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Abstract

In present investigation organic amendment, bio-agent (Trichoderma spp.) and carbofuran were used to evaluate their effectiveness
in the management of rice root knot nematode. In field experiment, organic amendments (Neem cake and Vermicompost) and
Trichoderma spp. were used alone and in combination for the management of the rice root knot nematode. Application of
combination of neem cake+Vermicompost+Trichoderma spp. was found superior in comparison to other treatment in suppression
of root gall formation on rice root in field. In this combination 0.33 and 1.33 gal/root systems were observed at 30 and 60 day after
transplanting, respectively. Whereas 16.00 and 17.66 gall/root system were recorded in the check plot at 30 and 60 day. Result
obtained in this investigation indicates that there is possibility of use of botanicals, organic amendments and bio-agents alone and

in combination for the management of nematode in rice crop.
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Introduction

Rice (Oryza sativa L.) belongs to family Poaceae. It is the
staple food in developing countries. China and India are two
major rice producing country. India stands first in rice
cultivated area and second in its production, after china [,
About 90.0% of world’s total rice is grown in Asian countries
alone P, Indian share in global rice production has been 21.34
percent B, In India, rice is growing in almost all the" states.
Rice is an important cereal in source of calories for more than
one-third of the world population. Rice is consumed after
cooking with water. Other edible uses include rice flakes,
puffed rice, rice wafers and canned rice. It is also used in
starch and brewing industries. Rice straw is a good cattle feed
besides being used in making hats, mats and ropes.

It is also grown successfully in humid to sub-humid region
under subtropical and temperate climate. Rice is cultivated in
almost all type of soil with varying productivity.

Many biotic and abiotic stresses are responsible for reducing
the production of rice. Among the biotic stresses, many
fungai, bacteria, virus and nematodes are causing serious
losses in rice production. More than 200 species of plant-
parasitic nematodes (PPN) have been reported to be associated
with rice worldwide . Among these nematodes, root-knot
nematode (Meloidogyne graminicola) is considered as the
major problem in rainfed, upland and lowland rice production
regions, whereas rice root nematode (Hirschmanniella spp.) is
a problem on lowland rice only in South and Southeast Asia
Root-knot nematode as an important problem in rice based
production systems [,

Some of root knot species i.e., M. graminicola, M. naasi, M.
oryzae, M. salasi, M. triticoryzae etc. generally prefer cereal
hosts but can also infect some dicotyledonous plants © 7: 8
101, Meloidogyne graminicola is known to infect and causes

serious damage to cereals, especially rice, in many countries
[11. 121 Root-knot nematode parasitizing rice was first reported
by Tullis 2 in 1934 in Stuggart, Arkansas. Golden and
Birchfield [*41 (1965) observed Meloidogyne graminicola on
roots of barnyard grass, Echinochloa colonum (L.).

Rice root knot nematode is widely distributed in the countries
of South East Asia, Burma, Bangladesh, Laos, Thailand,
Vietnam, India, China, Philippines and USA, both on upland
and lowland deep water rice *°1. The rice root-knot nematode,
Meloidogyne graminicola, is one of the constraints to rice
production in Asia and causes significant yield losses in
upland and rainfed lowland rice production 8, It is a serious
problem in the nurseries and upland rice but has been recently
found to be widespread in the deep water and irrigated rice
also in many states of India [*- 181, Root-knot nematode alone
is capable of causing up to 50% vyield loss in rice in many
production regions . In India, it is reported to cause 17-30%
yield loss due to poorly filled grains 2% 2. The root knot
nematode, Meloidogyne graminicola and Meloidogyne
triticoryzae, infecting rice and wheat also causing serious
losses to rice crop in some areas in north India. This nematode
is also widely distributed in Western Uttar Pradesh of India
and causes economic damage to rice-wheat cropping systems.
Nematodes that feed on roots and generally do not produce
specific above-ground symptoms are also possible causal
candidates for this decline. However, they are often neglected
due to lack of conspicuous above-ground symptoms and
knowledge of plant-parasitic nematodes.

For management of root knot nematode, many practices such
as chemical method, physical, biological and cultural
practices, land management practices and growing resistant
varieties have been reported. A number of methods such as
plant extract 22, chemical control, organic amendments,
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resistant varieties, soil solarization and biological control also
have been reported for management of root knot nematode in
tomato plant %%,

Among several methods deployed for the control of the root
knot nematode, chemical control has been very widely
practiced in many countries. However, concern over the
excess use of pesticides led the farmers to select alternative
methods that are environmentally friendly and also relatively
inexpensive, compare with chemical pesticides. Therefore, the
study was undertaken in the present investigation as Integrated
Disease Management of rice root knot nematode
(Meloidogyne graminicola) through organic amendments,
Trichoderma spp. and Carbofuran.

