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NEMATOLOGY DEPARTMENT F. G. W. JONES

The department studies the control, life histories, behaviour, relationships
and host ranges of eelworms (nematodes) that harm crops. All these are

nicroscopic, and most live in the soil, where they feed on or in Plant roots.

They are all worm-like when young and most remain so throughout their
life, but the females of a few species are swollen, rounded and immobite.
The swollen females ofcyst-nematodes develop leathery walls wbich protect

the many eggs they contain, enabling them to survive long periods in soils

and facilitating their spread by movenent of infested soil or crops. These

ryst-nematodei are all specialised parasites, each infesting only a few

species of crop plants, but most of the crops commonly glown- in the

Unlted XingAom can be harmed by at least one species. Species.that are

mobite tfuoughout life are usually less specialised and can feed on the
roots of mantkinds of plants, crops and weeds. They can not only gready

stunt the growth of seedlings by their feeding but some also transmit

viruses to the plants on which they feed.

Feeding mecbanisns

When Ditylenchus destructor feeds on the epidermis of vetch stem and

carrot crown, both its subventral and dorsal pharyngeal glands produce

granular secretions, whereas when feeding on hyphae of the fungus 
'o'rl'ij6nly the dorsal gland does. These secretions produce refractive zones

around the point where they are injected into plant cells' M€asuremetrts

f166 siae'fiim show that the zone forms a few minutes after the feed

begins and remains the same size (about 250 p3) until a few seconds after

it inds, about three-quarters of a hour later. The nematode takes in
food by irregular pulsations of the median-bulb pump, which do not

dim;niih the iize oi the zone of secretions in the Plant c€ll until the last

few pulsations, which are vigorous and collapse the zone. The zone differs
physically from the plant contents and is bounded by a definite irterface

or *.bruo" through which plant sap must flow to be ingested by the

nematode.
Feedins mechanisms of tylenchid nematodes were fiLmed. The median-

bulb pumip of Aphelenchoides blastophthorus and Ditylenchus dipsaci has

an oullet valve only, which is closed by increased turgor in the wall of the

median bulb whenihe muscles contract to dilate the pump. It opens again

antl is fiIled from the pump when the muscles relax. Unidircctional flow

of fluid backward along the pharytrx of D. dipsaci can be explained by

Poiseulle's formula for tLe flow of viscous fluid through a capillary tube:

Q: PRIpW, where Q is the volume of liquid flowing per second under

f,ressure P, when JR and .L are the radius and length of the capillary respec-

iively, and ,/ the viscosity of the fluid. With the pump midway along the

pharynx, and the radius of the pharyngeal lumen 0'08 g. in.front 3nd.0'23 
p

i*nia, * rn D. dipsaci, the resistance of the anterior tube to liquid flow
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will b€ 0.234/0.084 or about 68 times that of the posterior tube. With the
posterior (i.e. the outlet) valve closed, the pump will fill via the anterior
tube under action of the strong radial muscles. When the pump is full and
the radial muscles relaxed, the pressure in the pharyngeal wall will expel
the fluid both tkough the anterior tube and, vra the valve, through the
posterior tube, but the relative resistanc€ will ensure that 68 times as much
flows into the posterior tube and thence into the intestine. The anterior tube
is always open and acts as a leaky valve but oyer the whole cycle the net
flow is rearwards.

Some members of the Tylenchida have a pump with an olxning and
closing inlet valve. This is well developed it Hemicycliophora but poorly
in Hexatylus. It Hexatrlus, portions of the triradiate pharyngeal lumen
open and close successively and rapidly from the front backwards, causing
food to flow backwards into the intestine. The pharynx is not divided into
distinct regions and most of its length retains the pumping function,
whereas in more specialised Tylenchida the pumping region is very short
and confined to the median bulb. (Doncaster)

Examination under the light microscope suggested that the oesophago-
intestinal 'valve' of some dorylaimids is tipped with a sheath, apparently
without an op€ning. Sections of the oesophagus of a spocies of Thornenema
viewed under the electron microscope show that it has a triradiate lumen
lined with cuticle. Near the oesophago-intestinal 'valve' the lining becomes
thinner and the lumen narrower until it disappears in the cells of the
sheath. At this point the sheath is a compact group of crlls with their
walls closely interdigitated, with distinct cell membranes resembling tight
junctions. Where the tip of the sheath protrudes into the lumen of the
intestine, there are two crntral cells and an outer ring of four to six cells.
A passage through the sheath was not found. The sheath has an outer
coat of intestinal cells bordered with microvilli. The intestine contains
membraneous material, probably protein, which may have been liquid in
the living animal, and many particles, some apparently bacteria and others
virus-like.

The lack of a passage connecting oesophagus and intestine is puzzling,
and how this genus and related ones feed is unknown. It seems improbable
that particles could be forced through the 'valve' or carried in cell vacuoles.

Thomenema sp. has three small longitudinal muscles that run down
the outside of the oesophagus at the mid-point of each of the three sectors
seen in cross section. They may be the structures in dorylaimids previously
thought to be nerves. The walls of ducts of the paired subventral glands
that lie in the wall of the oesophagus are lined with closely packed, finger-
like, membrane-bound projections resembling small microvilli. Their
function is unknown but they may be discarded membranes from secretory
granules discharged into the ducts. The cuticles of Thommema a'Jd
Xiphinema index are similar, except that the layers next to the hypodermis
differ slightly. (Shepherd and Yeates)

Ctticle ir cyst-nematodes. Because the names given to the layers in
nematode cuticle are confusing, a system of letters and numbers is used,
starting from the outer edge inwards, and no attempt made to homolo-
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gise the layers in cyst-nematodes (Heteruderu spp.) with those of other
genera.

The ultrastructure of the cuticle of the young fifth-stage females of five
lemon-shaped slxcies of cyst-nematodes was basically similar. A1l had two
well defined main layers, A (outermost) and B (innermost), each further
subdivided. The main differences were in layer A and from these the species
could be identified. The thickness of the cuticle differed in diferent parts
ofthe body in individuals of the same species, and between different species,
but the patterns, especially in layer A, remained characteristic.

Among round-cyst nematodes, the cuticle of H. tabaanr clostr.ly
resembled that of the lemon-shaped species. The B layer has four zones,
Bl to 84, about 3.0, 6'0, 0.5 and 0.75 p thick respectively. Zone Bl of
most species of Heterodera has fibrils tending to run parallel, whereas the
fibrils in zones B2 to M run irregularly. Layer A is about 2'5 p thick,
irregularly indented on the outside, with an inner zone containing electron-
dense areas interspersed with a network of lighter coloured veins or
channels, and an osmiophilic outer zone. Layer A of H. roslochiensis is
narrower (0'5 p) and barely distinguishable from Bl. What seems to be
zone B3, is l0 p thick and is further subdivided into four to eight bands
of orientated fibrils, those of adjacent bands running at different angles.
Zones Bl and 82 are together l0 p thick. In sections under the light
microscope, the layers and zones stain differentially with toluidene blue.
After staining with picro-sirius red, layers Bl and 82 of H. schachtii and
Bl of 1L rostochiensis were birefringent under polarised light, a test
that usually indicates collagen. None of the zones stained strongly with
the protein stains bromophenol blue or naphthol yellow. (Shepherd
and Clark, with Dart, Soil Microbiology Deparfinent)

One hypothesis of how hatching agents act requires the existence of a
permeability barrier within the eggshell or larval body wall. If this is
correct, species of Heterodera that respond differently to hatchiDg agents
might be expected to have chemically diferent barriers. Previous analyses
of cyst walls, which are derived from larval body walls (Rothamsted
Report for 1967, ll9; for 1968, 152) showed quantitative diflerences
b€tween the cyst wall components of H. rostochiensis and H. schachtii,
and a qualitative difference in hexosamine content has now been found.
Whereas hydrolysates of the cyst walls of H, schachtii contained glucos-
amine (l-51by weight), those of -FL schachtii cor,tzined galactosamine
(3'3 %). (Clarke)

Inteml struchfe of cyst-Dematod€s

To improve understanding of the internal structure of cyst-nematodes and
help to identify organs under the electron microscope, serial sections
2.5 p thick were cut of fourth-stage female larvae, young adult females and
larvae in the intervening moult.In the species chosen, -Ee, erofura ouciferae,
the somatic muscles are still present in the fourth-stage females. The gut
is filled with globules, has no apparent lumen and is attached to the body
wall at six places. The gonads, which have started to elongate and in which
the vagina and vulva are developing, seem to be engulfed by the gut but
178
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lie close to the somatic muscles. At this stage the wlva does not op€n to
the exterior. During the fourth moult the somatic muscles break down and
the gut almost fills the body cayity. The gonads continue to lengthen and
the wlva opens to the outside. The gonads of young adults are arranged
regularly on either side of the body cavity, but have enlarged and started
to coil at the base.

