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Abstract

Fresh cuttings from 2-year-old rose cultivar Rose gruss-an-teplitz was treated with 2 PGPR used as seed soaking
treatment and with Zinc sulphate added to the rhizosphere soil or treated with Salicylic acid (SA) as foliar spray was sown
both in the field and in pots (under sterilized condition). Physiological parameters were recorded at flowering.

All the treatments promoted growth parameters and improved the quality of rose water. However, greater increase in all
growth parameters were recorded in Pseudomonas putida + Salicylic acid treatment. Potted grown plants also showed
significant stimulation in growth and reproductive parameters; Bacillus cereus being highly effective. The treatment effects
were greater in summer but in winter the % increase was also significantly greater over control. Organoleptic analysis of
rose water revealed that treatment with Pseudomonas putida + Salicylic acid (SA) imparted maximum aroma and sweetness
in field grown plants while Bacillus cereus inoculation proved most effective in potted plants. Plant was more responsive to
treatments in summer than that of winter. Rose petal water from potted plants of winter revealed higher aroma in winter as
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compared to summer. Similar trend was noted in case of field grown plants.

The incidence of disease was not recorded in treated plants particularly in presence of SA. Both the PGPR and SA act
synergistically and can be applied to boost growth, yield and quality of roses.

This is the first report regarding the effect of PGPR, defense hormone SA and Zinc sulphate alone and in combination
on roses. The investigation revealed that PGPR can augment the effectivity of Zinc sulphate and SA on growth and
reproductivity of rose as well as on its quality e.g., flavor and sweetness of rose water. The combined treatments may be

implicated to enhance productivity and quality of roses.
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Introduction

The roses have significant value in every culture and
region due to their widespread use in celebrations, welcome
parties, medical needs, cosmetic uses, and food tonic
supplements (rose petal jam) (Jour & Leghari et al., 2016).

Arge-golab, the traditional name for rose water
(hydrosol), has been used in religious ceremonies for
centuries (Haghighi et al., 2008); well-liked in the food
industry as an additive for specialized foods (Nikbakht &
Kafi, 2008). Rose water has been previously reported for
eye and mouth wash, gastrointestinal problems and throat
and bacterial infections (Safia et al., 2019; Wati et al.,
2021). Rosa gruss-an-teplitz belongs to the botanical
group of Chinensis, Locally called surkha or red rose its
origin is Asia and middle East. It is used in making
perfume and rose water called arg-e-gulab.(Younis et al.,
2006).The quality and quantity of rose production may
vary from species to species and contributes significantly
in the horticulture sector of Pakistan.

Use of Plant growth promoting rhizobacteria
(PGPR) present in the rhizosphere as well as in
association with host plant root is an ecofriendly
approach to boost plant growth and productivity (Ejaz et
al., 2020). Their effect is mediated by making the
nutrient availability, producing phytohormones and
through root proliferation (Alori et al., 2019).

Salicylic acid is a plant growth promoting hormone
having a well-defined defense role (Chen et al., 2020).
Improvement in yield and quality of flowers apart from
time of planting invariably depends on the nutrition
enrichment of the plants. Nutrients applied in the form of
mineral and organic fertilization are supplied to plants by

root and foliar application. Foliar nitrogen application
increases essential oil content in some plants and affects
essential oil composition (Mehdi et al., 2018). Moreover,
essential oil content and yield are modified by the rate of
applied nitrogen. Zinc application increased the fresh and
dry matter production and essential oil concentration of
japenese mint (Misra & Sharma, 1991). Similary, the
foliar spray with Zinc (100 ppm) in blue sage (Salvia
farinacea L.) enhanced the length of peduncle and length
of main inflorescences (Nahed Abd El-Aziz & Balbaa,
2007). Micronutrients such as iron, manganese and Zinc
have important roles in plant growth and yield of aromatic
and medicinal plants (AbdEI-Wahab, 2008).

Genotypes, climatic condition, edaphic factors
relative humidity, growing season, agronomic practices
(such us fertilization, irrigation, harvesting) etc. affect the
growth and production of roses (Boskabady et al., 2011).

Present attempt was to evaluate the effects of SA,
Zinc Sulphate and rhizobacterial inoculation on the
growth and flowering of rose and rose water quality in 2
different seasons.

