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ABSTRACT

Soil application of organics has been explored as an alternative means of organic management of plant-parasitic
nematodes. Efficiency of different oil-seed cakes of neem (Azadirachta indicp castor (Ricinus communis
groundnut (Arachis hypogaéa linseed (Linum usitatissimuryy sunflower (Helianthus annu)sand soybean
(Glycine may were evaluated in field conditions with association of Pseudomonas fluorescemnselation to growth
parameters of chickpea and population of plant-parasitic nematodes. Their efficacious nature was highly effective in
reducing the population of these dominant soil nematodes. Significant improvement was observed in plant-growth
parameters such as plant weight, percent pollen fertility, pod numbers, root-nodulation and chlorophyll content of
chickpea, seemed to be due to reduction in disease incidence and might be due to growth promoting substances
secreted by P. fluorescensThe multiplication rate of nematodes was less in the presence of P. fluorescensas
compared to its absence. Most effective combination of P. fluorescengvas observed with neem cake.
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INTRODUCTION nematodes has resulted in environmental
degradation and left harmful effects on human and
The control of pests and pathogens, including theattle population, These show direct toxicity to
soil-pathogenic nematodes is one of the modiredators, pollinators, fishes and humans
promising and challenging job in sustainablegPimentel 1981), pesticide resistance (Schmutterer
agriculture. The extent of diseases caused by tH®81) and increased environmental and social
nematodes in agriculture systems observed bgosts. The excessive use of pesticides, leading to
many researchers as has been evident in literatutbe contamination of the biosphere has created
Sharma et al. (1992) reported that nematodesorldwide interest in pest control agents of plant
caused about 20.6% losses in yield and totdlrigin  which are easily available and
biomass production. However, for many years, thiodegradable in nature. Mujahid and Gupta
emphasis of nematode control has been on the ug#10) used organic manures to enhance the
of synthetic pesticides, chemical fertilizers andyrowth, yield and quality of lettuce.
resistant varieties of crop plants. TheApart from harmful organisms, a number of
indiscriminate use of synthetic pesticides andpeneficial microorganism also inhabit in the soil
chemical fertilizers to manage the plant-parasitienvironment. Many species of soil bacteria are
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reported to promote plant growth by producingoeds measuring 6 mvere prepared, leaving 0.5m
growth regulators, inducing root-exudation andouffer zone between them. The soil was sandy
enhancing the availability of nutrients to plantloam in texture. The beds were treated with
besides control of soil-borne plant pathogenslifferent oil-seed cakes of need. {ndica), castor
(Weller 1988). Fluorescent pseudomondus/e (R. communis), groundnut A. hypogaea), linseed
been shown to be potential agents for th€L. usitatissmum), soybean G. max) and
biocontrol which suppressed the plant diseases sunflower H.annuus) @ 110 kg N ha. Untreated
protecting the seeds and roots from fungabeds served as control. Each treatment was
infection (Siddiqui et al. 2001) and overall plantreplicated five times, arranged in randomized
growth from nematode infestation (Siddiqui andblock design. The beds were immediately watered
Mahmood 1999). for the decomposition of oil-seed cakes and after
It is well established that the addition of organiden days, bacterized seeds of chickp&hcef
additives increased the organic matter contents efietinum) cv. K-850 were sown. Weeding and
the soil and availability of other plant nutrientwatering were done whenever required during four
(Brar et al. 2004) and subsequently increased thaonth growing period.
predaceous nature of rhizospheric population of
microbes. Pseudomonas species are aggressive Experiment with Pseudomonas fluorescens
colonizers of the rhizosphere of various cropAnother experiment near to the first one on above
plants (Schroth and Hancock 1982) and have lines was also laid out in the presence Rof
broad spectrum antagonistic activity against plarftuorescens. Charcoal-soil based commercial
pathogens. A number of organic additives of plantultures of fluorescent pseudomonads GRRS
origin, including oil-seed cakes, chopped planbbtained from the Department of Microbiology,
parts and seed dressing with plant extracts havedian Agricultural Research Institute, New Delhi.
been used as nematode control agents (Akhtar afhe hundred grams of culture of bacteria were
Alam 1993; Tiyagi and Alam 1995). There is asuspended in 1000 ml distilled water and 10ml
need to investigate any role of oil-seed cakes fdequivalent to 1g of culture) were added around
enhancing the population and activity ¢&f. each seedling. One gram culture of GR#ain
fluorescens for reducing the disease intensity ofhad 2.6 X 18viable bacterial cells.
nematodes. With organic farming being pursued as
the State Policy, the long term objective remains tTermination of Experiment and M easur ement
evaluate different organic matters alone that aref Growth Parameters
available widely, and in combination with plant-The experiments were terminated 120 days after
growth promoting microorganisms to be used as the seed germination. Weight of shoots and roots
viable, sustainable, economic and eco-friendlyvere taken separately and the number of pods per
alternative to the use of synthetic and hazardoydant were counted. The number of root-nodules
chemicals. per plant were also counted in the presence and
Keeping in view the importance of organics, theabsence ofP. fluorescens. When the plants
present study was carried out to test the efficdicy reached the flowering stage, the pollen fertility
oil-seed cakes of neem, castor, linseed, groundn(iercentage) was estimated by the method of
and sunflower in the presence and absenck. of Brown (1949), using stainability of pollen grains
fluorescens against the plant-parasitic nematodesn 1% acetocarmine solution.
infesting chickpea and their effect on plant-growth
parameters of crop plant. Chlorophyll Estimation

