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Abstract: Lavender (Lavandula angustifolia Mill.) is a valuable crop with diverse applications, but its
in vitro rooting can be hindered by its sensitivity to natural auxins and it often fails to root due to
callus formation. The current study investigates the effects of light spectra emitted by LEDs and the
application of trans-cinnamic acid (t-CA) on the morphology, propagation, and rooting of lavender
shoots in vitro. Initially, the influence of different concentrations of t-CA (0, 1.25, 2.5, or 5 uM) was
evaluated under fluorescent light. The application of 1.25 uM t-CA was found to be the most effective
in promoting root development while minimizing callus formation. Subsequently, the impact of
different light spectra (fluorescent light and combinations of blue, red, and far-red monochromatic
LED light) was explored. The combination of red and far-red (RFR) light significantly accelerated
rooting and resulted in the most substantial increase in root number and length. Finally, the combined
effects of 1.25 uM t-CA and REFR light were assessed. This combination produced the most favorable
overall results, notably, a 4.3-fold increase in lateral root number compared to RFR light alone. These
findings underscore the potential of optimizing both t-CA concentration and light spectra to enhance
the in vitro propagation of lavender.
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1. Introduction

Lavandula angustifolia Mill., a valuable aromatic shrub cultivated worldwide for its
essential oil, is traditionally propagated through cuttings. However, this method faces
challenges, such as inconsistent rooting success and the risk of virus transmission [1].
In vitro micropropagation techniques offer a promising solution by enabling the production
of disease-free, genetically uniform plant material [2]. Although many publications discuss
lavender micropropagation [2,3], the consequences of basal callus production on the critical
root-stem connection are often neglected.

Light is a crucial environmental factor influencing plant growth and development,
affecting processes such as photosynthesis, morphogenesis, and root formation [4]. Light-
emitting diodes (LEDs) have emerged as a valuable tool in plant tissue culture, allowing
for precise control over light spectra and intensity. Previous research has demonstrated the
impact of specific light wavelengths on various aspects of plant growth, including shoot
elongation, chlorophyll synthesis, and root development [5,6].

The ratio of red (R) to far-red (FR) light, in particular, has been shown to influence plant
morphology and development through its effects on phytochrome, a light-sensing pigment
involved in various signaling pathways [7]. The type of light influences plant rooting
by modulating auxin homeostasis, a key hormone for growth and development [8,9]. In
Arabidopsis, red light encourages an auxin flux from leaves to roots, possibly through the
transcriptional regulation of the PIN-FORMED 1 (PIN1), PIN-FORMED 3 (PIN3), and
PIN-FORMED 4 (PIN4) genes, which promotes root elongation and nutrient uptake [8].

Horticulturae 2024, 10, 954. https:/ /doi.org/10.3390/horticulturae10090954

https:/ /www.mdpi.com/journal /horticulturae


https://doi.org/10.3390/horticulturae10090954
https://doi.org/10.3390/horticulturae10090954
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com
https://orcid.org/0000-0001-5195-7054
https://doi.org/10.3390/horticulturae10090954
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com/article/10.3390/horticulturae10090954?type=check_update&version=2

Horticulturae 2024, 10, 954

20f12

Conversely, exposure to white light supplemented with far-red light reduces lateral root
density in Arabidopsis. Blue light, through phototropins PHOT1 and PHOT2, enhances
adventitious root formation in Arabidopsis, increasing the root absorption area [8]. Red
light is also known to stimulate adventitious rooting in recalcitrant species [10]. Allalaq
et al. [11] suggested that red light promotes adventitious root induction in Norway spruce
by reducing jasmonate (JA) and JA-isoleucine biosynthesis and repressing the accumulation
of isopentyl-adenine-type cytokinins.

