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INTRODUCTION

There is a great potential for genetic manipulation in tomato
to enhance productivity through increasing pest and disease
resistance, environmental stress tolerance and to study gene
function and regulation (Pawar et al., 2012). The crop tomato
is attacked by number of nematode pests. Globally, nematodes
are common in almost all soils, with their distribution being
determined by temperature, degree of moisture and soil
particle size, along with the presence of acceptable food source
(Bina et al., 2012). Among the plant parasitic nematodes, Root
knot nematode (RKN), Meloidogyne incognita is a serious
pathogen hampering the productivity in tomato crop
significantly throughout the world (Mucksood and Tabreiz,
2010) and has been found to be very widely distributed with
wide host range and cause very serious damage specially in
vegetables. In India, annual yield loss due to M. incognita has
been estimated to as 27.21% in tomato (Jain et al., 2007).
Control of root knot nematodes has been primarily
accomplished through chemical nematicides (Widmer and
Abawi, 2000). Nematode control using chemical nematicides
has become environmentally unsafe and economically
unviable due to removal of efficient fumigant nematicides from
world market on environmental grounds. There is a need to
develop environmentally and economically sound alternatives
to nematicides for sustainable nematode management in
tomato ecosystem. Biological control of plant parasitic
nematodes using fungi and bacteria has been found to be a
feasible option. The antagonistic fungi play an important role

as biocontrol agent for many plant parasitic nematodes (Jatala,

1986).

Paecilomyces lilacinus a saprophytic soil fungus has drawn

many research attentions due to its promising effect in

parasitizing and controlling population of phytonematodes

(Jatala, 1986; Dube and Smart, 1987; Hewlett et al., 1988;

Freitas et al., 1995; Nagesh et al., 1997; Khan et al., 2006;

Kiewnick and Sikora, 2006; Brand et al., 2010). Of these the

use of pathogenic fungus Paecilomyces lilacinus is one the

most widely tested biological control agent for management

of plant parasitic nematodes (Atkins et al., 2003). It has a high

frequency of occurrence in the tropics and subtropic (Morgan

et al., 1984; Chen et al., 1996) and can be found in most of

agricultural soils (Brand et al., 2010). This study was

undertaken to determine the appropriate application rate and

time of biological agents for the control of root knot nematodes

in tomato. Keeping in view the above aspects the present

investigation was undertaken for ecofriendly management of

root knot nematode on tomato by using biocontrol agent,

Paecilomyces lilacinus.

MATERIALS AND METHODS

An investigation was conducted at Central Research Farm,

Bidhan Chandra Krishi Viswavidyalaya, Gayeshpur, Nadia,

West Bengal, India during the year 2010-2011 for the

management of root knot nematode M. incognita (Kofoid and

White) Chitwood infesting tomato by application of

ABSTRACT

The efficacy of Paecilomyces lilacinus for the management of Meloidogyne incognita along with FYM and

carbofuran was evaluated to study the root knot index, population of M. incognita in root and in soil. By using

(T
5
) P. lilacinus (cfu 2x106) @ 50 gm/m2 in nursery bed+ P. lilacinus @ 5 kg with 2.5 tons FYM/ha in main field

found most effective and which improves plant growth and yield of tomato (228.3 Q/Ha) and lowest population

of M. incognita in root, in soil (222.3 J
2
 at 45 DAT and 309 J

2
 at 60 DAT) and also lowest root knot index (2.67).

Followed by chemical nematicide viz. carbofuran showed a significant effective in increase the growth parameters

and suppression of M. incognita multiplication. P. lilacinus @ 50 gm/m2 provided lowest gall formation (60.3-

64.5%) followed by carbofuran (38-44%). All other treatments exhibited higher yield (12.8-32.7%) and reduction

of soil population by 21.7-51.9% over untreated control.

KEYWORDS

Meloidogyne incognita

Tomato

Paecilomyces lilacinus

Received on :

13.01.2014

Accepted on :

28.02.2014

*Corresponding

author



408

VIPUL H. WAGH  AND A. PRAMANIK

biopesticide, Paecilomyces lilacinus and chemical pesticide,

carbofuran. The soil was a typical alluvial soil (Entisol) with a

sandy clay loam texture with good drainage, slightly acidic

pH and moderate fertility.

