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Abstract

Essential oil from aromatic plants showed strong nematicidal activity in vitro experiments. Among six 
tested essential oils, percent juvenile mortality was observed in lemon grass (Cymbopogon citratus), 89, 51 
as well as in palmarosa (Cymbopogon martini), 80 and 44 at the doses of 500 and 250 ppm respectively at 
12 hour of exposure time. However, maximum mortality percentage was observed in C. citratus oil and it 
registered cent percent mortality at 500 ppm at 24 hours of exposure time. The hatching in both treatments 
started by 8th day and steeply increased in 10th day. Essential oils at 5 concentrations drastically reduced 
the total number of J2, as both essential oils showed more than 50 % reduction in hatching over control. The 
minimum cumulative hatching was observed in 1000 ppm in C. citrates oil. The effect of root-dip treatments 
of tomato seedlings with C. citratus and C. martini significantly reduced total number of root knot galls/
per plant, per cent galled area and soil population as compared to control. The minimum number of M. 
incognita galls was found in C. citratus at 500 ppm it was significantly different from carbosulfan as well 
as C. martini treatments. The maximum shoot length was found in C. martini followed by C. citratus and 
carbosulfan at 500 ppm. All the treatments significantly improved the root length than the inoculated 
plants but they were not significantly different among themselves.

Highlights

 • Essential oils from aromatic plants confirmed nematicidal potential
	 •	 C.	citratus and C. martini oils may be used for the management of M. incognita

Keywords: Aromatic plants, nematicide, Meloidogyne incognita, Lycopersicon esculentum, carbosulfan, 
essential oil

Vegetable crops are the most essential for 
our daily diet as well as a high value crops 
for the farmers. Furthermore, they are rich in 
carbohydrates, proteins, vitamins, minerals, 
fibre and antioxidant compounds. The daily 
minimum requirement of vegetables in diet 
is about 284 g/person/day (Choudhury, 
1980). According to National Horticulture Board, 
production of vegetables is about 162.897 million 
tonnes from an area of 9.396 million hectare with 

average productivity of 17.30 tonnes per hectare 
(NHB, 2014). Tomato (Solanum lycopersicum) is 
solanaceous vegetable crops grown worldwide 
(Maria et al., 2014) and an important source 
of Vitamin A and C (Sekhar et al., 2010) in 
addition to, it produces “Lycopene” as natural 
antioxidant that works successfully to slow 
the growth of cancerous cells (Bhowmik et 
al., 2012). As per the National Sample survey 
conducted during 2011-2012 in India, per capita 
consumption of tomato in rural and urban area 
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is 586 and 806 grams per month, respectively 
(Anonymous, 2014).
Plant parasitic nematodes are major limiting 
factor affecting plant growth and yield of tomato. 
Theroot-knot nematode, Meloidogyne species are the 
most devastating (Williams-Woodward and Davis, 
2001) and have extensive host range (Mitkowski 
and Abawi, 2003). Globally, over 90 species of the 
genus, Meloidogyne have been described (Sikoraand 
Fernandez, 2005). However, M. incognita, M. javanica 
and M. arenaria are of greatest economic importance, 
being responsible for at least 90% of all damage 
caused by root-knot nematodes (Castagnone-
Sereno, 2002). The root-knot nematode species 
(Meloidogyne spp.) is the most devastating pest 
which causes 28.0-47.5 per cent yield losses in 
tomato (Gill and Jain, 1995). Currently, synthetic 
pesticides are the effective means of control but they 
are expensive as well as hazardous to environment. 
In the long term, indiscriminate use of 
pesticides can have repercussions on human 
health as well as on environment (Dinham, 
1993).A wide range of pesticides are used for 
crop protection against pest infection during 
the cultivation of vegetables (Kalra, 2003), 
and the literature reveals that vegetables 
contain the residues of pesticides above their 
respective maximum residue limit (Taneja, 
2005; Srivatsava et al., 2011) may pose health 
hazards to consumers (Flliion et al., 2000; 
Mukherjee and Gopal, 2003).
Therefore, there is an urgent need to 
replace these hazardous pesticides with 
other alternatives, which are less toxic and 
eco-friendly (Abhishek et al., 2013 and Geeta 
et al., 2015). One way of searching for such 
nematicidal compounds is to scree naturally 
occurring compounds in plants (Rajendra 
and Sarvjeet, 2014). Many compounds with 
nematicidal activity have been found inplants, 
including alkaloids, diterpenes, fattyacids, 
glucosinolates, isothiocyanates, phenols, 
polyacetylenes, sesquiterpenes and thienyls 
(Chitwood, 2002). Plant extracts containing 
volatile ecompounds, especially essential oils 
have been found to possess antimicrobial, 
insecticidal and nematicidal activity (Okoko, 
et al., 1999). Essential oils are active against 
a number of pests, are biodegradable from 

