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PLANT PATHOLOGY
DEPARTMENT

F. C. BeworN

_ New laboratories for the mycologists were built but not finished
in time to.be occupied during the year. The glasshouses and insect_
ary oc.cupied late in I-953 proved i valuable addition for virus work,
though the summer of lg54 did not subject the ventilating system to
a severe test.

P. H. Gregory left at the end of January to become professor of
Botany at the Imperial College, Loudon Universitv, and Brenda M.
Hamlyn in June to be married. Ne\tr appointmenis durins the vear
were E. W. Buxton, T. Mulligan and D.-M. Firth (Duahoime Field
Station). G. E. Russell of the Plant Breedins Instiiute. Cambridge
worked in the department for six months.
_ As the Buet of the Indian Science Congress Association, F. C.
Bawden attended the Science Congress at ilyderabad in linuarryand spent three rveeks afterwardi visiting 'asricultual ;ese;;Ir
stations and universities in various parts ;f l"ndia. B. K;ianis
worked for two months at the Station Centrale de patholosie
V6g6rale, Versailles, lea.ming the techn.iques of plant-tissue culiu?e.
l-. C. Bawden, L. F. Gates, Mary D. Gtynue, J. M. Hirst, B. Kassanis
and F. T. Last attended the lnternitionai Botanical Consress at
Paris, and A. Kleczko[ski the International Coneress of"phot;_
biology at Amsterdam. R. Hull attended the winier ."a ,urn*".
meetings of the Intemational Institute of SuRar Beet Research held
respectively,in Brussels and Eire and, with:J. Blencowe, the Virus
Yellows Colloquium at Bergen-opZoom. -

VTRUSES AND VrRUs DTSEASES

Strains oJ tobacco mosaic airus

. lVe have previously reported that extracts from plants infected
wtth tobacco mosaic virus (TMV) contain a range of s6eci6c particles
that differ greatly in tength and in their abili[v to dause infection
the shortesi beirig almoJt or wholly u-ninfecti've, til;h-i-d ;ii
seem to conta.in the same antigens. The proportion of shdrt oar[icles
is now much less than we used to 6nd; 

-we-carnot 
accound for this

except b_y postulating that our stock culture of TMV has chaneed.
somc rndrEct support for this idea was obtained by studyine seviral
strarns of TMV and finding quantitative differencis, bui wi"th none
has the ratio of short to long particles been as great as it was some
years ago. , The small leld of uninfective paiictes has prevented
cntr(al work on their chemical constitution,-and we have'not been
able to conclude whether they conta.in nucleic acid or "oi. 

- ----
. I he particles of all the strains are indistinguishabte bv electron

micr,)scopy, but the strains differ from one an"othei i; #.;;;;:
One from the Unitcd States seems not to infiii t"-.i".'is ri"-
cipitated with much less salt than other strains and, a.;#;"[G
of American work, is more readily inactivated Uy 

"it."_"ioi"i 
fig-hi.
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This one, and another from India, although serologically related to
our stock culture of TMV, seems to share no antigens with cucumber
viruses 3 or 4, which are serologically related to the stock culture.
Should further work confirm this, it will be the first example knotn
of viruses showing this tpe of relationship; that is virus A sharing
antigens with B and B with C, but not A with C. (Bawden.)

I nacliaalion by ultra-violet radiation
One character shared by the four strains of TMV we have studied

is that preparations partially inactivated by exposure to ultra-violet
radiation have the same infectivity, relative to unirradiated prepara-
tions, whether inoculated plants are kept in the light or dark after
inoculation. With six other viruses, tomato bushy stunt, Rotham-
sted tobacco necrosis, cucumber mosaic, tobacco ringspot, cabbage
black ringspot and potato virus X, irradiated preparations produce
more lesions when inoculated plants are placed in the light than when
they are placed in the dark. The quantitative response to visible
light difiers considerably with the individual viruses and is greatest
with potato virus X, irradiated preparations of which may give
twenty or more times as many lesions on plants in the light as in the
dark. The response with this virus is large enough to study the
conditions that give the response. Bright light is not necessary,
a good response being given at 40 foot candles. The length of time
needed in light depends on the time between inoculation and the
first exposure to light. Most of the response happens within 2
hours oI inoculation, but the numbers of lesions increase with
exposure to light up to 6 hours after inoculation. Fifteen to 30
minutes immediately after inoculation has little efiect, but if plarts
are placed in the dark for the first hour after inoculation, then I5
and 30 minutes exposure to light greatly increases the number of
lesions. After 2 or 3 hours in the dark, exposure to light has little
efiect. It seems that, during the first hour or so altcr inoculation
to leaves, the virus particles undergo some change and enter a state
in which the ability of those damaged by ultra-violet light to multiply
is afiected by visible light. This sensitive state is transitory, lasting
for about an hour, and if during this time virus particles do not
start to multiply, they seem to be destroyed. (Bawden and
Kleczkowski.)

A change in the condition of Rothamsted tobacco necrosis virus
(RTNV) during the first hour or two in inoculated French-bean
leaves is also suggested by experiments in which inoculated leaves
were irradiated with ultra-violet light. At times up to I hour after
inoculation, a constant amount of irradiation gives a constant de-
crease in the numbers of lesions produced by a given inoculum,
but after that it has less efiect. At 25" C. the results are compatible
with the hlpothesis that substances that absorb ultra-violet start
to be slmthesized about I hour after cells become infected, that
new virus particles start to appear between 2 and 4 hours, and that
some of these move from the epidermis to the palisade cells by 6
hours after infection. Similarly, experiments with inhibitors of
infection, like ribonuclease, suggest changes in infected cells after
about t hour. Up to I hour, applying ribonuclease to inoculated
leaves decreases the numbers of lesions produced, but not afterwards.
However, the interpretation is uncertain, for it may be that during

r'
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this hour inoculated cells recover fiom injuries made when they
were inoculated with the virus and become impermeable to such
large particles as ribonuclease. Inlibitors with small particles,
e.g., trichothecin with French bean and thiouracil with tobacco.
have effects if applied many hours after inoculating the viruses, but
these can penetrate deeply into uninjured leaves and may act by
preventing the spread of virus from cell to cell rather than by afiect-
ing virus multiplication in cells where it has already been initiated.
(Bawden and Harrison.)

