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INTRODUCT ION

The arecanut palm Areca gatechu Linnaeus (Family:

Arecaceae) is one of the important cash crops of India.
The nuts of this palm popularly known as arecamut,
betelnut or supari are extensively used all over the

country for chewing with the leaves of Piper betle. They

form also an essentlal requisite for several religious
and social ceremonies. Arecanut chewing habit is preva-
lent throughout Asia and the crop is‘érown in Sri Lanka,
Indonesia, Maiaysia, Bangaladesh, Fiji, Philippines,
Solomon Islands, Siggapore, China, Papua New Giinea etc. /
Though the crop is cultivated, in many of the ‘Asia;n
countries, research on various aspéc_ts of this palm is
being carried ocut only in India. In India, the total area
under arecanut during 1980-8l1 was 1,84,500 ha of which
60,900 ha were in Kerala, 54,300 ha in Karnataka, 50,800 ha
in Assam, 6,500 ha in Meghalaya, 4,300 ha in Tamil Néii'u.
3,100 ha in West Bengal; the remainder lies in the Sté.tes
of Andhra Pradesh, Maharaghtra, Goa and Tripura. The
large scale cultivation of arecanut is done in Kerala,
Karnataka and Assam, the three states account ing £or
nearly 90 per cent of the area under the crop contribut-
ing about 95 per cent of the total production in the
country. India is the largest arecanut produciﬁg country
in the world with a tota'i prod.zctioh.of 1,91,400 tonnes,
valued at Rs.2,500 million (Mohan Rao, 1982).



The production as well as area under arecanut’
cultivation in Kerala showed a decreasing trend in recent
vears. During 196667 the area was 71,200 ha, which
increased steadily to 93,000 ha by 1974-'75. Then onwards
it was on the decline and came down to 60,900 ha by
1980-8l. The main reascn for decline was the incidence of
a number of diseases that takes a heavy toll of palms
annually besides reducing the yield and quality of nuts
(Velappan and Geoxrge, 1982). About 20 diseases,'causing
varying degrees of damage to the-palm have been recofded
in India. They are associated with 40 pathogenic and non-
pathogenic forms of fuhgi androne bacterium.Based on thé ex-
tent ofdamage and nature of -disease, yellow leaf diseaée,
mahali, anabe, Inflorescence die-back and button shedding
are considered to be the méjor diseases (Koti Reddy et al..
1978).

The yellow leaf disease (YLD) remains today as the
most serious malady affécting the crop. This disease known
in Kerala State as "kattuveezhcha" was reported from
Muvattupuzha, Meenachil and Chalakudi areas of Kerala
about a century ago (Namblar and Srinivasan, 1951). 1In
earllier years, it was felt that YLD was more or less
similar to the leaf and root disease of the coconut palm
(Nambiér, 1949). 1In the Malnad areas of Karnataka State

the disease is known as "Chandiroga“ (Dastagir, 1963, 1965).
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T’ﬁe prevalende of the diseasé has also beenh&id from
the central reglons of Msharashtfra and Tamil Nadu (A';x'bny-
mous, 1963). The malady does not kill the palm ocutright,
but is only debilitating in nature. The ma jor symptoms
of the disease are yellowing of leav.eé and shedding of
both mature and immature nuts. The yellowing starts £rom
the tips of the outer leaves gradually extending to the
middle of laminae. Tips of the chlorotic leaves evgntually
dry up. In the advanced stage, leaves are reduced in
size, become stiff and pointed, closely bunched and
abnormally puckered. Ultimately, the crown falls off
leaving a bare trunk (Plate la). The endosperm of the
diseased nut has a blackish appearance (Plate 1b) and is
soft to touch, which renders it unsuitable for consumption

and fetches only very low price in the market.

Though a number of blotic agents have been impli-
cated, the exact causé of the disease is not yet known.
Water-logging, acidity and nutritional disorders have been
attributed as factors favouring disease incidence
(Anonymous, 1961; Dastagir, 1963; Velappan, 1969 and
Rawther, 1976). Fungi isolated from leaves (Menon, 1959
and Menon and Kalyanﬂmttﬁr, 1961) and roots (Anonymous,
1969); bacteria (Srivastava et al., 1970); virus
particles (Menon, 1963, Reddy et al.. 1982) and mycoplasma

1ike organisms (Nayar, 1971, 1976 and Nayar é’.nd



Plate 1

a, Different intensitles of yellow leaf
disease of arecanut

A, A healﬁhy arecanut palm

B.  Palm in the early stage
of disease

C. Palm in the middle stage
of disease

D, Palm in the advanced stage
of disease

E &F. Palms succumbed to the disease

be' Split nuts of yellow leaf disease affected
arecanut palms showing the discolouration
of the kermel in comparison to nuts from
healthy palms. - :

A, Healthy
B, Diseased






Seliskar, 1978) obtained from the root region, when

inoculated, have not so far reproduced the symptoms.

The burrowing nematode, Radopholus similis (Cobb,

1893) Thorne, 1949 was first reported in India from roots
of coffee In Cobfg," Karnataka by Mayne and Subramhanyam
in 1933, Kumar et al. (1971) recorded the burrowing
nematode ;Erém‘ solil around roots of arecanut palm for the
girst ‘time in Mysore, India. Later, Koshy et al. (1975,

. 1976) recorded lesions, rotting and black tip of roots of
arecanut .by R. similils. They recorded 22 genera of plant
parasitic 'neﬁatéc;'es from-“ tha "rdot zone of areca palmé and
isolated R. similis from more than 50 per cent of the root

samples. Radopholus é:;rnilis was the only endoparasite

encountered and its population was also comparatively high
in samples collected from the YLD affected tracts. The
burrowing nematode is known to be the causal agent‘ of
spreading decldne of citrus iri_ Florida A(Suit and DuCharme,
1953), pepper yellows in Bangka Island of Indonesia (van
der Vecht, 1950) | and root and rhizome rot of banana in all
the banana growing tracts of the world, except in Jordan
valley, Israel (Minz et al., 1960) and Taiwan (Huang, 1972).
Hence, the following investigations were carried out at
the Central Plantation Crops Research Institute (CPCRI),
Research Centre, Palode, Tfivandn;m and CPCRI Regional

Station, Kayangulam, Kerala State ta aséerl:ain the role of
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the burrowing nematode on arecanut and in the incidence

of yellow leaf disease, if any.

1) Survey of different YLD prevalent and non-prevalent
arecanut growing tracts in Kerala, Karnataka and
Tamil Nadu for R. gimilis with a view to map out
the infested locations.

2) Pathogenicity of R. similis on arecanut.

3) Histopathology of R. similis infested arecanut
roots.

4) Axenic culturing of R. similis.

5) Isolation and identification of fungal organism
associlated with lesions of R. similis on
arecanut roots.

6) Studies on population fluctuations of R. similis
on arecanut.

7) Control of R. similis on arecanut in pots and
under field conditions. ' |

8) Screening of Areca germplasm for resistance to

R. similis.



Plate 1

cs A healthy arecanut garden

d. A flowering arecanut palm
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REVIEW OF LITERATURE

sveshnikova (1940) was the first to record the

incidence of root-knot nematode, Heterodera marioni on

4

Areca rubra from the Soviet Union. Subsequently,

Aphelenchus sp. was recorded from Mysore, India on Areca sp.

by Thirumalachar in 1946. The association of nematodes

with the arecanut palm, Areca catechu L.‘)was first reported
in India by Nair (1964). He observed Meloidogyme javanica,
'Helicotylenchus sp. and Tylenchorhynchus sp. from the root

zone Of yellow leaf disease affected arecanut palms at
Palode, Trivandrum district, Kerala. Subsequently Weischer

(1967) recorded seven genera viz. Meloidogyne, Rotylenchulus,

Hoplolaimus, Pratvlenchus, Helicotvienchus, Tylenchorhynchus

and Xiphinema from a few soil samples of healthy and yellow
leaf disease affect_e:i-‘palms. But' he did not correlate the

‘ _populatim‘ of any of these with the incidence of the disease
because of the low number of samples he ocbserved. Swamy
and Reddy (19697) S:epé;rted the cccurrence of Aphelenchus sp-

and Helicotylenchus sp. from arecanut rhizosphere in

Mysore. Meloidogyne incognita was noticed on arecanmut

palms in the Philippines by Pizzarro in 1%9. Kumar
et al. (1971) Feported the occurrence of Radopholus similis
for the first time in soill samples collected from the

root zone of arecamut in the coffee tracts of South India.



Other plant parasitic nematodes encountered by them:in
the root zone of arecanut were Henmlcriconemoides sp.,

Pratvlenchus coffeae and Tylenchorhynchus spp. Later

Koshy et al. (1975, 1976) had recorded 22 genera of plant

parasitic nematodes viz. Aphelenchoides, Aphelenchus,

Caloosia, Criconemoides, Ditylenchus, Dolichodorus,

Helicotvlenchus, Hemicriconemoides, Hoplolaimus,

Long idorus, Meloidogyne., Paralongidorus, Paratylenchus,

Pratyvlenchus, Psilenchus, Radopholus similis, Rotllengljulus

reniformis, Scutelloneina, Trichodorus, '_I_xleﬁchorhynq-xus,

Tylenchug and Xiphinems from the root zone of arecanut
during their survey. Among them, R, similis was the only
endoparasite they have come across in more than 50 per cent
of the root samples collected and its i)opulation‘was also
high in samples collected from the YLD-affected tracts.

In addition to the above, a new specles Brachydorus swarupi

(Nematoda : Dolichodorinae), was described from soil around

the roots of arecanut palms in Kerala State, India

{Koshy et al., 1981). Rotylenchulus spp., Iylenchus spp.
and Xdiphinema ‘.f_L_g:-\s_i_gp.g were repor"ged on arecanut froxﬁ
Thailand by Reddy (1978), Phukan and Sénwal (1981)
reported Hadronchus jsareng'enesis from the rhizosphere of
Arega gatechu in Assam, India.



The available literature on nematodes associated
with arecanut has been dealt with in the preceding pages
and the review of liter;ature on R, similis pertaining to
the present work is grouped under different captions for

the sake of convenlence.

Systematic position

Cobb (1893) first described the male specimens of

a parasitic nematode as Tylenchus similis from the necrotic

root lesions of Miusa sapientum in Fiji. In the same year,

hé described the female specimens as Tylenchus granulosus
obtained from banana roots. 2Zimmermann (1898) described
both the saxes of this nematode, which he called Tylenchus .

acutocaudatus, found in the roots of diseased coffee plants

grown in Java. In 1906, Cobb found both males and females

of a si:ecies infesting the roots of sugarcane, Saccharum

off icinarum in the Hawaiian Islands, which was described
/ .w

as T. biformis. several yvears later he received diseased
rhizomes of the Gros Michel variety of banana from Jamaica
which was also infested. with nematodes. While studyirig
this situation, he concluded@ that fthe nemtodes observed
first in Fiji, later in the Haﬁaiia.n Islands and finally
from Jamalea were identical and belong.to thé same Speciles.
Therefore, he retained Tylenchus similis as the type specles
in the detailled redescription published in 1915. 1In 1949,



Thorne erected the genus Radopholus and placed the burrowing

‘nematode as the type species and it became Radopholus

similis {Cobb, 1893) Thorne, 1949. This was further con-

firmed by sher (198) and he suggested that it was

indigenous ‘to Australia and New Zealand. Colbran, (1971)

providéd a key

Phylﬁm
Class

Sub-class
Oxder
Sub order

Supcr family

Family
Sub family
Genus

Type speciles

to Radeholus.spacies.

L]

Nematoda (Diesing, 1861) Potts, 1932

Secernentea (von Linstow, 1903 ) Dougherty,
T | ' 1958

Phasmidia Chié%boé apd*Chitwood, 1933,

Tylenchidg_Thorné, 1949

Tylenchina (Orley, 1880) Geraert, 1966

Tylench01dea (orley, 1880) Chitwood- and
Chitwood, 1937

Pratylenchicdae (Thorne, 1949) siddiqi, 1963
Radopholinae Allen amd Sher, 1967
Radopholus Thorne, 1949

Radopholus similis (Cobb, 1893) Thorne, 1949

Economic importance

The burrcﬁing ngmatode occuapies the secaond position

only to the ‘roct-knot nematode ambng the economically

important plant parasitic nematodes in the tropical and

sub-tropical regions (0'Bannon, 1977). Parasitisation by

R. similis causes gross reduction in the quality and
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quantity of yield. It had wiped out over 22 million

black pepper vines in the Bangka iéland, Indonesia over

a short period of two decades (Christie, 1959), Spreading
decline of citrus caused by R. similis reduces yleld from
50 to 80 per cent for grape fruit and ffom 40 to 70 per cent
for oranges (DuCharme, 1954 and Suit et al., 1954). Suit
and DuCharme, 1957 reported the spreading decline of citrus
to an extent of nearly 6000 acres in Florida. It was.-
observed by Poucher et al. (1967) thaﬁuhealthy citrush.
groves ylelded 535 boxes of fruifs/ac;éégear compared to
only 25 boxes/acre/year by the inféétéﬁ groves. In banana,
the diseasec caused by R. gimilis is known throughout the
world by different names, the most common are Radopholus
root rot, blackhead, blackhead toppling disease and decline
(Blake, 1969). Vilardebo (1957, 1959) reported that in

R. similis infested banana plots in French Guinea, production
increased from 22.5 to 40 metric tons/ha after application
of DD at planting time. Yidlds in_plqps treated with EDB
increased from 26,7 to 37.15‘netric ﬁbns/ha. Weﬁunt and
Edwards {1968) observed an increase of 17,060 lbs of fruit
production/acre/yeaf in Ehe‘nemaﬁode-free banana ﬁlots

corp ared to the nenatodefinfésted ploté in Central America.
Similar observations made by Maas (i§695 at Surinam héd
also shown that 100 per cent infestatien 'of banana reduced

the vield to 30 tons/ha/ycar, whereas plaritations with
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three per cent infestation had yilelded 73 tons/ha/year.

Radopholus similis probably causes greater worldwide

losses in banana yieclds than any other banana pathogen
(with the exception of Sigatoka disease). The yield
losses of 12.5 tons/ha had been reported as the result of
R« similis infection alone. Other reports indicated that
fruit yields on infested plants may be suppressed by as
mich as 50 per cent within 3 to 4 years after planting,

and the number of uprooted or blown-down plants may be
increased by 60 per ocent (o*Bannon, 1977). Yield increases
of 30 to 60 per cent were obtained following the control

of R. similis on banana (Blake, 1972).

Recent 1y R. similis had been recorded on banana
from Kerala, India (Nair‘_@_t._ al., 1966) and in association
with’ ddsecases such as slow wilt of pepper (Venkitesan, 1976),
root (wilt) of coconut (Weischer, 1967; Mathen, 1969;
Mathen ct al., 1970 and Koshy et al., 1975, 1978b) and
yeilow leaf disease of arec“unut (kosty et al., 1976).

However, data on crop losses are yet to be available.

Distxibution and spread

The burrowing nematode, R. similis has a wide
geographical distribution and probably occurs in most
areas of the world where bananas are produced commercially

with a notable exceptlon of the Jordan Valley, EFerael
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(Minz et al., 1960) &nd Taiwan (Huang, 1972). The geo-
graphic distribution of R. similis reported in associa-
tion with different crops 1s furnished in Table 1. Some
of the reported geographical localities are toé cold to
support field infestations of the burrowing nematode and
thus are represented by greenhouse Infestations. The
most lmportant means by which R. gimilis is introduced
into new geographical areas ajj through '@‘{Q’infested_
planting materials (0'Bannon, 1977). Mechanical equipment
for working citrus groive soil -rhight occasionally be the
means for spreading R, simllis to new locations within
the same grove or to other groves (Tar jan, 1956, 1957).
Within the plantations Suit and DuCharme (1953) reported
that R. similis had spread at a rate of 6 to 60 m/year in
cltrus gr'oves. The rate of spread of nematode through
Lakeland fine sand type of citrus soils was found to be
enhanced ™ by the flow of water in the soil and in infested
groves it was faster downhill than uphill {(DuCharme, 1955).
In greenhouse'tests on citrus, Feldmesser et al. (1960)
found that the nematode moved at about 15,2 to 21.6 cm
per month. The movement of R. gimilis was studied by
O'Bannon and Tomerlin (1969) on a weed host, Solanum
nigrum and their results had revecaled that it was capable
of migrating to a distance of 216 cem in 44 weeks with an

average of 21,2 cnmymonth. Studiles conducted in Honduras
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Table 1. Geographic distribution of Radopholus similis on
different crops in the world

- Country Host Reference -

Australia Banana Colbran (1955)
Sugarcane Williams (1969)
Bangka Island, Black pepper van der Vecht (1950)
Indonesia
Brazll-Bahia Banana Lordello (1973)
igzzgiﬁlo Banana - Carvalho (1959)
Belg tunt* ;»fé:g—g—% Coclen ct al.(1971)
Cameroon Banana . Price (1960)
Ceylén Tea Sivapalan (1968)
Banana Senanayske (1969)
‘ éolomb’ia Banana Cardencsa~-
Barriga (1948)
Congo Banana | Luc et al. (1964)
Costa Rica Banana Taylor and
Loegering (1953)
Coffee - Tarjan (1971)
Cuba Banana \ Decker et al. (1966)
Coffea " ¥ -
Sugarcéne " " "
Denmark® Maranta Jacobsen (1972)
tricoloxr

Contdt . e
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Country "Host Reference
Dominican Banana Wehunt and Holdeman (1959)
Republic ‘
Ecuador Banana "o " "
El. Salvador Banana Holdeman (1960)
England® Banana Peachey and Hooper (1963)
France* Ornamentals Scotto la Massese (1967)
French Guinea Banana Mallamaire (1939)
French Polynesia Taros and Scotto la Massese (1967)
‘ avocados in Reboul (1978)
Germany* zalathes Sturhan (1970)
Ghana Banana Addoh (1971)
Guatemala Banana Wehunt and Holdeman (1959)
Honduras Janana ‘Stover and Fielding (1958)
India
1) Karmataka Coffee Mayne and
Subramhanyam (1933)
Cardamom .D‘SGuza et al. (1970)
Arecanut Kumar et al. (1971)
2) Kerala Banana Nair et al. (1966)
Coconut Welscher (1967)
Black pepper Venkitesan (1972)

Contd...



