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NEMATOLOGY DEPARTMENT
BY T. GooDEY

GENERAL
Nowhere at the present time is it possible for the worker in

applied biology to obtain instruction in the handling of plant and soil
nematodes. The need for a course in nematology and nematological
methods and techniques has been urgent for several years. At the
request of the Plant Pests and Diseases Committee oI the Association
of Applied Biologists the staff oI this department agreed to be
responsible for conducting a course during the past summer. By
permission ot Sir Frank Engledow it was held at the School of
Agriculture, Cambridge, from July 7-16, 1949. IIr. F. G. W. Jones,
Entomologist in the School of Agriculture, made the necessary
local arrargements and secured accommodation at Jesus College
for the 30 students who attended. Selection oI the students (20 of
yvhom were from the National Agricultwal Advisory Service) was
carried out by the stafi of the Ministry of Agriculture Plaat
Pathology Laboratory, Harpenden and Mr. E. Dunn, Assistant
Entomologist of that laboratory acted as secretary/treasurer. A
strenuous 10 days of iatensive lectures and practical work was spent
by those conducting and takiag the coune, the first of its kind to
be arranged in this country. The many letters of appreciation
and thanks received from those who took the course show that it
was successful.

Dr. T. Goodey paid a short visit to Holland from April 26 to
May 6, 1949 and spent most of the time at Wageningen in Prolessor
H. M. Quanjer's Laboratory for Mycology and Potato Investigations.
Here Mr. J. W. Seinhorst has been working for some years on
problems connected with stem eelworm disease ("stock") oI rye
and has devised new methods for extracting the infective larva of
the parasite, in large numbers, from dried infested rye plants and
for cleaning and concentrating them. Details of these methods
have not yet been published but Mr. Seinlorst kintlly supplied
particulars for the construction of the apparatus and gave details oI
the methods he has successfully developed. Similar apparatus
has now been erected in this department and is in full working
order. It has provialed us not oDly nith large numbers of infective
larve of several races oI the stem eelworm from teasel, oats, red
clover, narcissus, and broad beans, which will be used in due course
for inoculation experiments, but also with Alhclencfuides species
from strawb€rry buds, violet plants and c\rsanthemum leaves.
On leaving Wageningen a short stay was made at the Bulb Research
Station, Lisse where a profitable opportunity was taken for
discussions ou nematode infestations of bulbs with Professor E. varr
Slogteren and Dr. M. P. de Bru)m Ouboter.

Dr. Peters attended au Arable ConJerence at St. Helens irr
January and gave a talk on potato root eelworm, illustmted by the
C.O.I. documentary filrn.

During the year two temporary workers bave spent periods in
the department learning nematological methods, na.mely Mr. R. S.
Pitcher of East Malling Research Station and Mr. Sven Bingefors of
the Swedish Seeds Association, Uppsala.
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On the area adiacent to the laboratory our living museurn ol
Dlant Darasitic spicies and races of eelworms is now laxgely

I.Guu*,"a and cGder paths have been made between several small
;i;i;. -it" t*o st""nhoot"t have been fitted with an electric
il"^iin*.utt"rn. concrete paths have been taid, staging erected in
one of"them and ventilators 6xed ir the side walls'

Research carried out by the members of the stafi falls naturally
i"t" ii"" -"i" sections: (i) problems connected with plant infesta-
ti."t- Uu ""f*o*s 

beldnhng to the families Tylenchida and

e"ft"f".'.f,ia* and soil nei.rat"odes generally (Dr' T' Goodey, Dr'
Marv T. Franklin and Mr. f. B. Goodey)' (2) problems connected

witti root-in festing nematodes belonging to the family Heterodenda,
(Dr. B. G. Peterslnd Mr. D. W. Fenwick).

TyLENcEtDE,tlo APsslrNctltP-a
Tflenakid.e

Dr. Goodey has carried out investigations on. stem eelworm

to;tnii"init iibsaci\ attacks on the fuller's thistle or teasel
i;;i;;;.;' nttiiun i.l with a vierv to determining the route taken
ir" G" 

"Jr"iit" 
i-rr reaching the flower head and thus becomhg

ai.p.rt",i i" and on the seed"in a dry quiescent but viable state'

He has wdtten a booklet entitled "Laboratory Methods- for
Woik with Plant and Soil Nematodes" which has been puttis\e$ ;r
tn" frii"itt y of egri""tture and Fisheries as Technical Bulletin No' 2'

He has also revised much of the text and prepared {urther
iff*^t1.tio"" ioi nii 

""rll 
book, "Soi.I and Freshwater Nematodes"

*fri"f, it "o* p.a.i"g through the press and should.be issued about

mid 1950.

