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PLANT PATHOLOGY
DEPARTMENT

P. H. Gnrconr'

On 30 September Mary D. Glynne retired after 43 years on thc
stafi of Rothamsted; she is continuing in part-time work in the
Department. Her sen'ices to agriculture were honoured by the
award of the O.B.E.

R. C. Sinha left after gaining the Ph.D. degree of London Univer-
sity, and is now research associate in the Botany Department of
the University of Illinois. The following joined us as temporarv
rvorkers: P. Babos (Birmingham and Mytilene), IlI. V. Carter
(Waite Institute, Adelaide), R. C. Close (Christchurch, New Zea-
land), R. Kisimoto ( ntsuji, Japan).

A. Kleczko$ski attended the 3rd International Congress on
Photobiology, Copenhagen, and spent six weeks at Wageningen at
the invitation of the late Professor T. H. Thung. B. Kassanis,
B. D. Harrison and A. J. Gibbs attended the 4th Conference on
Potato Virus Diseases at Brunswick. B. Kassanis was also invited
to lecture by the Board of the Agricultural University of Wagenin-
gen. B. D. Harrison spent two weeks in Portugal studying virus
diseases of the grape-vine. E. W. Buxton was seconded for one
year to the Lhited Fruit Company Central Research Laboratories,
Noru'ood, Mass., and spent some time visiting banana plantations in
Central America. J. M. Hirst visited New Zealard at the invitation
of the Department oI Agriculture to advise on research into the
ecology oI the fungus causing facial eczema in sheep. On his return
journey he visited the New South ll'ales Department of Agriculture,
and the Rubber Research Institutes at Kuala Lumpur, Mala-va,
and Agalawatta, Ceylon.

VIRUSES AND VIRUS DISEASES

Disaggregalion and rcaggregalion of tobacoo nosaic rirus prolein

\\hen purfied protein from tobacco mosaic virus (TMY) is
disaggregated at pH values over 6.5 it behaves Iike a mixture of at
least seven difierent antigens. But when reaggretated at pH values
below 6.5 it behaves as a. serologically homogeneous material, as
showa by gel-diffusion precipitin tests, and also by qualitative and
quantitative precipitin tests in liquid. Some workers have claimed
that a determinant is lost when the virus is broken up into protein
and nucleic acid, and is regained when the protein is reaggregated into
virus-like particles; although these claims seemed to be supported
by some results obtained in the early stages of this work they were
finally not conirmed. This cannot, however, be taken as conclusive
evidence against the loss and gain of an antigen, because results may
depend on the quality of the antiserum used in the tests. (A.
Kleczkowski.)
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I nt er acl i ol of t:itu ses

Co*l>oneuk oJ tobaaco neclosis oifus. The " Rothamsted cul-
ture " of tobacco necrosis virus is unique among spherica.l plant
viruses because it consists of large and small particles whose rela-
tionship was not understood. \Ve now find that the two sizes of
particle are two serologically unrelated viruses, with the peculiar
relationship that, whereas the large particles multiply unaided, the
small particles multiply only in the presence of the large ones.

Some of the single-lesion isolates from the " Rothamsted
culture " tave only large particles, but none gave smaU particles
only. The small particles were separated from the large by centri-
fuging partially purified preparations in sucrose gradient columns.
Three light-scattering zones usually formed during this centrifuga-
tion: the top contained the small particles (21 mg diameter), s'hich
alone were not infective, the middle zone contained the large
particles (28 mp), which alone were in{ective, and the bottom zone
(when formed) contained small particles ag6regated in groups of
twelve. \\hen inoculated together with the large particles, the
small particles from the top zone multiplied and the lesions u'ere
smaller than those produced by the large particles alone. The
number of small lesions produced depended on the ratio of small
to large particles in the inoculum. (Kassanis and Nixon.)

Potalo a{cuba mosart arzas. The twelve strains of potato aucuba
virus studied difiered in their ability to be tra.nsmitted by Myzus
fersicae. No strain was transmitted from plants infected with this
virus alone, but some strains w'ere transmitted readily and others
occasionally from plants which were also infected with either potato
virus A or Y. Some strains were transmitted only from plants also
infected with potato virus Y. Although the concentration of potato
aucuba mosaic r.irus in the host is influenced by the presence of
viruses A or Y, there is no correlation between its concentration and
its transmissibility by aphids. (Kassanis.)

Tissue cullures
\Vhen grown under light for 18 hours daily in media containing

2o/o sucrose, cultures of " tobacco conditioned callus tissue " are
x'hite, but when the sugar in the medium is gradually decreased to
0'25o/o they become green. The phenomenon is reversible; the
greenness disappears when the tissues are recultured in high sugar
concentration. Tissues infected with tobacco mosaic virus, which
had been kept for many years at 2o/o stgar, become treen and their
virus content decreases after a Iew recultures in media containing
little sugar. (Kassanis.)

