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Intraspecific Variations of Ditylenchus myceliophagus Goodey, 1958 in
relation to Hosts, Temperature and Age of Nematode Culture

DEBANAND DAS* AND HARISH K. BAJAJ

Department of Nematology, CCS Haryana Agricultural University, Hisar-125 004

ABSTRACT: The effects of nine fungal hosts (Alternaria alternata, Agaricus bisporus, Fusarium solani, Mucor sp., Pleurotus sajor-caju,
Rhizoctonia solani, R. bataticola, Sclerotium sclerotiarum and Trichoderma harzianum), four temperatures (13, 20, 25 and 30º±1ºC) and
three culture ages (30, 40 and 55 days) on taxonomic characters of Ditylenchus myceliophagus were investigated. Occurrence of males,
shape of stylet knobs, number of lateral lines, junction between corpus and median bulb, arrangement of oocytes in ovary,
crustaformeria, limit of anterior genital tract, shape of spicules, and covering of bursa were not affected by temperature, type of host
and age of host culture. However, marked variations occurred in the basal oesophageal bulb and tail shape. Morphometric and
allometric characters were influenced to varying degrees by these environmental factors.

Key words: Ditylenchus myceliophagus, morphometric, allometric characters, taxonomy, temperature, age, fungal hosts.

*Present address: Regional Agricultural Research Station, Assam Agricultural University, North Lakhimpur-787 001, Assam.

Nematodes are subjected to varied biotic and abiotic
conditions, which may influence their body dimensions,
proportions and other taxonomic characters useful for
their identification. Hosts (Goodey, 1941; Wu, 1960; Pillai
& Taylor, 1967; Ganguly & Ramesh, 1996, 1997),
temperature (Monoson, 1971; Evans & Fisher, 1970a, b)
and nutrient status/age of the nematode culture (Monoson,
1971; Kline, 1976) have been found to influence the
morphology and dimensions of nematodes. Nematode
taxonomy is still mainly based on morphological characters
and therefore, it is essential to know the extent of
variability of a particular character due to the influence of
biotic and abiotic factors. Little information exists on the
influence of such factors on morphometric and allometric
characters of Ditylenchus myceliophagus Goodey, 1958.
Therefore, this paper aims at evaluating taxonomically
important characters of D. myceliophagus as influenced
by hosts, temperature and age of the nematode culture.

MATERIALS AND METHODS

Pure culture of D. myceliophagus was prepared
and maintained on Agaricus bisporus by inoculating
twenty (ten each of males and females) surface sterilized
specimens extracted from button mushroom compost.
Nine fungi (Alternaria alternata, Agaricus bisporus,

Fusarium solani, Mucor sp., Pleurotus sajor-caju,
Rhizoctonia solani, R. bataticola, Sclerotium
sclerotiarum and Trichoderma harzianum) were
cultured on Potato Dextrose Agar (PDA) slants and
incubated at 25±1ºC. One-week-old fungi were inoculated
with 50 surface sterilized individuals of D. myceliophagus
collected from pure culture. Inoculated test tubes were
incubated at 25±1ºC for a month. Thereafter, nematodes
were harvested by adding a little amount of water to the
slants, that was poured out into a cavity block after
shaking.

To study the morphological, morphometric and
allometric variations of D. myceliophagus in relation to
temperature and age of nematode culture, 50 surface
sterilized individuals of D. myceliophagus reared on A.
bisporus were inoculated on one-week-old culture of A.
bisporus grown on PDA slants. For Temperature study,
inoculated slants were incubated at 3, 20, 25 or 30 ±1ºC
for a month. To study the effect of age of nematode
culture, inoculated slants were incubated at 20±1°C and
nematodes were harvested at 30, 40 and 55 days after
inoculation.

Nematodes were killed and fixed in 8 % formalin,
processed by Seinhorst’s slow method and mounted in
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New and Known Species of Ditylenchus Filipjev, 1936 from Haryana, India

DEBANAND DAS* AND HARISH K. BAJAJ

Department of Nematology, CCS Haryana Agricultural University, Hisar-125 004

ABSTRACT: Twelve species of Ditylenchus including 5 new species have been reported from Haryana state of India. D. hisariensis n . sp.
Female: L=0.99-1.25 mm, c=11.8-17.1, c’=4.2-56., V=82.4-86.2, median bulb heart-shaped with slight thickening of valvular apparatus,
crustaformeria quadricolumelate, tail short with sharply tapering posterior half and ending in a pointed terminus; D. zeae n sp.
Female: L=0.69=0.81 mm, c=14.1-16.4, c’=3.5-4.5, V=82.5-84.5, MB=27.1-29.7, with distinct valvular apparatus, crustaformeria
quadricolumellate, tail tapering gradually to end in a rounded terminus; D. triticus n. sp. Female: L=0.49-0.65 mm, c=7.6-9.8, c’=3.7-
4.8, V=77.2-83.1, median bulb without valvular apparatus, genital tract forming a loop in the region of spermatheca, crustaformeria
with 7-10 cells in each row, tail with hyaline region and a rounded terminus; D. robustus n. sp. Female: L=0.43-0.51 mm, c=9.1-10.8,
c’=21.-4.1; V=79.8-82.0, median bulb without valvular apparatus, crustaformeria with 7-9 cells in each row, genital tract three to four
times coiled between spermatheca and crustafomeria, tail elongated conoid with a pointed terminus; D. bhattii n. sp. Female: L=0.66-
0.86 mm, c=7.5-13.0, c’- 4.0-5.7, V=80.2-83.0, median bulb without valvular apparatus, crustaformeria with five cells in each row, tail
with a dull-pointed terminus. Populations of D. mirus Siddiqi, 1963, D. medicaginis Wasilewska, 1965 and D. oryzae (Mathur et al., 1966)
Fortuner & Maggenti, 1987 occurring in the state were compared with their original descriptions and commented upon.

Key words: Taxonomy, Ditylenchus hisariensis n. sp, D. zeae n. sp., D. triticus n. sp., D. bhattii n. sp., D. robustus n. sp.

*Present Address: Regional Agricultural Research Station, Assam Agricultural University, North Lakhimpur-787 001, Assam.

Populations of Ditylenchus species were collected
during last several years from Haryana state of India.
They were killed and fixed in hot 4% formalin and
processed to anhydrous glycerine by slow method.
Detailed studies revealed the presence of thirteen species
including 5 new that are described hereunder.

DITYLENCHUS  HISARIENSIS N. SP.

