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A N D C O N T R O L O F PARASITIC E E L W O R M S 
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1. Introduction 
T h e p r o b l e m of eelworms In tea nurseries a n d tea plantations of C e y l o n is not 

a new one, as its discovery dates b a c k to the incept ion o f t h e Institute. In 1928 
Stuart L i g h t (24) drew attention to the destructive powers o f the root-knot 
eelworm i n tea nurseries. T h i s ee lworm, then ca l led Heterodera radicicola, later 
named H. a n d now known under the name Meloidogyne javanica, was also 
found responsible (7) for the poor growth and d y i n g o f dadaps, Erythrina leumperma. 
In 1937 (6) it was discovered that the degeneration o f Tephrosia vogelii was also due 
to attack by this eelworm. W i t h respect to its spread it can be said that it can be 
found i n m a n y tea soils. 

M a t u r e tea was not found to be very attractive to this part icular species, but 
Loos (17) ascertained i n 1951 that a member of the same fami ly , viz. M.breokauda, 
Was able to d o severe damage to tea. So far, however, this eelworm is known to 
be present in a n acute form o n a few estates only . 

T h e posit ion is different wi th regard to the meadow eelworm which was dis­
covered by G A T J D i n 1939 (10, 11) a n d found to attack both young a n d mature 
tea. T h i s eelworm was at that t ime known under the name Aaguillulina pratensis 
a n d is now cal led Pratylenckus cqffca\ Its spread i n tea appears to be m u c h more 
extensive than that o f M. brevicauda", for L o o s reported in 1951 (17) that the 
presence of meadow eelworm h a d been ascertained o n 50 estates, mostly at u p -
country elevations. A t present meadow eelworm is known to be prevalent o n 
m a n y more estates. 

It is usually noted i n fields p lanted before 1900; the bu i ld u p o f the 
parasitic eelworm populat ion to harmfu l levels in a monocul ture of such longs tand ­
ing c a n be no matter for surprise. Its effect m a y have been aggravated by the 
gradual weakening o f t h e bush with increasing age as well as unsatisfactory bush 
and soil management i n the past. T h e preponderance o f eelworm infestation at 
up-country elevations may also b e p a r t l y explained by the fact that the tea in many 
estates was preceded by coffee. T h e latter c rop is known to be susceptible to the 
same eelworm as tea {P. coffea). 

' O u r information as regards its occurrence in the low- and mid-country is l imited 
to a few estates only, A . comprehensive survey m a y reveal a different situation, 
though possibly the infestation may be really less d u e to different conditions of soil 
a n d cl imate a n d because the tea is o n the whole considerably younger. 

* Idtntijkation by: LOOS, C.A.; Proc. Helm. Soc. Washington 20/2, 1953-83-91. 
• Identification fy: &HER, S.A.endM. W. ALLEN; Un. Cal. goal. 57 , 1953:441-470. 
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2» feflect o n y i e l d 

A s staled above, meadow eelworm has been found to be present on a large 
n u m b e r of estates, though this does not m e a n that it c a n be label led a pest on al l 
these estates. A c c o r d i n g to present day information meadow eelworm occurs as a 
pest iu an acute form in certain fields o n a dozen estates or so only, whi le other 
estates where meadow eelworm is also present do not seem to suffer (as yet). 

T h e general pattern of meadow eelworm infestation in mature tea is simi lar to 
that observed in other crops. It starts of f in a certain field or fields as smal l patches 
of bushes or single infected bushes here and there. T h e patches gradual ly expand 
resulting in the general infestation of large areas. 

T h e visual symptoms of infestation arc not specific. Severe infestation init ial ly 
results i n the tea bush, often the weaker ones, becoming dormant , usually dur ing 
drought periods and/or in the latter part o f the pruning cycle. T h i s is often followed 
or accompanied by yellowing of the leaves and defoliation in part or whole. in, the 
later stages. Subsequent pruning o f such ambush leads usually to its death or to 
such poor recovery that the bush can be considered useless f rom an economical 
point o f view. T h i s process, though slow where the whole field is concerned, may 
be fairly rap id with respect to the ind iv idua l bush. T h e low yield of a heavi ly 
infested field at a given time is largely d u e to the large number of vacancies wh ich 
have occurred over the years, the majority of the remaining bushes appear ing to 
yield normal ly . 

