(a) The conceatt"atiotr of virus in ttre host plallt.
(D) TLe localisatiotr oI virus ia the host plaot.
(c) The capacity o, the vector Jor inactivatitrg the virus.

The virus€s which bave tbus be€n shoED to be siEilar i! their iDsect-viius
relatiomhips, are also similar iu their physical properties, atld there ane tr nry
other aphid tratrsmitted viruses which res€mble tbem itr this respect. It is
s[tgested tiat such viruscs may forE a natural gioup, with ttre same type oI
vector-virus relatiotrship. This reladonship appeals to be a coDplex otre, atrd
it i3 [n.likely that tle viruses are mechaniially traosBitted.

75. TIJAtsoN, M. A. aDd RoBERrs, F. lr,. 1910. Euid.nce atoinsa lhe
hypolhcsis tiat ccrldin phnl dflscs arz transrnilt d m..hotieall! by
aphides. Atn. Appl. Biol., 27, 227-33.

Itrdividuals of r}y'. 2asi.z?, when Biven aD adequate fastiDg period follos ed
by 2 Eitrutes reediDt oa the itrfected plants, cetr trzEsfiil Hyoscyantts I,
potato Y, a4d severe-etah vitus€s ftom tobacco to a truEber oI socoessive
healthy plaats. The nuEter of plants itrf€cted seems to be tbat orl which the
ins€cts can be giveD 2 minute ,eeding periods, within the time for which they
would trorEally rctain tleir iorectivity ii preveated fro@ {eeding at a.ll. This
is considerably longer than tbe time Io! which they would remaia i ective
vheu feeding on a healthy plaat. Rapid loss oI inJecti!'ity o, tbe yectors,
esp€ciaUy whe! teediog, is a charact€ristic prop€rty of the t,?e of virus used irx
these erperiBetrts which we have defhed as " noa-persistetrt " (Watsotr &
Roberts, 1939). fie present results corfirm our previous bypottresis that loss
o{ i ectivity is trot due to clea[sing oI the stylets whea {eedint, or to normal
det€noratiotr of ttre vinrs itr the insccts *beD fastiqg. The viruses appear to
be itractivated by soEe substalce produced by the aphides a.{ter they have
beetr {eediag {or about 2 Einutes. Persistetrt virus€s, which are retaitred by
ttreir vectors for indefinite p€riods, a.re trot a{Iected by tbis substa(€, the
vectols bejtrg able to acquire lasbng i ectivity by prolonged feedi-Dg upoB
itrIected plttrts, eveD whea the virus avatlable itr the leav€s rs hiShly localis€d
or very liDited itr aEoutrt. Most of the maior differe[ces betweetr tbe results
of tra.trsEissioo exlxritneats wit.h tle two R?es of viruses could b€ accourtrd
tor by difleletrces rq ttre €rIect of the inactivatiog substance prodDced by the
vectols. It is therelore uulecess:uy to postulate fundametrtally different
mecbarrisms oI trarsmission betneen'the tio t5pes.

MYCOLOGI
BOOK

GARRxtt, S. D. 1914. Root d.iseasc fuigi. The Chrotrica, Botadca
Co., Waltbem, Ma-ss., U,S.A-, p. ?7.
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78. G^RRE?I, S. D. 1942. Ttu tahc-a disco-te of 6rrrars. Imp. Bur- Soil
Sci. Tech. Comm., 41, p.40.

79. G^RRETa, S. D. 1945. Ttc rcot-infeding f{ngi. Etdeavour 4, l0+7,

SCIENTIFIC PAPERS
8t. IJL^IR. I.D. 1943. B.hatiow oI thrlr.r8vs Rhizoctotria solani I( n r:r.

th. soil. Ann. .{ppl. Biol., 30, I t8-27.
Rhizoclonia solani r,u?-s {ound able to grow a-s a saprophyte tbrough oatural

utrsteril,s€d sorl. Its late of 8ro\r'th utrdel differetrt soil cotrditioDs iD gliass
tumblers was studied by the Rossi-Cholodny soil-plate metbod. Growth was
most rapid at the lo*'est soil-moisture cotrteDt t€sted, viz.: 30 per ceDt.
saturafion, and was accelerated by forced aeratioo of the soil. The Eaxiaua
distance to which mycelial growth could be supported otr the Iood res€rvB oI
the agar rnoculum alonc w,$ some 5 cEr., as showir by extetrt oI growttr ttrrough
tubes oI mo.st sand, but i4 23 days the fuDglrs grew 2t-24 cE. tirouBh tut es
oI soil. Removal of the agar disk 2 da!5 alter moculatiotr oI the tubes rcduc.d
trowth through sald by more tha[ halI, but tirough soil by oqly a sraatl
proportion. Iu aarll, RhizotJt tia \rra-s able to cause 100 p€r cent. daopiDg-off
of r'adisb seedlitrSs pl,atrted at a radial distaDce o, 4 cln. frca the agar iooculum.
ant sooe 40 per cent. dampint-off at a distatrce of I cm. The dq)ressiog eftect
oI additioas oI I per ceDt. grourrd-wheat skaw or &ied grass to ttre soil upoq
Srowt} o, the {ungu3 was atkibuted to (a) the &gligibte celluloseiecoB-
posing ability oI Rldzorrorra , (D) nitrogen starv-.tioD oI the myceliurn, througb
rapid utilsatioo of the available soil nikogetr by the cellulocedecoopoeing
micro-orBaallps Eultiplying upon the fresh or8anic Eaterial ; (c) fulglstatic
artioo. on Rhizoclonia of the respiratory carbotr dioxide produced by tie
cellu106e{ecomposers,

