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Evaluation of organic matter, bio-inoculants and
inorganic fertilizers on growth and yield attributes
of tomato with respect to the management of
plant-parasitic nematodes

Sartaj A. Tiyagi*, Safiuddin, Rose Rizvi, Irshad Mahmood, Zehra Khan
Plant Pathology and Nematology Laboratory, Department of Botany, Aligarh Muslim University, Aligarh 202002, India

ABSTRACT

A field experiment was conducted to assess the effect of inoculations of biological nitrogen fixers using Azotobacter and Azospirillum
individually and concomitantly with different recommended doses of inorganic nitrogen fertilizers and organic matter in the form of sesame
(Sesame indicum) cake on the growth, yield and quality traits of tomato (So/anum lycopersicon L.) in relation to the management of
plant-parasitic nematodes. The multiplication rate, egg masses, and root-galls per plant of these nematodes were reduced significantly
by the individual inoculation of biological nitrogen fixers as well as with organic matter; while concomitant inoculation of bio-inoculants
showed a synergistic effect in increasing crop growth and yield. Azospirillum was found to be more effective than Azotobacter. The
highest improvement was recorded in the yield and growth parameters, plant height, fresh and dry weights, percent pollen fertility, green
fruits yield per plant, chlorophyll content and ascorbic acid content when these biological nitrogen fixers were added concomitantly in
various combinations. The Nitrogen-Phosphorus-Potassium (NPK) contents in plants and in soil increased considerably in almost all the
combinations whenever these bio-fertilizers were inoculated and thus, reduce the fertilizers needed for commercial tomato production. The
best results were obtained with 100% recommended dose of nitrogenous fertilizers along with the bio-fertilizers and farm yard manure.
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INTRODUCTION

Tomato (Solanum lycopersicon L..) is one of the major crops
grown widely and processed in almost every country
in the world. They have high degree of lycopene and
ascorbic acid content (Kaur and Kapoor, 2008). Tomato
and its products are used as preventive strategies against
some diseases such as cancer and cardio vascular diseases
(Cavene Adam et al., 2005). Tomato is universally
considered as ‘Protective Food’. It is a rich source of
minerals, vitamins, and organic acids. The estimated
world production of tomato is about 125 million tons
and the total area under its cultivation is about 45.5 lakh
ha. Indian contribution to the annual world production
was 10.26 million tones with an area of 5.72 lakh in 2006
(Mane et al., 2010). The production in India falls short
of expectation as compared to other countries which

may be partly due to weather fluctuations and partly due
to diseases caused by various plant pathogens. Plant-
parasitic nematodes are serious threat to crop production,
causing an estimated US $ 125 billion loss/year wotldwide
(Chitwood, 2003). Among the parasitic nematodes, root-
knot nematodes cause yield losses in tomatoes of up to
46% in India (Bhatti and Jain, 1977; Reddy, 1985). On
the other hand, plant nutrients supply is an important
and promising component for sustainable production
of tomato crop and to restore soil fertility. Nutrient
management based on eco-friendly principles of balanced
fertilization not only enhances the fertilizer use efficiency
but also help to sustain the productivity. Therefore, it
is a matter of concern to overcome nutritional effects
and simultaneously management of the nematodes
with the help of intensification of agriculture with the
use of chemical fertilizers, broad spectrum pesticides,
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etc. It has been accepted that continuous application
of chemical fertilizers and plant protection chemicals
with the advent of green revolution in the early sixties,
though increased productivity but had adverse effects
on the beneficial microbial population. It shows direct
toxicity to predators, fish and man (Munakata, 1977;
Pimentel, 1981). Yadav and Kumar (2009) observed
deleterious impact due to pesticides application on soil
health and environment. These fertilizers and chemicals
are also costly, and does not support optimal microbial
activities and is unaffordable to many small scale farmers.
This has increased urgency in the search for alternative
and eco-friendly methods to regulate plant pathogens as
well as nutritional requirements of the plants. Organic
sources of nutrients like organic matters, compost and
crop residues are widely used in vegetable crops in India
and elsewhere. Integrated plant nutrient management is
an important component for sustainable agriculture. The
best available options lie in the complementary use of
bio-fertilizers and organic matter in suitable combinations
with chemical fertilizers. Microbial inoculants or bio-
fertilizers are important components of organic farming.
These bio-fertilizers have shown encouraging results in
sustaining the crop productivity and improving the soil
fertility (Govindan and Thirumurugan, 2005). Organic
manures on the other side, provide a good substrate for
the growth of micro- organisms and maintain a favorable
nutrient supply, environment and improve soil physical
properties. Biological nitrogen fixers are known to exert
indirect effects on soil microbiological activities which
in turn help the plant to grow better (Singh and Singh,
20006), besides direct effects on nitrogen fixation and
phosphorus mobilization (Rana and Chandel, 2003).
They also produced hormones, vitamins and other
growth factors for plant growth and development, besides
suppression of the growth of phytopathogens (Widham
et al,, 1989; Devidas and Rehberger, 1992; Verma et al,,
2000). The bio-fertilizers like Azospirillum and Azotobacter
associated with the rhizosphere of many crop plants,
harvest atmospheric nitrogen, which in due course is made
available to the plants or released in soil thus increasing
soil fertility. These biofertilizers are an ecologically sound,
economically viable and a partially substitute to hazardous
nitrogenous chemical fertilizers. Although the effects of
bio-inoculants in legumes, cereals and oil-seed crops have
been well established, however, no much informations
are available on vegetables like tomato. Keeping in view
the nutritional requirements of tomato and association
of the plant- parasitic nematodes with the roots of this
plant, the present investigation was undertaken to study
the effect of inoculations with biological nitrogen fixers
using Azospirillum and Agotobacter on growth, yield and
quality parameters of tomato (Solanum lycopersicon 1..)
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cv. ‘Pusa Ruby’ under different levels of nitrogenous
fertilizers and sesame cake (Sesame zndicum) in relation to
the multiplication of plant-parasitic nematodes.