Material and Methods

Plant material and growing conditions: Rosa gruss an
teplitz cuttings were taken from 3-4 years old plant
cultivated in Floriculture research area, institute of
horticulture, University of Agriculture, Faisalabad. Prior
to sowing the cuttings were and soaked for 3-4 h in broth
culture of Pseudomonas putida and Bacillus cereus
having 10%ells/ml. Aqueous solution of salicylic acid
(10 M) was foliarly sprayed 30 days after sowing at bud
initiation stage and 1% Zn (SO4), was added to the
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rhizosphere before planting. The experiment was
conducted under natural condition both in field and in
pots. In pots the experiment was conducted under semi
sterilized condition. The soil was autoclaved, and the pots
were sterilized. In the field, the row to row distance was
30 inches, and the plant to plant distance was 25 inches.
The following treatments were made (Table 1).

Physiological analysis and growth parameters of plants

Determination of growth parameters: Data on plant
growth was collected after the first leaf emergence. The
stem and leaf girth were measured by vernier caliper
(Miranda et al., 2011), plant spread, root length and plant
height was measured according to Paul et al., (2010).

Distillation of rose water: Steam/hydro-distillation
apparatus was implicated for extracting rose water from
fresh petal (Koksal et al., 2015).

Organoleptic evaluation of rose water: Rose water of
Rosa gruss an teplitz was analyzed for Aroma, Color,
Texture, Taste/ flavor. Viscosity by using Hedonic scale
technique (Peryam & Pilgrim, 1957). Viscosity was
measured by viscometer.

Determination of soil physio-chemical analysis: After
90 d of sowing soil samples were collected from
rhizosphere of all treated plants for macro and
micronutrients determinations. The organic matter (OM),
P content and K content was measured according to
Walkley & Black (1934) Olsen et al., (1954) and Beckett
(1964) respectively. Micro nutrients viz., Fe, magnesium,
zine Copper and Boron were determined by using atomic
absorption spectrophotometer (Sims et al., 1989).

Results

Result presented in (Fig. 1) revealed that in winter
the T1 (Pseudomonas putida) exhibited significant stem
and leaf girth while both were maximum in T7
(Pseudomonas putida + salicylic acid) followed by T8
(Bacillus cereus + salicylic acid). In potted plants, the
maximum (500%) stem girth was exhibited by T11
(Bacillus cereus), Leaf girth was not significantly affected
over control. In summer grown plants, the stem girth
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showed significant decrease in the control plant though
leaf girth was not significantly affected as compared to
that of winter grown plants. Except T1 and T2 (which
showed nonsignificant increase over control) stem girth
was markedly higher in the treatment, maximum increase
was recorded in the PGPR+SA The % increase was
higher in leaf girth.

During winter, in potted plants no significant
difference was recorded between treated and control
plants for stem and leaf girth but in summer both the
PGPR treatments showed significant increase over
control. The T11 was more effective.

Plants spread (Fig. 2) was also increased in summer
compared to winter grown plants in untreated control
plants. All the treatments increased the height and spread
of plant, the % increase was greater in summer and the
treatment effect was higher on plant height. Under semi
sterilized condition in pots, Bacillus cereus appeared
more effective.

(Fig. 3) revealed higher number of flowers produced
in winter but more buds were recorded in summer. All the
treatments increased both flower number and buds
Maximum increase was due to PGPR the effect of which
was further augmented in presence of SA. In potted plants
significant increase in flower opened and the buds
produced was recorded T11 being most effective.

The root length was higher in summer over winter
(Fig. 4). All the treatments significantly increased the
length of root over control. Both the PGPR treatments
performed better and the synergistic effects of PGPR with
SA was more pronounced particularly for summer grown
plants showing maximum increase (144%) as a result of
T7 (Pseudomonas putida and salicylic acid), In the potted
plants the PGPR effect was significantly higher over
control. Pseudomonas putida and Bacillus cereus species
treatments were at par to each other in both the season.

(Fig. 5) demonstrated that root weight was higher in
summer. Except zinc sulphate treatment all the treatments
significantly increased the root weight and the % increase
was higher in summer. PGPR was more effective and
further augmented the promotive effects of SA > zinc
sulphate. For the combined treatment of T7, the root
weight was 44 % greater than that of control. In potted
grown plants, PGPR treatments differ non significantly
over control but during second year, in summer there was
significant increase in root weight due to T11.

Table 1. Treatments.