81. BuDDtN, \ry. arrd G^RrrTT, S. D- 1944. Tahc-all of caads itt t811.
ASriculture 5I, 108-10.

guaot,tative aethods used for this take-atl suney in the Southem
Advisory Provitrce are d€scribed, atrd exaroplB giveo, r;f tle eflect ot sus-
ceptible trass veeds actitg as cariers o{ the iale-all futrg[s.

82. DtoN, W. M. atrd I,RD, N. A. t944. A .orn?azson oI th. roricity oJ
ccflain dy.stuJJs to lh. conidia oI Fnsariut\ cotmbrum. ,tirr- .lppl. Aiotl,
31,221-31.

The toxicity oI a number o, dyestufls to tle cPtfs of F:,,sari,, n ctlmor{m
a[d CercasPotr d hdPor*ho;d.a- w-as determiarit by rhe s[de-gdoitratiotr
lecnDrgyg. No attempt was made to distiBguish betweetr luDgistatic aqd
tuqgicidal aativity.

The toxicrty of basic dyestufis was uDaff€cted by the acid radicle asso-
ciated \*ith the dye base.

The high t xicity to F,tsatit m culno rn o{ malachite ereeo dve bas6 \ias
red-uced-weiSht ,or weight and mole for Eole by substituti6n of etlyl, propyt.
or butyl groups for ,lethyl groups.

_ The reductioD oI malachite greeE to Eral,achite greer\ la/ao base removed
toncity.

The substitutiotr o{ ambo groups aad alkylated,hino groups itr beDzeqe
nuclei of tripheDyl Eetbane iDcreased toxicity, whereas acid groups reducad
toxicity. SulphoDatioo atrd carboxylatioo icdEced toncid to' ya&sbrng
poEt.

Akyfat otr oI amino groups incr€ased, but alkylatioD of b€tr2etre truclei
drd Dot aflect toicrtv ;DD;eciat v-

When the cetrEal darU6ir atom 'of the Eiphenyl aethatre dyeatuffs lras
replaced !y nihogen (e.9., Bindschedler's grtea)'ttre diphetryi anDo[ilrm
comPoutrds were less toxic than the coireqrcading triphatryl metha!.e
coDPouttds.

- The preveltiotr of rotatioa oI the aminated b€nzetre riDgs by bridgiog, itl
the O-positiotr to central atom, i,ith O or N, ad so obtaiarag a pl,aoi dole-
cule, ody shgbtly affected toxicity.

Certa.l acid dyes stlmulated liagal growth.
The toxlcrty of the basic dyestuffs a€eEs to depeod lot on otr spccfic

psrt b'rt otr the molecule a-s a;hole, aod within cdtlr.i! Uaits tie skirctrrre
oay be larr€d witboEt proaoutrced charges i! toxicity.
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83. G^-RRETr, S. D. 1S40. Ulilisario* oJ nilrogcn ry Ophiobolos gramiris.
Nature, 145, 108.

A pure culture oJ Ophiobokas grafiiiis, gtowing oo sterilis€d wheat straw,
l.as found to utilise nitrate dtrogetr.

84. GARRETT, S. D. 1940. Soil cond;lio"s uA th. tah.-all ilis.osc ol rrrh.at.y. F{dhcr .rpcinl.nls oi the ftiodl o/ Ophiobolus B-ramiDrs it
it furad uheal shalfilc bLicd in lh. soil. Atrn. Appl. Biol., 27, 199-204.

Further experimetrts are reported otr the survival oI O. g/amiris i[ infected
\r'h€at straw buried in soil. The loogevjty of the fungus appears to be closely
related to the available tritrogetr contetrt of the soil. Iliclos(,op;cal obGeration
has showq that ttre characteristic dark mycelium ot O?hiobolus slowly coB-
titru€s to develop itr the artilicially iafected straw alter this has beetr buried ia
tlle soil. This developmeat of dark mycelium is Sreater, atrd also more
sustained, in soils well supplied v.ith trjhoten. Additioral a ho8etr is aow
considered directly to benelit Ophiobot{s, by eaabti[g the tungus to assimilate
more o, tlte uadecompoc€d carboh)'drate reserves of the staaw, Conditiotrs
such as hith aeration favourlag getreral microbioloSical activ;ty itr the soil
bastetr the disappearaoce ot Ophiobofus, probably by promot:ag a more rapid
colsumption ol the available food material by the futrgls itsel atrd by
associated mido-orBadsms ; the supply oI nitf,ogeo normauy limits both the
amount oI a\'ailable lood material and tJle snryival ol O?hiobohas.