Lucerne mosaia oirus
Purified preparations of lucerne mosaic virus contain bacilliform-

like particles, quite unlike any other known r-irus in shape and
apparent structure. Electron micrograms of mounts in neutral
phosphotungstate show particles 18 mp wide and of various lengths.
All particles had the same electrophoretic mobility, serological speci-
ficity and nucleic acid content, but they differed in thcir sedimenta-
tion rates. f,Iost of the particles were either 36, 48 or 58 mp. long,
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and correspond with the components having sedimentation rates
of 73 s, 89 s a.nd 99 s reported by other workers lor this virus. There
was no evidence that particles of different lengths difiered in infec-
tivity. (Gibbs, Nlxon and Woods.)

Three strains of lucerne mosaic virus were isolated, and all were
transmissible by Mlzus fersicae, Neonyzus circumfrexus and
Aclrthosilhum fisum. "fwo of these (strain I avirulent and II
necrotic to Nicotiana *anthil caused necrotic local Iesions rvhen
manually inoculated to French bean var. Prince. Strain III pro-
duced necrotic ringspots on N. tanlhi and systemic slmptoms
instead of local lesions on bean. M. lersicae was more successful
than A. Pisum as a vector of strain II, and both vectors transmitted
best when given a period oi fasting followed by 2 minutes' feeding
on infected leaves. (Attafuah.)

Potalo oilus diseases

Paracrinhle tirus in King Edward fotaloes. In a survey for para-
crinkle virus in commercial stocks of King Edward potatoes all
tubers tested proved to be infected, some with paracrinkle virus
alone, and some also with potato virus S. The strains of para-
crinkle virus differ in virulence towards the variety Arran Victory
and in their ability to be transmitted by Myzus pelsicae. Aphid-
transmitted strains were common in all the commerical stocks of
King Edward tested.

The virus-free stock of King Edward, produced by excising the
apical meristem of a potato sprout as reported in 1955, ha.s been
increased in Northern Ireland by the National Institute of Agri-
cultural Botany, and stocks are now large enough to start supplyint
potato-seed growers. In 1958 the virus-free stock was compared
with seven commercial stocks in a trial organis€d by IUr. J. C. Cullen
in difierent parts of England and outfielded them on average by
l0o/". (Kassanis.)

Conlrol by inseclicides. In co-operation with the Insecticides
Department a tria.l $as started at Efford Horticultural Station,
Ly,rnington, on the control of potato leaf and rugose mosaic by
insecticides, including one (a granular formulation of " Rogor "
prepared by Pest Control Ltd.) applied to the soil. Their effects on
virus spread will not be known until tubers from the plots are grown
in 1961, but the soil insecticides kept the plants free from aphids
throughout the growing season, whereas a DDT spray did not.
Aphids will be reared in the spring on tubers from the treated plants
to detect any insecticidal residues. (Heathcote and Burt.)

Effecl of age oJ inJector oru oirus s?/ead- Pots containing young
potato plants infected with leaf roll or Y yiruses were sunk in ridges
of a potato crop (replacing heatthy plants) at the end of May. In
mid-J u.ty and mid-Autust they were moved to nerv sites, and at the
same time younger infected plants were exposed at other sites.
Tubers Irom the initially healthy plants adjacent to each infector
were taken to detect spread of virus, Many plants adjacent to
infectors exposed from 26 May to 14 July became infected,83o/o
with leaf roll and 78% with virus Y (including 60/o leaf roll and 25olo
Y acquired from sources other than the adjacent infector). As in

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-1-93 pp 5

IT8 ROTHAMSTED REPORT FOR T060

1957, viruses spread little later in the season, regifdless of the age
of the infector plants. (Heathcote.)

Soil-borne oiruses

Arabis nosaic virus. The ecology of the nematode vector,
Xiphinema ditersicaudaluu, in relation to outbreaks of arabis
mosa.ic virus, was studied in collaboration with R. D. Winslow
(Nematology Department). The highest populations of the nema-
tode rvere found in soil from woodlands and hedgerows. The virus
was isolated from wild trees, and an outbreak in strawberry was seen
on land newly taken into cultivation. Arabis mosaic virus was
obtained from almost all sites where X. d,bersicaud,alum was found,
but the proportion of infective nematodes at different localities
varied greatly. Males, females and larvae could all transmit the
virus, and adults transmitted after being denied access to plants for
a few weeks, indicating that the virus persists for long periods in
thenematodes. (Harrison.)

Tomalo black ring orrrs. Further work, in collaboration with the
Scottish Horticultural Research Institute, showed that field out-
breaks of the beet ringspot strain of this virus in raspberry and
strawberry are associated with the presence in soil of the nematode
Longidorus elongahs. The virus was transmitted to sugar-beet and
spinach seedlings by larvae (but not by adults in the few experiments
when they were tested separately) of L. elongolus hand-picked from
virus-infestedsoil. (Harrison.)

Tobacoo rcNe ur'rus. Sandy soil, taken from a field of potatoes
severely afrected by spraing disease, proved to be infested with
tobacco rattle virus, which is thought to cause the disease. In
tests with nematodes extracted from this soil, the rattle virus was
transmitted by Trichod.orus priuitduns. (Harrison.)