the environment and often have low toxicity 
to mammals (Bainard et al., 2006). Cloveoil 
has demonstrated toxicity to plant parasitic 
nematodes (Chitwood, 2002; Meyer, et al., 
2008; Pandey and Dwivedi, 2000; Park et al., 
2005; Salgadoand Campos, 2003a, 2003b). 
Use of pesticides of plant origin is among the 
several ecologically based alternatives available 
in nematode management (Mangala and Mauria, 
2006). Essential oils of some plants and/or their 
components have been tested for nematicidal 
activity in vitro and in soil (Oka et al., 2000). 
Thus the current research efforts have been taken 
upto evaluate the nematicidal efficacy of some 
commercially available essential oils against 
Meloidogyne incognita in tomato.
The objectives of this work were, to evaluate 
the effect of the essential oil on mortality and 
egg hatching of second stage juveniles of root-
knot nematode in vitro studies; and to resolve the 
effects of essential oil as root dip treatment in the 
management of M. incognita infecting tomato.

Materials and Methods
The objectives of the present investigations were 
achieved by planning and conducting different 
experiments both in the laboratory and in the glass 
house at College of Horticulture and Forestry, CAU, 
Pasighat, Arunachal Pradesh at a longitude 28.1oN, 
latitude 95.4oE and altitude 155 m during year 2013.

Plant material and essential oils

The experiments were conducted with 5 essential 
oils viz. Citronella (Cymbopogon nardus), Eucalyptus 
(Eucalyptus globulus), Lemongrass (Cymbopogon 
c i tratus ) ,  Palmarosa (Cymbopogon mart ini ) 
and Patchouli (Pogostemoncablin), which were 
commercially available. For making 1000ppm stock 
solutions, the required amounts of these essential 
oils were dissolved in small quantity of solvent, 
cyclohexanone (2% v/v) and 2 drops of surfactant, 
Tween 80 (0.5% v/v) were added and then volume 
was made up with distilled water. With these stock 
solutions, different concentrations of essential oils 
were prepared by diluting with double distilled 
water for various experiments.

Nematode inoculum

The nematode population used in the study was 
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obtained from roots of brinjal (cv. PusaUttam) grown 
in the experimental area of College of Horticulture 
and Forestry, CAU, Pasighat, Arunachal Pradesh. 
To establish and maintain cultures of M. incognita, 
a single egg mass from a single gall containing a 
single female was removed from a root, surface 
sterilized with 1% NaOCl for 4 minutes and rinsed 

through four series of sterilized water. To increase 
nematode populations, a single egg mass was 
inoculated into a pot containing 3 week old brinjal 
plants (cv. PusaUttam) in sterilized soil and kept for 
3-4 months. Eggs inoculum was prepared according 
to procedures given by Hussey & Barker, 1973. 
Washed M. incognita infected brinjal plants roots 

Table 1: Effect of essential oils on second stage juveniles (J2) of M. incognita at different concentration in  
in vitro trials

Sl. No. Treatments Doses (pm) Exposure timing (% mortality of J2)
6h 12h 24h 48h

1 C. citratus
250
100
50
25

500 0.00(4.05)* 89.25 (71.41) 100(85.95) 100(85.95)
0.00(4.05) 50.75(45.71) 100(85.95) 100(85.95)
0.00(4.05) 0.00(4.05) 28.25(32.37) 60.25(51.01)
0.00(4.05) 0.00(4.05) 0.00(4.05) 33.75(35.89)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)

