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PLANT PATHOLOGY
DEPARTMENT J. M. HIRST

Cereal diseases gained increasing attention, especially through a renewed
interest in powdery mildew and barley yellow dwarf virus. Systemic
fungicides were studied on cereals as well as on potatoes and some work
was begun on the eflects of air pollution on plants and on diseases previ-
ously assumed to be caused by viruses but now thought to be caus;d by
mycoplasmas,

Properties of viruses rd yL[s dis€rs€s

For convenience, this section also includes some work on mycoplasma-like
bodies and some biochemical investigations not immediately related to
viruses,

The effect of temperatme on tte muftiplication of three sbaitrs of tobaeo
mmaic virus (fl![V). The multiplication of three strains of TMV, one
classed as thermosensitive, was compared in plants kept at 20'and 35'C.
Leaves were extracted at different intervals after inoculation in two ways:
(l) with phenol, which gives the total nucleic acid (RNA) of the virus;
(2) with buffer, which gives whole virus only and inactivates any free
RNA. The infectivities of the extracts were compared with those of
solutions containing known amounts of RNA or whole virus.

Strain PMz produces protein unable to coat the RNA, and only phenol
extracts were infective; those from plants at 20' were about l0 times as
infective as from plants at 35"C. With the type strain, infectivity of either
buffer or phenol extracts was also 10 times greater from plants at 20"
than at 35'C. The concentration of either strain reached its maximum in
6{ days after inoculation, but whereas it then remained constant \yith the
type strain, it decreased with strain PMz. Strain N-l18 has been considered
thermosensitive because buffer extracts from plants at 20' are very much
more infective than from plants at 35'C. However, phenol extracts were
only l0 times more infective from plants at 20" than at 35'C, as s,ith the
other two strains. Hence, its RNA is no more sensitive to heat, but at
35'C this strain resembles PMs and its RNA fails to become coated \pith
its protein, whereas at 20'C it more nearly resembles the type strain and
forms stable nucleoprotein particles.

N-118 causes necrotic local lesions in Nicotiana sylvestris, whereas the
tytrr strain does not, and so can be assayed in the presence of the type strain.
Workers in U.S.S.R. and G€rmany reported that tobacco plants infected
simultaneously with N-118 and the t)?e strain and kept at 35"C gave
buffer extracts that produced more lesions on N. sylvestris than buffer
extracts from plants infected with N-ll8 alone. We have confumed this
and found that the apparent content of N-ll8 may be more than 1000
times as much in bufler extract of doubly infected plants as from those
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with N-118 alone, but the mechanism whereby the type strain allows
N-l l8 to form stable particles in plants at 35'C has still to be elucidated.
(Kassanis and Bastow)

Relationships of strairs of tobacco necrosis SNY) anrl satellite Yirus€s (SY).
Strains of TNV can be characterised by serological differences, by the
symptoms they cause on some plants and by the strain of SV that multi-
plies in their presence. TNV strains divide serologically into two groups
(A and D), but the ease with which they are distinguished depends on the
immunization course of rabbits used to produc€ antisera. With strains
of either TNV or SV serological differences were most distinct when the
animal was bled 2-4 weeks after a single intravenous injection.

The two serological groups can also be distinguished by the symptoms
they produce in tobacco (type White Burley var. Judy's Pride), Phaseolus
vulgaris (var. Prince) and Nicoliana clevelandii. On P. vulgaris, gtotp A
straiN produce lesions that quickly spread along the veins to form a
necrotic network whereas strains of group D cause either minute lesions
or large round ones that later spread only slowly. Group D strains usually
cause many lesions ia N. clevelandii brt few in tobacco and bean, whereas
group A strains infect all three plants equally easily.

Tfuee strains ofSV have been described in England and three in U'S.A.
The English strains SV, and SV2 are identical to the American strains
SVe and SVg, respectively. The ability of 7 different strains of TI'[V to
allow SV1, SYz and SVc (American) to multiply was tested. All TNV
strains of group A allowed SV, and SY2 to multiply. Some strains of
group D allowed SV1 and SV2; the others allowed SVc but not SVl or
SYz. (Kassanis and Phillips)

Potato virus X (PYX)

Elc*ophoretic befuviar. Much PVX often becomes insoluble during
purification or storage so its electrophoretic mobility was measured to
see whether charge density on the surface of the particles is small, because
if it is, the losses might be preyented by maintaining an adequate charge
density during purification and storage. Table I shows that the electrG
phoretic mobility of TMV, which remains soluble in the buffer solutions

TAELE 1

Eleclrophorelic mobilities of tn'o virwes
in diferent bufers at pH 7' 5

Sp€cific electrical
coaductivity in

Buffer obrll-r cm-r x l0B

rfrll 
{;$f+f#:s|"

Tobacco f 0.067M phosphate
mosaic virusl 0 05M bor.te

4.6

4-5
2.4
0.32

Mobility in
cm2 s€c 1v-l

xtF
o-7

t.6
2-5

10.5

4.6 9.0
0.32 23
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shown in the table, greatly exc€eds that of PVX. PVX tends to become
insoluble in 0.067 M phosphate buffer and in 0'5 M borate buffer, in
which electrophoretic mobilities are relatively small, but remains dissolved
in borate bufler diluted to 0.05 M or less, when the electrophoretic mobility
is larger. To keep the virus soluble at about pH 7.5 the specific electrical
conductivity ofthe medium should not exceed 0'3 x l0-3 ohm-lcm-1.

Isobtion of the.RN,{. The 'two phase' phenol method for isolating
infective RNA from tobacco mosaic virus gives poor yields (about 5l)
of the RNA from PYX. A variant of a 'single phase' phenol method for
isolating nucleic acids from viruses, described by Diener and Schreider
(Arch. Biochem. Biophys. (1968\,lU, 40l), was used on 0'51preparations
of PVX. The yield was about 30f, the RNA was infective and, by all the
usual criteria, the infectivity was from the RNA and not from any remain-
ing virus particles. The infectivity of the isolated RNA was 0.14.9% of
whole virus containing the same amount of RNA when the two were
compared ot Nicotiana tabacum, vat. Xanthi-nc, and 10 251 when
compared on Chenopodium arnarunticolor. The relative infectivities of
tobacao mosaic virus and the RNA isolated from it also differ considerably
when assayed on different plants.

Selt concenhation antl inactivation by ultrayiolet radirtion. Differences
between the susceptibility to inactivation by ultraviolet radiation of virus
nucleic acid when free and when in intact particles could depend on the
way protein and nucleic acid are combined in the particle. However,
to find whether this is so, it is necessary to know whether the susceptibili-
ties of the two depend on the environment in which they are irradiated.
Workers in the U.S.A. found that the nucleic acid of TMV is more
susceptible in dilute than in concentrated salt solution, and we found this
also to be true of PYX nucleic acid which was 1.5 times as susc€ptible
to irradiation at 254 rtn. in 0.01 M as in 0.1 M borate buffer at pH 7.5.
The respective quantum yields when assay plants were kept in darkness to
prevent photoreactivation of the irradiated inocula were 3 x l0-a and
2 X l0-3. In contrast, intact virus was equally susceptible in the two
buffers, and gave a quantum yield with respect to the energy absorbed
by its nucleic acid of 10-3. Henc€, the nucleic acid is more protected by
the protein in 0'01 M bufler than it is in 0.1 M buffer. (Kleczkowski and
Govier)

Eggplsnt moseic virus. The particles of this beede-transmitted virus
which was found in Trinidad and described by Dale (Aru. appl. Biol.
(lg54), 41,2tl0), have the same aplrarance and sedimentation behaviour
as those of turnip yellow mosaic virus. Serologically it is closely related to
Andean potato latent virus. Its host range is also similar, although it is
more yirulent in most hosts, and all its other properties indicate that it
belongs to the Andean potato latent virus subgroup of the turnip yellow
mosaic virus goup. (Gibbs with Dr. B. D. Harrison, Scottish Horti-
cultural Research Institute)

l4l
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Bees riti sacbrood yfuus (SBY). Attempts to find particles of SBY in
thin-sectioned brains and hypopharyngeal glands of SBV infected adult
honey bees failed, although serological tests indicated the presence of
much virus. Hypopharyngeal glands of some bees did contain flexible
rod-shaped virus-like particles (25 x 250 nm) that were grouped in small
membrane-bound packets. The arrangement closely resembled that of
nuclear polyhedrosis viruses but the particles were in the cltoplasm and
polyhedra were not seen. (Milne, with Bailey, Bee Dept.)

Potato mop top virus @MTV). In further attempts to associate PMTV
and its fungus y*l.ot (Spongospora subterranea (Wallr.) Lagerh.) experi-
mentally, the virus was inoculated to leaves, and zoospores of the fungus
to roots of young tobacco aad Nicotiana debneyi. Nter the virus had
become systemic in the shoots, zoospores from the plants were transferred
to roots of tomato and tobacco, which were later tested for PMTV by
inoculating sap to Chenopodium amaranticolor. Zoospores, even from
roots shown by infectivity test to contain virus, failed to transmit it.
Likewise, in a similar experiment using rooted cuttings of tobacco stems
from systemically infected plants, the virus seemed not to be acquired by
fuogus infecting theh roots. Several such experiments have now failed
to associate fungus and virus. Infected potato tubers can produce healthy
shoots, which suggests that the virus is often not fully systemic and that
it did not reach the cells in the exlxrimental plants that were occupied by
the fungus.

Experiments begun in controlled enyironment cabinets show that
temperature and shading aflect symptoms shown by mechanically inocu-
lated plants. In tobacco kept continuously at l4'C, PMTY caused necrotic
local lesions but not at 24"C nor at 24" by day and l4'C at night.
Faint chlorotic lesions formed on Chenopodium amaranticolor in shade
at 24'C but did not develop to form the characteristic necrotic rings and
lincs.

Soilbone oat mmic virus. Mechanical transmission of this virus was
greatly improved by using the spray gun method developed by American
workers. Infected leaf tissue was glound in ten times its weight of neutral
phosphate buffer and the extract, mixed with carborundum, sprayed on
the leaves from 2 to 3 cm distance under a pressure of 60 psi (4'2 kglcmz).
Plants with three or four leaves, kept in the dark for a day before inocula-
tion were most susceptiblei the variety Powys was more susceptible than
Blenda or Condor. Results varied but often 80% of the plants became
infected, many mor€ than by rubbing the inoculum over leaves wittr the
fingers, even allowing for the greater volume of liquid used in spraying.
To develop symptoms, plants were grown under fluorescent lights either
continuously at I3"C or at 15" by day and l0"C by night. Pellets from
ultracentrifuged, heat-clarified, extracts of diseased leaves contained many
long rods of the type seen before, but they se€med not to be iDfective.
Staining with phosphotungstic acid revealed a central core but no sub-
structure rvas seen after staining with uranyl formate. (Macfarlane)

t42
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Tmpuolutt yins. A virus found in Tropaeolwn similar in host range,
symptoms caused and transmission to tropaeolum ring spot virus (Smith,
K. M. (1957), Text book of plant viruses,2nd Ed., Churchill), proved to
have an unusual structure and combination of properties. It produced
typical ring spot lesions in many kinds of plants, was transmitted by
manual inoculation of sap and by the aphids Myzru persicde, Aphk
fabae znd A- uaccivoru, in the manner characteristic of a non-persistent
virus. It was inactivated in sap within a few days at 20o and l0 minutes at
60"C. The spherical particles were 28 nm il diameter, showed no obvious
morphological subunits and separated when centrifuged into three types
with sedimentation constants of 113, 98 and 58 S. Thin sections of infected
Chenopodiwn anaraarr'color showed that 'empty' virus particles (58 S) werc
much commoner than 'full' particles. Some particles occurred separated
from others, but many of all types were aggregated in the cytoplasm into
straight tubes 80 nm in diameter, in the walls of which the particles were
closely packed hexagonally, showing nine particles in cross section.

The combination of particles of tbree weights and relative instability,
with aphid transmissibility has been described only for broad bean
vascular wilt virus , brtt lhe Tropaeohm virus did not react with antiserum
to this virus or to antis€ra to many other viruses. (Sahambi, Milne and
Phillip$

Potrto yims€s Y and C. Reasons for potato virus C (PYC), which is
not transmitted by aphids becoming so from plants also infected with
potato virus Y (PVD, were reinvestigated. Mixtures of 1 part PVY and
50 parts PYC sap were inoculated to Nicotima glutinosd and subcultured
through five sequences of the following three methods: by aphids from
N. glutinosa to N. tabacumi manually from N. tabacum to Majestic
potato; manually from single necrotic local lesions in potato to .^y'.

glutinosa.
Through the five subcultures some isolates retained the aphid-trans-

missibility of PVY combined with the ability of PVC to cause only necrotic
local lesions in Majestic potato plants. Others that first behaved in this
manner later became systemic in potatoes, causing asymmetric necrotic
lesions on young leaves. One ofthe original PYC isolates, PYCm, occasion-
ally became systemic during summer but was not transmitted by aphids.
The possibility that this behaviour is temperature dependent is being
investigated (see Henbane Mosaic Virus (HMY), below).

