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EELWORMS AND SUGARCANE
By J. DICK

Summary
An account is given of investigations leading to the

conclusion that eelworms are an important factor in
growth failure of sugarcane in Natal.

An eelworm survey and its findings are described.
The species most likely to be. harmful in sandy soils
belong to the genus Meloidogyne.

Symptoms and effects on sugarcane are enume
rated. In heavily infested fields the cane may be
severely stunted.

The possibility is suggested that susceptible weeds
may assist in building up harmful infestations.

Experiments on soil fumigation which led to in
creases of about fourteen tons cane per acre are
described. No residual effect on ratoons was observed.
The economic aspects of fumigation are assessed and
it is concluded that, at present prices, this method of
control is not likely to be profitable.

Tests of some other chemicals, including calcium
cyanamide, are mentioned.

Some aspects of biological control are cited from
the literature.

Other possibilities, such as resistant or tolerant
varieties of sugarcane and the cultivation of resistant
cover crops are suggested.

The Phylum Nematoda, which includes the eel
worms, comprises many hundreds of species. Though
very much alike in structure, they vary considerably
in their habitat and way of life. Many are free-living
in salt or fresh water, in decaying plant or animal
matter or in the soil. Others are parasites living within
the bodies of animals and plants. Of those which
occur in the soil, many feed on decaying organic
material or on the micro-organisms associated with
it, a considerable number feed externally on the under
ground parts of plants, causing lesions which may
facilitate infection by disease organisms, while others
are internal parasites of the roots. Some, including
the Mononchidae, are predacious on other nematodes.

Interest in the nematodes which attack the under
ground parts of plants has rapidly increased during
the last few years, since it has been shown that many
cases of growth failure can be attributed to these
organisms. As far as sugarcane is concerned, investi
gation of this problem is being carried out in a number
of countries, notably Hawaii, Queensland and
Mauritius.

Although the presence of eelworms in cane roots
was noticed in Natal in 1942, there was no convincing
evidence that they caused significant losses. More
recently, our interest in these organisms as potential
pests of sugarcane was aroused as a result of investi
gations, carried out in 1956, to determine the cause
of growth failure in a problem field near Empangeni.
Exploratory plots were planted with a number of
varieties of cane, after treatment of the soil with
various fertilizers, filtercake, molasses, compost, soil

insecticides and the fumigant D-D. The fumigant
was included since the nodular appearance of some
of the cane roots had suggested the presence of nema
todes. After about six months it was noticeable that,
while response to most of the other treatments was
negligible, plots treated with D-D were strikingly
better than controls. Though some response to soil
fumigation can be expected even in the absence of
eelworms, the improvement in growth in this field
was far too great to be accounted for in this way.
The original growth failure could thus almost cer
tainly be attributed to the effects of infestation by
eelworms whose presence was revealedby subsequent
microscopic examination of the roots.

Eelworm Survey
Since it now appeared likely that, in other problem

fields, nematodes might prove to be a significant
factor, a survey was initiated to determine the extent
and importance of this problem. Particular attention
was paid to the Recent Sands since it was in these
soils that injury to sugarcane was noticed, but some
fields on Table Mountain Sandstone were also
examined, as well as a few on other soil types. A
large number of fields of Recent Sands in the North
Coast area have now been examined and samples
from Zululand and the South Coast have been
included.

Although some injury to cane roots may be caused
by the external feeding of free-Jiving nematodes, the
present survey has concentrated mainly on internal
parasites of the roots, since there are indications that
these are more likely to be troublesome in sandy
soils. The species most commonly encountered have
been identified as Meloidogyne javanica Chitwood
and probably M.incognita var acrita Chitwood, both
world-wide species which occur in a very wide range
of plants. A few other species, including a spiral
parasite, are occasionally present. On the basis of
counts of eggs, larvae and adults found in samples of
cane roots, a system of rating has been worked out
which facilitates comparison between fields. Samples
from a total of 365 fields on 80 estates have been
examined. Of these, none was found to be completely
free of eelworms. The results of the survey to date
are summarised in Table 1.