Materials & Methods

Field experiment was conducted at Crop Research Centre
(CRC) situated in the main campus of the S.V.P. University of
Agriculture & Technology, Meerut (U.P.). The district Meerut
is situated between 29° 01'N latitude and 77° 45'E longitude at
an altitude of 237 meters above the mean sea level. The
district Meerut falls under north western plains sub-region of
Upper Gigantic plains.

Sources of Root-Knot Nematodes

For the propagation of pure culture of M. graminicola,
infected rice roots were collected from Crop Research Centre,
Sardar Valabhbhai Patel University of Agriculture and
Technology, Meerut. The infected rice roots were grinded by
grinder. After the grinding, egg and juveniles were come out
from the roots which were collected and inoculated in earthen
pots containing satirized sandy soil. Then surface sterilized
seed of rice were sown in these pots. After germination of
seed the pots were inoculated with eggs and juveniles of M.
graminicola. So, these inoculums was propagated and
maintained for further experiments.

Isolation and Identification of Root-Knot Nematodes

For the propagation of pure culture of M. graminicola,
infected rice roots were collected from CRC. The infected rice
roots were grinded by grinder. After the grinding, egg and
juveniles were come out from the roots which were collected
and inoculated in earthen pots containing satirized sandy soil.
Then surface sterilized seed of rice were sown in these pots.
After germination of seed the pots were inoculated with eggs
and juveniles of M. graminicola. So, these inoculums was
propagated and maintained for further experiments.

Source of research materials (seed, bio agent and chemical)
The seed of rice (PB-1121) and Trichoderma spp. used for
experiments was procured from Seed Processing Centre and
Biocontrol Laboratory, Sardar Valabhbhai Patel University of
Agriculture and Technology, Meerut, respectively and
Carbofuran (3G) was purchased from local available market
of Meerut.

Land Preparation and Raising of Nursery

Before conducting the experiment, land was ploughed
thoroughly with a tractor driven disc plough followed by
harrowing. Then the land was puddle thoroughly by ploughing
with tractor driven cultivator. Weeds and stubbles were
removed from the field. The land was then ready for

transplanting of rice planting. The layout of the experimental
field was done according to the design. Finally individual field
were puddle with a spade and levelled before transplanting of
seedling. The rice nursery was raised at University farm,
Chirori, Sardar Valabhbhai Patel University of Agriculture
and Technology, Meerut.

Soil and Seedling Treatment

Table 1

Treatments Details

T1- Neem cake @ 600 gm/plot

T,- vermicompost@ 6kg/plot

Ts- Trichoderma@0.02g/plot

T4- Corbofuron(0.3% a.i.w/w) @ 9g/plot

Ts- Neem cake @ 600 g/plot + vermicompost@ 6kg/plot

Te- Neem cake @ 600 g/plot + Corbofuran(0.3% a.i.w/w) @ 9g/plot

T7- Neem cake @ 600 g/plot +Trichoderma@0.02g/plot

Ts- vermicompost @ 6kg/plot of soil + Corbofuran (0.3% a.i.w/w) @
9g/plot

To- vermicompost@ 6kg/plot+ Trichoderma@0.02g/plot

T10- Neem cake @ 600 g/plot + Corbofuron (3% a.i.w/w) @ 9g/plot
+vermicompost@ 6kg/plot of soil.

T11- Neem cake @ 600 g/plot+ vermicompost@ 6kg/plot+
Trichoderma@0.02g/plot

T12-control

After the preparation of field according to layout, plot were
allocated randomly for different treatment and then plot wise
treatment were mixed thoroughly in the each plots. Now plots
were ready for transplanting.

Transplanting and Intercultural Operation

Twenty one days old seedlings were used for transplanting in
the field. Transplanting of seedlings was done July 24, 2014.
Two seedlings were transplanted in each hill. Plant to plant
and row to row spacing was maintained as 10 cm and 20 cm,
respectively.

After one week of transplanting, gap filling was done where it
was necessary using the seedling from same source. During
the whole period of growth, hand weeding was done. The
weeding was done at 20 days after transplanting (DAT)
followed by second weeding at 40 DAT. Irrigation was done
from time to time when required until grain filling stage.
Fertilizer was applied as per recommendation.