Efecl of temqeraturc on tirus mu ipl,ication
Virus multiplication was estimated by assaying the infectivity

of sap expressed from leaves at intewals after iuoculation. From
I to 3 days after inoculation, the optimum temperature for multi-
plication oI RTNV in French-bean leaves was 22'C. Three days
after inoculation, the virus conteot of leaves kept at 22'C. was
4,000 times greater than in leaves at l0'and 1,000 times greater
than at 30'C. The Iactor by which virus concentration increased
between I and 3 days after inoculation, decreased as the tempera-
ture increased from l0o to 30" C. When leaves kept at 22" C. for
2 days alter inoculation were put at 30' C. for a day, their virus
content dropped to one-fifth; it increased again when they were
returned to 22'C. lt is thought that RTNV is simultaneously
sy'nthesized and broken down at all these temperatures, but that
the ratio of breakdown to syuthesis increases as the temperature
increases.

For 5 days after inoculation, tomato aucuba mosaic virus
increased in inoculated Nicoliana gl,ulinosa leaves more rapidly at
27' and 30'C- than at 33' and 36'C. At 27' and 30'C. most
lesions rvere necrotic, whereas at 33'C. nearly all were chlorotic.
Only a few chlorotic lesions developed at 36' C.

The period after inoculation during which irradiating leaves
with ultra-viotet decreased the number of lesions produced by RTNV
was shortened by increasing temperature up to 22'C., but not
between 22' and 3l'C. This period is tbought to be that needed
for virus to multiply in ard move out of epidermal cells into deeper
tissues. (Harrison.)

I nh i bitors of i nfeclion
The way in which substances like ribonuclease and ch5rmotrypsin

inhibit infections by plant viruses is still uncertain. Both these
enz5,Tnes al so inhi bi t t he in fec tion of R hizobium sp. by bacteriophage,
and in this svstem it seems that the two act in different ways.
Ribonuclease "acts by preventing the phate from combining firnily
with the bacteria. Chymotrypsin does not afiect this combination,
but apparently inactivates the phage when it combines with the
bacterium, although it does not inactivate Iree phage. It was
thought that experiments resembling those with bacteriophage
might throw light on the way in which inhibitors affect plant viruses,
but before they could be made it was necessaqr to have some method
of measuring the amount of virus that combined with host ceUs or
fragments of them. For this purpose tobacco leaves were ground
and then suspended in solutions of TMV. After incubating the
mixtures, the solids were removed and the virus in the supematant
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fluid was assayed. Although the ratio of the weight (dry) of the
grouad leaves to virus was over l0?, the infectivity of the super-
natant fluid did not difier from that of the control in water. Hence,
it seems that freshly grourld leaves contain no large particles with
which the virus combines specifically, as do bacteribphages with
their host bacteria. (Kleczkowski.)

The stat:istical, aralysis oJ local-lesion counts

As numbers of local lesions produced by plant viruses are not
normally distributed and their standard errors vary with their
matnitude, they are not amenable to customary methods of statisti-
cal analysis. A transformation z: log,0 (, + c), in which .t is the
number of lesions per leaf or half leaf and c a constant, has already
been proposed that is appropriate when mean va.lues of r exceed 10.
In many kinds of work, however, fewer lesions than this are ulavoid-
able, ald Ior these a new transformation has been derived. It is
z : log:o l@ + c + iF +Zcx), and car be used when mear num-
bers of lesions exceed about 1.5. The results of the two transforma-
tions converge as r increases. A table of values of z has been
calculated that makes the new transformation as easy to use as the
old. (Kleczkowski.)

Tissue cullures
A series oI tissue cultures, using virus-infected roots and callus

tissue, was produced as a preliminary to starting work on the factors
that affect virus multiplication. In France vims-free potato plants
have been produced by culturing the excised stem meristems hom
infected plants. This suggests that the ability of viruses to give
systemic infections does not extend to invading these meristems,
and work was started to firtd how virus concentraiion varies through
plants. Tomato roots infected with TMV were grov/n in \Vhite's
medium, then cut into pieces, marerated ard the extracts assaved
for their virus content. Although all contained virus, the older pirts
contained very much more than the younger ones. Similarty, the
enclosed buds of svstem.icallv infected tobacco plants conia.ined
much less virus thari the young leaves, and these less than the well-
developed ones. In these tests the youngest tissues used vr'ere not
exclusively meristematic, but further tests with more refined tech-
niques will be needed before deciding lr'hether or not the apical
meristems contain virus. (Kassanis.)

C arualion latetu airas
The virus described last vear as latent in manv stocks of carna-

tion has now been found to 6e serologically related to one that often
occurs in normal-looking plants of many potato varietjes. All plants
of some varieties, for example King Edward and Arran Victory, that
have so far been tested contain it. Although serologically rillated,
the viruses from carnation and potato are far from beiry antigenic-
ally identical. Also, they are transmitted in difierenf ways and
they infect different plants. The strain from ca.rnation ii trans-
mitted by Myzus persicae and infects sweet william, Chenolodium
amarunlhicolor and sugar beet, but not potato or tomato. The
stra.in from King Edward potatoes has not been transmitted by
M. persicae', it infects tomato, but not the other species listed.
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The strains in difierent potato yarieties also seem to differ, for one
in Arran Victory has not been transmitted to tomato. The potato
strains are almost certainly the same as the viruses described in
Holland as potato virus S. (Kassanis.)