Contrary to Mackintosh's optdon (Nematologica (196O) 5, i58-165),
H. uuciferae has rectal glands, which can be seen in whole mounts of
second-stage, third-stage and adult females, and in sections of moulting
fourth-stage and adult females. From tie anus a substanc€ of unknown
function passes into the gelatinous egg sac. (Clark and Doncaster)

Hatching factors and sex sttrrctants of cyst-nematodes

Nematodes live in the spaces between soil particles and are active only in
moist soils. The eggs of some species do not hatch until the quiescent
larvae within them are alerted by specific substanc€s, usually given out by
host plant roots. Some species are stimulated to moult by substances in
root exudates and most plant-feeding nematodes are probably attracted
by chemicals roots exude. Similarly, female nematodes seem to secrete
substan@s that alert and attract their males. The kinds of substance that
can act as sex attractants (pheromones) or relate parasite to plant host
(phytomones) are probably limited by the moist environment around soil
particles and the spaces between them, which are filled with an atmosphere
that scarcely moves. Such au environment is dominated by water and
unsuitable for aromatic air-borne sc€nts. What little is known of the sub-
stances that influence nematodes i;r soil suggests that they are water-soluble
glycosides, neutral or nearly so, and non-volatile or only slightly volatile.
Nematodes seem to sense them at great dilution and their receptors
probably respond to a few molecules. Concentrating and purifying them
is difficult and bioassaying them tedious.

The method of purifying the hatching factor for the potato cyst-nema-
tode, H. rostochiensis, produced by potato rcots (Rothamstetl Report for
1968, Part l, 153) was modified and improved. The raw material is still
an extract from potato roots, and not root diffusate absorbed and eluted
from charcoal but the new procedure includes two improved methods of
column chromatography. The product resembles previous partially
purified material in tbat, when further purified by thin layer chromato-
$aphy, it gives a broad zone of active material about 0.3 Rr units wide.
Further purification by column chromatography, or by electrophoresis,
yields four components that stimulate hatching. (Clarke)

Time-lapse cin6 records of Heterodera rostochiensis irt root-observation
boxes showed that females sometimes producc surges of secretions from
their posterior ends that may attract males. The secretions remain fluid
and disappear when males or other soil organisms disturb them. (Don-
caster)

Attempts to concentrate and purify the male attractants emitted by
Heterodera rostochiansis females have so far failed. They are partially
destroyed by distilling extracts at 100"C and atmospheric pressure, but
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not by either vacuum distillation at 50oC or freeze-drying. Appreciable
amounts of attractive material distil oyer, suggesting that the attractant or
at least one of its components is about as volatile as water.

Stronger extracts were obtained by leaving 500 young females on moist
elassfibre filterdiscs at I 5'C for a week than by washing females repeatedly
in small amounts of water. So far we have been unable to sepaxate attract-
ive fractions by column or thin layer chromatography and only partially
by electrophoresis. The attractant seems not to dissolve easily in acetone,
ether or benzene, but traces can be carried in them either in water solution
or as sol.ids. These are not deposited in definite zones but scattered along
the solvent track, where they can be detected by the sensitive bioassay.
Nevertheless, paper chromatography suggests there are at least two
attractive components. (Greet)

The hatching factor for H. roslochiensis and the sex attractant emitted
by females have some common physical characteristics and both operate
initially by alerting either larvae or males. The effect is to initiate move-
ment after quiescence. As at least one component of the sex attractant is
volatile, the hatching factor was re-tested but lack of volatility was con-
firmed. Also, the sex attractant did not initiate hatching aod the hatching
factor did not activate or attract males. The hatching factor is acidic,
absorbed by anionic exchange resins and moves to the cathode duriog
electrophoresis, whereas the sex attractant is near neutral and only sligltly
absorbed by anionic exchange resin, cellulose or Sephadex. Both are

absorbed by activated charcoal. (Green)
Earlier observation suggested that females of the beet cyst nematode,

H. schachtii, became less attractive to males for a while after being mated
(Rothotnstetl Reporl for 1966, 158). Table 1 shows thal H. rostochiensis

behaves similarly. Some males and females were allowed to mate, and
others not, either because they were separated by a dialysis nembrane
that allows secretions to pass or because they were kept separate' After
15 hours ttre females were put on agar plates and tested with fresh males

after 0.5,3 and 24 hours. Males were similarly tested with fresh females.

TABLE 1

Influences of maling or proximity on attractiveness oflemales
to males and vice Yersa

Irg scor€s in bioassay of attraction
Hours after mating or Dot

Females
Virytr
Mated
Separated from males by

dialysis demb.aoe

Males
virgin
Mared
Separated from females by

dialysis membrane

0.53U
1.62 (32')'
1.20 (2e)

1.26 Q8)

1.89 (l5)
l .73 04)

1.75(10) r.e6 (e) 2.39 (9)

1.92 (31)
r.42 (29',)

r.62(27) t.92 (23)

2.10 04) 2.o9 (14)
r.96 04) 2.16 (8)

l .93 (28)
2.@ (23)

r80

. Figu€$ in parcDthesis indicate the trumber of tests.
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Recently mated females and those exposed to males but separated by a
membrane were less attractive than virgin females but they partly recovered
their attractiveness in 3 hours and completely in 24 hours. Exposiog
males to secretions from females did not afect their behaviour nor was it
affected by previous mating. (Green)

The ability of females of H. rostochiercis @athotype A), 1L rostochimsis
(pathotype B), H. tabacum, H. virghide, H- mexicana, and Osborne's
cyst nematode, an unnamed species, to attract each others' males was
tested. In contrast to results from similar tests dote last yeat (Rothamsted
Report for 1968, Part 1, 154), no difference was found that might lead
males of one species to be selected or rejected by females of any other.
As the females in this closely related group of round-cyst nematodes
attracted all males strongly, presumably they secrete the same or a similar
sex attractant, which would be in keeping with their close morphological
similarity and the fact that the host plants of all seem coDfined to the
Solanaceae. (Green)

Suvival of difrerent st ges of pot{to cyst-nematode at hth temPeratEes

During hot weather larvae of the potato cyst-nematode infesting plants
in the glasshouse often fail to produce cysts. Therefore we put infested
plants, at different intervals after they were inoculated, at temperatures
between 26' and 38'C for periods of 24 and 96 hours to see whether this
afrected the number of adults produced and the sex ratio. Felver adults
matured after exposure at 32, 35 and 38'C, than after exposure at 26 atd
29'C (Table 2). l-aruae were least sensitive to raised temperatures when
youngest and became increasingly sensitive as they aged. Fewest b€came
adult when the temperature was raised 16 or 20 days after the plants were
inoculated.

TABLE 2

The efecl of lemperalure and time ol trealment of larvoe
that become adult

Dut'atiotr of
tlcatme-nl

24 houls Adults
d/9

96 houts Adults
319

Udtrcated
coDrol
tG2A"C

[n6
1.9

1276
t.9

26'C
r382
1.7

1365
1.6

D"C
1221
1.8

1147
1.3

32.C
997
1.8
36
1.2

35"C 38"C
280 89
1.8 1.3
163 3
0.9 0.5

Untreat€d
Duratioa of cotrtrollr€atrnent l6-24"C

24 hours Adults 1276
6/9 l'e

96 houls Adults 1276
d/9 1.9

148
1189 855 7s2
1.8 1.3 2.1
174 689 611
1.0 t-4 1'5

t2 16m
829 737 il00
2-3 1.8 1.1
511 270
2.2 0.9

The pre-adult stage males were the most sensitive and raisiog tle tem-
perature to only 26"C m b 2l days after inoculation significantly decreased
the numbers that b€came adult. Heating l, 4 or 8 days after inoculation

181

Temperature

Days after inoculatiol wheo treatrEetrt began
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increased the proportion of the surviving larvae that became female,
presumably because the death of some larvae meant less competition for
space and food among survivors (.Rolicrr.rred Report for 1%6, 159).
Plants exposed to 26"C for 18 days produced a mean number of adults of
73d whereas those kept at 29'produced only 179. Air temperatures
often exceed 26'C in glasshouses during summer, so unless pots are cooled
larvae in them may be killed. (Trudgill)

A mrttematicrl model relating the sex ratio of potrto cyst-nemrtode
to lte numbers of larvre ttet inyrde hGt roots

