OBSERVATIONS ON THE PREVALENCE
AND CONTROL OF PARASITIC EELWORMS
IN TEA

T. Visser

" 1. Introducton

- The problem of celworms in tea nurseries and tea plantations of Ceylon is not
B new one, as its discovery daies back to the inception of the Institute. In 1928
Stuart Light (24) drew attention to the destructive powers of the root-knot
celwoim in tea nurseries. This eclworm, then called Helerodera radicicola, later
named H. marioni and now known under the name Meloidogyne javanica, was also
found responsible (7) for the poor growth and dying of dadaps, Erylhrina leucosperma.
In 1937 (8) it was discovered that the degeneration of Tephrosia vogelii was also due
to attack by this eelworm. With respect to its spread it can be said that it can be
found in many tea soils.

Mature tea was not found to be very attractive to this particular species, but
Loos (17) ascertained in 1951 that a member of the same family, viz. M. brevicauda,
‘was able to do severe damage to tea. So far, however, this eelworm is known to
be present in an acute form on a few estates only. '

The position is different with regard to the meadow eelworm which was dis-
covered by Gabp in 1839 (10, 11) and found to attack both young snd mature
tea. This eelworm was at that time known under the name Anguilluling pratensis
and is now called Pratpenchus coffea’. Its spread in tea appears to be m more
extcnsive than that of M. brevicauda®, for Loos reported in 1951 (17) that the
presence of meadow eelworm had been uceﬂainmn 50 estates, mostly at up-
country clevations. At present meadow eelworm is known to be prevalent on
many more estates. ‘ ' - '

It is usually noted in fields planted before 1900; the build up of the
parasitic eclworm population to harmful levels in a monoculture of such long stand-
ing can be no matter for surgrise. Its effect may have been aggravated by the
gradual weakening of the bush with increasing age as well as unsatisfactory bush
and soil management in the pfst. The preponderance of eelworm infestation at
up-country elevations may also be Tﬁanly explained by the fact that the tea in many
cstates was preceded by coffee. e latter crop is known to be susceptible to the
same celworm as tea (P. coffea). ; .

" Qur information as regards its’occurrence in the low- and mid-country is limited

to a few estates only, A comprehensive survey may reveal a different situation,
though posiibly the infestation may be really less due to different conditions of soil
and climate and because the tea is on the whole considerably younger.

' Hontification by:. LOOS, C.A.; Proc. Helom. Soc. Washington 20,2, 1953-83-91,
o Lémbfication by: SHER, S.A. and M. W. ALLEN; Un. Cal. Zodl. 57, 1953:441-470.
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2, Effect on yleld

As siated above, meadow eelworm has been found to be present on a large
number of estates, though this does not mean that it can be labelled a pest on all
these estates. According to present day information meadow eelworm occurs as a
pest in an acute form in certain fields on a dozen estates or so only, while other
estales where meadow eelworm is also present do not seem to suffer (as vet).

The general patiern of meadow eelwonn inlestation in matute tea is similar to
that observed in other crops. [t starts off in a cevtain field or fields as small patches
of bushes or single infected bushes here aud there.  The paiches gradually expand
resulting in the general infestation of large areas.

The visual symptoms of infestation are not specific. Severe infestation initially
results in the tea bush, often the weaker ones, becoming dormant, usually during
drought periods and/or in the latter partof the pruning cycle.  This is ofien followed
or accompanied by yellowing of the leaves and defoliation in part or whole in.the

‘later stages. Subsequent [gruhing of such a bush leads usually to its death or 10

such poor recovery that the bush can be considered useless from an cconomical
point of view. This process, though slow where the whole field is concerned, may
be fairly rapid with respect to the individual bush. The low vield of a heavily
infested field at a given time is largely due 10 the large humber of vacancies which
have occurred over the years, the majority of the remaining bushes appearing to
yield normally.

In 1939 Gadd (11) gave an example demonstrating the severity of this pest in
terms of loss of crop. 1n table I we have presented some additional yield data of
fields known to be infested in comparison with those of fields lightly or not infested,
fromn esiaies sitwated in different districts.

The general picture presented by the data given in this table is that the annual
yiclds of comparable fields started 1o diverge at some time in the past and progress-
ively more so with the years. That is to say, at some stage the yield of the eelworm
infested ficld commenced to decrease as compared with a non-infested field, which
was otherwise comparable in treatment, age, site, etc.

