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Abstract

The role of plant growth promoting rhizobacteria for growth and rooting in Rosa damascena Mill. cuttings was evaluated in
this study. Fifteen distinctive and fast growing rhizobacterial colonies (strains) were chosen to inoculate the Rosa cuttings by
dipping in them. Growth parameters like shoot length, new shoot fresh weight, new shoot dry weight, root length, root fresh
weight and root dry weight showed highly significant results while mortality percentage of cutting was non-significant.
Results of the pot experiments revealed that most of the isolates showed growth promoting activities in Rosa cuttings except
the isolates Bs which was proved to be growth limiting strain as it gave 20-40% less result for all parameters. The most
prominent results were produced by isolated strains Fs (Pseudomonas fluorescens), LSlig (Rhizobium leguminosarum) and
LC, (Vibrios vulnificus). Isolate LSl19 showed maximum shoot length, new shoot fresh and dry weights with an increase (over
un-inoculated control) of 51.6%, 55.2% and 48.0%, respectively. Root growth was positively influenced by isolate Fs with
maximum root length and root fresh and dry weights (173.0%, 68.7% and 124.7%, respectively). All the other strains
enhanced cutting growth characters up to 30-60% compared to control. Strains LSl.9, Fs and LC, were proved to be superior
strains in all growth attributes. Results on the bases of total score obtained by each strain in all growth parameters showed that
strains LSl19, Fg and LC,4 got first three positions. Therefore, these three strains (LSlig, Fs and LCy4) were selected for further
studies. © 2016 Friends Science Publishers

Keywords: Damask rose; Cutting; PGPR; Growth promotion; Environment

Different approaches are being used like application of
hormones to enhance rooting so both natural and synthetic
hormones are being used in vegetative propagation of plants
from stem and leaf cuttings. Different hormones especially
synthetic auxins are largely used in commercial applications
but their use has come under close inspection by
environmental groups due to possible health hazards
(Grdég, 2011). The excessive use of chemicals including

Introduction

The genus Rosa is widely distributed all over the world with
approximately 200 species and 20,000 cultivar (Gudin,
2000). It is one of the most economically important genera
of ornamental, medicinal and aromatic plants (Cuizhi and
Robertson, 2003; Hassanein, 2010; Nadeem et al., 2015).
Among fragrant Rosa species which can produce oil, Rosa

damascena Mill., commonly known as the Damask rose is
one of the most important oil producing species (Younis et
al., 2008). Many aspects are involved in the higher
production of flowers and quality of rose oil, among them
propagation methods plays an important role. Although,
different methods of propagation including the divisions of
old plant, lateral sprouts with roots, seeds and
micropropagation are being practiced but propagation
through one year old stem cuttings is commercially adopted.
The main benefits of using cuttings for propagation are the
availability of genetically alike material and higher
production with greater efficiency but the problem of this
method is the root system, which is not always well
developed (Ginova et al., 2012).

fertilizers and growth hormones for a long period of time in
plant production may lead to degradation of the adjacent
environment. Consequently, in recent times awareness in
sustainable, eco-friendly and organic cultivation practices in
agriculture and horticulture has been revived (Esitken et al.,
2006; Dursun et al., 2010). As a result, plant growth
promoting rhizobacteria (PGPR) with their growth
promoting ability are spotlighted and are being applied
widely to agricultural crops as this technology is quite
suitable to increase plant growth and decrease the use of
chemical inputs. Several mechanisms have also been
reported by which PGPR can directly stimulate the growth
of plants including (1) production of phytohormones like
IAA, Gibberellin, Kinetin and Cytokinin (Noel et al., 1996;
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Antoun et al., 1998; Verma et al., 2001; Dey et al., 2004)
and (2) enzymes generation that can alter growth and
development of plants (Yang and Hoffman, 1984; Sharma
et al, 2011). The production of growth promoting
substances like gibberellins, cytokinins and auxins by
inoculated bacteria have positive impact on plant growth
and yield. These substances accelerate the growth of root
system and may also alter the balance of endogenous plant
phytohormones. Another beneficial aspect of PGPR bacteria
is promotion of rooting capacity and control over the soil
born pathogenic communities of microbes by producing B-
group vitamins and antibiotic metabolites (Dobbelaere et al.,
1999; Revillas et al., 2000; Mostafa and Abo-Baker, 2010).

