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Abstract: An investigation was conducted for the management of root knot nematode Meloidogyne incognita
(Kofoid and White) Chitwood infesting tomato through the application of bio-control agent like Bacillus subtilis,
Trichoderma harzianum and Pseudomonas fluorescens. Experiment result revealed that minimum no. of
galls/25seedlings (17.50) and maximum seedling height (27.6cm) were observed in Bacillus subtilis @50g/m2 in
nursery bed + B. subtilis @ 5kg along with 2.5 tons of FYM/ ha. The highest weight/25seedlings (69.50g) was no-
ticed in the B. subtilis @50g/m2 in nursery bed + B. subtilis 2.5kg along with 2.5 tons of FYM/ha. The highest growth
of the plant at 45 DAT (49.2cm) and at harvest (81.2cm) and maximum fresh (711.3g) and dry weight (265g) was
found in B. subtilis @50g/m2 in nursery bed + B. subtilis 2.5kg along with 2.5 tons of FYM/ha. B. subtilis @50g/m2
in nursery bed + B. subtilis 2.5kg along with 2.5 tons of FYM/ha exhibited lowest gall index (1.2/plant) and highest
reduction of nematode population and provided highest yield of tomato fruits (335.75g/ha).
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INTRODUCTION Symptoms of root galling can in most cases provide
positive diagnostic confirmation of nematode presen
infection severity, and potential for crop damage.
Moreover, the nematodes not only affect the heafith
the crop but also reduce its quality and produtstivi\
number of methods for the management of root-knot
nematodes such as chemical control, organic amend-
ments, resistant varieties, soil solarization aiudioli-

Tomato,Solanum lycopersicum L. is grown worldwide
as a protective supplementary food. It is a rictree
of vitamins, minerals and organic acid. As it ishert
duration crop and gives high yield, it is importémam
an economic point of view and hence the area uitsler
cultivation is increasing day by day in India.Tre t
mato is attacked by number Of nematode pests. GI_ObéaI control have been tried with different levefsoc-
aIIy_, ”e_ma!“’d_es are common in almost all soilshwit cesses for the protection of tomato plants (Randhaw
their distribution being determined by temperature, 4 al., 2001; Sakhuja and Jain, 2001). Keeping this

degree o-f moisture and soil particle size, alorith w background information in mind an approach was
the presence Of. aqceptablg food source (Iﬁinal.,. made to evaluate the bioefficacy B&cillus subtilis
2012). M. incognita is a serious pathogen hampering against root knot nematode

the productivity in tomato crop significantly thrgiur
out the world (Mucksood and Tabreiz, 2010) and hasMATERIALSAND METHODS
been found to be very widely distributed with a evid
host range and cause very serious damage (specially
vegetables). Root knot nematodeéd. incognita
(Kofoid and White) Chitwood have been found to be
very widely distributed with a wide host range and
cause very serious damage especially in tomato.
India, annual yield loss due td. incognita has been
estimated to as 27.21% in tomato (Jetral., 2007).
Root-knot nematodes are of considerable economi
importance (Hussaigt al., 2011, Kayangt al., 2012).
Plants exhibiting stunted or decline symptoms ugual
occur in patches of non uniform growth rather than
an overall decline of plants within an entire field
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An investigation was conducted at the Central Re-
search Farm, Bidhan Chandra Krishi Viswavidyalaya,
Gayeshpur, Nadia, West Bengal, India, during trer ye
2012-13. For the management of root knot nematode
IM. incognita (Kofoid and White) Chitwood infests
"fomato by application of biopesticide. The soil veas
typical alluvial soil with a sandy clay loam textur
ith good drainage, slightly acidic pH and moderate
ertility. The experiment was carried out with ramna-
ized block design with seven treatments and fopli-re
cations having plot size 2m x 2.5m. The cultivar
Patharkuchi (Local) used for the experiment.
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Table 1. Effect of nursery treatments on gall formatiorarlheight and seedling weight in tomato seedlthging 2013-14.