On estate [, infestation in an acute form dates back from 1947, on estate 1
from 1931, while on estates 11, IV and V the pest became acute only fairly recently.
It is also worthy of note that in some infested ficlds the downward trend appears to
have been checked, undoubtedly due to improved soil and bush management.
Nevertheless, the loss in crop is still real, as the yield of the non-infested fields
increased in the meanwhile. The lass amounted to about 250 lb. teajacre/year in
all instances.

Where ¢.g. on estates I and Il the yields of the so<called non-infested fields
remained more or less constant over the last 10 to 15 years, it may be suspected that
in these fields 100 the infestation has been building up, but that its cflect has been

. masked by the introduction of better agricultural practices. . :

TasLE t—The effect of spreading meadow eelworm (Pratylenchus coffeae) infestation
over the course of years on the yield per acre (Ib. made tea) on differently
situated esiales

1. Mooloya. Elevation: 5,000-5,800.ft.

N, inf. Inf, Lowmof | N.lof.  lnf, Loss of
Yield of 24 ac. 32 ac. crop 18§ ac. 32 ac. crop
period 1896* 1899
1833—1942 650 630 39, 700 650 7%
19431947 830 570 324, 850 700 1797
19481952 300 560 0%, 830 530 ans;
19531957 780 300 500, 880 510 a2
Avglace | 8w 510 37% 830 580 329,
RN AT {290 h. (270 1b.)
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II. Rutiand. Elevation: 3,300-3,800 ft.

N. Jaf. B 7  Loss,
Yield of period : 84 ac. Wac, of
: 1888* 1891* orop - )
1924/25 - 1900/31 490 450
I0R1 /A2 —— 1937/38 750 : 190
1938139 — 1944}45 680 160
1951/52 660 250
- 1957/58 760 410
Avg, _mr:r' sim-é 19'1.’;' . Tih 450 372,
(260 1.
IL Ellamulle. Elevation: 4,000 ft.
N.Inf. Inf. " Low
Yicld of period 32 ac. 27 ac. of
1900* 1900 . orap.
T 1945 — 1951 ssh T a0 o
1952 — 1954 750 560) 289,
1958 — 1957 920 610 244,
Avg.facre since 1952 840 s80 314,
{280 1h.) -
IV. Dambatenne. 4,600-5,800 fi. V. Wootton.: 4;100-4,400.ft.
k ] A -
! N. Inf. Inf. Lioms ~ N.Inf. - Inl Lams
Yirlldof | 31 ar, ‘Mo, . of - 15 ac. 43ac. - of
period 1 18947 © IRO4* crop 1805 T 1880* crop
19451951 | 760 740 . 3y 630 . 550 .. 13%
19521954 & 1000 . 680 329, 836 720 13%,
1985157 | 900 880 4% 1180 fle - m%
Avgface | 950 880 299, 1000 770 28,
since 1852 | ‘ (270 1b.) (230 1b.)
i .

N.8.—Lou of crop is expressed in percentages of yield fmﬁ ﬁot infested fields; N. Inf.=no1 or lightly
"infested ; Inf, = infested; ac.P:wu; *appraximate year of plaoting. . _

The figures given illustraté that it may take a long time before the infestation
manifests itascl as a pest, but once it does the yields drop very markedly mainly due
to the loss of bushes. ‘ .

3. . The cifect of oxrganic matter on éelworms’

With respect to the application of organic matter, it would seem that it may
have a direct effect on the incidence of eelworms, apart from its beneficial eficct on
the s¢il and the plant. -

Lindford ef al (16) ascertained that the incorporation of large amounts of grccn
material {of the order of 50 tonsfacre) significantly reduced the number
of H. marioni galls on roots of indicator cowpeas. Similarly Oostenbrink (20)
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found in field experiments that the application of stable manure (10 tonsfacre)
markedly rcduccdp the Pratylenchus and Meloidogyne populations both in the soil and
in the roots of agriculiural crops grown on the treated soil. Likewise Van Der
Laan (23] in pot experiments with potatoes ascertained that the addition of stalle
manure or campost suppressed the development of the potato celworm in the roots.

With respect to the effect of manure on eelworm in tea soils a preliminary
trint was kaid out on an area fairly heavily infested with meadow eelworm. This
area was divided into 2-acre blocks, respectively {a) kept fallow, (6) fallow, treated

with a single application of pig manure (20 wns/acre) and () planted with .