In addition to light, plant growth regulators play a significant role in in vitro propaga-
tion. Auxins, such as indole-3-butyric acid (IBA) and 1-naphthaleneacetic acid (NAA), are
commonly used to stimulate root formation. However, these auxins can also induce exces-
sive callus formation, hindering successful plant acclimatization and the overall success
of propagation [12]. Trans-cinnamic acid (t-CA), a naturally occurring compound found
in various plant species, has been investigated as an alternative rooting agent due to its
potential to promote lateral root development after photo-isomerization into cis-cinnamic
acid (c-CA) [13].

This study aimed to investigate the effects of various treatments on L. angustifolia.
Specifically, we examined the influence of trans-cinnamic acid (¢-CA) concentrations on
root induction, explored the impact of monochromatic light colors (red, blue, far-red) and
their combinations on shoot and root development, and assessed the combined effects of
t-CA and red + far-red light spectra. We hypothesized that f-CA could act as an effective
rooting agent, potentially minimizing the callus formation often associated with traditional
auxins [14]. Additionally, we hypothesized that specific light spectra would influence shoot
and root development. By combining optimized light spectra and t-CA application, we
developed an enhanced protocol for in vitro lavender propagation.

2. Materials and Methods
2.1. Propagating In Vitro Shoot Cultures

Foliated nodal segments (approximately 1.5 cm) of L. angustifolin ‘Hidcote” were
micropropagated on a modified Murashige and Skoog (MSm) [15] medium with half a
concentration of NH4;NO3; and KNO3, supplemented with 3% sucrose and 0.7% plant agar,
to which 0.74 mg/L of meta-Topolin Riboside (mTR) was added before adjusting the pH to
5.8 and autoclaving for 20 min at 121 °C. The cultures were maintained at 25 & 1 °C under
a 16/8 h light/dark photoperiod, and they were subcultured every six weeks.

2.2. Root Induction under Fluorescent Light

Internodal segments (approximately 1.5 cm) excised from the shoot multiplication
cultures were inoculated, in groups of five, into 380 mL glass containers, each containing
100 mL of MSm medium. The medium was supplemented with 0, 1.25, 2.5, or 5 uM of trans-
cinnamic acid (t-CA) after autoclaving. This experiment was carried out using a completely
randomized design, consisting of four treatments, with three containers per treatment, and
the experimental unit was the in vitro shoot (five shoots per container). The experiment was
repeated three times. The cultures were kept under controlled environmental conditions
of 25 £ 1 °C and a 16/8 h light/dark photoperiod. After three weeks of incubation, the
following parameters were recorded: number of adventitious and lateral roots, average
adventitious root length, number of shoots, average shoot length, and callus weight.

2.3. Light Spectrum Experiment

Five foliated nodal explants, each measuring 1.5 cm in length, were inoculated into
380 mL glass vessels containing 100 mL of auxin-free MSm medium. Seven light treat-
ments were applied, with a control group under cool white fluorescent light (FL) and six
experimental groups under different LED light combinations: 100% blue (B), 100% red (R),
100% far-red (FR), 50% blue + 50% red (BR), 50% red + 50% far-red (RFR), and 50% blue +
50% far-red (BFR). The photosynthetic photon flux density (PPFD) for all LED treatments
was maintained at 40 pmol m~2 s~! under a 16/8 h light/dark photoperiod. Cultures
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were incubated at 25 £ 1 °C. Individual light treatments were administered using separate
light-proof boxes (57 cm x 40 cm x 37.5 cm) constructed on culture racks and equipped
with Philips Green Power LED research modules, as described by [14]. Each treatment
group consisted of three inoculated glass vessels. After one week, the number of primary
roots was recorded; this was continued weekly until week 8. After three weeks, the number
of adventitious and lateral roots, average adventitious root length, number of shoots per
explant, and average shoot length were determined.

