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ABSTRACT

A field experiment was conducted to study the management of root-knot nematode (Meloidogyne
graminicola) in transplanted rice at Central Research Farm, Gayeshpur, Bidhan Chandra Krishi
Viswavidyalaya, Nadia. The results revealed that all the treatments were significantly superior over
check with respect to nematode population, root knot index and yield. Soil solarization of the nursery
bed with 25 um polythene sheet for 15 days during the month of May-June followed by soil application
of Carbofuran 3G @ 1kg a.i. ha™ at the 45th day after transplanting were reported to be the best way to
manage the root knot nematode in rice with minimum soil and root nematode population (354.34 per
200 cc of soil and 363.91 per 5 gram root), root knot index (1.63) and maximum yield (2.35) with peak
incremental cost benefit ratio. Highest percent reduction of soil and root nematode population with
53.59% of yield increase was recorded from the treated plots. However, nursery soil treatment with
carbofuran 3G @ 0.3 g a.i. /m? and soil application @ 1 kg a.i. ha™ at 45 DAT can also effectively control
the nematode in transplanted rice.

Highlights

@ Soil solarization of the nursery bed followed by soil application of Carbofuran 3G @ 1kg a.i. ha may
be used for the root knot nematode management in riceNematode population from soil and root may

be minimized through soil solarisation of nursery bed
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Rice is one of the most important cereal crops in
Asia where more than 90 per cent of the world’s rice
is grown and consumed. It is also a staple food for
nearly half of the world population. Rice contributes
43 percent of total food grain production and 46
percent of total cereal production. However, among
various pests and diseases that constitute important
constraints in the successful crop production,
plant parasitic nematodes play an important role
and account for yield losses to a great extent. Rice
root-knot nematode, Meloidogyne graminicola, is an
emerging threat to rice cultivation in various rice
growing regions of South East Asia where rice is

extensively cultivated (Gaur and Pankaj, 2010).
The nematode (M. graminicola) is found in Assam,
Andhra Pradesh, Karnataka, West Bengal, Orissa,
Kerala, Tripura and Madhya Pradesh (Jain et al.
2007). It is not only serious in the upland conditions
but is also wide spread in deepwater and irrigated
rice in many states of India (Amaussou et al. 2004).
This nematode has been reported as a pest of rice
causing 17-30% yield losses due to poorly filled
kernels (Jain et al. 2007). It causes terminal, hook
shaped or spiral galls, which are characteristic
symptoms of the infection of this nematode species
(Sheela et al. 2005; Khan et al. 2012). It has gained



Chakrabarty et al.

LJAEB

considerable attention during the recent times
because of its damage potential to rice, particularly
under water stress conditions (Dutta et al. 2012). The
disease caused by this nematode is characterized by
abnormal swelling of roots which is also known as
root knots or galls, yellowing, stunting and wilting
of plants depending on the initial population
density of the nematode in soil. Numbers of M.
graminicola decline rapidly after 4 months but
some egg masses can remain viable for at least 14
months in the waterlogged soil. M. graminicola can
also survive in flooded soil to a depth of 1 m for at
least 5 months.

There are various methods available for the
management of rice root-knot nematode including
fallowing, flooding, deep ploughing, biological
control and nematicide application. However,
chemical pesticides are still the most effective means
of management of nematodes in the rice ecosystem
(Prasad et al. 2010). Imelda and Georges (2003)
reported that crop rotation, fallow and nematicidal
treatments in the naturally infested fields could
manage M. graminicola populations and prevent
yield losses. Application of Phosphonothioate 10G
at 1 kg a.i./ha at the 7th day prior to uprooting
plus the main field application at the 45th day after
transplanting at 1 kg a.i./ha exhibited maximum
reduction of M. graminicola and produced maximum
yield (Das and Choudhury 2012). Integrated
nematode management study in Assam showed
that carbofuran treated nursery bed had minimum
galls with 29.6% yield increase. (Sehgal et al. 2014).
The pesticides are preferred by farmers as they give
instant results, while other disease management
practices only begin to give visible impact after
considerable periods. But, the residue of chemicals
used to disinfect the soil has made a great problem
of nematode management as it has changed the soil
environment by depleting soil biota and by killing
all the beneficial bioagents and thus prompted the
growth of plant parasitic nematodes. Hence, 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). Soil solarization is a very popular way out
for disinfecting soil from pathogen. Patidar et al.
2016 observed the use of indigenous essential oils
in integrated nematode management strategies.
Application of antagonistic bioagents like different
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fungus and bacteria has also become a most
popular way to minimize nematode population
in the field. With the above view, the present
study was conducted with an objective to evaluate
the effectiveness of the chemical pesticide like
carbofuran, biocontrol agent Pseudomonas fluorescens,
and neem cake along with soil solarisation process
against root-knot of rice caused by M. graminicola.