Henbare nocaic vins (IIMy). A variant (HMBY) of HMV, which was
separated by aphids but is difrcult to transmit by them, caused necrotic
symptoms in Nicotidna spp. (Rothamsted Report for 1967, 123). It was
sub-cultured four times from single local lesions and inoculated to tobacco
plants, which were kept for a month in controlled environments ('Saxcil'
cabinets, at 20" and 25"C and75lRH, illuminated for 16 hours per day at
27 ffi k and 11400 lx (shaded)). The plants were then moved to a
glasshouse where lights maintained a similar photop€riod although
temperature was variable but usually within the same range. Plants at
20'C showed the usual necrotic lesions. Unshaded plants at 25'C appeared
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almost symptor ess and vhus could not usually be recovered from their
younger l".res. Other environmental changes to plants infected with
HUEV hare produced variants, some resembling the parent HMY and
others less or even more virulent. Plants infected with HMBV and the
less yirulent variants were readily invaded by HMV, even when the HMY
inoculum was diluted near to its infection end point. For this reason, it
seems that the original HMBV inoculum was homogeneous but that the
variants like HMV arise during its multiplication in tobacco much sooner
at 25'than at 20'C. Had they been in the original inocula, they and not
HMBY would have become dominant in plants held at 20"C, although
they do not arise at that temperature readily. Similarly the variants that
have some properties of PVC but are aphid transmitted from plants
jointly infected with PVC and PVY may be of only one type initially, but
ievert from it to forms more nearly resembling PVC or PVY during sub'
culturing, especially atdifferent temperatures. (Watson)

European wheat striate mosaic @WSM;. Infection decreased the longevity
of nymphs of Jcrese lla (Delphacodes) pellucida. Oriy 35|l of nymphs from
congenitaly infective mothers of an inbred line (CC) survived to maturity
cnmpared to 62'% of similar uninfected nymphs and 8 I % from uninfected
outbled mothers with a common parent (CD). The progeny of outbred
infected mothers suffered less bltt sli 22'% (.r2 9'4) of nymphs died before
7 days old compared with 13 % of the control population. The extent of the

damage differed between hopper families but it always app€ared by the
fifth day after hatching. It might occur even earlier in some inbred lines

even before hatching as reported by Watson and Siuha (Rothqmsled

Report for 1958, l0O). The longevity of congenitally infective adults was

l4/" les than of non-infective adults in both sexes. (Watson with
Dr. E. D. Ammar and Dr. P. W. Murphy, University of Nottingham
School of Agriculture)

Yellow net virus (Y or V). Watson (Ann. appl. Biol. (1962),5{1, 451-460)
reported that Myzus persicae would transmit YI\Mut not yellow net
mild yellows virus (fNUWl from sugar beet to Nicotiana clevelandii,
but that YI.[V could not be retrieved fromthe N. clevehndiiby M. persicae,

and suggested that this was because YNV could only be transmitted by
aphids in the presenc€ of YNMYY. HoweYer, in recent tests both viruses
hive been transmittedto N. clevelanilii, though much younger, and perhaps

nore susceptible, plants were used than in the tests reported by Watson.
(Plumb)

Fraction I pmtein The chloroplasts of Sa/via sp. contain rods that resemble

the particles of some viruses. However they are composed of protein
units similar to those of Fraction I chloroplast protein of other species,

and they are probably aggregates of this. Like Fraction I Protein, the
particles have carboxydismutase activity and single subunits are con-
siderably more active than aggregates. Much of the protein occurs as

rods so that reversible aggregation may be important physiologically in
regulating the activity of the enzyme.

IA
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Molecolrr Eeig[ts of yins proteiN. Shapiro el al, (Biochem. Biophys.
Res. Commua. (1967), 2E,815) have reliably estimated molecular weights
of proteins by electrophoresis on polyacrylamide gels in the presence of
sodium dodecyl sulphate. The molecular weights of several virus proteins
are being reinyestigated by this method because published values are
questionable. For PVX protein chemical methods have given molecular
weights of 51 000 (Shaw e, a/., Virology (1962),18, 79) and 22 300 (Miki &
KlJght, Virology (1968),36, 168). Electrophoresis gives a value of 29 000
confirming the smaller chemical estimate. This is also more satisfactory
from structural considerations, as it is difrcult to visualise how the
flexuous PVX rods could be assembled from protein subunits containing
as many as 450 amino acid residues. TNV protein has a molecular weight
of 28 500 by electrophoresis, which agrees well with the recently published
chemical determination of 23 000 (Uyemoto and Grogan, Yirology (1969),
39,79). (Carpenter)

Electron microscopy of virus-infected tissues

Tomrto spottcd wilt yirus (ISWY). It has been thought that this virus
may be related to mlxoviruses (e.g. influenza), but closer study suggests
that it develops difrerently from these or any other known groups.

Two strains of TSWV from California and two from England were
grown in Lycopersicam esculentum, Nicotidna clevelandii, Yigna sinensis
and Chmopotlium amaranticolor in the glasshouse, or in growth cabitrets
at 20"C. Inoculated leaves were sampled at 8 hour intervals for infeclivity
assay and fixed for sectioning. Yirus particles developed similarly in all
virus-host combinations except that one strain from Wye College, Kent,
did not produce detectable virus particles in any host.

The sequence of virus particle development is difficult to establish because
adjacent cells are not necessarily inlected simultaneously or in sequence.
The most likely sequence is thought to be:

l. Dark, amorphous patches of 'viroplasm' appear in the cytoplasm
and may represent a protein or nucleic acid pool.

2. Small and large pieces of paired and parallel membranes (separated
by 12.5 nm ofdense material) form in association with the viroplasm.

3. The membranes bud to form spherical particles (100 nm diameter),
with two walls spaced 12'5 nm apart. Between 55 and 120 hours after
inoculation these particles lie free in the cytoplasm in large numbers.

4. Groups of double-walled particles fuse and their outer membranes
form a bag in which the, now single-walled, particles lie free. These
85 nm particles are the only ones found in long-infected tissue and
are infective. (Milne)

Potrto yirus X. Lamellar inclusions in leaf cells seemed diagnostic of
PYX in several hosts (Rothamsted Report for 1968, Part l, 126). The
lamellae are densely-staining sheets, without visible substructure and
,+-5 nm thick. Their appearance and staining suggest they are protein,
rather than lipoprotein, carbohydrate or nucleic acid. However, when
embedded and sectioned the lamellae resisted attack by pronase, papain,

10 r45
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pepsin and trypsin under conditions that allowed digestion of some known
protein-containing materials. Often virus particles are associated with
the lamellae, but more characteristic are the ribosome-like particles that
are attached closely but randomly on both sides of the lamellae and not
in polyribosome configurations. Although the lamellae and'ribosomes'
are unique structures, they resemble the protein sheets that form 'pin-
wheels'in plants infected with potato virus Y. (Milne and Turner)

Microscopy of tissues inf€ct€d wittr tobacco n€closis rnd srtellite yims€s.

French bean leaves inoculated with the bean stipple-streak strain of
tobac.o necrosis virus (TNY) either alone or mixed with satellite virus
(SY) were examined with the light and electron microscopes. Light
microscopy of epidermal cells stripped from the midrib on the lower leaf
surface showed one or more inclusions in each, usually lying against the
cell wal[. Some inclusions were hyaline and others consisted of very small
crystals. Some cells also contained several kinds of crystals that were
not in inclusions. Inclusions occurred only in localized areas of tissues
infected with TNV or the mixture.

Electron microscopy of parenchyma c€lls cut at right angles to the leaf
lamina showed that both inclusions corresponded to areas in the cyto-
plasm with well defined edges and containing much apparently pure TNY.
The only crystalline forms found were arrays of a few SV particles or
small rhombic SY crystals l-2 pm across, itr cells infected with the mixture.
The most characteristic abnormality in cells infected with the mixture was
the presence of an electron-dense, amorphous material of qtoplasmic
origin. When this material occurred in the vacuole, the entire cell was
disorganised and contained numerous vesicles of various sizes and
apparendy formed from disrupted ccll membranes. The electron dense
material seems connected with the multiplication of the viruses, SY could
be certainly identified only when in crystalline arrays, TNV was more
easily seen. SY was seen in electron micrographs only when in close
proximity to TNY, supporting the fact that it can multiply only when
helped by TNV. (Kassanis, Vince and Woods)

Cocoa swollen shoot yirus. Thin sections of parenchyma and veins of
young leaves of If,aobroma cacao inf*ted with the severe strain A showed
much necrosis but few particles. Such particles as there were measwed
26 x 130 nm and were stifr rods in small aggregates in the cltoplasm.
(Milne and Kenten)

Yirus-like porticles in lawsella pelhcidt Attempts to find the agent of
European wheat striate mosaic in this vector failed but showed that the
Rothamsted culture of J. pellucida contained round€nded virus-like
particles (30 x 60 nm). The bacilliform particles seem unmnnected with
Eurotrran wheat striate mosaic because they occur in hopp€rs kept on
healthy plants and that did not transmit the agent to healthy plants. The
particles appear in the cltoplasm of many tissues but without apparent
effect on the insect, and were not found in a hopper culture from Sutton
Bonington. (Ammar, Watson and Milne)
146
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Mycnphsmes. Attempts are being made to find quick methods of detect-
ing mycoplasma-like bodies in diseased plants, using red clover (Trifoliwn
pratense) with clover phyllody or clover witch's broom. Mycoplasmalike
bodies are easily found in sections of the phloem but not elsewhere;
similar bodies have been found but not consistently in negatively stained
preparations of extracts from aflected plants. (Milne and Gracc)

Yirus rliseases in crops

Cerrot motley dwarf. At Woburn in 1968, carots (cv. Clucas New Model)
in some plots were artificially infected on 1l June with the carrot motley
dwarf complex of viruses, using 1000 to ?.W Cavariella aegopodii Scop
per plot (8 ftz). Samples (1 ft length of row) were taken every 2 weeks
from these, from similar uninfected plots, and from the areas surrounding
both (main plots), to measure growth, to count aphids and to determine
virus spread. Half the main plots were sown with menazon insecticidal
granules and sprayed with menazon on l7 June, one week after inoculation.

Aphitl counts, Most of the introduced aphids had disappeared by
l7 June but populations increased on plots without insecticide from I or
2 per plant on 2 July to an ayerage of 2l per plant on 30 July. They were
erratically distributed and too few to cause direct injury to plants.

yit*s irfection. Most plants in inoculated sub.plots developed sypm-
toms between 2 an,d 17 \tly. Infection increased on other areas without
insecticide, from 5l of plants on 16 July to l8f on 30 hJtry and,251
on 26 August, when ins€cticide treated plots had respectively,3,2 and,l0l
ofplants infected. At the end ofAugust only 2 of the 12 insecticide treated
plots had more than 201plants infected and only three ofthe untreated
plots had less.

Yieldr. The weight of roots from uninfected sub.plots (with and
without insecticide) increased almost linearly from 2 July (2 tons/acre)
to 30 Augrtst (15.0 + 0.79 tons/acre). Infectiotr seemed quickly but tem-
porarily to interferc with the translocation of metabolites so that on
2 July, 3 weeks after infection but before symptoms appeared, the roots
from infected sub.plots weighed only I ton/acre. During this period
infection had no efect on foliage other than preventing the elongation
of petioles. During the remainder of luly, infected plants grew but more
slowly than uninfected ones; during August their root lyeight was constant
at about 6 tons/acre. Three farm harvests from main plots confirmed that
insecticide increased yield by 2.52 { 0.626 tons/acre. In contrast, insecticide
had no efect on the yield from inoculated sub-plots. The regression of
yield (two sarnples of 9 ft of row from each main plot) on percent plants
infected showed a decrease of about 1.5 tons/acre for each 10f increase
in plants infected. (Watson and Pullen)

Epidemiologr of cered aphftk rnrt barley yellow rlwarf virus @YDY)
Local ffcrences in ByDt . Yiruses isolated from plants sent to

Rothamsted betwe€n 1961 and 1968 and classified as virulent or avirulent
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were divided into those from South and West or North and East Britain.
The results in Table 2 support the conclusion that virulent isolates of
BYDV are commoner in the South and West and that .lRiopalosiphwn potli
is their most important vector, but that some viruses were transmitted by
more than one species. (Watson and Plumb)

TABLE 2

Origin, virulence and vectors of BYDV isolates tested
at Rothcrnsred, 196148

O.igin : South & West Britain

Isolate:
VectoN:
Rhopalosiphwn padi
Sitobion averae
Sitobion fragariae
M et opo b p hiu m d i r hod u nt
Total isolates :

