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Abstract: A pot experiment was conducted during 2013–14 to observe the potential role of some organics and bio-organics such as Calotropis procera, Glomus
fasciculatum, and Azotobacter chroococcum on some growth attributes of chickpea
and subsequently on the root-knot development caused by Meloidogyne incognita.
Individual and conjoint treatments significantly enhanced the plant growth parameters as compared to unamended control. Physiological parameter such as chlorophyll content also exhibited significant improvement in all the treatments over
non-amended control. The highest improvement in growth parameters of chickpea
was observed in combined application of G. fasciculatum and A. chroococcum in pots
amended with C. procera. Moreover, combined treatments of both bio-inoculants
and C. procera markedly reduced the multiplication and reproduction rate of rootknot nematodes in terms of number of root galls and nematode population. Percent
mycorrhization in terms of external and internal colonizations was increased significantly in plant amended with organic and bio-organics conjointly. The regression
studies revealed significant relationship between number of galls and some plant
growth variables. Present findings may promote organic-based farm products and
eco-friendly management of M. incognita as this is a safer and cost-effective option.
Subjects: Bioscience; Earth Sciences; Environment & Agriculture
Keywords: Azotobacter; Glomus fasciculatum; root-knot nematode; mycorrhization;
organic matter
1. Introduction
Chickpea (Cicer arietinum) is one of the most important pulse crops in India, occupying about
6.67 × 106 ha and producing 5.3 × 106 t annually (Singh, 2012). Its economic importance renders to
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its high protein content as well as its ability to fix atmospheric nitrogen. Chickpea is a major source
of human food and livestock because of high content of protein (Jiménez-Díaz, Castillo, JiménezGasco, Landa, & Navas-Cortés, in press). Among all plant parasitic nematodes, Meloidogyne spp. are
the most serious ones (Hussain, Mukhtar, & Kayani, 2011; Mukhtar et al., 2013). They are considered
among the top five major plant enemies and ranked first among the ten economically important
genera of phytonematodes globally (Jones et al., 2013; Kayani, Mukhtar, & Hussain, 2012).
Meloidogyne incognita, one of the most economically important species of root-knot nematodes,
adversely affects plant growth and yield causing an estimated $100 billion loss per year (Mukhtar,
Hussain, Kayani, & Aslam, 2014). M. incognita is found to be constantly associated with chickpea
(Sumbul et al., 2015) and several other agricultural crops (Ansari & Khan, 2012a&,b) and is of considerable importance, both in terms of qualitative as well as quantitative loss. Occurrence of root-knot
in chickpea has been reported from various states in India (Jamal, 1976; Khan & Siddiqui, 2005). In
order to meet the increasing requirement for chickpea, there is an urgent need to manage the constraints over its production (Ansari et al., 2015; Rizvi, Ansari, Zehra, & Mahmood, 2015; Rizvi, Singh,
Ansari, Tiyagi, & Mahmood, 2015).
A variety of management strategies are being adopted to manage root-knot nematode,
Meloidogyne incognita, one of the most difficult pests of agricultural crops. Although, the most effective and commonly used practice of combating this problem is use of chemical nematicides, they
cause a huge damage to ecosystem. Indiscriminate use of chemical nematicides causes environmental degradation, which gives an impetus to search the alternative means (Collange, Navarrete,
Peyre, Mateille, & Tchamitchian, 2011; Hallmann, Davies, & Sikora, 2009; Huang et al., 2009; Nico,
Jiménez-Dı́az, & Castillo, 2004; Siddiqui, Qureshi, & Akhtar, 2009).
Organic farming has emerged as an important priority area in view of the growing demand for
safe and healthy food and long-term sustainability that concern on environmental pollution associated with indiscriminate use of agrochemicals. Amending soil with pesticides of botanical origin
such as oil-cakes, chopped plant parts, and seed dressing with plant parts, which are safe, ecofriendly, and bio-degradable in nature, has now become the prime means to protect crops (Muller &
Gooch, 1982; Tiyagi & Ajaz, 2004). Calotropis procera, a common weed is found in various parts of the
country and is reported to possess some nematicidal properties (Hussain et al., 2011; Walia & Gupta,
1995). Plant parts of C. procera, have been reported to contain pesticidal properties that inhibit the
larval penetration of M. incognita and consequently reduction in root-knot development (Mahmood,
Tiyagi, & Azam, 2007; Tiyagi, Mahmood, Rizvi, & Dev, 2009). In addition, due to presence of some
alkaloids, C. procera has been reported to cause juvenile mortality of M. incognita (Nelaballe &
Mukkara, 2013).
Rhizosphere supports a large and active microbial population capable of exerting beneficial, neutral, and detrimental effects on plant growth. The micro-organisms, which can grow in the rhizosphere are ideal for use as biocontrol agents, since rhizosphere provides the initial barrier against
pathogen attack of the root system (Weller, 1988). Biological nitrogen fixers help to enhance productivity by biological nitrogen fixation, producing hormones, vitamins, and other growth factors
required for plant growth and development, solubilizing phosphorus, and suppression of growth of
plant pathogens (Verma, Yadav, & Tiwari, 2010) on several crops. Azotobacter is a free-living nitrogen-fixing, plant growth promoting rhizobacteria (PGPR), that enhance emergence, colonize roots,
and stimulate overall plant growth and can also suppress disease of plants. The manipulation of
crop rhizosphere by inoculation with Azotobacter for bio-control of root-knot nematode has shown
considerable promise (Siddiqui & Mahmood, 2001). Arbuscular Mycorrhizal (AM) fungi colonize the
roots of many crop plants (Ozgonen, Bicici, & Erkilic, 1999) and are of immense value in enhancing
the uptake of phosphorus, minor elements, and water, and thus improving the plant growth and
yield (Allen, 1996; Rizvi, Singh, et al., 2015; Siddiqui & Mahmood, 1999). These fungi induce changes
in the host root exudation pattern following host colonization with altered microbial microflora in
the mycorrhizosphere (Akhtar & Siddiqui, 2008) and are also reported to reduce the severity of several plant diseases (Akkopru & Demir, 2005; Barea, Azcón, & Azcón-Aguilar, 2002; Khan et al., 2015;
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Linderman, 2000; Rizvi, Singh, et al., 2015). They have also widely been reported as biocontrol agents
against plant parasitic nematodes (Khan et al., 2008; Siddiqui & Mahmood, 1999; Tian, Yang, &
Zhang, 2007).
Present study was conducted to monitor the effects of A. chroococcum and G. fasciulatum either
solely or conjointly on some plant growth parameters and root-knot development on chickpea
amended with or without C. procera.