Mr- I. B. Goodev reports that work has been continued on the
.trtri-r,i."ilti" ."""i". ,jt Dilvletuchus. The host-list oI the Stem
'.iitii."ti. i;i[""i, contains- the names of some 350 plarrts. and.a

i".1""i"'*-n* io* 6".n made in trying to End out which biologic

.".]e is iesoonsibte in each particular inlestation l)' destruclot

il;";iJil;;t-;ot nematodi has been shom to be the cause of
;;i*;;At;;;; of bulbous iris, hitherto ascribed to D' d'i1saci, al,d
i"itir", 

""p"ti*""ts 
are now in progress-which show that D' destt clar

attacks s&eral other hosts as well as the few aheady known' Some

new bioloeical asDects o[ the life cycle of D' deslructor have been

discovered". A piper embodying the results of lhese investigatrons
has been prepared.

Reoorts of attacks by D. difsaci on strawberry have beel

"t-"i5"t-i".*trv 
ind *oik has b.en carried out on the subiect' It

nas Ue" sfro*n tiat the nematode will trarsler from strawberry to
;.;;;i itit ;""p"cted that the problem is m-ore complex and that
races of D- dipsaci ot-her than tbe oat race may be rnvolveo'

Drrrins work on the fine details of the anatomy ol D' destrucLor'

, ,r"* ,t-""trr" *"t discovered on the ventral surface o[ the eelworm'

it 
-fu";til;; ;"i known but it has been found on several other

;" ;;";-l;.nu Tvlenchoida. A short paper describing
and d.istribution lias been written in which the term
id' is proposed as its name.
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- 
An interesting .case of Cabalaria integriJolia attacked by

D. dipsaci was received during the summer ii which the eelworms
were themselves parasitized by a nematode-attacking fungus. lts
mode of attack and development on D- dipsaci has 6een 6bserved
and the -fungus .isolated in pure culture. - The Iungus has been
identi-{ied provisionalJy as a ipecies of. Anostalagmui, possiblv an
undescribed one. Work on this is being continued.
_ By courtesy of the Chemistry Depirtment many specimens oI
Conifers, particularly Sitka sproce, halre been exdmiied for the
presence of certain nematodes which.have been reported attacking
roots of Conifers in U.S.A. A species of Hoploliitnus, identfied
as H. uniJormis Thorne, 1949 the first record of this eelworm in
Great Britain, has been found in considerable numbers. A few
specimens had their heads buried in the root tissue. The matter is
being pursued further, but it is considered doubtful whether the
eelwo-rms cause any but trivial damage.

- Work designed to firrd a fxativelausing litfle or no shrinkage
ot eelworms has been continued. The result, a new formal-acet'ic
mlxture, has been iacorporated into a ioint paper with D.. M;i.
Franklin in which the uie of dilute Cotion Etui: in Lactophenol L a
medium for the rapid mountiag oI plant parasitic nemaiodes, has
been described. Further work on inouating media is proceeding.

Alhelen+hide
Dr. Mary T. Franl{in reports that further investisatioos on ttre

lwo specie of Apfulenchoides fo.und'tn strawber4r planis have shown
tlhem to lte A. lragarie and, A. ritzema-6oii. Reference to
Ritzema-Bos's origiDal descriptions of A. fuazarie (lg9l} and.4
o/esrstzs (1893) halve failed t'o sirow sufficieni Aif"i.r""'U"t*"*
ihem to justify the separation of the second species. moreover the
successful inoculation of a fern with I .fragatie fiom sirawberrv. with
the production of sl.mptoms t)?ical ofinfiction witb l. oles;sfis, Uas
shown that the same nematode can parasiti"€ both plants, therefore
A. oksistus is_ regarded as a slmoninn o! A. fragiria. ihe other
specrcs ,ound rn strawberry resembles the chrysanthemuDl eelworm
in morphological characters and is theretore considered to be l.
rilzerua-boti. Cross-inoculations of these worms have been made
from strawberry to chrysanthemum and, vice oersa, but thev ilave
not so far yielded resu.tts. The determination of the ideniitv of
these two species in stranberry was helped bv tbe exchaneL of
specimens with Dr. Merlin Allei of Califoinia- -