Table 1
Eelworm Infestation in Sugarcane Roots

Rating Number ofFields

1 below average 191
2 average 106
3 above average 38
4 high 22
5 very high 5
6 exceptionally high 2

A problem which has arisen as a result of this
survey has been the difficulty of explaining the differ

.ences in population intensity which exist in similar
fields. It has often been noticed that fields which
are adjacent to each other may differ considerably in
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Mean Tons Sucrose per Acre
E.D.B. E.D.B. E.D.B.

Control 20 40 60 Mean

Nofiltercake 4.27 3.76 5.42 5.01 4.61
Filtercake 3.87 5.31 6.93 6.34 5.61
Mean 4.07 4.53 6.17 5.68
Least significant differencesbetween E.D.B. means: 1.63at 5%,
2.35 at 1%; between filtercake means: 0.91 at 5%,1.28 at 1%

Tons Sucrose per Acre
Plant First
Cane Ratoon

cation of fumigants usually involves injecting' them
into the soil, although water-miscible formulations
which can be applied in irrigation water are being
developed by the manufacturers. With the exception
of chlorobromopropane, they are phytotoxic, so
that treatment has to be carried out some weeks
before planting of the crop.

Several field trials to study the effect of fumigation
on yield of sugarcane have now been planted in
Natal and Zululand. Of these, only two, situated in
a heavily infested field of red, sandy soil near Empan
geni, have as yet been harvested. In the first of these
experiments, E.D.B. in a solution containing 4.5 lb.
active ingredient per gallon was applied either con
tinuously, at one-foot intervals, over the whole plot
at 24 gallons per acre or in the furrow only at 6t
gallons per acre. Treatment was carried out three
weeks before planting and was not repeated on the
ratoons. The results, as an 18 month plant cane and
a 19 month first ratoon, are summarised in Table 2.

Table 2
Tons Cane per Acre

Plant First
Cane RatoonTreatment

Control .. .. 20.41 33.47 2.90 4.75
E.D.B. in furrow 28.37 31.95 4.03 4.37
E.D.B. continuous 32.03 32.31 4.70 4.55

These results indicated that treatment of the furrow
alone was not as effective as complete fumigation.
They also showed that the highly significant increase
due to fumigation in the plant cane crop was not
maintained in the ratoon.

In subsequent experiments, E.D.B. was used as a
solution containing 2.25 lb. active ingredient per
gallon as it was thought that applications of larger
volumes of this more dilute solution might give better
spread in the soil.

The second field trial was laid down on a split-plot
design with four replications. Fumigation with E.D.B.
was carried out at 20, 40 or 60 gallons per acre, the
whole area of each treated plot being injected at
intervals of a foot. Half of each main plot was
treated with filter cake obtained from Empangeni
factory, this material being applied in the furrows at
40 tons per acre. The yields as 27 month plant cane
were as shown in Table 3.

Table 3
Mean Tons Cane per Acre

E.D.B. E.D.B. E.D.B.
Control 20 40 60 Mean

No filtercake 29.47 24.85 37.54 33.52 31.34
Filtercake 27.26 36.64 47.45 44.76 39.03
Mean 28.36 30.74 42.50 39.14
Least significant differences between E.D.B. means: 11.76 at
5%; 16-90 at I %; between filtercake means: 6.88 at 5%;
9.65 at 1%.

degree of infestation. The solution of this problem
might be expected to give a lead towards methods of
control, but attempts at finding correlations between
numbers of worms and various factors in their environ
ment have, so far, proved unsuccessful. Consequently,
this problem requires further investigation.

Symptoms and Effects
Sugarcane which is growing in heavily infested soil

presents symptoms which might be described as
those of physiological starvation and drought. The
leaves are rolled up into spikes and appear to lack
moisture. Tillering is sparse, so that few sticks are
produced, and the sticks themselves are thin and short
jointed. Newly developed roots, particularly in
young plant cane, are often swollen at the tips. In
older roots there is a tendency for excessive develop
ment of short side-roots which often end in minute
swellings.