1s

Tapble 1 (Contd...)

-
o

Host

Country Reference
3) Gujarat Banana Sethi et al. (198l)
4) Maharashtra Banana Darekar ¢t al. (1981)
Ivory Coast Banana vilardebo (1957)
Tamaica Banana Cobb (1915)
Coconut van Weerdt et al. {¥959)
Java, Tea Zimmermann (1699)
Indonesia
sugarcane Williams (1969)
Kenya Banana Anonymous (1972a)
Kent Calathea Southey (1978)
zsbring
Madagascar Banana Beugnon and
Vilardebo (1973)
Malawi Banana. siddigi (1973)
Malaysié. Banana Larter and Allen (1953)
Rubber Anonymous (1975b)
Mexico Banana Holdeman (1960)
Mozambique Banana Evaristo {1969)
Aerich Banana Hilne (1969)
Sugarcane Anonymous {(1971)
Coffee Milne .and Keetch (1975)

Contd...
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Country Host Reference
Netherlands* 2%%%%%%%% Anopymous (1975a)
New Guinea Banana Fisher andIShaw (1971)
New Zealand Banana Sher (1968)
Nicaragua Banana Holdeman (1960)
Nigeria Banana anonymous (1973a)
Pakistan Rice Timm and Ameen (1960)
2ous siddigql (1963)
Panama Banana Newhall (1958)\
Pacific Islands
1) Fiji Banana Cobb (1893)
| Ginger Vilsoni (1.974)
2) Niue Banana Orton Williams (1980)
3) Western Samoa Banana Anonymous (1976)
Coconut Orton Williams (1980)
4) Tonga Banana Taylor (1968)
Orange Orton Williams (1980)
Peru Banana sasser et al. (1962)
philippines Sugarcane Williams (1969)
Banana Boncato and

Black pepper

Coffee

Davide (1980)

n u

L1 ] n

Contd...
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Countxry

Host

Reference

s may

Puerto Rico

Rhodesia

Sur inain
Taiwan*
Tanzanla
Uganda

United States

1) Arizona*
2) California

3) Baton Rouga,
Louisiana

4) Florida

5) Hawaii Islands

6) Texas*

Venezuela

West Africa

- -

Banana

Banana, rice,
Sugarcane,

wheat, tobacceo,
soybean-

potato,
Banana
Anthur tun
Banana

Banana

Citrus

Banana

Sugarcane

Ornamaent al
banana plants

Citrus
Avocados
Coconut
Sugarcane

Ornamental
nurseries

Banana

Banana

T

Ayala and Roman (1963)
Martin et al. (1969)

Anonymous (1968)

Huang (1972)

Ngundo and Taylor (1973)
Anonymous (1972b)

Lanier (1957)

Hart (1956)
Rands (1930)
Whitlock (1957)

Suit and DuCharme (1953)
DuCharme and Suit (1953)
van Weerdt et al. (1959)
Cobb

Rogers et al. (1977)

Yepez et al. (1972)

Vilardebo and Guerout
(1976)

Contd...
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Table 1 (Contd...)

Country

Hbst 7Reference
West Indies Banana Nowell (1923)
Windward Islands Banana | Edmunds (1969)
Zanbia Banana Racmaekers and
o Patel (1973)
Zululand Banana Anonymous (1973b)

. s o At

*Greenhouse detection: area probably too cold or otherwise
not suitable for field infestations, or intercepted before
getting to the fleld.

on the rate of spread of R. similis on 'Valery' banana
indicated a movemant of approximately 2.5 m in one year

(wehunt, 1966).

Host range

The burrowing nematod;es have been found to
paras it ize more than 250 species of :ﬁlants throughout the
tropical and sub tropical regions (0'Bannoa, 1977). In
India, the burrowing nematode was recorded a; early as
in 1923 by Mayne and Subramhanyam and followed by |
Pattabhiraman (1949) from roots of coffee plants. Other
economical ly important plants Infested by R. similis in

India are coconut, arecanut, banana, black pepper and
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cardamom as given in geographic distribution (Table 1),
Fortyeight species of plants bej;.onging to 44 genera of

17 families wexre recoxded as hoste of coeonut. population
of R. similis at Kayangulam. Twenty of them were new host
récords which inéluded a nL;n\ber of economically' important

plants (Koshy and Sosamma, 1975; Sosamma and Koshy, 1977,
losl).

Biotypes
Bally and Reydon (1931) reported for the first time
the possibility of bio;ogical races in Rs gimilis when they
 were unpable to infect Gigantochola apus with the popula-
tions ohtained from Coffea robusta. Later DuCharme and
Birchfield (1956) established the existence of two
lbiotypes as “banana race" which Parasitized banana i:oots but
‘not citrus and "citrus race" which parasitized both |
citrus and banana. They reported the possjbility of
existence Of a third race in the fielgi infesting citrus
alone. Adult female.s of both the biotypes were morpholo-~
gically sim:.lar with no sigrificant’ dimensional differences.
This had been confirmed by van Weerdt (1958) nd ‘Sher
(1968). Edﬁards and Wehunt (1971) tested thirtysix
crops and sixtyfour weed species against two populations
(Panama and Honduras) of R. similis infesting banana

areas in Central America. They found that both the
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populations, :I.nferst.ed(tu._comon only Rabiza beapn,
Tephrosia cand{da, Sorghum bicolor, w@igm micunoides
and had differential infectivity to all other plant

species tested by them, ‘showing the:differént ‘infect ive
bclé:_@irioui* of the two _;_x:'pul;iions. studies condicted at
Kayangulam, Kyrala revealed that the populations of '

R. similis frc;m C.ch)n{lt, arecahut and banana belong to
banana race (Koshy and Sosamma, 1977). Pix;ochet (1979}
found that pOpulations from Panama, Coto, Costia Rica and
Armuellcs caused greatcﬁ damage to the root sYstem of
banana than an isolaté £rom Honduras. cr::ulation increase
in the Honduran isolate was considerably less than that
of the oher three isolates suggesting it could be a
different biotype. “Tarte et al. (198{5' sthdied the
physiological differendés and morphological varia.t.ions'r

of the banana race.w In thoir observation% on zmrphology
of famale tails difft—.rences in the frequency of pointed 4
and Younded’ tail§ were noticed within 13 populat.ions. The
ratio of poifited and rounded tailed fema¥es ranged fxom
25 : 75 to 98.8 1,2 ru_spect?.trely. Latest observations
made by Huettel and Dickson (1'581) revealéd dif ferences

in the developmental stages of oogenesis between the two
races., They, were found to be distinet with respect to

karyotypc. There were four chromosomes in the banana race
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and five in the eitrus. Huettel et-al‘. (Irog2) studied
the sexX attractaﬁts and pha.romne mediated sexual and
a.copulatory behaviour between and within the cityus and
banaa races of R.. sz.m:i.lis. They found that th males of
citrus race did not neﬂspond to the females' of banana
race. The ﬁhe;romne of citrus race females attracted
banana race males, but they did not mate.

. % '
Biology and life history .

¥ o 1 - *
The burrow'irﬁ nunatodt_ is a migratory. endoﬁrasite

and is capable of socg‘ding its entire life in the roots.

All larval stages and adults of R. similis are ve-.rmiform,

and infest only healthy, succulent feeder root tips.
=4

%. The ermbryonig and *oost-errbryonic qe'felopmnt of
R, similis werc studledyby van Weerdt ‘(1960) Be ‘had -
illustrated the developnz.nt of R. s:l.miligmfrog; ‘;he.un-—
divided egg through the four larval stages to the mature
malesand female.{ At the second stage, male and female
larvae could, be ':ilifferenltiated“ﬁy the argangement of cells
in the genital primordié. During the third and fourth
larval stages there was a geheral increase in size and
further different iation of the gonad cells. At the fourth
moult males did not increase in length, the heavily
sclerotized cephalic frame work and strong stylet were

replaced by an offset unsclerotized head resulting in
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degenerated forms. Females emérged with fully formed
gonads and the anterior ovaries were usually longer than
the posterior ones. Loos (1962) studied the life history

of the nematode (banana race) on Tephrosia candida.

Females 1aid 3.5 to 4.6 eggs per day for two ;;;éeks.

The egg period lasted for 5 to 7 days in water and 7 to
8 days in the root. Larvae persisted for 10 to 13 days
after hatching, but many of them matured to adults in

11 days. Adults bqgan to lay eggs two days a‘fter the
last moult. All larval stages and females v:ere infective,
but males were unabld to infect roots. The life cycle
toock 20 to 25 days at 24 to 32°C. According to DuCharme
and Prigc (1966) the duration of life cycle was 18 to 20
dairs at 24 to 27°C-on citrus. The number of eggs laid
ranged from one to six'.per day. Und;r controlled condi-
tions in axenic root culture they found..‘the,rlazgest |
population in a colony started from one _femaie reached to
47,600 numbersrg._n 85 days. In some colonies, second
generation females had laid viable eggs.;-émd produced
active colonies of males and. females, although no males
were introduced into the culture., Loos (1962) waslnot
able to produce progeny f£ram si;agle larva of the banana
race of R. similis. Brook and Perry (1963), however,
obtained three gencrations of R, similis without the

participation of males by using singlé egg on grape fruit
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seedlings. Huettel and Dickson (1979) also studied fhe
parthenogenesis in the two races of R. gimilig from

Florida. Inoculations of single R. similis larva of the
citrus and banana races into okra seedlings producéd only
female populations after 80 days and male and female
populations after 130 days. All the female populat lons
produced female progeny with viable eggs, but no spermatozoa
were observed in the spermatheca. No intersexes were also

observed.

Host parasite relationship

Leech (1958) found that roots and corms of banana
are oxtemsively invaded by 3; similis and other secondary
organisms. The nematodes were found ih'small lesions on
young roots.and at the 5unction of he;lthy and rotted
regions of the roots. The penetration and histopathology
of R. similis were studied on citrus (DuCharme, 1959) and
banana (Blake, 1961, 1966). In both banana and citrus,
R. similis burrowed in the cortex forming extensive
cavities. On banana, the_cavities goalesced and enlarged
due to the activit§ of nematodes tunnelling laterally and
towards the endodermis, producing the characteristic
reddish brown lesions through ocut the cortex. In citrus,
unlike banana, however, nematodes entered the stele via

endodermal passage cells and accumulated in the phloem
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and carnbium which in the co%rse of time might be completely
destroyed leaving a nematode~filled éavity separat ing

the remains of the stele from the cortex. Cell reaction
includéd wound gum depositlon in the cortex, hyperplasia
and tumour formation in the pericycle. External cracks
appeared over the lesions 3 to 4 weeks after infectioﬁ

of both citrus and banana roots. In a large rhizéme,

roots passed through 6 ﬁo 12 om of cortex before emeryg ing.
R. similis migrated from an infected root into the rhizome
cortex and caused diffuse black lesions (Loos and Loos,

1960a).

DuCharme and Price (1966) isolated up to 739 indi-
viduals from one lesion of cltrus roat and est imated that
a 20-year-old tree supported 1,00,000 to 8,00,000 nemétodes.
Cassidy (1930) obtained 2632 specimens of R. similis from
one lincar inch of sugarcane root in Hawaii. Hubert (1957)
reported that yellOWS‘disease of black pepper is characteri-
zed by the gradual abnormal yeliowing of foliage,
egpecially in young vines. Plant growth ceased soon after
yellowing became apparent, and production Of pepper
berrics rapidly declined. Severe die-back and eventual
death of the plants followed. The root~lets of affected
vines showed small lesions which enlarge gradually leading

to disintegration ultimately. Vilsoni et al. (1976)
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reported that the burrowing nematode entered the rhizomes
of ginger and penetrated the tissue interccllularly.
Heavy infestétion resulted in destruction of tissues and
formation of channels or galleries in the rhizome.
infested ginger plants exhibited stunting, chlorosis and

sparse tillering.

Koshy ¢t al. (1975) studied in detall the symptoms
and population density of R. similis in coconut roots.
The infested roots showed small reddish brown cortical
lesions which later coalesced resulting in extensive
rotting. They recorded maximum number of nematodes £rom
the semi~hard orange coloured portion of the main roots.
Peeling and slicing of roots followed by submersion in
water at 4 to 14°C for 48 hours yielded maximum number of
nematodes. Govindankutty and Vellaichamy (1976) studied
the histopathology of R. similis infested coconut roots
and found that sections of roots having lcaions revealed
the presence of nematodes and their eggs in cortical
burrows which were encircled by deeply stained cells and

abﬁgrmal sclerenchyma.

studies made by DuCharme (1969) on root invasion
and reproduction of R. similis on citrus had shown that
fomale nematode usually entered a root in less than 24 hours.

The optimum temperature for root invasion and reproduction
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was 24°C, the minimum 12°C and the maximum 29.5 to

32,5°C. Venkitesan and Setty (1977) reported that the
burrow ing nematode penetrated the pepper roots within

24 hours and dark brown leslons appeared within 72 hours
after inoculation. Similar studies carried out on coconut
by Koshy and Sosamma (1982) had also shown the formation
of typical elongate orange coloured lesions on coconut |

roots after 24 hours of inoculation.

The pathogenicity of R, similis was established in
black pepper (Venkitesan and Setty, 1977), ginger
(sundararaju et ai., 1979), turmeric (Sosamma et al., 1979)
and coconut (Koshy and Sosamma, 1983). Attempts were
made warlier by various workers for mass culturing
R. similis. It was cultured on okfa roots (Feder 1958),
on root tissues developed from lucerne sced (Mye_rs et _g-l_.;
1965), on carrct discs (0'Banncn and Tﬁylor, 1968; Koshy
and Sosamma, 1980} and on roots developed on leaf petioles
of several citrus species and cultivars (Inserra and

O!Bannon, 1975).

Associations with fungal organism

Incidence of Panama wilt caused by Fusarium

oxysporum £. cubense doubled in Gros Michel bananas when
R. similis was added to the soll (Newhall, 1958) and wilt

S



27

symptoms anpearced faster on R. simil is-infested bananas
(Loos, 195%). F. 7Sporum alone was‘ unable to invade
intact banana root cells, but cqlonized when cortical
parenchyma cells were wounded mechanically or by the
nematode. In plants inoculated with both F. QXy sporum

and R. similis, the fungus was able to grow through the
endodermis, causing necrosis of the stele and eventual
atrophy of the whole root distal to the point of stelar
invasion (Blake, 1966), Feder and Feldmesser (1961)
studied the individual and combined effects of F. oxysporum,
F. solani and R. similis on the growth of Duncan grapefruit
scedlings under greenhouse condition. The combined infec.-
tions of R. similis and _F_u‘gg_ga__m spp. were found to cause
more severc damage to the seedlings than did the nemtode
alone. Similar results were obtained by Blaké {(1966) on
banana with R. gimilis and F. oxysporum. Booth and Stover
(1974) recorded the constant association of Cylindrocarpon
msa¢ with R. similis from a1l banana growing regions of
the world. Sosamma and Koshy (1978) rcported the
occurrence of C. effusum and Q. Iucidum from the rook
lcsions caused by R. simiiils on coconut. In 1980, Pinochet
and Stovor isolated fungi, Fusarium solani, F. moniliforme,
C. musag and Acremanium stromat icum from banana root

lesions caused by R. gimilis. When inscrted inmto rhizome
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wounds or placed in contact with aseptic banana roots,
C. musae causced the most extensive necrosis, followed

by the Fusarium spp. Acremonium caused little damage by

itself, but was destructive to roots in the presence of
R. similis. All of the fungl assoclated with R. gimilis
were found as wound invaders and not parasitic in the

fiecld.