Owr whtering ofcereal aphids. lnl968,feyet R.padi^nd Sitobion avenae

were found in winter crreals and pastures as autumn turned into winter.
Turves (30 x 45 x l0 cm deep) were dug and kept for 4 weeks in warm,
lighted aphid+ulturing chambers, to allow any aphids sheltering among
or near roots to multiply and move to leaves. Many aphids ofboth species

appeared on turves collected on 12 December, only few S. avenae and
no R. padi were found on turves cut oa 22 January and none, after pro-
longed snow and cold weather, on turves cut on 3 March 1969. Samples of
all aphid collections were fed on healthy oat seedlings, a few of which
b€came infected with an avirulent BYDY. This decline in aphid popula-
tions during autumn may explain why adjacent crops of winter wheat
(cv. Cappelle), sown in mid-August and mid-September had, respectively,
6 ard O-ll of BYDV infected plants in spring. @umb)

Phctology of BYDY and its aphid )ectors in 1969. The Entomology
Department aphid survey (p.237) showed that, despite a cold winter,
,R.padi was common at Rothamsted (86/week,4'5 x 105m3 of air sampled)
artd S. avenae just detectable (l or 2/week) by late May. No species of
c€real aphid increased greatly until mid-June, when all increased until the
end of July and then became fewer in August. .R. padi increased again as

in 1968 in September and October to a maximum of 770/week.
For the fust time attempts were made to suppl€ment the studies of

cereal aphids with information on the proportion of alatae that were
viruliferous. Between May and mid-August,6 in. suction traps (4 ft a.g.l.)
at Rothamsted ; Broom's Barn, Suflolk ; Starcross, Devon and Gleadthorpe,
Notts., caught live R. padi, S, avenae and Metopolophium dirhodum lhat
were tested for BYDY. Of 634 aphids caught and tested at Rothamsted,
48 were infective most with avirulent isolates, elsewhere catches were too
few for regular tests. At Rothamsted the first viruliferous aphid was caught
on 13 June and the percentage carrying BYDV increased utrtil late July
when the proportions of vectors were approximately m% R. Padi, 15%
148

Avirulent Virul€nt

Nonh & East Britaio

Avirulent Vimletrt

147
175
84
20

36 14

58
44
l2
00
69
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S . atenae and 3/" M . dirhodwn, The proportion of aphids flying just above
crops that are viruliferous may provide more reliable estimates of the
prevalence of BYDV in cereal crops than testing transmission by aphids
fed on bulk leaf samples from crops, which records only the proportion
of crops in which the disease occurs. @lumb and Cook)

At Rothamsted, c€ntral areas of plots of barley (cv. Zephyr) were
artifcially idested with infective and non-infective R. padi and S. avmoe
on 23 May. There was little spread of vectors or virus into the surrounding
parts of the plots. Wet and cold weather in late May and early June
decreased populations, especially of .R. padi. As a result few plants became
infected on the areas infested with R. padi and irrlJent virus, whereas all
did in the areas infested 'with S. avenae and mild virus. In July nearby
crops of oats, wheat and barley had between 5 and 8% plants infect€d
with BYDY.

On unsprayed plots aphids were commonest in mid-July when there
were 80 S. avenae, 14 R. padi and 383 M. dirhodumllOQQ tillers. Parasites
were common, perhaps as a result ofthe many aphids in 1968. In mid-July
there were two or three syrphid larvae per 90 cm of barley row and by the
end of the month many had eaten enough aphids to pupate. During the
same period, mummified aphids (mostly parasitised by Aphidius spp.)
increased from 25 to 73/1000 tillers; Staphylinid beetles were also present.

Eliect ol BYDV. As infective aphids appeared late and mostly tran$
mitted avirulent BYDV, little damage was expected. Some plots of the
above experiment were sprayed with Menazon 12 days after infestation
so that virus spread would be predominantly by aphids from outside.
Table 2 shows little diference between yields of plots with or without
insecticide, both in the c€ntral infested areas or in the plots surrounding
each. In the infested areas the very few infections by virulent strains trans-
mitted by R. padi slightly decreased yield, whereas the atmost complete
early infection by the avirulent strain with S. qvenae almost halved yield.
This happened equally on sprayed and unsprayed plots and was therefore
attributable to virus infection and not to aphid feeding. Yields in areas
surrounding the infested areas were not affected either by aphids or virus,
suppoding the opinion that unless artifcially introduced early, BYDV
and aphids caused little harm in this locality.

TABLE 3

Efect of aphids, BYDY and insecticide on yield of ba ey
(cv. Zephyr), Rothonsted 1969

craitr yield (cwt/aqe) 
S.E.

NoDe X. radi S. aeenae R. padi S. @enoe
None Nboe Notre virulenl Aviruletrt

48.8 42.8 49.1 42.1 24.6 \-,.r,
48.2 45.t 45.0 39.6 27.1

IDttoduced:
Aphid
Virus isolate

I ected aeotral sub-plots
No insecticide
Insecticide

Non-infected surouod
Noinsecticide 43'0 ,t6'l
Itrs€cticide 46'3 48'4 #i tr:t ll'? )+,.u

t49
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The Mexican dwarf wheat varieties, Mexico 120 and I-erma Rojo 64,
grown in 'Saxcil' controlled environment cabinets at 20"C (with 20 000 Lr
for 16 hours per day at 75% R.H.) yielded, respectively, 45 and.2O\
less grain when infected with a virulent BYDY isolate at the first leaf
stage. At 25"C the corresponding decreases were only 18 and l7l. Com-
parable oats (cv. Blenda) and barley (cv. Znpbyr) yielded, respectively,
19 and 83'l less grain than uninfected plants at 20'C, and 5 and 56\
less at 25'C. Itr the glasshouse, infection decreased yield of the dwarf
wheats by .10 %, oats by 77 % and barley by 26\.

Tesls of yectors. Metopolophium festucae, a commot grass aphid did
not transmit virulent or avirulent isolates of BYDY blt Myzus circwn-
/exas was confirmed as an emcient vector.

Nearly all the R. padi tested transmitted a virulent BYDY isolate and
symptoms were equally severe whether 1, 3, 5 or l0 .R. pali were used to
infect healthy oat seedlings. (Watson, Plumb and Cook)

Mahiplictlioa of sphid tectots. The spread of BYDY isolates may be
partially or entirely specific to individual aphid sp€cies, so it is necessary
to know how each species multiplies. Between I and 10 .R. padi or S.
avenae were plac*d on single oat seedlings (cv. Blenda) at l5'C and 3000Ix
and in the glasshouse (average 25"C).

The fust experiment showed that individuals ditrered in fecundity, so
clonal populations were used in later experiments. R. padi began repro-
ducing sooner and faster than S. avenae, especially in the glasshouse, but
crowding caused multiplication to slacken sooner. .L avenae eventually
produced more progeny and individuals lived longer. Both species repro-
duced faster in the glasshouse and produced most progeny when plants
were initially infested with only one aphid. In contrast to R. padi, S.
avenae prodted. very few alatae at 25'C. (Cook)

Euopean wteat shirte mosaic @WSM). Yery stunted plants (0.10%)
showing symptoms were found in one crop of Capelle winter wheat at
Rothamsted in mid-June and were probably infected in Apil. Javesella
pellucida,lheleafhopper vector, was not found in the field but lvas hatched
from grass turves brought into the laboratory (p. 148) on 3 March. These
were not already naturally infective but b€came so when fed on infected
plants.

Cocksfoot motde yirus (Cm{D. A cocksfoot-Iucerne sward in its fourth
year at Rothamsted had 251 of Cocksfoot (Dactylis glomerata) plants
killed by CFMY and 70% of rhe remainder were infected. Insecticide
(Metasystox) sprayed regularly (Rothamsteil Report for 1967, p, lS9)
throughout the 4 years did not decrease the incidenc€. which supports
the earlier conclusion that CFMY is prevalent in old swards probably
because of transmissioo by grass-cutting machinery. (Plumb)
150
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Sugrr b€et Sugar beet on Stackyard Field, Woburn and Barnfield,
Rothamsted, had, respectively, l0 and 221of plants with yellows most
with mild yellowing viruses.

Mineral deficiency symptoms can be confused with those of yellowing
diseases and, perhaps because the summer was unusually dry, the distribu-
tion ofthese was interesting. At Woburn, there was much heart-rot caused
by boron deficiency. Increasing nitrogen fertiliser increased heart-rot,
as did additional P, K and Mg unless they were accompanied by peat or
FYM, when there was less heart-rot. At Rothamsted most of what little
boron deficiency there was, occurred with most added minerals. An
average of 5fu of plants showed magnesium deficiency symptoms, with
most on plots given P without Mg or other minerals. (Watson and
Plumb)

Poteto. Winged aphid vectors of potato viruses were rare in the seed
crops at Rotiamsted in 1968 and neither leaf roll nor potato virus Y was
found in 650 plants examined in the stocks used in experiments in 1969.
Similarly scarcity of winged aphids in 1969 suggests that the stocks in-
tended for experiments in 1970 should be equally healthy.

Serological tests showed that potato virus X was prevalent in Majestic
with 20% in seed crops and 50)( in experiments, but not in other varieties.
(Govier)

Disease of cereals

Epidemiology of cereal powrlery nildev (Erysiphe garrnttk). As a start
to this work, plots of Cappelle winter wheat were sown at the middle of
August, September, Octob€r, November and March to note the time when
mildew appeared and spread. In one series, unreplicated plots were
'isolated'(no mid-August sowing) from one another and from another
series where sucressive plots were 'adjacent' to their immediate predeces-
sors. The August plot became severely infected and adjacent plots sown
later became infected but less so with delay in sowing from September to
Novemb€r. By comparison isolated plots sown in autumn developed little
mildew but spring-sown Cappelle was infected almost equally in the two
series.

At intervals mildew infection was assessed (per cent of area) on the
three leaves then uppermost, but these leaves change through gro\}th and
senescence so the results are not easy to interpret or explain. However,
mildew became much less prevalent between November and April because
the severely infected lower leaves died. Thus infection ofthe spring sowings
was little affected by the large source of infection that had existed in the
'adjacent' series during autumn. Assessment on specified leaves is con-
venient ooce the flagleaf has emerged but a better method is needed for
earlier assessments. Plant spacing seems an important factor in spore
supply. Usually the number of green leaves is almost the same over a
long period because lower leaves die almost as fast as new ones are formed.
In a wide-spaced crop (10 in. row) there were more green leaves and much
more mildew than in crops close-spaced (!-7 in. row). (Jenkyn)

l5l
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Fmgicides anrl powdery miklew ofcereals. Ethirimol, one ofthe promising
new systemic fungicides, was used in several experiments (as wettable
powder 80f a.i.) to test its effects on different crops and varieties, its
influence on the use ofnutrients by the crops and to modify mildew attacks
so that their eflect at different stages oF growth could be studied.

At Woburn there was little mildew and although there was more at
Rothamsted the attack was not severe, because weather did not favour the
disease. At both places mildew was less in spring barley varieties with
ethirimol, which significantly increased the average yield of four varieties
given three amounts of applied nitrogen fertiliser (Table 4). Average
yields of the four varieties showed a signifcant interaction betwe€n the
effect of ethirimol and amount ofnitrogen. At 0'3,0'6 and 0'9 cwt N/acre,
respectively, the difrerences between plots with and without fungicide
were -0'1, *l'0 and +3'3 cwt of grain/acre at Rothamsted and -0'7,
+l'2 and *2'3 c*lacre at Woburn. The amount of lodging was not
atrected by the fungicide, but it differed between varieties. Sultan, which
lodges rather easily and resists mildew, and the susc€ptible variety Zephyr
represented somewhat eratic extremes (Table 5). Benefits from the fungi-
cide were usually greatest with most nitrogen, and where little nitrogen was
applied the fungicide was often slighfly detrimental. As increasing nitrogen
increased mildew, the greater benefits from the fungicide could be attributed
to preventing more disease. Equally, if the fungicide slightly damages
barley this could show as smaller yield where mildew was slight, as with
the resistant varieties or with littte nitrogen. If confirmed, the greater
benefit of fungicide when much nitrogen is applied will increase the profit
from using it where cereals are grown intensively.

Ethfuimol was confumed as less effective on wheat than on barley. At
Rothamsted, it decreased the average area infected by mildew on the
2nd leaf of six spring wheat varieties only from 3'3 to l'81 and usually
decreased yield, but not significantly. (Jenlyn and Moflat)

TABII 4

Efect of ethirimol on mildew aad grain yield of
spring barleys, 1969
wobum

FutrSicide,

Variety
Julia
Maris BadSer
Sultad
zgphyt

Mean

I % area of 2nd yourgest le3f hfected with mildew at gowth stagp (G.S.) I I I ., + ethiimol sced d&ssiDg (as I lb/acrc of 80% a.i. wettable powder).