The experimental design was a completely Randomised Block

Design with nine treatments with four replications. The field

was divided into plots, measuring 5m2 (2 m x 2.5 m). In case of

initial soil nematode population study, soil sample were

collected from the experimental plot before ploughing while

for final population study soil sample were collected from

rhizosphere of the plant at 45 DAT and at harvest. For initial

soil population study of Meloidogyne incognita 12 subsamples

were collected and mixed thoroughly to prepare four

composite samples, where as nematode population during

45 days after planting and at harvesting three subsamples

from each plot were collected from rhizosphere of the plant

and mixed thoroughly to prepare one composite sample

weighing 500 g each, so 36 samples from cropped field at 45

days planting and harvesting time were collected and labeled

properly. Nematodes were extracted from 200 cc composite

soil samples by Cobb’s decanting sieving technique followed

by Baermann’s funnel method (Christie and Perry, 1951). Roots

of the plants for examination are to be separated from the

plant, to be mixed together and then only 2g of roots are to be

collected from the composite sample. Roots were then cleaned

in tap water, cut into pieces of 2-3cm and stained by NaOCl-

acid Fuchsine method (Byrd et al., 1983). Stained root samples

were then checked under stereoscopic binocular microscope

for taking observation on egg mass and nematode

(juveniles+female) population. Vial counting fixed nematodes

suspension was taken in a measuring cylinder to measure the

total volume of nematodes suspension obtained from 200 cc

soil thrice. Then 5 ml of thoroughly stirred suspension

containing nematodes was taken for counting the nematode

population to find out the average number of juveniles (J
2
) per

ml of suspension.

Shoot lengths were taken 10 plants/plot at the time of 45DAT

and at the time of harvesting. Tomato fruits from each plot

were harvested and weight of the fruit was measured at regular

interval to get the total yield of plot. Number of gall/knot present

on the tomato root was counted from three randomly selected

plants/plot.

Nematode count has been done under Stereoscopic binocular

microscope (Olympus SZ 11). The roots were washed free of

soil for gall index in 1-5 scale (1= no galls or egg masses, 2=

1-10, 3=11-30, 4=31-100, and 5= >100 galls and /or egg

masses per plant). Data were statistically analyzed and

compared according to Duncan’s Multiple Range Test at 5%

level of probability.

RESULTS

Effect of treatments on the weight of seedlings

Application of carbofuran 3G @ 10/m2 in seed bed provided

highest seedling weight (68.06g/ 25 seedlings) followed by

64.06g and 59.88g/ 25 seedlings in T
8
 and T

1
 respectively on

par with each other. These two treatments are better than the

other treatments like T
4
 and T

5
 provided 57.19g and 56.75g/

25 seedlings respectively, however, significantly higher than

untreated check (Table 1).

Effect of treatments on gall formation in tomato seedlings

P. lilacinus @ 50g/m2 provided lowest gall formation (60.3-

64.5%) and significantly superior than all other treatments

followed by carbofuran 3G @ 10g/m2 (38-44%). Other

treatments used in this experiment also effective in reducing

the gall formation in seedling of tomato (Table 1).

Effect of treatments on the egg masses, yield and population

of M. incognita in root

At 45 DAT, lowest (81.5) population of M. incognita was

observed in the T
5
 treatment plots followed by 112.5 in T

4
 an

T
8
 and significantly lower than that of all other treated plots. At

harvest, the population of M. incognita in roots were slightly

changed. It has found that lowest (97.75) nematode population

was noticed in T
5
 and statistically superior than all other

treatments (Table 2).

