PRACTICAL ASPECTS OF THE EELWORM
PROBLEM IN TEA
T. Visser

Introduoction

Infestation of tea by parasitic eelworms has been investigated by the Institute
“for many years and has been referred to in numerouy aricles” (Feviewed by Visser,

1958} ; but the eelworm problem is still with us and, because subsidised replanting
of eelworm-infested fields is being undertaken, we draw attention once more to some
features of practical importance. -

Among the eelworms which attack both young and mature tea, the meadow
celworm (Pratplenchus coffece Sher & Allen) is the most damaging. - Root-knot eel-
worm (Meloidogyne jovanica Chitwood) infests young tea plants (in India: M. incog-
nita Chitwood}, but does not appear to attack mature tea.  Another species of the
same genus (M, brevicauda Loos) has been reported to do severe damage to nature
bushes, but so far in only a few isolated cases. How far other eelworms infest and
havm tea in Ceylon is not yet known, but Dr Hutchinson is investigating. this.

It is not surprising that parasitic'celworms have appeared as a pest, for this is
a common occurrence in any ‘crop, whether annual or perennial, if it is grown
continncusly in the same place. - Under such -conditioms, a  slow inerease in the
eciworm population is to be expected, though adverse éffects on the erop vary in
severity. :

The information available indicates that meadow-eelworm infestation is Gairly
widespread in the Dimbula district, that it is prevalent in certain areas of other
districts as well, and that it has become a serious and acute pest on only a fow
estates. It cannot be said for certain whether infestation at present latent is going
10 become apparent and increasingly severe with increasing age of the tea or
whethier it can be kept in chéck indefinitely. Presumably, there are factors which
decide whether or. not echvarm infestation will become ‘serious, for one can find
fields or ‘estites, sidé by side, of which' the one is much less infested than the other,
judging by the appearance of the bushes and by their yield,. '~ "~

There is no doubt that estates where meadow-eelworm .infestation .is acute
have a serious problem. Losses in yield of heavily infested ficlds may be about
25[{] 1b. of made tea per acre per year, as compared with fields with-little or no
infestation. ' ' .

Bush and Soil Management .

. There is something to be said-for the school of thought which claims that the
. eclworm problem in ‘Ceylon is partly an agricultural problemn ‘related to the condi-
tion of both bush and soil. It is evident that weak bushes are more easily affected
by adverse conditions than healthy ones, though it must be remembered that it is
the best-manured and most preductive tea bush that tends to contain most shots
hole-borer beetles, - o '
. In general, however, all factors like -erosion, hard plucking, hard pruning and
insufficient manuring, which tend to weaken the bush, are also liable to aggravate:
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the effects of eelworm attack. This is confirmed by observations in the field and
the weaker bush succumbs sooner than the stronger,

Since the eelworm destroys the feeding roots, the speed with which the rtl)‘ots
can be repla cts the chances; of survival he bush.! Fog (indtance; when
any bush is ;:3“:? many of its feeding roots nf:rrrfmlly di¢.’ Nc%» onex wdl siib-
scquently be formed, the capacity for growth largely depending on the condition
of the bush before pruning. If the reserves are low, ‘subisequent recovery will bhe
slow. Consequently, eelworm attack on the few, slowly forming, feeding roots at
this time may lead to the degeneration or death of the bush. It is possible, more-
over, that roots of weakened bushes are more readily attacked by eelworms than
those of vigorous ones. et Byt

The health of the bush is nziturally affected not only by the treatment given to
it as regards plucking and pruning, but also’ by the condition and fertility of the
soil in which it grows. Bushes in soils with maintained -or augmented. arganic
matter content are likely to.grow more vigorously and thus:will be less prone o
celworm damage than bushes whose growth is impeded by low soil. fertility.. s