85. GAR&Er'", S. D. 1941. Soil condirions did th. adh.all iliscase of uh.al.
V. The .lf.c, of ?ldnt n tilion ttPon iliseas. rasislar.c.. Ann. Appl.
Biol., 2E, 1+18-

Red Marvel spring wheat platrts were 8rowtr sitrgly in sa[d cultute itr ? in.
glass llower trrcts utrder cotrditiols oI Iull nutrient supply, and uader deficieacies
oI Eitrogen, phosphate and potash aod of all three t etber, respectively. Alter
one month's growth, the plalts were Eoculated with Ophiobotts by the
itrsertioD oI two pieces of inlected wheat straw into the sand otr each side of
atrd just b€low the c!o*'tr.

Satislactory root itrIectiotr occufied itr every platrt itroculated, but was
ligbtest in tbe litxogeodelicieDt ptatrts, whilst the pota-shdefic:ent platrts
eihibited a ratber more intease root iulecuon ttran tho6e of aDy other s€ries.
Percentage itrIectioo o, the stem-bases was lowest iD the full trudetrt and io
ttre ,rilrogetrdeticieat pl,atrts, atrd highest itr the series de{icietrt in all three
nutieEt$

Io the unhoculated cortrol pl,atrts, a sigEificant depressiotr itr grai[ yield
w"as produced only by the deliciency oI pbosphate ; itr the hocul,eted Platrts,
how&er, deliciency in any ore of the three plant nutxietrts si8trificatrtly
reduced gr"air yield. I ection siStrificantly reduc€d yield in every seri€+
cxccpt tLat rec€irritrg IuU lutrieDts; the percetrt3ge reductioD !r,-as treatest
ia the pho6phate{eficietrt plants.

86. (;An&xra, S. D. lp4l. Sdil condilions and th. l4h.-oll aliscas. oI uh.dl.yll. sir''t ital of Opbiobolus grarniois on th. toors oJ dilfcre* gldss.s.
A6n. -A.ppl. Biol., 28, 32532.

Sixteen s?ecies of grasses n ere iDoculated with O?hiobofus gra inis, a\d
their roots examiqed utrder the bioocular dissectirg Eicro6cope Ior runtrer
htDhae aod discoloured disease lesions. Whilst softe species \,vere obviously
susceptible a[d others showed Iew sitns of root itrIectiotr, there {,ere yet other
species which ere diEcult to cla.ssify either as susceptible or as resistatrt..
The efr€ctiveE€ss o, these l8 8r'asses as perpetuators of Orlioboks was tbere-
Iore directlv tested. a-s follows. The seed slas sowtr in contact with a minimal
amount oI iDoculuE itr boxes of a light-textured soil ;'2 doatlls after Plaoti[t,
the grass tops were cut oII, atrd the sods iDverted itr tie box€s. The detree
ol survir"al ot Oihi&ol'Is in the itrverted sods of th€ diffgetrt grasses was
determired at approidately oonthly itrtervals by the platrting of t€st wheat
seedtiags. Whjlst all 16 species prolragated Olliobotus to soEe extent, as
coolEred with a negligible survival in fallow soil ard uode! clovet. there werc
notable difieretrces itr the lontevity ol the fuogus urder different Srass€s.
The resistatrce ol Phlcon pral.nsc, leported by prerious jtrvestigato$, was
cotrIiimed, aqd se€ds mixtures eoployiqg this Srass atrd Ao.ta .tarior it
place ol Loliu spp. were suggestd fot use o[ heavily-i ected l,aod.
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87. GARRETT, S. D. 194,1. Soil rcnditions e'td lh? tah.-a dts?a\. of uhcar.VIll. Frrrlhe, crl.ir',t,,Ls on the rriral o/ Ophiobolus rraiinis i'r
inf..tcd uh?a! stulil.. Atu. Appl. Biol., 31. l8&91.

Assimilable tritrogen ilr €rious {orms prolonged the lite oI Orhioboh.t
g/d itis in infected wheat straw, whether added directly to the straw or to
the sucoundiog soil. Whe4 the inJected strar*s were buried itr rashed
quartz saod, 0.5 g. nitroten per l0O g. air-dry stras was the optimum ilressing
for lotrgevity ol O?hiobofus. Additiotr of sodium phosphate did not sigBiri-
caofly itrcrease lontevity.

Nihogetr is coosidered to proloo8 lbe lite ot Ofhioboli.s by eDablitrg the
m-yceliuE to Iorm new braEch hyphae, which catr explore utreihausted perts
of the substrate; it is suggested that aged myceliud'dies Irom carbohyarate
starv"ation, through exhaustiotr of the zones ot elzrlmic erosion arouf,d the
hyphae. This hypothesis is supported by the exdrded li{e oI the fuogus
in itrlected stra*s that vrere shaketr twice weekly in 3% dextros€ solutio!:

Oihiobolus sas Iouod to survive loDger ia ialected strews buried ilr a
Iallow soil thatr itr tbe sade soil uoder oats, must3rd or trefoil; this fitrding
suggests the use of cat h crops as competitors with Orrtioborss for soil dtrog€o.

