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Abstract: A pot experiment was conducted during winter season of 2009–2010 in the
department of Botany, AMU, Aligarh, India, to determine the nematicidal potential of
organic matter, neem cake at third level of dose, and bioagent, Glomus fasciculatum
in terms of various growth parameters of tomato, when inoculated individually as well
as concomitantly with respect to root-knot development. Neem cake and
G. fasciculatum showed potential for sustainable management while providing
nutrient sources for proper plant growth. Disease intensity of root-knot nematode
decreased while increasing the doses of neem cake along with the G. fasciculatum.
Chlorophyll contents have been found to be increased in single and combined
application as well. There is a progressive increase in growth parameters raised in soil
amended with 10, 20, and 30 g neem cake/kg soil and inoculated with G. fasciculatum.
Significant improvement in the plant growth was observed when G. fasciculatum and
neem cake were inoculated simultaneously. Neem cake plus G. fasciculatum reduced
the nematodes’ multiplication and root-galling, and increased the plant growth of
tomato as compared to unamended and Meloidogyne incognita-inoculated plants.
Mycorrhyzation and agronomic parameters were increased due to application of
G. fasciculatum alone, but enhanced further when inoculated with neem cake.
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Keywords: neem cake; tomato; Glomus fasciculatum; management

Rizwan Ali Ansari

ABOUT THE AUTHORS

PUBLIC INTEREST STATEMENT

The Aligarh Muslim University, Aligarh, has been
recognized for its outstanding contributions in the
several aspects related to Plant Pathology and
Nematology. Rizwan Ali Ansari, has been engaged
with the development and formulation of different
modules by exploiting the biological organisms and
organic matters against the various economically
important diseases infesting several agricultural
crops. He has recently received a prestigious award
by the Nematological Society of India (NSI) for his
outstanding contribution in organic farming. In
addition, thrust area of Ansari and his groups is
to promote organic farming across the world by
utilizing the organic matters, mychorrhizal fungi,
PGPR, biofertilizers, and some other beneficial
organisms for sustainable management of plantparasitic nematodes through biological means as
well as enriching the soil with nutrients necessary
for plant growth and development.

Tomato, Lycopersicon esculentum Mill. is an
important vegetable crop grown worldwide for its
edible fruits, responsible for correcting malnutrition
in the population of third-world countries like India.
Tomatoes are major source of ascorbic acid and
consumed in the form of juice, paste, ketchup,
puree, soup, etc. Present findings will indeed
disseminate the paramount information among
the non-specialist readers, especially the farmers/
growers and business entrepreneurs, whose
livelihood is totally depend upon the vegetable
production, not only in India, but also abroad. In
this way, growers and related persons may be
given assistance by deploying the methodology
and doses of the different treatments and results
obtained from this research. This will promote the
organic production of vegetables in this country
and elsewhere.

© 2015 The Author(s). This open access article is distributed under a Creative Commons Attribution
(CC-BY) 4.0 license.

Page 2 of 13

Rizvi et al., Cogent Food & Agriculture (2015), 1: 1008859
http://dx.doi.org/10.1080/23311932.2015.1008859

1. Introduction
Tomato, Lycopersicon esculentum Mill. is an important vegetable crop grown worldwide for its
edible fruits, responsible for correcting malnutrition in third-world countries like India. Tomatoes are
consumed in the form of juice, paste, ketchup, puree, soup, etc. Fruits, besides containing the essential
amino acid like tryptophan, also have citric and malic acids in appreciable amounts. Tomato contains
a glucoalkaloid ‘tomatine’ which is used as precipitating agent for cholesterol. The estimated world
production of tomato is about 125.02 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 tons, with an area of
5.72 lakh ha in 2006 (Mane, Sridevi, Salimath, Deshpande, & Khot, 2010); however, a slightly increased
17.50 million tons in the recent years FAOSTAT (2012). Andhra Pradesh ranked first for tomato
production. Despite great production rate globally, productivity of this vegetable is far below
expectation particularly in India as compared to other countries, which could mainly be due to
improper and inadequate supply of nutrients, disease incidence, and lack of adoption of new improved
production technologies.
There are several constraints on the successful cultivation of tomato. Nematode alone causes about
20.6% loss in yield worldwide (Sasser, 1989). Subramaniyan, Rajendran, and Vedivelu (1990) reported
yield loss of 42.05–54.42% due to Meloidogyne incognita from India. Jain, Dabur, and Gupta (1994)
reported 47.3 and 71.9% yield loss in vegetable crops due to M. javanica and M. incognita, respectively.
The crop is greatly affected with root-knot nematodes in all parts of India and elsewhere (Siddiqui &
Shaukat, 2003; Sikora & Fernández, 2005) and difficult crop pests to control (Chitwood, 2002) because
they have high reproduction rates (Ananhirunsalee, Barker, & Beute, 1995). Nematode-infected plants
generally show foliar symptoms like nutrient deficiency, particularly nitrogen (Birat, 1963; Good, 1968),
yield losses in tomato due to root-knot nematode Meloidogyne spp. ranges from 35 to 50% in India
(Jain, 1991; Jonathan, Kumar, Devarajan, & Rajendran, 2001) and as high as 85% globally (Sasser, 1979;
Taylor & Sasser, 1978).
For the successful management of plant diseases mostly, the attention was focused only on chemical
pesticides which are effective but also create a lot of hazards to man and environment. In addition to
the target pest, they also kill a lot of beneficial micro-organisms in the rhizosphere and also contaminate
soil and water and accumulate in plant parts. So, there is a need to explore and exploit other methods
of disease management. For the last one decade, biofertilizers are used extensively as an ecofriendly
approach to minimize the use of chemical fertilizers, improve soil fertility status, and for enhancement
of crop production by their biological activity in the rhizosphere. The best biocontrol measures have
been the micro-organisms that grow in the rhizosphere. Under natural conditions, these organisms
provide the frontline defense against pathogens. Among the various micro-organisms, arbuscular
mycorrhizal (AM) fungi have attracted considerable attention for their usefulness in biological control.
Mycorrhizae, the associations between fungi and plant roots, are among the most widespread
relationships among plant communities. These are potential tools now available to improve the overall
performance and productivity of plants. Arbuscular mycorrhizae are ubiquitous and occur over a broad
ecological range. They constitute an integral component of terrestrial ecosystems, forming symbiotic
associations with plant root systems of over 80% of all terrestrial plant species, including many
agriculturally important species. They are commonly found in agricultural crops, irrespective of soil
types and in turn supply the plant with nutrients (Rangaswami, 1990). It is widely accepted that AM
play a recognized role in nutrient cycling in the ecosystem; Harley and Smith (1983). AM fungi also
stimulate the uptake of zinc, copper, sulfur, potassium, and calcium, although not as markedly as
phosphorus (Cooper & Tinker, 1978). AM fungi help the roots in better absorption of water by exploring
water in wider zones in soil (Safir, Boyer, & Gerdemann, 1971, 1972). AM fungi also act as biofertilizers
to supplement phosphorus and nitrogen fertilizers, and considerable improvement in the growth of
several crops was observed (Marwaha, 1995; Selveraj, Sivakumar, & Bhaskar, 1996).
Among a wide variety of organic matters that have been tested as organic amendments to soil for
managing plant-parasitic nematodes are oil seed cakes. Oil seed cakes are byproduct of plant seed
oil-processing industries and may suppress plant-parasitic nematodes in economically important
Page 3 of 13