After three weeks of culture, chlorophyll was extracted using an 80:20 (v/v) mixture of
acetone and water. Fresh lavender leaves (100 mg) were crushed in 10 mL of 80% acetone
for 5 min using a mortar and pestle. After filtration, the homogenate was transferred to a
15 mL Falcon tube and centrifuged at 3000 x g for 15 min. Following centrifugation, the
supernatant was carefully transferred to a new 15 mL Falcon tube. The filtrate was kept in
the dark to prevent the oxidation of the chlorophyll by light.

The absorbance of the extract was measured using a spectrophotometer set at specific
wavelengths to determine its <chlorophyll a (645 nm), chlorophyll b (663 nm), and total
carotenoids (470 nm). The determination of chlorophyll a, chlorophyll b, and total chloro-
phyll was performed according to the methods of Arnon et al. [16]. Total carotenoids were
determined according to Lichtenthaler et al. [17]. The photosynthetic pigment content, ex-
pressed as ug/mL of fresh weight (FW) tissue, was calculated using the following formulas:

Chlorophyll a (mg g~ FW) = 12.7 x A663 — 2.69 x A645

Chlorophyll b (mg g~ ! FW) =22.9 x A645 — 4.68 x A663
Chlorophyll a + b (mg g ™! FW) = 8.02 x A663 +20.2 x A645
Carotenoids (mg gfl FW) = (1000 x A470 — 1.82 x Chla — 85.02 x Chl b)/198

2.4. Combining t-CA and RFR Light

Foliated internodal segments of approximately 1.5 cm were excised from shoot multi-
plication cultures and inoculated, at five segments per 380 mL glass vessel, in 100 mL of
MSm medium supplemented with 0, 1.25, 2.5, or 5 uM of t-CA following autoclaving, and
the cultures were subjected to RFR light treatment. Each treatment group consisted of three
inoculated glass vessels, and the total PPFD was maintained at 40 pmol m~2 s~ 1. After a
four-week incubation period, the following parameters were recorded: the adventitious
and lateral root number, average adventitious root length, number of shoots per explant,
average shoot length, and callus weight.

2.5. Statistical Analysis

Each experiment was repeated three times. Statistical analysis was conducted using
IBM SPSS Statistics for Windows, version 29 (IBM Corp, North Castle, NY, USA) with a
significance level of 5% (a = 0.05). Data normality was assessed using the Kolmogorov—
Smirnov test. For all data, the non-parametric Kruskal-Wallis test was employed (x = 0.05)
to evaluate the differences between groups. In this case, the alternative hypothesis (H1)
was retained.

3. Results
3.1. Root Induction of Trans-Cinnamic Acid under Fluorescent Light

Figures 1-3 show that 1.25 uM of trans-cinnamic acid (t-CA) significantly increased
the adventitious and lateral root number, average adventitious root length, and average
shoot length and number compared to the control and other suboptimal concentrations.
Additionally, 1.25 uM of t-CA induced limited callus formation.
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Figure 1. Effect of trans-cinnamic acid (+-CA) concentration on the root parameters of L. angustifolia
after three weeks of in vitro culture. Data represent the mean =+ standard error (SE) of 3 x 3 x 5 plants
per treatment. Bars with the same letter are not significantly different from each other (Kruskal-Wallis

test, p < 0.05).
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Figure 2. Effect of trans-cinnamic acid (+-CA) concentration on the callus formation and shoot growth
parameters of L. angustifolia after three weeks of in vitro culture. Data represent the mean + standard
error (SE) of 3 x 3 x 5 plants per treatment. Bars with the same letter are not significantly different
from each other (Kruskal-Wallis test, p < 0.05).
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Figure 3. Influence of trans-cinnamic acid (t-CA) treatments on rooting and shoot growth in L. angus-
tifolia after three weeks of in vitro culture. Treatments include (a) control (hormone-free medium);
(b) 1 uM trans-cinnamic acid (£-CA); (¢) 2.5 uM trans-cinnamic acid (¢-CA); and (d) 5 uM trans-
cinnamic acid (t-CA).

