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Abstract

This study evaluated the effects of chitosan concentration and substrate composition on
rooting efficiency, growth performance, and leaf colour parameters in hardwood cuttings
of Vitis vinifera L. cv. 'Solaris'. Cuttings were soaked in 0.2% or 0.4% chitosan solutions
and planted in five substrate types: peat, sand, perlite, pea-sand (50:50), and peat-perlite
(50:50). The highest rooting percentage (92%) and most favourable biometric parameters
were observed in cuttings treated with 0.2% chitosan and grown in the peat-perlite
mixture. The tallest shoots (77 cm) were recorded with 0.4% chitosan, while the longest
roots (52 cm) developed in the sand-perlite substrate. Although chitosan did not
significantly affect shoot diameter, it enhanced root system development and overall plant
quality, particularly in substrates with high air and water permeability. In addition, leaf
colour analysis revealed that chitosan application in the peat-perlite substrate
significantly reduced L* and a* values, indicating a deeper green foliage colour and
enhanced chlorophyll accumulation. In contrast, sandy substrates showed minimal
pigment response. These results confirm that chitosan acts as an effective biostimulant
when applied in synergy with suitable substrates, and leaf colour metrics may serve as
reliable indicators of physiological status during grapevine propagation.
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1. Introduction

The common grapevine (Vitis vinifera L.) is among the most economically important fruit
crops globally, cultivated extensively in temperate and subtropical regions [1]. Vegetative
propagation through hardwood cuttings (canes) is a widely adopted method, allowing for
the preservation of varietal traits and the rapid, large-scale production of planting material
[2, 3]. Commercial viticulture favours this technique because of its simplicity, high
success rate, and ability to maintain genetic fidelity.

Sustainable nursery practices increasingly require the use of environmentally
responsible technologies that minimise the application of synthetic growth regulators and
fungicides traditionally employed to stimulate rhizogenesis. Consequently, natural
biostimulants are gaining prominence, though their efficacy remains subject to empirical
validation [4, 5].

Chitosan, a natural biopolymer derived from the deacetylation of chitin, has attracted
considerable interest as an eco-friendly growth stimulator, especially in relation to rooting
processes [6]. Research has demonstrated that the application of chitosan via soaking or
irrigation promotes callus formation, adventitious root initiation, and overall plant
development. For instance, soaking cuttings in aqueous chitosan solutions (0.05 - 0.2%)
enhanced rooting in Freesia, Gladiolus, and in vitro-propagated winegrape plants [7-9].
Moreover, chitosan irrigation has been shown to improve root development under abiotic
stress conditions, likely due to its chelating capacity and biostimulant activity [10]. It is
also known to stimulate biochemical pathways, including the synthesis of phytoalexins
and activation of oxidative enzymes, thereby enhancing plant resilience and indirectly
supporting rhizogenesis [11].

Rooting success in grapevine cuttings is influenced by both endogenous factors, such
as tissue maturity and carbohydrate reserves, and exogenous factors, including substrate
type, temperature, humidity, light conditions, and the application of growth stimulants
[3, 12]. Of these, substrate selection is particularly critical, as it directly affects rooting
efficiency and subsequent plant quality [13, 14]. An ideal rooting substrate provides
adequate aeration and water retention, a neutral to slightly acidic pH, and should be free
from pathogens [15]. Frequently used substrates include perlite, sand, peat, coconut fibre,
compost, and organic manures [16, 17].

Haile [15] reported that a mixture of agricultural soil and sand (75:25, v/v) achieved
the highest rooting rate (85.96%) and longest root systems, although shoots were
comparatively weaker in substrates with high sand content. Similarly, Muhammad et al.
[16] found that amending clay-based media with coconut peat and bagasse improved
rooting percentage, leaf number, and shoot elongation. Tsipouridis et al. [18]
demonstrated that a peat-perlite mixture (50:50) was superior to single-component
substrates in enhancing root development. Ferrer et al. [19] confirmed that sand-soil
mixtures facilitated better overall seedling growth, although excessive sand content
negatively impacted root elongation.

