
This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-209 pp 1

Thank  you  for  using  eradoc,  a  platform  to  publish  electronic  copies  of  the  Rothamsted
Documents. Your requested document has been scanned from original documents. If you find
this document is not readible, or you suspect there are some problems, please let us know and
we will correct that.

Problems of Potato Growing
Full Table of Content

The Eelworm Problem

R. T. Leiper and M. J. Triffitt

R. T. Leiper and M. J. Triffitt (1935) The Eelworm Problem ; Problems Of Potato Growing, pp 18 - 24
- DOI: https://doi.org/10.23637/ERADOC-1-209

http://www.era.rothamsted.ac.uk/eradoc/
http://www.era.rothamsted.ac.uk/eradoc/book/209
http://www.era.rothamsted.ac.uk/eradoc/book/209
https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-209 pp 2

THE EELWORM PROBLEM
By R. T. Luprn, M.D., D.Sc., F.R.S..

and M. J. Tnrrrrrr, D.Sc.
(Instilute oJ Agricuhural parusitahgy, St. Albans)

THAr the potato-root eelworm, Heterodcra schachtii, is widelv dis_
tribute4 in Britain is now unhappily a well recognised tact, Ujt it is
ol srgnificance that although the parasite was diagnosed in Ensland
as long ato as I9I7, the serious nature of the infection has-only
rece-ntly been realised by the majority of growers.

Now, there is- every ieason t<i sup]:ose"that previous to lglT the
parasite was well established in sev6r-al clistrict, for, onlv two vears
after Taylor's diagnosis of the pest in yorkshire, it wa_i recoeirised
both in Cumberland and Cambridgesh.ire. In the latter instanL the
attack was so severe that in a field where 7 cwt. of seed was planted
the_yield was 5, cwt. only. This ctearly hd.icat* tf,.itniiiii""tii
a-t ]east was of s€veral years standing. Subsequent records showtlnt in the early post-war years practically all 'the 

ootato.erowihp
districts in Britiiri coqtained foci'of infection. $""',;;t;;;;;:
taken to limit the spread of the disease, and in manv <iistricts
potatoes were grown almost annually on infected tand; it is not
surprising that the eelworm problem 

'has 
assumed. its present very

serious aspect.
In this -connect on it may be worthy of mention that a similar

state of affairs had previously treen brought about irl Germany by
the same eelworm, only in that case iusar-beet was the ;lanl
attacked. The sugar-beet industry, begun iin Germanv about iSO0
was_.fo-r_ many ye-"rr so so"""ssfi.i,.ia beei s.;;fi;;;J;
profitable, that sugar-beet was repeatedly Rrowi on tIE same land
The system of rotation and fallowing fonnirly practised was aban-
!919d. As a result of this, eelworm became very prevalent, and. in
1876 no less than 24 factories were closed down ana thousalds of
acres o-f previously fertile land had to be returned to pasture.
Scientific investigation of the eelworm problem was bieun in
Germany as early a.s 1870, and is still being iarried out, but sdfar no
practicable measure of ridding infested land of eelworm, other than
by prolonged rotation with non-susceptible crops, has been devised.
That the pest can be controlled by this means is-amply demonstrated
by the present day success of beet-growing in Germany.

-Of recmt years attentior ha-s been paid in Europe generally, as
well as in Britain, rather more to the depredations of the-eelworm on
potatoes than on beet, for although the nematode resoonsible for the
dama6e is the same, the problems it presents diffei in certain im-
portant respects. This is due to the remarkably high specialisation

I8
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PROBLE IS OF POTATO GROWING T9

which occurs when this particular eelworm lives lor many generations
palasitic upon a single species of host. It has been lound that not
ouly does such a specialised population of eelworm tend to lose the
power of attacking plants other than the usual host or closely related
species, but other physiological differences occur which influence the
response of the eelworm to certain stimuli. One very important
dillerence is that, whereas the larvae oI the strains specialised lor
beet require only the stimulus afforded by suitable conditions of
temperature and moisture to cause them to emerge freely from the
cysts, the larvae of the potato strain require a further chemical
stimulus before hatching will take place with any great fre€dom.
This is provided by the root excretions of the potato plant. When
non-susceptible crops are grown, the beet strain tends to die out {rom
infected land much more rapidly than the potato strain, for greater
numbers oI larvae are freed each year. The advantage of this to the
grower is, however, counteracted by the higher probability in the
case of the beet strain that some weed may become infected and
sewe as a reseryoir of infection, for in general the beet strail is less
highly specialised tharr the potato strain.

