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Abstract: Aqueous ginger extract was tested against root knot nematode Meloidogyne javanica. In vitro
studies, higher concentrations of extract (100% concentration) suppressed root knot egg hatching and caused
juveniles mortality. Pasteuria endospore attachment was greater in 25% concentration extracts compared to
those at 100 and 50% concentrations. Plant growth improved and disease severity was reduced when combied
applications of the plant extract and P. penetrans were applied. In treatments receiving 25% extract and P.
penetrans, 72% females were parasitized by the bacterial antagonist and 9 spores of bacteria per juvenile were

found attached with nematode cuticle.

Key words: Meloidogyne javanica, Pasteuria penetrans, ginger, biological control

Introduction

Of the various plant parasitic nematodes root knot
nematodes Meloidogyne spp. have a wide host range and
are considered the greatest threat to global agricultural
production (Zaki, 2000, Sasser, 1980). Incorporation of
plant parts/extracts into the soil alone or with biocontrol
agents have been suggested as an alternative, safe and
effective control method for the management of plant
parasitic nematodes (Siddiqui and Alam, 1983). Ginger
(Zingiber officinale Roscoe) is a bienmial plant, bearing
sessile aromatic tubers. It has been used in British as well
as Indian Pharmacopoeia as a hot remedy for various
diseases. Tt is also reported to cause motor paralysis of
central origm after subcutaneous injection in frog (Watt
and Breyer-Brandwik, 1962). Of the potential biocontrol
agents, Pasteuria penetrans, an obligate parasite of plant
parasitic nematodes has great potential as economically
and eco-compatible biological control agent (Dickson
et al., 1994). In the present study the nematicidal potential
of ginger was tested in vitro and its effect on the efficacy
of the bacterial antagonist P. penetrans, against root knot
nematodes was evaluated.

Material and Methods

Ginger thizomes were obtained from a local market, dried
and soaked in sterile distilled water (@ 300 g 17) for 15
days. The (filtrate 100%
concentration. Further concentrations were prepared by
adding the requisite amount of water to the extract. A
culture of Meloidogyne javarica (Treub) Chitw. was

obtamned was used as

maintained on tomato c¢v. Roma VF i the greenhouse.
Root knot nematode eggs were extracted from the cultures

pot (Hussey and Barker, 1973) using a 0.3% sodium
hypochlorite solution. The egg suspension was poured
on sieves lined with tissue paper and incubated for 48 hrs
at room temperature (28+2°C). Freshly hatched juvemniles
were collected after 48 hrs and stored in a glass beaker for
further use. Pasteuria penetrans (isolate PP3) used in the
present study provided by Dr. 5. R. Gower, Umversity of
Reading, UK. The bacterium was propagated on M.
Javanica on tomato (Lycopersicon esculentum Mill cv.
Roma VF) in the greenhouse and stored in dried root
powder contaimng infested nematode contaimng resting
spores of the bacterium.

For the hatching assay, egg masses of equal size were
collected mamually from root knot mnfested tomato roots,
surface sterilized (0.2% sodum. hypochlorite) washed
twice with sterile distilled water and kept in glass cavity
blocks (d. 2 em) @ 1 egg mass/cavity block, containing 2
ml of extract concentration (100%). Egg masses in sterile
distilled water served as a control. Each treatment had
four replicates. The number of hatched juveniles in each
treatment was recorded after 24 and 48 hrs.

To study the effect of the rhizome extract of ginger on the
mortality of root knot juvemiles, 100 pl of nematode
suspension (contaimng about 30-50 juvemniles) was added
to glass cavity blocks containing 2 ml of extract (100%
concentration). Juveniles in sterile distilled water served
as a control. Bach treatment was replicated four times. The
mortality was assessed as the mean percentage of dead
nematodes using compound microscope (x10). Nematodes
were considered dead if they did not move when probed
with a fine needle.