Electron microscofy
The electron microscope has been much used for routine examina-

tions of virus preparations, but it has been mainly occupied by the
study of thin sections of infected plants and by developing methods
for courting virus particles. Our machine is not well adapted for
such kinds of work, because it does not permit large areas to be first
surveved at a low magnification as a preliminary to selecting areas
for detailed examination at high magnification. One modification
that has helped to speed up the work is the addition of a " Stig-
mator ", a device that allows the residua.l astigmatism of the objec-
tive lens to be compensated while the machine is operating instead
of needing to open the microscope and remove the pole piece. In
studying the changes in tobacco leaf cells caused by infection with
TMV, the most suitable material seems to be the youngest leaves
as they become invaded by virus coming trom older inoculated leaves.
This method provides a successive series of leaves of approximately
the same size and avoids many of the difficulties experienced in
preparing sections from fully-expanded leaves. No morphological
changes have been detected during the early stages of infection, even
though the virus is multiplying rapidly. It is impossible to be sure
whether no changes occur or whether, at this stage, only a few of the
cells are infected and these have not been encountered. At about
the time inclusion bodies begin to form, some of the chloroplasts
chanSe in appearance, and the usual layer structure of the grana is
replaced by granular vacuolate material. The thinnest sections
show that the tmnules have a similar cross-section to TMV particles;
the cut surfaces of such chloroplasts, when sectioned, resemble the
cut surfaces of virus particles in the inclusion bodies. This suggests
that fie plastids may be one site where the virus multiplies, but
is far from conclusive.

To develop the spraydrop technique of Backus and \\'illiams
into a routine method for counting virus particles, manv technical
difiiculties have had to be overcome. When dealing with impure
or partially purified virus preparations, the highest resolution is
needed; this requires smaller drops thar those used by Backus and
Willi;Lms, which in turn calls for smaller standard particles than the
Dow polystyrene latex spheres. The Plastics Division of Imperi_al
Chemical Industries has kindly prepared for us a polywinyl chloride
latex with particles about 0.I p diameter. The particles vary more
than the Dow latex, but are sufficiently uniform for errors to be
removed when enough are counted to give good statistical accuracy
in determining the volume oI droplets. The spheres aggregate at
belora' pH 5.5, and virus preparations must be above pH 6.0 when
mixed with the latex. Usirg the poll.vinyt latex, droplet traces
can be made small enough to be photographed at the highest mag-
nification, thus making the best use of the microscope's resolving
power. The method works well with pwified virus preparations,
but is unlikely to do so with impure preparations of viruses that have
spherical particles, for it is difficult to identify these particles when
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surrounded by other material- Another diftculty is that the 6GkV
electrons in our microscope do not give a picture bright enough to
count all the particles on the screen; to ensure accuracy, therefore,
all droplet traces have to be photographed.

The rapid freezedrying method described by Williams for pre-
venting specimens from flattening during drying has been tested,
but has given many difficulties. Our atmospheric hurnidities are so
high that the air carrying the droplets into the freezing zone must
be dried, or the mounts become covered rith " snow ", which
prevents the drops from impacting on them. Also, our supplies oI
volatile salts are impure, and residues from these obscure the pic-
tures. Some success was achieved by a less elaborate form of {reeze
drying, The specimen is mounted, as a large drop or as a spray
droplet. on a grid held in a deep recess of a block cooled to -70'C.by a mixture of dry-ice and a.lcohol, when the block is placed in a
vacuum and the ice sublimed. (Nixon and Fisher.)

Potalo dr*s diseases

Field experiments at Sutton Bonington were made to find how
varying the times of ptanting and lifting potatoes (King Edward)
afleits their yield of tubers, the proportion of " seed " infected with
leaf roll and virus Y, and tbe cropping power of virus-free " seed ".
Results from a trial started in 1953 are shown in the table, the figures
in brackets being the yields in tons of tubers per acre and the others
being the percentage of healthy " seed ". When growl to maturity,
the biggest yields came from the earliest planting, but when 6town
for 12 weeks only they came from plantings in May and June;
ptantings in these two months and April, however, gave the smallest
proportion of healthy " seed ". The viruses became most prevalent
in the crop planted in June, because the plants were young ald sus-
ceptible during June ald July when aphids were most active.
Virus-free " seed " from the crop planted in Autust yielded signifi-
cantly less than that from earlier plantings.

The yiel.ds and heallh oJ tubers from lolalo ctofs planled and. liJted
at diferenl limes

Time of Plaoting
Mdy J@. lrdy Astas,A?til

LiIted
t2ueehsdftetplantins'tool4) 95(9) 23(7) 16(4) 93(4)
Altet tudth of hauh,t 35(26) 3?{2r) 7(10) 43(7) 93(4)

, Figures in brackets arc ]'ields of tubers iD toEs peI ac!e: others are
p€rcentages of healthy " seed " tube$.

In co-operation with the Insecticides Department experiments
on the use bf persistent insecticides to control the spread of potato
virus diseases vi'ere continued in several localities. The results of
the 1953 experiments again indicated that insecticides effectively
prevented the spread of leaf roll from infected to healthy plants ir
the sa.me crop, and they usually decreased the spread of virus " Y ".
They did not prevent viruses from being introduced into the crops
from outside sources, but, unless there are severely affected stocks
near, few plants usually become inlected in this way compared with
those inleated by spread within a crop. (Broadbent.)
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Vintses ol crucijorous crops
'I'he transmission oI cauliflower mosaic virus (CLMV) by aphids