The positive impact of plant growth promoting
rhizobacteria (PGPR) has been studied in annual crops like
wheat, soybeans, lettuce, beans, corn and barley in several
ways, but limited studies are present on woody plant
species. Few studies have been conducted on roses where
bacteria were isolated from the rhizoplane and the
rhizosphere of R. indica and used for growth promotion of
Rosa and apple plants (Caesar and Burr, 1987; Chanway
and Holl, 1993; Barazani and Friedman, 1999). This opened
up new possibilities to use PGPR for propagation of R.
damascena, and application of beneficial bacteria may
stimulate plant growth. Therefore, it is necessary to choose
superior, naturally occurring rhizospheric bacteria which
may enable us to achieve maximum plant growth. This
introduction of environment friendly technology may lead
to sustainable rose production. Keep in view the benefits of
plant growth promoting rhizobacteria (PGPR), present study
has been planned to screen plant growth promoting
rhizobacteria (PGPR) for growth promotion of R.
damascena cuttings.

Materials and Methods

The proposed experiment was carried out at the Rose
Project, Institute of Horticultural Sciences, University of
Agriculture, Faisalabad (31°30°N, 73°10’E and altitude 213
m above sea). Fifteen pre-isolated and prescreened PGPR
strains were acquired from Soil Microbiology Laboratory,
Institute of Soil and Environmental Sciences, University of
Agriculture, Faisalabad. The fifteen strain used for
screening Wwere B5, Re, Jl, LC3, Fe, LC4, LS|29, LS|30, JH4,
LSlig, CRIz1, CRIss, Ass, Se and PsIN. These strains were

identified as  Burkholderia  phytofirmans  (PsJN),
Mesorhizobium ciceri  (CRls;, CRIlz and JHa),
Pseudomonas fluorescens (Fs and Bs), Rhizobium
leguminosarum (LSl LSl and LSlsy), Rhizobium

phaseoli (Ais and Se), Vibrios diazotrophicus (J; and Re)
and Vibrios vulnificus (LCsz and LCa).

Screening experiment was conducted using sterilized
plastic pots. First of all, a nutrient broth was prepared in
conical flask for inoculation of bacterial strains. Each
flask containing 100 mL of broth was sterilized and was
inoculated with all selected strains of rhizobacteria.
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Selected rhizobacterial strains in the conical flasks were
cultured in a shaking incubator with 100 rpm (Firstek
Scientific, Tokyo, Japan), at 28+1°C for 48-72 h. Damask
rose stem cuttings were taken during the first week of
December from Floriculture Research Area, Institute of
Horticultural ~ Sciences,  University of  Agriculture
Faisalabad. In order to inoculate the cuttings, basal end of
each cutting was dipped in 2 mL of bacterial inoculum for
45 min (Karakurt et al., 2009). For this purpose, bundle of
20 cutting were made and the cuttings were dipped in 40
mL of bacterial inoculum. The inoculated cuttings were
planted in plastic pots filled with sterilized sand. This
experiment was laid out in completely randomized design
(CRD) with four replications. There were 16 treatments
containing uninoculated control and 15 strains of PGPR. For
control treatment cuttings were dipped in sterilized nutrient
broth. Treatments comprised of control (Unioculated), Bs,
R, J1, LC3, Fs, LCa, LSl29, LSl30, JH4, LSl19, CRI31, CRI3s,
Aus, Se and PsIN. Water was applied by maintaining initial
weight of pot with soil + water and data were collected
regularly till 6 months for mortality percentage (%), length
of new shoot (cm), fresh weight of shoot (g), dry weight of
shoot (g), root length (cm), fresh weight of root (g) and dry
weight of root (Q).

Best microbial strains were ranked by percent increase
or decrease from control treatment for all growth attributes.
For this purpose, scoring was done from 0 to 10 and scores
for each growth attribute were compared individually for
each strain. Each strain was given a scores on the bases of
variation in percentage from control, therefore, score were
assigned as O=less or equal to 0%, 1= 1-10%, 2= 11-20%,
3= 21-30%, 4= 31-40%, 5= 41-50%, 6= 50-60%, 7= 61—
70%, 8= 71-80%, 9= 81-90% and 10= 91-100%. Finally,
all the strains were ranked on the bases of total score
obtained by each strain in all growth parameters. The strains
that got three top positions were subjected for further
studies.

Statistical Analysis

Experimental data collected for parameters were analyzed
by using the Fisher’s analysis of variance technique and
Least Significant Difference (LSD) test at 5% probability to
compare the treatment means (Steel et al., 1997).

