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Abstract: To evaluate the isolates of fluorescent pseudomonads for biological control of plant-parasitic
nematodes  including  Helicotylenchus  indicus,  Xiphinema  americanum  and  Meloidogyne incognita.
Thirty-seven pseudomonad strains were collected from the rhizosphere of field-grown crop plants and tested
under in vitro condition against the nematodes. Three strains were tested against M. incognita on mungbean.
Bacterial strains were characterized for the production of siderophores, salicylic acid, 2, 4-diacetylphloroglucinol
(DAPG), hydrogen cyanide and extracellular protease. Of the 37 strains, 26 produced siderophores, 14 produced
salicylic acid, 7 produced DAPG, 6 synthesized cyanide and 12 produced extracellular protease. Only two
strains (CD 38 and CD 62) caused more than 50% mortality of the juveniles  of  all  three  nematode  species.
Seed bacterization with isolates CD 38 and CD 62 did suppress galling due to M. incognita in mungbean roots,
reduced nematode populations and enhanced shoot weight. The isolates of pseudomonads differed in the
production of secondary metabolites and their nematicidal activity. Fluorescent pseudomonad strains that
produce a variety of secondary metabolites possess greater nematicidal potential. Useful data on secondary
metabolite production by pseudomonad are provided.
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INTRODUCTION X. americanum group, which are widespread in grape-

Nematodes are devastating parasites of crop plants remarkable ability to survive for a longer period of time in
in agriculture production and certainly contribute soil [3], therefore their control using commercially
significantly to net reduction in yield, although assessing available nematicides is usually not effective. The spiral
the true magnitude of the problem is difficult. Based on an nematodes, Helicotylenchus spp., are ectoparasites of
extensive international survey [1], it has been estimated roots but may also occur in cortical tissue [4]. They are
that plant-parasitic nematodes cause yield losses of known to cause extensive root damage and thereby limit
approximately $ 100 billion worldwide each year and of crop yield. Wilt disease in tomato was much more severe
this damage, 70% is considered to be due to root-knot when this nematode co-occurred with a bacterial
nematodes (Meloidogyne spp.). These nematodes have pathogen, Pseudomonas solanacearum [5].
worldwide distribution but they are more abundant in The effective natural control of specific nematode
warm  and   tropical   regions   where  species  including pests in intensive agriculture systems has been well
M. incognita and M. javanica are mainly responsible for documented   and    the    causal    microbial   parasites
most crop damage [2]. Several species of Xiphinema, the and   pathogens    have   often   been   identified  [7-9].
dagger nematodes, are the serious pests of many The identification of suppressive soils in which certain
important crops in tropical regions including Pakistan. microbial populations hampered the multiplication of a
The  most   damaging   nematodes  are  members  of  the nematode  species  has  demonstrated  that  the  biological

growing areas of the country. These nematodes have a
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control of nematodes has great potential as a management potential to suppress root-knot disease and egg mass
strategy [2]. Furthermore, in response to environmental production by M. incognita. The capacity of the bacterial
and health concerns about extended use of pesticides, isolates to colonize mungbean rhizosphere was also
there is considerable interest in finding alternative control evaluated.
approaches for use in integrated pest management
strategies for crop diseases [10]. However, despite MATERIALS AND METHODS
extensive research, the development of biological control
agents for nematode control has proved difficult and Isolation of Pseudomonas from Rhizosphere: During an
although some commercial products have been extensive survey (March 2003 to January 2005) of the
developed, none has found wide usage. agricultural fields of Baluchistan province, Pakistan,