(Fig. 1)

Measurements

Holotype (Female): L=1.08 mm; a=41.9; b=9.0;
b=9.0; c=12.4; c’=5.9; V=83.8; MB=36.7; spear=9 μm;
excretory pore=108 μm; hemizonid=106 μm.

Paratype females (n=6): L=1.10±0.08 (0.99-1.25)
mm; a=39.5±4.3 (34.8-44.1); b=8.9±0.8 7.-10.2;
c=13.8±1.9 (11.8-17.1); c’=5.3±0.6 (4.2-5.6); V=83.9±1.3
(82.4-86.2); MB=39.6±2.4 (36.7-42.4); spear=9 μm;
excretory pore=108±1.2 (107-109) μm;
hemizonid=107±1.42 (16-108) μm.

Paratype male: L=0.86 mm; a=41.1; b=6.5; c=11.7;
c’=4.6; MB=40.2; spear=9 μm; excretory pore=108 μm;
hemizonid=105 μm; spicule=21 μm; gubernaculum=6
μm.

Description

Female: Body long and vermiform, straight to slightly
ventrally curved upon fixation, with tapering extremities.
Cuticle finely annulated. Lateral fields with four incisures.
Cephalic framework weakly sclerotized. Lip region
continuous with body, with three annuli, conoid and 2
times wider than high at base. Spear small with small
rounded knobs. Orifice of dorsal oesophageal gland 2.6
μm behind spear base. Procorpus cylindrical; median
bulb heart-shaped, with slight thickening of valvular
apparatus; isthmus narrow and long; basal bulb small, 25-
26×14-15 μm in size; abutting. Nerve ring encircles
isthmus. Excretory pore behind hemizonid, located at
anterior half of basal bulb. Ovary outstretched or reflexed,
reaching up to oesophageal region, with a single row of
oocytes. Spermatheca 89-105 μm long, with large rounded
sperm, arranged in tandem at periphery. Crustaformeria
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Persistence of Heterorhabditis indica on Chickpea Foliage

PRABHURAJ, A.K.S. GIRISH AND SHIVALEELA

Department of Entomology, College of Agriculture, Raichur-584 101
Karnataka. E-mail:prabhusha@rediffmail.com

ABSTRACT: Persistence of Heterorhabditis indica (RCR) on chickpea foliage was evaluated under field condition during Rabi, 2003.
Infective juveniles (IJs) at a concentration of 600 IJs/ml alone and in combination with various antidessicants was sprayed on foliage
during evening hours. Nematodes sprayed along with 0.1% glycerol recorded significantly maximum survival (81-25%) compared to
other treatments after 2h of application. This was followed by nematode + Triton X-100 (0.1%) and nematode + paraffin liquid (0.1%)
which recorded 62.6 and 50.6% survival, respectively. However, H. indica when sprayed along with oils viz., castor oil, palm oil and
sunflower oil at 1% recorded poor survival (16.6 and 18.6%). However, after 4h of spray there was drastic reduction in survival in all
the treatments and none of the nematodes survived after eight hours of spray in any of the treatments.

Key words: Heterorhabditis indica, persistence, survivability, chickpea foliage, antidessicant.

Entomopathogenic nematodes (EPN’s) belonging to
the families Steinernematidae and Heterorhabditidae
infect wide range of insects. The infective juveniles (IJs)
have been used with varying degree of success against
a range of insect hosts occupying a number of habitats.
Most success has been achieved against soil dwelling
pests and those in cryptic habitats (Begley, 1990; Klein,
1990), where the IJs are afforded a degree of protection
from environmental factors. Their success against foliar
pests, where they are exposed to the full rigors of the
environment has been limited (Begley, 1990). The major
abiotic factors which affect IJs are UV radiation,
desiccation and temperature (Mason & Wright, 1997).
However, effective control of the foliage pests,
Helicoverpa and Spodoptera spp. was achieved under
green house condition with high relative humidity (>90%)
and moderate temperature (Samsook & Sikora, 1981;
Ishibashi, 1987). Some of the chemicals having good
antidessicant property with least detrimental effect on
nematode survival are glycerol (Welch & Briand, 1961),
folicot (Webster & Broskill, 1969), Triton X-100 (Mason
et. al., 1998) and paraffin wax (Glazer et. al., 1992).

In the present study, survival of a local isolate of
Heterorhabditis indica (RCR) was investigated on
chickpea foliage using some new and known
antidessicants.

MATERIALS AND METHODS

Nematode culture: A new strain of H. indica
(RCR) was isolated from naturally infected grape flea
beetle grob, Scelodonta strigicollis M. from grape
garden of College of Agriculture, Raichur, which is
situated in Northern dry region of Karnataka between
16” 15’ latitude and 77” 20’ longitude and at 389 meters
above mean sea level and its identity was confirmed by
Dr. Poinar, Oregon State University, USA. This nematode
locality in south India is characterized by hot climate. The
nematode thus obtained was maintained on larvae of
greater wax moth, Galleria mellonella L. in the laboratory
for further studies.

Compatibility of nematodes with oils:
Commercially available edible and non-edible oils viz.,
sunflower oil, coconut oil, groundnut oil, palm oil and
castor oil were first tested for their compatibility with H.
indica before selecting them as antidessicant. Stock
solution of 25 ml consisting of 1% of the above oil was
prepared in 250 ml conical flask. Infective juveniles were
released in to the conical flask @ 1000 IJs/ml. Each
treatment was replicated four times and control consisting
of nematodes in distilled water alone was also maintained.
Observation on nematode mortality was recorded at 4, 8,
16 and 24 h. The data obtained were converted to per
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Effect of Plant Extracts and their Potentized Doses against Root-Knot
Nematode, Meloidogyne incognita on Tomato

G. RAJENDRAN AND V. SARITHA

Department of Nematology, Tamil Nadu Agricultural University, Coimbatore

ABSTRACT: Plant extracts of Arnica montata, Calendula officinalis, Carica papaya, Azadirachta indica were evaluated for their
nematicidal effect against Meloidogyne incognita infesting tomato cv. PKM 1. All the plant extracts tested were found to reduce the root
galls and soil population. Maximum mortality was recorded in plants treated with A. indica at 30 dilution.

Key words: Plant extracts, root-knot nematode, Meloidogyne incognita.