Population fluctuation and longevity of R, similis

Population levels of plant parasit ic ncmatodes
would vary with the type of hést crop, density of the root
system and othoer environmental factors. DuCharme and Suit
(1967) recorded high p0pulations of burrowing nematode
in citrus from October to Decenber, lowest from January
to July and also disappearance of the popuiation from
known infested areas in spring. Similar population fluctua-
tions were recorded by Vilardebo.in 1976 at Camercon in
banana. DuCharme (1969) studied the effect of temperature
on R. ginilis on citrus andlfqund that the optimam
temperaturce for nematode reprgduéticn and root invasion
was 24°C, the minimum 12°C and the maximum, 29.5 to 32.5°C.
According to Jimenez (1972) the soil temperature at a
depth of 30 cm did not influeﬁce the population size,
but the rainfall appeared to.be the most -important factaor

in the seascnal fluctuation of R. similis in the banana
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growing arcas of Pococl, Costa Rica. Low populations
occurred during or after heavy rains, whereas high peaks,
or Initial accelerated growth noticed during dry months.
Jaramillo and Figueroa (1974) also studied the populat ion
density of R. similis in the banana area of Guapiles,
Costa Rica and recorded the population peaks in April,
May, August and September, when the host plants were
actively growing. Minimum population densities occurred
during Jamary, February, June and July after pcriods of
heavy rainfall. Population'dynamics of R. similis on
banana in Cuba was studied by Shafice and Mendéz (1975).
They recorded the increase in nematode population during
the first two to threec months of the year and the reduction
in popul‘at lon p aticularly during wet scason (April to
October). Soil temperature had no apparent effect on the
population build up. But Marcelino gt al. (1978) recorded
the highest population of g. Similis in 'Valery' banana

of Panama during November, thé month of maximum rainfall
and 2 second peak in May, the beginning of the rainf Season
other peaks in April épd August. Studies conducted at
Kayangulam, Kerala, rcevealed that maximum populations of
R. ggm;;;§ on coconut and arecanut occurred during October
and November and the lowest or nil populaﬁion dux ing May

to July. (Koshy and Sosamma, 1978).
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Laboratory and field exper;ments showed that
R. similis survived for only 66 days in water and could
not be recovered alive from infested soil and roots after
four months in the field or in temperature tanks held at .
74 to 76°F (Birchfield, 1957). Tarjan (1961) also
‘studied the longevity of R. similis in host-free sandy
soil and found that the nematode did not surviye after
six months in infested soil stored in luried plastic bags,
However, the results of Hannon (1963) showed that
R. similis survived for fourteen months in the field after
the citrus tree was removed, Similar studies carried out
by Keetch gt al. (1975) on banana had also revealed that
R. similis was able to survive in soil for 13 months,
even after the plants were killed or removed from the

field,

Control
Chenical methods

Burrowing nemaodes were effectively eradicated
from soll and roots of citrus seedlings in closed con--
tainers by sbil applications of agueous solutions of
DBCP and Zinophos; but they could not be eradicated from
diseased groves when the chemicals were applied by soil
1njectionlor sprinkler irrigation (suit et al., 1961;
Suit and Feldman, 1961; Feldman and Hanks, 1962 and



Suit, 1964). DBCP was successful on citrus as a preplant
treatment @ 10 1. 8. gal/acre and infection was controlled -
over four years (Suit, 1961). Treatment with DD at the
reeommended 50 U.S. gal/acre failed to control R. similis
in the lower deoths of a clitrus grove in Florida, U.S.A.,
but at 500 u,s. gal/acre killed all R. similis up to a
depth of 4.57 m (Collins and Feldman, 1966). In case of
spreading decline of citrus-in Florida, due to limited
cccurrence, made it possible to devise more uniform
control measures applicable to local conditions (Cohn,
1972) whereas its worldwide distribution with banana

had made it a dAiffieult problem to comoletely eradicate
the nematode, only resulting in its spread to new frontiers.
Several nematicides have been tried against R. similis

to obtain sat isfactory control.

Use of systemic nematicides of organophopphates
and carbamates have been tested recently on citrus, ‘These
chemicals were tried as baré root dips for nursery seedlings,
soll drench, sub-surfacc drench in jectionsg and granular
forms. Some methods have given promising results. The

results of various workers have been summarised in Table 2.

Loos and Loos {1960b) found that paring banana
suckers viz, removal of all discoloured tissues and

dipping in Bordeaux mixture-DBCP paste roduced the
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nematode infection from 89 per cent to one per cent
after eight months. Similar techniques adopted at

Kew (Peachey and Hooper, 1963) and in the Windward
Islands (Edmunds, 1969) on banana. However, phyto-
toxicity was encountered, especially with pared sets
(Vvilardebo and Robin, 1969), or nemat icide penetration
proved insufficient for complete kill (Blake, 1961).
Soil fumigation with DD, EDB and DBCP was also invest i-
gated by Luc and Vilardebo (1961), DBCP was most satis-
factory, and recommended at 40 litres/ha at planting
during May and June and 25 litres/ha in October and

15 litres/ha in March of the following year. This
programme gave an excellent control of nematodes and had
been widely adopted in the Ivory Coast. Price (1560)
reported that the application of DBCP by injection or
watering to root areas of established bananas in Southern
Camercon resulted in increased growth, leaf production
and leaf retention. Wehunt and Edwards (1968) observed
that the DBCP treatment on banana plants increased the
yield from 14 to 86 per cent in Central America. The
recommendations for chemical control of 5; gimilis in
banana, based on the results ocbtained by various workers

are presented in Table 3.

v
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Venkitesan and Setty (1979) observed that aldicarb
sulfone or fensulfothion at 4 to 8 kg ai/ha completely
eliminated R. similis on black pepper seedlings, vwhen
Venkitesan and Charles (1979) tested six chemicals for
the control of R. similis in the slow wilt affected pepper
garden and found that phorate and DBCP were very effective.
Koshy and Nair (1979) reported significant reduction of
burrowing nematode population in coconut nursery with
fensulfothion @ 50 kg ai/ha. Koshy and Sosamma’ (1979)
reported eradication of R, similis from infested coconut
seedlings by dip treatment in D3CP 1000 »npm for 15 minutes.
Later Koshy et al. (1983) recorded compiete contral of
R. similis with phenamiphos and phorate @ 25 kg ai/ha
when applied thrice at Fhree months iqterval in coconut

nursery.

Non-chemical methods

Among the nhysical methoéds of control, hot water
treatment of citrus root-stocks and pared banana suckers
was reported to be efféctive for the control of R. similis.
Birchfield (1957) in a preliminary test found that at
122°F for 10 minutes all the burrowing rnematodes in the
citrus roots were killed. The roots were cooled in cold

water for 10 minutes immediately after heat therapy and
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they were cared for in the planted sites by frequent
watering (Cohn, 1972). Various practices of hot water
treatment adopted by different workers for banana have

been summarised in Table 4.

Flooding and fallowing for 5 to 6 months eliminated
R. similis from banana fields in Honduras and Panama (Loos,
1961). This method was practised in Surinam also for the
control of burrowing nematode, ut bare fallowing was un-
suitable (Maas, 1969). Colbran (1964) recommended a two-
year fallow period with a cover crop of Panicum maximum
var. trichoglume in Queensland, Australia. Salas gt al.
(1976) reported that adoption of fallow would be practically
possible only when bananas were part of a rotation system

with non-host.crops of R. similis.

Resistance

In citrus, more than 1,400 clones were evaluated,

only 15 were found sufficiently promising for further
testing. Three of them - *Milam’ lemon (Citrus sp.)
'Ridge pineapple' sweet orange (C., sinensis) and 'Estes’

rough lemon (C. limon) were found to be effective biolo-

-

Similar results were obtained by O'Bannon and Ford (1976).
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Wehunt et al. (1978) screened 70 cultivars of a
banana (Musa acuminata) and reported four cultivar grouisé

were found resistant to R. similis. Charles et gl.(1983)
screened 125 cult ivars of bahana maintained under the
germplasm collectiqns at Kannara, Kerala, against

R. similis and none of them was found immune to the
nematode infection. Venkitesan and Setty (1978) sereened
18 cultivars of black pepper, four Piper species and five
wild Piper collections against R. similis. All of them
were susceptible. Similar studles carried out on 27

cult ivars/hybrids of coconut by Sosamma et al. (1980)

did not reveal any of the cultivars/hybrids to be resistant

to R. similis,

Besides the literature cited above the author had
studied the distribution of R. gimilis in Scuth India
(Koshy et al., 1978b), proved the burrowing nematode. as a
potent ial pathogen on arecanut (Koshy and Sundararaju,

1981) and evaluated different arecanut germplasm collections
against‘the burrowing nemaﬁode (Koshy et al., 1978a;
Sundarara ju and Koshy, 1982). The contents of these
vublications also have béen utilised while writing this

thesgis.
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MATERIALS AND METHODS

Survey of Radopholus similis in Kerala, Karnataka

and Tamil Nadu

The purpose of the survey was to map out the
occurrence and diStribution'-:of the burrowing nematode,
Ragomog,_gs similis in relation to the incidence of yellow
leaf disease of arecanut. Extensive surveys were conducted
during 1975 to 1982 in the arecanut growing tracts of
Kerala (60,900 ha), Kamataka (54,300 ha) and Tamil Nadu
(4,300 ha). The route of swrvey was mostly along the
main roads and sairaples were collected from nearby gardens
after -evexy 10 to 15 kxm. A proforma (Appendix-I) with
relevant information wé.s prepared and used in the survey.
A total of 822 each of soll and root samples was
collected from healthy and yellow leaf disease~affected
arecanﬁt gardens covering soll groups of sandy loam,
laterite, alluvial, clayey and red loam. The suxvey
covered Chirayinkeezh, Nedumangad, Neyyattinkara and
Trivandrum taluks of Trivandrum district; Karunagappally,
Kottarakara, Kunnathur and flullon taluks of Quilon
district; Karthigappally, Mavelikara and Shertalai taluks
of Alleppey district; Tiruvalla, Pathanapuram and
Pathanamthitta taluks of Pathanamchitta district;

Changanachery, Meenachil, Vaikom and Kottayam taluké of
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Kottayam district; Alwaye, Cochin, Muvattupuzha, Parur
and Kanayanhur taluks of Ernakulam district,-' Chowghat ,
Kodungal lur, Mikundanuram, Talappilly and Trichur taluks
of Trichur district; Alathur and Ottapalam taluks of
Palghat district;' Eranadu and Perinthalmanna taluks of
Malap;-pﬁram district in KeEala state) Agast iswaram,
Kalkulam, Thovala and V:Llévancode taluks of Kanyakumari
district; Nanguneri, 'Shencottah and Tiruchendur taluks
of Tirunelveli district; Avanashi and Coimbatore taluks
of Colmbatore district; Sanka%giti talﬁk of Salem district;
Coonoor and Guaalur taluks of Nilgiris district in

Tamil Nadu -State; dhikmagalur, Kadur, Koppa, Mudigere,
Narasirhara japura and Sringéri taluks of Chikmagalur
district; BantWai, Belthangady, Karkala, Puttur and
Sullia taluké of Dakshina.Kannadé district; Mercara

and Somavarpet taluks of Kodagu district and Thirthahallil
taluk of Shimoga district in Karnataka State.

Callection of eamplos

Soll and root samples were collected 75 cm away
from the bole of the palm at a depth of 10 to 50 cm with
a 75 gm diameter soil augdr. Three such samples were
taken within the basir at 120° to each other, mixed

well and an aliquot of 250 cm3 was drawn. Samples of

tender to semi-hard portions of the main and lateral
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roots, colour ranging from creamy white to light orange
were taken and to this, root bits available in the auger
samples were also added for the purpose of analysis.

Root samples were restricted to 30 to 50 g each.

Samples were taken to represent healthy and
diseased areas. Samples collected from healthy palms
from fields/sites without any incidence of YLD in taluks
that were broadly classified as YLD prevalent zones were
designated as apparently healthy, in grouping of sampling

sites for analysis.

One sample each was collected from every site/
field in healthy and apparently healthy groups whereas
up to four samples were taken from each sampl ing site
in the disease affected fields, depending upon the avai-
lability of palms in different stages of the disease.
In disedsed tract, palms were categorised as apparently
healthy, early, middle and advanced on the basis of
disease index suggested by Rawther (1976) and George
et al. (1980). Thev were (i) Apparently healthy-aot
showing any of the disease, symptoms (ii) Early—palms
showing initial stages of disease with index 10 to 25
(iii) Middle-palms in the middle stages of diseaSé with
index 25 to 50 and (iv) Advanced-palms showing advaﬁced

stages of disease with an index of 50 and above.
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The data on the occurrence of R. similis were
analyvsed both by total sample basis and sampling site
basis. H'owever, the samples collected from apparently
healthy palms ffom disease affectéd fields along with
samnrles collected from healthy palms from healthy fields
in taluks désignated as disease affected were considered

together for analysis as apparently healthy.

Alongwith arecanut, root samples were collected also
£rom coconut, cardamom, banana ard black pepper grown in

arecanut gardens wherever it was available.

Epctraction of nematadgs from soil

Soil samples were processed by Cobb's sieving and
sifting method using 840, 250 and 38 Ak aperture sieves
{(Cobb, 1918). The sievings £rom 38 /e mesh were collected
in a beaker and transferred on to a moulded sieve of
aluminium wire gauze cmtaj:aing two layers of face tissue
paper and placed in a petridish (10 ecm) with sufficient
water. After 48 hours the suspension containing nematodes

was carefully transferred €o a clean 100 ml beaker.
Kili and £
The nematode suspension in the beaker was allowed

to settle for one hour. The Supernatant was decanted

and boiling water equal to the volume of nematode sﬁspens.ton
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was added te kill the nematodess Tﬁ;s was again lcfe
undisturbed fot one hours The Supernatant was then-
poured off and eight per cent formalin of equal volume
was added to the suspensicn for fixdng nematodes, After
two hours the fixed suspension was decanted further to
reduce the volume to 25 mls The total population of

R, similis and other plant parasitic nematodes was

est imated.

Extraction of R. similis from roots

L Tk S

Root samples were cut into 2,5 cm bits sliced
Jong itudinally and left in petridish (15 cm) containing
100 ml of tap water for 72 hours in a B.O.D. incubator
at 15° * 1°C (Koshy gt al., 1975). After 72 hours the
suspension containing nematodes was passed through a
Set of 840, 250 and 38 A sige sieves. and the sievings
of 38 At mesh were collected in a beaker.

Nematode suspension extracted from roots or soil
was poured into a counting dish and counts were made
under a stereoscopic binocular dissect ing microscope.

Breparation of temporary and permanent mounts
Por general observations temporary and pemt

mounts of larvae, males and 'females were prepared in five

per cent formalin {Goodey, 1963). For nermanent mounts
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Seinhorst’'s (1959) glycerol-ethanol method was followed.
The slides were sealed with glyceel aﬁd labelled. These
rmounts were examined under high magnification of a
compound microscope for detailed morphological studies.
De Man's formula (Southey, 1970) was used for recording
the measurements of different larval stages and adult

males and females.

Soil sterilization

Sandy loam soil (coarse sand—54.w79%.f fine sand-
28.51%, s11t-0,04% and clay-15.55%) was collected on the
farm of CPCRI and filled in the cement concrete tatﬂ(s.
The Soil was fumigated with methyl bromide @ 1 kg/2.7 m°
under polythene cover for 72 hours and used after a period

~of 20 days. Before using, the soil was analysed for

nematodes and absence of nematodes confirmed.

Pathogenicity of Radopholug similis on arecanut

Twentyfive cement concrete pots (75 x 75 cm) were
inserted 50 cm deep into laterite soil after opening pits,
at one metre intervals in the field at CPCRI (RC) Palode,
Each pot was filled with R. similis infested coarse sieved
laterite soil (80 kg) from arecanut garden and treated with
bBCP @ 60 1 ai/ﬁa. Soil samples drawn and analysed after

30 days did not yield any plant parasitic nematodes. One
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year old aracanut seedling, variety South Kanara, raised
in sterile soil was transplanted into each pot :Ln
September; 1977 after a lapse of 60 days. A thick growth
of cover crop Pueraria phaseoloides was provided in the
interspaces to reduce heat and avoid soil splashings
during rainy season. Pots were shaded and irrigated during
summer months, to maintain sustained vigorous growth,

R. similis infested arecanut roots were collected from YLD
affected arecanut gardens (Plate 2a)at CPCRI (RC) Farm,
Palode and nematodes extracted were used for inoculation.
The nematode suspension collected on 40C mesh sieve was
placed on double layer tissue paper contained in an
aluminium wire gauze 6n a petridish containing water to
obtaih act ive nematodes. Each treatment had five repli-
cations and was randomised. A logarithmic serieé of
inoculum such as 0, 10, 100, 1,000 and 10,000 was used

for inoculating plants on or very near to the roots in
December, 1977. For treatments using 10 and loowﬁenatodes,
active females and larvae were hand picked. The suspension
containing the required number of nematodes was poured
into three holes drilled with a wooden peg at different
denths (10, 15 and 25 cm) around the base of the seedlings.

The holes were closed and watered.

Obsexrvations on plant graowth parameters such as

number of leaves, shoot length and girth at collar region
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werce recorded at six monthly intervals after inoculation.
Scedlings were dusted with five per cent BHC as and when
recguired to protect them from infestatlions of mite
(Raoiella indicg. Hirst.) and spindle bug (Cagvalhoia
‘arecae Miller and China). The plants were maintained for
three vears after nematode inoculation. When the experi-
ment was concluded the plants were depotted carefully and
plant growﬁh parameters recorded. The lesions and rotting
of roots (Plate 2b) were graded on a O to 5 scale as
indicated below:

o = no infection ~

1

it

small, elongate lesions on white roots with
necrotic root tips,
2 = prominent lesions of dark brown to black with

necrotic root tips,

3 = c¢oalescing lesions with necrotic root tips,
4 = partial decay of roots with necrotic root tips
5 = severe decay of roots with necrotic root tips.