In light of these findings, the present study aimed to assess the combined effects of
substrate composition and chitosan application on the rooting efficiency and vegetative
growth of hardwood cuttings of Vitis vinifera L. cv. 'Solaris'. We hypothesised that the use
of low concentrations of chitosan (0.2 - 0.4%) in conjunction with aerated organic-mineral
substrates, such as peat-perlite mixtures, would significantly improve rooting percentage,
root system development, and overall shoot growth compared to untreated control cuttings
or those cultivated in single-component substrates. This hypothesis rests on the premise
that chitosan functions as a biostimulant by enhancing physiological responses and
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nutrient uptake, particularly when applied in growing media that offer optimal moisture
and air balance.

2. Materials and Methods

2.1. Characteristics of the Research Area and Plant Material

The experiment was conducted in growth chambers at the Department of Horticulture and
the Department of Plant Genetics, Breeding, and Biotechnology, West Pomeranian
University of Technology in Szczecin. The study was carried out under controlled
conditions during the early spring season.

The plant material comprised dormant, one-year-old hardwood cuttings of grapevine
(Vitis vinifera L. cv. 'Solaris'), collected in February from healthy, productive vines.
Shoots with a diameter of 7 - 10 mm and a length of 20 - 25 cm, containing two buds,
were selected. Each cutting was trimmed with a straight top cut (2 cm above the upper
bud) and a slanted basal cut (0.5 cm below the lower bud). For each treatment
combination, 50 cuttings were prepared, yielding a total of 900 experimental units across
all chitosan and substrate variants.

Cuttings were soaked for 24 hours at room temperature (22°C) in aqueous chitosan
solutions at concentrations of 0.2% and 0.4%. The following substrate variants were used:

e low peat (pH 5.5 - 6.0),

e fine-grained quartz sand,

e horticultural perlite,

e peat-sand mixture (1:1, v/v),

e peat-perlite mixture (1:1, v/v).

All substrates were sterilised before use and supplemented with Osmocote Exact Standard
5 -6 (5 g per litre of substrate). Each cutting was planted individually in a 1-litre
polyethylene pot (20 cm in height) filled with the respective substrate.

The experiment was conducted under standardised environmental conditions:

e root zone temperature: 20 - 22°C,

e bud zone temperature: ~10°C,

o total darkness for the first three weeks to inhibit bud break and promote rhizogenesis.
Following the initial rooting phase, the cuttings were transferred to a lighted growing
chamber and cultivated for an additional eight weeks on flood benches. During this period,
chitosan was applied via irrigation (150 mL per pot) four times at fortnightly intervals.

2.2. Chitosan Preparation and Physicochemical Characterisation

Chitosan samples of varying molar masses were prepared by controlled radical
degradation of high molecular weight chitosan (MW > 1200 kDa; Sigma-Aldrich). The
process involved the gradual addition of hydrogen peroxide (0.8 - 6.4 mmol g' of
polysaccharide) to a 2.5% chitosan solution (pH 3.5 - 4.0) at 80°C. The resulting chloride
salt derivatives displayed similar polydispersity indices and a high degree of deacetylation
(> 95%).

The molar masses of the degraded chitosan samples were determined using
high-performance liquid chromatography/gel permeation chromatography (HPLC/GPC)
with a SmartLine system (Knauer, Germany) consisting of an isocratic pump (Model
1000) and a refractive index detector (RI Detector 2300).