differs from other non-persistent viruses, and the manner in which
it behaves differs with different aphids. Previously [asled Myzus
fersicae give as maty or more infections after infection feeding times
of 2 minutes as aller 2l hours, whereas Brnicoryne brassicae glve
more after 24 hours, and a previous fast does not increase the number.
To see whether these difierences could be correlated with difierences
in feeding behaviour, the feeding habits of these aphids and Mj,'zrs
circumflexus were compared. The average times for which fasted
M. .lersicae, M. circumflerus atd. B, brassicae remained \Mith their
stylets in leaves at the first penetrations were 37, 30 and 210 seconds;
Ior unfasted individuals the times *'ere 65, 36 and 36O. When fed
on plants infected with cabbage black ringspot virus (CBRSV), the
penetration times that made individuals infective were nearly all
between .15 and 120 seconds, and mainly between 60 and 120.
Although the proponion of unfasted aphidsihat penetrated for these
periods was almost as high as o{ fasted ones (the average penetration
time was higher because the scatter was greater and some unfasted
aphids penetrated for long periods), only lew of the unfasted aphids
became infective, seven M . fersicae compared s'ith eighty-five fasted
ones. M. circumflerus behaved very similarly to ItI. le/sicae, b
transmitted only a quarter as often. B. brassicae gave only one-tenth
as many transmissionsas M. fercicae. \1'e have previously given evi-
dence that CBRSV is more concentrated in the epidermal than in
other cells oI infected leaves, and these results suggest that fasted
M . |nsicae imbibe fluid from the epidermis more reaililv than do the
othir aphids. If aphids carry CERSV in drops ot sai contamina-
ting their stylets, then these drops seem to be carried inside the
stylets, for exposing the beaks of infective M. persicae to ultra-violet
light did not affect their ability to transmit. Irradiating leaves in-
fected with CLMV had less efiect on the numbers of B. brassicae that
became infective after 2-minute infection-Ieeding times than with
M. t'ersicae, though both aphids behaved similarly with CBRSV.
With 24hour infection-feeding times, both species behaved alike
with both viruses, as many transmitting from irradiated as from
unirradiated leaves. Aphids feeding on healthy plants remained
infective with CLMV for longer than wirh CBRSV. (\\'atson,
Hamlyn and Mulligan.)

The main conclusions from a field trial made to studv how
mosaic arld manuring afiect two varieties of cauliflower (St. George
and Early Extra Roscoff) were: (a) the incidence of CLMV and of
" tip-burn " (" scorch ") increased \x"ith increasing amounts of
nitrogen, but " tip-bum ' was not caused by CLMV: (i) the number
of plants that died durhg winter rvas increased bv nitrogen, but in
St. George was unafiected by CLMV; (c) CLMV decreased curd size
and increased the number of " bracty " and loose curds; (d) increas-
ing nitrogen also ircreased the " bracty " curds and accentuated
the loss of leld by CLMV: (r) moderate dressings of nitrogen
increased the yields from uninfected plants, but high levels decreased
them; (/) the number of marketable curds was much decreased bv
CLMV and less by high nitrogen; (g) CLMV and high levels of
nitrogen made plants mature a few days earlier; (i) the adr.erse

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-1-76 pp 9

87

efiects of mineral nitrogen were more pronounced with hoof than
with {arm-yard manure; (l) f,Uing up gaps a month after planting
the crop was not worth while, as fewer than hall those planted late
produced marketable curds.

The effect on the iacidence of cauliflower mosaic ol surroundiag
cauliflower seedbeds with single rows of barley was agaia tested.
At Efford there were too few aphids and infections for results to
be significant, At Luddington early-so*'n barriers decreased the
incidence to one-quarter of that in control plots in four-row and
to one-hall in twentv-two-row seedbeds. When barlev was drilled
at the same time as"the cauliflorver seed, the decreasd was slightly
less.

Aphid inlestations and the movement of winged aphids was
studiid by operating twenty-two sticky traps in diflerent parts of
Engtand.' Oi 278 winged M. lelsicae bred on plants infected with
CLMV and tested for their ab ity to hlect healthy plants, 5l did
so: of 45 winged aphids from plants with CBRSV, 12 caused
infections. (Broadbent and Heathcote.)

A strain of tumip yellow mosaic virus found damaging cruciferous
crops near Newcastle differs from the strain prevalent near Edin-
bursh. The two are both transmitted bv flea-beetles and are sero-
logiially related, but they are tar lrom intigenically identical and
do not crvstallize in the same ways. The Newcastle strain also
differs fro-m the Edinburgh one in- readily infecting and severely
afiecting cabbage, cauliflower and kale. Another Bea-beetle-
transmiited virus was found at Edzell (Scotland) afiecting tumips
in 1953. It is not serologically related to turnip yellow mosaic
virus and has provisionally been called tumip crin-kle virus. It has
a thermal inactivation point around 80' C. and infects cabbage and
cauliflower, but does not damage them severely. (Broadbent and
Blencorve.)

S ugar -be et lhus dis eas es

The susceptibitity of various varieties oI wild and cultivated
b€et to vellows virus (SBYV) was tested. All proved equally easy
to infeci with aphids, but they showed slrnptoms of different
severitv when infected. Bela twritima varieties were more tolerant
than ciosses between B. maritima arld, B. rulgaris, and these more
thal] B. uulgaris, some varieties of which, and particularty a Klein
" D " non-bolter, were very severely afiected. The seyerity of
symptoms shown by varieties under glass was correlated with loss
of vield in the field. The severity of slmptoms was also correlated
wifh the antigen content of plants, estimated by titrating the sap
against SBYV antiserum. In all varieties the antigen content was
highest about 3 weeks after infection, when the content started to
fall, falling more rapidly with tolerant than with intolerant varieties.

The seadlings of one variety often show more severe symptoms if
colonized by several infective aphids than if colonized by single
aphids. This may explain a German claim, contrary to our experi-
ence, that Aphis fabae transmits only avirulent strains oI SBYV.
When seedlings were colonized with 3 aphids, conditions in which
M. bersicae infected 50 out of 50 plants, M. circumflerus il:fected
46, MacrosiPhum kisi 31, A. Iabae l3 and B. brassicae O. The aver-
age severity of symptoms shown by the 13 plants infected by A. fabae
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was less than those shown by plants infected by M. bersicae, bvt
plants colonized with 2O A. Jabae, when all the-planti became in-
fected, developed the same severe slmptoms as ihose infected bvl[. fe*icae. The apparent virulenle bf a cutture of SByV cair
olten be increased by serial passages using manv aphids per plant
ard decreased by serial passages with singti aphiils. 