Although it is usual to refer to these specialised populations oI
eelworm under such general titles as " beet strain," " potato strain "
and " pea strain," for exa.mple, yet another important Iactor, which
is perhaps insufficiently realised even by scientific workers whose
exp€rience is confined to a limited district, is that a strain specialised
for a single host in one district may differ in minute respects from an
apparently similar strain sp€cialised for the same host in another
area. Yet these slight diflerences may assume very great importance,
more particularly in relation to the question of devising methods of
control.

That such differences in the potato strain do exist il Britain
has been repeatedly pointed out in publications of the Institute of
Agricultural Parasitology. Research workers of this Institute, while
carr,'ing out laboratory studies ald small scale experimelts at the
field station at St. Albans, pursue their main observational work, and
conduct field experiments, in those districts where the parasite con-
stitutes the most serious menace to agriculture. In this t'ay lorow-
ledge has been gained of the diflerent strains of eelworm which occur
in north and south Lincolnshire, Yorkshire, Lancashire, Bedlordshire
and Wiltshire, as well as Hcrtfordshire, and ti.ereby contradictory
results appearing in the literature have been understood and assigned
to differences in soil t]?e and agricultural practice-

To appreciate fully the sigaificaace of these minute differences in
physiological reaction, a detailed knowledge of the work which bas
been caried out, both in this country and abroad over a period of
years, is, of course, necessary. A summary of some of the more
striking points can only be attempted here.

The most obvious point which arises in connection witb the control
of the eelworm and t}re treatment of the disease known as " potato-
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sickress " wittr which it is associated, is its association with certain
types of soil, and borurd up with this are questions of land values and
agricultural practice. It is obvious tlat where very fertile, highly-
valued land becomes infected, it is economically possible to apply
manurial or chemical treatment involving considerable outlay, while
any other method of control which might include, for example,
{allowing for a considerable period, would be quite impracticable.
In ot}er cases exactly opposite conditions prevail. \'ery frequentll'
highly fertile lantl is found to be infected as a result of potato cultiya -

'tion carried on ,'ear alter vear despite eelworm and " potato-sick-
ness " making their appearance, until a stagc is reached where it
becomes impossible for the land to bear a successful potato crop.

In these cases it is common to find the grower of the opinion that
potatoes are the only possible crop from which he can make a profit.
Where this is actually the case, as sometimes happens with small
holdings, there seems no alternativc to the land becoming derelict ;

but where altemative crop can be grown there is some evidence that
one reasonable crop of potatoes can be produced every four or six
years, which is preferable to annual losses from the constant failure of
the potatoes.

There is little doubt that the establishment of the sugar-beet
industry in Lincolnshire and South Yorkshhe has saved thousands
of acres oI fertile but " potato-sick " land from going out of culti-
vation. But there is norv great danger that beet may be grown so
frequently on this infected land that a host transference may be
elfected by the eelworm. As an illustration of the depreciation in
land values which Iollows as a result of eelworm infection the case
of a farm in Yorkshire may be quoted. In 1930 this farm was let
at a rcntal ol f,2 an acre: in 1933 it failed to let at a rental of l0s.
an acre although rt is situated in a beet growing area. Land depre-
ciation is therefore one of the serious consequences which must be
kept in mind in estimating the damage following upon the spread of
this eelworm.

. There is another point which must not be omitted in considering
rhe relative importance of eelworm in different districts and diflerent
tvpes of land. The physical condition of soil greatly influences the
eelworm's rate of reproduction and consequently alfects the rate of
spread from isolated foci of inlection. Recent rvork has also shown
that the rapidity of eelworm elimination which follows a suspension
of potato planting is likewise influenced by soil composition, so that
the.good results obtained by this means in a light, sandy, well
aerated soil must not be too confidently anticipated in districts where
the soil has a closer texture.