The average size of females changes little as the density of infestation
increases in potato roots. This contrasts with the behaviour of many
invertebrate animals, which produce smaller adults when crowded. The
sex of potato cyst-nematodes is determined after larvae enter the plant root
and the proportion that become male increases when the plant tops are
cut of or when larvae are crowded in the roots (Rothdmsted Repofi for
1965, 146). I-aryae need more food to become female than to become
male and ultimately need 200 to 300 times more, so it was suggested
that, having invaded the root at random, larvae compete for space to
produce giant-c€ll groups and only those with large enough groups
become female. This situation was simulated by a computer model. The
stele of 1 cm of roots was r€presented as a cylinder and the giant-cell
groups by rectangles placed at random on its surface. As more giant-cell
groups were added, it was assumed that those placed in an unoctupied
space could support a female, whereas those that oyerlapPed an occupied
space produce males. The size of the giant-cell groups occupying one-
fourteenth and one-twentieth of the total surface area of the stele simulated
the actual situation found in tomato and potato roots, respectively. Total
numbers of giant-c€ll goups able to support females, for the mean of
fifty random placements at each of ten larval densities, were printed.
Table 3 shows that the sex ratio obtained by inoculating the main roots of
tomato and potato with different numbers of larvae agrees well with that
calculated from the mathematical model, I-ateral roots are often so much
thinner than main roots that larvae can rarely form giant-cell goups large

TABLE 3
The sex ratio on tomato and polato compared with that expecled

from the mathematical model at diferent population densities

Nematodes S€x ratio in potato roolsNematodes
per ca
of root

5.5
1l .0
16.5
22.0
27.5
33.0
38.5
44.O
49.5
56.0

182

per cm
of root

6.0
t2.0
t 8.0
u.o
30.0
36.0
42.0
48.0
54.0
60.0

Sex ratio itr tomato roots

Observed Exp€cted
0.64 0.69
1.27 t.42
2.N 2-11
2.67 2-86
3.37 3.47
4.M 4.t2
4.10 4-75
5.38 5.33
6.U 5.n
6.83 6.67

Ob6erved Expected

o.a 0.69
1.14 l.l8
1'55 t.69
2.14 2-16
2.10 2.77
3.21 3.36
3.72 3.94
4.25 4.30
4.71 4.14
5.28 5.19
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enough for them to become female. (Irudgill with Ross, Statistics
Department)

Size of adult potato cyst-nemrtode or resistant potrto hybriik

Potato plants resistant to some populations of potato cyst-nematode
restrict the development of giant-cell groups and prevent larvae from
becoming female. In some plants this is accompanied by an increase in
the numbers of males of usual size, but in others food may be so restricted
that the larvae develop into small males or many larvae may die. Table 4
shows the mean numbers of males and females and the mean length of
80 males produced by two nematode populations on one susceptible
potato variety and three resistant hybrids, each infested with ,1000 larvae.
The mean body length of both populations was significantly smaller on the
ex ondigena and ex andigena xex muhidissectum hybrids, and for the
Jersey population on the ex muhidissecrurn hybrid, than on the susceptible
variety. Some of the small males were only one-quarter the bulk of males
from the susc€ptible variety. The average size ofthe females that developed
on the resistant hybrids was the same as on the susceptible variety.

TABLE 4

The mean numbers of males and fanales and mean lengths of males
of two populations of the potato cyst-nematode on one rusceptible

and three rcsistanl potdto hybrids

Males
Susceptibte 1433
er, andE.na 595
ex muhidissectum ll28
ex aadigeta x

ex nuhiditt ctum U5

Male
leogth

Females min
356 1.078

1 0.908.
9t t.M4

I o- 1.

Jersey

Male
length

M.les Females rlm
438 1.082
9l I.025.142 0-977.

Feltvr'ell

986
1402
1369

588 62 1.033.
. Sigdficantly differEEt ftom the susceptible vadety at P : 0.01.

@arott and Trudgill)

Potrto cyst-nemrtode, p.thotype or speci€s?

More matings between individual males and females of different patho-
typ€s of H. rostochiensis (Rothamsled Report for 1967, 147) were attempted,
but this time two populations from the type locality of the species in the
Rostock area of East Germany kindly supplied by Dr. H. Stelter, Gross
Lusewitz, East Germany, which proved to be pathotype A, and four
pathotype B populations from Northern Ireland were used as well as patho-
type E from Cadishead and Frampton. Pathotype A reproduces on potatoes
incorporating genes for resistance ftom Solanwn multidissectum but nol
on those with genes for resistance from S. tuberorun ssp. andigma;
pathotype B behaves in the opposite way and pathotype E reproduces on
plants y/ith genes for resistance from both sources.

183

PopulatioD
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TABLE 5

Single malelsingle female reciprocal oosses o/Heterodera rostochiensis using lhree palholypes

cysts produced relativc to Arratr Banrcr
- l0O

No. of
No. of cysts on

populatioos ArranBanrcr

Rcsults of matiqs

f females with eggs
females

/.................1ABESource of populations
Feltwell, England
Rostoct,r East Germany
Northem Ireland
Cadisheld atrd Frampton

I 251
2 924
4 510a 'r<',

I Obtaioed from the tyw locality ol H. rostochiensis.

cx nuki- x ax rfiulti-
ex atdigena dissactum dissactum

15311t 6 tJ
108 1l 3toz 77 29

62 38 42

45067t7 54 58

Maio
pathotyp€

B
E

ex andigefia
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Table 5 shows that, as in 1967, matings between A females and E males
yielded many fewer females with eggs than matings between males and
females of the same pathotyp€, whereas the reciprocal cross produced
only slightly fewer. The pathotype B populations behaved similarly to those
of pathotype E, suggesting that these are more closely related to each
other than to pathotype A. On average judged by the number of females
that produced eggs, matings between A and E or B were less than half as
successful as selEngs or matings between B and E.

The progeny of earlier crosses between pathotypes A and E were
cultured separately on the fully sus€eptible potato variety Aran Banner.
Parental cysts (dead females containing Fr eggs) from the Sandy, St.
Brelades and Gosberton females were used as inocula and the new females
(cysts) produced were counted, whereas hatched F1 larvae and eggs from
the Woburn and Cadishead females were used as inocula and the males
and females formed were estimated (Table 6). Not only did fewer females

TABIT 6

Numbers of larvae, males,females and cysts produced by the F1
generation of single male-singte lemale matings of pathotypes

of potat o cyst-nematode
Type of.DatiDa

Origin of
paretrtal
females

wobum
Cadishead

Sandy
St. Br€lades
Gosberton

Within Betr'€er
pathotypes pathogpes

I parental feoales producing eggs
in1967 A 19

No. of parental cysts tested
Meln no. of larvae hatched per

cyst
Mean tro. of Ft males per cyst
Mealr tro. of Fr females per cyst

95

49
6
7

149

45

l2

3
(total 3)

0
45

a

fNo. of parental c)sts tested
{ Mean oo. of Fr cysts rccoverEd
L per pareotal cyst

from matings between pathotypes produce eggs, but fewer larvae hatched
from them and many fewer produced adults, than from matings within
pathotypes. The viability of F1 adults has yet to be determined. @arrott)

The soluble proteins in extracts from nine populations of the potato
cyst-nematode, made by crushing zl00 adult females of each in isotonic
buffer, were analysed by polyacrylamide gel electrophoresis, using a dis-
continuous buffer system in which the protein molecules separate according
to their size and, after staining, the gel columns show a complex pattern
ofbands. The main protein bands from the nine populations fall into two
groups, difering in that some bands vary in intensity and others do not
occur in all.