MATERIALS AND METHODS

The present study was planned at the Central
Research Farm, Bidhan Chandra Krishi
Viswavidyalaya, Nadia, in Kharif season of 2014
and 2016. The experiment was laid out in a complete
randomised block design with six treatments
(T1 - Untreated control, T2 - Soil solarization of
the nursery bed with 25 pm polythene sheet for
15 days during May/June, T3 - T2 + Carbofuran
(soil application) @ 1kg a.i. ha' at the 45th day
after transplanting (DAT), T4 - Nursery treatment
with carbofuran @ 0.3g a.i./ m? at sowing, T5 - Soil
application of Pseudomonas fluorescens @ 20 g/m2
in nursery bed at sowing, T6 - Nursery treatment
with carbofuran (soil application) @ 0.3 g a.i./m?
and carbofuran (soil application) @ 1 kg a.i./ha at
45 DAT) and was replicated four times. Certified
seeds of rice (Oryza sativa L.) Var — Shatabdi which
is found to be the leading variety in this region but
very susceptible to M. graminicola was selected for
the experimental purpose. The seeds were soaked
in water for 12 hours and then transferred to a clean
muslin bag. The bag was hung in the shade for 24
hours to facilitate seed germination. Thereafter, the
seeds were sown in the nursery bed and watered
daily. The seed bed was prepared on the previously
nematode infested plots where the initial nematode
population was recorded @198 and 105 per 200 cc
of soil in 2014 and 2016 respectively. The seedlings
with four leaves stage and 12-15 cm height in the
28th day were transplanted at a spacing of 20 cm
x 10 cm in the main field. The individual plot size
was maintained 4 x 4 m® For each treatment a
separate bed was prepared and the treatments were
advocated. The plants were harvested after four
months of sowing and subsequently dried for 2
weeks and thrashed separately with a mechanized
thrasher to determine the grain yield (with seed
husks, without grain milling). The observations
were recorded on the following parameters - Initial
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Nematode Population (INP) per 200 cc soil (nursery
and main-field), Number of galls per 20 seedlings
at nursery during uprooting, Final Nematode
Population (FNP) per 200 cc soil and 5 g root (main-
field), Rice gain yield per plot expressed as t/ha
(main-field), Root Knot Index (RKI) at harvest (on
1-5 scale) and Incremental Cost Benefit Ratio (ICBR)

Soil populations of Meloidogyne graminicola

The initial population density of M. graminicola ]2
in the soil of the nursery and main field and final
nematode population from the main field were
estimated by collecting the soil from the field and
by extracting nematode from the soil using Cobb’s
decanting and sieving method (modified) followed
by Baermann'’s funnel technique (Southey 1986).

Root galls and egg masses

During the experiment, plants were carefully
uprooted and the roots were examined at the time
of transplanting to count the numbers of galls per
20 seedlings and to determine the root knot index
(RKI). The egg masses of M. graminicola do not
develop on the root surfaces, but rather remain
embedded in the root tissues. Hence, they were
counted by tearing the galls under stereomicroscope
(Khan et al. 2012). The final nematode population
from 200 cc soil & 5g root in the main field were
counted.

Statistical analysis

Analysis of variance (ANOVA) and least significant
differences (LSDs) were calculated to identify the
significant effect of treatments at the probability levels
of P<0.05, 0.01 and 0.001. The data transformation
with square root transformation was done as and
when necessary.