3.2. Light Spectrum Experiment

Different light spectra significantly impacted both the rooting speed and the overall
morphology of lavender grown in vitro. The fastest root development was observed under
combined red + far-red light (RFR), with roots appearing within the first week. This was
followed by the red (R), blue + red (BR), and blue (B), and light combinations, where
roots appeared in the third week. Root formation was considerably delayed under the
far-red (FR) and blue + far-red (BFR) light conditions. After eight weeks, the RFR group
showed a remarkably high root count of 34, while the red light group averaged 18 roots.
In comparison, the control group grown under white light only produced 9 roots. Far-red
light alone had a negative impact, resulting in poor root development, with only a single
root observed after eight weeks (Figure 4).
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Figure 4. Effect of light spectra on root development, in auxin-free medium, of L. angustifolia cultured
in vitro for eight weeks. The number of roots per plant was measured over time under different light
spectra: (FL) fluorescent light (control); (B) blue; (R) red; (FR) far-red; (RFR) red + far-red; (BFR) blue
+ far-red; (BR) blue + red. Data are presented as mean =+ standard deviation (SD) of 3 x 3 x 5 plants
per treatment.

Table 1 and Figure 5 detail the effects of different light spectra on L. angustifolia growth
after three weeks. Red + far-red (RFR) light induced the highest number of adventitious
roots (6.67) and lateral roots (6.91), with an average length of 2.72 cm. Conversely, far-red
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(FR) and blue + far-red (BFR) light inhibited root development, yielding only 1.06 and
0.13 roots per plant, respectively. The R and RFR light treatments promoted the highest
number of shoots, while BER light resulted in the greatest average stem length of 6.04 cm.
BFR light produced excessively elongated plants. Far-red light exposure led to weakened
plants with yellowing shoots. Notably, callus formation was not observed under any
light treatment.

Table 1. Shoot and root development on auxin-free medium of in vitro-grown L. angustifolia after
three weeks of exposure to different light spectra: (FL) fluorescent light; (B) blue; (R) red; (FR) far-red;
(RFR) red + far-red; (BFR) blue + far-red; (BR) blue + red.

Light Adventitious Lateral Root Average Adventitious Root Shoot Number Average Shoot
Treatment Root Number Number Length (cm) Length (cm)
FL 407 £024°¢ 071 +0.12°¢ 09+011° 298 + 0244 112+ 0.142
B 4+015¢ 0+0? 0.59 £0.04b 1.33 £ 0.84P 246 +0.134
R 5.07 £0.234 4.09 +0.36 4 1.35+0.14 ¢ 6.1+021¢ 1.36 + 0.05°
FR 1.07 + 0.86 P 0+02 0.66 + 0.06 P 1.2 +0.07P 344 +0.13¢
RFR 6.67 +0.16 ¢ 6.91 +0.56¢ 27240134 544023¢ 1.63 4 0.14 b¢
BFR 0.13+0.0542 0+04 0.03 +0.022 1+0°2 6.03+0.17f
BR 416 £0.17°¢ 0.11 £ 0.05b 0.72 4+ 0.04b 227 +£0.19°¢ 1.85+0.1¢

Averages + SE followed by the same letters in the same column are not significantly different at p < 0.05 according
to the Kruskal-Wallis test.

FL RFR
l
BFR
I

Figure 5. Effect of light-emitting diode (LED) spectra on shoot development and rooting in L.
angustifolia after three weeks. (FL) fluorescent light; (R) red; (RFR) red + far-red; (FR) far-red; (BR)
blue + red; (B) blue; (BFR) blue + far-red, (bar = 1 cm).

Table 2 summarizes the chlorophyll and carotenoid content in leaves under different
light spectra. Blue + red (BR) light induced the highest levels of chlorophyll a and total
chlorophyll, followed by the blue (B) and red + far-red (RFR) treatments. On the contrary,
far-red (FR) and blue + far-red (BFR) light resulted in significantly lower chlorophyll
concentrations, leading to a visible yellowing of leaves (Figure 5). Carotenoid accumulation
was greatest under the red + far-red (RFR) and red (R) conditions, with blue light treatments
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also promoting substantial levels compared to fluorescent light. Notably, FR light yielded
the lowest carotenoid concentrations.

