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Abstract

Root-knot nematodes are one of the major plant parasitic
nematodes in tomato (Solanum lycopersicum L.).
Considering its damage potential, a field experiment was
piloted for the management of root-knot nematode,
Meloidogyne incognita in tomato. For this study, Bacillus
subtilis (1% A.S) and Bacillus amyloliquefaciens (1% A.S)
liquid bioformulations were evaluated. The liquid
bioformulations were evaluated in two delivery mechanisms
such as nursery drench (5 ml/litre of water) and soil
application of bioformulations (5 1 ha™) enriched with FYM
(20 t ha') individually and in combination and their
nematicidal efficacy compared with carbofuran 3G (1 kg a.i.
ha) and combined application of carbofuran 3G (1 kg a.i.ha
) with FYM (20 t ha'). Among the bioformulations,
integrated application of B. amyloliquefaciens (1% A.S)
(nursery drench and soil application of enriched FYM)
consistently exhibited greater nematicidal activity by
resulting maximum percent reduction of nematode
population in soil 77.1, 61.5 and 74.6 during 2015-16, 2016-
17 and 2017-18, respectively. Therefore, we able to harvest
marketable yield 0f24.0,22.5 and 31.1 tha' during 2015-16,
2016-17 and 2017-18, respectively which was next to
combined application of carbofuran 3G (1 kg a.i.ha!) with
FYM (20 tha). Subsequently, it was followed by B. subtilis
1% A.S (nursery drench and soil application of enriched
FYM) found promising and recorded percent reduction of
nematode population in soil 52.5, 55.8 and 70.4 with
marketable yield 0f20.0, 22.0 and 30.4 t ha™ during 2015-16,
2016-17 and 2017-18, respectively. The present findings
indicate that, liquid bioformulations of B. amyloliquefaciens
(1% A.S) and B. subtilis (1% A.S) with its delivery
mechanisms can be considered as a component under
integrated nematode management of M. incognita infecting
tomato under field condition.
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Introduction

Tomato (Solanum lycopersicum L.) is one of the most
popular, extensively grown vegetable crops in India. It
is generally considered as poor man’s apple because of
its appearance and nutritive richness (vitamins, minerals
and antioxidants). In India, tomato cultivated in 0.809
million hectares with 19.7 million tonnes production and
24.4 t ha' productivity (Anonymous, 2017). However,
the current level of productivity and quality are
constrained by the direct interference of plant parasitic
nematodes on the plant root system besides several
pests and diseases. Plant parasitic nematodes hinder the
uptake of nutrients as well as water. Among them, root-
knot nematodes (Meloidogyne spp.) are the frequently
observed and most damaging plant parasitic nematode
genera in vegetable ecosystem. In known root-knot
nematode species, Meloidogyne incognita and M.
javanica are widely distributed in different parts of the
country causing annual yield loss to the tune of 27.2%
with an estimated 2204 million rupees of monetary loss
in tomato (Jain et al. 2007). Owing to their parasitic
activity, the second stage infective juvenile (J,) of root-
knot nematodes infect and feeds plant nutrients by
developing feeding sites on root system. The primary
symptom of root-knot nematode infection is formation
of typical galls on root system. Affected plants express
symptoms similar to mineral deficiency such as
chlorosis, yellowing of leaves, wilting and stunted growth
(Abad et al. 2003) because of reduced uptake and
translocation of nutrients form soil to shoot (Patil et al.
2013).