88. G^RRBrr, S. D. aod DENNrs, R. W. G. 1943. Nota or| lhc octarr.rec
o/ Ophiobolus gramitris Sacc. tar. AveDae E. M. T*rncr ii Scottand irt
1942. Tr.ans. Brit- Mycol. Soc.,26, l4&.7.

Givi[g ascospore measurements ol O. gtamittis var. .4udaae ltotu 2l
collectiols of diseased oaterial.

80. GLYN:(B, M^Ry D. 1939. Eg.sbot lotlzinp ot uh?at carsztt bt,
Cercosporella herpot-ichoides F ;. 'Agric.-pr;g.,'f 

6.
Pap€r read before C.oEfercnce of .\dvisers, December, 1938.

90. GLYNi.E, }Iax'y D. 1942. Cercosporella herpotrichoides F or.,
ra(rir,,g eyes|ot of uhcal ir Gl.at BlitoiL. Ann. Appl. Biot., 29, +6.i.

Surveys of wheat itr l94l showed that the probability of geoeral lodsins
itr healy crops is Breatly iocre3sed when a high percentige of tfe st-a* 6
iolected by C?rcospotclla hctpotrichoid?s. Indiiidual sha; todgins resuttinR
Irom iofection occurs borh itr heavy aDd itr hgbt crops, so ihat ttre sh-ars Ial-l
iB all directioas. The trouble has been kl6wn to_ Iarmers ror matry yeals
nlder v.arious dialect trames, a[d whetr severe is estiEated to caEse a rdlui:tiotri[ grain yield of about 30%. A survey oI I70 raqdomly selected Iietds in
sixteen couoties showed incr€ases in the frequeDcy atrd sevdity of inlectioo
by eyespot lrom west to ea-st, 3.6% oI the fields itr Norttr Wales showed
eycspot atrd 84.50; iE tbe eastem counties; tbe percetrtage ar€a lodged
ilcreased itr the same way ,rom l. I to 16.4% and th; percenE.ge oI t]re aiea
under wheat (in 1930) frbm 0.17 to 12.89o/". Two hdndred aia Oirtv-O"e
Iields not raadomly selected, in tiree indepetrdent surveys, itrcluded il8 in
wbich tro *h€at or barley had beeo gro*t il the precedi'trq I v€ats: thirtv-
sevetr oI these showed eyesDot infection, alwavs l& than ,09/^ straws beds
blected; ll5 fields whiah liad wheat or Mrlei recorded at ll{st once in thi
precediog 4 years, included eighty-nine with ryespot, more than hall havinq
over m% straws itrIected. Itr{ectioo of over 20% atrd over 70oi, occurred oi
a fe\s lields itr which the last precedinR wbeat or barley croD had b€eD takeni[ 1937 or 1938, but they were most {requeut where wheat br barlev (or ore
of each) had been gro*a in at lea-st 2 ol_the precedinq 4 vears. ffe ifisease
is liLely to iocrease in '\rheat-growinA dis*icts uadir lbe more intensive
wheat cultivatio[ resultiDg from w-.r-time cotrditiotrs. Measures lor reducitrg
lo6s from eyespot, while i-ocrcasiqg wheat ad€age, are discussed.

01. GI-\,sr!'E. Il^Ry D. 1942. Eyrslot in t.,rrrar. Agriculture, 49. gt-St.
Giving gereral field ob6€r tiotrs atrd recomEeadatioDs for cotrt ol.

92. GLYNNE, M^Ry D. 19.14. .E?rsror, Cercospore[a herDotichoid€s
Frcn' ar.d lodgiry ol uh.at. An!. Appl. Biol; 3t, 377-8.

PaFr read belore Associatioa ol Applied Biologists.

93, GLYNNB, M^Ry D- 1945. Eyaspo, ol uh.ar Lnd barLy. Ade- t-f,5,fl.
ItliEist. Agric. Fish., 321.

Givilg 8eftral field obsei' tioDs atrd recodDeodatioDs for codiol.
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04. GLyNNt, M^rY D. ltl46. Eycs?ot of thcat ard ba el in Sco'land ii
1944. Aaa. APPI. Biol',33' 3t3s.