Rizvi et al., Cogent Food & Agriculture (2015), 1: 1008859
http://dx.doi.org/10.1080/23311932.2015.1008859

crops (Akhtar & Malik, 2000; D’Addabbo, 1995; Hafez & Sundaraj, 1999; Jothi, Sundara Babu, &
Ramakrishnan, 2004; Muller & Gooch, 1982; Radwan, El-Maadawy, Kassem, & Abu-Elamayem, 2009;
Rodriguez-Kabana, 1986; Sasanelli, Greco, D’Addabbo, Coiro, & Lamberti, 2003; Tiyagi & Ajaz, 2004).
Neem cake is an organic byproduct obtained in the process of cold processing of neem tree fruits and
kernels, and the solvent extraction process for neem oil cake. Neem cake has an adequate quantity
of NPK in organic form for plant growth. Being a totally botanical product, it contains 100% natural
NPK content and other essential micronutrients as N (2–5%), P (0.5–1%), K (1–2%), Ca (0.5–3%), Mg
(0.3–1%), S (0.2–3%), Zn (15–60 ppm), Cu (4–20 ppm), Fe (500–1,200 ppm), and Mn (20–60 ppm)
(Puri, 1999; Schmutterrer, 2002; Seenappa, 2009; Tewari, 1992; Vietmeyer, 1992). It reduces alkalinity
in soil, improves organic matter content of soil, helping improvement in soil texture, water holding
capacity, and soil aeration for better root development. It contains salannin, nimbin, azadirachtin,
and azadiradione as major components.
Biological control implies total or partial destruction of a pathogen by any other organism except
man. The term was introduced for the first time by G.F. Von Tabuef in 1914 (Baker, 1987). Interest in
biological control first arose in 1920s, when some plant pathogens were suppressed by introducing
some antibiotics-producing microbes. Biocontrol of nematodes mainly alludes with the application
of biological agent for the reduction of plant-parasitic nematode population, either by introduction
or by stimulation of natural enemies of the nematode in the soil. The objective of the present study
was to determine the efficacy of neem cake and arbuscular mycorrhizae, Glomus fasciculatum
against root-knot nematode, M. incognita infecting tomato plants, and also to determine suitable
application rate of neem cake.

2. Materials and methods
2.1. Preparation and sterilization of soil mixture
Soil was collected from a field of the Botany Department, Aligarh Muslim University, Aligarh, having
the texture of sandy-loam. The soil was mixed with river sand and organic manure in the ratio of
3:1:1 (v/v), and 6-inch diameter pots were filled with 1 kg of soil. Water was poured into each pot to
wet the soil before transferring to an autoclave for sterilization at 138 kpa for 20 min.

2.2. Raising and maintenance of the test plants
The tomato (L. esculentum var. Sona-21) seeds were surface sterilized in 0.01% mercuric chloride
(HgCl2) for 2 min and then rinsed three times with sterile water. Seeds were sown in the sterilized soil
in 25 cm clay pots. One week after germination, seedlings were transplanted into each pot containing
1 kg of sterilized soil.

2.3. Preparation of nematode inoculum
Samples of nematode-infected brinjal or tomato roots were collected from the village Shankarpur,
Hathras, India. Females of root-knot nematode were collected and identified as Meloidogyne incogntia.
Pure culture of M. incognita was maintained in the greenhouse of the department on Solanum
melongena. Large numbers of egg masses of root-knot nematode were hand-picked using a sterilized
forceps from heavily infected eggplant root. These egg masses were washed in distilled water and
then placed in 10-cm diameter 15 mesh sieves containing crossed layers of tissue paper and placed
in petri dishes containing water just deep enough to contact the egg masses. The hatched juveniles
were collected every 24 h and fresh water was added to the petri dishes. The concentration of secondstage juveniles (J2) of M. incogntia in the water suspension was adjusted, so that each milliliter
contained 200 ± 5 nematodes. Ten ml of this suspension containing 2,000 freshly hatched juveniles
(J2) was added to each pot.