Carrol molley dwarf nirus
Many samples of carrots with " purple top " from difierent parts

of England were tested, and all contained carrot motley dwarf virus.
Previously we had been able to transmit the virus mechanically only
after it had been transmitted by aphids to some host outside the
Unibelliferae. We now firld that it is transmissible from carrots
by manual inoculation provided the clarified sap is bufiered at
pH7; it is also transmissible in water-phenol extracts that pre-
sumably contain mostly virus nucleic acid. The infection end-points
with both kinds of preparation are around f/I,000. (M. A. Watson,
Sinha and Serjeant.)

In a field experiment at Wobum spraying with " Metasystox "
on 13-14 June and again on 4 July decreased infection of carrots ltrith
motley dwarf virus by 2lo/o and increased yield ot roots by 2'02 t
0.526 tons/acre. An earlier spraying on 26 May, soon after germina-
tion, had no effect (the virus entered the crop much later than in
1959, when all spray treatments \^/ere given too late). The vectors
(Cataiella aagopodiael migrated in large numbers from the begin-
ning of June onwards, but were slow in establishing on the plants,
probably because oI heary thunderstorms. Plant number, and
apparently plant nutdtion, varied across the experimental area,
but had no effect on percentage infection or yield of roots: 75% of
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the variance in total fresh weight was accounted for by the regres-
sion on the percentage of plants infected. (M. A. Watson and
Serjeant.)

Barlqt yelkxo dwarf
When the virulent barley yellow dwarf virus " 8 " (which

inhibits flowering and is transmissible by Rholalotilhun fadi,
Sitobium aunaz ar.d S. fragaiazl was inoculated to oat seedlings,
together with the avirulent strain " X " (which does not alter plant
habit, is transmitted only by lhe Sitobiun spp., and produces
characteristic red discoloration of foliage), the two viruses remain
together in the plants lor at least 3 months, and could be isolated by
their vectors with little change in their proportions. But when the
two viruses were inoculated to the plants in succession----one 14
days after the other-the 6rst virus introduced gradually established
supremacy over the other and, though they could be re-isolated
easily within 30 days of the second inoculation, the challenging virus
was rarely obtained after 60 days, even if it was the more virulent
virus and had produced s5mptoms.

Rhopalosilhum !ad.i, which was unable to transmit the original
" X ", could transmit avirulent viruses resembling " X " from plants
with mixed infection. These avirulent Iorms came particularly
from plants infected by S. fragariae that had fed on a leaf infected
with both viruses. (M. A. Watson.)

True btoad bean mosaic

Plarts infected with this seed-borne virus were found in crops of
broad beans in several places in southern England. Most crops had
0.lo/o or less of plants infected, but a few crops had up to l0o/o.
The spatial distribution of infected plants in the field, and the time
of appearance of the slrnptoms, suggested that all the primary in-
fections were Irom the seed, which is imported principally from
North Africa. Iu late-sown crops secondary spread was observed
over distances of 25 yards. Broad bean plants infected late in the
season felded as much seed as healthy plants, but early infection
decreased the number of pods per plant arid lowered the feld o(
seed by20o/o.

Purifed preparations of the virus conta.ined " spherical " par-
ticles about 28 mp in diameter, similar in appearance to those of the
soil-bome ringspot viruses or red clover mottle virus. An antiserum
prepared against true broad bean mosaic did not react \Mith ary of
these viruses. Attempts to transmit the virus by Xilhinema
dioersicaudalum, Dilylenchus dipsaci (gjatt race) and Sitona spp.
failed. (Gibbs.)

Spread. of legume airuses in fe.ld bean orols
Use was made of experiments by M. J. Way (Insecticides Depart-

ment) at Rothamsted and Woburn to compare the natural spread of
legume viruses in plots of field beans sowrr at rvidely different seed
rates. Results resembled those obtained in 1959. There was no
significant difierence between the number of virus-infected plants
in insecticide-sprayed and ursprayed plots. Infection decreased
with increased seed rate: for example, at Rothamsted on 27 June,
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plots sown with 50 lb./acre had 2.TL plants with leaf-roll, and
plots sorvn with 600 lb./acre only 0.f% leaf-roll. Leaf-roll, caused
by a persistent virus, was the commonest disease early in the season,
but the " non-persistent " mosaic virus spread later in the season.
(Heathcote.)

In an experiment at Rothamsted with field bea.ns sown on three
occasions,9 March, 27 April and 3 May, leaf-roll spread early in the
season and mosaic later, the number of infcctions increa.sing with
later sowing dates. Some rows were regularly treated \r.ith demeton
methyl without afiecting virus spread. Losses of yield depended
on time of infection; early infection by leaf-roll decreased leld by
over 75o/o, but late inlection with mosaic had no appreciable efiect.
(Heathcote and Gibbs.)