To prepare the experimental solution, 12,000 Da (12k) chitosan was dissolved in 300 g
of distilled water and titrated to pH 7.7 with 1 M NaOH. The final volume was adjusted
to 1,000 g by adding 500 g of 0.2 M acetic acid solution.
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2.3. Measurements
The assessment of biometric parameters was carried out after the cultivation was
completed. Biometric traits were assessed at the end of the cultivation period.
Measurements were taken for all cuttings in each treatment group. The following
parameters were evaluated:
e rooting percentage (%): the proportion of cuttings with a visible, well-developed root
system, expressed as a percentage of the total number of cuttings per treatment,
e plant height (cm): measured from the substrate surface to the apex of the tallest shoot,
e shoot diameter (mm): measured with a digital calliper, 5 cm above the upper bud,
e root system length (cm): the length of the longest root, measured from its point of
origin on the cutting to the tip.
Leaf colour was measured using a portable Konica Minolta CM-700d colourimeter.
Readings were taken on three fully expanded leaves per cutting for each treatment
combination (substrate x chitosan concentration). Measurements were recorded using the
CIE La colour space:
e L* lightness (0 = black; 100 = white),
e a* green-red axis (negative values = green; positive values = red).
The instrument was calibrated before each series using a standard white reference plate,
and a dark chamber reading was taken to minimise background noise.

2.4. Statistical Analysis

Data were statistically analysed using Statistica software version 12.5 (StatSoft Polska,
Krakéw, Poland). One-way analysis of variance (ANOVA) was employed to evaluate
treatment effects. Differences between means were determined using Tukey’s least
significant difference (LSD) test at a significance level of p < 0.05.

3.  Results and Discussion

3.1. Percentage of Rooted Cuttings

The results demonstrated a significant influence of both substrate type and chitosan
concentration on the rooting percentage of hardwood cuttings of Vitis vinifera L. cv.
'Solaris' (Figure 1). The highest rooting rate was recorded after applying 0.2% chitosan
(79%), closely followed by 0.4% (77%). Both values were significantly higher than the
control (69%), confirming the biostimulatory effect of chitosan on grapevine rooting.
However, the difference between the two chitosan concentrations was not statistically
significant, indicating that increasing the concentration above 0.2% did not provide
additional benefits.

Substrate composition also had a pronounced effect. The highest rooting percentage
was obtained in the peat-perlite mixture (87%), confirming the effectiveness of combining
organic and mineral components with favourable air-water properties. These findings
align with Jaleta and Sulaiman [3], who reported improved grapevine propagation when
using substrates that integrate peat, perlite, or sand-materials known for their moisture
retention and aeration capacity. High rooting rates were also achieved in the peat-sand
mixture (77%) and in pure perlite (76%), further highlighting the beneficial role of peat
due to its high organic matter content and water-holding capacity. By contrast, sand (64%)
and the sand-perlite mixture (67%) yielded the lowest percentages of rooted cuttings,
suggesting their limited suitability for grapevine propagation.

The highest overall rooting efficiency (92%) was recorded in cuttings treated with
0.2% chitosan and grown in the peat-perlite mixture, confirming that highly aerated

172  Progress on Chemistry and Application of Chitin and its Derivatives, Volume XXX, 2025,
https://doi.org/10.15259/PCACD.30.011



Optimisation of rooting and growth of grapevine cuttings through chitosan application and
substrate selection

organic-mineral substrates (50:50 v/v) offer optimal conditions for root initiation [3].
Conversely, the lowest efficiency (52%) was observed in untreated cuttings planted in the
sand-perlite mixture.
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Figure 1. Effect of substrate type and chitosan concentration on the percentage of
rooted hardwood grapevine cuttings (Vitis vinifera L. cv. 'Solaris') (Note.
Mean values marked with the same lowercase letter do not differ significantly
according to Tukey’s test at p <0.05, considering the interaction between
chitosan concentration and substrate type (NIR = 4). CAPITAL LETTERS
indicate significant differences between substrate types (main effect), while
ITALIC CAPITAL LETTERS denote significant differences between chitosan
concentrations (main effect).

These findings are consistent with those reported by Tsipouridis ef al. [18] and Kawecki
and Koztowski [20], who emphasised the importance of substrate selection, identifying
the best results in organic-mineral mixtures. Similarly, Dvin et al. [21] noted that the
addition of fibres to sandy substrates improved both rooting efficiency and root system
development. Although Ferrer et al. [19] reported high rooting percentages in pure sand,
the resulting root systems were weak, limiting their value in commercial propagation.
In contrast, soil-sand mixtures promoted more balanced growth and better cutting quality.

