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Plant Parasitic Nematodes Associated with
Spices and Condiments

K.V. Ramana and Santosh J. Eapen

Spices and condiments are important agricultural commodities commonly used for seasoning and

preserving food and are also indispensable in the culinary. Spices are also widely used in cosmetics,

perfumes, confectionery, medicines etc. Spices, the aromatic dried roots, rhizomes, bark, buds, seeds,

berries, other plant parts get their characteristic odor from volatile constituents in the plant materials.

There is no clear-cut distinction between spices and condiments. Under the Indian Spices Act,

52 plant species are denoted as spice crops. Spices are mostly grown in tropical and subtropical .
regions. In India, an array of spices are grown and therefore India is known as the ‘Home -of

Spices’. It is a major producer and exporter of various spices and value added products. During

1993-94, India earned about Rs. 540 crores through export of 175,532 MT of different spices and

spice products.

Several biotic and abiotic factors affect production and productivity of spices crops. Among
the biotic factors, diseases caused by fungi and nematodes and disease complexes involving both
these pathogens are major constraints. Plant parasitic nematodes, besides feeding and damaging
the host root system, are also responsible for rendering the plants susceptible to attack by several
fungal pathogens. Nematodes are also known to break the resistance 1o fungal/bacterial pathogens
in many spice crops particularly in chillies.

In spices cultivation, root knot nematodes (Meloidogyne spp.) occupy 2 unique place since
these nematodes infest almost all spice crops. The burrowing nematode (Radopholus similis) is
another important nematode pathogen, a severe constraint in the production of spices, particularly
black pepper. Ditylenchus spp. are important on garlic. However, nematological investigations are
mostly concentrated on major spice crops like black pepper, cardamom, ginger, turmeric, chillies,
garlic etc. and to a lesser extent on seed spices like cumin, coriander, fenugreek and fennel.

Nematological problems in spices and condiments have been reviewed recently (Koshy and
Bridge, 1990; Koshy and Geetha, 1992; Ramana and Eapen, 1995). In this review an attempt is
made to update the information already available on all the important spice crops, except chillies

as it is covered under vegetable crops.
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BLACK PEPPER

Black pepper (Piper nigrum L.), a perennial climber belonging to Piperaceae family, originated
in the Western Ghats of India, is a major spice crop of India. It is mostly grown in the states
of Kerala, Karnataka, Tamil Nadu and Andhra Pradesh. Indonesia, Malaysia, Brazil, Sri Lanka,
Vietnam, Thailand etc. are other black pepper producing countries where it is cultivated on a
commercial scale. Among the spice crops, black pepper occupies first position in foreign exchange
earnings of India. During 1993-94 India exported 46,650 MT and earned Rs. 17,967 lakh foreign
exchange.

Production and productivity of black pepper are seriously affected by two major diseases in
all pepper growing countries. These are Phytophthora foot rot caused by the fungus Phytophthora
capsici and slow decline (slow wilt/pepper yellows), mainly due to plant parasitic nematodes,
Meloidogyne incognita and Radopholus similis. Nematode problems in black pepper were reviewed
recently (Ramana, 1991; Ramana et al,, 1993; 1994).

Nematodes associated with black pepper

Plant parasitic nematodes belonging to 30 genera and 54 species were reported in association with
black pepper in various countries (Table 13.1). M. incognita, R. similis, Helicotylenchus sp.,
Rotylenchulus reniformis and a new semi endoparasitic nematode, Trophotylenchulus piperis are
the major nematodes associated with the crop in India Kumar et al., 1971; Venkitesan, 1972; Jacob
and Kuriyan, 1979; Sundararaju et al., 1979; Ramana and Mohandas, 1987; 1989). Sher and others
(1969) reported Tylenchulus semipenetrans on black pepper in Thailand and also mentioned that
Meloidogyne spp., T. semipenetrans and R. reniformis were more prevalent than R. similis on black
pepper in Thailand. M. incognita, Xiphinema sp., Helicotylenchus sp. and Macroposthonia onoensis
were the most common nematodes on black pepper in Para, Brazil (Freire and Monteiro, 1978).

Table 13.1. Plant parasitic nematodes associated with black pepper, Piper nigruml

SI.No. Nematode species Reference*
l. Acontylus sp. 39
2; Aglenchus sp. 24
3 Aphelenchoides sp. 17, 24, 30
4, A dactylocerus 38
ok Aphelenchus sp. 30, 39
6. Aphelenchus avenae 30
7. Aphelenchus isomerus 38
8. Basirolaimus columbus (= Hoplolaimus columbus) 24
9. B. indicus (= Hoplolaimus indicus) 36
10. B. seinhorsti (= H. seinhorsti) 24
11. Criconemoides sp. 24,39
12, Diphtherophora sp. 24,30
13.  Discocriconemella limitanea 17
14. Ditylenchus sp. 24,30
15.  Dolichodorus sp. 17
10. fieticutyiencius sp. 1L A Al 07, 25,30,2D
17. H. abunaamai 32,36
18. H. dihystera 17, 36

(Contd.) .
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SI.No. Nematode species Reference*
19. H. erythrinae 10, 24
20. H. paracanalis (= H. trivandranus) 19
21. H. pseudorobustus 36
22. Hemicriconemoides gaddi 14
23. H. mangiferae 24
24, Hemicycliophora sp. 15,30
25. Heterodera sp. 15
26. H. marioni 24
217. Hoplolaimus sp. 15, 24, 30, 39
28. Longidorus sp. 30, 39
29. Macroposthonia onoensis 27
30. M. ornata 24
31. Meloidogyne sp. 1,2, 11,12, 23, 24, 37
32. M. incognita 9, 14, 15, 17, 18, 27, 28, 30. 31, 36, 39, 40
3. M. javanica 8, 14, 16, 31
34, Neolobocriconema braziliense (= Merocriconema 21

braziliense)

' 35. - “Paratylenchus sp. 30
36. P. leptos 20
37. Pratylenchus sp. 12, 14, 24, 39
38.  P.coffeae 12, 13, 14,32

-39.  Radopholus sinilis 3,4,5.6,11,12, 14, 15,22, 24, 25,26, 28, 35, .

39,40

40. Rotylenchoides variocaudatus 7
41.  Rorylenchulus reniformis 11, 14, 15, 17, 24, 30, 36, 39
42, Rorylenchus sp. 30
43, Scutellonema sp. 24,39
44, S. siamens 30
45. Trichodorus sp. 17 4
46. Trophotylenchulus piperis 33, 34, 39,40
47. Tylenchulus semipenetrans 11
48. Tylenchorfiynchus sp. 24,39
49, T. clarus 36
50. T. mashhoodi 36
51.  Xiphinema sp. 23, 24, 30, 39
52. X elongatus 24
53. X. radicicola 24
54. X. vulgare 17, 29, 36

* |. Delacroix, 1902; 2. Butler, 1906; 3. Goodey, 1936; 4. Van der Vécht, 1950; 5. Christie, 1957; 6. Hubert, 1957; 7.
Luc, 1960; 8. Holliday and Mowat, 1963; 9. Nadackal, 1964; 10. Goodey et al, 1965; 11. Sher et al., 1969; 12. D’Souza
etal, 1970; 13, 14. Kumar et al., 1971a & B; 15. Venkitesan, 1972; 16, Winoto, 1972; 17. Sharma and Loof, 1974; 18.
Ichinohe, 1975; 19. Mohandas, 1975; 20. Raski, 1975; 21. Raski and Pinochet, 1975; 22. Koshy and Sosamma, 1975;
23. Ting, 1975; 24. Reddy, 1977; 25. Koshy et al., 1978; 26. Bridge, 1978; 27. Freire and Monteiro, 1978; 28. Jacob and
Kuriyan, 1979b: 29. Loof and Sharma, 1979; 30. Sundararaju etal., 197%a; 31. Razak, 1981; 32. Routaray and Das, 1982;
33, Mohandas and Ramana, 1982; 34. Mohandas et al., 1985; 35. Gnanapragasam et al., 1985; 36. Ray and Das, 1985;
37. Leong, 1986; 38. Rashid et al., 1986; 39 and 40. Ramanna and Mohandas,l 1987: 1989a.
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A. Root knot nematode (Meloidogyne spp.)

The root knot nematode (Meloidogyne sp.) was the first nematode recorded on black pepper
(Delacroix, 1902). In India its association with black pepper in Waynad, Kerala was first reported
by Butler (1906) and later by Ayyar (1926) as Heterodera radicicola. The occurrence of this
nematode on black pepper was also reported from other pepper growing countries like Malaysia
(Holiday and Mowat, 1963; Winoto, 1972; Ting, 1975; Razak, 1981), Brazil (Sharma and Loof,
1974; Ichinohe, 1975), Indonesia (Ichinohe, 1976), Thailand (Sher et al., 1969), Fiji (Swaine, 1971)
and Guyana (Biessar, 1969). Out of three species of Meloidogyne (M. incognita, M. javanica and
M. arenaria) reported on black pepper in Malaysia (Kueh, 1975), M. incognita is the predominant
species (Siti Hajijah, 1993). M. incognita population in black pepper gardens reaches maximum
during December/January (Ramana, 1992).

B. Burrowing-nematode (Radopholus similis)

Black pepper was first recorded as a host of R. similis (Anguillulina oryzae)-by Goodey (1936).
Association of this nematode with yellow disease of black pepper was first reported in Bangka
Islands, Indonesia (Van der Vecht, 1950). In India this nematode was first recorded on black pepper
by D’Souza and others (1970). Subsequently its wide spread occurrence in black pepper plantations
was reported from India (Kumar et al., 1971; Venkitesan, 1972; Koshy et al., 1978; Jacob and
Kuriyan, 1979; Ramana and Mohandas, 1987; 1989), Thailand (Sher et al., 1969), Malaysia (Reddy,
1977) and Sri Lanka (Gnanapragasam et al., 1985).

R. similis completes its life cycle within 25 days at a temperature range of 25-28°C (Geetha,
1991). The two morphologically indistinguishable races of R. similis, viz. ‘banana race’ infecting
banana but not citrus and ‘citrus race’ infecting citrus and banana, were proved as sibling species.
The ‘citris race’ has been elevated to a new species, R. citrophilus based on morphological,
cytological and host range differences (Huettal et al., 1984). R similis populations of black pepper
in India have chromosome number n = 4 and belong to the ‘banana race’ (Koshy, 1986; Jasy,
1991; Ramana, 1992). R. similis population is low during summer months (April/May) and starts
building up from ‘June/July and reaches the peak during September/October. These population
fluctuations aré positively correlated with rainfall and negatively correlated with soil temperature
(Mohandas and Ramana, 1988). ~~ ; : s el oty

C. Pepper nematode (Trophotylenchulus piperis)

This nematode, a semiendoparasite is wide spread in all major black pepper growing areas in Kerala
(Ramana and Mohandas, 1987) and Karnataka (Ramana and Mohandas, 1989). It was initially
identified as Trophotylenchulus floridensis (Mohandas and Ramana, 1982) and was subsequently
raised to a new species, Trophotylenchulus piperis (Mohandas et al., 1985). Necrosis and general
drying of the root tissues are observed at regions where T. piperis females are found attached
to pepper roots. Further studies to understand the nature of damage and nematode-host interaction
on black pepper are in progress at National Research Centre for Spices, Calicut, India.

Nature of damage

Gradual decline and foliar yellowing are the predominant symptoms of root knot nematode
infestation. Leaves exhibit dense yellowish discolouration of the interveinal areas (interveinal
chlorosis) (Ramana, 1991; Ramana et al., 1994). In addition, Kueh (1979; 1990) observed that
leaves were held inward and upward and wound fall commencing from older leaves resulting in
a vine with few climbing stems and a few discoloured leaves. Roots of infested plants show varying
degrees of galling. |ypical galls or KNols are seen on seconaary and fiprous roots and as ciongawcd
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cwallino an thick primary roots. Adult females with egg masses are generally enclosed deep within
the roots (Ramana, 1992; Ramana et al., 1994). Histopathological studies showed that M. incogniia
occupied the stelar portion of the roots. Two weeks after inoculation, the fourth stage juveniles
were found to feed on the giant cells. One month after inoculation the giant cell occupied almost
the entire portion of the stele and vascular system was damaged (Mustika, 1990).
Accumulation of high concentration of total phenols in plants inoculated with M. incognita
was reported though no resistance to nematode was exhibited by these plants (Ferraz et al., 1984).
Further, Ferraz and others (1988) found significant reduction in absorption and translocation rates
of P, K, Zn, Mn, Cu with accumulation of Ca and Mg, but showed no differences in Fe levels
in the leaves of-peppef plants inoculated with M. incognita. They also found that the total chlorophyll
content of leaves was significantly reduced. in plants inoculated with M. incognita implying less
growth of infected plants. Plants showing signs of nutrient exhaustion dropped part of leaves as

.a mechanism to ensure food supply for the remaining leaves and therefore to survive. The possible

changes in host physiology and nutrition and leaf senescence are factors that could account for
reduced chlorophyll content in diseased plants. Further, senescence itself could be caused by growth
regulator imbalance and host nutritional deficiency (Ferraz et al., 1989). Freire and Bridge (1985b)

observed several changes in the levels of aminoacids, organic acids and sugars in the plants infected

~ with M. incognita.

R. similis penetrates roots through root tips and cortical cells surrounding the nematode turn
necrotic and some xylem vessels were plugged with gum like substances. Nematodes take feeding
position intercellularly and intracellularly making tunnels in the cortical tissues (Venkitesan, 1976;
Venkitesan and Setty, 1977; Freire and Bridge, 1985a). Necrotic lesions are more visible on white
feeder roots. Subsequently the lesions merge and encircle the root cortex leading to disintegration
of distal portion of the roots. Occasionally the nematode infects the underground portion of the
stem, particularly the rooted cuttings in the nursery (Ramana et al., 1994). Damage caused to the
roots directly affects vigour and productivity of the vines. Foliar yellowing and defoliation are
the main above ground symptoms expressed by the vines infected with R. similis. Ichinohe (1976)
observed that in vines infected with R. similis, the leaves were pale yellow, whitish and.the hanging
leaves curled inwards. Venkitesan and Setty (1977) reported that black pepper plants inoculated
with R. similis @ 1000 and 10,000 showed wilt symptoms after 90 days and all succumbed within
118 days of inoculation. Mohandas and Ramana (1991) reported foliar yellowing and defoliation
were severe in the vines inoculated with R. similis alone or in combination with M. incognita
and these symptoms were more pronounced in summer months. :

- Experiments conducted under artificial inoculation with M. incognita showed varying degrees
of reduction in the growth of pepper vines. ‘An initial inoculum of 10 second stage juveniles of
M. incognita was found to reduce growth by 16% while at the level of 100,000 nematodes 50%
reduction in the growth of rooted seedlings was observed over a period of one year (Koshy et
al., 1979). This nematode was reported highly pathogenic at 100-10,000 per seedling (Freire and
Bridge, 1985c). In Indonesia, ‘yellows’ symptoms appeared in plants having. 4 population level
47/100 g soil and 350/10 g roots of M. incognita (Mustika, 1978). Adult vines grown under
stimulated field condition showed significant reduction in height (5.44 to 20.34%), number of
primary shoots (13.43 to 22.2%), and dry weights of shoot (12.21 to 52.26%), leaf (2.48 to 32.35%)
and root (14.54 to 32.8%) and yield (12.82 to 46.9%) with the initial inoculum levels ranging
from 100 to 100,000 nematodes/plant (Mohandas and 'Ramana, 1991). Further, foliage yellowing
and defoliation were maximum in vines inoculated with higher inoculum levels (> 10,000 nematode/
plant). Similar reduction in the growth of peppef vines due to root knot nematodes were reported
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by others: also (Winoto, 1972; Jacob and Kuriyan, 1979¢c). In Sri Lanka, Lamberti and others
(Lamberti et al., 1983) reported that Hoplolaimus seinhorstii, Xiphinema ifaeolum, M. arenaria,
M. incognita and M. javanica caused significant reduction in the growth of black pepper vines.