To study the effect of test extract on the attachment of P.
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penetrans to root knot juveniles, 40-60 freshly hatched
juveniles were added to a glass cavity block containing 2
ml extract (100, 50 and 25% concentration) and 20041 of
bacterial spore suspension (4.5x10° spores/1000u0). A
treatment lacking the bacterial spore suspension served
as a control. Each treatment was replicated four times.
Observations were taken after 24 hrs and 20
juveniles/replicate were observed using compound
microscope (x40) for the attachment of endospores of P.
penetrans.

Sandy loam soil, pH 7.8, obtamned from experimental fields
of the Botany Dept., University of Karachi, was used to
fill plastic pots (d. 8 cm), each containing 350 cc soil. The
soil was amended with P. penetrans root powder @1%
wiw (16x10° spores g~' soil) and drenched with the
aqueous ginger extracts (@ 25, 50 and 100% concentration
@20 ml pot™. Two days after seedling transplantation,
two day old hatched juveniles were introduced in the root
zone of the tomato plant (@2000 J; pot ). Hach treatment
was replicated three times. Pots were amranged mn a
randomized complete block design on greenhouse bench.
Pots needed and sprayed with
msecticides once a week. The experiment was terminated
45 days after nematode moculation. Growth parameters
(as plant height, shoot weight), nematode population in
soil (200 g) and root (one g) was determined. For the
estimation of female mfection with P. penetrans, root
samples were collected from the bacterial applied pots.
Ten mature females/root system, were teased out
randomly, put on a glass slide, crushed under cover slip
and confirmed the presence of bacterial endospores under
compound microscope (x40). Percentage of the female
infection by P. penetrans was calculated. Soil samples
from bacterial applied pots were sub-sampled. Nematodes
extracted from soil by modified Baermamm method and P.
penetrans spore attachment on 25 juveniles/sample was
recorded (Stirling, 1984).

Results obtained were analyzed statistically and subjected
to factorial analysis of vanance (FANOVA). The follow up
of FANOA mcluded least sigmficant difference (LSD)
according to Gomez and Gomez, 1984, Standard error
difference (SED) was also calculated.

were watered as

Results and Discussion

Emergence of root knot larvae was significantly (p<<0.001)
reduced with plant extract and exposure times (p<0.001).
Aqueous extract of ginger sigmficantly (p<0.01) miubited
egg hatching and caused mortality of M. javanica. Fewest
eggs were hatched in the extract after 48 h even after
transferred to distilled water. Significantly greater
mortality was observed at 48 h exposure to plant extract
than at 24 h (Table 1).
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Table 1: Effect of aqueous extrcat of ginger on egg hatching and %6
juveniles mortality in vitro
No. of Hatched eggs %% Mortality
Treatments  Time 24 48 24 48
Ginger Fxtract 10096 7.00 12.00 75.0 89.0
Control 144.00 185.00 0.0 0.0
SED 0.05 4.53 4.53 3.2 4.8
Table 2:  Effect of aqueous extract of ginger on attachment of Pasteuria
spores to root knot juveniles in vitro
Treatments No. of bacterial spore attached/juvenile
100%0 Extract 10.00
50% Extract 14.00
25% Extract 15.00
Control 18.00
SED 0.05 1.06

Fewest spores (p<0.001) attached to root knot juvemnles
after 24 hm 100% concentration of extract whereas 50 and
25% concentration had non significant effects on bacterial
spore attachment;, where more than 14 and 15 spores per
juveniles were found attached, respectively compared to
the untreated control (=18 spores/J2) (Table 2).

P. penetrans alone provided disease control similar to the
treatments where 100 and 50% concentration of the extract
were applied. Pots recewving the higher concentrations
(100 and 50% concentration) with F. penetrans
significantly reduced (p<0.001) gall formation per root
system, egg mass production, egg formation per egg mass
compared to other treatments and the untreated controls
(Table 3). P. penetrans with 50 and 25% extract provided
a greater improvement in tomato plant height, fresh shoot
weight compared to the other treatments and the
untreated control (Table 3).