Taken together, these results and supporting literature underscore the critical role of
substrate selection in the propagation of grapevine cuttings. Moreover, they confirm the
potential of chitosan as an effective biostimulant, particularly when applied in synergy
with substrates that support water retention and root aeration. This combination enhances
rooting performance and improves nursery efficiency and plant quality.

3.2. Plant Height

The results demonstrated that both substrate composition and chitosan concentration
influenced the height of Vitis vinifera L. cv. 'Solaris' hardwood cuttings (Table 1). Among
the factors analysed, substrate type exerted the strongest effect, whereas the influence of
chitosan concentration was less pronounced. The tallest plants were observed in
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Table 1. Effect of substrate type and chitosan concentration on the quality of grapevine

hardwood cuttings (Vitis vinifera L. cv. 'Solaris').
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the peat-perlite mixture (mean height of 70 cm), which significantly outperformed all other
substrate variants. High values were also recorded in the sand-perlite mixture (63 cm),
while the shortest plants were found in the sand substrate (42 cm).

Regarding chitosan treatment, the greatest average plant height (56 cm) was obtained
after applying 0.4% chitosan. However, the differences between chitosan concentrations
(0.2% and 0.4%) and the control were not statistically significant, suggesting only
a limited effect of chitosan on shoot elongation under the given conditions.

These findings are consistent with those reported by Jaleta and Sulaiman [3], who
emphasised the pivotal role of substrate selection in promoting successful rooting and
shoot growth in grapevine cuttings. They noted that the most favourable outcomes were
achieved using mixtures of organic and mineral components, particularly peat, perlite, and
sand, due to their capacity to maintain optimal air-water relations. Substrates enriched
with organic matter are known to enhance moisture retention and root aeration, thereby
stimulating root development and, indirectly, shoot growth.

The strong performance of the peat-perlite substrate observed in the present study
further supports this view, highlighting the synergistic benefits of combining water-
holding materials (peat) with highly porous ones (perlite). Although the sand-perlite
mixture also resulted in relatively tall plants, the observed height was lower, likely due to
reduced organic content and more limited nutrient availability.

Notably, the shortest plants were recorded in the sand-only substrate, corroborating
previous reports. Jaleta and Sulaiman [3] pointed out that pure sand exhibits poor moisture
retention, which constrains root development and diminishes shoot growth. Similar results
were reported by Ferrer et al. [19], who noted that although high rooting percentages can
be achieved in sand, the resulting plants often display weak shoot development, thereby
reducing their suitability for commercial propagation.

3.3. Shoot Length and Diameter

The present study demonstrated that both substrate composition and chitosan
concentration influenced the shoot diameter of hardwood cuttings of Vitis vinifera L. cv.
'Solaris'. The greatest mean shoot diameter (10.9 mm) was recorded in cuttings grown in
the peat-perlite mixture, which was significantly higher than in any other substrate.
The smallest diameters were observed in sand (6.3 mm) and the sand-perlite mixture
(6.7 mm), indicating suboptimal conditions for shoot development in these media.

Regarding chitosan concentration, the highest mean shoot diameter (7.9 mm) was
obtained following treatment with either 0.4% or 0.6% chitosan; however, the differences
relative to the control (7.4 mm) were not statistically significant. This suggests that
chitosan had only a limited direct effect on shoot thickness. Notably, the maximum
individual shoot diameter (11.3 mm) was observed in cuttings treated with 0.6% chitosan
and grown in the peat-perlite substrate, whereas the smallest value (5.8 mm) was recorded
in control plants cultivated in the sand-perlite mixture.