Chlorophyll content of leaves was estimated by the

method of Hiscox and Israelstam (1979). One

MATERIALSAND METHODS hundred milligrams of leaf pieces were placed in a
_ _ _ vial containing 7.0 ml dimethyl sulfoxide (DMSOQO)
Preparation of Field and Sowing Schedule and the chlorophyll extracted by incubating for 60

The experiment was conducted for twominutes. The extract was transferred to a
consecutive years, i.e., from 2008-2009 and 200Qraduated tube and brought to 10 ml with DMSO
2010. The nematode-infested experimental field aind assayed immediately. A sample of 3.0 ml
Agricultural Research Farm, Aligarh Muslim chlorophyll extract was transferred to a cuvette
University was ploughed thoroughly and smalland the optical density values at 645 and 663 nm
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were read in a spectronic-1001 spectrophotomet&oot-Galling

against a DMSO blank. The beds treated with oil-seed cakes exhibited a
high reduction in the number of root-galls caused
Extraction of Nematodes by M. incognita. The maximum reduction

Before conducting the experiment simultaneouslypccurred in the beds treated with neem cake (Fig.
the initial population of each of the nematoded). However, the reduction in the number of root-
were taken by the procedure as described lgyalls were also noted in the beds treated withrothe
Southey (1986) to know the effect oP. oil-seed cakes. Although the reduction in root-
fluorescens in combination with oil-seed cakes andgalling was statistically significant for other -oil
also in untreated beds. The population of plantseed cakes.

parasitic nematodes were determined from each

bed before the treatment as well as aftePopulation of Plant-Parasitic Nematodes

terminating the experiment by processing the soifhe population of plant-parasitic nematodes
sub-samples (250 g) by Cobb’s sieving andncreased beyond the initial level in untreated and
decanting method along with Baermann funnetreated beds with oil-seed cakdé. incognita, R.
technique (Southey 1986). The nematodes wereniformis and T. brassicae were the dominant
counted and identified. An average of five countspecies in all the beds (Fig. 2). The population of
were taken in each case to determine the numbplant-parasitic nematodes increased from the
of each nematode species. The number of rooinitial level of 1286/250 g soil to 3087 in untredt
galls caused byl. incognita per plant were also beds, whereas treatments with oil-seed cakes

counted. reduced the nematode population. The maximum
reduction occurred in neem cake treated beds
Statistical Analysis (516), followed by linseed cake (614), sunflower

The data of the two years were pooled and theake (676), soybean cake (808), groundnut cake
statistical analysis of the data for critical diface (875) and castor cake (953).
(C.D.) atP = 0.05 andP = 0.01 probability was
done as per procedure described by Pansey ahdthe Presence of P. fluorescens
Sukhatme (1978). Plant Growth Parameters
Significant improvements were noticed in the
growth parameters such as plant weight, percent

RESULTS pollen fertility, pod numbers, number of root-
nodules and chlorophyll content of chickpea in all

