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Abstract: A study was undertaken to compare the survival efficacy of two native, previously characterized bacterial
biovars viz. Bacillus subtilis BCU5 and Pseudomonas fluorescens PCU17 with Bacillus subtilis strain MTCC1789
and Pseudomonas fluorescens strain MTCC4828, procured from Institute of Microbial Technology, Chandigarh,
India in cumin rhizosphere and bulk soil. All the four bacterial types were made rifampicin resistant and the mutants
were applied as inoculants at the dosage of 6 log, 7 log and 8 log colony forming units (cfu) g™ dry soil weight in pots
containing cumin seedlings. The cfu of rhizosphere and bulk soil of pots was observed per week for four weeks. The
results show that the initial population decline is a common feature of bioinoculants. In rhizosphere and bulk soil, the
native bacterial biovars survived better than their procured counterparts. The population of P. fluorescens strain
MTCC4828r in rhizosphere soil declined faster and reached below detection limit whereas the P. fluorescens biovar
PCUr rhizosphere final population dropped to 3.1 log, 2.9 log and 2.13 log cfu g™ soil dry weight with 8 log, 7 log and
6 log cfu g™ soil dry weight inoculum treatment, respectively. In contrast to P. fluorescens strain MTCC4828r, the
population of B. subtilis strain MTCC1789r stabilized after some decline and was comparable with B. subtilis biovar
BCU5 population. Study concludes that the inoculant population decline in soil was the result of lower microbial load
carrying capacity of soil than the provided inoculum densities. Also, the native bacteria survived better than procured
ones in rhizosphere soil.

Keywords: Bacillus subtilis, Cumin, Pseudomonas fluorescens, Rhizobacteria, Rhizosphere, Survival

INTRODUCTION rhizosphere and could be the result of (i) scaroity
. - L . available nutrient sources to microbes in soil (van
Purposeful microbial introduction in the soil haseb  \/0an 33 Fau - van Overbeekal 1997) and (i) hos-

In practice fﬁr decafles n agrrlwczltur_e. Somle_ MICTOO ijity of the soil environment to incoming microbdse
ganisms enhance plant growth by (i) supplying utri 1 "3 yriad of adverse abiotic and biotic factors

ents to crops (Liet al., 2012; Orharet al., 200.6)’ (i (Brimecombeet al., 2001; van Veen Ja Fau - van
controlling pathogens (Luca al., 2009; Weiet al.,  Gerpeeket al., 1997). The study targets on (i) com-

2011), (i) improving soil structure (Bareet al., arin . : ;
; : e g the rate of survival of native bacteria frbac-
2005) and by (iv) enhancing seed germination (Yada‘}t)eria procured from culture repository, (i) comipar

?t al., 2013). FIuorescenF pseudomonads and Othefhe rate of survival in rhizosphere and bulk saitla
|mport_ant group of bacteria are.well known f_or thei (iii) application of optimum dosage that endures th
ro!e in plant growth promotion (PGP) in  the survival of PGPR in soil. In comparison to pseudemo
rhlzo_sphere (Kloeppeet al., .1980)‘ Su<_:h inoculants nads, sporeforming bacteria survive better esggcial
aid in plant growth promotion and disease control.under dry conditions (Nicholsoet al., 2000). Hence
However, the success of PGP effect relies on saeces B. subtilis biovar BCUS5r and B. ’subtilis strain’
ful survival of rhizobacteria (Bennett and WhIpps, \,+cc1789r were also incorporated in the experimen-
2008). The variability in performance of plant gtow tal design.

promoting rhizobacteria (PGPR) in the field is peb

bly due in part to the failure of the introducecttesia @MATERIALS AND METHODS

to survive in the rhizosphere (Benizsf al., 2001;
Kloepper et al., 1980). Population sizes of bacteria
seem to decline more or less rapidly after thetmin
duction in soil. Population decline has been ndatice
very often by introducing bacteria in the soil or