2.4. AM fungus inoculum
G. fasciculatum inoculum spores were isolated and identified and the culture was maintained on Zea
mays grown in sandy-loam soil mixed with washed river and farmyard manure in the ratio of 3:2:1
(v/v/v), respectively, in the greenhouse of the department. Later, spores of G. fasciculatum were
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isolated by sieving from pure culture soil maintained on Z. mays, suspension obtained from sieving
was poured on filter paper and spores of AM fungus were picked up with a fine camel hair brush or
needle under a binocular. Spores of each fungus were placed in 10 ml of distilled water and poured
into the pots at the rate of 600 spores per plant. Any spores remaining in the beaker that contained
the spores were picked up with the brush and placed near the roots.

2.5. Soil amendment with neem cake
Oil cakes of neem were thoroughly mixed with sandy clay loam soil (51% sand, 15% silt and 34%
clay; pH 7.8 and organic matter of 0.73%) at 10, 20, and 30 g/kg soil in 15-cm clay pots. Pots without
amendments were kept as control. All pots were arranged in a completely randomized block design
on a bench in a greenhouse that averaged 27°C minimum and 32°C maximum temperature. Each
treatment was replicated five times. The pots were watered daily to ensure proper decomposition of
organic matter. After 2 weeks, 7 days old tomato seedling was transplanted into each pot. The
plants were then inoculated with 2,000 J2 of M. incognita and 600 spores of G. fasciculatum after
48 h.

2.6. Inoculation technique
For inoculation, soil around the roots of the plant was carefully moved aside without damaging the
roots. The inoculum suspension of both nematode and AM fungus alone and concomitantly was
poured/placed around the roots, and the soil was replaced. The control treatments received sterile
distilled water of a volume equal to that of the inoculum suspension.

2.7. Observations
Plants were uprooted 60 days after inoculation and the root systems were rinsed free of soil. The
plants were cut with a knife just above the root emergence zone. Length of plants were measured
from the top of first leaf to the end of root and recorded in cm. Fresh weight of plant was recorded
in gram. For dry weight determination, shoots were put in envelopes and kept in a hot air oven at
60°C for 2–3 days before weighing. The number of galls per root system was also counted.
A 250 g subsample of well-mixed soil from each treatment was processed by Cobb’s sieving and
decanting method followed by Baermann funnel extraction. Nematode suspension was collected
after 24 h and the number of nematodes was counted by taking 1 ml of the suspension from each
sample in a counting dish. The means of the five counts were used to calculate the population of
nematodes per kg soil. To estimate the number of juveniles, eggs, and females inside the roots, 1 g
subsamples of roots were macerated for 30–40 s in a waring blender and counts were made from
the suspensions so obtained. The total number of nematodes present in the roots was calculated by
multiplying the number of nematodes present in 1 g of root by the total weight of root.

3. Mycorrhization procedure
3.1. Clearing and staining (Phillips & Hayman, 1970)
Roots were washed with tap water and cut into 1-cm long segments and then boiled in 10% KOH
solution at 90°C for 45 min. KOH solution was then poured off and roots were rinsed well in a beaker
until no brown color appeared in the rinsed water. Alkaline H2O2, which was used to bleach the roots,
was made by adding 3 ml of NH4OH to 30 ml of 10% H2O2 and 567 ml of tap water. The roots were
rinsed thoroughly at least three times using tap water to remove the H2O2. Roots were then treated
with 0.05% trypan blue (in lactophenol) and kept overnight for destaining in a solution prepared with
acetic acid (laboratory grade)—875 ml, glycerine—63 ml, and distilled water—63 ml. The cellular
contents were removed by this method and the AM fungal structures get stained dark blue. These
stained root segments were used for determining the root colonization by AM fungi.
Percentage of root colonization and percent arbuscules were determined by slide method
(Giovannetti & Moose, 1980). The root segments were selected at random from the stained sample
and mounted on microscopic slides in groups of ten. One hundred to 150 root segments from each
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samples were used for the assessment. The presence/absence of colonization in each root segment
was recorded and percent colonization was calculated as follows:

Percent AM association =

No. of mycorrhizal segments
× 100
Total no. of segments screened

(1)

Isolated spores were identified with the help of keys provided by different workers (Bakshi, 1974; Hall
& Fish, 1979; Rani & Mukerji, 1988; Srinivas, Ramraj, & Sharma, 1988; Trappe, 1982).

3.2. Estimation of chlorophyll
The green leaves were taken for chlorophyll estimation and it was done according to the method of
Hiscox and Israelstam (1979). One hundred milligram of tomato leaf pieces were kept in a vial containing 7 ml of a chemical named dimethyl sulfoxide (DMSO) and the chlorophyll content was
extracted into the fluid by incubating for 60 min. Then this extract was transferred to a graduated
tube and assayed immediately. A sample of 3 ml chlorophyll extract was transferred in cuvette and
the optical density value at 645 and 663 nm was read in spectronic-1001 spectrophotometer against
DMSO blank. Tomato fruit samples of 10 g in each replicate were taken for the estimation of ascorbic
acid. The ascorbic acid content was estimated titrimetrically 2, 6-dichlorophenol indophenols dye
(Rangana, 1976).