In 1939 G a d d (11) gave an example demonstrating the severity of this pest in 
terms of loss of crop. In table 1 we have presented some addi t ional yield data of 
fields known to be infested i n compar ison with those of fields lightly or not infested, 
f r o m estates situated in different districts. 

T h e general picture presented by the data given in this table is that the annual 
yields of comparable fields started to diverge at some time i n the past and progress­
ively more so with the years. T h a t is to say, at some stage the yie ld of the eelworm 
infested field commenced to decrease as compared with a non-infested field, wh ich 
was otherwise comparable in treatment, age, site, etc. 

O n estate I, infestation in an acute form dates back f rom 194?, o n estate 11 
f rom 1931, while o n estates III, I V a n d V the pest became acute only fairly recently. 
It is also worthy of note that in some infested fields the downward trend appears to 
have been checked, undoubtedly due to improved soil a n d bush management. 
Nevertheless, the loss i n c rop is still real , as the yie ld of the non-infested fields 
increased i n the meanwhile. T h e loss amounted to about 250 lb. tea/acrc/year in 
al l instances. 

W h e r e e.g. o u estates I a n d II the yields of the so-cal led non-infested fields 
remained more or less constant over the last 10 to 15 years, it may be suspected that 
i n these fields too the infestation has been bu i ld ing up , but that i u effect has been 
masked by the introduction o f better agricultural practices. -

TABLE I.—The effect of spreading meadow eelworm (Pratylenchus cojf'cae) infestation 
over the course of years on the yield per acre (lb, made tea) on differently 

situated estates 
I. M o o l o y a . E leva t ion : 5,000-5,800 ft. 

Yield of 
period 

N . Inf. Inf. Loti of 
24 ac. 52 ac, crop 

* N . Inf. Inf. L o u or 
16} ac. 3 2 ac . crop 
1896* 1899* 

1933—1942 
1943—1947 
1948—1952 
1953—1957 

Avg./acre 
since 1943 

650 630 3 % 
840 570 3 2 % 
8 0 0 5 6 0 3 0 % 
780 3 9 0 5 0 % 

700 6S0 7% . 
850 7 0 0 17% 
830 530 38% 
880 510 4 2 % 

1933—1942 
1943—1947 
1948—1952 
1953—1957 

Avg./acre 
since 1943 

800 510 3 7 % 
(290 lb.) 

850 580 3 2 % 
(270 lb.) 
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n, Rutland. Elevation: 3,300-3,500 ft. 

! N. Inf. Inf. 1.05S 
YtcM <»f prritw] ] 64 sc. 38 ac. of YtcM <»f prritw] 

: 1888* 1891* crop 

1924/25 — 1930/31 690 950 - - 37% 
1931/32 — 1937/38 ! 750 490 i- 35% 
1938/39 — 1944/45 j 680 160 •r 76% 
llMS.MH _ 1951/52 ' 660 250 4- «2% 
1932/53 — 1057/58 | 760 410 + 4H% 

Avg,/avrf <iwf 1924 1 710 450 37%, Avg,/avrf <iwf 1924 
(260 Ik) 

I I I . E i l a t n u l l e . E leva t ion : 4,000 ft. 

N. Inf. Inf. 
Yield of period 32 at. 27 ac. of Yield of period 

1900* 1900* crop 

1945 1951 550 540 2% 
1952 — 1954 750 560 »% I95S — 19S7 920 610 24% 

Avg./acre since 1952 840 380 31% 
(2801b.) 

IV . Darobatenne. 4,600-5,800 ft. V . Wootton. 4 , I (HM,400Tt. 