Table 2. Effect of light spectra on chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid con-
tent (mg/g fresh weight) in leaves of L. angustifolia cultured in vitro for four weeks: (FL) fluorescent
light; (B) blue; (R) red; (FR) far-red; (RFR) red + far-red; (BFR) blue + far-red; (BR) blue + red.

Light Chlorophyll 2 Chlorophyll Total Chlorophyll Carotenoids
Treatment (mg g—1 FW) (mg g~ 1 FW) (mg g~1 FW) (mg g 1 FW)
FL 0.7 +0.01°¢ 0.25+0.014 0.95 + 0.03 © 0.04 + 0.007 be
B 1.31+0.03¢ 0.34+001¢ 1.65+ 0.04 ¢ 0.05 + 0.008 bc
R 08400449 0.18 £ 0.007 0.98 +0.04 ¢ 0.25 + 0.024 d
FR 0.06 + 0.002 2 0.03 £+ 0.004 2 0.09 £0.012 0.01 £ 0.002 2
RFR 09400249 0.27 4+ 0.003 4 1.18 +£0.034 028 +0.02¢
BFR 0.17 £ 0.002 P 0.06 £ 0.001 P 0.22 + 0.003 P 0.06 + 0.004 ©
BR 2.04+002f 0.65 + 0.006 £ 2.69 +0.02f 0.03 + 0.006 ©

Averages + SE followed by the same letter in the same column are not significantly different at p < 0.05 according
to the Kruskal-Wallis test.

3.3. Combining Trans-Cinnamic Acid and RFR Light

Table 3 and Figure 6 show that the addition of t-CA to the culture medium under
red + far-red (RFR) light significantly increased lateral root formation in L. angustifolia.
The highest number of lateral roots was observed with 1.25 uM of t-CA, with a decrease
at higher concentrations. Additionally, 1.25 uM of t-CA resulted in the greatest average
root length and nearly eliminated callus formation. RFR light alone produced the greatest
number of adventitious roots. Notably, callus formation was not observed during RFR light
exposure with the different concentrations of t-CA.

V]
-: = C : .' o )
’ b
e S Y
‘b &
|
1.25 uM t-CA 2.5uMt-CA 5uMt-CA

Figure 6. Effect of varying trans-cinnamic acid (+~-CA) concentrations on in vitro root and shoot
morphology of L. angustifolia under red + far-red (RFR) light after four weeks, (bar = 1 cm).
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Table 3. Effect of {-CA and red + far-red (RFR) light on adventitious and lateral root number, average
adventitious root length, shoot number, average shoot length, and callus weight of in vitro-grown L.
angustifolia after four weeks.

Average

t-CA (uM) Adventitious Lateral Root Adventitions Root Shoot Average Shoot Callus
under RFR Root Number Number Number Length (cm) Weight (mg)
Length (cm)
0 12.6 +£0.48°¢ 736 £0.52% 258 4+0.14P 4274029b 263 027" 0
1.25 9.1+03P 31.87 £ 1.16 % 3.82+0.17°¢ 51+023¢ 333 +021°¢ 0
2.5 527+£023%  2413+094%° 2.89 £0.14° 413 +£0.23P 3.05+0.16 0
5 553 £0.272 5.02+05P 129 +0.12° 3.33£0252 1.51+0.14% 0

Averages & SE followed by different letters in the same column are significantly different at p < 0.05 according to
the Kruskal-Wallis test.