Pathogenicity tests with R. similis on black pepper vines grown in microplots under simulated
field conditions showed that the nematode is highly pathogenic to black pepper and caused
significant reduction in the growth and yield of the vines with initial population (Pi) 100 to 10,000
nematodes (height 0.21 to 19.63%, number of primary shoots 13.23 to 56.61%, dry weights of
shoot 24.74 to 60.83%, leaf 25.34 to 77.12%, root 34.37 to 81.86%, yield 0.30 to 59.47%) (Mohandas
and Ramana, 1991).

The onset of yellows diseases in Sumatra, Indonesia is correlated with R. similis population
of 2/100 g soil and 25/10 g roots (Mustika, 1978). In India a minimum population of 250 nematodes/
g roots was consistently recorded with slow  decline affected pepper vines. Black pepper vines
at all stages of growth and susceptible to the nematode infestation (Ramana, 1992). R. sinilis
infestation restricted the development and multiplication of M. incognita (Sheela and Venkitesan,
1981; Mohandas and Ramana, 1991).

Economic importance

Nematode infestations often assume alarming proportion leading to ‘slow decline’, a debilitating
disease in black pepper plantations. Mild to moderate foliar yellowing at different regions of the
affected vine is the initial aerial symptom of slow decline disease. With the advancement of the
disease, the infected vines show defoliation and die back leading to loss of vigour, yield and finally
death of the vine. Vines in the early stages of the disease look apparently normal with the onset
of monsoon, but foliar yellowing becomes more pronounced with the depletion of soil moisture
in summer season (Mohandas and Ramana, 1987, 1991; Ramana et al., 1994). This disease was
first reported by Van der Vecht (1950) as ‘pepper yellows’ on the islands of Bangka, Indonesia
- and R. similis was reported as responsible for the disease. Later Christie (1957) reported this
nematode was responsible for the death of 20 million pepper vines. Further, Sitepu and Kasim
(1991) reported that this disease causes upto 32% loss in Indonesia. In Para, Brazil, about 90
per cent of black pepper vines were infected with root knot nematodes, mostly M. incognita
(Ichinohe, 1975). In Guyana, about 30% vines were destroyed by similar disease (Biessar, 1969).
Experimental evidence showed that black pepper yields could be increased by 50% by controllong
nematode infestation through nematicidal applications (Kueh, 1978; Davide, 1985). Though exact

.

crop losses in India are not available, this disease is prevalent in all major black pepper growing
areas and the nematodes, M. incognita and R. similis are associated with the disease vines (Ramana
et al., 1987a; 1994; Ramana, 1991), Yield losses ranged from 38.5 to 64.6% when pepper vines
were inoculated with R. similis, M. incognita alone or in combinations under simulated field
conditions (Mohandas and Ramana, 1991).

. Interaction with other organisms

Though slow decline is primarily attributed to infestation by R. similis and M. incognita (Van
~ der Vecht, 1950; Christie, 1957; Hubert, 1957; Ting, 1975; Ichinohe, 1976; Nambiar and Sarma,
1977; Venkitesan and Setty, 1977; Mustika, 1978; Ramana et al., 19787a; Mohandas and Ramana,
1991), other microorganisms particularly fungi were reported in association of the disease. Hubert
(1957) and Bridge (1978) opined that though R. similis is primarily responsible for the disease,
in association with fungus like Fusarium sp. is necessary to cause ‘yellows’ disease. Winoto (1972)
Iso o.bserved that plants infested with root knot nematodes were more susceptible to Phytophthora
ifections. However, Holiday and Mowat (1963) could not find any relation between M. Javanica
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infestation and foot rot caused by Phytophthora palmivora in pepper plantations in Sarawak,
Malaysia.

Several attempts were made to assess the role of Fusarium spp. in association with nematodes
in causing slow decline disease in black pepper. An Indonesian isolate of R. similis predisposed
black pepper seedlings to attack by a weak pathogenic isolate of Fusarium solani resulting in severe
root damage (Freire, 1982). A synergistic effect with root knot nematode, R. similis and Fusarium
sp. on reduction in growth of pepper vines and increase in severity of foliar yellowing was observed
(Lopes and Lordello, 1979; Hamada et al., 1985; Sheela and Venkitesan, 1990; Mustika, 1990,
1992). The fungus also showed antagonistic effect on the multiplication and production of root
galls by M. incognita (Sheela and Venkitesan, 1990, Mustika, 1992). Varughese and Anuar (1992)
also reported the association of Pythium sp. and Fusarium sp. with the roots of slow decline affected
vines in Malaysia. In India, presence of Fusarium sp., Rhizoctonia bataticola and Pythium sp. in
the roots of slow decline affected vines was reported by Nambiar and Sarma (1977). However,
-~ the possible role of Fusarium sp. in the slow decline disease complex could not be established
in India (Ramana et al., 1992).

Experiments conducted in microplots under simulated field conditions to assess the role of
M. incognita, R. similis and P. capsici in slow decline disease showed that R. similis and P. capsici
alone or in association and M. incognita in association with either R. similis or P. capsici or both
resulted in root rotting leading to typical slow decline disease (Anandaraj et al., 1991).

. Besides. biotic factors, .abiotic factors such as. nutrients, soil. moisture,.etc.-are alSo reported

to enhance the severity of the disease. Nambiar and Sarma (1977) opined that the disease is complex
involving nematode - fungal interaction coupled with nutrient deficiency and soil moisture stress.
de Waard (1979) considered this disease was mostly due to nutrient deficiency and nematodes
are of secondary importance causing the death of physiologically weakened vines and the disease
could be controlled by application of fertilizers consisting N, P, K, Ca and Mg along with mulch.
Wahid and others (1982) also stated that foliar yellowing and necrosis of distal ends of leaf margins
in slow decline affected vines were due to N and K deficiency respectively.

Ferraz and Sharma (1979) found M. incognita -alone and in combination with Rotylenchulus
reniformis had a highly pathogenic effect on the growth of rooted cuttings of black pepper and
R. reniformis had an inhibitory effect on the multiplication of M. incognita. Sheela and Venkitesan
(1981) reported that simultaneous inoculation of R. similis and M. incognita suppressed the plant
growth to the maximum extent. Root knot nematode population buildup was adversely affected
under combined inoculation.

Nematode management

Since plant parasitic nematodes cause extensive damage to feeder roots, leading to slow decline
either independently or in association with certain fungi, nematode management in black pepper
acclaims a prime place. Since nematodes cannot be eliminated in a perennial crop like black pepper,
the general goal is to keep the nematode populations as low as possible. Efficient management
requires carefully integrated combination of several practices.

A. Use of nematode free planting materials

Pepper rooted cuttings are more susceptible to nematode infestation and planting infested cutting
gradually increases the ematode population in the plantation and leads to the incidence of slow
decline disease. Nurseries are more ideal sites for adoption of any nematode management measures
and therefore production of healthy, nematode-free planting materials should be given high priority
(Sarma et al,, 1987). For large scale production of nematode free planting materials, nursery soil
mixture should be sterilized with solar heat, steam or soil fumigants (Ramana et al., 1994).
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Promising isolates of biocontrol agents like vesicular arbuscular mycorrhizae viz., Glomus
mossae, G. fasciculatum, Acaulospora laevis, Gigaspora margarita, which are suppressive of
nematodes on black pepper (Anonymous, 1991; Anandaraj et al., 1991) can be incorporated with
the nursery soil mixture for better establishment and production of nematode free planting materials.
Besides, use of nematicides like phorate 10 G (1g/plant) or carbofuran 3 G (3 g/plant) is also
recommended to bring down the nematode population in the nursery (Mohandas and Ramana, 1987).

B. Cultural :

Ichinohe (1985) suggested a combination of nematicide treatment (Temik 12.5 g or Furadan 50
g per cutting), mulching with Guatemala grass (Imperata cylindrica) around the pepper cuttings
at planting and also growing non host cover plants such as ‘Siratro’ (Macroptilium atropurpureus)
with occasional trimming for better growth in black pepper plantations infested with M. incognita.

C. Host resistance

Developing genetically resistant;to tolerant black pepper varieties is the best alternative for effective
nematode management. Attempts were made to identify resistant/tolerant genotypes of black pepper
to nematodes (Venkitesan and Setty, 1978; Koshy and Sundararaju, 1979; Jacob and Kuriyan, 1979a;
Leong, 1986; Paulus et al., 1993). Standardised methodologies were developed for screening of
black pepper germplasm against nematodes (Ramana and Mohandas, 1989b). Ramana and Mohandas
(1986) identified a black pepper cultivar resistant to M. incognita that has good yield potential
(Ravindran et al., 1992), but no cultivar was found resistant/tolerant to R. similis in India-(Venkitesan
and Setty, 1978; Ramana et al., 1987b). One variety PW14 was reported as totally immune to
R. similis in Sri Lanka (Gnanapragasam, 1989).

A wild related species, P. colubrinum is resistant to both M. incognita and R. similis (Ramana
et al., 1994). Efforts should be made to identify gene(s) responsible for resistance to these nematodes

in. P-. colubrinum- and transfer-them-to-high yielding cultivars using modern biotechnology.tools. .

~In India, a variety of plant species aré used as live standards for trailing black pepper vines.
Susceptibility of these live standards to nematodes is also important as susceptible plant species
contribute to nematode build up in the plantations. Ailanthus malabaricus, Artocarpus heterophyllus,
A. hirsutus, Mesopsis emini, Peltophorum pterocarpum, Swietenia macrophylla, Tamarindus indica
(Ramana, 1986), Garuga pinnata, Macaranga indica are resistant/non hosts of M. incognita.
Erythrina indica, Garuga pinnata and Macranga indica are comparatively less susceptible to M.

incognita and can be used as standards for black pepper (Koshy et al., 1977). Almost all the plant,

species cited were susceptible to R. similis. Coconut (Cocos nucifera) and Arecanut (Areca catechu)
that are commonly used for trailing black pepper vines in India are known hosts of both M. incognita
and R. similis. '

Associated crops grown in black pepper gardens also influence the nefnatoae population in
the fields. In India, black pepper is mostly grown as mixed crop. Ginger, turmeric, elephant -
foot yam and banana are some of the crops grown in pepper gardens which are very good hosts
of M. incognita and R. similis. These crop combinations are ideal for population build up of the
nematodes and black pepper may become more vulnerable to nematodes in such crop combinations.
This aspect is more important in management of nematodes in black pepper.

D Rinlnnical

Efficiency of biological control agents as the sole means of nematode management is still debatable.
TI.1e present consensus is that it should form an integral part of a complete management approach
with other methods. A variety of microorganisms inhibit rhizosphere along with plant parasitic
nematodes and some of these are known to parasitize or predate on nematodes. Manjunath and

e



Fidint Farasiic iNemaroaes Associated with Spices and Condiments 225

Bagyaraj (1982) reported the occurrence of vesicular arbuscular mycorrhizae (VAM)‘ on black
pepper roots. The beneficial effects of VAM on black pepper were also reported (Shivashanker
and Rohini, 1988; Bopaiah and Khader, 1989). Anandaraj and others (1991) found significant
increase in growth of pepper vines and reduction in root-knot nematode (M. incognita) infestation
and multiplicatiori when the plants were challenged by VAM fungi viz. Glomus mossae, G.
Jfasciculatum, Acaulospora laevis and Gigaspora margarita. G. Jasciculatum was also found to
suppress the infestation by R. similis and the pathogenic fungus P. capsici on black pepper
(Anonymous, 1991).

Similarly inoculation of pepper rooted cuttings with Glomus Jasciculatum or G. etunicatum
reduced root knot nematode (M. incognita) population in the toot and rhizosphere soils (Sivaprasad
et al., 1990; 1992).

Ramana and Sarma (1994) found Paecilomyces lilacinus suppressed nematode infestation in
black pepper and increased the production of root mass. Freire and Bridge (1985) found high
infestation of eggs of M. incognita by P. lilacinus and Verticillium chlamydosporium under artificial
inoculation but to a lesser extent in the egg mass from the roots of black pepper inoculated with
the fungi. Nectria haematococca f.sp. piperis and Phytophthora palmivora also infected a few eges.

nueocBacillus.-pumilis,. B.--macerans-and- B.: circulans-significantly reduced M. incognita population

and improved the growth of black pepper plants (Sheela et al., 1993).

Application of neem cake @ 2 kg/vine was highly effective against M. incognita than R, similis
Ramana et al,, 1992). Jasy and Koshy (1992) reported that leaf extracts of Glyricidia maculata,
Ricinus communis and Crotalaria juncea were lethal to R. similis at dilution of 1:5 within 24 hours.
Addition of chopped leaves of G. maculata (10 g/kg soil) as green manure reduced population
of R. similis and increased growth of black pepper in pot culture studies (Jasy and Kosby, 1992).
Aqueous leaf extracts of Chromolaena odoratum, Piper colubrinum, all spice, etc. were also reported
to exhibit nematicidal properties against M. incognita population of black pepper (Anonymous,
1993; 1994).

E. Chemical

Nematicides are important and reliable means of controlling nematodes. Various nematicides like
phenamiphos @ 20 g/vine (Nambiar and Sarma, 1977), aldicarb sulphone @ 8 kg/ha (Venkitesan
and Setty, 1979). Phorate, carbofuran and aldicarb @ 3 g a.i/vine (Venkitesan and Charles, 1979;
Venkitesan and Jacob, 1985; Mohandas and Ramana, 1987; Ramana, 1992) are effective in
controlling nematodes infecting black pepper in India. In Malaysia, carbofuran @ 114 g/vine (Kueh
and Teo, 1978) and phenamiphos and oxamyl (Kueh, 1979) were effective for the control of root-
knot nematodes. Leong (1986) reported that fenamiphos @ 1% a.j. was most effective in controlling
root-knot nematodes followed by carbofuran and ethoprophos in Sarawak, Malaysia. Similarly, in
Indonesia nematicides like Shell DD, Vapam EC, Nemagon 75 EC, Temik 10 G, Furadan 3G,
Nemacur 5G, Mocap 10G, Hostathion 5G, Dasanit 5G and Basudin 60 EC were all effective to
control nematodes of black pepper (Mustika and Zainuddin, 1978), In Brazil, Ichinohe (1980) found
- application of Temik 10G @ 12.5 G or Furadan 5G @ 50 g/plant twice a year reduced nematode
- population and improved the growth. Mustika and others (1984) stated that the severity of pepper
yellows was reduced by application of fertilizer (NPK 15:15:15) at 250 g/plant/year and either
with aldicarb (50 g/plant) of mancozeb (12 g/plant) or both since the disease can be caused by
a multiple attack by nematodes (M. incognita and R. similis) and Fusarium oxysporum,
!p_ view of the 'inseparable nature of plant parasitic nematodes and P. capsici under field
conditions, particularly in India, a combination of a nematicide and a fungicide is recommended
for a better control of the disease complex in black pepper (Anonymous, 1991).
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CARDAMOM

Cardamom (Elettaria cafdamomum Maton), the ‘Queen of spices’ is cultivated in an area of about
71,000 ha in the western ghats of India. Plant parasitic nematodes are recognized as an important
problem in cardamom plantations and nurseries.