Microscopic examination of infested tomato roots,
which are easier to study than those of sugarcane,
indicates that one effect of infestation is excessive
development of parenchyma, together with reduction
and distortion of the conducting tissue (Fig. 2).
The practical result is that the roots are unable to
conduct water and nutrients effectively and this leads
to the symptoms of drought and starvation described
above. There is also evidence that a relatively small
number of eelworms might be able to produce such
symptoms.

On account of their method of feeding, it has been
suggested that eelworms might be able to act as vectors
of virus diseases, including ratoon stunting of sugar
cane. As yet, however, transmission of viruses has
not been proved. Spread of a disease by nematodes
would, in any case, be slow since their rate of move
ment through the soil is restricted.

Effectof Weeds
In the roots of sugarcane, breeding stages and egg

sacs of eelworms are not, as a rule, found in large
numbers, and it would appear that population in
crease in this crop is comparatively slow. In certain
species of weeds, on the other hand, breeding stages
and egg sacs are abundant, and there are strong
indications that these plants may assist in building
up harmful infestations. Among susceptible weeds
may be mentioned a species of Wahlenbergia (Cam
panulaceae) and several species of Solanaceae.

In one field, a severe infestation occurred in sugar
cane which was planted after a weed fallow. Elimina
tion of susceptible weeds is thus suggested as a'
possible means of restricting increases in eelworm
populations.

Soil Fumigation
A standard method of nematode control, in many

crops other than sugarcane, is soil fumigation. The
chemicals used are almost all halogenated hydro
carbons with a high vapour pressure.! and include
E.D.B. (ethylene dibromide), chlorobromopropane
and mixtures containing dichloropropene and propy
lene dichloride. These are volatile substances which
diffuse as vapour between the soil particles. Appli-
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Other Chemicals
It has been demonstrated that a number of syn

thetic organic insecticides such as aldrin, parathion and
systox are toxic to eelworms, but investigation showed
that the amount required for effective control was
so large that treatment with these materials was
uneconomic. Moreover, at. such high levels of
application, the danger of phytotoxicity became appa
rent.

Calcium cyanamide has been employed as a
nematocide in other crops, such as tobacco. This
material was investigated in pot tests in which
tomatoes were used as indicator plants. Amounts
over a ton per acre were found to be phytotoxic and
inhibited the development of tomatoes planted four
weeks after treatment of the soil. A longer interval
before planting would probably decrease this effect.
The degree of control given by smaller quantities
was judged from the numbers of nodules developing
within four weeks on the roots of tomato plants.
These are shown in Table 4.

Calcium cyanamide has now been included as a
treatment in a field trial. Although this has not yet
been harvested, improved growth of sugarcane is
apparent in treated plots, especially at a rate of one
ton per acre. The high cost of this material, which is
in the neighbourhood of £30 (R60) per ton, is some
what offset by its value as a nitrogenous fertilizer.

Other chemicals which are being investigated in
pot tests and field trials include oxides and salts of
mercury and lead, a calcium polysulphide preparation
and a dichlorophenyl diethyl phosphorothioate sup
plied as V-C 13.

Biological Control
Eelworms are known to be preyed upon by other

nematodes, the most important of which belong to
the family Mononchidae.? They are also attacked by
predacious fungi which capture them by means of
sticky secretions, web-like mycelium or rings of cells
which act as snares.' Other fungi are internal parasites
and infect the eelworrns by means of spores which
adhere to the cuticle. On germination of these spores,
hyphae penetrate the cuticle and form a mycelium
within the body of the host. A protozoan parasite
of eelworms has been recorded from sugarcane in
Mauritius."