Labelling | Description
C Control (untreated seeds soaked in distilled water
T1 Inoculation with Pseudomonas putida
T, Inoculation with Bacillus cereus prior to sowing
T3 Soil supplemented with 1% Zinc Sulphate
Ta Inoculation with Pseudomonas putida and treatment of rhizosphere soil with Zinc Sulphate (1%)
Ts Inoculation with Bacillus cereus and treatment of rhizosphere soil with Zinc Sulphate
Ts Plants sprayed with foliar Salicylic acid at leaf bud initiation stage
T7 Inoculation with Pseudomonas putida and foliar spray with SA.
Ts Inoculation with Bacillus cereus prior to sowing and foliar spray with SA.
Pot studies
To Control (untreated seeds soaked in distilled water
Tio Inoculation with Pseudomonas putida before sowing

T Inoculation with Bacillus cereus prior to sowing
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Fig. 1. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on stem and leaf girth of Rosa gruss-an-teplitz. C= Control
(untreated cuttings soaked in distilled water, T1=Soaking of rose cutting with Pseudomonas putida, T2=Soaking of rose cutting with
Bacillus cereus, T3=Cutting of rose sown in soil supplemented with 1% Zn (SO4), T4= Soaking the cutting of both cultivars with
Pseudomonas putida + 1% Zn (SO4), T5= Soaking the cutting of both cultivars with Bacillus cereus+ 1% Zn(SO4), T6= Cutting
treated with foliar spray of SA, T7= Soaking the cutting with Pseudomonas putida and spray with salicylic acid, T8= Soaking the
cutting of the cultivars with Bacillus cereus and spray with SA, T9= soaked in distilled water for 2-3 hours prior to planting in pots,
T10= Soaking with inocula of Pseudomonas putida, T11=Soaking with inocula of Bacillus cereus in pots.
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Fig. 2. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on plant height and plant spread of Rosa gruss-an-teplitz. Treatment
details as in Fig.1 The bar on graph represent std error value. Mean of 5 replicates per treatments.
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Fig. 3. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on number of flower and buds of Rosa gruss-an-teplitz. Treatment
details as in Fig. 1. The bar on graph represent std error value. Mean of 5 replicates per treatments.
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Fig. 4. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on Root length of Rosa gruss-an-teplitz. Treatment details as in Fig.
1. The bar on graph represent std error value. Mean of 5 replicates per treatments.
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Fig. 5. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on Root weight of Rosa gruss-an-teplitz. Treatment details as in Fig.
1. The bar on graph represent std error value. Mean of 5 replicates per treatments.

The organic matter was greater in winter than that in
summer (Fig. 6). T1 treatment (Pseudomonas putida) did
not show any marked difference with the control but
Bacillus cereus showed significantly higher organic
matter content in summer. Nevertheless, all other
treatments showed tremendous increases over control and
the extent of increase was higher in summer. Potted plants
followed the similar pattern and showed significant
increase in both years over control, summer grown plants
were more responsive.

(Figs. 7 and 8) demonstrated that in rhizosphere of
winter grown plant K>Ca>Mg>P was recorded in untreated
control. All the treatments increased Ca and K content but
P and Mg content was increased in PGPR and combined
treatment of B. cereus in Zinc sulphate and SA + PGPR.
Potted plants have greater response to PGPR and showed

similar pattern of response to the nutrient. Similar pattern
of response to treatments was observed in the rhizosphere
of summer grown plants All the treatments showed higher
k content but Ca, Mg and P content was significantly
higher in PGPR treatments and combined treatment of
PGPR + SA and P. putida +Zinc sulphate.

(Fig. 9) revealed that in the rhizosphere of winter
grown plants, rhizosphere Fe and Mn were higher in
PGPR and PGPR +SA treatment only. In potted plants
both the PGPR were stimulatory to Fe and Mn, the T11
(B. cereus) was more effective.

(Fig. 10) demonstrated enhanced Fe content in PGPR
treatments and Fe and Mn in the PGPR+SA contents
during summer. Potted plants rhizosphere showed
stimulatory effects of both PGPR on Fe and Mn contents of
rhizosphere soil over untreated control plants rhizosphere.
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Fig. 6. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on organic matter of Rosa Gruss-an-teplitz. Treatment details as in
Fig. 1. The bar on graph represent std error value. Mean of 5 replicates per treatments.
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Fig. 7. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on macronutrient of Rosa gruss-an-teplitz 1% year. Treatment details
as in Fig. 1. The bar on graph represent std error value. Mean of 5 replicates per treatments.
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Fig. 8. Effects of Rhizobacteria, Zinc Sulphate and Salicylic acid on macronutrient of Rosa gruss-an-teplitz 2" year. Treatment details
as in Fig. 1. The bar on graph represent std error value. Mean of 5 replicates per treatments.
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Fig. 9. Effect of Rhizobacteria, Zinc sulphate and Salicylic acid on micronutrients of Rosa Gruss-an-Teplitz 1% year. Treatment details
as in Fig. 1. The bar on graph represent std error value. Mean of 5 replicates per treatments.
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Fig. 10. Effect of Rhizobacteria, Zinc sulphate and Salicylic acid on micronutrients of Rosa Gruss-an-Teplitz 2" year. Treatment
details as in Fig. 1. The bar on graph represent std error value. Mean of 5 replicates per treatments.