Nematodes associated with cardamom

Plant parasitic nematodes belonging to 20 genera are reported on cardamom (Table 13.2). Among
these, the most important and more widely distributed are the root knot nematodes, Meloidogyne
spp. Pratylenchus spp. is commonly seen in cardamom + coffee mixed plantations while Radopholus
similis is prevalent in cardamom + areca mixed gardens. Among the three root knot nematode
species observed in cardamom plantations and nurseries, M. incognita is the predominant species
(Koshy et al., 1976; Ali and Koshy, 1982b; Ali, 1984; 1986a). The root knot nematode population

Table 13.2. Plant‘parasitic nematodes assoclated with cardamom, Elettaria cardamomum Maton

SI.No. Nematode species Reference*
1. Aphelenchoides sp. 9
2 Criconema cardamonii (= Nothocriconema cardamonti) 5
3. C. coorgi (= N. coorgi) 5
4, Criconemella cardamomi 14
5. Discocriconemella elettaria 14, 15
6. Helicotylenchus sp. 9
7. H. dihystera 6
8, H. multicinctus 6
9. Hemicriconemoides gaddi 6
10, Hemicycliphora sp. 17
11. H. argiensis ; 8
<20 Hoploldimus'sp. """ T 7T 9
13 Meloidogyne sp. 1,15
14. M. arenaria 11
15. M. incognita 3,6,8,9 10, 11,12, 13
16. M. javanica 3, 10,16
17.  Ogma taylata (= Homogma taylata and Crossonema taylata) 7
18. Paratrichodorus sp. 15
19. Pratylenchus sp. 6,9, 15
20. P. coffeae 1,2,3,4,6
21.  Radopholus similis ,3,6
22.  Rotylenchus sp. 6
23. Rotylenchulus reniformis 3,6
24, Scutellonema sp. 16
25.  Trichodorus minor 6
26.  Tylenchorhynchus sp. 6
27.  Xiphinema sp. 6

* 1.D'Souzaetal., 1970; 2 and 3, 14. Kumar etal., 1971a & b; 4. Kumarand Vishwanathan, 1972: 5. Khan and Nanjappa,

1972: 6. Vishwanathan et sl

1074: 7 Whon ot o) 10728 1556y oiai, 1770, 7. Sundararaju et al., 1979a; 10, Ali and

Koshy, 1982b: 11 and 12. Ali., 1984, 1986a; 13. Raut and Pande, 1986; 14. Sharma and Edward, 1986: 15. Agnihothrudu,
1987 16. Lopez and Salazar, 1988: 17. Koshy and Bridge, 1990.
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in cardamom plantations showed typical population fluctuation patterns. In roots their level is highest
during the post*monsoon period (November-January), while in soil maximum of second stage
JUVERiles GiT ston duiing viarcii-Aprii montn (kapen, 1993).

Nature of damage and economic importance

The general symptoms of nematode attack in cardamom nurseries and main fields are patches of
stunted and weak plants. The leaves show varying degrees of chlorosis, narrowing and drying at
leaf tips and margins. Tillering and capsule production are severely hampe ‘d. Root knot nematode
infestation in nurseries causes more than 50 per cent reduction in germination (Ali and Koshy,
1982a). About 40 per cent of such seedlings fail to establish in secondary nurseries (Koshy and
Bridge, 1990). Root system of infested plants shows varying degrees of root galling. It is observed
that young seedlings are more susceptible to root knot nematode attack than mature plants (Eapen,
1992). Microplot studies under simulated field conditions showed 46.6% yield loss at an initial
inoculum level of 4 nematodes/100 c¢m3 soil (Eapen, 1994), -

Interaction with other organisms

M. incognita is the predisposing factor to Rhizoctonia solani infection, causing damping off and
rhizome rot, prevalent in cardamom nurseries (Ali and Venugopal, 1992; 1993). Cardamom plants
infected with “Katte” disease (a virus disease) supported 5-10 times more M. incognita population,
_which: may further reduce their economic life SPAN (ALl 21 980) e twer mvmnatnne: v

Nematode management
A. Cultural

In view of the wide spread prevalence of root knot nematodes in cardamom nurseries, use .of
nematode-free planting materials is very much essential in cardamom cultivation. Soil fumigation
or soil solarization of nursery sites and random rotation of nursery sites are found highly effective

(Ali and Koshy, 1982a; Anonymous, 1993; 1994), Nursery sanitation also should be given high
‘priority.

B. Host resistance

‘The popular cardamon types, Malabar, Mysore and Vazhuka are susceptible to root knot nematodes.
Several accessions of cardamom have been screened against root knot nematode using standardized
techiiiques (Eapen, 1990). None of them were found resistant or tolerant to root knot nematodes:
(Anonymous, 1993; 1994; Hedge et al., 1993).

C. Biological

arbuscular mycorrhizae (VAM) viz., Gigaspora margarita and Glomus Jasciculatum suppressed

D. Chemical

“requent application of nematicides has to be followed in nematode infested cardamom nurseries
Ind ‘sick patches’ of plantations. Aldicarb, carbofuran, fenamiphos and phorate @ 5-10 kg a.i/
18 were found to reduce the root knot nematode population and improved the growth and vigour
if cardamom seedlings (Koshy et al., 1979b; Jacob and Chandrasekharan, 1982; Alj, 1986b; 1987b).

P
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In plantations, application of phorate @ 2.5-5.0 g a.i./plant reduced the nematode incidence and
increased the yield by more than 40% (Ali, 1987a; Anonymous, 1993).

GINGER

Ginger of commerce is the dried underground stem or rhizome of the zingiberous, herbaceous
plant, Zingiber officinale Rosc. In India, it is cultivated in an area of 58,000 ha. During 1993-
94 India earned Rs. 2158 lakhs through export of 17,150 MT of ginger.

Nematodes associated with ginger

Several plant parasitic nematodes have been recorded from ginger (Table 13.3). However, the most
important nematode pests are root knot and burrowing nematodes. Root knot nematode infestation
in ginger was first reported by Nagakura (1930) while Hart (1956) reported parasitism by
Radopholus similis. Occurrence of R. similis along with M. incognita, Pratylenchus sp. and
Helicotylenchus sp. has also been reported from India (Charles, 1978; Charles and Kuriyan, 1979;

Anonymous, 1993).

Nature of damage and economic importance

Stunting, chlorosis, poor tillering and necrosis of leaves dre the common symptoms of nematode
infestation. The affected plants mature and dry faster than healthy ones, resulting in a poor crop
stand. Root knot nematodes cause galling and rotting of roots and underground rhizomes. Fresh
roots are invaded along the entire length, while in fibrous roots it is in the area of differentiation.
Infested rhizomes have brown, water soaked areas in the outer tissues (Huang, 1966; Cheng and
Tu, 1979). Radopholus similis produce small, shallow, sunken, water soaked lesions on roots (Vilsoni
et al., 1976; Sundararaju et al., 1979b). Pratylenchus coffeae infestation caused yellowing of leaves
(Kaur and Sharma, 1990). Rhizomes with dry rot symptoms yielded Pratylenchus sp. also.

_Abnormal xylem and parenchyma, with thickened. cell. walls are observed in -all root-knot- -« «ii-sm-
nematode infested tissues except in rhizome meristems (Routaray et al., 1987a). M. incognita entered’

the cortex and stelar regions forming giant cells (Lanjewar and Shukla, 1988). These giant cells
showed Karyotic nuclear divisions and had thickened cell walls. Corky wounds are found at infection
sites in differentiated rhizomes and fresh roots (Huang, 1966; Shah and Raju, 1977). The burrowing

- nematodes migrate intracellularly producing large infection channels or galleries within the rhizomes

(Vilsoni et al., 1976).

M. incognita is widely distributed in ginger fields and causes a loss of 46.4% (Charles, 1979)
and 74% reduction in rhizome weight under artificial inoculation studies (Parihar, -1985; Sudha
and Sundararaju, 1986). The economic threshold levels of root knot nematode in ginger have been
reported as one infective juvenile of M. incognita per 30 g soil (Sudha and Sundararaju, 1986),
50 larvae of M. incognita and M. hapla per 100 ml soil (Kaur, 1987) and two nematodes per

- gram soil (Parihar and Yadav, 1986; Routaray et al., 1987a)to cause significant reduction in growth

- and yield. M. arenaria is also highly pathogenic to ginger (Kaur and Sharma, 1988). An initial
- level of 10 R. similis caused 39.8% reduction in rhizome weight (Sundararaju et al., 1979b). P.

 Coffeae is reported to cause ‘ginger yellows® disease (Kaur and Sharma, 1990). Their highly

- pathogenic nature and reports of interaction with other microorganisms in causing disease complexes

- make them important pests of ginger.

“Interaction with other organisms

'llf.?lzzlme‘rot inc‘:idgnce in ginger is reported to be severe when rhizomes are infested with nematodes
MKE M. incognita or P. coffeae (Dohroo et al.; 1987). However no interaction has been observed

e 4 a8 B e
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Table 13.3. Plant parasitic nematodes associated with gingers, Zingiber officinale Rosc

<l Nn Nomanatado r‘noz'l'n_c' _r.:_»:..’r:.’..:'.:::-
I.  Aphelenchoides tenuicaudatus 2
2.  Aphelenchus avenae 21
3. Basirolaimus indicus (= Hoplolaimus indicus) 25,26
4, B. seinhorsti (= H. seinhorsti) 25
5. Bitylenchus vulgaris (= Tylenchorhynchus vulgaris) 12
6. Caloosia sp. 13
7. C. exilis 26
8. Helicotylenchus sp. 22, 23, 24, 31
9. H. abunaamai 25,26
10. H. dihystera 21, 26 ]
11.  H. erythrinae 21
12.  H. pseudorobustus 26
13.  H. serenus 25
14. Hemicrinonemoides cocophilus 26
15.  Hemicycliphora sp. 24
16.  Longidorus sp. 3
17.  Macroposthonia ornata AR B
 18.  Meloidogyne sp. : 1, 11,21, 31
19. M. acrita (= M. incognita acrita) 7,21
20. M. arenaria 7,27
2. M. hapla 30
22, M. incognita 4,6,8, 13, 14, 15, 22, 23, 24
23. M. javanica 5,7
24, Pratylenchus sp. 22
25.  P. brachyurus 25
26.  P. coffeae 22, 25,28
27, P. indicus 30
28.  P. pratensis 7
29.  P.zeae 29
30.  Radopholus similis 3,17, 18, 19, 20, 21, 22, 23
31.  Rotylenchulus reniformis 9, 25, 26, 31
32.  Tylenchorhynchus sp. 24, 31
33.  Tylenchulus sp. 21
34.  Xiphinema sp. 31
35. X americanum 25
36. X basiri 10, 15
37. X index 25
38. X insigne 26

* |. Nagakura, 1930; 2. Steiner and Buhrer, 1933; 3. Hart, 1956; 4, 5. Colbran, 1958; 1962: 6. Nadakal. 1963: 7. Goodey

12. Upadhyay and S

et al., 1965; 8. Huang, 1966; 9. Swarup et al., 1967; 10. Yadav and Verma,
warup, 1972; 13. Haynes et al., 1973; 14. Mammen,

1967: 11. Kulkarni and Jain, 1969;
1973; 15. Roy, 1973; 16. Pegg et al., 1974;

17. Vilsoni, 1974; 18. Butler and Vilsoni, 1975; 19. Vilsoni et al., 1976; 20. Koshy and Sosamma, 1975; 21, Reddy, 1977,

22, Charles, 1978: 23. Charles and
and Das, 1985; 27, 28. Kaur and Sh
19_93.

Kuriyan, 1979; 24, Sundararaju et al., 1979a; 25. Rama and Dasgupta, 1985; 26. Ray
arma, 1988; 1990; 29. Kaur et al., 1989; 30. Koshy and Bridge, 1990; 31. Anonymous,
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with M. incognita and Pythium aphanidermatum (Doshi and Mathur, 1987), M. incognita and
Pythium myriotylum (Lanjewar and Shukla, 1985). Basal sheath rot, a new disease of ginger is
suspected to be caused by the combined infection of Aphelenchus spp. and Fusarium sp. (Magar
and Mayee, 1988). Bacterial wilt of ginger, caused by Pseudomonas solanacearum is also influenced
by M. incognita (Samuel and Mathew, 1983). -

Nematode management

A. Physical

Hot water treatment of ginger seed material at 50°C for 10 minutes is found to reduce the nematode
incidence (Colbran and Davis, 1969; Anonymous, 1971). Soil solarization was successful in ginger
fields for the.control of diseases (Balakrishnan et al., 1993). This technology is useful against
nematodes also.

B. Cultural ‘

Transmission and spread of nematodes are mainly through infested vegetative seeds (Kulkarni and
Jain, 1969). All care should be taken to use nematode-free planting materials. Soil fumigation and
planting nematode-free ginger increased the yields (Milne et al., 1979). In South Africa in vitro
ginger plantlets are used to get rid of root-knot nematode problem (Nel, 1985). Mulching with
sawdust (Colbran, 1974) or applying well-decomposed cattle manure or poultry manure or compost
or neem cake and mulching with green leaves reduces nematode built up (Kaur, 1987; Sterling,
1989). In Fiji, use of clean seed and a ginger - dalo - fallow rotation are recommended for the
control of nematodes (Haynes et al,, 1973). Application of neem cake @ It/ha before planting
increased the yield of ginger in India (Mohanty et al., 1992).

" C. Host resistance

No resistant/tolerant lines are identified against any nematode pests of ginger (Charles and Kuriyan,
1982; Routaray and Mohapatra, 1988).

D. Q_hem.'cal

Soil fumigation (Colbran, 1961; 1962; 1968; Pegg et al., 1974; Milne, 1979) or application of
granular nematicides like fenamiphos (Colbran, 1972; Willers, 1985; Kaur, 1987) or dip treatment
with fenamiphos (Willers, 1991) also reduced the nematode incidence and increased the yield.

TURMERIC

Turmeric (Curcuma longa L) is an important and ancient spice of India. It is cultivated in an
area of 128,600 ha mostly concentrated in Andhra Pradesh, Tamil Nadu and Kerala. The annual
p‘rOfluction of turmeric in India was about 397,400 MT during 1992-93. The export of turmeric
during the same period was 25,2250 MT worth Rs. 5200 lakhs.

Nematodes assoclated with turmeric

SR . -~m
i R et il beiciinmwia Adalnaidansisn nne Dadanh inaily
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a"d Pratylenchus coffeae are of economic importance (Table 13.4). Root knot nematode on turmeric

< ‘i”a;:hﬂm reported by Ayyar (1926) and is the only nematode that received maximum attention
n the past,
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Table 13.4. Plant parasitic nematodes associated with turmeric, Curcuma longa L

vematoae species

: Aphéleﬁchus' sp.

Aphelenchus avenae
Basirolaimus columbus (= Hoplolaimus columbus)
B. indicus (= H. indicus)

Bitylenchus brevilineatus
~ Criconemella sp.

Caloosia sp.
elicotylenchus sp.
H. abunaamai

; Hendcycliopkora ulkali
Hoplolaimus sp.
- Longidorus sp.

Macroposthonia omata :
M. sphaerocephala (= Criconemella sphaerocephala)

Meloidogyne sp.

incognita
Javanica
ratrichodorus sp.
Pratylenchus sp.
coffeae
dopholus similis
otylenchus sp.

Reference*

13

12

17

10, 12, 17
20

18

13

13, 18,20
12, 17

10

18

10

10

16

10
8,13,22

1822 T
9,10, 17

165
1,22 :
3.8,11, 13, 14, 17, 20, 21
2

20

- 4,13,22

15
56,7,8,13

8
10,13,17,20,21,22
13

13

18

19
17

6; 2. Nirulaand Kumar, 1963; 3. Nadakal and Thomas, 1964; 4. Sarmactal., 1974; 5. Koshy and Sosamma,
ctal., 1976 7. Sosamma et al., 1979; 8. Sundararaju et al., 1979a: 9, 10. Ray and Das, 1980; 1985; 11.

. Routaray and Das, 1982; 13. Venkitesan and Charles, 1982; 14. Chen et al., 1986; 15. Das and Das,
ishnan, 1987; 17. Routaray et al., 1987b; 18. Koshy and Bridge, 1990; 19. Rajeswari and

90; 20. Mani and Sri Hari, 1989; 21. Mani and Prakash, 1992;

22. Anonymous, 1994,

d turmeric plants have stunted growth, yellowing, marginal and tip drying of leaves
8. Infested plants age, dry faster and die prematurely, leaving a poor crop stand
Infested rhizomes lose their bright yellow colour (Mani et al., 1987). Root knot nematodes
rotting of roots. Roots damaged by R. similis become rotten and most of these
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decayed roots retain only the epidermis lacking cortex and_ s.te!ar .portions. Shallow water soakx?q,
brownish areas are seen on the surface of rhizomes. An initial inoculum level of 10 R. similis
caused 35-46 per cent reduction of rhizome weight (Sosamma et al., 1979).

Significant reduction in growth and yield of turmeric were noticed in plants inoculated with
>1000 root knot nematode juveniles/plant (Sudha et al., 1989). Four varieties viz. Suvarna, Suguna,
Sudarshana and Alleppey were tested against M. incognita. Maximum reduction of fresh rhizome
weight (18%) was observed in Suvarna at a Pi =2 juveniles/g soil (Anonymous, 1993). Xiphinema
basiri was also found to be pathogenic to turmeric (Rajeswari and Muthukrishnan, 1990).