Inoculum preparation and incorporation into pot
soil: Four bacterial types, namd#y fluorescens biovar
PCUL17,B. subtilis biovar BCU5, P. fluorescens strain
MTCC4828 andB. subtilis strain MTCC1789 and
were tested in pot experiment for their survival in
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rhizosphere and bulk soil. The bacteria survivakwa in sterile distilled water to yield 11 log colongrfning
measured as per the method of Yml. (2003). The  units (cfu) mL'. Bacterial suspensions were incorpo-
bacterial rifampicin resistant mutants namé?®y fluo- rated into the pot soil at the rates of 6 log, @, land 8
rescens biovar PCU17r, P. fluorescens strain log cfu g* soil.

MTCC4828r,B. subtilis biovar BCU5r andB. subtilis Enumeration of incorporated bacteria: Prior to enu-
strain MTCC1789r were prepared in the experiment tomeration, the plants were uprooted from pots awd th
differentiate introduced population from indigenous adhering debris sticking to them was carefully re-
rhizobacteria. The mutants were prepared on trgptic moved. The rhizosphere soil sticking to roots wals ¢
soy agar (TSA) (HiMedia) supplemented with 100 pglected with a sterile paintbrush in a sterile Pptaite.
mL™ Rif (Rif TSA). The persistence of rifampicin re- About two grams rhizosphere and bulk soils were col
sistance was confirmed by serial culturing thenRiln  lected from each pot. The respective soil samplerew
TSA. The rifampicin resistant isolates were stoséd homogenized in 100 ml sterile distilled water. The
20°C in tryptic soy broth containing 20% glycerol. homogenates were serially diluted with sterileiliést
One cumin seed was planted per pot containing 50 gvater and 0.1 mL of selected dilutions was platad o
unsterilized soil. The pots were kept in a humidity TSA supplemented with 100 pg'Lrifampicin. Petri
chamber for seed germination. After ten days ofiiier  plates were incubated at 30+1°C for 24 h and calnte
nation, the pots containing cumin seedlings weng ke for cfu. The observations were taken after 0, 132,
in open and watered when needed with sterile lidtii and 4 weeks of inoculation. Three replicates weedu
water. The pots were arranged with four bacterégdtt  at each sampling time for each treatment.

ments and three replications of each treatmenhén t Statistical analysis. All data were analyzed with
randomized block design. XLSTAT® software using one-way ANOVA test and
Inoculum for soil treatment was prepared by stnegki standard regression analysis between inoculatioa-du
bacterial isolates on Petri plates containing TSé& m tion. Least significant difference values at P €50.
dium supplemented with rifampicin and incubating th level were used to separate treatment means when
plates at 28°C for 48 h. Bacterial cells were hsieg  ANOVA indicated a significant F value. All experi-
from the Petri plates with a sterile loop and susigel  ments were conducted in three replicates.
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Fig.1l. Persistence of P. fluorescens biovar PCU17r in
rhizosphere soil at three different treatment dosage. Each
point represents a single observation.

Fig. 2. Persistence of P. fluorescens biovar PCU17r in bulk
soil at three different treatment dosage. Each point repre-
sents a single observation.
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Fig. 3. Persistence of P. fluorescens strain MTCC4828r in
rhizosphere soil at three different treatment dosage. Each
point represents a single observation.

Fig. 4. Persistence of P. fluorescens strain MTCC4828r in
bulk soil at three different treatment dosage. Each point
represents a single observation.
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RESULTSAND DISCUSSION