- 
Somi of ihese

difierences may reflect al efiect of the amou-nt of virus initiallv
introduced into seedlings, but infected plants mav also contaii
several virus strains which are sometimels transmiited seoaratelv
by single aphids. (Watson and Russell.)'Ihe relationship of yellow net virus (YN\') to SByV remains
uncertair, but its multiplication is decreased bv the oresence of
strains of SBYV, and more so bv virulent than bv aviruient strains
On its own, it cripples beet plints -d tu;. Ai";.b";r-t;ilU;
vellow. and the characteristiC yellow lines following the veins mai.,
be typical of dual infections with SBYV. yNV iioes not readilv
invade plants already infected with avirulent strains oI SByV anf,
produces_only a few scattered spots on plants with virulent strains.
Plants already infected with YNV, hbwever, are not Drotected
against infection rith virulent SBYV, which seems to'mrrlfinlv
normally and produces its t)ryical symptoms on young leares; ihl
yellow net symptoms f,ersist on the old leaves, but do not develor,
oD leaves produced after the plant becomes infected uith virulent
SBY\'. By contrast, avirulent strains of SBYV protect olants
from normal invasion by vinrJent strains ; not onlv do'the svmbtoms
remain mild when plants are inoculated with vi;ulent stAi*, but
the antigen content of the plants also remains well below that
typical of plants infected with the virulent strain alone. Both
SBYV and YNV infect Nicotiana cla.elandii and. N. bieloria. brtt
yellow Uet is difficult to recover from them by aphids; 'SgW bri
not YNV infects Chenofod.ium ataranthicolor.- (iIuU ana \\'atson.I

Uniform crops of three commerciaI beet varieiies were inoculated
in June with a strain of SBYV that causes etch symDtoms. a strain
that causes only chlorosis or a mixture of the iw6. The aohids
used to inoculate the plants were killed bv spraving. and the'Dlots
were later sprayed at regular intenals. Thi viieties suderecl
equally from infection and the yields, compared with lg.O2 tons/acre
for the healthy plots, were t0.8i with the-etch stra"in, 9.09 with the
other and 8.80 with the mixture. There was less difierence in the
appearance of the plots in the field than was exDected from the
beha_viour of the strains under glass. Each plani was .,scored .'
for the severity of symptoms in August, using a scale from 0 for a
healthy plant to 5 Jor one severely stunted aird $.ith all its leaves
showing some yellowing or necrosis. Most infected plants were in
category 3, but the range on plots inoculated with the etch strain
wa-s wider than on the others. With the vetlowine strain. the ranse
was l--4. with more in category 2 than 4; the rairee u,ith the etch
strain was 0-5, with most in 3 and 4, and with i-he mixture was
similar, except that all plants were infected and fewer came in
categories I and 2. There was no necessary correlation between
severity of leaf sl,mptoms and yield, but pjants with slisht sv-rn_
ptoms usually gave Iarge roots,-and those'with severe simotbms
small ones. Infected plants of one varietv pave manv --orJ h.n"
roots than the others, and although in total ii was not irore tolerait
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than the others, this suggests that it contains tolerant genotlry€s that
might be userul in a breeding programme.

Differences in tolerance were also found in experiments com-
paring the efiects of SBYV on seven inbred lines of sugar beet, but
ihe most tolerant variety yielded less than the others when uninfected.
Measuring tolerance by effects on yield, however, is complicated by
the fact that some varieties sufier relatively more loss than others
if infected early in life but less iI infected late. Progenies from
self-pollinated plants selected in earlier years for tolerance r ere
again tested, and showed great differences in severity of s),anptoms.
The size of roots did not always reflect sevelity of leaf sl,rnptoms,
but some of these progenies gave a larger yield of roots than
comparably in{ected commercial varieties. Three polyploid lines
derived from Klein E by the Plant Breeding Institute, Cambridge,
yielded as much sugar per acre as commercial varieties when un-
infected, but suffered twice the loss oI sugar when infected with
SBYV. (Hull and Firth.)

Experiments to test how spraying with systemic insecticide
affects the incidence of yellows in root crops were made on six crops
in Lincolnshire ald Norfolk. The proportion of plants with yellows
at the end of the season was more than halved by one spray raith
" Systox " at 400 g./acre, applied either in mid-June or early
-Iuti; spraying on both occasions had little additional efiect. A
third spray at the end of July decreased the proportion of infected
plants by bne-third. Although less than 40 per cent of the plants
on the umprayed plots became inlected, and many of them only
after mid-August, spraying increased yield by Irom I'75 to 3'5
cwt./acre oI sugar,

An experiment at Dunholme tested the effect of sprays on
early- and late-sown plots, with wide and narrow spacing, and with
difi6rent amounts oI fertilizer. Fertilizer and spacing did not
affect the incidence oI yellows, but early sowing increased it, and
spraying decreased it to one-fifth. A similar experiment at Sprorvs-
ton has not vet been analvsed,

In co-opiration with the Sugar Corporation's agricultural siaff,
replicated 1-acre plots u'ere sprayed by contractors with the sys-
temic insecticide " Metasystox ". At seven of the eighteen sites
vellou s did not spread enough for spraying to have efiects. In
iwo fields near Colchester, where half of the Plants on unsprayed
plots contracted yellows, one spray decreased the incidence to
one-quarter and increased leld by }-| tons/acre of roots. All
the plants in two other crops in the same district became infected
wheiher sprayed or not. However, the sprayed plots took longer
to become I0O per cent infected, and yielded an extm 3 tons/acre
of roots. A second spraying gave no additional benefit. SPralng
also decreased the incidence of yellows in crops near Bury St.
Edmunds and Peterborough, but efiects on yield were not measured.
Abhis fabae infested the sugar beet in Sufiolk and Norfolk. These
wire kllled by " Systox " and " Metasystox ", and it is not possible
to say what proportion of the increased leld should be attributed
to the control of these p€sts. (Blencowe, Gates, Hull and Firth.)

Seed crops planted w.ith unsprayed stecklings had ?3 per cent
infected plants-whereas the percentage of infected plants in croPs
planted from stecklings sprayed three times in the autumn was l
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" Systox ", 30; " Hanane ", 28; " Schradan ", 34; and " NC? ",
22.