Although no investigation of these natural enemies
has, as yet, been carried out in Natal, the results of
work in other countries suggest that propagation and
dissemination of these organisms is less likely to be
effective than creating the right conditions for their
development. Many of them appear to be encouraged
by the presence of adequate amounts of organic
matter in the soil. This may, to some extent, explain
the presence of large numbers of eelworms in our
sandy soils which may be very deficient in organic
matter. Unfortunately, it is by no means easy to

Control
1992

! ton
106

Table 4'
Calcium cyanamide 1 ton t ton
Nodules on 24 plants .. 3 15

These results indicated that fumigation with E.D.B.
2.25 at 20 gallons per acre was inadequate. Plots
treated at 40 gallons produced 14 tons cane per acre
more than controls, while no further improvement was
afforded by increasing the rate of application to 60
gallons. Treatment with filtercake yielded an increase
of 8 tons cane per acre. The figures suggest an inter
action between fumigation and filtercake, by which a
combination of the two treatments would be more
effective than either alone, but this does not pass
statistical tests of significance.

An interesting side-result of fumigation with E.D.B.
is its effect on bud-development (usually referred to
as germination) in sugarcane cuttings. Counts of
young shoots in two field experiments revealed the
fact that significantly more shoots had developed
in fumigated than in untreated plots, averages for
the two experiments being: untreated 179, fumigated
208 shoots per plot.

Assessment of Soil Fumigation
The only fumigant for which quantitative results

on sugarcane areat present available is E.D.B., for
which the optimum level of application would appear
to be in the neighbourhood of 40 gallons per acre of
the formulation containing 2.25 lb. active ingredient
per gallon. At this rate the price of the fumigant
alone would be £21 (R42) per acre, an estimated cost
of application being approximately £3 (R6). Experi
ments so far harvested have indicated that an incre
ment of between 12 and 14 tons cane per acre can be
expected, which would be inadequate compensation
for the expenditure involved. Moreover, the only
experiment harvested as a ratoon crop showed no
residual effect of fumigation.

In infested soil, cane develops more vigorously in
fumigated than in untreated plots for the first few
months after planting (Fig. 3). After six to eight
months, the growth rate in treated plots slows down
and symptom.s of injury begin to appear. From this
stage onwards, cane in fumigated plots maintains,
but does not significantly increase, its lead. Micro
scopic examination of root samples shows that fumi
gation does not cause complete mortality, though it
very significantly reduces the number of worms
present Within five or six months the progeny of
the survivors starts to increase and the population
may eventually overtake that in untreated plots.
This reduces considerably the probability that a
residual effect will be observed in ratoon crops.

Another factor to be taken into consideration is the
fact that harmful infestations occur mainly in poor,
sandy soils. These may not be able to yield a crop
sufficiently large to compensate for the cost of fumi-'
gation. The possibility that fertilizers and soil amelior
ants may enable cane plants in fumigated. plots to
take better advantage of the period dUJ ing which they
are relatively free of eelworms is being investigated.

Soil fumigation against eelworms may be profitable,
particularly in certain high-value annual crops. Results
so far obtained in our sugarcane fields suggest that, at
present prices, it is of greater value as an indicator
of the presence of harmful infestations than as a
practical means of control.
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bring about an effective increase of this constituent
in sandy soils, in which organic matter is rapidly
decomposed. Possible effects of green manure crops
and applications of compost or molasses are being
investigated.

Other Possibilities

In some other crops, including potatoes, varietal
differences in susceptibility to eelworm attack are
known to occur. It is not impossible that some
degree of resistance or tolerance may be found in
sugarcane varieties. One trial, which includes practi
cally all released varieties, has already been planted
in an infested field at Mposa, and it is planned to
plant trials to include pre-release varieties in the near'
future.

Another possibility is the cultivation of a resistant
cover crop, the intention being to starve the eelworms
by preventing the growth of susceptible weeds. With

S.A.S.A. Experiment Station,
Mount Edgecombe.

March, 1961.

this object, an observation plot has been planted with
the grass, Eragrostis curvula. Unfortunately, control
by this method is likely to prove a lengthy process.
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FIGURE 1
Egg and larva of Meloidogyne, enlarged

PARENCHYMA

A B

FIGURE 2
Transverse sections of A. healthy, B. infested tomato root showing three adult females of
Meloidogyne in situ. Notice the reduced and distorted conducting tissue in the infested root.
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FIGURE 3
Five month old N:Co.382 in an infested field showing the result of soil fumigation.

