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Abstract Present study deals with the isolation of rhi-
zobacteria and selection of plant growth promoting bacteria
from Crocus sativus (Saffron) rhizosphere during its
flowering period (October—November). Bacterial load was
compared between rhizosphere and bulk soil by counting
CFU/gm of roots and soil respectively, and was found to be
~40 times more in rhizosphere. In total 100 bacterial
isolates were selected randomly from rhizosphere and bulk
soil (50 each) and screened for in-vitro and in vivo plant
growth promoting properties. The randomly isolated bac-
teria were identified by microscopy, biochemical tests and
sequence homology of V1-V3 region of 16S rRNA gene.
Polyphasic identification categorized Saffron rhizobacteria
and bulk soil bacteria into sixteen different bacterial spe-
cies with Bacillus aryabhattai (WRF5-rhizosphere; WBF3,
WBF4A and WBF4B-bulk soil) common to both rhizo-
sphere as well as bulk soil. Pseudomonas sp. in rhizosphere
and Bacillus and Brevibacterium sp. in the bulk soil were
the predominant genera respectively. The isolated rhizo-
bacteria were screened for plant growth promotion activity
like phosphate solubilization, siderophore and indole acetic
acid production. 50 % produced siderophore and 33 %
were able to solubilize phosphate whereas all the rhizo-
bacterial isolates produced indole acetic acid. The six
potential PGPR showing in vitro activities were used in pot
trial to check their efficacy in vivo. These bacteria con-
sortia demonstrated in vivo PGP activity and can be used as
PGPR in Saffron as biofertilizers.This is the first report on
the isolation of rhizobacteria from the Saffron rhizosphere,
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Introduction

Rhizosphere, first described by Hiltner (1904), represents
the most dynamic habitat on the earth (Hinsinger et al.
2009). The rhizosphere zone is different from bulk soil, as
it is under the influence of root exudates. Sloughing off of
root cells, root death and the exudation of carbon com-
pounds select a specific rhizosphere community (Hartmann
et al. 2009). Hence, a rather small subset of the whole soil
bacterial diversity, majority of which are Gram negative,
finally colonize roots successfully (Soderberg et al. 2004;
Johansen and Olsson 2005). In the rhizosphere, diverse and
complex interaction occurs between plant roots, soil mic-
robiota and the soil which has evolved due to mutual
benefits, between plants and microbes. The plant partner
provides substrate and energy flow into the rhizosphere and
in return gets nutrients and minerals, essential for its
development and growth (Hartmann et al. 2009). Nanni-
pieri et al. (2007) have concluded in their review that, the
number of microorganisms is higher in rhizosphere than
bulk soil as assessed by the “Most Probable Number
analysis”. Rhizosphere has been the focus of agricultural
research for many years, due to its importance in crop
productivity, soil health and sustainable agriculture
(Li et al. 2007; Ryan et al. 2009; Ordookhani et al. 2011).
Rhizosphere of various plants like rice, cucumber, apple
and soyabean has been extensively studied (Johansen and
Olsson 2005; Ashrafuzzaman et al. 2009; Joshi and Bhatt
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2011; Mahaffee and Kloepper 1997; Mehta et al. 2010;
Wahyudi et al. 2011).

Plant growth-promoting rhizobacteria (PGPR) exert plant
growth promotion and/or biocontrol effects and are found in
the rhizosphere, root surface as well as inside the root tissues.
These PGP rhizobacteria can improve the extent or quality of
plant growth directly by increasing nutrient cycling such as,
biological nitrogen fixation (Ahmad et al. 2008), siderophore
production, solubilization of phosphorus, synthesis of phy-
tohormones or indirectly by synthesis of biocontrol com-
pounds to inhibit phytopathogens (Lucy et al. 2004;
Cummings 2009).The plant growth promoting bacteria iso-
lated so far, mainly belongs to two divisions namely Firmi-
cutes and Proteobacteria. The use of PGPR is steadily
increasing in agriculture as nutrient supplements to soil and
as biocontrol agents. They offer an alternative to chemical
fertilizers, antibiotics, herbicides and pesticides (Tilak et al.
2005; Ordookhani et al. 2011).