In Ausust 1044. e.ves.,ot (Certosfofttla hcrlotrkhoidcs Froo ) was foutrd
;n m oot" of l2l aufunoa-sown {h:€t crops distributed over 12 Scottish
coutrties. I t was abundaDt eoough itr 40 fields to be likely 10 harm sutrseq ucDt
crom- aod was causina obvious loss in all crops. The dis€a-s€ lYas found itr
l? ;ut oI 18 sDriDe-so*jr b"tlev ctops, more than hall the str.'$s beitr8 infected
i" i x tfr"-l A6out 4 Der ceEt. bf the $'heat iEspected was lodged mostly
trw evesDot aod about 3b oer ceot ol ttre barley, mostly non_Para_sitically
g'ves'oofincreased wit-h the Lequetrcy of wheat and barley irr the two PrecedinB
rj"rs'- u"t a lew inrected crorE occuned on fields where tro *heat or barle)'
iad beeo erowa lor maav veirs. In Scotlaod, wherc the atmosPbere is more
humid. ev;sDot reods to i'ncr€ase more rapidly than in similar rotatiotrs itr
Ensland ild:oos are Ioutrd hiqber up the srr"aw aDd the diseas€ is much more

;a;".1";; "" 
spring-sott,n bariey. ihe long rotations Practised in Scotland

ireveEt dore exteGive daDage by eyespot.

06. CLyxNE, MARY D. aod RrrcHIE, 'WE!iDY M- l94}.- ShatP- E)tsP-ol-- ifuhcat caucd h'CorticiuE (Rlizoctooia) solani Nature, 152, 16l'

Althoueh one heavllY idected crop had beetr rePorted sbarP eyesPot

'ar.lv ef{;ted more thin I Der cetrt. bI the str.ws itr the oumerous wheat
I;ld; oI EDsLand and wales iir shich it had beetr lound. It did trot seeEr to
i"*".t" *itl the frcquetrcY of wheat aod barley io the rotation as did true
eyeq)ot, due to Cri.o3porcit" hcrpouchoide".

06. GLYNNE, M^RY D., DIor-, w. It. atrd \YEL1 J y' 1915' Thz 
'IJ'ctof e!2sltot (Cercosttoretla berDotrichoides Fron ) ol uh?at a d th'

ii,\iii, o|'"arrg"i on the disiase. Atrq ApPl. Biol ,32.297-303'
The effect of elieq)ot througbout the season otr u'heat receiving different

"-"""s "t nikoe'ea wa-s studied itr pot exPerimetrts Plants itroculated in
December showed chlorosis of outer leaves io February' Among Platrts wrtD

frirl ,it o*"o. evespot killed ll per cetrt., caused straSSling of 3l Per -ceot.
;;?i;hii;Beaat i" i+ per cent. oi the surviving ear-Learing straws .reduced

"l.ia "f rt .," Uv 8 D€; cent and ol grain by 16 Per cent_ The loss in -stras
i,ield was due to rcductioo in platrt trumber, tbat oI graio was about hall due

i;-tJ":tfi in nuober of ears and half to Productiotr oJ liEhter $aios
Lrnons olatrts with low Bitrogea tbe diseas€ kiled 23 Per cent of tne Pbtrt8

"""r"a'i:""seUne 
of 86 per ciot. and whiteheads iD l8 Per cent o{ the sur-

vivitrs ear-GriDs strats, atrd reduced yield oI straw by 23 per cenl - atro

of qa"in bv 4.1 oii cent. Tbe losg itr straw yield was due to death ol Platrts
tha't of Er:itr v,as about two_tbirds due to tbe Productioq of fe\ter ears atrd

one..thiri to that oI tighter ar.iDs. Io the biSh_nitroteE senes the trultroer
oI shoots at the time oI maximlrm tillerioS was reduced by 29 per ceo! ; ln
the loo'-nitrosen series the diseas€ calsed reduction io heiSht, a \-ery uneven
;":;";;;; ean aqd anther emergence, and an iflcrease ir tail corn lrod
i#i .."t1io the conirols to 30 per aent. itr the i,roculated Platrts'' '.cflt;;"l"i"d olants becam6 iDfected' but tho€e receivitrg hiSh tritf,ogetr

ha-""f" lS;r c"it. of the eat-bearitr8 strav's with 3€vere lesioDs at harvest'.
wfrUe Uiee -nreiviog lov dtrogetr had 8q Pq ce-ot. T.he l-"t8"{ !*D1 9l
ti[ets Dtoduced whetr oitxoReD n;as applied Probably eoabled tDe tes seveEry
dis€asat shoots to sureive atrd bear eals while the most seveiely ltriected oleo'

0?. GREC,oRY, P. H. 1945. Thc dis4cision ol ai''bor"c sporcs 'ftdbs'
Brit. Myc. Soc-, 2a, 26-72.

The deD6ition of air_borne fuogus sPores decreas€s with rocre4lrtr8

distaace lr6m a source. The ractors controllltrg the scattmng are re\,les€d'
and obGersed cridieqts of depositiotr ara discussed-*iif i-'ilt1r-""r*,tL "f "p"to 

dePend otr their dimensions atrd-are ol
the order exoected lor sEooth, 

-sphetical particles from Stoke s Law'- -!u[tus
soores have'been observed t-o tall with velociues betweetr 0'04 atld z'5 cItr
.L--i"a *il"" s..; between I a aod 4o cm. sec The mean wind vetrocity

;;io;. i" o*r-3oo 
"-. 

sec. .q.ftemPts to calcul'ate the disPersal oI spores

as the result oI vertical fall utrder gavity aod horizoDtal wrDd rtroveEetrl aa!
shown to aDDlv otrlv to Boo-turbulent air movement, atrd therelore to oe

iaaoolicadidt heirh-ts more thao a {ew millimetres above the eartE's suna,ce'

ii;riffi"i;" .iiJ.i.p".. tarr are probably not maior {actots in dispersel

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-1-87 pp 30

t52

It is more appropriate to constder a spore cloud in susp€nsion in the alr ln
Process of beiEg diluted by eddies in the course o{ its triEsport by the sitrd.