FLrNcr .\ND Fu\cl-s DIsEASES

Diseases oJ oueols

The sircourse lotalion exfetinenl. In this experiment, begun
in 1930 and ended in 1960, six crops rere grown each 1'ear in the
sequence: potatoes, rye, sugar beet, barley, clover, wheat. Aalual
surveys in winter wheat (variety Yeoman) in the last 24 years showed
a trace of take-all (Ophiobolus graminls), with an annual mean of less
than lo/o of plants with lightly infected seminal roots. Eyespot
(Cercosporella herpolrichttd,esl occurred each year, more than half
the straws being infected in 5 out of 20 years (1938-57) (whereas in
the four-course rotation experiment-potatoes, barley, ryegrass,
wheat-this level was reached in g of the same 20 years). Eyespot
was least in l 7 (2.3y;, and most severe in 1958, when 98.7o/o of
the straws were infected so that the entire crop lodted. In the few
years when lodging occurred it was associated either with unusually
severe eyespot or high yield of straw.

Barley and rye both became lightly inlected by eyespot, but had
fewer infected straws and fewer severe lesions than rvinter wheat.
The disease appeared to have a negligible eflect on barley and rye,
though both helped to carry it through the rotation to subsequent
crops. (Gl1'nne-)

Efect of ?ledous crops on winter uheaL Efiects of date ol sowing,
seedrate and nitrogen were compared in two adjacent experiments
in which Cappelle wheat vr'as grown after two non-cereal crops (beans
and potatoes) and after three cereal crops (spring wheat, barley,
rinter v/heat). Sown at 2 and 4 bushels/acre on 2 October, 21
October,23 November and 18 December, yielcls of wheat after
potatoes were respectivcly 51.4, 48.0, {1.6 and 47-7 c*t/acre, with
31,79, @ a,nd,2Oo/. of their areas lodged and with very little eyespot
or take-all. !\4reat follosring wheat, however, yielded only 32.1,
33'3,34 6 and 33.0 cwt./acre, and in May about 34/o of the plants
lvere affected bv take-all ar,d,20o/o by eyespot. Seedrate had no
efiect on mean yields, but in both experiments the optimum seed-
rate depended on the sowing date; 4 bushels/acre yielded signifi-
cantly less than 2 bushels at the second sowing, but more than 2
bushels at the last sowing.

Increase in the amount of nitrogen applied as " Nitro-Chalk " in
spring from 0.46 to 0.92 c$t.N,/acre had no signiicant efiect on
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yield of wheat after potatoes, and increased the area lodged lrom
33 fo 640/o. But the extra nitrogen added 6 cwt./acre to the mean
vield of wheat after wheat, with no lodging; the effect was greatest
in the plots sovm on 2 October and at thelower seedrate. (Gly'nne
and Slope.)

Efect of missing lou)s on non-?afasitic lodging- Cappelle wheat
was gro\vn on fertile land which had been freed Irom the fungi
causing eyespot and take-all by growing non-susceptible crops for
two yearc. The drill was set to sow 2 and 4 bushels (Rl anil R2)
seed/acre at 7 inches spacing with all rows sown (Df), one row in
!9ur_- btocked (D3) and alternate rolls btocked (D2). " Nitro-
C_halk " waq applied in spring at 0.5 (N1), I.0 (N2), 1.5 (NA) cwt.
N/acre. A clear pattern of lodging was apparent by the third week
in June, when 84o/o of the area. was lodged in Dl R2 N3, about hali
that area in Dl R2 N2, Df Rf N3 and D3 R2 N3, so showing
a similar decrease in lodging produced by omitting one dose of N,
by halving the seedrate. or by missing one row in four. There was
tlen little lodging in other plots, but prolonged $.et weather, which
delayed harvest till 3l August, led to lodging in all plots and de-
creased yield to an average oi only 37.I cwt./acre. Each dose of
nitrogen increased lodging and decreased yield. Four bushels of
seed produced less grain, with more lodging, than 2 bushels. The
highest yield, 43.8 cryt./acre, *'as obtained with all rows sown at 2
bushels/a.cre, with least nitrogen. At this seedrate missing rows
lowered yield, and missing two rows yielded less than missing one.
When sown at 4 bushels, missing rows had little effect on yiald at
Nl and N2, but at NB missing rows increased feld, Dl, D3, D2
yielding respectively 30.3, 36.6 and 36.0 cwt./aire. DB sown at
2 bushels yielded less than D2, but sown at 4 bushels yielded more.
With a seedrate of 2 bushels/acre, 7-inch spacing yieided about g
c$t./acre more than l4-inch spacing, but the efiect of the wide
spacing was__lessened by increasing the amount of nitrogen.
(Glynne and Slope.)

Broadbalk, 1960. On plots 28,3 and 7, the lst, 2nd, grd, 4th
and 9th consecutive wheat crops after I year fallow had respectively:
70,51, 8I, 79 and 47o/o straws with the eyespot fuagus, of which 38,
28, 56, 54 and. 2606 had severe ]esions : 0, ll, 17,27;nd 217" straws
had take-all on the roots. It is difficult to explain the unusuallv
high incidence of eyespot in the first crop alter iallow, especially ai
at the end of .Varch the same crops had only 4, I0, 26,24 and i4./,
plants with eyespot. (Cox.)