2. Materials and methods
The root-knot nematode, M. incognita (Kofoid & White) Chitwood was selected as a test pathogen
and chickpea (Cicer arietinun L.) var. Avrodhi as a test plant. PGPR, A. chroococcum, VAM fungi, G.
fasciulatum and organic matter like chopped leaves of C. procera were used alone and in various
combinations for the management of chickpea root-knot disease.

2.1. Preparation and sterilization of soil mixture
Appropriate amount of sandy loam soil was collected from the field of Department of Botany, A.M.U.
Aligarh and allowed to pass through 20-mesh sieve. The soil, river sand, and organic manure was
mixed in the ratio of 3:1:1, respectively, and the mixture were filled in the clay pots of 15 cm diameter at the rate of 1 kg soil per pot. Before transferring to the autoclave for sterilization at 20 lb pressure for 20 min, a little water was poured in each pot just to wet the soil. These sterilized pots were
kept to cool down at room temperature before use for further experiments.

2.2. Growth and maintenance of test plant
Seeds of chickpea, var. Avrodhi were surface sterilized with 0.01% mercuric chloride (HgCl2) for two
minutes and washed three times with distilled water. Five seeds per pot were sown and thinning was
done after germination to maintain one plant per pot. Pots were watered depending on the requirement. One week old, healthy, and well-established seedlings were used for experimental purpose.

2.3. Preparation of nematode inoculum
A number of egg masses were handpicked with the help of sterilized forceps from heavily infested
eggplant roots on which pure culture of M. incognita was maintained. These egg masses, after washing thoroughly in distilled water were placed in a coarse sieve (10 cm diameter) mounted with cross
double-layered tissue paper. The sieves were placed in Petri dishes containing water that were incubated at 25°C in the laboratory. Three days later, when the majority of the eggs hatched, the second
stage juveniles (J2) of the nematode were collected by rinsing the Petri dishes with distilled water.
The identification of the species was confirmed by the morphology according to the perineal pattern
(Hartman & Sasser, 1985). The concentration of second-stage juveniles of M. incognita in the water
suspension was adjusted so that 2,000 freshly hatched juveniles could be added as initial inoculum
level in 10 ml. of water suspension to each pot containing a chickpea seedling.

2.4. Preparation of organic matter
Leaves of C. procera were collected from the AMU campus and brought to laboratory, rinsed with
distilled water, and chopped with a sharp sterile knife. These chopped leaves were incorporated in
soil at the rate of 20 g/kg leaves per pot and the pots were immediately watered for decomposition
to prepare the compost of C. procera.

2.5. Preparation of inoculum of biocontrol agents
Mycorrhizal spores were isolated by a modified wet sieving and decanting method (Gerdemann &
Nicolson, 1963). For this aspect, a sample of 100 g dry soil was mixed in 1,000 ml water, and the
heavier particles were allowed to settle for few seconds. The lumps were broken and heavier particles were removed. The suspension was poured through a coarse sieve to remove large pieces of
organic matter. The liquid passed through this sieve was collected and again passed through sieves
of 80, 100, 150, 250, and 400 meshes. Spores obtained on sieves were collected with water in
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separate beakers and counted in 1 ml of the suspension in counting dish under the stereoscopic
microscope. The final number of spores/100 g of soil was calculated accordingly for each
treatment.
Charcoal-based commercial culture of free-living nitrogen-fixing bacteria Azotobacter chroococcum was obtained from Quarsi Agriculture Farm, Aligarh, India. For inoculation, 100 gram culture
was mixed separately in 1,000 ml distilled water which means 10 ml (equivalent to 2 g culture) was
added around each seedling. Commercially standardized culture of A. chroococcum having
1.2 × 108 cfu/g was used in the experiment.

2.6. Inoculation technique
For inoculation of M. incognita, A. chroococcum, and G. fasciculatum, soil around the root was carefully removed in order to avoid the damage. Inoculum suspensions of these micro-organisms were
poured around the roots uniformly and soil was replaced to cover the roots. Equal amount of water
was poured in the pot that served as control.

3. Experimental design
The 14 treatments each with 5 replicates were arranged in a completely randomized block design
and maintained in a glasshouse with air temperature ranging from 22 ± 3°C. All the plants were
watered up to the soil capacity. Following combinations were used during the experimentation:
• Control (C)
• Calotropis procera (CP)
• Meloidogyne incognita (MI)
• Azotobacter chroococcum (Azo)
• Glomus fasciculatum (GF)
• CP + MI
• CP + AC
• CP + AC + MI
• CP + GF
• CP + GF + MI
• AC + MI
• GF + MI
• CP + AC + GF
• CP + AC + GF + MI

4. Observations
Percent pollen fertility was estimated at the flowering stage by the method suggested by Brown
(1949), using 1% acetocarmine solution to stain the pollen grains. Plants were harvested 90 days
after nematode inoculation. Root systems were gently washed with tap water taking care to avoid
losses and injury during the entire operation. Data were recorded on plant length (cm), plant fresh
weight (g), plant dry weight (g), chlorophyll content (mg g−1 fresh leaves), nematode population
(both in soil and root), number of gall/root system, number of egg masses/root system, fecundity in
terms of number of egg/egg masses.