1 
i N*. Inf. Inf. Loot 

Yifld of 1 31 ar. 34 ac. . or 
period i 1394* 1894* crop 

N. Inf. Inf. L<tf» 
15 ac. 43 ac. of 
1895* 1890* crop 

1945—1951 
1952—1954 
1955—If 57 

760 740 3% 
1000 680 32% 
900 680 24% 

630 5S0 13% 
830 720 13% 

1180 810 31% 

Avg./acre 
«ncr 1952 

950 680 29% 
(270 lb.) 

1000 770 23% 
(230 lb.) 

M. fl.*~-Lou of crop is expressed in percentages of yield from not infested fields; N. Inf.=mu or lightty 
infested; Inf.«inlextrd; ac.=acres; *appraximate year of planting. 

T h e figures given illustrate that it may take a l o n g time before the infestation 
manifests itself as a pest, but once it does the yields d r o p very marked ly main ly due 
to the loss of bushes. 

3. The effect of organic matter on eelworms 

W i t h respect to the appl icat ion o f organic matter, it w o u l d seem that it may 
have a direct effect on the incidence of eelworms, apar t f rom its beneficial effect o n 
the soil a n d the plant. 

L i n d f o r d tl al (16) ascertained that the incorporat ion of large amounts of green 
material (of the order of 50 tons/acre) significantly reduced the number 
of H. marioni galls o n roots o f indicator cowpeas. S imi lar ly Oostenbrink (20) 
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found in field experiments that the application of stable manure (10 tons/acre) 
markedly reduced the Pratylenckus and Meloidogyne populations both in the soil a n d 
in the roots of agricultural crops grown on the treated soil. Likewise Van Der 
l.aan (25) in pot experiments with potatoes ascertained that the addition of stable 
manure or compost suppressed the development ofthe potato eelworm in the roots. 

With respect to the effect of manure on eelworm in tea soils a preli mi nan-
trial was laid out on an area faith' heavily infested with meadow eelworm. This 
area was divided into 2-acre blocks, respectively fa) kept fallow, (b) fallow, treated 
with a single application of pig manure (20 ions/acre) and fr) planted with 
(Guatemala grass. From subsequent monthly sampling on the degree of infestation 
it appeared ihat the Pralylenchus population gradually decreased in all treatments. 
The number of eelworms per 1(H) g. soil (in samples/time) had become almost nil 
alter 8 months in ihe grass soil and after Hi and 14 months in the fallow; and man­
ured soil-rcspecvivrly. -~~ " ' "* 

Tims ti would appear that the planting of Guatemala grass had been more 
effective than fallow, while the application of pig manure had no additional effect. 
The latter is more or less in accordance with findings of Oostenbrink (20), who 
observed that stable manure had no effect on the incidence ofthe potato root eel­
worm in the absence of the host plant. He assumes that the suppressing influence of 
manure on parasitic eelworms in the presence of host plants is rather due to a greater 
resistence ofthe plants than to an effect of the decomposition products, because the 
non-parasitic forms were less affected than the parasitic ones. Also V a n 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 itself. 

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

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

TABLE 2 . — T h e effect of the incorporation of organic matter on the eelworm 
population of fallow soil; expressed in number of eelworms per 600g sml 

(« samples of 100 g.) 

i 26 Nov. 1957* ! 3 Feb., 195H 13 Sept., 1958 
Treatments ':. „—__„ ..—_—_ . 

1 Pr. Pr. Mel. Pr. Mcl. Oth. 

Control: nor fumigated ... 102 (W3 i Kt 20 It? 4 1541 
Ointnii: fumigated 107 - . \ 1 \ 1 2239 
With marigold loppings ... 97 . 87 | 33 ," 4 4 - 0 6739 
With dadap loppings ' 73 71 ] 17 .7 2 0 13737 
With Tephrosia loppings ... 9* i . 20 7 3 3 14736 

Dafe «'xp«rimrm started; Pr. ~ Pratylei tchuv. MH.= Mctnidofrynf.; Oth .=Oih« nematodes. 