In addition to this, there are indications that the application‘of organic matenal
to the soil may have a direct depressing cffect on the parasitic eelworm population,
in go far ag it:probably. increases the resistance of the.roos. to eelworm-attack. . !It,
may well be that, the. ual dutructmn of the organic matter and.disappearance
of. the top soil ca by erosion and. exposure-—as a-résult.of . bad agrialtural
pracuca--havc xm:rc:asu:dy the seventy af eelworm mfmmm:; -on certam rold. tea
pla.ntah.on! --1 . BN 1 I g S

plication of orgamc matenal in the foml of thatch ooml::odt, ‘stable
magurc pr ppings, is therefore sound ﬁlﬂlﬂtlﬂ'ﬂl practics, not onlys for improving
soil. eonditions but. also for. keeping orm infestation . in- chieck: --In, short, -all,
mcasurq normally{auned at increasing the yield and the maintenance of sail fertility
should Tﬁ to check or. slow down the-degencration. of old tea through eeiworm
mfestatxon e cmpha.su must be on prevention, for the bushes cannot be: cured.
once l.hcy bcgl.n to.show symptoms of cclworm nttack T RO WA
. : Vo ok SRR DU S
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Thegrowm “of gréen, manures, (cover crops) mﬂl tcamol:mo 3 ‘cr;f cﬁt
to mfilc sml) ;;I";l % mtm& sc:lve l?o d;l)us\l),lé“ urpnc;ti' H for exam da?ly 2
lithosperma G s provide bot e,a in, ) 18 trueof
shadeé trees proper Tike' G’m:ﬁka of dl'b:zzfa where leal: !'a)ﬁ aggis to; :\1;.: gg;mc ‘;‘Fmt!cr
supply. Nagurally both the i orgamc matter provxdcd' by theu' roots and the Odrl'}lpctl-l

2

tmn of those’ mbts should alsu be: taken into'accbunt. 1 o e
IR !s‘- R ] |'

U Cove mr cf f.sfm tfle stnct sese’ arc onlg sporadlcaﬂy rown m tca,,'“ iily
they ‘do ndt ghow! well indeér'a ‘good cover of tea and. pa.gl beéause thlt:?r cpluvf::::;;
is not encouraged for fear of competition and the difficulty of their eradication, ..
Nevertheless there are some estates which now practise clean weeding, but might =~
well profit from a cover crop against exposure to ‘soil grosion and ‘qgl}e;“glumug
mﬂucnms, particularly after pruning. i
Naturally it is important :to know if a plant species is suscepub!e 1o, the same
cclworm s_lr:eues that attack mature tea bushes and it is inadvisable to-use susceptible.”
he. available data. concerning the.susccpub:hty of .a. number of ‘cover:
bush crops-and shade . trees have been, revmwed prevmusly {Visser; . 1959
LBSQa), %0 only a.brief summary, is given here. _ Coas e e e
All of the cover crops and weeds investigated appcarcd to bc m:mflyrn or: com-{
pletely. resistant, to meadow-celworm attack, = OF these;: foun grassispecies, notably ™"
Gyatemala grass;, aré pesistant to. root-knot eciwarm as-well, - As-for;bush: cropsji
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the planting of Tephrosia wogelif in not recommended hecause it is susceplible to both
meadow eelworm_and root-knot eclworm; most Crotalaria ‘species, on the other
hand, are remarkably immune to both eclworms. Amang shade trees commonly
grown in tea, only dadgp shows such a susceptibility .te root-knot eelworm that
cgeneration may often occur; Albizzia sumatrana, though attacked by the same
celworm, does not seemn to suffer from it.  Some other shade irees were ound to
be not susceptible, or only slightly so, to either meadow or root-knot eelworms.

Accordingly, it may be said that most of the plants investigated so far do not
appear ta be congenial hosts for meadow ¢elworm and therefore are not likely to
contribute to its spread: the exception is Tephrosia vegelii, which ought not to be
used. The susceptibility of some of them to root-knot eelworm is a handicap only
during their own establishment, but this species will not endanger mature tea. It
is very important, however, not to grow susceptible plants in nurseries that may be
used later for the propagation-of tea, because young-tea plants are susceptible to
root-knot eelworm. - a _ ' '

In this context attention must be drawn to marigolds {7Tageles patula and
7. evacla varieties] ; these species have heen shown to have a very marked suppress-
ing effect on both meadow and root-knot eelwormns (Visser & Vythilingam, 1959).
In fact the cultivation of marigolds has been found to be as effective as fuunigation,
In. our trials we obtained the best results with two vigorously growing types which
were obtained locally, Both, sown in rows 9-12° apart, were found o grow
extremely well on fallow wea soil (when liberally manured) and they provided a
great amount of organic material, estimated at 15 to 20 tons fresh weight per acre,
within 5 to 7 months afier sowing. These varietics almost completely covered the
soil 2} months after sowing, while, once fully established, they appeared”effectively
to suppiress weed growth, forming both a dense cover (35 ft. high) and a:contin-
uous mat of roots. o S oo