The root-knot nematode, Meloidogyne incognita is
one of the important and wide spread plant parasitic
nematode occurring throughout the country and attacking
various economically important crop species. It causes
about 46% and 39.7% (Haryana & Karnataka) yield loss
in case of tomatoes (Bhatti & Jain, 1977; Reddy, 1985).
Chemicals that are being used for controlling plant parasitic
nematodes are costly and hazardous in nature. So,
application of plant extracts at a potentized dose against
nematodes infecting tomato, is needed. Therefore, a
preliminary study was conducted to evaluate the effect of
different plant extracts and their potentized does in
tomato against M. incognita under glasshouse conditions.

MATERIALS AND METHODS

In vitro and pot experiments were conducted to
evaluate the nematicidal effect of plant extracts, stock
solutions and their potenized dose against M. incognita
in tomato cv. PKM 1. The experiment was conducted
under glass house conditions. Earthen pots of 5 kg
capacity were autoclaved for 2 h., filled with pot mixture
of red earth, saw dust and FYM (1:1:1) and PKM 1
tomato seedlings were raised in each pot. Ten days after
germination, each pot was inoculated with 2 egg masses/
pot. After 15 days of inoculation, a 5 mg of commercially
available potentized (Biochemical) nutrient coated globules
diluted in 50ml of water was applied daily for 30 days.
After 30 days of application, the experiment was terminated
and the observations were recorded on plant growth
parameters and nematode infestations.

Preparation of stock solution

The fresh plant roots were teased to remove the
nematode induced syncytial cells by using the
stereomicroscope. The tissues were macerated with the
help of pestle and mortar. This tissue extract was squeezed
through muslin cloth and the collected extract was shaken
well and added with equal volume of absolute alcohol. It
was kept for one week in an airtight container or vial at
a room temperature. The alcohol was added to the tissue
extract in the vial, only to prevent the fermentation of the
extract. This extract served as the stock solution.

Procedure for Dilution

From the stock solution, 2 ml of supernatant liquid
was taken and to this 98ml of diluted alcohol of 66% was
added. Ten downward strokes of equal strength were
given to the mixture (Succussion process) to become
atomized. This was called as the Dilution 1. From the
Dilution one, one ml was taken and added with 99 parts
of diluted alcohol with ten downward strokes to get
Dilution two. Likewise, it was prepared up to 30 and 200
Dilutions. For application of chemicals in to the plants, the
potentized chemicals were taken as globules. Seventy-
five globules were taken (4mm diameter and 0.5 mg
weight) and poured 2 ml of potentized chemicals on to
these globules and shaken thoroughly to have uniform
spread. Two sucrose globules were dissolved  in 50 ml of
water and applied to the plants daily for 30 days.
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Management of Root-Knot Nematode, Meloidogyne incognita on Tomato
by using Indigenous Isolates of AM Fungus, Glomus fasciculatum

V. KANTHARAJU, K. KRISHNAPPA, N.G. RAVICHANDRA AND K. KARUNA

Department of Plant Pathology, UAS, GKVK, Bangalore-560065

ABSTRACT: Studies conducted on management of virulent isolates of Meloidogyne incognita on tomato by using indigenous isolates
of Glomus fasciculatum showed that Shimoga Banana Isolate of G. fasciculatum (SBI-G.f.) was found to be effective in increasing plant
growth development and yield of tomato cv. Pusa Ruby besides reducing the root-knot nematode population and root-knot index.

Key words: Meloidogyne incognita, Glomus fasciculatum, management, tomato.

Tomato (Lycopersicon esculentum Mill.) is one of
the most important commercial and widely grown vegetable
crops in both tropics and subtropics. The root-knot
nematode, Meloidogyne incognita is the most
predominent and widely prevalent species inflicting serious
losses in tomato.

Investigations carried out, so far, had been mostly on
the management of root-knot nematode by utilizing isolates
of mycorrhizae, which have been introduced from other
centres. Although, they are effective under laboratory
and green house conditions, but they may not be effective
against native populations under field conditions because
of their adaptation and variation of the population. Limited
efforts have been made to utilize the indigenous isolates
of G. fasciculatum which have already been adapted to
native ecosystems and may be potential against local
virulent populations of root-knot nematode (Krishnappa,
2002).

Hence, the present study was carried out to know the
effectiveness of indigenous isolates of G. fasciculatum
against local population of M. incognita on tomato.

MATERIALS AND METHODS

Out of 504 soil samples collected from various
districts of Karnataka in different seasons around the
rhizosphere of various crops such as plantation crops,

fruit crops, vegetables, oilseeds, pulses, cereals,
ornamental and others, Shimoga Banana Isolate (SBI)
and Chintamani Tomato Isolate (CTI) of G. fasciculatum
were selected based on the effectiveness in build up of
their population under laboratory and glass house
conditions. GKVK Coleus Isolate (GCI) and Mandya
Tomato Isolate (MTI) of M. incognita were selected as
virulent isolates.

The experiment was conducted in the root-knot
nematode sick plot belonging to AICRP (Nematodes),
Bangalore Centre. Tomato nursery was raised in seed
pans of 30 × 15 cm size having 3 kg capacity. The
treatments, T1-Shimoga Banana Isolate of G.
fasciculatum (SBI-G.f) and T2-Chintamani Tomato
Isolate (CTI-G.f) @2 spores/g soil, T3-Mandya Tomato
Isolate of M. incognita (MTI-M.i) and T4-GKVK
Coleus Isolate of M. incognita (GCI-M.i) @2 J2/g soil
were applied individually and in combinations, at 2 cm
below the soil surface in the nursery seed pans. Known
quantity of tomato seeds cv. Pusa Ruby were sown in
rows and forty seedlings were retained in four rows (10
seedlings/row) by thinning.

Subsequently, 30 days old seedlings from each of the
treatments were transplanted into 2×2m2 plots in a field
infested with M. incognita with initial population of 787
J2 per 250 cc soil. Each treatment was replicated 3 times
in a randomized block design. Observations on the plant

Part of Ph.D thesis submitted by senior author to University of Agricultural Sciences, Bangalore.
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Integrated Management of Nematode Complex on Banana

K.R. SHREENIVASA, K. KRISHNAPPA, B.M.R. REDDY, N.G. RAVICHANDRA, K. KARUNA AND V. KANTHARAJU

Department of Plant Pathology, UAS, GKVK, Bangalore-560 065

Abstract: Integration of physical, chemical and cultural methods for management of Radopholus similis, Helicotylenchus multicinctus
and Meloidogyne incognita infecting banana were evaluated under farmers field. Integration of paring and hot water treatment of
suckers along with application of carbofuran 3G and neemcake at the time of planting reduced the soil and root population of
nematode besides increasing growth, development and yield of banana.