3.3. Estimation of N, P and K in plant
Nitrogen content in plants was determined according to the IITA (1975) procedure. Phosphate and
potash contents from plants were estimated by the method of Lindner (1944).

3.4. Statistical analysis
The entire data collected during this study was statistically analyzed in simple randomized design by
the method of Panse and Sukhatme (1985). Least significant differences was calculated at p = 0.05
and p = 0.01.

4. Results
4.1. Growth parameters
The growth of tomato plants in terms of length, and fresh and dry weights was increased when soil
was amended with 10 g neem cake as compared to uninoculated control and this increase was
further enhanced when more and more oil cakes (20 and 30 g) were added. There is a progressive
increase in length, and fresh and dry weights when tomato plants were raised in soil amended with
10, 20, 30 g neem cake/kg soil and inoculated with G. fasciculatum (36.56, 53.41, 62.40, 50.25, 66.61,
69.74, 56.70, 72.22, and 77.37%). A significant increase in the plant growth was observed when both
biocontrol agents – G. fasciculatum and neem cake – were inoculated. Growth of tomato plants
inoculated with G. fasciculatum + M. incognita did not differ significantly from the control irrespective
of the dosages of neem cake. Inoculation of M. incognita caused a significant reduction in the growth
parameters (28.25, 31.24 and 32.38%) over uninoculated control. Neem cake and G. fasciculatum
together reduced the multiplication and root-galling caused by M. incognita, which ultimately
increased the plant growth of tomato as compared to unamended and M. incognita-inoculated
plants (38.12, 48.95, 50.00, 44.92, 54.34, 56.05, 48.26, 59.51 and 64.04%) (Tables 1–3).

4.2. Chlorophyll content
Chlorophyll content was significantly increased in plants grown in amended soil with the neem cake
at 10, 20, and 30 g along with the AM fungi. However, the increase was parallel to the increase in
dose of neem cake along with G. fasciculatum. Maximum improvement in chlorophyll was recorded
in those treatments receiving at 30 g + G. fasciculatum followed by at 20 g + G. fasciculatum and at
10 g + G. fasciculatum. Significant reduction in nematode population was recorded in those plants
received at 30 g + G. fasciculatum. However, all treatments showed improvement in chlorophyll
contents but combined application of NC + GF with at 30 g + G. fasciculatum exhibited significant
value over control.
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4.19

5.65

CD (p = 0.05)

CD (p = 0.01)

33.19

43.80

49.27

GF + MI

NC + GF + MI

70.55

67.00

GF + NC

35.39

43.00

45.17

48.60

NC + MI

22.60

45.10

32.87

Plant
fresh
weight
(g)

GF

50.63

30.49

NC

MI

42.50

Plant
length
(cm)

Control

Treatments

10.73

7.65

28.3

64.1

–

–

55.6

172.5

–

–

Number
of galls/
plant

43.35

30.92

2,359

7,003

–

–

6,260

10,498

–

–

Nematode
population
in soil

4.89

3.49

54.9

42.6

60.7

47.5

–

-

–

–

Mycorrhization

0.66

0.11

2.787

2.461

2.961

2.667

2.531

1.209

2.841

2.156

Chlorophyll
content

7.78

5.77

76.62

54.27

93.78

68.50

61.80

36.43

83.94

51.62

N

6.11

4.53

62.72

48.30

79.07

60.24

55.37

30.54

70.76

41.64

P

4.74

3.51
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Table 1. Interactive effect of neem cake at 10 g/kg soil and G. fasciculatum on growth parameters, nematode population, and mycorrhization in tomato plants
inoculated with M. incognita
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K

Table 2. Interactive effect of Neem cake at 20 g/kg soil and G. fasciculatum on growth parameters, nematode population, and mycorrhization in tomato plants
inoculated with M. incognita
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63.36
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K

Table 3. Interactive effect of neem cake at 30 g/kg soil and G. fasciculatum on growth parameters, nematode population, and mycorrhization in tomato plants
inoculated with M. incognita
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4.3. Nutrient contents in plant
The results observed that individual as well as combined inoculations of neem cake and G. fasciculatum
significantly improved the N, P, and K contents as compared to uninoculated control. The individual
inoculation of organics as well as G. fasciculatum improved less N content in plants as compared to
combined inoculations. The highest N content was observed in the combined treatment of at 30 g + G.
fasciculatum-inoculated plants, where it was recorded as 99.86 mg/kg, while the minimum was
determined in untreated control (51.62 mg/kg), but decreased significantly with the nematodeinoculated plants and recorded as 36.43 mg/kg. The different doses of organics were used to observe
the difference about the performance to increase the maximum amount of nitrogen. The same order
of improvement/reduction in P and K was recorded (Table 1).

4.4. Nematode population
Data given in Tables 1–3 revealed that neem cakes at the rates applied in this study from 10 to 30 g/
kg soil significantly reduced the population density of nematodes in terms of number of eggmasses/
root system, number of eggs/eggmass, number of galls/plant, and number of nematodes in soil. The
AM fungi, G. fasciculatum, was found to be mitigating the losses incurred by root-knot nematode,
M. incognita. The number of nematodes in neem cake amended soil was lesser than in the plants
treated with G. fasciculatum, but simultaneous treatment with neem cake and G. fasciculatum proved
to be more effective than when treated individually. Their effectiveness increases with the increase in
the dosages of neem cake.

4.5. Mycorrhization
In general, the external colonization was highest when plants were inoculated with G. fasciculatum.
The increase in mycorrhization was progressively enhanced significantly with the increase in the
dosage of neem cake from 10 to 30 g/kg soil. There is a significant decline in mycorrhization when
mycorrhizal plants were inoculated with M. incognita, but the decline in mycorrhization was further
improved when mycorrhizal plants were raised in neem cake-amended soil and inoculated with
M. incognita. The higher the dose of neem cake, the higher the mycorrhization level (Tables 1–3).