The population from Woburn (pathotype A) has 12 strong bands (fable
7), whether extracts come from living yellow females or dead ones (cysts
containing eggs with unhatched larvae). All four pathotype A populations
produce similar patterns, although the Sandy population has an addi-
lional band (2a) between bands 2 and 3.
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TABLE 7

Percentage offemales on three resisrant potato hybrids (Arran Banner : 100) and the band patterns ptoduced by polyacrylamide
gel electrophoresis of extracts from females of nine populations o/ the potalo cyst nemalode

MaiD
pathotype Populatioosoulca

A Wobum, EoglaEd
Feltw€ll, Elgrand
Rostock,r East Gcrmany
Ssdy, Eogl,rnd

B Glarrygord, Northcm
Ireland

Garvaghey. Northcrtr
Ireland

E Jersey, Chaqncl Ielande
cadish.ad, England
Frampton, Eagland

ex
ondlgena

ex cx muui x ,nulri-
ondlgaw ditrectum dissectum I 2 2a 3 4 5

4 1s0
153
187
8E8

139
108
95

l ++ +++1+++++l+++++2 ++ ++++
3 ++ +
4++

5a 6 6a 71a I 910 ll lla 12

+ + ++++ ++ + ++++ ++ + ++++ ++ + ++++ +

t02

81

5

t7

++++++
++ +++

++
++

50 4l ++ +8432++++70 ++++
++++ ++ +++ +++++++ + +++ +

Matur bards, 1-12; subsidiary bands 2a,54,6a,7a and lla.
. Obteioed from thc type locality itr East Germany,

Percantage of females on
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Band patterns from pathotypes B and E populations have eight bands
in common with pathotype A but lack bands in positions 4, 5, l0 and 12.
Additional bands sometimes appear befiveen 5 and 6 (5a), 6 and 7 (6a),
and l1 and 12 (lla). Pathotype B and E populations vary more, so prob-
ably they are genetically and physiologically more diverse than populations
of pathotype A. Consistent diflerences b€tween pathotype B and patho-
type E populations have not been found. Selecting pathotype A popula-
lions ot andigena hybrids may increase the proportion of larvae able to
become females, change the band pattern and perhaps indicate which
bands are associated with larvae unable to multiply in plants with genes
for resistance derived from Solarutm tuberowm ssp. aruligena. (frudgill
with Carpenter, Plant Pathology Department)

The different protein-band patterns, the fact that pathotype A females
are golden yellow, whereas those of pathotypes B and E are pale cream or
white, the differences in spear length, body length and some other measure-
ments between pathotype A and B and E, but not between B and E
(Webley, Nematologia (1970) 16, 107-112) and finally the inability of
A to hybridise freely with B and E whereas B and E seem to hybridise
freely, suggests that two species of potato cyst-Dematode exist in the U.K. :
H- rostochiensis senfl Jrrr'cro is pathot,?e A, the golden nematode, because
that is the pathotrue of the type locality near Rostock and the other
(pathotype B and E) is so far undescribed and lacks a specific name. The
pattern of distribution of the species, with pathotype A dominant in
South East England, central Scotland and probably also in Northern
Ireland, and the others dominant in the basin of the river Humber, with
admixtures of both in other areas, probably stems from original intro-
ductions of both species from the Aldes plateau of South America and
their subsequent spread in seed potatoes and by other means. The two
species belong to the group ol round-cyst nematodes (page l8l of this
Report) that have many characters in common and probably merit being
split off from cyst nematodes with lemon-shaped cysts as a separate genus.
They were assigned to a sub'genus, Globodera, by Skarbilovich in 1959
but this has not so far been generally accepted.

Most of the work at Rothamsted extending over many years has been
$tith H. rostochiensis sensu srticto, which is dominant in old allotments
at Rothamsted and in the fields at Woburn Experimental Station. The host
ranges reported by Jones (lzn. appl. Biol. (1950) 37, 414) and Winslow
(Ann. appl. Biol. (1954) 41, 591) are those of this pathotype. (Jones)

Genetics of eelwom resistsnt potrto€s

Resistant potatoes bred from ex andigena have a major gene that confers
resistance to 1L rostochiensis pathotyE A and those bred ex multidissectwn
another that confers resistance to pathotype B. Hybrids with both genes
are resistant to both pathotypes but not to pathotype E. Tests with a
range of nematode populations and resistant hybrids show that some ex
andigend plants contain additional resistance as do ttrose bred from ex
muhidissectum. The additional genes for resistance from andigeda operate
primarily against pathotype B and E populations. The hybrids lacking
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this factor such as Maris Piper and Ulster Glade seem to distinguish
sharply between pathotypes A and B or E. The presence or absence of
minor factors in resistant hybrids goes some way to explaining the varia-
tion in the numbers of cysts formed on their roots. Nematode populations
also vary in their reactions to the minor factors and in the number of
cysts they form on plants that possess them. The resistant plants are
probably best regarded not as non-hosts but as poor hosts able to suPport
small populations. In a trial at Wobum using Maris Piper, in sandy
soil, hea\ry infestations of .FL rostochiensis pathotype A were decreased by
8076 but light ones were maintained at a few eggs/g of soil. So far as is

known, the cysts formed were golden yellow, i.e. Pathotype A. Grudgill,
Parrott and Jones)

Woody nightshade, Solanrnn dulcamara, a hedgerow plant, and black
nightshade, S- nigrwn, a common weed of arable land, are the only
widespread native Solanaceous plants in Britain' The common races of
S. nigruz in South Eastern England seem not to be hosts of patiotype A,
B oaE of fl. rostochiensis, whereas S. dulcamara is a host of pathotype A
and of most round-cyst nematodes. Because of its value as a common
host when attempting to cross round-cyst nematodes, its status as a host

for pathotypes A, B and E was compared with tomato in miniature pots

each inoculited with 50larvae. Both were equally good hosts for pathotype

A, and both supported pathotypes B and E but they multiplied only
half as much aJ pathotype A. All three pathotypes produced a larger
ratio of females to males on woody nightshade than on tomato. (Green)

Reproduction and sex attraction in some root-kmt nemrtodes

Inoculating host roots with single larvae proved that Melo,idogyne 
-arden'

ensis, M. iaasi and M. thamesi rcproduc€ parthenogenetically, for 60 days

later females had produced viable eggs.

M. hapla cat alio reproduce parthenogenetically, although it produces

males. Tists on agar plites gave no evidenct that M- arenaria females of
any age attracted newly+merged or old males. Similarly young females

of'Miloidogyne arenarra in observation boxes did not attract males placed

near them in groups of ten.
Tests on agir alio showed that ma'les of these species are not attracted

to females oiother species. Hetercderu cruciferae females altract males of
all other species of Helerodera, arrd H. schachtii males are attracted to all
other species of Heterodera females, but Meloidogyne females did not
atfiact H. schochlii males and Meloiilogyne males were not attracted to
H. cruciferae females. (Santos)

Nemrtodes in plough€d and mplooghed land

Table 8 shows that the nematode fauna of the soil was similar after 3 and

4 years of growing wheat in unploughed land where weeds were killed
wiih paraquit to tlat where the land was ploughed annually. Tle direct-

seeded ptols at Rothamsted probably yielded less than the plougbed plots

because they were infected with couch grass, Agropyron repers, which was
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TABLE 8

Nematode popul^tions tmder winter wheat grown with and without ploughing. Nematotlesll soil, detransformed from log (x | 1)

Treated with
wc.d-killer

Ploughed

Grain yi€ld
cwt/ac.e

29.8

28.3
L I.A

Parasitic
Tylenchs

2399

2692

Other
Tyleochs

5495

@26

GBir yi.ld
cwt/acre

14.9

30.4
+ 1.53

October 1967
March 1968
Juue 1968
Scpt.mber 1958

Doryl- Other
aim! nem&todes

14130

1t750

Tylenchs
Doryl- Other
aims nematodes

8913 1413 31620

6166 813 14130

5623
6166
851I

Parasitic
Tyleflchs

813 7244

5623

9120
7244
3162
7943

Septembe! 1967 3311 7943 1012 19950
,anuary 1968 {677 4786 813 13180
April 1968 !585 4786 447 lO12O
July 1968 l5E5 5888 437 9772

*, rr or .", significantly diflerent from the utrtreated at 5 %, ty" ot 0.l"llevels ol probabilily.

\o

Wobum, third year Rothamsted, fourth year

z
rn

tsl
o-o
o

ln

,.1

ln
z
Fl

9550 22910
9333 17780
611 15490

1000 30900

10000
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not controlled by weed killer spray applied the previous autumn. The
detailed analysis of nematodes in soil taken at approximately 3 months
intervals show slight but inconsistent differences between numbers in the
direct-seeded and ploughed plots. The chang€s between sampling dates
followed the usual pattern, which is that all groups tended to be fewer
during summer than at other times. Seemingly any compaction from not
ploughing the Woburn sandy soil for 3 years or the Rothamsted clay soil
for 4 years did not make the pore system of either less suitable for nema'
todes.

Drmage to wheat roots by lie lesion nematode Pratylcrrchas fsllax
To gain information about P. fallax affecting wheat roots, roots were
grown in sterile culture and inoculated ryith nematodes. Larvae invading
the roots broke cell walls and some were discoloured. After 4 we€ks many
cell walls were broken and others thickened. P. fallar drd not penetrate
beyond the endodermis which greatly thickened near any nematode,
became discoloured and produc€d peg like Protrusions in the inner walls.
These changes happened before the outside ofthe root showed any lesions.
(Corbett and Webb)

Migratory nemrtodes in barley

Barley was planted again in 1969 at Papplewick, Notts, and Woburn,
Beds, to see whether fumigants applied to soil in 1968 to control nematodes
had any residual efrects (Rorhamsted Report for 1968, Part l, 16+165.
Table 9 shows the number of nematodes, estimated at sowing, and the
grain yields.