RESULTS AND DISCUSSION

The experimental result revealed that all the
treatments were significantly superior over the
control to minimize the number of galls per twenty
seedlings. During 2014, minimum 3.00 numbers of
galls (Fig. 1) were recorded in T, treatment where
soil solarization of the nursery bed with 25 um
polythene sheet for 15 days during May/June and
T, treatment where all the practices of T, along with
soil application of Carbofuran @ 1kg a.i. ha™ at 45
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DAT were practiced. However, in 2016 the same was
noticed as minimum in T, (2.50 galls) i.e. Nursery
treatment with carbofuran (soil application) @ 0.3
g a.i./m* and carbofuran (soil application) @ 1 kg
a.i. ha' at 45 DAT followed by T, where Nursery
treatment with carbofuran @ 0.3g a.i./ m? at sowing
was followed. These two treatments were found to
be statistically on par. When the mean data of two
years were taken in consideration, minimum gall
was observed in T, followed by T, but there was
no significant difference among the treatments.
The parameter of root knot index (RKI) revealed
that all the treatments were significantly effective
to reduce RKI compared to the check. Minimum
mean RKI (1.63) was observed in T, treatment and
there was significant differences observed with
the other treatments (Table 1). The present study
was in consonance with the finding of Singh et al.
2015, who reported that the combined application
of solarization (15 days) either with carbofuran 3G
@ 1 kg a.i. ha' or P. fluorescens @1% WP @ 50 g/m?,
increased the seedling growth up to 30 day after
sowing and reduced the number of galls and eggs
per egg mass at the 24" day after sowing. With
respect to the final nematode population in soil, T,
treatment was seen to be the most effective with
least number of populations in soil during 2014 and
2016. Minimum mean of 354.34 numbers of ], were
recorded from T, followed by T, (376.29 per 200 cc
of soil) and both the treatments were found to be
statistically at par for the reduction of soil nematode
population (51.80%). However, in case of root,
nematode population minimum mean of 363.91
numbers of ], were recorded from T, followed by T,
(406.88 per 5 gm. of root) and both the treatments
were found to be statistically at par for reduction of
root nematode population (55.99%) (Table 2). Ziaul
(2013), reported that the soil application and root
dip of P. fluorescens or T. harzianum + carbofuran
was found to be the most effective and that it
suppressed the gall formation (40-46%), egg mass
production (45-57%) and soil population (56-64%)
of M. graminicola, and increased the plant growth
variables by 37-42%. Maximum yield of 2.35 t ha™
that was 53.59 percent increase in yield over control
was reported from T, followed by T, with 2.22 t
ha and 45.09 percent respectively. The rest of the
treatments were also found to be effective to increase
the yield. Narasimhamurthy et al. 2016 reported that
the treatment combination of Pseudomonas fluorescens
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Table 1: Effect of treatments on Root galls and Root Knot Index of M. graminicola at the time of transplanting and

harvesting
Galls / 20 seedlings RKI (1-5 Scale)
Treatments
2014 2016 mean 2014 2016 mean
T, - Untreated control 13.67 15.50 14.58 3.50 3.83 3.66
T, - Soil solarization of the nursery bed with 25 um polythene 3.00 6.00 4.50 2.33 2.73 2.53
sheet for 15 days during May/June
T, - T2 + Carbofuran (soil application) @ 1kg a.i./ha at 45 DAT 3.00 6.50 4.75 1.67 1.60 1.63
T, - Nursery treatment with carbofuran @ 0.3g a.i./ m” at sowing ~ 4.67 2.75 3.71 2.50 2.98 2.74
T, - Soil application of Pseudomonas fluorescens @ 20 g/m? in 3.33 8.00 5.66 2.67 2.53 2.60
nursery bed at sowing

T, - Nursery treatment with carbofuran (soil application) @ 0.3 g 4.67 2.50 3.58 2.33 2.35 2.34

a.i./m? and carbofuran (soil application) @ 1 kg a.i./ha at 45 DAT)
SEm () 0.69 1.14 0.69 0.44 0.18 0.10
C.D. (5%) 2.17 3.47 2.11 1.39 0.55 0.29

Note: Initial root knot nematode population: 198 juveniles/cm® of soil, RKI — Root Knot Index.

Table 2: Effect of different treatments on population of M. graminicola in main field condition

M. graminicola 0% reducti M. graminicola %% reducti
Treatments (J2/200 cc soil) o reduction (], /5g root) o reduction
over control over control

2014 2016 mean 2014 2016 mean
- 292.33 1178.00 735.17 522.33 1117.75 820.04
(17.10) (34.31) (27.12) (22.87) (33.36) (28.62)
174.67 845.50 510.08 361.67 789.50 575.58

T2 30.61 29.81
(12.23) (29.06) (22.59) (19.00) (28.05) (23.98)
159.67 549.00 354.34 325.33 402.50 363.91

T3 51.80 55.99
(12.67) (23.35) (18.80) (18.02) (19.96) (19.07)
236.00 901.00 568.43 382.67 766.25 574.46

T4 22.68 29.94
(15.37) (30.02) (23.85) (19.54) (27.67) (23.98)
222.00 879.50 550.83 418.00 719.50 568.75

T5 25.07 30.64
(14.93) (29.66) (23.48) (20.42) (26.72) (23.80)
160.33 592.25 376.29 344.00 469.75 406.88

T6 48.81 50.38
(12.68) (24.28) (19.38) (18.55) (21.57) (20.17)