No. of ! Weight of 25

Treatments galls/25seedlings Plant height (cm) seedlings (g)
T1:Trichoderma harzianum @50g/m2 in nursery bed 24.50 25.95 51.25
T2 : T1 +T. harzianum @5 kg along with 2.5 tons of 39.25 23.30 62.5
FYM
T3 : Pseudomonas fluorescens @ 10 ml/ha seed treat- 17.75 24.04 60.5
ment
T4 : T3 + seedling treatment with. fluorescens@ 23.75 21.82 545
150 ml/ha
T5: Bacillus subtilis @509/m2 in nursery bed B. 17.50 27.6 60.00
subtilis 2.5 kg along with 2.5 tons of FYM/ ha
T6 : B. subtilis @50g/m2 in nursery bed B. subtilis 21.75 26.88 69.50
5kg along with 2.5 tons of FYM/ha
T7 : Untreated Control 51.00 21.03 43.50
S. Em(%) 3.16 0.73 4.43
CD at 5% 9.38 2.17 13.16

Table 2. Effect of treatment on shoot length and root weifitbmato plant.

Shoot length at Shoot length at Fresh weight (g/ Dry weight

Treatments 45 DAT (cm) harvest(cm) plant) (g/plant)
T1 : Trichoderma harzianum @50g/m2 in 419 69.9 515.0 100.00
nursery bed
T2 :T1 + T. harzianum @5 kg along with
2 5 tons of EYM 47.0 75.6 615.8 1425
T3 : Pseudomonas fluorescens @ 10 ml/ha 429 67.0 575.0 101.25

seed treatment

T4 : T3 + seedling treatment wikh fluores-

cens @ 150 miha 45.9 78.1 650.0 164.00
T5: Bacillus subtilis @50g/m2 in nursery

bed +B. subtilis 2.5 kg along with 2.5 tons 48.4 75.3 641.3 217.50

of FYM/ ha

T6 : B. subtilis @509/m2 in nursery bed +

B. subtilis 5kg along with 2.5 tons of FYM/ 49.2 81.2 711.3 265.00

ha

T7 : Untreated Control 39.6 61.0 508.8 96.25

S. Em(z) 1.5 2.4 40.1 16.88

CD at 5% 4.4 7.2 119.0 50.16

In case of initial soil nematode population studgil at 45 DAS and before harvest of crop from 10plants/

sample was collected from the experimental plomile  plot. Population of root knot nematod!. incognita
tode population ) in 200 cnisoil at 45 days after sow- was taken from 200cc of soil and (2g) roots botdt
ing (DAS) and at harvest collected from root zohthe days after transplanting (DAT) and at harvest. &t jgr
plant. Nematodes were extracted from 200 cc cortgosi plot and fresh and dry root weight was taken dftar
samples of soil by Cobb’s decanting sieving teamiq vest of the crop. Number of galls or knots preserthe
followed by Baermann’s funnel method (Christie and roots of tomato was counted from five randomly se-
Perry, 1951). The roots of the plants for examimati lected plants per plot. Root knot index was catedla
were separated from the plant, to be mixed togethdr  using following scale (1-5) as proposed by AICRP on
then only (2g) of roots are to be collected from ¢om-  nematodes. 1= 0 galls, 2= 1-10 galls, 3 =11-3CGga#
posite sample. The roots were then cleaned in &gprwv ~ 31-100 galls, 5= > 100 galls. The data thus reabrde
cut into pieces of (2-3cm) and stained by NaOCtH aci during the experiment were analyzed statistically.
Fuchsine method (Byret al., 1983). Stained root sam-
ples were then checked under stereoscopic micrescopRESULTSAND DISCUSSION