Fluorescent Pseudomonas are known to inhibit plant- bacteria were isolated from the rhizosphere of two palm
parasitic nematodes in the rhizosphere of a range of plants trees species including, date-palm (Phoenix dactylifera L.
including tomato, soybean, mungbean, sugarbeet and and coconut palm (Cocos nucifera L.) and two vegetable
potato [11-16]. Members of Pseudomonas aeruginosa and crops such as okra (Abelmoschus esculentus L.) and
Pseudomonas sp., have demonstrated in vitro antagonism brinjal (Solanum melongena L.). The roots (1-10 g) with
towards various soil-borne  root-infecting  fungi  and adhering soil were collected in sterile polythene bags and
root-knot nematodes, but with great variability among the kept at 28°C prior to isolation of bacteria. From each
strains [13, 17]. Production of secondary metabolites such locality, roots of approximately 5-10 plants were sampled.
as 2,4-diacetylphloroglucinol (DAPG) and cyanide is most The roots were carefully shaken to remove excess soil and
often associated with nematode suppression by root systems were washed in 200 ml of Winogradsky salt
fluorescent pseudomonads in the rhizosphere of potato solution [0.025% K HPO ,0.0125% MgSO , 0.0125% NaCl,
and tomato [11, 18]. In addition, recently Siddiqui et al. 0.0025% Fe (SO ) , 0.0025% MnSO  (pH 6.7)] on a shaker.
[19] demonstrated the production of extracellular protease A 10-fold serial dilution was prepared and 100-µl aliquots
by Pseudomonas fluorescens as an antagonistic  factor were plated on Gould’s Sl agar [20] selective for
against root-knot nematode, M. incognita. fluorescent pseudomonads. The plates were incubated at

Our aim was to search for natural strains of 30°C for 2 days before colonies were isolated and
Pseudomonas with superior antagonistic activity towards visualized. A total of 37 bacterial isolates showing growth
different plant-parasitic nematode species compared to and UV fluorescent on Gould’s Sl medium and further
already existing rhizobacterial strains. In selecting shown to be gram-negative and catalase and oxidase
potential isolates, candidate among isolates of positive, were selected for further identification at species
Pseudomonas should be metabolically active under a level. Several biochemical tests were performed [21] for
range of conditions to be competitive with the indigenous the identification of P. aeruginosa isolates. All the
microbial communities in the rhizosphere. Furthermore, bacterial isolates were routinely cultivated on King’s B
candidate isolate should be a rapid colonizer of the agar [22] medium at 28°C.
rhizosphere in the face of fast growing plant pathogens
and be able to establish stable populations under diffused Test Nematodes:  Juveniles and females of X. americanum
competitive environment. Hence, we compared a large and H. indicus were collected from soils of lemon [Citrus
collection of fluorescent pseudomonads isolated from the limon (L.) Burm.f.] and lawn grass Cynodon dactylon L.,
rhizosphere of two palm trees (date-palm and coconut respectively using Cobb’s decanting and sieving
palm) and two vegetable plant species (okra and brinjal) technique followed by a modified Baermann funnel
for in vitro antagonism towards three stylet-bearing technique [23]. Eggs and juveniles of Meloidogyne
nematode species including X. americanum, H. indicus incognita were obtained using the method described
and M. incognita. Possible mechanisms of in vitro earlier [14].
antagonism  were  elucidated   by   determining
secondary-metabolites (siderophores, salicylic acid, Characterization of the Bacterial Isolates
DAPG and cyanide) and an extracellular enzyme Siderophore Production: Production of siderophores was
(protease) production in vitro. Selected isolates that determined by the method of Schwyn and Neilands [24],
differed in secondary metabolite and protease production using the CAS reagent (Chrome Azurol  S;  Fluka
were tested under glasshouse conditions for their Chemika,  Buchs,  Switzerland).  Isolates   were   grown  on
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CAS agar plates supplemented with 2% glucose and 0.5% Extracellular Protease Production: Assay to determine
L-glutamic acid (neutralized). The presence of orange the production of extracellular protease qualitatively by
halos was recorded up to 7 days after incubation. the bacterial strains was performed as described by

Salicylic Acid (SA) Production: Qualitative analysis of
SA in the culture supernatant was performed with TLC In vitro Nematicidal Activity: To determine the
using fluorescent silica gel (F ) layer after ethyl acetate254

extraction [25]. The solvent system used was acetic acid:
chloroform (1:9 v/v) and the compound detected with UV
light and fuming with ammonia  that  gave  blue  colour.
To quantify SA production, culture filtrate of the parental
and adapted strains was extracted with ethyl acetate (1:2)
and concentrated on a rotary vacuum evaporator (Eyela)
under reduced pressure at 37°C. SA concentration was
determined by adding 5 µl of 2 M FeCl  and 3 ml of water3

to 1 ml of concentrated extract. The absorbance of the
purple iron-SA complex, which developed in the aqueous
phase, was measured at 527 nm and compared with a
standard curve of SA (Aldrich Chemical Co., Milwaukee,
Wisconsin), dissolved in ethyl acetate [26].