Organoleptic analyses of rose water revealed
variations in flavor and aroma (Table 2). The color, texture,
and viscosity of the rose water under the various treatments
were all the same. All plants that had been treated had
stronger aromas. The T2 (Bacillus cereus) treatment
produced the most aroma, followed by the combined T7
(Salicylic Acid + Pseudomonas putida) treatment in field-
grown plants. Rose petal water from potted plants revealed
higher aroma in winter as compared to summer. Similar
trend was noted in case of field grown plants.

Discussion

Present result corroborates earlier finding of Nehra et
al., (2014) who demonstrated PGPR induced stimulation
in growth and its further augmentation with Salicylic acid.

The effect of PGPR was greater than salicylic acid or
zinc sulphate applied alone. The rhizobacteria appeared to
assist Salicylic acid to augment growth parameters. Sharaf
(2019) demonstrated stimulation in root and shoot growth
and metabolic activities following the combined effect of
rhizobacteria and Zinc.in Pisum sativum. Inoculation of
PGPR in combination with Salicylic acid, Zinc and Indole
acetic acid increased Nitrogen content and plants dry weight
significantly (Abdelaziz et al., 2018). Maximum growth was
recorded with 0.5 M and 0.25 M ZnSo4 (Igbal et al., 2021).

In field grown plants, photo assimilates appeared to be
accumulated in stem during winter leading to increased stem
growth which are utilized for increased leaf growth as
evidenced by the greater leaf girth and reduced growth of
stem in summer. The stimulatory effects on stem girth were
evident in field grown plants only in PGPR treatment
demonstrating the PGPR mediated phytohormone
production (Kashyap et al., 2019).
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| 2" year

Taste/Flavor

1™ year

2" year
Non-Viscous

Viscosity

1™ year

2" year

Non-Sticky Non-Sticky Non-Viscous

Texture

1™ year

Color
[ 2"year
Colorless

1™ year
Color-less

Table 2. Organoleptic analysis of Rose water (Rosa gruss-an-teplitz).

Aroma (0uE/m3)

1™ year |

2" year

Treatments

Sweet
Aromatic and

Sweet
Aromatic and

6.5

6.5

Control

Sweet
Aromatic and

Sweet

Aromatic and

Color-less  Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

75

Pseudomonas putida

Sweet
Aromatic and

Sweet

Aromatic and

Color-less  Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

7.3

8.5

Bacillus cereus

Sweet
Aromatic and

Sweet
Aromatic and

Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

Color-less

7 0c

1% Zn (SO,),

Sweet
Aromatic and

Sweet

Aromatic and

Color-less  Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

TiS

1% Zn (SOy), +Pseudomonas putida

Sweet
Aromatic and

Sweet
Aromatic and

Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

Color-less

75

1% Zn (SOy),t+Bacillus cereus

Sweet
Aromatic and

Sweet
Aromatic and

Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

Color-less

7.5

Salicylic Acid (SA)

Sweet
Aromatic and

Sweet

Aromatic and

Color-less Color-less  Non-Sticky Non-Sticky Non-Viscous Non-Viscous

8.5

8.3

Salicylic Acid + Pseudomonas putida

Sweet
Aromatic

Sweet
Aromatic
Aromatic and

Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

Color-less

Salicylic Acid+ Bacillus cereus

Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less

Color-less

Potted plants untreated control

Sweet

Non-Sticky Non-Sticky Non-Viscous Non-Viscous

Color-less Color-less

TS5

75

Plants inoculated with Pseudomonas putida

Sweet
Aromatic and
Sweet

Sweet

Color-less Color-less  Non-Sticky Non-Sticky Non-Viscous Non-Viscous

75

83

Plants inoculated with Bacillus cereus

This may be attributed to the biomass accumulation
in stem to protect the plant from low temperature stress.
In summer, enhanced production of growth promoting
hormones viz. IAA and GA were recorded. However, in
potted plants both the stem and leaf girth were increased
in PGPR treatments. This difference may indicate the
competitiveness of the PGPR applied with the native
microorganism in field as well as other environmental
factors. Similar pattern was reported for PGPR induced
increase in plant height and plant spread.

The PGPR, Bacillus subtilis and B. safensis in Zea
mays mitigated environmental stress by reducing ethylene
level in host plant and improved growth (Misra et al.,
2020). The rhizobacteria enhanced the dry weight, plant
height, root length, root average diameter, root surface
area, root volume and chlorophyll content of plants (Li et
al., 2020).