Giuatemala grass.  From subseguent monthly sampling on the degree of infestation
it appeared that the Pratvienchus population gradually decreased n all treatments.
The number of celwnrms per 100 g, soil 6 samples/time) had becorme almost nil

afier 8 wonths in the grass suil and atter 13 and 14 months in_the fallow, and man.. .

uwred soibrespectively, DT

Thys 11 would appear 1hat the planting of Guatemala grass had been more
eflective than fallow, while the applicaiion of pig manure had no additional effect.
‘The latter is more or less in accordance with findings of Oostenbrink (20), who
ulserved that stable manure had no effect on the incidence of the potato root eel-
worm in the absence of the host plant.  He assumes that the suppressing influence of
manure on parasitic eclworms in the presence of host plants is rather due to a greater
resistence of the planis than to an effect of the decomposition products, because the
non-parasitic forms were less affected than the parasitic ones. Alse Van Der
Laan {25) concluded that plants treated with organic materials such as manure
and compost develop some resistance to nematodes, perhaps due to physiological
changes in the plant sself, ‘

A further trial was carried out to determine the influence of the incorporation
of organic matter on the eelworm population. In this case loppings of marigolds,
Tephrosia and dadaps were mixed with soil infested with both meadow and root-
knot celworms (1 1h. loppings in 40 1b. soil). The mixture was put into cement
pots, there being 6 pots for each treatment; 12 pots containing infested soil only,
of which 6 were fumigated, serving as controls.  All pots were regularly watered
and kepi [ree of weeds, .

Three assessments on the eclwormy population were made during the course
of the: experiment, the results of which have been presented in table 2.

TAaBLE 2.—The effect of the incorporation of organic matter on ihe echworm
population of fallow soil ; expressed in number of eelworms per 600g senl
{6 samples of 100 g.)

: . 26 Nov., 1957* | 3 Feb., 1938 13 Sept., 1958
Treatments s —ennd - -

I‘E Pr. Mei. | Pr. Mcl. Pr. Mel. Oth,
Control: nor Tumigated 1 102 653 i LI I 20 18 4 1541
Caontrol: fumigated R 1 ) li L T 2 T | 2239
With marigold loppings ... 97 - B7 P33 4 o4 e D 8739
With dadap loppings© ... 73 1. 7 2. 2 0 13737
With Tephrosio loppings ... 68" 93 b 20 7 3 3 14738

*Date experiment stareed; Pr.= Pratylench us? Mel.= Meloidogyne; Oth. =ther nematodrs.

The table shows that the Praiylenchus and Meloidogyne populations had notably
lecreased in all weatments about 2 months afier the experiments started.  The
eclworm content of the fumigated soil was alimost nil, while the non-fumigated
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control still contained a considerable number of meadow eelworms as compared

- with the pots with loppings. About 7 months later a similar trend existed, but the

number of parasitic eckworms had further decreased.

It is worthy of note that the number of non-parasitic eelworms in the pots with
the loppings was very much greater (statistically significant) than in 1he pots without. -
Lindford ¢f af (16) suggest that the increased population of total nematodes, brought
about by the decomposition of organic material, assists the building up of a micro
flora and fauna destructive to nematodes.  Soil organistus, ¢.g. certain fungi (6) have
in fact been found to be predatory on eelworms,

. It can be concluded that the incorporation of organic matier to sone extent
depresses the development of the parasitic eelworm population in the host plant
whether directly or indirectly. It is therefore good agricultural practice to provide
tea -ficlds with organic matter in the form of loppings, thaich, compost or manure

s nwe awboth. [rom.a point of view of soil improvement and.on account of its adverse effect.

TN S B e
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... on harmful eclworms.