MATERIAL AND METHODS

A field experiment was established at the University
Agricultural Research Farm of Aligarh Muslim University
during two winter seasons (2007-2009) to determine the
effect of inoculation of bio-inoculants using .Azotobacter
chroococenm and _Azospirillum brasilense singly or in various
combinations along with sesame (Sesame ndicum) seed
cake and recommended doses of inorganic nitrogenous
fertilizer on growth, yield and quality traits of tomato
(Solanum lycopersicon 1..) cultivar ‘Pusa Ruby’. The field was
protected with barbed wire and thoroughly ploughed. The
small beds of 6m?”were prepared leaving 0.5m buffer zone
between them. The field was infested with the population
of plant-parasitic nematodes.

The soil was sandy loam in texture, having pH of
6.3 and 6.7, organic carbon 1.07 and 1.12% and
available N, P and K of 135.30 and 182.52, 41.53 and
44.29 and 57.31 and 69.25kg/ha, respectively for the
respective years. The treatments consisted of 100%
RDN+Azotobacter+SC (T1), 75%RDN+.Azotobacter+SC
(T2), 50% RDN+Azotobacter+SC (3), 100%
RDN+Azospirillun+SC (T4), 75% RDN+.Azospirillum+SC
(T5), 50% RDN+Azospirillum+SC (T6), 100%
RDN+Agotobacter+Azospirillum+SC (T7), 75%RDN
+Agotobacter+ Azospirilinm+SC (T8), 50%RDN+.A4z
otobacter+Azospirillum+SC(T9), Azotobacter+SC(T10),
Azospirillum+SC(T11), Agotobacter+Azospirillum+SC
(T12), Azotobacter alone (T'13), Azospirillum alone (T14),
SC alone(T15), 100% recommended dose of N,P,K (T16)
and untreated control (T17) were laid out in a random
block design with 5 replications. Treatment number (T18)
was for initial nematode population. Each bed received 15
tons/ha farmyard manures at leastone month for better
decomposition prior to the planting.

