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Abstract

Plant growth promoting rhizobacteria (PGPR) are beneficial bacteria that colonise plant roots and
enhance plant growth by a wide variety of mechanisms. The use of PGPR is steadily increasing in
agriculture and offers an attractive way to replace chemical fertilizers, pesticides and supplements. In
the present study, rhizobacteria associated with five varieties of cassava, viz., Sree Padmanabha,
Sree Vijaya, Sree Jaya, Sree Rekha and Sree Prakash were isolated and screened for their plant
growth promotion traits and in vitro biocontrol potential. A total of 41 isolates were selected based on
colony morphology and designated as RB1 to RB41. These isolates were screened in vitro for their
plant growth promoting traits like production of indole acetic acid (IAA), ammonia (NH,), phosphate
solubilisation, hydrogen cyanide (HCN) and antifungal activity. Cowpea seeds were treated with
rhizobacteria to assess seed germination and growth of seedlings. A pot experiment was conducted
with cassava variety, Sree Vijaya, where stem cuttings were treated with rhizobacteria followed by a
soil drench. About 88% of the isolates produced IAA, 83% produced ammonia and 50% solublized P,
Only one isolate produced HCN and nine isolates showed antifungal activity against the plant pathogen,
Sclerotium rolfsii. Rhizobacterial treatments promoted the germination in cowpea and growth in
cassava.The present study suggests that PGPR isolates might have potential in future field applications
as plant growth promoters or as biocontrol agents.
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Introduction

The plant-microbe interaction in the rhizosphere can
be beneficial, neutral, variable or deleterious for plant
growth. Rhizobacteria that exert beneficial effects on
plant development are termed plant growth promoting
rhizobacteria (PGPR) (Kloepper and Schroth, 1978).
The term rhizobacteria is used for bacteria that
aggressively colonize the rhizosphere (Subba Rao, 1999).
The exact mechanism by which PGPR promote plant
growth are not fully understood, but are thought to
include the ability to produce or change the
concentration of plant growth regulators like indole
acetic acid, gibberellic acid, cytokinins and ethylene
(Arshad and Frankenberger, 1993), asymbiotic nitrogen

fixation (Boddey and Dobereiner, 1995), solubilizaton
of mineral phosphates and other nutrients (De Freitas
et al., 1997; Gaur, 1990), antagonism against
phytopathogenic microorganisms by production of
siderophores (Scher and Baker, 1982), antibiotics
(Shanahan et al., 1992) and cyanide (Flaishman et al.,
1996). Most popular bacteria studied and exploited as
biocontrol agents include the species of fluorescent
Pseudomonas and Bacillus.

During the last couple of decades, the use of PGPR for
sustainable agriculture has increased tremendously in
various parts of the world. Moreover, PGPR mediate
biological control indirectly by eliciting induced systemic
resistance (ISR) against a number of plant diseases
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(Jetiyanon and Kloepper, 2002). Application of some
PGPR strains to seeds or seedlings has also been found
to lead to a state of induced systemic resistance in the
treated plant (Kloepper et al., 1999).

Cassava (Manihot esculenta Crantz)) is a woody shrub
belonging to the family Euphorbiaceae (Spurge family)
native to South America that is extensively cultivated as
an annual crop in the tropical and subtropical regions
for its edible starchy tuberous root, a major source of
carbohydrate. It is the third most important food crop
after cereals and grain legumes. Cassava is a high
carbohydrate rich tropical root crop now grown in over
95 countries and provides a cheap food source for over
500 million people.

The objectives of the present study were to isolate the
cassava rhizosphere bacteria and screen them for plant
growth promotion and biocontrol potential.

Materials and Methods

Isolation and characterization

Soil samples were collected from the rhizosphere of
apparently healthy plants of different varieties of cassava,
namely, Sree Jaya, Sree Vijaya, Sree Padmanabha, Sree
Rekha and Sree Prakash. Soils were collected from
various cassava fields in Thiruvananthapuram and
Kollam districts of Kerala and transterred to Laboratory,
Central Tuber Crops Research Institute (CTCRI),
Thiruvananthapuram. The samples were taken at the
time of harvest. Ten soil samples were collected from
each variety and composite sample was used for isolation.
Bacterial isolation was done by serial dilution technique.
Ten grams of rhizosphere soil was used to prepare 10
fold dilution series up to 10°.in sterile distilled water.
0.1 ml aliquots from dilutions (107 to 10°) were
inoculated onto pre-poured nutrient agar and King’s B
agar plates and spread using a sterile glass spreader. After
48 h of incubation at 32°C, the plates were observed for
number of bacterial colonies and their morphology. Forty
one bacterial isolates showing prolific growth and having
different morphological appearance on agar medium
were selected for the present study.

In vitro screening of bacterial isolates for
plant growth promoting activities

Indole acetic acid (IAA) production

The assay for IAA production by selected bacteria was

carried out by the method proposed by Bric etal. (1991).
Isolates were grown in 25 ml Luria Bertani medium
containing 50 wg ml" tryptophan (LBT medium) and
incubated at 30°C for 24 h in a rotary shaker (90 rpm).
They were centrifuged at 5000 rpm for 25 min. Two
volume of supernatant was mixed with one volume of
Van urk Salkowski reagent (2% 0.5 M FeCl, in 35%
perchloric acid) and the pink colour developed was
measured after 2 h by spectroscopy at 530 nm.
Concentration of IAA produced by cultures was
calculated with the help of standard curve of IAA obtained
in the range of 10 — 100 ig ml'.

