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BURROWING NEMATODE
- A POTENTIAL THREAT
TO AGRICULTURE

PX. KOSHY, P. SUNDARARAJU and V.K. SOSAMMA

Central Plantation Crops Research Institute, Regional Station,
Krishnapuram, Kayangulam, Kerala

FPHE burrowing nematode, Radopholus similis occupies
T the second position only to the root-knot nema-
tode among the economically important plan parasitic
nematodes in the tropical and sub-tropical regions.
The nematode is notorfous as the cause of spreading

* decline of citrus in F lorida, Pepper yellows in the Bangka
‘island of Indonesia and root and rhizome rot of banana
in_all banana growing tracts of the world except in
Isracl and Taiwan. In India the nematode was first
recorded only in 1966 from banana roots in Kerala.
Recent surveys have shown its widespread occurrence
in Kerala, Karnataka and Tamil Nadu on coconut,
arecanut, banana and pepper. R. similis may be
indigenous to Kerala as various varieties of banana
arec known to be cultivated here since long. The
possibility of its introduction along with the cavendish
type of banana also cannot be ruled out. The nematode
was first described by Nathan Augustus - Cobb. from
banana roots from Fiji in 1893 as Tylenchus similis.
Subsequently the nematode was roported causing ex-
tensive root lesions and cavities in the roots of coffee in
Java and in sugarcane in Hawail. Radopholus is

, considered to be indigenous to Australia and New

* Zealand because nine of the eleven species of the genus
are found in these areas.

Significance

The nematode is known to parasitize more than
250 species of plants throughout ihe tropical and

sub-tropical  regions which  makes R. similis
‘the most significant pest of agricultural crops.
Parasitization by this nematode causes gross

reduction ‘'in the quality and quantity of yield. It
has wiped out over 20 million pepper vines of Bangl‘c?
. " sland over a short period of two décades. Mdore tham
2 . -T5 thousand acres of citrus in Florida are reported to
3 be infested with R. simifis. Reduction in yield from 50 .

L3

to 80 per cent for grape fruit and from 40 to 70 Jer cent
for oranges are reported. At an average fruit value of
£2/box the grower incurs a loss of $19,549/ha. In Suri-
nam, where there was 100 per cent infestation on banana,

the 'yield was 37 tons/hajyear but when the infestation

was less, the yield was 73 tonsj/ha/year.

In India no data is available on loss dume to R.E
similis infestation on any crop, though the nematode was{
recorded in 1966 and known to parasitize several crops |
such as black pepper, cardamom, ginger, turmeric,
sweet potato, sugarcane, groundnut, coconut, arecanut
and banana and has also been reported in association |
with diseases such as slow wilt of pepper, coconut rooty -
(wilt) and arecanut yellow leaf. '

Dissemingtion. ‘The nematode is disseminated mainly
through infested planting materials, floods, irrigation
water, farm implements and bulk transport of soil.
The nematode is known to spread in Florida downhill
at the rate of 66 metres and uphill at the rate of less than
8 metres within a year. :

Mordphology and Biology
The nematode is known for its sexual dimorphism,
The female nematodes vary in length from 0.520 to
0.880 (0.690) mm, with an average width of 25.6 B
and a spear of about 18 u with well developed basal

‘knobs.  Males vary in length from 0,590 to 0.670

(630) mm with degenerated oesophagus and spear
and an elevated non-striated lip region.

R. similis is a migratory endoparasite, capable of a
soil phase in adverse conditions. The life cycle is o
completed in 20-28 days at 24-32°Ct,  Egg, four larval
and an adult stage are the different phases in its life
history.  All larval stages and females are infective.
Fertilization is usual but parthenogenesis does occur.
The nematode has two biotypes having no morphological .
differences (I) the ‘banana race’ _ettacking banana _
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pathogenic to
both banana and citrus. The ‘ciirus race’ is at
preseht confined to Florida and has a wide host range
compared to the ‘banana race.” The coconut,arecanut
and banana populations in Kerala have been identified

as the ‘banana race’ and the coconut population is

known to have a host range of over 41 species of plants.
The 'host range of other populations has not been stu-
died so far and the existence of other biotypes is very

¢ likely. The host range and race status of the black
pepper population in Kerala and Karnataka needs.