'Nematode management
‘Though the pathogenic, effects of M. incognita and R. similis on turmeric were well established,
' not much attention was paid so far for control of these nematodes. Since the infested seed materials
 are the main source of nematode inoculum, planting nematode free rhizomes is of utmost importance
to prevent their-spread and also to avoid crop losses. Nematodes inside the rhizomes can be destroyed
by dipping in hot water at 55°C for 10 min or 45°C for 50 min (Chen et al.,, 1986).
Cultivars viz. Armoor, Duggirala, Guntur-1, Guntur-9, Rajampet, Sugandham and Uppalapadu
" and breeding lines viz. 5379-1-2, 5363-6-3, 5335-1-7-, 5335-27, Ca-17/1, Cli-124/6, Cli 339 were
resistant to M. incognita (Mani et al., 1987). Cli-32/4 was found moderately resistant to M. incognita
~ (Mani and SriHari, 1989). A wild related species, Curcuma zedoaria is more resistant to root knot
" nematode M. ihcognita (race 1) (Chen et al.,” 1986). :
Application of nematicides like carbofuran resulted in 81.6% reduction in root knot nematode
~ population (Mani et al., 1987). DBCP and phenamiphos were also effective in reducing disease
* symptoms in Gujarat (Patel et al., 1982).

| SEED SPICES

~ Coriander (Coriandrum sativam L.), Cumin (Cuminum cyminum L.), Fennel (Foeniculum vulgare
- Mill), Fenugreek (Trigonella foenum - graecum L.), Celery (Apium graveolens L.), Dill (Anethum
graveolens L.), Caraway (Carum carvi L.) and aniseed (Pimpinella anisum L.) are the important
* seed spices (grain spices). Based on area and production and also econoniic importance the first

* four are considered as the major seed spices.

Nematodes associated with seed spices

r Several nematodes are reported on these crops (Table 13.5) and the major nematodes are root
- knot nematodes. No nematodes are reported on aniseed.

. Meloidogyne incognita causes significant reductions in yield of coriander (52%), cumin (43%) and
~ fennel (42%) (Midha and Trivedi, 1991). An inoculum level of 100 root knot nematodes/pot was
. found highly pathogenic to coriander (Midha and Trivedi, 1988a). Fenugreek is highly susceptible
root knot nematodes M. javanica (Paruthi et al., 1987) and Pratylenchus zeae (Shafshak et al.,
On celery, Aphelenchoides spp., Aphelenchus spp., Paratylenchus spp. and Pratylenchus
rans are the important nematode parasites and significant economic losses are caused if
i3 Gre infectad in early ctage of cron growth (Murea et al., 1990; Roan and Gonzalez,
neuth and Schrameyer, 1991). Ditylenchus dipsaci caused severe losses on celery n Italy
co et al., 1991; Vovlas et al., 1993)). M. hapla is also an important nematode pest of
" (Starr and Mai, 1976; Bisessar et al., 1983). Ditylenchus dipsaci caused distortion of the
s and swelling or blisters like areas of the epidermis of celery plants (Vovlas et al., 1993).

£
I‘. Nature of damage and economic importance
:
i
e
&
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Table 13.5. Plant parasitic nematodes associated with seed spices

aC Spolics Soniciace . - Pamel - Feimgined  Oebi y e Curunay
/ sé?kﬂdwldes sp. 28
; 18
18
. ) 28
irolaimus dubius (= Hoplolaimus 21
indicus (= H. indicus) : 11,12
laimus longicaudatus " . 2
ichus brevilineatus I 1 : _ 34
ylenchorhynchus brevilineatus)
(= T. swarupi) 21
gam (= T. vulgaris) 9
Din ?J destructor 2
k 30, 33
Siliformis : . 21
chus filiformis) ;
lenchus L B T e W Chh R i
21
onemoides cocophillus 21 )
cliphora arenaria 3
3 2
‘schachtii 2
ma }Iel!a nucronala 15
13
19
; 2 Biiiig
15 i
2
2 2 2 2 2 2
2 32 2
2 2,20 2
£19.9% 17,26 36 4.0 5
25, 26
2,3,34 32 2 3,24 34
6 :
hus brevidens)
hus goldeni : 21
: 27
34 34
32

kowinensis 31

(Contd.)
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Coriander Cumin  Fennel ~ Fenugreek Celery  Dill  Caraway

34 2 34
31
34 34
14
2 31
23
. 15
hulus reniformis 58 10, 12
U 32 29
132 2
34
chus falciformis i 15
: 27
; 2
Us 16
siddiqii (= Rotylenchus 15
34

14

icate the respective references. i

i, 1961; 2. Goodey et al., 1965; 3. Chandwani and Reddy, 1967; 4. Krishnamurthy and Elias, 1967; 5. Swarup
7: 6. Sethi and Swarup, 1968; 7. Mathur et al., 1969; 8. Verma and Prasad, 1969; 9. Upadhyay and Swarup,
10. Khan and Khan, 1973; 11. Rashid et al., 1973; 12. Sen and Dasgupta, 1977; 13. Sultana, 1978; 14. Das and
a, 1979; 15, 16. Ray and Das, 1980; 1983; 17. Shah and Patel, 1979; 18. Zinov’ev and Barabashova, 1980; 19.

33 4, Paruthi et al., 1987; 25, 26. Midha and Trivedi, 1988a; 1991; 27. Koshy and Bridge, 1990; 28. Murga et
90; 29. Roan and Gonzalez, 1990; 30. D’Errico et al., 1991; 31. Knuth and Schrameyer, 1991; 32. Koshy and
992; 33. Vovlas et al., 1993; 34. Potter and Olthof, 1994,

ism by M. hapla and Pythium polymorphon causes severe root necrosis in celery (Starr
1976). _ : :
ogyne incognita completed its life cycle in fenugreek in 42-50 days (Sharma and Trivedi,
). T ematode infestation caused an increase in all metabolites especially insoluble polysac-
es and proteins in galls compared to healthy roots (Sharma and Trivedi, 1993).

| scuta reflexa significantly enhanced plant growth in fenugreek and reduced root galling
gnita (Sharma and Trivedi, 1992a). Crop rotations avoiding parsley and carrots
reals are recommended to manage nematode problems of celery (Knuth and

were made to locate resistanceltolerhnce to root knot nematodes in seed spices
edi, 1988; Sharma et al., 1988; 1989; Midha and Trivedi, 1988c; 1989; Patel

cheo et al., 1982;-20. Bisessar et-al., 1983; 21. Singh and Khera; 1984;22. Pant et al:; 1985;23. Shafshak et -

of Aegle marmelos, Withania somnifer, Hibiscus rosasinensis, Murraya koenigi and '

| p—

il
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et al., 1986; 1989). Among the seed spices, fennel is resistant to M. javanica while cumin and
coriander are moderately resistant (Paruthi et al., 1987). Some lines of seed spices that are resistant
to root Knot nematodes are given in iaoie 13.0.

Table 13.6. Varieties/selections of seed spices resistant to root knot nematode, Meloidogyne incognita

Crop Resistant line/selection : Reference
Fenugreek VLM-112, 227, 67, 113, 24,9 Sharma and Trivedi, 1988
I NLM, TG 2336, UM, 34, 35 Sharma et al., 1989
~ Coriander CO-1, CO-2 Midha and Trived, 1988¢
i Cumin CVT-R-S-1, CVT JC-1, CVT.JC-2 CVT.2C-3, CVT VC-43, Midha and Trivedi, 1989
CVT.VC-159 _

~ C. Biological
? ~ Paecilomyces lilacinus reduced the root knot nematode population in fenugreek (Sharma and Trivedi,
[’ 1989).

- GARLIC :
_ Garlic (Allium sativum L.) is an important minor spice or condiment crop, cultivated in an area
- of around 57,000 ha in India. Stem and bulb nematode (Ditylenchus dipsaci) is the major nematode ~~
problem of garlic cultivation and in storage in Western countries (Curi et al., 1984; Shubina, 1992).
The potato nematode, Ditylenchus destructor is reported to be a serious problem of garlic in Japan
(Fujimura et al., 1986). Fortunately, none of these nematodes are reported in India. Root knot
nematodes (Meloidogyne incognita) are highly pathogenic to garlic under Indian conditions and
significantly reduced shoot, root and bulb weights (Midha and Trivedi, 1988b). In Tamil Nadu,
- Aphelenchoides sp. and Tylenchorhynchus sp. were found associated with garlic (Sundaram et al.,
1990). Nothotylenchus alli, N. cylindricus (Khan and Siddiqi, 1968), Tylenchorhynchus brassicae
2 (Siddiqi et al., 1972), T. wulgaris (Upadhyay and Swarup, 1972), Rotylenchulus reniformis and
E Hoplolaimus indicus (Rashid et al., 1973) were also reported on garlic. However, not much is
b : known in India about the extent of nematode damage, their nature or control measures.

TREE SPICES

Clove (Syzygium aromaticum Merril & Perry), nutmeg (Myristica fragrans Hout), cinnamon
(Cinnamomum zeylanicum Blume) and all spice (Pimenta dioica Merr.) are important tree spices
cultivated in India. Very little information is available on plant parasitic nematodes associated with
these crops. The important nematodes are root knot nematodes (Meloidogyne spp.) on cinnamon,

meg and clove, Pratylenchus sp. on clove and cinnamon, R. similis on nutmeg and Rotylenchulus
iformis on clove, nutmeg and cinnamon. The role of these major nematodes should be studied
tree spice nurseries (Goodey et al., 1965; Kumar et al., 1971b; Sharma and Loof, 1974; Bridge,
)78; Sundararaju et al., 1979a; Koshy and Bridge, 1990). No nematodes are reported so far on

Other plants are also included in the category of spices and condiments according to the
ces Act. Plant parasitic nematodes reported on some of these spices are listed in Table
ng these, root knot nematodes in basil, mustard and Pratylenchus spp. problem in mint
serious.
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Table 13.7. Plant parasitic nematodes reported on some miscellaneous spices

\

Nematode species

FEOP
Asafoetida (Ferula asafoetida L.)

sa
Rasil (Ocimum basilicum L.)

|

E
4

Bay leaf (Laurus nobilis L.)
Bishop's weed (Trachyspermun:

ni (L.) Sprague) .

Curry leaf (Murraya koenigii (L.)
§pmngel.) ‘ :
Horse raddish (Armoracia rusticana
Gaertn.)

'junlpcms (Juniperus communis L.)

M'i'nt (Mentha piperita L.)

9

&

LjM_ﬁstard (Brassica juncea (L.)
Czern. & Coss.)

R R e e

 Airy-Shaw)

granate (Punica granatum L.)

Tylenchorhynchus ancorastyletus (Ivanova, 1983)

Meloidogyne sp. (Goodey et al., 1965; Khan et al., 1985), M. incognita (Ahmed
arid Khan, 1960; Goodey etal., 1965; Krishnamurthy and Elias, 1967; Haseeb et
al., 1988; Rhoades, 1988), M. hapla, M. Jjavanica (Goodey et al., 1965),
Belonolaimus longicaudatus, Pratylenchus scribneri, Paratrichodorus christiei,
Dolichodorus heterocephalus, Hoplolaimus galeatus (Rhoades, 1988)
Xiphinema madierense (Brown el al., 1992))

Meloidogyne incognita (Sethi et al., 1964; Haseeb and Butool, 1993),
Rotylenchulus reniformis (Swarup et al., 1967)

Meloidogyne incognita (Sundararaju et al., 1984)

Aphelenchoides besseyi (Silveira, 1990), D. dipsaci, Heterodera schachtii,
Meloidogyne sp., M. arenaria, M. javanica, Pratylenchus sp., P. penetrans
(Goodey et al., 1965)

Criconemella kralli, C. xenoplax (Kataan-Gatevaetat., 1991), Hemicycliophora
sp., Paratylenchus sp., Xiphinema diversicaudatum (Goodey et al., 1965))
Paratylenchus macrophallus (Goodey et al., 1965), P. hamatus (Goodey et al.,
1965; Lisetskaya, 1985), Pratylenchoides laticauda (Esmenjaud et al., 1990),
Pratylenchus minyus (Faulkner and Skotland, 1965), P. penetrans (Bergeson,
1963; Pinkerton, 1984), Meloidogyne sp. (Magbool ¢t al., 1985), M. hapla
(Goodey et al., 1965) &

Helicotylenchus abunaamai (Padhi and Das, 1982), Heterodera cruciferae
(Goodey et al., 1965), H. schachtii (Goodey et al., 1965; Zaspel and Fichtner,

.1985), H. trifoli, Meloidogyne sp., M. hapla (Goodey et al., 1965), M. graminis-

(Kaul and Chhabra, 1988), M. incognita (Goodey et al., 1965; Roy, 1972; Prasad
‘and Chawla, 1992), M. javanica (Dahiya et al., 1988), Pratylenchus ranjani
(Khan and Singh, 1974), Tylenchus microdorus (Chawla et al., 1969)

 Parsley (Petroselinum crispum (Mill.) Aphelenchoides fragariae, A. ritzemabosi (Zinov'ev and Barabashova, 1980),

Ditylenchus dipsaci (Goodey et al., 1965; D’Errico et al., 1991), Longidorus
maximus, Meloidogyne sp., M. hapla, M. incognita, M. Jjavanica, Paratylenchus
hamatus (Goodey et al., 1965), P. bukowinensis (Viscardi and Brzeski, 1992),
Pratylenchus penetrans (Goodey et al., 1965) !

Aphelenchus avenae, Helicotylenchus abunaamai (Routaray and Das, 1982),
Basiria graminophila, Rotylenchulus reniformis (Rashid et al.,, 1973),
Hemicaloosia delpradio(= Callosia delpradio) (Ray and Das, | 980), Ditylenchus
minutus (Husain and Khan, 1967), H. pseudorobustus, Longidorus sp. (Hashim,
1983), Longidorus brevicaudatus, Xiphinema americanum (Khan and Khan,
1972), Macroposthonia antipoliyana (=M. macrolobata) (Jairajpuri and Siddiqi,
1963), Meloidogyne sp. (Goodey etal., 1965; Hashim, 1983), M. hapla (Goodey
et al., 1965), M. incognita (Goodey et al., 1965; Raveendran and Nadakal, 1975;
Alam et al., 1976; Siddiqi and Khan, 1986), M. javanica (Siddiqi and Khan,

1986), Neolobocriconema olearun (Hashim, | 990), Pratylenchoides crenicauda
(lnira_innri 1044} Pratvlenchuc rnfnnp l_thi and Quwarnn 10711 Bantaras and

Das, 1982), P. flakkensis (Ray and Das, 1980), Paratyler;chus lepidus (Pt;ukan
and ‘Sanwal, 1979), Psilenchus hilarus (= P. neoformis) (Jairajpuri and Siddiqi,

(Contd.)




Plant Parasitic Nematodes Assdcialed with Spices and Condiments 237

Nematode species

%\‘
=

Seriespinula punici) (Edward et al., 1971; Khan et al., 1975), Tylenchorhynchus
clarus (Hashim, 1983), Xiphinema basiri

Rosemary (Rosemarinus officinalis  Criconemella rosmarini (Castillo et al., 1988), Meloidogyne sp. (Goodey et al.,

i L) 1965)
B._ Saffron (Crocus sativus L.) Acrotylenchus safroni (Fotedar and Handoo, 1977), Aphelenchus sp. (Goodey et
al., 1965)

Tamarind (Tamarindus indica L.) Helicotylenchus erythrinae, Basirolaimus indicus (= Hoplolaimus indicus)

Vanilla (Vanilla fragrans (Salisbury) Helicotylenchus microcephalus, Hemicriconemoides mangiferae, Meloidogyne
‘Ames.) sp., Radopholus williamsi, Rotylenchulus reniformis (Orton)

CONCLUSION

An overview of the nematode problems of various spices and condiments reveals that plant parasitic
nematodes cause serious damage to many of these plants and much attention is not paid for
controlling them. Most of the nematological investigations are mere survey reports or host range
studies. Very little studies have been done in India on some spices like all spice, celery, dill,
garlic, vanilla, etc. eventhough they are cultivated in sizable areas. More systematic research is

be given for developing ecofriendly nematode management practices with minimum use of
~ pesticides. There is a very wide scope for isolating more efficient biocontrol agents useful against
~ nematodes, in a tropical country like India. Developing resistant lines is another thrust area in
- spices as India possesses rich genetic resources of most of these crops. Modern biotechnology
tools will be of immense use for achieving rapid successes in this field. Therefore, nematological
investigations on these economically important group of crops have to be intensified and

strengthened in the coming years.