Phosphate solubilisation

All bacterial isolates were first screened on Pikovskaya’s
agar plates for phosphate solubilization as described by
Gaur (1990). The isolates showing positive results in agar
medium were assessed for quantification of P
solublilization using vanadomolybdophosphoric yellow
colour method (Clesceri et al., 1998). The cultures
showing positive result in agar medium were inoculated
in 50 ml of Pikovskaya’s broth and incubated for 48 h.
The broth was centrifuged at 8000 rpm for 10 min and
5 ml of the supernatant was taken to which 5 ml of the
vanadomolybdate reagent was added. The volume was
made up to 25 ml and incubated overnight. The yellow
colour developed was read at 530 nm.

Ammonia production

Bacterial isolates were tested for the production of
ammonia in peptone water. Freshly grown cultures were
inoculated in 10 ml peptone water in each tube and
incubated for 4 days at 30°C. Nessler’s reagent (0.5 ml)
was added in each tube. Development of a faint yellow
colour indicated small amount of ammonia while deep
yellow to brownish colour indicated increased
production of ammonia (Dye, 1962).

HCN production

All the isolates were screened for the production of
hydrogen cyanide (HCN) by adapting the method of
Bakker and Schipper (1987). King’s B medium was
amended with 4.4 gI"' glycine; sterilized in an autoclave
and poured in sterilized petriplates under aseptic
condition and the bacterial cultures were streaked on
the agar plate. A Whatman filter paper No.1 soaked in
2% sodium carbonate in 0.5% picric acid solution was
placed in the upper lid of the petri plate. Plates were
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closed and sealed with parafilm and incubated at 28 +2°C
for 4 days. Colour change of filter paper from deep yellow
to orange and finally to orange brown to dark brown
indicated HCN production.

In vitro screening of bacterial isolates for
biocontrol potential

Antifungal activity

The bacterial isolates were tested in vitro on potato
dextrose agar (PDA) for their antifungal activity against
Sclerotium rolfsii by dual culture technique (Skidmore
etal., 1976). An agar plug (5 mm in diameter) was cut
from an actively growing (96 h) fungal culture and placed
at the centre of the agar plate. Simultaneously, the
bacterium to be tested was streaked 2 cm away from the
agar plug. Plates with only fungus without bacterial
culture were used as control and all plates were incubated
at 30 1°C until fungal mycelia covered the agar surface
of the control plate.

Plant bioassays for growth promotion
Seed germination test

The selected rhizobacterial isolates were bioassayed for
their ability to promote or inhibit seedling growth using
the method as described by Shende et al. (1997) and
Elliot and Lynch (1984) with a few modifications.
Cowpea seeds were surface sterilized with 0.1% mercuric
chloride for 3 min followed by successive washing with
sterile distilled water. The cultures were grown in their
respective medium for 48 h containing at least 10° cells
ml™". The seeds were kept in culture medium for 10 min
and then kept on sterile soft agar plates (1%) and
incubated at 30°C for 3 days. Seeds treated with sterilized
medium alone served as control. Three replicates were
maintained for each treatment. Seed germination and
radicle length were recorded on the third day of
incubation.

Influence of different PGPRs on agronomic
characteristics of cassava

A pot culture experiment was conducted to evaluate the
effects of selected rhizobacteria on cassava growth. Stem
cuttings (setts of 15 cm) of cassava variety Sree Vijaya
were surface disinfected by treatment with 95% ethanol
for 2 min, followed by washing in sterile distilled water
several times. Before planting, cassava stem cuttings were

dipped thoroughly in bacterial culture broth for 10 min.

Cell concentrations in the whole culture were adjusted
with sterile distilled water to 1 X 10%cfu ml!, based on
absorbance. Sterile distilled water was used as the control.
Treated cuttings were planted in pots (30 cm diameter)
containing soils sterilised at 121°C for 30 min for two
consecutive days. There were three replicates per
treatment with two cuttings per pot. The pots were
watered daily and kept in a greenhouse with a 12 h
photoperiod. After 30 days, agronomic characters like
height of the plant, girth of the plant, number of leaves

and total biomass were taken.

Biochemical characterisation of the isolated
bacteria

A number of biochemical tests viz. gram reaction, indole
test, methyl red test (MR), voges-proskauer test (VP),
citrate utilization, nitrate reduction, triple sugar iron agar
(TSI) test, starch, gelatin and casein hydrolysis, hydrogen
sulphide production (H,S), urease test, oxidase test,
catalase test were performed for the characterization of
isolates with the help of standard methods (Cappuccino
and Sherman, 1992). Fermentation of carbohydrate was
tested with sugars viz. glucose, lactose and sucrose. The
bacterial isolates were identified by comparing the results
with Bergey’s Manual of Determinative Bacteriology.

Statistical analysis

Data from the experiment was subjected to analysis of
variance using SAS version 9.3 (2010). Separation of
treatment means was accomplished by Duncan’s Multiple
Range Test (DMRT) and all tests for significance were
conducted at p d” 0.0001

Results and Discussion

Isolation of rhizosphere bacteria

The bacterial population (cfu g of soil) recorded from
the rhizosphere soil of five different cassava varieties are
presented in Table 1. The population ranged from 2 x
10° to 6 x 10° cfu ¢! of soil. The bacterial colonization
was maximum (6 x 10° cfu g' of soil) in the rhizosphere
of cassava variety, Sree Padmanabha followed by Sree
Prakash, Sree Vijaya, Sree Rekha and Sree Jaya.However,
rhizobacterial population did not vary much among

different cassava varieties.