Studies of soil microflora are being continued to explain the
unexpectedly small amount of take-all on Broadbalk deJpite con-
tinuous cropping with wheat. No correlation was apparent between
the total numbers of fungi or bacteria in either thi soil or rhizo-
sphere, and the incidence of ta.ke-all in the Broadbalk, Wheat and
Fallow, and Cereal Beans experiments. The low incidence on
Broadbalk seems to be caused by factors preventing the develop
ment of the disease a.70rr infection has taf<en ptacei On the ui-
manured piot of Bro;dbalk, 2l% of plants w^ere infected on 28
March in the fourth successive rvheat crop, but at harvest onlv l0o/^
straws showed any cro\yn-root infection. By contrast on tire +ili
wheat crop in the Cereal-Beans experiment, 59o/o of plants were
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infected on 5 April, and at harvest 73lo oI straws had severe crown-
root infection. The numbers of infected roots per plant were l'5 on
Broadbalk and 1.9 on the Cereal-Beans Experiment at the end of
March, but t.8 and 4'I reslxctively at the end of May. (Cox.)

Cercal-Beons rctation- ln the fourth and firal year of the first
series of this experiment, Cappelle winter wheat was grown after the
Iollowing crop i"qu.ncei, W'ws w, B W B, sW WsW, o W sW,
W O sW, and \4/ O Be (using the abbreviations: W : winter;
sW: sprint wheat; B: spring barley; O: spring, oats; B-e-:
winter lians). After these respective sequences plots yielded
27.5,34.2,268, 25'0, 20'0 and 49'9 cwt. grain/acre; they had
respectively 77, 63,79, 85, 87 and 7o/o oI straws with take-all at
harvest. iwo years with the non-susceptible crop, oats and beans
(sequence W O Be) nearly eliminated take-all, and wheat alter this
sequence yielded twice as much as after a suscePtible croP. However,
grouing a non-susceptible crop of oats in 1957 and 1958 (sequences

O W sW and W Olw) had no beneficial efiect in l9@-in fact,
there was more take-all and less leld after these sequences than after
continuous wheat.

Eyespot was not prevalent; its incidence was less than lO%
after all lhese sequences, and less than I o/o after oat-bea.ns. The
incidence of Shaip Eyespot was unusually high (mean 59'3o/o of
straws infected), 6ut there was no difierence between the six croP
seouences. (Slope.)

' Cefhalosioiin' sttipe. h mid-June occasional wheat Plants
with vellow-striped leaves were Iound in several field at Rotham-
sted. ' Dr. L. .]: Tyler (visiting from Comell University) diagnosed
the s]'rnptoms as striPe caused by Cephalosforium gramiaeun.
.\ C cphahslotilttr was ilolated from afiected leaves, nodes and inter-
nodei, but the isolates have not yet b€en tested by inoculation.
(Slope.)

Potalo d,iseases

The study oI how potato blight epidemics originate, oI hqrlm
resistance and oI contr6l by spraying, have all stressed the need for
more information about tutreiinfection a\d the actitl.ily ol Phlto?h'
lhoru inlestaz,s in soil. This has norv become a major aim of our
*ork, ind the weather of 1960 was unusualJy suitable for the
studv.

hanelobme of botato blieha ir 1960. The first 3 months alter
planting ivere wairi and drli and potatoes grew slowly. After the
ind of lune frequent ra.in encouraged rapid grow'th of haulrn and
tubers, so that lelds were potentially high, despite tubers formint
somewha.t late.- Btight was fitst Iound occurring naturdly in an
invaded stem on a King Edward plant in a spraying exPeriment on
24 .luly, by m.id-September the haulm was completely killed.
Z:ur,;b (Z) or coplrr 

-oxychtoride (C) were apptied on four dates
(14, 25 July, 13, 27 August). The total yield Irom sPray wlth an
iarly apitiiation ot zheb (Z,C,C, -l was 18 46 tons/acre, compared
witfi ti':lg tons/acre frorn ,lnsprayed plots (-, -, , -). Plols
with sprays (-, C, C, -) *d (-, Z, C, C) yielded resp€ctively
16.66 ild 16.76 tons/acre. Initially there were large difierences
between treatments'in tuber infiction, but these difierences
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eventually disappeared with just over 25% of tubers infected in all
treatments. (Hirst and Stedman.)

Efect oJ nituogenous Jertilisers on blighl. An unsuccessful attempt
n'a.s made to conirm Lowings's (Truns. Brit. mycol. Soc. 1959,42,
491 5O1) observations of how the amount and timing oI nitrogenous
fertilisers may afiect the development of potato blight. Unsprayed
trIajestic plots received similar treatments to those us€d by Lowings,
but difierences in the rate the foliage was destroyed were small and
inconsistent, and they seem unlikely to have had any efiect on
yield or to offer hope of a useful and reliable control practice.
(Hirst and Stedman.)

Eaulm and tuber lesislonce lo Phytophthora infestans. In a
field experiment the haulm resistance of Pimpemel (the most
resistant commercial variety in laboratory tests in 1959) \!'.lsi com-
pared with Ackersegen, Majestic and Arran Viking. Majestic and
Arran Viking leaflets were half killed 15 days sooner than com-
parable leaflets of Pimpernel and ten days sooner than Ackersegen.
Pimpernel was defoliated more slowly because leaflets were infected
more slowly and also died more slowly after infection. Sporulation
difiered sigaificantly on the four varieties: the mean width of the
sporing annulus, measured in the field for 13 days, was 3.2, 2.1, 1.7
and 1.1 mm. for Majestic, Arran Viking, Ackersegen and Pimpernel
respectively.

