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Roses (Rosa spp.), members of the Rosaceae family, are widely cultivated ornamental plants
with significant commercial value worldwide. Vegetative propagation of roses is typically
achieved through cuttings; however, this process often results in substantial losses. This study
investigated the effects of plant growth-promoting rhizobacteria (PGPR) applications on the
rooting performance of garden rose cuttings. The PGPR strains used in the study were identified
via PCR analyses for the presence of the indole acetic acid (IAA) gene region, and three
different formulations were prepared: Formulation 1 contained only Bacillus subtilis,
Formulation 2 contained only Bacillus cereus, and Formulation 3 was a mixture of Bacillus
subtilis and Bacillus cereus. The results demonstrated that PGPR applications significantly
enhanced the rooting rate of rose cuttings. Compared to the control group, the PGPR-treated
cuttings exhibited a 50-60% increase in rooting rate, supporting seedling root development.
These findings indicated that Bacillus species rhizobacteria had positive effects on the rooting
process in rose cuttings. The study emphasizes the potential of using environmentally friendly
biostimulants, such as PGPR, in the ornamental plant industry as an alternative to hormones
and chemicals. In conclusion, it is recommended that PGPR-based biostimulants be considered
as a sustainable and effective alternative for rose cultivation.
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Gül (Rosa spp.), Rosaceae familyasının bir üyesi olarak dünya genelinde yaygın şekilde
yetiştirilen ve önemli bir ticari değere sahip olan süs bitkilerindendir. Güllerin vegetatif olarak
çoğaltılması genellikle çelikler aracılığıyla yapılmakta olup, bu süreçte önemli oranda kayıplar
yaşanabilmektedir. Bu çalışmada, bitki büyümesini teşvik edici rizobakteri (PGPR)
uygulamalarının bahçe tipi gül çeliklerinin köklenme performansı üzerindeki etkileri
araştırılmıştır. Çalışmada kullanılan PGPR suşları, PCR analizleri ile indol asetik asit (IAA)
gen bölgesi açısından tespit edilmiş ve bu suşlardan üç farklı formülasyon hazırlanmıştır:
Formülasyon 1 yalnızca Bacillus subtilis, Formülasyon 2 yalnızca Bacillus cereus ve
Formülasyon 3 Bacillus subtilis ile Bacillus cereus karışımını içermektedir. Elde edilen
sonuçlar, rizobakteri uygulamalarının gül çeliklerinin köklenme oranını anlamlı şekilde
artırdığını ortaya koymuştur. PGPR uygulamaları, kontrol grubuna kıyasla yeşil çeliklerin
köklenme oranında %50-60 oranında bir artış sağlamış ve fide kök gelişimini desteklemiştir.
Bu bulgular, özellikle Bacillus türü rizobakterilerin gül çeliklerinde köklenme sürecine pozitif
katkıda bulunduğunu göstermektedir. Çalışma, hormonlar ve kimyasal maddeler yerine çevre
dostu biyostimülantlar olarak PGPR uygulamalarının süs bitkileri sektöründe geniş kullanım
potansiyeline sahip olduğunu vurgulamaktadır. Sonuç olarak, PGPR gibi biyostimülantların gül
yetiştiriciliğinde sürdürülebilir ve etkili bir alternatif olarak değerlendirilmesi gerektiği
önerilmektedir.
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INTRODUCTION

The rose (Rosa L.), belonging to the genus Rosa in the family Rosaceae, is a valuable ornamental
plant used both in landscape design and as a cut flower. It ranks first among globally cultivated
ornamental plants due to its flowers, essential oil, and other value-added products. Modern roses are
predominantly hybrids derived from diploid and tetraploid species native to Asia and Europe (Zhang et
al. 2013).

Research and development of new rose varieties continue worldwide. The vegetative propagation
of varieties bred in accordance with breeding objectives is generally carried out through the method of
cutting propagation. The cutting propagation method is extensively preferred in the vegetative
propagation of ornamental plants due to the identical genetic structure between the parent and the newly
produced plant. However, several factors influence the process of cutting production. Among these
factors are the age and characteristics of the parent plant from which the cutting is taken, the season of
cutting collection, the type of cutting, the storage conditions until planting, chemical substances used to
accelerate rooting, the physical and chemical properties of the rooting medium, the temperature of the
rooting medium, sterilization substances used to prevent fungal infections (Dalda-Sekerci and Ünlü,
2023).To hasten root formation and promote healthy root development in plants propagated via cuttings,
various chemical substances and hormonal treatments are frequently utilized. However, in recent years,
the importance of microorganisms has risen within the context of sustainable agricultural practices.
Research is increasingly focusing on the use of these microorganisms for biocontrol of plant diseases,
enhancement of plant growth, bio-fertilization, and improvement of rooting efficiency in cuttings
(Antoun and Prevost, 2006; Mehmood et al., 2018; Ünlü et al., 2023). Studies conducted thus far have
underscored the primary role of bacteria among the key beneficial microorganisms utilized in plant
production (Higa and Paar, 1994; Bloemberg and Lugtenberg, 2001; Esitken et al., 2003; Lugtenberg
and Kamilova, 2009).