Relative importance of miklew attacLs at different growth stlg€s. The yield of
cereals depends greatly on contributions from the flag and second upper-

r52

0.3 0.0 42.1 41-6 0.5 0.2 49-6 51.5
0.8 0.2 34.4 35.6 l.s 0.3 41.4 43.6
0.1 0.1 43-2 43.7 0.1 0 49.5 48.4
1.0 0.4 43.2 44.3 6.1 I'l 48.6 st.2

+0.28 +0.43
0.6 0'2 4o'9 41 8 2'1 0'4 47'3 ,18 7

Rothamsted

% Mildewr Yield (cwl/acte)

-+-+ +0'57

% Mildewr Yield (cwt/acre)

,_+
+0'87
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TABLE 5

Effect of ethirimol @td nitrogen on mildew od grain yield of barley
woburn Rothamsted

Ethirimols

Itrqemetrt2
from

Mildeq'! Yield ethiriool
:4 24 cwtlar,le crfilacte

-+

Indemcntg
from

Mildewt Yield ethirimol
7; % cqllacre 6 tlact

-+
Variety (N cM/acro

Sultatr (0 3) 0 l 0'l
sultar (0.o 0.2 0.1
Suttan (0 9) 0'l 0'l
Zephvr (03) 06 02
ZeDbyr (0'O 07 0'2
U phlr (0 9) l 8 0'7

15.0 + 1.8 0 0
45.9 -0.3 0.1 0
48-7 0 0.1 0

36.9 -2.8 4.6 0.9
45.1 +3'l 5.8 1.0
47.5 +3.1 7.8 1.3

45.r -3.852.9 -1.250.6 + I .5

41.r +0.150.0 +3.4i18.6 +4 1

| "l atq of 2t,d youn8Est leaf iDfected with mild€w at G.S. l1 l.
, Y-ield of funeicide treaaed minus untreated plots
, + ethirimol as s€ed drcssing (l lb/aqc, 80% a.i.).

most leaves, so infection of these is probably particularly damaging.
However, little is known of the relative importance of attacks at different
stages of growth, for example, how much early attacks decrease the size or
emciency of the root system and of the leaves just below the ear. Infector
plants and ethirimol were used to modify mildew attacks on spring barley
at different stages of gIowth. The treatments (Table 6) were intended to
compare fuu control of the disease with severe attacks early, late or during
the fu[ growing season. Despite early inoculation of relevant plots, cold
spring weather so delayed mildew development that in June lhere was little
contrast betwe€n'full season' and 'late' attack. The maximum increase

in yield was 4'2 cwtfacre but neither early nor late control was very
beneficial. (Jenkyn)

TABI,E 6

Effect of ,imes @d intensity of mildew attack on ba ey
(cv. ZePhYr)

Grain yield
25th July cwt/acre
G.S. 11.2 +1.05

1A.2 48.4
16.6 zlt.6
4.5 49.1

o.5 s2.6

I All as wettable Dowdet,SO%,a.i.
2 1^ area, of 2nd ioungest leaf, mildew infected.
3 Itrcluded infector Plaots.

Control of mlklew on cer€als in glasshouses. Cereals in the glasshouses

are often severely attacked by powdery mildew, which not only complicates

work with the fungus, but makes it difrcult to maintain aphid cultures or
work with cereal viruses (Rothamsted Report for 19d8, Part l, 130).

153

Mildew (7.)e
Intcnded Ethirimoll 9th Jutre
artack treatment G.S.8 to 9

Full seasooi NoDe 0.1
Lata S€€d dr€ssing, + lb/acre 0
Eady. Twosprays,l lb/acre 0'1
'Noie' Seed drEssitrc. 2 lb/acre

+ 2 sprays,I lb/acre 0
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Fungicides could sometimes be used so long as they do not influence other
pests or pathogens, but for other purposes healthy plants must be produced
without fungicides.

Ethirimol controlled mildew well on barley (cv. Zephyr) but was less

successful on oats (cv. Blenda) or wheat (cv. Cappelle). It seemed not to
afect the development of symptoms caused by barley yellow dwarf virus
but there was evidence, from an unreplicated trial, that it decreased the
fecundity of aphids. Viruliferous Riop alosiphum padi that had fed either on
ethirimol-treated or untreated Blenda or Cappelle were transferred
(30/pot) to untreated seedlings of the same varieties. After l3 days on
oats or 24 on wheat, when symptoms began appearing, the progeny of
aphids that had previously fed on untreated plants numb€red, respectively,
1135 and 13,10/pot compared with only 612 and 435 from aphids that had
fed on plants given ethirimol. Although a disadvantage for experiments
with aphids, a similar effect in field crops might mean an additional benefit
from its use. (Jenkyn and Plumb)

An apparatus was built in which pots with cereal plants can be grown
isolated from one another and in spore-free fiItered air. It is hoped it will
produce healthy test plants for use in various infection studies, and for
testing possible phytotoxicity of systemic fungicides. (Jenkyn, Hirst and
King)

The effects of frequent croppiog rith wheat and barley. The efrects of
growing crops not susceptible to Ophiobolus graminis ('break' crops) on
take-all and leld in winter wheat were studied in 'Intensive Wheat Experi'
ments' at Woburn, Rothamsted and Saxnundham. There were large
differences between experiments in yield, response to nitrogen and the
incidence and effect of take-all; unfortunately, the causes of some remain
difficult to explain.

At Woburn, wheat after ley and potatoes and given ample nitrogen
fertiliser yielded zl0 cwt/acre ofgrain, l0 cwt/acre more than the most from
wheat after wheat, where take-all was always common (Table 7). The
fourth suc.cessive wheat crop had much less take-all than the third, but

TABLE 7

Grain yields and incidence of take-all in wintet wheat (Cappelle)
at lVobum, 1969

0.5 r.0 1.5 2.O
Graia yield, cwt/acre

3l.o 4t-6 43.6 39.5
23.1 28.6 24.6 26.6
17.0 24.8 23.4 25.O
23.3 28-1 31.8 29.6

% plants with moderate and
s€vere take.all, early July

00
39 49
48 63
3l 2s

Plevious crops

Wheat, ley, potato€s
IJy, potato€s, wheat
Potatoes, wh€at, wbeat
Wheat, wheat, wheat

Wheat, ley, potato€s
I€y, potatoes, vheat
Potatoes, wh€at, wheat
Wb€at, wheat, wh€at

0
38
49
19

0
47
57
3l

NiEogen, c*t/acre
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the diflerence in yield was not commensurate with the diference in
disease, probably because grass weeds were more prevalent in the fourth
crop. Before the experiment began in 1966, the site had been free from
susceptible crops for 4 years (oats, fallow, beans, fallow), but previously
had been in wheat almost continuously for 85 years. If inhibition of O.
graminis developed during this long wheat sequence, it seems not to have
survived the 4-year break.

The occurrence of 'take-all decline' in the fourth successive wheat crop
at Woburn agreed with previous experience that inhibition to O. graminis
infection of winter wheat develops only after I or 2 years of very severe
take-all and small yield. However, on the Intensive Barley Experiment at
Rothamsted take-all declined after the disease w;rs common but without
causing small yields of barley during the formative years (Rothamsted
Report for 1968, Part l, p. 137). In 196&{9 this exlrriment was sown to
winter wheat instead of barley, to study the incidence of take-all in winter
wheat and especially to see whether the inhibition of O. graminr.r generated
by barley crops would extend to winter wheat. Take-all proved less common
and severe in wheat after continuous barley than in wheat after three
barley crops following a 2-year break (Table 9), so it seems that a sequence
of barley may be a less costly way than continuous wheat to establish
inhibition to O. graminis in soils. Take-all obviously affected gxowth of the
wheat soon after ear emergence, yet unless nitrogen limited growth even
the worst attacked crops yielded more than zl{) cwt/acre, as much as the
crops free from take-all at Woburn.

TABLE 8

Grain yields and incidmce of take-all in v'inter wheat (Cappelle)
ot Rothamsted, 1969

Previous crops

NitrogeD, cwt/aqE

0.6 t.o 1.4 1.8
Grain yield, cwt/aqe

Fallow 1968 after 7 *heats 53.9 55.4 50.5 55.0
One barley after oats-beatrs 42.3 51.9 52.9 56.0
Thpe barleys after oats-beaos 38.7 46.9 44.0 ,18.3
Five barleys aftcr oats-beals 43.9 50.7 52.1 54.0
Cortinuous barley siqce 1961 42-6 51.2 56.f 53.1

% platrts lvith moder.te and
sevefr take-s[, mid-July

Fallow 1968 after 7 wheats O 1 I
ODe barley after oats-teans & 25 50
Three hrleys after oars-.b€aos 80 65 53
Five berleys after oats-beaDs /O 21 2l
Cotrtinuous barley sirce 1951 33 24 2l

At Saxmundham take-all was slight in all crops, winter wheat after
a 2-year break yielded no more than the 2nd wheat crop and little more than
the best yields of 3rd and 4th wheats (Table 9). All yields were poor, the
best much smaller than the worst in the experfunent at Rothamsted.

Of the several other diseases found at each site, only mildew was likely
to have decreased yield appreciably. It was most severe at \Voburn and
Saxmundham and with most nitrogen, yet other evidence suggests it was
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TAEI,E 9
Graia yiekls and incidence of take-all in winter wheat (Cappelle)

at Saxmudham, 1969

Previous crops

Wheat, ley, beaos
Iry, bea$, wheat
IJy, wheat, wheat
wheat, wheat, wheat

Wheat, ley, beans
IJy, beaDs, wheit
IJy, wheat, wheat

0.6 t-2 t.8
Graitr yield, cwt/acre

26.3 29.9 31.4
24.7 31.7 31.4
20-4 27.5 28.9
20 8 26.9 29.3

% plants with moderata
atld s€vere takeall,
mid-JuDe

00
8l
216
!l

0
7
5
IWhqt, wheat, wheat

unlikely to explain the very large differences between experiments. The
soils at Rothamsted, Woburn and Saxmundham are very differcnt, so was
the weather, but we cannot yet relate these to the differences in yield of
wheat and in the prevalene and efrect of take-all. (Slope, Etheridge
and Palmer)

Estimating the number of infective u tsof O. graminis i soil. Attempts
were made to define optimum conditions for measuring ,\, the number of
infective units of O. grominis in soil (Rothamsted Report for 1968, Pafi l,
l3r.

Temlaratwe. In soil temperature tants and 'Saxcil' growth cabinets
the proportion of seminal and crown roots of Cappelle wheat seedlings
infected at different temperatures showed a unimodal curve with an opti-
mum at l8-20"C. The shape of the curve was usually preserved when the
soil was diluted by sand to one-sixteenth. The proportion of infected roots
reflects the severity of infection on the test plants, but l, the number of
iofective units/unit volume (150 cma) of soil, is estimated from presence

or absenc€ of infection, not its severity. Estimates of I at different tempera-
tures sometimes showed a similar optimum between l8 and 20'C, but at
other times increased almost linearly from 10 to 25'C. Reasons for the
difference are not yet fully understood so the best temperatures for the
tests are difficult to choose.

Moistue. A stepped sand bench provided three soil moisture tensions
for estimating I in glasshouse tests lasting 4 weeks at about l5'C. Pre-
viously, it has been suggested that moisture contents b€tween 30 and
801 of saturation most favour take-all infection. Estimates of tr for soil
from Butt Furlong, Woburn, with moisture contents (at the end of the
experiment and averaging gradients within pots) of 30% (pF 2'l),25%
and 7/o of saturation were, respectively, l0'7, 8'6 and 0'9. A second
exp€riment with comparable moisture contents of 12,24, 39, 5O ad 621
156
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of saturation estimated l, respectively, at 4'7, l'6, 2'0, 4'4 and 3'2. These
yalues are close enough to regard them as samples from the same popula-
tion. The two experiments agree that moisture contents between 25 and
60% of saturation are unlikely to greatly affect estimation of ,\.