 Marigolds as a cover crop in young iea, sown immediately after the plants were
‘put out, did equally well; but competed rather severely with the young tea plants.
n mature ia they grew only moderately well when sown after pruning and then
only in ficlds with many vacancies and when lelt undisturbed for several months.
‘Although in both cases 'ti;c meadow-eelworm population was significantly depressed,
‘the culdvatién of marigolds, on their own or together with another cover crop, is

succeasful and practical only in the absénce of tea, -

Frsid ﬁnn -

- Fumiigation of ‘mature tea can be carried out without phytotoxic effects to the
bushes with Nemagon at 10'gallons per acre (Loos, 1953, 1954, 1856; Visser, 1859q).
Although reinfestation of the soil is likely to occur after some time, probably on-a
smal! scale within a year, the effect on the bushes has been observed to be favour-
able, Indications arc that in the year following furigation (done after pruning)
a 25%, increase in yield may be obtainable (Visser, 7938}, - Vield incresses say
continue Jonger than a year. Unfortunately igation of old infested tea is not
‘econotiicilly worth while at present, costing about Rs. 800/- per acre. -

" .. . Fumigation of nurseries and soil used-for-hasket plants, on the other hand, is
a practice which can be, and should be;-a standard procedure when eelworms are -
present, It costs only a Fraction of the value of young plants succumbing to mod-
"eraté ‘eelworm attack in the nursery or after transfer te the field. It must be
remeiitbéred, however, that it is of little nse to fumigate nurseries that already carry
infested young tea plants, Shell D.D. and Nematox are very toxic to young plants,
‘whiile'Nemagon - though not phytotoxic— is not very effective in killing the celworms
living in the Toots, T

'
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. Regarding nursery soils, care should be taken nof to use a nursery that is already
heavily infested or worn out {Visser, 1958; Visser, Kehl and Titlekeratne, 1959).
Such a nursery should be abandoned, or its soil should be reconditioned or replaced
by new soil. The use of “tea soil” should be avoided for, apart from possible
infestation with parasitic e¢lworms, it is not the best medium for either propagation
or basket plants. Moreover, such soil is likely to contain roots which, if infested,
are not so casily rendered harmless by fumigation. TInstead, soil from Guatemala
grass areas, or good patana, or jungle soil should be used; the meadow and root-knot
eelworm -populations in such soils are usually low; rooting and growth are better
in grass soils than in tea soil, »

A satisfactory substitute, when grass soils are not available, can be-made up by
mixing sub-soil, peat litter and sand in equal proportions; this mixture has the
added advantage that it will be free from eelworms. or other harmful pests, if sub-
sequent-contamination is prevented. Fumigation of such a mixture is unnecessary.

For all other soils, fumigation is recommended, not only because it kills eelworms,
hut also because it tends to eliminate other pests such as white grubs (Kehl and
Piyasena, 1956). These may sometimes do as much harm to young plants as
cehworms.  The use of eelworm-free soil is absolutely rssential in order lo prevent the spread-
ing of eelworms from the nursery o the field. - Eelworm infestation of the young plants
will adversely affect their establishment in the field as well as render uscless any

measures taken in the field to get rid of the infestation there. -
Soil fiimigation can be carried out with Nematox 100} or Shell D.D. or Nemagon
at the recommended rates, applying one injection “Fer square foot (Loas, 1953,
1854). The soil should be well watered and thatched after fumigation. = '
.- Although aperiod of 5-7 weeks after fumigation is ample for the disappearance
of possible phytotoxic effects, it is advisable to allow at least 10-14 weeks to elapse
before the soil is used.for propagation or the filling of baskets. After leaving the
soil fallow for such a period, it is unlikely that any healthy eelworms would remain,
especially after a low initial eelworm population, for the few which siirvive famiga-
tion would normally die from starvation. o L
. An alternative method of getting vid of parasitic eclworms is to cultivate mari-
golds in the nursery beds {and- paths) for 5-7 months. .. When sown between rows
of Guatemala grass cuttings, a double purpgse is achieved, namely,:s0il :improve.
ment and the suppression of parasitic eelworms, o -