Roots were cut into 'small pleces after indexing,
mixéd thoroughly and three aliquots of 10 g each were
collected from each secedling, stained in boiling acid
fuchsin lactophenol (Franklin and Goodey, 1949) far three
minutes, cleared and churned for 40 seconds using a

Waring blender for population assessment. Three aliquots



Plate 2

as Yellow leaf dlsease affected arécanut.
seedlings in field :

b, Lesions and rotting on young white to
light orange coloured arec¢anut roots

on infestation by Radopholus similis
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of five ml each of this suspension were drawn in a
countiﬁg dish and the nematode population in each sample
was assessed. The total root population was computed
based on the average of these counts. The soll popula-
tion ofl the nematodes was assessed by mixing thoroixghly
the available soil in the pots and drawing a sample of

250 cn'n3 from each, pot.

Histopathology of Radopholus similis infested

arecanut_roots

Twentyfive arecanut seednuts of variety South
Kanara were sown in sterilised sand contained in earthen
pots (50 cm). On germihé.t.io‘n the nut was removed care-
fully from the pot and a red silken thread was tied
_loosely on to the main root above 2.5 cm away from the -
root tip., Individual seedling was transferred to a
small earthen pot (10 em) and placed horizontally in
moist sand filled to a depth of 8 om. More dry sand was
then added in such 2 manner as to cover the roots except
the marked portion. A small quantity of san‘d was sprink-
led on to the marked portion and few drops of water was,
added to fix this portion on sand surface and remained
pa::i_-.ially uncovered and visible. Suspension con‘ll:aining
about 500 active R. similis from axenic culture was

pipetted very close to the region between red silken
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4

thread knot and root tip. After inoculation, the pots
were then fully filled with sand and sprinkled with

water immediately. Seven plants that served as coritrol
received only sterile water. Root sample was taken

after 24, 48 and 72 hours,-Sth; loth, 15th and 30th

dayr from different inoculated plants., Roots from the
control plants were also collected. Two and a half

cent imetre portion of the root f£rom the thread knqt to

the root tip was cut with the help of a sharp bl ade,

fixed in F;A.A, dehydrated iﬁ TBA‘(tertiary utyl alecochol)
series and embedéed in pafaffin.« Long itudinal and
transverse sections of 10 td¢ 15 A thickness were pre-
pared and stained with safraﬁin and fast green as described
by Johénsen in Plant microtechnique (1940). Cﬂ{/

Maintenance of Radooholus similig culture

M-

Tender, main and lateral arecanut roots with the
characterist ic elongate, reddish brown cortical lesions of
burrowing nematode were collected from yellow leaf disease-
affected palms at the Central Plantation Crops Research

Institute, (CPCRI) Research Centre, Palode, Trivandrum

district, Kerala. Radopholus similis was extracted from
the roots and inoculated on to healthy arecanut seedlings
grown in étérile soil in cement tubs (75 x 75 am) and

carthen pots (35 x 35 cm) at CPCRI, Regional Station,
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Kayangulam. On examination after two months, roots of
these nlants exhibited typlcal orange coloured, elongate
cort ical lesions separated from one ancther on young,
white fleshy roots which ylelded R. similis population.
The nematode population from roots of plants in earthen
pots inside greenhouse and in cement tubs ocutside green-
house served as sources of inoculum for all further

experiments,

Axenic culturing of Radopholus similis

The axenic carrot culture technigue adopted is
essent fally based on the method of ©'Bannon and Taylor
(1968) modified by Koshy and Sosamma (1980). Fresh
carrot tubers were thoroughly washed in water and dipped
in 95 per cent ethyl alcohol, These were then flamed,
pared and sliced into discs of 8-10 mm thickness. One
such disc each was piaced on one per cent sterile water
agar (40 ml) in 100 ml Erlenmeyer conical flasks. These
flasks were kept under observation in the laboratory for
48 to 72 hours tb observe for contamination, 1f any, and

also for initistion of callus growth.

The nemtodes extracted from arecanut roots from
culture pots were hand picked individually to sterile
water contained in a Syracuse watch glass under a Stereos-

copic binocular microscope to avoid contamination. The
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nematode suspension was then pipetted into sterile cen-~
tl:ifugé tubes and run at 3000 rpm for one minute. The
supernatant was decanted leaving aboﬁt 0.5 ml suspension

at the bottom of the tubes. Mercuric chloride (0.1%) was
then added and the centrifuge was run again for one minute'
followed by removal of supematant and rinsing the nematod'e
suspension twice with sterile water, with 15 seconds
centrifuguation each time. Then the population was washed
thoroughly with 0.1 per cent streptomycin siulphate. About
0.5 ml of this treated pbpulation was then drawn out with

a sterile syringe (needle No. 20) and released on or to the
sides of carrot disc. The whole process was done on a
laminar flow clean air bench. The inoculated flasks were

then stored in dark at 20 to 25°C.

Discolouration of carrot discs was taken as a sign
of miltiplication of the nematode. Such ‘culture could be
kept up to two month s, Subéulturing was also done after
45 daws of first inoculation. Nematodes obtained from the

axenic cultures were used for different experiments.

Isolation and identification of fupgal organism associated
with lesions of Radopholus similis on arecanut roots

To study the association of other microorganisms
with the lesions caused by burrowing nematode, roots

Showing typical lesions were collected from arecanut palms
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at CPCRI (RC) Farm, Palode. Newly formed lesions oﬁ the
white portion - of the main roots were chosen for isolation.
Threce different methods were adopted for making the 1so-
lation viz. (1) transverse sections (1 mm) of roots héving
jesions were cut and surface sberilised with 0.1 per cent
mercuric chloride for one minute and ‘washed thrice in
sterile water and transferred to potato dextrose agar
(PD2) medium, (2) small lesiong with surrounding rooct
tissucs were scooped after surface sterilisation with the
help of a sterile sharp blade and transferred to PDA and
(3) stele of the infested roots after surface sterili-

sation was separated and rransferred to PDA.

Populat ion fluctuation of Radggpolus similis on arecanut

WP werar g o=

Ten to fifteen year old healthy and YLD affected
arecanut palms with the early stage of disease were
selected at CPCRI (RC) Palode, and the'populatioﬁ fluctua-
tion of R. similis was studied in two palms of each cate-
gory.. Tender, main and lateral roots of vhite to creamy:
white in colour with reddish brown cortical lesions were
collacted at ﬁortnightly intervals during May, 1977 to
April 1980. Care was also taken to sample only the above
ment ioned &ype of roots known to harbour maximum number
of R. similis. Root samples of 25 to 30 g each were
collected, processedland caunts made as par the ‘method

described earlier.

A
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COntrol of R. similis on arecanut in pots and under

gield condit lons

Three experiments were carried out to evaluate
the effect of nematicides and neem oil cake on the

control of R. similis under pot and field conditions.,

Effect of various nematicidés in the control of adggnolus

similis on arecanut seedlings in pots under field

. S ol . i e i, A o, W A o e AR Tl - e L s

| conditions

Tuenty five cement pots (75 x 75 cm) were inserted
60 cm deep into laterite soil after opening pits, leaving
the top 15 cem of the pot above the soll surface at a ‘
distance of one metre in the field gt CPCRI (RC) Palode.
These »nots were filled with coarse sieved laterite soil
(80 kg) from an infested field. One year o0ld arecanut
seedlings var. South Kanara raised in sterile soil were

transplanted singly in the pots in September, 1977.

Puerarig phaseoloides was grown in the interspace as a
cover crop. Plants were shaded and irrigated, during
suminer months. The treatménts conslisted of four nema-
ticides viz. aldicarb, aldicarb sulfone, carbofuran
and fensulfothion @ 1 g ai/plant and contrel. The
technical names, formulation of nematicides and sources
of supply are given in Table 5. The treatments were

completely randomised and replicated five times.
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The required quantity of nematicides was applied
on or very near to root system‘in‘the' pot after removing

the top 3 to 5 om soll caxefully. The soil was placed

N I
e LT

;,bac_:i:_-;af‘?(he application., Nematicides were applied (
.- . ____t - ——— e —— e — - )

three ©@s a year during September, January and May.
The first application was done immediately after planting.
The plants in pots were irrigated immediately after every

application of nematicides.

Seedlings were protected from mites and sPindié
bugs by applying five per cent BHC dust as and when
required. Observations on plaht growth parameters viz,
number of leaves produced,; shoot length and girth at
cbllar region were recorded o six monthly intervals.

After three years, plants ﬁere removed carefully
anc data on shoot and root length, shoot and root weight,
girth at collar region and number of leaves were recorded
in October, 1980. \}isual observat?ions on the intensity
of lesions and rotting 'in;the roots were made and graded.
Soll and root populations 1-;eré also ‘estimated following
the same procedures described earlier under uExtraction

of nematodes from solil and roots®.

Effect of different nematicides and neem oil cake in the
control of Rjdopholus similis in YLD affectcd arecanut palms

Fifty bearing arecarut »alms of uniform age

exhibiting yellow lcaf discase symptoms were selected at
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CPCRI (RC), Palode, They were grouped into five lots
on the basis of their discase intensiﬁy; pre-~treatment
soil and root samples were drawn for initial evaluation
of R. Similis and other narasitic nematode population,
Treatments were randomised:. There were five treatments
comprised of fensulfothion @ 50 g ai/palm;, aldicarb @
10 g ai/palm, DBCP @ 10 ml ai/palm and neem oil cake

@ 1,5 kg/palm and control, The treatmeﬁts were rando-
mised and replidatéd f ive times. The chemical nomen-
clature of the ‘neméticidesj method of 5pplication and
sources of nematicides are given in Table 5. All the
dosages of nematicides are expressed in terms of active
ingredient per palm. Only common names of the chemicals

have been used in the text.

The required quantity of ‘nematicides. and neem oil
cake were applied wery near to the root system after
opening a basin during May/June, September/October and
Decenber/January dependgmé "upon the availé.bility_of solil
moisture. In the case of DBCP, the calculated quantity
of nematicides was mixed with water and then added to the
arecanut basip as soil drench. The basins were covered
with soll after the applications of nematicides and oil
cake and irrigated immediately. Fertllizer application
and other cultural opractices were ado_pted as per stand-

ard schedules in vogue,
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Pre-treatment soil and root population of nematodes
were assessed every year during September/October. The
severity of the disease_ was est imated as par the indexing
method sﬁggested by Rawther (1976) and modifled oy

George et al. (1980). Yield data of individual palms

was also recorded every year.

Effect of application of ggg‘r ious ggmat_ipides on_populatio
build up of Radopholus simills and incidence of YLD

symptoms on arecanut seedlings in £icld

A fileld infested with fairly high population of

R. similis was selected and 64 pits (1 x 1 x 1 m) were
prepared with an interspace of 2 X 2m, The pits were
then filled with loose laterite soil up to 25 om height.
All pits other than those of control were treated with
DBCP & 60 1 ai/ha. Pre«treatmnt s0il samples were drawn
and neniatode populat ions assessed“as per the method
‘described earlier. After one month, cne year old areca
seedlings, varilety South Kanara, raised in fumigated
soil were transplanted in the pits, Treatments were
aldicarb, .phorat.e, phenamiphos, carbofuran, @ 3 g ai/
plant and DBCP @ 3 ml ai/p.fant, inoculations with

Re B8imdlis extracted from infested areccanut roots, axenic
population reared on carrot dilscs and control. The

inoculum used per seedling were 10,000 nematodes. The
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technical names, formulation ad dosages of nematicidﬁh
are shown in Table 5: The treatments were replicated
eight times and laid out in a completely randomised

biock design.

The required quantity of nematicides was applied
near the root‘syStem after opening a basin around the
plant in the pit. In the case of DBCP and Nemacur E.C,,
the calculated quantity of nematicide waé mixad witﬁ five
litres of water and then added after opening a basin as
soil drench. The root system was covered with the same
sol)l after the application of nematicides, Plants were
irfigated immediately after every application of nemati-
cides. Nematicides were applied three times a year

during May, Septemboer and January.

Pre~treatment soil and root population of the
nematode were assessed évery year during September/
October. The severdty of the discase was est imated as
per the indexing method nentiohed earlier under the

"control experiment No., 1."

Screening of Areca germplasm for resistance to

Radopholus simi%}s

All the Areca germplasm collections available at

CPCRI, Regional Station, Vittal, Karnataka were sereened
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for locating resistance to the burrowing nematode. A
total of 46- accessions, of which thirty one in 1977 and
Twentyfive seednuts each of every accession were sown

in 50 ém earthen pots containing 8 kg of fumigated

sandy loam scil, Six months after sowing, ten seedlings
of uniform growth in four leaf stage were selected. They
were transplanted individually to small earthen pots

(35 am) f£illed with 5 kg of fumigated soil. 1In the first
test, five seedlings éach of ail varieties were inoculated
with 1,500 active (larvae and females) nematodes extracted
from infested roots of seedlings maintained in dulture
pots at CPCRI (RS) Kayangulam. The remaining five
seedlings were maintained as control and they received
6n1y the run off from the 400 mésh‘sieve'used for

collecting the nematode inoculum.

In 1981, seedlings of 15 cultivars were inoculated
with axenic nematode population reared on carrot discs.
Seedlings were maintained in a randomised manner in the
greenhéuse (Plate 3) where the ambient temperature ranged
from 24° to 28°C for two years. Both the experiments were
términated in September, 1979, and Septembér, 1983 reg-
-pectively.. When experiments were concluded data on length

and weight of shoot and root, girth at collar region and



Plate 3

Potted arecanut seedlings in greenhouse
for screening against Radopholus gimilis



Plote.3
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number of leaves werc recorded. Final ncmatode popula-
tions in root and soil wurc also cstimated. The cxtent
of infection on the roots was also rated in the scale
of O to 3 in the first cxperiment terminat.d ip 1979
and O to 5 in the second experiment terminated in 1983

pbased on the formation of lesions.
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EXPERIMENTAL RESULTS

Survey of Radopheolus similis in Kerala, ‘Karnataka and

e T T SRR R Py e A Rl T T R Py

Tamil Nadu

The survey conducted in the major.arecanut growing
‘tracts of Kerala, Karnétaka and Tamil Nadu recorded 28
genera of plant parasitic nematodes from the root zone
of areca palms, when 822 samples of soil were analysed.
Radopholus similis was the only endoparasitic nematode
present in 264 root samples out of 522 samples analysed.
Of these, one hundred and seventy Samples were from Kerala,
~ elghtyseven from Karnaﬁaka and seven from Tamil Nadu., On
a8 total sample basis, R. Similis was observed in 32,1 per
cent samples collected from yellow leaf disease=-prevalent
areas, closely followed by that of (31.9%) non=-prevalent
f'a::e.-_as—. Maximum population of 440 nematodes per g of root
' wés recorded in YLD-affected palms, as against 48 from
healthy palms of healthy tract. The distribution of
R, similis in surveyed areas is preseﬁted in Tables 6

a, b, ¢ and Figure 1,

The presence of R. similis in relation to soil
groups was analysed based on the total number of samples'
and the resulﬁs are pfesented in Table 7. The percemtage
occurrence was more in sandy loam soil (45,.36%), closely

followed by red loam (44.83%) and laterite (31.27%).
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Table 6 {(a). Occurrence of Radopholus similis in soil
and root samples collected from YLD non-
prevalent arecanut palms in Tamil Nadu

< Total R. similis in
* District Locat ions samples vy
No. stric collected Soil Root
I Kanyakumari Agastilswaram 2 - -
Kalkulam 8 4 2
Thovala 3 1 2
Vil avankode é 1 -
II Tirunelvell Nanguneri 1 » -
Shengottah 4 - -
T iruchendur 2 1 -
IITI Coimbatore  Avanashi 5 3 2
Coimbatore 2 1 -
IV  Salem Sankagiril 1 - -
v | Nilgiris Coonoox 1 i 1l
Gudalur 1 ~ -
Total - 36 12 7

~ Not yielded R. similis
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Wwhile sampling sites were taken into consideration
it was seen that R. similis was recorded from 108/146
(73.97%) sites from YLD-affected palms as compared to
28/53 (52.83%) sites from apparently healthy palms in the
YLD tract and 58/132 (43.9%) sites in healthy tract

(Tables 6 a, b, c).

The percentage occurrence of R. similis in root
samples in relation to sandy loam, laterite, alluvial,
red loam and clayey Soil groups were 70.0, 62.87, 48.68;
48,14 and 52.38, 'res;oectively,' when analvsed on samhling

site basis (Table 7).

Apart from R. similis, 27 genera of plant parasitic
nematodes were alsc cbserved in soil samples and their
frequency of occurrence in different soil groups is shown-

in Table 8.