SercitiviE of assays. The usual assay proc€dure (see reference 7.12,
p. 390), but with capillary watering, was used to estimate l in three replicate
dilution series of a sand containing on average four artificially infected
wheat straws per 150 cm3. The dilutions used only a small proportion of
the sand/straws mixture. Two of the three estimates of ) (l'34, l'29 and
3.94) were smaller than they should have been, but agreed with the disease

severity as measured by roots infected (respectively l2'4,12'9 and 22'll).
The errors are thought to result from non-random distribution of straws
rather than failure of straws to cause infections, because tests showed that
straws tended to migrate to the outside of the heap during mixing.
(Hornby)

Erlraction of oryanic debris lrom sail An apparatus incorporating
six sieves of decreasing mesh size extracted different sizes of plant debris
from soil samples for infectivity assays of extracted debris (Rothamsted
Report for 1968, Part l, 135). Spouted buckets interposed between the
meshes allowed mineral matter to sediment so that later sieves were not
choked. To prevent debris being trapped in mineral sediments, without
increasing water flow, the contents of each bucket were agitated by com-
pressed air. Soil was introduced to the cascade either from a bucket where
it was agitated by a high-pressure water jet or from a modified root-washing
can (Cahoon, G. A. & Morton, E. S., Proc. Am. Soc. hort.,Sci. (1961),
78, 593). The methods are not yet suitable for routine use because neither
extracted all of the smaller grades of debris (Table l0). (Hornby)

TABLE 10

Extraclion of orgonic debris by a cascade of six sieves from
2'3 dmz of Kettering loon

Mesh size (pm) 40m 2000 1O 420 297 149
(% of total organic debris, exracted automatically)

Soil introduced by:
Watetjet too 97 80 5t 41 8
Root-washtrg catr 100 89 82 53 q 75

S€lsoDrl flucturtions ol O. graminis inoculum. Sequenfial estimates of tr
were made in barley on Butt Furlong at Woburn (3rd successive cereal,
sown 11 March, on sandy loam) and wheat on Harwoods Piece at
Rothamsted (4th successive crreal, sown 4 April, on clay loam). Inoculum
decreased from before sowing to minima, respectively at Woburn and
Rothamsted, in May or early June (i: 4 and l0), followed by a rapid
increase to maxima in late June or early July (.\ : 36 and 59). At Rotham-
sted the number of units decreased continuously until harvest late
in August (,\ : 24). At Woburn the June-July peak was briefer, perhaps
because the barley was sown earlier and harvested early in August
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(,\ : 15). However, a mid-August sampling suggested a large but transient
increase (,\: 33) before a further decrease by the end of the month
(l: 8). The mid-August estimate may be erroneous or may be real,
reflecting infection ofthe copious volunteer barley that emerged soon after
harvest.

Up to harvest the fluctuations were similar to those reported last year.
The mid-summer maxima in inoculum frequency are attributed to fungus
that was actively parasitic when the samples were collected. The peaks
coincide with maximal root mass in cereals (lo*er, Yan. Zee. tot. Iand.
(1958), No. 25) so the decreasing infectivity b€fore harvest possibly reflects
the death of small roots and the inoculum they carried. (Hornby and
Henden)

TrkFdl deyelopm€nt and decline. Winter wheat from all plots of the
previous Intensive Barley Experiment (Little Knott, Rothamsted) was
examined on three dates to trace how take-all developed in soils where
O. graminis was and was not inhibited. Table I I shows the incidence of
take-all (average of treatments with 0.6, 1.0, 1.4 and 1.8 cwt/acre N) and
the 'infection indices' (Rorrdt trred Report for 1968, Part l, 134) of assay
plants groryn in whole soil, sampled in October 1968 from all plots to
receive 1{ cwt/acre N.

Take-all developed faster on winter wheat after two or three barley
crops than after four or more. Thus, the severity of take-all on l0 July
was not closely correlated with the'infection index' in the previous
October or the perc€ntage ofplants infected in April. Therefore, the assays
of infection index may not ac.urately predict the probable severity of
take-all in crops, but comparing them ryith pre-harvest examinations
may give a valuable indicatioa of the degree of inhibition or 'decline'.
(Slope, Etheridge and Henden)

TABI,E 1T

Infection index and % pl@tts a d roots with take-all in winter
wheat (Cappelle); Lir e Knorr, Rothamsted

ilassy Crop samples, 1969
U150sm3 roots Infectio! % plants infected/

soil iDfected iodex % loots infected
Oct.1968 Oct.1968 Oct.1968 14 April 2 June 10 JulySamples collected

Previous crops
7 wheats, Fallow (1968)
Oats, bcans, 1 barlcy
Oats, bea$, 2 barleys
Oats, bea6,3 barleys
oats, bea$,4 barleys
Oats, beans, 5 baileys
Oats. beaN,6 barleys

8 barle,s
8 wheats

Bean, wheat, potato€s
bsdey (Falow itr 1969)

0 0.3 1.4
0.6 3.9 5.5
3.3 10.7 U.2
6.9 39.6 34.83.4 r9.3 26.1
6.2 16.0 n-o
3.6 l4.l 19.5
2.7 12.r r4.3
1.9 8.0 16.6

3/0.3 sl 0.3 4l o.5
l4lr.9 321 3.5 56/18.9
39/6.5 80/14.3 9U3E.4
4417.O 8r'.lt4-8 95133-5
3U4.4 701 8.4 80/17.3
3tl4-2 67[ 6.3 77114-7
2914.0 621 6.t 1slt5-2
2112.8 481 3.7 64lt2.O
3114.7 591 5.8 68/13.5

6.0 16,7 23.7

The two left-hand columns of Table I I show estimates of I and per cent
roots infected on assay plants (average of all dilutions) grown in the soils
used, to estimate 'infection index'(i.e. plots to receive l'0 cwt/acre N).
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Estimates of I reflected the pattern of incidence of take-all in winter
wheat after the various crop sequences rather less closely than did the other
October assays. The meaning of these differences cannot be assessed until
the tests are replicated or repeated over several years. For example, in
October 1968 soil from fust barley crops (second and last lines ofTable I l),
following a 2-year break or alternating non-susceptible crops, differed
considerably but consistently in all three assay parameters suggesting
real differences in the distribution or behaviour ofinoculum that no method
explained. (Hornby)

Bioassays offer one of the few ways of measuring how the infectivity
of O. graminis varies seasonally and from crop to crop. The controlled
environments should eliminate variation in host susceptibility, but the
tests are certainly influenced not only by the number, size and vigour
of infective units, but also by their durability and spatial distribution.
The dilution method estimates how many units are infective, and the
proportion of roots infected gives a measure of severity, but neither esti-
mates the extent to which infection is inhibited. As suggested last year
the enquiry promises to be lengthy, but some patterns are becoming
plainer; for example seasonal changes in infectivity are correlated with
numbers of infective units, which also become fewer when soils carry a
Iong sequence of susceptible cereals.

Tests of chemicals to contol take.all. Cappelle wheat sown in October
was sprayed on l0 April (gro\vth stage 3,2-3 tillers/plant) with benomyl,
oxycarboxin or Dow 'M2452' (each at 1 and 5 lb/acre a.i.). In July un-
sprayed plots had 581 plants with take-al, l0% straws with eyespot
(Cercosporella herpotichoides) and 36\ straws with sharp eyespot
(Rhizoctonia solani), they yielded 47 cwt/acre of grain. No spray damaged
the wheat, increased yield or decreased take-all or sharp eyespot, but
benomyl decreased eyespot to less than I f . (Prew, with A. H. Mclntosh,
Insecticides Dept.)

O, gamiais n mdze. Maize has been claimed as a suitable 'break' crop
in sequences of wheat and barley, despite a report that it is attacked by
O. gaminis and is less effective for controlling take-all than an oat crop
(Robinson & Lucas , Pl. Path. (1967),16, 75-77). The susceptibility of maize
was tested itr two experiments with plants in pots. Wheat and maize were
first grown separately and together in naturally infested soil during summer
in an unheated glasshouse. The wheat was slightly dttacked (ll%, of
crowD roots infected), the maize was not. Later, in grofih rooms at 19"C,
wheat and maize grown separately in sand artificially infested with O.
graninis or O . g . tar avenae were both attacked by both strains ( > 50 %
of crown roots infected). Maize and wheat roots infected by O. g. wr
ayerae caused new infections on wheat and oats whereas only wheat was
reinfected from roots with O. graminrs. (Prew)

Effec,t of rlirect seeding on takeell of winter wteat Take-all is sometimes
less prevalent on winter wheat drilled into unploughed land sprayed with
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paraquat than when drilled into ploughed land (Rothamsted Reporl /or
1965, 125; Brooks & Dawson, Ann. appl. Biol. (1968),61,5744). Apparent
effects at Woburn this year depended on whether take-all was estimated
by examining the growing crop or by assays of the infectivity of the soil
after harvest (Table l2). Direct seeding after paraquat alone had no efle€t

on the proportion of plants infected in July unless accompanied by
insecticides, which had no effect on take-all on ploughed plots. In contrast,
after harvest the infection index of soil was less in direct-seeded than in
ploughed plots. The insecticides had no eflect on the infection index.

The experiment was designed to study changes in soil fauna, and the
insecticide treatment comprised fresh applications and residuals from
earlier ones (10 lb/acre thimetphorate before sowing in 1968, 8 lb/acre
chlordane spray in April, plus residues of chlordane, diazinon, 'Zinophos'
and D.D.T.). Chlordane has decreased take-all in plants gro\ryn in pots
(Rothamsted Report for 1961, I I l), but whether the eflects in the field are

attributable to it is unknown. Also there is no obvious explanation for the
interaction between sowing methods and insecticides on take-all, or the
diferent results from soil assay and examining crop plants. (Prew)

TABI,E 12

Incidence of O. grarninis oz the Direct Seeding Experiment
at Woburn, 1969

% crop Plaots IDfectioD
iDfected iodex

JulY S€Ptember

-+-+Insecticides:

PaBquat aod direct se€ding A
Con!€ntional cultivation 54

19 26-5 29.6
@ 43.2 49-2

Hmt nutrition and trle-a[. Huber (Phytopathology (1969),59, 12) sug-
gested that the form of nitrogen influenced take'all more than the amount,
but experiments seem not to have been made with nitrogen supplied
entirely as the nitrate or ammonium ion' The nitrification inhibitor,
'N-Serve' was therefore used to maintain the two forms of nitrogen in the
presence of equal amounts of all other nutrients; 'N-Serve' has also been

ieported to inlibit Rhizoctonia solani in soil (Papavizas, G. C., Phytopath.
Z.(1969),g,l}l-111). Nitrogen wassupplied as NO3- orNHl+ to Cappelle
wheat grown in pots in the glasshouse for 38 days in leached sandy loam
at appr;ximately 20 % ofsaturation and containing organic debris infected
with O. graminis. Table 13 shows that nitrogen, as NO3-, not only in-
creased growth and root number more than as NHa+, but also made root
infectioni fewer. Where comparison was possible (T2 v. Ts) and (Tl v. Ts),
'N-Serve' made take-all less severe.

T1 plants had more K and P (in foliage) and N (in foliage and roots)
than i2 ptants and these had more than T3. Tops of plants from T2, T6
and Tz had most Ca and Mg, and T1 plants early showed signs of Mg
deficiency. (Hornby with C. A. I. Goring and J. Bolton, Chemistry
Department)
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TABLE 13

Growth and infection of Cappelle wheat with difering nitrogen nutririon
(a[ data/pot, with 5 s..dtiDss)

Oven dry $t G) No. of % rools
,.- ------,, main with

T'.at- Nutri€nls other 
Roots Foliage toot" takcall RatioS!

DeEt addedr ameNrdeents
Tr NHr+ P K
Tr NOa- P K
Tr NOs- P K
TrPK
TrPK
Tc
Tt

S.E. oflreatfietrt means

NS2 O.s.8 0.30 0.55 37.2 1t.3 0.96NS o.s. 0.41 0.83 44.4 1.8 0.16

- O.s. 0-43 0.E6 5O.8 2-5 0.29Ns o.s. 0'18 0.22 2s.O 6-7 0.37

- o.s. 0.18 0.22 32.2 34.2 2.U
- O.s- 0.15 0.21 4.7 18.4 1.450.1t o.x 27.8 0 0

0.016 0.020 0.47 5.22 0.479
r 0 01 g N, 0 033 c P, 0.069 I K/lm g of soil using combinations of (NH.)2HPO.,

K:POn. H:O, KsHPO$ KH2POI, KNOg.
2 0.001 g/100 g soil of'N-Serve' (2-chloro-6(trichlorom€thyl) pyddiae, Dow Chemical

Co) a oitrificatio! inhibitor.
3 Orgaoic debris iafested aith O , graminb e\tacted from similar soil at twice the .ate

of natural oocurence.
a Root discoloratioL 0 (none) to 5.

Ssologicrt irleltification oI O. gruminis, The antiserum prepared last
year from fungus extracts reacted positively with fungi other than O.
graminis, probably because of the matry injections needed to produce a
usable titre of antibodies. However, we now have better methods of
preparation that may produce an antiserum specifrc to O- graminis-
(Govier and Hornby)

Effect of aueofimgin ot O. gromhis initro. The antibiotic aureofungin
(Hindustan Antibiotics Ltd., Pimpri, Poona, India) is reported to be
active against many fungi and to be absorbed and translocated by leaves
and roots. Growth of two isolates of O. graminis was inhibited at ll{) Fg/ml
and retarded * 20 pglml but smaller conc€ntrations had no more effect
than could be attributed to the solvent (dimethylformamide). Lack of
inhibition of O. grarn rnri at recommended conc€ntrations might b€ attribut-
able to the difficulty of completely dissolving our sample in any of severa!
solvents. (Hornby)

Micmbiology of O, graninis, Work in collaboration with the Soil
Microbiology Department is described on p. 98. (Hornby, \rith M. E.
Brown)

Dual infectior of wh€.t hy O, gramiais a Eetercdera aten@. Work in
collaboration with the Nematology Department is described on p. 197.
(Homby with T. G. Wiliams)

Eyespot on rlwarf wheat. The dwarf wheat Gaines (see p. 108) had 371
of its straws infected with the eyespot fnD,gus Q5l moderate and severe)
whereas Cappelle had oriy 14\ (51moderate and severe). Eyespot also
caused more whiteheads on Gaines but there was less lodging. (Prew)

ll l6l
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Resilud effects of soil fumigation on cereals

tfheat, Soil fumigation experiments, begun on Litde Knott and
Pastures in 1965 and on Claycroft in 1967, ended by growing Cappelle
winter wheat to measure residual eflects. On Little Knott, areas respec-
tively with and without formalin in October 1967 yielded 26.6 and 30.8 cwt/
acre of grain ar,d had 24 afi l7l of straws with take-all at harvest. On
Pastures and Claycroft there was no measurable effect from formalin,
'D-D', or dazomet applied in previous years.