Studies on annual periodicity of R. similis popu-
lations in coconut and arecanut root revealed that the
maximum population occurs during September
November “and minimum_during March to_June.
Hence, it is preferable to conduct regular surveys for

Hetection during the peak season.
detection during thie peak season.

Symptoms

Thé most obvious symptoms of attack on banana is
the toppling of plants especially those at the bearing
stagc Other symptoms include lack of vigour, prema-
‘ture defoliation and reduction in bunch weight, size
and number of leaves. In citrus, the declining trees
have fewer and smaller leaves and more dead twigs
than healthy trees with a tendency to wilt. The new
growth flushes are weak, fruit set sparse and yields
low, but death is not usual, In both banana and ciirus
R. similis vccupies an intercellular position in the gor-

" deal parenchyma where they feed on the cytoplasm

of nearby cells, destroying them and causing cavities
to develop. . These cavities coalesce and are continually
enlarged by the nematode’s feeding and tunnelling
laterally and towards the endodermis, producing the
characteristic reddish brown lesions in the cortex.
When extensive cavities have formed, cracks with
raised marging appear on the root surface. Nematodes

enter the stele in citrus via endodermal passage cells

and accumulate in the phloem and cambium secon-
dary invasions of the lesions by other fungal organisms
causes necrosis.

The first indication of slow wilt disease in pepper
is the appearance of occasional yellowed leaves, which
increase in number until within a year large portion,
Of even all,”of the foliage my become involved. 'Lhe
growth 18 arrested and prod{\cuon of panicles rapidly
declines. Severe die-back and death of the plants even-
tually follow. The young; fleshy feeder roots show
lesions and develop extensive necrosis.

In coconut roots, R. similis produce small, elongate,
reddish brown lesions which later coalesce and cause
extensive root rotting and reduce lateral root production
Wné - nematnde  population is  found  confined

\\itly to the cortical region of the root. The affected
" exhibits cons:dera.ble reduction in growth ‘anhd

‘ i
/

" associated with R, similis in banana.

vigour, Apart from these blackening of the root t
was another common symptom in arecanut.

Association with fungi. Incidence of panama v
of ‘banana caused by Fusarium oxysporum f. cubense g.
doubled in Gros Michel banana when R. similis is add
to the soil and wilt symptoms appeared faster on
similis infected bananas as the fungus alone is una}
to invade intact banana roots. The spreading decli
of citrus also involves an interaction of R. similis wi
"Fusarium, Sclerotium and other soil inhabiting organisn
The fungus Cylindrocarpon musae is found constani
Recently Gyl
dracarpon effusum and C. lucidum have been isolated fro
lesions caused by R. similis on coconut roofts,

o : Control

Paring banana sets involving removal of all ¢
oured portions, followed by a dip in Bordeaux mix8
and DBCP paste, the infectior gets reduced from
per cent to 1 per cent after 8 months. Hot water trea
ment of banana sets at 55°C for 20 minutes is
standard practice in Central America and Australi
Flood fallowing is practised successfully in Surinan

In Florida, push and treat method {DD at 100  gallon

. acre) is practised for eradicating the burrowing nem:

tode from commercial groves and with chemically trea
ted buffers (EDB at 50 gallonsfacre). To prevent tl
burrowing nematode from becoming established i
healthy groves, bare-rooted citrus plants treated wit
hot water at 122°F for 10 minutes are planted.

The common coconut cultivars West Coast Tal
Dwarf Orange, Dwarf Green, Gangabondam, Laccadiv
Ordinary, Tall X Dwarf, Dwarf x Tall, and Tall ;
Gangabondam were found susceptible to R. simifis o
inoculation. Thirty-one Areca germplasm collec
ions available at CPCRI, Vitial were screened again;
the argcanut population of R. similis and all of ther
were found susceptible,

To release burrowing nematode-free coconut seec
lings from heavily infested nurseries in Kerala a di
treatment in 1000 ppm DBCP for 15 minutes was foun:
effective and is recommended.