The population densities of all the four bacteinaicu-
lants decreased after the first week of inoculatsuy-
gesting that initial decline of introduced popubatis a
common feature of bioinoculants (Bolstridge al.,
2009; Fischeret al., 2010). Population decline ¢.
fluorescens and B. subtilis has also been reported in
previous studies (Bolstridga al., 2009; Fischeet al.,
2010). The biovarsP. fluorescens PCU17r and
B. subtilis biovar BCU5r demonstrated population
stabilization after the third week of inoculatidnt the
population of procured strainP. fluorescens

bacterial survival (Brimecombet al., 2001; van Veen
Ja Fau - van Overbeekal., 1997). In our observation
the rhizosphere populations of all the four baeteri
treatments began to decrease after the first wéek o
inoculation and significantly declined up to 5 logits
after four weeks of inoculation (Figs. 1, 3, 5 and
Population ofP. fluorescens biovar PCU17r with all
the three inoculum dosage decreased till second wee
of inoculation, stabilized in the third week and in
creased to some extent in the last week of observat
to reach 3.1 log, 2.9 log and 2.13 log cfti spil dry
weight with 8 log, 7 log and 6 log cfu*gsoil dry
weight initially provided inoculum densities. Thiedl

MTCC4828r declined steadily and reached b8|0Wpopu|ation difference of not more than 1 log unésw
detection limit within the observation period. The opserved inP. fluorescens biovar PCU17r strain in

B. subtilis strain MTCC1789r survived for compara-

spite of three different initial inoculum levels.h&@

tively longer duration probably due to sporulation population ofP. fluorescens strain MTCC4828r stead-

ability (Pandey and Palni, 1997). Overall, in dibt
observatlon sets the population decline of 2 logto
log cfu g* soil was not uncommon during the first
week of observatiorP. fluorescens biovar PCU17rB.
subtilis biovar BCUS5r and B. subtilis strain

ily dropped per week and totally diminished in the
final observation, showing the steepest negative re
gression slope. The population density Bfsubtilis
biovar BCU5r dropped till second week and stabilized
afterwards to reach 3.45 log, 2.8 log and 2.66cfogg

MTCC1789r had better survival rates in rhizosphere? soil dry weight with 8 log 7 log and 6 log cfit goil

and bulk soil compared td. fluorescens strain
MTCC4828t.

Survival of rhizobacteria in rhizosphere soil: The

dry weight inoculum treatment, respectively. Theafi
population ofB. subtilis biovar BCU5r of three differ-
ent initial inoculum dosage reached the approxiipate

microclimate of rhizosphere is complex and affects same population level, although with much lower mag
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Fig. 5. Persistence of B. subtilis biovar BCU5r in
rhizosphere soil at three different treatment dosages. Each
point represents a single observation.

Fig. 6. Persistence of B. subtilis biovar BCU5r in bulk soil at
three different treatment dosages. Each point represents a
single observation.
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Fig.7. Persistence of B. subtilis strain MTCC1789r in
rhizosphere soil at three different treatment dosages. Each
point represents a single observation.

Fig. 8. Persistence of B. subtilis strain MTCC1789r in bulk
soil at three different treatment dosages. Each point repre-
sents a single observation.
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nitude than initially provided inoculum densiti€he  |um dosage helps in better bacterial population sur
population ofB. subtilis strain MTCC1789r also re- vival (Frey-Klettet al., 1999).

ceded likeP. fluorescens strain MTCC4828r but stabi- )

lized to some extent after three weeks of inocoitati Conclusion

Survival of rhizobacteria in bulk soil: In our study |t can be concluded from results that native béaiter
the population of all the four bacterial types @& nocylant survive better in rhizosphere soil. Cliogs
faster in bulk soil than in rhizosphere soil (Fi@s4, 6 spore-forming inoculants likB. subtilis provides addi-
and 8); suggesting that bulk soil is not a favol@ab tona| survival advantage. To some extent, theiagpl
environment for their survival. Results show tat  tion dose of inoculum affects rhizobacterial suavito
fluorescens biovar PCUL7r population receded fast and o qulate plant growth promotion and biological con-
continued to decline till final observation to rbac | activities. The observation suggests thatethgeri-
population of 1.33 log, 0.63 log and 0.53 log cfti g mental soil had lower microbial load carrying capac

soil dry weight with 8, 7 and 6 log cfu’gsoil dry  than initially provided inoculum densities which
weight initial inoculum densities. Bulk soils aréem caused decline of inoculant population.

nutritively poor and thus support lesser microlazld
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