Xya In ttre Woburn ky-Arable Experiment rye yields were increased
by chloropicrin applied for potatoes in 1968 (Rothamsted Report for 1968,
Part 1, 150 and this report pp. l7l and l9l). The increase was largest
(32\) on the continuous arable (C) series where take-all was decreased
from 75 to 231of straws at harvest. Not all the benefit can be attributed
to control of take-all because there was none in the other series, where
previous chloropioin increased yield by l2l on the ley-arable and 9f
on the continuous arable (H) series. Although rye is not important locally,
the benefits exemplify how fumigants given for one crop can aid others in
a rotation. They also contrast with the detrimental eflects usual where
cereals follow cereals on fumigated land. (Salt)

Diseases of fiekl beo.re (Yicia faba L.)

Wiltitrg. A pythiaceous fungus isolated from beans with a black spongy
toot rot (Rothamsted Report for 1968, Part l, l4l) failed to reproduce the
symptoms in pots, either when a maizemeal-sand culture was added to
Kettering loam or an agar culture was applied to wounds in the stem
cortex at soil level. (Homby)

The wilt described last year was widespread in the third consecutive
crop of beans on part of Barnfield. It appeared on 19 June 1969 before
any wilt or black rot was seen elsewhere at Rothamsted or Woburn. The
symptoms somewhat resembled those caused by broad bean wilt virus, but
attempts to transmit the virus from them failed. Nor were they caused
by simazine because dead and discoloured roots were common on all
Bamfeld plots.

Beans grown in pots containing Barnfield soil, with or without chopped
bean stems and roots, remained healthy where the soil and plant debris
had been steamed, but developed root rot where unsterilised plant debris
was mixed with steamed soil and where the soil had not been steamed.
(HornbS Salt and Phillips)

Soil fuigrtion and niEogm trertments. On light land at Woburn beans
wilted through drought and not root rot. Discoloration of roots was
much less than on Barn.field and was unaffected by soil fumigation but
yields were increased both by fumigating and applying nitrogen (see
p. 294). (Hornby and Salt with J, McEwen, Field Experiments Section)
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Potrto disels€s

Survey of furgal rtiseases of seed hbers. There was rnore blight and
powdery scab and less common scab than average in King idward seed

iubers produced in 1968 (Table 14). Pentland Crown grown in 1967 and

1968 htd less skin spot, blight, common scab and powdery scab than other
varieties examined but more gangrene and black scurf. (Hide and

Griffith)

TABIT 14

Survey of fungal diseases of seed tubers, 196849
(l tubers l.6fad ll stocts with iDfecred tubers)

Pentland
Malxtic Crowtr

4/,ltm 35i lm
tol76 t2183

sl64 3i53

1lt9 llm
27196 29lrm

11169 2143

(Stteptomlcesscabies) 18/96 36/98

Number ofstock examined 49 48

R : at r€ceipt P : at Plaatbs

King
Examioed Dis€ase Edward

R Skin spot
(Oowra pusrulant) 5l/100

P Caffd€De
(P-honaspp) l2i 88

P Dry rot
(Fuwiam ct tuLum') t 147

R Blisht
(PfutoDhthotuinl.stortt') 2157

R Blackscud
(Rhizoeronia solani\ 24llm

R Powderv scab
(Spongospora subt.ndroa) 21188

R Comtnod scab
r5/ too

30

Preyalence of gangrene r l yield. Field experiments on the effects of
gangrene present many problems, not the least of which are the difrculties
of finding suitable seed stocks and the time it takes for lesions to appear.
Comparing yields from seed of individual stocks graded into diferent
severities of gangrene (Rothamsted Report for 1968, Part l, 142) does not
quickly show the least proportion of gangrene-infected tubers that causes

measurable loss. In 1967 and 1968 Y/e planted identical stocks ranging in
gangrene incidence from 0 to 90 % on the Experimental Husbandry Farms
at Terrington St. Clement, Norfolk, and Mepal, Cambs.

In 1967, difrerent stocks were collected and planted in replicated pairs

of plots either without selection or after remoYing all tubers showing
gangrene lesions. At both sites yields of unselected stocks were only
iignificantly less when more than half the tubers bore lesions. Regression
analysis of per cent gangrene in the original stocks on yield showed that
at Terrington and Mepal, resp€ctively, stocks with 90f of tubers showing
gangrene yielded 74 and 62\ of stocks with oDly 10Zo of seed tubers
infected. SurprisiDgly there were still decreases in yield after the removal
of all tubers showing lesions from stocks that initially had 90 I of gangtene,

respectively, to 86% Lt Terrington afi 191 at Mepal. We cannot tell
whither the smaller leld from seed of stocks that originally showed much
gangrene resulted from cryptic idection of growing plants by Phoma

ixigua vzr. foveata or from diseases, such as blackleg, that tend to be

t63
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associated with gangrene. It is improbable that it was caused by using
smaller seed tubers after rejecting all those showing gangrene, because the
weight of seed planted in each treatment did not ihorthe reverse trend
to yield. Eight of ll stocks were common to both sites. After storing
the harvested tubers for 6 months the produce from lesion-free seed had
almost as much gangrene as the produce from unselected seed, respec-
tively averaging 34.7 ax'd 37.21 of tubers at Terrington- At Mepal ihis
was also true but the comparable figures (6.8 and 7.2\) show thit much
less gangrene developed there although we do not know whether this
resulted from differences in growth, handling or storage. Although the
proportion of seed tubers with lesions ranged from 10 to 901, infection
of their produce increased only about twofold over the same .inge.

In 1968 we could not obtain a suitable range of diseased stocks and so
from one infected stock we constituted stocks with from 0 to 901 of
tubers with gangrene lesions of various severity. Errors of yield estimates
were largc but it again seems unlikely that total yield was signifcantly
decreased unless more than half the tubers had lesions. Unfortunately
this expedment could not provide further information on possible yield
effects of latent gangrene but it showed that widely differeni amounts of
visible gangrene on seed did not significantly affect the percentage of
produce infected when all the seed came from the same stock. After
3 months storuge only 2'9%, of tubers were iDfected from either farm but
following uniform wounding and a further 3 months at 5.C this increased
to 29.8<% from Tenington and 32.51 from Mepal.

These experiments suggest that seed with 90 )( tubers infected seldom
decreased plant populations by more than 15% aad that more than half
the seed had to bear lesions before yield was measurably decreased.
Furthermore, rejecting lesion-bearing tubers did not make the produc!
any better or fully restore the yield ofthe remaining seed. (Griffith)

Gangrene infection and date of Iifting. In 1966 and 1967, progeny tubers
from gangrene infected seed were dug at intervals between mid-July and
mid-October, then uniformly wounded and stored at 5.C, to develop
gangrene. This showed that the fungus was always present but increased
geatly during August and September and, in 1967, sooner on King Edward
and Red Craigs Royal than on Majestic or Pentland Crown. Almost all
tubers dug in mid-October became infected. In 1968, this was repeated,
but the lifted tubers were washed and surface sterilised (31 hypochlorite)
before they were wounded and stored at 5'C until February. Few tubers
(max. 1l /) became infected and none of those lifted before mid-August.
In contrast soil taken from the tubers at lifting, air-dried aDd inoculated
to Arran Banner test tubers in February was always infective, but much
more so from lifting after mid-August than before. Averaging eight
occasions, soil from Red Craigs Royal was most infective (100 /.) compared
to King Edward 63%, Majestic 58'/" and Pentland Crown 4Z%. S}:la
parings taken in February from unwounded areas of surface-sterilised
tubers of the four varieties failed to inf€ct Arran Banner tubers con.flrming
the paucity of inoculum suggested by the wound test. Thus, the results
confumed that the amount of fungus increases as the crops mature. They
tg
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also suggest that unti[ mid-October most of it is in soil or so superficially
in the tubers that it can be killed by surfac€ sterilants. (Grifrth)

Pethogen, womd type, tempersture and grDgene infection. The ditrerent
extents to which gangrene develops is no doubt explained largely by
differences in damage to tubers and whether storage conditions allow the
fungus present on (or in) tubers to produce lesions. However differing
abilities of varieties of Phoma exigua to infect different kinds of wounds
could also be a factor. Hence, equal numbers of spores of P. exiguq var.
fowdta ot P.e. var. exigua (Syn P. foveata and P. solanicola) and, of ahalf-
strength mixture of each were placed on intact skin or various wounds in
King Edward tubers. The mixture behaved as though it had contained
only P.e. var. foveara which usually was the only one that could later be
isolated. Table 15 shows results v/ith the two varieties separately. Neither
infected throug! intact skin. P.e. yar. foveatd caused more and larger
lesions and its greater ability to colonise shallower and cleaner wounds
together with its dominance over P.e.,tar. exigua, may help explain why it
is much the more prevalent pathogen.

TABLE 15

Wound type and the pathogeniciry of two wrieties of Phorna exigua

P.e. var. foveata P.e.yar. exbua
:A,NonDds '%are5r )(woinds %aliJar

Wouod type infected oflesion infecled of lesion
Crushedhole 100 36 100

(6 InIn diameter, l0 mm deep)
Clcatrcuthole 98 28 34

(6 mm diameter, I0 mm deep)
Crusbed hole 98 22 6

(4 tum diameter, 5 mm deep)
Supedciatscutrtrg 34 6 4
Unwounded tubereye 0 0 0

I The proportiotr of tuber cross s€ctioo, th.rough infection poiDt, that was rotted.

In 1968 and 1969 controlled temperature and humidity cabinets at the
Potato Marketing Board Experimental Station at Sutton Bridge, were
used in infection tests in which P.e. yar. foveata spores were placed in
various kinds of wounds (Table 16). Fewer infections occurred tlrough
cuts than crushes, and fewer through shallow than deep wounds. Micro-
scopy of wounds showed that complete wound periderms formed quickly
only beneath'cut' wounds at 12"C. When colder or beneath crush wounds
the periderm was incomplete and it formed deeper beneath crushes than
cuts. Contrary to widely accepted opinion very humid air increased
infection, but the tests were with artificially inoculated wounds and need
repeating with natural inocula.

In a more practical test of temperature 'curing', lesion-free progeny
tubers of infected seed were slightly or severely crush wounded. Slight,
V-shaped crush wounds (12.5 mm long by 4 mm deep) produced few lesions
on 'cured' or'uncured' tubers stored for 12 weeks at 5"C after wounding,
On average, 54f of uncured King Edward and Majestic tubers became
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TABLE 16

Efect of wound type, temperoturc and relative humidity on
ga grene infection, 19684 and 1969

Wound type
S€vere Slight Deep ShaloE,
crushl crush2 cuts cut4

Temperatwe Relative
'C Humidity

o/

95 1002 E5r 100
75 100

(% wouDds infected)

t Tests at 85 % RH were in I 968 oD King Edward tubers using 6 x 103 spores/wound.

Other tests were itr 1969 using A-rran Baooer tubeN atrd 4 x lOE spores/wouDd.
1958 1969

1 U shap€d 5 mm deep 1.5 cm long. Crushed hole 6 mm deep 4 dm wide.
, V shaped 5 mm deep 1.5 cm long. Ciushed hole 3 mm deep 4 mm widc.
3 U shaped 5 mm deep I .5 cm lotrg. Cut hole 6 mm deep 4 mm wide.
{V shap€d 5 fim deep 1.5 cm lotrg. Cut hole 3 mm deep 4 mm wide.

infected on severe crushes (approximately a half-hemisphere depression
l7'5 mm long and 6'0 mm deep), compared with 3l and 251 of tubers
'cured'by keeping at l0'C for 1 or 2 weeks respectiyely b€fore storage at
5"C for 12 weeks. Comparable figures for'curing' at l5"C were 3l and
13\ ard, at m"C,2l and 7f. These results support those in Table 15
(12'C) that temperature curing may not be fully effective against deep
crushes even by keepiog at temperatures costly to maintain. (Griffith)

Yerticillium fuhliae znd nemrtodes. Further work on the interactions
between these parasites on potato crops is described on p. 198. (Hide,
with D. C. M. Corbett, Nematology Department)

FEgicitsl confrol of tuber dises€s. Last year (Rothamsted Report lor
1968,Pa:t' l, l,l4 and se€ reference 7.10, p. 389) we reported on two benzi-
midazoles that act both during storage and crop growth as alternatives to
the organo-mercurial disinfectant fungicides. Unfortunately the s€ed stock
used had too little gangrene to test their value against this disease, so an
organo mercurial fungicide was compared with thiabendazole and benomyl
on stored tubers (see reference 7.10, p. 389). Thiabendazole was as good or
better than the organo-mercurial but benomyl was a little less effective.
Dipping was perhaps more eflective than dusting b'rt z l% thiabendazole
(lactate formulation) dip killed many eyes.
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TAELE 17

Efect of fungicides on yield aad diseases of King Edward
(Rothamsted 1969: Ooegrown s.ed)

Yield,
(ton/acre

TrcatmeDt Time > li in.)
Oot?ora Rhizoctonia Helminthosporium
pustulats tolani sohni

27 31 3t
15 13 5

UDtrcaled
Asallol dip LiftiDg

r3.l8
I l.0l

Dusted (% a.i. in kaolin l0lb/toa)
Nil Plantins lO'44
Benomvl

17. Dormant I l'70
l0% Dormaot ll'17
30% Dolmalt 9'95

l% Planting 9 88
10% Plantins 9 61
30% Planting 7'9!