Key words: Radopholus similis, Helicotylenchus multicinctus, Meloidogyne incognita, integration, banana.

Plant parasitic nematodes constitute one of the major
limiting factors to banana production causing extensive
root damage resulting in serious economic losses
throughout the world. A total of 132 nematode species
belonging to 54 genera are reported to be associated with
rhizosphere of banana (Sundararaju, 2001). The damage
caused by these nematodes is estimated to be 25-30%
loss in yield.

All India Co-ordinated Research Project (AICRP)
on nematodes has developed a management package by
conducting trials for the past several years at different
centers in India to manage the important nematodes on
banana viz. Radopholus similis, Helicotylenchus
multicinctus and Meloidogyne incognita causing
nematode complex.

Present investigation was taken up under farmer’s
field with an objective of testing the efficacy of
management package on survival and multiplication of R.
similis, H. multicinctus and M. incognita and on growth,
development and yield of banana.

MATERIALS  AND  METHODS

The experiment was carried out in a natural nematode
sick farmer’s field at K.V. Matha, Magadi taluk, Bangalore
Rural District, Karnataka.

After imposition of different treatments viz., physical
(paring and hot water treatment at 55ºC for 20 minutes),
chemical (carbofuran 3G @ 16.6 g/plant) and cultural

(neemcake @ 1kg/plant), uniform sized healthy suckers
of the banana cultivar “Yelakki” were planted in their
respective pits with RCBD design in 7 replications.
Normal package of practices like irrigation, fertilizer
application and weeding were done uniformly to all the
plants.

Observations on nematode populations both in soil
and roots at 180 days after imposition of treatments and
at harvest were recorded. Nematode populations in soil
and roots were estimated by adopting Cobb's sieving &
Baermann funnel and root incubation technique
respectively. Observations with respect to plant height,
pseudostem girth, number of leaves and leaf area were
recorded on host at 180 days and at harvest besides
recording yield parameters.

RESULTS  AND  DISCUSSION

Initial populations of Radopholus similis,
Helicotylenchus multicinctus and Meloidogyne
incognita, were 260, 400 and 240 nematodes/200cc soil,
respectively. Populations of all the three nematodes in
soil were significantly reduced in the treated plants both
at 180 days and at harvest compared to untreated check.
(Table 1).

At 180 days after planting, paring+hot
water+carbofuran+neemcake treated plants recorded
lesser number of R. similis (85.7), H. multicinctus (67.7)
and M. incognita (48.5) compared to untreated check
(208.5, 145.7 and 128.5 per 200cc respectively), followed
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Interaction of Pigeonpea Cyst Nematode Heterodera cajani and
Macrophomina phaseolina on Greengram (Vigna radiata)

M. ZAREENAA  BEGUM AND M. SIVAKUMAR

Department of Nematology,Tamil Nadu Agricultural University, Coimbatore – 641 003.

ABSTRACT:Investigations were carried out on the root-rot disease complex induced by the pigeonpea cyst nematode, Heterodera
cajani and the root-rot fungus Macrophomina phaseolina to know their interaction effects of H. cajani a week prior to the inoculation
of M. phaseolina caused highest root-rot incidence and significant reduction in plant growth and yield. Nematode multiplication was
adversely affected when fungus inoculation was preceded by nematode inoculation. Pathogenicity studies of nematode and fungus
revealed highest root-rot incidence and lowest pod yield at highest inoculum levels of nematode and fungus.

Key words: Heterodera cajani, Macrophomina phaseolina, interaction, pathogenicity, Vigna radiata.

 Greengram (Vigna radiata L. wilczek) is an
important pulse crop which is highly prone to the infestation
of pigeonpea cyst nematode, Heterodera cajani Koshy,
1967 and root-rot fungus, Macrophomina phaseolina
(Tassi.) Goid. Studies have been conducted on nematode
–fungus complex on cowpea (Varaprasad,1985) and
blackgram (Latha, 1997; Tiwari, 1998) but not on
greengram. In the present investigation, the relationships
between H. cajani and M. phaseolina in root-rot
disease complex and also on pathogenicity of these two
organisms under combined inoculations were determined.

MATERIALS  AND  METHODS

Interaction of H.cajani and M. phaseolina on greengram

 Seeds of greengram cv. CO.6 after surface sterilizing
with 0.1% mercuric chloride followed by 3 subsequent
washings in sterile distilled water, were sown in earthen
pots of 2 kg capacity filled with sterilized pot mixture.
After germination seedlings were thinned to 4/pot. After
10 days of sowing inoculation of the test nematode and
the fungus was done as follows.T1: Nematode (H.
cajani) alone @ 1 J2/ g soil; T2: Fungus (M. phaseolina)
alone @ 1: 20 (w/w); T3: Nematode inoculated 1 week
prior to fungus inoculation; T4: Nematode inoculated 1
week after fungus inoculation; T5: Simultaneous

inoculation of nematode and fungus; T6: Uninoculated
control.

Freshly emerged juveniles from cysts were first
disinfested and then inoculated @ 1J2/g of soil near the
root zone. M. phaseolina was isolated from infected
green gram roots and mass multiplied on steam sterilized
broken sorghum grains at 28 + 2oC for 14 days and
inoculated @ 1:20 (w/w). Each treatment was replicated
3 times.

The root-rot incidence was observed till maturity and
per cent root-rot incidence was calculated for each
treatment. Final nematode population was assessed and
expressed as number of cysts / 250 cc soil, number of
cysts / plant and number of eggs / cyst. The observations
on final plant height, fresh shoot weight, fresh root weight
and pod yield, 60 days after sowing, were recorded.

Pathogenicity of H. cajani and M. phaseolina on
greengram cv. CO.6 by combined inoculations

A pot culture experiment was conducted under
glasshouse condition to know the pathogenicity of H.cajani
and M.phaseolina on greengram cv.CO.6. Different
levels of nematode and fungus were inoculated. The
experiment was laid out in a completely randomized block

Part of thesis submitted by the senior author for the degree of M.Sc(Ag) to Tamilnadu Agricultural University.
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Intercropping for the Management of Root-Knot Nematode,
Meloidogyne incognita  in Vegetable-based Cropping Systems

N. UMA  SHANKAR  KUMAR, K. KRISHNAPPA, B.M.R. REDDY, N.G. RAVICHANDRA AND K. KARUNA

Department of Plant Pathlogy, UAS, GKVK, Bangalore-560 065

ABSTRACT: Efficacy of different intercrops, marigold, mustard and sweet potato against root-knot nematode, Meloidogyne incognita
infesting vegetables like tomato, okra and brinjal were evaluated by growing intercrops in vegetable-based cropping systems.
Among the different intercrops evaluated, marigold intercropped with different vegetables reduced the nematode population in soil,
number of galls, egg masses per root system, number of eggs per egg mass and root-knot index as compared to growing of vegetables
alone continuously.