These results are in agreement with findings from previous studies, which emphasise
the central role of substrate composition in determining shoot morphology. Amir et al.
[22] reported the highest shoot diameters in a sand-garden soil mixture (1:1), highlighting
the advantages of combining mineral and organic materials to enhance nutrient and water
availability. Similarly, the superior performance of the peat-perlite mixture in the present
study is likely attributable to the synergistic effect of peat’s moisture and nutrient retention
capacity with the excellent aeration provided by perlite.
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Conversely, the limited growth observed in pure sand reflects its poor water and
nutrient retention capacity and negligible organic matter content. These characteristics
restrict nutrient availability and root development, thereby constraining shoot growth.

Although chitosan application did not significantly affect shoot diameter across
treatments, its combination with the optimal substrate (peat-perlite) resulted in the best
growth parameters. This confirms the utility of chitosan as a biostimulant in nursery
production, particularly when paired with substrates offering optimal physicochemical
properties.

Notably, the same substrate (peat-perlite) also produced the tallest plants, reinforcing
its suitability for grapevine propagation. In contrast, the lowest values for both shoot
length and diameter were recorded in the sand substrate, underscoring its unsuitability for
vigorous plant development. This suggests that environmental conditions that promote
shoot elongation also favour radial growth, indicating the simultanecous enhancement of
cell expansion and biomass accumulation.

The observed trends are consistent with previous studies on chitosan’s biostimulatory
effects. Luan et al. [23] demonstrated that chitosan application enhanced root length and
root number in Ficus species. At the same time, Salachna and Bartkowiak [24] reported
increased shoot length and leaf production in freesia following bulb soaking in chitosan.
Zurawik [7] further confirmed that chitosan stimulates both shoot elongation and stem
thickening, with benefits observed under both soaking and irrigation regimes. Similarly,
Kruczek et al. [25] reported that the application of 20 ppm chitosan in substrate media
significantly improved rooting efficiency and shoot development in goji plants (Lycium
chinense), while Krupa-Matkiewicz and Ochmian [9] successfully employed 10 ppm
chitosan for in vitro rooting of grapevine.

The enhanced shoot length and diameter recorded in this study suggest that chitosan
contributes to improved nutrient and water utilisation and activates physiological
mechanisms conducive to vegetative growth. Therefore, its integration with appropriately
selected substrates represents a promising strategy for optimising the propagation
of grapevine cuttings.

3.4. Root Length

The findings of the study revealed that both substrate type and chitosan concentration
significantly influenced the root system length of hardwood grapevine cuttings of Vitis
vinifera L. cv. 'Solaris'. The longest roots were observed in cuttings cultivated in the sand-
perlite mixture (mean 50 cm), highlighting the favourable air-water properties of this
substrate, which promote extensive root development. Comparable values were recorded
in pure perlite (46 cm) and sand (45 cm), while the shortest roots occurred in the peat
substrate (32 cm). Regarding chitosan concentration, the greatest mean root length (44 cm)
was recorded following treatment with 0.4% chitosan; however, the differences compared
to the control (39 cm) were not statistically significant.

The literature confirms that chitosan improves the morphological traits of grapevine
cuttings, particularly shoot and root development. Gornik ef al. [26] demonstrated that
soaking cuttings in aqueous chitosan solutions (0.5 - 2%) for 24 hours increased shoot
length, shoot number, and the number of internodes and adventitious roots, with 1%
chitosan proving most effective. These effects were observed even under water deficit
conditions, suggesting chitosan enhances stress tolerance. Additionally, treated plants
exhibited increased leaf chlorophyll content, indicating improved photosynthetic capacity
and overall plant condition.
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Our findings reinforce the role of chitosan as a biostimulant not only for pigment
synthesis but also for early-stage vegetative development under suboptimal conditions.
Similar results were reported by Luan et al. [23], who noted improved root elongation in
Ficus microcarpa, and by Salachna and Bartkowiak [24], who observed enhanced shoot
growth and leaf production in freesia treated with chitosan. These effects suggest that
chitosan influences physiological processes underpinning the development of vegetative
organs.