For taken observation, three plants from each plot were
uprooted with the help of khurpi at 30 and 60 days after
transplanting. The data were recorded on the following
parameters-

= Shoot & Root length

= Fresh and dry weight of shoot and root

= Number of galls per plant

Shoot and Root Length

Shoot Length

The first observation on shoot length (cm) of rice was
recorded after 30 days of transplanting and second observation
was recorded after 60 days of transplanting. The shoot length
was measure with help of meter scale. This is well known that
same height of seedling was choice for transplanting.
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Root Length

To measure the root lengths of rice plants, uprooted the
seedlings carefully from irrigated field. The roots measure of
rice plant at 30 and 60 DAT. Plants were separated from the
shoots and washed with water to remove soil particles and
then root lengths (cm) were measured with the help of meter
scale. The photograph of the root was also taken at that time.
Fresh and dry weight of shoot and root.

Fresh Weight

The shoot and root of eighty five days age of tomato plant
were weight on an electronic balance and the data was
recorded as grams.

Dry Weight

At eighty five days age of plant, fresh shoot and roots were
dried in an oven at 70°C until constant weight. Then it was
weighted on an electronic balance and the data was record as
grams.

Yield Losses Estimation

The rice crop was harvested 25-26 October 2014. Each plot
was harvested separately leaving borders rows from all sides
to record yield and other observations. Threshing was done
separately of each plot and grain yield per plot was obtained.
Increase percentage (IP):

P Treatment — Control

* 100
Control

Statistical Analysis

Data was recorded with the help of analysis of variance table
wherever required. The F value was tested and critical
difference (CD) was calculated at 5 per cent of significance
for comparing treatment means 24,

Result & Discussion

The present investigation on “Integrated Disease Management
of rice root knot nematode (Meloidogyne graminicola)
through organic amendments, Trichoderma spp. and
Carbofuran” was carried out under laboratory, pot and field
condition. The experiments were conducted according to the
techniques described under ‘“Materials and methods”. The
results of various experiments are presented in this chapter.

Symptomology

Williamson and Hussey (1996) ?1 reported the root symptoms
induced by root-knot nematodes are swollen areas on the root
of infected plants. Infected plants show an aberrant
development of the root system characterized by the formation
of typical galls which alter the uptake of water and nutrient
and interfere with the translocation of minerals and
photosynthetic. Root-knot nematode feeding stimulates the
development of abnormally large cells, resulting in gall
formation along the roots (1-20mm in size). Unlike the
nitrogen-fixing nodules of legumes, these galls cannot be
rubbed off the root. Pinhead-sized females may be seen when
galls are sliced open.

Effect of Organic Amendments, Trichoderma spp. and
Carbofuran on Root and Shoot Length

Organic amendments (neem cake and Vermicompost),
Trichoderma spp. and carofuran were applying for see the
effectiveness against rice root knot nematode (M.
graminicola). The results on plant growth parameters and
nematode infection were observed at different interval.

Shoot Length (cm)

The data in Table No. 2 revealed that at the 30 days,
maximum rice shoot length (79.33 cm) was observed in neem
cake + Vermicompost + Trichoderma species which was
significantly differ from neem cake+ Vermicompost +
carbofuran, Vermicompost + Trichoderma spp. and neem
cake + Trichoderma spp. with 75.00 cm, 74.66 cm and 74.33
cm shoot length respectively. These treatments were at par to
each other but significantly differ from neem cake+
Vermicompost (70.33 cm). Other treatments
Vermicompost+carbofuran, carbofuran, neem cake and
Trichoderma spp. showed 66.33 cm, 65.33 cm, 63.33 cm and
63.00 cm shoot length respectively. The rest treatments, neem
cake+carbofuran and Vermicompost were found less effective
with 60.33 cm and 58.00 cm shoot length but significantly
differ from the untreated check (50.33 cm).

At the 60 days after seed sowing, the corresponding result of
shoot length was observed. At 60 day maximum shoot length
(90.33 cm) was  observed in neem cake+
Vermicompost+Trichoderma spp. followed by neem cake+
Vermicompost+ carbofuran (84.00 cm) and neem cake +
Trichoderma  spp. (80.33 cm). The treatments
Vermicompost+carbofuran, neem cake and
Vermicompost+Trichoderma spp. showed 80.33 cm, 79.00 cm
and 77.33 cm shoot length respectively. These treatments have
significant difference from the rest treatments and untreated
check (74.66cm). Raveendra et al. (2011) 2! recorded the
maximum shoot height (75.66 cm) in carbofuran treatment
whereas minimum shoot height (70.50 cm) was recorded in
marigold treatment. Trichoderma viridae significantly
increased the plant growth with respect to plant height (70.83
cm).

Table 2: Effect of organic amendments, bio-agent and carbofuran on
root and shoot length of rice plant in field condition.