SEm (z) 0.44 0.95 0.61 — 0.61 1.36 0.77 —
C.D. (5%) 1.34 2.88 1.84 — 1.87 4.14 2.35 —

Fig. 1&2: Hook shaped gall in rice root due to M. graminicola
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Table 3: Effect of different treatments against M. graminicola on yield of rice at the time of harvest

Yield (t/ha % : ICBR
Treatments (tha) % increase
2014 2016 mean over control 2014 2016 mean
T1 - Untreated control 1.16 1.90 1.53 — — — —
T2 - Soil solarization of the nursery bed with 25 um 196 215 171 11.76 036 251 144
polythene sheet for 15 days during May/June
T3 - T2 + Carbofuran (soil application) @ 1kg a.i./ha at 45 195 275 235 53.59 175 235 205
DAT
) . S
T4 - Nursery treatment with Farbofuran @0.3g a.i./ m* at 198 237 180 18.95 0.68 728 398
sowing
o — »
T5 - Soil application of Pseudomonasﬂ.uorescens @ 20 g/m? in 133 214 173 13.07 0.70 187 129
nursery bed at sowing
T6 - Nursery treatment with carbofuran (soil application)
@ 0.3 g a.i./m? and carbofuran (soil application) @ 1 kg a.i./ 1.84  2.60 2.22 45.09 1.92 238 215
ha at 45 DAT)
SEm (%) 013  0.07 0.18 — — — —
C.D. (5%) 041 022 0.56 — — — —
Note: ICBR — Incremental Cost Benefit Ratio.
at 20g/m? + carbofuran (0.3 g a.i/m?) showed the ACKNOWLEDGEMENTS

highest plant height, root length, maximum grain
yield and least nematode population with the
reduction of 79.34% nematode population. On the
other hand, When the incremental cost benefit ratio
was calculated it was reported that the treatment
T, yielded the highest value of 3.98 followed by T,
(Table 3). Soil solarisation of nursery beds for 15
days and the application of carbofuran 3G at 15g/
m? to the nursery for the effective management of
root knot nematode (Ravindra 2006) were used.
Senthilkumar et al. 2008, reported that Carbofuran
3G resulted in the lowest root gall index (3.00),
and highest shoot weight (8.19 g) and root length
(24.71 cm). Other researchers have also reported
the effectiveness of carbofuran against rice root-
knot nematode (Mohanty et al. 2000; Soriano and
Reversat, 2003; Khan et al. 2012).

CONCLUSION

The present study implies that soil solarization of
the nursery bed with 25 um polythene sheet for 15
days during the month of May-June followed by
soil application of Carbofuran 3G @ 1kg a.i. ha!
at 45 DAT is the best way to control the root knot
nematode in rice. Again nursery soil treatment with
carbofuran 3G @ 0.3 g a.i. /m? and soil application @
1 kg a.i. ha' at 45 DAT can also effectively control
the nematode in transplanted rice.

Print ISSN : 1974-1712

221

The authors are deeply indebted to the Project
Coordinator, All India Coordinated Research Project
on Nematodes in cropping system for providing all
the facilities to carry out the experiment.

REFERENCES

Abhishek, W., Preeti, M., Anjali, C. and Shirkot, C.K. 2013.
Antagonistic Activity of Plant Growth Promoting
Rhizobacteria Isolated from Tomato Rhizosphere Against
Soil Borne Fungal Plant Pathogens. International Journal of
Agriculture, Environment and Biotechnology, 6(4): 571-580.

Amaussou, PL., Shart, A., Green, J., Jones, M., Mkoyama,
M. and Snape, J.T.M. 2004. Broadly based resistant to
nematodes in the rice and potato crops of subsistence
farmers. DFID, Plant sciences research Programmes.
Annual report, pp. 9-14.

Das, D. and Choudhury, B.N. 2012. Chemicals for the
management of rice root-knot (Meloidogyne graminicola)

and rice root (Hirschmanniella oryzae) nematodes. Indian
Journal of Nematology, 42(2): 107-110.

Dutta, TK., Ganguly, A.K. and Gaur, H.S. 2012. Global status
of rice root-knot nematode, Meloidogyne graminicola.
African Journal of Microbiology Research. 6(31) : 6016 - 6021.

