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TABLL 1. Important spice crops in the tropics and subtropics.

Common MName

Scientilic Name Family Origin Major Arcas of Dr
. Alflisan sativeon L. iiliaceac Garlie Lurope China Turkey,
2. Capsicitm Jrutescens L. Solanaceae Chillics Tropical Americu China, Niperia, Turkey ‘
3* Trachyspermunt ammi L. Umbelliferae Bishop's weed Epypt india, Egvpt, Lran
4% Cinnamnomum cassia l.auracene Cussia Egypt China. Laos, Cambodia
’ Blume .
5.7 C. tamala {Buch.-Ham) Lauraceae Tejpal Egypt [ndia, Nepul
Nees & Eberm :
6, C.verum Presl, Lauraceac Cinnamon Sei Lanka & South  Indonesia, $n Lanka,
India © Scychetles :
7. Carigrcdrim sativaom L. Umbeliiferae Conander Ewope & Asia Muorocco, India, Pakistan
8. Curntirniern cyminum L. Umbelliferace Citnin Egypt & India, Irvan, Moroceo )
o ' ‘ Mediterranean
9. 7 Curctona demestica Val., Zingiberaceac Turmeric South-East Asia India, l-]ahgln(_lesh.
. Pakistan
10, Elenaria cardamonnun Zingiberaceae Cardamom Indian Peninsada India, Guatcnmala,
- Maton. . ) : Tanzania
11, Eugenia cdaryophylius Myrtaceae Clove indonesia’ Andonesia, Zanzibar,
) {Sprengel) Bullock & e Madagascar
Harrison '
iz Faenfculum vulgare Mill. Umbciliferae Fennel Southern Europe India, Europe, Russio
13, . Myristica fragrans Houtt,  Myristicaceae Mutimeg Indonesis Indonesia, Grenada, Sri
' : : : Lanka :
L * Pimenta dicice (L.) Merrill Myrlaceae Allspice West Indics West Indies, Guaremala,
. : ) . Honduras .
15,*  Piper longen L. Piperaceac [ndian leng pepper  India Indonesin, Singapore, Sri
‘ Lanka
16, P.onigron L. Piperaceae Black pepper india India, tndonesia, Brazi
17 Trigonella foenin- Leguminosac Fenugreck Swuthern Europe India, Franee, Lebanon
graecint L, .
18, Vawiilla fragrans (Salisb.)  Orchidaccae Vanilla Mexico ]\‘Iﬂdag;’ismlr, Indonesia,
. Ames Comaoros
19. Zingiber officinale Rosc.  Zingiberaceae Ginger South-Eastern Asia India, Jamaica, Japan’

*MNo report of nematodes
‘Nematodes on Biack Pepper.

i

Radopholus similis

Many nematodes have been reported on black pepper (Table 23, but the only (wo kaown 10 cause
serious damage o the crop are Radopholus sinilis @and Meloidogyne spp.

Assovintion nf the burrowing nematode, K. sindis, with the yellows disease of pepper was first
reported by Van der Vecht (1950), who made extensive ficld studies and also demonstrated its

pathogenicity under laboratory conditions

. The nematode is notorious for being associatcd with the

Joss of 22 million pepper vines within 20 years in Bangka Island, Indonesia due 10 “yeliows disease™
(Christic, 1957; 1959). Subsequently, R. similis was reported from black pepper from India (Venkite- -
san, 1972 Koshy er al., 1978), Mulaysia, Thaitand (Sher er ef., 1969; Reddy, 1977) and Sri Lanka
{Gnanapragasam et al., 1985}, The nematode is also involved in “slow-wilt" disease of black pepper
i India, which is almost identical to pepper yellows in Indonesia (Van der Vecht, 1950; Mohandas
& Ramana, 1987b; Ramana et al.,-1987a) hence, they are dealt with togcther. Intensive surveys
-carried out on the role of plant parasitic nematodes in the slow-will disease complex of black pepper




e g

NEMATODE PARASITES OF SPICES . 334

in India showed that high populations of Radophotus similis occurred more frequently in slow-wilt

 disease affected planis than in healthy plants. Discriminate analysis indicated the positive involvement

of K. simnilis in slow-wilt disease (Ramana er af., 1987a)."

Black pepper was introduced to tadonesia from Kerala, India (Nambiar, 1977} and it is quite
likely that the burrowing nematode was also introduced along with the rooted cuttings of black
pepper. '

Symptoms of damage

The primary symptom of the yellows (slow-wilt) disease is the appearance of pale yellow or whitish
yeilow droeping leaves on the vines. The number of such leaves increases gradually until large
numbers of leaves or even the entire folinge becomes yellow (Plate 16A). Yellowing is followed by
shedding of leaves, cessation of growth and die-back symptoms {(Fig. 1, Plate 16B). The symptoms
are wall pronounced when soil moisture is depleted. In the very early stage of the discase in Iidia,
the symptoms may disappear with the onset of the South-west monsoon resutring in an apparently
healthy appearance of such plants in the foltowing years because of new leaf growth and shedding
of yellowed leaves. This has often given a mistgken impression of the discase being caused by soil
moisture stress rather than nematodes. However, within Lhres to five years of initiation ol yelowing

all the leaves are shed and death of the vine takes place and hence the name “siow-wilt” discase.

W
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Fig, 1 Bluck pepper [!fr)\vi!lg an arecanut palms i Tndia showing detoliation and dichack dne
o Redeygpibiodio sindiy, : .
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cdding of spikes (inflorescenees) 1s a major syimplom. Large numbers ol shed
affccted vines. In large plantations. affecied patches beeome. conspicit-
ous initially as yellowed plants (Plate jaC)y, and later with Jarge numbers of barren standards that
have last the vines, or standards supporting dead vines without uny Teaves (Plate 161). Young and
old plants are affected and the replanted vines normatly dic within two ycars.

The tender thin, while, fecding roots show typical orange 10 purple coloured lesions. Lesions
peing brown in colour. The root system exhibils extensive rotting
fine feeder roots thal rot quickly. Exlensive neérosis of larper

In bearing vines, sh
spikes arc seen al the base of

arc nol clearly scen on older roots,
and the main 100l arc devoid of
lateral roots develops subsequently.

The nematode penetrates roots within 24 hours of inoculation and the cells around the site of
penctration become brown (Venkitesan & Setty, 1977). Nematodes do net enter the stelar portions
of the root, but plugping of xylem vessels with @ gum-like substance has been reported (Freire &
Bridge, 1985a). [t compictes its life ¢ycle within 25-30 days, at a temperature range of 21-31°C and
the black pepper isolate of the nematode is easily cultured on carrol dises at 25°C (Koshy, 1986b).
The R. similis populations in Indonesia and Kerala (India) have n haploid pumber (n=4) of {our
chromasomes (Huettel et al., 1984; Koshy, 1986b). : _

In India, the maximum nemutode populatibn in roots of pepper occurs during September-October
and mininum during Aprii-Jusie (Rarmana, 1986; Mohandas & Ramarna, 19875). A low soil lempera-
ture coupied with adequate soil oisture and availability of fresh tender Toots help in the build up

of the population during September-Cetaber.