Key words: Tomato, okra, brinjal, intercrops, Meloidogyne incognita.

The root-knot  nematode, Meloidogyne incognita
is one of the limiting factors in the commercial production
of vegetables and responsible for 15 to 60% yield loss
(Krishnappa et al., 1992).

Chemical control of this nematode is very expensive,
not sustainable and affects agro-ecosystem adversely.
Therefore, the present investigation was carried out to
evaluate the influence of marigold, mustard and sweet
potato as intercrops for the management of root-knot
nematode, M. incognita in vegetable-based cropping
systems under field conditions.

MATERIALS  AND  METHODS

The experiment was carried out in the root-knot
nematode infested field of the Nematology section,
Department of Plant Pathology at the Main Research
Station, Hebbal, Bangalore.

Different intercrops like marigold, mustard and sweet
potato were grown in between the rows of vegetables
(tomato, okra and brinjal) in 3 seasons continuously one
after the other, along with carbofuran-3G @ 16.6g/plot
for comparison. These vegetables were also grown
continuously without intercrops. Three replications were
maintained for each treatment in RCBD with the plot size
2m×2m.

Observations on nematode populations in soil were
recorded before conducting the experiment and also at
30, 60 and 90 days after planting. Nematode populations
in soil was estimated by Cobb’s sieving and Baermann’s
funnel technique. Number of galls and egg masses per
root system, number of eggs per egg mass and root-knot
index was recorded at the termination of each crop.

RESULTS  AND  DISCUSSION

In season-I, tomato intercropped with marigold
recorded reduced nematode population (351.4 larvae/
200 g soil) at 90 days after transplanting, accounting to
36.2% reduction over the corresponding control (Table
1). In season-II, okra intercropped with marigold showed
a nematode population of 277.3 larvae/200 g soil at 90
days after sowing, accounting to 53.5% decreased
nematode population over the corresponding control.

In season-III, brinjal intercropped with marigold
recorded 72.9% reduction in nematode population at 90
days after transplanting, over the corresponding control.
Continuous growing of vegetables without any intercrops
recorded increased nematode population from 488 to 682
larvae/200 g soil, from season-I to season-III.

Decreased number of galls, number of egg masses
per root system, number of eggs per egg mass and root-

Vol. 35, No. 1, pp. 46-49 Indian Journal of Nematology June, 2005

NSI
Text Box
Back to Contents



50

Integrated Approach for the Management of Meloidogyne incognita on Jute

BIBHA  LUANG  AND  B.C.  BORA

Department of Nematology, Assam Agricultural University, Jorhat-785 013

ABSTRACT: An investigation was carried out to study the efficacy of neem products alone and in combination with carbofuran on
root-knot nematode, Meloidogyne incognita, infecting jute. The study revealed that neem cake, nemin-coated urea and carbofuran 3G
either alone or in combination with each other brought about considerable reduction in incidence of root-knot nematode. However,
neem cake alone proved most effective out of all the treatments with regards to promoting growth parameters and fiber yield of jute.

Key words: Corchorus spp., neem products, carbofuran, Meloidogyne incognita, management.

Jute (Corchorus spp.) one of the important fiber
yielding crop grown widely in eastern states of India
covering around 7 lakh hectares. It is infested by a large
number of pests and diseases including plant parasitic
nematodes, root-knot nematode, Meloidogyne incognita
being the most serious and destructive. The avoidable
yield losses amount to the tune of 9-70% in eastern India
(Anon, 1996). In this context, there is an urgent need to
look for alternative and safer methods to effectively
control this nematode. Neem products for management
of plant parasitic nematodes have recently gained
importance because of being economical as well as eco-
friendly. Neem products are known to possess nematicidal
activity against nematode populations (Zaki & Bhatti,
1989). The present study was undertaken to evaluate the
effectiveness of certain neem products along with
carbofuran for managing root-knot nematode infestation
in jute.

MATERIALS AND METHODS

Experiment was conducted in the field which was
infested with root-knot nematode. An area measuring
176.5 m2 was selected for the experiment with a plot size
of 2m × 3m each. The treatments were laid out in a
randomized design with four replications. For this
experiment, neemcake, nemin as nemin-coated urea and
carbofuran 3G were tested against Meloidogyne
incognita. Each of these product was applied alone and
in combination with other two products. Measured quantity
of these products and nematicide were mixed thoroughly

in the respective plots. After the required days of waiting
period, the seeds of jute cv. JRC 212 were sown in rows
25 cm apart. After 20 days of germination, plant  to plant
distance of 10 cm were maintained. The plants were
taken care of from weeds and diseases. Observations on
the quantitative characters of plant along with the fibre
yield and nematode population were taken at the
termination of the experiment with carefully uprooting
the root systems. Final soil nematode was assessed by
using Cobb’s sieving the decanting method (Southey,
1986). The data on all the observations were subjected to
statistical analysis and presented in Table 1.

RESULTS  AND  DISCUSSION

Studies on the management of M. incognita on jute
revealed that the neem cake, nemin-coated urea and
carbofuran 3G either alone or in combination, were
effective in controlling root-knot nematode on jute.
Improved plant growth parameters and increased fibre
yield were recorded in plots where soil was amended
with neem products. Similarly, they were found effective
in reducing the nematode population in soil (Table 1).
Among the neem products, neem cake @ 1500 kg a.i/ha
followed by neem cake @ 750 kg/ha in combination with
carbofuran 3G @ 1.5 kg a.i/ha and neem cake @ 750 kg/
ha in combination with nemin-coated urea @ 88 kg/ha
was proved effective in respect of growth parameters
and fibre yield with decrease in the nematode population
in soil. It was further observed that treatment with neem
cake @ 1500 kg/ha was superior to all other treatments
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Effect of Carbosulfan (25 STD) and Neem Seed Kernel Powder
as Corm Dressing for the Management of Root-Knot Nematode

(Meloidogyne incognita) Infecting Gladiolus

M. RAVISHANKAR AND R.V. SINGH

Division of Nematology, Indian Agricultural Research Institute, New Delhi-110 012.