Crocus sativus, commonly known as Saffron, is an
autumn-flowering perennial plant and is a sterile triploid
with chromosome number 3n = 24. Being sterile, repro-
duces vegetatively by underground, bulb-like, starch-stor-
ing organs known as corms and has unique corm-root
cycle. Saffron is economically important, as it is world’s
highest priced medicinal, aromatic plant and is referred as
the ‘Golden Condiment’. Iran, Spain and India (J&K State)
are the major Saffron producing countries in the world. In
India Saffron is grown in Pulwama district in Kashmir and
Kishtwar district in Jammu division so far (Yasmin and
Nehvi 2013), though comparable climatic conditions are
found in adjoining states. Cultivation of Saffron only in
specific belts in world, it’s economic importance and corm-
root cycle makes it an interesting candidate for studying
it’s rhizosphere. This is first report on the plant growth
promoting bacteria from Saffron or indeed any genera of
family Iridiaceae to which it belongs.

Materials and methods
Soil sampling

Soil samples were collected from the bulk and rhizosphere of
Saffron during the flowering period (October—November
2010). Saffron fields of Wuyan village (74°58'0"E, 34°1'30"N,
5,173 ft) of Pulwama district were selected for composite
sampling (Courtesy: State Agriculture Department, J&K,
India). The soil sampling was done as per the protocol of Luster
etal. (2009). Standard protocol of Hamza et al. (2008) was used
for the analysis of pH, electrical conductivity, organic Carbon,
Calcium, Magnesium, bulk density, available Nitrogen,
Phosphorus and Potassium of the collected soil samples. The
soil shed by vigorously shaking of the roots was taken as bulk
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soil and the soil that remained adhere to the roots was taken as
rhizosphere soil. The soil samples were stored at —20 °C for
further use.

Bacterial isolation and identification

Isolation of cultivable bacteria from the bulk soil was done
by conventional agar plate method (Stotzky et al. 1966)
and rhizobacteria were isolated from roots by protocol
developed by Luster et al. (2009).The comparison of bac-
terial load was done by dilution plate technique by com-
paring the CFU/gm (Stotzky et al. 1966; Joshi and Bhatt
2011). Bacterial isolates were randomly selected and
purified by streak plate method which were further stored
on LB agar slants at 4 °C. Selected bacterial isolates were
identified by microscopy using Gram’s staining kit (Sigma)
followed by biochemical characterization by Biochemical
test Kits (Himedia). Purified bacterial cultures were pre-
served in 50 % glycerol at —80 °C.

Identification of bacterial isolates by 16S rRNA
amplification

Genomic DNA was isolated using the protocol given by
Pitcher et al. (1989). Partial 16S rRNA region, flanking
V1-V3 region was amplified (~500 bp) using universal
primers Bac8f (5-AGAGTTTGATCCTGGCTCAG-3)
and Univ529 (5-ACCGCGGCKGCTGGC-3'). The PCR
was performed following the protocol standardized by Fi-
erer et al. (2007) with modifications instead of 0.5 uM,
100 pM primer were used and instead of 25 cycles, 30
cycles PCR were run. The template DNA concentration for
PCR reaction was 50 ng and the PCR program as dena-
turation at 95 °C for 5 min followed by 30 cycles of
denaturation at 95 °C for 60 s, annealing at 54 °C for 30 s
followed by extension at 72 °C for 90 s and final extension
at 72 °C for 10 min.

Sequencing and phylogenetic analyses

16S rDNA amplicons were custom sequenced at CIF, UDSC,
New Delhi, India. The resulting nucleotide sequences were
assigned bacterial taxonomic affiliations based on the closest
match to sequences available at the NCBI database
(http://www.ncbi.nlm.nih.gov/) using the EzTaxon version
2.1 (www.eztaxon.org). Sequences of bacteria obtained were
deposited in the GenBank nucleotide sequence database
under accession no JN084065.1-JN084074.1, JQ713596—
JQ713598, JQ751317, JF836006.1 and JX233807. The 16S
rRNA gene sequences were aligned using multiple sequence
alignment tool ClustalX 2.1 version. Phylogenetic and
molecular evolutionary analysis was conducted using Phylip
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3.69 (http://evolution.genetics.washington.edu/phylip.html)
and MEGA 5.05 software version (Tamura et al. 2011). The
phylogenetic tree was constructed by neighbor-joining
method using distance matrix from alignment.