In India the nematode is at present known to exis
only in Kerala, Karnataka and Tamil Nadu states. Re
cently the nematode was reported from a geographicall
isolated area like Lakshadweep also which might hav
been introduced through the several shipments of banan:
suckers from Kerala and Tamil Nadu to these islands
This brings out the necessity lor an intensive survey ¢
areas growing banana, coconut, pepper and othe
known hosts of the nematode at the earliest and adop
tion of strict quarantine measures against the movemen
of planting material from infested to non-infested areas
especially so in view of its wide host range, very higl
potential as a pathogen, association with other microor
ganisms as an incitant in complex diseases and thei

possible involvement in diseases of national imporf"‘f‘%
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ON THE OCCURANCE OF PLANT PARASITIC NEMATODES ASSOCIATED
WITH DIFFERENT CROPS IN CANNANORE DISTRICT, KERALA

The information available on the prevalence and distribution of
injurious forms of plant parasitic nematodes associated with various eco-
nomically cultivated plants in our country, especially in Kerala, is still
fragementary. Sitharamaiah et. al. (1971) has compiled and published a list
of plant parasitic and soil nematodes reported from India with a host

‘nematode index. Though references are available in this publication on

the prevalence of plant nematodes associated with various crops in Kerala
it does not cover any report pertaining to Cannanore Distriet.

A survey was conducted and the plant paras1t1c nematodes observed
from various locations in this District are reported here.

Table 1

Dlstributmn of piant parasitic nematodes in dlﬁ'erent locations in
Cannanore Dlstrlct

No, of Soil ]

Samples/plants Host crop Parasitic Nemato~
Locations examined {Plant} des encountered
Central Coconut Resear- 3/from Coconut intercropp- 2,3,5,6,
ch Station, Nileshwar fields - ed with vegetables 7,9
' . 1/ornamental Alternanthere

garden . wersicolar - Regel 2

o i Amaranthacene
- " 1/Fields Banana 4
Periva 1/Plants -Tobacco
{Kanhangad) - from cultiva- (Local variety) 1
_ tors flelds '

Chullipalla 3/eultivators Black pepper _
Manakaday fields {Piper nigrum) 2,4,5,7,8,
Rayoram ' ' 10
Muringody _ 2l + 4,5,7,10,
(Peravoor; , 11
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Note, 1. Meloidogyne javanica 2. Meloidogyne incogm'tc_z
3. Hoplocimus indicus 4. Radopholus similis
5. Rotylenchulus reniformis -6, Praty lenchus
7. Helicotylenchus sﬁ. 8. Hoplolaimus sp..
9. Crieonemo'des sp. : - 10- Hemicycliophora 5P
11. Heterodera larvae

It is evident from the above survey that Radopholus similis is widely
prevalent in gardens where pepper vines are cultivated and is suspected
to be associated with the slow wilt disease of the crop.

The author is thankful to Dr, B. K, Nair, Head, Botany. Department,
University of Calicat for indentification of the plants and to the Head,
Nematology Division, 1. A. R, I, New Delhi, for indentification of the
nematodes. The encouragements and facilities provided for the above
studies by the Dy. Director (Coconut Research) G, C.R. S. Nileshwar is
gratefully acknowledged.
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OCCURRENCE OF HETERODERA MOTHI,
A CYST NEMATODE, IN THF, UNITED STATES

946 Vol. 57, No. 11--PLANT DISEASE REPORTER--November 1973 ' w

N. A, Minton, E, T, Tucker, and A, M. Golden -

Research Nematologist, Research Technician, and Research Nematologist, respeclively, Agriculiural
Research Service, U.S. Department of Agriculture, Tifton, Georgia 31794 and Beltsville Maryland 20795.°

Cooperative investigations of ARS, USDA, and the Un1versaty of Georgia College of Agriculture Experiment
Stations, Coastal Plain Station, Tifton. Plant Dis. Reptr. 57: 946.