The morphological characters of rhizosphere bacterial
isolates varied widely. A total of 41 morphologically
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Table 1. Population of rhizobacteria associated with different
varieties of cassava

Variety Bacterial population
(x 10°cfu g' of soil)

Sree Padmanabha 6

Sree Prakash 4.5

Sree Vijaya 3.3

Sree Rekha 3

Sree Jaya 2

Values are the means of three replications

different isolates were selected based on their colony
characteristics and pigment production. They were
designated as RB1 to RB41.

Plant growth promoting traits of the isolates
IAA production

IAA, a member of the group of phytohormones, is
generally considered to be the most important native
auxin. IAA may function as important signal molecule in
the regulation of plant development. It has been reported
that IAA production by PGPR can vary among different
species and strains and it is also influenced by culture
conditions, growth stage and substrate availability (Mirza
et al., 2001). Moreover, isolates from the rhizosphere
are more efficient auxin producers than isolates from
the bulk soil (Sarwar and Kremer, 1992). In the present
study, results of colorimetric analysis indicated that 88%
of the isolates produced IAA in vitro. Auxin production
ranged from 1.33 g ml"' to 102 ug ml'. Five isolates
(RB9, RB26, RB31, RB37 and RB41) were high
producers of IAA (>63.33 ug ml"), 13 isolates were
moderate producers (20.67 ug ml™ to 63.33 ug ml™),
while 18 isolates were weak producers (1.33 ug ml to
17.33 ug ml™). Five isolates (RB22, RB23, RB24, RB25
and RB28) did not produce IAA.The results of major
IAA producing rhizobacteria (16 isolates) are represented
in Fig. 1.
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Fig. 1. In vitro IAA production capacity of rhizobacterial
isolates

Phosphate solubilisation

Phosphorous is one of the major nutrients, second only
to N in requirement for plants. Most of the P in soil is
present in the form of insoluble phosphates and cannot
be utilized by the plants (Pradhan and Sukla, 2006). The
ability of bacteria to solubilise mineral phosphates has
been of interest to agricultural microbiologists as it can
enhance the availability of phosphorous and iron for plant
growth. In comparison to non-rhizospheric soil, a
considerably higher concentration of phosphate
solubilising bacteria is commonly found in the
rhizosphere (Raghu and Mac Rae, 1966). In the present
study, a clearing zone around the colonies was shown by
RB1, RB2, RB4, RB7, RBS, RB9, RB13, RB17, RB19,
RB26, RB27, RB28, RB29, RB30, RB31, RB32, RB33,
RB34, RB35, RB36, RB37, RB38, RB39, RB40 and
RB41 in Pikovskaya’s agar. Highest solubilisation of P
was shown by RB17 (106.02 ppm) and the P solubilizing
capacity of the major 25 rhizobacteria are presented in
Fig. 2. Other isolates solubilised P in the range of 37 to
100 ppm.

Ammonia production

In the present study, 83% of the isolates produced
ammonia indicating that it is a common trait in these
bacteria which indirectly influence plant growth. Thirty
three isolates showed high production of ammonia, while

eight isolates did not produce ammonia.
HCN production

Out of the 41 isolates, only one isolate, RB1, produced
HCN. It has been reported that overproduction of HCN
may control fungal diseases in wheat seedlings (Flaishman
et al., 1996). It has been reported that ammonia and
HCN production by the isolates was positively related
to N accumulation and elongation of the roots and P
accumulation, biomass production and elongation of

shoots in Zea mays (Marques et al., 2010)

Biocontrol potential of PGPR
Antifungal activity

Antifungal assay was done by dual culture technique.
Inhibition of mycelial growth of the fungus, Sclerotium
rolfsii, was shown by RB1, RB4, RB9, RB12, RB15,
RB16, RB19, RB26 and RB37, which indicated their
potential to resist the pathogen.
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Fig. 2. P solubilizing capacity of rhizobacterial isolates

Plant bioassays
Seed germination test

The present study investigated the effectiveness of PGPR
to increase the seed germination rate as well as growth
of seedlings. Germination of seeds was found to be 80%
in both rhizobacterial treatments and control. Twenty
isolates showed a two fold increase in radicle length than
control seedlings (2.4 cm). Thirteen isolates showed a
neutral effect and 8 isolates produced a negative effect
on radicle length of seedlings (Fig. 3). A large body of
evidence suggests that PGPR enhance growth, seed
emergence and crop yield and contribute to the
protection of plants against certain pathogens and pests
(Dey etal., 2004 ; Kloepper et al., 2004 ; Kokalis Burelle
etal., 2006 ; Herman et al., 2008 ; Minorsky , 2008).