Results

In this experiment, R. damascena cuttings were inoculated
with the bacterial strains. Response of different growth
parameters in relation to different PGPR strains were
observed and collected data was analyzed statistically using
analysis of variance technique (Table 1) and results were
subjected to LSD test at 5% probability for the comparison
of the treatment means. The application of PGPR inoculum
to R. damascena cuttings showed non-significant results for
mortality percentage while highly significant results for
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shoot length, new shoot fresh weight, new shoot dry weight,
root length, root fresh weight and root dry weight were
observed (Table 1). The association of cuttings’ mortality
with the application of PGPR inoculum was statistically
unaffected, while maximum but not desirable mortality
percentage was observed in PGPR strain (Bs). The cuttings
treated with LC4 and LSlig showed no mortality, these two
strains proved to be much suitable strains for survival of
cuttings as compared to other treatments (Fig. 1). The
results regarding maximum shoot length with 51.6% and
48.9% increase in shoot length over un-inoculated control
were produced by the isolates LSl and Fg, respectively.
The cuttings treated with PGPR strain Bs showed lowest
results in shoot length with 19.7% less shoot length than un-
inoculated control (Fig. 2). Maximum shoot fresh weight
with 55.2% increase over un-inoculated control was shown
in LSlo followed by 39.1 and 32.3% increase was observed
with the isolates Fs and LC,4 respectively (Fig. 3). The
cuttings treated with PGPR strain Bs showed lowest results
with 31.8% less shoot fresh weight than un-inoculated
control. Similarly, the results regarding effect of PGPR
treatments on new shoot dry weight of R. damascena
showed maximum shoot dry weight with 48.0% increase
over un-inoculated control in LSl followed by 35.7%
increase was shown by the isolates Fs (Fig. 4). The cuttings
treated with PGPR strain Bs showed lowest results with
24.1% less shoot fresh weight than un-inoculated control.

The results regarding effect of PGPR treatments on
root length of R. damascena are given in Fig. 5 as treatment
means. Maximum root length with 173.0% increase over
un-inoculated control was shown in Fs followed by 118.4%
increase over un-inoculated control was shown by isolate
LSlie. Root fresh weight with an increase of 68.7% over un-
inoculated control was shown in Fg followed by 63.1%
increase over un-inoculated control by the isolate LSlig. In
the same way, isolate Fs showed maximum root dry weight
with 124.7% increase over un-inoculated control followed
by isolates LSlig and LC4 where 79.8% and 54.2% increase
over un-inoculated control was observed. The cuttings
treated with PGPR strain Bs showed lowest results root
fresh and dry weight with 45.0% and 37.5% less results,
respectively. On the other hand, all other strain behaved
almost in equal manner in all growth parameters.

Finally all microbial strains were ranked by percent
increase or decrease from control treatment for all growth
attributes (Table 2). Results on the bases of total score
obtained by each strain in all growth parameters showed that
strains LSlq, Fs and LCa4 got top three positions. Therefore,
these strains were selected are recommended for further
experiments.

Discussion
Results of screening trials showed that most of the plant

growth promoting rhizobacteria used in this study exhibited
growth increasing behaviour in damask rose. The
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Table 1: Mean squares of different growth characteristics
of Rosa damascena cuttings

Source of Variation Treatments Error
D.F 14 48
Mortality (%) 302.94Ns 444.14
New shoot length (cm) 58.42** 2.97
Shoot Fresh Weight (g) 14.78** 0.4
Shoot Dry Weight (g) 2.34** 0.05
Root Length (cm) 50.12** 0.77
Root Fresh Weight (g) 2.51** 0.043
Root Dry Weight (g) 0.104** 0.002

*and ** denotes differences significant (P<0.05) and highly significant
(P<0.01) respectively and ™ denotes non-significant values
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Fig. 2: Efficacy of various PGPR strains on shoot length of
cuttings

modification in growth and development of damask rose by
these PGPR isolates may be because of different
mechanisms of actions like production of plant hormones
and siderophore, solubilization of insoluble Phosphate and
increased nutrient uptake (Pena and Reyes, 2007; Nehra et
al., 2014; Spaepen, 2015). This may imply that the ability of
PGPR isolates with different mechanisms of actions is
responsible for inducing the growth stimulating response in
the inoculated cuttings of damask rose. In this experiment,
application of PGPR strains significantly affected the
cuttings growth only the results regarding cuttings survival
percentage were non-significant. Similar, results were
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Table 2: Scoring of various PGPR strains on the basis of growth percentage with respect to control