DAPG (Full Name Is Required) Production: Qualitative
analysis of DAPG in the culture supernatants of bacterial
isolates was performed with thin-layer chromatography
(TLC) using fluorescent Merck silica gel (60F ; 5 x 12 cm,254

Merck K GaA, Darmstadt, Germany). The culture broth of
the bacterial strains was centrifuged twice at 2,800 x g for
20 min. and 10 ml of the supernatant was extracted with 10
ml of CHCl . The organic phase was evaporated to3

dryness on a rotary vacuum evaporator (Eyela, Rikakikai
Scientific, Tokyo, Japan) under reduced pressure at 37°C
and dissolved in 2 ml of CHCl . A 1µl sub-sample of this3

suspension was spotted at the base of each plate several
times; each spot was allowed to dry before the next spot
was applied. The plate was developed with the solvent,
CHCl -MeOH-H O  (80:  15:1)  using   saturation  pads.3 2

The TLC plates were dried at room temperature and the
characteristics of the product, i.e. colour and Rf values,
were recorded. The products were  visualised by
spraying  the plates with p-anisaldehyde reagent (0.5 ml
p-anisaldehyde and 5 ml H SO  in 95% of ethanol)2 4

followed by heating for 5 min at 105°C. Spots for DAPG
were identified by comparing Rf 100 values and spot
colours  with  those  described  by  Yuan  et   al.,  [27].
The experiment was repeated.

Hydrogen Cyanide (HCN) Production: Detection of HCN
production was performed by the method described by
Siddiqui et al. [28]. Production of cyanide was determined
by a colour shift from yellow to reddish-brown on the
picrate filter paper.

Pierson et al. [29] and used by Siddiqui et al. [30].

nematicidal activity, 1 ml of the culture filtrate of a
bacterial strain was transferred to a glass cavity slide and
1 ml of the freshly isolated X.  americanum,  H.  indicus
(50 ± 4), or freshly-hatched M. incognita (87 ± 6 surface-
sterilized juveniles/ml) juvenile suspension was added to
it. Juveniles kept in one ml KB liquid medium served as
control. Each treatment was replicated six times. After 48
h exposure, the numbers of dead juveniles were counted
and percentage mortality was calculated.

Plant Growth Promotion: Unsterilized sandy loam soil
(pH 8.1; 37% max. water retaining capacity) was  filled in
8-cm-diam plastic pots at 250 g/pot. Mungbean [Vigna
radiata (L.)] Wilczek seeds after surface sterilization in
0.5% ca (OCl)  for 3 min. were rinsed several times with2

distilled water and treated with 5-day-old bacterial culture
using 1% gum Arabic as sticking substance and
carboxymethyl cellulose (CMC) as additional food source.
Each mungbean seed was found to contain 10  cfu of a6

bacterial isolate. Seeds treated with CMC and gum Arabic
without bacteria served as controls. Subsequently, eight
seeds were sown in each pot. Following germination, four
seedlings were retained per pot. Each bacterial treatment
was replicated three times and pots were randomized on
a glasshouse bench. The plants were harvested 30 days
after germination and growth in terms of fresh weight of
shoot was measured.

Nematode Biocontrol: During bacterial screening, isolate
CD 38 and CD 62 were able to synthesize a range of
secondary metabolites and extracellular protease and
demonstrated biological activities such as, plant growth
promotion and mortality of X. americanum, H. indicus and
M. incognita. Therefore,  these  isolates  were  selected
for  further  experiments.  On  the other hand, isolate CD
22 failed to synthesize any of the compounds produced
by CD 38 and CD 62 as it could not enhance plant growth
and was unable to cause deaths in plant-parasitic
nematodes; therefore, this strain was also included in the
experiments for comparison.