ABSTRACT: Studies were conducted to evaluate the effect of carbosulfan (25 STD) and Neem seed kernel powder (NSKP) as corm
dressing on growth of gladiolus var. Shweta infested with root-knot nematode, Meloidogyne incognita. Carbosulfan (25 STD) at 3% (w/
w) as corm dressing reduced the infection of M. incognita. Treated corms with carbosulfan at 3% (w/w) and neem seed kernel powder
at 10% (w/w) resulted in increased plant growth parameters and less galls of M. incognita compared to their corresponding lower
concentrations.

Key words: Meloidogyne incognita, gladiolus, carbosulfan, neem seed kernel powder.

Gladiolus L. a member of the Iris family (Iridaceae)
is consisted of a large group of gorgeous, tender perennial
corms, which are native of South Africa. Gladiolus is an
extremely delicate crop that faces a serious threat from
various pests and pathogens. Among these, nematodes
are highly menacing and are responsible for decline in
yields by affecting the floret emergence and damaging
corms and cormels, thus causing quantitative as well as
qualitative decline (Khanna & Chandel, 1997). Gladiolus
corms are commonly infested with root-knot nematodes
which often became established in soils where gladiolus
are planted, causing further losses in subsequent plantings.
Not much work has been done on the management of
root-knot nematode infecting gladiolus. Therefore, an
attempt was made to study the effect of corm dressing
with chemical and plant product against Meloidogyne
incognita infection on gladiolus.

MATERIALS  AND  METHODS

The experiments were carried out in 15-cm diam.
plastic pots containing 2 kg of sterilized sand-soil mixture
1:1) for the management of root-knot nematode, M.
incognita on gladiolus var. Shweta. Carbosulfan 25 STD
@ 1.5% and 3.0% (w/w) and neem seed kernel powder
(NSKP) @ 5.0% (w/w) and 10.0% (w/w) were used for
corm dressing along with nematode inoculated and
uninoculated control. The corms were treated with the

required amount of carbosulfan and NSKP using gum,
and shade dried for 24 h. Nematode inoculation @ 2000
J2/pot was done through holes made around at the time
of planting of corms with 3 replications in a CRD design.
Observations with respect to number of shoots and
leaves, shoot length, shoot fresh and dry weight and root
fresh weights, were recorded 90 days after planting. Soil
samples from rhizosphere were collected and assessed
for soil nematode population by modified Cobb’s sieving
and decanting technique. The root-nematode population
and galls per root system were recorded after staining the
roots with acid fuschin-lactophenol. An index scaling of
0-5 was used to indicate the severity of galling,
susceptibility and degree of reproduction of the nematode
(Fassuliotis, 1985) based on the gall index the varieties
were rated. The data collected were pooled and analysed
statistically.

RESULTS  AND  DISCUSSION

The data pertaining to the effect of carbosulfan 25
STD and neem seed kernel powder as corm dressing
against M. incognita on gladiolus var. Shweta are
presented in Table-1. There were no significant
differences as far as number of shoots were concerned.
All the treatments were found at par with each other
except carbosulfan 25 STD @ 3% (w/w). There was
also no significant difference in number of leaves among
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Evaluation of Nematicidal Properties of Neem for the Management of
Meloidogyne incognita on Tomato

IRAM TARIQ AND MANSOOR A. SIDDIQUI

Department of Botany, Aligarh Muslim University, Aligarh-202 002, U.P.

ABSTRACT: Bare root-dip of tomato, Lycopersicon lycopersicum (L.) Karsten cv. ‘Pusa Ruby’ in extracts of neem leaf and oil-cake
alone, carbofuran alone and in combination significantly reduced the root-knot nematode penetration into roots. Highest inhibition
in root-knot larvae penetration was observed in neem-cake extract with carbofuran plant dipped at 120 minutes. Highest reduction
in root-knot development was observed in soil amended with neem-cake+carbofuran. Due to reduction in root-knot development, the
plant growth increased in these treatments.

Key words: Bare root-dip, organic amendments, Meloidogyne incognita, tomato.

Root-knot nematode is among the major nematode
pests of vegetables in India. Several plant extracts and oil
cakes have been used for managing this nematode.
(Singh & Singh, 1993; Vijayalakshmi & Basu, 1999;
Akhtar, 2000). The present investigation was undertaken
to determine the effect of soil amendment along with
nematicides on root-knot nematode infecting tomato
(Lycopersicon lycopersicum (L.).

MATERIALS  AND  METHODS

Leaves of neem/margosa, Azadirachta indica
(Family-Meliaceae) were thoroughly washed, chopped
and 25g macerated in grinder and then soaked in 75ml
distilled water for 24 h. These soaked leaves were
filtered and the extract was termed as standard ‘S’. The
solution of 100ppm (a.i.) concentration of carbofuran/
Furadan-3G (2, 3 dihydro-2, 2-dmethyl, -7-benzofuranyl
methyl carbamate) was also used in experiment.

For bare root-dip experiment the roots of three
weeks old seedlings of tomato, Lycopersicon
lycopersicum L.) Karsten (Family Solanaceae). cv.
‘Pusa Ruby’, grown in sterilized pots, were dipped in ‘S’
concentration of leaf extracts, neem cake extract and
carbofuran solution alone and in combination separately
for 60 and 120 minutes. Each treatment was replicated 3

times. After the dip treatment the roots were thoroughly
washed with tap water and the seedlings were transplanted
to 15cm clay pots containing 1kg sterilized soil. Each pot
was inoculated with 1000 second stage juveniles (J2) of
Meloidogyne incognita separately. After 3 months of
transplantation, the plants were carefully uprooted and
washed. Plant growth (weight of shoot and root) was
recorded. The degree of root-knot nematode infection
was recorded according to Sasser et al. (1984) on 0-5
scale.

Clay pots (15cm) filled with 1kg autoclaved soil were
treated with 50g chopped leaves of neem, neem cake and
carbofuran alone and in combination with neem
leaf+carbofuran and neem cake+carbofuran. The dose
of carbofuran was 0.1g (a.i.) per pot. Untreated pots
served as control. These were watered immediately
after the treatment. There were 3 replicates for each
treatment including control.

Three week old seedlings of tomato were transplanted
after a waiting period of one week. The plants were
inoculated with 5000 freshly hatched second stage juveniles
(J2) of the root-knot nematodes. After one month, the
plants were uprooted, washed and plant growth parameters
(length and weight of the shoot and root) were determined.