Influence of different PGPRs on agronomic

characteristics of cassava

Signiﬁcant increase in growth and yield of agronomically
important crops in response to inoculation with PGPR
have been reported (Chen et al., 1994; Amara and

14
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Fig.3. Effect of rhizobacterial isolates on radicle length of

cowpea seedlings

Dahdoh, 1997; Biswas et al., 2000a; 2000b; Hilali et
al., 2001; Asghar et al., 2002). The agronomical
characteristics of cassava were significantly influenced
by different PGPR strains (Table 2.). One month after
planting, RB9 and RB26 treatments resulted in
significantly higher growth characters. Plant height was
greater in RB9 (88 cm) followed by RB26 (85.33 c¢m)
which was on par with RB9. The treatments viz., RB35
(81cm) and RB38 (80.33 cm) also resulted in higher
plant height followed by RB25 (78 cm). Height of the
plants ranged from 60 cm to 75 cm by the other PGPR
treatments and that in the control plant was 52.67cm,
which was relatively less. Girth of the plant was seen
slightly higher due to RB26 (2.86 cm) followed by RB9
(2.84 cm) and less in control plants (2.11 cm).
Significantly less increase in number of leaves was noted
in bacteria treated cassava plants. Highest biomass (fresh
weight) was shown by RB9 (112.33 g plant™) followed
by RB26 (111.67g plant), which were on par. The
bacteria RB35 (107.33 g plant™) also resulted in higher
biomass followed by RB25 (105.33 g plant '), which was
on par with RB25. Other PGPRs also yielded a biomass
in the range of 91 g plant to 103 g plant” which was
superior over the control. In general, all the bacterial
treatments produced significantly higher agronomic
characteristics viz., plant height, girth, number of leaves
and biomass in cassava plant compared to the control

treatment.

Biochemical characterisation of PGPR
isolates

The biochemical test results showed that most of the
rhizobacteria belonged to Bacillus and Pseudomonas
species (Table 3). The isolates, RB9 and RB26, which
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Table 2. Effects of PGPR on agronomic characteristics

of cassava
Treat- Height Girth No. of Biomass
ment (cm) (cm) functional (g plant™)
leaves

RB1  62.33" 2.34Mmeea 13 000 92.33™
RB2  65.33% 232K mepa 1000  93.67™
RB3  62.67" 2.17v 10.00°  91.00°

RB4  69.33mn 2 4gfehik 11.00°>  93.67™
RB5  63.33W 2 25mnepar 11.00°  94.00™
RB6  73.67'  2.33ikmpa 10 00 97.007
RB7  64.00" 2.19°% 12.00°  91.00°

RBS  67.33%  2.40&iMme  10.00°  93.67™
RB9  88.00°  2.84® 12.00°  112.33°
RB10 70.008™ 2 .37%Kmner 11 00"  100.00%"
RBI1l 64.67 2.20° 10.00¢  98.00¢"
RB12 63.67%  2.24mmope 11.00>  95.33Km
RB13 68.33™° 2.14% 11.00°  101.67¢
RB14 71.67%  2.27mmere 11.00>  96.67M
RB15 66.67%9 2 .29'mnopar 12.00°  95.33km
RB16 74.33<% 2 53dfhi 12.00°  102.00%
RB17 70.67%  2.26mmere 10.00¢  100.00%"
RB18 72.00M 2. 5Qcfhik 11.00°>  93.67™
RB19 74.33%  2.60k 12.00°  98.00¢"
RB20 70.67M  2.51¢lehi 11.00°  94.674m
RB21 65.33%  2.34ikmopa 10 00 92.67™
RB22 68.33™° 2.19r 11.00°  98.00"
RB23 63.67°%  2.308merar 11,00 93.67™
RB24 74.33<% 2 51cfhi 12.00°  101.33¢
RB25 78.00¢  2.69%<dk 12.00°  105.33™
RB26 85.33"  2.86° 12.000  111.67°
RB27 72.67¢"  2.57dl 10.00¢  97.331

RB28 74.67¢  2.69%ck 12.00°  102.33%
RB29 61.67%  2.17v 10.00¢  93.33m
RB30 68.00™  2.49<fhi 11.00>  95.33/km
RB31 61.67%  2.43chikmn 10.00¢  97.33¥

RB32 76.00°  2.52lehi 12.00°  103.33e
RB33  65.67°7 2 44hikim 11.00>  93.00™
RB34 72.33M 2 gl 12.00°  101.33¢
RB35 81.00°  2.79%¢ 12.00°  107.33°
RB36 73.67'¢" 2 .65bd 10.00¢  97.67"
RB37 62.00™  2.19% 12.00°  94.33M
RB38 80.33¢  2.73% 12.00°  104.33<
RB39 75.67¢  2.68%! 12.00°  103.67<
RB40  63.33w 2 22mopar 10.00°  97.67"
RB41 70.008™ 2 55dfh 12.00°  100.33f
Control52.67%  2.11° 10.00°  83.67°

Mean 69.75 2.43 11.1 97.83

p-Value <.0001  <.0001 <.0001 <.0001
CV (%) 1.74 5.32 0 1.59

The data are the average of three replications (two
plants per replication) for each treatment. Mean
values with the same superscript within a column
are not significantly different according to DMRT.

Table 3. Biochemical characterisation of PGPR isolates

Probable

Moti-

Gram

Isolate

identity

LF SF

TSI NR SH GH CH HS GF

C URE CAT OXI

I MR VP

lity

reaction

Gram
+ve

RBS,10,11,12,19,

21,22,23,26,29,32,

33,34,36, 37, 38
RB 24, 28, 31

Bacillus sp.

+

+

rod

Micrococcus

+ K/NC

+

Gram—+ve

cocci

Sp.