Strains Mortality Length of new shoot Fresh weight of ~ Dry weight of ~ Fresh weight ~ Dry weight of ~ Root Length Total
percentage (%) (cm) shoot (g) shoot (g) of root (g) root (g) (cm)
LSI19 10 6 6 5 7 6 10 50
F6 10 5 4 4 7 8 10 48
LC4 10 4 4 4 6 5 9 42
CRI34 10 2 0 0 5 4 7 28
LSI29 10 2 1 1 4 3 6 27
S6 10 4 1 1 3 2 4 25
JH4 0 4 2 2 3 2 5 18
LSI30 0 2 1 1 4 3 6 17
CRI31 0 3 0 0 4 3 6 16
J1 0 4 3 3 0 1 0 11
A18 0 2 0 0 3 2 4 11
LC3 0 2 1 1 2 1 3 10
PSIN 0 2 0 0 2 1 3 8
R6 0 3 0 0 0 0 0 3
B5 0 0 0 0 0 0 0 0

reported by Karakurt et al. (2009) where bacterial
treatments provided the equal rooting rate in single
treatments. Propagation of damask rose from cuttings is
easiest and mass production method but it totally depends
on the ability of cuttings to produce new roots and shoots. In
matter of fact, all cuttings taken from a plant do not survive
as most of them are unable to produce roots due to internal
and external factors like imbalance production of hormones,
induction of diseases, humidity, temperature and improper
substrates. Most of the cuttings pronounced to survival
problem might be due to nutritional status of the stock
cuttings. It was also reported by Smalley et al. (1991) that a
minimal level of carbohydrate was needed for stock cuttings
to survival, to run physiological activity and to emerge roots
(Saifuddin et al., 2013). It is suggested that survival rate and
root initiation can be increased by applying endogenous
rooting hormones and nutrients before plantation (Soundy et
al., 2008; Mori et al., 2011; Ahmad et al., 2012). Therefore,
different types of synthetic hormones are being used, among
them auxins play a vital role in influencing the root
formation and survival rate of stem cuttings (Raju and
Prasad, 2010; Severino et al., 2011; Zafar-ul-Hye et al.,
2014). But in order to avoid hazards of hormones, the
inoculated bacteria which produces growth promoting
substances like gibberellins, cytokinins and auxins are
alternative to synthetic rooting hormones and have positive
impact on plant growth and yield. These substances
produced by microbes accelerate the growth of root system
and may also alter the balance of endogenous plant
phytohormones (Martinez-Viveros et al., 2010).

The results of the present experiment indicated that
the efficiency of the PGPR isolates differs among the
species when applied to a similar host plants. The difference
in affectivity amongst the PGPR isolates to a similar host
plants might be due to variation in their characteristics
particularly their root colonization ability with host
plants, which is evident from the results of characterization
of the selected PGPR isolates of damask rose.
Therefore, rooting characteristics like fresh and dry
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Fig. 3: Efficacy of various PGPR strains on new shoot
fresh weight of cuttings
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Fig. 4: Efficacy of various PGPR strains on new shoot dry
weight of cuttings

weight of roots and root length differ a lot among all
applied PGPR isolates. Isolate Fs (Pseudomonas
fluorescens) gave the highest results for rooting
characteristics might be due to increase in the amount of
auxin near the root zone which resulted in higher root
length and biomass production. The role of auxins
especially 1AA for healthier and abundant rooting in many
plants is previously stated (Hartman and Kester, 1972) and
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similar results with the application P. fluorescens to black
pepper (Piper nigrum) rooted cuttings were reported by
Thankamani et al. (2005). Plant growth promoting
characteristics of Pseudomonas rhizobacteria promote root
and shoot growth that’s why plants treated with Pantoea,
Pseudomonas sp. significant increase in plant growth
parameters like shoot and root weight and total biomass on
fresh weight and dry weight basis in Coleus (Damam et al.,
2014). It has often been derived that rhizobacterially
produced auxins are responsible for growth promotion but
indole acetic acid promotes ethylene production by
stimulating the enzyme in the ethylene biosynthetic pathway
(Kende, 1993). Another evidence related to better rooting
was control of pathogens which limits the root growth by
decaying process, it has been reported that many
Pseudomonas species have effective ability to control
pathogenic fungi, mainly Fusarium (Paulitz and Belanger,
2001; Rosas et al., 2001). Similar results were reported by
Felker et al. (2005) root pathogens which are major problem
in rooting Prosopis cuttings were overcome by using
Pseudomonas aurantiaca.