The table shows that the Pratylenckus and Meloidogyne populations had notably 
decreased in all treatments about 2 months after the experiments started. The 
eelworm content of the fumigated soil was almost nil, while the non-fumigated 
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contro l still contained a considerable number of meadow eelworms as compared 
with the pots with loppings. A b o u t 7 months later a similar trend existed, but the 
n u m b e r of parasit ic eelworms had further decreased. 

It is worthy of note that the number of non-parasitic eelworms in the pots with 
the loppings was very m u c h greater (statistically significant) than i n the pots without. 
L i n d f o r d et al (16) suggest that the increased populat ion of total nematodes, brought 
about by the decomposit ion of organic material , assists the bui ld ing u p of a micro 
flora a n d fauna destructive to nematodes. Soi l organisms, e.g. certain fungi (6) have 
i n fact been found to be predatory o n eelworms. 

. It c a n be concluded that the incorporat ion of organic matter to some extent 
depresses the development of the parasitic, eelworm populat ion in the host plant 
whether directly or indirectly. It is therefore good agricultural pract ice to provide 
tea fields wi th organic matter in the form of loppings, thatch, compost or manure 

«*both f rom-a point of view of soil improvement and on account of its a d v e n e effect 
o n h a r m f u l eelworms. 

4. Cover crop and shade trees with respect to eelworm susceptibility. 
T h e effect o f cover crops, green manures a n d shade trees with respect to eelworm 

* infestation m a y be twofold. O n the one h a n d , they may assist in d iminishing eelworm 
infestation, in so far as they are eelworm resistant and serve as providers o f organic 
mater ia l . O n the other h a n d , their influence may be unfavourable i n cases where 
they are susceptible to attack by the same eelworms w h i c h are detr imental to the 
m a i n c rop . T h e relation between the susceptibility o f t h e preceding c rop a n d the 
degree o f infestation o f t h e c rop grown thereafter has been amply demonstrated by 
Oostenbr ink (21). H e found that i f the first crop had been severely attacked by 
eelworm, the c rop grown in succession would be infested likewise, o r vice versa. F o r 
instance, the subsequent growth of roses a n d apple seedlings, w h i c h plants are 
susceptible to PraJytenchus, greatly depended on the susceptibility of the crops wh ich 
were grown i n the two preceding years. 

It is possible that likewise i n tea, the populat ion levels of Pratylenckus and 
Meloidogyne are to some extent affected by the degree o f susceptibility o f plants 
previously cult ivated or inlergrown with tea. Accord ing ly we h a v e listed below 
a n u m b e r o f plant species the susceptibil ity of which to meadow a n d root-knot 
eelworms is approximately known. 

O m a n and w e e d s — O f the former, Gua tema la grass (Tripsacum laxum) is 
the most important as it is widely used for soil -recondit ioning. F o l l o w i n g earlier 
observations (28) it was recently (26) conf irmed that this grass is pract ical ly 
i m m u n e to both meadow a n d root-knot ee lworm, thus expla in ing the depressing 
effect o f its cult ivat ion o n these eelworms in the soil. F r o m inoculat ion trials done 
by G a d d (15) it w o u l d appear that M a n a grass (Cymbopogon confertfflorus)> paspalum 
grass (P. ditatatum) and carpet grass (Axonopus eompressus) are also resistant to 
meadow eelworm. " 

A m o n g the weeds, Polygonum nepalense (15) is probably resistant, while Oxatis 
corymbosis is slightly susceptible to meadow eelworm. T h e latter was found to be 
h igh ly susceptible lo Meloidogyne arenaria(2%). 

Cover oops.—Stylosanthcs gracillis and- Dtymaria cordsta appeared to be laigely 
- resistant to both meadow and root-knot ee lworm; Mimosa inoisa is moderately 

susceptible to the latter but not to the former (27). Desmodium gyroides is fairly 
resistant to P. coffea (12, 14), but not to Af . incognita (5) 

M a r i g o l d varieties o f the species Tagetes erecta and T. patula deserve special' 
ment ion. B o t h the investigations of Oostenbr ink w al (22) a n d Meynekeerf al (19) 
a n d experiments carr ied out at the Institute (26) proved the effectiveness of mar i ­
golds in suppressing the Pratylenckus and Meloidogyne populations i n the soil. T h e i r 
nematocidal act ion was found to equal that of fumigants; as s u c h , mar igo ld cult iva­
t ion can be effectively adopted as a measure of eelworm control . 
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T h e large semi-wild varieties (probably varieties o f T. erecta) found in Cey lon 
grow vigorously o n fallow tea soi l , but are less successful as a cover crop in mature 
tea (after pruning) , growing only moderately under such condit ions. 