The procedures for the application of bacterial strains
on mungbean seeds and plant growth conditions have
already been described in plant growth  promotion
section. In these experiments, one week after seedling
emergence  and thinning process, freshly hatched juvenile
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suspension of M. incognita was inoculated in the  soil. resemblance function. Binary data was used and percent
To introduce juveniles, 15 ml of a suspension containing mortality was converted to binary variable at a cut off
2000 juveniles was evenly distributed into four holes value of 48% juvenile mortality. Statistical analysis was
made 2 cm around the seedling roots. Treatments and the performed using STATISTICA (ver. 5.0 1995; Stat Soft
controls were replicated five times each and randomized Inc. Tulsa, Oklahoma, USA.
on the glasshouse bench. The soil was adjusted to 37%
of maximum water retaining capacity. RESULTS

The experiment was terminated 45 days after the
addition of nematodes and the number of galls and eggs Isolation and Identification of Bacterial Isolates: A total
produced in a single egg mass was also counted to of 37 isolates of fluorescent pseudomonads were
determine the reproductive potential of the nematode. collected from the  rhizosphere  of  two  tree  species,
Plant growth parameters including fresh weights of shoot date-palm and coconut palm and two crop plants
and root were also measured. The root samples were including okra and brinjal growing in agricultural fields of
divided into two equal portions. One of the portions of Baluchistan province in Pakistan (Table 1). Using a
the fresh roots was thoroughly washed with tap water, cut number of biochemical tests, 6 bacterial isolates were
into small segments, reweighed and stained in acid identified as Pseudomonas aeruginosa while 31 as
fuchsine. The stained roots were homogenized in an Pseudomonas sp.
electric  grinder   for   40  sec  in  water.  The  number  of
M. incognita juveniles that had  penetrated  the  roots Phenotypic Characterization of Fluorescent
was counted and nematode populations on a per gram Pseudomonads: Numbers of potential mechanisms that
fresh  root  basis were calculated. Rhizosphere could be involved in nematode antagonism, e.g.,
populations of the bacterial strains were reisolated by production of siderophores, SA, DAPG, cyanide and
placing the root samples with adhering soil in a 100 ml extracellular protease in fluorescent Pseudomonas isolates
Erlenmeyer flask containing 10 ml of 0.1 M MgSO were tested.4

solution (pH 6.5) plus 0.02% Tween 20. Ten-fold serial
dilutions of the suspension were prepared and 100 µl Siderophores: Siderophore production on CAS medium
aliquots from the appropriate dilution were plated  onto by fluorescent Pseudomonas spp. revealed that 26 out of
KB agar. The plates were incubated at room temperature 37 (71% of the total isolates) isolates produced an orange
(28°C)  for  48  h  and  the   number   of   cfu   recorded. halo surrounding the colonies (Table 2). Siderophore
The experiment was repeated. production was not specific to a bacterial species isolated

Statistical Analysis: Data sets were subjected either to Siderophore production by bacterial strains does not
one-way analysis of variance (ANOVA) or factorial seem to be involved in vitro nematicidal activity.
analysis of variance (FANOVA) depending upon the
nature and design of the experiment. The follow up of Salicylic Acid: A thin layer chromatographic technique
ANOVA including two post-hoc tests e.g., Duncan’s used to determine SA production in fluorescent
multiple range test or Fisher’s least significant difference pseudomonas species showed that 14 out of 37 (38% of
test to compare the treatment means. Nematode mortality the total isolates) isolates produced spots whose Rf
data were transformed to log (x+1) to achieve the values are closely comparable to synthetic SA (Table 2).10

homogeneity of variances. The addition of 1 was required SA production in bacteria was found to be strain-specific
to avoid log 0 in the analysis. Since error variance but not species-specific. However, SA production was
between repeated experiments, performed under not related to in vitro antagonism of plant-parasitic
glasshouse conditions, was non-significant (determined nematodes in this study.
by F-test), therefore, only data from first experiment is
presented. DAPG (Diacetylphloroglucinol): Qualitative analysis of