The nematode management largely depends on chemical
nematicides. However, their potential negative impact
on environment and concerns about human health
(Ferraz and Freitas 2004, Anastasiadis et al. 2008) and
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phasing out of many effective chemical nematicides
necessitated research towards finding alternative
strategies for the management of nematodes. In this
endevour, biological control agents (BCA) have emerged
as eco-friendly and safe and cost effective alternatives
to chemical nematicides (Collange et al. 2011, Rao et al.
2015). In past years, several researchers, efforts have
been made to identify microbial groups which limit the
nematode abundance in soil and are categorized into
egg-parasitic fungi, nematode-trapping fungi,
filamentous fungi, antagonistic bacteria and polyphagous
predatory nematodes (Kerry and Hidalgo-Diaz 2004,
Kiewnick and Sikora 2005). Among these, the egg
parasitic fungi, Purpureocillium lilacinum
(Paecilomyces lilacinus) and filamentous fungi,
Trichoderma viride, T. harzianum and plant growth
promoting rhizobacteria, Pseudomonas fluorescens have
been extensively exploited for the suppression of root-
knot nematodes Meloidogyne spp. (Krishnaveni and
Subramanian 2004, Haseeb and Khan 2012). Bacillus
spp. is another group of bacterial agents has recently
been recognized as one of the most promising groups
of nematode antagonists of which Bacillus subtilis, B.
licheniformis, B. amyloliquefaciens and B. cereus are
increasingly becoming important for effective
management of root knot nematodes (Mohammed et
al. 2008; Mohamedova 2009; Terefe et al. 2009; Xiao
et al. 2013; Rao et al. 2017; Abdel-Salam et al. 2018).
Considering this, efforts have been made to evaluate
the liquid bioformulation of Bacillus subtilis (1% A.S)
and Bacillus amyloliquefaciens (1% A.S) involving two
delivery mechanisms individually and in combination for
the management of root-knot nematode M. incognita
in naturally infested tomato field.

Materials and Methods

The experiment was conducted in tomato (cv. Kashi
Aman) at Nematology experimental site (25.1821° N
latitude and 82.8770° E longitude) located at ICAR-
Indian Institute of Vegetable Research, Varanasi, UP for
three consecutive years (2015-16, 2016-17 and 2017-
18) during Rabi season. The experimental site comes
under the alluvial zone of Indo-Gangetic plain, soils
having silt loam soil texture with neutral to slightly
alkaline in reaction (pH: 7.34) and electrical conductivity
0.31 dSm™. The root-knot nematode (Meloidogyne
incognita) was prevalent in nematology experimental
site. Prior to experiment, initial soil population of root-
knot nematode populations were assessed using Cobb’s
sieving and decanting method (Cobb 1918). This site
had a resident nematode population of 241.3 + 8.72,
499.9 + 9.82, 261.9 + 5.11 per 250 CC of soil during
2015-16, 2016-17 and 2017-18, respectively.
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Nematode identification: Root-knot nematode species
from naturally infested nematology experimental site
located at ICAR-IIVR, Varanasi was identified using
molecular technique. DNA was isolated from newly
hatched second stage infective juvenile using standard
protocol described by Adam et al. (2007). Further,
identity of the root-knot nematode species M. incognita
was confirmed through specific SCAR marker, Inc-
K14-F/ Inc-K14-R (Randig et al., 2002) and also
morphologically confirmed by making temporary
mounts of perineal pattern of the mature females.

Liquid bioformulations: Liquid bioformulations of
Bacillus subtilis (1% A.S.) and Bacillus
amyloliquefaciens (1% A.S.) procured from, Division
of entomology and nematology, ICAR-Indian Institute
of Horticultural Research, Bengaluru for the present
study.

Enrichment of liquid bioformulations: Prior to
experiments, each liquid bioformulation (5 1 ha'') was
thoroughly mixed with FYM (20 t ha') and then covered
with poly ethylene sheet by maintaining optimum
moisture under shade for 15 days. Further, enriched
FYM was applied to respective treatments before 15
days of transplanting.

Field efficacy: To evaluate the nematicidal activity of
liquid bioformulations of B. subtilis (1% A.S.) and B.
amyloliquefaciens (1% A.S.) against root-knot
nematode, M. incognita in field, experiment was laid
out in a randomized complete block design (RCBD)
with eight treatments including different delivery
mechanisms and there were three replicates per
treatment. The treatments were as follows; T1: Nursery
drench with Bacillus subtilis 1% A.S. @ 5 ml/litre of
water; T2: Nursery drench with Bacillus
amyloliquefaciens - 1% A.S. @ 5 ml/litre of water; T3:
T1+FYM @ 20 t ha'' enriched with 5L Bacillus subtilis;
T4-T2+FYM @ 20 t ha' enriched with 5L Bacillus
amyloliquefaciens; T5: FYM at 20 t ha' only; T6:
carbofuran 3G @ 1.0 kg 1.0 kg a.i.ha'; T7: carbofuran
3G @ 1.0 kg a.i. ha' + FYM @ 20 t ha'; T8: control
(untreated field). In nursery, coco peat was used as
substrate for raising tomato (cv. Kashi Aman) seedlings
in portrays. Before sowing, one kg of substrate was
treated with (5 ml per litre of water) each bioformulation
separately with respective treatment. Healthy seedlings
were maintained in portrays up to 21 days and
transplanted to main experimental plot. Crop was raised
following standard agronomic practices. At the time of
harvest, observations were recorded on plant growth
parameters such as plant height (cm), root weight (g)
(average of 15 plants were selected randomly) and
marketable yield (t ha™). Nematode disease parameters