Treatment Shoot length(cm) Root length(cm)
30 DAT | 60 DAT | 30 DAT | 60DAT

T1 63.33 79.00 15.03 22.66

T2 58.00 76.33 11.33 16.66

T3 63.00 76.33 13.00 16.33

Ta 65.33 76.00 13.40 18.33

Ts 70.33 75.33 12.13 16.00

Ts 60.33 75.66 10.13 16.66

T7 74.33 80.33 12.46 17.66

Ts 66.33 80.33 12.66 16.67

Ty 74.66 77.33 11.46 15.67

Tio 75.00 84.00 16.86 25.33

Tn 79.33 90.33 19.13 27.66

Control 50.33 74.66 10.13 14.66

CD.(p=5%) 3471 3.690 0.856 1.932
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Root Length

Table No. 2 indicates that Maximum root length (19.13 c¢cm)
was observed in neem cake+ Vermicompost+Trchoderma spp.
followed by neem cake + Vermicompost + carbofuran (16.86
cm) and neem cake (15.03 cm). Treatments carbofuran,
Trichoderma spp. and Vermicompost+carbofuran showed
13.40 cm, 13.00 cm and 12.66 cm root length respectively.
Root length values were at par to each other. neem
cake+Trchoderma and neem cake+Vermicompost showed
12.46 cm. and 13.13 cm root length respectively. The rest
treatments Vermicompost+Trichoderma and Vermicompost
were less effective with 11.46 cm and 11.33 cm root length
respectively  but  significantly  differ from  neem
cake+carbofuran (10.13 cm) and untreated check (10.13 cm).
At 60 DAT, all the treatments significantly increased root
length of rice plants as compare to untreated check (14.66
cm). The maximum root length (27.66cm) was recorded in
neem cake+Vermicompost+Trichoderma spp. followed by
neem cake+Vermicompost+ carbofuran (25.33cm) and neem
cake (22.66cm). Treatments, carbofuran, neem cake+
Trichoderma, vermicompost + carbofuran, neem cake+
carbofuran and Vermicompost significantly increased root
length that is 18.33cm, 17.66 cm, 16.67 cm, 16.66 cm and
16.66 cm. The rest treatments viz. Trichoderma spp., neem
cake + Vermicompost and Vermicompost + Trichoderma spp.
showed 16.33 cm, 16.00 cm and 15.67 cm root length
respectively but did not have significant difference as compare
to untreated check (14.66cm). Raveendra et al. (2011)%
recorded the maximum root length (22.33 cm) was recorded
in carbofuran treatment whereas minimum was recorded
(17.33 cm) in marigold treatment respectively.

Fresh Shoot Weight

After 30 DAT, The fresh weight of rice plant was significantly
higher in all the treatments in comparison to untreated check
(4.96 g). Maximum shoot weight (7.97 g) was found in neem
cake+ vermicopost+Trichoderma spp followed by neem
cake+Vermicompost+carbofuran (6.96 0) and
vermicompostn+carbofuran (6.72g). Treatments like neem
cake, neem  caket+Trichoderma  spp.,  carbofuran,
Vermicompost+Trichoderma spp. and Trichoderma spp alone
showed 6.67g, 6.61g, 6.60g, 6.47g and 6.47g fresh shoot
weight respectively. Fresh shoot weight of rice plant in
treatments, neem cake + Vermicompost and neem cake +
carbofuran was observed as 6.13g and 6.00g which were at
par but significantly differ from treatments like Vermicompost
(5.879).

Data of the some plots at 60 DAT was also recorded.
Maximum fresh shoot weight (23.34g) was observed in neem
cake+ Vermicompost+ Trichoderma spp. followed by neem
cake+ Vermicompost+carbofuran (18.23g), neem cake
(17.669) and neem cake + vermicompost (17.23g).Treatments,
Trichoderma  spp., Vermicompost, Vermicompost +
Trichoderma and carbofuran showed 16.66g, 16.57g, 16.20 g
and 16.13g fresh shoot weight respectively. These treatments
were at par to each other but significantly deffer from neem+
carbofuran (15.63g), Vermicompost + carbofuran (15.53g)
and neem cake +Trichoderma (14.36gm).The minimum fresh
shoot weight was observed in untreated check (13.93g).
Raveendra et al. (2011) [? recorded the maximum shoot
weight (169.509) in carbofuran treatment whereas minimum
shoot weight (156.00g) was recorded in marigold treatment.
Trichoderma viridae significantly increased the plant growth
with respect to shoot weight (158.229).

Table 3: Effect of Organic amendment, Bioagent and Carbofuran on shoot and root weight after 30 and 60 DAT in Field condition.