These studies have revealed that the application of rhizobacteria species, including Bacillus,
Pseudomonas, Agrobacterium, Streptomyces, and Alcaligenes, as well as the use of Indole Acetic Acid
(IAA)-producing bacteria with genes responsible for IAA production, significantly promotes rooting in
cuttings (Esitken et al., 2003; Kisvarga et al., 2022). Studies have demonstrated that Plant Growth-
Promoting Rhizobacteria (PGPRs) are utilized as plant growth regulators in ornamental plant cultivation
worldwide due to their capacity to enhance plant growth, yield, and soil quality (Srivastava and Govil,
2007; Sharma and Kaur, 2010; García-Fraile et al., 2012; Flores-Félix et al., 2013; Zulueta-Rodriguez
et al., 2014; Karagöz et al., 2016). Typically, these bacteria colonize the root system, supporting plant
development and suppressing harmful microorganisms. PGPRs facilitate plant growth by producing
growth hormones, regulating microbial balance in the rhizosphere, and enhancing mineral uptake,
thereby positively influencing plant development (Siddiqui, 2006; Şevik, 2010). Additionally, growth-
promoting rhizobacteria stimulate rooting and enable the production of high-quality seedlings in a
shorter time frame (Ruzzi and Aroca, 2015). Rhizobacteria not only promote rooting but also contribute
to healthier seedlings through faster and superior root formation (Şekerci and Ünlü, 2023).

In this study, three distinct rhizobacterial formulations (Bacillus subtilis, Bacillus cereus, and mix
of Bacillus subtilis and Bacillus cereus) were applied to assess their impact on the rooting of green rose
cuttings.

MATERIAL AND METHODS

Plant Material

Semi-hardwood cuttings, each containing 3-4 buds, obtained from pink garden roses, were
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employed as the plant material.

Rhizobacteria Isolation from Soil

Sixty soil samples were collected from various locations across Central Anatolia, Turkey, for the
isolation of rhizobacteria. These samples were transferred into bottles containing sterile water (0.9%
NaCl) and Luria-Bertani (LB) Broth medium. After incubation, aliquots from each sample were spread
onto solid LB and NB (Nutrient Broth) media using the spread plate technique. The plated samples were
then incubated at 35°C for 12-24 hours to facilitate the growth of primary bacterial cultures. Then,
isolates from distinct colonies on the petri dishes were selected and purified. Purified strains were further
cultured and transferred to NB medium (Upadhyay et al., 2009).

DNA Isolation from Rhizobacteria

The bacterial DNA was extracted according to the procedure of Wilson (2001). Bacterial isolates
were cultured in 10 mL of nutrient broth (NB) and incubated for 24 hours. After incubation, 1.5 mL of
the bacterial culture was suspended in TE (Tris-EDTA) buffer (pH 8.0). To each suspended pellet, 30
µL of 10% SDS (sodium dodecyl sulfate) and 3 µL of proteinase K were added, mixed thoroughly, and
then incubated at 37°C for 1 hour. Following the incubation, 100 µL of 5M NaCl and 80 µL of
CTAB/NaCl solution were added to each sample. The samples were then washed sequentially with
chloroform/isoamyl alcohol (24/1, v/v), phenol/chloroform/isoamyl alcohol (25/24/1, v/v/v), and
isopropanol, and finally dissolved in TE (Tris-EDTA) buffer.