Pseudomonas

Gram
-ve
rod

RB1,2,3,4,5,9,17,
8,20,25,30,
39, 40, 41

sp.
Enterobacter

Gram -ve
rod

RB 15,30, 35

sp.
Klebsiella

Gram -ve
rod

RB 14, 26, 27

sp.
Serratia

Gram -ve

rod
I-Indole; MR-Methyl red; VP-Voges-proskauer; C-Citrate utilization; URE- Urease test; TSI-Triple sugar iron agar; CAT-Catalase; OXI-Oxidase; NR-Nitrate reduction;

RB 6,7, 13, 16

Sp.

SH-Starch hydrolysis; GH-Gelatin hydrolysis; CH-Casein hydrolysis; H S-Hydrogen sulphide production; GF-Glucose fermentation; LF-Lactose fermentation; SF-

Sucrose fermentation
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produced significant growth promotion in cassava
belonged to Pseudomonas and Bacillus sp. respectively.
It should be further identified by techniques like 16s
rDNA sequencing, biolog identification etc.

Conclusion

It can be concluded that PGPR are able to induce the
production of IAA, solubilisation of P and resistance to
pathogens thereby improving growth of plants. The use
of PGPR as biofertilisers or as biocontrol agents may be
tested in fields to find out their application in cassava

cultivation.

Acknowledgement

The authors are grateful to the Director, CTCRI,
Thiruvananthapuram, India, for providing facilities and
support for conducting the work.

References

Amara, M.A.T. and Dahdoh, M.S.A. 1997. Effect of inoculation
with plant growth promoting rhizobacteria (PGPR) on yield
and uptake of nutrients by wheat grown on sandy soil. Egyptian
J. Soil Sci., 37: 467-484.

Arshad, M. and Frankenberger, WT. 1993. Microbial production
of plant growth regulators. In: Soil Microbial Ecology, Marcel
and Dekker, Inc., New York, pp. 307—347.

Asghar, H.N., Zahir, Z.A., Arshad, M. and Khaliq, A. 2002.
Relationship between in vitro production of auxins by
rhizobacteria and their growth promoting activities in Brassica
juncea. L. Biol. Fertility Soils, 35: 231-237.

Bakker, A.W. and Schipper, B. 1987. Microbial cyanide production
in the rhizosphere in relation to potato yield reduction and
Pseudomonas spp. mediated plant growth stimulation. Soil Biol.
Biochem., 19: 451-457.

Biswas, J.C., Ladha, ].K. and Dazzo, F.B. 2000a. Rhizobia inoculation
improves nutrient uptake and growth of low land rice. Soil Sci.

Soc. Am. ., 64: 1644-1650.

Biswas, ].C., Ladha, J.K., Dazzo, EB., Yanni, Y.G. and Rolfe, B.G.
2000b. Rhizobial inoculation influences seedling vigor and yield
of rice. J. Agron., 92: 880-886.

Bric, ].M., Bostok, R.M. and Silverstone, S.A. 1991. Rapid in situ
assay for indole acetic acid production of bacteria immobilized
on a nitrocellulose membrane. Appl. Environ. Microbiol.,
57: 535-538.

Boddey, R.M. and Dobereiner, J. 1995. Nitrogen fixation associated
with grasses and cereals; recent progress and perspectives for
the future. Fert. Res., 42:241-250.

Chen, Y., Mei, R, Lu, S., Liu, L. and Kloepper, . W. 1994. The use
of yield increasing bacteria as plant growth promoting
rhizobacteria in Chinese agriculture. In: Management of Soil

Borne Diseases. Gupta, G. K. and Utkhede, R. (Eds.). Narosa
Publishing House, New Delhi, India. pp. 1-13.

Clescerie, L.S., Greenberg, A.E. and Eaton, A.D. 1998. Standard
Methods for Examination of Water and Waste Water. 20" Edn.
APHA-AWWA-WEF-Washington, D.C. 1325 p.

Cappuccino, J. C. and Sherman, N. 1992. Microbiology: A
Laboratory Manual, 3" Edn., Benjamin/cummings Publishing
Co., New York, pp.125—179.

Dey, R., Pal, KK., Bhatt, D.M. and Chauhan, S.M. 2004. Growth
promotion and yield enhancement of peanut (Arachis hypogaea
L.) by application of plant growth-promoting rhizobacteria.
Microbiol. Res., 159: 371-394.

De Freitas, J.R., Banerjee, M.R. and Germida, J.J. 1997. Phosphate
solubilising rhizobacteria enhance the growth and yield but not
phosphorus uptake of canola (Brassica napus L.). Biol. Fertil.
Soil., 24: 358-364.

Dye, D.W. 1962. The inadequacy of the usual determinative tests
for identification of Xanthomonas spp. NZT Sci., 5: 393-416.

Elliot, L.F. and Lynch, .M. 1984. Pseudomonas as a factor in the
growth of winter wheat (Triticum aestivum L.). Soil Biol.

Biochem., 16: 69-71.

Flaishman, M.A,, Eyal, Z.A., Zilberstein, A., Voisard, C. and Hass,
D. 1996. Suppression of Septoria tritici blotch and leaf rust of
wheat by recombinant cyanide producing strains of Pseudomonas
putida. Molecular Plant Microbe Interact., 9: 642-645.