*Part of M.Sc Thesis submitted by the senior author, to AMU, Aligarh.
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Management of Reniform Nematode, Rotylenchulus reniformis on Okra
through Streptomyces avermitilis

J. JAYAKUMAR, G. RAJENDRAN AND S. RAMAKRISHNAN1

Department of Nematology, Tamil Nadu Agricultural University, Coimbatore-641 003, 1CTRI, Research Station, Hunsur.

ABSTRACT: An experiment conducted under glasshouse conditions on the management of reniform nematode, Rotylenchulus
reniformis in okra with avermectin, revealed that the plants treated with avermectin (100 %) as seed treatment recorded maximum
shoot length, fresh shoot weight, dry shoot weight and fruit yield. It was on par with carbofuran 3G @ 1kg a.i./ha and avermectin
(75%) as seed treatment. Highest reduction in R. reniformis population was observed in plants treated with avermectin 10% as seed
treatment. Avermectin treated plants also recorded significantly increased total phenol content and enzymatic activities such as
peroxidase and Indole acetic acid oxidase compared to control plants.

Key words: Reniform nematode, Streptomyces avermitilis, okra.

Avermectins are unique macro-cyclic lactones with
excellent nematicidal and insecticidal properties (Ostlind
et al., 1981). These metabolites are produced by
Streptomyces avermitilis which is a commonly occurring
soil borne actinomycetes.

The potent nematicidal, insecticidal and acaricidal
activities were established by Kitasato Institute, Japan
(Stapley & Woodruff, 1982). Hence, an attempt was
made to evaluate the biocontrol potential of avermectins
against reniform nematode, R. reniformis in okra.

MATERIALS  AND  METHODS

Five kg capacity of earthern pots with steam sterilized
soil mixture were dibbled with three okra seeds of variety
‘Pusa Sawani’ per pot. The pots were watered periodically
and plats were thinned at 15 days after sowing to maintain
one plant per pot and freshly collected young females and
males of R. reniformis were inoculated to the plants @
2 nematodes/g soil. Various treatments as mentioned
below were assigned. T1-Soil Application (SA) with
avermictin (Avm) 100%, T2-SA with Avm 75%, T3-SA
with Avm 50%, T4-SA with Avm 25%, T5-Seed Treatment
(ST) with Avm 100%, T6-ST with Avm 75%, T7-ST with
Avm 50%, T8-ST with Avm 25%, T9-SA with carbofuran
3G @ 5g/pot and T10-control.

The above treatments were replicated thrice in
Completely Randmized Block Design and the pots were
maintained under glasshouse conditions. At 90 days after
sowing, the plants were uprooted with roots intact and the
observations on shoot length (cm), root length (cm), fresh
shoot weight (g), fresh root weight (g), dry shoot weight
(g), final soil population, root population, number of adult
females per gram of roots, were recorded.

Biochemical analysis

The content of total phenol (Malik & Singh, 1980)
and enzymatic activities such as peroxidase
(Hammerschmidt & Kue, 1982) and Indole acetic acid
oxidase, (Byrant & Lane, 1979) were estimated.

RESULTS  AND  DISCUSSION

Carbofuran 3G was more effective in improving the
plant growth characters and was on par with avermectin
10% as seed treatment, avermectin 100% as soil application
and avermectin 75% as seed treatment in improving the
plant growth characters of okra. Carbofuran 3G as soil
application recorded shoot length of 50.2 cm which was
on par with Avm 100% as seed treatment (48.2), Avm
100% as soil application and Avm 75% as seed treatment
(46.50). All the avermectin treatments were significantly
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Effect of Cropping Sequences and Ploughing on Plant Parasitic Nematodes
and Plant Growth in Field

ABDUL  HAMID  WANI

Section of Plant Pathology, P.G. Department of Botany, University of Kashmir, Hazratbal Srinagar, Kashmir-190 006

ABSTRACT: Significant reduction in the population of nematodes were recorded due to combined effect of cropping sequences and
ploughing in different seasons, resulting in improved plant growth of all the test crops viz. wheat, chilli, mustard, mung, lentil,
cowpea, chickpea, okra and tomato. The cropping sequence wheat-chilli-fallow caused greatest reduction in nematode populations.
It was followed by lentil-cowpea-mung, chickpea-okra-chilli, mustard-mung-tomato and tomato-fallow-okra. Fallowing after tomato
and chilli in the 2nd and 3rd season of cropping sequence decreased the population of nematodes. The different crops involved in the
cropping sequences when grown in the following season after other test crops showed better improvement than crops grown in the
first season. Deep ploughing proved more effective than normal ploughing.

Key words: Cropping sequence, plant-parasitic nematodes, ploughing, plant growth.

The plant parasitic nematodes are known to cause
severe damage to the crop plants. The selection of proper
cropping sequence is an effective method for the control
of plant-parasitic nematodes. Some work has been done
on the use of crop rotation and different cropping
sequences using host and non-host crops for the control
of plant-parasitic nematodes (Nusbaum  & Ferris, 1973;
Brody & Lauglin, 1977; Blair, 1992). Hence, a study was
undertaken to study the effect of different cropping
sequences in combination with fallowing and ploughing in
different seasons for the control of plant-parasitic
nematodes.

MATERIALS AND METHODS

A field was selected harbouring moderate to high
population of plant-parasitic nematodes, viz. Meloidogyne
incognita, Hoplolaimus indicus, Helicotylenchus
indicus, Tylenchus filiformis, Tylenchorhynchus
brassicae and Rotylenchulus reniformis. The field was
divided into two parts, one part received normal ploughing
(20 cm deep) and the other part deep ploughing (40 cm
deep), and then further divided into 3 m × 3m beds with
a buffer zone of one meter left between the beds.
Different beds received the following treatments which
were replicated 3 times and arranged in random manner;

Inorganic fertilizers, urea @ 110 kg N/ha, superphosphate
@ 55kg/ha and muriate of potash @ 55kg K/ha.