Screening of bacteria for PGP traits

Rhizobacteria were analyzed in vitro for plant growth
promoting properties such as phosphate solubilization,
siderophore and indole acetic acid production. Phosphate-
solubilisation was detected by formation of transparent
halos around bacterial colonies on the Pikovskaya agar
after 72 h incubation, at 25 °C (Sharma et al. 2011). Sid-
erophore production was detected by the formation of
orange halos on CAS (chrome azurol S agar) agar plates
after 48 h incubation at 25 °C, as described by Alexander
and Zuberer (1991). Indole acetic acid production esti-
mated according to the protocol given by Sachdev et al.
(2009).

Pot trials
PGPR formulation

Inoculum was prepared by growing each of the selected
bacteria with PGP traits in LB broth individually at
28 £ 1 °C with 180 rpm for 48 h. The different bacteria
with PGP traits required for consortium were checked for
co-inhibition by Kirby beur plate assay (Kirby et al. 1966).
The inoculum containing 10’—10® CFU/ml of each isolate
was prepared by mixing them in equal proportions. Sub-
sequently the consortia were mixed with the sterile talc,
Calcium carbonate (autoclaved twice at 121 °C for 15 min)
in 1:3 ratios (1 consortium: 3 talc) and dried at 35-37 °C
for 4 days. Finally 1 % CMC was mixed to the consortium
powder and CFU was calculated by serial dilution method.
The PGPR consortium was kept at room temperature prior
to seed inoculation. The corms selected for the experiment
were of uniform size and shape. Corms were inoculated by
mixing with PGPR formulation talc at 10 % w/v. Control
consisted of the corms treated with talc having nutrient
broth and CMC without the isolates Treated corms were
dried under shade for 6-8 h. The soil collected from Saf-
fron fields was air-dried, sieved (2-mm/10-mesh) and filled
in the twenty pots. Twenty inoculated and uninoculated
corms were sown in soil filled pots maintaining one corm
per pot. The pots were arranged randomly with twenty
repeats (ten each of treatment and control) at ambient light
and 20 °C temperature and were irrigated time to time. The
plants were harvested after 5 months and results analyzed.
The data collected were statistically analyzed using a
completely randomized design in the pot trials. One way
ANOVA test was used to test if results were statically

significant. All the statistical tests were performed at
P < 0.1 (Gupta et al. 2011).

Results

Saffron, C. sativus likes light friable soil that has high
nutrient content. It thrives best in deep, well drained clay-
calcareous soil that has loose texture and permits easy root
penetration. The physiochemical analysis of soil from
Saffron fields revealed, that it is neutral in pH (7.35) with
306 kg/ha available Nitrogen, 26 kg/ha Phosphorus, 504 kg/
ha Potassium, 3,000 ppm Calcium, 552 ppm Magnesium,
1.36 % organic Carbon, bulk density of 1.198 gm/cc and
0.13 ds/m electric conductivity.

Bacterial isolates from bulk soil and rhizosphere

Bacterial load in the bulk soil and rhizosphere was 1.4 x 10°
CFU/gm and 6.4 x 10" CFU/gm respectively, about 40 fold
more in rhizosphere than in bulk soil. A total of 100 bacteria
were randomly selected (50 each) from the rhizosphere and
bulk soil composite samples of Saffron during the flowering
period, as roots are fully grown during this period. The
bacterial strains isolated from Saffron rhizosphere belonged
to 3 phyla namely Bacteroidetes, Firmicutes and Proteo-
bacteria of 4 different genera namely, Acinetobacter, Bacil-
lus, Chryseobacterium and Pseudomonas. Bulk soil bacteria
isolates belonged to 3 phyla namely Actinobacteria, Firmi-
cutes and Proteobacteria of 4 different genera namely, Art-
hobacter, Bacillus, Brevibacterium and Pseudomonads
(Tables 1, 2). To ascertain their taxonomic positions, gene
sequence analysis of hypervariable region (V1-V3 region) of
16S rRNA was done in addition to microscopy and bio-
chemical characterization. Rhizosphere bacterial isolates
were identified into six different bacterial species namely
Acetinobacteria calcoaceticus WRF 1, Pseudomonas tremae
WRF2, Pseudomonas kilonensis WRF3, Chryseobacterium
elymi WRF4, Bacillus aryabhattai WRF5 and Pseudomonas
koreensis WRF6. Bulk soil isolates were identified as ten
different species namely Arthrobacter sp WBF1, Bacillus
methylotrophicus WBF2, B. aryabhattai WBF3, B. aryab-
hattai WBF4A, B. aryabhattai WBF4B, Brevibacterium
halotolerans WBF5A, B. halotolerans WBF5B, Brevibacte-
rium frigoritolerans WBF6, B. halotolerans WBFS8 and
Pseudomonas parafulva WBF7. Percentage sequence simi-
larity of 16S rRNA genes of these bacteria and GenBank
accession numbers are given in Table 2. Phylogenetic tree
based on 16S rRNA gene sequence (V1-V3 region) cluster
the Saffron rhizobacteria and bulk soil bacteria into separate
clads, except for B. aryabhattai WRFS from rhizosphere and
P. parafulva WBF7 from Bulk soil (Fig. 1).
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Table 1 Biochemical analysis of bacterial isolates
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Rhizosphere