_ .Itr Bxpport of the cooccpt o, the spore cloud as a suspeasiotr it is sho*a thet
at heights iD the atEosphere above the surface layera, tle colceutretioos of
pollea 4nd spores decreases exf,otrentiatly with'increasiDg heisht itr the
maltrer tnat would be expected iI partjcles IaUitrA uader sravi-tt weie balatrceit
by other particles difiused upwards by eddies. The v:alues 

-Ior 
eddv difiu_sivity, K, varyiag from I.5 x 10. to 3.3 x 10.. deduced for sooies ana

polletr, are oI tie order usually Iound in meteorological work. '

. \\rhile terminal velocity rhay pl,e).oqly a small part ilr spore disp€rsal,rl may De more imporbnt itr causing depositio[ oI sDores brousht doi,n bv
eddies to the bouodary Iaver of relatively stiU air a fiw centime"tres thjck ai
the earth's surface-

The earlier theories of eddy diffusioE, includtDg tla,t of Schmrdt. art
compared with recent $.ork by Sutton who coDsiderea tbat tbe size of eddies
etlective iD dilutitrg a cloud, instead oI remaiDitrg coDstant, itrcr€as€s with th(.
distatrce travelled by the cloud. Exp€rimetrts 6y SteDaaov, iD which sDores
were libeiated from a point in the opetr air aod irappid at varlous distinces
atrd_ io. dilferent directrons, are sho-wn to be in eixcelent a6.reemeDt vrith
suttotr's theory, aod to lead to almost ideDtical r"alues for t-he Daramet6i
for diffusiotr atrd turbule[ce with those fould by Sutton.

Based oD-SuttoD's theory, equations are givetr for the depositioo o[ sporesat v.ariou.s distances from a point source, and from Stepinov s data it is
corlcluded tbat itr traveuitrg tross I sq. cm. of surface thire were depooitedtle equiv_a.lelt 

-oJ 
the nEmber of spores preseot ltr a layer otr the axid of the

cloud attout halt a milliEetre thici(. Tliis v-alue is expiEssed a-s a co€Ecietrt
oI deposition, p, and it is reqarde.t as a parameter of Lonsia"raUie Uiofolicai
significarce.

Tbe relevaqce o, thc depositiotr ,ormuta is dNcussed. Ob6€r1.ed l,.adreDtsol air-to-me platrt iafectiotrs originating ftom a poiqt source are ihos'rr to
be. clcely Fedicted by this theory. Fungi kn<iwn or suq)ect€d oI bciog
splasbdispersed on the contra5r show gradie-nts ircompatible ;ith the tleorv]
uradrenis from strip sources cannot be de3lt witb satisfactorilv et Dres€itbut aD approximate formEl,4 is given, and obsen ed Bradients fmri strip
sources ale fouEd to show reasotrable agreement

- The siglrificaqce for pla$t hygietre oI this itrterpretaliun of fuusus sDore
drspersal is tbat, while att€atiotr sbould be paid to isolauoD. most impti.asis
should tre placed on eliminating {oci o{ diseaie within a crop. 

_

98. MooRE, F- lo^r_. l9{5. -1 .ombarison o/ Fusarium aveDaceum dtrl
Fusarium caeruleum os causes of'uastag. in sb.n ,obb tubefi. -\br._Appl. Biol., 32, 304-09.

f{sdr;unt alrcnz..tm is reported for tbe Ii_rst time as a causc oI rottins
oL potato tubeE in Britain. ibe progress o{ rotting in tubers infected witf,
P. a)ciacatrt has been compared with dry rot dne to F. caafllcLri':I the
laboratory, claEp e d potatb store. Of dhe four !-arieties. Ilaiestic- Icrs
Edward, Doon Star atrd Arran Pilot, tcsted Ior susceptibitit].. King Ea*arE
$as the most susceptible to F. aj,?,zte..m atd Doon Star to_F. calzlazrr.

. O_puoum temperatures for gro*.th otr potatodext ose agar *.ere 20-25. C.Iot F. 4u.na.a.r4 aod 20" C. loi F. caennim : maximum t-emperatures were
'{: ltrg 30" C. respectively. For infection of wounded fotat" t"Uen,

caftliDal temp€ratures for F. auetaccum were similar to th6; otr asar- butlot F. caerllcum the optimum w-&! 15" C. aDd the maximum 26" b-'The
uptrEum temperature ror rottiog tetrded, witi both sp€cies, to be higher iE
the more .susceptibte potato vaiieties. .et low temliratuies f. caida*
caused quicker rotting tlan did, F. oocnacatnr, even tf,ough its rate of grl'\I+h
oo agar was scarcely more thal haII that of the latter.