Bush c r o p « _ p r e v i o u s (10, 12, 13, 14) and recent findings (28, 29) indicated 
that CrolalaHa anagyioidts and C*. usuromoensis are not attacked by either meadow or 
root-knot eelworm {At. jasanka). T h e latter species as well as C.juncea have been 
found susceptible lo Al. incognita var. acrita\ C. striata and C. return appear resistant 
(23), C. specttihilis used as a pre-crop has been shown to reduce the severity of root-
knot eelworm in tobacco grown subsequently {18). Apparent ly , eelworm resistance 
is a feature of many species of this genus* and thus their cult ivation is useful in 
infested areas. 

Numerous investigations (8, 9 , 26, 27) have confirmed that Tephrosia rogelliih 
susceptible to meadow eelworm and even more so to root-knot eelworm and is 
therefore not recommended to be planted in t e a ' It is possible that other species 
of Tephrosia, like T , eriosemoxdes and T. toxicaria could be used, for G a d d (15) as­
certained f rom inoculat ion trials that these species were not invaded by meadow 
eelworm. Sesbania cinerescens shows some susceptibility to meadow a n d root-knot 
eelworm (27) though it does not appear to Iw adversely affected, as this species grew 
well in infested soil. 

Shade tre«s—•Gliricidia maculata, Tecoma s'.ans and Grevillea robrnta when mature 
appear to be resistant to meadow and root-knot eelworm (27). T h e last mentioned 
was found to be susceptible to root-knot eelworm in the seedling stage only (10). 
Albizzia moluccana, Acacia decurrens a n d Calpumia aurea showed a slight susceptibility 
to meadow eelworm but were not or only sl ightly infested by root-knot eelworms (27). 
Erythrina teucosperma (7, 9, 27) a n d Albizzia sumatrana (15, 27) must be listed as only 
slightly susceptible to meadow eelworm, but \ ery susceptible to root-knot eelworm. 
However , whereas Alb izz ias appear to be tolerant to root-knot eelworm attack, 
d a d a p is often found to be adversely affected and to degenerate as a result. 

T h e picture which emerges from the above—part ly based on prel iuunary 
observations —is that a fair number of plants grown in tea are not or only negligibly 
susceptible to Praiylenchus cojfea. E v e n 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 lOg, roots of tea growing in similar soil may carry hundreds o r even 
thousands of eelworms per sample. Apparent ly , the great majority of cover 
plants a n d shade trees are far less congenial hosts for Pratylenckus than tea. 

W i t h respect to AitUidogyne infestation, a number of plants appear to be highly 
susceptible to this genus. In most instances, but possibly not in alt, as determination 
is fairly difficult, the species involved is, unless otherwise ment ioned, Af. javanica. 

M a t u r e tea has not been found to be susceptible to Meloidogyne species except 
in rare instances (Af. brevicauda). It appears to be susceptible (to Af.javanica and 
At. imognita) at a young stage on ly ; it m a y be inferred from observations that a well 
grown tea plant of 6—7 months o ld is already immune. T h e same possibly holds 
true for a number of other plants (e.g. Grevillea). It is advisable, therefore, to take 
precautions against infestation in the nursery stage. 

F ina l ly , it can be said that as far. as mature tea is concerned, the use of root- ' 
knot eelworm-susceptible cover crops and/or ' trees is not likely to be h a n n i u l lo 
tea. However, one may encounter difficulties, e.g. in the caseofdadaps , in estab­
lishing such plants in infested soil. In such instances it may be wiser to plant 
resistant plant species. 