Gaur, A.C. 1990. Physiological functions of phosphate solubilising
microorganisms. In: Phosphate Solubilising Microorganisms as
Biofertilizers, Gaur, A.C. (Ed.). Omega Scientific Publishers,
New Delhi. pp. 16-72.

Herman, M.A.B., Nault, B.A. and Smart, C.D. 2008. Effects of
plant growth promoting rhizobacteria on bell pepper production
and green peach aphid infestations in New York. Crop Prot.,
27: 996-1002.

Hilali, A., Przrost, D., Broughton, WJ. and Antoun, A. 2001. Effects
de I’inoculation avec des souches de Rhizobium leguminosarum
bv. trifoliisur la croissance du bl’edansdeux sols du Marco.

Canadian J. Microbiol., 47: 590-593.

Jetiyanon, K. and Kloepper, ].W. 2002. Mixtures of plant growth
promoting rhizobacteria for induction of systemic resistance
against multiple plant diseases. Biol. Contr., 24: 285-291.

Kloepper. ].W. and Schroth, M.N. 1978. Plant growth promoting
rhizobacteria on radishes. In: Proceedings IV International
Conference on Plant Pathogenic Bacteria. Angers, France. pp.
879-882.

Kloepper, ].W,, Rodriguez-Ubana, R., Zehnder, G.W,, Murphy, ].E,
Sikora, E. and Fernandez, C. 1999. Plant root bacterial
interactions in biological control of soil borne diseases and
potential extension to systemic and foliar diseases. Aust. Plant
Path., 28: 21-26.

Kloepper, J.W,, Ryu, C.M. and Zhang, S. 2004. Induced systemic
resistance and promotion of plant growth by Bacillus spp.

Phytopath., 94: 1259-1266.



8 S.P Suja et al.

Kokalis-Burelle, N., Kloepper, J.W. and Reddy, M.S. 2006. Plant
growth promoting rhizobacteria as transplant amendments and
their effects on indigenous rhizosphere microorganisms. Appl.
Soil Ecol., 31: 91-100.

Marques, A.RG.C., Pires, C., Moreira, H., Rangel, A.O.S.S. and
Castro, PM.L. 2010. Assessment of the plant growth promotion
abilities of six bacterial isolates using Zea mays as indicator plant.
Soil Biol. Biochem., 42: 1229-1235.

Minorsky, PV. 2008. On the inside. Plant Physiol., 146: 323-324.

Mirza, M.S., Ahmad, W, Latif, k., Haurat, ]., Bally, R., Normand, P
and Malik, K.A. 2001. Isolation, partial characterization and
the effect of plant growth-promoting bacteria (PGPB) on micro-
propagated sugarcane in vitro. Plant Soil., 237: 47-54.

Pradhan, N. and Sukla, L.B. 2006. Solubilization of inorganic
phosphates by fungi isolated from agriculture soil. Afr. J.
Biotechnol., 5: 850-854.

Raghu, K. and Mac Rae, I1.C. 1966. Occurrence of phosphate

dissolving microorganisms in the rhizosphere of rice plants and
in submerged soils. J. Appl. Bacteriol., 29: 582-586.

Sarwar, M. and Kremer, R.]. 1992. Determination of bacterially

derived auxins using a microplate method. Lett. Appl.
Microbiol., 20: 282-285.

Scher, E. M. and Baker, R. 1982. Effect of Pseudomonas putida
and a synthetic iron chelator on induction of soil suppressiveness
to Fusarium wilt pathogens. Phytopath., 72:1567-1573.

Shanahan, P, O’Sullivan, D. J., Simpson, P, Glennon, J. D. and
O’Gara, F. 1992. Isolation of 2, 4 - diacetylphloroglucinol from
a fluorescent Pseudomonad and investigation of physiological

parameters influencing its production. Appl. Environ.
Microbiol., 58: 353- 358.

Shende, S.T., Apte, R.G. and Singh, T. 1997. Influence of
Azotobacter on germination of rice and cotton seeds. Curr. Sci.,
46(19): 675-676.

Skidmore, A.M. and Dickinson, C.H. 1976. Colony interaction
and hyphal interference between Sartoria nodorum and
phylloplane fungi. Trans. Br. Mycol. Soc., 57-64.