PCR Amplification and Sequencing of the 16S rDNA Gene

The DNA obtained from the bacteria was initially tested with IAA primers F 5’-
CCAACATCATCAAGCTGCCGAACA-3’ and R 5’-AGACCTTCATCATCGTGGCCTTCA-3’, and
bacterial strains possessing the IAA gene region were identified. The identification of the isolates based
on 16S rDNA sequence analysis involved the following steps: isolation of genomic DNA, amplification
using universal 16S forward (5’-3’) and 16S reverse (3’-5’) primers (targeting 16S rDNA regions; 16S
forward 5’-AGA GTT TGA TCC TGG CTC AG-3’ and 16S reverse 5’-CCG TCA ATT CCT TTG
AGT TT-3’) according to Edwards et al. (1989), sequencing of the amplified regions, and comparison
of the obtained sequences with the base sequences of microorganisms available in the database.

Preparation and Activation of Rhizobacteria

Different rhizobacteria solutions were prepared from bacteria identified as carrying the IAA
(indole acetic acid) gene through PCR analysis. These rhizobacteria were reactivated from stock cultures
stored at -80°C, resulting in three distinct formulations (Table 1). Nutrient Agar (NA) and Nutrient Broth
(NB) media were employed for the reactivation and cultivation of the rhizobacteria (Yılmaz, 2010; Ünlü
et al., 2023). Bacterial suspensions were prepared at a concentration of 3x107 cfu/ml.

Table 1
Formulations created by activating stock bacterial strains used in the study

Treatments Bacteria Code Bacteria Name rate
1 61.29 e* Bacillus subtilis 1/1

2 33B-EÜ* Bacillus cereus 1/1

3 61.29 e*
33B-EÜ*

Bacillus subtilis
Bacillus cereus

½
½

Control - Medium -

* Defined by MAlDI TOF
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Application of Bacteria to Cuttings

Semi-hardwood cuttings of pink garden roses, prepared with 3-4 buds, were soaked in
rhizobacteria solution for 5 minutes before planting. In the control group, the cuttings were soaked in
water. The rose cuttings were planted in growth containers filled with a 1:1 mixture of peat and perlite,
with each container holding 15 cuttings and replicated three times. After planting, the cuttings were
watered twice with 5 ml (3x107 cfu/ml) of bacterial solution mixed into 1 liter of irrigation water at 15-
day intervals.

Statistical Analyses

Rooting rate measurements were recorded at the end of the 10th week to assess the effects of
different bacterial formulation treatments. The obtained data were analyzed using analysis of variance
(ANOVA) in SAS software (version 9.00). Means were compared using the Duncan test at significance
levels of 0.05.

RESULTS AND DISCUSSION

Propagation via cuttings is a widely used method in rose cultivation. However, this method often
results in seedling losses due to the proliferation of fungal and bacterial diseases. In this study, three
different rhizobacterial formulations were tested to determine their effects on the rooting of semi-
hardwood cuttings of pink garden roses. PGPR bacteria, isolated from various soils, had their DNA
extracted and subjected to PCR analysis using IAA primers. Subsequently, DNA fragments containing
the target 16S rDNA gene were extracted. The analysis revealed that the rhizobacterial species used in
the study possessed the IAA gene region (Figure 1).

Figure 1
PCR gel images of Bacillus subtilis and Bacillus cereus species indole acetic acid (IAA) gene region

Rhizobacterial treatments provided a statistically significant increase in rooting compared to the
control group (Table 2, Figure 2). The rooting success rates were as follows; control group 40.75%, B.
cereus treatment 62.50%, B. subtilis treatment 50.25%, and mixed application of B. cereus and B.
subtilis strains 74.75%. These results indicate that Bacillus spp. positively affect rooting in rose cuttings
(Figure 3).
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Table 2
The effect of rhizobacteria treatments on cutting rooting rate in rosa

Treatments Rhizobacteria Rooting rate (%)
Formulation 1 Bacillus subtilis, 50,25c
Formulation 2 Bacillus cereus 62,50b

Formulation 3 Bacillus subtilis 1/2
Bacillus cereus 1/2 74,75a

Control 40,75c
CV 1,215
LSD 11,88

Figure 2
Visual of the effect of 1st formulation (B. subtilis), 2nd formulation (B. cereus), and 3rd formulation (B.
subtilis and B. cereus) and control on rooting in rosa.

Figure 3
Graphical Representation of the Impact of Various PGPR Bacterial Strains on Rose Rooting Parameters
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The present study clearly demonstrates the positive effects of different Bacillus species on the
rooting of rose cuttings. In recent years, there has been a noticeable increase in the use of rhizobacterial
applications in ornamental plant cultivation, a trend that extends throughout the horticultural sector.
Despite advancements in vegetative propagation techniques, the industry still faces economic challenges
due to suboptimal rooting efficiency. Previous studies have highlighted the need for further research to
identify biostimulants that can enhance root development (Ahkami et al., 2009). The findings of this
study align with the literature, providing consistent data with past research. Numerous studies have
confirmed the effectiveness of rhizobacterial applications in promoting root growth and natural plant
development, suggesting a promising alternative to commercial hormones.