Bulk soil

Soil type

Pseudomonas
sp. WRF6

Bacillus

sp.

Kurthia
sp.

Pseudomonas
sp. WRF3

Pseudomonas
sp. WRF2

Pseudomonas
sp. WRF1

Pseudomonas
sp. WBF 7

Bacillus
WBF 6

Bacillus  Bacillus  Bacillus  Bacillus
WBF8

Bacillus

Bacillus

Bacillus  Bacillus
WBF2 WBF3

WBF1

Bacterial isolates

WB
F5B

WBF4A  WBF4B  WBF

WRFS5

WRF4

5A

Biochemical tests

Catalase

Oxidase

Glucose

fermentation

Nitrate reduction

Strict aerobe

+

Facultative anaerobe

Bacteria with PGP traits

Bacterial isolates were screened for plant growth promotion
properties like indole acetic acid production (IAA), phos-
phate solubilization and siderophore production. 100 %
bacterial isolates produced indole acetic acid, 50 % of them
produced siderophore and 33 % were able to solubilise
phosphate. P. tremae WRF2 and P. kilonensis WRF3 pro-
duced indole acetic acid, siderophore and solubilized
phosphate whereas P. koreensis WRF6 showed maximum
production of the indole acetic acid (28.5 pg/ml) as com-
pared to other isolated Saffron Rhizobacteria (Table 3).
Acinetobacteria calcoaceticus WRF 1 and C. elymi WRF4 were
able to produce only indole acetic acid and B. aryabhattai
WRF5 was also able to produce siderophore in addition to
IAA (Table 3).

Pot trials

The bacterial isolates showing in vitro PGP traits were
subjected to in vivo screening in pot assay. None of the six
bacterial isolates selected, showed antagonistic activity
against each other. Thus could be used as consortia (10"
CFU/gm) for bacterial formulation. Seed inoculation with
bacterial formulation affected the growth of corms posi-
tively as compared to control (Table 4). Bacterial consortia
increased average number of roots and shoots but the effect
on shoot length and root length was insignificant statisti-
cally. In addition incidence of corm rot disease occurrence
was less (40 %) as compared to uninoculated control
(60 %). Significant increase in cormslets/daughter corms
production was observed as compared to uninoculated
controls (Table 4). The mother corms were shrunken thus
giving rise to cormlets in test whereas the control corms
remained unaffected.

Discussion
Bacterial load

Fresh roots emerge in October—November at the end of
dormant period in corm and grow throughout the flowering
season. In the present study, ~40 fold increase in bacterial
load was observed in rhizosphere as compared to bulk soil.
Higher density of bacteria near roots has been reported in
other plants as well (Nannipieri et al. 2007; Joshi and Bhatt
2011; Timmusk et al. 2011). In wild barley ~200 folds
increased bacterial load is reported in rhizosphere
(0.4 x 10° CFU/gm) than bulk soil (0.2 x 10* CFU/gm)
(Timmusk et al. 2011). Joshi and Bhatt (2011) have
reported in wheat rhizosphere that the bacterial load
increases till 90th day followed by decrease in their number
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Table 2 Bacterial isolates from bulk and rhizosphere soil on the basis of 16S rRNA gene sequence