2 C. martini
250
100
50
25

500 0.00(4.05) 80.00(63.80) 100(85.95) 100(85.95)
0.00(4.05) 43.25(41.38) 91.00(75.14) 100(85.95)
0.00(4.05) 0.00(4.05) 0.00(4.05) 44.00(41.83)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)

3 C. nardus
250
100
50
25

500 0.00(4.05) 0.00(4.05) 43.75(42.12) 80.25(64.08)
0.00(4.05) 0.00(4.05) 0.00(4.05) 54.25(47.73)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)
0.00(4.05) 0.00(4.05) 0.00(4.05) 18.00(25.42)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)

4 E. globolus
250
100
50
25

500 0.00(4.05) 0.00(4.05) 0.00(4.05) 29.00(31.29)
0.00(4.05) 0.00(4.05) 0.00(4.05) 27.00(30.69)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)

5 P. cablin
250
100
50
25

500 0.00(4.05) 0.00(4.05) 0.00(4.05) 28.25(32.35)
0.00(4.05) 0.00(4.05) 0.00 (4.05) 18.50(25.76)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)
0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)

6 Control (Water) — 0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)
7 Control (Water + Solvent + Surfactant) — 0.00(4.05) 0.00(4.05) 0.00(4.05) 0.00(4.05)

EMS
Treatments

Dose
Interaction

— —
—
—

(0.170)
(0.170)
(0.381)

(0.478)
(0.478)
(1.06)

(0.423)
(0.423)
(0.946)

C.D. (0.05P)
Treatments

Dose
Interaction

— —
—
—

(0.48)
(0.48)
(0.75)

(1.34)
(1.34)
(2.12)

(1.19)
(1.19)
(1.88)

*Figures in parenthesis are the angular transformed values.
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were cut into small segments (1-2 cm long) and 
agitated for 3 minutes in 1% NaOCl. The suspension 
was passed through 75 and 5 μm sieves. The eggs 
and second stage juveniles (J2) caught on the 5 μm 
sieve were washed several times with water, re-
suspended and their concentration determined by 
dilution counts method.

In vitro experiments

Nematicidal activity of essential oils on J2s

The effect of nematicidal activity of the essential 
oil of Citronella (Cymbopogon nardus), Eucalyptus 
(Eucalyptus globulus), Lemongrass (Cymbopogon 
citratus), Palmarosa (Cymbopogon martini) and 

Table 2: Effect of essential oils on hatching of second stage juveniles (J2) of M. incognita at different concentration 
in in vitro trials

Sl. No. Treatments Number of J2 hatched out
Dose
(ppm)

Day 2 Day 4 Day 6 Day 8 Day 10 Day 12 Day 14 Day 
16

Total % reduction 
over control

1 C. citratus 1000 0.25 
(0.25)*

0.50 
(0.50)

5.00 
(2.22)

27.00 
(5.17)

27.50 
(5.18)

112.00 
(10.57)

19.25 
(4.37)

0.75 
(0.60)

192.00
(13.85)

87

500 0.00 
(0.00)

0.75 
(0.75)

7.00 
(2.62)

27.00 
(5.17)

60.50 
(7.74)

168.50 
(12.80)

34.50 
(5.84)

1.00 
(0.85)

295.00
(17.17)

81

250 0.00 
(0.00)

8.00 
(2.78)

11.50 
(13.37)

31.00 
(5.50)

96.00 
(9.78)

166.50 
(12.89)

52.75 
(7.25)

2.50 
(1.06)

368.00
(19.18)

80

100 1.50 
(0.80)

23.00 
(4.81)

34.00 
(5.86)

26.25 
(5.04)

140.00 
(11.85)

206.00 
(14.33)

44.00 
(6.50)

2.75 
(1.56)

472.00
(21.89)

69

50 0.50 
(0.35)

31.75 
(5.59)

38.75 
(6.19)

43.00 
(6.50)

155.80 
(12.47)

255.00 
(15.95)

63.25 
(7.87)

6.75 
(2.45)

616.00
(24.37)

59

2 C. martini 1000 0.25 
(0.25)

0.25 
(0.25)

14.00 
(3.70)

32.75 
(5.69)

133.30 
(11.54)

112.00 
(10.57)

19.50 
(4.39)

0.25 
(0.25)

318.00
(17.66)

79

500 0.00 
(0.00)

1.75 
(1.28)

