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Abstract

Efficient adventitious root formation is crucial for Lavandula angustifolia Mill. propagation.
This study evaluated the effects of continuous and short-duration pulse applications (1 min,
1h, and 1 day) of the auxin dichlorprop (DCP) and its prodrug dichlorprop-2-ethylhexyl
ester (DCPE) at varying concentrations on adventitious rooting and callus formation. DCPE
generally proved more effective than DCP in promoting rooting, especially at lower con-
centrations, with continuous application of 0.1 uM DCPE yielding the highest number of
adventitious roots. Notably, a brief 1 min pulse of 2.5 uM DCPE induced superior rooting,
including high root number and weight, while minimizing callus formation compared to
longer exposures. In contrast, 1 h pulse treatments showed a positive correlation between
auxin concentration and root number but led to substantial callus development. These
findings highlight DCPE’s potential as an efficient auxin source for lavender propagation,
likely due to its rapid hydrolysis to active DCP within plant tissues, facilitating systemic
distribution. The enhanced rooting achieved with short pulse treatments offers signifi-
cant implications for optimizing commercial propagation for this economically important
aromatic plant.

Keywords: adventitious rooting; auxin prodrugs; L. angustifolia; auxin pulse treatment;
in vitro propagation

1. Introduction

The perennial aromatic shrub, Lavandula angustifolia Mill., commonly known as laven-
der, holds considerable commercial value. Its essential oil is widely utilized across the
perfume, cosmetic, pharmaceutical, and food sectors, further complemented by its medic-
inal attributes and ornamental appeal [1]. Given the increasing worldwide demand for
lavender and its derivatives, optimizing propagation methods is crucial for developing
sustainable and cost-effective production systems [1]. While both sexual (seed) and asex-
ual (vegetative) propagation are possible, vegetative methods are favored in commercial
settings to guarantee genetic uniformity and the retention of desirable traits [2]. Despite
this preference, a key hurdle in achieving successful vegetative propagation remains the
consistent and efficient formation of adventitious roots [3].

Auxins, a class of plant growth regulators (PGRs), are crucial for initiating adventitious
roots and improving rooting in various plant species [4-6]. Key conventional auxins include
indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), and 1-naphthaleneacetic acid (NAA).
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IAA, the most abundant natural auxin, controls root system architecture and development,
with exogenous application consistently affecting root growth [7]. IBA also promotes
adventitious root development [8,9] and is more stable than IAA, persisting longer in plant
tissues [10-12].

Dichlorprop-P-2-ethylhexyl (DCPE, Corasil) belongs to the bipartite auxin prodrugs.
The concept of prodrugs, originating and extensively developed within human pharma-
cology, offers a strategy to overcome inherent limitations in the direct administration of
active compounds [13]. This paradigm involves the design of inactive compounds that
are subsequently converted into their active forms within a biological system. DCPE
is an auxin ester that needs activation within the plant through hydrolysis by esterases.
This mechanism distinguishes it from classical auxins, as it exhibits different uptake and
transport characteristics [14]. The active form, dichlorprop (DCP), is a versatile auxin-type
phenoxy compound used in agriculture and horticulture, where it serves as a selective
herbicide. DCPE functions as a selective herbicide but also has commercial applications
as a plant growth regulator, increasing fruit size and preventing premature fruit drop in
citrus [15,16].

Notably, both DCPE and DCP, at a concentration of 1 pM, induced not only callus
but also abundant aerial in vitro root formation in poplar, a phenomenon never seen
with traditional auxin treatments [14]. We observed a similar exaggerated auxin effect in L.
angustifolia. This led us to hypothesize that these potent auxins could be precisely controlled
by applying low concentrations in short pulses. Such an approach could refine rooting
protocols, not only for lavendula, but ultimately contribute to the efficient micropropagation
of woody perennials.