5 . The effect of soil fumigation, 
\ In mature te».—Soil fumigation is an obvious means of control o f eelworms. 

O f a number of fumigants like Shell D D , Nematox 100 and Nc inagon , tried out, 

' A chemical compound responsible t'tir (his resistance has Uxn identified by invesiigaiors in the 
Net her land j (oral information.) 
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only the last ment ioned appeared to be suited for mature tea as the two former 
were found to be strongly phytotoxic, Nemagon appl ied in the field at the recom­
mended rate per acre, of 10 gallons di luted to about 40 gallons by add ing kerosene, 
was found to have no adverse effecl on mature tea bushes (27). W h e n appl ied at 
double this rate (20 gallons 4 20 gallons kerosene) some o f t h e older leaves became 
scorched, but otherwise no damage occurred. 

W i t h regard to its effectiveness on eelworms, it appeared f rom a prel iminary 
trial with Nemagon on infested tea at St. C o o m b s , that following fumigation at 
rates o f 5 , 10,20, 30 and 40 gallons per acre moderate re-infestation of the soil occurred 
about 2, 7, 9, 10 and 11 months later, respectively. 

Larger scale field trials were carried out o n blocks of \ to I acre of infested tea 
in its 2nd or 3rd year after pruning on E i l d o n H a l l , Woot ton, K i r i m c t i y a and D a m b a -
tenne estates, respectively. T h e Nemagqn-kerosene mixture 3) was injected 
into the'soi l (6" deep) with an injector gun on 4 sides of the bush at'10 inY* per 
side. T h e fumigation was carr ied out in F e b r u a r y - M a r c h , 1957. Its effect was 
assessed by monthly examinat ion of 25 soil samples (100 g each) from each area 
respectively; the last sampl ing was taken in J u l y , 1958. 

It appeared that fumigat ion at Dambatenne estate h a d not been very effective,, 
as the number of parasitic eelworms had been reduced to only about half, fol lowing 
fumigation. O n the other 3 estates the meadow eelworm populat ion was virtually 
ni l for a l imited t ime after fumigation. T h e general trend of re-infestation by 
meadow eelworm after fumigat ion on these estates i s shown in figure*!. T h i s 
figure presents " the degree of infestation wi th t ime" as expressed in the number 
of soil samples per 25 examined wh ich were found to be free of meadow eelworm 
at different times. 
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Figure I , The re-occurrence of meadow eelworm infestation after fumigation 
with Nemagon as expressed in number of eelworm-free samples per 25 examined. 
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T h e relation between re-infestation and time on two estates (E i ldon Hall-1 
and Wootton-I I ) is a l inear one (the regression is highly significant). T h a t is 
to say, the number of samples found to be free of eelworms decreases l inearly with 
time. Af ter about 9 months on estate I and 13 months on estate II all soil samples 
(25/time) contained a small number of meadow eelworms. O n estate III ( K i r i -
metiya) the picture was somewhat different as up to about 9 months after fumiga­
tion the majority of samples were still free of eelworms. E v e n after 13 months not 
all samples showed infestation and those which d i d . contained very few eelworms 
only. 

The greater effectiveness of fumigation on the last estate as compared with 
the two other estates, is possibly due to difference;, in the. organic matter content 
of the soil, fumigation being more effective if the organic matter content is lower. 
It. is quite possible that tins has Ijcejri^llj.ejea^ the one 
estate are poorer than those at the. others'. 

On one estate separate yield records ofthe fumigated plot (| acre) and 
;he rest of the field (24 acres; were kept by the Superintendent. These data are 
presented in table 3, 

T A B L E 3.—- Yield of a fumigated plot in enmpaman with that of an 
untreated area 

Yield in lb. fresh leaf per acre 

Not treated Fumigated 

M a r c h , J u l y , August 
September, October . November 
December, 1957; J a n u a r y , 1958; February . . . 
M a r c h , A p r i l , M a y .. . 
J u n e , J u l y , August , September ... 