264

such as gall index (0-10) scale 0= no knots on roots; 1
= few small knots difficult to find; 2 = small knots only
but clearly visible; main roots clean; 3 = some larger
knots visible, but main roots clean; 4 = larger knots
predominate but main roots clean; 5 = 50% of roots
knotted; knotting on parts of main root system; 6 =
knotting on some of main roots; 7 = majority of main
roots knotted; 8 = all main roots knotted; few clean
roots visible; 9 = all roots severely knotted, plant usually
die; 10 = all roots severely knotted, no root were
recorded (Bridge and Page, 1980). Final soil nematode
population was assessed by using Cobb’s sieving and
decanting method (Cobb 1918). The number of egg
masses per root system (average of 15 plants were
selected randomly of each treatment) were counted with
the help of a magnifying glass. The number of eggs per
egg mass was also counted under a stereo microscope.

Statistical Analysis: Analysis of variance (one way
ANOVA) was performed for respective year data on
plant height, root weight, marketable yield, gall index,
number of egg mass per root system, number of eggs
per egg mass and final nematode population in soil. The
significant (P < 0.05) differences among treatments
were determined by using Tukey’s studentized Range
(HSD) test (PROC GLM SAS version 9.2; SAS
institute).

Gowda et al.: Management of root-knot nematode in tomato

Results

In the present study, data on nematicidal efficacy of
bioformulations with carbofuran presented in Table 1,
2,3 and Fig. 1 evidently indicates that all the treatments
were considerably reduced the incidence of M.
incognita in tomato and enhanced plant growth
compared to untreated control. Among the
bioformulations, the treatment (T4) involving integration
of nursery drench and soil application of B.
amyloliquefaciens (1% A.S) enriched FYM consistently
provided a better protection from M. incognita to tomato
by resulting maximum percent reduction of final
nematode population in soil was of 77.1, 61.5, 74.6,
number of egg mass per root system was 69.6, 70.2
and 74.2, number of eggs per egg mass were 68.0,
65.8 and 70.5, lesser root gall index (0-10 scale) of 2.0,
2.0 and 1.5 with maximum marketable yield of 24.0,
22.5 and 31.1 tha' during 2015-16, 2016-17 and 2017-
18, respectively and which was next to carbofuran 3G
@ 1.0 kga.i. ha' and combined application of carbofuran
3G (@ 1.0 kg a.i. ha'') with FYM (20 t ha') however,
it was statistically at par with carbofuran treatments
(Table 1, 2 and 3).

Subsequently, it was followed by the treatment (T3)
having integration of nursery drench and soil application

Table 1: Nematicidal efficacy of liquid bioformulation of Bacillus amyloliquefaciens (1% A.S) and Bacillus subtilis (1%