5. Discussion
The present study showed that G. fasciculatum is beneficial to the tomato plants, as it helps plant
growth by promoting shoot and root growth of the plants. The improvement of plant growth
characterized in mycorrhizal plants compared to control indicates the existence of complex physiological
and biochemical beneficial relationship between the G. fasciculatum and tomato. AM fungi have been
reported to alter the physiology of the root and reduce root-exudation (Graham, Leonard, & Menge,
1981), causing changes in phytohormone levels (Allen, Moore, & Christensen, 1980) and photosynthetic
rate (Allen, Smith, Moore, & Christensen, 1981). Improved nutrient status in the mycorrhizal plants
resulted in increased biomass production and growth potential. This supports the earlier findings that
mycorrhizal infection can cause a beneficial physiological effect on host plants by increasing uptake of
soil phosphorus (Gerdemann, 1968, 1975; Koopmans et al., 2004; Smith & Read, 1997).
There was a significant difference among the various doses of neem cake on the growth of tomato
plant and also on the reduction of nematode population, both in the soil and roots. By increasing the
concentration of neem cake, the total number of nematodes within roots decreased with the
significant growth in tomato plant. The highest being observed when tomato plants were raised in
soil amended with 30 g of neem cake. Soil treatments with neem cake significantly reduced the rootgalling and number of eggs/eggmass in the root that resulted in the decrease in the soil population
of root-knot nematode. The highest was observed at 30 g neem cake/kg soil. It has been reported
that certain micro-organisms that contributed to the decomposition of oil cakes produce certain
products like ammonia, fatty acids, formaldehyde, and phenols (Alam, Ahmad, & Khan, 1980; Alam,
Siddiqui, & Khan, 1977; Khan, Alam, & Saxena, 1974; Oka et al., 2000; Sitaramaiah & Singh, 1978;
Tiyagi, Khan, & Alam, 2001). The effect of these combined factors leads to reduced nematode
development.
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The ability of fungal biocontrol agent, G. fasciculatum, in the management of root-knot nematode,
M. incognita, increased in the presence of neem cake. It has been observed by various workers that
biocontrol agents of soil-borne plant pathogens are applied to soil in combination with organic materials
(Goswami, Pandey, Rathour, Bhattacharya, & Singh, 2006; Harrier & Watson, (2004); Haseeb, Sharma, &
Shukla, 2005; Mittal, Saxena, & Mukerji, 1995; Rodriguez-Kabana, Morgan-Jones, & Chet, 1987). It is
assumed that organic materials contribute to enhanced biological activities against the target pathogen
by providing the needed nutrients for the initial growth of the biocontrol agents in soil and may be used
as carriers to facilitate distribution. The decomposition of organic matter released nematicidal principle(s)
and the residual organic matter increased fungal activity and persistence (Ashraf & Khan, 2010; Harrier
& Watson, 2004; Kerry, 1984; Mani & Anandam, 1989; Rao & Reddy, 1994).
From the results obtained, a conclusion may be drawn that the inoculation of tomato seedlings
with G. fasciculatum and soil amended with neem cake can be used as a biological tool for managing
the root-knot nematode, M. incognita.
Acknowledgment
The Chairman, Department of Botany, Aligarh Muslim
University, India, is gratefully acknowledged for providing
the necessary facilities during the research.
Funding
The authors received no direct funding for this research.
Author details
Rose Rizvi1
E-mail: rose.amu@gmail.com
Geeta Singh1
E-mail: rizwan2356@gmail.com
Safiuddin1
E-mail: safiuddin7ansari@gmail.com
Rizwan Ali Ansari1
E-mail: rizwans.ansari@gmail.com
Sartaj Ali Tiyagi1
E-mail: satajtiyagi@gmail.com
Irshad Mahmood1
E-mail: irshad.mahmood2@gmail.com
1
Plant Pathology and Nematology Laboratory, Department of
Botany, Aligarh Muslim University, Aligarh 202002, India.
Citation information
Cite this article as: Sustainable management of root-knot
disease of tomato by neem cake and Glomus fasciculatum,
Rose Rizvi, Geeta Singh, Safiuddin, Rizwan Ali Ansari,
Sartaj Ali Tiyagi & Irshad Mahmood,
Cogent Food & Agriculture (2015), 1: 1008859.
Cover image
Source: Author.
References
Akhtar, M., & Malik, A. (2000). Roles of organic soil
amendments and soil organisms in the biological control
of plant-parasitic nematodes: A review. Bioresource
Technology, 74, 35–47.
http://dx.doi.org/10.1016/S0960-8524(99)00154-6
Alam, M. M., Ahmad, M., & Khan, A. M. (1980). Effect of organic
amendments on the growth and chemical composition
of tomato, eggplant and chilli and their susceptibility
to attack by Meloidogyne incognita. Plant and Soil, 57,
231–236. http://dx.doi.org/10.1007/BF02211683
Alam, M. M., Siddiqui, S. A., & Khan, A. M. (1977). Mechanism of
control of plant-parasitic nematodes due to application
of organic amendment to the soil. Indian Journal of
Nematology, 7, 27–31.