The field grown plants showed more flowers opened;
noteworthy the PGPR produced buds much greater in
number than that of control. PGPR exhibited synergistic
response with SA to produce higher number of flowers.
The potted plants showed PGPR induced significant
increase in flower and buds in summer grown plants. B.
cereus effect was more pronounced as it is endospore
forming bacteria and can tolerate stress more effectively
(Chu & Chung, 2020). The PGPR induced increase in
root length and root weight may be attributed to the
phytohormone production (Khan et al., 2020).

PGPR and salicylic acid both had significant
influence on shoot and root growth of wheat (Triticum
aestivum L.) and in woody plants (Nawaz et al., 2020).
The PGPR along with other physiological functions, also
promote bud formation and flowering of a plant.
Pseudomonas putida and Bacillus subtilis significantly
increased bulb diameter, length and weight of Hyacinthus
orientalis L. cv. Azolos. (Karagtz et al., 2019).

Higher flower number per square meter in
marigold (Calendula officinalis L.), was observed
following  inoculation of  Enterobacter  and
Pseudomonas species. Leaf number, stem branches,
receptacle diameter, and capital diameter were
observed (Hormozinejad et al., 2018).

Another very important function of salicylic acid is
that it lengthens the vase life of rose flower. SA in 0.5 to
1.5mM concentration can prevent oxidation and increases
pre and post harvested rose flowers (Kazemi et al., 2018).
The results revealed that SA in postharvest flowers of
Nicotiana plumbaginifolia inhibit metabolic process and
activate antioxidant enzymes which retard senescence
(Nisar et al., 2021).

The lower organic matter detected in the rhizosphere
of summer grown plants may indicate the utilization of
organic matter by plants grown in summer to boost up the
growth of plants after the winter dormancy. The Ca, Mg,
P and K were higher in PGPR treatment and synergistic
effects were observed with SA in winter, but in summer
Pseudomonas putida was more effective in field grown
plants. Similar pattern was followed in summer with
much greater % increase in Ca and K particularly with
Salicylic acid.
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In the rhizosphere of potted grown plants both the
PGPR significantly increased the concentration of
K>Ca,>Mg>,P in both the season. This may be attributed
that under sterile condition PGPR inoculant applied has
its sole effect and do not have to compete with indigenous
microbes as in field grown plants.

Significant increase was observed in rhizosphere
soil during winter regarding the concentration of
Fe, >Mn >B following inoculation of PGPR and PGPR
+ salicylic acid. Similar effects were observed in maize
plant (Alaey et al., 2011). Khan et al., (2021) showed
the positive effects of PGPR and Salicylic acid on 1AA
(73%) and GA (70%) contents but decreased (55%) the
ABA content of shoot (Khan et al., 2021). Increase in
the content of Cu and Manganese was observed in
alfalfa with PGPR (Miri et al., 2016). The observed
lower % increase in Fe and Mn in the rhizosphere of
PGPR or PGPR +SA treatments in their rhizosphere soil
may be attributed to the accelerated growth of the plant
after winter dormancy break.

The higher organic matter content was recorded in
the rhizosphere soil of potted grown plants treated with
PGPR. Bacillus being more effective. Ullah et al., (2019)
reported significant stimulation of organic matter in maize
treated with PGPR. The OM participated for increase in
moisture content, micro and macronutrients etc (Villa et
al., 2021).

The aroma of rose water was higher in plants
inoculated with Bacillus sp. All the treatments enhanced
the aroma, taste and flavor of rose water. The PGPR and
PGPR+SA being more effective. Winter grown plants
responded to treatment more effectively than that in
summer. The aroma and flavor imparted to rose water due
to treatments may be attributed to the production of
aromatic compounds e.g. mono and diterpenes
(unpublished data). Cappellari et al., (2020) demonstrated
the induction of monoterpenes and phenolics following
SA or methyl jasmonate combined with PGPR in Mentha
X piperita which might may be responsible for enhanced
aroma and taste of rose water.

The sweetness was also increased in potted plants.
Banchio evaluated the effect of Plant growth promoting
rhizobacteria such as Pseudomonas fluorescens, Bacillus
subtilis, Sino rhizobium meliloti, and Bradyrhizobium sp.
in O. majorana and stated that P. fluorescens and
Bradyrhizobium sp., help the plant not only in growth of
shoot length, weight, leaves and nodes proliferation but
also increased the production of essential oil when
compared with control (Banchio et al., 2008).

Conclusion

PGPR effectively promoted growth and flower
production as well as imparted aroma and sweetness to
rose water. PGPR acted synergistically with SA in field
grown plants. Zinc sulphate was least effective compared
to PGPR and SA but it is inferred that zinc sulphate effect
can be augmented when used in association with PGPR.
The plant was more responsive to treatments in summer.
The organic matter and macro and micronutrient contents
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of rhizosphere soil can also be significantly enhanced by
PGPR treatments which can be beneficial for successive
crop. Pseudomonas sp., was more effective under field
condition, whereas, Bacillus sp., was more effective in
plants grown in pots under semi sterilized condition.
PGPR and SA treatments enhanced aroma and sweetness
in rose water. PGPR in combination with SA is
recommended for enhanced growth, yield and better
quality of rose water.