Table 1:  Effect of Treatments on growth on seedlings of tomato and shoot length

Treatment Wt of 25 seedlings (g) No. of galls /25 seedlings Shoot length

At 45 DAT Harvest

T
1
 = Paecilomyces lilacinus (cfu 2x 106) 59.88 b 36.6 d 46.6ab 123.9c

@ 50 g/m2 in nursery bed

T
2
 = P. lilacinus @ 2.5 kg along with 42.19c 91.4b 44.0bc 123.6c

2.5 tons of FYM / ha in main field

T
3
 = P. lilacinus @ 5 kg along with 2.5 43.75c 108.1a 45.2bc 136.8ab

tons of FYM / ha in main field

T
4
 = T

1
 + T

2
57.19b 40.9d 47.3ab 133.2b

T
5
 = T

1 
+ T

3
56.75 b 37.2d 48.8a 142.9a

T
6
= Carbofuran3G @ 10g/m2 (Seed bed) 68.06a 57.7c 44.6bc 123.5c

T
7
 = 2.5 tons of FYM / ha in main field 44.38c 101.8ab 46.7ab 126.0c

T
8
 =Carbofuran 3G @ 10g/m2 (Seed bed) 64.06ab 63.9c 49.00a 133.4b

+ carbofuran 3G @ 1kg a.i./ha in main field

T
9
 = Untreated control 45.50c 103.0ab 42.9c 116.7d

S. Em ± 2.35 5.3 1.1 2.2

*Data marked by common letter are not statistically significant according to DMRT at 5% level of probability
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At 45 DAT, lowest (7.8) egg masses were noticed in T
5
 followed

by 10.3 treated with carbofuran 10g/m2 + carbofuran 1kg

a.i./ ha significantly superior than all other treated plots. At

harvest, T
5
, T

8
 and T

4
 provided 11.5, 14.8 and 16.8 egg masses

respectively. Number of egg masses in all treated plots

significantly lower than untreated control. The lowest root

knot index (2.67) was found in T
5
 which were significantly

lower than all other treatment. All the treatments were

significantly better than that of untreated control (Table 2).

The highest yield (228.3 Q/ha) of tomato was recorded in P.

lilacinus @ 50g/m2 in nursery bed + P. lilacinus @ 5kg /

ha+2.5 ton FYM/ha. All the treatments exhibited significantly

higher yield of tomato in the time of 12.8-32.7% increase the

yield over untreated control (Table 2).

Effect of treatments on the population of root knot

nematode, M. incognita in soil

Initial nematode population before transplanting was 315 J
2
 /

200 cc of soil. At 45 DAT, population reduction of

Meloidogyne incognita juveniles was observed lowest (222.3

J
2
/200 cc soil) in T

5
 treated plots followed by 241.1, 314.5 and

361.3 J
2
/200 cc soil in T4, T3 and T1. Other treatments also

provided appreciable reduction in nematode population

significantly lower than that of untreated control in the time of

10.8-52.2%. At harvest, the ranking of treatments were slightly

changed with regard to nematode population in soil and T
5

provided lowest (309.0 J
2
/200 cc soil) in T

5
 treated plots.

Significant reduction in soil population of J
2
 of M. incognita in

the time of 21.7-51.9% was noticed in all the treatments over

untreated control (Table 3).

DISCUSSION

The antagonistic parasitic fungi, P. lilacinus and chemical

pesticide, carbofuran 3G improved the plant growth and

reduced the gall formation in tomato caused by M. incognita

as compared to untreated control. Improvement of the plant

growth and reduction of gall formation in P. lilacinus treated

seedlings corroborates the previous finding recorded by the

several workers (Lin et al., 1993; Khan and Saxena, 1997;

Priya and Kumar, 2006; Kannan and Veeraval, 2008). They

also reported that P. lilacinus reduces the gall formation and

egg masses. Application of Paecilomyces lilacinus (2x106 cfu/

gm) @ 50g/m2 in nursery bed + P. lilacinus @ 5kg/ha along

with 2.5 tons of FYM/ha reduces RKI and root knot nematode

population both in roots and soil also. This finding collaborates

with Barma et al. (2013) also reported that by using P. lilacinus

with other materials reduces and took much better care for

root knot nematodes. Kiewnick et al. (2011) and Ramakrishnan

and Panduranga (2013) reported that applications of P.

lilacinus significantly reduced RKI and number of egg masses.

Table 2: Effect of treatments on root knot nematode population in root and yield of tomato

Treatment Population in 2 g root Yield Q/ha

At 45 DAT At harvest

Adult + Juvenile Egg mass Adult + Juvenile Egg mass RKI

T
1
 = Paecilomyces lilacinus (cfu 2x 106) 130.3c 13.0cde 141.8c 19.0d 3.58bc 208.9bc

@ 50 g/m2 in nursery bed

T
2
 = P. lilacinus @ 2.5 kg along with 147.5b 19.5ab 161.3b 23.8b 3.83bc 201.3cd