Allen, M. F., Moore, Jr., T. S., Christensen, M. (1980).
Phytohormone changes in Bouteloua gracilis infected by
vesicular-arbuscular mycorrhizae: I. Cytokinin increases in
the host plant. Canadian Journal of Botany, 58, 371–374.
http://dx.doi.org/10.1139/b80-038
Allen, M. F., Smith, W. K., Moore, T. S., & Christensen, M. (1981).
Comparative water relations and photosynthesis of
mycorrhizal and non-mycorrhizal Bouteloua gracilis H.B.K.
lag ex steud. New Phytologist, 88, 683–693.
http://dx.doi.org/10.1111/nph.1981.88.issue-4
Ananhirunsalee, K., Barker, K. R., & Beute, M. K. (1995).
Infection, reproduction and root galling by root-knot
nematode species and concomitant populations on
peanut and tobacco. Journal of Nematology, 27, 172–177.
Ashraf, M. S., & Khan, T. A. (2010). Integrated approach for
the management of Meloidogyne javanica on eggplant
using oil cakes and biocontrol agents. Archives of
Phytopathology and Plant Protection, 43, 609–614.
http://dx.doi.org/10.1080/03235400801972434
Baker, K. F. (1987). Evolving concepts of biological control of
plant pathogens. Annual Review of Phytopathology, 25,
67–85.
http://dx.doi.org/10.1146/annurev.py.25.090187.000435
Bakshi, B. K. (1974). Mycorrhizae and its role in forestry (PL
480 Project Report, p. 89). Forest Research Institute,
Dehradun.
Birat, R. B. S. (1963). Effect of major plant nutrient in gall
formation. Science & Culture, 29, 311–312.
Chitwood, D. J. (2002). Phytochemical based strategies for
nematode control. Annual Review of Phytopathology,
40, 221–249. http://dx.doi.org/10.1146/annurev.
phyto.40.032602.130045
Cooper, K. M., & Tinker, P. B. (1978). Translocation and transfer
of nutrients in vesicular-arbuscular mycorrhizas. II.
Uptake and translocation of phosphorus, zinc and
sulphur. New Phytologist, 81, 43–52.
http://dx.doi.org/10.1111/nph.1978.81.issue-1
D’Addabbo, T. D. (1995). The nematicidal effect of organic
amendments: A review of literature, 1982–1994.
Nematologia Mediterranea, 23, 299–305.
FAOSTAT. (2012). Production of tomato by countries. Food and
Agriculture Organization. Retrieved February 21, 2014,
from http://en.wikipedia.org/wiki/Tomato
Gerdemann, J. W. (1968). Vesicular-arbuscular mycorrhiza
and plant growth. Annual Review of Phytopathology, 6,
397–418.
http://dx.doi.org/10.1146/annurev.py.06.090168.002145
Gerdemann, J. W. (1975). Vesicular arbuscular mycorrhizae. In
J. G. Torrey & D. T. Clarkson (Eds.), The development and
function of roots (pp. 576–591). London: Academic Press.

Page 11 of 13

Rizvi et al., Cogent Food & Agriculture (2015), 1: 1008859
http://dx.doi.org/10.1080/23311932.2015.1008859

Giovannetti, M., & Moose, B. (1980). An evaluation of technique
for measuring vesicular-arbusculur mycorrhizal infections
in roots. New Phytologist, 84, 498–500.
Good, J. M. (1968). Relation of plant parasitic nematodes
of management practices. In G. C. Smart & V. G. Perry
(Eds.), Tropical nematology (pp. 113–138). Gainesville, FL:
University of Florida Press.
Goswami, B. K., Pandey, R. K., Rathour, K. S., Bhattacharya, C., &
Singh, L. (2006). Integrated application of some compatible
biocontrol agents along with mustard oil seed cake and
furadan on Meloidogyne incognita infecting tomato plants.
Journal of Zhejiang University Science B, 7, 873–875.
http://dx.doi.org/10.1631/jzus.2006.B0873
Graham, J. H., Leonard, R. T., & Menge, J. A. (1981). Membranemediated decrease in root exudation responsible for
phorphorus inhibition of vesicular-arbuscular mycorrhiza
formation. Plant Physiology, 68, 548–552.
http://dx.doi.org/10.1104/pp.68.3.548
Hafez, S. L., & Sundaraj, P. (1999). Efficacy of seed crop meals
for the management of Columbia root-knot nematode,
Meloidogyne chitwoodi on tomato under greenhouse
conditions. Nematropica, 29, 171–177.
Hall, I. R., & Fish, B. J. (1979). A key to endogonaceae.
Transaction of British Mycological Society, 73, 262–270.
Harley, J. L., & Smith, S. E. (1983). Mycorrhizal symbiosis
(p. 483). London: Academic Press.
Harrier, L. A., & Watson, C. A. (2004). The potential role of
arbuscular mycorrhizal (AM) fungi in the bioprotection
of plants against soil-borne pathogens in organic and/
or other sustainable farming systems. Pest Management
Science, 60, 149–157.
http://dx.doi.org/10.1002/(ISSN)1526-4998
Haseeb, A., Sharma, A., & Shukla, P. K. (2005). Studies on
the management of root-knot nematode, Meloidogyne
incognita—Wilt fungus, Fusarium oxysporum disease
complex of green gram, Vigna radiata cv ML-1108.
Journal of Zhejiang University Science, 6B, 736–742.
http://dx.doi.org/10.1631/jzus.2005.B0736
Hiscox, J. D., & Israelstam, G. F. (1979). A method for the
extraction of chlorophyll from leaf tissue without
maceration. Canadian Journal of Botany, 57, 1332–1334.
http://dx.doi.org/10.1139/b79-163
Jain, R. K. (1991). Nematode pests of vegetable crops. In
D. S. Bhatti & R. K. Walia (Eds.), Nematode pests of crops
(pp. 77–79). Delhi: Cosmo Publishers.
Jain, R. K., Dabur, K., & Gupta, D. C. (1994). Assessment of
avoidable losses in yield due to root-knot nematode
(Meloidogyne spp.) in few vegetable crops. Indian Journal
of Nematology, 24, 131–134.
Jonathan, E. I., Kumar, S., Devarajan, K., & Rajendran, G. (2001).
Nematode pests of commercial flower crops. In E. I.
Jonathan (Ed.), Fundamentals of plant nematology
(pp. 20–48). Trichy: Devi Publication.
Jothi, G., Sundara Babu, R., & Ramakrishnan, S. (2004).
Management of root-lesion nematode, Pratylenchus
delattrei in crossandra using oil cakes. Bioresource
Technology, 93, 257–259.
http://dx.doi.org/10.1016/j.biortech.2003.11.002
Kerry, B. R. (1984). Development of verticillium
chlamydosporium as a biological control agent for some
plant-parasitic nematodes: An experimental station,
Harpenden. Journal of Nematology, 26, 105 (Abstract).
Khan, A. M., Alam, M. M., & Saxena, S. K. (1974). Mechanism
of the control of plant-parasitic nematodes as a result of
the application of oil cakes to the soil. Indian Journal of
Nematology, 4, 93–96.
Koopmans, G. F., Chardon, W. J., Ehlert, P. A. I., Dolfing, J.,
Suurs, R. A. A., Oenema, O., & van Riemsdijk, W. H.
(2004). Phosphorus availability for plant uptake in a
phosphorus-enriched noncalcareous sandy soil. Journal of
Environment Quality, 33, 965–975.
http://dx.doi.org/10.2134/jeq2004.0965

