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Abstract 

Propagation by cuttings is based on the exploitation of plant plasticity, which enables the 

formation of adventitious roots for the survival of isolated plant parts. One strategy to 

enhance rooting by cuttings is related to presence of tissue manually wounded along the 

stem, though the physiological reasons for improved rooting remained unclear due to the 

lack of a reliable and reproducible wounding treatment. This article summarizes the effect 

of wounding by laser on single-leaf rose cuttings through the development of a tissue-

specific wounding protocol. Rooting was highly influenced by tissue exposure and wound 

pattern dimensions. Results showed that sclerenchyma disruption triggers a root stimulatory 

effect, especially if applied on the axillary bud side of the cutting. The induction of new 

vascular tissue and cambium elongation were closely associated with rooting improvement, 

with a significant correlation between wound-induced phloem development and root 

formation. Regarding laser pattern, adventitious root formation was strongly correlated with 

increased wound perimeter compared to wound area. Biochemical analysis revealed that 

laser-treatments triggered changes in the stress response (jasmonic and abscisic acid) 

along with temporal increases of cytokinins (zeatin ribosides) and auxin-amino conjugates 

during the first days after treatment. Laser-wounded tissue became an additional sink, 

which modified the carbohydrate profile in the cutting base. In conclusion, a precise and 

proper laser wounding, in terms of dimension (perimeter/area), depth and position, plays a 

crucial role in stimulating root formation. Localized laser wounding thus offers potential to 

optimize cutting propagation without application of synthetic auxins. 

1. Introduction 

Plant propagation plays a crucial role within the production chain of important horticultural 

crops worldwide such as roses (genus Rosa, family Rosaceae). In order to maintain plant 

quality traits, several clonal propagation methods have been developed and implemented 

commercially. One of the most efficient clonal propagation strategies is via stem cuttings 

because its speed, easy scalability, and low cost compared to propagation by grafting or in 

vitro culture. This method is based on the plant’s capacity to regenerate missing organs, in 

most cases roots, as result of detachment from the mother plant, through a process called 

adventitious root (AR) formation. The rooting capacity is the key for clonal propagation by 

cuttings and is limited for diverse species (reviewed in Diaz-Sala 2014). Therefore, the 

establishment of protocols to improve AR formation is a topic of high economic and scientific 

interest.  
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The application of additional wounds has been considered as a factor to enhance rooting 

especially in hardwood species (LaRue 1941; Mackenzie et al. 1986). The wounding 

process was traditionally carried out by stripping the cutting base using disinfected peelers, 

pruning shears or sharp forceps to allow a better contact area between the cutting and 

growing media (Hartmann et al. 2002). The physiological explanation for the increase in 

rooting percentages is not fully elucidated up to now, one reason for this is the absence of 

a standardized and replicable wounding method. Moreover, the effect of wounding alone 

remains unclear, because previous studies were performed mostly in the presence of 

exogenous rooting stimulators (Wells 1962; Grange and Loach 1983). 

The use of laser technology for the establishment of wounding treatments in plant tissue is 

a promising method due to its precision, speed, and uniformity (Hoermayer and Friml 2019). 

Laser devices allow the application of a wide variety of wounding settings with diverse 

patterns, dimensions, and penetration levels (Marhava et al. 2019). Thus, the establishment 

of a reliable laser wounding protocol has great potential to analyze the effects on rooting in 

rose. Standardizing a proper laser wounding method opens the possibility of optimizing 

propagation protocols, with practical benefits such as reduced losses due to infection and 

decreased or eliminated use of synthetic growth regulators in commercial production. This 

article summarizes the advances made in stimulating adventitious root formation using laser 

wounding in single-leaf rose cuttings, starting from the establishment of a tissue-specific 

laser wounding protocol up to the histological and biochemical effects of the laser treatment 

during cutting propagation. 

2. Data, Methods and Approach 

Laser wounding treatment establishment 

Wounding of specific tissue layers was based on a protocol, which considers the relation of 

specific energy density and stem diameter described by Morales-Orellana et al. (2022). The 

parametrization of the wounding process was carried out using a continuous wave CO2 

laser (BRM Pro 600, power 80 W, The Netherlands) with assistance of a rotary axis (CNC 

80 mm chuck rotation - 3 chase, Ly. Group, China) and the RDCAM 6.1 software. Experi-

ments were carried out with cuttings of Rosa canina 'Pfänder' (clone N°R02-6) as plant 

material. The establishment of the laser treatment included the effects of selective tissue 

penetration, laser pattern and wound location relative to the leaf/bud of the cutting. The 

treated cuttings were cultivated under aeroponic conditions, i.e. cutting bases were fixed by 

a polystyrene ring and remained in the air while they were permanently irrigated with water 

(pH = 5.5 to 6.5, electrical conductivity = 0.18 to 0.24 mS cm-1) without synthetic auxins. 