A larse number of trec species such as, coconut (Cocos nucifera), arecanul (Areca catechu), jack
Sfruit (Artocarpiis integrifolia), Mango (Mangifera indica). oliricidia (Gliricidia mactlata), dadap
(Erythrira indica), garuga {Gariga pinnata) and Valla (Macaranga indica) are used as five standards.
Awmonyg, these, coconut.and arccanut Arc aood hosts of R. similis (see Chapter 11} Crops like bhanana,
ginger and turmeric thal are susceplible 1o K. similis arc alsa intercropped with pepper.

It has been speculated that yellows disease in indonesia is caused by a nematode — fungus coipler
(Hubert, 1957; Bridge, 1978) involving R. similis, Fusariuni spp. and possibly oiher fungi. There i3
little direct evidence to support the -hypothesis, however, Freire (1982) showed that an Indonesian
isolate of R. similis predisposed black pepper seedlings 1o altack by a weakly pathogenic isolate of
Eusarium solani causing sévere root damage. '

¢ threshold levels :

CThe slow-wilt disease was first reporled from Wynad arca in Kerala as early as 1902 and Krishna
Menon (1949) reported mortalily up 10 0% of the vines due 1o the diseasc. Reduction in plant
growlh has heen reported in sierile soil when 55-day-oid rooted cullings of black pepper in pots are
inoculated with 2300 nematodes. ' ' : '

The onset of yellows disease in Sumatra, Indonesia is corrclated with R. similis populations of

~2/100g of soil and 25/10g of toots, and Meloidogyne spp. poputations of 47/100g of soil and 305/102
of roots (Mustika, 1978, but Bridge (1978) thought thal a low popalation of less than 310 nemalto-
des/10g roots may not along cause the disease. A population level of 750 nematodes/p of Toots was
constantly recorded with slow-wilt affected pepper vines in Kerala (Ramana, 1986). -

ffective contrel measures for control of slow-wilt or pepper yellows. The

Al presenisthere arc no €
ty and with the fall in prices, (he farmer often loses

price of black pepper is known 1o fludtuate great

Nt
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‘interest in the crop and tends o neglect adoption of even agronomic practices. Control methods

need o be adopted every year for black pepper, being @ perennial crop, especially under [ndian
conditions where live standards are used. The perennial multi-cropping systems involving coconut,
arecanut, black pepper, betel vine, banana, ginger, turmeric, ete. that have deveioped over many
years in the west coast of South India are ideal situztions where the burrowing nemuatode multiplies
and causes heavy dumage to all the susceptible crops (Plate I6E). Black jpepper, betel vine and
banana are crops that succumb to nematode attack early. In later years, the farmers abandon

" pepper cultivation in arecanut based farming systems where, arecanut is the live standard. Although

application of phorate at-3 g a.d.Jvine twice a year has been found to control R. simifis, the high
density multispecies cropping pattern daes not permit use of nematicides, as most of the crops arc
export oriented and sone products are consumed without any processing or cooking, such as banana,
betel fcaves, ete. This situation is further complicated because arecanut and coconut that are used
as live standards are also very good hosts of R, sanilis which warrants higher dosages and morc
frequent use of nematicides, especially under inigated conditions.

Cultural practices

Symptoms of slow-wilt/pepper ycllows are known to be dmdmraud with mulching. Pasrit (1976)
has recorded 18% reduction in disease incidence in Bangka istand, Indonesia after mulching. He
also observed a reduction in discase symproms after application of nematicide with a corresponding
increase of yn_lcl in the first year of treatment, '

© De Waard (l‘)’;'t)) suggested application of fertilizers at a dose of 400 kg N, 180 l\g P, 480 kg K,
425 kp Ca und 112 kg Mg in combination with a mulch for clfective control of _w,ilows discase in
Bangka, Indonesia. Further, foliar yellowing and necrosis of distal ends of laminac of slow-wilt -

 affected vines in Kerala, India were attributed to N and K deficiencies respectively {Wahid ef af.,

1982).

Resistance and tolecance

Cighteen cultivars of black pepper, four Piper species and five wild Piper collections were screened
against Radoplotus similis. Wild collection Vittal No. 430, Piper sy menophyvilum and P. attenuatum,
recorded least (less than 30%) root reduction and minimum (x1.5) nematode reproduction. The
hybrid pepper variety Panniyur-I recorded 91.4% root reduction and x7.6 nematode reproduction
(Venkitesan & Setiy, 1978). However, a local cultivar at Peringamala, Kerala, [ndia was found not
to be invaded by R. similis (Jacob & Kuriyan, 19795), -No resistance or tolerance was found to the
neatiitode i a total of 16 cultivated germplasm, 36 witd related Piper spp., 20 iniercultivar hybrids,
90 selections of cultivar Karimunda and 12 200 open pollinated seedlings of populiu pepper Lultwlus
screened against R. similis (Ramana ef al., 19870).

Chemical
A number of pesticides huve been found effective in rcduuna R. similis pupu}dnons on black pepper

. in pot trials as well asin preliminary field trials. Aldicarb sulphone at & kg a.i./ha was most effective

for control of R. similis on pepper in pot trials {Venkitesan, 1976; Venkitesan & Seity, 1979). DD,
Vapam, Nemagon, Temik, Furadan. Nemacur, Mocap, Hostathione, Dasanit and Dasudin were

found to reduce populations of Meloidogyne spp. and R. simifis on P, pigruen in preenhouse trials

(Mustika & Zainuddin, [978). Under Indian conditions, aldicarb/carbofuran/phorate at 3 g a.ifvine
applicd in May/June and again in Septcmhu/(}ctohu results in the remission of [oliar yellowmg and
reduction in nemaiode peopuiations. Among the above three nematicides, phorate is superior
(Ramana, 1986: Mohandus & Ramang, 1987a). The chances of rehubilitating the severely affected
vines by applicativn of nematicides are slim because of the heavy damage already caused to the root

~vstem and the inability of such plants to put out fresh roots for quick rejuvenation.

Although chemicals have been reported to reduce the nematode population and amefiorate slow-
wilt svinptoms; the cost benefit ratio has not been calculated.
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Summary of control measures

Methods

Integrated methods of nematode managenent that can be supgested are:
I Planting of nematode-free rooted cuttings. ' : _
2. Uprooting of affeeted vines and replanting after & period of 9-12 months. . )
3. Use of non-living supports or standards. ‘
4. Exclusion of R. similis susceptible trees us standurds for trailing black pepper vines, and exclusion
of susceplible intercrops such as hanuna, ginger and turmeric, o
5. Application of phorate al 3'g a.i./vine with the .onset of monsoon and again after three months.
: The nematicide may be applicd after remaeving the top soil without.causing damage (o the roots,
followed by replacement of the soil. The susceplible intercrops, €.g. banana, may also be treated
with nematicides. _
0. Application of organic amendments, such as 200 g neem oi) cake (Azadirechin indica), green
foliage (3-5 kg). or farm yard thanure {1 kg) per vine. _
7. Earthing-up after application of nematicides, NPK fertilizers and organic amendments in Septem-
ber/October. '

of diagnosis

Sampiing _
The presence of nematodes and their association with the disease can be diagnosed by soil sampling
at a distance of 25-50 cm from the base of the vine at a depth of 20-30 em. A soil sample of 200

cm? and root sample of 0.5 to 1.0 g thin, tender, feeder roots will yield maximum nematode
‘population (Koshy, 19860, 19874, 1988).