2.5 tons of FYM / ha in main field

T
3
 = P. lilacinus @ 5 kg along with 2.5 118.5cd 14.0cd 136.8c 20.0cd 3.41c 217.8ab

tons of FYM / ha in main field

T
4
 = T

1
 + T

2
112.5d 12.3de 131.0c 16.8de 2.92d 220.3a

T
5
 = T

1 
+ T

3
81.5e 7.8e 97.75d 11.5f 2.67d 228.3a

T
6
= Carbofuran3G @ 10g/m2 (Seed bed) 153.3b 17.7bc 173.3b 23.0bc 4.00b 194.0d

T
7
 = 2.5 tons of FYM / ha in main field 114.5d 11.3de 132.8c 17.8de 3.41c 199.0cd

T
8
 =Carbofuran 10g/m2 (Seed bed) + 112.5d 10.3de 129.0c 14.8ef 3.57bc 221.9a

carbofuran 1kg a.i./ha in main field

T
9
 = Untreated control 180.3a 23.0a 195.3a 29.0a 4.51a 172.0e

S. Em ± 5.1 1.6 4.2 1.2 0.14 3.5

*Data marked by common letter are not statistically significant according to DMRT at 5% level of probability

Table 3: Effect of treatments on the population of root knot nematode, M. incognita in soil

Treatment Population of M. incognita J
2
 / 200 cc of soil

45 DAT Harvest

T
1
 = Paecilomyces lilacinus (cfu 2x 106) @ 50 g/m2 in nursery bed 361.3c 476.8b

T
2
 = P. lilacinus @ 2.5 kg along with 2.5 tons of FYM / ha in main field 372.3bc 473.6b

T
3
 = P. lilacinus @ 5 kg along with 2.5 tons of FYM / ha in main field 314.5d 407.0c

T
4
 = T

1
 + T

2
241.1e 333.8de

T
5
 = T

1 
+ T

3
222.3e 309.0e

T
6
= Carbofuran3G @ 10g/m2 (Seed bed) 406.8b 503.8b

T
7
 = 2.5 tons of FYM / ha in main field 387.5bc 448.9bc

T
8
 =Carbofuran3G @ 10g/m2 (Seed bed) + carbofuran3G @ 1kg a.i./ha in main field 305.5d 389.0cd

T
9
 = Untreated control 455.8a 643.3a

S. Em ± 12.7 20.3

*Data marked by common letter are not statistically significant according to DMRT at 5% level of probability; **INP before transplanting = 315 J
2
 / 200 cc of soil
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The increased growth of the plant in P. lilacinus treated plots

was also reported by Noe and Sessar (1995) and Pathan et al.

(2005) which corroborates the present study. Priya and Kumar

(2006) and Pramanik and Roy (2008) also observed that P.

lilacinus increased the plant growth, including shoot and root

length and seedling weight. At 45 DAT carbofuran 3G@10g/

m2 + carbofuran 3G@1kg a.i./ha is found to be most effective

treatment for increasing the growth of tomato crop. This finding

is in confirmating with finding of Haq and Saxena (1986) who

reported that carbofuran was the most effective for increasing

the growth of plants. According to Khalil et. al (2012) the

Paecilomyces lilacinus product was the best treatment in

suppressing the root-knot populations in the soil also, P.

lilacinus increased the shoot length and fresh weight of the

root system. Several authors also reported that shoot length

increased of tomato by using carbofuran (Rather et al. 2007;

Ahmad & Siddiqui, 2009).

The treatments of fungal biopesticide, P. lilacinus and chemical

pesticide carbofuran 3G were effective in reducing the invasion

of nematode in root and root knot index (RKI). These findings

are also supported by the earlier workers (Lin et al., 1993;

Khan and Saxena, 1997). The reduction of nematode

population (J
2
) of M. incognita in soil by the application of P.

lilacinus also corroborates with the findings of Cabanillas and

Barker (1989) and Pramanik and Roy (2008). Rao et al. (2012)

reported that application of P. lilacinus gives maximum

improvement in fresh and dry weight of shoot and root over

the nematode check and cause higher reduction in gall

number and nematode population.

Considering the above all observation it may be concluded

that application of Paecilomyces lilacinus (2x106 cfu/gm) @

50g/m2 in nursery bed + P. lilacinus @ 5kg/ha along with 2.5

tons of FYM/ha performed better in suppressing the root knot

nematode and providing higher yield of tomato. P. lilacinus is

a good proposition as bio-control agent for the management

of M. incognita in tomato.