The gehus Diptherophora .and the species

Aphelenchoides aligarhiensis, Aphelenchus (Anaphelenchus)

isomerus, Caloosia longicaudata, Discocriconemelila
limitanea, ;Bophyadophora teres, Epicharinema keralense,

Helicotylenchus dihystera, Hemicriconemoides mangiferae,

Hoplplaimus seiphorsti, Longidorus saginus, Macroposthonia

‘oxrnata, Pratylenchus zeae, Sgutellonema unum,

‘Tylenchorhynchus coffeae and Xiphinema inaequale are

reported for the first time on arecanut in India.
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Three nematode specles, H. dihystera, R. reniforimis
and R. similis were recorded in maximum number of samples
and their percentage occurrences were 50.49, 45.74 and
32,12, respectively, With reference to the different soil
groups, the percentage occurrence of H. dihyStera was
47.42, 49.23, 59,46, 40.30 and 72.41 in sandy loam,.
laterite, alluvial, clayéy and red loam, respectively.
Similarly the frequencies of 0c¢urrences of R. reniformis
and R. gimilis recorded were 41.24, 43.24, 57.66, 41,79
and 68.97 and 45.36, 31,27, 29§73, 17.91 and 44,.83 per cent
respectively. Among the other species C. longicaudata,

H. mangiferae, Meloidcgyne sp. and T. coffeae were recorded
in more than 15 per cent of the total samples collected.
The juveniles of Meloidogyne sp. ‘were noticed in 135 sdil
samples, however, root galling was not observed. -

R, reniformis recorded the highest population density ( upto
4800 nematcdes per 250 cm® of soil) in most éf the fields
sarmpled, in all soil types. However, no gravid females

cotld be observed on the roots,

Qccourrence of R. similis populatidn in arecanut gardens

with and without intercrops

When samples, collected from the states of Kerala,
Karnataka and Tamil Nadu were considered, R. sSimilis was

observed in 56.29 per cent df samples from arecanut palms
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mixcropped with cardamom and 51.00, 38.10 and 29.80 pér
cent when inter/mixcropped with banana, black pepper and
coconut, respectively, whereas in pure areca plantaticns,
the percentage occurrence was only 25.37.. It 1s also seen
that in Karnataka where the créps are irrigated the per
cent occurrence of R. similis was more irrespective of the

crop combinations involved (Table 9).

Root samples were collected also from banana, black
pepper, cardamom and coconut, grown in arecanut gardens
wherever possible. Maximum percentagé occurrence of
R. similis was noticed in banana (64.45%) compared to black

pepper (25.,0%), cardamom (18.18%) and coconut (16.77%).

Pathogenicity of R. similis on arecanut seedlings in pots

-—— T e TP W i e

under field conditions

The pathogenicity of R. similis on arecanut seedlings
was studied by using different levels of inoculum (10,
io00, 1,000 and 10,000 per plant)_to gather information on
the role of this nematode in causing damage, expressed in
terms of plant growth parameters, The growth characters
like shoot length, shoot weight, number of leaves, root
length, root weight and girth at collar region were re-
corded. The ﬁenatode inoculated plants exhibited general
yellowing and visible reduction in growth and vigour

compared to control plants (Plate 4a).
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Shoot length

A progfessive reduct ion in plant height was evident
in the seedlings with increase in initial inoculum levels.
The average shoot length of control plants was 225,80 cm
as compared to 191,61, 174.40; 161,00 and 157,80 cm of the
plants inoculated with 10, 100, 1,000 and 10,00Q nematodes,
'respectively. Maximum reduction (30.,12%) in shoot growth
was noticed with 10,000 nematodes whereas in other inoculum
levels it ranged from 15,15 to 28,70 per cent. Treatment
differences were significant at one per cent level, The
regression equation for the height of the seedlings was |
y = 215.79-16,7602 log (x + 1) R® = 0,9003 (Fig. 2a and
Table 10).

Shoot_weight.

Data in Table 10 show corresponding decrease in shoot
weigh; of the seedlings with iIncrease in initial inoculum
levels. The percentage reduction of shoot weight over
control was 11,75, 38,81, 50,40 and 52.86 in plants
inoculated with 10, 100, 1,000 and 10,000 nematodes,

respectively. The regression equation for shoot weight
was y = 2477.90-364.8673 log (x + 1) rR? = 06,9257 (Fig, 2a).

Number of leaves

The plants inoculated with 10, 100, 1,000 and 10,000

nematodes produced an'average of 12,12, 13,12, 11,75 and
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9.85 leaves, respectively, compared to contro..l (14.29)‘._
The differences were marginal and not significant between
control and plants inoculated with nematodes. The ino-
culated plants showed considerable yellowing of leaves,
but the characteristic yellowing of the vellow leaf _
disease was not observed on any of the inoculated plantis.
.The regression equation for number of -leaves was

Y = 14,10~0,9326 log (x + 1) R? = 0,7884 (Fig. 2a and

Table 10),

Girth at collar region

Maximum plant girth 28.26 cm was recorded in control
seedlings and it was minimum (16.60 cm) in seedlings ino~
culated witl-'x 10,000 nematodes. Treatment differences were
significant at one per cent level and plants inoculated
with 100, 1,000 and 10,000 nematodes were on a par. The
regression equation for girth at collar region was
y = 28,21-3,0697 log (x + 1) R? = 0,9774 (Fig. 2a and

Table 10},

Root length

Significant differences in root length were noticed
between treatments. The plants inoculated with 10, 100,
1,000 and 10,000 nematodes recorded 3456, 19.37, 31,23 and
30,63 per cent reduction in root length respectively.

However, the root length measurements in 100, 1,000 and
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10,000 nematodes inoculated seedlings were found to be at
par. The regression equation for root length was

Y = 102,16-9,0182 log (x + 1) R? = 0,9122 (Fig, 2b and
Table 11), |

Root weight

The reductlon in root weight was directly proportionail
to increase in nematode population. The maximum root
welght of 972 g was recorded in control plant_s‘ and the
least (422 g) in piants inoculated with 10,000 nematodes.
The percentage reduction in i:'pot ‘welghts due to diffefent
inoculum levels was 19.96, 38,07, 53,09 and 56.58,
respectively, in plants inoculated with 10, 100, 1,000 and
10,000 nematodes compared to the control plants. Root
weight in plants inoculated with 100, 1,000 and 10,000 .
riema:odes was at par with each othexr. The regression
equation for root weight was y = 932,98-142,8326 log
(x + i) R? = 0.9549 (FPig. 2b and Table 1)1).

In general, there was considerable reduction in the
root growth of - inocculated planf.s particularly with higher
inoculum levels of nematodes in comparisan to control
plants. Severe reduction in the number of iateral roots
occurred in inoculated planté, whereas in control plants
the lateral roots formed the ma jor mass 6f the root system

{Plate 4b).



ﬁ.q.zb.gw%wmmo&g.m

ROOT LENGTH ROOT WEIGHT
| Y 2102.16~9.0182 Log(x+) Y=932.98_142.8326 Log(x+)
10 Rz 0.9122 1050 R'=0.9549
[ J
100-
2
N
80 o
3 i .
L J
60 L i 'l L [ 5
o 1t 2 3 a °© 1t 2 3 4
ROST INFESTATION NEMATODE MULTIPLICATION
Y=1.30 +1.0383 Log(x+1) Y=4.4922 +0.2104 Log(x+)
Rz 0.9386 R%-0.5674
5.5, 5.4 -
o/ ® 59 °
4.5 St 5-2-1
) .
. . .
;é 2.5, 4.8
3 bt ? .
0.5 —l L i 1 A S . 1 i 1 i i
5 5 4 4-4 3

5 | o 1 2 a
Nitial wmoculum. fag(xﬁ) ©itiol twocidume fos(_x.ﬂ)



Plate 4

a. Effect on the shoot growth of arecanut seedlings
inoculated with different levels of Radg_%golus
similis under field conditions in comparison to
uninocuated control

A. Radopholus similis -~ 10,000
B. n 1 - 1 ,_OOO
c, " ] - 100
D, " " - 10

Es Control

bs Effect on the shoot and root growth of arecanut
. sgedlings inoculated with different levels of

Radggl_}olg similis in comparison to uninoculated

A. Ra m olus similis - 1o,ooo

B.. " - 1'000
Cs " " - 100
D‘ 1] (] 10

E. Control
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An increase in initial inoculum from 10 to 10,000
nematodes resulted in corresponding inc_:réase in root
lesions, rottiqg and blackening of root.tips. The maximum
root lesion index (4.96) was recordéd in plants which had
an initial inoculum level of 10,000 nematodes against
2¢35 in plants inoculated with 10 nematodes per plant,
Root lesion indices in seedlings Inoculated with 100, |
1,000 and 10,000 nematodes were at par with each othe;:.
The regression equation for root lesion index_Was
v = 1,30 + 1.0383 log (x+l) R? = 0,9386 (Fig. 2b and
Table 11),

Reproduction rate and final hematode population

The population build up of the nematode with
different levels of initial inocula are given in Table 12,
The highest rate of maltiplication (3040) was obtained :I.n"
plants inoculated with 10 nematodes and it was minimum
(14) in the pots which had an initial ino&.ll@ of 10,000
nematodes. The rate of increase in the other tréatmt;nts
viz. 100 and 1,000 nematodes/plant was 1,477 and 185,
resp_ect ively. Maxinum number of nematodes, was recorded
both in soil and roots of the plants inoculated with
1,000 nematodes. The calculated regression equatlons and
the reproduction factors are preéented in Table 12 and

Fig. 2b.
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Table 12, Effect of different inoculum levels on
population build up of Radopholus Similis on
arecanut seedlings in pots under field :
conditions (Mean of five replications)

Nematode population

e A Nt mint Bt *oan o

P e S ol o et A i S MU i P it AN i KoLl e s ik L=

s, Initial , Total . Multipli-
N ° inoculum Soil- Root maltipli- cation
O+ levels cat ion factor
1, Check o o 0 o
2. 10 581,83 29673 30402 3040
(2.7648) (4.4709) (4.4829) :
3, 100 450,40 14660 . 147775 a
(2.6536) (5,1672) (5,1696) 1477
4. 1000 786,68 189583 . 189823 a i85
(2.8958) {5,2978) (5.2691)
5. 10,000 323.44 1?1189 a 141579 a 14
(2.5098) (5.1498) (5,1510)
S .Em '0.1622 0.1426 0.1386
" CaD. at 1% NS 0.4276 0.4154
C.D. at 5% NS 0.5892 0.5724

—— - —an P

Check was not included for analysis

L2

Figures im parentheses are log transformed values

Mcans with notat ions by the same
. 5% level ‘

Analysis of variance
Mean sum of squares

letter do not- differ at

_ .' Total -
Bource das Soil Root maltipl icat ion
Inoculum 3  0,1346 0.6773** 0.6501**
Error 16 0.1316 0.1017 0.0960

Regression equatign:
Soil ¥
Root ¥

i

Total
multiplication ¥

2.8367-0,0523 log (x+1) (R%=0.1693)
4.479640.2147 log (x+1) (R%=0.5672)

4.4922+0,2104 log (x+1) (R®=0,5874)
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'Hist0pathology of Radquolus similis infested arecanut

L R T s e e 8 A — S A — IEAPE R SR

Examination of longitudinal and transverse sections
of R. similis infested roots revealed considerable damage
to root tissues. Longitudinal burrows developed underneath
the outer cortical cell layers and nematodes and their
eggs could be located here (Plate 5). Nematodes were also
seen in both inter and intra~cellular positions although
intercellular orientat ion was mbre common. In no case the
nematodes were seen Intruding stelar tissues., Necrotic
changes occurred around the head of the nematodes and the
burrows harbouring them (Plate 6a). The nenaiode feeding .
dislntegrated the cytoplasm and cell wall of the host, and
coalescence of these led to the formation of cavities or
burrows in which the nematodes bred and multiplied
(Plate 6b).

i
A e i B

Axenic culturing of R. gimilils was found successful
with the R. similis population from arecanut. Carrot
disecs placed on one per cent agar after 20 to 30 days
developed gradual brown discolouration of the callus,
Complete discolouration was observed after two months.
Discolouration of the carrot discs was taken as a sign of-

multiplication of the nematode. The nematode populat ion



Plate 5

Longitudinal section of an arecanut root inoculated

with Radopholus ii_J_uJ,Liﬁ showing the orlentation of
nematodes in the cortical tissue

B = Burrow
N - Nematode
oC - Outer Cortex






Plate 6

a, Transverse section of an arecanut root inoculated
with Radopholus simills, Nematodes are located in
the cortical burrows '

B - Burrow

E = Epidermis

N -~ Nematode

0C « Outer Cortex

b, Transverse sectlon of infeeted roct showing the
formation of burrows and extent of tdissue damage

B - Burrow
DC = Damage Cortex
N - Nematode
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in each disc varied, but a maximum of 80,000 namatodes
could be recovered from a single flask after two moriths of
inoculation. Populations of Re similis in a disc ranged
from 500 to 80,000, Large numbers of eggs could also be
recovered from these discs, The populations reduced
gradually after two months, Subculturing was done after
45 days by adding sterile water on to the infested carrot
disc and transferring the resultant suspension with a
sterile hypodermic needle and syringe on to another flask
éontaining fresh carrot dlses. At every subculturing,
nerﬁat.odes extracted from carrot dises were Inoculated on
to roots of arecanut seedlings raised iIn sterile soil in
greenhouse. Seedlings inoculated with this population
produced characteristic lesions, rotting and build up of
very high populations after two months., This clearly in-
dicated that the ability of nematodes to parasitise

arecanut roots was not lost due to continuous subculturing,

Isolation and identification of fungal organism associated

with leslions of Radopholus similis on arecanut roots,

O O . A L AP S ot W o Wt B AemAR

Roots of areca palms showing characteristic

.Re 8imilis lesions were collected from YlD-affected palms
at CPCRI (RC), Palode. Newly formed lesions from the
white portions of the main roots were chosen for isolat fon.
Consistent assoclation of a fungus was recorded on FDA
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medium from cortex tissues surrounding the lesions. The
fungus was identified in the laboratory at generic level
as Cylindrocarpon sp. Purified culture was sent to the
Commonwealth Mycological Institute, England and it was

identified as Cylindrocarpon obtusispomum (Cooke and

Harkness) Wollenw. No isolations could be made from the
stelar region of the root that had recorded the fungus

from epldermis and cortex.

Population fluctuation of Radopholus similis on arecanut

L R M o LT R A A

Observations made on the population fluctuation of
the nematode during 1977-80 has revealed distinct increase
of population during the months of September, October and
November which reduced to negligible level or total absence
in March, April and May. Reasocnably good population
(10/g of root) was found to occur from August to December.
While locking into the populations recovered from individual
palms it is seen that variability in populations occurred
between palms for maximum and minimum populations within

the same garden (Table 13 and Fig. 4).

Effect of various nematdcides in the control of Radopholus

TP el AL A A A ¥ W oA

simills on arecanut seedlings in pots under field conditions

- - L

Déta on the efficacy of aldicarb, aldicarb sulfone,
carbofuran and fensulfothion applied @ 1 g ai/plant, thrice

a year for a perilod of three years against Re s8imilis on
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Table 13, Population £luctuation of Radopholus similis
on arecanut (Mean of four palms
Period _-E.'_ iﬁnu@iigpggg%gtio " ‘,.in_._ Mean
(Month) 1977-78 1978-79 1979-80
May 3,0 i12.0 Nil 540
June Nil 3.0 63,0 22,0
July 24.0 141,0 108.0 91,0
August 45.0 581,0 346.0 -324,0
September 1636,0 1400.0  1150.0 1395,3
October - 2147.0 2005.0  1515,0 1889.0
November $40,0 685.0 1820.0 1148,3
December 125,0 295,0 375.0 266.3
Jamary 43,0  120,0 195.0 119.3
February 25 .0 55,0 13.0 31.0
Maxch 4,0 7.0 26,0 12,3
7.0 9.0 543

- E wee
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arecanut secdiings are furnished in Tables 14 ang 15. The
plant growth parametérs like shoot length, shoot weight;
number of leaves, girth at collar region, rqot_lengﬁh,
root welght and root lesion indices were recorded with

respect to the treatments adopted.

Shoot length

The maximum shoot length was obtained in fensulfothion
treatment, followea by aldicarb sulfone, aldicarb and
carbofuran (Piate 7a)., The percentage ihcrease in shooct
length 6ver control was 24,5, 33,9, 39,0 and 45,5 with |
respect to carbofuran, aldicarb, aldicarb sulfone and
fensulfothion treatments compared to control plants,
However, the differences in shoot length were not sa£i3~

tically significant (Table 14 and Fig. 5),

Shoot weight

It is seen from Table 14 and Fig.5 that the naximuml
shoot weight was recorded in plants ﬁreated_with fensul-
fothion, followed by aldicarb sulfone, aldicarb and
carbofuran. Increase in shoot welght due to fensulfothion
treatment was 168 per ;ent, which differed significantly
from other treatments. The plants treated with aldicarb

sulfone, aldicarb and carbofuran were on par;

Number of leaves

Seedlings, grown in infested soil (control) produced ;{
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on an average 12.8 leaves compared to 15,99 leaves produced
by seedlings maintained in fensulfothion treated soil, The
treatment differences were significant at five per cent

level only (Table i4 and Fig. 5).