Work has continued on the blackcurrant eehyorm: blackcurrant
bushes inJested .wtth Aphelanchoid* ribes have been established on
the plot and a beginning bas been made in studvine the bioloev oI
the. parasite with-a vieiv to finding out the pe"riojs .f ;;fr;
activity and of migration. It h-as beea dstablished that th;
nematodes may be found wandering on the branches in wet weathei
rn summer and also that they wilJ move upward aga.inst a downward
trickle of water. Six varieties of blackcu-rrant an-'d also one each of
red currant and gooseberry have been ptanted next to tbe infested
blackcurrant bushqs to d;termine their susceptibility to infection
wilh A. ibes. The past hot dry summer h.iidered ibe estabtish_
ment of the brrlhes, but it is hoped that they will make good growth
ounng Ine comng year.
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Small-scale warm-water treatmeDts havilg established the lethal

temDeratures lor A. ribes, warrn-water treatments of ua-rooted
bh&currant cuttinss have been started with a view to finding a
suitable treatment ihich could be used in the starting o[ a clean
stock. The treatments used (at the b"S-"i"g of December),
namelv. 46'C. for 25 min., 47"C- for 20 min., 48'C. for 15 min., and
49'C. ior f0 min., have caused sprouting of the butls, but it is too
earlv vet to sav whether roots will be produced normally.

er6ss-inocuiation experiments have sbown thaL A. ribes from
blackcurrant cal become established on strawberry plants aud
A . ritzena-bosi Erom strawberries on blackcurrant seedlings with the
productiou oI lesions typical of eelworm damage' FurtAer studi. es

if morphology and hosi iange are being made to determioe whether
,{. ziDei shorill be regarded as a sJmonym of A. tilzema-bosi-

Vio1et olants iafeited witb what must now be called A- Jragaia
have been-established on one of the plots. It has been found that
the worrns mav be Dresent in damaged flower buds and that the
dried seed may atso Le infested with eelworms which become active
on soakins in water.

CulturEs oI species of Afhelenchoid.es on agar together with
fuosus have been contiaued. A. fiagaria from fern has become

esta"blished and also ,{. paietiws, a species commonJy fourd- in
decaying plant material,-which has been tbought to be parasitic
in some cases.

In collaboration with J. B. Goodey a new technique for process-

ine- stainine and making permanent mounts of the smaller
neiatodes h"as been devet6ped. By transterring nematodes from
fixative to lactophenol cont-aining c6tton blue at a, temperature of
65-75"C. thev can be cleared, stiired and mounted in lactophenol
in a few mfuiutes instead of requiring several weeks in slowly con-
cenhating glycerine. The new method is particularly usel'l with
Aphetenciidls wtnch are very easily distorted n'hen processed by the
older method.

HETERODERID,ts

Dr. B. G. Peters reports as follows: The distribution oI potato
root eelworm in Englaid suggests that peaty soils, sands, and silts
are favourable and healry clay soils unlavourable to the Paraslte'
An investigation oI these idapLic factors has been startediy adding
a lieht inf"estation oI the eelworm to an unpromising subsoil clay,
facioriallv mod.ified bv the addiiion of sand, peat' compost and
mixea atiUciats, in which potatoes were grown in 32 -larg^e 

glazed

rrots- In the 6rst vear plant respouses were not s€ruicant Itr
[erms of height of hiulms'at 45 days (beyond a suggestive 2'8 cm.
increase froir compost), or of number oI tubers harvested; but
weieht oI tubers showed a significartt response to compost, peat,

"od" 
{"tl.ilit".t in that order, with no evident irteraction effects'

Counts of eelworm cysts and Iarva are not yet completed' The
exoeriment will be continued.

'Nematocidal investigations have coutinued on a laboratory- scale

and also irr pots of soil fowu outdoors. fn the outdoor€xperiment
40 S-litre ilazed pots', fi ed with soil naturally infected with
H- roslnchiinsis, w6re injected in pairs at rates of 0, 1, 4 and 16
rnl. per pot of ti\e tolloting: (l &2) two chlorpbenol products, (3)
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ethylene dibromide 5 per cent. v/v. in solvent naphtha, (4 & 5) D-D
mixture. Apart {rom one set o{ 8 D-D pots (required for other
purposes), a potato was growr in each pot. The chlorphenol
gatgrials at the rates u!94 gave rise to no plant responses of any
kind. _ Both ethylene dibromide and D-D at the- highest rate
caused a marked reduction irr the height of haulms aftir 2l davs
and the yield o[ tubers was significantly higher at I and 4 ml. thin
at 0 and 16 ml-

A start has been made on determining the rate and direction oI
migration of potato-root eelworm larve thtough soil, both vertically
and horizontally. To measure vertical migration, potatoes were
grown ia wooden boxes made by superimposing sfo 2-inch-hieh
sections, 6 in. square in plan. Eelworm cysts were added at tf,e
top of some boxes and at the bottom of others. Leaching efiects
were controlled by watering some from below and othels from
above. The soil from each 2-ia. section was separately collected
and awaits eelworm counts.