Finally, it is recommended that the entire nursery, including paths, is fumigated
or reconditioned to prevent contamination from the untreated portiond:s:H:thir
is not possible, the treated areca should be separated from the untreated part hy a
-deep drain:  Similarly, deep trenches should be dug around the edges of the nursery,
toreduce the chances of re-infestation by soil wash and hy dmin,',wqtgég-;fmn;_gtgp
rounding areas. RN : ' o T

g2 i these o7 o

T L - . T T S O P

Depending on .the .condition and yield of an eelworm-infested field, one can
cither decide to keep infestation within bounds by paying greater atiention to
“agricultural practices, such'as thatching, applying heavy dosages {10 to 20 tonsfacre) -
of compost or matiure, or one can have the tea uprooted and the area replanted.
If the.infestation is moderate and has been discovered before too many casualties
have been suffered, and the yield is stll satisfactory, thaiching and manuring ma
,well be economical, Maintaining or promoting vigorous root. growth under. such
- circumstances .is important. . Re-supplying, if necessary, might be undertaken:to .-
increase the stand of the bushes but re.supplying is usually difficult. even under
normal conditions and can be successful only when carried out with eelworm-.
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tolerant (or celworni-resistant} thidterial. *Only: Well-grown basket plants should
be used for au%glying. Fumigation of the vacancics, or at least of the plant holes,
4-6 weeks in advance and mixing in compost or stable manure at the time of plant-
ing will assist the establishment of the plants, Ifithe vacancies are fairly large (to
be preferred when re-supplying) recoaditioning with marigolds (for 8-7 months),
or with Guatemala grass (at least one year), may. be feasibie, though in the latter
case the surrounding tea bushes may suffer from competition.

If the field is ailready in a bad state and its yield marginal, it is doubtful whether
anything more could be achieved by improved bush and soil management than the
masking of the detrimental effect of eelworm attack for some time.  In such a case
it would perhaps be better to replant.  Since the Tea Replanting Scheme provides
subsidies, it is hkely that many estates would decide to take advantage of the scheme,
It is compulsory to recondition the soil of such areas properly and advantage can

be. taken. of this to reduce the population of parasitic eelworms, natably meadow-. - -

‘celworms, to"a minimum, If the compulsory reconditioning does not cape with
celworms, replanting is likely to be an economic failure. T

An example given in the table below may illustrate this point; it presents the

yield data from two fields on an estate in the Dimbula district, which were planied
about twenty years agt:eéwith seed) without rehabilitation, afier the uneconomic
old tea had been uprooted. . : * _

Average yield Lightly infested; .Heavily infested;
per acrefyear | plantedin 1941, | planted in 1838,
Since in bearing 687 Ib. 487 Ib.
| Over 1951~1857 746 b, 580 b,

and grawing vigorowsly, .

1t appears that the yields of the two fields, particularly that of theolder field,
have been unsatisfactory throughout. - It is doubtful if they could be improved
sufficiently to cover the cost of improvement. Probably both the lack of soil recondis
tioning and the presence of parasitic eclworms have contributed to the comparatively
poor results of replanting in this case.

It in clear that no effort should be spared to reduce to 4 minimum the eclworn
population of arcas which are 1o be replanted; similarly the s0il should be so
improved that the young plant has a fair chance of establishing itsell, o

The method of reconditioning most widely recommended so far is the cultiva-
tion of Guatemala grass; this crop, besides being . resistant to meadow-celworm,

-provides a very considerable bulk of organic matter, both above and below. the

surface of the ground. For celworm control, and for soil protection Joo, combinad

" ultivation’ of Guaiemala grass and marigolds is preferable. ' As Gualemala grass takes,
' at up-country clevations, at least 6-8 months to become established, planting of

this grass alone means that the soil is left eiposed for a considerable time.