A.S) on Meloidogyne incognita infecting tomato

Treatments RKI (0-10) Average Final soil population (250 CC) Average
(Three years) Mean=SE (Three years)
2015-16 2016-17 2017-18 2015-16 2016-17 2017-18
T1 e « b 422.0°+10.4  700.0®+21.4  402.0°+£25.6 508.0
40 4.0 34 380 (-37.7) (-16.0) (-24.6) (-25.4)
T2 he he he 410.6°£5.0  6563°£15.0  395.5°+24.0 487.5
40 50 31 403 (-39.4) (-21.2) (-25.8) (-28.4)
T3 o © o 321.6°+12.1  368.0°£15.0  157.7°+11.0 282.4
30 30 L7 257 (-52.5) (-55.8) (70.4) (-58.5)
d d c
T4 20 2 0° | 50 |83 155.39£85  320.6°t123  135.5°+07.9 203.8
(-77.1) (-61.5) (-74.6) (-70.0)
T5 ) b ) 444.0°+£16.5  805.0°+20.1  4533°+11.3 567.4
: 0° 4, :
>0 6.0 0 500 (-34.4) (-3.4) (-15.0) (-16.7)
T6 . . . 155.0°+11.6  290.3°+£20.1  133.3°+03.1 192.9
20 20 1.5 1.83 (-77.1) (-65.2) (-75.0) (-71.6)
T7 . . . 15534+ 11.9  256.0°£36.0  102.2°+03.6 171.1
20 20 1.3 177 (-77.1) (-69.3) (-80.8) (-74.8)
T8 . . . 677.0°£11.9  8333°+132  5333°+175 681.2
7.0° 7.0° 5.4° 6.47
0.0 (0.0 (0.0 0)
Tukey’s HSD at 0.05 1.23 1.46 1.20 68.55 122.54 91.76

Figures presented in parentheses () are percent increase (+) or decrease (-) over control. RKI: Root-knot index; SE: Standard error. Different
letters on each column indicate statistically significant difference between treatments at (P < 0.05) using Tukey’s HSD test. Treatment
details: T1: Nursery drench with Bacillus subtilis 1% A.S. @ 5 ml/litre of water; T2: Nursery drench with Bacillus amyloliquefaciens - 1% A.S.
@ 5 ml/litre of water; T3: TI+FYM @ 20 t ha enriched with 5L Bacillus subtilis; T4: T2+FYM @ 20 t ha enriched with 5L Bacillus
amyloliquefaciens; T5: FYM at 20 t ha' only; T6: Carbofuran 3G @ 1.0 kg 1.0 kg a.i.ha’!; T7: Carbofuran 3G @ 1.0 kg a.i. ha! + FYM @ 20

t ha!; T8: Control (Untreated).



Vegetable Science, Vol. 45(2), July - December 2018

of B. subtilis (1% A.S) enriched FYM was found
promising by recording percent reduction of final
nematode population in soil was 52.5, 55.8 and 70.4,
number of egg mass per root system was 66.8, 65.9
and 69.9, number of eggs per egg mass were 65.4,
63.5 and 67.2, root gall index (0-10 scale) of 3.0, 3.0
and 1.7 with marketable yield of 20.0, 22.0 and 30.4 t
ha! during 2015-16, 2016-17 and 2017-18, respectively
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(Table 1, 2 and 3). However, treatment (T3) differed
statistically significant with the treatment (T4) B. and
carbofuran with respect to reduction of final nematode
population in soil and yield during first year field trial
(Table 1 and 3). Nevertheless, in the present study the
yield performance of tomato was little poor during 2015-
16 and 2016-17 which may attribute to late sowing and
transplanting (second fortnight of November during 2015

Table 2: Nematicidal efficacy of liquid bioformulation of Bacillus amyloliquefaciens (1% A.S) and Bacillus subtilis (1%

A.S) on Meloidogyne incognita infecting tomato.

Treatments Number of egg mass/root system Average Number of eggs/egg mass Average

Mean+SE (Three Mean+SE (Three
2015-16 2016-17 2017-18 years) 2015-16 2016-17 2017-18 years)

Tl 65.8°+1.89 74.4™+3.89 50.8°+2.45 63.7 271.0°£6.85  253.7°:9.49  244.1°+7.81 256.3
(-17.7) (-19.7) (-20.9) (-18.2) -11.1) (-15.1) (-15.9) (-14.0)

T 64.2°4327  71.0°+6.16  48.4°+ 1.61 61.2 250.9°+4.99  252.1°+520  228.7°+9.54 2439
(-19.8) (-23.4) (-24.6) (-22.5) (-17.7) (-15.7) (-21.3) (-18.2)

T3 26.6°+2.64  31.6°+3.98  19.3°+1.66 25.8 105.5°+4.43  109.1°+6.42  95.3%+4.34 100.0
(-66.8) (-65.9) (-69.9) (-67.3) (-65.4) (-63.5) (-67.2) (-65.4)