ThiabeDdaz ole
0.1 % Dormant 1l'25 2l
I.0% Dormant I l'45 l0

10.0% Dormart 1l '65 5

0.1% PlaDtitrg 9'82 15 13
1.0% Platrtitrs 9'17 4 l2

10.0% Plantiry 6.12 7 3

+0.524 +2.6 +5.4

tl
3
0

5
t
I

35
8
I

20

6
I

t8
9
0

l4
I

25

t4
4
4

6
3
I

34
4
I

+3.8

Thiabendazole and benomyl were applied at various times and in different
amounts to tubers planted in a field experiment (Table 17). Unlike 1968,

all fungicides decreased yield, especially the large amounts used to see

whether they would have harmful effects. Treatment at planting decreased
yield morc than treating dormant tube$ in late January, but treating only
with the inert carrier (kaolin) showed that much of this damage was
attributable to removal of sprouts during dusting. Other than yielding
less, the plants showed no symptoms. The experiment was intentionally
planted with a seed stock on which blemishing pathogens wete cornmon.
Oospora puslulans 

^nd 
Helminthosporhmr solani were again controlled

well but Mizoctonia solani lesis well than in 1968. These were controlled
better the more fungicide was used, but only amounts that affected yield
approached complete control. Less fungicide may be adequate on healthier
seed stocks. For example, in Perthshire the incidenc€ of O. pustulans,
R. solani, and H. solan i on seed initially only lightly infected, was decreased
from, respectively 39,51 ar'd 16l of eye plugs infected on untreated tubers
to l, 39 and l\ wirh 1l benomyl (in l0 lb of kaolin/acrO and to l, ,m
and 4l with the same amount of thiabendazole, each applied as dusts to
seed tubers.

Only further experiments can decide whether these fungicides will
usually increase or decrease yield but because a main objective of their
use is to improve or maintain the health of high grade seed stocks their
cost may be justified even without increased yield. (Hide, Hirst, Grifrth
and Stedman)
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Agrononlc effects of h€althier seert potlto€s. The experiments where we
first measured the effects of tuber-borne fungi (Rothamsted Repor, for
1968,P^n l, 142) used tubers graded according to the severity of macro-
scopic symptoms but often all were infected microscopically. These
experiments could not test the full effects of individual pathogens or
measure interactions b€twe€n the several pathogens that occurred together.
Multiplying progenies of stem cuttings has provided healthier seed of
several varieties, and this was compared with commercial stocks witl and
without benomyl (lO/. a.i. in 10 lb of kaolin/ton of tubers). AIso tested
were thecflects ofchitting on healttry and diseased seed and ofintroducing
O. pustuhns and. R. solani separately and together.

Yields of the varieties Pentland Crown, Pentland Dell, King Edward
and Majestic in similar experiments at Rothamsted and Woburn were
increased more by chitting than by any other treatment and the yield
of the healthier seed was increased more than that of the onc€ grown.
Healthier seed of some varieties (especially pentland Crown) lelded
more than once-grown seed but vrith King Edward and Majestic this
diference was small or even reversed. Until pathological analyses are
complete the effects of the fungicide or fungi cannot be explained, but
neitler significantly affected yields. The healthier King Edward stock often
produced more and smaller tubers, so that pathogens srch as O. pustuldns
and. R. solani, which make tubers fewer sometimes increased ware yield,
whereas fungicides had the opposite effect. Other varieties behaved
differently and responses differed between the two sites so it would be
unlvise to draw conclusions until more information is available. (Hide,
Hirst, Stedman and crifrth)

Common scab (,S/rep tomyces scalics)
Tubr tlcwlopment aad the &ration ol susceptibility. At Sutton

Bonington the scab-infested soil under g)ass (Rothamsted Report for
1967, 135) was again used to measure the scab resulting from similar
periods of drying soil at different stages of tuber development. Plants
(Majestic, chitted and planted 30 April) were trickle irrigated so tlat
soil moisture tension did not exceed 15 cm Hg except during consecutive
periods (approximately 7 days) when irrigation was stopped on different
treatments (Table l8). Drying the soil again resulted in discrete bands of

TABLE IE
Dry periods, tuber growth and common scab: Glasshouse, Sutton Boninglon,

1969
ApEox. 7 day dry period from:

Juoe July

Scab %r
Zooe infectedz

2916
3.6 2.2 1.6
5-10 7 l3 8-12

4 1t 1,8 25

8.5 14.3 8.6 3.70-3 l-5 3_8 5-9

Mav
28

2.6
0-3

No dry
period

t.8

_ 1 Mean scores (4 replicates of 50 tubers) of % surface arcascabH, after lifting (4 Sept.)
S.E. for'No dry period' a.nd 28 May ro 25 Jun€, + t. 34. S.E. for 2 ro 16 Jdy: + 0.-68.

2 Meau zotre to the Dear€st cye (-node) aloog thi phyllotactic spiral fromihe stolon
attachmeDt - 0.
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scab infection. Because nine treatments were needed and the site only
accommodated six with the required plot area, the tfuee first exposed to
drying (28 May, 4 and 11 June) were exposed to second dry periods

6espitively from 2,9 and 16 July). These treatments had two distinct
infeition bands which were assessed separately, after lifting on 4 September

when all assessments were made.
Continuous irrigation prevented scab developing on all but a few tubers,

probably where trickle nozzles had been temporarily blocked' Tuber
initiation started between 28 May and 4 June and the areas scabbed were

greatest during the fust half of June, especially during thc dry period that
6"guo oo 11 June. The areas scabbed can be expressed in terms of inter-
no-des by following the phyllotaxis of eyes (nodes) spiralling around the

tuber. TLe lower half of fable 18 shows the nodes (from the stolon attach-
ment) that limited each infection band. Dry periods occurring later during
tubei growth allowed infection progressively further from the-stolon'
Most iry periods encouraged infection of four or five internodes but,
because iater internodes expanded little, infection of the earlier internodes

accounted for most of the area scabbed.
A similar experiment on the same site in 1968 gaYe less clear results

because soil moisture tension rvas kept below l0 cm Hg and with pre-

dominantly dull weather the soil remained too wet, during the l-day
periods without irrigation for many scab infections. However on the same

dates the area scabbed (per cent) showed a similar trend to that in 1969

(t.8,0.9, 5'1,2'0,0'4,0'4, 0'3,0'4 and 0'5 (continuously inigated)) with
most scab from drying started on 1l June. (Lapwood with Dr. T' F'
Hering, University of Nottingham School of Agriculture)

Inigation practice for scab contol. To prevent scab, irrigation needs

to stirt earliir in the season than is usually needed for maximum yield.
However, there would be little profit in irrigating to increase the yield

ofpotatoes already severely scabbed. Four potato Yarieties were grown in
different irrigation regimes to find the most profitable ones for decreasing

scab and inCreasing yield. The experiment, in conjunction with National
Agricultural Advisory Service was at Gleadthorpe Experimental Husbandry
Farm, near Mansfield, in the sandland area of Nottinghamshire, where
scab is a problem and irigation is frequently used for potatoes.

Ody the effects on common scab are described in Table 19. Two regimes
(A and B) were intended primarily to control scab, two (D and E) to
increase yield. There was also a compromise regime (C) and one without
irigation (F). The watering regimes started when the fust tubers began

to form on Majestic plants from chitted seed. Soil moisture deficits were
calculated from local meteorological data.

Tubers began to form in mid-June, and a week later wet weather gave

way to a dry spell lasting to late July. Technical difficulties delayed the
first irrigation but even so, at lifting (Table 19) there was little infection
of the more susceptible variety Majestic, under regimes A and B. Regime
C protected tubers much better than did D, E or F, although early rain
had made it unnecessary to irrigate to field capacity. Chitting slightly
advanced the date of tuber formation on Majestic, so this year produce of
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TABLE 19

Scab control on main crop polatoes by irrigation:
Gleadthorpe EEF, 1969

Irrigatioo rcgimesr :
No. of irrigatioDs :

Variety:
Majestic (chitted seed)
Majestic (urchitted seed)
King Edward
Record
Pentland Crown

ABCDEF
635210

mean % tuber surfac€ scabH2

r.6 3.8 2.s 8.1 16.4 2s.92.4 3.4 6.9 tz.t 29.6 30.1
0.6 0.7 1.s 3.0 9.s 8.40.8 I.0 1'l 2.7 5.5 8.8
0.05 0.04 0.3 0.3 0.4 1.3

r A - 0.6 in. soil moisture deficit before irrigation allowed for 6 weeks after tub€r
initiatiotr of MJ (ClO, and ther 1 .5 in. deficit.B 0.6 itr. deficit for 3 weeks arld thel 1.5 in. deficit.

C - Lrigation to field @pacity at 20% crop cover and theo at 0.8 in. deficit.
D - Irrigatiotr wheo I .5 in. deficit.
E - Irigation when 2.25 itr. deficit.
F - No irrigation to supplement raio.

2 S.E, betweea irrigatiotr rcgimes + I . 89.
S.E. between i?rieties +1.28.

unchitted seed tended to be formed in drier soil and to be infected more
under regimes C to F. Regimes A to D gave valuable control on the
moderately resistant King Edward and Record. Pentland Crown is so
resistant that the irigation given \yas unnecessary to control scab.
Q.apwood, Mr. W. R. Rosser, National Agricultural Advisory Service,
Shardlow and Mr. L. W. Wellings, Experimental Husbandry Farm,
Gleadthorpe)

Bscterial soft rot. Work on these rots, caused mostly by Erwinia caro-
,ovord yat. atrusepticd and E.c. var. carotovord, began with two small
field experiments, one with irrigation and the other witlout, to test holv
organism, potato variety and inoculation affected blackleg, seed tuber
disintegration and contamination of the produce. Some of the Virus Tested
seed tubers (derived from stem cuttings) of Majestic and Pentland Crown
were chitted, some not and some stab inoculated with either bacterium
(or none), at the middle, rose or heel ends of tubers a day before planting
on 2 May.

In mid-July all the seed tubers inoculated vith E.c. \at. atroseptica
had disintegrated, whereas only 10% of those inoculated with -E'.c. var.
catotovord had and only 3 % of tubers stabbed but not inoculated with
bacteria. At the end of August, on the unirrigated and irrigated experi-
ments respectively,5T and 939( of Majestic ar'd 26 and 501 of Pentland
Crown tubers inoculated with ,9.c. \ar. carotovora had disintegrated,
as also had, respectively, 78 and 691 of Majestic and 26 aad 35% of
Pentland Crown tubers stabbed but not inoculated. At the flnal harvest
in mid-October, only a few Majestic seed tubers survived, mostly in the
unirrigated experiment. A very few Pentland Crown seed tubers survived
in the irrigated experiment, but more in the unirrigated one, 13% of
those stabb€d only and 8 f of those inoculated with E c. var. cdrotovord.

Inoculating Majestic tubers with E c. yar. qtroseptica produced most
plants with blackleg when chitted seed was inoculated at the rose end

170

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-1-124 pp 34

PLANT PATHOLOGY DEPARTMENT

(24%,\: iroculating chitted seed at the middle or inoculating unchitted
ieed iave from 8-i4% infected plants. Unchitted seed of Pentland Crown
prodiced blackleg stems (4%) ortly when inoculated at the -rose 

end;

chitted seed gavelp to l0l of plants with blackleg. Some shoots that
developed cuil"d and yellowed leaves late in June recovered to produce

healthy shoots in July, which was dry. Blackleg did not show in plalts
from iubers inoculated with Ec var. (dtotovora or from tubers stabbed

but not inoculated. (Lapwood and Martin)

Effect of soil fumigant anrt nematicide on the Woburn Ley-Arable E- xperi-
ment, Chloropicrin, which gave unexplained increases in the yield of
potatoes last y&r, was used again, on diflerent plots, with and withont the

nematicide 'Temii'. Table 20 ahows that chloropicrin (400 lb/acre injected)

and 'Temik' (rotavated-in at 100 lb/acre of 10 f granules just before plant-
ing), increased potato yield, and more so together than when separate'

Aiin 1968, chloiopicrin was most beneflcial in the two continuous arable

series; benefits from 'Temik' were smaller but consistent in both the

continuous arable and the alternate ley-arable series.