For preparation of bio-inoculants, pure culture of
Agotobacter chroococcum and Agospirillum brasilense isolated
from the roots and rhizosphere soil of tomato, these were
identified and screened on the basis of certain biochemical
tests such as gram reaction. These cultures were grown on
Jenson’s and N- free malate respectively for four days. The
cells were centrifuged, washed twice in sterile distilled water
and suspended in 0.15% phosphate buffer at pH 7.0. Seed
treatment with Azotobacter and Azospirillum each @25g/
kg seed for 20min. and then seedling root-dip @2% for
30min. At transplanting stage according to the procedure
of Kavitha et al. (2003) as single and in combined
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inoculations which were tested with different levels of
nitrogen i.e. 0, 50, 75 and 100% of the recommended
doses. Two additional treatments were given including the
full recommended doses of N@80 kg/ha. According to
the inoculation schedule, the beds were separately treated
with sesame cake @ 110 kg/N ha and immediately watered
to assist in the decomposition of cake. The planting of
tomato seedlings at three-weeks old was done at spacing
75 cm/45 in 3 X 2-70 m beds. Nitrogen was applied in the
form of urea depending upon the treatments in split doses
half as basal and another half was applied in two equal
splits at 3 and 6 weeks after transplanting. Phosphate and
potash each @60 kg/ha were applied in the form of single
superphosphate as basal and murate of potash in two equal
splits, one as basal and rest at 6 weeks after transplanting
to all the beds. Necessary watering and weeding were done
as and when required.

The experiment was terminated after 100 days of
inoculations of bio-inoculants. Measurements of growth,
yield and quality parameters were recorded during both
years of investigation. Mature tomatoes were harvested in
5 picking at 20 days interval to get the yield. The ascorbic
acid content from tomato fruit tissues was determined
using 2, 6 dichlorophenol indophenols dye (AOAC, 1980).

At the flowering stage, the pollen fertility (percentage)
was estimated by the method of Brown (1949) using
stainability of pollen grains in 1% acetocarmine solution.
The pollen grains which were regular in shape and stained
was considered as fertile and those irregular and unstained
as sterile. Chlorophyll content of leaves was estimated
by the method of Hiscox and Israelstam (1979). One
hundred milligram of leaf pieces were placed in a vial
containing dimethyl sulfoxide (DMSO) and the extract of
chlorophyll was dissolved into the fluid by incubating for
60 min. The extract was transferred to a graduated tube
and made upto10ml with DMSO and assayed immediately.
A sample of 3 ml chlorophyll extract was transferred to
a cuvette and the optical density (O.D) value at 645 and
663 nm were read in Spectronic-1001 Spectrophotometer
against a DMSO blank.

Extraction of nematode population

The population of plant-parasitic nematodes was
determined from each bed before treatment as well as after
terminating the experiment by processing representative
soil- samples of Cobb’s sieving and decanting method
along with Bearmann’s funnel technique (Southey, 1980).
The number of nematodes were identified and counted.
The number of each nematode species was determined
from five counts. Numbers of egg masses as well as root-
galls caused by root-knot nematode, Meloidogyne incognita
per plant were also counted.
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Estimation of N, P, K in plants and soil

Nitrogen content in plants and residual soil were
determined according to the procedure given by IITA
(1975). The phosphate and potash contents from plant
were estimated by the method of Lindner (1944). Similarly,
phosphate and potash contents in plants and residual soil
were determined with the method of Olsen et al., (1954)
and Jackson (1973), respectively. The data of two years
have been pooled and analysed statistically according to
Pansey and Sukhatme (1978).

RESULTS AND DISCUSSION

Plant growth traits

The results presented in Table 1 cleatly indicated that the
inoculation of these bio-inoculants individually or in-
combination improved the growth, yield and quality traits
of tomato in the presence of different levels of inorganic
nitrogen and sesame cake. The present investigations
revealed that plant height, fresh as well as dry weights
and percent pollen fertility were greatly enhanced by
all treatments. The treatments of dual inoculation of
biofertilizers like Azotobacter and Azospirilium along with
100% recommended dose of nitrogen recorded highest
plant height (81.63 c¢m), fresh weight (180.47 g), dry
weight (62.58 g) and pollen fertility (98.64%) as compared
to untreated control where plant height (37.42cm), fresh
weight (77.33 g), dry weight (26.65 g) and pollen fertility
(69.29%) were determined. Similar observations have
also been reported by Sen Gupta et al. (2002) in growth
parameters of tomato due to concomitant inoculation of
both the biological-nitrogen fixers. Behl et al. (2007) and
Sala et al. (2007) reported significant improvement in crop
production with inoculation of nitrogen fixing bacteria,
phosphate solubilizing bacteria, and AM fungi. Inoculation
of crop with beneficial microorganisms can enhance the
atmospheric nitrogen fixation, decompose organic wastes
and residues, improve soil properties, enhance nutrient
cycling and produce bioactive compounds such as vitamins,
hormons and enzymes which stimulated plant growth (Wu
etal. 2005). Several workers (Bahadur et al., 2009; Upadhyay
et al. 2012) also observed that the combined inoculation
of organic manures and biofertilizers increased yield and
improved the nutritional value of vegetables.