4. Cover crop and shade trees with respect to eelworm susceptibility.

The effect of cover crops, green manures and shade trees with respect to eelworm
infestation may be twofold.  On the one hand, they may assist in diminishing eclworm

-infestation, in so far as they are eclworm resistant and serve.as providers of organic

material. On the other hand, their influence may be unfavourable in cases where
they are susceptible to attack by the same eclworms which are detrimental to the .
main crop. The relation between the susceptibility of the preceding cropand the
degree of infestation of the crop grown thereafter has been amply demonstrated by
Qostenbrink (21). He found that if the first crop had been severely attacked hy
celworm, the crop grown in succession would be infested likewise, or vice versa. For
instance, the subsequent growth of roses and apple seedlings, which plants are -

susceptible 10 Pratplenchus, greatly depended on the susceptibility of the crops which
were grown in the two preceding years, _ A

It is possible that likewise in tea, the population’ levels of Pratylenchus and
Meloidogyne are to some extent affected by the degree of susceptibility of plants
previously cultivated or intergrown with tea. Accordingly we have listed below
a number of plant species the susceptibility of which to meadow and root-knot
eclworms is approximately known. = ‘ ' B

Grassos and weeds—Of the fortner, Guatemala grass (Trl?:miulaxum) is
the most important-as it is widely used for soil-reconditioning. Following earlier

‘observations (28) it was recently (26) confirmed that this grass is practically

immune to both meadow and. root-knot ectworm, thus explaining the depressing

" effect of its cultivation on these eelworms in the soil.  From inoculation trials done

by Gadd (15) it would appear that Mana {Cymbopogon confertifiorus), paspalum
grass (P. dilatatum) and carpet grass {Axonopus compressus) ave also resistant to
meadow celworm, 7 . \ S
. Among the weeds, Polygonum nepalense (15) is probably resistant, while Oxalis
corpmbosis is slightly susceptible t0 meadow eelworm. The latter was found to be
highly susceptible 10 Melotdogyne arenaria (26). '

‘Cover eropa—Siplosanthes gracillis and: Drymaria'cordsta appeared-to be largely

- resistant to both meadow and root-knot eclworm; Mimasa invisa is moderately

susceptible to the latter but-not to the former (27). Damodium gyroides is fairly
resistant to P. coffea (12, 14), but not o M. ircognita. (5) . .
Marigold varieties of the species Tagetes erecta and T. patula deserve special’- -
mention. Both the investigations of Qostenbrink ¢f of (22) and Meyneke ¢f ol (19)
and experiments carried out at the Institute (26) proved the effectiveness of mari- -
golds in suppressing the Pratylenchus and Meloidogyne populations in the soil. © Their
nematocidal action was found to equal that of fumigants; as such, marigold cultiva-
tion can be effectively adopted as a measure of eelworm control. ' o
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The large semi-wild varicties ( proi)abiy varieties of 7, erecta) lound in Ceylon
grow vigorously on {allow tea soil, but are less successful as a cover crop in mature
tea (after pruning), growing only moderately under such conditions.

Bush crops.—Previous {10, 12, 13, 14) and recent findings (28, 29) indicated
that Crotalaria anagyvides and C. usuramoensis are not attacked by either meadow or
rout-knot eclworm (M. jasanica). The latter species as well as C, juncea have been
found susceptible 10 M. incognita var. acrita; (. strigta and C. retusa appear vesistant
{23), C. spectubilis used as a pre-crop has been shown to reduce the severity of rooi-
knot echworm in tobaccoe grown subsequently (18).  Apparently, eelworm resistance
is a feature of many species of this genus' and thus their cultivation is useful in
intested areas,

Numerous investigations (8, 9, 26, 27) have confirmed that Tephrosia vogeliii is
susceptible to meadow eelworm -and “even more 30 to root-knot eelworm and is

.therefore not recommended-to be;plarited in'téa.” It is possible that other species
of Tephrosia, like T, eriosemoides and T. toxicaria could be used, for Gadd (13) as-
certained from inoculation trials that these species were not invaded by meadow
eelworm. Sesbania cinerescens shows some susceptibility 10 meadow and root-knot
celworm (27) though it does not appear 1o be adversely affected, as this species grew
well in infested soil. :

Bhade trees. —(iliricidia maculata, Tecoma stans and Grevillea robusta when mature
appear to be resistant to meadow and root-knot eclworm (27). The last mentioned
was found to besusceptible to root-knot eelworm in the seedling stage only (10}.
Aibizzia moluccana, dcacia decurrens and Calpurnia eurea showed a slight susceptibility
to meadow eclworm but were not or only slightly infested by root-knot eclworms (27).
Erpthring lewcosperma (7,9, 27) and Albizzia sumatrana (15, 27) must be listed as only
shghtly susceptible to meadow celworn, but \ ery susceptibie to root-knot eelworm.
However, whereas Albizzias appear to be tolerant to root-knot eclworm attack,
dadap is often found to be adversely affected and to degenerate as a result,