for taking observation on egg mass and nematodeffect of treatments on the weight, gall formation
(juveniles+ female) population. The nema-suspensiorand plant height of tomato seedlings: At the time of
was counted with the help of measuring cylindegéd  transplanting the treatment & subtilis @50g/nf in
total nematode from 200cc of soil. (2ml) nema- nursery bed +B. subtilis 5kg along with 2.5 tons of
suspension was taken in counting disk for gettimg t FYM/ha provided the greatest seedling weight (69.50
average juvenile population per ml of nema-suspensi seedlings (¥ g/25seedling, followed by (62.5)
Nematode count has been made under Stereoscopic my/25seedling in T+ T. hardzanum @5 kg along with 2.5
croscope. No of galls, plant height and weightedds  tons of FYM (T,) and (60.5) g/25seedling Pseudomo-
ling was taken at transplanting. Shoot length wen  nas fluorescens @ 10 ml/ha seed treatments{TThese
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Table 3. Effect of treatment on gall index, nematode popaiiaand fruit yield of tomato.
Nematode population in soil Yield
Treatments Gall index (J2/200cm3) +2(g) of root (a/ha)
45DAT Har vest
T1:Trichoderma harzianum @50g/m2 in 215 272.75 3075 248.00
nursery bed
T2: T1 +T. harZzanum @5 kg along with 16 255.95 276.75 291.75
2.5 tons of fym
T3 : Pseudomonas fluorescens @ 10 ml/ha 215 285 25 322 88 239 25
seed treatment
T4: T3 + seedling treatment with fluores-
cens@ 150 mi/ha 15 221.14 247.75 269.00
T5: Bacillus subtilis @50g/m2 in nursery
bed +B. subtilis 2.5 kg along with 2.5 tons 1.35 210.62 230.63 306.00
of FYM/ ha
T6: B. subtilis @50g/m2 in nursery bedB:
subtilis 5kg along with 2.5 tons of FYM/ha 12 17712 216.13 335.75
T7 : Untreated Control 3.175 328 364.63 210.50
S. Em(%) 0.20 11.84 14.30 15.55
CD at 5% 0.59 35.19 42.49 46.21

two treatments were significantly higher weight rove

+ B. saubtilis 5kg along with 2.5 tons of FYM/ha. {T

other treatment. The lowest weight was found in thewith regard to all treatments and the lowest valiaes

untreated control (43.50) g/25 seedlings).(B. subtilis
@50g/nf in nursery bed B. subtilis 2.5 kg along with
2.5 tons of FYM/ha provided the lowest gall forma-
tion /25 seedling (17.50) €Y statistically at par wit.
fluorescens @ 10 mi/ha seed treatment (17.75))(The
untreated control shows the maximum no. of galts/ 2
seedlingsi.e. (51) ¢J.

The height of seedling of different treatment waseosed at
the time of transplanting, the highest plant highvess
recorded inB. subtilis @50g/nf in nursery bed +B.
subtilis 5 kg along with 2.5 tons of FYM/ ha (27.6 cm)
i.e. (Ts) followed by (26.88 cm}B. subtilis @50g/nf in
nursery bed +B. subtilis 5kg along with 2.5 tons of
FYM/ha (Ts), both the treatment at statistically at par
with each other. The lowest height of the seedlings
observed in untreated control (21.03 cmy) (Table: 1).

found in untreated control (61cm) AT Fresh and dry
shoot weight of tomato plants were taken at hantest
appeared that maximum fresh shoot weight (711.3g/
plant) was observed iB. subtilis @50g/n? in nursery
bed +B. subtilis 5kg along with 2.5 tons of FYM/ha
(Te). The untreated control showed lowest value i.¢). (T
(Table: 2). Treatment witB. subtilis @50g/nf in nurs-
ery bed +B. subtilis 5kg along with 2.5 tons of FYM/ha
(Te) showed the maximum dry shoot weight (265g/
plant) and minimum and (96.25g/plant))T untreated
control (Table: 2). The treatment & subtilis @50g/nf

in nursery bed B. subtilis 5kg along with 2.5 tons of
FYM/ha showed a significant increase in shoot lengt
along with simultaneous increase in fresh and tops
biomass production over control. These findingsewer
agreed with those of other workers (Dawal., 2008;