Subba Rao, N. S. 1999. The rhizosphere and the
phyllosphere. In: Soil Microbiology, 4" Edn. Science
Publishers, Inc., Enfield, NH. p.85.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGOldFace-Outline
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BakerSignet
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BermudaLP-Squiggle
    /Birch
    /Chaparral-Display
    /ConduitOSITC-BlackItalic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Cutout
    /DV-Aakash-Bold
    /DV-Aakash-BoldItalic
    /DV-AakashExBold
    /DV-AakashExBoldItalic
    /DV-Dhruv-Bold
    /DV-Dhruv-BoldItalic
    /DV-Dhruv-Italic
    /DV-Dhruv-Normal
    /DV-Natraj-Bold
    /DV-Natraj-BoldItalic
    /DV-NatrajExBold
    /DV-NatrajExBoldItalic
    /DV-Natraj-Italic
    /DV-NatrajMedium
    /DV-NatrajMediumItalic
    /DV-Natraj-Normal
    /DV-SurekhEN-Bold
    /DV-SurekhEN-BoldItalic
    /DV-SurekhEN-Italic
    /DV-SurekhEN-Normal
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Ganga-CH-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Giddyup
    /Goudy
    /GreymantleMVB
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Oblique
    /ISFOC-Border-10
    /ISFOC-Border-11
    /ISFOC-Border-9
    /ISFOC-BR1
    /ISFOC-BR2
    /ISFOC-BR3
    /ISFOC-BR4
    /ISFOC-BR5
    /ISFOC-BR6
    /ISFOC-BR7
    /ISFOC-BR8
    /Khaki-Two
    /ML1-Ambili-Bold
    /ML1-Ambili-BoldItalic
    /ML1-Ambili-Italic
    /ML1-Ambili-Normal
    /ML1-Aswathi-Bold
    /ML1-Aswathi-BoldItalic
    /ML1-Aswathi-Italic
    /ML1-Aswathi-Normal
    /ML1-Indulekha-Bold
    /ML1-Indulekha-BoldItalic
    /ML1-Indulekha-Italic
    /ML1-Indulekha-Normal
    /ML1-Karthika-Bold
    /ML1-Karthika-BoldItalic
    /ML1-Karthika-Italic
    /ML1-Karthika-Normal
    /ML1-Revathi-Bold
    /ML1-Revathi-BoldItalic
    /ML1-Revathi-Italic
    /ML1-Revathi-Normal
    /ML-Aathira-Bold
    /ML-Aathira-BoldItalic
    /ML-Aathira-Italic
    /ML-Aathira-Normal
    /ML-Ambili-Bold
    /ML-Ambili-BoldItalic
    /ML-Ambili-Italic
    /ML-Ambili-Normal
    /ML-Anakha-Bold
    /ML-Anakha-BoldItalic
    /ML-Anjali-Bold
    /ML-Anjali-BoldItalic
    /ML-Aparna-Bold
    /ML-Aparna-BoldItalic
    /ML-Ashtamudi-Bold
    /ML-Ashtamudi-BoldItalic
    /ML-AshtamudiExBold-Italic
    /ML-AshtamudiExBold-Normal
    /ML-Ashtamudi-Italic
    /ML-Ashtamudi-Normal
    /ML-Aswathi-Bold
    /ML-Aswathi-BoldItalic
    /ML-Aswathi-Italic
    /ML-Aswathi-Normal
    /ML-Atchu-Bold
    /ML-Atchu-BoldItalic
    /ML-Atchu-Italic
    /ML-Atchu-Normal
    /ML-AyilyamBold-Italic
    /ML-AyilyamBold-Normal
    /ML-BeckalBold-Italic
    /ML-BeckalBold-Normal
    /ML-Bhavana-Bold
    /ML-Bhavana-BoldItalic
    /ML-Bhavana-Italic
    /ML-Bhavana-Normal
    /ML-Chandrika-Bold
    /ML-Chandrika-BoldItalic
    /ML-Chandrika-Italic
    /ML-Chandrika-Normal
    /ML-Chithira-Bold
    /ML-ChithiraHeavy-Bold
    /ML-ChithiraHeavy-BoldItalic
    /ML-Chithira-Normal
    /ML-Devika-Bold
    /ML-Devika-BoldItalic
    /ML-Gauri-Bold
    /ML-Gauri-BoldItalic
    /ML-GauriHeavy-Italic
    /ML-GauriHeavy-Normal
    /ML-Geethika-Bold
    /ML-Geethika-BoldItalic
    /ML-Gopika-Bold
    /ML-Gopika-BoldItalic
    /ML-Gopika-Italic
    /ML-Gopika-Normal
    /ML-Guruvayur-Bold
    /ML-Guruvayur-BoldItalic
    /ML-Indulekha-Bold
    /ML-Indulekha-BoldItalic
    /ML-IndulekhaHeavy-Bold
    /ML-IndulekhaHeavy-BoldItalic
    /ML-Indulekha-Italic
    /ML-Indulekha-Normal
    /ML-Jaya-Bold
    /ML-Jaya-BoldItalic
    /ML-Jaya-Italic
    /ML-Jaya-Normal
    /ML-Jyothy-Bold
    /ML-Jyothy-BoldItalic
    /ML-Jyothy-Italic
    /ML-Jyothy-Normal
    /ML-Jyotsna-Bold
    /ML-Jyotsna-BoldItalic
    /ML-Kala-Bold
    /ML-Kala-BoldItalic
    /ML-Kamini-Normal
    /ML-Kanika-Bold
    /ML-Kanika-BoldItalic
    /ML-Kanika-Italic
    /ML-Kanika-Normal
    /ML-Karthika-Bold
    /ML-Karthika-BoldItalic
    /ML-Karthika-Italic
    /ML-Karthika-Normal
    /ML-Kaumudi-Bold
    /ML-Kaumudi-BoldItalic