Crops were grown in different beds consecutively
for 3 growing seasons as per the following schedule:

Sequence Winter/Rabi Summer/Kharif Winter/Rabi

1 Wheat cv. Chilli cv. P-5 Fallow
Wc-711

2 Mustard Mung cv. local Tomato
RH-30 cv. PED

3 Lentil cv. Cowpea Mung
K-75 cv. local cv. Local

4 Chickpea Okra cv. Chilli
cv. Iwrodi Prabhani Kranti cv. P-5

5 Tomato cv. Fallow Okra cv.
PED Prabhani

Kranti

Nematode populations were assessed prior to sowing
and after the termination of experiment in each growing
season by using Cobb’s sieving and decanting method
followed by Bearmann’s funnel technique. The nematodes
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Integrated Nematode Management Schedule incorporating Neem Products,
VAM and Soil Solarization against Heterodera cajani infecting Pigeonpea

S. NAGESWARI AND S.D. MISHRA

Division of Nematology, Indian Agricultural Research Institute, New Delhi-110 012

ABSTRACT: In a field microplot study effective integrated nematode management schedules observed against pigeonpea cyst
nematode, Heterodera cajani were: (a). soil application of neem seed powder @ 50 kg/ha + soil solarization (transparent polythene
sheet of 400 gauge thickness for a period of 4 weeks) + VAM @ 100 kg/ha; (b). seed treatment with neem seed powder @ 10% w/w +
soil solarization + VAM @ 100 kg/ha. The performance of both these schedules was almost similar as they provided maximum plant
growth and grain yield as well as maximum reduction in nematode population. The cost-benefit ratio was found to be 1:2.54 and
1:2.60 for treatments (a) and (b), respectively, which indicated these to be economically viable.

Key words: Integrated nematode management, neem products, VAM, soil solarization, Heterodera cajani, pigeonpea.

Pigeonpea, Cajanas cajan is one of the most
important pulse crops grown in India. It is highly vulnerably
to many plant parasitic nematodes specially pigeonpea
cyst nematode, Heterodera cajani. Is widely distributed
in most of the pigeonpea growing regions of the country.
The economic importance of this nematode in pulse
production was first highlighted by Saxena & Reddy
(1987), who reported that it causes yield loss of about
30%. The adoption of suitable management practices for
H. cajani was very essential to curb the economic losses
caused by this nematode in pigeonpea. The limitations in
the use of chemicals for nematode management resulted
in probing the potential of non-hazardous and non-
prohibitive alternatives like neem products, soil solarization
and VAM. Therefore, some integrated nematode
management schedules were tested against this nematode
on pigeonpea in the present investigation incorporating
neem seed powder, neem-based pesticidal formulations
as well as soil solarization and VAM aiming to find out
environmentally safe and economically viable nematode
management schedule.

MATERIALS AND METHODS

The experiment was conducted in 1 sq.m microplots.
All the microplots except the one having check without
nematodes were infested with Heterodera cajani @ 4
cysts/200 g soil. For treatments involving soil solarization,

the respective microplots were covered with thin
transparent sheets of 400 gauge thickness for a period of
4 weeks in the month of May. In the month of June,
pigeonpea seeds cv. Pusa 33 were sown. In treatments
involving seed treatment, pigeonpea seeds were treated
with neem seed powder @ 10% w/w and then sown. In
treatments involving soil application, neem seed powder
was applied @ 50 kg/ha, one week prior to sowing. In
treatment involving VAM, it was applied @ 100 kg/ha
before sowing. Each treatment was replicated 4 times.

After harvesting, observations on plant height, total
dry matter weight, number of branches per plant, number
of cysts per plant, number of pods per plant, number of
grains per pod and weight of 100 grains were recorded.

Analysis on economics of different treatments was
made which was based on the method of calculation of
benefit-cost ratio. For this, the grain yield (g/m2) from
different treatments were converted to the unit kg/ha by
the existing market price. The benefit-cost ratio was
calculated using the following equation and presented in
Table 3.

Benefit cost ratio=Total returns (Rs.)/Total costs
(Rs.). The data recorded during experimentation were
subjected to statistical analysis.
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Effect of Root Extract against Meloidogyne incognita Infestation and
Plant Growth in Tomato

G. RAJENDRAN AND V. SARITHA

Department of Nematology, Tamil Nadu Agricultural University, Coimbatore-3.

ABSTRACT: Ethanolic extract of root extract from the resistant tomato cultivar Hisar Lalit seedlings and from nematode induced
cells when applied as potentized dose at the ratio of 1:50 ml on tomato plants CV. PKM 1, inoculated with Meloidogyne incognita larvae,
reduced nematode population and promoted plant growth. The root extract from the resistant Hisar Lalit induced systemic
resistance in tomato.

Keywords: Meloidogyne incognita tomato, root extract, dilution, stock solution.

The large application of chemical nematicides leads
to environmental pollution and even depletion of
stratospheric ozone (Loria et al., 1986; Wheeler et al.,
1979). A number of botanical nematicides, though effective
and easily biodegradable (Sukul, 1992), are not easily
available in large quantities from natural sources. It has
been already observed that the aqueous homogenate
from the females of M. incognita reduced root-knot
disease in tomato, cowpea and carrot and promoted their
plant growth (Roy et al., 1995). The present investigation
was conducted to study the effect of the ethanol root
extract of healthy and susceptible seedlings against M.
incognita on infested tomato.

MATERIALS  AND  METHODS

The experiment was conducted under glass house
conditions. Earthen pots of five kg capacity were
autoclaved for 2 hours filled with red earth, saw dust and
FYM (1:1:1), and tomato seedlings of variety PKM 1
were raised in each pot. Ten days after germination, each
pot was inoculated with M. incognita @ 2J2/g of soil.
After 15 days of inoculation, root extract from the
resistant tomato seedlings and nematode infected root
were applied daily for 30 days at the rate of 5ml each.
After 30 days of application, the experiment was terminated
and the observations were recorded on plant growth
parameters and nematode infestations.

Preparation of stock solution

The fresh healthy plant roots of tomato cvs. Hisar
Lalit and PKM1, were taken and the tissues were
macerated with the help of pestle and mortar. The tissue
extract was squeezed through muslin cloth and the
collected extract was shaken well and equal volume of
absolute alcohol was added. It was kept for one week in
an airtight container or vial at 28±2ºC. The alcohol was
added to the tissue extract in the vial to prevent the
fermentation of the extract. This extract was served as
the stock solution.

Procedure for dilution

From the stock solution, two ml of supernatant liquid
was taken. Then 98ml of diluted alcohol of 66% was
added to the liquid. Ten downward strokes of equal
strength were given to the mixture (Succussion process)
to become atomized. This was called as the Dilution 1.
From the Dilution one, one ml was taken and added with
99 parts of diluted alcohol with ten downward strokes to
get Dilution two.

Treatments were comprised of Hisar Lalit stock solution
(Dilution 1ml: 50ml, Hisar Lalit 30 Dilution (Dilution 1ml:
50ml), Susceptible cv. PKM1 stock solution (Dilution 1ml:
50ml), Susceptible cv. PKM1 30 Dilution, (Dilution 1ml:
50ml), control with nematode inoculation and control
without nematode inoculation.
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