HiSh bumidity tavoured roftiog esp€cialy by F. aunaccsrt ; h. ca.ni.tm
w'&s.lhore toleretrt oI relativety loi liomitlty. - Both species caua,€d quicker
rottitrS i! the claop tbatr i['sitore, evea tiough tneri was no appriciable
differotrce i[ Eeatr aeeperaturc betrreetr the "t""mF and the store. 'this *.a.
attiibuted t ttre highel atmoq)beric humidity id the ctamp.
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99. RoBERrs, F. M. fS$. Fattors i4h..rcing anfcclion oJ lhc lonialo b/
Venicilliuo albo-atnm. AD!. Appl. Biol.,30, 327-rl.

ItrIhction of tomato platrts by Vcrticitli; albo-aJrr.r, was encouraged by
application oI litrogetrorrs ma8ures. Applicatioq of phosphate had Do sig[ifi-
cent eflect oB the progress of the disea-se, but a delicieacy of potash t€nded
to eEcoorage it. SteaE-sterilized soil inocutreted with V.rticigicrr. i@t\di^trly
atter treatment producad a very high total of iolected plaDts. Whe!, iqocu-
IatioD of the steaded soil by Vcrlioillium \i'as delayed for 17 days or longer
after st€amiDg, the steamed soil vas no more lavourable for developroent of
the disease thar utrtreated soil. Spread ol Vc/tkilliut. ,Iot[ tJJe toots oI a4
infected platrt to tlose of neighbouring healthv plaDts was hasteE€d by LillinS
the irfected plent.

l0O. RoBERrs, F. lI. 1944. Factors ,r.fhaewing ;ifec,ion oJ rhc tamato by
Verticillium albo-atrulD. II. .{D!. Appl. Biol.,3l, l9l-3.

Tonato platrts receivint adequate supplies of mitreral trutrietrt acquir€d
great resistatrce to inlectiotr by Verti.illitt , albo-alnt 4 il the leaf-shoot ratio
Fas reduced; this elfect is atkibuted to reductiotr in carbohydrate cotrteEt
of the host. Wide vaiiatioa itr potash manuritrS alid oot afect snsceptibility
l)I toma.to€s to Veiicilli{m.

l0l. S^D^srvrrr-, T. S. 1939. S"..cssion of fungi dtaontPosittg theo, st oo
ir, tt;JJ.tenl soils, t rilh sp.cial rcfe/cnc. to FusariuE culrEorum. Antr.
Appl. Biol., 26, 497-508.

A study has b€eo made oI the sequeDce o, funti developing oE wbeat
straw buried ia four arable soils, atr allotment soil, aDd a glasshous€ compost.
Both oatur:al untreated straw, atrd straw autoclaved itr a 2 per cent. solutioa
of sodiuE dhate were employed. Fr.salitm drlrnorTbn dad. Mttcor sPP.
spp€ared to be dominatrt ortatrisms itr the eatljer stages ol straw colonization,
but these were replaced by Peaicigiurn spp. ia t-Le latter stages of decoE_
positioD. The Bitro8e(ous tre3tmetrt of the strd.w lavoured the develoPEeDt
oI Pen;.iltr.m spp. at the expeDse oI Ft/sarirm dmorurn and Mwor 3Pp-
The patbogetricity ol t)rc F soAum cub rortm ivtlates to wheat seedlitrSs
*?s established by itroculatiotr experimetrts.

The date prcvided by f.his investigatioo are considered sufficieDt to iustify
the iaclusion ol F. c*l;no m in Reinking & Manns' (fS33) grouP ol soir-
irlhahtint Fbso?ia, or true soil tungi-

lO2. SAruEL, G. aod G^RREI-I, S. D. f945. The iff.cl.il rool-hair co{rrl
lor .srimating th? atril,ity o/ PlasmodioPhora btassicae Woron in lh?
soir. -{Dn. Appl. BioI., 32, 0&101.

.{ met}tod is described ror estimatiag the relative nurnbers o, Prds odio-
phora brassi.ac qrores Sermiqatiqg itr different soils, b, couDtint intected
ioot hairs. Cabbage seedlitrgs are tto*'n ,or I week at 25o C. in glass tumbleB
of the infected soila ; after washing out, the taP roots are staiDed iq I Per ce[t.
aceto-cardine and a couEt is Etde oI the DuBber of root hairs caDb.inins
zoosporaDgia of P. brassibae, a)ont 2 cm. oI ioot. It is shoe'tr tiat by thi!
mettiod iirs lrcssible to study, foi example. tle actioD of d.ffer€Dt bas€s itr
ilhibitiry ro6t-bair infectior; the martr inhibitiD8 Iactor r*'as found to be
soil alkalidtv. however Droduced. Other lactors werc IouDd to influeDce
iE ectioE itr l;;er deFee; thus tbe Dumb$ ot iolected root har-is was reduced
r[ srorls recerving Niio sodium and potassium chlorides itr place of distillod
l['ater. Root-hair infectjon \r'as also inhibited by low soil-moisture cotrteDt

103. SriEli, C. I- f94{r. Soil ca..tirions crd !}e Fusarium culmorua srrd-
ling bligt oJ ah.al. Antr. Appl. Biol., 27, 823-25.