4.1. Chlorophyll estimation
Chlorophyll content was estimated per gram of fresh leaf weight by the technique of Arnon (1949).
1 g finely cut fresh leaves was pulverized with the help of mortar and pestle using sufficient quantity
of 80% acetone. The leaf homogenate thus obtained, was filtered through filter paper, and supernatant was collected in the volumetric flask. The final volume of the supernatant was made up to 10 ml
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with 80% acetone. 5-ml chlorophyll solvent was transferred to a clean cuvette and the absorption
values were noted at 645 and 663 nm in a spectrophotometer against the solvent (80% acetone)
blank. The calculation of the total chlorophyll content per gram fresh leaves was done by the following formula:

Total chlorophyll content (mg g−1 ) = 20.2(A645) + 8.02(A663) ×

V
×W
1000

where A663 = solution absorbance at 663 nm, A645 = solution absorption at 645 nm, V = volume of
solution (taken in cuvette), W = weight of leaf tissue used for extraction of pigments i.e. 1 g.

4.2. Extraction of nematode population
For extraction of nematodes from the soil, 250 g subsample of well-mixed soil from each treatment
was processed by Cobb’s sieving and decanting method followed by Baermann funnel method
(Southey, 1986). Nematode suspension was collected after 24 h and number of nematodes was
counted in counting dish taking five replicates of 1 ml suspension from each sample. Mean of five
such counting was obtained and a population of nematodes per kg soil was calculated. For estimation of larvae, eggs, and females inside the roots, each root system was cut into small pieces and
mixed. One-gram root sample was taken and macerated for 30–40 s in Waring blender to recover
nematode eggs, females, and larvae. Counting was done from the suspensions thus obtained. Total
number of nematodes present in the roots was calculated by multiplying the number of nematodes
present in one gram root with the weight of the root.

4.3. Assessment of root mycorrhizal colonization (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 were kept for an hour. The specimens were then removed from trypan blue and kept for overnight in a destaining 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 stained dark blue. These stained root segments were used for determining the root colonization by AM fungi. The percentage/proportion of
root colonization by AM fungi was determined by the grid line intersecting method (Giovannetti &
Mosse, 1980). The root segments were selected at random from the stained sample and mounted
on microscopic slides in group of 10. One hundred to one hundred and fifty root segments from each
sample were used for the assessment. The presence or absence of colonization in each root segment
was recorded and the percent root colonization (mycorrhizal infection in the roots) was calculated
as follows:

% Root colonization =

Number of AM positive segments
× 100
Total number of segments screened

4.4. Statistical analysis
All data collected were analyzed statistically and least significant differences were calculated at
p ≤ 0.05. Duncan’s multiple range test was employed to denote significant differences. Both the
analyses were carried out using ‘R’ software (R i3863.2.3 version).

5. Results
The effects of individual as well as concomitant treatments were recorded in relation to different
growth parameters of chickpea like plant length, fresh as well as dry weights, number of pods and
branches per plant, percent pollen fertility, and chlorophyll content (Figure 1, Tables 1 and 2).
Plant treated with C. procera, G. fasciculatum, and A. chroococcum alone and in combination significantly increased plant dry weight over uninoculated control (Figure 2). A. chroococcum increased plant dry
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Figure 1. Interactive effects of
Meloidogyne incognita, Glomus
fasciculatum, Azotobacter, in
Calotropis procera-amended
soil on the plant length, fresh,
and dry weight of chickpea
Cicer arietinum.

weight more than G. fasciculatum. Further enhancement in dry weight was observed when soil was
amended with C. procera. Similar increase in dry weight was shown in plants treated with C. procera + G.
fasciculatum, C. procera + A. chroococcum and those inoculated in combination with C. procera + G. fasciculatum + A. chroococcum (Figure 2). Inoculation of plants with M. incognita caused a significant reduction
of plant dry weight compared to untreated control (Figure 2). Application of C. procera/G. fasciculatum/A.
chroococcum alone or in combination caused a significant increase in plant dry weight even in pathogeninoculated plants. Inoculation of A. chroococcum/G. fasciculatum resulted in a significantly greater increase in plant dry weight of pathogen inoculated plants than that caused by C. procera. Plants raised in C.
procera-amended soil and inoculated with A. chroococcum and G. fasciculatum caused significant and
similar improvement in plant dry weight even if inoculated with test pathogen (Figure 1).
Table 1. Interactive effects of Meloidogyne incognita, AM fungus, Azotobacter, in Calotropis
procera-amended soil on the plant-growth parameters of chickpea Cicer arietinum
Treatments

No. of pods
per plants

No. of
branches per
plant

Percent
pollen
fertility

Fresh weight
of fruits (g)

Chlorophyll
content
(mg/g)

Control

24.33h

7.56d

79.62e

50.24g

2.24f

CP alone

31.24fg

9.28c

85.19de

63.38ef

2.81e

MI alone

15.21

5.74

57.07

30.01

1.36g

Azo alone

34.34d-f

9.93b

88.50b-d

67.56b-f

2.96cd

GF alone

33.51

9.75

87.16

66.26

2.91de

CP + MI

29.27

CP + Azo

38.78ab

CP + Azo + MI

35.94

CP + GF

37.42a-d

CP + GF + MI

c-e

e-g

i

d-f

e

b

c-e

h

c-f

80.64

61.52

2.70e

11.07a

96.33a

73.47ab

3.27ab

10.40

91.94

70.2

3.08a-c

10.62a

93.62a-c

71.16a-c

3.15a-c

35.23

10.19

89.90

68.9

3.04bc

Azo + MI

32.34

9.51

86.73

GF + MI

30.45g

9.07c

84.77de

62.65f

2.73e

CP + GF + Azo

39.82

11.43

97.52

75.18

3.34a

CP + Azo + GF + MI

38.00a-c

10.83a

95.00a

72.41a-c

3.21a-c

3.32

0.79

7.70

6.23

0.259

C.D (p = 0.05)

g

b-d

a

8.89

f

c

a

b

b

a

e

a-d

a-d
c-e

a

f

a-d

b-e

65.09

d-f

a

2.86e

Notes: CP = Calotropis procera, MI = Meloidogyne incognita, Azo = Azotobacter, GF = Glomus fasciculatum. Letters are
meant for comparison within columns and different letters depict values that are significantly different at p = 0.05.
*Each value is an average of 5 replicates.
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Table 2. Interactive effects of Meloidogyne incognita, Glomus fasciculatum, Azotobacter
chroococcum in Calotropis procera amended soil on the plant-growth parameters of chickpea
Cicer arietinum in relation to myrorrhization, root-knot development, and nematode
multiplication
Treatments