Bacterial spore attachment was favoured by 50 and 25%
concentrations of the extract. More than © bacterial spores
per juvenile were observed in  pots receiving 25%
concentration of the plant extract compared to 100 and
50% concentrations. About 72% root knot females were
found parasitized by the bacterium in the treatment
receiving 25% concentration of the plant extract and P.
penetrans followed by other treatments. The treatment of
P. penefrans with ginger extract (25% concentration)
resulted in the attachment of =9 spores per juvenile
Reduction in bacterial spore attachment (>4 spores/T2)
was observed mn treatments where P. penefrans was
applied with the aqueous plant extract at 100%
concentration (Table 4).

There is not previous report on the nematicidal activity of
ginger against plant parasitic nematodes. In the present
study aqueous extracts of ginger were tested against root
knot nematodes, M. javanica. The toxicity of the aqueous
extract is due to a biologically active constituent(s). The
reduction in bacterial spore attachment differed between
the test concentrations (100, 50 and 25%) of plant extract.
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Table 3: Effect of aqueous extract of ginger and P. penetrans in the control of root knot_nematode on tomato plants

Nematode Population

Treatments Plant height {cms)  Shoot weight (2)  Galls/ root system  Eges/egg mass per groot per 200 g
Extract 100% 7.58 3.55 - - - -
Extract 50% 9.25 4.25 -

Extract 25% 915 4.32 -

Sterile

distilled water 843 4.15 -

Pasteuria penetrans ({@0.5% 5.75 2.9 - - - -
Meloidogyme javanica (@2000 I2/pot 6.83 3.48 121 71 213 1551
Extract 100% + A javanica @2000 J2 12.56 4.75 55 65 99 716
Extract 50% + A javanica @2000J2 10.64 4.25 74 58 149 825
Extract 25% + AL javanica @20007J2 11.58 4.66 112 61 169 1057
Pasteuria penetrans (@0.5%+ M. javemica (@2000 J2 912 3.85 62 56 122 756
Extract 100% + P. penetrans + M. javanica @2000 J2 13.24 4.65 42 59 74 675
Extract 50% + P. penetrans + M javanica (2000 J2 14.48 4.78 62 56 122 693
Extract 25% + P. penetrans + M javanica (2000 J2 T7.58 3.75 98 52 153 826
SED (0.05) 0.88 0.73 7.32 5.57 12.02 65.35
Significant level (p<) ok NS ok ok [ ok

Values given are mean of 4 replicates

Table4: Effect of aqueous extract of ginger on juveniles and females
infection by P. penetrans

Female

Infection
Treatments Spores/J2 (%)
Pasteuria penetrans (@0.5%+ M javanica 2000 J2 8.52 69
Extract 100% + P. penetrans + M. javeamica 2000 J2 4.34 48
Extract 50% + F. penetrans +~ M javanica 2000 ]2 7.56 53
Extract 25% + P. penetrans +~ M javanica 2000 J2 9.48 72
SED (0.05) 0.87 3.87

R o st

Significant level (p<0)
#*_ p=0.01; ### p<0.001

In the greenhouse experiment, co-inoculations of plant
extract and P. penetrans enhanced the growth of tomato
plants and the disease was suppressed. The effectiveness
of P. penetrans as a biocontrol agent was increased when
23% extract was applied for the management of root knot
nematodes. Root knot female infection (72%) by bacteria
occurred in the treatment receiving 25% plant extract with
P. penetrans. Beside the nematicidal mode of the action,
the test extract might induce behavioral effects, such as
modifying host recognition by nematode (Zuckerman and
Esnard, 1994). Further investigations are required, which
could lead to the exploitation of the natural biocidal
activity of ginger against root knot nematodes as an
environmentally benign control measure.
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