In the rhizhosphere, production of ethylene results in
inhibition of root elongation. Apart from this the plants
treated with rhizobacteria, the ethylene production is
subdued by aminocyclo propane carboxylic acid deaminase
which produces ammonia instead of ethylene so this leads to
rapid elongation of roots (Kloepper, 2003). Isolate LSlig
(Rhizobium leguminosarum) also showed better results than
other isolates for rooting characteristics and was ranked
second after Fe, these results are in line with the findings of
Noel et al. (1996). They carried out a study where they used
parent and mutant strains of Rhizobium leguminosarum to
inoculate the seeds of canola and lettuce where they noticed
significant improvement in growth of seedlings root by
inoculation with some strains. They concluded that the
enhanced root growth come out perhaps as results of IAA
and cytokinins production.

Results regarding maximum shoot length showed that
the treatments comprising strain LSl (Rhizobium
leguminosarum) have significantly superior effect, it is
mainly due to ability Rhizobium strain LSl to fix
atmospheric nitrogen and make it available to plant roots.
Increase in the shoots length due to higher dose of nitrogen
and phosphorus application had also been reported by
Tajuddin et al. (1986) in R. damascena. On the other hand,
the noticeable increase in shoot length in the presence of
PGPR was recorded due to the improved IAA availability.
This improved availability of IAA induced cell division and
cell elongation which ultimately improved plant height
(Mohite, 2013; Ul Hassan and Bano, 2015). Similarly, an
increase in carnation growth in early stage of plant
development as compared to un-inoculated plants was
observed when plants were inoculated with Rhizobium
starins (Menéndez et al., 2016). Fresh and dry weights of
new shoot were also greatly influenced by all inoculum of
PGPR strains especially LSlig (Rhizobium leguminosarum).
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Fig. 5a: Efficacy of various PGPR strains on root length of
cuttings
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Fig. 5b: Pictorial view of root length of cuttings by PGPR
strains application

The increase in weights was due to absorption of more
nutrients and their utilization. The core reason of ideal rate
of nutrients absorption by the plants was attributed due to
biological fixation of nitrogen (BNF) and solubilisation of
phosphorus in root zone of plants (Qasim et al., 2014). In
the same way, increase in fresh and dry weight of plants was
also reported due to the role of PGPR in improving organic
matter in the soil along with elevated nutrients availability
(Sasirekha et al., 2012). The application of Rhizobium sp.
PEPV12 showed significant increase in shoot length of
spinach with respect to un-inoculated plants (Jiménez-
GOmez et al., 2016). Several other studies also reported that
plants showed superior morphological growth due to soil
inoculation to increase supply of nitrogen, through BNF,
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Fig. 6: Efficacy of various PGPR strains on root fresh
weight of cuttings
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Fig. 7: Efficacy of various PGPR strains on root dry
weight of cuttings

and solubility of phosphorus (Togay et al., 2008; Ahmed et
al., 2010; Khan et al., 2014).

In general, most of the isolates showed growth
promoting effects in damask rose in all aspects which
may be due to previously stated growth promoting
mechanisms, but growth limiting effect by PGPR strain
Bs was observed in all growth parameters. This growth
limiting behaviour may be observed due to excessive
production of materials (IAA and similar substances) that
are beneficial for plant growth at minor quantity (Antoun
et al., 1998). In the same way, Alstrom and Burn (1989)
have also reported for growth limiting effects on the
growth of plants which is attributable due to the
production of HCN at higher concentration. Moreover,
reduction of plant growth had been reported with the
application of rhizobial inoculation to non-legumes,
which might be associated to the production of growth
inhibitors by the rhizobial strains (El-Tarabily et al.,
2006). Despite the promising PGPR characters strain Bs
showed negative results but other strains like Fe
(Pseudomonas fluorescens), LSl (Rhizobium
leguminosarum) and LC, (Vibrios wvulnificus) showed
effective root colonization and encourage growth and
development of plant in early stages. Further evaluation
should be executed in order to clarify the reason of
negative impact of strain Bson plant growth.

Conclusion

On the basis of these results of the study, it is suggested
that the way followed for the selection of fast growing
isolates and assessment of their growth promoting
potential on cuttings of damask rose could be a suitable
method for screening the of effective and active isolates.
Ultimately, strains Fg (Pseudomonas fluorescens), LSlig
(Rhizobium leguminosarum) and LC,4 (Vibrios vulnificus)
are found to be the most effective strains among all tested
strains so these strains are recommended for further
studies to assess the potential of strains for yield and oil
contents.