The number of green fruit yield per plant significantly
increased in all the treatments. The combined inoculation
of Agzotobacter and Azgospirillum with 100% recommended
dose of nitrogen resulted in maximum green fruit per plant.
This parameter was found to be highest as compared to the
sole application of inorganic nitrogen (100% recommended
dose) and sesame cake. Soil application of _Azospirilium
along with sesame cake and 100% recommended dose of
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Table 1: Effect of sesame cake, bio-inoculants and N-fertilization on growth and yield attributes of

tomato (Solanum lycopersicon L.) in field condition*

S. No. Treatments Plant Plant Plant Pollen Green Chlorophyll Ascorbic No.of No. of
height fresh dry fertility fruit content acid egg root
(cm) weight weight (%) yield/ (mg/g) content masses/ galls/
(9) (9) plant (mg/100g) plant plant
T 100% recommended N + Azofobacter + sesame cake 71.28 147.61 47.20 90.50 314.45 3.792 87.29 80.27 45.74
T2 75% recommended N + Azotobacter + sesame cake 69.32 143.22 46.13 87.32 307.60 3.680 85.15 88.64 53.61
15} 50% recommended N + Azotobacter + sesame cake  67.45 139.50 45.70 86.14 296.28 3.576 82.57 9420 59.25
T4 100% recommended N + Azospirillum + sesame cake 77.58 163.25 52.42 95.35 360.50 4.064 94.43 70.26 28.64
s 75% recommended N + Azospirillum + sesame cake ~ 75.60 157.80 50.33 94.23 342.63 3.965 92.20 75.06 34.44
T6 50% recommended N + Azospirillum + sesame cake ~ 73.49 152.92 48.22 92.50 320.47 3.877 89.66 77.37 40.30
T7 100% recommended N + Azotobacter + Azospirillum + 81.63 180.47 62.58 98.64 425.94 4.378 102.45 4529 10.28
sesame cake
T8 75% recommended N + Azotobacter + Azospirillum +  79.77 173.33 57.07 96.25 394.50 4.225 97.03 54.52 18.47
sesame cake
T9 50% recommended N + Azotobacter + Azospirillum +  78.54 167.09 54.10 95.97 375.40 4.136 95.96 66.84 24.75
sesame cake
T10  Azotobacter + sesame cake 58.20 127.17 42.27 80.17 273.82 3.224 77.19 110.49 72.24
T11  Azospirillum + sesame cake 62.27 130.35 42.81 83.20 286.77 3.373 79.64 107.28 67.09
T12  Azotobacter + Azospirillum + sesame cake 65.19 135.60 45.50 85.12 290.31 3.490 82.00 100.01 65.16
T13  Azotobacter alone 52.30 117.47 39.19 75.66 262.56 2.935 72.29 137.50 87.70
T14  Azospirillum alone 55.66 122.50 41.23 79.30 272.44 3.074 75.30 122.36 78.15
T15 sesame cake alone 49.28 112.25 37.82 73.07 249.22 2.761 67.84 160.25 94.66
T16  100% recommended NPK 45.59 103.94 3420 71.62 223.50 2.592 64.73  246.00 101.93
T17  Untreated control 37.42 77.33 26.65 69.29 180.64 23558 55.40  273.97 116.41
C.D. (P=0.05) 564 10.78 3.79 6.85 13.61 0.243 6.73 792 466
C.D. (P=0.01) 750 1434 5.04 911 18.10 0.323 8.95 10.53 6.20