In 1965, Khan and Husain (2} described a cyst nematode (Heterodera mothi) from the roots

“of nutsedge (Cyperus rotundus), on the campus of Aligarh Muslim University, Aligarh, India,

There appear to be no further published reporis by other authors on this species, except of a
taxonomic nature, to compare related species.

In June 1972, we recovered larvae and cysts of Heterodera from soil samp’es from soybean
(Glycine max) experimental plots on the Southeast Georgia Branch Experiment Station, Midville,
Georgia. [n August of the same year we found cysts on roots of yellow nutsedge (Cyperus
esculentus) growing in these soybean plots and in cotton (Geossypium hirsutum) plots several

hundred yards away., Cysts were not found on roots of soybean, cotton, -and crabgrass (Digitaria

8p. ) growing inthe area, Initially this nematode was thought to be an undescribed form, although
in several respects it was similar to H. cyperi Golden, Rau & Cobb, 1962 (1), described by
them from yellow nutsedge, C esculentus, in Florida, TFurther study, including examination of
H. mothi specimens from Indiz obtained from Dr. Alan Stone of Rothamsted Experimental Station
in England and Mr. Roland Mulvey of Canada Depariment of Agriculture in Ottawa, however,
ghowed this cyst nematode from Georgia to be I, mothi,

This is the first known occurrence of this cyst nematode in the United Staces. It is wide-
spread in the field at Midville, This nematode is not known to be parasitic on hcstg of economic
importance. We are investigating its possible host range and biology, however, especially in
relation to corn, small grains, and other economic grass crops.

Literature Cited
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YIELDS AND FLAVOR OF POTATOES AND CARROTS ON FPLOTS RECEIVING
"ANNUAL SOIL TREATMENTS

Bert Lear!, W, F. Mai?, M, B, Harrison?, and H. S, Cunningham?2

Summary

Nine chemicals were applied to replicated plots to determine their influence on
yields and flavor of potatoes and carrots. A single dosage equivalent to that applied
in 10 years was made for each material at the start of the experiment. Annual rates
were applied to other plots ai yearly intervals for 3 years, No annual dosage of any
chemical resulted in a significant reduction in yield. Both crops were significantly
reduced on plots receiving one application of 5000 pounds of D-D, Dowfume N, and
dichlorobutenes. This reduction persisted for 1 yedr. Off-flavor was detected only
in the 5000-pound rate for D-D and Dowfume N after 1 year, but not after 2 yeara.

With the amendment in 1959 to include nematocides under the Federal Insecticide, Fungi-
c¢ide; ‘and Rodenticide Act, the need for data on residues, including any causing changeg in fla-
. '¥or, becomes urgent. It seems desirable, therefore, to report daia obtained from experiments

-conducted beginning in 1949. The purpose of these tests was to study the relation between the
persistence in soil of nematocides and the vields and edible qualities of potatoes and carrots

_grown in soil previously treated with these chemicals.

"*v ' The experiment was located at the Long Island Vegetable Research Farm, Riverhead. The
taste tests were run at Ithaca with the cooperation of Dr. Alice M. Briant of the Department of
Food and Nutrition, College of Home Economics,

In April 1949, an area classified as Sagsafras gilt loam 200 by 204 feet was divided into
strips 20 feet wide. The proposed test crops were planted in each strip to index the experi-
mental area as to productivity and any fungus or nematode infestations present. Two rows of
potatoes (Katahdin) were planted in April. In July, three rows of carrots (Nautis) were sowed
~-and three rows of cauliflower {Efurt} were get in each plot. Records were made of all fertilizer
and spray applications to the plotg. In September each strip was divided into plots 17 feet long,
The potatoes were dug and yields per plot determined. Note also was made of amounts of scab,
Rhizoctonia and wire worm injury. The cauliflower plants were dug and the roots scored for
club-root infection. The carrots were dug and roots scored for degree of root-knot nematode
damage and total yields per plot determined. )

After indexing, the entire area was prepared for treatment by discing in two directions,
Three replicates of treatments involving nine chemicals (Table 1) were applied to plots 17 x 20
feet. All liquids were injected 6 inches deep on 10-inch staggered centers by means of hand- 7
guns, The dry materials were spread on the surface and raked into the soil, An attempt wasg
made to include all chemicals recommended for application to the soil at the time the experi-
ment was begun in addition to some of the newer materials which might be adopted later. Where
a fumigant3 contained more than one chemical, an attempt was made to include individual com-
ponents ag separate treatments. The dosages employed included at least one yearly recom-
mended dosage and an amount normally applied in 10 years which was to be applied only once,

. In the fall of 1949. Three weeks after treatment, a cover crop of Ambruzzi rye was sowed in

all plots, All annual applications were repeated in the fall of 1950 but only eight were selected,

on the basis of the 2 previous Years' experience, for application in 1951.

