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NEMATOLOGY DEPARTMENT
By T. Gooorv

Our first year as a department of Rothamsted has, of necessity,
been a broken one as we continued in our old quarters at \l'inches
Farm, St. Albans, until the transfer to Rothamsted Experimental
Station which was carried out at the end of June 1948. Work was
naturally impeded by the impending removal, the uncertainty of
the date of the latter and also by the disturbance entailed in the move
itsell and the process of settling in. In spite of these adverse
factors, valuable work has been carried out and some useful results
obtained.

Early in the year Dr. Goodey prepared a report on his visit to
the United States and Canada (May-September, 1947) and this was
duly presented to the }tiaistry of Agriculture and to the Agricultural
Research Council. As a British delegate appointed by the Royal
Society, Dr. Goodey attended the 13th Intemational Congress of
Zoology held in Paris ir July 1948, and delivered a lecture on PlaDt
Parasitic Nematodes to the Section on Applied Zoology and
Parasitology.

Although we were established in our new laboratories in July
1948, there was considerable delay before our greenhouses were
erected and we could begin the drggrng and the laying-out o{ the
area on which our experimental plots are to be established. By the
middle of November, however, most of the ground had been dug,
the lay-out of the plots determined and a Iew of them planted.
These plots are to serve as the living museum of plant parasitic
eelworms.

Research conducted in the department Ialls naturally into two
main sections: (l) problems connected with
by species of the

blems connected with plant infestations
Anguillulina and Afhcknchoides atd *ilDy specres ol tne genera AnSutuultng alld aph4ufi{hotdes aIl(I sol|

nematodes generally (Dr. T. Goodey, Dr. M. T. Franklin and Mr.
J. B. Goodey); (2) those connected with Heterodcra sp€cies (Dr.
B. G. Peters and Mr. D. W. Fenwick).
J. B. Goodey); (2) those connected
B. G. Peters and Mr. D. W. Fenwick).
ANGUIIULINA AND APHELENCHoIDES
Anguillulina

The stem eelworm, Anguillulina dipsaci, is probably best
described as an agtregate species which can be roughty sub-divided
into so-called biological races and a main line of work is directed
towards the more precise definition and difierentiation of these
races. Fortunately a small quartity of inlested material of Teasel,
the type host, Dipsacus fullonum, from Oregon, was given to Dr.
Goodey during his visit to the United States and this has provided
a Borm for comparative studies. It is now known that the eelworm
disease of Teasel occurs in England and a native source of material
has thus become available.

Some work has been done during the year on host translerence
of the teasel eelworm and certatl other races such as the oat/onion/
bean race, the narcissus, the red clover and the lucerne races. All
of these appear able to tmnsfer successfully to onion seedlings and
to reproduce in them. On the other hand the oat/onionfteaa race
does not transfer to narcissus nor the red clover race to oats. The
further implications of this work are being Iollowed up.
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The eelworm causing tuber-rot of potatoes was shown by Thome
in 1945 to be a species distinct from the tme stem eelworm,.r{.
ilifsaci, and the name Ditylcnchus deslru+tu was given to it. The
same parasite attacks potato tubers in Great Britain and we have
been studying it closely during the year. We have confirrned, by
pot experiments, its ability to transfer to and cause necrotic lesions
in the rhizomes of CorrrMimt, Menlha artszsrs L.; a host transference
first found in Prince Edward Island. On visiting fields in the Fens
where in 1947 potatoes were afiected by the pest and in 19,18 wheat
wirs grown, Com Mint was found as a common weed ald in many
plants examined necrosed areas were found on the rhizomes in which
Dilylenthus desttuctot was io:ur.d in all stages of development. The
parasite was also found ia similar necrotic areas on the rhizomes of
another common weed, viz. Corn Sowthistle, Sonchus ammsis L.,
a new host record, A paper on these findings has been rrTitten aad
accepted for publication.

Several new weed hosts of the onion race ol A. dilsaci have ber-r:^

discovered and an experiment attempting the control of the oat
race on a 6eld scale in its weed hosts is planned for next Spring-

Work is in progress on the eelworm infesting bulbous irises, the
taxonomic and biologbal relationships of which have been very
obscure and puzzling for many yeaxs. This work promises some
most interesting results. In attempting the difierentiation of the
various biological races oI l. diPsaci it became apparent that the
conditions under which nematodes are killed and fixed needed
standardization and work is in progress along these lines.