Mil". W. J. G. Barnes (in the Chair) stated that this
was another example of work being done at the
Experiment Station which had not, up to now,
received adequate publicity.

Mr. J. Wilson asked the author if he had obtained
any correlation between eelworm population, organic
matter and soil fertility.

Dr. J. Dick said most of the studies had been done
on sandy soils. Samples of these soils had been
examined for organic matter, carbon-nitrogen ratio,
nitrogen, phosphate, potash and other factors but
he had found no correlation. One difficulty was that
the figures were heterogenous ones from a widely
spread area. If the work had been done from the
point of view of looking for correlations, such might
have been found. He thought if examination of soils
from areas rich in organic matter had been included,
correlations would probably be obvious.

Mr. T. A. F. Sexon asked if the author considered
the eelworm position of economic importance to the
cane grower, and if so, in view of the expensive treat
ment with the chemicals used, if there was any hope
of using cheaper ones such as the calcium poly
sulphides.

Dr. J. Dick said it was difficult to assess the
economic effect of eelworms. He had mentioned that
they were a problem of poor soils, and now we were

faced with over production of cane, one solution
would be perhaps to discard the extremely bad soils,
which did not cover a very large area. Calcium poly
sulphides had given some promise in pot tests but
did not appear particularly successful in the field,
though this might be due to faulty application.

In reply to a question by Mr. Coignet he said that
the eelworms which affected tomatoes were the same
as those which affected cane, and tomatoes might
therefore be a bad thing to have in a canefield, and
replying again to Mr. Coignet he said that pH. did
not seem to have any effect on eelworms.

Dr. H. H. Dodds said that apparently none of the
fertilisers used in this country had much effect in
controlling nematodes but he thought that liquid
ammonia might have a destructive effect, if it became'
industrially available as in the U.S.A.

Dr. J. Dick considered that while liquid ammonia
was perhaps not the best type of nitrogenous fertiliser,
it might still pay to use it if it were found to have an
effect on eelworms.

Dr. A. McMartin said that recently a satisfactory
control of eelworms had been achieved by incor
porating mercuric dusts in the soil at a sufficient
depth and this was done at a fairly cheap rate. He
asked if this had been tried under tropical or sub
tropical conditions.
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Dr. J. Dick said that pot tests seemed to indicate a
response to lead oxide and he had thought of using
soluble salts of lead. He had recently started a field
trial using lead oxide but had not as yet tried mercury
compounds except in pot tests in the greenhouse.

Dr. T. G. Cleasby outlined an experiment he had
carried out. By sterilising one half of a patch ofa weak
sandy field, the results were spectacular, 8 tons of
cane were reaped from the untreated half and 50
tons from the treated half. Recently this had been
tried as a replicated experiment but the results were
disappointing at harvest, not more than 5 tons of cane
was the increase from the application of 80 gallons
per acre of 25 :25 E.D.B. A difference was discernable
in the first six months but this did not persist, and in
the ratoon crops no difference due to treatment was
apparent. Calcium cyanamide at the rate of one ton
per acre had been tried but again this gave no signifi
cant result at harvest.

He thought that in poor sandy soils, fertility was the
primary reason for growth failure, the cane, being in
a poor state, suffering more from the attack of
eelworms.

He believed that there was a critical temperature
below which soil sterilisers should not be applied.
He asked if any nematode counts had been made
prior to the laying out of Dr. Dick's experiments.

Dr. J. Dick was of the opinion that in some soils'
if there was a moderate population of eelworms, a
significant response to fertiliser could be obtained,
but in some heavily infected soils no such response
was achieved. As far as the critical temperature was
concerned, he had carried out his treatments in hot
weather. Prior to laying out his first experiments no
true counts of eelworms were made, but counting
had now become standard practice in the selection of
experimental sites.

Mr. J. Wilson asked how Dr. Dick's eelworm
counts compared with those made in other countries
where the soil was regarded as unsuitable for indig
enous crops.

Dr. J. Dick replied that in some of our worst
infected soils the counts were higher than those found
in, for example, the small area of sandy soil in
Mauritius.

Mr. M. de Robillard asked if rainfall could have
had an effect on the results shown in Table 2.