Kukla and Zurawik [27] discovered that 0.4% chitosan significantly boosted root
quantity and biomass in Eucomis comosa leaf cuttings. Soaking was more effective than
foliar application or watering. They also found that chitosan with a lower molecular weight
(7,000 Da) was more efficient than that with a higher molecular weight. Badizadegan et al.
[28] found that treating Zamioculcas zamiifolia leaflet cuttings with 250 mg L' chitosan
promoted roots, while greater concentrations resulted in tissue darkening, highlighting the
importance of dose optimisation.

In more advanced applications, Korpayev et al. [29] reported enhanced rooting
efficiency in Malling Merton 106 apple rootstocks using chitosan-encapsulated auxins,
achieving up to 91.7% rooting rates. Kara et al. [30] also demonstrated that encapsulated
nano-silver and IBA increased shoot and root biomass in Vitis vinifera cv. 41B, supporting
the synergistic effect of nanomaterials in plant propagation. Although chitosan was not
tested in that study, its biostimulant role aligns with the trends observed.

El Amerany et al. [31] confirmed that both foliar and substrate-applied chitosan
increased root length, dry biomass, and chlorophyll content in tomato seedlings,
illustrating the systemic activity of chitosan across species and application methods.
The results of the present study corroborate these findings, particularly in the context of
mineral substrates with high permeability, such as perlite and sand-perlite mixtures, which
provided the best rooting conditions when combined with chitosan.

The importance of substrate composition was also highlighted in studies by
Schwab et al. [32] and Zamanidis et al. [33], who demonstrated that mixtures of organic
and mineral materials (e.g., peat and perlite) improved moisture retention and aeration in
the rhizosphere, enhancing both shoot and root development. Although the sand-perlite
substrate was most effective in promoting root length in our study, it should be noted that
peat-based mixtures supported more robust aerial growth, suggesting a trade-off between
vegetative and root development depending on substrate composition.

Taken together, the results of this study support the hypothesis that chitosan, when
applied in conjunction with appropriately selected substrates, can improve rooting
performance in grapevine propagation. Although 0.4% chitosan yielded the longest roots,
differences compared to the control group were not statistically significant, indicating that
the choice of substrate may have a more pronounced effect than chitosan concentration
alone.

Previous studies in Vitis vinifera [7-9] and other species [23—-25] consistently show
that chitosan stimulates root organogenesis, particularly when used at low concentrations
or in nanoformulated forms. Nonetheless, responses to chitosan are often species- or
cultivar-dependent and may vary with molecular weight, application method (soaking,
irrigation, or foliar spraying), and environmental conditions. Further research is needed to
elucidate these interactions and determine optimal nursery propagation protocols.

3.5. Leaf Colour Parameters
A significant interaction between chitosan concentration and substrate type was observed
for both leaf colour parameters, lightness (L*) and greenness (a*), indicating that the
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Table 2. Effect of chitosan concentration and substrate type on the leaf colour

parameters of grapevine hardwood cuttings (Vitis vinifera L. cv. 'Solaris').
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pigment response to chitosan was conditional upon the physicochemical properties of the
substrate (Table 2).

The most substantial interaction effect was recorded in the peat-perlite substrate, which
independently provided the most favourable rooting and growth conditions. In this
medium, treatment with 0.4% chitosan led to the most pronounced darkening of the leaves
(L* decreased from 43.6 to 41.0) and intensification of green pigmentation (a* decreased
from —39.3 to —44.1). These pigment shifts were closely associated with superior
vegetative performance, including the tallest shoots (77 cm), thickest stems (11.3 mm),
and longest roots (52 cm), as presented in Table 1. Under such conditions, chitosan likely
supported key physiological processes, including chlorophyll biosynthesis, which
correlated with improved plant growth parameters.