Girth at collar region

The data on collar girth measurement show that in
fensulfotﬁion treatment the seedlings have recorded an
average of 34.4 cm girth comp-red to 24.4 cm in the seedlings
grown in nematode infested soil., Differences in treatments
were highly signific'ant‘ and the per cent increase in girth
ranged from 26,2 to 41,0 in the nematicides treated plants:

(Table 14 and Fig. 5).
Root length

Moximum root length (84,0 cm) was obtained in case
of fensulfothion treatment followed by aldicar;'b (83,0 cm)
and carbofuran (79,0 cm) and the least in aldicarb sulfone,
(75.4 em). Tt was minimum (63,0 cm) in the plants not
treated with nematicide (control). The percentage increase
ranged from 25.4©33,3 in the nenéticides treated plants.
Treatment differences, however, were not significant

Root welght

Applicatlon of nematicides had also significantly

Increased the root weight of arecanut seedlings, However,
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differences between ncmaticides were not .significant.

Fensulfothion treatment had recorded the maximum root

welght (1644 g) in contrast to the minimum root weight
(602 q) in control (Table 15 and Fig. 5).

Lesions, rotting and blackening of root tips could
not be cbserved on the root system of any of the seedlings
treated with fensulfothion and aldicarb. Plants ‘treated
with carbofuran and aldicarb sulfone were also relatively
free from root lesions compared to plants'grown In untreated

soil (Plate 7b) which had recorded the highest root lesion
index of 4.93 (Table 15),.. e N,

Effect on the nematode population in soil and xoots

Thé data on the total nematode population from both\
‘soil' and roots recorded at the end of the experiment are
summar ised her® ih -Téxble‘-'*ésff‘_;ﬁ Treatment with fensul;
fothion and aldicarb resulted in absolute control of
R, 2imilis population while in the case of aldicarb sulfone

and carbofuran it was considerably reduced.

Effect of different nematicides and neem oil cake in the

control of Radopholus gi_.milis in YLD affected arecanut palms

The purposc of the study was to find out the effect
of nematlcides and neem oil cake in the amelioration of
YLD symptoms, Three nematicides, viz., fensulfothion @ 50 g
ai/palm, aldicarb @ 10 g ai/palm, DBCP @ 10 ml ai/palm and



Plate 7

e Effect of wvarious nematicides on the shoot growth
of arecanut seedlings in Radgpholus similis
infested soll in comparison to untreated control

Ao

o 9 0

-

[y

b. Effect of
growth of
untreated

A

U O w

Control
Carbofuran
Fensulfothion
Aldicarb sulfone
aldicarb

various nematicides on the shoot and root
arecanut seedlings in comparison to the
control

Control
Carbofuran
Fensulfothion
Aldicarb sulfone
Aldicarb
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neem oil cake @ 1.5 kg/palm were applied three times a
year against R, similis on arecahut palms affected by YLD.
Initizl nematode popﬁlationa varied from 9 to 61 per g of
roct. Pretreatment populations were assessed every year
during October because of the availability of mxximum
population during that period. Nematode population in
October, 1976, did not show any significant difference,
nor were there differences in yield after treatment (Tables
16 and 17). However, the population was reduced consider-
ably after application of nematicides compared to control
palms. In the second year (1977) the nematodé populat ion
in palms treated with fensulfothion, aldicarb, DBCP and
neem oll cake was significantly less than in control
however, better yleld response was noticed only in fensul-
fqthion and neem oil cake treatments, During 1978 also
significant reduction in the nematode population was ob~
served and interestingly in the succeeding two years, 1979
and 1980, no R. similis could be recovered from the treated
palms whereas the untreated palms (control) recorded 172 to
425 nematodes per 25 g of roots. Ihcrease in yield was
noticed in 1978 in fensulfothion, aldicarb and neem oil
cake treatments compared to control and DBCP treatments.
Though absolute control of R. Similis was observed in all
treatments during 1979, yileld response was more only in
the case of fensulfothion and aldicarb treatments. Highly
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significant yield increase was noticed in 1980. Fensul=-
fothion treatment had yielded ﬁore number of nuts (344,90)
and total nut weight per palm (7958 g), closely followed
by aldicarb. Treatments with DBCP and neem oil cake were

at par with each other,

The results with respect to disease‘;ndices of
arecanut palms in different treatments are given in Table 1t
The analysis of the data showed that disease incidence dia
not differ significantly between the treatments., Consider-
able reduétion of disease indiceé ﬁas.noticed'in the palms
treated with fensulfothion and aldicarb compared to un-
treated (control) palms during 1980, Decrease in discease
incidence and increase in yleld were observed in all
treatments compared to control iIn the fifth year (1980),
While comparing the severity of disease symptoms before and
afﬁer application of nematicides, it is interesting to note
that a gradual decrease in disease incidence was seen in
treated palms as compared to that in untrested (control)

palms,

Effect of application of various nematicides on Egpulatiég

build up of Radopholus simills and incidence of YLD

symptons on arecanut seedlings in field

The data on nematode populatilon recorded in the roots

at the commencement of experiment and thereafter once a
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year during 1981-83 as well as expression of YLD symptoms
on arccanut seedlings are summarised in Table 19, There
was consliderable reduction of nematode population in the
nemat iaides treated palms but the differences between
treatments were not significant. Population of R. similis
could be recovered from all treatments., This is indicative
of the fact that the dosage was not adequate enough to

eliminate the nematode populations.

Observat ions recorded on growth parameters revealed
" that there was marked improvemeht‘with regard to shooct
length, number of leaves and collar gifth in the treated
plants comparced to untreated check and nematode inoculated

plants.

The treatment of aldlicarb @ 3 g ai/plant controlled
R. similis effectively in 1982 but, however, population was
noticed iIn 1983, In the case of phenamiphos, phorate and
DBCP treatments a steady decrease of nematode populat ion
was obsefved. The plants in DBCP treatment exhibited severe
phytotoxic symptoms. Plants inoculated with 10,000 nematodes
- through Infested roots as well as from axenic carrot
culture supported steady increase in nematode population
from 1981 to 1983, The population fluctuations occurred

on carbofuran and untreated control plants.

With regard to YLD symptoms maximum percentage of

disease incidence occurred in untreated control plants
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(56.6%), closely followed by seedlings inoculated with
nematodes (62.5%3. In general, the percentage incidence of
disease was comparatively less in treated plants than un-
treated control or on inoculation. The percentage incildence
of YLD symptoms was significantly less in aldicarb treatment
compared to other treatments, It is also interesting to
note that aldicarb was superior £o all other nematicides
tested, because it had controlled nematode population signi-

ficantly with least percentage of disease incildence (12,5%).

Screening of Areca germplasm for resistance to Radopholus

L R A

similis -

Fortysix Aregca germplasm colleétions avallable at
CPCRI (RS), Vittal were screened for locating their resi-
stance, if any, against R. similis in two experiments. Each
cultivar was raised in earthen pots of 35 cm diameter, Plants
in five pots were Inoculated with 1,500 R. similis each and
the.remaining five kept without inoculation served as
controls, The observations on plant growth paraméters like
shoot length, shoot weight, nﬁmber of leaves, girth at collar
region, root length, rooct weight and root lesion indices in

fortysix cultivars arc presented in Table 20.

None of the fortysix arecanut cultivars screened
exhibited immune or a high degree of resistance to
R. s8imilis, The first experiment was conducted during



102

* - .@pcoo ) _“.
€1 z° 1 6°21  0'0Z  Z'w+  gez 1°SZ €6 _8T-11A  g-spueTsr uowotog 01
°g 01 9°1 z°s T°¥% £y 0°g 0*1 qB8T-TIA  Z-spuersy ucwoTog -&w;Mw
61 o1 8°9T  v*z1 o2 0°9 2°TT 1t LT-maa sxodeburg *@: .
vee ¢ee 6°L LTV sttt 0'z+ peg 8°0  vT-1IA g-Uobreg -
£€T °°T LTy v*0z g7 gec 0*s $°T  €r-1aa ¢-uobreg -9
SPT  vet 7 6%67 6° T+ 0° 9+ 1A 6° T 21114 I~uobreg +g -
oLL Vo1 9°C 67+  8°¢+ G- 9°€T S8 IT-1IA 9-efssuopur
145 02 89T  ¢°g 8*s 1°6 €°2T  9°ZT  G~7Ia T-EUeT Tag g
zeL S°e ¥°ze  6°¢ 0°Z L°ST z 8t 0" 11 €=7TIA (eTebuew) euryy -g.
(A% A 6°1 €°92 z*9 S°11 1°C 0°g €°1 T-"11A Thra -1
| e
001 XSPUT  3U6Tes U3BueT seaesr yaxrh brom y3bus{ Tequmu
Jo UoTseT 300y 300y JO*ON IBTTOD 3j00yg J00yg uots A *ON
B/seuwrs o0y T T . ~-5900VY TRATITND .g
N TOIJUCO I2A0
SIPJORIRYD Y3moxh jo uoTIoNpaI JUsd Iog
(SUoTIedTIdex BATF JOo ueey)
ot e Indod spogeumu pU®e Xopur UOTsSST 10031 ‘sI9joereyD YaMOIH
AIBTE : STTTUTS STHTOUCODPEY 03 DoUR3STsoI I0F u

seTduzsb eooIy JO Burusaxog *oz siqeyr



lo3

> e I.@pcoo

£S5 LAl Lree S°S 851 9°82 o*ew ctLe TTTeWSITH *1¢C

v€9 8*1 S°61 9°¥2 €£°6 9" T 0° 1€ vVl - T10deq *oz
pSL 0*C 0"t  L°YE  T1°€C  ¥°OT  6°8%  9°1Z - . InTefeuWPTW ‘6T
822 o't L°LY LTV 00 1°ve  z°% g°¢ - wessy °gy

sSCA] snouabypul ‘g

(XXTe5035%0 -V)

989 . 0°¢ £°9¥ T°L 9*¥ £°€2 9* 12 vre CY—TIA PURTSIL MBN LY
. (EUETSOTbueT *V)

LLY o°1 8°€T v 11 - 9°8 - S* 1Y L"82 g*g EE~TIA TITd *ot1

| _ o (STaecceies *§) -

€ 01 €61 S*9 IRAEA €°L 6°Z1  8°%S LZ~TIA uobres gy
. (TTAqUBWIou *¥)

144 ¥ 1 G*zeT 1° 12 6°2¢ 9°¢ 0° 1S e*%1T . gZ-TiA BITRAASTY *¥ T
_ (EIpUeTII *V)

SLS g8°0 8°0& ¥°01 S*C S 7% 0°&¥ G*¢T L~TIA Z-eTS2UOpPUL *g€7

| - , (EFpuetay V)

L6 0°¢ 1°LE S*8¥% o1 0*0 $°8S 9°92 9-TIA T-BTSOUOPUL °TT
-~ (EIpUeTI3 TOBaV)

6LT 0 L*0S 9°1¢ 9°1 12 ¢4 S*EV S°LT 2—1aA SOTITINEW “ 717

- e v

T — et Lo

3001 XOpuT ubrom UIBUST soAeoT Uxrh aubrem yazbusy Isqumu
J0 UOFsat 200y 300y JO*ON JIeIT0D 300yg jooyg UuoTs IBATITND
H/sewsy 300y : - ToZ00 35 : ‘ - S3D0Y

SIDIVEILYD YmoIH JO UOTIONPII JUID Iod

*ON
°s

(TTTPIUGT) 0z S1ded



104

***pauocp

€01 2771 £°6¢ vezs 9°1¢ z°ve A £ ¥°2¢ 1Zz-1IA E-BNURT TIg -2
€T 0%t 6°LZ  L*TT  gege g 9 - L*9  gy-riA Z-oueT Tas vy
. sadA], OT30Xd *v
T
8 9°1 S°6 s*oz 8°S1 L*8 L°82 ¥°or1 - T2AO TTTRURYIITYL *T1¢
¥ 0T §'8e  Lo1 1y L°6E  g£°t€  2°Sy - BuoTqo FTTeWRU3ITYL *of
SY1 o* 1 7*85 9°g Bk Ad 2 6°TE 5*62 z°01 - TTTRURYIITYY, *62
Lsz 6°1 " 1L 0°0oF 1°8 8°1S 6°8L v°0s - UeypIeasais *ge
6€e LT  8'TT 2T  o'wy s-ge 9°85  6°82 ~ BIRURY YINOS *LZ
SST 171 0* 9y O°LT .H.b i 0* 9+ vezy 9*8 - Tebeust yow Lou.
€ST  6°0  L*09  P°Sz 961  o'cT gL €6 - weletednijay * Sz
858 1°Z I°6T  8°0T 1°6 6V 9°ST  6°0% - g-RADURH *¥Z
(A7 Q°z 8*9 VoL o*0 AL €°2 "z - v-eanyey ¢z
€S 0 L*ZT G*S 96T 9°82 o*ed Z°Le - (Te33TA)  TROOq *ZZ
3001 Xopuy brom uy3zbust SOARDT Uxr6 qubrom ysbueT Ioqunit o *oN
mﬂaMﬂmz amwwwa 300y 008 JO*ON IBTTOD 4300Yg Joouys -mwmwm TRATATNO g

TOIJUOD IDAO
SI93drvIRYP Yamoxh Jo UotJonpax o0 I9g

(FF°P365Y 07 e1qed



105

S6
SOT
S11

VA%
80V

00Z
68T

oee
<19
88

e R e R

e

o*c
Z°1
Z°1

uorsaT
300y

6°%9
L*22Z
5*8S

O°LT
0*6T1
2 61
L°Te
o1V

z°6¢

€°9

8*€Y
6° 9%

€°€ES

€ 9¢
0°8¢
A

€LY
1°91
8°0¢C
6°8¢
8° 11
L*ov
L°67
€752
A5

8°8¢

0*9y
o*ov
L* 18
0¥
9°¢
Al
5°6Z
0°0
¥° 12
T°L
L*0Z
L*L
0*se

€L
9°g
8°8T

6°v
72T
6°8
T°22
¢°s
7°g
€°0T
2t 1¢e
S°FT
6°971

300y ~ 300N -

———— - ————

300y

yxrhb aybrem yabust HmQE9a1
JIeTIOD  300YS _ acoyg

6°7S

6°LT
(AN A

8'Yv
8°CT
1°0T1
o°¢

P°ST

T°6C.

6°€Z
£°0¢

8°0¢

g°ot

WU R R NIRRT e WR Aokt e

6*67¢
L*oz
AR>

5%
8¢
€°LT
8°€T

I~ (4} ~ ™ 32)
* ] L ] [ ]
0 N v [
o™ [42) ™~ t

‘e

£°0¢

TOX3U0D

sIsjoeIeyd yImoxhb jo

ADAO

UOT 30NPaIT JUSD 194

om.ﬂ

- ROOJIE JDOMQ
- TUPSRd ¥
- ®OTPUL €T
S5 SROUSDYPUT  *g
o6ZT-11A G-uewepuy gy
@mmaga> p-uewepdv Iy
~6C—LIA g-uRwepuY “0Of
o5Z~1LA Z~UBWRDUY 6
26C-1LA T-URWepUY  °g
9T—TIA Tra -L
~8C-TIA g-uofifes  °9
BT~1IA ¢g-uobreg °g
o8C~11A T-uobteg °¥
TT-1IA y-exueT 1Ig ¢
ucy s JRATITND .wm
~So00Y

—y e

o ————

(PP SY o7 S1ded



106

1977-1979 and 31 Areca germplasm of both exotic and in-
digenous types were screened, A perusal of the data in

. Table 20 indicates that all the 31 cultivars of arecanut
were susceptible to R. gsimilils, but differed in their
degree of susceptibility, hoot lesion indices varied from
Oe.4 in Hirehalll to 3.0 in Assam, Indonesia-l, and New
Ireland in the scale of 0,0 to 3.0. Low record of root
lesion indices and nematode population in the root occurred

in cultivars Singapore, Solomon Islands-2, Solomon Islands=3,

Hirehalli, Thirthahalli oval, local variety of. Areca catechu

and Saigon variety of A. calapparia. Minimum reduction of
plant growth characters was also observed in these cultivars.
Root lesion indices were high in cultivars Assam and
Indonesia-l, ut they supported only moderate level of
nematode population in the roots., Maximum reduction in plant
‘growth characters was noticed in Indonesia-l compared to
Assam. The cultivars Mangala (782) (Plate 8), Chikmagalur
(754), New Ireland (686), Mahuva-~B (;55) and Indonesla-6
(776) recorded very high nematode populations and root lesion
indices with high percentage reduction in plantlgrowth
characters which clearly established their highly susce-
ptible nature to Re. similis., The cultivars Indonesia=6

and Mahuva-B though recorded high nematode population and
root lesion indices in the roots, plant growths were come

paratively less danaged, thereby exhibiting a tolerant



Plate 8

M gMig infested arecanut seedling var.
Mangala showing lesions, rotting and blackening of
root tips
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reaction to the hurrowing nematode. Nbét of the other
cultivars were intermediate for root lesion indices and
number of nematodes per g of roots. Root systems of control

plants exhibited no lesions and yielded no R. sgimilis,

In the second experiment condudted during 1981-.83,
fifteen Areca germplasm collections were screened and the
data are furnished in Table 20, All the fifteen collections
were susceptible to Re Similis but differed in thelr susce-
ptibility. The root lesion inde% of individual plants was
rated visually on O to 5 écale. The root lesion ilhdices and
nematode population were diétinctly lessrin cvs, Sri Lamka-3‘
(VIL-21), Indica, Peechi and Sweet areca. However these
cultivars showed considerable plant damage which indicate
their high susceptible reaction to R. similis. The cultivars
Fiji (VTL-26), Sri Lenka-4 (VIL-22) and Saigon-2 (VTL-28b)
had higher root lesion indices and nematodes populations with
conspicuous reduction in plant growth characters and there-
foré, they could be considered as highly susceptible to |
such as Andaman-l (VTL-29a), Andaman-é E%TL—ZQC) Andaman—4
(VIL=-29 d) and Andaman-5 (VTL-29e) though recorded high
root lesion indices and nematode population the reduction
of nlant growth parameters was minimal which prove that .