*Each value is a mean of five replicates

nitrogen produced more yield than that of Azotobacter
application. Comparatively lesser green fruits yield per plant
as well as other growth parameters were recorded from
the beds treated with single and combined inoculations
of Agzotobacter and Azospirillum in the absence of 100%
recommended dose of inorganic nitrogen. Combined
application of both the nitrogen fixers always showed better
results when compared to single inoculation. This may be
due to their synergistic effect. The enhancement in plant
growth and biomass production might be due to increased
rate of photosynthesis and higher metabolic activities,
mobilization of some movable forms of important
nutrients, production of growth promoting substances
like gibberellic acid, indole acetic acid and dihydrozeatin
(Aguilar-piedras et al., 2008) which have positive influence
on the physiological activity of the plants resulted in
enhanced fruit production and diameter, ultimately
increased the average fruit weight and subsequently
inhibited the soil borne pathogens by biofertilizers. Our
findings are in agreement with those of (Wange and Kale,
2003; Chaitra and Patil, 2007; Jain et al., 2007) in several
other crops. The combined effect of inorganic, organic
and biofertilizers proved to be better and this may be due
to joint action which led to enhanced vegetative growth
and influenced physicochemical properties that imparts
favorable soil structure for root growth (Sarkar et al.,
2003; Pernes-Debuyser and Tessier, 2004), and enhancing
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mineral uptake by the roots (Okon and Itzigsohn, 1995).
Since the application of organic matter and inorganic
fertilizers improved the root growth. It could have resulted
in better extraction of water from the soil profile. Organic
fertilizers influenced both yield and plant micronutrient
contents. Thus it helped to sustain crop productivity as has
also been studied by Mottaghian et al. (2008). Yang et al.
(2004) observed that the root length density increased by
40% with the application of organic manure, and they also
noticed that incorporation of organic manures significantly
increased N, P and K uptake by the plants and hence
increased crop productivity. It is stressed upon here that
the application of inorganic fertilizers not only provides
the required nutrients to the plants but also improve the
root biomass and its penetration thereby helping in water
and better nutrient uptake.

Rajace et al. (2007) also reported that free-living nitrogen
fixing microorganisms like Azotobacter and Azospirillum
increase root development, water content and mineral
uptake, and produce plant hormones which might be
responsible for enhancement of growth parameters of
tomato plants. Similarly, Malik et al. (2005) observed
significant improvement in grain yield, chlorophyll content
and delayed flowering due to application of _Agotobacter
culture. However, inoculations of _Azospzrillum promoted
lateral roots and enhance root length (Govindan et al,,
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2009). The total bacteria and nitrogen fixers were also
found higher in all the treatments which received the
inoculum of Agzospirillum.

The chlorophyll content and ascorbic acid content increased
significantly in all the treatments. Application of organic
matter like sesame cake in tomato might have increased the
activities of beneficial micro-organisms due to increased
organic pool in soil, which resulted in production of growth-
promoting substances and improved nutrient availability
for longer period throughout the crop growth, and thus
the use of organic sources and the beneficial effects on
the growth of some other crops (Knox et al., 2011; Tiyagi
et al., 2010). The use of biofertilizers also influenced the
metabolic activities of plants, thus increasing the chlorophyll
content and ascorbic acid content. The combined effect
of inorganic, organic and biofertilizers proved to be
better than the individual one. Their application have led
to the accumulation of more carbohydrates and other
metabolites ultimately towards the plant tissues. The effect
of such treatments on physico-chemical properties imparts
favorable soil structure for root growth, which influenced
the better growth as compared to chemical fertilizers.
These results are in conformity with those of Ram et al.
(2005). A synergistic interaction between sesame cake and
biofertilizers like A. chroococcum and A. brasilense has
resulted in enhanced production of growth promoting

substances like gibberellic acid and indole acetic acid which
has positive effect on physiological activity of plants thus
enhanced fruit formation and total biomass of plants.

Productivity traits

The results presented in Table 2 clearly demonstrated that
the plant contents of nitrogen, phosphate and potash, and
the residual soil nitrogen, phosphate and potash contents
were significantly increased by individual as well as combined
inoculations as compated to untreated control. In the treatment
of dual application of Azotbacter and Azospirillum together
with 100% recommended dose of nitrogen recorded
maximum plant nitrogen, phosphate and potash, and residual
soil nitrogen, phosphate and potash contents. Increased
nutrient contents in soil were due to more retention of
nutrients which were added in the form of inorganic nitrogen,
as well as the introduction of biofertilizers. Higher uptake of
nutrients followed their increased supplements are natural
and has been supported by many workers (Patil and Birader,
2002; Hari et al., 2007). The enhancement in yield at higher
fertility level was possibly due to increased photosynthates
associated with more vegetative growth as evident from
differences in plant height and total biomass (Khurana et
al., 2000). Gare et al. (2001) and Joseph et al. (2000) studied
different yield attributing characters like chlorophyll content
and ascorbic acid content improved following high nitrogen
application. Long term application of organic manures