. The use- of vinegar eelworm as a test anima_l in the preliminary
selection of possible nematocides has been investigat;d in some
deta.il. These eelworms are readily cuttured irt viiegar. neat or
diluted with water, or in solutions of sucrose or ethvl alcohol or
both, at temperatures up to 37'C. Living worms sh6w a marked.
negative geotaxis_ which is.made use oI in' ioncentrating them from
a culture into a clean medium.

With time and temperature fixed, they are exposed to difierent
concentrations oI a nematocide in aque6us solution or emulsion.
They are courted by sa.mpling in a-l-u. counting chamber on
the baemacytometer principle. Alter exposure the number dead is
also estimated by sa.mpling, but many nematocides cause lysis of
the worms to an extent depending on the concentration. At low
kills it is impracticable to count living worms and accordinslv. after
estimating dead worms, sufrcient iodine is added to kill t"h; livin"
and a furt"her estimate ii made of the total. Th; difie;;;-;G;;
"dead" and "total" estimates the living, and the difference between
"living" and "exposed" estimates the LiI. At hieh kills the livine
ltrorms are sluggish and car be counted.

.In spite of the superimposed sampling errors involved in a single
estrmatron rt ls posslble to secure reproducible results sivins a
tolerable rectilinear relation between piobit and loe conceitration-
Thus, a sample of D-D mixture emuLified with Titon N.IOO has
given at 32"C. a 2Ghour L.D.56 of about 24 p.p.m. by volume.
_ This techaique has been applied in an-investigition, suggested
by Dr. Thornton, of the nematocidal oower of"D-D rediter v
injected into soil at fortnightly intervals. ' 

The soil was subsiouentl',
leached_ with water, to -which leachings vinegar eetwormi wer'e
exposed- -Preliminary trials indicate thit, insteld of a progressive
accumulation of toxic material in the soil, leachings froni suicessive
injections give progressively lower kills.
_ Continuing the joint experiment (with the West Norlolk Farmers,
Cooperative and Shell) on the efieits oI annua.l iniections of D-D
on a field scale, at Moulton and Prickwillow, the seiond-year yields
of potatoes reveal the following results. At Moulton thire was no
significant difference between- plots injected in l94Z only and
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uniniected controls, but plots iniected in 1948 gave a higher leld
At ftckwillow, on tbe other hand, there was no diference betwe€n
l94&iniected Dlots and the controls, whereas I947-injected plots
o^r," 

^ 
iior,i6.ir,tlv lower vield. At both sites the response to D-D

ihi. .r"ar"*"t verv much less than it was last year.
deeardine other species of. Hetetoderu, soil sa"mples taken in the

autum'n of t"gl8 trom all the Bam6eld plots have been processed,

but the counts o! H. sckachtii cysts 1rer g. arrd of eggs and larva
Der g. of soil have not vet been analysed.
' Mr. D. W. Fenwick reporta that six principal I'res of
research on Heteroders rostochiensis have been followed during the
last year.

V iabilitu ilelermi nalions
The-investigations into the hypochlorite,technique menlioned

in the previouiyear's rePort are almost com,Plete. The method of
arrivin! at a r&able toial count o[ eggs plus larva per cyst has

been uiitten and accepted lor publication. A funher refinement
resultine in a saving of at least 60 per cent. in time has been intro-
duced 6y Miss E. -Reid and is published as an appendix to the
paPer.

Lantal emtrgetce
The oro-blem of larval emergence has received considerable

attention'and has been investigatad trom the point of view of "in
vitro" laboratorv experiments-as well as in pots of soil. A pre-
liminarv staee t6 "in'vitro" experiments has been the investigation
of vari;b iti and this forms the subiect matter of a Paper at present
in the oress. As a result of this work it is now possible to set uP
exoeririents and obtain results of a predictable accuracy and thus
eniure that efiects of any given magnitude can be detected with a
reasonable desree of certaintv.