-Ihe itr luetrce ol soil cotrditioos upon the Fi.sarrr.rn cdmor?.m ae€dli[t
bliflbt o{ wbeat has beetr studied by heans o{ the Slass tumblfi ttchtrique.
Io6nsitv of iD{ectiotr iacreased witl deas,ty of the qrcre susPeDsiotr used to
ioocuL4G the seed, but was reduced by ge!'minatiog the seed ,or 48 hrs. or
more berore inoculatioo. Iilection was most severe at a low soil moisture
cotrtetrt ard in acid soil. In nut'ient sand culture, i ection E'as hithest itr
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'the lro-.outrieot series a[d lovest in that receiving lull nutxierts. Nikogeir
alone appeared to be as effective itr reducint inlection as the full trutriedt
solutiotr, phosphorus was less effective, r'hilst pota-asium had no betreficiel
elfect at all upotr seedliDg resista[ce.

lO4. TUBNER, E. M. 1940. Ophiobolus 8r.oiais .Sa.c. t,a7. AveAaa ,ar. N.,
as l)t cat sc of lahcll o athiLlvds of odrs i* llral.s. Ttzls. Btit-
Mycol. Soc,, 24, 269-81.

Outbreaks o, take-all itr oets have often beetr reported iD recert yea$
Irom wales, atrd occasioaaly lroro Australia, Detrmark atrd Holl,aDd, althon8h
itr most pa,rts of tbe world it is commoDly held th4t oats resist the digeas€.
lsolites of Opt;obok s Ilom oats groc.n in \ltales were itrdistiqguishable iD
coltural tEbaviour llofl O. graminis, but tiey nrere very pathoteDic to oats,
*hich \rere lound to be highly resistant to ordinary O. j?ariris.

The histology of the idection of oat plants by the tunSus ftom Wales
atrd by O. graninis ,*,as studied io detail. It was ,ouDd that tb6e were
si8[ificatrt diffef,ences tetweetr ttre two groups oI isoletes ia the leu$h atrd
septatiotr of the ascospores, the Welsh material giving a leogtl oI 101-ll7p,
the Etrgl;sh rtrater,al 7$8@.

The fungus Lom lvelsh oats is therelorc regarded as a trew variet\'
Ophiobolvs gldntinis Secc, ]var. Ao.ltao E. M. Tumer.

105. WALKER, A. G. 1941. Thc color.ization of btried u)h.at slrau bt soil
fi.ngi, uith sqccial reJetdcr ro Fosarjum culmorum. Antr. Appl. Biol.,
28,333-50.

A study ha^s b€er made by Sadasivan s (1939) techlique o, tlre colotri-
zatioD by fungi o, wheat straw buried in the soil. Otre-itrch le[gtbs of sterilized
skaw were buried itr the exp€riEeatal soils itr 3|iD. florer pots: after
incubatiotr at laboratory teEperature (l&20' C.) for the required period the
stl:aws rf,ere $ashed out ot the soil, surface sterilized by mercuric chloridc
or other sterilizrtrS agetrt and plated out on ac;difled potato-dextrose agar
(pH 5.01.

Ftsariun aimotvm and. P.nicillit rn spp. *ere nuElerically the Eost
important orgatrisms developiflg Irom the stra*s otr the plates, at least
dnring the first 5 months of iqcubatioa itr the soil. Both tioups ol orgatrisms,
togetler with others, appeared geoerally to bc present i! the decompos.Dt
straw, but the method of surlace stenlizatioq employed apparetrUy decided
whicb or8aDisE produced a coloEy oo the isolation ptate.

Ittariua cttlmorurn, a fungus ol a vigorous aod rapid habit of growth.
sbowed low resistance to the actioD oI the roorc severe sterilizrqg ageats.
such as mercunc chlonde and s ver nitlate, but de1'eloped better after
surtace sterJization oI the straws with calcium h,?ochlorite, a mild sterittzing
agetrt, and best oI all after a mere \xashitrg in sterjle \r'ater. Penicilliurr. q'p-
we-re aPParently crowded out by the more v gorons gro\I.th ol Fusarittnt
.ulmotu,n efler +hesrc mild treatments of the skaws ; oD tie otler ha[d. ttrey
were very toleralt o, the more severe surlace sterilizing agents, mercuric
chloride aad silver [it!'ate, aDd after the longer period ot treatmetrt $ere
often the only orgatrisms developitrg otr tle plates.

The pathogetricity to *heat s€etllings dl the isolates ol F. cslmortt\
obt3iDed Irom decoEpcitrg Bheat straw_ \llas shoea to be comparable \r'ith
that of isolates ol the same fungos secured ftom d:seased c€real plants.
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