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

In vitro propagation of Lavandula angustifolia "Hidcote” was conducted using foliated
nodal segments (approximately 1.5 cm in length). These explants were cultured in a modi-
fied Murashige and Skoog (MSmod3B) medium (Duchefa, Haarlem, The Netherlands) [17],
which contained half the standard concentrations of NH;NO3 and KNOj3. The medium was
supplemented with 3% sucrose and 0.7% Plant Agar (Duchefa, Haarlem, The Netherlands).
Meta-Topolin Riboside (mTR) was added at a concentration of 0.74 mg/L prior to adjusting
the pH to 5.8. Sterilization of the medium was achieved by autoclaving for 20 min at
121 °C. Cultures were maintained at 25 + 1 °C under a 16/8 h light/dark photoperiod.
[lumination was provided by a 40 W LED panel (Ledstores Europe, Amsterdam, The
Netherlands) emitting warm white fluorescent light (3000 K) at a photosynthetic active
radiation (PAR) of 40 umol m~2 s~ 1. Subculturing was executed every six weeks.

2.2. Root Induction Through Continuous Application of DCP and DCPE

Internodal stem segments, measuring 1.5 &= 0.2 cm in length, were excised from
existing shoot cultures. These segments were then transferred to 380 mL glass containers
containing MSmod3B medium supplemented with one of five concentrations of either DCP
or DCPE (0, 0.01, 0.1, 1, or 10 pM) following autoclaving. The experiment employed a
completely randomized design with five treatments (each concentration of DCP/DCPE
as a separate treatment). Each treatment consisted of three replicate containers, with
five in vitro shoots serving as the experimental units within each container. The entire
experiment was repeated three times independently. Cultures were maintained under
controlled environmental conditions: a temperature of 25 + 1 °C and a 16/8 h light/dark
photoperiod. After a four-week incubation period, plantlets were carefully removed from
the culture medium and thoroughly washed with distilled water to remove any remaining
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agar. A detailed evaluation was then performed on each of the 45 explants per treatment.
This evaluation included manually counting the number of adventitious and lateral roots.
Root lengths (average and maximum) and shoot length were measured using a ruler. For
fresh weight measurements, roots and callus were immediately separated and weighed
using an analytical balance with a precision of 0.0001 g.

2.3. Root Induction Through Pulse Treatment of DCP and DCPE in L. angustifolia

Five foliated nodal explants, each measuring approximately 1.5 cm in length, were
inoculated into 380 mL glass vessels containing 100 mL of MSmod3B medium. For root
induction, microshoots were treated with MS medium supplemented with different con-
centrations of DCP and DCPE (1.25, 2.5, and 5 uM) for three distinct pulse durations: 1
min, 1 h, and 1 day. To ensure uniform hydration and physiological condition, all explants
were freshly excised and immediately placed in hormone-free modified MS medium while
preparing the entire batch. Once all explants were prepared, they were simultaneously
transferred into the auxin-containing pulse medium for the assigned duration (1 min, 1 h,
or 1 day). This approach minimized variation in exposure timing and ensured consistent
pre-treatment handling across all replicates. All pulse treatments were performed under
ambient laboratory conditions (25 £ 1 °C). Following these pulse treatments, the explants
were transferred to hormone-free MSmod3B medium for subsequent development. Each
treatment included three containers, each containing five in vitro shoots as experimental
units. The cultures were maintained at 25 & 1 °C with a 16/8 h light/dark cycle. After four
weeks, we recorded the number of adventitious roots, lateral roots, average adventitious
root length, maximum root length, root fresh weight, callus fresh weight, and shoot length.

2.4. Statistical Analysis

Experiments were conducted in triplicate. Statistical analyses were carried out using
IBM SPSS Statistics for Windows, version 29 (IBM Corp, North Castle, NY, USA). The
normality of the data was determined by the Kolmogorov-Smirnov test. Given the non-
normal distribution, the Kruskal-Wallis test (non-parametric) was applied to assess inter-
group differences at o« = 0.05.