Treatment Fresh Shoot weight (g) Dry Shoot weight (g) Fresh Root weight (g) Dry Root weight (g)
30 DAT 60DAT 30DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT

T1 6.67 17.66 1.36 2.66 1.18 3.00 0.40 0.96

T2 5.87 16.57 1.17 2.53 1.22 2.63 0.42 0.93

T3 6.47 16.66 1.18 2.26 1.00 3.20 0.35 0.70

T4 6.60 16.13 1.33 2.03 1.26 3.16 0.45 1.00

Ts 6.13 17.23 1.19 2.07 1.42 2.76 0.39 0.83

Ts 6.00 15.63 1.17 2.06 1.44 2.93 0.40 0.82

T7 6.61 14.36 1.38 2.10 1.44 3.30 0.44 0.92

Ts 6.72 15.53 1.33 2.40 1.36 3.16 0.41 0.96

T 6.47 16.20 1.23 2.10 1.05 3.26 0.41 1.06

T 6.96 18.23 1.64 2.60 1.35 3.93 0.47 1.23

Tu 7.97 23.34 1.92 3.56 1.69 3.96 0.61 1.40

Control 4.96 13.93 0.83 2.00 0.99 2.50 0.28 0.80
CD.(p=5%) 0.499 1.618 0.141 0.268 0.128 0.484 0.086 0.224

Shoot Dry Weight

The data of Table No. 3 revealed that, the highest dry weight
of  shoots (1.929) was recorded in neem
cake+Vermicompost+Trichoderma which was followed by
neem cake+Vermicompost+carbofuram (1.64g). In neem
cake+Trichoderma, neem cake, carbofuron,
Vermicompost+carbofuran 1.38g, 1.36g, 1.33g and 1.33g dry
weight was observed respectively. The rest treatments
Vermicompost+Trichoderma spp., neem cake+Vermicompost,
Trichoderma, neem cake+carbofuran and Vermicompost were

lees effective with 1.23g, 1.19g, 1.18¢g, 1.17g and 1.17g dry
shoot weight respectively. These treatments were at par to
each other but have significant difference with untreated
check (0.83g)

After 60 DAS, maximum dry shoot weight (3.56g) was
recorded in neem cake+Vermicompost+Trichoderma spp.
which was followed by neem cake (2.66g) and neem cake
+Vermicompost+carbofuran (2.60q) treated pots.
Vermicompost and Vermicompost+carbofuran were recorded
with 2.53g and 2.40g dry shoot weight respectively. These
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both treatments were at par to each other but significant differ
from rest treatments. The rest treatments like Trichoderma
spp., Vermicompost+Trichoderma, neem cake+Trichoderma
spp., neemcake+Vermicompost, neemcake+carbofuran and
carbofuran did not have significant different from untreated
check (2.0g). Raveendra et al. (2011) 8 recorded the
maximum shoot weight (169.50g) in carbofuran treatment
whereas minimum shoot weight (156.00g) was recorded in
marigold treatment. Trichoderma viridae significantly
increased the plant growth with respect to shoot weight
(158.22g). Singh and Mahanta 21 (2013) reported the
significantly different from control after the application of
bio-agents with vermicompost in respect of increasing dry
weight of shoot in the treatment with combination of
biocontrol agents, chemical and vermicompost (T. harzianum
@ 2.5 kg/ha + G. fasciculatum @ 300 spores/m? +carbosulfan
ST @ 1.5% w/w + vermicompost 1.5 tonne/ha) followed by
the treatment with integration of T. harzianum and G.
fasciculatum.

Fresh Root Weight

Highest fresh root weight (1.69g) was recorded in neem
cake+Vermicompost+Trichoderma spp. which significantly
higher than neem cake+Trichoderma (1.44g), neem
cake+carbofuran (1.44g), neem cake+Vermicompost (1.429),
Vermicompost+carbofuran (1.369) and neem
cake+carbofuran+vermicompost (1.35g) which were at par to
each other’s. The fresh root weight in treatments carbofuran,
Vermicompost and neem cake was significantly higher with
1.26g, 1.22g and 1.18g fresh root weight respectively.
Treatments like Vermicompost+Trichoderma spp. and
Trichoderma spp. were found less effective and do not have
significant difference over untreated check (0.99g).

At 60 DAT, The maximum fresh root weight (3.96g) was
recorded in neem cake+ Vermicompost+Trichoderma spp.
which was at par with neem cake+Vermicompost+carbofuran
(3.93¢g) but significantly higher than neem cake+Trichoderma
spp. (3.30g) and Vermicompost+Trichoderma spp. (3.269).
Trichoderma spp., Vermicompost+carbofuran, carbofuran,
neem cake, neem  caketcarbofuran and  neem
cake+Vermicompost showed 3.20g, 3.16g, 3.16g, 3.0g, 2.93g
and 2.76g fresh root weight respectively. These were at par to
each other but significantly higher better than VVermicompost
and untreated check which were recorded with 2.63g and
2.50g fresh root weight respectively. Raveendra et al. (2011)
28] recorded the maximum root weight (45.66g) were recorded
in carbofuran treatment whereas minimum was recorded
(40.669) in marigold treatment.