To compare the rate at which different insecticides kill aphids,
plants were sprayed and then later colonized with winged, M. lersicae
and covered with tumblers. When colonized 24 hours aftei spray-
ing, " Malathon ", " NC7 ", " Metasystox " and " Hanane " killed
aphids within 5 hours, and " Parathion " and " Systox " betu'een
5 and 17 hours. \Vhen colonized 4 days after spraying, the first
four still killed aphids in periods oI5-17 hours. The kill is too slow
to prevent infective aphids from infecting healthy seedlings, though
the proportion that become infected was stightly decreased by
" Malathon ", " NC7 " and " Parathion

Beet seed was soaked in various insecticides to see whether this
would protect emerging seedlings against aphid infestations. When
seed soaked in 2 per cent " Hanane " was sowu thickly the seedlings
had fewer aphids a month after emerging than did control seedlings,
but at the seed rate normal for root crops the treatment had no
effect. " Systox ", " Metasystox ", " Malathon " and " NC7 " gave
less protection against aphids, killed some seedlin$ and stunted
otheni. " Pestox III " did not protect against aphids. (Gates.)

Further tests u.ith " Systox'l " ParatLion " aird " pdtox f+ "
sprayed on mangolds and fodder beets a few days before harvest
showed that, to kill aphids and prevent infestation in clamps, all
three need to be applied at three times the concentration normally
used on sugar beet iu the summer,

trIaleic hydrazide, a grouth-regulating substance, was again
tested for its ability to check sprouting of stored mangolds and
fodder beets with the idea that this might decrease aphid infesta-
tions. Sprouting was almost compietely halted on clamped Orange
Globe mangolds sprayed on 16 October with 0.25, 0.5 and f.0 per
cent maleic hydrazide, and on Hunsball fodder beet sprayed on
2 September with I per cent maleic hydrazide, ald 4 November
with 0'25 and 0.5 per cent ma.leic hydrazide.

\\'hen stored at about 40" F. in a cellar, unsprayed mangolds
sprouted rapidly, and by 5 January had many sprbuts 7 inches
long. Those sprayed with maleic h]'drazide on 16 Oatober produced
shools 2 inches tong by 5 January, but the shoots soon died; more
aplxared, and some were 3 inches long on 15 February, but these
also rlied. On 29 March three-quarters of the sprayed ioots had no
shoots, and those on the others were probably too small to support
a population of Myzus persicae over the winter. (Comford.)

Samples from commercial sugar-beet stecklings plaated at
Dunholme varied more in the percentage of plants with yellows than
in the previous three years. More beds were rejected ihis vear for
commercial planting because they contained more than I per cent
infected plants in the autumn of 1C53. Rejecting five beds decreased
the rnean percentage of infected plants in beds from the north of
England from 10.5 to 7.8; rejecting twenty-six beds from eastem
England, where control o[ yellows delxnds upon spralng with
insdcticides, decreased the mian pe.cenfage of iifected piant"s from
25.2 to 4'1. The average percentage of infected planls in crops
from all stecklilg beds was 17.4, but in those certifiid for planting
it was 5.4. The mean p€rcentage of plants with yellows in seeii
crops planted from beds raised under cover crops was 2.5. The
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consistently good coutrol of yellows obtained by growing stecklings
under barlev is increasing the use of this measure.

In the autumn of 1954 the mean percentage of inlected plants
in eighty-three sugar-beet steckling b€ds was only 0'I7, equal to the
previoui lowest, ii lg5l. All steckling beds were certified as being
irsable. Mangold and fodder-beet steckling beds, especially those
in south Lincblashire, were less healthy, containing up to 8'5 Per
cent infected plants, and the average for t 37 beds was 2'9 per cent.
lHull and Firth.)' Of 200 phnds from thirteen difierent weed species collected in
February frbm sites where they had opportunity to contract yellows
in 1953,-slr contained viruses transmissible by M . persicae to sugar
beet. Two plants of Senecio vulgaris and one of Cafsella butsa-
iaslozis cont-ained SBYV. One C. bursa-pasloris ar.d. one Stel.laria
tedia contained what are tentatively diagnosed as strains of cucum-
ber mosaic virus. One Rumcx crispus contained an unidentified
virus that stunted sugar b€et and produced a mottle and yellowing
of the leaves. (Hull.)

MYcolocY
Polalo d,iseases

To studv the origin and course of outbreaks of potato blight,
tubers infdted with Phytophlhoru inJeslans werc planted among
healthy ones. Only tn'o 6ut of 246 such tlbers produied plants with
stem l6sions, and iir only one could the fungus in the lesion be cer-
tainlv traced to the tuber. This one produced a lesion on 28 May,
the e-arliest date that blight has been noted in the field at Rotham-
sted. Bfieht did not appear generally in the croPs until the end of
Iuly, by which time there had been six periods at croP level cor-
iesponding to those specified as the " Beaumont warning " for
bliiht. O"n each of theie occasions blight spread to plants near the
oni u'ith the initial lesion. Thus, the use of a " zero " date, before
which " Beaumont wamings " are igaored in forecasting outbreaks,
is explained by the need for about six " generations " of infections
from'over-winiering sources before the f-ungus is ptentiful enough
to afiect croDs generallv,

Althorrsli t l'ieht beiame general at about the same time and
develoxd "at the" same rate a-s in 1953, in 1954 two sprays with a
copxf f,-gicide increased yield by 9'4 tons/acre, compared with
oniri 0.5 tons in 1953. The difference can be explained by the cooler
surimer of 1954, which meant that the crop was later in maturing.
When blight appeared in 1953 about two-thirds the final yield of
tubers on sprayed plots had already been formed, whereas only one-
third was Iormed at the same time in 1954.