Extraciion

- Infested roots, showing lesions and rotting, may be split longitudinaily and cut to a length of 1 102

em. When such roots are submerged jn water contained in Petri dishes or shallow pans and incubated
at 20-25°G, 50% of nematodes are released in 77 h, For'eollecting active nematode populations for
culturing  and other studies, tease oul individual root lesions in water contained in a watch glass
under a stereoscopic microscope and quickly transfer the nematodes into fresh water.

Meloidogyne

The root-kriot nematode, Melnidagyne sp.,"was the {irst nematode to be recorded on black pepper
(Delacroix, 1902) in Cochin-China. In 1506, Butler reported root-knot nematodes from hlack pepper

. in Wynad, Kerala {India). Meloidogyne javanica and M. incognita have been teported Trom India,

Brazil, Sarawak, Borneo, Cochin-China, Malaysia, Brunei, Kampuchea, Indonesia, Philip;ihies,
Thaitard and Victam (Winota, 1972; Castillo, 1974 Lordello & Silva, 1974;-1chinohe, 1975_'; Reddy,
1977; Freire & Monteiro, 1978, Kueli & Teo, 1978; Sundararaju e al., 1979q; Ramana & Mchandas,
1983) and M. arenaria from Sri Lanka (Lamberti er al., 1983).

Symptoms of danag

A gradual decline characterized by unthrifty” growth. and yellowing oftleaves are the promipent
symptoms. 1.caves of vines infested with Meloidogyne spp. exhibit dense yellowish discolouration of
the interveinal areas inaking the icaf veins quite prominent with a decp green colour, whereas Jeaves
of the vines infested with Radophaius similis show uniform pale yeliow or whitish discolouration
and typical drooping, Root systems become heavily gafled, In the ¢v Panniyur I, the galls are smooth
and ‘bigger in size compared to the small palls with expased egg masses giving a pi_ttccl*rough
appearance to roots of cv Karimunda. : - '

T
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" Other hosts

Among the commaercially used standards Qroxylum indicum Vent., Ervthrina lithosperma Blume,
Ceiba pentandra (L.) Gaerth. and Bombax malabaricum DC. are highly susceptible to root-knot
nematodes, wiler_cas Garuga pinnata Roxb: and Macaranga indica Wight are not susceptible. The
popular live standards, Erythring indica Lank. and Gliricidia sepitem (Jacg.) Waip. are less susceptible
(Koshy er al., 1977). Large numbers ofiweeds that are found in pepper gardens have been recorded
as hosts ¢f the root-knot nematode {Ramana, 1986).

Disease complexes

Meloidogyne spp. do not significantly enhance the susceptibility of pepper vines to foot-rot in
Sarawak (Holliday & Mowat, 1963). M. incognita and Fusariuni’ solani were found associated ‘with
black pepper vines in Pargba State, Brazil, Infested plants showed wilting, yellowing of leaves,
- totting of stems and roots and craéking of stems; cracked stems 5-10 ¢cm above the soil surface were
heavily infected. Both organisms together were found to do more harm than either of them alone
(Lopes & Lordelto, 1979), but Winoto (1972) reported increased susceptibitity of M. incognita atd
M. javanica infested pepper cv Kuching to Phytophithora infection in Malaysia. Rorylenchuius reni-
formis was found to inhibit the multiplication of M. incognita and the resultant damage on black
pepper in autoclaved s0il in pots under greenhouse conditions in Brazil {Ferraz & Sharma, 1979).
The root gall development and population buitd up of M. incognita was suppressed in black pepper

on inpculation with K. simiiliy in suceéssion in sterile soil under pot conditions (Sheela & Venkitesan,
1981). '

Economic importance and popuiation damage threshold levels

As much as 91% root-knot nematode infestation was reported from Para, Brazil (Ichinghe, 1975)
and Keralu, Iadin {Ramana er af., 19874, Ramana & Mobandas, 1987h). An initial population of
ten juveniles per rooted cutting reduces growth by 16%. while, a maximum of $0% reduction is
observed at an inoculum level of 100 000 over a period of one year in sterile soil under ported
conditions (Koshy ez al., 19790). M. incognita was found highly pathogenic at 100-10 000 juveniles

per seadling (Freive & Bridge, 1985¢). In [ndonesia, yellow symptoms appcared on plants with

Me[oiziog)ne spp. at population levels of 47/100 g soil and 305/10 g roots {Mustika, 1978).-

Control measures

Reot-knot infestation in black pepper nursérics has been a serious prablem in severad govermment
nurseries in Kerala, ITndin, Fumigation of nursery potting mixture with methyl bromide is effective
in checking the infestation (Koshy, 1974, 1986a; Mohandas & Ramana, L987a). '

Cultural

Growing of the non-host cover piant siratro (Mucroptifivm atrapurpureus) in the interspace and
mulching with Guatemala grass are recommended o reduce populations of A, incognita on black
pepper in the Amiazonian region, (fchinohe, 1980). ‘

Resistance and tolerance

Among the seven popular cultivars screened. the hybrid cultivar, Panniyur-1 was the most susceprible
and the cultivar Valiakaniakadan was the least susceptible (Koshy & Sundararaje. 1979). The
intensity of damage on infestation with M. incognite was less in cultivar Karimunda compared with
that of Panniyur-l {Mohandas & Ramana, [983). Of cight cultivars screened against M. incognita,
Ealluvalli, Balancotta, Karimunda. Naravakodi and Padapan had fewer galls than Panniyue-I, Cheri-
vitkaniakadun and Kottanadan (Jucob & Kurivan, 197%). A total of 101 culvivars, 74 uceessions of
wild Piger sp.and 40 inter cultivar hybrids were sercened against M. incogrita of which une cultivar,
CLT-P-812, was feund resistant (Ramana & Mohandas, 1986, 19875 Kaoshy. 1U87H).

Infection by nemutodes i known to cause biochemical changes in plants, The ov Cingapurs
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recorded high soncentrations of total phenols on inoculation with 6000 AL, incognila |L1V(,nllufpul
Y5 daws after planting although no 1Lml.mu was shown (Ferraz er of. . 1984), Changes in Jevels of
amino acids, organic acids and sugars in M. incogrite infecied plants, compared witl uninfected
plants were reported by Freire and Bridge (19850).