TABLE 9

Residual efect of nematicides in barley

Utrtreated'D-D' Aldicarb
Papplewick, Notts.

26.0 32.7 Z7.O 10.2 0'93
3.27 2.63 2.88 2-71 0.08
3.54 2.a2 3-21 3.1t 0.06
4.n 4.20 4.tl 4.45 0.04
10.8 3.3 1.6 2-5 1.0

J crop

Chlorc,
picrin S.E.

Barley cwt/acre
l-ag Prutylefichus ll soil
Log all parasites/l soil
Irg all Dematod€s/l soil
Prutylenchus as "/o total

Badey cwt/acre 29'O
l-o9 Prutylenchusll sgil 3'47
I-og all parasites/l soil 3'71
Log all nematodes/l soil 4'U
Ptutyle ch$ as "l tol l 17'6

Butt Close, Woburn
34.7 29.9 32-1 0.@
2.81 3.14 2.85 0.13
3.rl 3.4t 3 15 0.09
4.06 4.@ 4.33 0.06
5.8 11.8 4.2 0.97

At both sites plots treated with'D-D'and chloropicrin yielded sig-
nificantly more than untreated plots. At Papplewick, 'D-D', aldicarb and
chloropicrin applied before the 1968 crop significantly decreased numbers
of Pratylmchus fallax ar,d all parasitic nematodes. At Woburn 'D-D'
1m

Treatments before 1968
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and chloropicrin significantly decreased P. minyus arld, P. crenqtus. ,D-D,,
aldicarb and chloropicrin significantly decreased all parasitic nematodes.
Only at Papplewick, in aldicarb treated plots, were all nematodes signi-
ficantly fewer than in untreated plots. Apparently klling nematodes ii at
least partly responsible for fumigation increasing the yields of grain at
both sites, and, as Pratylenchur was affected proportionately more than
total nematodes by'D-D'and chloropicrin, this genus may have been
largely responsible for the smaller yields from the untreated plots.
(Corbett and Webb)

Nemrtodes in tte Intrto€ fu the Woburr I*y-Arable

Fumigating the soil of plots in the Woburn Ley-Arable experiment with
chloropicrin during autumn 1968, or applying Temik at planting 1968,
significantly increased yield of potatoes and decreased the numbers of
ettoparasitic nematodes- However, as populations of these nematodes
and of the potato cyst-nematode (Heterodera rostochiensis) in untreated
plots seemed too small to decrease yields, the increases may have been
from the extra nitrogen mineralised by fumigatiou or the control of other
pathogens.

The potato variety Maris Piper has been planted in this experiment
since 1966. It is damaged when many larvae of H. rostochiensis invade its
roots, but it prevents the nematode multiplying as it does following a
susceptible variety. The block that grew potatoes in 1968 (rye in 1969)
contained far fewer ectoparasitic nematodes in the plots fumigated with
chloropicrin in autumn 1967 than unfumigated ones, but these again
contained fewer than would be expected to cause measurable damage.
Nevertheless the rye yielded better on previously fumigated plots. This,
too, was probably a nitrogen effect, for the platrts on fumigated plots
matured later. Fumigation with chloropicrin greatly increased the 1968
potato yield (Rothemsted Report for 1968, Palt 1, 150), but populations
of H, rostochiensis were still appreciable in tiis block, despite growing the
resistant variety. In 1969 the roots of potato plants grown in pots con-
taining soil from unfumigated plots were invaded by twice as many larvae
as roots of plants grown in soil treated with chloropicrin in autumn 1967.
Hence the large yield differences (more than 10 tons/acre) after fumigating
the soil for the 1968 potato€s were partly caused by H- rostochiensis. The
block to be planted next year, like that planted in 1968, still contains an
appreciable population of IL rostochieasis and its effect on potato yields
will be tested. Salt (see page 17l of this Report) failed to find fungi attack-
ing the potato€s 1trat might explain the yield diferences this year or last.
(Evans)

Nematodes of Sitkr spruce unseries

Tylmchus sp. and Tylenchorhynciar spp. are plant parasites common in
the Chemistry Department's forestry reference plots on Stackyard field,
Wobtm. Paratylenchus, Pratylenchus znd Trichodorus spp. also occur, but
never in large numbers. Differences between the abundance of Tylencho-
rhyrchus spp. znd, Tylenchus spp. in soil examined in November 1968 and

l9l
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\o TABLE TO

Nematodes in 200 ml soil samples from foreslry rcfercnce plots, Woburn, 1968 and 1969

F
Et

0Fl
ln

rrl

.l
?j

\o
\o
rd

Fl

P
K
Mg
c
134

2472

59

7
20

389
128

589
2708

23
91

l0
3

1968 Dlcnchus sp,
1969

1968 lfleachorhynchus spp.
1969

Otha( Tylanchids
1968
1969

Othcr ncoatodes
t968
1969

Total
1968
1969

TyLnchut a8 % of total
1968
t969

TYleachofiynchut $ )1 of totd,l
1968
1969

NNN
PP
KKKO
Ms Ms Mg
FC
7m tzu 1012 l8l
212 190 154 2156

32 83 652 31
0 36 574 44

N
P
K

NN
PP

K
Mg Mg

L
676 4s2
18 250

1068 1088
186 280

410
282

62t
u84

29
81

5

2t
6

l22l
t20

1997
338

36
63

812
166

1628
t62

1620
136

418
3384

20
l2

4
24

345
298

787
3?18

53
9l

N
P
K

Ms

1t 56
2t2

1884
758

3
t8

28
t6

c

1132

89
t44

I
t2

t015
416

3877
1904

7t
70

8
26 t2
14 10

2t
4

681
104

&12
474

20
35

1632
t92

2v6 3198
3t2 736

1118
302

4162
1288

120
834

559 683
$ 186

1929 A21
3 948

67U59 16

427
50

26 t4
634

4234,1024522
60383475900

Fcrtiliser trcatmcnls

N : 'Nitro-chalk'; S : Superphosphate; P : Potassium chloride; K: Kieserite; c: compo6t; L: littcr; F: Formalin.
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1969 could not be related to fertiliser trBtments ol to root weights of tle
host plants. Populations were smaller in 1969 than in 1968, probably
because the summer and autumn of 1969 were much drier (Iable l0).

TABLE 11

Tylenchus spp. ord Tylenchorhynchus spp. as a Percentage of total
nematode porylalions in Stackyard, Woburn, in November

Sugar
Cereals Clover b.et Potato€sSitka spruce

fo t-9 yrs

1968 1969
Potatoes

r969t
ll
t0

4467539720 12 214 4

November
Tvlenchas
t'ybnchorhynchus

Numb€r of females
surviviog (replicates)

Mean number lar e

temperalwes
lo'c l5'c 20'c

l0 108

t Thc Gcouse rotatioD.
t The ley-arable experioent.

Where Sitka spruce has been grown annually for 4 to 9 years, the propor-
tions of Tylenchus spp. ar,d, Tylenchorhynchus spp. to other species were

greater than elsewhere in the field (Iable ll)' T. emarginatus w^s the
dominant species of Tylenchw, witt, T. costotus many fewer, and other
unidentified species occurred occasion ally. Tylenchorhychus spp. were less

numerous than ryknchw spp. T. tlubius, tbe most comrnon species, occurs
about the roots of many crops on Stackyard. T. emarginatr.r was probably
introduced on conifer transplants from the forestry nursery at Kennington
near Oxford, as this species does not occur elsewhere at Woburn.

Tylenchus emarginatus, T. costatus, Tylenchorhyrchus dubits, T. brevi-
dens, Rotylenchus robuslus arLd Trichodorus pachydermus feed on the roots
of Sitka seedlings growing in water agar and lay eggs btt only Tylenchus

emsrginatus cnmpletes its life cycle. Eggs laid by the other species hatched,
but the juveniles soon became quiescent' When placed in water they
b€came active but did not mature even when moved to fresh roots.
T. emargirlttus reproduced readily without males. The mea[ numbrs of

TABIT 12

Feamdity anil longevity oI T . ema,:ginatr.)s Iemales at diferent

2s"c t7-23.C

13 t0

oroduced 37 M
S.E. 6 +17

M€a! lensth of adult
tife in davs Still alivc 128' at etrd of

€xpcrieDt
s.E. +10'3 +5'7 *4'2 +4.1

larvae produced at constant temperaturcs of 15", 20", and 25'C, and with
a daily fluctuating temperature of l7-23"C, were not significantly different,
although most viable eggs were laid at 15'C Cfable l2). Nematodes lived
longer at l0'and l5'C, and reproduced more slowly than at the higher

168 155+26 +2t
46 33

182
+t4

57

1960*

13 193
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temperatures. At lo'C females were still alive 3 months after the first eggs
were laid, at l5'C adults lived about 128 days (72-168), at 25'C only
33 days (12-{0). EggJaying capacity is independent of temperature. Egg-
laying depends on a continued supply of food; it is slowed and longevity
increased by food shortage and/or cold.