Root Dry Weight

At 30 DAT, maximum dry root weight (0.61g) was recorded
in neem cake+Vermicompost+Trichoderma spp. followed by
neem cake+Vermicompost+carbofuran (0.47g) and carbofuran
(0.45g). Treatments such as neem cake+Trichoderma spp.,
Vermicompost, Vermicompost+Trichoderma spp.,
Vermicompost+carbofuran, neem cake, neem
cake+carbofuran and neem cake+Vermicompost showed
0.44g, 0.42g, 0.41g, 0.41g, 0.40g, 0.40g and 0.39g dry root
weight respectively. These were at par to each other. Dry root
weight in Trichoderma spp. was recorded with 0.35g was not

significantly differ from untreated check (0.28g).

After 60 DAT, maximum dry root weight (1.40g) was
observed in neem cake+Vermicompost+Trichoderma spp.
which was at par with neem cake+Vermicompost+carbofuran
(1.23g) but significantly differ from
Vermicompost+Trichoderma (1.06g) and carbofuran (1.00g).
Dry weight. Vermicompost+carbofuran, neem cake,
Vermicompost, neem cake+ Trichoderma spp, neem
cake+Vermicompost and neem cake+carbofuran were
recorded with 0.96g, 0.96g, 0.93g, 0.92g, 0.83g and 0.82g
respectively. These treatments were at par to each other and
do not have significant difference from untreated check which
was recorded with 0.80g dry root weight. Singh and Mahanta
(2013) 71 reported maximum dry weight of root in the
treatment with combination of biocontrol agents, chemical and
vermicompost (T. harzianum @ 2.5 kg/ha + G. fasciculatum
@ 300 spores/m? +carbosulfan ST @ 1.5% wiw +
vermicompost 1.5 tonne/ha).

Effect of organic amendments, Trichoderma spp. and
Carbofuran on Number of galls/root system

The data revealed that, after the 30 DAT minimum number of
galls (0.33) was observed in neem
cake+Vermicompost+Trichoderma spp. which were at par
with neem cake+ carbofuran+Vermicompost (1.33) and neem
cake+Trichoderma spp. (1.33) but number of galls
significantly differs from Vermicompost+carbofuran (4.33),
neem cake (6.66) and carbofuran (8.00). Treatments like
Vermicompost+Trichoderma spp. and Trchoderma spp.
showed 9.33and 9.66 galls/root system. Both treatments were
at par to each other but significantly differ from
Vermicompost (10.00), neem cake+carbofuran (11.00) and
neem cake+ Vermicompost (12.00). All treatments were
significantly better than untreated check which showed 16.00
galls/root system. Lopes et al. (2011) 2% reported that the soil
amendments reduced gall and eggs.

Table 4: Effect of organic amendments, bio-agent and carbofuran on
no. of galls/root system and yield in field condition.

Treatment No. of galls/plant Yield
30 DAT |60 DAT | Yield/plot| % Increase in yield

T1 6.66 6.67 2.96 45.81

T2 10.00 | 12.33 2.46 21.18

T3 9.66 10.33 2.13 4.96

Ts 8.00 10.33 3.06 50.73

Ts 12.00 | 14.00 3.10 52.70

Te 11.00 | 11.66 2.53 24.63

T7 1.33 4.33 3.03 49.26

Ts 4.33 5.00 2.86 40.88

Ty 9.33 10.33 2.30 13.30

Tio 1.33 4.00 3.03 49.26

Tu 0.33 2.66 3.63 78.81
Control 16.00 | 17.66 2.03 -
CD.(p=5%)| 1.384 | 1.778 0.335 -