The picture which emerges from the above—partly based on preliminary
observations—is that a fair number of plants grown in tea are not or only negligibly
susceptible to Pratylenchus coffea.  Even those plants, which have been listed to be
more or less susceptible to this eelworm have usually been found to harbour markedly
less eelworms than tea.  Whereas roots of the former category may contain 20-70
worms per 10g, roots of tea growing in similar soil may carry hundreds or even
thousands of eclworms per sample. Apparently, the great majority of cover
plants and shade trees ase far less congenial hosts for Pratylenchus than tea,

With respect to Meloidogyne infestation, a number of plants appear to be highly
susceptible ta this genus.  In most instances, but possibly not in all, as determination
is fairly difficult, the species involved is, unless otherwise mentioned, M. javanica.

Mature tea has not been found 10 be susceptible to Meloidogyne species except
in rare instances (M. brevicauda). 1t appears to be susceptible (to M. javanica and
M. incognila) at a young stage only; it may be inferred from observations that a well
grown tea plant of 6—7 months old is already immune. The same possibly holds
truc for a number of other plants (¢.g. Grevillea). It i3 advisable, therelore, to take
precautions against infestation in the nursery stage.

Finally, it can be said that as far.as mature tea is concerned, the use of root- =77

knot celworm-susceptible cover crops and;or trees is not likely to be harmnful 10
" tea. However, one may encounter difficulties, e.g. in the case of dadaps, in estals-
lishing such plants in infested soil. In such instances it may be wiser to plant
resistant plant species,

5. The effect of soil fumigation.

). Inmature tea.— Soi fumiyation is an obvious means of control of eelworms.
QOf a number of fumigants like Shell DD, Nematox 190 and Nemagon, iried out,

1 A chemical compouad responsible for this resistance has been identthed by investigators in the
Netherlands (oral information.)
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only the last mentioned appeared to be suited for mature tea as the two former
were found to he strongly phytotoxic. Nemagon applied in the field at the recom.
mended rate per acre, of 10 gatlons diluted to about 40 gallons by adding kerosene,
was found to have no adverse eflect on mature tea bushes {27). When applicd at
double this rate {20 gallons --20 gallons kerosene) some of the older feaves became
scorched, but otherwise no damage occurred.

With regard to its effectiveness on eelworms, it appeared from a preliminary
trial with Nemagon on infested tea at St. Coombs, that following fumigation at
rates of §, 10, 20, 30 and 40 gallons per acre moderate re-infestation of the snil nccurred
about 2, 7, 9, 10 and 11 menths later, respectively. '

Larger scale field trials were carried out on blocks of } 1o  acre of infested tea
in its 2nd or 3rd year after pruning on Eildon Hall, Wootton, Kirimetiva and Damba-
. tenne estates, respectively.  The Nemagan-kernsene mixture {1.: 3) was injected
into the soil (8" deep) with an injecior gun on 4 sides of the bush 4t10 il per
side. The fumigation was carried out in February-March, 1957, s eflect was
assessed by monthly examination of 25 svil samples (100 g each) from each area
respectively; the last sampling was taken in July, 1958,

It appeared that fumigation at Dambatenne estate had not been very effective,
as the number of parasitic eelworms had been reduced to only about half, following
fumigation. " On the other 3 estates the meadow eelworm population was virtually
nil for a limited time alter fumigation. The general trend of re-infestation by
meadow eelworm afier fumigation on these estates is shown in figure 1.~ This
figure presents ‘“‘the degree of infestation with time” as expressed in the number
of 10i] samples per 25 examined which were found to be free of meadow eelworm
at different times. T

,; ) ESTATE 1 'o—o
ESTATE O jo—e
ESTATE M pe---x
w 20| N
3] R
.§ ) N&% - " Te -‘--'\\"
g 5 o x ] \\
; :
. o A
B 10 ™
g - N, .
5. 1=
- w,
2 5
Co N -1

2 ' 6 8 .10 12 14
Months after fumigation )

o Figure 1. The re-occurvence of meadow echworm infestation after fumigation ’
with Nemagon as expressed in number of eelworm-free samples per 25 examined. -~
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The velation between re-infestation and time on two estates (Eildon Hall-1
and Wootton-1I) is a lincar one {the regression is highly significant). That is
to say, the number of samples found 10 be free of eclworms decreases linearly with
time. After about 9 montﬁs on estate I and 13 months on estate I alf soil samples
(25/time) contained a small number of meadow eelworms. On estate 111 (Kiri-
metiya) the picture was somewhat different as up to about 9 months after fumiga-
tion the majority of saiaples were still free of eelworms.  Even after 13 months not
all samples showed infestation and those which did, contained very few eelworms
oniy.