References

Abdelaziz, S., N.F. Hemeda, E.E. Belal and R. Elshahawy.
2018. Efficacy of facultative oligotrophic bacterial strains
as plant growth-promoting rhizobacteria (PGPR) and their
potency against two pathogenic fungi causing damping-off
disease. Appl. Microbiol., 4(3): 1-8.

Alaey, M., M. Babalar, R. Naderi and M. Kafi. 2011. Effect of
pre-and postharvest salicylic acid treatment on physio-
chemical attributes in relation to vase-life of rose cut
flowers. Postharvest Biol. Tech., 61(1): 91-94.

Alori, E.T., 0.0. Babalola and C. Prigent-Combaret. 2019.
Impacts of microbial inoculants on the growth and yield of
maize plant. Open Agri. J., 13(1): 1-8.

Banchio, E., P.C. Bogino, J. Zygadlo and W. Giordano. 2008.
Plant growth promoting rhizobacteria improve growth and
essential oil yield in Origanum majorana L. Biochem. Syst
Ecol., 36(10): 766-71.

Beckett, P.H.T. 1964. Studies on soil potassium, Confirmation
of the ratio law: Measurement of potassium potential. J.
Soil Sci., 15(1): 1-8.

Boskabady, M.H., M.N. Shafei, Z. Saberi and S. Amini. 2011.
Pharmacological effects of Rosa damascena. Iranian. J.
Basic Med. Sci., 14(4): 295-307.

Cao, Y., S. Jana, L. Bowen, X. Tan, H. Liu, N. Rostami and J.
Chen. 2019. Hierarchical rose petal surfaces delay the
early-stage bacterial biofilm growth. Langmuir, 35(45):
14670-14680.

Cappellari, L.D.R., M.V. Santoro, A. Schmidt, J. Gershenzon
and E. Banchio. 2020. Improving phenolic total content and
monoterpene in Mentha x piperita by using salicylic acid or
methyl  jasmonate combined with  Rhizobacteria
inoculation. Int. J. Mol. Sci., 21(1): 50-51.

Chen, L., X. Wang, Q. Ma, L. Bian, X. Liu, Y. Xu, H. Zhang. J.
Shao and Y. Liu. 2020. Bacillus velezensis CLA178-
induced systemic resistance of Rosa multiflora against
crown gall disease. Front Microbiol., 11(10): 2607-2618.

David. D.J. 1960. The determination of exchangeable sodium,
potassium, calcium and magnesium in soils by atomic-
absorption spectrophotometry. Analyst., 85(1012): 495-503.

Ejaz, S., S. Batool, M.A. Anjum, S. Naz, M.F. Qayyum, T.
Naggash, K.H. Shah and S. Ali. 2020. Effects of
inoculation  of  root-associative ~ Azospirillum  and
Agrobacterium strains on growth, yield and quality of pea
(Pisum sativum L.) grown under different nitrogen and
phosphorus regimes. Scientia Hort., 25: 270-277.

Haghighi, M. 2012. The effect of humic and glutamic acids in
nutrient solution on the N metabolism in lettuce. J. Sci.
Food Agri., 92(15): 3023-3028.

Hongratanaworakit. T. 2009. Relaxing effect of rose oil on
humans. Nat. Prod. Comm., 4(2): 291-296.

Hormozinejad, E., M. Zolfaghari, S. Mahmoodi and N. Enayati
Zamir. 2018. Effects of plant growth promoting
rhizobactria and chemical fertilizer on growth, vyield,
flowering, physiological properties, and total phenolic
content of Calendula officinalis L. Iran. J. Med. Arom.
Plant Res., 34(4): 684-96.



EFFECTS OF PGPR, PGR AND MICRONUTRIENT ON ROSE PHYSIOLOGY 73

Igbal, S., Q. Ali and A. Malik, 2021. Effects of seed priming
with salicylic acid on zea mays seedlings grown under salt
stress conditions. Biol. Clinic Sci. Res. J., 65(10): 1-10.

Karagdz, F.P., A. DURSU and R. Kotan. 2019. Effects of
rhizobacteria on plant development, quality of flowering
and bulb mineral contents in Hyacinthus orientalis L.
Alinteri J. Agri. Sci., 34(1): 88-95.