References

Ahmad, 1., J.M. Dole and P. Nelson, 2012. Nitrogen application rate, leaf
position and age affect leaf nutrient status of five specialty cut
flowers. Sci. Hortic., 142: 14-22

Ahmed, A.G., M. Ahmed, M. Hassanein and N.M. Zaki, 2010. Effect of
organic and biofertilization on growth and vyield of two
chickpea cultivars in newly cultivated land. J. Appl. Sci. Res., 6:
2000-2009

Alstrom, S. and R.G. Burns, 1989. Cyanide production by rhizobacteria as a
possible mechanism of plant growth inhibition. Biol. Fert. Soils, 7:
232-238

Antoun, H., CJ. Beauchamp, N. Goussard, R. Chabot and R. Lalande,
1998. Potential of Rhizobium and Bradyrhizobium species as plant
growth promoting rhizobacteria on non-legumes: effects on radishes
(Raphanus sativus L.). Plant Soil, 204: 57-67

Barazani, O. and J. Friedman, 1999. Is IAA the major root growth factor
secreted from plant-growth-mediating bacteria? J. Chem. Ecol., 25:
2397-2406

Caesar, AJ. and T.J. Burr, 1987. Growth promotion of apple seedlings and
rootstocks by specific strains of bacteria. Phytopathology, 77: 1583
1588

Chanway, C.P. and F.B. Holl, 1993. Ecological growth response specificity
of two Douglas-fir ecotypes inoculated with coexistent beneficial
rhizosphere bacteria. Can. J. Bot., 72: 582-586

Cuizhi, G. and K.R. Robertson, 2003. Rosa (Rosaceae). In: Flora of China,
pp: 339-381. Zhengyi, W., P.H. Raven and H. Diana (eds.). Science
Press, Beijing, China

Damam, M., B. Gaddam and R. Kausar, 2014. Effect of plant growth
promoting rhizobacteria (PGPR) on Coleus forskohlii. Int. J. Curr.
Microbiol. Appl. Sci., 3: 266-274

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

Dobbelaere, S., A. Croonenborghs, A. Thys, A\V. Broek and J.
Vanderleyden, 1999. Phytostimulatory effect of Azospirillum
brasilense wild type and mutant strains altered in IAA production on
wheat. Plant Soil, 212: 155-164

Dursun, A., M. Ekinci and M.F. Donmez, 2010. Effects of foliar application
of plant growth promoting bacterium on chemical contents, yield and
growth of tomato (Lycopersicon esculentum L.) and cucumber
(Cucumis sativus L.). Pak. J. Bot., 42: 3349-3356

El-Tarabily, K.A,, A/A. Soaud, M.E. Saleh and S. Matsumoto, 2006.
Isolation and characterization of sulfur-oxidizing bacteria, including
strains of Rhizobium, from calcareous sandy soils and their effects on
nutrient uptake and growth of maize (Zea mays L.). Aust. J. Agric.
Res., 57: 101-111

Esitken, A., L. Pirlak, M. Turan and F. Sahin, 2006. Effects of floral and
foliar application of plant growth promoting rhizobacteria (PGPR)
on yield, growth and nutrition of sweet cherry. Sci. Hortic., 110:
324-327

1002



Growth Promotion of Rose using PGPR / Int. J. Agric. Biol., Vol. 18, No. 5, 2016

Felker, P., D. Medina, C. Soulier, G. Velicce, M. Velarde and C. Gonzalez,
2005. A survey of environmental and biological factors
(Azospirillum  spp, Agrobacterium rhizogenes, Pseudomonas
aurantiaca) for their influence in rooting cuttings of Prosopis alba
clones. J. Arid Environ., 61: 227-247

Ginova, A, |. Tsvetkov and V. Kondakova, 2012. Rosa damascena Mill. -
an overview for evaluation of propagation methods. Bulgar. J. Agric.
Sci., 18: 545-556

Gudin, S. 2000, Rose: Genetics and breeding. Plant Breed. Rev., 17: 159—
189

Hartman, H.T. and D.S. Kester, 1972. Plant Propagation: Principles and
Practices. Prientice-Hall of India Pvt. Ltd., New Delhi, India

Hassanein, AM.A., 2010. Improved quality and quantity of winter
flowering in rose (Rosa spp.) by controlling the timing and type of
pruning applied in autumn. World J. Agric. Sci., 6: 260267

Jiménez-Gomez, A., E. Menéndez, J.D. Flores-Félix, P. Garcia-Fraile, P.F.
Mateos and R. Rivas, 2016. Effective colonization of spinach root
surface by Rhizobium. In: Biological Nitrogen Fixation and
Beneficial Plant-Microbe Interaction, pp: 109-122. Gonzélez-
Andrés, F. and E. James (eds.). Springer International Publishing,
Switzerland

Karakurt, H., R. Aslantas, G. Ozkan and M. Guleryuz, 2009. Effects of
indol-3-butyric acid (IBA), plant growth promoting rhizobacteria
(PGPR) and carbohydrates on rooting of hardwood cutting of
MM106 Apple rootstock. Afr. J. Agric. Res., 4: 060-064