SDore traDs operated in potato fields showed the Sreatest con-
centration of^spoies of P. infcstats yet measured, 14,70O sporangia
oer cubic metri on 2l Ausust. (Hirst and Stedman.)' A fungus indistinguisliable from Oospora Pustu)aw, the cause
oI skin spot of tubers, was found frequently in brown lesions on the
roots, stolons and stems below ground. Isolates Irom tlpical skin-
sDot lesions on tubers and from brown lesions both increased the
n'umber and size of such lesions when added to soil at the time
the potatoes were planted. Tests to see whether the fungus 

-Iromsteml witl cause skin spot are not yet complete. (Hirst a.rrd Salt.)
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S?o?e bopliflg
Automatic spore traps were again used to study the <Iispersal

of spores of Ventaria inaequalis, the cause oI apple scab. Conidia
are usually assumed to be dispersed only in wet weather, but most
were caught on dry afternoons, and there is evidence that rain washes
them out of the aA.

Changes in the spore content of the air in the open are dimcult
to intcrpret because of interacting biological and physical factors.
Trapping in the open is therefore being accompanied by tests in
the partially controlled conditions of the wind tunnel. After a
thorough wetting, scabby dead apple leaves ejected ascoslrcres
freely, the number liberated reaching a peak between f] and 3
hours after wetting. After atomizing water equivalent to 0.2 mm.
of rain evenly over the leaves, few spores were caught, suggesting
that dew is untikely to liberate many. Ascospores of Olhiobolus
graminis, the cause of take-all of wheat, were liberated in the same
conditions as V . inaequalis , but more quickly, the peak catches com-
ing in less than an hour after thoroughly wetting infected straws.
(Hirst and Stedman.)

Spores of S|otobolomyces roseus ate often the predominant type
cautht in spore traps operated in the open. This species seems a
normal contaminant of leaf surfaces, reaching large numbers on
ageing leaves, particularly at high humidities. It seems not to
influence the development of leaf pathogens or to be influenced by
them, but Tilletiopsis minot, a\othet innocuous fungus that occurs
on leaves during July and August, does suppress it. (Last.)

C ereal diseases

Further evidence was gained that the optimum seed rate for
wheat depends on whether or not the lard is infested with eyespot
(Cercosporclla herfotrichoides) and ta-ke-all. If it is, then a seed
rate of l] bushels of Squarehead's Master yields a b€tter crop than
a seed rate oI 3 bushels, but on clean land the higher seed rate gives
as good as or better yield. Seed rates in bushels that are appropriate
for one variety are not necessarily appropriate for others. because
grain sizes differ. Holdfast drilled at l| bushels, for instance,
produced as many plants per foot oI row as the larger-grained
Cappelle drilled at 3 bushels. The proportion of small grains and
weiii seeds in han ested grain varied widely in difierent experiments.
In one at Rothamsted, Cappelle sown at 3 bushels on land contami-
nated with take-all and eyespot gave a threshed leld ot 35.3
cwt./acre, but this included 5.7 c!rt. of thirds, weed seeds and other
impurities and 6.0 cM./acre seconds, leavirg only 23.6 cwt./acre
dressed corn. This contrasts wit}t Cappelle in another experiment
on land almost free ftom take-all and eyespot, in which a yield of
49.{ cwt./acre included only 1.2 cM./acre of small grain, rio weed
seeds and 2.1 cwt./acre seconds, giving 46 cwt./acre dressed corn.seeds and 2.1 cwt./acre seconds,Is and 2.1 cwt./acre seconds, giving 46 cwt./acre

The effect oI seed rate on lodging in spring-sowrspring-sown Proctor barley
Bv 22 Iulv Dlots sol,lTr withwas tested at three levels of nitrogen. By 2i luly plots sown witl

1, 2 and 3 bushels had respectively 3, 17 and 36 per cent of their
areas lodged in plots receiving I| cwt. sulphate of ammonia,2?,
63 anrl 85 per cent in those receiving 3 cwt., and 33, 88 and gl per63 an,l 85 per cent in those receiving 3 cwt., and 33, 88 and gl per
cent lodged in those receiving 4l cwt. sulphate of ammonia. This

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-1-76 pp 15

93

striking increase in lodging with increased seed rate and nitrogen
was evident throughout July, but during the wet Auglst most of
the crop fell dowrr and was flat by harvest on 2 September. The
total grain harvested averaged 42.9 cM./acre; a seed rate of 2
bushels yielded 2.5 cwt./acre more than I bushel, and 3 bushels
gave an insignificant further increase. One dose of nitrogen had no
significant efiect, but a second decreased yietd by I5 cwt./acre.
The a.mount ol " tail com " increased with increasing seed rate and
nitrogen, and when both this and weed seeds were removed, the
yield-of dressed grain. from plots sown at 1, 2 and 3 bushels/acre was
similar; it was decreased by 3 and 3'4 cwt./acre by the first and
second doses of nitrogen respectively.

Disease surveys o{ the classical and other wheat experiments
showed an exceptionally high incidence of eyespot. (Glyue, Salt
and Slope.)

Continuing experiments to test the effect of date of sowing on
the incidence o{ powdery mildew, wheat was sown on four dates from
6 March to 2l April and barley on 22 March and 5 April 1954.
Mildew was not oLserved until late May, and the last so\aal croPs
became the most heavily infected. The barley formed part of an
experiment to measure how mildew afiects yield. A susceptible
(Plumage Archer) and resistant (Haisa II) variety lvere sown on both
dates, and half of each sowing was sprayed with lime sulphur five
times {rom 13 May to 8 July. Plants infected witlt Erysiphe graruinis
were placed in the plots in mid-May. Unsprayed Plumage Archer
had ten times as much leaf infected as the sprayed, and leaves died
from mid-June onwards. By 23 June, mildew had decreased the
area oI lea{ on the main stems of the unsprayed plants by 16 per cent
in the early-sown crop and by 36 per cent in the late-sown. The
unsprayed plots yielded significantly less than the sprayed, 13 per
cent less for the early and 22 per cent for the late souing.

Unsprayed Haisa II developed only few pustules, and spraying
did not afiect yields. (Last.)