Cannayanet al. (2001) also found that seedlings treated Ashoub and Amara, 2010). Khadt al. (2012) also re-

with the Bacillus cereus andB. subtilis against g of M.
incognita/g soil improved the growth characteristics
(length and weight of shoot and root) of tomatorghe
were significant decrease of number of galls ang eg

ported that super straimacillus subtilis reduced root
galls and remarkably increase tomato plant grovwdr-c
acters significantly and egg masses on the rodersys
as well as, juvenile's numbers in the soil. Grop#a

masses per root system and nematode population peameters in terms of shoot length, root length,osho

200 (g) soilB. subtilis strains were able to promote root
elongation in seedlings @icer arietinum up to 70 74%
as compare to untreated control. (Swain and R&9)20
Effect of treatment on shoot length and root weight

fresh and dry weights, root fresh and dry weightd a
number of nodules per plant were found signifigantl
increased in the plants treated with the two bectes
compared to control (Akhtat al., 2012).

of tomato: In the above experiment it found that after 45 Effect of treatment on gall indexing, nematode popu-

(DAT), all the treatments were almost effective in
exhibiting the higher shoot length of shoot witgard to
untreated control. Maximum shoot length (49.2 crayw
noticed in B. subtilis @50g/m2 in nursery bed 8.
subtilis 5kg along with 2.5 tons of FYM/ha {followed

by treatment oBacillus subtilis @50g/nf in nursery bed

+ B. aubtilis 5 kg along with 2.5 tons of FYM/ ha
(48.4cm) (E).

lation and yield of tomato: All the treatments were
reduced the gall indexing in tomato. The lowest gal
indexing (1.2) was noticed in treatmeBt Subtilis
@50g/nf in nursery bed B. subtilis 5kg along with 2.5
tons of FYM/ha () followed byB. subtilis @50g/n?

in nursery bed B. subtilis5 kg along with 2.5 tons of
FYM/ ha (1.35) which was statistically at par wWitf).
The maximum gall indexing observed in untreated

At harvesting stage, the maximum shoot length (81.2control (3.17),P. Fluorescens @ 10 ml/ha seed treat-

cm) was noticed iB. subtilis @50g/n7 in nursery bed

ment (T) andT. Harzianum @ 50g/nf in a nursery bed
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(T1) were statistically at par. Two new species of Boleodorus (Nematoda: Tylenghida
M. incognita, (Adult female + juvenile + egg mass) from Manipur, India.The Bioscan., 7 (1): 115-118.

were taken from 2g roots both at 45 DAT and at éstry  BYrd. D.W(.j, tK"Epf"‘t”C‘? T. la“d. Bafk%ﬂ F-.R; (19733’” .'”f“'

at 45 days after transplanting, lowest infestation  Proved technique for clearing and staining plassite for
(177.12) was recorded B subtilis @509/rﬁ in nursery detection of nematode¥urnal of Nematology, 15: 12-143.

- . Cannayane, |., Rajendran, G. and Ramakrishnan,®1)2
bed +B. subilis 2.5kg along with 2.5 tons of FYM/ha Biocontrol potential oBacillus cereus andBacillus sub-

(Te) followed by (210.62) inB. subtilis @50g/nf in tilis againstMeloidogyne incognita in tomato.Crop Re-
nursery bed +B. subtilis 5 kg along with 2.5 tons of search Hisar, 21 (2): 164-167.