Chemical
Most nematicides have been found effective in reducing rool-knot nematode populations on black

| : pepper, but information on their practical use is limited. Under Indian condilions when a live

“stundard is used, the dosage has 1o be different depending upon the susceptible/resistant reaction of
the standard 10 the root-knot populations. Thus, gencralizations on the dosage of nematigides arc
not possible, and recommendations have to be location specific depending upon the siandard. variety
of black pepper, rainfall patern and flowering and harvesting period of black pepper. Green berry
yields cun be doubied by four applications of carbofuran incorporated into mound soil at 114 g per
vine per application in black pepper ficlds infested with Af. incognita and M. javanica in Malaysia
(Kueh & Teo, 1978). Application of Temik 10G at 12.5 g/plant or Furadan 5 G at 50 g/plant twice
a year, including at planting around cuttings, can reduce populations of M. incagnite on black pepper
in the Amazonian region (Ichinohe, 1980). Phenamiphos at one per cenl a.ifvine follawed by

carbofuran and cthoprophos was effective in controlling nematodés in cv Kuching in Mdiayna .

(Leong, 1984).

! When aldicarb at 1 g a.i./vine apphed twice a year {(May/June and Octaober/November) is inte-
; grated with fertilizers (N=100g, P=40g, K=140g/vine} in two cqual split-doses, plus earthing up (o
i 50 cm radius at the base of the vines and muiching the vine base with leaves, there is a reduction
in foliar yellowing of 83% and M. incognita juvenile popuiations by 33-88% {Venkitesan & Jacob.
1985). .
Biological
Nematode-free cuitings could: be raised by incorporating a biological control agent i the potting
mixture. The only attempt known to have been made in this direction is by Fricre und Bridge
(1985d). However, the rates of infection by Paecilonmyces litucinus and Vertic hivin eldamydosporiion
ol M. incognita egp masses on black pepper secdlings were only lﬁ and 12% rcspu,ln cly. and thn
-would be totally inadequate for effective comroi ‘

Other nematodes of black pepper

The nematodes that have been found associated with black pepper (Table 2) in various countrics
(Timm, 1965; Sher et af., 1969; Castillo, 1974; Sharma & Loof, 1974;-1chinohe, 1975; Reddy, 1977,
Bridge, 1978. Sundararaju er al., 19795 Rama, 1987; Dasgupta & Rama, 1987; Ramana &
Mohandas, 19874) are, -apart from R. J"r'miHS' and Meloidogyne spp., probably of minor economic
importance. The nemalode that could prove to be damaping to the crop is Tr ophon.’crzciu.!lus piperis.
T. piperis has becn reported as a widespread parasite of black pepper Toots in South Indi, but it
damaging potential has yet to'be studied (Mohandas & Ramana, 1982, Mohandas er af., 1983).

Future prospects

Developing. cropping systems, dvoiding susceptible live supports or standards, incorporating an
inteprated nematode management system with minimum or no nematicide .lppl:c_ahon should hc
thc main thrust of rescarch 1o inerease black pepper vield in areas infested with ddmapﬂg nematodes
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Nematodes on Cardamom

Cardamom

Cardamon is a fruit (capsule) of the plant, Elettdria cardamormum Malon, belonging to the family

Zingiberaceae. [t is a perennial plant having an underground stem (rhizome) with acrial shoots, A

mature cardamom plant may measure about 2 to 4 m in height. Flowers are borne on panicles which

emerge dircetly from the swollen base of the aerial shoot. The fruits are small, trilocular capsules

containing 1S to 20 seeds. Cardamom, known as the “*Queen-of spices™, has its origin in the evergreen

rain forests of South India and is basically a shade loving plant. India and Guatemala are the main

_ producers and exporters of cardamom. Tanzania, Sti Lanka, E! Salvador; Vietnam, Laos, Kampu-

chea and Papua New Guinea are also cardamom growers. The arca under cardamom cultivation in

Inddia during 985-86 way 95 370 ha and the total world production was 10 6060 t (Ancn., 988).

- - Cardamon is used for flavouring various food preparations, confectionery, beverages, liquors and

' medicines. Cardamom can be propagated through seedlings as well as suckers. ‘Suckers are better
suited for gap filling and multiplicaticn of sclected high yielding types.

Nematological investigations on this crop have been undertaken in India, where a number of plant
parasitic nematodes have been- found with cardamom (Table 2). The most. important nematode
problem is caused by the reol-knot nematodes, Melofdogyne spp., although- the fesion nenpiitede,

Pratylenchus coffeae and the burrowing nematodé, Radopholus simitis, dre also Known to cadse root™

rotting (D'Souza ef al., 1970; Kumar er al., 1971: Khan & Nanjappa, 1972; Viswanathan et al,, 1974
Sundararaju et al., L9790),

Meloidogyne

Widespresd occurrence of root-knot nematodes, Melpidogyne incognita and M. javanica has been

reported in cardamom nurseries and plantations in India (Kumar ef al., 1971, Koshy et al., 1970,

Ali, 1982, 1986). ' '
Symptoms of damage ‘ .
Heavy root-knot nematade fnfestation in mature plants in a plantation causes: stunting; reduced
tiliering, yellowing, premaiure drying of leai-tips and margins, narrowing of feaf blades, a defay in
flowering, immature fruit-drop and reduetion in vield, Unlike several other plant species, galling of
TOOLS i§ NOL A COnSPICUCUS SYMBLem on mature ptants. The infested roots, however, exhibit a “witches
broom' type of excessive branching (Plate 16E). ' T : '

In the primary nurseries, more than 50% of the germinating seeds do not cerge as aconseqaenee

of infection of the radicle and plumule by the second stage juveniles of the root-knot nematode. .

The infested seedlings at the two-leaf stage show marginl yellowing and drying of leaves and severe
galling of roots. On transplantition to & secondary nursery. they exhibit curling of the unopened
lcaves. These leaves mostly emerge after the breaking open of the pseudostem. Up 10 40%_of such

scediings do not cstablish in the secondary nuisery. Insecondary nurserics, the infested plants are -

stunted and vellowed with poor tillering, drying of leaf-tips and niargins, and heavy galling of roots
(Adl & Koshy, 1982). :

Survival aud means of dissemination

The heavily shaded, hot, humid atmosphere and continuons availability of soil moisture prevalent -

i cirdamom plantations are congenial conditions for the multiplication of root-knot nemiatodes.

Fhe aematodes are disseminuted (hreugh mfested seediings and rhizomes used For propagation.
Sast phintations have thetr owne perinanent Dursery sites sitonged inoargas v casy acCuesy W

walder sources like forest streams.
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Other hosts
A farge number of annual weeds present in the cardamom plantations and the common shade trees,
Lrythrina indica and E. {ithosperma, are hosts of root-knot and help in the build up of nemitode
populations.

Discase complexes ‘
The incidence of rhizome rot and damping-off discases caused by the fungus, Rhizocionia solani

increases in the presence of M. incagraia in the nurseries (Al 1980; mapen, 1Y87)C

Ecunumic immportance ‘
A yicld loss of 32-47% duc to root-knot has been reported from the results of a- nematicide
experiment (Al 1984, 1980). An initial population level of 100 nematodes per plant causes discern-
ible damage to cardamom (Eapen, 1987). '

Control measures

Nematological investigations have helped in creating a general awareness among the planters as well
_ as administrators in India that the root-knol nematode is a major factor. However, planters have
| . not yet adopted recommended control measures. No resistance 1o root-knot nematodes has been’
- found and the popular cardamom cultivars, Malabar, Mysore and Vazhuka arc all_susceptible.

it is advisable to change nursery silcs every year, bul this is not always practicable in view of
the difficulties involved in getting suitable sites having facilities for irrigation. Henee, disinfestation -
of the nursery beds need to be carried oul every vear, Disinfestation of nursery beds with methyl

i ~+ bromide at 500 g/10m? is effective in contralling reot-knot infestation in both primary and secondary
’ nurserics. N o , . .