A cluster analysis of the bacterial isolates was the culture supernatant of the bacterial strains showed
performed based on their biochemical and nematicidal that 7 out of 37 (19% of the total isolates) isolates
characteristics using unweighed pair group method of produced orange spots on TLC plates at an Rf value of
averaging (UPGMA) with Euclidean distance as the 0.77,   which    indicated    the    production  of  2,  4-DAPG

from any particular locality or host plant.
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Table 1: Fluorescent Pseudomonas species isolated from the rhizosphere of two plant species and localities of Balochistan province, Pakistan
Bacterium Isolate Locality Host plant
Pseudomonas sp. CD 17 Sakran Date-palm
Pseudomonas sp. CD 22 Sakran Date-palm
Pseudomonas sp. CD 28 Sakran Date-palm
Pseudomonas sp. CD 29 Sakran Coconut-palm
Pseudomonas sp. CD 30 Sakran Coconut-palm
Pseudomonas sp. CD 31 Sakran Date-palm
Pseudomonas sp. CD 33 Sakran Date-palm
Pseudomonas sp. CD 36 Sakran Date-palm
Pseudomonas aeruginosa CD 37 Sakran Coconut-palm
Pseudomonas sp. CD 38 Sakran Date-palm
Pseudomonas sp. CD 40 Vindhar Date-palm
Pseudomonas sp. CD 41 Vindhar Date-palm
Pseudomonas sp. CD 42 Vindhar Okra
Pseudomonas sp. CD 43 Khud Brinjal
Pseudomonas sp. CD 44 Khud Date-palm
Pseudomonas aeruginosa CD 46 Lasbela Town Okra
Pseudomonas sp. CD 49 Lasbela Town Date-palm
Pseudomonas sp. CD 54 Lasbela Town Okra
Pseudomonas sp. CD 58 Lasbela Town Date-palm
Pseudomonas sp. CD 59 Lasbela Town Date-palm
Pseudomonas sp. CD 62 Lasbela Town Okra
Pseudomonas sp. CD 63 Lasbela Town Okra
Pseudomonas sp. CD 64 Fatoo Goth Date-palm
Pseudomonas aeruginosa CD 68 Fatoo Goth Date-palm
Pseudomonas sp. CD 72 Fatoo Goth Date-palm
Pseudomonas sp. CD 75 Fatoo Goth Date-palm
Pseudomonas sp. CD 81 Fatoo Goth Date-palm
Pseudomonas sp. CD 86 Fatoo Goth Date-palm
Pseudomonas sp. CD 89 Army agric. Farm Date-palm
Pseudomonas sp. CD 90 Army agric. Farm Date-palm
Pseudomonas sp. CD 91 Army agric. Farm Date-palm
Pseudomonas sp. CD 92 Army agric. Farm Okra
Pseudomonas sp. CD 93 Army agric. Farm Brinjal
Pseudomonas sp. CD 94 Army agric. Farm Okra
Pseudomonas aeruginosa CD 95 Army agric. Farm Brinjal
Pseudomonas aeruginosa CD 97 Army agric. Farm Brinjal
Pseudomonas sp. CD 99 Army agric. Farm Date-palm

by these isolates (Table 2). Unlike other secondary Proteases: Extracellular  proteases  production by
metabolites,   DAPG    production    was    not   only bacterial  isolates  revealed  that  12 out of 37% (32% of
strain-specific but also species-specific as  none  of  the the  total  isolates)  isolates   produced  clear zones
P. aeruginosa isolates were able to biosynthesize this around  growing   colonies   on   skimmed-milk  agar,
secondary metabolite. which indicated the protease production. Enzyme