218 
238 
366 
393 
323 

2(H) { 91.7) 
300 f126.I) 
516 (141.0) 
486 (123.71 
430 (133.J) 

total for 1 year after p r i m i n g : 
September, 1957-August. 1958 ... 1487 1886 (126.8) 

vV.il?.—Figures within parenthesis denote the yields of the fumigated plot as percentages of 
I/lose of the untreated area. 

T a b l e 3 shows that the y ie ld over the first three months following fumigation 
(in early M a r c h ; pruning in Apr i l ) was somewhat less than that ol the untreated 
area. Thereafter, 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 tlie figures is not possible, the observed yield trend 
indicates that fumigat ion favourably affected subsequent yield. 

\ T h e field trials show that fumigat ion at the recommended rate keeps the eel­
worms in check for not m u c h longer than one year, or even for a shorter interval, 
depending on the soil and weather conditions at the time of and immediately after 
fumigation. T h e favourable effect on y ie ld would probably last for a longer per iod. 
It is clear, however, that fumigat ion would have to be repeated at least once every 
p run ing cycle in order to prevent undue re-infestation. U n d e r the circumstances, 
therefore, fumigation of mature tea cannot be envisaged as a means of control in 
practice, as the costs—in the order of Rs. 800/- per acre—are prohibit ive. 
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II. In u u f u l c a . — E x t e n s i v e experiments on the effect o f soil fumigat ion on 
Meloidogyne species (M. incognita) in seedling nurseries have been carr ied out by the 
T o c k l a i Exper imenta l Station with methyl b romide (1, 2) a n d Shell DD (2, 3, 
4, 5) at rates of 200 to 400 Ib. per acre and with N c m a g o n (5) at 2 and 4 gallons 
per acre. T h e results appeared to be variable; i n many instances the original 
populat ion h a d been reduced to 1 0 - 1 5 % of the original level but sometimes the reduc­
t ion amounted to on ly 3 5 - 5 0 % one month after fumigation. In general, fumiga­
tion d i d not prevent the majority of seedlings (sown 4 - 6 weeks fol lowing fumigation) 
becoming infested by root-knot eelworm. However , infestation was often less and 
growth better, though not markedly so, than that of ihe controls, when assessed 
6 - 8 months after soil fumigation. 

T h e results obtained wi th fumigation i n C e y l o n seem to be on the whole more 
... favourable than those obta ined .a t T o c k l a i . , It appeared . f rom one o f the field 

trials (26),' that young tea plants planted in a fumigated area (2 weeks after treat­
ment w i th Shel l D D at 10 gallons/acre) carr ied, 7 months later, about twice as 
many leaves as control plants growing in a non-fumigated plot (57 versus 29 leaves per 
p lant ) ; the meadow eelworm populat ion o f the former plot was only 7 % o f that o f 
the former area. O n e year after fumigat ion the differences in growth were even , 
more marked , but the soil o f t h e fumigated area carr ied at the time as m a n y meadow 
eelworms as that o f t h e non-fumigated plot (71 versus 73/sample). 

A n experiment carr ied out with N c m a g o n at rates of 3, 4 a n d 5 gallons (made 
u p to 40 gallons by a d d i n g kerosene) i n a n infested nursery carry ing young tea 
plants gave the fol lowing results (average number of eelworms from 5 samples) 
presented in table 4. 

T A B L E 4.—Effect of soil-fumigation with Ncmagon at different rates on 
eelworm populations. (5 ml. every sq.ft.) 

7 months after 9 months after 
Treatments fumigat ion fumigat ion 

Pr . M e l . P r . M e l . 

Cont ro l 2 0 0 67 0 
N c m a g o n at 3 gal l . /acre 2 2 11 0 

4 2 10 10 
ii »» 5 , , , , . . . 0 0 1 10 

Pr.=Pratylenchus ; Mel.—Meloidogyne. 

T h e figures show that whi le fumigat ion wi th 5 gallons Nemagon per acre h a d . 
kept both meadow (Pr.) a n d root-knot (Mel . ) eelworm down for 7 months, the 
lower concentrations were less effective. After 9 months re-infestation became 
evident in a l l treatments, but the n u m b e r o f meadow eelworms was still m u c h less . 