Table 2: Effect of sesame cake, bio-inoculants and N- fertilization on NPK contents in soil as well as in

tomato plants in field condition*

S.No. Treatments Nitrogen  Phosphate Potash Soil Soil Soil
content contentin content Nitrogen Phosphate Potash
in plant plant in plant content content content
(mg/kg) (mg/kg) (mg/kg) (Kg/ha) (Kg/ha) (Kg/ha)

T1 100% recommended N + Azotobacter + sesame cake 85.06 80.13 73.82 205.40 76.94 93.44

T2 75% recommended N + Azotobacter + sesame cake 82.72 76.29 70.54 199.37 73.96 90.92

B 50% recommended N + Azotobacter + sesame cake 79.54 73.63 68.16 193.84 70.65 88.72

T4 100% recommended N + Azospirillum + sesame cake 93.26 89.77 84.36 223.60 86.34 103.36

s 75% recommended N + Azospirillum + sesame cake 90.94 86.20 80.72 217.65 83.22 99.65

T6 50% recommended N + Azospirillum + sesame cake 88.16 82.74 77.68 211.50 80.17 96.48

T7 100% recommended N + Azotobacter + Azospirillum + 99.45 95.50 93.32 239.92 94.30 117.29

sesame cake

T8 75% recommended N + Azotobacter + Azospirillum + 96.38 93.44 90.69 233.54 91.42 112.45

sesame cake

T9 50% recommended N + Azotobacter + Azospirillum + 95.56 91.26 87.23 227.48 88.63 107.84

Sesame cake

T10 Azotobacter + sesame cake 69.59 63.94 55.40 175.09 58.28 77.40

T Azospirillum + sesame cake 73.62 67.05 59.60 183.70 63.49 80.74

T12 Azotobacter + Azospirillum + sesame cake 77.87 71.72 64.85 188.62 66.80 84.16

T13 Azotobacter alone 60.40 54.28 45.90 166.45 50.04 67.45

T14 Azospirillum alone 66.08 59.17 50.78 171.36 55.66 73.07

T15 sesame cake alone 56.86 50.39 40.63 159.82 46.81 64.30

T16 100% recommended NPK 52.37 46.66 35.74 148.90 38.60 59.26

T17 Untreated control 35.84 31.70 18.63 116.22 27.55 50.37

C.D. (P=0.05) 5.82 4.99 3.67 12.35 3.77 6.24
C.D. (P=0.01) 7.74 6.64 4.88 16.43 5.01 8.30

*Each value is a mean of five replicates
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(Tiwari et al., 2002) and biofertilizers (Bhunia et al., 20006;
Kumar et al., 2009) were reported to improve soil organic
carbon and available N, P, K in soil by their sustaining soil
health. Parham et al. (2002) reported that increased nutrient
availability in organic matter with biofertilizers treatment may
be due to increased hydrogenase and phosphatase activity,
on the other hand, addition of organic manures promote the
recycling of nutrients in the soil ecosystem which subsequently
enhanced the level of soil enzymatic activity. Ours results are
in conformity with those of Ramesh et al. (2000).

Multiplication of nematodes population

The multiplication of plant-parasitic nematodes was less
in beds receiving the sesame cake and biofertilizers like
Agotobacter and Agospirillum along with recommended
doses of inorganic N fertilizer (50, 75 and 100%), which
revealed that the maximum reduction was observed with the
treatment of sesame cake, biofertilizers together with 100%
recommended dose of inorganic nitrogen (Table 3). It may be
due to release of phenols and nematostatic chemicals released
from organic matters into amended soil. These compounds
significantly decreased the nematodes population (Sitaramaiah
and Singh 1978; Singh et al., 1983; Oka 2010). Organic wastes
are commonly added to soil as a source of nutrients which
improved the physical properties of soil. The decomposition
of organic matter helps in modifying some physical, chemical
and biotic contents of soil (Akhtar and Alam, 1993). The
altered condition renders the soil atmosphere unfavorable
for nematode activity. Biofertilizers are known to increase

growth parameters and subsequently induced resistance
against these pathogens as has been reported by Durrant
and Dong (2004). The biofertilizers further improved the
soil fertility through nitrogen fixation, thus supplemental
nitrogen might be harmful against the population of plant-
parasitic nematodes. The available soil N was also found to
increase in all the Integrated Pest Management as well as
Integrated Nutrient Management systems. This increase may
be attributed to higher microbial activity in the INM treatment
which favoured the conversion of the organically bound N
to inorganic form (Panwar et al., 2008). Similar enhancement
of available N in such soil due to addition of organic matter
was observed in rice (Singh et al., 2006). Phosphate is
known to reduce soil pH, which had an adverse effect on
nematode multiplication (Pant et al., 1983). The higher P
uptake in sesame cake may be attributed to its prolonged and
consistent P availability due to its well decomposed nature.
Higher P uptake by plants was also reported by Gupta and
Mukhopadhyaya (1971). The increase in available K content
in soil due to addition of organic manure might be attributed
to the direct addition of K content into the available pool in
soil. The results are in conformity with Laxminaryana and
Patiram (2006).