4. Discussion

In our study, 1.25 uM of trans-cinnamic acid (f-CA) significantly increased the adventi-
tious and lateral root number and the average adventitious root length, but there was still
callus formation. Higher #-CA concentrations elicited a decline in those root parameters,
coupled with an increased callus weight, suggesting a concentration-dependent biphasic
response. This observation aligns with Lupini et al. [18]. Furthermore, our results corrobo-
rate Salvador et al. [19], who demonstrated that increasing concentrations of t-CA enhance
indole-3-acetic acid (IAA) oxidase and cinnamate 4-hydroxylase (C4H) activities. Elevated
C4H activity, in turn, increased the lignin content, which, combined with heightened IAA
oxidase activity, curtailed root growth in soybean. Interestingly, 1.25 uM of t-CA induced
abundant lateral root formation in lavender, an effect that diminished with increasing
t-CA concentrations. This aligns with Steenackers et al. [13], who proposed that {-CA
can influence the root architecture of Arabidopsis through its conversion to c-CA under
UV-B light. They hypothesized that c-CA inhibits auxin efflux, leading to localized auxin
accumulation behind the root tip and triggering lateral root initiation.

Despite its positive effects on root development, our experiments revealed that t-CA
in the culture medium also led to callus formation at the base of lavender stems. This
callus formation can obstruct the vascular connection between developing roots and shoots,
thereby impeding the efficient uptake of water and nutrients [20,21]. Souza et al. [22]
further noted a negative correlation between callus formation and plant survival during
acclimatization, and Arab et al. [21] observed similar issues with the in vitro rooting of
Prunus using IBA. This highlights the pressing need to develop rooting protocols that
minimize or eliminate callus formation [12,23].

Under natural conditions, R and FR light serve as a crucial environmental signal, indi-
cating the proximity of neighboring vegetation and triggering shade avoidance responses.
The responses to FR light include physiological and morphological adaptations, such as
stem elongation and decreased branching, which enhance the plant’s ability to compete for
light resources. The influence of R and B light on in vitro shoot growth is species-specific
and has been extensively documented in recent decades. While R light generally promotes
shoot elongation and B light encourages compactness and branching [24], lavender species
exhibit a contrasting response, producing a greater number of shorter shoots under R light
compared to B. Our experiments confirm that light wavelength significantly impacts both
growth and rooting in L. angustifolia.

Is a combination of far-red (FR) and red (R) light necessary for stimulating root devel-
opment? Treatment with RFR light led to enhanced rooting, as evidenced by faster root
development, a greater number of roots, and an increased average adventitious root length.
In vivo, Christiaens et al. [25] corroborated these findings, demonstrating that supplement-
ing the culture medium with FR light in Chrysanthemum morifolium resulted in accelerated
rooting, increased root dry mass, and a greater number of primary roots. In our experimen-
tal setup, the RFR light condition meant that the plant received an equivalent irradiance
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of red and far-red light (R:FR = 1). This specific light environment simulates the spectral
distribution observed beneath a dense canopy, where upper leaves preferentially absorb red
light, resulting in an increased proportion of far-red light reaching the lower foliage. The
balanced R:FR ratio in our experiment would establish a dynamic equilibrium between the
Pr and Pfr conformations of phytochrome, precluding a substantial accumulation of either
form and maintaining a relatively stable Pfr/Pr ratio. Consequently, downstream signaling
pathways associated with both Pr and Pfr would likely experience moderate activation,
potentially leading to a balanced response in growth and developmental processes [26].
Our results are consistent with the findings of Holalu et al. [27], who observed an inverse
relationship between auxin levels and the red-to-far-red light ratio (R:FR), a key environ-
mental signal influencing shoot branching. It is proposed that the perception of far-red light
by phytochrome B (PHYB) promotes the accumulation of phytochrome-interacting factors
(PIFs), which in turn enhance auxin biosynthesis and stimulate growth responses [28-30].