Work was begun to assess the acuracy of estimating haulm
resistance from a single chemical test-peroxidase actirity. Of
4l clones tested the l0 Mexican selections of Niederhauser, reported
to have high levels of " field resistance ", had the greatest peroxidase
activity.

In laboratory tests wound-free tubers (grown in peat overlying
soil in large porcelain pots) were inlected through eyes and lenticels
by spralng the tuber surface with inoculum. Preliminary tests
showed that Arran Banner and Ulster Ensign were more readily
inlected by this method than Upto-Date and King Edward, and
that infections on Arran Vilcing and Majestic tubers were often
arrested at an early sta,ge.

Infection of tubers in the field was studied in plots of the tuber-
susceptible varieties Upto-Date, King Edward, Arran Banner and
Ulster Ensign, arranged in a 4 x 4 Latin square. Two rows of
Majestic, planted betrveen each column of plots, were inoculated on
4 July to ensure that blight arrived in aU plots at the same time.
Samples were taken each rveek from predetermined areas within plots
and tested in two rvays. The tubers were lifted at once from half
the plant; the haulms $'ere removed from the other, rvhen the ridge
s'as covered with " Polrthene " sheeting and the tubers allowed to
" incubate " for 5 days in the ground before lifting. The first
blighted tubers were found in the " incubated " samples ol all
varieties lifted on 3 August; these must have become infected when
less than 5% of the haulm was blighted. The numbers oI inlected
tubers from later samples increased after periods oI rain, and most
new infections occurred after rain which fell when the haulm was
about 5oo/o def oliated.

Most infections on Arran Banner, King Edward and Up-to-
Date occurred at the rose end or on the body of the tuber, and were

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-1-93 pp 11

121 ROTHAMSTED REPORT FOR T960

a-ssociated about equally with eyes or lenticels (though in King
Edrvard the eyes were invaded rather more ofteD than lenticels). On
Ulster Ensign most infections were in lenticels on the body of the
tuber. During the epidemic the fungus was found sporing from
lenticels and eyes of blighted tubers of thes€ varieties while still in
the soil.

Blight susaeptibilily of haulm and. tuber in d.iferent genotypes-
In co-operation with the John Innes Institute, the difierential
reactions of haulm and tuber were studied in genot1rpes based on
genes Rl, R2, R3 and R4 to six races ot Phytophlhota inJestars.
The races either caused a h5rpersensitive reaction on leaves of the
clone or could inlect and spread in their leaves. Gene RI conferred
to the tuber a h5,'persensitivity comparable with that in the leaves,
whereas genes R2, R3 and R4 often did not. Races giving a hyper-
sensitive reaction in the leaves of R2, RB and R4 clones grew in the
tubers, although more slowly than in clones without these genes.
Tubers of most clones, except Orion (Rl) and Reaal (RlR3), were
highly susceptible, often more so than King Edward, to races of the
fungus which could spread in their leaves. (Lapwood.)

Aclitily of Phytophthora infestans ir sor7. Unless haulm is
destroyed very early, usually with some sacrifice of fleld, a propor-
tion of growing tubers usually becomes blighted in the soil. A
method of assessing the concentration of P. infestans spores in the
soil is needed to study conditions and routes by which tubers in soil
are inlected from the haulm. Plating soil dilutions on media. con-
taining antibiotics proved unsatisfactory, as did attempts to separ-
ate sporangia by preferential movement in an oil/water emulsion.
The use of tuber-tissue as a selective medium to " bait " the fungus
out of soil is a promising method. Slices 5 mm. thick from washed
tubers are covered with 0.75 ml. of soil, wetted and stored in humid
chambers at 20'. After 24 hours each slice was cut radially into
octarts, and a week later octants bearing sporartgia ol P. infestans
were counted. The method was calibrated with soil to which known
numbers ol sporangia had been added. After applying the mul-
tiple-infection transformation, there was a significant linear relation
between the number oI spores l)er slice and the number of octants
infected; 1,00O sporangia/slice caused about 150 infections per 100
octants (or about 78o/o infection); 50o/o of the octants were inlected
by about 500 sporangia/slice. The method should be capable of
detecting as few as I0 sporangia/ml. of soil.

In 196O the tecbnique $'as used to estimate spore concentration
at various depths from the crest of the ridge beneath Majestic
potato plants with blight on the haulm. \!'hen approximately
half the crop had been destroyed the concentration was estimated at
2,000/ml. in the surface soil, 440 at 2 inches and 50 at 4 inches.
(I-acey.)

A erobiologlt

Blach rust of wheaL The number oI airbr:'ne Puccinia gramiais
uredospores within spring wheat crops often increased at the start
of, or an intensifcation of, rain. Similar behaviour has been noticed
previously for spores of. Cla.dosporium. (Hirst and Stedman.)