    /ML-Kaumudi-Italic
    /ML-Kaumudi-Normal
    /ML-Keerthi-Bold
    /ML-Keerthi-BoldItalic
    /ML-Leela-Bold
    /ML-Leela-BoldItalic
    /ML-LeelaHeavy-Italic
    /ML-LeelaHeavy-Normal
    /ML-Leela-Italic
    /ML-Leela-Normal
    /ML-MadhaviExBold-Italic
    /ML-MadhaviExBold-Normal
    /ML-Madhu-Bold
    /ML-Madhu-BoldItalic
    /ML-Madhu-Italic
    /ML-Madhu-Normal
    /ML-Malavika-Bold
    /ML-Malavika-BoldItalic
    /ML-Malavika-Italic
    /ML-Malavika-Normal
    /ML-MangalaExBold-Italic
    /ML-MangalaExBold-Normal
    /ML-Mayoori-Bold
    /ML-Mayoori-BoldItalic
    /ML-Mohini-Bold
    /ML-Mohini-BoldItalic
    /ML-Mohini-Italic
    /ML-Mohini-Normal
    /ML-Nalini-Bold
    /ML-Nalini-BoldItalic
    /ML-Nalini-Italic
    /ML-Nalini-Normal
    /ML-Nandini-Bold
    /ML-Nandini-BoldItalic
    /ML-Nandini-Italic
    /ML-Nandini-Normal
    /ML-Nanditha-Bold
    /ML-Nanditha-Italic
    /ML-Nanditha-Normal
    /ML-NarmadaExBold-Italic
    /ML-NarmadaExBold-Normal
    /ML-Nila-Bold
    /ML-Nila-BoldItalic
    /ML-Onam-Bold
    /ML-Onam-BoldItalic
    /ML-Periyar-Bold
    /ML-Periyar-BoldItalic
    /ML-Periyar-Italic
    /ML-Periyar-Normal
    /ML-Pooram-Bold
    /ML-Pooram-BoldItalic
    /ML-Pooram-Italic
    /ML-Pooram-Normal
    /ML-Poornima-Bold
    /ML-Poornima-Normal
    /ML-Rachana-Bold
    /ML-Rachana-BoldItalic
    /ML-Rachana-Normal
    /ML-Ravivarma-Bold
    /ML-Ravivarma-BoldItalic
    /ML-Ravivarma-Italic
    /ML-Ravivarma-Normal
    /ML-Revathi-Bold
    /ML-Revathi-BoldItalic
    /ML-Revathi-Italic
    /ML-Revathi-Normal
    /ML-Rohini-Bold
    /ML-Rohini-BoldItalic
    /ML-Sabari-Bold
    /ML-Sabari-BoldItalic
    /ML-Sankara-Bold
    /ML-Sankara-BoldItalic
    /ML-Sarada-Bold
    /ML-Sarada-Normal
    /ML-Sruthy-Bold
    /ML-Sruthy-BoldItalic
    /ML-Sruthy-Italic
    /ML-Sruthy-Normal
    /ML-Sugatha-Bold
    /ML-Sugatha-BoldItalic
    /ML-Suparna-Bold
    /ML-Suparna-BoldItalic
    /ML-Surya-Bold
    /ML-Surya-Normal
    /ML-SwathyBold-Italic
    /ML-SwathyBold-Normal
    /ML-Thakazhi-Bold
    /ML-Theyyam-Bold
    /ML-Theyyam-BoldItalic
    /ML-Theyyam-Italic
    /ML-Theyyam-Normal
    /ML-Thiruvathira-Bold
    /ML-Thiruvathira-BoldItalic
    /ML-Thiruvathira-Italic
    /ML-Thiruvathira-Normal
    /ML-Thunchan-Bold
    /ML-Thunchan-BoldItalic
    /ML-Thunchan-Italic
    /ML-Thunchan-Normal
    /ML-Vaisali-Bold
    /ML-Vaisali-BoldItalic
    /ML-Varsha-Bold
    /ML-Varsha-BoldItalic
    /ML-Varsha-Italic
    /ML-Varsha-Normal
    /ML-VeenaHeavy-Italic
    /ML-VeenaHeavy-Normal
    /ML-Vinay-Bold
    /ML-Vinay-Normal
    /ML-Visakham-Bold
    /ML-Visakham-BoldItalic
    /ML-Visakham-Italic
    /ML-Visakham-Normal
    /ML-Vishu-Bold
    /ML-Vishu-BoldItalic
    /ML-Vishu-Italic
    /ML-Vishu-Normal
    /ML-Yashasri-Bold
    /ML-Yashasri-BoldItalic
    /Mojo
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Myriad-Tilt
    /Nyx
    /OCRA-Alternate
    /Ouch
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Pompeia-Inline
    /Postino-Italic
    /Shelley-AllegroScript
    /Shuriken-Boy
    /SpumoniLP
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /SY10-Sports
    /SY11-Swastik
    /SY12-Zodiac
    /SY13-Zodiac
    /SY14-Zodiac
    /SY15-Zodiac
    /SY16-Zodiac
    /SY17-NationalHeroes
    /SY18-Vivah
    /SY19-Patterns
    /SY1-Birds
    /SY20-Zodiac
    /SY21-Zodiac
    /SY23-Zodiac
    /SY24-Zodiac
    /SY25-Election
    /SY26-Variety
    /SY27-Vehicles
    /SY28-IndianDances
    /SY29-Kitchen
    /SY2-Dance
    /SY30-Jain
    /SY31-Mudras
    /SY32-Music
    /SY3-Ganesh
    /SY4-Ganesh
    /SY5-Gods
    /SY6-Info
    /SY7-Lamps
    /SY8-Sports
    /SY9-Sports
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TM-Avvai-Bold
    /TM-Avvai-BoldItalic
    /TM-Avvai-Italic
    /TM-Avvai-Normal
    /VAGRoundedBT-Regular
    /VAGRoundedLt-Normal
    /WoodtypeOrnaments-One
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