REFERENCES

- Agnihothrudu, V. 1987. Discases of small and large cardamom. In Review of Tropical Plant Pathology, pp.
'127-147, ed. S.P. Raychaudhari, J.P. Verma Today and Tomorrow's Printers and Publishers, New Delhi,
India. :
Ahmed, A. and Khan, A.M. 1960. Further studies on susceptibility of common weeds to the root knot nematode
 Meloidogyne incognita (Kofoid and White, 1919). Chitwood, 1949. In Proc. 47th Indian Sci. Cong. IV
~ (Abstr.), 29 p.

lam, M.M., Khan, A.M. and Saxena, S.K. 1976. Additional host records of the root knot nematode, Meloidogyne
incognita in North India. Curr. Sci. 45 : 350.

li, 8.S. 1984. Occurrence of root knot nematodes in cardamom plantations of Tamil Nadu. /n Proc. Placrosym-
V 1982, pp 615-620, Indian Society for Plantation Crops, Kasaragod, India.

S. 1986. Occurrence of root knot nematodes in cardamom plantation of Karnataka. Indian J. Nematol.
=16 : 269-270.

$.8. 1986. Evaluation of nemacur against Meloidogyne incognita in a cardamom nursery. Indian J. Nematol.
: 48-50.

. 1987. Preliminary observations on the effect of some systemic nematicides and neem oil cakes in
‘cardamom field infested with root knot nematodes. In Proc. Placrosym-VI 1984, pp. 215-223. Indian
ociety for Plantation Crops, Kasaragod, India.

~ ' needed in seed spices sector. Considering the export oriented natiiré of spices, more emphasis should =




;
i/ga Nematode Diseases in Plants

'l Ali, S.S. 1987. Effect of three systemic nematicides against root knot nematodes in a cardamom nursery. Nematol,

- Medit. 15 : 155-158.

4 Ali, S.S. 1989. Influence of ‘Katte’ mosaic virus of cardamom on the population of Meloidogyne incognita.

f Nematol. Medit, 17 : 121-122.

/Ali. S.S. and Koshy, P.K. 1982. A note on use of Methyl Bromide for control of root-knot nematodes in cardamom
~ nurseries. Indian J. Nematol. 12 : 147-150.

:/ Ali, S.S. and Koshy, P.K. 1982. Occurrence of root knot nematodes in cardamom plantations of Kerala. Nematol,

i medit. 10 : 107-110.

/ Ali, 8.S. and Venugopal, M.N. 1992. Interaction between Meloidogyne incognita and Rhizoctonia solani in damping

b off and rhizome rot disease of cardamom secdlings. Nematol, medit. 20 : 65-66.

/Ali, S.S. and Venugopal, M.N. 1993. Prevalence of damping off and rhizome rot disease in nematode infested

4 cardamom nurseries in Karnataka. Curr. Nematol, 4 : 19-24,

/Anandaraj, M., Ramana, K.V. and Sarma, Y.R. 1991. Interaction between vesicular arbuscular mycorrhizal fungi
and Meloidogyne incognita in black pepper. In Mycorrhizal Symbiosis and Plant Growth, ed. D.J. Bagyraj,
A. Manjunath, pp. 110-112, Univ. of Agri. Sci.,, Bangalore, India.

Anandaraj, M., Ramana, K.V. and Sarma, Y.R. 1994. Role of Phytophthora capsici in the etiology of slow
decline disease of black pepper (piper nigrum L.). In Abstracts of Papers. 23 p. International Symposium
on Plantation Crops, 30 November-3 December, 1994. National Research Centre for Spices, Calicut, India.

Anonymous 1971. Fiji Department of Agriculture - Report for the year 1970. Fiji Parliament, 1971, 34 p.

Anonymous 1991. Annual Report for 1990-91. National Research Centre for Spices, Calicut, India. 75 p.

Anonymous 1993. Annual Report for 1992-93. National Research Centre for Spices, Calicut, India. 61 p.

Anonymous 1994. Annual Report for 1993-94. National Research Centre for Spices, Calicut, India. 65 p.

Ayyar, PN.K. 1926. A preliminary note on the root gall nematode, Heterodera radicicola and its economic
importance in South India. Madras Agric. J. 14 : 113-118. :

Balakrishnan, P.K., Usman, N.M. and Sarma, Y.R. 1993. Discase management of rhizome rot of ginger by
solarization. In Abstracts of papers. Symposium an Management of Plant Diseases through Resistance,
Bioagents and chemicals, 25-26 November, 1993. Univ. of Agric. Sci., Dharwad, Indian.

Pratylenchidae) from Spain. J. Nematol, 22 : 214-219.

Bergeson, G.B. 1963. Influence of Pratylenchus penetrans alone and in combination with Verticillium albo-atrum

8 on growth of peppermint. Phytopathology 53 : 1164-1166.

Biessar, S. 1969. Plant parasitic nematodes of crops in Guyana PANS 15 : 74-75.

Bisessar, S., Rinne, R.J. and Potter, J.W. 1983. Effects of heavy metals and Meloidogyne hapla on celery grown

: on organic soil near a nickel refinery. Plant Disease 67 : 11-14. :

Bleve-Zacheo, T., Zacheo, G., Melillo, M.T., Lamberti, F. and Arrigoni, O. 1982. Ultrastructural response of
celery root cells of Longidorus apulus. Nematol, Medit, 10 : 141-155.

Bopaiah, BM. and Khader, K.B.A. 1989, Effect of biofertilizers on growth of black pepper (Piper nigrum).

~ Indian J. Agric. Sci. 59 : 682-683.

 Bridge, J. 1978. Plant Nematodes associated with Cloves and Black Pepper in Sumatra and Bangka, Indonesia.

| Technical Report on visit to Indonesia, 9-19 July, 1978. UK Ministry of Overseas Development,

,'.,l College of London University, Silwood Park, Sunninghill, Ascot, Berks, UK, 19 p.

1988. Plant parasitic nematode problems in the Pacific islands. J. Nematol. 20 : 173-183,

o Faria, A, Lamberti, F., Halbrendt, J.M., Agostinelli, A. and Jones, A.T. 1992. A description

hinema madierense sp. n. and the occurrence and virus vector potential of X. diversicaudatum

da : dorylaimr'da) from Santana, Madeira. Nematol. Medit. 20 ; 251-259. ;

STl wili discase ui pigeon pea ana pepper. Agric. J. India 1 : 25-36,

Vilsoni, F, 1975. Potential hosts of burrowing nematode in Fiji. Fiji Agric. J. 37 : 38-39.

i, M.R. and Barcina, A.G. 1988. Criconemella rosmarini sp. n. (Criconematidae: Tylenchidae)
Nematol. Medir, 16 : 19-23. :

‘Barcina, A.G., Castillo, P. and Pais, M:1990. Description of Pratylérichoides’ camachoi n.sp. (Tylenchidae:

‘
i

-




Plant Parasitic Nematodes Associated with Spices and Condiments 239

Chandwani, G.H. and Reddy, T.S.N. 1967. The host range of root knot nematode, Meloidogyne javanica in tobacco
: nurseries at Rajahmundry, Andhra Pradesh. Indian Phytopath. 20 : 383-384.
o/ Charlac 1€ 1072 Quudiac an the Namatnda Dicsacae of Cinner M Qr Thacie Varala Aaric lniy  Uallaniloos
: Kerala, India.
‘rrl,f'Charles, J.S. and Kuriyan, K.J. 1980. Studies on nematode incidence in ginger. In Proc. Placrosym-11 1979,
Indian Society for Plantation Crops, Kasaragod, India. pp. 50-57.
Charles, J.S. and Kuriyan, K.J. 1982, Relative susceptibility of ginger cultivars to the root knot nematode,
‘Meloidogyne incognita. In Proc. National Seminar on Ginger and Turmeric, Calicut, Central Plantation
Crops Rescarch Institute, Kasaragod, India. pp.- 133-134.
Chawla, M.L., Prasad, S.K., Khan, E. and Siya Nand 1969. Two new species of the genus Tylenchus Bastian
1805 (Nematoda: Tylenchida) from Uttar Pradesh, India. Labdev. J. Sci. and Technol. 7B: 291-294,
/ Chen, CM,, Li, H.Y. and Lii, D.Y. 1986. [The study on root knot nematodes of common turmeric (Curcuma
/  domestica Valet)].- Herald of Agric. Sci. 1 : 16-22.
Chong, Y.H. and Tu, C.C. 1979. Pathogenesis of Meloidogyne incognita to edible ginger. J. Agric. Res. China
28 : 91-99.
Christie, J.R. 1957. The yellows disease of pepper (Piper) and spreading decline of citrus. PL. Dis. Reptr. 41:
267-268.
Colbran, R.C. 1958. Studies on plant and soil nematodes 2. Queensland host records of root knol nematodes
(Meloidogyne species). Qd. J. Agric. Sci. 15: 101-136.
Colbran, R.C. 1961. Root knot of ginger. Qd. Agnc J. 87: 546-547.
Colbran, R.C. 1962. Studies on the root knot nematode control in gmger Qd. J. Agnc Sa I9 279-281.
_Colbran, R.C. 1968. Nematode control lifts ‘ginger yields. Qd. Agric. J. 94: 603-605. a
" Colbran, R.C. 1972. Studies of-root knot nematode control in ginger with non volatile nematicides applied at
’ and after planting. Qd. Agric. Animal Sci. 29: 275-280.
Colbran, R.C. 1974. Nematode control in ginger with nematicide, selection of planting materials and saw dusl
; mulch. Qd. J. Agric. Animal Sci. 31: 231-235.
/ Colbran, R.C. and Davis, J.J. 1969. Studies of hot water treatment and soil fumigation for control of root knot
in ginger. Qd. J. Agric. Sci. 26: 439-445,
Curi, S.M., Silveira, S.G.P. da, Bona, A. de, Siqueira, W.J. and Prates, H.S. 1984. The occurrence and
symptomatology of the nematode Ditylenchus dipsaci on garlic in the state of Sao Paulo. Biologico 50:
187-193.
Dahiya, R.S., Mangat, B.P.S. and Bhatti, D.S. 1988. Some new host rccordp of Meloidogyne javanica. Int. Nematol.
b Network Newsletter. 5: 32-34.
./ Das, S. and Das. S.N. 1986. Host range of Pratylenchus coffeae. Indian J. Nematol. 16: 180-184.
‘Das, V.M. and Sultana, S. 1979. Five new species of the genus Pratylenchus from vegetable crops of Hyderabad
(Andhra Pradesh). Indian J. Nematol. 9: 5-14.
Davide, R.G. 1985. Summary report on the current status, progress and needs for Me!a:dogyne research in region
VI. In An advanced Treatise on Meloidogyne, Vol. 1, Biology and Control, ed. J.N. Sasser, C.C. Carter,
; International Mcloidogyne Project NC, Raleigh, USA. pp. 369-372.
,/ Delacro:x, G. 1902, A malady affecting pepper (Piper nigrumy) in Cochinchina. Agriculture Prat. Pays Chauds
¢ 672-680.
D’ Ernco F.P., Nicotina, M. and Mahamoud A.G. 1991. Duyleuchus dipsaci damaging different crops in Salerno.
Informatore Fitopatologico 41: 59-61.
ohroo, N.P., Shyam, K.R. and Bhardwaj, S.S. 1987. Distribution, diagnosis and incidence of rhizome rot complex
| of ginger in Himachal Pradesh. Indian J. Plant Pathol. 5 : 24-25.
/Doshi, A, and Mathur, S. 1987. Symptomatology, interaction and management of rhizome rot of ginger by
' xenobiotics. Korean J. Plant Prot. 26 : 261-265.
ouza, G.l, Viswanathan, P.R.K. and Shamanna, H.V. 1970. Relative distribution and prevalence of plant
parasitic nematodes, in coffce tracts of Sputh Western India. Indian Coffee 34: 330, 342.




atode Diseases in Plants

. 1990. A methodology for evaluation of resistance in cardamom to root knot nematode (Meloidogyne

agnita). Indian J. Nematol. 20 : 197-201.

SJ 1992. Influence of plant age on root knot n

. 193-195.

en. S.J. 1993 Seasonal variations 0
‘Nematol. 23 : 63-68.

, S.J. 1994 Pathogenicity of root knot neinatode on smal

l?f!?'jmdian J. Nematol. 24 : 31-37. ;
pen, S.J. and Venugopal, M.N. 1995. Field evaluation of Trichoderma spp. and Paecilomyces lilacinus for

~ control of root knot nematodes and fungal diséages in cardamom nurseries. /n Abstracts of Papers. National
- Symposium on Nematode Problems of India!” 24-26 March, 1995. New: Delhi, India.

dward, J.C., Misra, S.L., Peter, E. and Rai, B.B. 1971. A new species of Criconema associated with pomegranate
~ (Punica granatum L.). Indian J. Nematol. 1 ; 59-62.

menjaud, D., Voisin, R., Minot, J.C. and Guiran, G. de 1990. Pratylenchoides laticauda on peppermint in

~ Southern Alps: host range, population, densities in different crop rotations and host suitability of three
“mint subspecies. Meded. Facult. Landbouwwetenschappen, Gent 55: 779-786.

aulkner, L.R. and Skotland, C.B. 1965. Interactions of Verticillium dahliae and Pratylenchus minyus in

" Verticillium wilt of peppermint. Phytopathology 55 : 583-586.

erraz, E.C.A., Lordello, L.G.E. and Gonzaga, E. 1989. Influence of Meloidogyne incognita (Kofoid and White

~ 1919) Chitwood 1949 on chlorophyll content of black pepper (Piper nigrum L.). Agrotropica 1 : 57-62.

rerraz, E.C.A., Lordello, L.G.E., Santana and de, c.J.L. Nutrient absorption of black pepper vine (Piper nigrum
L) infested with Meloidogyne incognita (Kofoid Ind White 1919) Chitwood 1949. Boletin Tecnico Centro

1 de Pesquisas do Cacau, Brazil No. 160, 34 p.

erraz, E.CA, Orchard, J.E. and Lopez, A.S. 1984. Reactions of black pepper to Meloidogyne incognita in

~ relation to total phenol. Revista Theobroma 14 : 217-227.

ic;rgz. E.C.A. and Sharma, R.D. 1979. Interaction and pathogenicity o

. 1919) Chitwood 1949 and- Rotylenchulus reniformis Linford and Oliveira .1940..on:
. Theobroma 9 : 45-53.

Fotedar, D.N. and Handoo, Z.A. 1977. Acrotylenchus safroni n.gen., n.sp. (Nematoda; Tylenchida) from Kashmir,
. India. Indian J. Nematol. 7 : 145-147.

Freire, F.C.O. 1982. Interactions of Fungi and Nematodes of Blac
2 ‘Univ. of London, UK, 575 p.

ire, F.C.O. and Bridge, J. 1985. Histopathology of black pepper
Fitopatologia Brasileira 10 : 475-481.

F.C.O. and Bridge, J. 1985. Biochemical changes induced in roots and xylem sap of black pepper by
Meloidogyne incognita. Fitopatologia Brasileira 10 : 483-497.

F.C.O. and Bridge, J. 1985. Influence of different inoculum levels of Meloidogyne incognita, Nectria
haematococca f.sp. piperis and Phytophthora palmivora on black .pepper plants. Fitopatologia Brasileira
i 559-575. :

F.C.O. and Bridge, J. 1985. Parasitism of eggs, females
ecilomyces lilacinus and Verticillium chlamydosporiunt.

0. and Monteiro, A.R. 1978. Nematodes of Amazonia. I1. Parasitic and free living nematodes associated
With black pepper (Piper nigrum L.) and cocoa (Theobromo cacao). Acta Amazonica 8 : 561-564.
Washid, S. and Nishizawa, T. 1986. Garlic as a new host of the potato root nematode, Ditylenchus
0 e e ol e o Mamatel’ 16 53847,
1991, Studies on the Biology, Pathogenicity and B
Kerala Univ., Trivandrum, India. 196 p.