Cyanide: Cyanide production was found to occur in 6 out specificity was evident, to some extent, as different
of 37 (16% of the total isolates) isolates of fluorescent isolates  of  the  same  species  produced halos of
Pseudomonas spp. (Table 2). Whereas HCN production different  sizes.   The   observed   sizes  of  halos  could
by the bacterial isolates was not species- or strain- not  be related to the degree of in vitro nematicidal
specific, intensity to produce cyanide varied among activity and protease production was therefore not
isolates. Three isolates (CD 28, CD 49 and CD 63) were considered to be a significant factor in nematode
low-intensity cyanide producers, resulting in weak orange mortality.
pigmentation of the indicator paper, while two (CD 36 and
CD 38) gave moderate  orange  pigmentation  and  one In vitro Nematicidal Activity: Following 48 h exposure to
(CD 62) was intense cyanide producer, giving strong
brownish-red pigmentation (data not presented).

production  was  not species-specific, but strain

culture filtrate of the isolates of fluorescent Pseudomonas
species,  mortality  of   juveniles   of   three  plant-parasitic
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Table 2: In vitro production of secondary metabolites and nematicidal activity of different isolates of fluorescent Pseudomonads.
Nematode mortality (%)
----------------------------------------------

Isolate Siderophore SA DAPG HCN Protease Plant growth X.a. H.i. M.i.a a a

CD 17 - - - - - - 14 nd nd
CD 22 - - - - - - 37 8 12
CD 28 + - + + - + 35 32 12
CD 29 + + - - - + 10 nd 15
CD 30 + + - - + + 17 nd nd
CD 31 + + + - + + 39 24 34
CD 33 + - - - - - 10 6 10
CD 36 - - + + + - 45 56 66
CD 37 + - - - - + 18 15 12
CD 38 + + + + + + 55 62 68
CD 40 - - - - - + 17 nd nd
CD 41 + - - - - - 10 nd 9
CD 42 + - - - - - 31 10 9
CD 43 + - - - - + 11 10 16
CD 44 + + - - - + nd nd nd
CD 46 + + - - - + nd nd nd
CD 49 + + - + + + 22 37 31
CD 54 - - - - + - 17 21 13
CD 58 - - - - + - 11 20 27
CD 59 - - - - - - 8 5 12
CD 62 + - + + + + 51 64 60
CD 63 - - + + + + 48 52 55
CD 64 + - - - - + 14 nd nd
CD 68 + + - - - + 9 12 nd
CD 72 + + - - - + 9 nd 12
CD 75 + + - - + - 11 13 14
CD 81 + + - - - - 17 6 8
CD 86 + + - - - + nd nd nd
CD 89 + - - - - + 11 5 8
CD 90 - - - - - + 10 13 10
CD 91 - - - - - + nd nd 19
CD 92 + - - - - + 18 10 11
CD 93 + - + - - + 13 9 29
CD 94 + - - - + - 12 9 10
CD 95 + + - - + - nd 16 nd
CD 97 - + - - - + nd 21 16
CD 99 + - - - - + nd nd nd
LSD - - - - - - 12 15 80.05

X.i., Xiphinema americanum; H.i. Helicotylenchus indicus; M.i. Meloidogyne incognita nd, not determined and not included in statistical analysisa

nematodes occurred (Table 2) (how did you calculate the isolates) isolates gave more than 50% mortality of the
percentage mortality? Abbott  formula is very important juveniles of M. incognita. Among the 37 isolates tested,'s

in that trend).  A  bacterial  isolate  exhibited  differential culture filtrate of two isolates (CD 38 and CD 62) resulted
(p < 0.05) impact towards different nematode species. in more than 50% mortality of the juveniles of all the
Likewise, different bacterial isolates demonstrated nematode species.
differential (p < 0.05) effects against a specific nematode
species. Of the 30 isolates assessed for activity towards Plant Growth Promotion: When applied as seed
X. americanum, culture filtrates of only 2 (7% of the total treatment, 24 out of 37 (65%  of  the  total  isolates)
isolates) isolates caused more than 50% mortality of the isolates enhanced fresh weight of shoots of mungbean
juveniles. Similarly, 4 out of 25 isolates (16% of the total plants   in   unsterilized   sandy   loam   soil   (Table  3).
isolates) tested resulted in more than 50% mortality of the The bacterial isolates influenced plant growth to a
juveniles of H. indicus while, 4 out of 27 (15% of the total different extent.
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Fig. 1: Dendrogram derived from unweighed pair group-method of averaging (UPGMA) clustering of the 37 strains of
fluorescent pseudomonas.