At 60 DAT, minimum number of galls (2.66) were recorded in
neem cake+Vermicompost+Trichoderma spp. which was the
treatment at par with neem cake+carbofuran+Vermicompost
(4.00) and neem+Trichoderma spp. (4.33) but significantly
differ from Vermicompost+carbofuran (5.00) and neem cake
(6.67). Trichoderma spp., carbofuran and
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Vermicompost+Trichoderma spp. showed 10.33 galls/root
system which was at par with neem cake+carbofuran (11.66).
Other treatments viz., neem cake+carbofuran, Vermicompost
and neem cake+Vermicompost also have significant
difference from the untreated check which showed maximum
number of galls (17.66) per root system. Jegathambigai et al.
(2011) 29 evaluated the efficacy of biocontrol fungi T.
harzianum and T. viride against M. incognita infecting
Livistona rotundifolia. In vitro studies demonstrated that both
tested isolates were effective in causing nematode mortality.
Under field conditions T. harzianum and T. viride in
combination with cow dung promoted plant growth, reduced
number of galls/plant, females and egg masses/root system. T.
harziaium was most effective in management of nematode
population when applied with neem cake as combined than
alone in tomato crop B%, Singh and Maximum reduction in
nematode population in the in the treatment with combination
of biocontrol agents, chemical and vermicompost (T.
harzianum @ 2.5 kg/ha + G. fasciculatum @ 300 spores/m? +
carbosulfan ST @ 1.5% w/w + vermicompost 1.5 tonne/ha).
Effect of organic amendments, Trichoderma spp. and
Carbofuran on Yield 271,

The average yield data which is presented in Table No. 4
indicates that, the maximum yield (3.63kg/6M?) was obtained
from neem cake+Vermicompost+Trichoderma spp. treated
plots. The average yield from others treatments such as neem
cake+Vermicompost, carbofuran, neem cake+Trichoderma
spp. and neem cake+ carbofuran+Vermicompost was obtained
as 3.10 kg, 3.06 kg, 3.03kg and 3.03 kg/ plot, respectively The
yield obtained from neem cake and
Vermicompost+carbofuran was 2.96 kg and 2.86 kg/plot,
respectively Which is significantly differ from neem
cake+carbofuran  treated plots (2.53 kg/plot) and
Vermicompost treated plots (2.46 kg). Similar result founded
in tomato crop by Affokpon 1. A number of isolates provided
significant nematode control compared with untreated
controls. They observed significant inhibition of nematode
reproduction, suppression of root galling and an increase of
tomato yield compared with the non-fungal control treatments.
Tomato yields were improved by over 30% following the
application of biocontrol agents, especially T. asperellumT-16.
Singh and Mahanta 27 reported maximum yield were obtained
in the treatment with combination of biocontrol agents,
chemical and vermicompost (T. harzianum @ 2.5 kg/ha + G.
fasciculatum @ 300 spores/m? +carbosulfan ST @ 1.5% w/w
+ vermicompost 1.5 tonne/ha).

Conclusion

Since single strategy like amendment, biocontrol agent or
cultural practices can’t success to manage the disease
completely when large scale infection is already established in
the field. Chemical based strategies among the various
strategies available for disease management have been so far
dominating and effective than other single strategies. But for
several problems like environmental pollution, residual effect
in grain and killing of non-target organism(s) chemical
strategy is responsible. Development of new resistant strains
of plant pathogens are serious problem of disease
management, increase due to the application of only chemical
strategies for disease management. Due to the disadvantages

of chemicals, integrated disease management programs in
which judicious use of chemical and their integration with
biocontrol agents, amendments is favored. The most
significant information that generated in this experiment,
Trichoderma, amendments can be applied to crops along with
agrochemicals for root kont nematode management.

References

1. Rai M. Rice- the cereal that feeds billion. Indian Farming.
2006; 576(7):4-9.

2. Food and Agriculture Organization of the United Nations
(FAO), 2014.

3. Department of Agriculture and cooperation, Govt. of
India, 2014.

4. Prot JC. The combination of nematodes, Sesbania
rostrata, and rice: the two sides of the coin. International
Rice Research Newsletter. 1994; 19:30-31.

5. Prot JC, Soriano IRS, Matias D. Major root-parasitic
nematodes associated with irrigated rice in the
Philippines. Fundam. Appl. Nematol. 1994; 17:75-78.

6. Birchfield W. (Host-parasite relations and host range
status of a Meloidogyne species in southern USA. Journal
of Phytopathology. 1965; 53:1359-1361.

7. Yik CP, Birchfield W. Host studies and reactions of
cultivars to Meloidogyne graminicola. J Phytopathol.
1979; 69:497-499.

8. Macgowa JB. Rice root-knot nematode Meloidogyne
graminicola Golden and Birchfield 1965. Fla. Dept. of
Agric. and consumer Serv., Div. Plant Ind., Nematology
Circular No. 1989, 166.

9. Gaur HS, Sharma SN. Relative efficacy of bioassay and
extraction of juveniles from soil for detection and
estimation of population levels of the root-knot
nematodes, Meloidogyne graminicola and M. triticoryzae.
Ann. Plant Protect. Sci. 1999; 7:75-79.

10. Sabir N, Gaur HS. Comparison of host preferences of
Meloidogyne triticoryzae and four Indian populations of
M. graminicola. Int. J Nematol. 2005; 15(2):230-237.