T. emarginatus did not reproduce at 30o or 5'C, or when the tempera-
ture fluctuated between 3 and 8"C, and eggs failed to hatch after 3 weeks
at these temp€ratures. It can be assumed that T. emarginat&r cannot
reproduce in field soils b€twe€n October and April, when soil is usually
colder than lo'C, and that it overwinters in eitherjuvenile or adult stages.
T. emarginqtus has a shorter generation time than most other plant-
parasitic species. At 25'C the life-cycle takes only 5-6 days, at 20"C or at
temperatures fluctuating between 17 and 23'C G7 days, and at l5"C
l3-15 days.

T\at Tylmchus emarginatus znd, Tylenchorhynchus dubfus reproduce
on Sitka spruce was shown in the glasshouse. After 9 months at tempera-
tures betwe€n I 5-30'C, which allowed some 20 generation s of T. emargina-
,ur, numbers increased from the initial 50 and 500 in the inoculum to
1216 atd 12768 of Tylenchus and from 213 to 5832 of Tylenchorhynchus
(Table l3). The weights of the Sitka spruce tops and roots were not
significantly affected. In agar cultures Tylenchus spp. and f. dubius fed
on epidermal root cells, but never p€netrated deep into the roots, halted
growth or caused obvious injury. (Gowen)

TABLE 13

Reproduction of Tylenchus emarginatus azd Tylenchorhynchus dubius
on Sitkt spruce seedlings in pots

Tylcr@hus edarginarw, Tylenchorhyachus d&iu

Inoculum added 50

Numbers €xtracted
Mean (a: 10) 5253
Ranse (121G12768\
s.E. +995
t Including some L .orrarar.

5m

3869 (z : 9)
(2024-724f)

+538

3479 l5O5 (rr: 9)
(231-5832) (213-/017)

+54r +383

Cer,eal cyst-nematode at Wobun

The experiment studying the effects of treatments applied in 1966 on
populations of Iletercdera averue and the yield of spring wheat and spring
barley ended. A barley resistznt to the Woburn population of H. avenae
(kindly supplied by the Welsh Plant Breeding Station) was grown and all
plots were given the same amount of nitrogen fertiliser (l'0 cwt N/acre).
Neither yield nor nematode oumbers were affected by giving diferent
amounts of nitrogen in previous years, so all replicates for each main
treatment were pooled.

The 'D-D' applied in 1966 siguificantly (P : 0'01) increased the yield
ofthe nematode resistant barley in 1969 (Table l4), possibly partly by con-
trolling the nematode, for the resistant barley is invaded by H. avenae

l94
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larvae, or by controlling other pathogens, and partly by inhibiting nitrifica-
tion. The fact that it did not increase yield in 1968, although varieties of
wheat and barley susceptible to the nematode werc grown may be ex-
plained by the severe lodging in the wet summer. In 1969 a wet spring was
followed by a dry summer, conditions that favour invasion of roots by
larvae and increase the stress on plants with damaged roots. Early in 1968

it seemed that the 1966 'D-D' was beneficial to wheat, but the benefit did
not show in increased yield.

TABLE 14

Eflecrs of rotawtion and'D-D' (1964 on resistont barley and
H. averae 1969

ABC
Oats to Oats rotavated Oats rotavated + 'D-D'

harvest 1966 M.y,1966 (,1001b/acre) 1966

After ba ey (1967 nd 19681
Preclop eggs/g soil 6'2
H. aeenaelgtool ll4'2
Grain c*t/acre (85 % D.M.) 32'3

AJter whear (1967 ad l96a\
Pre-crop eggs/g soil 5 3
H- dvenaclgroot lm 7
crain c,wtiacre (85% D.M.) 35'7

2.4...
74-5
32-7

2-5...
80.4
36.7

., .., or ..., significandy dif€re ftom A at 5 %,I"/"or O.l%level6 of probability.

TABLE 15

Tolal grain production, 196749, after diferent treatment in 1966

cwt/aqe (85% D'M.)

Oats rotavated Oats rotavated +
May 400 lb'D-D'/aqe

Total yields l%7, 1968, 1969

t.2rr.
43.3.*r
37.9.t

44-9.
39.9'.

Oats to
harvest

For sequeDce, barley,
barley, lesisiaot barley

For wheat, wheat,
resistatrt barley

98.5

r03.2

102.9

108.7

108.9

117.6

Table 15 shows the total yields over the three years of this experiment.
The differences in yield between plots where oats were grown to maturity
in 1966 and those where they were rotavated in during May, with and
without applying 'D-D', probably underestimates the eflects of these

treatments, because the largest N dressing given in 1967 and 1968 depressed
yields. These modest responses in yield cannot justify the cost of using a

sterilant such as 'D-D' for cereal growing alone, but they add an extra
retum where land is treated primarily for crops such as potatoes and
sugar-beet, with which 'D-D' can produce substantial yield increases.

When this experiment begn in 1966, the H. avenae before sowing were
fewer than 1 egg/g soil; at the end of 1967, after two susceptible crops it
reached 6 eggs/g in untreated plots. It was still 6 eggs/g after the susceptible
crop was grown in 1968, confirming the tendency noted earlier for popula-
tions of .[L avenae Nl Woburn to stabilise at the relatively small value of

195
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TABLE 16

Heterodera avenae, Ophiobolus gramirris-their eflect on each other and lhe growth of winter wheat seedlings at 14'C

Inoculum

Dry shoot wt, g
Fresh shoot wt, g
Moist root wt, g
Ad emorged/treatm€ot
Total d/g root
Total 9/c root
Total d/treatment
Total ?/keatment

Uninoculatcd
0.22
1.25
4:

O. gruminls
only
0't4
0.75
,:

H. ayetae
only
o.m
I .04
3.9

89,,1

5
534
100

O. grarhiii!
first
0.16
0.81
1.5

49
142

9
1009

70

H. avenae
fiIst
0.t8
0.77
2.2

69
41
13

494
150

O. gru init
+ H, avenae

!imultaneously
0. l3
0.72
1.0

46
to2

4
321

25
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1-10 egigE/g, unless the land is treated with formalio, when they increased
considerably. (Williams)

The interectiotr betres cereal cyst-nematode and tte taLeall fimgus

After an indication in 1965 (Rothamsted Report for 1965, 149) that H.
avenqe be6me fewer when cereals were much afrected by take-all and
increased when they were not, the interaction between IL avmae ar,d
O . gramhis vas sltldied in pots planted with winter wheat. Some pots were
inoculated wilh H. avenae, some with O. graminis, some with both, and
some with neither. In some pots both were inoculated simultaneously,
and in others at different times.

H. awnae alone (at 500 larvae/plant) had no detectable effect on root or
shoot weights Cfable 16). Take-all alone siglifcantly (P : 0'001) decreased
shoot weights ard H. avenae did not enlance its effects. Although there
were more males/g root when O. graminis was added first, this was prob-
ably because the delay in adding the larvae meant more immature males
were in the roots when these were macerated.

Female If. avenae (per g of root or per pot) were fewer when larvae
were inoculated at the same time as the fungus (P : 0'05) than v/hen they
were inoculated first, possibly because when established first they had more
chance of becoming females. Only limited conclusions can be reached from
this experiment because some males were lost and could not be counted.

In another experiment the males were counted by transfering plants
from soil to Comish gdt in plastic baskets standing in tays before males
began to emerge. Ophiobolw graminis from Wobum soil (25 mesh sieve
fraction) and l6C0 H. avenae larvae were added simultaneously to the
pots. Table l7 shows that roots were heaviest in the un-inoculated pots

TABLE 17

The efects of Heterodera averae and Ophiobolus graminis on each
other and on vlinter whedl seedlings dt l4"C

H. oveioe O. graminit E. awrua +
Control only ody O. gdminit

3.4 3.6 2.8 3.0
6.7 5.t. 4.7..r 3.1..'