It has been demonstrated that application of aldicark at 5 kg a.i/ha, three times, every three
months, results in incréased growth and Vigour of seedlings both in primary and secondary npurscries
(Koshy er al., 1979a; Ali, 1986). Aldicarb, carbofuran. phorate at 5, 10 or 15 kg a.i./ha respectively,

Chave been applied in primary nurseries of cardamon: for control of M, incognita. None of the
: nematicide treatments tetally prevented nematode infestation but there was significant reduction in
' root-knot densitics. Aldicarb at the very high level of 15 kg a.i./ha reduced nematode numbers by
' 90% (Ali, 1987). Application of aldicarb/carhofuran/phorate at 5g and 10g a.i/plant and neem oil
cake at 500g and 1000g/plant twice a year increases yield of cardamom plants infested with M.
incognita Trom 47 10 §8% . Maximum yicld was obtained from the plants receiving neem oil cake at _
a rate of 1000g/plant followed by 500g/plunt (Ali, 1984).

;
L
!
l

G

H
§
I
f
i

pin

nger

Ginger is the thizome or underground stem of Zingiber officinale Rosc., a herbaceous perennial,
belonging to the femily Zingiberaceae. Although the country of origin is not known with certainty,
itis presumed Lo be-cither India or China. 1Uis grown in many countries of the iropics and subtropics
and is used widely in food, beverages, confectionery and medicines. india is the largest producer
and exporter of dry giger. The total area in India under cultivation during 1986-87 was 52 460 ha,
India contributes {127 000 t) mearly half of the worlds praduction. The other ginger producing
countries are Jamuica, Sierra Leone, Nigeria, Southern China, Japan, Taiwan and Australia (Anon.,
1988). _ ' ' .
- Ginger is propagated by seed rhizomes of setts, Sced rhizonies are cul into small picces of 2.5
to 5 cm length, weighing 20 to 25 g each. having one or two good buds. It is grown cither as-a
'MOnOCIop or as an intercrep in many farming systems. In india, mulchi ng of ginger-beds with green
leaves is a traditional practice to enhance the germination of seed rhizomes and conservation of soil
moisture. The first mulching is done at the time of planting itself, with green leaves at 10 to 12 t/ha
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- and repeated with St/ha 40 and 90 days after pldntmg, immediately after weeding and apphcmon
of fertilizers.

. Nematodes on Ginger

Althouglh a large number of nematode spe.cies have been recorded from ginger (Table 2) (Colbran,
: 1958; Reddy, 1977; Sundararaju et al., 19790, Rama & Dasgupta, [985; Kaur, 1987) the most
{ important parasites are Meloidogyne spp., Radopholus similis and Pratylenchus coffeae.

Meloidogyne

e . Nagakura (1930) in Japan was the first to report Meloidagyne sp. on ginger and subscequently the
specics M. arenaria, M. hapla, M. incognita and M. javanica have been reported as parasites of
ginger in various countries. : ‘ '

Symptoms of damage
The root-knot nematodes cwu‘;e galling and rotting of roots and underground rluzomes The second
stage juveniles of M. incognita invade the rhizome through the axils of leaf sheathis in. the sheoot
apex. In fibrous toots, penetration’ occurs. in the area of differentiation and, in fieshy ‘rodis; the
o entirc tength of root is invaded. [n both fleshy and fibrous roots the nematode develops:to- maturity
- ' in 21 days but in rhizomes it requires 40 days at 30°C(Cheng & Tu, 1979). Galls are formed on the
: fibrous roots. Abnormal xylem and hyperplastic parenchyma are observed in ail infested tissues
f © except rhizome meristems. Exiensive internal lesions are formed in'the fleshy roots and rhizomes.
Wound cork around the lesions is suberized only it old rhizomes after harvest (Huang, 1966; Shah ‘ -3
: o & Raju. 1977). Infested rhizomes have brown, water-soaked arcas in the outer tissues, particelarly
in the angles between shoots, Nematodes continue to develop after the crop has matured and been
harvested and induce breakdown of the seed rhizomes. Heavily infested plants are stunted and have
chlorotic leaves with mawlml necrosis. Infested rhizomes serve as a source of infection and means
- of dissenmination.
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i ' " Discase complexes

: The fungus Pythium myriotylum is antagonistic to M. incognita on ginger in the rhizosphere, although .
concomitaiit infection by the two organisms does not affect the soft rot disease syndrome (Lanjewar L
& Shukla, 1985). o o

e s SIS R

Other hosts
Most of the weeds that are present in ginger growing arcas are known hosts of root- knot nematodes,

Economic importance and population damage threshold levels
in Queensland, Australia severe infestation of rhizomes reduces yields by 57% as detcrmmed by Lol
fumigation (Pegg er al., 1974). Treatment of infested soil with DD before planting nematode-free "
seed rhizomes has mcre'l:.Ld yields by 80% . A reduction of 74% thizome weight has been recorded :
with an initial inoculum leve! of 10 009 nematodes per plant over a period of six months under . . -~ |
potted conditions and significant reduction in vield can be cxpected with a population of ote
juvenile/30g of soil (Sukumaran & Sundararaju, 1986).

Both M. incagnite and M. hapla cause sigmficant reduction in shoot length and shoot and root

weight following inoculation with 30 juveniles/100 em* soil in pots ‘whercas, 2 juvenilesfca® Of soil is

3 required to produce measurable effects when ginger is grown in soil naturally infested with M.

incognite. At higher initial inoculum levels. M. incognita and M. hapla cause partial or ‘compléte

' withering of acrial shoots, and typical sxmptoms of drying and twisting of Jeaves sre. ('leCi'\’C(l \u:h

M. wrenaria {INaur, 19875, : '
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Significant damage is noticeable at 0.5 and 1,25 nematodes/g of soil and above in sterilized soil
under potted conditions. The fibrous roots are very mueh reduced at two nematodesfy soil (Parihag,
1985: Routaray cr al., 1987a).

Control measures .
Pegg et al. (1974) suggested the following control measures for reot-knot nematodes in Queensiand:
1. Production of nematode-free planting material by: ‘
a) Sclecting an area where ginger has not been grown in the previous season and has no history
of severe nematode infestation.
i b) Preparation of land and fumigation with DI or EDB 15 at 330 I/ha in August. Application
' of fumipants at a depth of 20 cm in rows, 30 cm apart. The time mlerval between fumigation
and planting should be at least two weeks.
c) Selection of nematode-free planting material and treatment in hot water at 40°C for 20 min.
1t is followed by cooling the rhizomes before cutting and dipping in benomyl.
Seed should be planted within one week of hot water treatment.
d) Growing under sawdust mulch. 1f sawdust is not avaifable, nemacur granules should be
sprinkled over the soil between the plants at 11 kg/ha in mid-November and again in mid-
January. The rhizomes should be held,for planting in the following season. Seed rhizomes
- with external symptoms of nematode infestation should be discarded. P,
'2. Fumigation of land two or more weeks before planting.