In recent trials at two up-country estates, marigolds sown between. the grass -

raws almost fully covered the soil within 2} months after sowing. At that time the

grass cuttings had shown little growth. 1f a vigorous variety is used, it is unlikely

that the marigolds will deﬁcnemu: before the Guatemala grass is fully g:_stabl_is!wd
' n the meanwhile they will have ellectively suppressed
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the parasitic eelworm population, :prevented undue soil erosion, and pmwdcd-
additional organic material.

The grass cuttings should be planl:cd at 2 x 2} fi. and the mango]ds sown in
between in two or three rows, 9°-12° apart, and in shallow ruts of 1"-2" deep;.
loosening the soil will favour subsequent growth. It is estimated that at least 5 Ib.
of {pure} seed will be required per acre; mixing the seed with a bag of tea Rufl or
paddy chaff will facilitate sowing.

Marigolds respond markedly to manuring; it would therefore seem worth-
while to broadcast at the time of sowing, a dressing of e.g. 1 cwt. of a balanced.
animal meal per acre mixed with some bags of tea lufl.  Thereafter, depending on

wth, manuring may be repeated with the standard mixwre recommended for
gzatcmaia grass (Tolhurst and Portsmouth, 1956; Tolhurst, 1938). ’

The large varieties of marigold used in our trials were found to stand up well
..1e lopping at about 2 ft., provided this was not done too.carly but before flowering. .
“Itis f;kcly that with generous mantring they can be lopped: several umes beforc the
grass is ready to be cut. ‘

As imported seed is expensive and often less suitable than the semi-wild varieties
%Inwmg locally, planters are advised’ to produce their own seed from these varieties,”
he large bushy type is preferable.” There should bé ‘no d:fhcu]ty in’ obtaining"
sufficient seed eventually, for marigolds are prolific seed-produicers.” “The: correct
time for sowing would appear to be in the latter half of the wet season; seed must be
collected during the dry season, ‘or the viability of the seed tends to ‘e’ poor.

Thus, in my opinion, soil reconditioning with Guatemala grass and marigolds
together is well worth trymg, Oneé is likely to find that, on not too poor soils and
with liberal manuring, :soil reconditioning -with both crops will be much more
effective in suppressing eclworms-and more cfficient-as regards soil - protecuon,
while requiring a shortcr period, than with Guatemala grass-alone. - .-

Othcr cover crops may also be used W combination with Guakma!a g¥ It i as
possible that, at low- and mid-coyntry. cleyations, other faa-growmg la ff may
applicable. None of these is known to be as valuable as marigolds m suppressmg
celworms -and, at least at up-country clevations, marigolds have been found to
grow more qu:ckly than a.ltemauvc cover crops. o T

8 AT . : . A Lo - P et
Eelworms arc to be expected in any mono-crop. Mature tea suffers from
meadow celworm, which cannot be eradicated from the tea. The trouble i is likely
to increase steadily as the time under one species of crop increases, - Ht:is tHerefore'!
vitally important to take advantage of replanting for clearing eclworms out of the -
replanted arca. This can be done by normal reconditioning- of  the: land ‘with
Guatcr;:;la. grass; it can be hclpod and acceleratcd by mterplanung the grass w;th
mango 3 [y

Once mature tea is mfested with meadow celworm, the only thing to be done,
apart from replanting, is to keep the bushcs as vigorous as pomblc‘by cu]tural and ;
manuring‘iethods that ought to be-used'in‘any case. -

Young plants are susceptible to attack’ by another spccms, root-knot ‘eelworm.
It is essential to ensure that nurseries, especially for tea and for dadap and Alb:z.zm ‘
mnatmna, should be: complctcly ¢cleared “of this species and kept clear, t'is alse.,
tgortam not to introduce meadow eclworm into the ficlds from the’ nurscna, '
er in“tea or in shade, cover; and green manure plants. Teplirosia vogelii is
suscéptible to both kinds of eclwonn and shuu[d not be used bocause n enmuragm
their mumphcauon and spread.

. For nurseries, a fresh mixture of peat, sub-soil and sand is ‘good chausc lt
works well and is free from eelworms; all other soils should be fumigated; whether '~

148

i‘!




P T

known to contain celworms or not; old tea soil should never be used.  Fumigation
shouid extend to the immediate surroundings of the nurscries (paths) and renches
should be dug around them to prevent eelworms migrating inte the nurscries.
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