S. no. Isolates Closest NCBI match/closest type strain % identity Accession number
Bulk soil
1 WBF1 Arthrobacterglobiformis DSM 20124(T) 95.026 JN084065.1
2 WBF2 B. methylotrophicus CBMB205(T) 98.561 IN084066.1
3 WBF3 B. aryabhattai BSW22(T) 100.000 JX233807
4 WBF4A B. aryabhattai BSW22(T) 98.569 JN084067.1
5 WBF4B B. aryabhattai BSW22(T) 100.000 IN084068.1
6 WBF5A Brevibacteriumhalotolerans LMG 21660(T) 100.000 JF836006.1
7 WBF5B Brevibacteriumhalotolerans LMG 21660(T) 100.000 JN084069.1
8 WBF6 Brevibacteriumfrigoritolerans DSM 8801(T) 100.000 JN084070.1
9 WBF7 P. parafulva AJ 2129(T) 98.475 JQ751317
10 WBF8 Brevibacteriumhalotolerans LMG 21660(T) 99.670 JNO084071.1
Rhizosphere
11 WRF1 Acinetobactercalcoaceticus DSM 30006(T) 99.745 JN084072
12 WRF2 P. tremae CFBP 6111(T) 99.777 JQ713597
13 WRE3 P. kilonensis 520-20(T) 99.782 JIN084073.1
14 WRF4 Chryseobacteriumelymi RHA3-1(T) 99.125 JQ713598
15 WREF5 B. aryabhattai BSW22(T) 99.390 IN084074.1
16 WRF6 P. koreensis Ps 9-14(T) 99.363 JQ713596
Fig. 1 Phylogenetic tree of HQ440107 0 —>0Out group
bacterl.al isolates from bulk soil EF1143132] ———
and rhizosphere of Saffron |
100 » WBF4A
—-{ .@ LBacillus
aryabhattai
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Table 3 PGPR properties of

. . S. Identified Rhizobacteria ~ Phosphate solubilization  Siderophore IAA production (pg/
rhizobacteria ;

no. (SD production ml)
Positive results (%) 33.0 % 50.0 % 100 %

1 A. calcoaceticus WRF'1 - - 18.50

2 P. tremae WRF?2 + (6) + 3.80

3 P. kilonensis WRF3 + (1.2) + 3.69

4 Chryseobacteria elymi — — 12.18

WRF4
5 B. aryabhattai WRF5 - + 14.00
6 P. koreensis WRF6 - — 28.5 (max)

Table 4 Effect of inoculation with rhizobacteria consortia on the
growth of corms of Saffron in pot trials

Growth parameters Test Control

Av. no. of roots 3.6 £ 1.82 1.2 £ 0.81
Av. length root 1.15 £ 0.54 0.1 £ 0.06
Av no shoot 5.6 = 0.49 43 +0.53
Av shoot length 6.59 £ 1.59 9.95 £ 3.90
Cormlets 39+ 1.11 05+£04
Av weight 3.14 £ 0.19 3.16 £ 0.17
Disease 4/10 6/10

Shape of corms Shrinked No effect

by 120th day, with root decay. It is established that rhi-
zodeposition influences root-microbe interaction in most of
the plants which seems to be true for Saffron as well
(Soderberg et al. 2004; Johansen and Olsson 2005; Hin-
singer et al. 2009).

Bacterial isolates from bulk soil and rhizosphere

To take random samples, 50 bacteria each, were picked
from the rhizosphere and bulk soil isolates and all the 100
bacteria were identified by polyphasic method mentioned in
the “Materials and methods”.The rhizobacteria were cata-
logued into four different bacterial genera of six different
species, whereas the bulk soil bacterial isolates were
grouped into four different genera of ten different bacterial
species (Tables 1, 2). Though, sequencing of the entire
1,500-bp sequence is usually required, when describing a
new species. However, for most of the bacterial isolates the
initial 500-bp sequence (V1-V3 region) provides adequate
differentiation for identification, as it has substantial
sequence difference between different strains (Clarridge
2004). In total 6 rhizobacteria showing PGP traits were
isolated from rhizosphere of Saffron using single culturing
media (LB Agar). Isolation of 32, 15, 13 and 10 rhizobac-
teria have been reported from wheat, sweet potato, apple
and rice respectively using similar culturing technique
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(Mahaffee and Kloepper 1997; Sarode et al. 2009; Yasmin
et al. 2009; Ashrafuzzaman et al. 2009). Few types of
bacterial isolates retrieved, despite high bacterial load on
the same media in the Saffron rhizosphere further sub-
stantiates the belief that specific root—microbe interaction
occur in Saffron, though it needs to be substantiated with
more experiments.