In Fiji, hot water treatment of ginger seed maicrial a1 50°C for ten minutes has been recommended
(Ancn., 1971). _ ’
" The efficacy of granular nematicides such as Mocap, Nemacur, Vydate and Temik was assessed )
in Queensland against M. javanica. Neniacur was found 1o be the most effective, increasing thizome F
yield by up to 15%. Split and Jale applications at 22.4 kg/ha are more promising than higher doses
‘ applicd early in the scason {Colbran, 1972). A high level of control of root-knot nematodes has
- been obtained with sawdust malching at a depth of 5-7.5 mm, combined with post-plant application
ol Nemacur. The control schedule for M. jevarica involving the use of clean sced and o g,m{.cn -lare-
fallow rotation has been recommended in Fiji (Haynes et al., 1973).
In Indis, the traditional practices of applying well decomposed cattle manure or compost at 2530 ' T
t/ha, neem cake at 2 t/ha, and mulching with green leaves at 10-12 t/ha at planting and repeating
the muliching during the growth period help in reducing nematode multiplication. Application of
" phenamiphos at 3 kg a.i./ha has resulted in a 70 to 144% increase in yield of ginger in ficlds infested
with M. incognita and Pretylenchus coffeqe either singly or in combination (Kaur, 1987).

Radopholus similis - . ' ’

7 Parasitism of ginger by the burrowing nematode, R. similis, was first reported by Hart (1936) in
Florida, USA. Later, Butler & Vilsoni (1975) reported heavy infestation of ginger by R. similis in
Fiji and its further spread through infested seed rhizomes. OQccurrence of R. similis along with' M. |
incognita, Prarylenchus sp. and Helicofylenchus sp. has also been reported from roots of ginger in @ :
India {Charles, 1978; Charles & Kuriyan, 1979). - : I\

LR, 7 T

Symptoms of damage
Infected plants exhibit stunting, reduced vigour and tillering, The, topmost leaves become chlorotic
with scorched tips. Affceted plams tend to mature and dry out fasier than unaffected healthy plants,
Incipient infections of the rhizomes are evidenced by small, shallow, sunken, water-soaked lesions
(Vilsoni er al., 1976; Sundararaju er al., 197%a). The nematodes migrate imracellularly through
tissues producing large infection channels or galleries within the rhizomes.

A
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Means of dissemination

R, similis infestation in Fiji of ginger ields appears to have orlgmated through bananas as the areas
ence used for banana cultivation have been used for growing ginger (Vilsoni et al., 1976). The
coconut isolate of R. similis in Kerala (India) also reproduces well on ginger (Koshy & Sosamma,
1975, 1977). The perpetuation and dlssemmatlon of the nematode is through infested seed rhizomes
used for planting. :

Economic importance and population damage threshold levels

In Fiji, R. similis has been reported from more than 50% of the total area with a rate of mfectloﬁ
ranging from 10~50% resulting in yield reductions of about 40% . An initial inoculum level of 10 000
nematodes per plant has been reported to cause 74% reduction in rhizome weight and an initial .
incculuny level of ten nematodes per plant-reduced shoot-weight, root weight and rhizome. wetght
by 43, 56 and 40% respectively, in a pot experiment (Sundararaju et al., 1979¢).

 Control measures

Few studies have been done on the control of R, sirmilis on ginger, but the measures suggested for
control of root-knot nematodes could belp in reducing the loss. ‘

Pratylenchus coffeae-

The tesion nemutode, P. coffeae is widely distributed in gmgcr in Kerala (Charlcs & Kuriyan, 1979)
and Himachal Pradesh, India. The nematode is highly pathogenic to 15 day old ginger seedlings,
even with’ an initial inoculum level of ten nematodes in sterilized soil (Kaur, 1987).

I‘uture prospects

Turmeric

Nematodes

Systematic nematode surveys have not been carried out in most of the ginger growing areas of the
world except for stray reports, The burrowing nematode, root-knot nematode and the lesion nema-
tode 212 well-known potential pathogens that can cause considerable reduction in yield of ginger.

’

Turmeric (Curcuma domestica Val.) is best known as a condiment althgugh the plant has uses in
the social and religious lives of people in South-east Asia, its probable origin. The commercial

turmeric is the processed rhizomes of C. doinestica. 1t is grown mostly in India, and to a small extent .

in China, Indonesia, Peru and Jamaica. In [ndia, the total area under cultivation during 1986-87
was 102 500 ha with a production figure of 280 600 t (Anon., 1988). It is cultivated either as a
MONOCrop or an intercrop in many farming systems.

It is indispensable in the preparation ‘of curry powder, and is an important source of: natural -
yellow dye. [t is also used as a colouring matter in the drug, confectionery and food industries. The
rhizomes of C. aromarica Salisb., a close relative of C. longa, is also a source of turmeric.

on Turmeric

A number of species of plant parasitic nematodes have been reported in association with turmeric
in [ndia {Table 2) (Nirula & Kumar, 1963: Sundararaju er al., 19796 Dasgupta & Rama, 1987,
Gunasekharan et af., 1987, Rama. 1987: Routaray et a/., 19875) of which Meloidogyne spp., Rado-
pholus similis and Prarvlenchus coffeae are of econemic importance. M. incognita has also been
recorded as an impertant parasite of turmeric in China (Chen er af., 1986). ‘

TR L
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- Meloidogyne

Two species of root-knot nematodes, M, incognita and M. javanica, have been reported on turmeric, -
but mest investigations have been concerned with Af. incognita.

Symptoms of d"lm.i[.,(.
Turmeric plants infested with A incognita have stunted growth, yellowing, marginal and tip (lry:nl,

of leaves and reduced tllering with galling and rotting of toots. In the ficld, high densitics of A7,
incognita cause ycllowing, and severe stunting and withering in large patches. Plants die prematurely
jeaving a poor crop stand at harvest. Infested rhizomes tend to lose their bright yeliow colaur (Mani
et al., 1987).

Economic importance and population damage threshold levels
Significant redluctions in length of shoot and leaf, width of Jamina, number of leaves and weights of
shoot, reot and rhizome have been recorded at > 1000 juveniles/plant over uninoculated plants. A
76.6% reduction in the rhizome weight has been recorded with an initial inoculum level of 100 000
nemaiodes/piant after six months in pots (Sukumaran er of., 1986}.

Control measures

Resistance and tolerance . :

-The - cultivars ' and brecding lines 5379-1-2, 5363-6-3, Kodur, Chevapuspa 5335-1-7, 5335-27,
Ca-17/1, Chi-124/6, Cli-329, Armoor, Duggirala, Guntur-1, Guntur-9, Rajampet, Sugandham and
Appalupadu have been reporled as resistent Lo M. incegnita (Mani et al., 1987 Gunasckharan e
1., 1987). The species C. zedoaria is more resistant 1o M. incognita than C. domestica in China
{Chen ¢ al., 1986).