3. Results
3.1. Root Induction Through Continuous Application of Auxin Analogs

Figures 1 and 2 illustrate the dose response of continuous administration of DCP and
DCPE on various root parameters in L. angustifolia after 28 days of in vitro culture. At 0.01 uM,
both DCP and DCPE stimulated the formation of adventitious roots to a greater extent
than the control, with DCPE showing a more pronounced effect. This positive influence on
adventitious root number was even more evident at 0.1 uM, where DCPE induced the highest
number of roots, significantly outperforming DCP at the same concentration. Lateral root
formation also responded positively to both compounds at 0.1 uM, showing a substantial
increase compared to the control. However, 0.1 uM of both analogs had a minimal impact on
lateral root development. The effect on average adventitious root length followed a different
pattern. The application of DCP at 0.1 uM resulted in the longest roots, followed by DCPE at
0.01 1M, both leading to significantly longer roots than the control. Root biomass, as indicated
by weight, was enhanced by both compounds, with the 0.1 uM DCPE yielding the greatest
root weight, significantly surpassing both the control and the higher concentration of DCP.
Similarly, shoot length was improved by all treatments compared to the control. However,
this enhanced growth was associated with increased callus formation at 0.1 uM for both
compounds, with DCPE inducing more callus than DCP.
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Figure 1. Effects of DCP and DCPE concentrations on in vitro root induction in lavender after 28 days.
(a) Hormone-free control and (b—e) increasing concentrations of DCP (0.01, 0.1, 1, and 10 uM), and
(f-i) increasing concentrations of DCPE (0.01, 0.1, 1, and 10 uM). Scale bar = 1 cm.
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Figure 2. Influence of continuous low concentrations (0.01 and 0.1 uM) of DCP and DCPE on root,
shoot, and callus formation in L. angustifolia after 28 days of in vitro culture. (A) Root number;
(B) average adventitious root length; (C) maximum root length (cm); (D) root weight (mg); (E) callus
weight (mg); (F) shoot length (cm). Bars represent averages + SE. Bars sharing the same letter are not
significantly different (cx = 0.05).
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At a concentration of 1 uM, both DCP and DCPE induced rooting so extensively that
it could not be accurately quantified. As Figure 3 illustrates, aerial root development was
observed across the basal, middle, and upper sections of the plants after 15 days. Root
induction following DCPE treatment appeared to result in stronger and more widespread
rooting compared to DCP, particularly in the basal and middle stem regions, characterized
by a high density of root hairs and substantial callus formation. In comparison, we tested
the effects of IBA and NAA at 10 pM each (Figure Al and Table A1) but did not observe
similar rooting responses. At 1 uM, both IBA and NAA induced limited root formation,
often accompanied by moderate callus development. At 10 uM, both compounds showed
signs of toxicity, also resulting in callus formation but without significant root elongation or

density. These findings highlight the superior rooting performance of DCP and particularly
DCPE under the tested conditions.

Figure 3. Rooting responses of L. angustifolia stems and leaves to 1 uM DCP (a-d) and DCPE (e-h)
after 15 days. Panels show rooting at different stem positions: (a,e) basal, (b,f) middle, and (c,g) upper;
(d,h) rooting on leaves from middle stems. Scale bar = 1 mm.

3.2. Root Induction Through Pulse Treatment of DCP and DCPE in L. angustifolia
3.2.1. A 1-Day Pulse Treatment with 1.25 uM DCP and DCPE

Figure 4 shows that exposure to a 1-day pulse at 1.25 pM induced substantial and
potentially adverse morphological responses in both treatment groups. Callus formation
and aerial root development were observed with both DCP and DCPE. However, DCPE-
treated plants (a, b) exhibited a more pronounced response, characterized by more extensive
root development and stronger overall morphological changes than those treated with DCP
(c, d), which also displayed these features. In fact, the extensive root proliferation observed,
particularly in the DCPE treatment, often made accurate quantification of root number and
length parameters impractical in these pulsed treatments. This suggests a high bioactivity
for both compounds, with DCPE eliciting a more potent effect on plant morphology.