Root-galls

Nematode
population

Rf = (Pf/Pi)

Rootnodule/
plants

External

Internal

Control

0.00

0.00

0.00

h

18.58

0.00

0.00

CP alone

0.00

0.00

0.00

24.08fg

0.00

0.00

MI alone

158.50

14674

7.33

11.77

0.00

0.00

Azo alone

0.00

0.00

0.00

25.54c-f

0.00

0.00

GF alone

0.00

0.00

0.00

25.19d-g

40.19c

45.80d

CP + MI

120.20b

11580b

5.79b

23.16g

0.00

0.00

CP + Azo

0.00

0.00

0.00

27.90ab

0.00

0.00

CP + Azo + MI
CP + GF

a

a

a

i

Mycorrhizal
colonization (%)

50.23

04612

2.30

26.67

0.00

0.00

0.00

0.00

0.00

27.06a-d

46.48b

49.62c

24.00d

33.93e

d

f

e

a-d

CP + GF + MI

57.16d

06257e

3.12de

26.03b-e

Azo + MI

80.23

07586

3.79

24.82

0.00

0.00

GF + MI

110.73b

09365c

4.68c

23.70g

19.37e

25.77fs

0.00

0.00

0.00

28.45a

56.62a

63.56a

f

CP + GF + Azo
CP + Azo + GF + MI
C.D (p = 0.05)

c

d

d

e-g

37.19

01264

0.63

27.59

49.50

55.30b

9.67

22.62

0.85

2.20

3.11

3.21

e

g

abc

b

Notes: CP = Calotropis procera, MI = Meloidogyne incognita, Azo = Azotobacter, G F = Glomus fasciculatum. Letters are
meant for comparison within columns and different letters depict values that are significantly different at p = 0.05.
*Each value is an average of five replicates.

The number of pods was significantly reduced in plants inoculated with M. incognita (Table 1).
Application of C. procera/G. fasciculatum/A. chroococcum alone or in combination significantly increased the number of pods per plant both in pathogen inoculated and uninoculated plants. Highest
improvement was found in case of plants treated in combination with C. procera, G. fasciculatum,
and A. chroococcum in the absence of pathogen, and the inoculation with M. incognita resulted in
not much significant change (Table 1).
Number of branches per plant decreased significantly in plants inoculated with M. incognita as
compared to control. Treatment of plants with C. procera/G. fasciculatum/A. chroococcum alone or in
combination significantly increased the number of branches per plant both in pathogen-inoculated
and uninoculated plants. Highest and similar increase was found in plants treated with C. procera + G. fasciculatum + A. chroococcum, C. procera + G. fasciculatum + A. chroococcum + M. incognita, C. procera + A. chroococcum, C. procera + G. fasciculatum, and C. procera + A. chroococcum + M.
incognita (Table 1). Pollen fertility of the plants was significantly lowered by the inoculation of plants
with M. incognita as compared to control. Application of C. procera/G. fasciculatum/A. chroococcum
alone and in combination significantly increased the pollen fertility in both pathogen-inoculated and
uninoculated plants. Highest and similar increase in pollen fertility was observed in plants treated
combinely with C. procera + G. fasciculatum + A. chroococcum, C. procera + A. chroococcum, and C.
procera + G. fasciculatum + A. chroococcum + M. incognita. Increase in pollen fertility of pathogeninoculated plants treated with A. chroococcum was similar to pathogen-uninoculated plants treated
with only G. fasciculatum. Treatment of pathogen-inoculated plants with C. procera/G. fasciculatum
gave similar increase in pollen fertility as that of control plants (Table 1). Inoculation of plants with
M. incognita also caused a significant decrease in fresh weight of fruits as compared to control and
again the application of C. procera/G. fasciculatum/A. chroococcum alone and in combination significantly increased the fresh weight of fruits. Highest increase was observed in pathogen-uninoculated
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plants treated with combination of C. procera, G. fasciculatum, and A. chroococcum followed by
those inoculated with C. procera and A. chroococcum. Application of both the inoculants along with
C. procera in the presence of M. incognita increased fresh weight of fruits similarly as in case of those
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treated with C. procera and G. fasciculatum. Chlorophyll content of the uninoculated plants increased
greatly when C. procera, G. fasciculatum, and A. chroococcum were applied concomitantly (Table 1).
Inoculation of plants with M. incognita significantly decreased the chlorophyll content. Combine application of C. procera, G. fasciculatum, and A. chroococcum caused a significant improvement in
chlorophyll content of pathogen-inoculated plants. The increase was similar in case of inoculated
plants treated with either C. procera plus A. chroococcum or C. procera plus G. fasciculatum (Table 1).
Number of nodules per root system was significantly higher in plants treated with C. procera/G.
fasciculatum/A. chroococcum alone or in combination. Combine application of C. procera and A.
chroococcum was most effective in enhancing the root nodulation in both pathogen-inoculated and
uninoculated plants (Table 2). External and internal colonization of root by G. fasciculatum was high
when inoculated in the presence of C. procera and A. chroococcum, while presence of pathogen reduced its colonization. Highest root colonization was observed in plants combinely inoculated with
G. fasciculatum and A. chroococcum in C. procera-amended soil in pathogen-free plants followed by
pathogen-inoculated plants (Table 2).
The number of galls per root system and nematode multiplication was high in plants inoculated
with M. incognita alone. Reduction in root galling was significantly higher and similar in plants treated with C. procera and G. fasciculatum followed by A. chroococcum. Amending soil with C. procera
caused maximum reduction in nematode multiplication followed by G. fasciculatum and A. chroococcum. Combine inoculation of plants with G. fasciculatum plus A. chroococcum in the presence of
C. procera caused highest reduction in galling and nematode multiplication than any other combination (Table 2). Similar trends of reduction were also recorded in reproduction factor (Table 2). Besides,
regression analysis between galls and various growth parameters exhibited significant relationship.
The regression values between number of galls and plant length (R2 = 0.919; Figure 2(A)), between
number of galls and fresh weight (R2 = 0.767; Figure 2(B)), between number of galls and dry weight
(R2 = 0.749; Figure 2(C)), between number of galls and chlorophyll (R2 = 0.785; Figure 2(D)), between
number of galls and nodules (R2 = 0.783; Figure 2(E)) which are presented in Figure 2.

