Pak. J. Agri., Agril. Engg., Vet. Sci., 2011

ISSN 1023-1072
Pak. J. Agri., Agril. Engg., Vet. Sci., 2011, 27 (1): 66-72

POTENTIAL OF RHIZOBACTERIA FOR THE BIOCONTROL
OF MELOIDOGYNE JAVANICA
7

1

1

J. A. Tariq , M. I. Haq , F. Y. Hafeez2, S. T. Sahi1 and M. M. Khan3
1

Department of Plant Pathology, University of Agriculture, Faisalabad, Pakistan
2
COMSATS Institute of Information Technology, Islamabad, Pakistan
3
Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan

ABSTRACT
Root knot nematodes are production hazards to vegetable crops of the world.
Present studies were conducted to search out antagonistic bacteria against
these castrophic pathogens and to find out active metabolites secreted by the
rhizobacterial strains. Fifteen Rhizobacterial strains were selected for
antagonism against Meloidogyne javanica. Maximum mortality was observed
by strain Rh37 which showed 53% juvenile mortality after 48 hr. as compared
to control. Minimum mortality 3% was noted by Asr14 and R.E.4. Strains MR1,
Mr53, AJ-3, Asr28 and Rh17 exhibited 43%, 28%, 25%, 24% and 23% mortality
of Meloidogyne javanica. Mortality by remaining strains ranges from 9-23%.
Active metabolites secreted by the rhizobacterial strains were found to be
protease. The protease producing strains AJ-3 and Rh3 showed 25% and 53%
juvenile mortality after 48 hrs. Hence, these studies will be helpful to manage
tomato root knot.
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INTRODUCTION
Root knot nematodes (Meloidogyne spp) are world wide in their distribution and
attack a wide variety of crops (Goody et al., 1965; Sasser and Freckman, 1987)
and more than 3000 host species (Abad et al., 2003). Out of 81 Meloidogyne
spp. identified so far (Karssen, 2002; Shahid et al., 2009), Meloidogyne javanica
is the most abundant and damaging nematode (Maqbool and Shahina, 2001).
Various species of Meloidogyne induce major morphological and physiological
changes within roots, attack nearly every crop sown, where not, only yield is
greatly affected but quality is also reduced (Hondoo, 1996). In Pakistan, root knot
nematodes, Meloidogyne spp. are recognized as important parasites of
vegetable crops infecting more than 102 plant spp. (Zaki, 2000). Up to 81%
frequency of infection has been recorded in tomatoes (Khan et al., 2005). Control
of plant parasitic nematodes is difficult because of the enormous variety of
suitable hosts. Chemical control of nematodes has been proved generally
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effective but highly expensive and often hazardous to use (Schneider et al.,
2003; Hasabo and Noweer, 2005) and highly toxic to mammals. (Rehman et al.,
2009). For this reason, the researchers focused on using biocontrol agents in
place of chemical agents during recent years. Biological control represents an
effective alternative and practicable agricultural method for the control of plant
parasitic nematodes (Hesch, 2004).
In general, the research on biological control of plant parasitic nematodes has
concentrated on the use of microbial agents, in particular, the use of parasitic
fungi and bacteria. (Jatala, 1986 and Gugino et al., 2006). These agents have
been used to control cyst and root knot nematodes, which include the most
important nematode pests in the world agriculture. The objectives of present
studies were to isolate rhizobacteria from infected plants of tomatoes and to
evaluate them as potential biocontrol agents against Meloidogyne javanica and
to understand the potential mechanism of biocontrol.

MATERIALS AND METHODS
Twenty three samples of tomato plants infected with root knot nematodes
(Meloidogyne spp.) were collected from Loralai (Bluchistan) on the basis of
above ground symptoms. Meloidogyne spp. were isolated by Whitehead and
Hemming tray method (Whitehead and Hemming, 1965). The isolated
nematodes were inoculated onto brinjal plants for multiplication. When egg
masses were formed, single egg masse was detached and inoculated in twenty
three plants, each grown in earthen pots (15×14 cm). These pots were filled with
1.5 kg of sterilized soil (Loam and compost, 3.1. Ph 7.2). Females were taken
from egg masses and were identified on the basis of perreneal pattern (Taylor
and Sasser, 1978). Isolation of rhizobacteria was also done from the same soil
according to (Kasimpur et al., 2004). Soil from rhizosphere of tomato plants was
taken and rhizobacteria were isolated. One gram of soil was mixed in the 20 ml
test tube containing 9 ml autoclaved saline. The suspension was vortexed and
dilutions were made up to 10-8. Each dilution measuring 0.1ml was spread on
Lauria Bertani (L.B) plates and plates were incubated at 28 ± 30C until colony
development was observed.
For isolation of bacteria from endosphere, roots of tomato plant were cut into
pieces and were crushed in pestle and mortar. Further procedure was same as
described above. Rhizobacterial strains were identified on the basis of cell
morphology, colony morphology and gram staining, using Bergeys Manual for
Determinative Bacteriology (Holt et al., 1994). Fifteen strains were tested for their
antagonistic activity against Meloidogyne javanica (Table 1). The inoculum was
produced by transferring two loopful of the bacterial strain from five days old
culture to 100 ml Kings-B liquid medium and incubated at room temperature on
shaker for 48 hr. The bacterial cells were centrifuged at 8000 rpm for 15 min. The
pellet was discarded and supernatant was collected in sterile beaker prior to use.
Antagonistic were conducted by method as described by Hamid et al., (2003).
One ml of each bacterial supernatant and nematode suspension containing 2540 juveniles were taken in glass cavities at 25-30oC. Juveniles kept in sterile
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distilled water served as control. Data regarding juvenile mortality were recorded
after 24-48 hr. The juveniles were considered dead when they do not move on
probing with a fine needle (Cayrol et al., 1989). Data were analyzed by two way
analysis of variance. Means were compared with Duncans Multiple range test
(Duncans, 1951). Production of hydrogen cyanide (HCN) was observed
according to the method of Lork (1948). Presence of chitinase was checked on
chitin agar medium as described by Brien and Colwald, (1987) and detection for
protease production was done as described by Denisci et al (2003) on Skim milk
agar medium.