The greater effectiveness of {fumigation on the tast estate as compared with
the two ather esties, is possibly due 1o differences in the organic matier conent
of the soil, fumigation being more effective if the vrganic water content is lower.
1t is quite possible that this has Leen_the cageasthe soil “conditions at the one

©estate are poorer than those ar the others,

Onu one estate separate vield records of the fumigated plot (1 acre} and
the vest of the field {24 acres) were kept by the Superintendent. These data are
presented in table 3,

TaBLE 3. Tield of a_fumigated plot in comparison with that of an
untrealed areq

e
Yield in Ib. fresh leaf per acre
Not treated Fumigated
March, July, Augnst 218 200 {917
September, October, November 238 300 126,15
Decembey, 1957; January, 1958; Februavy ... 366 316 {141.0)
March, April, May ... 393 486 (123.7)
Juue, July, August, Seprember ... - 323 430 {133.1)
‘i'otal for | year after pruning:
September, 1957-August, 1958 ... . L4887 1886 {126.8)

N.B.—Figures willin parenthesis demole the vields of the funugated plor as percentages of
those of the untreated areq. .

Table 3 shows that the yield over the first three months following lunigation

-{in carly March; pruning in April] was somewhat less than that of the untreated

arca, Thereafier, the treated plot yielded considerably more per acre than the
rest of the field. Notwithstanding that the areas compared are very different in
acreage and that analysis of the figures is not possible, the observed yield trend

_indicates that fumigation favourably aif:c_l_?dl_lgs;x_rbgcqucnl vield.

The feld trials show that fumigation at the vecommended rate keeps the eel-
worms in check for not much longer than one vear, or even for a shorter interval,
depending on the svil and weather conditions at the time of and immediately after
fumigation. * The favourable effect on yicld would probably last for a longer period.
It is clear, however, that fumigation would have to be repeated at least once every
pruning cycle in order to prevent undue re-infestation. Under the circumstances,
therefore, fumigation of mature tea cannot be envisaged as a means of conirol in
practice, us the costs—in the order of Rs. 80)/- per acre—are prohibitive.
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I, Innurseries—Extensive experiments on the effect of soil fumigation on
Meloidogyne species (M. incognita) in seedling nurseries have been carried out by the
.Tocklai Experimental Station with methyl bromide (1, 2) and Shell DD (2, 3,
4, 5) at rates of 200 to 400 Ib. per acre and with Nemagon (5) at 2 and 4 gallons
per acre. ‘The results appeared to he variable; in many instances the original -
- population had been reduced to 10-15%, of the original level but sometimes the reduc-
tion amounted to only 35-509, one month after fumigation. In general, fumiga-
“tion did not prevent the majority of seedlings (sown 4-6 weeks lollowing fumigation)
becoming infested by root-knot eelworm. However, infestation was often Jess and
growth better, though not markedly so, than that of the controls, when assessed

-8 months after soil fumsgation.

The results obtained with fumigation in Ceylon seem to be on the whole more
.- favourable than thosc obtained at. Tocklai., It appeared.from one of the field
. trials (26), that young tea plants planted in a fumigated area (2 weeks after treat-
~ment with Shell DD at 10 gallons/acre) carried, 7 months later, about twice as
" many leaves as control plants growing in a non-fumigated plot (57 versus 29 leaves per
plant); the meadow eclworm population of the former plot was only 7%, of that of
the former area. One year after fumigation the differences in growth were even ,
" more marked, but the soil of the fumigated area carried at the time as many meadow
eelworms as that of the non-fumigated plot (71 versus 73/sample). '

An experiment carried out with Nemagon at rates of 3, 4 and 5 gallons (made
to 40 gallons by adding kerosene) in an infested nursery carrying young tea
average number of eclworms from 5 samples)

u
pEmts gave the following results {
presented in tabie 4.