Kende, H., 1993. Ethylene biosynthesis. Annu. Rev. Plant Physiol. Plant
Mol. Biol., 44: 283-307

Khan, M.S., A. Zaidi and E. Ahmad, 2014. Mechanism of phosphate
solubilization and physiological functions of phosphate-solubilizing
microorganisms. In: Phosphate Solubilizing Microorganisms, pp:
31-62. Khan, M.S., A. Zaidi and J. Musarrat (eds.). Springer
International Publishing, Switzerland

Kloepper, J.W., 2003. A review of mechanisms of plant growth promotion
by plant growth promoting rhizobacteria, In: Sixth International
Workshop on Plant Growth Promoting Rhizobacteria, Oral
Presentation, pp: 81-92. Reddy, M.S., M. Anandaraj, S.J. Eapen,
Y.R. Sarma and J.W. Kloepper (eds.). 510 October 2003, Indian
Institute of Spices Research, Calicut, India

Martinez-Viveros, O., M.A. Jorquera, D.E. Crowley, G. Gajardo and M.L.
Mora, 2010. Mechanisms and practical considerations involved in
plant growth promotion by rhizobacteria. J. Soil Sci. Plant Nutr., 10:
293-319

Menéndez, E., R. Escribano-Viana, J.D. Flores-Félix, P.F. Mateos and R.
Rivas, 2016. Rhizobial biofertilizers for ornamental plants. In:
Biological Nitrogen Fixation and Beneficial Plant-Microbe
Interaction, pp: 13-21. Gonzalez-Andrés, F. and E. James (eds.).
Springer International Publishing, Switzerland

Mohite, B., 2013. Isolation and characterization of indole acetic acid (IAA)
producing bacteria from rhizospheric soil and its effect on plant
growth. J. Soil Sci. Plant Nutr., 13: 638-649

Mori, Y., F. Miyahara, Y. Tsutsumi and R. Kondo, 2011. Effects of
combinational treatment with ethephon and indole-3-butyric acid on
adventitious rooting of Pinus thunbergii cuttings. Plant Growth
Regul., 63: 271-278

Mostafa, G.G. and A.A. Abo-Baker, 2010. Effect of bio- and chemical
fertilization on growth of sunflower (Helianthus annuus L.) at south
valley area. Asian J. Crop Sci., 2: 137-146

Nadeem, M., A. Younis, A. Riaz and K.B. Lim, 2015. Comparative studies
on crossability among modern roses and heterosis of some
quantitative and qualitative traits in hybrids. Hortic. Environ.
Biotech., 56: 487-497

Nehra, V., B.S. Saharan and M. Choudhary, 2014. Potential plant
growth promoting activity of Pseudomonas fluorescens sp.
isolated from cotton (Gossypium hirsutum) crop. Ind. J. Agric.
Res., 48: 97-104

Noel, T.C., C. Sheng, C.K. Yost, R.P. Pharis and M.F. Hynes, 1996.
Rhizobium  leguminosarum as a plant growth promoting
rhizobacterium: direct growth promotion of canola and lettuce. Can.
J. Microbiol., 42: 279-283

Ordog, V., 2011. Plant Physiology. Debrecen University, Hungary

Paulitz, T.C. and R.R. Belanger, 2001. Biological control in greenhouse
systems. Annu. Rev. Phytopathol., 39: 103-133

1003

Pena, H.B. and I. Reyes, 2007. Nitrogen fixing bacteria and phosphate
solubilizers isolated in lettuce (Lactuca sativa L.) and evaluated as
plant growth promoters. Intersciencia, 32: 560-565

Qasim, M., A., Younis, Z.A., Zahir, A. Riaz, H. Raza and U. Tarig, 2014.

Microbial inoculation increases the nutrient uptake efficiency for

quality production of Gladiolus grandiflorus. Pak. J. Agric. Sci., 51:

875-880

N. and M. Prasad, 2010. Influence of growth hormones on

adventitious root formation in semi-hardwood cuttings of Celasturs

paniculatus Willd. a contribution for rapid multiplication and

conservation management. Agroforest. Syst., 79: 249-252

Revillas, JJ., B. Rodelas, C. Pozo, M.V.Martinez-Toledo and J. Gonzélez-
L6pez, 2000. Production of B-group vitamins by two Azotobacter strains
with phenolic compounds as sole carbon source under diazotrophic
and adiazotrophic conditions. J. Appl. Microbiol., 89: 486-493