In the Absence of P. fluorescens the treatments as compared with the untreated

Plant Growth Parameters control. The presence . fluorescens in all the

Significant improvements were observed in th&eds showed greater increase in the growth
plant weight, percent pollen fertility, pod numhers parameters than in the absence of it. The
number of root-nodules and chlorophyll content offaximum improvement was observed in plant
chickpea in all the treatment as compared with theeight (95.39 g), pollen fertility (98.29%), number
untreated control (Fig. 1). Maximum improvementof pods (75.31), number of root-nodules (56.9) and
was noticed in plant weight (72.48 g), pollenchlorophyll content (4.569 mg/g) in the beds
fertility (90.24%), number of pods (65.74), treated with neem cake compared to other oil-seed
number of root-nodules (47.7) and chlorophylicakes treated beds. In untreated control, plant
content (3.326 mg/g) in the beds treated with neeiyeight (34.28 g), pollen fertility (55.87%), number
cake, compared with other oil-seed cakes and tH¥ pods (26.57), number of root-nodules (24.5) and
untreated control. In the untreated control, plan¢hlorophyll content (2.023 mg/g) were reduced by
weight (23.92 g), pollen fertility (42.57%), numberthe presence of soil-nematodes. However,
of pods (20.37), number of root-nodules (18.6) angignificant improvement was also noted in linseed,
chlorophyll content (1.623 mg/g) were reduced bypunflower, soybean, groundnut and castor cakes
the presence of plant-parasitic nematodedFig. 1).

However, significant increase were also noted in

linseed cake, followed by soybean, sunflowerRoot-Galling
groundnut and castor cakes. Significant reduction in the number of root-galls

was caused bi. incognita observed in the beds
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treated with oil-seed cakes (Fig. 1). The maximunthe beds treated with oil-seed cakes along WRith
reduction occurred in the beds treated with neerftuorescens (Fig. 2). The population of the plant-
cake. However, reductions in the number of rootparasitic nematodes slightly increased from the
galls were noted in the beds treated with other oihitial level of 1286/250 g soil to 2288 in untredt
seed cakes. Untreated beds showed 100.2 rodieds, whereas the treatments with oil-seed cakes
galls/plant while the neem cake reduced to 17.8urther reduced the nematode population. The
root-galls/plant (Fig. 1). maximum reduction occurred in neem cake treated