CONCLUSION

Soil application of organic matter like sesame cake, biofertilizers
such as Agotobacter and Azospirillum along with different

Table 3: Effect of sesame cake, bioinoculants and N-fertilization on the population of plant-parasitic

nematodes infesting tomato plants in field condition*

S.No. Treatments Population of plant-parasitic nematodes per 200g soil
Hop. Hel. Rot. Trh. Mel. Dor. Pra. Total
T1 100% recommended N + Azotobacter + sesame cake 15 17 22 24 614 27 21 740
T2 75% recommended N + Azotobacter + sesame cake 17 19 24 26 667 29 24 806
T3 50% recommended N + Azotobacter + sesame cake 18 20 26 28 733 31 26 882
T4 100% recommended N + Azospirillum + sesame cake 10 12 17 17 505 22 15 598
1115 75% recommended N + Azospirillum + sesame cake 12 14 19 20 550 24 18 657
T6 50% recommended N + Azospirillum + sesame cake 13 15 21 22 583 26 20 700
T7 100% recommended N + Azotobacter + Azospirillum + sesame cake 04 06 12 13 388 16 07 446
T8 75% recommended N + Azotobacter + Azospirillum + sesame cake 06 08 14 15 425 19 10 497
T9 50% recommended N + Azotobacter + Azospirillum + sesame cake 08 10 15 16 469 20 13 551
T10 Azotobacter + sesame cake 23 24 88 34 966 40 88 1153
T Azospirillum + sesame cake 22 23 31 32 874 37 30 1049
T12 Azotobacter + Azospirillum + sesame cake 20 21 28 29 782 34 28 942
T13 Azotobacter alone 26 27 40 38 1149 45 55 1360
T14 Azospirillum alone 24 25 36 35 1040 42 33 1235
T15 sesame cake alone 27 29 45 40 1267 50 37 1495
T16 100% recommended NPK & 37 58 54 1419 60 49 1710
T17 Untreated control 45 52 221 139 4468 135 107 5167
T18 Initial population 29 &8 50 43 1592 59 37 1837
C.D. (P=0.05) 1.25 139 342 3.07 1567 3.66 3.19
C.D. (P=0.01) 166 185 454 408 2081 486 4.24

*Each value is a mean of five replicates. Hop=Hoplolaimusindicus, Hel=Helicotylenchusindicus, Rot=Rotylenchulusreniformis, Trh=Tylenchorhynchusbrassicae, Mel=Meloidogyne

incognita, Dor=Dorylaims, Pra=Pratylenchuscoffeae
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doses of nitrogen fertilizer has a significant effect on yield and
agronomic parameters of tomato. To maintain sustainability
in quality production through proper use of different nutrient
sources will help to increase the fertility of soil. One such
alternative is an integrated nutrient management that avoids
depletion of soil organic matter and plant nutrients besides
suppression of plant-parasitic nematodes. Recently, a great
deal of attention has been paid to soil management practices
that promote sustainable soil quality and crop productivity.
The inference drawn from this study cleatly explained that
organic matters are not only the source of major nutrients but
they also provide important micronutrients and plant-growth
promoting molecules which together leads to good crop yield
besides releasing nematostatic and fungicidal compounds.
These are the important components of organic based
agriculture system for the management of harmful organisms.
For many farmers, the purchase of fertilizers and pesticides is
constrained by their high costs and which are not affordable.
Microbial inoculants comprising many kinds of naturally
occurring beneficial organisms used in organic farming
due to the demand of organically produced farm products.
The utilization of such beneficial organisms with organic
matters was found eco-friendly, bioefficaceous, economical,
biodegradable and environmentally safe that could be ideal
for the management of pathogenic organisms like parasitic
nematodes. This low cost technology and alternative sources
of nutrient supply have the potential to harvest reasonable
yield of good quality.
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