FYM/ ha (Ts). The highest infestation was (328) found Christie, J.R. and Perry, V.G. (1951). Removing a&ae
in untreated control @). At harvest the populations of from soil. Proceding of the Helminthological Society of
root knot nematodeM. incognita in roots and soil was Washington. 18: 106- 108.

lowest (216.13) and highest infestation was (36483 Dawar, S., Tarig, M. and Zaki, M.J. (2008). Apptioa of
subtilis @50g/n? in nursery bed +B. subtilis 2.5kg Bacillus species in control oMeloidogyne javanica
along with 2.5 tons of FYM/ha ¢J and untreated con- (Treub) Chitwood on cowpea and mash béakistan

] . . Journal of Nematology, 40: 439-444.
trol, respectively. The infestation at 45 DAT arndar- Hussain. M.A. Mukhtg)r/ T. and Kayani, M.Z. (2011s-

vest is found in the similar treatment. In a lalaony sessment of the damage causedvigjoidogyne incog-
experiment on tomatd. subtilis had been observed to nita on okra.Journal of Animal and Plant Sciences, 21:
inhibit egg-hatching oM. arenaria and activity of d. B. 857-861.

subtilis also exhibited greatest reductions (70.0-99.8%)Jain, R.K., Mathur, K.N. and Singh, R.V. (2007)tiEstion
in the number of nematode root galls, egg-masses pl of losses due to plant parasitic nematodes onreiffe
L and number of,250" cc of soil along with simultane- crops in Indialndian Journal Nematology, 37: 219-221.

Kayani, M.Z., Mukhtar T. and M.A. Hussain. (2012sso-
ciation of root-knot nematodedé@oidogyne spp.) with
cucumber in the Pothowar region of the Punjab picevi
of Pakistan.International Journal of Biology and Bio-

ous increase in the dry biomass production of shodt
root of tomato (Mokbel, 2013). This finding wasals
similar with the present finding. Mohamedova and

ngaliev (2011) tested the effipacy of Bm:illgs sub- technology, 9 (1-2): 23-29.

tilis on the development dVleloidogyne arenaria and  Khalil, M.S.E.H., Allam, A.F.G.and Barakat, A.S.20(L2).
observed that the rate 8. arenaria development in Nematicidal activity of some biopesticide agentsl an
potato roots treated witB. subtilis was lower than that microorganisms against root-knot nematode on tomato
untreated roots. plants under greenhouse conditiodsurnal of Plant
The highest yield of tomato (335.75g/ha) was reedrd Protection Research, 52 (1): 47-52.

Mohamedova, M. and Samaliev, H. (2011). Effectofa-
bacteriumBacillus subtilis on the development of the
root knot nematodé/idloidogyne arenaria at different
temperaturesigricultural Science and Technology, 3(4):

in B. subtilis @ 50g/nd in nursery bed B. subtilis 5kg
along with 2.5 tons of FYM/ha ¢J followed by
(306.00 g/ha)B. subtilis @50g/nd in nursery bed B.

subtilis 5 kg along with 2.5 tons of FYM/ ha{)[Table: 378 - 383

3). This finding agreed with (Orhaet al., 2006) who  Mokbel, A.A. (2013). Impact of Some Antagonisticgan-

also found thaBacillus have a potential to increase the isms in Controlling Meloidogyne arenaria Infecting

yield and growth of different plants. Tomato PlantsJournal of Life Sciences and Technolo-
) gies. 1(1): 69-74.

Conclusion Mucksood, A.G. and Tabreiz, A.K. (2010). Biologiqaiten-

tial of Paecilomyces lilacinus on pathogenesis dfleloi-

From the experiment, it was found thatsubtilis was dogyne javanica infecting tomato plant European Jour-

fruitful in reducing root galls and soil populatiomh M. nal of Applied Sciences, 2 (2): 80-84.

incognita along with simultaneous increase of fruit orhan, E., Esitken, A., Ercisli, S., Turan M. andh® F.

yield of tomato as bio-control agent for the mamagiet (2006). Effects of plant growth promoting rhizokeai

of M. incognita. (PGPR) on yield, growth and nutrient contents gaai-
cally growing raspbernfcientia Horticulturae, 111: 38—43.
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