11. Padgham JL, Duxbury JM, Mazid AM, Abawi GS,
Hossain M. Yield loss caused by Meloidogyne
graminicola on lowland rainfed rice in Bangladesh. J
Nematol. 2004; 36:42-48.

12. Pokharel RR, Abawi GS, Zhang N, Duxbury JM, Smart
CD. Characterization of Isolates of Meloidogyne from
Rice-Wheat Production Fields in Nepal. J Nematol. 2007;
39(3):221-230.

13. Tullis EC. The root-knot
Phytopathology. 1934; 24:938-942.

14. Golden AM, Birchfield W. Meloidogyne graminicola
(Heteroderidae), a new species of root-knot nematode
from grasses. Proc. Helminthol. Soc. Wash. 1965;
32:228-231.

15. Pankaj, Sharma HK, Prasad JS. The rice root-knot
nematode, Meloidogyne graminicola: an emerging
problem in rice-wheat cropping system. Ind. Journal of
Nem. 2010; 40:1-11.

16. Soriano IRS, Prot JC, Matias DM. Expression of
tolerance for Meloidogyne graminicola in rice cultivars as
affected by soil type and flooding. J Nematol. 2000;
32:309-317.

nematode on rice.

103



International Journal of Chemical Science

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Bridge J, Luc M, Plowright RA. Nematode parasites of
rice. In; Luc M, Sikora RA, Bridge J (eds) Plant-parasitic
nematodes in subtropical and tropical agriculture, CAB
International, UK. 1990, 69-108.

Jairajpuri MS, Baqgri QH. Nemalode pests of rice, Oxford
and IBH Publisher, New Delhi, India. 1991, 66.
Lorenzana OJ, Matamis PP, Mallinin CB, Jose OL, De-
leon DS. Cultural management practices to control rice
root-knot nematode. Summary of the proceedings of the
1998 Regional Research and Development Symposia,
Philippine Council for Agriculture, Forestry and Natural
Resources Research and Development, Los Banos, 1998.
MacGowan JB, Langdon KR. Hosts of The Rice root-
knot nematode Meloidogyne graminicola. Fla. Dept. of
Agric. and consumer Serv., Div. Plant Ind., Nematology
Circular. 1989, 172.

Jain RK, Mathur KN, Singh RV. Estimation of losses due
to plant parasitic nematodes on different crops in India.
Ind. Journal of Nem. 2007; 37:219-220.

Singh AU, Prasad D. Management of Plant-parasitic
Nematodes by the Use of Botanicals. J Plant Physiol
Pathol. 2014; 1(2):1-10.

Sakhuja PK, Jain RK. Nematode disease of vegetable
crops and their management. In: Diseases of fruit and
their management (ed. Thind TS.), Kalyani Pub.,
Ludhiana, India, 2001.

Chandel SRS. A handbook of agricultural statistics, Achal
Prakashan, Kanpur (India).

Williamson VM, Hussey RS. Nematode pathogenesis and
resistance in plants. The Plant Cell. 1996; 8:1735-1745.
Raveendra HR, Murthy RK, Kumar MR. Management of
root knot nematode Meloidogyne incognita by using oil
cake, bioagent, trapcrop, chemicals and their
combination. International Journal of Science and Nature,
2011; 2(3):519-523.

Singh LM, and Mahanta B. Effect of carbosulfan, Glomus
fasciculatum, Trichoderma harzianum and vermicompost
alone and combination in management of Meloidogyne
incognita on Green gram. Annals of Plant Protection
Sciences. 2013; 21(1):154-156.

Lopes EA, Ferraz S, Ferreira PA, Freitas LG, Giaretta RD.
Soil amendment with chopped or ground dry leaves of six
species of plants for the control of Meloidogyne javanica
in tomato under greenhouse conditions. Article Plant
Protection, 6 Santa Maria, 2011.

Jegathambigai V, Wilson WRS, Wijesundera RLC. Effect
of Trichoderma viride strain NRRL 6418 and
Trichoderma harzianum (Hypocrea lixii TWC1) on
Livistona rotundifolia root knot nematode Meloidogyne
incognita. Journal of Entomology. 2011; 8(3):229-239.
Kumar S, Khanna AS. Role of Trichoderma harzianum
and neem cake separately and in combination against
root-knot nematode on tomato. Indian J Nematol. 2006;
36(2):247-249.

Affokpon A, Coyne DL, Htay CC, Agbede RD, Lawouin
L, Coosemans J. Biocontrol potential of native
Trichoderma isolates against root knot nematodes in West
African vegetable production systems. Soil Biology and
Biochemistry. 2011; 43:600-608.

104