Shoot weight/pot (frEsh)
Root veight/pot moist
T.kc-all lesions % roots

infected
Total males/pot
Total females/pot

55 50
157
56

3A
t39

. or ..', si8nificantly differrnt from cotrEol at 5)1 ot O \%lcrels of probability.

and lightest in pots with O. graminis. H. avenae did not significantly
increase the effect of O- gramiais, although alone it significantly decteased
the weight of moist root (P : 0'05). There was litde sign of the 'knotting'
of seminal roots which follows H. avenae irvasion of spring wheat in the
field. Take-all invasion of roots was not influenced by H. avenae, b]ut
O. graminis greatly decreased the number of male and female nematodes
that matured (P:0'00D. In pots where take-all developed extensively
the sex ratio @ : Q) was 4'2, compared with 2'8 where it failed to develop

t97
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extensiyely, and 2.6 in uninoculated pots. It was 9.1 in one pot in which
85% of the roots had take-all lesions. (Williams and Hornby, Plant
Pathology Dept.)

Fumigation of potato soil to cotrbol nemrtod€s d Yerticiuiarn rilt
Heterodera rostochientis worsened Yerticillium wilt of potatoes grown in
pots (Rothamsted Report for 1968 , Part I , I 57). Hence attempts were made
in an infested field at Wobum to control either pest or fungus or both.
Aldicarb (660 lb/acre of lOf granules) was rotavated in before planting
to kill nematodes; benomyl was applied as dust to seed tubers to try and
control the fungus, and methyl bromide (2 lb/100 sq ft) was applied under
gas-tight she€ts to control both organisms.

Benomyl was ineffective and did not atrect the tuber yield (Table l8).
Aldicarb and methyl bromide killed nematodes so eflectively that there
were few females on roots during June and even fewer cysts and eggs in
the soil after harvest, but methyl bromide increased the yield by 7'7 and
aldicarb by only 4.2 tons/acre. (Corbett and Hide, Plant Pathology
Department)

TABLE 18

Efect oJ methjl bromide, aldicarb and benomyl on potato yields
aad numbers of the crst nemalode

(Counts are log (r+ l) with detratlsform€d numbers in paretrthesis)

ruber i"#*"oo cyrs/zm I Esss/2.m Iyields roots io soil at soil at
toas/acrc JuDe hartest haritst

Urtreated Cootrol 10 0 1 30 (20) l'77 (59t I '78 (60)
Aldicarb Nematicide 14.2 0'83 (7) I 0l (ll) 1 20 (lO
Benomyl Fungicide 10.3 1.78 (60) 1.79 (62) l'98 (96)
Methyl bromide Nematicide atrd

funsicide 17 7 0'61 (4) 1'11 (13) 0'95 (9)

s.E. 0.9 0.17 0.14 0.18

Conhol of 'Docting disorder' h sgar b€et

In plots 4
where the

about 500 yards on Honeyhills, Docking, Norfolk,
infested with Trichodorus (chiefly ?" cylindricas) and

Longidorus attenuatus, 'D-D'injected on 26 March 6 in beneath the pre-
determined sugar-beet rows greatly increased the yield of sugar-beet sown
on 21 April. One ml 'D-D'ft of row (6'4 gal/acre) increased seedling weight
in June ten-fold, 1| ml increased it twenty-fold and 2 ml increased it twelve-
fold. Seedlings in untreated soil on one side of the field gew well during
summer but on the other side, where the soil was coars€r, they remained
stunted. Although total yields werc increased sugar was less than the
maximum because the plant population was excessive and gave many
roots too small to harvest. At Bircham, Norfolk, where the soil was lightly
infested with Trichodorus and wherc herbicide killed many seedlings,
Docking disorder did not occur and 'D-D' neither increased seedling
vigour nor yield (fable l9).
198

yards x
soil was
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TIELE 19

Efect on sugdt yield of ' D- D' injected beneath rcws before sowing

Treatment
(sal 'D-D'/

aoe)
Urrtreated

6,4
9'6

t 2'8

31.7 46.7
43'7" ,16'0
43.5.' 45.9
46.4..' 47.0

TrEatrDent
Gal'D-Dl Su8ar Plants/acrc

acre) (c*r/acre) (thot saDds)

Unt eated 45'3 24'l
5'8 /A'3 2t'r
8.7 48.7 N.2
ll.6 49.9 2s.O

., .., o! t.t, sigaificantly differrnt from the uDtrcated 
^l 

5%, 1% or O l % levels-
of probability.

At Bircham, because of heavy rain, sugar-beet was sown 6 weks after
fertilisers were applied to the seedbed. In spite of this an extra 122 lb N/acre
added to the seedbed as ammonium sulphate or as ammonium sulphate
with 2 f of the nitrogen as 'N-serve' (2-chloro-Gtrichloromethyl-pyridine),
which is said not to be leached, did not increase yields. (Whitehead and
Tite)

C-ouhol of tte needl ilrtcdtr- Longidoras elongatat

In fen peat soil (more rban 50yo organic matter) near Stoke Ferry, W.
Norfok, Iangidorus e/ozgalzr injures spring-sown crops, especially cocks-
foot-ryegrass leys, sugar-beet and kale. Dazomet 100 lb (prill)/acre rota-
vated into the top 6 in of soil during August killed about 701 of the
nematodes down to 8 in. Aldicarb, ,lO lb eranules (10 % active ingredient)/
acre rotavated into the top soil, or 'D-D' 400 lb/acre injected 6 in' deep

during August, killed half of the nematodes but as much as 200 lb 'Mocap'
granules (O+ttryl S,S-dipropyl phosphorodithioate) (10% active in-
gredient) did not kill any. None of the treatments improved the good
yields of the 1969 cocksfoot-ryegrass sown in autumn 1968 after the
treatments had b€en applied. Although soil from untreated plots contained
more than 3W L. elongatuflitre during spring, the autumn sown grass

was undamaged whereas the spring sown grass failed. Other new leys
sown in spring 1969 on similar peat soils at Stoke Ferry were badly damaged
by L. elongdtus. Damage by this pest to grass is therefore best avoided
by sowing in autumn, when it is presumed the nematodes are not feeding'
(Whitehead and TitQ

Control of potrto cyst-Demrtode

In Butt Furlong, Woburn, where the sandy soil (about lOf clay) is in-
fested with potato cyst-nematode, 'D-D'injected 9 in. deep into preformed
ridges 5 weeks before potatoes were planted decreased the number of
larvae invading the roots and increased the yield of ware'sized tubers
(Iable 20). Applying32 gal'D-D'lacre doubled the yield of ware, as it did
on the same plots in 1968 but it controlled the nematode less well than in
1968. In Long Mead, Woburo, where the soil is a loam with 391 clay,
dazomet (981 granules (prill)) and aldicarb ('Temik') ganules (10%

199
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active ingredient) rotavated into the top 6 in. controlled the nematode
better than 'D-D' applied to preformed ridges, and geatly increased
yields.

In a new experiment on sandy loam in Butt Close, Woburn, 780 lb
methyl bronide/acre was applied under gas-tight polythene sheeting
during spring, and dazomet rotavated into the top 6 in. of soil either dwing
autumn or 8 weeks before planting. Both controlled potato cyst-nematode
better than did 'D-D' or'Telone', whether these were applied during
autumn or to preformed ridges in spring and greatly increased yields of
ware tubers (Table 2l).

TABLE M
Nematicides and potdto cysl- emolodc at Wobum

Watr tubcrs va., Maj6tic tous/a.rr;
0arval io\.asiotr % untreated plots)

Butt Furlong
(sandy loam)

4.5

(E I)
(5e)
(50
(48)

','_*.,o-r'.., signifcantly difreFDt froE the u tlat€d at 5'/.,l% or O.l%btels of
ptobabiliry.

TABLE 21

Nematicides and potato cyst-nematode in sandy loam, Butt Close, l4toburn
warc tube6 Yar.
Mai:stic toD/asrE
(larval iDvasion

% untrealed plots)
4.0

7.2 (t4t33 (4oo)
re (230)

(400)
s 4 (39)...15.3 (,

TrEatrnetrt

Untreated
Auturrot, 1968.D-D'

'Telone'
Dazomet

Spriae,1989
'D"D' 8 (9, 7.3 (39)

16 090) 6.5 (,4\.rerore. '?(?xi .'3:1t33|

t2(14, s.4 (44\
24 (2901 .'7.7 lhDazomet Om) *"10.5 (lOt3s] :::tz.f 8l

Methyl b,romidc (780, .'.13.9 (4i

', *.-o.r "', sigtrifcanuy diff€r€ot ftom the uatt(p't(d at 5"1,l% ot O.loAlE.tc,6 of
probability.