they possess a high degree of tolerance to the nematode
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infestation. In one of the cultivars Saiéon-a {VTL-28¢)
in spite of high root lesion index, the nematode popula-
tion in .the roots and the resultant plant damage were
found to be consplcucusly less which can therefore

be designated as less susceptible. The remaining culti-
vars were rated intcrmediate bécause they supported
large population of nematodes with moderate plant damage.
There was no correlatioﬁ between root lesion index and
the nematode pdpul'ation except in 'OV..;Sr; Lanka~3
(VIL--21), In general, -the plé.ht’._ qrowtﬁpérame!;ers

other than the root weight did not reflect a tx';and in

relation to nematode population and lesion development.
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DISCUSSION

The burrowing nematode, Radopholus similis is an

important migratory endoparasitic nematode knéwn to cause
seriqus damag;a in several agricultural plantation crops
in many parts of the world. The éresende of this nematode
in 'asasociationxwith a coffee disease in South ,India was
first reported by Mayne and Subx'anhanyam- (1933), A
quarl:.er century 1at.er, an unconfirmea repo,rt of 1ts
prevalence on sugarcane was madesﬂby Srinivasam (1958).
Subsequently‘, its occurrgrft:e ;.n Sguth India on banana,
cocontt and arecanut were reported by Nair et ﬂ (1966),
‘Weischer (1967) ang Kumdr et al, (1‘9_71)._A In spite of the
reports of its occurrance on tﬁese .:l.rr'portanti' plantat:{.oh
crops, no sysﬁématic :i.nvgst:i}gfations were carried out on
thi:.s'! nematode . -Hé‘i‘we,'the_p}esé'xt studies on the .
d;.stribution of this nematode in Kerala, Karnataka and
Tamil Nadu with spec:.al reference to the yellow leaf
disease (YLD) of arecamut, its pathogenicity and control

were in it lat~a.

The extensive survey involving 822 each of soil
and root samples covering the three major arecanut
. growing states (1,19,500 ha) in Sguth India revealed the.

widespread occurrence and distribution of R. similis.
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Its prevalence even in very remote and inaccesgsible éreas
is indicative of the indﬁgenous nature of the nematpde
and its association with other crops like coconut,
arecanut, black pepper and banana which are also culti-
vated extensively in<the three states surveyed . further
confirm that the existence of nematode may not be of

recent orygin.

The nemtode was found to occur im 73.9 per qeht
ef samples collected from Yﬁb_affectéd-sites as cdmpared
to 43.9 per cent from disease-free siﬁés. However, only
32.1 per cent of the YLD-siffected ﬁalms yielded R. similis
against 31,9 per cent of healthy palms from disease-free
‘tracts, Though consideréble.root danmage by way of lesions
and rotting could be recorded on arecanut in' associat ién
with this nematode; no apparent symptoms could be
attributed to nematode infestatioﬁ on arecanut in both
the he;lthy as well as the diseased palms. A maximum
popu}ation of 440 per gram of root with an average of 84
Was fécorded in YLD-affected'ﬁracts, as against a maximum
of 48 with an average'of sevén in the healthy areas.

More number of nematodes per gram of root was recorded
from the rOOtS cof palms showing initial stages of YLD
than from palms in the middle and advanced stages.of the

disease! Similar trend was reported in the spreading
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decline of citrus by DuCharme and‘Pricé‘(1966). From
these results no direct correlation on the involvenent of
the burrowing nematode in the incidence of YLD éould be
drawn. However, it suggests the involvement of R: similis
as a prediSposing fadtor in YLD on attaining a minimum

population build up.

Some of the difficulties éncountered during the
survey were difficulty in drawing .soil and root samples
from the root zohe of arecanut especiallf in laterite
soil under low moisture conditions, lack of aﬁailability'
of young succulent rbots‘specially in older as well as
in palms with advanced stages of disease, non-prevalence
of detectable levels of population all through the year,
delay in the transport of samples collected to the
laboratory, physical labour involved in the processging
of root samples, presence of high tannin content in
arecanut roots and the need for low temperature (10 to
20°C) conditions for the extraction of nematode populat ions
from the roots. Similar difficulties were also experienced
by earlier workers on citrus (Suit and DuCharme, 1953), |
banana (Vilardebo, 1976) and coconut (Koshy et al., 1975).

Radopholus similis was found to ococur more In sandy

loam soil than in other soll groups, which cbviousiy

indicates its preference for lcose well drained soil.
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This is in conformity with the findings of Stover and
Fielding (1958), O'Bannon and Tomerl in (1971) and Tomerlin
and O'Bannon (1974) on the association of R. similis

with the spreading decline of citrus in Florida.

Generally arecanut is inter/mixcropped with either
one or more crops like banana, cardamom, black pepper,
coconut ete., It is interesting to note that 56.29 and
Sl.olper cent root samples of arecanut collected from
plantations inier cropped with cardamom and banapna,
respectively, yielded,ga similis compared to 25,37 per cent
occurrence in root samples from plantations where mono-
cropping of arecanut was practised. The crop combinations
of arecanut, banana and @ardamom were pract ised only in
Karnataka, whereas inter cropping of arecanut and banana
is practised more or less in all plantations. Another
interesting factor was the influence of irrigation in
areca gardens in Karnataka area and the resultant increased
_per cent occurrence of R. similis irrespective of the crop
'combinations involved. It was seen that high percentage
occurrence of R. similis was recorded from the roots of
banana (64.45%), followed by blaék pepper (25,0%), cardamom

(18.18%) and coconut (16,77) grown in arecanut gardens.

Banana and black pepper are favoured hosts of the

burrowing nematode which has been reported as the causal
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agent of the root rot disease of banana (Blake, 1961)

and yellows of pepper (van der Vecht, 1950). The above
findings have clearly brought out the fact that crop
corbination of susceptible crops especially of perennials
1s likely to cause severe damage to both the main crop

and the subsidiary crbpé. Though growing together of
banana and arecanut happens to be an age old practice,

it is preferable to avoid this in the infested gardens.
Distribution of planting materials of the main crop and
the subsidiary crops to.newér“areas mist have been the
majpor reason for the widespread occurrence and distribution
of this nematode. Hence this brings out the need for
using nematode-free planting materials and application

of suitable nematicldes for succéssful cultivation of
these crops together to meet the local requirements of
planters as it is inevitable to have multispecies cropping

'systems to maximise the production per unit area.

Radopholus similis was recorded from 264 out of

822 (32,1%) root samples collected. Similarly the presence
of the nematude was noticed in 256 soil samples. Iﬁ
certéin locations soill samples collected around infested
roots did not yield R. similis. At the same time, in
certain other locations root samples did not yield

R. 8imi}is whereas the nematode population was recovered
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from the soil samplés. This brings out the need for
COll(..C’tiOn of both the soil and root sanples in crucial :
detect'ion,_‘ surveys.

Théugh the survey was conducted méinly to study the
distrikation of R. similis, the analysis of soil samples
recorded 27 genera of plant parasitic nematodes other than
R. similis on arecanut. The dominant species were
Hellcotylenchus dihxstérg;" Rg;xlg}chulus renifdrmis,'
Caloosia long-i;déudat-a and.-HéﬁﬂCxi‘ijééﬁénbides méﬁgiferae;

Though R. reniformis was recorded in 45.74 per cent of

soil samples, no gravid females were observed on‘aré-cénll.lt'.
roots. Large populations of juven'iies of _N@}_Qiéggxn'e sp.
were also recovered from the root zone of arecanut. However,
no galling or ‘adult females were noticed on arecanut roots.
Probably these populations are surv;wing .on weed hosts. in
the root zone of arecanut. Thus, the results of the present.
studies indicate that the burrowing nematode, 'R. similis '

is the only major nematode disease on arecanut. ‘I‘hé genus
Diptherophora and the speciés Aphe ;'Qégoides J,E:am iénﬁis,
Aphelenchus (Anaphelenchus) isomerus, Caloosia longjcaudata,
Discocriconemel la limit ea, g@x %ora teres,
Epicharinema keralensg, Heliootxlenchus dihxstera,

Hemicriconemoides mangiferae, __qp_rolakms seinhorsti,
Long idorus saginus, "MachBOSth‘onia, ormata, Pratx"lenchus zZeac,
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Scutcllonema unum, Tylenchorhynchus coffeae and Xiphinemg
mj._nw@_sg&g_}_g are new records on arecanut.

The burrowing ncmatode, E. similis is notorious
for its potential as a plant pathogen specially in the
sprecading decline of citrus in Florida, pepper yellows
in Indonesia and in root rot of banana. The experiment
carried out in the cement pots under field éondit_ions had
confirmed the potential of this nematode as a pathogen on
arccanut. An initial ihocuitxm of 100 nematodes per seedling
was found to cause significant reduction in shoot length,
shoot weight, girth at Gollar region, root length and root.
welght. Thus, the inoculum .threshold/damaging level of
incculum was found to be 100 nematodes per seedling or
one nematode in 800 g of laterite soll. Though the increase
in initial inoculum levels had resulted in corresponding
decrease in plant growth parameters, the differeﬁces were
not significant above the inoculum level of 1000 nematodes
per plant. The most conspicuous symptom of nematode
parasitization was seen on the root system. The nematodes
produced small, elongate lesions on the young succulent
creanv white to light orange goloured portions of the
maln and the lateral roots. Subsequently, the adjoining
lesions coalesced and caused extensive root rot. Blacken-

ing of root tips was an important symptom noticed in
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arccanut unlike in coconut (Koshy et _ia;_, 1975). Drastic
reduction of root mass and volume could be obtained with
inoculum levels of 100 and above, gimilar results have
been reported on coconut by Koshy and Sosamma (1983).,
However, no such pathogenicity experiments appecar to have
beén carried out on citrus or banana. The potential of
~the burrowing nematode as a pathogen on black pepper
(Venkitesan, 1976), ginger (Sundararaju ¢t al., 1979)

and tummeric (Sosamma &t al., 1979) has been established.

The maxinum rate of miltiplication (3040 times)
was obtained in the poﬁé inoculated with 10 nematodes per
plant over a period of 36 months and it was minimum (185
times) in pots which had rcceived an initial inoculum of
10,000 nematodes pex plént; The redu_ctionr in the rate of
nultiplic‘ation withihweaski; initial densities is a well
recognised Phenomnon; sj_.milar _reports have been made in
case of R. similis on codonut (Koshy and Sosamma, 1983).
This phenomenlon can occur only when the reproductive
potential of the pathogen is dependent on and related to

the availabiiity of nutrition and substratum,

Though the present results established the
pathogenicity of the burrowing nemai:ode on axocamut, its
exact role in the causation of YLD could not be fully

established. The inoculated plants exhibited considerable
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yellowing of leaves; vhich was, however, different from
the characteristic yellowing of the YLD of arecanut.
Except for yellowing and stunted growth no apparent or
avove grouna symptoms could be obtained. The root damge
on inogulatioﬁ and the increase in root volume cobtained
on protection with nematicides in the control exPeriments
gives a vivid picture of theldanmge this nematode could
cause tO arecanut. Araecanut palms'pérésitized by

R. similis with impaired rdpt“sys#em is bound to succumb
readily to drought, YLD and other diseases aﬁd pests as

compared to the uninfested palms.

Aithough no extensive studies were made on the
infection process and histopathologicél changes, the
results obtained here indicate that R. similis can infect
areca paims by destroying the parenchymatous cells in the
cortex. The inter and intracellular orientation of the
nematodes and leis of cellé'and formation of longitudinal
burrows are observations similar to those obtained by
DuCharme (1959) in citrus, Bléke (1966) in banana and

Govindaniutty and Vellaichamy (1976) in coconut palm roots.

Conduct of pathogenicity experiments and screening
varieties of plants with massive root . systems requires
‘large populations of nematode. O'Bannon and Taylor (19568)

cultured the citrus race of R. sim;lis on carrot discs.
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Later, Koshy and Sosamma (1980) cu‘l‘tur‘ed the banana race

of R. similis infesting coconut on carrot discs by modi-
fying the method of 8'Bannon and Taylor (1968) slightly

to meet the local conditions. an attempt made to cﬁlture
the banana race population of R. similis from arecanut on
carrot discs was quite successful. The population was
also found to retain its infectivity even after continuous
culturing on carrot discs. 'The axenlc culturing has
uon's.'l.derably helped to overcome the difficulties encounter-
ed on the availability of adequate pop.llation§ of nematodes

throughout the year for various studies.

Several fungi have been. reported in association
with R. similis lesions on oifrus (Feder and Ford, 1964),
banana (Booth and Stover, 1974; Pinochet and Stover, 1980)
and coconut (Sosamma a2nd Koshy, 1973, 1933). Unlike in
other nematode-fungal complexes, the nematode fungal com-
plex on banana (Pinochet and Stover, 1980) and coconut
(koshy and Sosarma, 1983). with Cylindrocarpop spp.
vas found to suvppress the nematode populations. The
fungus C. ohbtusisvorun isolated from the cortical tissues
surrounding the nemfode lesions on arecanut roots have
already been recorded as pathogenic on strawberry by
Booth (1966).

Studies carried out on fluctuations of R. similis

populat ion in arecanut Palms grown in laterite soil



119

clearly revealed the occurrence of maximum population

in the months of October and November. No population
could be recorded during June, 1977, April and May, 1979
and generally the minimum populaﬁions prevailed from
March to Juane and high populations from August to
Decernber. Variatibns from the general pattern of occu
rrence of peak and low populations existed between palms
and samples. Similar observations weére réported by
DuCharine and Suit €1967) on citrus andl on dbéohut (Koéhy
and Sosamma, 1978), Vilérdeb6(197$) reéorded £luctua--
tions of R. similis populations in banana in Camercon.
He had also noticed the maximum population in roots of
nlants that had flowered and the minimum population in

March towards the end of the dry season.

At Palode, Trivandrum district, Kerala where the
vopulation fluctuation studied, there are two rainy seasons
viz. South West monsoon duringiqhne to August with ;n
average monthly rainfall of 464 mmn and 18,8 rainy davs
and North east monsoon during October to December with
an average monthly rainfall of 514 mm and 12.2 rainy days
(Appendix - II), The average anbient temperature during
these jyears varied from 25,.4° to 36.3°C dﬁring March to
May and 24°C to 33.0°C during Septenber to Novenber
(Appendix III). This shows that dry spell which prevails
in this region during March to May might have influenced
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the population build up and resulted in low population
during this period. However, the rainfall in the sub-
secuent. months, not only bring down the soil temperature
.and provide adequate soll moisture, but also induce

max frmum numbexr of fresh roots which are parasitized by
the residual populations available in the soil, ulti-
mately resulting in population increase during August to

Decermber.

It was also seen that the nematode‘population
inc reased gradually soon after‘the'heavy mbnsbon coupled
with low temperature, avallability of continuous soil
moisture and young succulent, non-suberised feeder foots,
reaching.its peak in October/Novenber, when all these
conditions prevailed even though fdr a shart period of
time. The other reason for the rapid dip in the popu-
lation was the root decomposition and the resultant
migrat ion of‘nematodes from the root. This situation is
almost identical td what had been reported on citrug by

DuCharme (1969) and on coconut by Koshy and Sosamma (1978).

¥rom these observations; it is clear that the
surveys for detectlon of R: gimllis may be carried out
during September to Decenmber and application of nematicides
for control of R. similis may also be done in August to

September.,
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The experiments discussed in the preceding para-
graphs have clearly indicated that the burrowing nematode
is an important root pathogen of arecanut, affecting
th§ plant growth adversely. Soil application of nemat icides
to control R. similis had been tried by ‘various workérs
mainly omr citrus and bamana (O'Bannon and Tomerlin, 1977;
O’Bahnon and ‘i‘arjan, 1979; Beugnon and Vilardebo, 1973;
Hasing-Lama et al., 1976; Broadley, 1979a and Figueroa,
1980). An attempt was, therefo.fe, made to evaluate the
efficacy of nematlcides_ and neem oil -cake as an organic ,
amendment in the control of R. similis population on

arecanut seedlings as well as on bearing areca palms.

The pot culture experiment carried out during the
present investigation on thé control of R. similis indi-
cated that all nematicides (Fensulfothion, aldicarb,
aldicarb sulfone and carbofuran) were effective in reducing
the nematode population significantly and increasing the
groﬁh of arecanut seedlings in comparison to the control
plants. No evidence of phyt'otcncicity was observed with
any of the nematicides used. Fensulfothion and aldicarb
% 1 g al/seedling applied thrice a year for three con-
Secutive years gave absolute control of R. gimilis both
in scil and roots compared Lo aldicarb sulfone and carbofuran.