Positive outcomes from the application of plant growth-promoting rhizobacteria (PGPR) have
been documented in various commercially important ornamental plants, showing beneficial effects on
both rooting processes and agronomic characteristics. Research has explored the use of PGPR bacteria
in ornamental plants belonging to various botanical families, including Asteraceae (e.g.,
chrysanthemum, aster, and zinnia) and Geraniaceae (e.g., geranium) (Göre and Altın, 2006), Iridaceae
(iris) and Oleaceae (jasmine) (Damodaran et al., 2014), Solanaceae (petunia) (Hoda and Mona, 2014),
Crassulaceae (kalanchoe) (Dalda-Sekerci and Ünlü, 2023) and Poaceae (turfgrass) (Okumus et al.,
2024). The results of these studies are consistent with previous research, emphasizing the positive impact
of PGPR applications on rooting across a variety of ornamental plants. For instance, earlier studies
showed that certain strains of Pseudomonas fluorescens enhanced rooting in zinnia flowers (Yuen and
Schroth, 1986). In firethorn cultivation, experiments combined indole-3-butyric acid with Azospirillum
brasilense strains to promote early shoot rooting, encouraging rooting at an early developmental stage
(Larraburu et al., 2007). Similarly, another study revealed that the presence of Agrobacterium rubi and
Serratia liquefaciens significantly increased both fresh and dry root weight during the rooting process
of hardwood cuttings derived from Forsythia intermedia plants (Kır, 2010). Sezen et al. (2014) examined
the effects of Agrobacterium rubi, Pseudomonas putida, and Bacillus subtilis on the rooting process of
Ficus benjamina L. cuttings and found that Bacillus subtilis exhibited the highest efficacy compared to
the other bacterial species.

Similarly, Alkaç et al. (2022) investigated bacterial applications on aster flowers and observed
varied effects; notably, the application of Pseudomonas putida (ZE-12) resulted in a 12% increase in
germination compared to the control group, while Acinetobacter calcoaceticus (ZE-13) led to a
significant 32.9% increase in seedling height. It is well-documented that Bacillus spp. promote plant
growth by synthesizing plant growth regulators such as indole-3-acetic acid (IAA), gibberellins, and
cytokinins. The biosynthesis of IAA in bacteria is crucial in regulating various aspects of plant growth
and development, including differentiation of root vascular tissue, lateral root formation, and root
gravitropism, thus playing a fundamental role in shaping plant root structure (Aloni et al., 2006).
Furthermore, a study on Rosa canina reported the highest rooting rate with the application of Bacillus
megaterium and Pseudomonas fluorescens bacteria (Kınık, 2014). In summary, the use of PGPR bacteria
in agriculture is of great significance and continues to be a focus of research due to its potential benefits.

CONCLUSIONS

In recent times, there has been a concerted effort among researchers to devise an integrated
strategy aimed at mitigating the adverse impacts of synthetic chemicals utilized in agricultural practices.
Within this framework, biostimulants have emerged as pivotal contributors, particularly within the
realms of horticulture and ornamental plant cultivation. Additionally, biostimulants are progressively
gaining traction for their role in bolstering tolerance to both biotic and abiotic stresses, as well as in
enhancing sexual and asexual reproduction, seedling development, and overall yield. Among the
noteworthy applications of biostimulants, treatments involving Plant Growth-Promoting Rhizobacteria
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(PGPR) offer manifold benefits, including conservation of soil and water resources, mitigation of
environmental pollution arising from pesticides and chemical fertilizers, management of diseases and
pests, augmentation of nutrient uptake by plants, and alleviation of biotic and abiotic stresses in plants.
Recent studies have yielded significant findings demonstrating the capacity of PGPRs to stimulate root
formation, increase plant height, expand leaf area, enhance shoot and root dry weights, modulate
flowering time, augment flower and branch numbers, and extend flowering durations in ornamental
plants.

This investigation, specifically, revealed that formulations containing bacterial strains from the
Bacillus genus notably enhanced rooting in rose cuttings. Hence, it is anticipated that future research
endeavors will further refine the efficacy of biostimulants and widen their adoption in commercial
settings, thereby unveiling their substantial potential within the agricultural sector.
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