Kashyap, B.K., M.K. Solanki, A.K. Pandey, S. Prabha, P.
Kumar and B. Kumari. 2019. Bacillus as plant growth
promoting rhizobacteria (PGPR): In: Plant health under
biotic stress. Springer, Singapore, pp. 219-236.

Kaya, C., M. Ashraf, M.N. Alyemeni and P. Ahmad. 2020. The
role of endogenous nitric oxide in salicylic acid-induced
up-regulation of ascorbate-glutathione cycle involved in
salinity tolerance of pepper (Capsicum annuum L.) plants.
Plant Physiol. Biochem., 147(1): 10-20.

Kazemi, M., V. Abdossi, S. Kalateh and A.R. Ladan. 2018.
Effect of pre-and postharvest salicylic acid treatment on
physio-chemical attributes in relation to the vase life of cut
rose flowers. J. Hort. Sci. Biotechnol., 93(1): 81-90.

Khan, N., A. Bano and J.A. Curd. 2020. Role of beneficial
microorganisms and salicylic acid in improving rainfed
agriculture and future food safety. Microorganisms, 8(7):
1018-1040.

Koksal, N., R. Saribas, E. Kafkas, H. Aslancan and S.
Sadighazadi. 2015. Determination of volatile compounds of
the first rose oil and the first rose water by hs-spme/gc/ms
techniques. Afr. J. Trad. Comp. Alter Med., 12(4): 145-50.

Leghari, A.J., U.A. Laghari and A.H. Laghari. 2016. Cultivation
of rose (Rosa indica L.). J. Flori Landscap, 2(1): 1-4.

Li, H., Y. Qiu, T. Yao, Y. Ma, H. Zhang and X. Yang. 2020.
Effects of PGPR microbial inoculants on the growth and
soil properties of Avena sativa, Medicago sativa, and
Cucumis sativus seedlings. Soil Tillage Res., 199(10):
104577-10483.

Mahboubi, M. 2016. Rosa damascena as holy ancient herb with
novel applications. J. Trad. Comp. Med., 6(1): 10-16.

Mehdi, M., G.A. Samarrai and B. Mohammed. 2018. Reducing
environmental pollution by chemical herbicidies using
natural plant derivatives-allelopathy effect. Ann. Agri.
Environ. Med., 25(3): 449-452.

Miranda, D., G. Fischer and C. Ulrichs. 2011. The influence of
arbuscular mycorrhizal colonization on the growth parameters
of cape gooseberry (Physalisperuviana L.) plants grown in a
saline soil. J. Soil Sci. Plant Nutr., 11(2): 18-30.

Miri, A., A. Gholamalizadeh Ahangar, M. Ghorbani and E.
Shirmohammadi. 2016. The effect of PGPR and alfalfa
extract on macronutrient and micronutrient contents of
sorghum (Sorghum vulgare). Iran. Agr. Res., 35(2): 96-103.

Misra, A. and S. Sharma. 1991. Critical Zinc concentration for
essential oil yield and menthol concentration of Japenese
mint. Fert. Res., 29: 261-265.

Misra, S. and P.S. Chauhan. 2020 ACC deaminase-producing
rhizosphere competent Bacillus spp. mitigate salt stress and
promote Zea mays growth by modulating ethylene
metabolism. 3 Biotech., 10(3): 1-4.

Mondello, L., A. Casilli, P.Q. Tranchida, P. Dugo and G. Dugo.
2005. Comprehensive two-dimensional GC for the analysis
of citrus essential oils. Flav. Frag. J., 20(2): 136-40.

Nahed, G., A.E. Aziz and L.K. Balbaa. 2007. Influence of
tyrosine and Zinc on growth, flowering and chemical
constituents of Salvia farinacea plants. J. Appl. Sci. Res.,
3(11): 1479-1489.

Naveed, M., B. Mitter, S. Yousaf, M. Pastar, M. Afzal and A.
Sessitsch. 2014. The endophyte Enterobacter sp. FD17: A

maize growth enhancer selected based on rigorous testing
of plant beneficial traits and colonization characteristics.
Biol Fert Soils, 50(2): 249-262.

Nawaz, A., M. Shahbaz, A. Imran, M.U. Marghoob, M. Imtiaz
and F. Mubeen. 2020. Potential of salt tolerant PGPR in
growth and vyield augmentation of wheat (Triticum
aestivum L.) under saline conditions. Front. Microbiol.,
11(2): 1-12.

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. Agri. Res., 48(2): 97-104.

Nikbakht, A., M. Kafi, M. Babalar, Y.P. Xia, A. Luo and N.
Etemadi. 2008. Effect of commercial humic acid on plant
growth, nutrient uptake, and postharvest life of gerbera. J.
Plant Nutr., 31: 2155-2167.