TaBLe 4.—Effect of soil-fumigation with Nemagon at different rateson - - )
eelworm populations. (5 ml. every sq. fr.) .

7 months after '9 months after
Treatments fumigation - fumigation
Pr, Mel. Pr.  Mel.
Controt T 20 0 87 o
- Nemagon at 3 gall.{acre 2 2 11 .0
1] ” 4 (] EH) 4 2 10 10
” » 5 » ” 0 L] B 10
Pr.=Praplenchus;  Mel. = Meloidogyne. "

The figures show that while fumigation with 5 gallons Nc:ﬁégon' per acre had .- :
kept both meadow {Pr.) and root-knot {Mel.} eelworm down for 7 months, the

lower concentrations were less effective.

Alter 9 months re-infestation became -

- evident in.all treatments, but the number of meadow. eelworms was still much less .
--than that of the control' though more root-knot-eclworims were present: These .-

results more or less tally with those of the field experiments descri

in the previous

pavagraph—viz. that re-infestation of the soil at a moderate level may be found = -
within 7 months after fumigation, if the soil tarries tea throughout. Under such
circumstances soil re-infestationi is bound to occur: as Nemagon is of doubtful -

effectiveness as regards the killing of celworms lising in the tea roots. Fumigation

is not fully effective in the presence

Indeed, fumigation never kills all eelworma, so that it is advisable to ,iegirc R
the soil fallow for some time, resulting in the weakening or death of the susviving

eclworms by starvation,

of host plants.
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With respect to the length of such a peried, Gadd (14) ascertained from ex-
periments, in which meadow eelworms were kept in humid sand, that only 204
had survived after 18 weeks. However, at the end of 9 wecks, although 439, of
the eelworms had susrvived starvation, none of the survivors were able to enter the
roots of Tephrosia vagellii secdlings.

In our fumigation trials the percentage of surviving eelworms in a fallow soil
has been found to be only a fraction of the above survival figure, usually varying
between 1 and 5%, one to two months alter fumigation. Accordingly if one allows
a minimum of 10 to 14 weeks after fumigation before cuttings or voung plants are
planted, it is unlikely that after the lapse of such a period any virile parasitic
eelworms would remain, especially i soils with a low initial eelworm population
were used.  The laiter condition is actually an essential gne which can be adhered

Jo.by using Uvitgin” soils only. 0 L L 0 e T e s e

A betier alternative jo the fumigation of nurseries which appears to be promising,
is the cultivation of mavigolds, preferably together with that of Guatemala grass.
By doing so, eelworm control and reconditioning are achieved simultaneously,

Summary and conclusions

From the information available it would seem that meadow eelworm infestation
is fairly widespread, presumably more 30 at up-country than at lower elevations.
However, the pest appears (o be latent in many instances; in thase cases wheve
infestation has become acute, losses in crop can be estimated at 250 1b. teajacre/fvear.
The fact that tea is a monoculture of long standing and a number of other features,
¢.g. age, unsatisfactory bush and soil management, etc. are likely to have contributed
to the aggravation of the eclworm prablem.

There is reliable experimental evidence that the incorporation of organic
matter, in the form of loppings, compost and manure will assist in reducing the
effects of eclworm infestation. Presumably, the influence of organic matier is
primarily indirect, viz. by increasing the resistance of the plant and improving soil
conditions, while a direct depressing effect on the celworm population must also
not he ruled out.

A fair number of cover crops, green manuves and shade trees associated with

the cultivation of tea appeared 10 be more or less immune to meadow eelworm
and not very susceptible to root-knot eelworm. The susceptibility of these plants
to the latter is probably no danger to tea over one year old as by then the crop
appears completely resistant.  The planting of Tephrosia vogellii 13 not recommended
hecause of its susceptibility to both eelworms. ‘The cultivation of marigolds shows
promise as an effective means of eelworm control in nurseries or in fallow tea soil.

" Soil fumigation in mature tea can depress eclworm infestation considerably
but for a limited time only. [is effect on yield was found to be favourable. The
fumigation of tea fields is not practical on account of its prohibitive cost. Fumiga-
tion of nurseries is advisable in cases where no regular replacement of the worn-out

~ soil by virgin and/or eelworm-free soil is possible. It is recommended that the soil

EPERS

he left fallow for a period of 10 to 14 weeks after fumbigation in order (o weakeri'any

T Tsurviving eelworms.
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