•than that o f the control though more root-knot ' eelworms were present: These 
results more or less tally wi th those of the field experiments described i n the previous 
paragraph—v i t . that re-infestation o f the soil at a moderate level may be found 
wi th in 7 months after fumigat ion, i f the soil carries tea throughout. U n d e r such 
circumstances soil re-infestation is b o u n d to occur, as N e m a g o n is o f doubtful 
effectiveness as regards the ki l l ing of eelworms living in the tea roots. Fumigation 
is not ful ly effective in the presence of host plants. 

Indeed, fumigat ion never kills al l eelworms, so that it is advisable to leave 
the soil fallow for some t ime, resulting i n the weakening or death of the surviving 
eelworms by starvation. . 
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W i t h respect to the length of such a per iod , G a d d (14) ascertained f rom ex­
periments, in which meadow eelworms were kept in h u m i d sand, that only 2 0 % 
had survived after 18 weeks. However, at the end of 9 weeks, a l though 4 5 % of 
the eelworms h a d survived starvation, none o f t h e survivors were able to enter the 
roots of Tephrosia vageUii seedlings. 

In our fumigation trials the percentage of surviving eelworms in a fallow soil 
has been found to be only a fraction of ihe above suivival figure, usually vary ing 
between 1 a n d 5 % one to two months after fumigation. Accord ing ly if one allows 
a m i n i m u m of 10 to 14 weeks after fumigat ion before cuttings or young plants are 
planted, it is unlikely that after the lapse of such a period any virile, parasitic 
eelworms would remain, especially if soils with a low initial eelworm populat ion 
were used. T h e latter condit ion is actually an essential one which can be adhered 
to by using 'Virgin* ' .soi ls only — - - ~ - "'-

A better alternative to (he fumigation of nurseries which appears to be promising, 
is the cult ivat ion of marigolds, preferably together with that of Gua tema la grass. 
By do ing so, eelworm control and recondit ioning are achieved simultaneously. 

Summary and conclusions 

F r o m the information available it would seem that meadow eelworm infestation 
is fairly widespread, presumably more so at up-country than at lower elevations. 
However , the pest appears lo be latent in many instances; in those cases where 
infestation has become acute, losses in c rop can be estimated at 250 lb. tea/acre/year. 
T h e fact that tea is a monoculture of long standing and a number o f other features, 
e.g. age, unsatisfactory bush and soil management , etc. are likely to have contributed 
to the aggravation of the eelworm problem. 

T h e r e is reliable experimental evidence that the incorporat ion o f organic-
matter, in the form of loppings, compost and manure wil l assist in reducing the 
effects of eelworm infestation. Presumably, the influence of organic mat ier is 
pr imari ly indirect, viz. by increasing the resistance o f the plant and improv ing soil 
condit ions, while a direct depressing effect o n the eelworm populat ion must also 
not be ruled out. 

A fair number of cover crops, green manures and shade trees associated with 
the cult ivat ion of tea appeared to be more or less immune to meadow eelworm 
a n d not very susceptible to root-knot eelworm. T h e susceptibility of these plants 
lo the latter is probably no danger to tea over one year o ld as by then the c rop 
appears completely resistant. T h e planting of Tephrosia vogellii is not recommended 
because of its susceptibility to both eelworms. T h e cultivation of marigolds shows 
promise as an effective means of eelworm control in nurseries or i n fallow tea soil. 

Soil fumigation in mature tea can depress eelworm infestation considerably 
but for a l imited time only. Its effect on yield was found to be favourable. T h e 
fumigation of tea fields is not practical o n account of its prohibit ive cost. F u m i g a ­
tion of nurseries is advisable in cases where no regular replacement o f t h e worn-nut 
soil by v irgin and/or eelworm-free soil is possible. I r is recommended that the soil 
be. left fallow for a period of 10 to 14 weeks after fumigation in-order to weaken any 
surviving eelworms. 
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