. Similar results were reported by Koshy and Nair (1979) on
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qoconu£ seedlings. They reported maximum reduction in
population of R. similis in coconut nursery with
fensulfothion @ 50 kg ai/ha. The present result is also
in agreement with that of Broadley (1979a), who reported
that fensulfothion © 2 g .ai/stool, applied to banana
three times a year continuously for four years, gave
maximum control of R. similis compared to phenamiphos,
ethoprophos and oxamyl. | 'Verﬁ';itesan (1976) also observed
that' fensulfothion or aldicaln-:"b'su}..fme at 4 to 8 Xy ai/ha
completely eliminated R. similis population on black

pepper seedlings.

The results of the experiment on YLD-affected areca
palms showed that during the fourth and fifth years, no
population of R. similis could be recovered from the
nematicides and neem nil cake treated palms. Though
absolute ‘control of R.. simiiis was observed in all
treatments in the fourth year decrease in disease intensity
and increase in vield were observed in all treatments only
during the fifth vear, compared to untreated control,
How&er, the vield response waé high only in the case of
fensulfothion and aldicarb treatments. It 1s inferred
that fensulfothion and aldicarb were effective both in
cantrolling the nematode.and in increasing the vield of

arecanut. The effectiveness of fensulfothion and éldicarb
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for control of R. similis and increasing the yield had
been reported on banana by Nair (1979). Figueroa and
Mora (1977) studied the effect of different dosages of
aldicarb and DBCP on banana for the control of R. similis.
Thev found that aldicarb @ 9 kg ai/ha (60 g aldicarb

1o G/plant),'ap?lied at three months intervals, gave the

best results on vield and control of nematodes.

From the studies it was seen that all nematicides
viz, fensulfothion, aldicarb, ﬁBCP and neem oil cake applied
to arecanut palms thrice a year continously for four. years

gave avsolute control of R, similis.

The yieid increase might have been due to the
increased root growth, resulting in better uptake of plant
nutrients. The diséase indices of treated palms were also
low which is very ehcouraging even though the role of this
nematode in the etioclogy of vellow leaf disease could not
be'fully.establishéd. Root rot is one of the major
symptoms of YLD and the present result therefore, suggests
the role of this nematode as a pre disposing factor in

the incidence of YLD of arecanut.

The results of the experiment on naw young trans-
plants indicated that treatment with aldicarb @ 3 g ai/
seedl ing of fered better control of R. gimilis than other

nemat icides. . Similar results with aldicarb were obtained
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by varlous workers on banana (Hasing-Lama et al., 1976;
Recavarren-Herrera et al., 1976; Figueroa and Mora, 1977
and Figueroa, 1980). A steady decrease in nematode
population was also observed in the case of phenamiphos,
phorate and DBCP treatments, ut the plants treated with
DBC» died e to phytotoxicity. Kbshy et al. (1983)
recorded complete control of R. similis with phenamiphos
and Phorate @ 25 kg ai/ha when amlied thrice at intervals

of three months in coconut nursery.

Tt 1s also Seen that seediings belonging to all
treatments had expressed YLD symptoms. However, maximam
percentage incidence of disease occurred in untreated
control plants (66.6%), against 12.5 per cent in plants
treated with aldic—é.rb-. P_ercéntai;e incidence of YLD symptoms
and R. similis population were less in aldicarb treétment
compared to other treatments. However, total elimination
of R. similis was not observed with any of the treatment.
This suggests that the dosage tried was not adequate

enough to eliminate the urrowing nematode populations,

Results of the screening of germplasm assenblage
_ indicate that none of the arecanut cultivars exhibited
- immune or a high degree of resistance to R. similis.

All of them were found suscepmtible in varying degrees.
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They could be grouped into three categories such as less
susceptible, highly susceptible and tolerant based on
théir reaction to R. similis in relation to reduction of
plant growth parameters, rate of maltiplication of

nemnatode and root lesion'indices.

In the first series, the cultivars Mangala (VTL--3),
Chikmagalur, Indonesia-l (VIL-6) and New Ireland (VTL-43)
and in the second seriegs cvs, Fiji (VITL-26), sri Lanka~%
(VIL-22) and Saigon-2 (VTL-28b) recorded very high
nematode vopulation uild up and root lesion indices with
maximum percentage reduction of plant growth parameters
over the control plants, which clearly established their
highl; susceptible nature to R. similis. The accession
Mangala (VTL-3), an introduction from Peking (China), was
found to have a number of desirable characters such as
earliness in flowering and bearing, higher munber of
female flowers per inflorescence, higher yields, quicker
stabillisation of yileld and its semi-tall nature in com-
parison with the local (South Kanara) cultivar
(Bavappa, 1977). This semi-tall cultivar has been
released under the varietal name 'Mangala' and has already
échieved wide acceptance among the farmers all over the
country. Hoﬁevef, the present studies have clearly
shown its highily susceptible nature to R. similis;
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The cultivars Indonesia~-6 (VIL-11l), Mahuva-B,
Andaman-l (VIL-29a), Andaman--3 (VTL-29c), Andaman-4
(VTL--294) and Andaman-5 (VTL--29e) had supported high
nematode populations and root lesion indices with com-
paratively less plant damage, theréby exhibiting a

tolerant reaction to the burrowing nematode.

The cultivars Singapore (VI'L-17), Solomon Islands-2,
(VTL-18b), Solomon Islands~3 (VIL-18¢), Hirehalli,
Thirthahalli oval, Local and Saigon-3 (VTL--28¢c) of

Areca catechu and Saigon (VTL-27) variety of A. galapparia

recorded lower root lesion indices and fewer number of
nematodes per gram of root with minimum percentage reduction
of plant growth parameters, thereby ghowing least suscep-
tible reaction to R. similis. The exotic cultivars
Indonesia=6 (VTL-11)} and Singapore (VITL-17) are known

to vield 50 per cent more nuts 6ver the local South Kanara
cultivar (Anonymous, 1974). It is also encouraging to note
that the exotic collection of Indonesla~6 recorded a tolerant
reaction and the cu-lt-.ivér’ Singapore recorded the.least
susceptibility to R. similis. These cultivars could

profitably be recommended for R. similis Infested areas.

These studies suggest that finding of high degree
of resistance to R. similis in arecamut is a difficult

task especially in establiSHEd cultivars and varieties

L
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as in the other crops. In citrus, more than 1400 clones
were cvaluated and only 15 were found sufficiently promi-
sing for further testing. Three of them namely Milam,
Ridoe Pine avple and Carrizo orange were found to have
high degrec of resistance to R. similis (Feder et al., 1958;
Ford and Feder, 1964; Hutchison & al., 1972; O'Bannon
and Ford, 19?6). Similar studies carried out on 70
cultivars of banana by Wehunt gt al. (1978),.125 varieties
of banana ﬁy Charles et al. (1983), 18 cultivars of black
pepper by Venkitesan (19765 and 27 eultivars and hybrids
of cocorut by Sosamma gg'gi. (1920) did not reveal any of
the cultivars/varieties/hyb:ids to be immune or highly
resistant to R, similis. Availability of tolerance and
resistance to R. g&m&;&g in some of the accepted cultivars.
will facilitate evolution of a management schedule for
this nematode. This needs to be done with adequate caution
as it is rather difficult to extrapolate greenhouse data
to field conditions., - In field, other factors such as
drought, low fertility, statﬁs of soil, role of other
micro-organisms including nematodes may résult in- fewer
'nematodes caus ing measurabie injury to the plant. The
ability of R. similis to reduce plant growth in the
greenhousa in uhe absence of other parasitic organisms

adds credlbilitv to the concept that this species is a
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ma jor contriluting factor to rlant damage in fields

where large populations occur.

in conciusion, it may be stated that the present
investigations have clearly indicated that (1) R, similis
is widespread on arecanut in South India as well as an
coconut, banana, cardamom and black peprer intercropped in
the areaé surveyed (ii) it is a potential pathogen of
arecanut (iii) its population fluctuated from negligible
number during dry period of ‘;he'year (March to. May) to
high population after ~mohlsoon' (.August‘to December) (iv)
arcplication qf nemat'icides, partiduiarly fensulfothion
and aldicarb have effectively reddcéd the nematode
population and YLD disease incidence in the palms and
(v) none of the fortysix cultivars/accessions screened

were inumne or highly wesistant to R. similisg.

.



%,
ldﬁ&?ﬂd%



SUMMARY,

Studles were carried out on the role 6f the
burrowing nematode, Radopholus similis on arecanut and

the salient findings are enumerated below:

Survey carried out-in the States of Kerala, Karnataka
and Tamil Nadu revealed the widespread distribution of
R. simiiis on arecanut. Population of the burrowing
nematode ﬁas recorded in 73,9 per cent of root samples
collected from yellow iéaf disecase affected sites compared
to 43.9 per cent in disease-free siteS.r Maximum population
of 440 with an average of 84 nematodes per gram of root
was recorded in yellow leaf disease affected paims‘compared
to a maximum of 48 with an average of seven nematodes in

the healthy palms in disease-free areas during the survey.

The examination of soil samples collected during the
" survey revealed the presence of 28 genera of plant
parasitic nematodes in aSSOCiation with arecanut. R. similis

was the predominant species recorded in 32 per cent of

the samples screened, Helicotylenchus dihvstera,

Rotylenchq;ué reniformis, Caloosia égggicaﬁdagg and

Hemicriconemoides mangiferae were also noticed in fairly

good number of samples. R. gimilis was the only endo-.
parasite observed in the roots although populations of

root-knot and reniform nemétodes were recorded in ithe soil.,
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ﬁggpgholus similis was recorded in the root
samples of banana, black pepper, cardamom and coconut
intercropped with arecanut. High percentage of root
samples of both the crops yielded the nematode vopulat ion
in' the plantation wherce banana wés intercropped wi£h
arecanut. This increased incidence of R. similis on
both arecanut and Sanana strosses the need for avoiding
crop combinations of arecanut and banana or other

susceptible crops in R. similis infested areas.

51gnificant reduction of plant growth parameters
obsarved a2t the end of the pathogenic1ty experiment,
has clearly established this nematode as a potential
prthogen of arecanut, Aan initial inoculum level of
100 nematodes per seedling or one nématode in-BOO g of
-laterite soil was found to be the threshold level of ‘
R. similis on arecanut to cause visible damxge. ?hough
no direct_correlation could be dr:wn from the‘results
of survey, pathogenicity and control studies on ‘the role
of R. similis to the 1ncidence of yellow leaf disease,
the enormity of root damage, this nematode could cause

to arecanut has been well established.

HistopathologiCal examination of R. similis infes-
ted arecanut roots revealed the presence of nematode

and their eggs in cavities developed in the cortical
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tissues and no nematode could be observed in the

stelar_tissues.

Arecanut populations of R. similis was successfully
multiplicd on carrot discs. Continuous culturing of the
nematode under axenic condition did not affect its

infect ivity and multiplication.

The fungus Cylindrocarpon obtuwsisporum was isolated

from the cortical regions of the arecanut roots from the

lesions caused by R. similis.

The population density of the lurrowing n_ématode
in arecanut was found to fluctuate. The populations
varied between samples, type of roots, palms, groves,
soil types, months and years with well recognizable annual
periods for high and low populations. Highest popul ~t ions
were recorded during September to December and the lowést

or nil during March to June.

The experiment conducted in pots uncer field
condit ions proved the efficacy of fensulfOthic.;'n and
aldicarb, applied @ 1 g ai/plant thrice a year, offering
complete control of R. similj.s. on ai'eeanut seedlings

planted in the infested soil.

Complete control of R. similis was obtained on

areca palms affected by yellow leaf disease after four
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years of continuocus application of fensulfothion @
50 g ai/palnp aldicarb @ 10 g ai/palm, DBCP @ 10 ml
ai/palm and neem oil cake @ 1,5 kg/palm. Significant
increase in yield and decrease in disease indices of
yellow leaf discase-affected palms were recorded only

in fifth year.

Three 'applications of phorate, ﬁphenamiphos,‘
aldicarb and carbofuran @ 3 g ai and DECP @ 3 ml ai/sced-
ling per year were found inadequate for effecting abeolute
control of R. similis on fresh transplants in the field
over a period of three years. Among the nematicides,
aldica.rb offered the best control of nematode populations.
None of the nematicides testéd w%.-.s effect ive in controll-
ing the incidence of yellow leaf disease. Maximum
incidence of yellow leaf discease was noticed in the
untreated control plants ‘(66.6%), as against the. minimam

of 12.5 per cent in aldicarb treated plants,

Fortysix Areca gérrnplasm collect ions scréened for
their reactions to the burrowing nematode were found
susceptibie in varying degrees. The cultivars Mangala
(VIL-3), Chikmagalur and Fiji (VTL-26) were highly

suscept ible, whereas the cultivars Singapore (VTL-17),
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Solomon Islands-2 (VTL-18c) and Saigon (VITL-27) were

less susceptible to R. similis., cCultivars Indonesia-6

(VIL-11), Mahuva-B ané Andaman--5 (VIL-29e) were found

to be tolerant to nematode infection.

Kk kk
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APPEND IX~I .
CENTRAL PLANTATION CROPS RESEARCH INSTITUTE

REGIONAL STATION;
KAYANGULAM, KRISHNAPURAM P. 0., KERALA STATE

NEMATODE SURYEY REPORTING FORM

Reporter/Co-operator

Sample Number : Date of Collection ...,
LbcalitysVillage ... .. Tehsil/Taluk e
District State

Precise Location

Grower's Name and Address

Host Variety Crop StageMAge ...

Condition of Crop Healthy-Diseased

Previous Crop/Inter Crop ’ LSoil Type

Rainfed Irrigated _Watertable,__

SYMPTOMS: Above Ground: Stunting [] . Yellowing [ Flaccidity [

Necrosis [ ] Wilting _D Dieback [} Slow Decline [

Sudden Collapse [} Malformation [] {Part )

Root System : Galls [] Cysts [ Decay [] Lesions [:i‘
| Curting [ Stubby Root [ Other Malformation '

Sevarity /Disease Index . - e b e mRr e memf R SmeesmmmeansmracaragTerissamaLesas bans

Other:

Distribution of affected planta : General [] Localised Areas_ | Scattered Plants [
Percent of planting affected

Acreage (Size of Field) < 2 ac [C] 3 ac |'_':| 1ac [[] b ac[] 10 ac [J > 10 ac [}

‘Stand of the Crop: - (Culture) Very Good [ Good [] Fair 0 Poor :]

Comments :

-

Romarks : (Flood, Soil treatment’ Crop History: Replanting, Undal_'planting, Mixed Cropping etc.)

Tick thus

- . if positive,

p———
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APPENDIX~1X

Rainfall date at Central Plantation Crops
Research Institute, Research Centre, Palode
for the period from 1977 to 1979

prp— o M e A e+l SRR

1977 ’ 1978 1979

Month Total No., of Total Noe. of ’i‘mc;tal No. of

rain rainy rain rainy rain rainy

{ rm) days (rm) = days - (mm) days
January 40,0 2 47.5 1 14.5 1
February 47.0 4 86 40 3 303.0 9
March c229,.0 11 52,0 3 610 5
April 364 65 17 227.5 7 206,7 10
May 828.5 23 752.5 22 290.,0 11
June 633.9 24 373.0 19 790.4 20
July 366.4 19 62640 22 488,1 21
August 22045 9 383.5 22 290.2 13
Septenber 335,5 15 78 .4 9 56945 24
October 108l .4 20 38742 9 471.5 18
November 574 .8 17 1143.9 15 613.0 20
December 24,0 3 55.0 2 27940 6

Total = 4745.5 l64 - 4212.5 134 4376,9 158

Source: Annual Report for 1977, 1978 and 1979, Central
Plantation Crops Research Institute, Kasaragod,
India,
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T . .

Temperature (C°) at Central Plantation Crops
Research Institute, Research Centre, Palode

for the periods from 1977 to 1979

s

AR Bk B S W A A kA A

ORI

1979

111

N A i)

Plantation Crops Research Institute

India.

Months 1377 L 1978
Max Min Max Min Max Min
January 3445 21,5 34,5 21.0 3545 2540
February 3545 2315 35.5 23,0 30.0 24,0
March 36.0 35 40 3645  24.5 37,0 25 40
April 3545 - 36 4O 2645 375 2640
May 35,40 - 37,0 250 35.0 2640
June ° 3245 - 32,0 2435 33,5 25,0
July 31,5 - 31.5 24,0 31,5 2445
August 32.5 - 31.0 2445 34,0 2440
September 33.5 24,40 33,0 24 .0 34,0 24,0
October 33,0 2345 33.0 24,5 34,0 24,5
Novenber 33.0 24,0 34,0 23,0 38,0 24,5
Decenber 34,5 23,0 34,0 24,0 34.0 2345
Total 40740 164_.5 40840 28845 410,0 296 ,0
- : Not available _
Source t Annual Report for 1977,‘19?8 and 1979, Central

+ ‘Kasaragod,