Population of Plant-Parasitic Nematodes

The population of soil-nematodes reduced in all

beds (215), followed by linseed cake (295),

sunflower
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Figure 1 - Effect of oil-seed cakes in the absence and poesefPseudomonas fluorescens on
growth parameters of Chickpea. Values are Mean#3#a labelled by the same
letters did not differ significantly &<0.05.
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Figure 2 - Effect of oil-seed cakes in the absence and poesefPseudomonas fluorescens on
the population of plant-parasitic nematodes assetiavith Chickpea. Values are
MeanzSE. Data labelled by the same letters didliffar significantly atP<0.05.
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DISCUSSION soil-bacteria such aBacillus, Pseudomonas and
Pantoee are also known to be suppressive to
In the present investigation, soil-application @f o nematodes (Kokalis-Burelle et al. 2003; Mekete et
seed cakes significantly reduced the population afl. 2009). Plant growth-promoting rhizobacteria
plant-parasitic nematodes suchMsincognita, R.  are beneficial native soil bacteria that colonies t
reniformis, T. brassicae, H. indicus, T. filiformis, plant roots and results in increased plant-growth
H. mangiferae, etc. on chickpea. Root-knot (Cleyet-Marcel et al 2001). Similarly, the
development was also reduced by the oil-seed cakkizobacteriumP.fluorescens may also improve
treatments. These findings confirmed those othe plant growth by suppressing the pathogenic
Singh and Sitaramaiah (1970) and Tiyagi andoot pathogens (Oostendrop and Sikora 1989)
Alam (1995) with several other crops. Neem cakghrough the production of biologically active
however reduced pathogenic nematodes beyorsgibstances (Gamliel and Katan 1993). Organic
the threshold limit because of the presence dhaterials such as oil-seed cakes, compost,
certain nematicidal compounds as has beefarmyard manure, green manures, crop residues
reported earlier (Khan et al. 1974a, b). and biofertilizers such aB. fluorescens are other
Oil-cakes are generally rich in manurial valuable source of nutrients to improve the growth
ingredients such as nitrogen, phosphorus arand ultimately the formation of root-nodul&he
potash. The application of these cakes into thie sdtoticeable increase in root-nodulation was
takes about one or two weeks for decompositiormeasured with the application of oil-seed cakes
They have been found to be effective in moist soilgnd P. fluorescens which might be due to rapid
than in dry soils. Various workers have carried ougrowth and  proliferation of roots. The
experiments on the efficacy of oil-seed cakes fodecomposition of oil-seed cakes could induce a
controlling nematodes in tomato, eggplant, okrageficiency in rhizospheric N, thus causing a
chilli, cauliflower, cabbage (Goswami and Swarugrossible N hunger for the developing nodules. In
1971). Alam et al. (1980) claimed that these oilcontrast, the enrichment of rhizospheric N could
seed cakes significantly brought down thestimulate nodule formation. Wei et al. (1996)
population of plant-parasitic nematodes andevealed that some species &fseudomonas
observed that the phenolic compounds releaserfiused greater colonization as well as greater
from oil-seed cakes reduced the nematodsiderophore production. Due to this,fluorescens
population in tomato. The oil-seed cakes amendeghused a significant increase in chickpea plant and
soil were suggested to increase the resistance @50 a reduction in nematode population. The
tomato plants tdv. javanica due to higher phenol combined use ofP. fluorescens with organic
content in their roots (Sitaramaiah and Singhnatters such as oil-seed cakes was better than the
1978). It has been demonstrated that thgse of P. fluorescens alone for controlling the
application of oil-seed cakes to soil increased theematodes. Organic manuring results in several
predeceous activity of micro organisms in the soibeneficial effects such as better soil structure
and was more effective for controlling thewhich provides a more suitable medium for plant
population of nematodes (Southey 1986; Tiyagi egrowth. The availability of nutrients may also be
al. 2001). The addition of organic amendments drelpful for bacterial colonization of roots.
those enriched with micro-organisms somehovdrganic materials decompose slowly, thereby
makes plant more tolerant or resistant tgrotecting the crop (Daji and lyengar 1971), hence
nematodes. Induced resistance in plants caused Weir adverse effects on pathogens persist for
the chemicals released from the micro-organismonger duration. Economic considerations are
was studied by Bostock (2005). Another factoimportant in commercial agriculture and the
which play an important role in nematodegrower’'s acceptance of these strategies for
suppression in amended soils is soil structure. Theontrolling the plant-parasitic nematodes will
present findings are in agreement with those dfivolve practical considerations such as
Queneherve and Chotte (1996) and the pordgansportation costs, availability of organic waste
reduced nematode mobility (Otobe et al. 2004). materials and efficacy of treatment as compared to
Among the many microbes occurring in thecommercial nematicides which are totally
vicinity of roots, soil-bacteria are reported todiscarded by farmers community because of their
promote the plant growth by producing the growttenvironmental hazard®. fluorescens is one such
regulators, inducing root exudation. Some of thesproven biological agent which arrests the growth
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of pathogens and subsequently enhances thscox JD, Israelstam GF. A method for the extiacti
biomass production. The enhancement in plant of chlorophyll from leaf tissue maceratid®an J Bot.
growth and biomass production might be due to 1979; 57: 1332-1334.

increased rate of photosynthesis and highdthan MW, Alam MM, Khan AM, Saxena SK. Effect of

. L e ter soluble fractions of oil-cakes and bitter
metabolic activiies, mobilization of some W& °
7 . . principles of neem on some fungi and nematodes.
movable forms of important nutrients, especially Acta Bot Indica. 1974b: 2: 120-128.

phosphorus, production of growth regulators angan MW, Khan AM, Saxena SK. Rhizosphere fungi
inhibition  of  soil-borne  pathogens  byP. and nematodes of eggplant as influenced by oil-cake
fluorescens. Among such type of management |ndian Phytopathol. 1974a27: 480-484.

practices, utilization of oil-seed cakes couldKokalis-Burelle N, Vavrina CS, Reddy MS, Kloepper
improve the quality of the produce. Several JW. Amendment of muskmelon transplant media
research workers reported that originally produced With plant growth-promoting rhizobacteria: effecis
crops were considered wholesome and valuableseedling quality, disease and nematode resistance.

. i i tilj Hortechnology. 2003; 13: 47.6—48-2. .
giﬁn;%rpeérgbvﬁ]oog) and sustained the soil figr M A A o s Skora RA

Endophytic bacteria from Ethopian coffee plants and
their potential to antaginisMeloidogyne incognita.
Nematology. 2009; 11: 117-127.
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