17.00 
(4.03)

31.50 
(5.60)

156.30 
(12.58)

163.00 
(12.85)

48.00 
(6.91)

0.75 
(0.60)

421.00
(20.44)

72

250 1.50 
(1.00)

2.00 
(1.39)

7.00 
(2.62)

41.25 
(6.40)

167.00 
(12.90)

197.00 
(14.05)

75.25 
(8.65)

6.25 
(2.49)

498.00
(22.31)

67

100 7.25 
(2.67)

28.25 
(5.26)

23.00 
(4.78)

26.50 
(5.12)

146.50 
(12.10)

275.50 
(16.58)

84.25 
(9.20)

7.25 
(2.67)

537.00
(23.46)

64

50 24.75 
(4.93)

89.25 
(9.43)

41.25 
(6.37)

34.75 
(5.27)

21.93 
(14.78)

248.00 
(15.76)

52.25 
(7.20)

10.00 
(3.14)

711.00
(26.45)

53

3 Control (Water) 370.00 
(19.23)

385.00 
(20.39)

287.00 
(20.10)

376.00 
(14.31)

121.00 
(13.64)

11.25 
(10.58)

0.00 
(0.00)

0.00 
(0.00)

1522.00
(39.01)

—

4 Control 
(solvent + 

surfactant + Water)

120.75
(10.98)

140.00
(20.39)

405.00
(20.10)

305.50
(14.31)

186.30
(13.64)

115.00
(10.58)

19.50
(4.30)

5.50
(2.02)

1498.00
(38.70) —

EMS
Treatments

Dose
Interaction

(0.132)
(0.208)
(0.294)

(0.132)
(0.209)
(0.295)

(0.133)
(0.210)
(0.297)

(0.158)
(0.250)
(0.354)

(0.158)
(0.250)
(0.353)

(0.137)
(0.217)
(0.306)

(0.155)
(0.245)
(0.470)

(0.160)
(0.253)
(0.358)

(0.136)
(0.215)
(0.305)

—

C.D. (0.05P)
Treatments

Dose
Interaction

(0.381)
(0.301)
(0.601)

(0.382)
(0.603)
(0.603)

(0.383)
(0.606)
(0.603)

(0.458)
(0.723)
(0.723)

(0.458)
(0.723)
(0.623)

(0.456)
(0.722)
(0.721)

(0.396)
(0.626)
(0.626)

(0.449)
(0.709)
(0.709)

(0.490)
(0.730)
(0.737)

(0.394)
(0.623)
(0.622)

—

*Figures in parenthesis are square root transformed values.
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Patchouli (Pogostemon cablin) was evaluated against 
J2s of M. incognita. Mature egg masses of the 
nematode were placed in sterilized double distilled 
water for 72 h in petridishes. The J2s emerging were 
collected every 24 h, but those collected in the first 
24 h were discarded. 1.0 ml of double strength 
(i.e. 1000 ppm if 500 ppm required) of each test 
concentration (25ppm to 500 ppm) of essential oil 
was put in a petridishes and 1.0 ml of nematode 
suspension containing 100 J2 was added to it, so that 
required concentration was formed. Two controls 
were also kept such as distilled water alone and 
solvent i.e. cyclohexanone + surfactant (Tween 
80 + water). All the treatments, concentrations 
and controls were replicated for four times. The 
petridishes were kept at 25oC for 6-48 hours of 
exposure time. After the scheduled time of exposure 
in different treatments, the nematodes were washed 
in fresh water by passing through 325 mesh sieve 
and kept in fresh water for 24 h to observe revival, 
if any. Then the number of active and inactive 
nematodes was counted by tacking the suspension 
in a counting dish under stereoscopic microscope. 
The inactive nematodes which did not move even 
with the touch of a pick were taken as dead and the 
mortality percentage was calculated.