In contrast, grapevine cuttings grown in sand, a substrate with negligible cation
exchange capacity and poor water retention, showed no improvement in either L* or a*
following the chitosan application. The leaves remained pale (L* = 48) and relatively low
in chlorophyll (a* = —22 to —28), which corresponded with inferior biometric traits (e.g.,
shoot height = 42 cm, rooting percentage of 64%). Intermediate substrates such as perlite,
peat-sand, and sand-perlite exhibited moderate pigment enhancement following chitosan
application, with reductions in L* of approximately 1 unit and more negative a* values by
2 - 3 units. These changes paralleled moderate improvements in shoot height and root
development (Table 1), suggesting partial physiological responsiveness.

Comparable conclusions were drawn in in vitro studies on chitosan. Krupa-Matkiewicz
and Ochmian [9] did not report distinct changes in grapevine leaf colour; however, the
leaves remained intensely green, and L* differences did not exceed 2 units [34]. Leaves
of goji and strawberry exhibited similar a* values, confirming the naturally intense green
pigmentation typical of these species. Foliar application of chitosan under water stress
conditions improved photosynthetic parameters, enhanced chlorophyll content (SPAD
index), and increased sugar and anthocyanin levels [35]. This supports its ability to
stimulate both primary and secondary metabolism, directly influencing leaf pigmentation.
Additionally, the activation of antioxidant enzymes such as SOD and CAT, along with the
reduction of H-02 and MDA, highlights chitosan's protective properties under oxidative
stress [36]. At the molecular level, chitosan has been shown to induce the expression of
genes involved in anthocyanin and phenolic biosynthesis, including PAL, CHS, and
UFGT, as demonstrated in the ‘Tinto Cao’ grapevine cultivar [37]. This may partly explain
the enhanced green pigmentation observed in the present study.

In research on pigment stabilisation in bamboo and wine, chitosan was shown to
protect chlorophyll and anthocyanins by forming stable complexes with metals (e.g., Cu?")
and phenolic compounds [38, 39]. These physicochemical properties may also play a role
in the preservation of leaf colour. Chitosan acts on multiple levels. It improves plant
physiology, protects pigments, and activates defence mechanisms. Its effectiveness,
however, is environmentally conditional and should therefore be carefully considered
when applied in horticultural and viticultural practice.

4.  Conclusions

Chitosan concentration statistically significantly affected rooting efficiency and root
system development in hardwood cuttings of Vitis vinifera L. cv. 'Solaris'. The most
favourable outcomes were obtained with a 0.2% solution, which enhanced both the
percentage of rooted cuttings and root length. Higher concentrations (0.4% and 0.6%) did
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not yield further benefits, suggesting that increasing the dosage beyond this level is not
economically justified.

Substrate type played a crucial role in determining rooting success and subsequent
plant development. The peat-perlite mixture (50:50) was the most effective, providing
optimal water retention and aeration. In contrast, single-component substrates such as sand
and peat produced the weakest results, underscoring their limited suitability for vegetative
propagation.

A significant interaction between chitosan concentration and substrate composition
was observed, with the highest rooting percentage (92%) and best overall plant
performance recorded in cuttings treated with 0.2% chitosan and grown in the peat-perlite
substrate. This confirms that the efficacy of biostimulants such as chitosan is strongly
influenced by the physicochemical properties of the growth medium.

In addition to its effects on rooting and shoot development, chitosan application
significantly impacted leaf pigmentation. The most intense darkening (lower L*) and
greening (more negative a* values) were recorded in the pea-perlite substrate following
0.4% chitosan treatment. These changes correlated with improved chlorophyll
biosynthesis and better physiological condition and were consistent with other enhanced
growth parameters. In contrast, minimal pigment changes in sandy substrates reflected
lower physiological activity and poorer plant performance.

Leaf colour parameters, particularly L* and a*, emerged as reliable, non-invasive
indicators of physiological condition, photosynthetic efficiency, and rooting success, and
may serve as valuable diagnostic tools in nursery management.

The findings of this study support the use of natural biostimulants such as chitosan,
particularly in combination with carefully selected substrate mixtures, to enhance the
efficiency of grapevine propagation and improve the quality of nursery material destined
for commercial cultivation.
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