REFERENCES

Ahmad, F. and Siddiqui, M. A. 2009. Management of root knot

nematode, Meloidogyne incognita in tomato. Pak. J. Nematol. 27(2):

369-373.

Atkins, S. D., Diaz, H. L., Kaslisz, H., Mauchline, T. H., Hirsch, P. R.

and Kerry, B. R. 2003. Development of a new management strategy

for the control of root-knot nematodes (Meloidogyne spp.) in organic

vegetable production. Pest Manage. Sci. 59: 183-189.

Barma, P., Khan, M. R. and Jha, S. 2013. Integrated approaches for

management of pest complex in pointed gourd (Trichosanthes dioica

Roxb). The Bioscan. 8(2): 385-389.

Bina, L., Mohilal, N., Pramodini, M. and Shah, M. M. 2012. Two

new species of Boleodorus (Nematoda: Tylenchida) from Manipur,

India. The Bioscan. 7(1): 115-118.

Brand, D., Soccol, C. R., Sabu, A. and Roussos, S. 2010. Production

of fungal biological control agents through solid state fermentation: A

case study on Paecilomyces lilacinus against root-knot nematodes.

Micol. Aplicada Int. 22: 31-48.

Byrd, D. W., Kirkpatrick, T. and Barker, K. R. 1983. An improved

technique for clearing and staining plant tissue for detection of

nematodes. J. Nematol. 15: 12-143.

Cabanillas, E. and Barker, K. R. 1989. Impact of Paecilomyces lilacinus

inoculums level and application time on control of Meloidogyne

incognita on tomato. J. Nematol. 21: 115-120.

Chen, Z. X., Dickson, D. W., McSorley, R., Mitchell, D. J. and

Hewlett, T. E. 1996. Suppression of Meloidogyne arenaria race 1 by

soil application of endospores of Pasteuria penetrans. J. Nematol.,

28: 159-168.

Christie, J. R. and Perry, V. G. 1951. Removing nematode from soil.

Processing of the Helminthological Society of Washington. 18: 106-

108.

Dube, B. and Smart, G. C. 1987. Biological control of Meloidogyne

incognita by Paecilomyces lilacinus and Pasteuria penetrans. J.

Nematol. 19: 222-227.

Freitas, L. G., Ferraz, S. and Muchovej, J. J. 1995. Effectiveness of

different isolates of Paecilomyces lilacinus and an isolate of

Cylindrocarpon destructans on the control of Meloidogyne javanica.

Nematropica. 25: 109-115.

Haq, S. and Saxena, S. K. 1986. Comparison of different modes of

application of carbofuran for controlling Meloidogyne incognita on

tomato. Ind. J. Plant Patho. 4(2): 187-188.

Hewlett, T. E., Dickson, D. W., Mictchell, D. J. and Kannwischer-

Mitchell, M. E. 1988. Evaluation of Paecilomyces lilacinus as

abiocontrol agent of Meloidogyne javanica on tobacco. J. Nematol.,

20: 578-584.

Jain, R. K., Mathur, K. N. and Singh, R. V. 2007. Estimation of losses

due to plant parasitic nematodes on different crops in India. Ind. J.

Nematol. 37: 219-221.

Jatala, P. 1986. Biological control of plant parasitic nematodes. Annual

Review of Phytopath. 24: 453-489.

Kannan, R. and Veeraval, R 2008. Effect of an ovi-parasitic fungus

Paecilomyces lilacinus Samson on Meloidogyne incognita in tomato.

Ann. Plant Protec. Sci. 16(2): 466-470.

Khalil, M. S. H., Allam, A. F. G. and Barakat, A. S. T. 2012. Nematicidal

activity of some biopesticide agents and microorganisms against root-

knot nematode on tomato plants under greenhouse conditions. J.

Plant Protec. Res. 52(1): 47-52.

Khan, A., Williams, K. L. and. Nevalainen, H. K. M. 2006. Infection

of plant-parastic nematodes by Paecilomyces lilacinus and

Monacrosporium lysipagum. Biol. Cont. 51: 659-678.