2W

Treatmeot
Uo&€atcd
Spri,g,1969.D,D'

Daz,on]cl (981,

Aldicarb O0 70

4.7
5.6,.7.6

,r.9.2

Amount
eu Uaqr 0b/acE)

Amount
gal/acle
(lb/aoe)

I,oog Mead
(sandy clsy)

2.1

2.3 Om)
3.0 oo0)*.6.0 000)*r5.9 (80).r.8.3 (30)*..13.6 (19).,7.2 (2tl

**7.8 00
'..r3.2 (4')

4 (8)
8 (95)

16 0e0)
32 (380)

(loo)
(2m)
(4oo)

(23)
(45)
(e2)
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TABLE 22

Nematicides and potato cyst-nematode in peaty loam soil, MePal

Ware tubers to!/acre (larval itrvarion % of uotr€ted plots)

Amourt (8a1, lb/acre)
Treatment

Aldicarb at planting

'D-D' to ridgps io spring

Dazomct, Novcmber 1968

Aldicarb at planting

Experintenl B
Untreated 8 Sal

K. Edward 2.6 (100) 3.0 (84)

Potato variety

K. Edward
K. Edward

K. Edward
Maris Pipert

Untreated
1.5 (100)
1.4 (100)

Untreated
2.2 000)
8.1 (21)

29 E;al

1.8 000)3.8* (5e)

23 tb,
,.2rt (29,)to.2 ol)

58 sal
2.6 (1m)
U.5*r (sl)

46lb
7.7... O'10.5* (4)

16 strl
2.7 (64)

8? gal

3.1 om)8.3... (28)

92 lb
e.1... (5)
,.j1. (J)

32 r;al
3.3 (67)

4{n Ib
5.9..r (17)

92lb
8.2... ('

Mcatrs
(\r6tic8l

comparisotrs
ooly)

2.3
5.0.

6.3..
10.1r..

2.9

3.4

6.8..r

Expe n@nl A
.D-D'

1967 only
1967 and 1968

Uotr€ated
K. Edward 2.0 000)

l00lb 2001b
2.6 (51) 3.0 (50)

Utrtreated 23lb 46lb
K. Edward 2'7 Om) 8'1"' (3O t 2.* (lO

z
EI7

-l
t-o
o
H
rrl

.l

rn
2,
-l

'. .*, or +*+, sisnincantly diflerenr from the untre^ted at 5i4, l% ot O.liAlevels of probability.
t'I-arvai invasioi of erran BalDer potato roots determh.d fiom sbil 3amples collocted afrer aldicarb trcatmcot but bcforc Maris Piper plantcd

tra
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'D-D', dazomet and aldicarb were tested for a second year in fen peat
soil Ql30l organic matter) at the Arthur Rickwood Experimental
Husbandry Farm, Mepal, Isle of Ely (fable 22). Yields of ware-sized
tubers from untreated plots were small. 'D-D' injected 6 in. deep in rows
l2 in. apart in November again increased potato yields but controlled
potato cyst-nematode poorly. Smaller amounts of 'D-D' injected into pre-
formed ridges during spring neither controlled the nematode nor increased
the yields. Dazomet rotavated into the top 6 in. of soil in November
controlled the nematode better but damaged the plants. Aldicarb rotavated
hto the top 6 in. of soil just before planting controlled the nematode w€ll
and gready increased yields. In contrast to 1968, when the soil was less
heavily infested, aldicarb also significantly increased the yield of Maris Piper
potatoes.

'D-D' and dazomet were also tested in fen silt soil (731fine sand)
near Terrington St. Clement, Norfolk (fable 23). The soil was heavily
infested and yields of Maris Piper and Majestic potato€s from untreated
plots were small. Although 'D-D' controlled the nematode poorly when
injected 9 in. deep into preformed ridges 5 weeks before planting, it
greatly increased the yields of both varieties. Dazomet rotayated into the
top 6 in. ofsoil, which was then formed into ridges 9 weeks before planting,
controlled the nematode better and also greatly increased the yield of
Majestic.

TABLE 23

Nematicides and potato cystnemalode in silt soil, Tenington
Ware tubers ton/asr€ 0arval id\"asioo % unteated plots)

TreatmeEt
UntI€{ted
SprW, 1969.D.D'

Dazomet

eal/acle
0b/acre)

Majestic
(susceptible)

Mads Pip€r
(resistaDt)

2.61.0

8 (95)
16 o9o)
32 (180)

0m)
(200)
(400)

0.3

0.3*r (98)
5.2r.* (64)
6.0*.. (33)

8.5*.. (93)
8.6,*. (75)
8.0.,. (7O

., t., or tt', sisDmcaotly dif€{ent from thc untreated at 5
probability.

l'X ot O.l:/" leaels of

Applied during spritrg to the same plots and in the same amounts as
in 1968, 'D-D', dazomet and aldicarb at Woburn and 'D-D' and aldicarb
at Mepal killed a smaller percentage of the nematodes than in 1968,
perhaps because the spring of 1969 was wetter. (Whitehead and Tite)

In Long Mead, Woburn, carbon disulphide, 'D-D' and methyl bromide
applied under gas-tight sheeting in May significantly decreased the invasion
of potato roots by larvae and greatly increased potato yields (Iable 24).
Dibromochloropropane ('Nemagon') injected 6 in. deep into soil, which
was then covered with gas-tight sheeting for 3 weeks, also decreased
larval invasion of potato roots but was toxic to potatoes planted in early

2A

(86)
(50
06)

3.5r*.

9.8r*.

Potato Yariety
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TABI,E U
Assessing nematicidal actiyily of pesticides, Inng Mead, Wobum

Treatment

Amount
(a.i. lb/

acre)

Warc
potatoes

ttll.
Majr5tic
tons/acrc

3.5

Irg larY&
+ I /g root

(4.7.69)

2-A

2-9
2.6

2-2.
1.9t.

2-4

3.0
2.a
2.6

IE pots
ChanSc in

viable lan"ae
before plaoring

(29.5.6e)
%l]rforc
treatment
(12.s.69)

13.5

- 50.3.
-48.9
-69.1.

8.6

91.3'*
44- 5
20.8

- 33.0

I! field

Urltreated
Fumigantt

Aluminium phosphide (C)t l2O 5-9.
Carbon disulphide (C) ,m
Carbon disulphide M 5.3.D_D'(C) ,{O0 10.4r.*
Dibromochlo.opropane (C) lm 3-6
DibromochloropropaDe l0O 2.6
Ethyl bromide (C) ,+80 4.0
Metbyl bromide (C) 10m 14.81.'
Methyl chloride (C) 5m 2.8
Methyleae dichloride (C) 44 5 9*
Propylerc oxide (C) Z7O 2.O

O ryono-p ho sp hotus iase c t ic i de s
'Bidrin'
Chlorfenvinphos
Demetoo-Soethyl
Diazhou
Dilllefox
'Dursban'
EItdothioD
'Fotimat'
Phosphamidon
scbrad.tr
ThionaziE

90 4.2 2.5 - 58.5.
90 9.6... 2-2. _88.9..
m 6.0. 2.8 -73.2.9010.1r.*1.4..._62.4.
110 5.5. 1.4... ,86.2.*
90 5.3 1.8*.* _74.5.
m 4.3 2.a - 1.8
ll0 s.2 2.4 -26.590 8.7r*. 2.3. _35.5
lm 5.2 2-t.. - 18.4
90 1.8,r*

Orher pesticidei
Aldicarb t0 10.8*. 1.6... -79.o.Cl442l 4 3.9 2.8 -,O.8Griseofulvin 20 4.3 2.6 -a.4.Isola!, 90 1.5r*. 1.7.r, _70.0.
Methomyl 5 6.4'. 2.5 62.6

', ", or .", siguificantty diferEot from thc $rtr€atd at Sol,loA ot 0.1 % levels of
probability.

t (C) : covercd wirh gas-tight sbeeting,

June. Aldicarb, chlorfenvinphos, demeton-S-methyl, diazinon, dimefox,
'Isolan', phosphamidon and thionazin, applied to the soil surface and
rotavated in just before potatoes were planted, greatly decreased the
invasion of potato roots by larvae and greatly increased potato yields.
Dimefox, thionazin, 'Isolan' and perhaps 'Dursban' and schradan,
damaged potatoes at the amounts applied. (Whitehead and Storey)

Strfr ard vin'ting rorkers

A. R. Stone joined the staffin October and Miss J. B. Vincent (Liverpool
Regional College of Technology), Miss Ljubica Rajicic (Yugoslavia),
Mr. S. Gowen (Irinidad), Mr. O. O. Olowe (Nigeria), Dr. G. W. Yeates
(New Zealand) and Dr. U. Wyss (Germany) worked in the Department.
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G. Storey (Liverpool Regional College of Technology) and M. Williams
(Barking Regional College of Techlology) worked as sandwich-course
students. A. G. Whitehead organised sessions on the control of nematodes
at the 5th British Insecticides and Fungicides Conference, Brighton, in
Novemb€r at which F. G. W. Jones and T. D. Williams gave papers.
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