Comparing rhizosphere and bulk soil bacterial isolates at
phylum level revealed that the Firmicutes and Proteobac-
teria are present in both bulk and rhizosphere soils but
Bacteroidetes were present only in rhizosphere whereas
Actinobacteria were present in bulk soil only. Phylogenetic
tree based on 16S rRNA gene sequence (V1-V3 region)
clusters the Saffron rhizobacteria and bulk soil bacteria into
separate clads, except for B. aryabhattai WRF5 from rhi-
zosphere and P. parafulva WBF7 from Bulk soil (Fig. 1)
clearly indicating difference in the microbial types present.
However, B. aryabhattai WRFS5 from rhizosphere clusters
with other Bacillus strains from bulk soil and P. parafulva
WBF7 from bulk soil clusters with those from rhizosphere
indicating thereby some evolutionary relationship. Phylo-
genetic clad of Rhizosphere comprises of subclads of
various genera like Pseudomonas, Acetinobacteria and
Chryseobacterium whereas bulk soil clad comprised of
Bacillus, Brevibacteria and Arthrobacter.

The rhizosphere is colonized predominantly by Gram
negative microbial community; they are reported to be
stimulated by rhizodeposition whereas Gram-positive
bacteria are reported to be inhibited (Soderberg et al. 2004;
Johansen and Olsson 2005). Similar results were found in
Saffron rhizosphere as Pseudomonas genera (consisting of
P. tremae, P. kilonensis and P. koreensis), A. calcoaceticus
and C. elymi are the Gram negative bacteria, whereas Gram
positive bacteria was represented only by single species of
B. aryabhattai. However, more Gram positive bacteria
were found in bulk soil dominated by different species of
Bacillus and Brevibacterium. Saffron though has specific
combination of rhizobacteria but it seems to follow the
distribution pattern of Gram —ve bacteria near roots and
Gram +ve in the bulk as in cucumber and pea plants
(Mahaffee and Kloepper 1997; Soderberg et al. 2004).
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Saffron rhizobacteria

All the rhizobacteria demonstrated at least one plant growth
property with 50 % of isolates producing siderophore, 33 %
solubilising phosphate and all of them produced indole
acetic acid. Out of 133 isolates from wheat rhizosphere,
29.32 % had ability to produce siderophore, 22.56 % solu-
bilised phosphate and 12.03 % produced indole acetic acid
(Joshi and Bhatt 2011). Majority of rhizobacteria are
reported from the three subdivisions of Proteobacteria phyla,
a-proteobacteria, [P-proteobacteria and y-proteobacteria
(Ahmad et al. 2008). Saffron rhizosphere is also dominated
by y-proteobacteria characterized by Pseudomonas and
Acinetobacteria genera. Pseudomonas sp. is known to be
dominant in rhizosphere of various plants (Tilak et al. 2005;
Khakipour et al. 2008) so is true for Saffron rhizosphere as
three out of six bacterial strains showing PGP trait were
identified as Pseudomonads (P. tremae WRF2, P. koreensis
WRF6 and P. kilonensis WRF3). P. koreensis WRF6 and
P. kilonensis WRF3 isolated from Saffron rhizosphere have
neither been reported from any rhizosphere and nor have
their PGP properties assayed, but have been isolated from
the agricultural soils (Sikorski et al. 2001; Kwon et al.
2003). P. koreensis WRF6 shows maximum production of
the indole acetic acid (28.5 pg/ml) (Table 3) and is com-
parable to the other common growth promoting Pseudo-
monads e.g. P. putida (24.08 mg/l) and P. fluorescens
(31.6 mg/l) (Khakipour et al. 2008). Not many reports are
available on P. tremae with PGP traits except one isolated
from healthy wild coffee seedlings. It was able to mobilize
mineral phosphate, produce HCN and siderophores, and
effectively antagonize deleterious coffee fungal pathogens
(Muleta et al. 2009).