Table 3: Effects of seed bacterization of the fluorescent Pseudomonas sp. isolates on certain parameters of Meloidogyne incognita infecting mungbean.
Fresh weight (g)
----------------------------------------

Treatments Galls/root system Egg mass/ root system Eggs/ Egg mass Juveniles/ g root Shoot Root
Control 69 21 187 109 2.7 1.6a a a a c ab

CD 38 38 19 169 67 4.6 1.3 b a a a a a

CD 62 46 19 166 78 3.9 1.8b a a b b a

CD 22 77 24 179 102 2.2 1.4a a a a c b

LSD 10 4 26 19 0.5 0.30.05

Means followed by the same letter(s) in each column are not significantly different (P < 0.05). Data presented comes from one of the repeated trials each with
five replicates.

Cluster Analysis: The UPGMA clustering showed four 62 inhibited (P < 0.05) galling due to M. incognita by 44%
main groups with 5, 2, 17 and 13 isolates, from left to right and 33% on mungbean roots, respectively compared to
(Fig. 1). The first group of five (CD 63, CD 62, CD 38, CD controls (Table 3). However, none of  the  bacterial
36 and CD 28) members include those isolates that exhibit isolates  were  able  to  influence the reproductive
active metabolic group, producing all or almost all the potential  (egg production) of nematode.  Populations of
tested biochemicals and had high nematicidal activity. M.  incognita   per   g   root    were    markedly    reduced
The second group of two (CD 49 and CD 31) contains (P  <  0.01)  after  seed  treatment with isolates CD 38 or
isolates that are metabolically active, but failed to cause CD 62. Whereas isolates CD 38 and  CD  62  did  enhance
juvenile mortality of the nematodes. The third group fresh  weights  of  mungbean  shoots  and the root
comprised of 17 isolates that were moderately active weights  remained  uninfluenced  compared to controls.
metabolically and produced two or more biochemicals but As compared to non-bacterized controls, a secondary
had low nematicidal activity. On the other hand, the fourth metabolite and extracellular  protease-negative  isolate
group comprising of 13 isolates did not produce most of (CD  22)  failed to suppress nematode galling,
the biochemicals and exhibited very little, if any, juvenile reproductive     potential         and         populations     of
mortality. Plant growth promotion was demonstrated by M.   incognita   on  mungbean  roots;  the  isolate  also
the isolates belonging to first three groups, while isolates did  not  influence  plant  growth.  Isolates  CD  38  and
of the fourth group did not exhibit such potential. CD   62 attained     a   mean    population     density  of

Influence of Bacterial Isolates on Pathogenicity of respectively,  in  mungbean  rhizosphere  while final
Meloidogyne Incognita: When compared to the controls, population densities of CD 22 in  the  rhizosphere  were
seed  inoculation  of  the  bacterial  isolates CD 38 or CD 2.8 x 10  cfu.

3.5 x 10  and 2.1 x 10  cfu (per g fresh weight of roots)5 5

4
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DISCUSSION Phloroglucinol are the  phenolic  compounds synthesized