3.2.2. A 1 h Pulse Treatment

Table 1 and Figure 5 illustrate that a 1 h pulse treatment with DCP and DCPE
(1.25-5 uM) significantly enhanced root development in lavender, exhibiting distinct
concentration-dependent responses. While 5 uM DCPE yielded the highest adventitious
root number, DCPE generally outperformed DCP, especially at lower concentrations, where
it also promoted greater root biomass. Higher auxin concentrations, while boosting root
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treatments, irrespective of concentration.

initiation, inhibited root elongation. Notably, a substantial callus formation occurred across
all 1 h treatments, increasing with concentration, suggesting a potential shift towards callus
proliferation at longer exposures. Shoot length was consistently enhanced by all auxin

Figure 4. Effect of a 1-day pulse treatment of 1.25 pM DCP and DCPE on L. angustifolia rooting.
(a) Plant treated with DCPE (scale bar = 1 cm); (b) close-up of middle section treated with DCPE;
(c) plant treated with DCP (scale bar = 1 cm); (d) close-up of middle section treated with DCP
(scale bar = 1 mm).

Table 1. Effects of a 1 h pulse treatment of DCPE and DCP on adventitious and lateral root develop-

ment, including root number, average adventitious root length, maximum root length (cm), and root

and callus fresh weights (mg) in L. angustifolia after 28 days of in vitro culture.

Auxin o Average
Prodrug Adventitious Lateral Root  Adventitious Maximum Root Weight Shoot Ca!lus
Root Length Weight
Treatments Number Root Length  Root Length (mg)
Number (cm) (mg)
(uM) (cm)
Control 449 +0272 0.824+0.17% 1.07+0.092  1.3940.092 3.23+052 3.93 £0.54 2 0402
1.25 DCP 8424+ 035>  436+029° 21340129 346+013°¢  9654+159P  5454022P 1592 41.33P
2.5 DCP 944 +0.42b  793+044° 1694010 24940149 811 +£1.04® 5234+027P 265241.99°
5 DCP 1204 +046°¢ 391 +0.34P 12540092 1934021 12624+152¢ 502+026P 41.76 +2.58 4
1.25DCPE  11.024+0.35¢ 4044038 23240139 32340.16°¢ 17441514  51640.18°> 2342 +1.49°
2.5 DCPE 1191+ 045¢ 3.87+039P  13740.07° 331+0739 928+127b¢ 499+ 02 2871 +204°¢
5 DCPE 1338+ 0.76¢ 7.64+048¢ 1.134+0.052 268+0.63¢ 11.24+1.19P¢ 5044+0.18> 4531 +4.4349

Averages + SE followed by the same letter in the same column are not significantly different at p < 0.05 according
to the Kruskal-Wallis H test.
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Figure 5. Rooting and development of L. angustifolia after a 1 h pulse treatment with DCPE and DCP,
observed after 28 days. Treatments included (a) control; (b—d) DCPE at 1.25, 2.5, and 5 uM; and
(e-g) DCP at 1.25, 2.5, and 5 uM. Scale bar = 1 cm.

3.2.3. A 1 Min Pulse Treatment

As illustrated in Table 2 and Figures 6 and A2, a brief one-minute pulse treatment
with DCP and DCPE (1.25-5 uM) significantly improved root development in lavender.
Specifically, 2.5 uM of DCPE proved exceptionally effective, leading to the highest numbers
of adventitious and lateral roots, and superior average and maximum root lengths and
root weight, when compared to all other treatments. It is worth noting that the 5 uM
pulse treatments with both DCP and DCPE induced callus formation, a characteristic not
observed at lower concentrations, which remained callus-free. Furthermore, one-minute
pulses of DCP and DCPE did not negatively impact lateral root length, total root length, or
root weight. A decline in these parameters only began to manifest at the 5 uM concentration.

Table 2. Effects of a 1 min pulse treatment with DCPE and DCP on adventitious and lateral root
development, including root number, average adventitious root length, maximum root length (cm),
and root and callus fresh weights (mg) in L. angustifolia after 28 days of in vitro culture.