With regard to the more inherent physiological variations which
are Iound to occur in strains of eelworm in different parts of the
country, comparatively little is as yet known. Such information as
is available, however, serves to emPhasise the imPortance of this
aspect oI the eelworm problem. Variations in size of the larvae
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would scarcely seem to have a bearing on the economic side of the
problem. Yet it has been shown in Germany that a proportion of
iarvae contained in the cysts of the hithlv specia.lised oat strain are
capable of penetrating the roots of beet, and that these larvae cant

be distinguished from the ordinary forms, which attack oats only,
by their shorter length. It is a probable and genera.[y accepted
supposition that the specialised strains or races of f/drrodoa sclscNii
hivi arisen from a common unspecialised stock, and have acquired
their specialisation as a direct adaptation to environment. That is
to say, that following each successive generation produced upon any
host plant, the worm tends to attack that particular host plant more
readily, and other possible hosts less readily. Hence the Sreater
frequency with which any crop is grown, the higher becomes the
specialisation oI the parasite for that particular host. In the potato
strain this specialisation has become so intense that in some districts
no other plant species can serve as host. Hence when potato€s are
withheld lrom in{ected land the parasite gradually and very slowly
dies out. It remains, however, always a matter {or conjectwe how
far the specialisation has been carried in any one district. Some
other plant, either cultivated or a weed, is quite liable to serve as a
host under exceptional circunstances and slight inlections of ttris
sort are generally overlooked although they are sufrcient to carry
on the infection during a rotation period.

In certain districts of Ireland docks are attacked ; in I-ancashire,
couch grass; in South Lhcolnshte, Cheropodium allum ; rnd in
Wiltshire, carrots have on one occasion been Iound to serve as a
host. In other districts cysts which do not conlorm to the type
produced on the potato plant have been isolated from the soil of
potato fields although it has not been possible to discover on what
plant they have been developed.

Whether in these cases the infection can be re-transferred to tle
potato, or passed on to some other cultivated host, is not known as
the conditions governing host selection have not yet been fully
investigated. It has been found, however, that in some districts,
under qxcial conditions, the potato strain ol the eelworm wiU attack
beet, hence it is of the utmost importance that sugar-beet should
not be grown too frequently, and under no circumstances for two
consecutive seasons upon land iafected with the potato strain ot
Heta?odero schachtid. A strain of the eelworm which very readily
attacks beet, mangolds, cabbages and a Iarge variety of weeds is
krown to exist already in western England. It is of interest that
this strain does not attack potatoes. As yet it is not known whether,
Iollowing reproduction upon an unusual host the parasite shon s a
loss of previously acquired specialisation, but if this proved to be
the case occasional infections on weeds would assume an even
treater importance.

In the main the researches carried out in Britain have boeo
directed towards the discovery of some meatrs oI controlling the
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parasite. Towards this end three main lines of investitation have
been followed. Firstly, methods have been sought for eliminating the
eelworm from infected land. Secondly, variations in farming practice
have been tried with the obiect of ensuring an occasional good crop
of potatoes from land known to be infected. And thirdly, reasons
for the alarming rate of spread of the parasite have been investigated.

The application oI chemical substances to infected soil has given
no evidenie of control by elimination of the eelworm. In such
instances better crops have been obtained following the use of
chemicals, but this improvement has been due probably to a tem-
porary effect, not on the parasite but on a second factor, which is
probably nutritional. Some such treatment may )et be discovered
rvhich can be used on small areas of verv valuable land, but for
general purposes most substances which 

-might 
be employed are

prohibitively costly.- 
Good results have been obtained in eliminating eehvorm by the

use of grass excretions, but this method is still in the experimental
stage. On infected " warp " lard the eelworm is known to survive
for-more than ten years when potatoes are withheld and cereal and
other immune crops are grown. In a Iield of this ty'pe the eelworms
have been reduced by 48 per cent. in eighteen months by the use of
a grass ley. By this method the eelworms are stimulated to hatch
from the iysts, after which, in the absence of the Potato Plant, they
die out. What effect this method will have upon the second factor
concerned in the production of disease, remains unknown. It
may well be that in some districts the eelrvorm may attack
the' grass, atthough this has not yet occurred in th6 experi-
mental area. In any event it seems probable that at least lour
years will be necessary for anything like a comPlete elimination of
ihe parasite, thouth the time will be strongly influenced by the t]?e
of soil.