Lindner, R. C. (1944). Rapid analytical methods for some of the
more common inorganic constituents of plant tissues.
Plant Physiology, 19, 76–89.
http://dx.doi.org/10.1104/pp.19.1.76
Mane, R., Sridevi, R., Salimath, M. N., Deshpande, S. K., &
Khot, A. B. (2010). Performance and stability of different
tomato (Solanum lycopersicon) genotypes. Indian Journal
of Agricultural Sciences, 80, 898–901.
Mani, A., & Anandam, R. J. (1989). Evaluation of plant leaves,
oil cakes and agro-industrial wastes as substrates for
mass multiplication of the nematophagous fungus
Paecilomyces lilacinus. Journal of Biological Control, 3,
56–58.
Marwaha, B. C. (1995). Biofertilizer—A supplementary source
of plant nutrient. Fertilizer News, 40, 39–50.
Mittal, N., Saxena, G., & Mukerji, K. G. (1995). Integrated control
of root-knot disease in three crop plants using chitin and
Paecilomyces lilacinus. Crop Protection, 14, 647–651.
http://dx.doi.org/10.1016/0261-2194(95)00045-3
Muller, R., & Gooch, P. S. (1982). Organic amendments in
nematode control. An examination of the literature.
Nematropica, 12, 319–326.
Oka, Y., Nacar, S., Putievsky, E., Ravid, U., Yaniv, Z., &
Spiegel, Y. (2000). Nematicidal activity of essential oils
and their components against the root-knot nematode.
Phytopathology, 90, 710–715.
http://dx.doi.org/10.1094/PHYTO.2000.90.7.710
Panse, V. G., & Sukhatme, P. V. (1985). Statistical methods of
agriculture workers. New Delhi: ICAR Publication.
Phillips, J. M., & Hayman, D. S. (1970). Improved procedures
for clearing roots and staining parasitic and vesiculararbuscular mycorrhizal fungi for rapid assessment of
infection. Transactions of the British Mycological Society,
55, 158–161.
http://dx.doi.org/10.1016/S0007-1536(70)80110-3
Puri, H. S. (1999). Neem: The divine tree. Azadirachta indica
(p. 182). Amsterdam: Harwood Academic Publishers.
Radwan, M. A., El-Maadawy, E. K., Kassem, S. I., &
Abu-Elamayem, M. M. (2009). Oil cakes soil amendment
effects on Meloidogyne incognita, root-knot nematode
infecting tomato. Archives of Phytopathology and Plant
Protection, 42, 58–64.
http://dx.doi.org/10.1080/03235400600940830
Rangana, S. (1976). Manual of analysis of fruits and vegetable
products (p. 634). New Delhi: Tata McGraw Hill. ISBN:
007096579X, 9780070965799.
Rangaswami, G. (1990). Mycorrhiza—The beneficial fungal
plant association. In D. D. Bagyaraj & A. Manjunath
(Eds.), Mycorrhizal symbiosis and plant growth (pp. 1–37).
Bangalore: Mycorrhiza Network Asia and University of
Agricultural Sciences.
Rani, R., & Mukerji, K. G. (1988). Taxonomy of Indian vesicular
arbuscular mycorrhizal fungus. In A. Mahadevan,
N. Raman, & N. Natarajan (Eds.), Mycorrhiza for green Asia
(pp. 103–105). Chennai: Alamu Printing Works.
Rao, M. S., & Reddy, PP. (1994). A method for conveying
Paecilomyces lilacinus to soil for the management of rootknot nematodes on eggplant. Nematologia Mediterranea,
22, 265–267.
Rodriguez-Kabana, R. (1986). Organic and inorganic
amendments to soil as nematode suppressants. Journal
of Nematology, 18, 129–135.
Rodriguez-Kabana, R., Morgan-Jones, G., & Chet, I. (1987).
Biological control of nematodes: Soil amendments and
microbial antagonists. Plant and Soil, 100, 237–247.
Safir, G. R., Boyer, J. J., & Gerdemann, J. W. (1971). Mycorrhizal
enhancement of water transport in Soybean. Science, 172,
581–583. http://dx.doi.org/10.1126/science.172.3983.581
Safir, G. R., Boyer, J. J., & Gerdemann, J. W. (1972). Nutrient
status and mycorrhizal enhancement of water transport
in Soybean. Plant Physiology, 49, 700–703.
http://dx.doi.org/10.1104/pp.49.5.700
Page 12 of 13