6. Discussion
Application of biofertilizers in various combinations constantly improved the growth of plant in comparison to the control and those treated with M. incognita alone. Our results are in conformity with
Singh, Kumar, and Rana (2000). Present study revealed that the application of A. chroococcum, G.
fasciculatum, and C. procera concomitantly decreased the disease intensity in the nematode-infested chickpea. The detrimental effect of these biofertilizers against root-knot nematodes was also
observed by various earlier researchers (Khan, Mohiddin, Ejaz, & Khan, 2012; Kumar & Gupta, 2010).
Effectiveness of AM fungi for increased plant growth has been reported by many workers (Jothi &
Sundarababu, 2000; Oruru & Njeru, 2016; Rizvi et al., 2015; Shreenivasa, Krishnappa, & Ravichandra,
2007). Akhtar and Siddiqui (2008) observed the effect of G. intraradices on chickpea in relation to
their plant growth parameters and found that it was surprisingly increased over control. The mechanisms to explain the antagonistic effects of AMF on nematode multiplication and their activities may
be either physiological or physical in nature. G. fasciculatum can alter the physiology of the roots,
including the root exudates responsible for chemotactic attraction of nematode (Mc Guidwin, Bird, &
Safir, 1985). Yield loss normally caused by nematode is mitigated by enhancing the uptake of phosphorus and other nutrients due to AM fungi leading to improvement of plant vigor and growth
(Hussey & Roncadori, 1982). Nematode development and reproduction might have retarded in mycorrhiza-treated plants due to decrease in available food (Saleh & Sikora, 1984). Physiological
changes in root inoculated with AM fungi may result in development of resistance due to production
of antagonistic substances (Suresh, Bagyaraj, & Reddy, 1985). Mycorrhizal fungi may alter the microbial activity in the rhizosphere affecting the survival of nematode and penetration of roots by nematode (Timothy & Robert, 1992). The above mechanisms may operate singly or in combination to
make mycorrhizal plants resistant against the invasion of plant pathogens.
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Similarly, inoculation of Azotobacter spp. significantly improved the plant growth parameters and
nutrient status (Abdel-Monaim, Abdel-Gaid, & El-Morsi, 2012) resulting in reduced population of M.
incognita and its pathogenicity. Khan et al. (2012) observed the effect of A. chroococcum in combination with organic matters on the population of plant parasitic nematodes on chili plants and found
significant reduction in the multiplication of nematodes as well as number of root galls. Being soil
bacteria, Azotobacter is reported to produce growth promoting substances as auxins, cytokinins, and
gibberellins and these materials are the primary substances controlling the enhanced growth. These
substances, which originate from the root surface, affect the growth of the closely associated higher
plants (Wani, Chand, & Ali, 2013). The inoculation of Azotobacter along with oil cake increased the
internal as well as external colonization of mycorrhiza which increased the phosphorus contents of
the soil rhizosphere. This productiveness of the rhizosphere for AM fungi may be attributed to favorable impact exerted by root exudates (Bais, Weir, Perry, Gilroy, & Vivanco, 2006), which contain amino
acids, carbohydrates, organic acids and growth-promoting substances, and phytohormones produced by A. chroococcum.
Organic matter acts as nutrient reservoir and it also provides suitable substrate for growth of micro-organisms. Thus, addition of oil seed cake of C. procera resulted in enhanced proliferation of biofertilizers, in turn improving the plant-growth parameters and reducing nematode multiplication.
The rate of reproduction and multiplication got checked due to the presence of some nematicidal
properties (Hussain et al., 2011). Chedekal (2013) also reported reduction in galling and fecundity of
nematode larvae on chickpea over control when plant was provided with C. procera.
Chlorophyll contents were also increased in plants inoculated with G. fasciculatum and A. chroococcum individually as well as concomitantly in soil amended with C. procera. Similar results were
recorded against root-rot disease of chickpea by Akhtar and Siddiqui (2008). The improvement in
these parameters might be due to improvement in soil physical properties like porocity, water holding capacity, and tendency of soil toward neutral pH which in turn increased the microbial biomass
pool in the soil rhizosphere. The increase in chlorophyll contents in leaves in the presence of decomposed organic wastes (Siddiqui & Akhtar, 2008), due to increase in N uptake by the addition of organic compounds resulted in increased photosynthetic efficiency, translocation of nutrients, and
other metabolites toward formation of fruits. The chickpea plants also showed significant improvement in growth parameters with the addition of G. fasciculatum (Bagyaraj, Manjunath, & Patil, 1979).

7. Conclusion
The findings of our study showed that combined application of both bioagents along with the organic matter, C. procera, surrogate to chemical nematicides, may be helpful to the growers of chickpea suffering from root-knot disease. This approach will also minimize the environmental
perturbations, preserve the biota, and keep the management module more economic.
Funding
The authors received no direct funding for this research.

1

Competing interests
The authors declare no competing interests.

Citation information
Cite this article as: Potential role of bio-inoculants
and organic matter for the management of root-knot
nematode infesting chickpea, Mohammad Akram, Rose
Rizvi, Aisha Sumbul, Rizwan Ali Ansari & Irshad Mahmood,
Cogent Food & Agriculture (2016), 2: 1183457.