Khan, T. A. and Saxena, S. K. 1997. Integrated management of root

knot nematode Meloidogyne javanica infecting tomato using organic

materials and Paecilomyces lilacinus. Biores. Tech. 61(3): 247-250.

Kiewnick, S. and Sikora, R. 2006. Evaluation of Paecilomyces lilacinus

strain 251 for the biological control of the northern root-knot nematode

Meloidogyne hapla Chitwood. Nematol. 8: 69-78.

Kiewnick, S., Neumann, S., Sikora, R. A and Frey, J. E. 2011. Effect of

Meloidogyne incognita Inoculum Density and Application Rate of

Paecilomyces lilacinus Strain 251 on Biocontrol Efficacy and

Colonization of Egg Masses Analyzed by Real-Time Quantitative PCR.

Phytopath. 101(1): 105-112.

Lin, M. S., Ma, M. A., Shen, S. W. and Mao, Q. F. 1993. Culture of

the fungus Paecilomyces lilacinus and its use in the control of the

tomato attacked by root knot nematode Meloidogyne incognita. Chin.

J. Biol. Cont. 9(3): 116-118.

Morgan-Jones, G., White, J. F., Rodriguez-Kabana, R. 1984.

Phytonematode pathology: Ultrastructural Studies. 2. Parasitism of

Meloidogyne arenaria eggs and larvae by Paecilomyces lilacinus.

Nematropica. 14: 57-71.

Mucksood, A. G. and Tabreiz, A. K. 2010. Biological potential of

Paecilomyces lilacinus on pathogenesis of Meloidogyne javanica

infecting tomato Plant. Euro. J. App. Sci. 2(2): 80-84.

Nagesh, M., Parvatha Reddy, P. and Rao, M. S. 1997. Integrated

management of Meloidogyne incognita on tuberose using Paecilomyces

VIPUL H. WAGH  AND A. PRAMANIK



411

lilacinus in combination with plant extracts. Nematol. Medit. 25: 3-

7.

Noe, J. P. and Sessar, J. N. 1995. Evaluation of Paecilomyces lilacinus

as an agent for reducing yield losses due to Meloidogyne incognita.

Biocont. 1: 57-67.

Pathan, M. A., Soomro, S. H., Jiskani, M. M., Wagan, K. H. and

Memon, J.A. 2005. Evaluation of Paecilomyces lilacinus for the

management of Meloidogyne incognita. Pak. J. Nematol. 23(1): 61-

65.

Pawar, B. D., Jadhav, A. S., Kale, A. A., Chimote, V. P. and Pawar,

S.V. 2012. Zeatin induced direct in vitro shoot regeneration in Tomato

(Solanum lycopersicum L.). The Bioscan. 7(2): 247-250.

Pramanik, A. and Roy, K. 2008. Impact of organic amendments and

bio-inoculants on Meloidogyne incognita-race-2 in tomato. Int. J.

Nematol. 18(2): 250-254.

Priya, M. S. and Kumar, S. 2006. Dose optimization of Paecilomyces

lilacinus for the control of Meloidogyne incognita on tomato. Ind. J.

Nematol. 36(1): 27-31.

Ramakrishnan, S. and Panduranga, R. C. 2013. Evaluation

of Paecilomyces lilacinus for the Management of Root-Knot Nematode,

Meloidogyne incognita in Flue Cured Virginia (FCV) Tobacco Nursery.

Ind. J. Nematol. 43(1): 65-69.

Rao, M. S., Dwivedi, K., Kumar, R. M., Chaya, M. K., Grace, G. N.,

Rajinikanth, R., Bhat, A. and Shivananda, T. N. 2012. Efficacy of

Paecilomyces lilacinus (1% W.P.) against Meloidogyne incognita on

tomato in different agro-climatic regions in India. Pest Manage. Hort.

Eco. 18(2): 199-203.

Rather, M. A., Ahmad, F. and Siddiqui, M. A. 2007. Combined

influence of neem part/products and or two nematicides against root

knot nematode, Meloidogyne incognita on field grown tomato. Pak.

J. Nematol., 25(2): 305-311.

Widmer, T. L. and Abawi, G. S. 2000. Mechanism of suppression of

Meloidogyne hapla and its damage by a green manure of Sudan grass.

Plant Disease. 84: 562-568.

EVALUATION OF PAECILOMYCES LILACINUS



412