. o Average
Auxin Adventitious Lateral Root Adventitious Maximum Root Weight Shoot Ca!lus
Prodrug Root Length Weight
Number Root Length  Root Length (mg)
(uM) Number (cm) (mg)
(cm)
Control 449 +0.272 0.82 +0.172 1.07 £0.092 1.39 £0.092 323+052 393+ 0542 (E
1.25 DCP 6.09+03% 10240192 221+£013° 268+0.13P 864+127° 515+022P 0+0°
2.5 DCP 10.51d:’i: 0.38 12.78 £ 0.85°¢ 321+ 0.144 514022¢ 23.83 £256° 529 +0.18P 0+o02
5 DCP 724+04°¢ 1051+ 0620 222+0.12¢ 2.7 +0.14P 1149 +1.67b 444+ 0277 8.79 £1.06°¢
1.25 DCPE 964 +2044d 1.27+021°2 1.77 £0.1b 2774011 11.124+127° 488 +021P 0+£02
2.5 DCPE 11.36 £ 0.58¢ 1753+ 0.869 3.47 +0.1449 573+ 023¢ 30.14+3.14°¢ 54+ 0.15b 0+o0@
5 DCPE 8.02+047¢ 13784+081¢ 241+0.14°¢ 53+£025¢ 1326 £ 2P 5+0.23P 10.13 £3.5P

Averages =+ SE followed by the same letter in the same column are not significantly different at p < 0.05 according
to the Kruskal-Wallis H test.
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Figure 6. Effect of a 1 min pulse of DCPE and DCP on rooting and development of L. angustifolia after
28 days of in vitro culture. Treatments included (a) control; (b—d) DCPE at 1.25, 2.5, and 5 uM; and
(e-g) DCP at 1.25, 2.5, and 5 uM. All pulses were 1 min in duration. Scale bar = 1 cm.

4. Discussion

Upon continuous exposure, DCPE and DCP uniquely induce root initiation system-
ically across the entire plant. This differs significantly from conventional auxins like
indole-3-butylic acid (IBA) and 1-naphthaleneacetic acid (NAA). Although IBA and NAA
are known to promote strong root formation in many tree species (e.g., IBA in Prunus
avium [4,5,18], Syzygium maire, Poiretia latifolia; NAA in Phoenix dactylifera [19], Pyrus com-
munis [20]), they lack this distinct whole-plant rooting effect. Given the extensive rooting
observed, we proceeded to examine the concentration-dependent responses to DCP and
DCPE. While both compounds successfully promoted adventitious root formation, DCPE
exhibited greater efficacy at lower concentrations (0.01 and 0.1 uM), indicating a more
potent or optimized mode of action. This advantage is likely attributable to the lipophilic
nature of its ester structure, which may facilitate improved penetration into plant tissues
and a gradual intracellular hydrolysis that releases active DCP in a controlled manner [21].
This mechanism leads to improved systemic availability of the auxin without causing a sud-
den surge of the free acid [22]. Darouez et al. [14] demonstrated that in Populus x canadensis,
DCPE rapidly converts to active DCP and exhibits enhanced systemic movement, inducing
both adventitious and aerial roots. This distinct metabolic behavior is reflected in the
extreme aerial rooting responses observed in L. angustifolia in the current study, particularly
with continuous exposure to the auxin prodrug. While continuous exposure to auxin, even
at 1 uM, which stimulated aerial root (AR) formation, indicates a strong rooting capacity, it
might not be ideal for micropropagation due to potential handling challenges and reduced
plantlet quality. Increasing the concentration to 10 pM did not further increase the number
of basal ARs; instead, the ARs became shorter and gradually surrounded by callus tissue.
This observation is consistent with the well-known biphasic action of active auxins, which
promote root initiation but can inhibit their elongation [23-25].
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In L. angustifolia, 1 h and 1-day pulse treatments with both DCP and DCPE signifi-
cantly promoted root formation but also induced substantial callus development, espe-
cially at higher concentrations. This outcome likely stems from the overstimulation of
auxin signaling caused by prolonged exposure, even in these transient treatments. The
well-documented biphasic effect of auxins reveals that while optimal concentrations and
durations facilitate organized organogenesis like adventitious rooting, excessive or pro-
longed exposure often triggers dedifferentiation and callus formation [26]. Our findings
suggest that auxin accumulation during the 1 h and, particularly, the 1-day treatments
surpassed the physiological threshold required for targeted root induction, leading to
broader, less specific developmental responses. As demonstrated by Dubrovsky et al. [27],
localized auxin maxima are crucial for specifying lateral root founder cells. The disruption
of these precise spatial signals, whether due to auxin overload or systemic saturation,
can impair the cellular patterning necessary for root primordia formation. Furthermore,
sustained auxin exposure may saturate auxin receptors or alter tissue polarity, resulting in
widespread stimulation of cell division and unorganized growth, as previously described
by Benjamins et al. [28]. This principle is broadly supported by studies on plant hormones.
For instance, in vitro studies on chestnut and oak shoots demonstrate that while moderate
auxin treatments promote adventitious rooting, excessive auxin leads to callus formation
and shoot tip necrosis [29]. Justamante et al. [30] demonstrated in vitro that exogenous
application of IBA significantly improved the rooting performance of Prunus rootstock
microcuttings, though the response was strongly genotype-dependent. While moderate
IBA treatments enhanced adventitious root formation, prolonged or excessive exposure led
to increased callus formation and reduced root length, indicating that a short pulse of IBA is
optimal for triggering root initiation. Similarly, Bai et al. [31] found in apple rootstocks that
IBA promotes adventitious root initiation, but extended or high-concentration treatments
inhibit root elongation, an effect mediated in part by increased ethylene production.