Influence of essential oils on hatch

Hatching was monitored in 5cm glass petridishes 
containing sterile deionised distilled water (SDDW) 
covering the egg masses. Five mature uniformly 
sized egg masses, with mean viable 300 eggs 
were placed in each of four replicate petridishes 

in different concentration of each essential oil. For 
making stock solutions, the required amounts of 
these essential oils were dissolved in small quantity 
of solvent, cyclohexanone (2%v/v) and 2 drops of 
surfactant, Tween 80 (0.5% v/v) were added and 
then volume was made up with distilled water. 
With these stock solutions, different concentrations 
of essential oils were prepared by diluting with 
distilled water for various experiments. Egg 
masses of M. incognita were exposed to different 
concentrations (i.e. 1000, 500, 250, 100 and 50ppm) 
of the two essential oils viz. C. citratus and C. martini 
in glass petridishes for 48 hours of interval. Two 
controls, water and solvent +water were also kept 
and petridishes were kept at 25oC for 16 days or 
hatching almost stopped. The numbers of J2s that 
emerged were recorded at 2 day intervals. After 
16 days, egg masses from each petridish were 
separated to estimate the number of un-hatched 
eggs and the number of hatched J2s was expressed 
as a cumulative percentage of viable J2s.

In planta experiments

Effect of essential oils as root dip treatments

Effect of essential oils as root dip treatments 
of tomato seedlings were evaluated against M. 
incognita in pot trials. This experiment was carried 
out in 20 cm earthen pots containing 15,000g of 
steam sterilized soil and farm yard manure mixture 
(3:1) in green house. The twenty five days old 
tomato seedlings (Pusa Hybrid-1) were dipped in 
beakers for one hour in different concentrations of 

Table 3: Effect of root dip treatments of essential oils against Meloidogyne incognita infecting tomato (Lycopersicon 
esculentum L.)

Sl. No. Treatments Dose (ppm) No. of galls/plant % galled area No. of J2/100gm soil
1 C. citratus 500 58.25(7.612)* 22.50(28.50)** 93.75(9.62)*

250 75.25(8.60) 30.25(33.64) 137.50(11.71)
2 C. martini 500 72.25(9.19) 28.50(32.57) 125.00(11.03)

250 100.00(9.98) 41.50(40.37) 131.25(11.41)
3 500 85.00(9.18) 30.00(33.49) 87.50(9.22)
4 Control (with nematode) 2J2/gsoil 172.50(13.10) 80.00(63.97) 212.50(14.54)

C.D. (0.05 P)
EMS

(1.096)
(0.545)

(2.47)
(1.17)

(1.836)
(1.527)

*Figures in parenthesis are square root transformed values.

**Figures in parenthesis are the angular transformed values.
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essential oils and insecticide such as C. citrates (500 
and 250 ppm), C. martini (500 and 250 ppm) and 
carbosulfan 500 ppm. The time of exposure for root 
dip treatment and doses were selected based on 
preliminary trials. The two controls inoculated (with 
nematodes) and uninoculated (without nematodes) 
were kept for comparisons. The plantation was 
done @ one seedling/pot. The inoculation of J2 of 
M.incognita was done by pouring the suspension 
in the root zone of the transplanted seedlings of 
tomato @ 30,000 J2/pot (2 J2/g soil).
Plants were watered daily with tap water to 
maintain sufficient moisture in pots. The experiment 
was terminated 45 days after transplanting of 
tomato seedling and nematode inoculation. After 
termination of transplanting, the shoot of each 
plant was cut off at soil level and the roots were 
uprooted thoroughly and washed with tap water. 
The following variables were assessed i.e. fresh 
shoot and fresh root weight, shoot length and root 
length recorded as plant parameters. Nematode 
population density was determined by extracting 
eggs and J2s from soil samples. Severity of nematode 
galling of the root system was assessed such as 
number of galls/plant, per cent galled area as 
nematode parameter.

Statistical analysis

The data of all experiments was statistically 
analyzed. In general, two factorial randomized 
designs were used for the analysis. The hatching 
of juveniles and number of J2s/100g of soil and 
number of galls/plant were analyzed by square root 

transformed values while the per cent galled area 
and percent mortality of J2 were analyzed through 
angular transformed value.