T4 243°£237  27.6°+2.14  16.6°+1.50 22.8 97.6°+3.34 102.1°+5.24  85.6%+5.78 95.1
(-69.6) (-70.2) (-74.2) (-71.1) (-68.0) (-65.8) (-70.5) (-68.1)

T5 745°+259 85.0"+8.16 54.8°+2.55 71.4 2743+ 6.64 2692°+7.64 262.0"+8.71 268.5
(-6.8) (-8.3) (-14.6) (-9.6) (-10.1) (-9.9) (-9.8) (-9.9)

T6 223°+ 191  253°+3.42  14.2°+1.91 20.6 95.8°+4.91 98.6°+3.02 80.6°+7.81 91.7
(-69.4) (-72.7) (-77.9) (-74.0) (-68.6) (-67.0) (-72.2) (-69.2)

T7 20.5°+0.64 2254212 12.3°+1.19 18.4 85.8°+3.76 87.9°+ 4.59 74.7°+4 .38 82.8
(-74.4) (-75.8) (-80.9) (-76.7) (-71.9) (-70.6) (-74.3) (-72.2)

T8 80.0°+227  92.7°+9.0  64.2°+2.23 79.0 305.0°£4.71  298.9°+£553  290.4°t7.94 298.1
(0.0 (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)

Tukey’s HSD at 0.05 13.87 18.91 11.63 31.64 37.02 42.65

Figures presented in parentheses () are percent increase (+) or decrease (-) over control. SE: Standard error. Different letters on each column
indicate statistically significant difference between treatments at (P < 0.05) using Tukey’s HSD test.

Table 3: Effect of liquid bioformulation, Bacillus amyloliquefaciens (1% A.S) and Bacillus subtilis (1% A.S) on yield of

tomato infected by Meloidogyne incognita.

Treatments Marketable yield (t/ha) Average
Mean £SE (Three years)
2015-16 2016-17 2017-18
- 18.4%+0.69 20.3%+0.40 28.1%+0.35 223
(+12.0) (+3.4) (+8.1) (+7.6)
- 18.7%4+0.53 20.6+ 0.44 28.6°¢+0.28 22.6
(+14.2) (+4.8) (+9.2) +9.1)
- 20.0%*+0.29 22.0°+0.31 30.4™+ 0.28 24.1
(+21.7) (+11.9) (+16.4) (+16.4)
4 24.0°+ 0.45 22.5%+0.27 31.1°+ 0.34 25.8
(+46.1) (+14.5) (+18.7) (+24.7)
s 16.59+0.24 19.7°+ 0.26 27.4%+0.58 21.2
(+0.6) (+0.5) (+4.7) (+2.2)
T6 21.4%*+0.64 21.8°+0.32 31.0°+0.45 24.7
(+30.5) (+10.9) (+18.5) (+19.2)
7 24.4'+0.37 22.4'+0.35 31.8*+0.53 26.2
(+48.6) (+13.9) (+21.7) (+26.3)
8 16.4%+0.57 19.6°+0.17 26.24+0.27 20.7
(0.0) (0.0) (0.0) (0.0)
Tukey’s HSD at 0.05 2.97 1.95 242

Figures presented in parentheses () are percent increase (+) or decrease (-) over control. SE: Standard error. Different letters on each column
indicate statistically significant difference between treatments at (P < 0.05) using Tukey’s HSD test.
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and 2016). Moreover, tomato (cv. Kashi Aman)
performed better during 2017-18, since the crop was
transplanted in first fortnight of October month (Table
3).

Besides nematicidal activity and improved marketable
yield, bio agents were also considerably enhanced plant
growth by increasing plant height and root weight
reliably for three consecutive years 2015-16, 2016-17
and 2017-18. The two bioformulations as well as
carbofuran 3G @ 1.0 kg a.i. ha' with FYM (20 t ha)
were statistically at par with their plant growth promotion
activity and significantly better over carbofuran 3G @
1.0 kg a.i.ha! (Fig. 1).