, N.C. 1989. Varietal response of pepper to
i Lanka J. Tea Sci. 58 : 5-8.

ematode development in cardamom. Nematol. Medit.

=

f root knot nematode population in a cardamom plantation. Indian J.

| cardamom (Elettaria cardamomum Maton.).

f Meloidogyne incognita (Kofoid and White

k Pepper (Piper nigrum L.). Ph.D. Thesis,

roots infected with Radopholus similis.

and juveniles of Meloidogyne incognita by
Fitopatologia Brasileira 10 : 577-596.

iocontrol of Different Populations of Radopholus

infestation by the burrowing nematode, Radopholus

black pepper.. Revista ...

Y e

R ———————r P i e e




Plant Parasitic Nematodes Associated with Sfiices and Condiments 241

apragasam, N.C., Anpalagan, V.T., Dharmasena, W.A.M., Ariyaratnam, V., Jayasinghe, P.R.R. and Navaratne
- N. 1985. Report of the Tea Research Institute. Sri Lanka. 90 p.

| Guwivy, 3.5., Fraukiin, 1. ana Hooper, D.J. 1965, T. Goodey’s The Nematode Parasites of Plants Catalogued
' under their Hosts. CAB, Farnham Royal, England. 214 p.

)E‘Goodcy, T. 1936. On Anguillulina oryzae (v. Breda de Hann, 1902) Goodey 1902, a nematode parasite of the
roots of rice, Oryza sativa L. J. Helminth. 14 : 107-112.

2 Gupta, N.K. and Uma 1980. Quinisulcius punici (Tylenchorhynchidae: Tylenchida) a new species from India,
~ Proc. Indian Acad. Sci. 89 : 415-418. :

" Hamada, M., Hirakata, K. and Uchida, T. 1985. Influence of southern root knot nematode, Meloidogyne incognita
on the occurrence of root rot of pepper (Piper nigrum L.) caused by Fusarium solani f. sp. piperis.
./ Proceedings of the Kanto-Tosan Plant Prot. Soc. 32 : 236-237.

3 Aan, W.H. 1956. Spreading decline of citrus caused by the burrowing nematode, Bull California Dept. Agric.
G 45 :263-267. ;

~ Haseeb, A. and Butool, F. 1993. Use of some pesticides and oil seed cakes for the control of Meloidogyne

incognita on Trachyspermum ammi. Afro-Asian J. Nematol, 3 : 112-114.

" Haseeb, A., Butool, F. and Pandey, R. 1988. Influence of different initial population densitics of Meloidogyne

i incognita on the growth of oil yield of Ocimum basilicum cv. French. Indian J. Plant Path. 6 : 176-
179.

Hashim, Z. 1983. Plant parasitic nematodes associated with pomegranate (Punica granatum L.) in Jordan and

© an attempt to chemical control. Nematol. medit. 11 : 199-200.

Hashim, Z. 1984, Rediagnosis, and.a key, to. species of Neolobocriconema Mehta- and- Raski;*1971 ‘(Nenidtoda:
i Tylenchida), with a description of N. olearum n.sp. from Jordan. Systematic Parasitology 6 : 69-73.
l_-_iaynes, P.H.,, Patridge, 1.J. and Sivan, P. 1973. Ginger production in Fiji. Fiji Agric. J. 35 : 51-56.

Hedge L., Krishnappa, K. and Bojappa, K.M. 1993. Reaction of different cultivars of cardamom (Elettaria
cardamomum Maton) to root knot nematode (Meloidogyne incognita). Indian J. Nematol, 23 : 127-128.

olliday, P, and Mowat, W.P. 1963. Foot rot of Piper nigrum L. (Phytophthora palmivora). Phytopathological

; Paper No. 5. Commonwealth Mycological Institute, Kew, England. 62 p.

Huang, C.S. 1966. Host parasitic relationship of root knot nematodes in edible ginger. Phytopathology 56 : 755-
759.

bert, F.P. 1957. Diseases of some export crops in Indonesia. Plant Dis. Reptr. 41 : 55-63.

uettel, R.N., Dickson, D.W. and Kaplan, D.T. 1986. Radopholus citrophilus sp.n. (Nematoda), a sibling species

of R. similis. Proc. helm. Soc. Wash. 51 : 32-35. ;

n, S.I and Khan, AM. 1967. A new subfamily, a new subgenus and eight new species of nematodes

from India belonging to superfamily Tylenchoidea.. Proc. helm. Soc. Wash., 34 : 175-186.

chinohe, M. 1975. Infestation of black pepper vines by the root knot nematode, Meloidogyne incognita at Tome-
Acu, Para, Brazil. Jap. J. Nematol. 5 : 36-40. '

nohe, M. 1976. Nematode problems of black pepper in Bangka Island, Indonesia. Nematology Newsl.

2 2, i

M. 1980. Studies on the root knot nematode of black pepper plantation in Amazon. Annual report

the society of Plant Protection of North Japan, No. 31. pp. 1-8.

M. 1985. Integrated control of the root knot nematode, Meloidogyne incognita on black pepper plantations

N the Amazonian region. Agriculture, Ecosystems and Environment 12 : 271-283.

S. 1983. New species of nematodes from the family Tylenchorhynchidae (Eliava, 1964) Golden, 1971
he Southern Pamir - Alai. Izvestiya Akademii Nauk Tadzhikskoi SSR, Biologicheskie Nauki No.

40-45, ; :

d Kuriyan, J. 1979. Screening of pepper. varieties for resistance against root knot nematode

8yne incognita). Agric. Res. J. Kerala 17 : 90.

Kuriyan, J. 1979, Survey of nematodes associated with pepper in Kerala. Agric. Res. J. Kerala

]




42 Nematode Diseases in Plants

acob, A. and Kuriyan, J. 1980. Nematodes associated with pepper in Kerala and the extent of damage done
by Meloidogyne incognita on the crop. pp. 31-38.

Jacob, C.K. and Chandrasckharan, L.R. 1984. Evaluation of certain granular pesticides for the control of root
knot nematodes in cardamom. pp. 633-637.

Jairajpuri, M.S. 1964. On Pratylenchidae (Pratylenchoides) crenicauda Winslow 1958 (Nematoda: Pratylenchinae)
from Srinagar (Kashmir), India. Curr. Sci. 33: 339,

Jairajpuri, M.S. and Siddiqi, A.H. 1963. On Psilenchus neoformis n.sp. (Nematoda: Tylenchida) from Solan (HP),
_ North India. Curr. Sci. 32 : 318-319.
Jairajpuri, M.S. and Siddiqi, A.H. 1963. On three new species of the genus Trichonemoides Taylor 1936 (Nematoda:
Criconematoidae) from Dalhousie (HP), North India. Z Parasitenk. 23 : 340-347,
Jasy, T. 1991. Host Specificity, Pathogenicity and Morphological Variations in the Populations of Burrowing
E ‘Nematode Infesting . Plantation Crops. Kerala Univ., Trivandrum, India. 196 p.
4 Jasy, T. and Koshy, P.K. 1992. Effect of certain leaf extracts and leaves of Glyricidia maculata (H.B. and K)
- Steud. as green manure on Radopholus similis. Indian J. Nematol. 22 - 117-121.
Javed, R. 1983. Two new species of the superfamily Longidoroidea (dorylaimida) from Maharashtra, Indian
J. Nematol. 13 : 26-31. :
Kalyviotis - Gazelas, C. 1981. Nematodes and host plants reported for the first time in Greece. Annales de
I'Institut Phytopathologique Benaki, N.S. 13 : 30-35.
- Katalan-Gateva, S., Aleksiev, A.D,, lliev, LL. and llieva, Z.I. 1991. On the species composition and distribution
of the family Criconematidae (Taylor, 1936) Thorne 1949 (Nematoda) in Bulgaria. Acta Zoologica Bulgarica
41 : 53-57.
Kaul, V.K. and Chhabra, H.K. 1988. A new record of Meloidogyne graminis on Raya and occurrence of
- Meloidogyne spp. in Ludhiana, Punjab, India. J. Oilseeds Res. 5 : 200-202.
5 _/Kaur, K.J. 1987. Studies on Nematodes Associated with Ginger (Zingiber officinale Rosc.) in Himachal Pradesh.
b Ph.D. Thesis, Himacha! Pradesh Univ., Shimla, India. 198 p.
. /Kaur, D.J. and Sharma, N.K. 1988. Occurrence and pathogenicity of Meloidogyne arenaria on ginger. Indian
B Dhyiopaih, AL 467468, . ... .. e bt R et S S WA
-/ Kaur, D.J. and Sharma, N.K. 1990. A new report on Pratylenchus coffeae - a cause of ginger yellows. Int.
. | ' Nematol. Network Newsl, 7 : 15-16. :
aur, D.J., Sharma, N.K. and Khan, M.L. 1989. Occurrence of Pratylenchus zeae Graham 1951 on ginger, Zingiber
officinale (Rosc.) in Himachal Pradesh. Indian J. Nematol. 19 : 68.
Khan, AM. and Siddigi, M.R. 1968. Three new species of Nothotylenchus (Nematoda : Neotylenchidae) from
North India. Nematologica 14 : 369-372.
Khan, A M., Siddigi, M.R., Khan, E, Husain, S.I. and Saxena, S.K. 1964. List of Stylet Bearing Nematodes
Reported -from India-I. Nematology Publication No. 1, Aligarh Muslim University, Aligarh, India, 19 p.
Khan, B.A,, Munir, A., Haq, I. and Aslam, M. 1985. New host record of root knot nematodes Meloidogyne
SPP. in Pakistan. Pakistan J. Nematol. 3 : 111.
Khan, [ 1981, Inagreius gloriosus gen.n., sp. n. and descriptions of three new species of Xiphinema Cobb
1913 alongwith a report on X. radicicola. T. Goodey 1936 and X. elongatum Sch. Stek. and Teun 1938
(Nematoda : Longidoroidea) from India. Indian J. Nematol. 11 : 189-204. :
an, E., Chawla, M.L. and Saha, M. 1975. Criconematidae (Nematoda : Tylenchida) from India, with descriptions
of nine new species, two new genera and a family. Indian J. Nematol. 5 : 70-100.
M, E. and Nanjappa, C.K. 1972. Four new species of Criconematoidea (Nematoda) from India. Indian J.
- Nemarol, 2 : 59-68. '

-3 () R T S e Lo WS o TSN | PR e | NS | ey 3
STV QIS SNy SR iYa. s e MMM L e sae

P
e

Zn ond nonvlation af Tanaidavue hrovicandatue Yinhinoma
Ve S plpeianiOD 20 LONSISOINT Drevicallnalis . Xis

iri and X. americanum in Uttar Pradesh and Rajasthan with description of L. psidii n.sp. (Nematoda:
Dorylaimoidea). Indian Phytopath. 25 : 269-274.

A. and Khan, A.M. 1973. Studies on the reniform nematode, Rotylenchulus reniformis. 1. Host ranges
d population changes. Indian J. Nematol, 3 : 24-30, ¥ :

“esrasvene




Plant Parasitic Nematodes Associated with Spices and Condiments 243
, E. and Singh, D.B. 1974. Five new species of Pratylenchus (Nematoda
Indian J. Nematol.,4 : 199-21].

Vooand Suuamcyen, . 1550, UNCiawodes o1 celery]. uemuse (Munchen) 27 : 136-140).

K. 1986. The burrowing nematode, Radopholus similis (Cobb 1893) Thorne 1949, Iy Plant Parasitic

Nematodes of India - Problems and Progress, ed. G. Swarup, D.R. Dasgupta, Indian Agricultural Research
Institute, New Delhi, India. pp. 223-248.

/ Koshy, P.K. and Bridge, J. 1990. Nematode parasites of spices. In Plant Parasitic Ne

i Pmrylenchr'dae) from India.

matodes in Tropical
Agriculture, ed. M.Luc, R.A. Sikora, J. Bridge, CAB International, Wallingford, UK. pp. 557-582.

. Koshy, P.K. and Geetha, S.M. 1992, Nematode pests of spices and condiments. In Nematode Pests of Crops,
-/ - ed. D.S. Bhatti, RK. Walia, CBS Publishers and Distributors, New Delhi, India, pp. 228-238.
/ Koshy, P.K., Nair, C.P.R., Sosamma, V.K. and Sundararaju, P,
y in cardamom nurseries. Indian J. Nematol, 6 174-175,
{ Koshy, P.K., Premachandran, D., Sosamma, V.K. and Premkumar, T. 1979. Effect of Meloidogyne incognita
; populations on black pepper. Indian Phytopath. 32 : 221-225.
- Koshy, P.K. and Sosamma, V.K. 1975. Host range of the burrowing nematode, Radopholus similis (Cobb, 1893)
k Thome, 1949. Indian J. Nematol. 5 : 255-257.
" Koshy, P.K., Sosamma, V.K. and Sunda’rara'ju. P. 1977. Screening of plants used as
root knot nematode. Indian Phytopath. 30 : 128-129,

Koshy, P.K. and Sundararaju, P. 1979, Response of seven black pepper cultivars to Meloidogyne incognita,
/ Nemarol. medit. 7 : 123-125. '
| Koshy, P.K., Sundararaju, P. and Sosamma, V.K. 1978. Occurrence and distribution_of Radopholus similis (Cobb,
. 1893) Thorne, 1949 in South India. Indian J. Nematol. 8 : 49-58.
. Koshy, P.K., Sundararaju, P. and Wilson, K.I. 1979, Efficacy of certain systematic nematicides against Meloidogyne
incognita in a cardamom nursery. Nematol. Medit. 7 : 195-198.

Krishnamurthy, G.V.G. and Elias, N.A. 1967 Host range of Meloidogyne incognita causing root knot on tobacco

3 in Hunsur, Mysore State. Indian Phytopath. 20 : 374-377.

:.j;](ueh, T.K. 1975. The Nematode Parasites of Plants in Sarawak, Malaysia. Tech. Document No, 100. FAO Plant

L Protection Committee for South East Asia and Pacific Region. Department of Agriculture, Sarawak,
Malaysia. 5 p.

- Kueh, T.K. 1979. Pests, Diseases and Disorders of Black Pepper in Sarawak. Se

: Centre, Department of Agriculture, Sarawak, Malaysia. 68 p.

Kuch, T.K. 1990. Major diseases of black pepper and their management. The Planter 66 : 59-69,

Kueh, TK. and Sim, S.L. 1992. Slow decline of black pepper caused by root knot nematodes. In Proc.

; International Workshop on Black Pepper Disegses, ed. P. Wahid, D, Sitepu, S. Deciyanto, U, Suparman,

pp. 198-200. Rescarch Institute for Spice and Medicinal Crops, Bogor, Indonesia.

ueh, TK. and Teo, C.H. 1978, Chemical control of root knot nematodes in Piper nigrum. The Planter 54:
. 237-245.

i, S.N. and Jain, A.C. 1969. Meloidogyne sp. in the rhizomes of ginger (Zingiber officinal~ Rosc.). Indian
Phytopath. 18 : 391-392.

b A.C. and Viswanathan, P.R.K. 1972. Studies on physiological races of Pratylenchus coffeae. J, Coffee
Res. 2 : 10-15.

.C., Viswanathan, P.R.K. and D’Souza, G.I. 1971. New hosts of coffee root lesion nematode, Pratylenchus
“fleae. Indian Coffee 35 : 59.

C., Viswanathan, P.RK. and D’Souza, G.I. 1971. A study of plant parasitic nematodes of certain
Mercial crops in coffee tracts of South India. Indian Coffee 35 : 222-224.

F., Rohini, HM. and Eknayake, K. 1983. Effect of some plant parasitic nematodes on the growth
ack pepper in Sri Lanka. FAQ Plant Prot. Bull. 31 : 163-166.

D. and Shukla, V.N. 1985, Parasitism and interaction between Pythium myriotylum and Meloidogyne
fa in soft rot complex of ginger. Indian J. Nematol. 15 : 170-173.