Dr. J. Dick replied that the difference shown
between the plant and ratoon crops was due to the
ratoons growing in a better rainfall period, but the
difference between treatments should be independent
of this factor. The symptoms of drought and of eel
worm attack were similar, but his impression was that
good rainfall conditions encouraged the nematode
population. Drought symptoms would be apparent
over a large area, whereas the eelworms would affect
possibly only a patch.

Dr. A. McMartin stated that certain plant roots
had been found to excrete certain substances which
stimulated eelworm development from the cysts. The
idea was suggested to synthesise these substances and

apply them to the soil when fallow, so that the
developing eelworm would find nothing to exist on and
would die out. One such substance was synthesised
but its cost was prohibitive.

Dr. J. Dick said the difference between the con
ditions Dr. McMartin mentioned and those in this
country was that the eelworm of the potato root on
which the work referred to was done, was different
from that attacking cane in this country. He had
therefore not experimented along such lines.

Mr. J. W. Main asked if the depth to which the
eelworms penetrated was too much for them to be
affected by mechanical means such as a rotary hoe
combined with heat sterilisation.

Dr. J. Dick said the main eelworm infection was in
the top few inches of soil except in dry conditions,
when it penetrated deeply. He considered heat
sterilisation would be, if effective, as expensive as
chemical treatment.

Mr. C. H. O. Pearson related that in England heat
treatment under green-house conditions took at least
an hour to bring the soil to a temperature sufficient
to kill eelworms, so he thought it unlikely that any
flame sterilisation with a rotary hoe would be effective
in a cane field. Murcuric compounds were used with
a rotary hoe, but to be effective, the chemical had to
be blown in at two depths, 4 inches and 8 inches, to
get thorough mixture with the soil.

Mr CHaIse asked the author, if it were possible
to obtain a total kill of eelworms by fumigation, and
at what period did he think reinfestation would
occur?

Dr. J. Dick replied that it would take a long time for
re-infestation by natural spread under conditions of
total kill. It had been estimated that eelworm
horizontal spread was about 18 inches per year. He
did not know of any material which could give total
kill.

Mr. N. C. King asked if any work had been done by
the author on actual time of treatment with soil
fumigants throughout the year. Soil temperatures, he
considered, would be most important as it was with
weed-killers.

Dr. J. Dick replied that such work had not been
done, but the suppliers of the fumigants had suggested
April-May as being a suitable time and the experi
ments had been accordingly done at that time of the
year.

Dr. T. G. Cleasby said that the very good results
obtained were from treatment in the autumn, and
subsequent experiments, giving disappointing results,
were also carried out at that time.

Mr. L. Grice asked if there was any connection
between green manure crops and the introduction
otherwise of organic matter to the soil, and eelworms
infestation.

Dr. J. Dick replied that high organic content of the
soil would encourage the fungii which attacked eel
worms. Some small plot experiments using compost
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and molasses made the cane grow better, but he was
not prepared to dogmatise that this was the result of
reduction of eelworm population.

Mr. C. H. O. Pearson asked if Sunn Hemp had a
toxic effect on eelworms and also if the depletion of
soil moisture by such a crop would have the effect of
driving the eelworms to a greater depth.

Dr. J. Dick said that he did not think the species of
Sunn Hemp usually grown here had such an effect,
but there were some types for which it was claimed
that they have some control. The difficulty with a
green-manure crop was that it was not possible to
keep the soil covered long enough to be effective. At
least three years cover with Eragrotis Curvala was
required to starve the eelworms out.

Mr J. L. du Toit asked if sandy soils on which
green-manuring had been practiced for many years
were lower in eelworm population as compared with
sandy soils where no green-manuring had been the
practice.

Dr. J. Dick replied that someof thesefields on which
green-manuring had been the practice for many years
were as high in eelworm population as compared with
other sandy soils which had not had this cover.

Dr. T. G. Cleasby asked if there was any apprec
iable difference in nematode count on red as com
pared with grey sandy soils.

Dr. J. Dick replied that high counts had been found
in both soils.