100.0
a
90.0 b A
ﬂb‘l?a E ab b ah b
8001, b o, b ab b b om b b
= 700 g b I ke b
S 4 ¥ b I
= 60.0 I
£ 500
2 400
= 300
200
10.0
0.0 - - = - =
T1 T2 T3 T4 T5 T6 17 T8
m2015-16 2016-17 m2017-18
40.0 a a2
35.0 abe a abe ab
be ab1 o ab ab be
7300 abab abah EX I . . . ‘f .
2. T 1 b ab
= 25.0 1
z :
200
%150
100
5.0
0.0
T1 T2 T3 T4 TS T6 T7 T8
m2015-16 2016-17 =2017-18

Fig. 1: Effect of liquid bioformulation, Bacillus
amyloliquefaciens (1% A.S) and Bacillus subtilis (1% A.S)
on plant growth parameters of tomato.

Means followed by the same letter in top of error bars are
not significantly different between treatments at (P < 0.05)
using Tukey’s HSD test.

Discussion

The present investigation indicated that, the liquid
bioformulations of B. amyloliquefaciens (1% A.S) and
B. subtilis (1% A.S) gave a good control of M. incognita
by reducing final soil population, number of egg mass
per root system, number of eggs per egg mass, gall
index with considerable increase in plant height, root
weight and marketable yield in tomato under field
condition. The nematicidal activity of these bacterial
agents might be attributed to secretion of antimicrobial
compounds. Earlier reports revealed that, secretion of
various types of antimicrobial metabolites and enzymes

Gowda et al.: Management of root-knot nematode in tomato

from Bacillus spp. exhibit strong antagonism against
root-knot nematode (Saxena et al. 2000, Ann 2013).
Killani et al. (2011) revealed that, the production of five
types of antimicrobial compounds such as bacitracin,
bacillin, subtillin, subtenolin and bacilonycin from B.
subtilis are responsible for antimicrobial activity.
Similarly, Vinodkumar et al. (2017) identified several
antimicrobial peptide genes namely, ituD, ipal4, bacA,
bacD, bamC, sfP, spaC, spaS, alba, and albF,
responsible for production of the antibiotics iturin,
bacilysin, bacillomycin, surfactin, subtilin, and subtilosin
from B. amyloliquefaciens.

Furthermore, the success of bio agents with respect to
their biocontrol efficacy and consistency relies upon
appropriate delivery mechanisms at field condition.
Earlier reports revealed that, incorporation of bio agents
with organic amendments such as manures or
vermicompost or oil cakes will change the soil
environment in favour bioagents and provided readily
available nutrients to fungal and bacterial antagonists
for their survival and development (Singh and Sitramaiah,
1966: Muller and Gooch, 1982; Timper, 2014). In
addition, Walker (2004) reported that the activity of
bioagents was directly correlated with organic
amendments. Subsequently, several researchers
demonstrated that, application bio- agents enriched with
organic amendments exhibited greater antagonistic
activity against root-knot nematodes and many plant
pathogens (Latha et al. 2011; Singh 2013; Singh et al.
2014).

Similarly, in our study, nursery drench with soil
application of bioformulations enriched FYM was found
to be more effective in root-knot nematode control under
field condition. This study indicates nematicidal activity
ofbio agents have direct correlation with FYM and better
control might be attributed due to enhanced multiplication
and accumulation of their secondary metabolites in
amended soil. In addition, our study also agree with
previous studies in which they revealed that, the
application of enriched organic amendments with
bacterial bio agents provided successful control of root
knot nematode. For example, Bacillus cereus enriched
with organic fertilizers exhibited maximum nematicidal
activity against root-knot nematodes infecting tomato
and muskmelon (Xiao et al. 2013). Similarly, Rao et al.
(2017) demonstrated that, soil application of
vermicompost enriched with B. subtilis had significantly
increases yield and reduces the root-knot nematode and
soft rot disease complex in carrot under field condition.

In recent years, there has been greater interest in
ecologically resistant, environmentally safe methods for
controlling root-knot nematodes in vegetable ecosystem.
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Since, the application of microbial agents creates an
opportunity to cultivate vegetables without nematicides.
In this endevour, the present study indicates that, these
two nematicidal liquid bioformulations  B.
amyloliquefaciens (1% A.S) and B. subtilis (1% A.S)
with its delivery mechanism can be considered as a
component under integrated nematode management of
M. incognita infecting tomato under field condition.
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