1976. On the incidence of root knot nematode

pepper standards against

mongok Agricultural Research




Nematode Diseases in Plams

ewar, R.D. and Shukla, V.N, 1988. Histopathological study of root knot nematode in relation to the root
~ tissues of ginger. PKV Res. J. 12 : 164-167.
Leong, C.T.S. 1986. Pepper nematodes. In Annual Report for the Year 1984, Department of Agriculture, Sarawak,
Borneo, Malaysia, pp. 74-78.
Lisetskaya, L.F. 1985. The effect of herbicides on the numbers of Paratylenchus hamatus in the rhizosphere
of peppermint. In Ekologiya i prakticheskoe znachenie zoo-i fitoparazicheskikh organizmov, Kishiney,
e Shtiinsta, USSR, pp. 48-51. ;
- Loof, P-A.A. and Sharma, R.D, 1979. Plant parasitic nematodes from Bahia State, Brazil. The genus Xiphinema
Cobb, 1913 (Darylar'moidea). Nematologim 25 : 111-127.
: Lopes, E.B. and Lordello, L.G.E. 1979, Meloidogyne incognita and Fusarium solani f. piperis associated with
wilting of black pepper. Revista de Agriculture 49 ¢ 165-166.
Lopez, R. and Salazar, I.. 1988 New host for Meloidogyne javanica (Nemata : Heteroderidae) in Costa Rica,
Agronomia Costaricense 12 - 241-244,
(/juc,M. 1960. A new species of genus Rotylenchoides Whitehead 1958 (Nematoda : Tylenchida). Nematologica
‘ 5 :.2-17. ' !
Magar, L.M. and Mayee, C.D. 1988. Nematode - fungus induced basal sheath rot of ginger from Maharashtra,
_ Indian Botanical Reptr. 7 : 65-67.
Mammen, K.V. 1973. Root gall nematodes as a serious pest of ginger in Kerala, Curr. Sei. 42 : 549,
Mani, A., Naidu, P.H, and Madhavachari, S, 1987, Occurrence and control of Meloidogyne incognita on turmeric
in Andhra Pradesh, /ndiq. Int. Nematol, Network Newsl. 4 : 13.18,
ani, A. and Prakash, K.S. 1992. Plant parasitic nematodes associated with turmeric in Andhra Pradesh. Curr.
/M Nematol, 3 : 103104,
Mani, A. and Sri: Hari, D. 1989, Phytonematodes associated with turmeric in Andhra Pradesh and reaction of
certain turmeric lines to Meloidogyne incognita. Indian J. Nematol. 19 : 272. :
3/ Manjunath, A. and Bagyaraj, D.). 1982. Vesicular arbuscular mycorrhiza in three plantation crops and cultivars
- of field bean, Curr, Sci. 51 : 707-708.
,Maqbqol,,M,a‘.,__Ha_shm_i. S. and Ghaffar, A, 1985. New host records of root knot hematodes (Meloidogyne spp.)
% in Pakistan and identification of physiological races, Pakistan J. Nematol, 3 1 49-52,
i /Mathur, R.L., Mathur, B.N, and Handa, D.K. 1969 Additions to host records of root knot nematodes. Nematologica

f 15 : 160-161.
i Midha, R.L, and'Trivedi. P.C. 1988a. Effect of different inoculum levels of M, incognita on coriander. Indian
- J. Nematol, 18 ; 372-373. : ‘
idha, R.L. and Trivedi, P.C, 1988b. Pathogenicity of Meloidogyne incognita on garlic, Allium sativum L. Indian
J. Nematol, 18 : 373-374.
¢ Midﬁa, RL. and Trivedi, p.C. 1988c. Evaluation of coriander varieties against Meloidogyne incognita. Indign
¢ J. Nematol. 18 : 375 '
i \/ "ﬁdha, R.L. and Trivedi, p.c. 1989. Evaluation of cumin varieties against root knot nematodes, Meloidogyne
. Incognita, Indign J. Nematol. 19 ; 264, -
:[dha, R.L. and Trivedi, P.C. 1991. Estimation of losses caused by Meloidogyne incognita on coriander, cumin
~and fennel. Curr. Nematol. 2 : 159.162. :
ne, L. 1979. Nematode Control on Ginger. Information Bulletin No. 79. Citrus and Subtropical Fruit Research
- Institute, 14 p-
% L., Smythi, w., Webster, G. and Reynolds, R. 1979, Ginger Nematodes. Information Bulletin No. 87.
"-.Cilrus and Subtropical Fruit Research Institute, 5 p,
R ey _Eias, C. 1975. Helicotylenchus Irivandrans sp.n, (Nematoda : Hoplolaimidae) from Kerala, India. Indian
‘.- l‘v.cnuu'u;. .; . EGJ-ICT.
98, C. and Ramana, K.V. 1982. Trophotylenchulus floridensis Raski, a new endoparasite of Piper nigrum
from Kerala. J. Plant Crops 10 : 33-54; -
,» C. and Ramana, K.V, 1987. Slow wilt diséase of black pepper and its control, lndir_m Cocoa, Arecanut
= Spices J. 11 : 10-11. : -

.
it sty




, India. Indian J, Nematol,
C. anu Kamana, K. v. 1YY1. Fawnogenicity ot Melorao
Pepper (Piper nigrum L.) J, Plant Crops 19 . 41-43,
»Mohandas, C., Ramana, K.V. and Rask
L. in Kerala, India (Nemata
: J'Mohanly, K.C, Mahapatra, S M. an
j (Meloidogyne incognita) infecti
Murga, SN, Venturo, C.F. and Espi
(Abstract). Fitopatologja 25 . 13
Mustika, 1. 1978, Obseryarion

d Patnaik, P.R.

ika, I. 1991, Response o

f four black pepper cult
and Fusarium solani,

ivars to infection

Mustika, 1. 1992 Effects of

Industrial Crops Res. J. 41) : 17-22

18 : 18-2],

syne incognita and Radophotys Stmilis on black

i, D.J. 1985, Trophotylenchulus
: Tyienchulidae). Revue Nematol, g

Piperis n.sp.,

Parasitic op Piper nigrum
P 97-102

iv., Wageningen, The Netherlands,
by Radopholus similis

Industrial Crops Res,

Muthukrishnan. T.S.

Mustika, I, Sudradjat, D, and
Pembr. Littri. Vol. VI 59 . 3743
Mustika, L. and Zainuddin, N, 1978, Efficac
~ pepper. Pemberitaan LPTI 30, pp.

Melor‘dagyne incognita and Fusarium solanj on black Pepper (Piper nigrum L)),
J. 42) : 7413,
Wikanda, A. 19

84. Control of pepper yellows disease with fertilizers and pesticides,

Y tests of some n

ematicides for the control of nematodes on black
1-10. ‘ :

1987. List of Criconemat
Nadakal, A M. 1963, Meloidogyne Spp. infesti
Nadakal, A.M. 1964. Studies
and summer fallow - survival of zingiber root
Chitwood. Indian J. Expt. Biol, 2 . 203-207.
Nadakal, A.M. and Thomas, N.
by root knot nematode,
/ Nagakura, K, 1930. Uben den
/ Zool. 3 : 95-160.
o Nambiar, K.K.N. and Sarma, Y.R.
\;/Nel, M. 1985. In vitro Culture of
Fruit Research Institute,
Nirula, K.K. and Kumar, R,

1977. Wilt diseases of b
Excised Ginger Roots, |

1963. Collateral host

ids recorded in South India. n

- Curr. Sci. 33 : 247.248

plants of root knot nematod

Orton Williams, K.J. 1980, Pla
Pests and Diseases in the
St. Albans, UK. 192 p,

nt Parasitic Nematod

dian J. Nemarol, 17 : 3845
Kerala. Curr, S¢i. 32 : 360-361.

ngeschichte der Heteroderg radicicola (Greef) Muller, Jap. J.

lack pepper. ! J. Plant Crops 5 . 92-103,
nformation Buyl, No.

I59. Citrus and Sublrgpical

es. Curr. Sci, 32 - 221-222.

es of the Pacific. UNDP/FAO - SPEC Survey
South Pacific. Tech.

Padhi, N.N. and Das, S,N. 1982.
12 : 53.59,

Hakim, S. and Saxena, SK.

1985. Reaction of
oghita and thejr effect on th

n ginger (Zingiber officinale rosc.) (Abs
Parihar, A. and Yadav, B.S. 1986, Meloidogyne incognita on
4 Indian J. Mycology and Plany Pathol, 16 : 84-86.

/ Paruthi, 11, Jain, RK. and Gupta, D.C. 1987, A

. 16 : 154-155.

¢ morphometrics of nem

ginger (Zingiber officinale Rosc.) and

note on reaction of
(Meloidogyne Javanica). Haryana J. Hort. Sei.

Some vegelables to roo knot nematode,

atodes. Indiafy J, Nemarol, 15 :

8yne incognita (Kofoid and White
ir.). Indian J. Nematol. 15 ; 297,

its control,

some spices to root knot nematode




Patel, D.J., Mahadia, BM. an

an

d its chemical control
Patel, D.J., Patel, H.R. and P.

Indian J, Nematol. 16 :

atel, C.C,.
Nationg) Seninar on See,

Patel, D.J, Patel, S.T. and Jogani,

d Shah, H.M. 1982,
. Indian J. Nematol,

130.

Occurrence of root
12 : 168-171,

V/{’aulus, AD, Eng L., Teo,
resistance to root knot
Ibrahim, C.F.J. Bong,
132-139,

nema

ing black pe

Pper genotypes and Piper spp. for

C.H. and Sim, S.L. 1993, Screen
ck P

LP. Ipor, Universiti Pertani

tode. /n The Bla epper Industr Problems and Prospects, ed. M.Y.

an Malaysia Bintuly Campus, Sarawak, Malaysia, pp.

eensland.

K.G., Moffett, M.L and Colbran, R.C, 1974. Discase of ginger in Qu
618.
Phukan, PN. and Sanwal, K.c. 197, Taxonomic
¢ Tylenchida). Indian J. Nematol, 9 - 20-26.
Pinkerton, J.N. 1984, Relationship of Pratylenchus penetrans (Cobb, 1917)
peppermint, Mentha piperita 1. (Abstr.). Dissertation Abst
Potter,” J.W. and Olthof, T.H.A,
Temperate Agriculture,
pp. 171-207.
Prasad, D. and Chawla, M.L.
Nematol, 3 . 129-132,
Rajeswari, S, and Muthukrishn
i 20 : 122-125,
\/ Rama, K, and Dasgupta, M.K. 1985. Physical ecolo
Darjeeling District, West Bengal (

studies on nematodes from Assam, India (Pamrylenchidae

1992, Pathogenicity of Meloidogyne incognita on sunflower and mustard. Curr,

an, T.S. 1990. Studies on host range of Xiphinema basir;, Indian J. Nematol,

8y of plant parasitic nematodes associated with ginger in

Abstr.). Indian J, Nematol, 284.28s. :

Ramana, K.V, 1986, Siow wilt disease of black Pepper and the role of plant ’pa:jgsi,l_ic“ngmawdgs
- J. Coffee; Re.r."l6‘(Suppl.) 17210 o

Ramana, K.V, decline disease of blac

; rma, T, Premkumar, N
/ Ramana, K.V, 1993, Final Report of the Project :
wilt Disease) of Black Pepper and Screenin
Centre for Spices, Calicut, India. 149 p.

Ramana, K.v. and Eapen, §.J,

in its etiology,

k pepper (Piper nigrum L) in India, In Dise
ional Research Centre for Spices, Calicut,

ases of Black

ati India. pp. 136-

-friendly Approache, ed. G, Swarup,
Delhi, India, pPp. 263-270.

on of black pepper germplasm to root k
138-139,

Plant parasitic nema
17 : 62-66.

1989, Endoparasitic nematodes infesting roo
matol. Network Newsl,
ques for screening black
Nematol, 19 . 144-149,

das, C. 1986. Reacti
incognita. Indian 7, Nemartol, 16
Ramana, K.V. and Mohandas, C. | 987.
L.) in Kerala. Indian J, Nematol.

ana, K.V. and Mohandas, C.
L) in two districts of Karn
ana, K.V, and Mohandas, C, 1989. Technj
and Meloidogyne incognita. Indian 1.
Nana, K.y, Mohandas, C. and B
disease complex of black pep
Mana, K.y, Mohandas, C. and E
Pepper, Tech. Bull,,

not nematode Meloidogyne

todes assactated with black pepper (Piper nigrum

ts of black pepper
. 6 : 33-35,

pepper germplasm to Radopholus similis

(Piper nigrum

alakrishnan, R, 1987, Role of
per (Piper nigrum L) in Keral

apen, S.J. 1994,
- National Research Centr,

plant parasitic nematodes in the slow wilt
a. Indian J. Nemarol 17 : 225.230.

Plant parasitic nematodes and slow decline disease of black
e for Spices, Calicyt, India. 14 p,




Plant Parasitic Nematodes Associated with Spices and Condiments 247

K.V., Mohandas, C. and Ravindran, P.N. 1987. Reaction of black pepper germplasm o the burrowing
matode (Radopholus similis). J. Plant. Crops 15 : 65-66.
qana, K.V. and Sarma, Y.R. 1993. Efficacy of Paecilomvces lilacinus in suppressing nematode infestations
'in black pepper (Piper nigrum L.) (Abstr.). Indian J. Nematol. 23 : 13-14.
ana, K.V., Sarma, Y.R. and Anandaraj, M. 1993. Nematode management in black pepper. pp. 118-131.
a, K.V,, Sarma, Y.R. and Mohandas, C. 1992. Slow decline disease of black pepper (Piper nigrum L.)
- and role of plant parasitic nematodes and Phytophthora capsici in the disease complex. J. Plant Crop
& 20 (Suppl.) : 65-68.
gid, A., Khan, F.A. and Khan, A.M. 1973. Plant parasitic nematodes associated with vegetables, fruits, cereals
I and other crops in North India. I. Uttar Pradesh. Indian J. Nematol. 3 : 8-23.
gshid, F., Geraert, E. and Sharma, R.D. 1986. Seinura, Aphelenchoides and Aphelenchus from Brazil (Nematoda:
* Aphelenchina). Biologisch Joarboek Dodonaca No. 54 : 30-45.
iski, D.J. 1975. Revision of the genus Pratylenchus Micoletzky 1922 and description of new species. Part
| 1. J. Nematol. 7 : 15-34.
faski, D.J. and Pinochet, J. 1975. Merocriconema braziliensis g.n., sp.n. (Criconematidae : Nematoda) from
Piper sp. Indian J. Nematol. 5 : 22-25. j i
aut, S.P. and Pande, V.S. 1986. A first report of Meloidogyne incognita causing root knot discase of cardamom
in Konkan. Indian J. Mycol. Pl. Pathol. 16 : 167-168. !
taveendran, V. and Nadakal, A.M. 1975. An additional list of plants infected by the root knot nematode,
- Meloidogyne incognita (Kofoid and White 1919) Chitwood 1949 in Kerala. Indian J. Nematol. 5 : 126-

127.

:L’vihdran, P.N., Ramana, K.V., Nair, M.K,, Nirmal Babu, K. and Mohandas, C. 1992. *Pournami' - A" high
yielding black pepper selection tolerant to root knot nematode (Meloidogyne incognita). J. Spices and
Aromatic Crops 2 : 136-141.

y, S. and Das, S.N. 1980. Nematodes of saline soils in Orissa, India. Jndian J. Nematol. 10 : 231-235.

y, S. and Das, S.N. 1983. Three new and five nominal species in the family Tylenchorhynchidae (Tylenchida:
Nematoda) from Orissa, India. /ndian J. Nematol. 13 : 16-25.

By, S. and Das, S.N. 1985. Plant parasitic nematodes associated with medicinal plants and forest trees in Orissa,

- Indian J. Nematol. 15 : 103-105. _

pzak, A.R. 1981. The economic importance and identification of root knot nematode isolates of Malaysia, In

Proc. Third Research Planning Conference on Root Knot Nematodes, Meloidogyne spp. Region VI. North

Carolina State University, Raleigh, USA. pp. 31-39. ;

eddy, D.B. 1977. Pests, Diseases and Nematodes of Major Spices and Condiments in Asia and the Pacific,

Tech. Document No. 108. Plant Protection Committee for the South East Asia and Pacific Region, FAO,

\ Bangkok, Thailand. 14 p.

loades, H.L. 1988. Effect of several phytoparasitic nematodes on the growth of basil, Ocimum basilicum. Ann.

| appl. Nematol. 2 : 22-24.