Author details
Mohammad Akram1
E-mail: akramkhan.amu@gmail.com
Rose Rizvi1
E-mail: rose.amu@gmail.com
Aisha Sumbul1
E-mail: aishasumbul92amu@gmail.com
ORCID ID: http://orcid.org/0000-0003-1632-4627
Rizwan Ali Ansari1
E-mail: rizwans.ansari@gmail.com
Irshad Mahmood1
E-mail: irshad.mahmood2@gmail.com

S ection of Plant Pathology and Nematology, Department of
Botany, Aligarh Muslim University, Aligarh 202002, India.

References
Abdel-Monaim, M. F., Abdel-Gaid, M. A., & El-Morsi, M. E. A.
(2012). Efficacy of rhizobacteria and humic acid for
controlling Fusarium wilt disease and improvement of
plant growth, quantitative and qualitative parameters in
tomato. eSci Journal of Plant Pathology, 1, 39–48.
Akhtar, M. S., & Siddiqui, Z. A. (2008). Arbuscular mycorrhizal
fungi as potential biprotectants against plant pathogens.
In Z. A. Siddiqui, M. S. Akhtar, & K. Futai (Eds.), Mycorrhizae:

Page 10 of 13

Akram et al., Cogent Food & Agriculture (2016), 2: 1183457
http://dx.doi.org/10.1080/23311932.2016.1183457

Sustainable agriculture and forestry (pp. 61–97). Dordrecht:
Springer. http://dx.doi.org/10.1007/978-1-4020-8770-7
Akkopru, A., & Demir, S. (2005). Biological control of Fusarium
wilt in tomato caused by Fusarium oxysporum f. sp.
lycopersici by AMF Glomus intraradices and some
rhizobacteria. Journal of Phytopathology, 153, 544–550.
http://dx.doi.org/10.1111/jph.2005.153.issue-9
Allen, M. F. (1996). The ecology of arbuscular mycorrhizas:
A look back into 20th century and a peak into the 21st
century. Mycorrhizal Research, 100, 769–782.
Ansari, R. A., & Khan, T. A. (2012a). Diversity and community
structure of phytonematodes associated with guava
in and around Aligarh, Uttar Pradesh, India. Trends in
Biosciences, 5, 202–204.
Ansari, R. A., & Khan, T. A. (2012b). Parasitic association of
root-knot nematode, Meloidogyne incognita on guava.
e-Journal of Science & Technology (e-JST), 5, 65–67.
Ansari, R. A., Rizvi, R., Safiuddin Agrawal, P., Sumbul, A., Tiyagi,
S. A., & Mahmood, I. (2015). Effect of some organic
fertilizers and bioinoculant on growth attributes of
tomato in relation to sustainable management of rootknot nematode. The Journal of Plant Pathology, Photon
115, 206–215.
Arnon, D. I. (1949). Copper enzymes in isolated chloroplasts.
Polyphenoloxidase in Beta vulgaris. Plant Physiology, 24,
1–15. http://dx.doi.org/10.1104/pp.24.1.1
Bagyaraj, D. J., Manjunath, A., & Patil, R. B. (1979). Occurrence
of vesicular–arbuscular mycorrhizas in some tropical
aquatic plants. Transactions of the British Mycological
Society, 72, 164–167.
http://dx.doi.org/10.1016/S0007-1536(79)80023-6
Bais, H. P., Weir, T. L., Perry, L. G., Gilroy, S., & Vivanco, J.
M. (2006). The role of root exudates in rhizosphere
interactions with plants and other organisms. Annual
Review of Plant Biology, 57, 233–266.
http://dx.doi.org/10.1146/annurev.
arplant.57.032905.105159
Barea, J. M., Azcón, R., & Azcón-Aguilar, C. (2002).
Mycorhizosphere interactions to improve plant fitness and
soil quality. Antonie van Leeuwenhoek, 81, 343–351.
http://dx.doi.org/10.1023/A:1020588701325
Brown, G. T. (1949). Pollen-slide studies. Springfield, IL: Charles
C. Thomas.
Chedekal, A. N. (2013). Effect of four leaf extracts on egg
hatching and juvenile mortality of root knot nematode
Meloidogyne incognita. International Journal of Advance
Life Sciences, 6, 68–74.
Collange, B., Navarrete, M., Peyre, G., Mateille, T., &
Tchamitchian, M. (2011). Root-knot nematode
(Meloidogyne) management in vegetable crop production:
The challenge of an agronomic system analysis. Crop
Protection, 30, 1251–1262.
http://dx.doi.org/10.1016/j.cropro.2011.04.016
Gerdemann, J. W., & Nicolson, T. W. (1963). Spores of
mycorrhizal endogone species extracted from soil by
wet-sieving and decanting method. Transaction of British
Mycological Society, 46, 235–245.
Giovannetti, M., & Mosse, B. (1980). An evaluation of
techniques for measuring vesicular Arbuscular mycorrhizal
infection in roots. New Phytologist, 84, 489–500.
http://dx.doi.org/10.1111/j.1469-8137.1980.tb04556.x
Hallmann, J., Davies, K. G., & Sikora, R. (2009). Biological control
using microbial pathogens, endophytes and antagonists.
In R. N. Perry, M. Moens, & J. L. Starr (Eds.), Root-knot
nematodes (pp. 380–411). Wallingford: CABI.
http://dx.doi.org/10.1079/9781845934927.0000
Hartman, K., & Sasser, J. N. (1985). Identification of
Meloidogyne species on the basis of differential hosts
test and perineal pattern morphology. In K. R. Barker,
C. C. Carter, & J. N. Sasser (Eds.), An advanced treatise
on meloidogyne (Vol. II, pp. 69–77). North Carolina