Histological analysis 

To quantify tissue development after laser treatments, histological analyses of cutting base 

cross sections were carried out using the Technovit® 7100 polymerization protocol as 

described by Morales-Orellana et al. (2024b). The dimensions of vascular phloem, vascular 

xylem and callus directly beneath the laser wounds were evaluated under a light microscope 

(BX61, Olympus, Japan) with a digital microscope camera (ColorView II, Olympus, Japan) 

and quantified with Cell* Imaging Software (Olympus, Japan). A Pearson’s correlation 

analysis was done to examine relationships between tissue growth and rooting response. 
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Biochemical analyses 

Randomly sampled cuttings were sampled to profile plant hormones and carbohydrates in 

response to the laser wounding. Quantification was carried out in three different stem 

sections of the cutting base (leaf/bud side, opposite side and basis) during the first eight 

days after laser treatment (Morales-Orellana et al. 2024a). The analysis included four 

groups of plant hormones (jasmonic acid, abscisic acid, auxins, cytokinins) evaluated by 

ultra high performance liquid chromatography (Acquity UPLC, Waters Corporation, USA) 

as described by Milyaev et al. (2022). Evaluation of carbohydrates (sucrose and starch) 

was performed by enzymatic assays following Lohr et al. (2017). For the remaining cuttings, 

data regarding rooting percentage and rooting quality (root mass, root length, number of AR 

per cutting and lateral roots per AR) were collected after 40 days.  

3. Results and discussion 

Laser wound protocol establishment 

The establishment of a suitable laser wounding protocol needed specific biological and 

technical requirements to be properly adjusted. Regarding technical requirements, the 

precision of the laser depended on factors such wavelength, laser beam and energy 

density. The wavelength of 10600 nm of the CO2 laser provided adequate tissue penetration 

control with a low power requirement as mentioned by Marx et al. (2013). Results showed 

that a laser beam diameter of 240 µm generated a uniform wounded surface, keeping 

differences of approximately 50 µm in penetration (Morales-Orellana et al. 2022). The main 

factor influencing tissue penetration was energy density, which had to be adjusted 

depending on cutting diameter. Additional factors influencing wounding effects were the 

gaps between sclerenchyma bundles, which made vascular tissue vulnerable to laser 

ablation, and the presence of prickles which caused differences in bark thickness. 

While previous studies mention an optimal penetration of additional wounds to reach the 

cambium layer (Mackenzie et al. 1986), our data revealed that laser wounds should reach 

the sclerenchyma layer only for optimal effects (Fig. 1, Morales-Orellana et al. 2022). Then, 

vascular tissue layers were not directly exposed and the phloem layer remained intact 

maintaining its vital function of transporting metabolites from the upper parts of the cutting 

to the wounded areas (Hardtke et al. 2023). 

The laser treatment had a more pronounced stimulating effect if it was located on the side 

of the leaf and its axillary bud (Morales-Orellana et al. 2022, 2023). These results suggest 

that the vascular connection between the leaf-bud and the basal wound is a site with higher 

physiological activity, among other reasons because the remaining leaf and axillary bud 

become important sources of metabolites that had to be transported basipetally for AR 

formation (Otiende et al. 2021). 

Mechanical effects triggered by laser wounding 

The laser wounding triggers a series of key mechanical changes during AR formation. 

Studies mention that the sclerenchyma layer maintains the established morphology of the 

vascular tissue, acting as a physical barrier for the development and growth of AR (Ross et 

al. 2021). Interestingly, Wamhoff et al. (2024) recently observed lignin in bark tissue layers 

to reduce rooting capacity in cuttings of some rose genotypes. Therefore, one effect of the 

laser treatment appears to be related to a reduction of the mechanical barrier to facilitate 
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the induction of new vascular tissue. Other studies mention that the collapse of damaged 

cells produces a local increase in auxin signaling specific to cells immediately adjacent to 

the wound (Hoermayer et al. 2020). According to these authors, laser wounding generates 

an instantaneous change in turgor pressure, which is essential for in situ regeneration. This 

regenerative effect has been observed in wounded floral stems of Arabidopsis thaliana, 

where healthy cells surrounding dead tissue induce the formation and expansion of vascular 

cambium, along with overexpression of genes related to vascular differentiation (Matsuoka 

et al. 2021). Overall, laser wounding altered the mechanical support of the cutting and 

promoted the development of physiologically active tissues along the stem base. 

Morphological response triggered by laser wounding 

A key factor in root stimulation seems to be the proliferation of wound-induced vascular 

tissue, particularly the phloem, which strongly correlated with increased rooting percentages 

(Morales-Orellana et al. 2024b). Previous reports mentioned that a higher phloem:xylem 

ratio results in a more robust vascular system, supporting root meristemoid formation (Do-

kane et al. 2014). Xylogenesis directly in wounded regions plays a crucial role in maintain-

ing vascular cambium integrity and organizing stem cells (Smetana et al. 2019). Laser 

pattern dimensions also significantly influenced the rooting response (Morales-Orellana et 

al. 2024b). Laser patterns with lower A/P ratio (wounded area to wounded perimeter) 

showed an improved AR formation. Therefore, suitable laser patterns should focus on 

minimizing the A/P ratio, for example, through the application of a pattern based on small 

squares, whereas single large wounded areas should be avoided. In conclusion, an optimal 

laser pattern should balance proper tissue exposure with an appropriate wound geometry 

for a suitable vascular tissue induction, which influences rooting efficiency. 