Given that photosynthesis is not possible under FR light alone and in vitro plants
obtain energy solely from sucrose, our observations indicate that FR light negatively
impacts in vitro lavender growth. This is evident in lavender in reduced root development,
pale green to yellow stems, and decreased chlorophyll a + b and carotenoid content,
suggesting impaired chlorophyll biosynthesis. These findings align with [14], who reported
no improvement in shoot quality under FR conditions but instead observed hyperhydricity,
pale green shoots, and narrow leaves, which are also associated with reduced chlorophyll
a + b and carotenoid content. Similarly, Werbrouck et al. [31] documented the detrimental
effects of FR light on the in vitro biomass production of Ficus benjamina, noting reductions
in total shoot number, shoot cluster weight, and callus weight.

The ratio of red (R) to far-red (FR) light influences several parameters, including
leaf thickness, the number of palisade mesophyll cells, stomatal regulation, chloroplast
development, and thylakoid structure [26]. R combined with FR light was not optimal
for chlorophyll content. As anticipated, in this study, blue + red (BR) light resulted in the
highest levels of chlorophyll a, chlorophyll b, and total chlorophyll compared to B and other
light treatments. This effect has been demonstrated in numerous studies [24]. Carotenoids
are essential components of the reaction center complex and act as accessory pigments
in antenna systems, performing functions such as harvesting light energy and enhancing
photosynthetic efficiency [32]. In our study, RER light yielded the highest carotenoid
content. However, there are conflicting results in the literature. Zhao et al. [33] found
that white (W) and red + blue (RB) light resulted in the highest total carotenoid content
in seedling leaves. Lotfi et al. [14] reported that Pyrus communis grown under BR light
exhibited the highest carotenoid content, while Johkan et al. [34] and Schagerl et al. [35]
demonstrated that blue fluorescent light positively influenced carotenoid accumulation.
Therefore, it can be concluded that the addition of red (R) or blue (B) light is essential for
chlorophyll to capture energy.

While R combined with FR light is optimal for root development under our conditions,
the combination of B and FR is not, despite B light promoting rooting. To a somewhat
lesser degree, R light also stimulated both the adventitious root number and the average
adventitious root length. These results align with Christiaens et al. [36], who reported
enhanced root formation under 100% R light in L. angustifolia. Similarly, in Jatropha, Daud
et al. (2013) [37] observed no rooting under BR light conditions, while R light improved
root formation. In cherry, lacona et al. [38] reported the highest number of roots per
microcutting under BR light, with R light subsequently proving more effective for root
elongation than B light. Li et al. [39] demonstrated that red LEDs appeared to be the most
suitable for root growth in upland cotton plantlets. Numerous other examples are reviewed
by Fan et al. [24].

Our study investigated the combined effects of t-CA concentration and red + far-red
(RFR) light on L. angustifolia rooting and production. We found that supplementing the
culture medium with 1.25 uM of t-CA improved the shoot number, average shoot and
adventitious root length, and, most notably, lateral root number under RFR light. This
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combined treatment leveraged the positive effects of both -CA and RFR light. Additionally,
the absence of callus formation even with t-CA suggests that RFR light alleviated plant
stress and t-CA did not directly promote callus formation. The surprising outcome of using
t-CA and REFR light together suggests a potential method for preventing the unwanted
basal callus growth that often occurs with auxin treatments.

5. Conclusions

In conclusion, our study reveals that the combination of 1.25 uM of trans-cinnamic
acid (-CA) and red + far-red (RFR) light provides an optimal environment for promoting
root development in L. angustifolia, enhancing various root parameters without inducing
callus formation. This combined treatment demonstrates the synergistic benefits of t-CA
and RFR light, suggesting a promising strategy for improving rooting efficiency in lavender
micropropagation. Furthermore, our findings highlight the critical role of light quality in
influencing plant growth and development in vitro, with specific light wavelengths dif-
ferentially affecting various physiological and morphological parameters. Understanding
these intricate interactions between light and plant hormones can facilitate the develop-
ment of more effective and sustainable micropropagation protocols for lavender and other
economically important plant species.
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