State University Graphics. Raleigh, NC: Methodology.
A cooperative publication of the Department of Plant
Pathology and the United States Agency for International
Development.
Huang, Y., Xu, C. K., Ma, L., Zhang, K. Q., Duan, C. Q., & Mo, M.
H. (2009). Characterization of volatiles produced from
Baccillus megateriumYFM 3.25 and their nematicidal
activity against Meloidogyne incognita. European Journal
of Plant Pathology, 126, 417–422.
Hussain, A., Mukhtar, T., & Kayani, M. Z. (2011). Special Issue,
(Medicinal Plants: Conservation & Sustainable use)
Efficacy evaluation of Azadirachta indica, Calotropis
procera, Datura stramonium and Tagetes erecta against
root-knot nematodes Meloidogyne incognita. Pakistan
Journal of Botany, 43, 197–204.
Hussey, R. S., & Roncadori, R. W. (1982). Vesiculararbuscular
mycorrhizae may limit nematode activity and improve
plant growth. Plant Disease, 66, 9–14.
Jamal, A. (1976). Studies on the relationship between
Meloidogyne incognita and galling behavior of Cicer
arietinum roots. Current Science, 45, 230–231.
Jiménez-Díaz, R. M., Castillo, P., Jiménez-Gasco, M. M., Landa,
B. B., & Navas-Cortés, J. A. (in press). Fusarium wilt of
chickpeas: Biology, ecology and management. Crop
Protection. doi:10.1016/j.cropro.2015.02.023
Jones, J. T., Haegeman, A., Danchin, E. G. J., Gaur, H. S.,
Helder, J., Jones, M. G. K., … Perry, R. N. (2013). Top 10
plant-parasitic nematodes in molecular plant pathology.
Molecular Plant Pathology, 14, 946–961.
http://dx.doi.org/10.1111/mpp.2013.14.issue-9
Jothi, G., & Sundarababu, R. (2000). Interaction of four Glomus
spp. with Meloidogyne incognita on brinjal (Solanum
melongena L.). International Journal of Tropical Plant
Disease, 18, 147–156.
Kayani, M. Z., Mukhtar, T., & Hussain, M. A. (2012). Evaluation of
nematicidal effects of Cannabis sativa L. and Zanthoxylum
alatum Roxb. against root-knot nematodes, Meloidogyne
incognita. Crop Protection, 39, 52–56.
http://dx.doi.org/10.1016/j.cropro.2012.04.005
Khan, A. A., & Siddiqui, M. A. (2005). Status of root knot
nematodes in U.P. India. In S. Nehra (Ed.), Plant microbes
and biotechnology (pp. 209–226). Jaipur: Pointer.
Khan, Z., Kim, S. G., Jeon, Y. H., Khan, H. U., Son, S. H., & Kim,
Y. H. (2008). A plant growth promoting rhizobacterium,
Paenibacillus polymyxa strain GBR-1, suppresses root-knot
nematode. Bioresource Technology, 99, 3016–3023.
http://dx.doi.org/10.1016/j.biortech.2007.06.031
Khan, M. R., Mohiddin, F. A., Ejaz, M. N., & Khan, M. M. (2012).
Management of root-knot disease in eggplant through
the application of biocontrol fungi and dry neem leaves.
Turkish Journal of Biology, 36, 161–169.
Khan, N., Safiuddin Rizvi, R., Ansari, R. A., Mahmood, I., Sumbul,
A., & Tiyagi, S. A. (2015). Efficacy of organic matter and
some bio-inoculants for the management of root-knot
nematode infesting tomato. International Journal of
Environment, 4, 206–220.
Kumar, V., & Gupta, P. (2010). Studies of shelf life of fly ash
based Azotobacter chroococcum and their after effects
on succeeding maize (Zea mays) in wheat maize cropping
system. Indian Journal of Agricultural Sciences, 76,
465–468.
Linderman, R. G. (2000). Effects of mycorrhizas on plant
tolerance to disease. In Y. Kapulnik (Ed.), Arbuscular
mycorrhizas: Physiology and function (pp. 345–367).
Dordrecht: Kluwer Academic.
Mahmood, I., Tiyagi, S. A., & Azam, M. F. (2007). Efficacy
of latex bearing plants for the management of plant
parasitic nematodes and soil-inhabiting fungi on
chickpea and mungbean. Environmental and Biological
Conservation, 12, 23–37.
Mc Guidwin, F. A., Bird, G. W., & Safir, G. R. (1985). Influence

Page 11 of 13

Akram et al., Cogent Food & Agriculture (2016), 2: 1183457
http://dx.doi.org/10.1080/23311932.2016.1183457