RESULTS AND DISCUSSION
Twenty-three single egg masses were taken from individual brinjal plant and
mature female from each single egg mass was extracted and identified on the
basis of perennial pattern. Two types of Meloidogyne spp. were found i.e.
Meloidogyne javanica and M. arenaria. Ninety eight 98% were found to be
Meloidogyne javanica and 2% M. arenaria. Therefore, Meloidogyne javanica
was selected for further studies.
Table 1. Nematicidal activity of rhizobacterial strains against Meliodogyne
javanica juveniles (in- vitro assay).
Strain

* Mortalities of nematodes (%) (mean ±SD )
% Mortality after 24 hrs
% Mortality after 48 hrs
A.Sr14
1± 0.00i
3±0.82h
R.E4
3±0.81h
3±0.81h
A.J-3
16±1.82b
25±1.61d
A.Sr13
6 ±1.63fg
12±1.41f
Rh37
14±0.00cd
53±0.00a
Rh33
3±0.79h
3±0.79h
Mr1
24±1.83a
43±1.41b
Rh46
7±1.64f
9±0.57g
A.Sr28
15±0.00bc
24±1.85d
Rh17
14±1.70cd
23±0.76d
Mr53
13±0.75d
28± 1.58c
Rh27
9±0.84dc
11±0.00fg
A.Sr24
7±0.00ef
9±0.90g
R-6
10±1.63d
15±1.63e
R-7
5±0.75fg
9±0.57g
Control
6±0.70f
10±0.78g
LSD (0.05%)
1.636
2.62
Values are an average of three readings. + Standard Deviation
* Mortality refers to the number of dead nematodes/ number of ones tested.
A total of 52 rhizobacteria were isolated from rhizosphere and endosphere of
tomato plants. Among them 49 were from rhizosphere and remaining three were
from endosphere. Among 52 isolates, fifteen representative strains for
Pseudomonas and Bacillus were selected for antagonistic tests against
Meloidogyne javanica. Rhizobacteria belonging to Pseudomonas and Bacillus
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spp. have also been used in bioantagonism (Ismail et al., 1997, Aksoy and
Mennan, 2004).
Under in-vitro conditions, strains tested against Meloidogyne javanica showed
3-53 juvenile motility after 48 hrs. as shown in the Table 1. The mortality of
juveniles may be due to controlled temperature, relative humidity, soil type and
type of metabolites secreted by rhizobacterial strains as these proper conditions
are impossible in-vivo. Our results are in accordance with Khurrum et al. (1997)
and Nasima et al. (2002). Results for metabolite secretion showed that among
four rhizobacterial strains tested for protease production, two rhizobacterial
strains AJ3 and RH37 were found to produce proteases as shown in Fig-1. None
of tested strains showed HCN and chitinase production. Protease producing
strain were confirmed as Bacillus subtillus and Pseudomonas fluorescence.

a

b

d

c

Figure 1.

(a-d) (a), Protease production by reference strain Pseudomonas
fluorescence CHA0 (b), Protease production by Pseudomonas
fluorescence Rh37 (c), Protease production by Bacillus subtillus A-J3
(d), Negative strain showing no protease production.

These protease producer strains show 25% and 53% juvenile mortality after 48
hrs. Previous studies revealed that microbial proteases may play important role
in infection of hosts (nematodes) by degrading the host’s protective barriers
(Huang et al, 2004). It has also been observed that bacterial proteases can
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dissolve and digest nematode cuticle or even kill hosts (Clarkson and Charnley,
1996; Meyer, 2003). Because cuticle of nematodes is composed of proteins and
chitin, especially the outer part that is covered by a layer of proteinaceous
membrane, which is an effective barrier to protect nematodes from damage
(Tunlid et al. 1994). Therefore, rhizobacterial enzymes like collagenases,
proteases, and chitinases have also been emphasized in biological control of
nematodes. In present studies, protease producing strains, which lead to a
reduction of nematode numbers in- vitro, were not found to produce chitinases
and HCN. It can be assumed that other metabolites i.e. collaginases, elastases
etc. (Cox et al., 1981) which were not investigated here, may also affect
nematode infectivity. However these preliminary results constitute a strong
incentive for further experiment on the use of strains of rhizosphere in biocontrol
of plant parasitic nematodes.

CONCLUSION
It is concluded from present studies that amongst the fifteen rhizobacterial
strains, selected for antagonism against Meloidogyne javanica, the maximum
mortality was observed by strain Rh37 which showed 53% juvenile mortality after
48 hr. as compared to control. Minimum mortality 3% was noted by Asr14 and
R.E.4. Strains MR1, Mr53, AJ-3, Asr28 and Rh17 exhibited 43%, 28%, 25%,
24% and 23% mortality of Meloidogyne javanica. Mortality by remaining strains
ranges from 9-23%. Active metabolites secreted by the rhizobacterial strains
were found to be protease. The protease producing strains AJ-3 and Rh3
showed 25% and 53% juvenile mortality after 48 hrs. Hence, these studies will be
helpful to manage tomato root knot.
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