The same cropg were planted each spring on the approximate dates utilized to index the
experimental area, In the fall of each year, usually September, the carrots and potatoes were
dug and yields recorded. Prior to taking ylelds, plants in 1 foot at each end of each plot were
removed leaving plots 15 feet long for which yields were determined. ‘Thus, a 2-foot buffer
strip between all plots was provided. The potatoes were graded over a hand grader and yields
given are in bushels of U, 8, No. 1 tubers. In 19850 carrots were topped prior to weighing but
not in 1951 and 1952. Records of the amounts of root-knot damage and diseases present were

1Associate Nematologist, Department of Nematology, University of California, Davis; formerly
Asgistant Professor, Department of Plant Pathology, Cornell University, Ithaca, New York,
Professor, Associate Professor, and Emeritus Profeg gor, Department of Plant Pathology,

Cornell University, Ithaca, New York,
See Table 5.
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Table 8. Composgition of commereial materials applied “tc') residue plots.

Material : Compoéition
Chloropicrin tr1chloron1tromethane :
D-D mixture 1,3-dichloropropene; 1,2~ dlchloropropane
Dichlorobutenes 1,4-dichloro-2-butene
Dowfume N 1,3-dichloropropene; 1,2- dlchlor0pr0pa.ne
Eston Thinner Petroleum thinner
Ethylene dibromide 1,2-dibromecethane
Propylene dichloride 1,2-dichloropropane
Stanisol Petroleum thinner
Westvaco Thinner - Petroleum thinner

made, The cauliflower plants were dug with a potato digger and the roots geored for club-root.
During harvest random samples of carrots and potatoes were removed from each plot for the
taste determinations.

The taste tests were run by cooking approximately 2 pounds ag a sample. Both carrots

and potatoes were peeled. The carrots were gliced and the potatoes sectioned for cooking. An
equal amount of water and salt was added to each sample before cooking and the samples were
cooked for a given length of time, The carrots were served sliced and the potatdes were
maahed, The judges served themselves from the cooking pots. -- any amount desired -- to

"numbered paper cupg. Tests on the carrots were run separately from the potatoes,. Five treéat-
ments with a check and known check, for comparison, were included in each test. Samples,
except for the known check, were listed only by number. At least 10 judges made comparisons
for each test. Thus there were at least 30 opinions in the three replications for each treat-
ment. Judges were asked to record their opinion for each sample on a printed form as to the’
off-flavor, if any, as regards taste and odor. If théy judged the sample to be off-flavor, com- ‘
pared with the standard known check, they were to clagaify it as objectionable, strong, mod- ’
erate, or Weak

RESULTS

Yields: Both carrot and potato yields were reduced significantly the first year (Table 3)
with an application of 5000 pounds of D-D, Dowfume N and dichlorobutenes. No potatoes e-
merged on the plots treated with 5000 pounds of dichlorobutenes and the carrots were stunted
and roots highly pronged. Consequently, samples of potatoes and carrots from ihis treatment
were not available for taste tests the first year. . ‘

Off-flavor: The resualts (Tables 1, 2, 4, and 5) are shown as the total number of opiniong in
each designated flavor class in the three replications over the total judgments given. The most
consistent data were obtained from the potato samples. Wide variability was evident in'the car-
rot samples. The only off-flavoring consistently reported was in D-D and Dowfume N at the
10-year dosage of 5000 pounds. The annual treatment of 500 pounds of dichlorobntenes resulted
in significant off-flavor in carrots but not in potatoes.
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