of Glomus fasciculatum on Meloidogyne hapla infecting
Allium cepa. Journal of Nematology, 17, 389–395.
Mukhtar, T., Arshad, I., Kayani, M. Z., Hussain, M. A., Kayani,
S. B., Rahoo, A. M., & Ashfaq, M. (2013). Estimation of
damage to okra (Abelmoschus esculentus) by root-knot
disease incited by Meloidogyne incognita. Pakistan Journal
of Botany, 45, 1023–1027.
Mukhtar, T., Hussain, M. A., Kayani, M. Z., & Aslam, M. N.
(2014). Evaluation of resistance to root-knot nematode
(Meloidogyne incognita) in okra cultivars. Crop Protection,
56, 25–30.
http://dx.doi.org/10.1016/j.cropro.2013.10.019
Muller, R., & Gooch, P. S. (1982). Organic amendment in
nematode control. An examination of the literature.
Nematropica, 12, 319–326.
Nelaballe, V. K., & Mukkara, L. D. (2013). A preliminary study on
the nematicidal effect of some local flora on Meloidogyne
incognita chitwood infesting mulberry. International
Journal of Chemical, Environmental and Biotechnological
Sciences, 1, 475–477.
Nico, A. I., Jiménez-Dı́az, R. M., & Castillo, P. (2004). Control
of root-knot nematodes by composted agro-industrial
wastes in potting mixtures. Crop Protection, 23, 581–587.
http://dx.doi.org/10.1016/j.cropro.2003.11.005
Oruru, M. B., & Njeru, E. M. (2016). Upscaling arbuscular
Mycorrhizal symbiosis and related agroecosystems
services in smallholder farming systems. BioMed Research
International, 4376240, 12 p. doi:10.1155/2016/4376240
Ozgonen, H., Bicici, M., & Erkilic, A. (1999). The effect of salicylic
acid and endomycorrhizal fungus G. intraradices on plant
development of tomato and Fusarium wilt caused by
Fusarium oxysporum f. sp. Lycopersici. Turkish Journal of
Agriculture and Forestry, 25, 25–29.
Phillips, J. M., & Hayman, D. S. (1970). Improved procedures
for clearing roots and staining parasitic and vesiculararbuscul ar mycorrhizal fungi for rapid assessment of
infection. Transactions of the British Mycological Society,
55, 158–IN18.
http://dx.doi.org/10.1016/S0007-1536(70)80110-3
Rizvi, R., Ansari, R. A., Iqbal, A., Ansari, S., Sumbul, A.,
Mahmood, I., & Tiyagi, S. A. (2015). Dynamic role of
organic matter and bioagent for the management
of Meloidogyne incognita–Rhizoctonia solani disease
complex on tomato in relation to some growth
attributes. Cogent Food & Agriculture, 1, 1068523. doi:
10.1080/23311932.2015.1068523
Rizvi, R., Ansari, R. A., Zehra, G., & Mahmood, I. (2015). A farmer
friendly and economic IPM strategy to combat root-knot
nematodes infesting lentil. Cogent Food & Agriculture, 1,
1053214. doi:10.1080/23311932.2015.1008859
Rizvi, R., Singh, G., Safiuddin Ansari, R. A., Tiyagi, S. A., &
Mahmood, I. (2015). Sustainable management of
root-knot disease of tomato by neem cake and Glomus
fasciculatum. Cogent Food & Agriculture, 1, 1008859.
doi:10.1080/23311932.2015.1008859
Shreenivasa, K. R., Krishnappa, K., & Ravichandra, N. G. (2007).
Interaction effects of AM fungus Glomus fasciculatum
and root-knot nematode, M. incognita on growth and
phosphorous uptake of Tomato. Karnataka Journal of
Agriculture Science, 20, 57–61.
Siddiqui, Z. A., & Akhtar, M. S. (2008). Effects of organic
wastes,Glomus intraradices and Pseudomonas putida
on the growth of tomato and on the reproduction
of the root-knot nematode Meloidogyne incognita.
Phytoparasitica, 36, 460–471.
http://dx.doi.org/10.1007/BF03020292
Siddiqui, Z. A., & Mahmood, I. (1999). Role of bacteria in the
management of plant parasitic nematodes: A review.

Bioresource Technology, 69, 167–179.
http://dx.doi.org/10.1016/S0960-8524(98)00122-9
Siddiqui, Z. A., & Mahmood, I. (2001). Effects of rhizobacteria
and root symbionts on the reproduction of Meloidogyne
javanica and growth of chickpea. Bioresource Technology,
79, 41–45.
http://dx.doi.org/10.1016/S0960-8524(01)00036-0
Siddiqui, Z. A., Qureshi, A., & Akhtar, M. S. (2009). Biocontrol
of root-knot nematode Meloidogyne incognita by
Pseudomonas and Bacillus isolates on Pisum sativum.
Archives Of Phytopathology And Plant Protection, 42,
1154–1164.
http://dx.doi.org/10.1080/03235400701650890
Singh, N. P. (2012). All India coordinated research project
on pulses: A profile. Kanpur: Indian Institute of Pulses
Research. Retrieved from http://www.iipr.res.in/aicrpchickpea.htm
Singh, R., Kumar, N., & Rana, N. S. (2000). Response of rainfed
guinea grass (Panicum maximum) to bio-fertilizer
inoculation and nitrogen. Indian Journal of Agronomy, 45,
205–209.
Southey, J. F. (1986). Laboratory methods for work with
plant and soil nematodes (p. 402). London: Ministry of
Agriculture.
Sumbul, A., Rizvi, R., Salah, M., Tiyagi, S. A., Ansari, R. A., &
Safiuddin Mahmood, I. (2015). Role of different sawdusts
and bioinoculant in the management of root-knot
nematode infesting chickpea. Asian Journal of Crop
Science, 7, 197–206. doi:10.3923/ajcs.2015
Suresh, C. K., Bagyaraj, D. J., & Reddy, D. D. R. (1985). Effect of
vesicular-Arbuscular mycorrhiza on survival, penetration
and development of root-knot nematode in tomato. Plant
and Soil, 87, 305–308.
http://dx.doi.org/10.1007/BF02181869
Tian, B., Yang, J., & Zhang, K. (2007). Bacteria used in
the biological control of plant-parasitic nematodes:
Populations, mechanisms of action, and future prospects.
FEMS Microbiology Ecology, 61, 197–213.
http://dx.doi.org/10.1111/fem.2007.61.issue-2
Timothy, C. P., & Robert, G. L. (1992). Mycorrhizal interaction
with soil organisms. In K. Dilip Arora, Bharat Rai, K.
G. Mukhergee, & R. K. Guy(Eds.), Handbook of applied
mycology soil and plants (Vol. I, pp. 77–130). New York, NY:
Marcel Dekker.
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., Mahmood, I., Rizvi, R., & Dev, R. T. (2009).
Utilization of medicinal plants for the management of
root-knot and reniform nematodes infecting tomato and
chilli. Trends in Biosciences, 2, 47–49.
Verma, J. P., Yadav, J., & Tiwari, K. N. (2010). Application of
Rhizobium sp. BHURC01 and plant growth promoting
rhizobactria on nodulation, plant biomass and yields of
Chickpea (Cicer arietinum L.). International Journal of
Agricultural Research, 5, 148–156.
Walia, K. K., & Gupta, D. C. (1995). Neem - an effective biocide
against Meloidogyne javanica attacking vegetable crops.
Plant Disease Research, 10, 59–61.
Wani, S. A., Chand, S., & Ali, T. (2013). Potential use of
Azotobacter chroococcum in crop production: An
overview. Current Agriculture Research Journal, 1, 35–38.
Weller, D. M. (1988). Biological control of soilborne plant
pathogens in the rhizosphere with bacteria. Annual
Review of Phytopathology, 26, 379–407.
http://dx.doi.org/10.1146/annurev.py.26.090188.002115

Page 12 of 13

Akram et al., Cogent Food & Agriculture (2016), 2: 1183457
http://dx.doi.org/10.1080/23311932.2016.1183457

© 2016 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