Chryseobacterium elymi WRF4 and A. calcoaceticus
WRF1 isolated from Saffron rhizosphere showed only
Indole acetic acid production (Table 3). C. elymi RHA3-1
reported from the rhizosphere of wild rye produced indole
acetic acid (Cho et al., 2010). A. calcoaceticus SCWI
isolated from wheat rhizosphere had various PGP traits like
phosphate solubilization, siderophore and indole acetic
acid production (Sarode et al. 2009) and A. calcoaceticus
P23 isolated from duckweed rhizosphere has phosphate
solubilizing property (Yamaga et al. 2010). B. aryabhattai,
isolated from halophytic plants rhizosphere was able to fix
nitrogen but could not produce IAA (Siddikee et al. 2010)
which was in contrast to our observation. B. aryabhattai is
the common Gram positive bacteria between Saffron rhi-
zosphere and bulk soil (rhizosphere: B. aryabhattai WRF5
and bulk soil; B.aryabhattai WBF3, WBF4A and WB4B).
16S rRNA gene sequences of all the strains were compared
and were found to be 98 % similar. The biochemical tests
like catalase, oxidase, nitrate reduction, carbohydrate fer-
mentation were similar for these strains but they varied in

solubilisation of phosphate. All the three bulk soil strains
solubilized phosphate, but surprisingly the strain isolated
from rhizosphere did not. Moreover, three bulk soil
B.aryabhattai strains differed in their colony morphology
and microscopy too. The results indicated that B. aryab-
hattai WRFS isolated from rhizosphere is specific to Saf-
fron rhizosphere and has not migrated from the bulk soil.

Pot trials

The bacterial formulation of the bacterial isolates showing
PGP traits was prepared and subjected to Pot trails by
following the method developed by Gupta and coworker
(2011). Bacterial formulation prepared significantly pro-
moted growth of Saffron as is evident by the statistical tool
ANOVA in all the traits tested except for shoot length and
root length. In general, inoculation resulted in increased
shoot and root number, increased production of daughter
cormlets and decreased occurrence of the corm rot disease
incidence in pots. This is in concordance with the findings
of Sharaf-eldin et al. (2008) where the authors have
observed positive effect of commercially available PGPR
Bacillus subtilis FZB24 strain on the Saffron. In another
study, Aytekin and Acikgoz (2008) have reported the effect
of commercially available synthetic growth hormone,
biohumus and Effective MicroorganismsTM (EM) on the
production of Saffron. Synthetic hormone consists of
Polystimulins A6 and K and two different microorganism
based materials consists of biohumus/vermicompost and
Effective MicroorganismsTM (EM). Saffron corms were
treated in four different ways—hormone alone, biohumus
alone, EM alone and EM + biohumus to determine whe-
ther these treatments have any statistically meaningful
effects on corm numbers and dry and wet stigma weights. It
has been shown that EM + biohumus were the most
effective choice for improved Saffron cultivation.

In the both the mentioned reports effect of commercially
available Bacillus subtilis or hormones and Effective
microorganism was observed on the growth and production
of Saffron but bacteria mentioned have not been isolated
from Saffron rhizosphere (Sharaf-eldin et al. 2008; Aytekin
and Acikgoz 2008). The synthetic application of bacteria to
any plant possesses the risk of inoculum colonization and
sustainability which is not the case if PGPR used are indig-
enous to plant. We therefore propose that use of the bacterial
formulation prepared in present study for Saffron growth and
production will be a good alternative to chemical treatments.

Conclusion

Many factors are responsible for restricted cultivation of C.
sativus in specific belts of particular geographical regions.
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Soil is one of the important factors and so are the
microbes residing in the soil. Present communication for
the first time, reports the cultivable PGPR present in rhi-
zosphere of Saffron (grown in Pulwama, J&K, India), their
phylogenetic and biochemical characterization along with
potential plant growth promoting functions. 40 fold
enhancement of bacterial load in rhizosphere in compar-
ison to bulk soil establish specific root-microbe interac-
tion. The three species of Pseudomonas isolated from the
Saffron rhizosphere are specific to Saffron rhizosphere, as
P. koreensis WRF6 and P. kilonensis WRF3 have not
been reported from any other rhizosphere and P. tremae
have been isolated only from coffee seedlings. Pseudo-
monas pudita and P. flouresence, the common PGPR of
most of the plants, are absent in Saffron rhizosphere
though A. calcoaceticus was present. Bacterial formula-
tion of all the six isolates showing PGPR, showed the
positive effect on the growth of Saffron.
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