Of the 37 isolates collected from the rhizosphere   of possess  antifungal,    antibacterial,    antiviral,
2 tree species and 2 vegetable plant species, based on anthelmintic and  phytotoxic  properties  [37].  Recently,
phenotypic and biochemical characterization, 31 isolates 2, 4-diacetylphloroglucinol, a broad-spectrum antibiotic
were identified as Pseudomonas sp. and 6 as synthesized by fluorescent pseudomonads, has been
Pseudomonas aeruginosa. All the isolates were screened identified as a major determinant in nematode biocontrol
for their ability to produce a range of secondary [11, 18]. Interestingly, the observed synthesis of this
metabolites,   siderophores   and   extracellular  protease compound was specific at species level and was only
in vitro. Furthermore, biological activities such as plant produced by the isolates belonging to Pseudomonas sp.
growth promotion and antagonism towards plant-parasitic Since only a few isolates of P. aeruginosa were assessed
nematodes were also determined for most of the isolates. here for DAPG production, we are not  certain  whether
With respect to the secondary metabolism, plant growth this  is  restricted  to  our  isolates only or true for all the
promotion and nematode antagonism, a wide variability P. aeruginosa strains globally. Cyanide is a secondary
was displayed by the isolates. However, many of these metabolite produced by gram-negative bacteria that
isolates shared common characteristics as 26 produced contributes to the suppression of plant pathogenic fungi
siderophores,  14  produced  salicylic  acid, 7 produced [38]. Gallagher and Manoil [39] found cyanide production
2,4-diacetylphloroglucinol,   6   produced   cyanide   and by P. aeruginosa to act a key role in killing the juveniles
12 produced extracellular protease.  All  these  attributes of Caenorhabditis elegans, a common soil inhabiting
in  rhizobacteria  are  known  to  contribute considerably nematode in vitro. The exact mechanism involved in
in  promoting  plant growth in non-sterile soil indirectly cyanide-mediated suppression of plant-parasitic
by  controlling  fungal  pathogens  and  some of them nematodes is yet to be elucidated.
have also been reported to  suppress  plant-parasitic Some DAPG  and  cyanide-negative  but  (?)
nematodes [11, 18, 30]. In this study, based on the protease-positive isolates, also, caused in vitro mortality
screening procedure employed, we are not sure which of M. incognita juveniles though it was of low order.
bacterial  determinants  are   important   in  promoting These results suggest that protease production by
plant growth because some isolates (CD 40, CD 90  and fluorescent pseudomonads contributes, to some extent, to
CD  91)  which  failed to synthesize secondary biocontrol of M. incognita and that high or low
metabolites, siderophores and protease in vitro, also production of this enzyme in vitro has no relation to the
promoted growth of mungbean plants. In these isolates, degree of nematode antagonistic activity. Protease
production of plant growth regulators could be a production in Pseudomonas fluorescens strain CHA0 has
contributing factor that directly promoted plant growth been identified as an important (though not sole) factor
and their assessment may yield interesting results. Plant that contributes to nematode biocontrol because mutants
growth-promoting rhizobacteria are known to promote of this strain that were deficient in protease production
plant growth directly via production or changing the were unable to cause juvenile mortality in vitro and
concentration of the plant hormones indole acetic acid consequently could not suppress root-knot disease on
[31], gibberellic acid [32], cytokinins [33] and  ethylene tomato and soybean plants [19, 30].
[34, 35]. The effect of Pseudomonas aeruginosa on Siderophores and SA-positive and DAPG- and
Meloidogyne incognita infecting tomato was studied in cyanide-negative isolates failed to cause mortality of the
detail [36]. juveniles of plant-parasitic nematodes (Table 6) which

Whereas no relationship was evident between suggests that competition for iron among bacteria and
bacterial metabolites, protease production and plant nematodes is not an operational phenomenon in the
growth promotion, nematicidal activity, to a large extent, rhizosphere and that both organisms occupy different
was determined by the production of secondary niches in such an environment. Under iron-limiting
metabolites such as DAPG and cyanide. However, conditions, bacteria produce a range of iron chelating
whether these compounds also act a major role in the compounds or siderophores, which have a very high
suppression of root-knot nematodes in the rhizosphere is affinity for ferric iron. These bacterial iron chelators are
not certain. Discrepancies between the antagonistic thought to sequester the limited supply of iron available
effects under in vitro conditions and the corresponding in the rhizosphere making it unavailable to pathogenic
in situ efficacy have been previously reported [17]. fungi, thereby restricting their growth [40].

by  a   range  of  bacterial  and  plant  species  and



Am-Euras. J. Agric. & Environ. Sci., 12 (11): 1496-1506, 2012

1504

Whereas  a   few   bacterial  isolates  were  screened realistic biocontrol within M. incognita-mungbean
in vitro, only two (CD 32 and CD 68) of them were found pathosystem and develop strategies for its
to be metabolically active and inhibitory to the juveniles implementation and management.
of all the nematode species tested. Therefore, these
isolates were chosen for further studies under glasshouse ACKNOWLEDGEMENT
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