The reduced effectiveness of the 1.25 uM DCPE pulse treatment (1 min duration)
compared to the best treatment, 2.5 uM DCPE, can be attributed to an insufficient auxin
signal to fully initiate the adventitious root formation process. Auxin acts as a local mor-
phogenetic trigger, and its role in root initiation is highly dose-dependent. Dubrovsky
et al. [27] demonstrated that a critical threshold of auxin accumulation is necessary to
specify founder cells and initiate lateral root formation. At a low concentration and brief
exposure, the amount of DCPE absorbed and subsequently hydrolyzed into active DCP
may not have been adequate to activate the necessary auxin-responsive genes and down-
stream pathways. Furthermore, the absence of callus formation at 1.25 uM suggests that
while the treatment was non-phytotoxic, it was also too mild to trigger a full morphogenic
response. In contrast, 2.5 uM DCPE likely surpassed this threshold, providing a sufficient
and transient auxin stimulus that activated root-specific developmental pathways without
causing stress-related effects like excessive callusing. This finding supports the broader
understanding that auxin effectiveness depends not only on presence but also on achieving
a critical dose-time combination capable of inducing organogenic commitment [15,26].
Recent research highlights that the effectiveness of auxin in inducing organogenesis de-
pends not only on its presence but also on achieving a critical combination of concentration
and exposure time. For successful organogenic commitment, plant cells must experience
auxin above a threshold level for a sufficient duration, a principle demonstrated both
in vitro and in vivo [32,33]. This dose—time relationship is fundamental to practical horti-
cultural techniques, such as the quick-dip method, where cuttings are briefly immersed in
concentrated auxin solutions to initiate root formation without causing inhibitory effects
associated with prolonged or excessive exposure [34]. Such approaches ensure that auxin
stimulates root initiation efficiently, reflecting the synchronized cellular and molecular
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processes that govern this development [35]. Our findings provide a mechanistic basis for
why horticultural practices like quick dips in auxin solutions are effective: they deliver a
critical, temporally controlled auxin pulse that is sufficient to trigger root initiation without
the deleterious effects of prolonged exposure [36]. Interestingly, increasing the DCPE
concentration to 5 M for the same 1 min pulse led to a reduction in root number and
some callus formation, suggesting a possible threshold beyond which temporary toxicity
or receptor saturation may occur. This phenomenon is not new. It is similar to what has
been observed with other auxins, such as NAA, where high concentrations are known to
inhibit root initiation [26,37]. The success of short DCPE pulses in L. angustifolia aligns
with similar results using pulse applications of IBA in Prunus avium [18], reinforcing that a
brief, optimized auxin signal is sufficient for effective rooting across species. The superior
rooting achieved by DCPE with this short pulse treatment holds significant promise for
commercial propagation, suggesting that effective rooting can be achieved with a brief
auxin application, potentially minimizing phytotoxicity and lowering production costs,
especially for valuable crops such as lavender [38].