Release of ascospores d,uring dew. Reports on the importance of
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wetting by dew in release of ascospores of certain P5nenomycetes
are conflicting. To assess " dew-release " of ascospores ol Myco-
sphaerella Pinodes, abo1ft 50 g. of dry pea haulm, heavily infected
during summer of l9@, was placed on a Irame carried upwind of
the orifice of a Hirst spore trap (from which the rain-shield had been
removed) and exposed repeatedly to dews during the autumn.
Dew records were made with a Surface Wetness Recorder Mk. III
beside the spore trap. With the sample 0.5 m. above ground level,
and between lO and 50 cm. from the trap orifice, ascospores were
caught on each oI eight nights when a full-scale dew reading was
shown on the Wetness Recorder. Release began when the trace
was half-way up the scale, usually reached a maximum some 3 hours
later and declined to zero during the next 6 hours-usually before
drying had begun.

The rainfall equivalent to a half-scale deflection is calculated as
0 009 inch. (The amount of rain required to produce measurable
ascoslrcre relea.se from the perithecia ol M, pituodes in wind-tunnel
tests at the Waite Institute, Adetaide, has been estimated as 0.007
inch.) (Carter.)

Calibralion ofuhirliflg-ann air seflllet The Perkins " Rotorod "
sampler is claimed to be over 90o/o efrcient for collecting airborne
particles in the 2Gp range. A sampler of this design, powered by a
&volt E.M.I. motor, was calibrated in the wind-tunnel against the
isokiretically operated Cascade Impactor with ascospores ol Mlco-
sfhaerella finod.es (12-15 x 6 8 F). In a turbulent air-stream
efficiencv depends on wind speed and varies lrom 50]o of Cascade
Impactor emciency at l-2 m./sec. to 90o/o at 4-5 m./sec.

In similar tests with spores ol Lycopodiunr claoalum (30 p) the
rod sampler showed a maximum of 80-85o/o emciency at 1.5 m./sec.
Eftciency declined with increasing wind speed to ffis% at
I m./sec. Comprehensive tests with a range of spore sizes are
clearly needed so that the " Rotorod " sampler can be used in the
field. (Carter.)

Clubroot of Brassiaae

In attempts to free Plasmod,iot'hora brassrice lrom contaminating
organisms to facilitate physiological studies, young galls were in-
cubated temporarily in solutions containing penicillin arrd strepto-
m1,cin in high concentration, and, after washing, inoculated at
various dilutions to young cabbage seedlings. After a week the
plants were transferred to meat in{usion for a feu, days to detect
contaminants. A small proportion of apparently bacteria-free
seedlings, each with a few root hair infections, was occasionally
obtained. So far, however, a contaminant-free club has not been
gown, apparently because of the difficulty of growing enough good
plants aseptically. (Macfarlane.)

Fusarium ui oJ peas

Fa lines derived from the second back-cross between the garden
pea varieties Greenfeast (syn. Lincoh) and New Era, brought from
the Waite Institute, South Australia, llere grown at Coggeshall,
Essex, in a field heavilyinfected with Frs a/i.un orryspor mf .pisirace
l. OI seven lines selected for homozygosity of resistance to South
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Australian race 2 of the wilt fungns, six were fully resistant at Cogge-
shall, and a seventh showed a uniform partial wilthg.

An F2 population of 99 plants Irom the above cross, inoculated
in the glasshouse during the summer with an isolate of race I taken
{rom wilted Onward plants at Coggeshall, failed to segregate any
susceptible plants, although Onward control plants wilted readily.
This iuggesti that the parental strain of Greenleast (selected in New
Zealand for resistance to race I) shares with New Era a common or
closely linked gene for resistance to this race of F. orysporum f. fisi.
(Carter.)

Yarialiot in ! erlicillium albo-atrum
The investigation of genetic recombination in Verticillium albo-

41lrrrz was continued. Using nutritional markers and difierences in
acriflavine tolerance showed that recombinant Senoty?es were
produced much more frequently than usuallv observed in other
imperfect fungi. Conidia 'of. V.' o)bo-otru..ti .l-ott always uni-
nuileate, so that novel genot,?es formed during development of a
colony u'ere readily detected by determining the phenot5rpes of the
spores which the colony produced.

About one per million oI the conidia produced in a mixed culture
of two complementary auxotrophic strains were prototrophic.
These were later shown to be prototrophic, because they contained
heterozygous diploid nuclei and the nutritional requirements were
recessive to their respective wild type alleles. The selected diploid
nuclei were heterozygous at four loci. Samples of conidia harvested
from lGday-old cultures initiated by single heterozygous uninucle-
ate conidia contained fourteen of these sixteen possible classes.

The two remaining classes were not found in a random sample
of 2,000 spores isolated directly from cultures segregating for all
four markers (i.e., among first-order segregants). However, about
2% of these first-order segregants were still heterozygons with re-
spect to one or more of the marked [oci, and a sample of ovcr 2,000
conidia from heterozygous first-order segregants included many
spores with the phenotypes not found previously. This delay in
the production of certain recombinant classes can be interPreted
as an effect of genetic linkage, and the evidence gathered from the
analysis of heterozygous first order-segregant nuclei indicated that
the four markers were located in one linkage group.