Rosas, S., F. Altamirano, E. Schroder and N. Correa, 2001. In vitro
biocontrol activity of Pseudomonas aurantiaca. Int. J. Exp. Bot., 50:
203-209

Saifuddin, M., N. Osman and M.M. Rahman, 2013. Influence of different
cutting positions and rooting hormones on root initiation and root-
soil matrix of two tree species. Int. J. Agric. Biol., 15: 427434

Sasirekha, B., S., Shivakumar and S.B. Sullia, 2012. Statistical optimization
for improved indole-3-acetic acid (IAA) production by Pseudomonas
aeruginosa and demonstration of enhanced plant growth promotion.
J. Soil Sci. Plant Nutr., 12: 863-873

Severino, L.S., R.L.S. Lima, A.M.A. Lucena, M.A.O. Freire, L.R. Sampaio,
R.P. Veras, K. A.A.L. Medeiros, N.H.V. Sofiatti and C. Arriel, 2011.
Propagation by stem cuttings and root system structure of Jatropha
curcas. Biomass Bioenerg., 35: 3160-3166

Sharma, S.K., B.N. Johri, A. Ramesh, O.P. Joshi and S.V.S. Prasad, 2011.
Selection of plant growth-promoting Pseudomonas spp. That
enhanced productivity of soybean-wheat cropping system in central
India. J. Microbiol. Biotechnol., 21: 1127-1142

Smalley, T.J., M.A. Dirr and A.M. Armitage, 1991. Photosynthesis and leaf
water, carbohydrate, and hormone status during rooting of stem
cuttings of Acer rubrum. J. Amer. Soc. Hortic. Sci., 116: 1052-1057

Soundy, P., KW. Mpati, E.S.D. Toit, F.N. Mudau and H.T. Araya, 2008.
Influence of cutting position, medium, hormone and season on
rooting of fever tea (Lippia javanica L.) stem cuttings. Med. Arom.
Plant Sci. Biotechnol., 2: 114-116

Spaepen, S., 2015. Plant hormones produced by microbes. In: Principles of
Plant-Microbe Interactions, pp: 247-256. Lugtenberg, B. (ed.).
Springer International Publishing, Switzerland

Steel, R.G.D., JH. Torrie and D.A. Dickey, 1997. Principles and
Procedures of Statistics: A Biometrical Approach, 3 edition.
McGraw Hill Book Co., New York, USA

Tajuddin, SM.L., AK. Singh, A.S. Shawl and M.L. Saproo, 1986.
Introduction and cultivation of Bulgarian Rose as a commercial crop
in India. In: Plantation Crops-opportunities and constraints. H.C.
Srivastava, B. Vatsya and K.K.G. Menon (eds.). Oxford and IBHP
Pub. Co., New Delhi, India

Thankamani, C.K., K. Sreekala and M. Anandaraj, 2005. Effect of
Pseudomonas fluorescens (IISR6) and Trichoderma harzianum on
growth of black pepper varieties in the nursery. J. Spices Aromatic
Crops, 14: 112-116

Togay, N., Y. Togay, K.M. Cimrin and M. Turan, 2008. Effects of
Rhizobium inoculation, sulfur and phosphorus applications on yield,
yield components and nutrient uptakes in chickpea (Cicer arietinum
L.). Afr. J. Biotechnol., 7: 776-782

Ul Hassan, T. and A. Bano, 2015. The stimulatory effects of L-tryptophan
and plant growth promoting rhizobacteria (PGPR) on soil health and
physiology of wheat. J. Soil Sci. Plant Nutr., 15: 190-201

Verma, A., K. Kukreja, D.V. Pathak, S. Suneja and N. Narula, 2001. In
vitro production of plant growth regulators (PGRs) by Azorobacter
chroococcum. Ind. J. Microbiol., 41: 305-307

Yang, S.F. and N.E. Hoffman, 1984. Ethylene biosynthesis and its
regulation in higher plants. Annu. Rev. Plant Physiol., 35: 155-189

Younis, A., A. Riaz, M.A. Khan, A.A. Khan, M.A. Pervez, 2008. Extraction
and identification of chemical constituents of the essential oil of Rosa
species. Acta Hortic., 766: 485-492

Zafar-ul-Hye, M., H.M. Farooq, Z.A. Zahir, M. Hussain and A. Hussain,
2014. Application of ACC-deaminase containing rhizobacteria with
fertilizer improves maize production under drought and salinity
stress. Int. J. Agric. Biol., 16: 591-596

Raju,

(Received 08 February 2016; Accepted 20 June 2016)