LTI S T v e e e

' Pliysical

' ’ ‘Immersing turmeric,thizomes in hot water at 55°C for 10 min or 45°C for 50 min can kill A,
incognita inside rhizomes {Chen e af., 1986) and this could be used for establishing nematode-free
multiplication plots but is unlikely t0 be economic for large scale field use. '

Chemical
Application of DBCP at 151 &.i./ha 15 days prior to planting results in a yield increase of 253-270%
X compured with 59-187% increase in yicld with application of phenamiphos at 2,5 kg a.i./ha onc duy
o e = " Defore planting (Patel e al., 1982). Aldicarb and carbofuran appiied at 1 kg a.i./ha increased yield
g ‘ by 71% and 68% ICh]')C(.,l]VC])’ over control, with a cost benefit ratio of 1:6 in aldicarb and 3:2 in
T carbofuran tréatments (Gunasckharan et al., 1987). Carbofuran at 4 kg a.i./ha applied in rows to a
4-month-old turmeric crop has resulted in a 81.6% reduction in reot-knot.nematode population as -
against 45% increase in untreated plots (Mani et al., 1987)

Radopholis similis

Symptoms of damage .
Rools of turmeric damaged by R similis bcu:mc rotted and most of these decayed roots retain only ’ e |

the epidermis devoid of cortex and stelar portions. The infested plants show & tendency to age and

dry faster than healthy plants. Infested rhizomes are of a yolk yellow colour compared with the L !
golden yellow colour of healthy rhizomes and have shallow water-soaked brownish areas o the -
surface. The scale leaves harbour R. similis (Sosamma er al., 1979). N
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¢
§ Survival and means of dissemination
1 The nematodes are disseminated through infested planting material. Populations of R. similis from

; coconut are known ta infest turmeric (Koshy & Sosamma, 1975) and the use of turmeric as an
‘ intercrop in R, simiis infested coconut and arecanut based farming systems should be avoided.

“Eeonomic importance and population damage threshold levels _
Pathogenicity studizs show that an initial inoculum level of ten nematedes per plant can cause 4
reduction of 35% of the rhizome weight after four months and 46% reduction at the end of the
season (8 mouths). With 100 000 nematodes, the extent of reduction in rhizome weight is 65 and
76%, after 4 and 8 months respectively (Scsamma et al., 19793,

Control measures

Contral has not been studied under field conditions, However, use of clean,‘nemntodc-frec rhizomes .

for planting should be the first step in developing an integrated management system for the burrowing
nematode on turmeric. o

- Pratylenchus coffeae

P. coffeas, has been reported to be associated with discolouration and rotting of mature rhizomes
of “wild turmeric’, C. aromatica. tn advanced stages of infection, the rhizomes become deep red to
dark brown i colour. less turgid and wrinkled with dry-rot symptoms. The fingers are more severely
sffected than the mother rhizomes. Internally the affected rhizomes show dark brown necrotic lesions
(Sarma eral.; 1974). ' :

Future prospects

Turmeric has received very little input in terms of nematological research, although.M. incognita,.
M. javarica, R. similis and P. coffeae are known to damage the crop. Deiailed investigations
incluiting surveys, pathogenicity experiments and control through resistant/tolerant cultivars, cultural,
¢hemical and biological methods are warranied. :

Other Spices

Altheugh a number ol spice crops including tree spices and seed spfccs (Table ) are cultivated over
large arcas in the tropics and subtropics, there is very little information available on the damage
and yield loss caused by plant parasitic nematodes on some of these crops. This is not to say that
nematode problems do not exist on these crops but oaly that there has beena lack of nematological
investigations. The plant parasitic nematodes that have been reported in association with these crops
in surveys and host range studies are given in Table 2. Nematodes have been found associated in
clove (Ghesquiere, 1921; Goadey ef al., 1965; Sharma & Loof, 1974; Bridge, {978; Sundararaju et
al., 1979h), nutmeg {Goffart, 1953, Goodey e al.. 1965, Kumar et af., 1971; Sundararaju et al.,
1979h; Chawla & Samathanmn, [980), cinnamon (Goffart, 1953; Goodey ef al., 1965; Sundaraju ef
al., 1979h; Chawla & Samathunam. 1980; Dasgupta & Rama, 1987, Rama, 1987), cumin {Swarup

et al.. 1967 Verma & Prasad, 1969, Shah & Raju, 1977; Shah & Patel, 1979: Patel ef al., 1986),

fenugreek {Krishnamurthy & Elias, 1967. Chandwani & Reddy, 1967; Mathur ef al., 1969; Khan &

Khan, 1969, 1973. Rashid ef af., 1973 Khan, 1975), coriander (Krishnamurthy & Elias, 1987,
Chandwani & Reddy, 1967: Sen & Dusgupta, 1977: Das & Sultana, 1979, vanilla {Orton Williams,
1Y80; Stier, 1984 in. Bridee, 1988). All these spices are hosts of Meloidogyne spp., and roots of
cumin can be severely galled by M. incognita and M. javanica {(Patel ef al., 1986). Pratvienchus
brachvirus is reported to be u parastte of vanilla in the Pacific istand of Tonga cadsing reduced
growth of vines (Stier. 1984 in Bridge. ICENES ' '
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TABLE Z. Plant parasitic nematcdes found associated with spices,

MNematodes

Spice Crops

Xiphinema spp.

.
. . N
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Caloosia spp. +
Criconema spp. +
Criconemelia spp. + +
Crossonema tylatum - +
Discocriconemella limitanea 4+
. Dolichodorus sp. +
Helicotylenchus microcephaius
Helicotylenchus multjcinctus + +
Helicatylenchus spp. + + +
Hemicriconemoides gaddi ot :
Hemicriconemoides mangiferae +
Hemicycliophora spp. + +
Hoplolaimus columbus + ' +
Hoplolaimus indicus .+ +
Hoplolaimus seinhorsti + +
Hoplolaimus sp. + .
" Longidorus sp. + ) +
Meloidogyne arenaria + tot
Meloidogyne hapla .7 ’
Meloidogyne incognita + + + *
Meloidogyne javanica + + F +
Meloidogyne sp. '
Ogrna 1aylatn +
Paratrichodorus spp. +
Puraiylenchus sp.
Prarylenchoides sp. +
Pratylenchus brachyurus +
Pratylenchus coffene + + + +
Praylenchus exilis . ’ ' T
Pratylenchis indicus +
Pratylenchus prasensis : o+
Pratylenchues zeae +
Prarylenchus sp.
- Radopholus similis + + + +
‘Radopholus williamsi ‘
Roiylenchudus reniformis + + + +
Rotylenchus spp. + +
Scaurelionema siomense +
Trichodorus sp. (s.1.) +
Trophotylenchulus piperis -+
Tylenchorhynchus spp. + + +
o+ + o+
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Related Crops
Betel Vine

“The betel vine, Piper betle:L. is a perennial, dioecious, semi-woody creeper, probadly native of
Malaysia/ [ts leaves are used for chewing, extraction of essential oils like methyl eugenol and in
traditional herbal {ayurvedic) medicines and religious ceremonies. It is growh throughout Asia also
in Africa, the Philippines, Indonesia and the Pacilic islands. /The area under betel vine cultivation
in India is about 3¢ 000 ha with an annual turnover of Rs. 7 000 million. The yield varies from
7.5-22.5 million leavestha/year (Shenoy, 1983).