Results and Discussion
The viability of J2s of M. incognita was influenced 
by the time of exposure as well as concentrations 
of essential oils throughout the experiment (Table 
1). Among six tested essential oils percent juvenile 
mortality was observed in C. citratus 89, 51 as well as 
in C. martini 80, 44 at the doses of 500 and 250 ppm 
respectively with 12 hour of exposure time. However, 
maximum mortality percentage was observed in C. 
citratus followed by C. martini, C. nardus, E. globules 
and P. cablin. C. citratus registered cent percent 
mortality at 500 ppm at 24 hours of exposure time. 
As concentrations of C. citratus increased from 50 
to 500 ppm there was a corresponding increase in 
J2 mortality at 48 hours of exposure time. Among 
the doses, 500 and 250 ppm showed nematicidal 
potential with effective toxicity (≥50%) in C. citratus, 
C. martini and C. nardus at 48 h of exposure. In vitro 
experiments clearly demonstrated that viability 
of J2 of M. incognita was significantly reduced by 
the essential oils viz. C. citratus and C. martini. 
The effect of essentials oils on juveniles mortality 
supported by several other workers. Essential oils 
from several plant species have been shown to have 
nematicidal activity on root-knot nematodes in vitro 
and in soil (Soler-Serratosa et al., 1996). Bhatti (1988) 
reported that essential oils of Cymbopogon	flexuosus, 
Cymbopogon martini and Cymbopogon nardus and 
their major constituents, geraniol, citral, citronellol 

Table 4: Effect of root dips treatments of essential oils against Meloidogyne incognita infecting tomato (Lycopersicon 
esculentum L.)

Sl. No. Treatments Dose 
(ppm)

Shoot length 
(cm)

Root length 
(cm)

Shoot fresh weight 
(g)

Root fresh weight 
(g)

1 C. citratus 500 41.00* 23.25 127.25 9.12
250 33.25 20.00 119.75 10.75

2 C. martini 500 43.25 25.00 105.50 11.50
250 37.25 23.00 81.75 11.75

3 Carbosulfan 500 40.25 22.00 122.75 8.50
4 Control (without nematode) 51.00 31.00 133.75 16.75
5 Control (with nematode) 2J2/g soil 30.50 20.25 73.25 8.97

C.D. (0.05 P)
EMS

6.02
16.76

4.16
8.02

20.84
201.02

2.45
2.87

(Average of 4 replications)
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and citranellal exhibited nematicidal activity against 
Anguinatririci, Tylenchulus semipenetrans, Meloidogyne 
javanica and Heterodera avenae. Salagado et al., 
(2003) evaluated the essential oils of Eucalyptus 
camaldulensis, E. saligma, E. urophylla and C. nardus 
against Juveniles of Meloidogyne	 exigua and found 
toxic to nematode after immersion in for 24 
hours of exposure time. The Cymbopogon species 
produce essential oils rich in monoterpenes such 
as citral, citronellal, citronellol, linalool, elemol, 
1,8-cineole, limonene, geraniol, β-carophyllene, 
methyl heptenone, geranyl acetate and geranyl 
formate (Ganjewala et al., 2008). Cymbopogon 
citratus is widely used in nutraceutical industries 
due to its strong lemony odor for its high content 
of the aldehyde citral and small quantities of 
geraniol, geranyl acetate and monoterpene olefins 
(Debashis et al., 2014). Studies on extracts from C. 
citratus leaves have demonstrated the presence of 
antioxidant, anti-microbial and anti-fungal activities 
(Oloyede, 2009; Pereira et al., 2009). The results of 
the present studies confirm the nematicidal activity 
of C. citratus, C. martini and C. nardus against M. 
incognita.
The effect of different concentration of two essential 
oils on the hatching of J2s at different days is 
shown in Table 2. The hatching was almost nil in 
all the treatment on 2nd day while large number 
of juveniles coming out from the eggs in both 
control. In the majority of treatments with essential 
oils, the greatest reduction in hatching occurred 
in the first 8 days. Rate of hatching was inversely 
proportional with concentration of essential oil as 
it was decreased with increase in concentration. 
The 616 number of juveniles was observed in 50ppm 
and only 192 juveniles were observed in 1000ppm 
of C. citratus oil. Generally, hatching inhibition 
occurred at the highest concentration level. The 
cumulative numbers of J2 after 16 days revealed 
that maximum hatching was observed in controls 
although among treated one, minimum hatching 
was observed in 1000 ppm in C. martini oil. Essential 
oils at 5 concentrations (1000, 500, 250, 100 and 50 
ppm) drastically reduced the total number of J2s as 
both essential oils showed more than 50% reduction 
in hatch over the control, even at 50 ppm very 
adverse effect was noted on hatching. The data for 
the nematicidal activity of essential oils agree with 
results of other researchers, who found that the 