Reciprocal phenot]?es tended to be produced as often as
expected if the recombinant genot!?es were produced at meiotic
divisions. However, this expectation rvas not supported by a
further statistical analysis, and the recombinants were probably
produced at irregular mitotic divisions as in the parasexual cy'cle.- V. albo-atrui occurs naturally in two colour forms. Most
isolates produce black torulose hyphae, but strains rmable to do so
are often isolated from them. Previous rvork (Re?. Rolharnst. exp.
Slc. for 1959) suggested that cy'toplasmic factors are involved in the
inheritance and/or expression of the black character. The hetero-
zygous lines selected for studying genetic recombination _were
eitablished by mating black and $'hite hyaline auxotrophs. These
heterozygoteJ, and oier 5,000 isolates from them, al.t firmed 

-some
black t6rulose hlphae on augmented prune extract agar medium,
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and none was identical with the hyaline parent. Therefore, the
colour difierence was not determined at a single chromosomal locus.
A.lthough the evidence does not exclude the possibility of it being
inherited as a polygenic character, cl.toplasmic factors afiecting
expression and perhaps inheritance still need to be invoked.

The development oI black hlphae depended strikingly on incu-
bation temperature. Heterozygous isoLates, and recombinants
derived from them, were examined after incubation for 2-3 weeks at
23', 20', and l5o on augmented prune extract medium. The
optimum temperature for growth of V . aJbo-alfl.n on this medium is
23', and all isolates so tested formed intense black hyphae, whereas
all replicates at 20'were hyaline. The cultures at 15'contrasted
with the previous two serics in showing, with one exception, enor-
mous variation in colour between replicates of each isoLate. The
exceptional isolate was a single auxotroph requidng only adenine,
and this was the nutritional phenotl,?e of the original black parental
culture. All replicates of this isolate incubated at 18'were black.
These observations do not allow any conclusion to be drawn about
the inheritance of the colour difference, but emphasise the need for a
precisely defined environment for determining an isolate's capacity
to produce black h5ryhae.

The tllo auxotrophs crossed in studying genetic recombination
were both derived from parental strains causing fluctuating hop
urilt, but none of the recombinants tested showed enhanced viru-
lence towards hops of the variety Fuggle. Only one of the parental
strains wilted tomatoes (variety Klondine Red), and this only
miklly, but a few of the stable prototrophic recombinants recovered
from the unstable heterozygous lines caused much more severe rvilt
in tomato. (Hastie.)

Mycofloral succession in hay
During 1960 hay was aga.in baled experirnentally at different

moisture contents to study the mycofloral succession. Attention
was concentrated on hay with the kind of moulding previously
found to be associated with " farmer's lung ". Hay from Great
Field, baled at a moisture content of 460/o, behaved in the same way
as hay from New Zealand Field in 1959 which had been ba.led with
42o/o moisture. The temperature rose to 60'in 3 days, by the llth
day it was still 55', but by the 2lst day it had fallen to 20', after
which it remained more or less steady near the mean air tempera-
ture. The moisture content fell gradually from the start, and by the
I6th day it had reached 20o/". During this period the mould content
increased to about I0 million spores/g. dry weight of hay, and the
bacteria and actinomycetes increased to over I00 million spores/g.,
conspicuous among which were thermophilic actinomycetes growing
at 60'. The pH rose from about 5.5 to 7 as the hay became very
mouldy with a whitish coverirg consisting mainly of actinomycete
spores. (Gregory and Bunce.)

S itba-se ed.ling d.i seases

The effects of treating seed and soil in larious ways on numbers
and sizes of Sitka spntce (Picea silohensis) were investigated at frve
Forestry Commission nurseries *'here the incidence of disease varies
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greatly. (See Reports oI Chemistry and Insecticides Departments.)
Treating seeds with TMTD, " Captan " and an organo-mercu5r
compound sometimes increased the numbers both of germinating
seedlings and survivors, but did not afiect their mean heights.
In contrast, partial soil sterilisation with formalin and chloropicrin
did not increase the numbers of seedlings that emerged but increased
the numbers of survivors and their mean heights.

In an attempt to identify the causes oI these efiects, detailed
analyses for fungi and bacteria were made at frequent intervals, of
soil, of rhizospheres, of rhizoplares and oI diseased seedlings.
Excepthg Trichodenza, formalin and chloropicrin usually decreased
the numbers of firngi in soil, including possibly pathogenic Phycomy-
cetes and strains ol Fusarium, but had little efiect on their numbers
in the rhizosphere.

Although soil sterilisation had little effect on the rhizosphere
flora, it had, surprisingly, a big efiect on the fungi, excepting
Fusarium, isolated from the root surface-" rhizoplane ". Both
formalin and chloropicrin increased the frequency ol Trichodenna
and decreased the Irequency of Phycomycetes. In addition, some
Phycomy-cetes were Iewer after seed treatment, suggesting, because
the seed-coat is carried above ground by germinating seedlings, that
the microflora of root surfaces may be determined at an early sta€e
in development. (Ram Reddy and I-ast.)

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