Nisar, S., R.A. Dar and I. Tahir. 2021. Salicylic acid retards
senescence and makes flowers last longer in Nicotiana
plumbaginifolia (Viv). Plant Physiol. Rep., 26(1): 128-36.

Nurzynska-Wierdak. R. 2009. Comparing the growth and
flowering of selected basil [Ocimum basilicum L.]
varieties. Acta Agrobot., 60(2): 127-131.

Olsen. S.R. 1954. Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. Vol: 1. Department of
Agriculture, US.

Paul-Victor, C., T. Zist, M. Rees, D.J. Kliebenstein and L.A.
Turnbull. 2010. A new method for measuring relative
growth rate can uncover the costs of defensive
compounds in Arabidopsis thaliana. New Phytologist.,
187(4): 1102-11.

Peryam, D.R. and F.J. Pilgrim. 1957. Hedonic scale method of
measurinmg food preferences. Food Technol., 11: 19-14.

Roper, P., R. Walker and P. Quevauviller. 2000. Collaborative
study for the quality control of trace -element
determinations in paint coatings. Part 2. Certification of
alkyd resin paint reference materials for the migratable
contents of trace elements (CRMs 620 and 623). Fresen J.
Anal. Chem., 366(3): 289-97.

Safia, A., Z. Aamir, A. Igbal, S. Rafi and M. Zafar. 2019.
Assessment of rose water and evaluation of antioxidant and
anti-inflammatory properties of a rose water-based cream
formulation. Int. J. Pharm. Clini. Res., 11(1): 43-48.

Sharaf, AEM.M., M.R. Sofy and M.S. Osman. 2019.
Physiological responses of Psium sativum L. to treatment
with plant growth promoting rhizobacteria, mycorrhiza
and zinc — Int. J. Innov. Sci., Engin. & Technol., 6(2):
2348-7968.

Sharma, N., Y.R. Shukla, K. Singh and D.K. Mehta. 2020. Soil
fertility, nutrient uptake and yield of bell pepper as
influenced by conjoint application of organic and inorganic
fertilizers. Comm. Soil. Sci. Plant Anal., 51(12): 1626-40.

Sims, J.T. 1989. Comparison of Mehlich 1 and Mehlich 3
extractants for P, K, Ca, Mg, Mn, Cu and Zn in Atlantic
coastal plain soils. Comm. Soil Sci. Plant Anal., 20: 17-18.

Ullah, A. and A. Bano. 2019. Role of PGPR in the reclamation
and revegetation of saline land. Pak. J. Bot., 51(1): 27-35.

Villa, Y.B., S.D.S. Khalsa, R. Ryals, R.A. Duncan, P.H. Brown
and S.C. Hart. 2021. Organic matter amendments improve
soil fertility in almond orchards of contrasting soil texture.
Nut. Cycl. Agroecosys., 120(3): 343-61.

Wahab, A.E. and A. Mohamad. 2008. Effect of some trace
elements on growth, yield and chemical constituents of
Trachyspermum ammi, L. J. Agri. Biol. Sci., 4(6): 717-724.

Walkley, A. and I.A. Black. 1934. An examination of the
Degtjareff method for determining soil organic matter, and



74

a proposed modification of the chromic acid titration
method. Soil Sci., 37(1): 29-38.

Wang, C., H. Wang, Y. Li, Q. Li, W. Yan, Y. Zhang and Q.
Zhou. 2021. Plant growth-promoting rhizobacteria isolation
from rhizosphere of submerged macrophytes and their
growth-promoting effect on Vallisneria natans under high
sediment organic matter load. Microbial. Biotechnol.,
14(2): 726-36.

Wati, L., L. Chiuman, A.N. Nasution and C.N. Ginting, 2021.
Anti-diabetic activity of the rose petal methanolic extract in
alloxan-diabetic rats. InHeNce., 31(2): 1-5.

AMANULLAH & ASGHARI BANO

Weiss, S. and R. Arlt. 1987. On the modelling of mass transfer in
extractive distillation. Chem. Eng. Proces., 21(2): 107-113.

Younis, A., A. Riaz, M.A. Khan, A.A. Khan and M.A. Pervez.
2006. Extraction and identification of chemical constituents
of the essential oil of Rosa species. In XXVII Intel Hortl
Congress-IHC2006: International ~ Symposium  on
Ornamentals, now! 766: 485-492.

Zalewska, M., A. Nogalska and J. Wierzbowska. 2018. Effect
of basic cation saturation ratios in soil on yield of annual
ryegrass (Lolium multiflorum L.). J. Elementol, 23(1): 95-
105.

(Received for publication 6 July 2022)