J. and Gonzalez, S. 1990. Determination of the phytophagous nematodes associated with celery production

A0 La Plata, Argentina. Int. Nematol. Network Newsl. 7 : 3-4.

+ B.N. and Das, S.N. 1982. Association of plant parasitic and free living nematodes with some medicinal

in Pulbani district (Orissa). Jndian J. Nematol. 12 : 179-180.

N. and Mohapatra, M.P. 1988. Susceptibility of some ginger cultivars to Meloidogyne incognita.

i J. Nematol. 18 : 129, -

B.N., Mohapatra, M.P. and Das, S.N. 1987. Effects of Meloidogyne incognita on ginger, Zingiber

inale Rosc. Indian J. Nematol. 17 : 327-329,

N., Sahoo. H. and Das, S.N. 1987. Nemic association of ginger and turmeric in Orissa. Indian J.

“latol, 17 ; 122-123.

72. Reaction of some plants to the attack of Meloidogyne incognita in Assam. Indian J. Nematol.
-89,




?‘ Nematode Diseases in Plants

"'oy, T.K. 1973, Notes on the Pathogenicity of Xiphinema basir; Siddiqi.

1959 and its host recopgs Indian J,
Nemarol. 3 . 161-163. ;

amucl. M. and Mathew, J. 1983. Role and association of root knot hematode Melojdo
|/ i/

8YNe incognitg in the
induction of bacterial wilt of ginger incited by Pseudomonqs solanacearum. Indian Phytoparh, 36 : 308.
399

,\/Sarma, YR, Nambiar, K.K.N. and Nair, C.P.R. 1974. Brown rot of turmeric, 7. Plant, Crops 2

1 33-34,

Sarma, YR, Premkumar, T., Ramana, K.v, Ramachandran. N. and Anandaraj, M. 1987, Disease and pest

Mmanagement in black Pepper nurseries, Indian Cocoa, Arecanut ang Spices 7, Il : 45.49

Sen, K. and Dasgupta, MK, 1977, Additional hosts op the root knot ematode Meloidogyne PP. from Indja.
Indian J. Nemasol, 7 P74

Sethi, C.L, Gill, H.S. and Swarup, G. 1964, A note on the prevalence of Meloidogyne SPp. in vegetable Ccrops,
Indian Phytopath, 27 . 69-70.

Sethi, C.L. and Swarup, G. 1968, Plant parasitjc hematodes of North Western India 1. The genus T}Ienchorhynchus.
Nematologica 14 : 77-88. :

Sethi, C.L. and Swarup, G, 197]. Plant parasitjc nematodes of North Western India, HL. The genys Pratylenchys.
Indian Phytopath, 24 - 410-412, '

Shafshak, S.E., Shokr, E., Salem, F:M.. El-hosary, A A. and Barakat, A, | 985. Susccplibility of some field crops
to the infection of certain nematode genera in Egypt. Ann. Agric. Sci., Moshtohor 23 - 1003-1011,

Shah, H.M. and Patel, D.J. 1979, Occurrence of root knot disease in cumin, Indian J. Nematol, 9 . 179-180.

< Shah, JI. and Raju, E.C. 1977, Histopathology of ginger (Zingiber officinale) infected by soil nematode
/ Meloidogyne sp. Phyton 16 - 79-84.
S

harma, A. and Trivedi, p.C. 1988, Screening of Trigonella Joenum-graecym varieties/cultivars against root
nematode Meloidogyne incognita, Iny, Nematol. Networy Newsl, 5 . 30-31, :
«/ Sharma, A. and Trivedi, p.C. 1989. Control of root knot nematodes in Trigonellq Joenum-graecym by Paecilomyces
/’ lilacinys, Nematol, medys. 17 : 131-133, ;
1 7 Sharma, A, and Trivcc_ii. P.C. 1992. Control of root knot disease of Trigonellq Joenum - Braccum using decomposed
o leat powder., Jy; Proc. 3rq International Conference on Piay Protection in the T; ropics, 6 : 25.28. Malaysian

knot

Sharma, A. and Trivedi, p.c, | 992. Studies on the life cycle of Meloidogyne incognita in the cultivars of Trigonella
Joenum - 8raecum, Nematof, medit, 20 . 215-216.

Sharma, A, and T, rivedi, P.C, 1993, Histochemical alterations in varjoys cell constity
incognita in Trigoneliq Joenum-graecyy L. Curr, Nematol, 4 . 71-76.

Sharma, G.L., Mathur, BN, and Bhargaya, L.P. 1988, Reaction of some fenugreek (Trigonellq SJoenum -
L.) lines against Meloidogyne incognita, Indian J, Nematol, 18 . 356.

./ Sharma, G.L.. Mathur, B.N. and Jain, M.P. 1989, Screening of fenugreek and coriande
Meloidogyne incagnita, In Proc. Firs National Seminar on Seed Spices, Jaipur, Ingia. 266 p.

Sharma, N.N. and Edward, J.C. 1986. Two new Species of Superfamily Criconematoideq (Tylenchidg : Nematoda)
from Kerala, India. J. Soi Biol. Ecol, 5 . 105-110,

Sharma, R and Loof, P.A.A, 1974, Nematodes of cocoa region of Bahia, Brazj| IV. Ne
s of pepper (Piper nigrum L.) and clove (Eugenia caryophyllatq Thumb). Revista Theobroma 4 - 26-32.
a,

MsS. ang Venkitesan, T.§. 1981, Iulcrrelationship of infectivity between the burrowing ang root knot
‘Matode in plack pepper, Piper nigrum |, (Abstr.). Indign J Nematol, 1| - 105,

_M-S. and Venkitesan, T.g, 1990. Interaction between Meloidogyne incognita and (he fungus Fusariym
k gadiais ¥, S, TR

" On hlanl PEnner vina (D T N Y

ents induced by Meloidogyne

8§raecum

N4 e,
5 vre TN MV av L 1G9 00,

9., Venkilcsan. T.S. and Mohandas, N. 1993. Status of Bacillus 5pp. as biocontrol agents of root
zllpmaludc (Meloidogyne incognita) infesting black Pepper (Piper nigrum L.). J. Plant Crops 21 (Suppl.):
22,




Plant Parasitic Nematodes Associated with Spices and Condiments 249

S.A.. Chunram. C. and Pholcharoen, S. 1969. Pepper yellows discase and nematodes in Thailand. FAQ
Plant Prot. Bull. 17 : 33.

siiiikar, 5. @udg KOBING iyer 185, INHUENCE 01 vesicular arbuscular mycorrhizae on growth and nitrate
reductase activity of black pepper. Indian Phytopath. 41 : 428-433.

ina, L.V. 1992. Study of the host range of the onion and garlic strains of stem nematodes, depending on
soil and climatic zones. Trudy Gel mintologicheskoi Laboratorii No. 39 : 201-206.

qi, M.R. 1961. Studies on Tylenchorhynchus spp. (Nematoda : Tylenchida) from India. Z. Parasitenk. 21:
46-64.

qi, Z.A., Khan, AM., Saxena, S.K. 1972. Host range and varietal resistance of certain crucifers against
Tylenchorhynchus brassicae. Indian Phytopath. 25 : 275-281.

qi. Z.A. and Khan, M.W. 1986. A survey of nematodes associated with pomegranate in Libya and Evaluation
of some Systemic Nematicides for their Control. Pakistan J. Nematol. 4 : 83-90.

ira, S.G.P. da 1990. Two hosts of Aphelenchoides besseyi in Brazil. Nematol. Brasil. 14 : 146-150.

1 R.V. and Khera, S. 1984, Plant parasitic nematodes associated with vegetable crops around Calcutta. Indian
J. Nematol. 14 : 188-190.

u, D. and Kasim, R. 1991. Black pepper diseases in Indonesia and their control strategy. pp. 13-28.

Hajijah, A.S. 1993. Observations of root knot infestation on pepper (Piper nigrum L.) in Surawak. pp. 140-
147.

yasad, P., Jacob, A., Nair, S.K. and George, B. 1990. Influence of VA mycorrhizal colonization on root

_knot nematode_infestation in Piper. nigrum L. In Trends in Mycorrhizal Research. Haryana Agricultural
University, Hissar, India. pp. 101-110.

srasad, P., Jacob. A.. Sulochana, K. K., Visalakshy, A. and George, B. 1992. Growth, root knot nematode
infestation and phosphorus nutrition in Piper nigrum (L.) as influenced by vesicular arbuscular mycorrhizae.
In Proc. Third International Conference on Plant Protection in the Tropics, Kualalinpur, Malaysia. 6:

34-37.

mma, V.K., Sundararaju, P. and Koshy, P.K. 1979. Effect of Radopholus similis on turmeric. Indian J.
Nematol. 9 : 27-31.

, JL. and Mai. W.F. 1976. Effect of soil microflora on the interaction of three plant parasitic nematodes
with celery. Phytopathology 66 : 1224-1228. '

er, G. and Buhrer, EM. 1933. Recent observations on discases caused by nematodes. Pl Dis. Reptr. 17
172-173. :

ng. G.R. 1989. Organic amendments for control of root knot nematode (Meloidogyne incognita) on ginger.
Australasian Pl. Pathol. 18 : 39-44.

i, S., Koshy, P.K. and Sundararaju, P. 1989. Effect of root knot nematode, Meloidogyne incognita on growth
of turmeric. J. Plant. Crops 16 : 293-295.

1a, S. and Sundararaju, P. 1986. Pathogenicity of Meloidogyne incognita on ginger (Zingiber officinale Rosc.).
Indian J. Nematol. 16 : 258-259.

wna, S. 1978. Hirshmaniella orycrena n.sp. and H. oryzae (Nematoda : Tylenchida) from Hyderabad, India.
Indian J. Nematol. 8 : 174-176.

jaram, R., Rajendran,” G., Lakshmanan, P.L. and Nanjan, K. 1990. Nematodes associated with garlic and
vegetables in Nilgiri district. South Indian Hort. 38 : 353.

fararaju, P.. Koshy, P.K. and Sosamma, V.K. 1979. Plant parasitic nematodes associated with spices. J. Plant.
Crops 7 : 15-20.

fararaju, P.. Sosamma, V.K. and Koshy, P.K. 1979. Pathogenicity of Radopholus similis on ginger. Indian
J. Nematol. 9 : 91-94.

fararaju, P., Sosamma, V.K. and Koshy, P.K. 1984. Additional host records of root knot nematode, Meloidogyne
incognita. Indian J. Nematol. 14 : 183-184.




Niseases in Plants %

1. Agricultural Zoology in Fiji. Overseas Research Publication No. 18. London, UK. 424 p.
. Nath, R.P. and Sethi, C.L. 1967. The plant parasitic nematode genus Rotylenchulus in India. Indian
chytopath. 20 : 118-123.
, N.A., Patel, H.R. and Patel, C.C. 1987. Reactions of chickpea and fenugreek varieties/lines to root knot
rematodes. Indian J. Nematol. 17 : 143-144,
W.P. 1975. Plant Pathology in peninsular Malaysia. Rev. Pl. Pathol. 54 : 297-305.
s, G.V., Sundararaju, P., Ali, S.S. and Ghai, S.K. 1989. Individual and interactive effects of VA mycorrhizal
fungi and root knot nematodes,” Meloidogyne incognita on cardamom. Trop. Agric. 66 : 21-24,
yay, K.D. and Swarup, G. 1972. Culturing, host range and factors affecting multiplication of Tylenchorhynchus
vulgaris on maize. Indian J. Nematol. 2 : 139-145.
tese, J. and Anuar; M.A. 1992, Etiology and control of slow wilt disease in Johore, Malaysia. pp. 188-
197. j
J. van der 1950. Plant parasmc nematodes. In Diseases of Cultivated Plants in Indonesian Colonies,
add. L.G.E. Karshoven, J.V.d Vecht, 1. S’gravenhage, W.van Woeve. pp. 16-45,
esan, T.S. 1972. On occurrence of plant parasitic nematodes associated with different crops in Cannanore
tistrict, Kerala. Agric. Res. J. Kerala 10 : 179-180.
esan, T.S. 1976. Studies to the Burrowing Nematode, Radopholus similis (Cobb, 1893) Thorne 1949 on
Pepper (Piper nigrum L.) and its Role in Slow Wilt Disease. Ph.D. Thesis. Univ. of Agric. Sciences,
Bangalore, India. 122 p.
esan, T.S. and Charles, J.S. 1980. A note on the chemical control of nematodes infesting pepper vines
n Kerala. pp. 27-30.
esan, T.S. and Charles, J.S. 1982. Plant parasitic nematodes associated with turmeric in Kerala and the
rature of infection by Meloidogyne sp. pp. 135-137.
esan,-T.S. and Jacob, A. 1985, Integrated control of root knot nematode infecting pepper vines in Kerala.
ndian J. Nematol. 15 : 261-262.
ssan, T.S. and Setty, K.G.H. 1977, Pathogenicity of Radopholus similis to black pepper (Piper nigrum
.). Indian J. Nematol. 7 : 17-26.
ssan, T.S. and Setty, K.G.H. 1978. Reaction of 27 black pepper cultivars and wild forms to the burrowing
ematode, Radopholus similis (Cobb) Thorne. J. Plant. Crops 6 : 81-84.
:san, T.S. and Setty, K.G.H. 1979, Control of the burrowing nematode, Radopholus similis on black pepper.
esticides 13 : 40-42,
S.K. and Prasad, S.K. 1969. The reniform nematode, Rotylenchulus reniformis Linford and Oliveira 1940.
I. Studies on control. Indian J. Entomol. 32 : 68-72.
, F. 1974. New records. FAQO Quarterly Newsl. 17 : 4-5.
, F., Mac Clure, M.A. and Butler, L.D. 1976, Occurrence, host range and hlstopathology of Radopholus
muhs in ginger (Zingiber. officinale). Plant Dis. Reptr. 60 : 417-420.
li, T. and Brzeski, M.W. 1992. Simulation model for the population dynamics of the nematode Paratylenchus
wkowinensis (Nematoda : T)ﬂenchtdae) Agriculture, Ecosystems and Environment 38 : 153-159.
athan, P.R.K., Kumar, A.C. and D'Souza, G.I. 1974, Nematode association of cardamom in South India.
cardamom News 6 : 5, 19.
. N.. Melillo, V.A. and Catalono, L. 1993. [Ditylenchus dipsaci, casual agent of severe damage in celery
rops in Apulia (Southern Italy)). Nematol medit. 21 : 55-57.
P.W.F.de 1979. ‘Yellow disease’ complex in black pepper on the island on Bangka, Indonesia. J. Plant.

Vrf\ﬂf 'l . tl") AQ

P.A., Kamalam. N.V. and Venugopal, V.K. 1982. Mineral nutrition of slow wilt alfected black pepper
Piper nigrum 1..). J. Plamt Crops 10 : 21-25.

, P. 1985, Efficient Nematode Control, a Step Closer to Ginger Producers. lnformanon Bull. No. 160.
sitrus apd Subtropical Fruit Rescarch Institute. pp. 4-6.




Plant Parasitic Nematodes Associated with Spices and Condiments 251

/Willers, P. 1991. Control of Root Knot Nematodes in Ginger Rhizomes by Dip Treatment in Fenamiphos.

Information Bull No 230 Citrue and Subtrpionl Prult Dolzorch WS, pp. dvmid.
/ Winoto, S.R. 1972. Effect of Meloidogyne species on the growth of Piper nigrum L. Malaysian Agric. Res. .
1 : 86-90.
Yadav, B.S. and Verma, M.K. 1967. New host records of Xiphinema basiri and X. indicum. Nematologica 13:
469.

Zaspel, J. and Fichtner, E. 1985. Study of the multiplication of Heterodera schachtii on rape, radish and mustard.
Archiv fr Phytopathologie and Pflanzenschutz 21 : 215-220.

Zinov'ev, V.G. and Barabashova, V.N. 1980. A study of the most pathogenic plant nematodes in the Khrkov
region (stem nematodes and Aphelenchoides. Vestnik Khar ‘kovskogo Universiteta No. 195, pp. 101-103.