[is cultivation is labour intensive and requires heavy investment. Betel vine is propagated by,
cuttings of three to five nodes, from two-year-old vines. It is traited on coconut, arccanut or other
straight steriimed pldnts like Sesbania grandifiora Pers., Moringa oleifera Lam and Erytiving variegotd
L. Non-iiving standards like bamboe, wooden poles or granite stone supports dre also used. The
crop is usually heavily manured with farm yard manure, oil cakes, fish manure, sheep manure, efc.

Nematodes on Betel Vine

Numerous plant parasitic nematodes have been reported associated with the betel vine in India and
clsewhers (Ti{nm, 1965; Reddy, 1978; Ganguly & Khan, 1983; Sivakumar & Marimuthu, 1984,
Sivakumar & Muthukrishnan, 1985; Jagdale er al., 1986). Nematudes known to cause damage to the
crop are Meloidogyne incognita, Radopholus similis and Rotylenchulus reniformis.

Meloidogyne incognita

M. incognite has been reported to be associated with betel vine decline from all arcas in India
(Dhande & Sulaiman, 1961; Venkata Rao et al., 1973; Mammen, 1974; Sivakumar. & Marimuthu,
1984, Jagdale er al., 1986).

Symptoms of damage ‘
- Infested plants exhibit poor growth, yellowing of leaves, reduced vigour and wilting with heavy
galling and rotting of roots {Jagdale er al., 1986). ‘

Discase complexes
Association of M. incognita with severe wilt symptoms of betel vine was reported from India
(Mammen, 1974) and M. incognita is known 10 predispose betel vine to root-rot caused vy Phyto-
phthora palmivore (Sivakumar ef al., 1987).

Economic importance and population damage threshold levels
The root-knot nematode is pathagenic to betel vine at an initial inoculum level of 100 juvenites/plant

in sterile soil in pots (Jagdale et al., 1935a).

Control measures

Cultural
A erop rotation of betel vine — rice - banuna — rice is helpful in reducing M. incognita, Helicotylenchus
sp. und Rorylenchulus reniformes populations on betel vine crop raised in rice ficlds (Sivakumar &
Marimuthu, 1986; Sivakumar et af.. 1987), Considerable reduction in nematode populations in the
suil and number of yalls on roots hus been reported after upplication ©
et b, 1983D), ‘
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number of galls and increase the number of leaves harvested significantly (Jugdale. er al.; 1985¢).
Significant reduction (60%) in the nematode population has been observed in beds amended with’
chopped and shade dried feaves of Calotrapis gigenren R, Bro at 2.5 tha follewed by neem oil cake
and pouitry manure (44.4 and 40.9% respectively). Beds amended with C. giganrea leaves yrelded
14,2 kp/4840 leaves and with neem oil cake yielded 12.1 kg/4220 leaves. Soit amendment with saw<lust
al 2 ha + NP (3638 lcaves) and neem oit cake at 2 t/ha is cffective in reducing nematode numbers
and increasing yields (Sivakumar & Marimuthu, 19860). :

Resistance and tolerance

The cvs Kakaiy, Banpla, 'Karapéku, Gachipan, Aswani pan and Berhampuri are rcpoftcd to be
tolerant to root-knot (Anon., 1987). The cv Karpoori is highly susceptible and cv Kuljedu had the
lowest oot-knat index and number of egg masses per plant (Jagdale er al., 1985a; Sivakumar et al.,

1987).

Physical
Solarization by mulching the land with black and white polythene (100 gauge) before planting for
15 days was found to rediice plant parasitic nematode populations in India (Sivakumar & Marimuthu,

1987). -

Chemical

“Application of aldicarb and carbofuran at 0.75 kg a.i./ha reduces nematode populations by 71 and

55%, respectively, resulting in increased yiclds. The granules, at both the levels, degraded o

non-detectable levels 41 days after application (Sivakumar er al., 1987). Aldicarb, carbofuran and

benfurocarb applicd at 1.5, 3.0, 5.0 kg a.i./bha, respectively, in furrows on either side of the rows

can reduce M. incognita populations in soil and galling of the roots significantly (Iethe & Pawar,

1987). However, use of aldicarb and carbofuran is generally not recommended for bete} vine as the

leaves are picked continuously and consumed directly without any processing. , '
Because of the residue problea in Jeaves, it is preferable to manage roct-knot nématode infes-

tation on betel vine by adopting the foliowing non-chemical measures:

Crop rotation wherever possible.

Use of resistant/tolerant cultivars. .

‘Use of dead or non-living standards or nematode-resistant live standards for suppaorts.

Solarization by muiching the land with clear polythene (100 gauge) before planting.

Application of organic amendments such as leaves of neem and Cualorropis, and sawdust at 2

t/ha. . - .

6. Supply of nitrogen through neem oil cake at 2 t/ha.

o b

The -burrowing nematode, R. similis has been reported to cause yeilows/slow wilt disease of betel
vine in India. The symptoms produced on betel vine are akin to the sympioms caused by R. similis
on black pepper vines (Koshy & Sosamma, 1975; Sundararaju & Suja, 1986; Eapen er al., 1987).

“The integrated management schedules suigested for control of nematodes on black pepper, other
than application of nematicides, can be largely adopted with modification to suit the local conditions
for controlling R. similis on betel vine. :

- Rotylenchulus reniformis : . ' .

Acharya and Padhi (1987) {found R. reniformis 10 be pathogenic to betel vine. At inoculum levels
of 1000 and 20 000 nematodes per cutting the reduction in number of lcaves was 20 and 60%

respectively.
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Kava

- Kava or Yaqona {Piper methysticum Fotst.) provides a popuiar narcotic drink for the peoples of the
Pacific islands. The drink is made from the thick roots of this bushy shrub.

Nematodes of Kava

Root-knot nematodes, Meloidogyne spp., have been found associated with a serious disease of kava
and the nematodes alone can greatly decrease growth of plants in Fiji and Tonga (Stier, 1984 in
Bridge, 1988) (Plate 16F)."M. incognita‘is reported causing severe root galling of P. methysticum in
Western Samoa (Fliege & Sikora, 1981).

Other.poténtially damagmg parasitic nematodes that have been found with kava include Rotylen-
chulus reniformis, Pratylenchus coffeae and Radopholus similis (Kirby et. al., 1980; Orton Williams,
1980). None of these have as yet been shown to damage the crop.

Turther investigations are necessary to determine the ecdnemic importance of nematodes, particu-
larly Meloidogyne spp., and their means of control.
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