Rizvi et al., Cogent Food & Agriculture (2015), 1: 1008859
http://dx.doi.org/10.1080/23311932.2015.1008859

Sasanelli, N., Greco, P., D’Addabbo, T., Coiro, M. I., &
Lamberti, F. (2003). The use of olive mill wastes for the
control of root-knot nematodes. Communications in
Agricultural and Applied Biological Sciences, 68, 135–138.
Sasser, J. N. (1979). Economic importance of Meloidogyne in
tropical countries. In F. Lamberti & C. E. Taylor (Eds.), Rootknot-nematodes (Meloidogyne spp.): Systematics, biology
and control (pp. 359–374). London: Academic Press.
Sasser, J. N. (1989). Plant-parasitic nematodes: The farmer’s
hidden enemy (p. 115). Raleigh, NC: A co-operative
publication of the Department of Plant Pathology and the
Consortium for International Crop Production.
Schmutterrer, H. (2002). The neem tree: Source of unique
natural products for integrated pest management,
medicine, industry and other purposes (2nd ed.,
Hardcover). Weinheim: VCH Ver/agsgesellschaft.
Seenappa, R. (2009). Organic for healthy living (pp. 123–128).
Dehra Dun: Dinkal Agro, International Book Distributors.
Selveraj, T., Sivakumar, P., & Bhaskar, C. (1996). Comparative
efficiency of different VAM fungi on Coleus aromaticus
(Benth.) and Coleus barbatus (Benth.). Journal of the
Indian Botanical Society, 75, 271–273.
Siddiqui, I. A., & Shaukat, S. (2003). Suppression of rootknot disease by Pseudomonas fluorescens CHA0 in
tomato: Importance of bacterial secondary metabolite,
2,4-diacetylpholoroglucinol. Soil Biology and Biochemistry,
35, 1615–1623.
http://dx.doi.org/10.1016/j.soilbio.2003.08.006
Sikora, R. A., & Fernández, E. (2005). Nematode parasites of
vegetables. In M. Luc, R. A. Sikora, & J. Bridge (Eds.), Plant
parasitic nematodes in subtropical and tropical agriculture
(pp. 319–392). Wallingford: CAB Publications.
http://dx.doi.org/10.1079/9780851997278.0000
Sitaramaiah, K., & Singh, R. S. (1978). Effect of organic
amendment on phenolic content of soil and plant and
response of Meloidogyne javanica and its host to related

compounds. Plant and Soil, 50, 671–679.
http://dx.doi.org/10.1007/BF02107218
Smith, S. E., & Read, D. J. (1997). Mycorrhizal symbiosis. San
Diego, CA: Academic Press.
Srinivas, K., Ramraj, B., & Sharma, N. (1988). Survey for the
occurrence of native VAM fungi. In A. Mahadevan,
N. Raman, & K. Natarajan (Eds.), Mycorrhizae for green
Asia (pp. 111–113). Madras: Alamu Printing Works.
Subramaniyan, S., Rajendran, G., & Vedivelu, S. (1990).
Estimation of loss in tomato due to Meloidogyne
incognita and Rotylenchulus reniformis. Indian Journal of
Nematology, 20, 239–240.
Taylor, A. L., & Sasser, J. N. (1978). Biology, identification and
control of root-knot nematode (Meloidogyne spp.) (p. 111).
Raleigh, NC: North Carolina State University.
Tewari, D. N. (1992). Monograph on neem (Azadirachta indica
A. Juss.) (pp. 123–128). Dehradun: International Book
Distributors.
Tiyagi, S. A., & Ajaz, S. (2004). Biological control of plantparasitic nematodes associated with chickpea using
oil cakes and Paecilomyces lilacinus. Indian Journal of
Nematology, 34, 44–48.
Tiyagi, S. A., Khan, A. V., & Alam, M. M. (2001). Role of oil‐seed
cakes for the management of plant‐parasitic nematodes
and soil‐inhabiting fungi on lentil and mungben. Archives
of Phytopathology and Plant Protection, 33, 453–472.
http://dx.doi.org/10.1080/03235400109383368
Trappe, J. M. (1982). Synoptic key to the genera and species
of Zygomycetous mycorrhizal fungi. Phytopathology, 72,
1102–1128.
Vietmeyer, N. D. (1992). Neem: A tree for solving global
problems (Report on an ad hoc panel of the Board on
Science and Technology for International Development,
pp. 74–75). Washington, DC: National Academy Press,
National Research Council.

© 2015 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
You are free to:
Share — copy and redistribute the material in any medium or format
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.
Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
No additional restrictions
You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Food & Agriculture (ISSN: 2331-1932) is published by Cogent OA, part of Taylor & Francis Group.
Publishing with Cogent OA ensures:
•

Immediate, universal access to your article on publication

•

High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

•

Download and citation statistics for your article

•

Rapid online publication

•

Input from, and dialog with, expert editors and editorial boards

•

Retention of full copyright of your article

•

Guaranteed legacy preservation of your article

•

Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 13 of 13