Gaur, H.S. and Pankaj. 2010. Root-knot nematode infestation
in rice. In: Khan, M.R,, Jairajpuri, M.S. (Eds.), Nematode
Infestations, Part I: Food Crop. NASIL

Geeta, S., Sujoy, S., Ruchi, G., Bineet, K.S., Awadhesh, B.R.
and Rana, P.S. 2015. Evaluation of suitable antagonists
in the management of early blight of tomato cultivar
CO-3. International Journal of Agriculture, Environment and
Biotechnology, 8(1): 127-133.

Online ISSN : 2230-732X



Chakrabarty et al.

Imelda R. Soriano. and Georges, Reversat. 2003. Management
of Meloidogyne graminicola and yield of upland rice in
South-Luzon, Philippines. Nematology, 5: 879-884.

Jain, R.K., Mathur, K.N. and Singh, R.V. 2007. Estimation of
losses due to plant parasitic nematodes on different crops
in India. Indian Journal Nematology, 37: 219-220.

Khan, M.R., Zaidi, B. and Haque, Z. 2012. Nematicides
control rice root-knot, caused by Meloidogyne graminicola.
Phytopathologia Mediterranean, 51(2): 298 - 306.

Mohanty, K.C., Mahapatra, S.N. and Swain, S.C. 2000. Efficacy
of certain chemicals as seed treatment against Meloidogyne
graminicola on rice. Indian Journal of Nematology, 30(2):
233-234.

Narasimhamurthy, H.B., Ravindra, H., Divya Bharathi,
AR, Imran Khan, H.S. and Saritha, A.G. 2016. Survey
and integrated management of rice root-knot nematode,
Meloidogyne graminicola, National symposium on Recent
trends in plant pathological research and education, Indian
Phytopathological Society (S-Z).,UAS, Raichur., pp. 91.

Patidar R.K., Sen Debashish, Pathak M., Shakywar R.C.
and Patidar Rajesh K. 2016. Effect of essential oils on
mortality, hatching and multiplication of root-knot
nematode, Meloidogyne incognita and its Impact on plant
growth parameters. International Journal of Agriculture,
Environment and Biotechnology, 9(5): 887-895.

Prasad, ].S., Somasekhar, N., and Varaprasad, K.S. 2010.
Nematode infestation in Paddy. In: Nematode Infestations,
Part I: Food Crop (M.R. Khan, M.S. Jairajpuri, ed.).
National Academy of Sciences, India.

Ravindra, H. 2006. Package of practice Univ. Agri. Sciences,
Bangalore.

Print ISSN : 1974-1712

222

Sehgal, M., Chattopadhyay, C., Bora, B.C., Choudhary,
B.N., Bhagwathi. B. and Jain, R.K. 2014. Success story
Management of rice root-knot nematode Meloidogyne
graminicola in Assam., Extention folder-31 National Centre
for Integrated Pest Management, ICAR, New Delhi.

Senthilkumar, P., Ramakrishnan, S., Jonathan, E.I., and
Prabhu, S. 2008. Nursery Management of rice root knot
nematode Meloidogyne graminicola. Madras Agricultural
Journal, 95(7-12): 490-493.

Sheela, M.S,, Jiji, T., Nisha, M.S. and Rajkumar, J. 2005. Anew
record of Meloidogyne graminicola on rice, Oryza sativa in
Kerala. Indian Journal of Nematology, 35(2): 218.

Singh, Pankaj, Sharma, H.K., Singh, Khajan and Lal,
Jagan. 2015. Management of rice root-knot nematode,
Meloidogyne graminicola in rice (Oryza sativa). Indian Journal
of Agricultural Sciences, 85(5): 701- 704.

Soriano, I.R. and Reversat, G. 2003. Management of
Meloidogyne graminicola and yield of upland rice in South-
Luzon, Philippines . Nematology. 5(6): 879-884.

Southey, J.F. 1986. Laboratory Methods for Work with Plant
and Soil Nematodes. Ministry of Agriculture Fisheries
and Food. Her Maj. Sta. Off., London, UK.

Ziaul, Haque. 2013. Development of integrated nematode
management module for rice root-knot disease caused
by Meloidogyne graminicola: A success story for endemic
area. Conference Proceeding: National Symposium on
Nematode: A Friend and Foe to Agri-horticultural Crops, at
solan, (H.P.), India.

Online ISSN : 2230-732X