With regard to the second method of approaching the control
of the eelwo-rm, it has been shown that after a four-year rest {rom
Dotatoes certain tvpes of land, such as that occurring in South
LincolnshAe, witl iroduce a satisfactory croP desPite a high degree
of eelrvorm infestation if adequately suPPlied with organic manure.
Although the eelworm content of the soil is increased by,the culti-
vation -of potatoes, the change of cropping, coupted with the manur-
ing, seemi to eliminate the second disease-produciag factor, in -the
ab"Jence of which eelworm has a comparatively slight elfect in reduc-
ing the yield."lt his been estimated, from fiSures supplied by growers, that
on rich land u'ith a moderate eelworm content, but where a four-
course rotation has prevented the s]'mPtoms of " Potato-sickness "
from appearing, a prolitable yield of potatoes may be expected,
althoush this may be from one to three tons per acre less than the
vield liom similar but uninlected fields' It is not known rvhether
ihi. four*ours. 

"ystem 
can be repeated indefhite)y with satislactory
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results where very heavy infections exist, but it should prove
successful in cases of moderate infection. Here agair secondary
factors such as t,?e of soil and available organic hanure are of
considerable importance.

Heavy applications of farm-vard manure applied in the rows at
the time of planting has given improved yields as compared with
other methods of manuring, more particularly where artificial
Iertilisers are used alone. This method ensures that the first roots
can make some growth before being attacked by the eelworms, which
gives the plants a better chance oI tolerating eelworm damage. It
has been suggested that heary manuring combined with early lifting
would decrease the eelworm popuiation of soil, provided the roots
were collected and burnt, but in practice it has been shown that after
such treatment the eelworm content of slightly infected soil is
actuallv increased by at lcast 100 per cent. owing to the impossibility
of removing all the roots.

As we see it, the present position rvith regard to the control of
eelworm trouble on potatoes is that, pending the discovery of some
method whereby the eelworm can be eliminated from infected land,
the only measure which can be adopted by gro$'ers, to avoid financial
loss upon the actual crops and grave dama6e to the land, is ttre
consistent use of four, or preferably six-course rotation. If the use of
the special grass ley now under trial proves satisfactory, it will be
possible, at least in some districts, to use it in the rotation for one
or two years to reduce the eelworm content of the soil more rapidly.
The effect of enforced rotation in infected areas would not only lessen
the financial loss sustained by the individual grower, but would check
the depreciatior of land values and would limit production.

With regard to the spread of eelworm throughout the country.
investigations have shown that the most fertile source of distribution
to new districts has been by the use oI seed potatocs grown in infected
land. Cysts have been found in the fragments of loose soil in potato
bags and adhering to the tubers, in suficient quantities to produce
an appreciable inlection ir previously clean land within a sirgle
season. Al average of seven cysts per tuber has beeu forutd in such a
sample of seed, and as each cyst may conta.il several hundred eggs,
the rapidity with which the eelworm has spread is amply accourted
for.

If it is quite impossible to place restrictions on the salc of seed
from infected land, it would surely be practicable to grart certificates
to clear s€ed where these were applied Ior by gro*'ers. The recogni-
tion ol Hele/odeta schachlii on the growing plant is an easy matter,
and might well be wrdertaken by the horticultural inspectors oI the
Ministry. If supplies of certi{ied clean seed were available from even
a few firms of reputable growers, and greater publicity were given to
the dangers of eelworm infection either in the daily press or weekly
papers devoted to horticulture, sufrcient interest would probably be
aroused to cbeck the spread of the disease. There can bqlittle doubt
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ti.at farmers and small-holders who have once suffered {rom infected
land would welcome the possibi[ty of guarding against the introduc-
tion oI infection to clean land. It is hoped ttrat a method of cleanins
seed potatoes will shortly be available'so that the demand, for cleai
seed should not exceed the supply. The adoption of similar measures
is being strongly advocated in Germany, although only a com-
paratively small area of that country is infected. In Sweden legisla-
tion has been carried out to preyent the importation of seed potatoes
from cowrtries Lxrown to be iafected with ihe eelworm. Small areas
of Schleswig-Holstein which were known to be infected with the
potato stlain of the eelworm were retumed to pasture alter the war
through the action of the Danish Govemment, with the result that
to{,ay there is no eelworm probled in Denmark. Are we to admit
that the-Danish agriculturist has the monopoly of foresight and of
courage ?
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