A. dipsaci in the living, quiescent condition can be seed-bome
on onion, red clover and teasel seed and it was shown by Goodey
in 1945 that infested onion seed could be successfully fumigated
with methyl bromide with negligible efiect on the germination oI the
seed. Further tests have been made with methyl bromide and we
have found that in the case oI red clover and teasel seed, fumigation
is equally efrcient and that there is no deleterious efiect on the seed-

Work has been done on the detailed morphology ol Anguillulina
species which are often found associated with plant roots as parasites
or partial parasites. A new species of the genus has been discovered
and will shortly be described. A paper on the occurrence of
phasmids (sensory papillae) on the male tails of three species of the
genus has been written and will appeax very shortly.

APHELENcHoIDES

Morphologlt and biologt. Most of the work has been on
strawberry nematodes, as more than one species seemed to be
present. Strawberry plants with eelworms ol the terlus A|hd4n-
choides ln the buds were received from about 10 places in England
and Scotland. The nematodes were examined and in many cases
drawn and measured aad it became evident that two species were
y*nt, Aphclzn+hridas f/agafie, and what appeared to be /f/r.
okvslns; occasionally both were preseut on the same plant- They
were difierentiated by difierences in width, position of the excretory
pore and curvaturc of the male tail on killing by heat. Support
for the identification of the second nematode as AUh. olasisrt s wa-s
given by an infection eryeriment: on four occasions the strawbefry
form was inoculated on to difierent fronds of Pteris, and in one case
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tle nematodes successfully eatered the tissues of the frond and
typical 'lealblotch' symptoms appeared in 5-6 weeks. After 3
months the diseased patch was excised and teased up and about
three times as many \{onns were Iound as had been used as an
inoculum. No morphological difrerences could be found between
Aph. olzsislus from stnwberry and those from violet and fem.

Culture oJ Lpheleachoides spacias. Making use of a maize-meal
agar on which a growth of the fungus,{trIcrzaza lzznri is established
certain species of. Aph*nchoidx can be successfirlly grown; usually
at 24"C. Under these conditions A?h. olesistas from strawberry
more than doubled its numbers in a month and many eggs were
forrLd. Aph. fragaric on a similar medium also multiplied but not
quite so vigorously. A?k. rilzema-bosi (the chrysanthemum foliar
eelworm) maintained itsell on agar but when inoculated into ripe
tomato multiplied six-fold and spread throughout the fruit in 10
weeks. In a second tomato fruit the numbers doubled in 2 weeks.
Aph. ol.csistus from infested leaves oI Lilium sp. ar:.d Alh. subtznuis
from narcissus were also established on agar plates along with the
fvtgas Akanaria tenuis: the former multipll.ing to very large
numbers. APh. olcsistus from violet was successfully transferred
to Pteris, the nematodes increasing three-Iold in about I weeks.

Using the same cultural technique the nematode, Alhdcttchns
avcne, which may be a facultative parasite on plant roots, has been
cultivated successfully; its feeding habits and the behaviour of the
mouth spear have been studied under these conditions.

Slaining tachnique. Dr. Franklin has developed a quick staining
method for demonstrating eelworms in plant tissues. It is a
modi&cation of the acid fuchsin lactophenol techoique. She has
also done much work on a revien, of the genus Eetetodera ar.d. the
relevant literature, a genus on which she is an acknowledged
authority.

Hditodtro
That side of the department's work concemed with eelworms

of the genus Helorod.era has consisted largely in bringing to com-
pletion the Agricultural Research Council field trials on the
nematocidal efiects of D-D mkture, and in pursuing certain technical
problems raised by those trials. The routine laboratory work on the
final series of soil samples was completed in March, and a full
report was then drawn up and submitted to the ad ioc Agricultural
Research Council Committee on 30th April. On the recommendation
of ttrat Committee, the report has since been recast and expanded
in a form suitable for publication and is now ready for the press.