Pea diseases

From diseased peas a rarge of Fusaria was isolated that severally
and together produced a variety of slmdromes. Fusatiuttt oxy-
shorurfl t. lisi and F. oryslolum vat. redolens cause wilt, F. solani
cluses foot rot, and F. oxysfo/urn and F. solani together cause a
condition resembling " St. John's disease ", previously recognized
only on the continent of Europe. " St. John's disease " is less severe
thair either foot rot or wilt. In afiected plarts F. oxysporuru is
dominant in the stele and F. sorarri in the cortex of roots and stems.
Inoculating isolates ol F. oxysporurn L risi to a range of difierential
pea varieties identified a previously unrecognized race, which is
orovisionallv called 3A.' The pat6ogenic strains of F. oryslorum cannot be distirguished
bv culturd oitaxonomic methods. Three possible ways of identi-
fying them, other than laborious tests for pithogenicity, are being
studied. Antisera were prepared by injecting rabbits with spores
and macerated mycelium, but detailed agglutination and cross-
absomtion tests will be needed before their value can be assessed,
Pathdgenic and non-pathogenic strains are being compared Ior their
resistance to ultra-yiolet radiation, and the third method, which

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-1-76 pp 16

94

shovs promise, is to test their inhibition by gro$th products of soil
actinomycetes. Of twenty actinomycetes so far tesied, some con-
sistently inhibited the growth of all eight selected strains and others
inhibited none. Slre|lornlce s albid.of.avus, however, inhibited some
strains but not others.

In attempts to gain some information on the genetics of patho-
genicitv and on the mechanism of recombination ia F. ozysfot*m,
several thousand conidia were irradiated with ultra-viole[ light to
produce mutants. Cultural tests showed fifty-two mutanta with
dehciencies in their aminoacid metabolism and thirteen deficient
in their nucleic acid metabolism. In addition, firtv-two mutarts
were obtained which were dwarf or otherwise ri.roroholoeicaltv
different {rom the \.fild t}?e. Their ability, and that ofthe h"eterd-
karyons between them, to infect peas is being tested.

Several cultures ol F. oxysfoturn isolated from roots of diseased
Sitka seedlings in forest nu$eries proved pathogenic when inoculated
to Sitka seedlings under glass at Rothamsted. They mav con-
tribute to the difficulties experienced in raising healthy ptints in
oldnurseries. (Buxton.)

C|ub-rool of crucilers
The technique of infecting seedlings in waterrulture to obtain

root-hair infections has been mentioned in previous reports, ald
somr: of the factors affecting numbers of infeitions have now been
studied. In general, they resemble those afiecting infections in
soil. Young seedlhgs were grolrn singly in small -tubes or via.ls
containing spores of Plasmodiophora braliicae suspended in a dilute
mincral nutrient solution (Hoagland's solution) and incubated at
25' (1. in the dark. The logarithm of the mean number of inlections
per plant is linearly related to the logarithm of the spore concentra-
tion. Root-hair infections occurred equallv readilv at oH 5 and
at pH 6. but there were many fewer tow:ardi pH 8. "The ioncentra-
tion of the culture solution was important. Thus, diluting Hoag-
land's solution, at pH 5 or pH 6, to one-fifth of the standard con-
centration considerably increased infections, and it seems that the
germiaation of spores is afiected. The number of infections
obtained, however, depends on the interaction of at least three
Iactors: numbers o{ spores, concentration of the culture solution
and its pH. With high spore concentrations, changes in pH or
concentration have less efiect. SimiJarly, at certa.in spore con-
cenlrations. diluting the solution diminishes the influenie of pH.
(Macfartane.)

Sugar-beet diseases

Continued tests with Iungicides to control seedling diseases of
suta: beet gave further evidence of the benefits derived from soaking
seed for 20 minutes in 0.004 per cent solutions of ethyl mercun:
phosphate; at thirteen out of fourteen sites this treatment prd-
duced an average of 25 per cent more seedlings than dressing ieed
with 'Agrosan ". In soil artificiatly contaminated with Pylhiurn
deBaryaaum and Rhizoclonia solani, pouring solutions or susSnsions
of various fungicides a.long the drills immediatelv before sowine
much increased the number of seedlings that emirged; formalii
increased the stand by more than 50 per cent. A diill with spray
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nozzles mounted behind the coulters is being built to test the method
Iurther.

In the Docking district of Norfolk, and in other places with light,
alkaline soits, sugar beet in June or July often become yellow,
their leai marginiscorched and the laminae cupped. Tap roots are
small. faneedibecome horizontal at 3-4 hches below ground, and
have a " 5eard " of laterals, manv of which die. The " Docking
disorder " is worse in dry weathir and on land containing little
organic matter. Severely aflected plants are often infected with
Pithium md Rhizoctoaia'so., but wlien iaoculated to sugax beet in
giasshouses the isolated furigi fait to produce s'"mptoms comparable
ivith those in the field. Sugar-beet Plants still grow poorly rn
afiected soil that has been steamed. Bbth in pots and in the field,
the condition can be alleviated by adding organic matter to the
soit. The pathogenic fungi so far isolated from afiected plants
seem insufrcientfu vimient to cause the serious 6eld condition;
the effects on roois of young seedlirgs resemble those prolgqed b1'

extremelv acid soits, ana thia, combined with the early leaf chlorosis
and cupping, suggests a toxin may be the primary cause ol the trouble
gith tlie funci secondarv. (Gates.)

Work wi continued on the rotting of stored beel by Bolrylis
cinerea. This fungus does not rot beet cut during the summer, but
after November tf,ev become susceptible. Wlen untopped stored
roots were cut lengihwavs and th6 cut tissue inoculated with B.
cinerca, the lower larts of the roots became invaded but not the
upper. With increasing age, more of the root becomes susceptible,
aiil bv about Februarv onlv a small band of tissue immediatell'
below"the crown resisis infiction. Spore-germination tests with
Dieces of roots show that the resistant tissues contain a fungistatic
iubstance, whereas the susceptible tissues do not, or at least not in
detectable amounts. Bruised tissue provides an easier entry into
roots than cuts. B. cinerea was also found to be the most important
Iungus causing rots of clamped mangolds and Iodder beet. (Corn-
ford.)
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