egg hatch of Meloidogyne spp. was reduced when it 
was exposed to different concentration of essential 
oils. Oka et al., (2000) reported that eight number of 
essential oils at a concentration of 1,000 μl/l reduced 
hatching to less than 5%, while hatching was 32.5% 
in the control after 7 days. The main components of 
essential oils were revealed to be thymol, carvacrol, 
and t-anethole. The results of present studies, 
however, indicated an inhibition of hatching J2S of 
M. incognita with the C. citratus and C. martini oils 
after incubation of 48 h at 25oC.
The data presented in Table 3 and 4 showed 
the effect of rootdip of tomato for 1.0 h in two 
essential oils viz. C. citratus and C. martini at two 
concentrations in comparison with carbosulfan 
and inoculated and uninoculated controls on M. 
incognita. A perusal of data presented in Table 
3 indicated that all the treatments significantly 
reduced total number of root knot galls/plant, 
percent gall area and soil population as compared 
to the control. The minimum number of root knot 
nematode galls was found in C. citratus at 500 ppm 
which was significantly different from carbosulfan. 
The most effective treatment for reducing the per 
cent galled area were C. citrates at 500 ppm followed 
by C. martini at 500 ppm. The minimum number J2s 
was counts in carbosulfan followed by C. citratus 
at 500 ppm and these treatments were also found 
at par with each other. The maximum shoot length 
was found in C. martini followed by C. citratus 
and carbosulfan at 500 ppm but it was not found 
significantly different from each other. C. martini 
at 500 ppm resulted in maximum shoot length 
though it was at par with C. citratus at 500 ppm. 
The maximum fresh shoot weight was recorded in 
C. citratus followed by carbosulfan. 
All the plants treated with essential oils and 
carbosulfan significantly improved the root length 
than the inoculated plants but they were not 
significantly different among themselves. The 
maximum fresh shoot weight was observed in C. 
martini at 250 ppm which was found significantly 
different as compared to the carbosulfan. Results 
from the present in planta experiments indicated that 
essential oil compounds directly affect nematode 
biology by interfering with nematode hatching and 
J2 viability. The use of various parts of indigenous 
plants as botanical extracts has been reported 
as important component in pest management 
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(Mangala and Mauria. 2006). The effect of essentials 
oils as root dip treatments on nematode parameters 
as well as plant growth parameters are supported 
by other workers. Walker and Melin (1996) have 
reported that number of root knot galls reduced due 
to application of essential oils of Menthapiperita and 
Menthaspicata in soil. Hasabo and Noweer (2005) 
found that water extract of basil was effective in 
reducing populations of root-knot nematodes in 
eggplant to a moderate degree at 5% concentration. 
Additionally, as essential oils from C. coronarium 
have also been reported to have insecticidal and 
fungicidal activities (Pérez et al., 1999; Alvarez-
Castellanos et al., 2001), treatment of soil with 
essential oils or their components could serve 
as a means of soil disinfection. In the present 
investigations, effect of rootdip treatment on root 
knot nematodes M. incognita was confirmed that the 
nematicidal potential of C. citratus and C. martini 
could be used as soil drenching for nematode 
management in tomato. Rootdip treatment was 
found to be effective though care had to be taken 
for the adverse effect on plant by adjusting the dose 
and the dip time.

Conclusion
Essential oils showed nematicidal potential in 
the management of M. incognita in present study. 
However, effective toxicity (>50 % mortality) was 
found in C. citratus followed by C. martini and C. 
nardus. Among the tested essential oils C. citratus 
was the most effective followed by C. martini. The 
use of essential oils may be one of the efficient 
alternatives and cheap methods of nematode control 
that are need of the hour and safe to farmers as well 
as environment. 
If low concentrations can be effective in nematode 
management, as demonstrated by this study, then 
a given quantity of plant material can be better 
utilized over a larger area. Therefore, the use of 
indigenous essential oils should be considered in 
integrated nematode management strategies. It is 
suggested that further trials be conducted in the 
field on the basis of the promising results from 
these studies.
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