Biochemical response triggered by laser wounding 

The presence of additional injured tissue by laser wounding triggered a complex bio-

chemical adjustment at the base of rose cuttings (Morales-Orellana et al. 2024a). In laser-

treated cuttings, a rapid local increase of jasmonic acid (JA), both at the laser and the basal 

wound indicated a stress response. Likewise, ABA concentrations increased, but a bit later, 

reaching maximum concentrations after 24 hours, especially for the not laser-treated 

controls One interesting effect observed in laser-treated cuttings was the significant and 

punctual reduction of ABA in the basal wound after 24 hours (Morales-Orellana et al. 

2024a). These results could point to a higher water availability or reduction in osmotic stress 

in the base of the laser-treated cuttings, and thus, a better condition for AR formation 

(Kareem et al. 2024). Regarding indole-3-acetic acid (IAA) metabolism, the laser treatment 

did not alter free IAA levels, but significantly increased the levels of auxin conjugates, 

specifically indole-3-acetyl-L-aspartic acid (IAAsp) and N-indolylacetyl-L-glutamic acid 

(IAGlu). According to Guo et al. (2022), an increase in auxin amino conjugate contents leads 

to changes in root elongation and root density. The increase in conjugates may be related 

to auxin production in and around dead cells (Matosevich et al. 2022), since IAA can be 

derived from the tryptophan pathway and this amino acid is released from proteins by 

hydrolytic enzymes when cells autolyze and die (Sheldrake 2021). Interestingly, our study 

also recorded a significant increase in the concentration of trans-zeatin riboside (tZR) and 

cis-zeatin riboside (cZR) for the laser treatment applied on the leaf-bud side, particularly on 

the first and second day after wounding (Morales-Orellana et al. 2024a). Finally, carbo-

hydrate analysis showed that additional laser-wounded tissue acted as an additional 

sucrose and starch sink, essential for tissue repair, tissue reconnection and root formation. 
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Figure 1: Stimulation of adventitious root (AR) formation by laser wounding in Rosa canina 

'Pfänder' cuttings. JA- jasmonic acid, ABA- abscisic acid, IAA- indole-3-acetic acid (free 

auxin), IAAsp- indol-3-acetyl-aspartic acid and IAAglu- indol-3-acetyl-glutamic acid (auxin 

conjugates), tZR- trans-zeatin-riboside and cZR- cis-zeatin-riboside (cytokinins). 
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Root system of laser-treated cuttings 

The root system of laser-treated cuttings was characterized by basal rooting, maintaining 

an average of one adventitious root per rooted cutting, similar to control cuttings (Morales-

Orellana et al. 2023, 2024b). A distinctive feature of laser-treated cuttings was a significant 

increase in root length, mass, and the number of lateral roots per adventitious root (Morales-

Orellana et al. 2024a). The growth of roots directly from the wounded areas (acrobasal 

rooting) was rare in the absence of exogenous auxins during cultivation (Morales-Orellana 

et al. 2022). Finally, the further cultivation of cuttings in individual pots with peat substrate 

resulted in healthy, vigorous, and well-branched plants, similar to control plants. Thus, laser-

treated cuttings showed changes in their root system and normal growth after potting. 

4. Conclusions 

The experimental work on laser wounding enabled the identification of key aspects to 

enhance the propagation success by stem cuttings from a technical, morphological, and 

physiological perspective so far. Laser technology has the advantage of generating precise 

wounds on a very small scale, allowing for a wide diversity of treatments in the bark of rose 

cuttings. The establishment of a replicable laser wounding protocol required specific 

biological and technical considerations. Among the most important ones to consider are the 

disruption of the sclerenchyma layer, positioning on the leaf/axillary bud side, and the 

design of laser patterns with a low A/P ratio. Stimulation of AR formation through laser 

wounding appears to be related to specific anatomical changes in the stem of the cutting, 

mainly the development of new vascular tissue directly in the treated areas. The laser 

application triggered complex re-signaling in plant hormones and carbohydrates in different 

regions near the cutting base. Stimulating adventitious roots through wounds offers a new 

alternative to improve rooting percentages and quality without the need for synthetic root 

stimulators. These findings contribute to unraveling physiological processes related to 

adventitious root formation and offer an alternative for its stimulation. From a practical point 

of view, precise laser treatment of cuttings presents a potential tool for improving propa-

gation protocols, especially for plants with low rooting capacity, such as valuable rose 

rootstocks and multiple woody and hardwood species. 
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