TABLE 20

Efect of chloropicrin on potato yields:
lloburn ky-Arable Expeiment 1969

Total yield (ton/acre)
Temik &

Notre Temik Chlolopicritr ChloropioinTr€atmeot
Rotatior

I-ey-arablel
sahfoin-alable t
Contiduous arable (H)'
Contitruous arable (C)'

17.91 20.68 18.97
18.61 20.34 22-12
13.81 16.98 20.93
13 75 16.48 17.56

22.44
23.66
22.0s
18.75

Meatr 16 03 18'62 zO'0/. 2l'73
1 Potatoes everv l0th vear.
z potatoes every 5th year. and I year hay (H) or carrots (C) every l0th year.

Once again the differenc€s in yield could not be explained by the occur-

rence of fungi on roots in May or August. Yerticilliwn spp. were scarce,

Oospora pusiulans was ubiquitous and Ri izoctonia solani commoner after
fumlgation. Other fungi isolated from roots in May included a file sterile

-ycelium (from 27 /. of toots) Mortierella (l4l), Pythinn (9%) ald
occasional Phomo, Fwariwn ar,d Cylinthocarpon; in August, Fusarium
(22%) was most common with Cephalosporiwn (13/"), Pythi*n (12\) and
Cylindrocarpon (91).'lem* had less effect than chloropicrin on fungi
in the roots, and the mixture had rnore eflect than either alone. Only
Fusarium, mostly F. avenaceum, seemed affected by crop sequence;

untreated plots on the ley and sainfoin'arable sequences had 14 and
161 whereas there were 33 and 27\ in the H and C arable sequences.

Pythium ultimum developed profusely in roots of tomato and potato
plants grown in the glasshouse in soil from the plots but was equally
abundant in both fumigated and unfumigated soils from both ley-arable
and continuous arable sequences. (Salt, and see also Nematology Dept.
Report, p. 191)

t'l I
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Bioileterioration

We began to sludy the moulding of stored products because our exper-
ieoce i_n agriculture, microbiology and aerobiology had fitted us to inte_
grate diverse techniques. Spoilage by moulding ia important not only by
the losses it causes, but also because it can cause respiratory diseases in
man and animals known collectively as allergic alveolitis. Fine dusts
that penetrate deeply into the lungs are responsible and can be of various
types, but those that most interest us are the small spores of fungi and
actiDomyc€l.es. New machinery has often aggravated these pro'blems,
both because rou€her haDdling disperses more spores and, foiexample,
because it allows hay to be baled wetter than previously and so encourages
moulding. The introduction of new machinis or techniques often needs
studies not only of how they affect the harvested prod;ce but also of
possible healtb hazards to workers and livestock.

Deterioration of tropicat products

Sugor^ canc bagasse. Last year's Report (p. 133) gave preliminary
results from examining mouldy bagasse (the waste cane fibie after ex_
tracting sugar), which is associated with the respiratory disease, bagassosis.
Economic factors in Trinidad make it increasingly important to use-bagruse
to make hard particle board, but moulding threatened to prevent it both
by rotting_the flbres and by making bagassosis preval;t among the
workers. However, our results suggest thtt moulding can be prev;nted
chem.ically and produce better quality particle board ivithout risk to the
workers.

Fresh green bagasse baled and stacked in Trinidad heated spontaneously
to 54'C after 5 days, then cooled to .10.C before heating again to 49.C
after 33 days when temperature began declining slowly to n-ear ambient.
Bagasse, dried to 27% watff content, heated to 49.C within 3 days but
then cooled to ambient \vithout secondary heating. However, bagasse
treated 

-with 
propionic acid (British patent application No. 49162/68)

neither heated nor lost sugar during 3 months, storage, whether it was
dried or not. Untreated bagasse produced 50 x 100 spores/g, mostly
actinomyc€tes. and bacteria, without drying and 62 i 10e 

-spores/g,

rnostly fungi (particularly Paecilomyces varioti) when pre-dried. Wet or
dry bagasse treated with propionic acid yielded very few organisms.
, During trial manufacture of particle board in a German factory, from
bagasse treated with propionic acid up to 2.3 x 106 spores/m3 ofiir were
caught along most of the production line, and up to 15.4 x 106 spores/m3
at the mattress-forming machine. The fact that a bagassosis sufferer felt
no ill effects, although often covered with dust, is explained by the very
few actinomycetes. The most corrlmon spores were fungi, especially p.
variori, and. may well have grown after accidental wetting of the bagasse
in Germany. (Lacey)

Ar unusual species of Nocardia is widespread and sometimes abundant
in bagasse. It produc€s sparse white aerial mycelium with bead-like chains
of hairy-walled spores, grows at 25 and,lo.C and sometimes produces
yellow soluble pigment. Two isolates that were tested decomposed casein,
172
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xanthine, hypoxanthine and tyrosine, but did not produce acid from
inositol. Whole-cell hydrolysates contained the meso-form of diamino-
pimelic acid, arabinose and galactose. The isolates thus haye a cell-sugar
pattern characteristi c of the N. asteroides group (Lechevalier , M. P ., J. Iab.
Clin. Med. (1968),71, 934) but ditrer from the other species placed in this
group in other features. (Lacey and Carpenter)

Cocac. Samples of fermented cocoa beans from Trinidad yielded
actinomycetes and bacteria (up to 3l x 106 spores/g) and fungi (up to
9 x 106 spores/g). All samples produced Thermoactinomlces vulgaris arLd.
half produced Streptomyces grise&r but none was prolific. Thermomono-
spora viridis, Streptomyces albus atr,d Micropolysporafaeni were occasional,
aswere Pmicilliwn spp.,tbe Aspergillus gloucus group (mostly A. chevqlieri
aJnd A. rest ctus), A. fumigatus, A. niger atr,d Paecilomyces yarioti amor,g
the fungi. In a few samples Absidia spp., Aspergillus ochraceus, A. cdndidus,
Daclylomlces crustdcew aD.d Scopulariopsis brevicaulis were moderately
abundant.

Cofee. Aspergillus nigo and. Penicilliun spp. were abundant in half
the samples of coffee aod dust from coffee, as occasionally vterc Strepto-
myces spp. Themodctinomyces wlgaris was present but infrequent in all
samPles.

Copra. Only one sample was examined in which Aspergillus niger
and Streptomyces albus were abundant together with fewer penicillium
spp., A. fimtigolus ard yeasts. (I-acey)

Control of moolding in rlamp hay. In Dewar flask tests (Rothamsted
Report for 1968, Patt l, 132)upto 2\'Hay Guard'(Bray Developments
Company, Sherborne, Dorset) had no eflect on heating or moulding of
hay containing between 20 and z$l water.

To design effective yet economical ways of applying propionic acid
during hay baling, it is necessary to find whether it inhibits moulding
a1 a distance from deposits. Dewar flasks were therefore loaded with three
zones of damp hay. When only the middle zone was treated with 2%,
by weight of propionic acid, it was invaded by moulds from above and
below. By contrast, there was no moulding when all zones were treated
uniformly with oDly ll of acid. When only the middle zone was treated
with 4% of acid there \yas little moulding ofthis zone except for a profuse
growth of Paecilom)ces tarioti hyphae adjacent to the untreated layers.
Only adding l0\ of acid to the middle layer prevented moulding for a
distanc€ of about 5 cm into untreated hay and again P. varrori seemed the
most tolerant mould. It therefore seems necessary to apply the acid uni-
formly, possibly even adding some water as a diluent to achieve this.
(lacey and Hitl)

Methods of exrmintug moukly hay. Gregory and Laey (M.E.) (J. gen.
Microbiol. (1969),30, 75-88) found, but did not explain, large diflerenc€s
between estimates of the number of spores released from mouldy hay as
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estimated by the cascade impactor and Andersen sampler. Tests of six
alternative media for fungi and 13 for actinomycetes produced none better
than the present standard media, respectively, zyo malt extact agar with
streptomycin and penicillin, or half-strength 'Oxoid' nutrient agar and
actidione.

Discrepancies in estimating the number of spores on hay samples were
also examined by comparing cascade impactor and Andersen sampler
catches of spores blown-ofr in the wind tunnel, with haemocytometer and
dilution-plate estimates of spores removed by washing. Cascade impactor
estimates averaged l9l of those from the haemocytometer and cultural
methods such as the Andersen sampler and dilution-plating recorded only
a quarter of the fungus spores seen in visual counts from the cascade
impactor or haemocytometer. Discrepancies in estimating actinomycetes
and bacteria were even geater; sampling airborne spores with the
Andersen sampler favoured actinomycetes whereas dilution plating of
washings estimated more bacteria. Other errors resulted from clumping of
airborne spores and deposition on the inside walls of the Andersen sampler.
(Lacey and Dutkiewicz)

Arperyilhs fuits. Some strains of this fungus are important because
they produce aflatoxins, so it is important to know how they multiply
and disperse. More spores were produced on malt extract agar than on
nine other culture media. Hay was the most prolific natural substrate
found, followed by wheat straw and then wheat grain. Straw with 5H0%
moisture grew many more spores than when wetter or drier.

Spore release was encouraged when the substrate was dry and air move-
ment fast. However, the number released from undisturbed hay or straw
was small compared with the number released by vigorous shaking, yet
even this detached oriy W33/. of the total. Terminal velocity of fall in
air was estimated from the rate of decline of spore conc€ntrations within
a settling chamber, measured by periodic samples with a cascade impactor.
Single spores fell at 0'07 cm/sec, pairs at 0'08 cm/sec and clumps of three
or more at 0.09 cm/sec. (Ramalingam)

Air po[utrnts rt Wobun Last year we questioned whether air pollutants
were partially responsible for the premature death of potatoes at Woburn
which happened between mid-July and mid-August. Analysis of air
samples taken there showed that the daily average sulphur dioxide con-
centrations exce€ded 100 pg/m3 on 13 of the 17 days between 24 July and
9 August, with the largest, of 727 pglml, on 8 August. Potatoes can b€

damaged by SOz, as can barley, luceme and hawthorn. During the same
period very extensive necrosis of hawthom foliage was notic€d on the
Woburn farm.

During a brief visit in July 1969, k. A. van Raay of the Institute of
Phytopathological Research, Wageningen, diagnosed damage from both
SOe and fluorine in the Woburn area, although there had been unusually
few occasions when pollution from the local bricldeld was noticeable.
Fluorine analyses in 1968 showed 20-30 ppm in needles ofconifer seedlings
and 270-390 ppm F in foliage of artichokes (in 1969 170 ppm io leaf and
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30 ppm in stems, weighted mean 120 ppm). Collections of fog droplets
had up to 20 ppm F and 150 ppm sulphur.

These observations were made to assess the need for research on damage
to crops by air pollutants, and suggest there may be, as it now receives
little attention. (Hirst, with G. V. Dyke, Field Experiments Section,
R. J. B. Williams, Chemistry Department and Mr. A. C. Chamberlain,
A.E.R.E., Harwell)

Stefr and visiting worken

A. J. Gibbs continued to work in Australia and J. Waller in Kenya.
R. H. Kenten returned from Ghana. G. A. Hide was awarded the Ph.D.
degree of the University of London. E. W. Broom, Sara M. Cook, N. F.
Martin, R. D. Prew and Doreen A. Vince were appointed and Judith
Etheridge and Margaret Pullen left.

Visiting workers included Miss U. Alitt (Botany School, Cambridge);
Dr. E. D. Ammar (Cairo University); Dr. J. Dutkiewicz (Witold Chodzko
Institute of Occupational Medicine and Rural Hygiene, Lublin, Poland);
Dr. T. D. C. Grace (C.S.I.R.O., Canberra); Mr. M. M. Hussein (Sudan);
Dr. A. Ramalingam (University of Mysore, India); Dr- H. S. Sahambi
(Indian Agricultural Research Institute, New Delhi); Mr. B. Srinivasan
(Centre for advanced study in Botany, Madras); Mr. H. Zengin (Ministry
of Agriculture, Turkey). During 1969, R. A. Hilt (Reading University)
and R. H. Turner (Liverpool College of Technology) worked in the
department as 'sandwich course students'.

In September, A. Kleczkowski attended a NATO International Ad-
vanced Study Institute on'Photodynamic action' in Alghero, Sardinia,
Italy. J. kc€y visited the Biihre Metallwerk K.G. Springe, Germany, on
behalf of the Trinidad Government to sample air-borne spores during the
manufacture of particle board. P. H. Gregory visited several countries in
West Africa, America and the West Indies to study black pod disease of
cocoa.
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