All auxin treatments (both DCP and DCPE, at various concentrations and durations)
consistently improved shoot length compared to the control. This effect is attributed to
the fundamental roles of auxins in promoting both cell elongation and cell division, which
are essential processes for plant growth and development. By stimulating cell expansion
and proliferation within shoot tissues, auxins contribute to increased stem elongation and
overall plant vigor. For example, research has shown that application of auxins such as
indole-3-butyric acid (IBA) leads to significant increases in shoot length and leaf area in
various plant species [39,40]. These findings are supported by broader reviews of plant
hormone action, which confirm that auxins are critical regulators of shoot development
and elongation [26,34,41]. Future studies could investigate the molecular mechanisms
underlying DCPE’s enhanced efficacy, explore its application in other woody perennials, or
optimize large-scale propagation systems based on these findings.

5. Conclusions

This study effectively demonstrates the superior efficacy of the auxin prodrug
dichlorprop-2-ethylhexyl ester (DCPE) in fostering adventitious root formation in Lavandula
angustifolia. A particularly notable finding is that a brief 1 min pulse treatment with 2.5 uM
DCPE yielded exceptional rooting, characterized by a high number of roots and significant
root weight, while concurrently minimizing undesirable callus development compared to
longer exposure times. This outcome underscores the potential of short-duration DCPE ap-
plications to precisely regulate auxin availability, thereby facilitating efficient root initiation
without the typical drawbacks associated with prolonged exposure to conventional auxins.
Future research could investigate the molecular mechanisms underlying the enhanced
efficacy of DCPE pulses. This could involve exploring its application in other woody
perennials, not only in vitro but also for the rooting of recalcitrant horticultural cuttings
in vivo.
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Appendix A

Figure Al. Influence of auxin treatments on rooting and shoot growth in L. angustifolia after

three weeks of in vitro culture. Treatments include (a) control (hormone-free medium); (b) 1 uM
1-naphthaleneacetic acid (NAA); (c) 10 uM NAA; (d) 1 pM indole-3-butyric acid (IBA); (e) 10 uM IBA.

Table A1. Effect of auxins on root parameters, shoot length, and callus weight of lavender after three

weeks of in vitro culture.

Average

Auxins (M) Adventitious  Lateral Root  Adventitious  Root Weight  Shoot Length ‘2:11;;
Root Number Number Root Length (mg) (cm)
(cm) (mg)

no auxin 422 +0.27a 0.73 £ 0.13b 0.82 &+ 0.09b 0.76 &+ 0.07a 0.9 £ 0.05a 0+0a
1 UM NAA 8.13 + 0.36b 0 £ 0a 0.43 & 0.02a 3.8 + 0.34c 117 £0.07b  27.13 £2.93b
10 uM NAA 489 £041la  12.04 £1.16¢ 1.12 + 0.09¢c 76.24 + 5e 1.4 + 0.04c 155 £ 10.37d
1 uM IBA 5.24 £ 0.34a 0.11 £ 0.69a 1.16 4 0.08¢c 1.63 + 0.28b 1.2+ 0.08b 19.99 £+ 1.85b
10 uM IBA 413 +0.31a  10.64 £ 0.82c 1.6 £0.08d 38.11 4+ 3.3d 1.5+ 0.07c 82.67 + 6.06¢

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


www.cost.eu

Agronomy 2025, 15, 1677 12 of 13

Appendix B

Figure A2. Effect of a 1-min pulse of DCPE and DCP on rooting and development of L. angustifolia
after 4 weeks of in vitro culture (scale bar = 1 cm). The treatments included (a) control (hormone-free
medium); (b) 2.5 uM DCP; (c) 2.5 uM DCPE.
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