Investieations into the iorm of the hatching curye are now
comolete a"nd have been recorded and are accepted for publication'
The'siemoid nature of the curve has been established as a sufficiently
close ipproximation for probit analysis to be p-racticable 

"U-sing
this. it'ii oossible to define any hatching curve by means of three

.orritantr it) tt" tota numbei of larva liberated, (2) the..time at
*t i.t SO iei cent. of the larva have emerged, corresponding to a
probit val^ue of 5, (3) the standard deviation of the hatching time,
i:orresponding to the slope of the probit line.

gxloerime]nts have been conducted with anhydrotetronic acid,
which L verv active in inducing larval emergence. Its efiect under
different con"ditions is being investigated with the obiect of determin-
ins an ootimum. One complication regarding its use is that two
diEerent iamptes of the chemical appear to have behaved difierently'
The 6rst mairifested its maximum activity at l:2000,at which it
was onlv sliehtlv less active than was the root diffusate. The
."cond s-amoie. hbwever. appeared to be most active at I :1000 and
its maximuin activitv appiared to be considerably less than that of
the Drevious samDle.- The first sample in solution in distilled water

""",i a oU of beti{,een 5 and 6 but tLe second in solution gave a pH
3t t"t*'""" 2 and 3, and this discrepancy is now being investigated'
Great importance is attached to exPeriments on- this ch-emical

since its dction aPpears to be very similar to that of root diffusate,
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andit is hoped to utilize it linalll. as a standard aga.inst which samples
ol drltusate can be tested-

A considerable amount of preliminary work has beeu carried
out on the problem of larval emergence in sbil as well as on the desree
of persisteuce of root difrusate in soit. In the lormer ca"" " li.s"
scale preliminary experiment has been conducted in which potaio
plants of three varieties were gronn in a 3:l mixture of loair and
sand. Leachings from tbese pla.uts were drained into tbree tvoes of
naturally infested soil. It was found that teachings frciti soil
alone resu.lted in a 50 per cent. hatch, whilst ir the cise of potato
lgachings about 86 per cent. of the larva emerged. SisDifcart
differences were found to exist between soils and thire was Evidence
of di.frerences in degree of emergence due to leachinss from difierenr
host varieties. A -paper has den *ritten on this'"ubi;t ;d';".
been accepted for publication. Further experiments arl in proeress
on the persistence of root diffusates in soil.

Porulation fuetuations
Parallel with expriments on larval emergence a series of

experiments has- been conducted to investigale fluctuations in
eelworm popllations during the growing sea_ion. This has be;
approached from two angles (l) &timation of the sross chanses
occurring in the- whole population and (2) the rate of ienetration"oflarva into new hosts.

F aclors inf,ueacing lantal lenetralion
. Repeated failure to obtain infections by inoculating larva into

clean soil conta.ining growing potato planis resulted ;, ;rtd"t ;
smple experiment on tbe effect of difierent conditions on the oe-ne_
tration o[ eelworm larva. It was found impossible to inlect o'lanis
grown ulder greenhouse conditions and veiv few cvsts dev6tooed
on plants grown in full sua. The hishest viell of cvsis was obtaiired
from plants grown in ttre shade and ir graiel pluneis. ttis tefieveJthat this result is a temperature eEect, ihe fiien tem;ratures
lltained in a -green_house being detrimentat to h;val peietration.
!urther experiments oE this are contemplated in the coiring season.

D -D experimmts
A number of small scale experiments have been carried out on

the soil fumigant D-D. The rbsults of experiments meotioned in
last year's report on the apparent unretiabiiity of tbe ,.buried Lag';
technrque are now complete and a letter has been written to
"Nature" on th.is matter.-
_ "In yrtlo] experiments are in progress on the nematocidal

effects--of D-D under difierent pbysi-cal-and chemical conditions.
The efiect of humidity has been 

-investieated: 
and it h.c b,ee;

found that a high humidity is essential for-maximum efiect.An experiment has been carried out on the nematocidal
properties of four different samples of D-D. It has been fouad thatthe samples exhibited significant difierences in nematocidal
properties, these difierences being ruost marked at hieh mortalities.It was found that 7 tines as much of one sample as 6f another was
needed to secure a gg per cent. kill. The resulti of these exoeriments
have been recorded a-od accepted for publication.
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Funsi inkdi*s Heterodera cysls
I"n c6niunfoon with Mr: C. L. Duddingion of Regetrt Street

Polvtechnic, an investigation is in progress on tbe identity and
Uioio"u ot iunsi found"inJectng HAb;ada cysts. A number of
thed"have bee"n identified and there can be lit e doubt tlat at
least one is DreseDt as a natural infection within the cyst. Attempts
are beine niade to fintl a fungistatic agent which will Prevent the
developrient of these funei in i'atching experiments. The possibility
o1u.i"! tlese t""gi on a"6eld scale aia niethod of biological control
is beine considered.

In C-oniunction with Dr. Marv T' Franklin the analysis of data on
the larvJlengths of difierent siecies of Helqodoa is complete and
has been acceoted for publcation'

Co-operati'on with br. H. C. Gough of Cambridge in long term
investigitions on eelworm population changes during crop rotatrons
on difC-rent soils is also continuing.
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