The trials were carried out at seven 2-acre sites on sandy, silty,
and blackland soils. Apart from a pilot trial where soil was
injected in Spring, injections were carried out in the autumn, and
potatoes were grown the following year. Factors investigated were
rate of applicatioD (0,200,400 and 800 lb. D-D per acre), depth of
injection (4 or 8 inches) and the effect of rotling after iniection. At
the most responsive of the sites (Wainfleet), yield, kill and the final
eelworm population were all roughly proportional to the rate of
apptication. Under favourable cirormstances a 50 per cent. increase
tn yield and something like a 50 per cent. reduction in eelworm
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population can be expected from 800 lb. per acre, but the latter re-
duction is more than made good during the growth of the subsequent
crop; accelerated multiplication of eelwom on the treated plots
leads to their finally having a larger population than the untreated
controls. Of the sites tested, the blackland soils gave a lower
e€lworm kill and a much lower yield increase from D-D than silts
or sands. After autumn injection the nematocidal, and probably
the phltocidal, effects of D-D persist in the soil for many weeks.

The counting of over a million cysts, eggs and larva, from
upwards of 1400 soil samples collected during the trials, has left
a large body of data, the statistical analysis of which was undertaken
by Mr. G. V. Dyke of the Statistical Department. These data
show that there are pronounced anomalies in the couats of larva
"hatched" by the catcium hlpochlorite tecbaique. This technique
has failed not merely to difierentiate between living and dead larva,
but even to give a reliable total count oI the content of cysts.
Accordingly, a detailed investigation of the tecbnique has been
undertaken, as a result of which it is now possible to secure a reliable
total count, Some progress has also been made towards difierentia-
ting living {rom dead Iarva by the same technique, but at present it
is doubtful whether results can errer compare with those of the
lengthy rootdifiusate technique. The latter is also under investiga-
tion with a view to improving the consistency of counts. Signoid
curves have been obtained ftom plotting "prcentage hatch"
against "time" and these may prove amenable to probit analysis.
Progress is necessarily slow since hatching requires some 8 weeks, and
inherent variability necessitates large samples, but to date the hatch
from 1,500 individual cysts has been sepamtely counted at least
weekly. Work on the dilution of rootdftusate is also in hand, and
on its concentration by adsorption on animal charcoal followed by
solution with 20 per cent, acetone and evaporation-

The nematocidal action of D-D mixture is also under investiga-
tion, both used neat in small pot experiments and ia aqueous
solutions. Solutions for nematocidal tests have also been prepared
from Iractions of D-D mixture volatilized at room temperature by
passing measured volumes of air through it- The fractions are not
homogeneous; the complete D-D is soluble in spirit, but, after
volatilizing 9/10, the residual l/10 is insoluble in spirit but soluble
in acetone.

At the invitation of Mr. L. N. Staniland, who bas lound
considerable nematocidal power in trichlorophenol (T.C.P.), tests
are in hand on dilutions of this material- In these, and the
previously mentioned tests, use is also being made of the vinegar
eelworm as a convenient laboratory animal. The hypothesis,
a\f,aiting confirmation, is that substances with no efiect on vinegar
eelworm will also be without efiect on encysted Eeteroilera larya.
If this is confirmed it will give a rapid method for eliminating
useless substances and/or concentrations; at present, many weeks
are wasted in such elimination when using the root-difiusate tech-
nique. A modification of the McMaster counting slide enables
eelworms in I ml. of liquid to be couated rapidly and nith greater
convenience than in the previously used solid watch glasses.

Experiments on the thermal death point ol H. roslochiensis
have been carried out in greater detail than hitherto; it is confirmed
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that damp cysts entail a lower lethal temPerature than dry -cysts.
Extensive pieviously-collected data on larval lengths of difrerent
Hd.rod.ra;Pecies hive been analysed and results are being prepared
for publication.

The following ioint investigations and contacts should be
rcported:

(l) The department is ccoperating with the West Nortolk
Fariners Co-oplrative and Messrs. Shell to investitate the efiects
oI annually repeated injections of D-D mixture in infested potato
soils. Daia for this (the first) year have been analysed.

(2) The department plans co-operating with Dr. H. C. Cough of
CamUridge in long-term investigations on eelworrn Populatlon
cbanges during different crop rotations in different soil types.

(3) Messrs. Seymour Cobley Ltd. have been advibed on the
warm'-water treatment of seed |otatoes to kilt adherent Helelodora
cysts: at present they prefer to carry out their own tests.
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